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Aims and Scope
The aim of the Journal of Biology and Earth Sciences (JBES)
is to provide the platform for exchange of scientific progress in
the field of Biology, Medicine and Earth Sciences, and to do so at
the highest possible level. The JBES also aims to facilitate the
application of new scientific knowledge to the daily practice of
the concerned disciplines and addresses both researchers and
academics.
The JBES publishes original contributions, case reports and
review articles in the fields of biology, medicine and earth
sciences.
Its scope encompasses:
1. in field of biology: botany, ecology, zoology, microbiology,
molecular biology, cellular biology, genetics, taxonomy and allied,
2. in field of medicine: all medical aspects of human biology,
3. in field of earth sciences: geology, mineralogy, petrography,
paleontology, geography, geophysics, soil sciences and allied.

Editorial Policy
The Journal of Biology and Earth Sciences (JBES) is a peer-
reviewed, open-access, article-based, international, scientific
Journal, that publishes full-length articles on biological, medical
and earth sciences. Journal accepts original research articles,
case reports and review articles.
All manuscripts received by the Editor are considered as
confidential documents. A notification of receiving the manuscript
is sent by e-mail to the corresponding author.
All manuscripts are subjected to pre-screening by the Editor in
Chief and can be rejected at this stage or returned for corrections
before evaluation (if they do not meet the criteria given in the
Instruction to Authors, including language quality or are out of the
scope of JBES). After passing the pre-screening stage the
manuscripts are sent to at least two qualified outside referee, but
the editors themselves may also act as reviewers. Reviewers are
from behind of scientific unit in which is affiliated author of the
publication. Papers that do not conform to the general aims and
scope of the journal will, however, be returned immediately
without review. Journal of Biology and Earth Sciences uses
double blinded review process. The names of the reviewers will
not be disclosed to the author submitting a paper, and the names
of authors will not be disclosed to the reviewers.
The review process lasts approximately 4-8 weeks.
ITEMS EVALUATED
Referees, in confidence, evaluate the manuscript according to
the following aspects: Present-day interest, Originality, Adequacy
of methodology, Theoretical background, Essential level, Results
and interpretation, Importance in its field, Conclusions, Language
correctness.
All the above items can be evaluated as Excellent, Good, Fair or
Poor. The manuscript can be evaluated as:
- acceptable in its present form
- acceptable after minor revision (no further review required)
- reconsidered after major revision
- not acceptable for publication.
When the review process is finished, a decision e-mail will be
sent to the corresponding author, including the comments of the
referee(s). Any corrections suggested by the reviewers, should
be made within the period of time indicated in the e-mail. If the
paper is accepted after major revisions, it will be submitted again
for peer review to the same evaluator(s). After a second review
of the corrected manuscript, a final decision e-mail concerning
publication is sent to the authors. A proof is provided to the
corresponding author before the article is published. The
checked proof should be returned to the Editorial Office by e-mail
within 7 working days.

The Journal is issued at least twice a year in electronic version.
Each article is published online in PDF format at
www.journals.tmkarpinski.com/index.php/jbes and jbes.strefa.pl
as soon as it is ready for publication. Public access to articles in
the Journal of Biology and Earth Sciences free of charge.

All articles are open-access articles distributed under the terms
of the Creative Commons Attribution Licence, which permits
unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
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Authors submitting a paper do so on the understanding that the
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2.2. Ethical Approvals
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include an explicit statement in the Material and Methods section
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study.

2.3. “Ghostwriting” and “guest authorship” prevention
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reference to their role in the acknowledgments in the publication.
“Guest authorship” (honorary authorship) is the case of
insignificant contribution of the author or its complete absence
and nevertheless being the author or co-author of the publication.
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2.4. Plagiarism

Plagiarism is when an author attempts to pass off someone
else's work as his or her own. Duplicate publication, sometimes
called self-plagiarism, occurs when an author reuses substantial
parts of his or her own published work without providing the
appropriate references. By submitting your manuscript to us you
accept that your manuscript may be screened for plagiarism
against previously published works.

Manuscripts that are found to have been plagiarized will incur
plagiarism sanctions:

- immediate rejection of the submitted manuscript or published
article

- no return of article-processing charge (if any)

- prohibition against all of the authors for any new submissions.

2.5. Conflict of Interest and Sources of Funding

Authors are requested to provide a statement concerning any
commercial associations or patent licenses that might result in a
conflict of interest with the work presented in the submitted
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2.6. Permissions

Materials copied from other sources must be accompanied by a
written statement from both the author and publisher giving
permission to Journal of Biology and Earth Sciences for
reproduction. It is the author’s responsibility to ensure that such
permissions are obtained.

2.7. Copyright Assignment

Authors submitting a paper do so on the understanding that the
work and its essential substance have not been published before
and is not being considered for publication elsewhere. The
articles published in this journal are open-access articles
distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is
properly cited.

3. MANUSCRIPT SUBMISSION PROCEDURE
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Each manuscript should be accompanied by a Cover Letter. The
cover letter should contain all important details such as: your full
name (submitted by), full title of article and short title, full list of
authors with affiliations, e-mail of the corresponding author,
contact address, telephone/fax numbers of the corresponding
author. In the cover letter Authors should propose 3-5 reviewers
giving names, affiliations and e-mails.

All authors of the manuscript are responsible for its content; they
must have agreed to its publication and have given the
corresponding author the authority to act on their behalf in all
matters pertaining to publication. The corresponding author is
responsible for informing the coauthors of the manuscript status
throughout the submission, review, and production process.

3.2. Manuscript Files Accepted

The final version of the manuscript, figures and tables should be
submittedbysite
http://www.journals.tmkarpinski.com/index.php/jbes

Main text and tables must be in Microsoft Word (.doc) format (not
write-protected).

Photographs must be in JPG or TIFF format, preferred resolution
>300 dpi.

Drawings and graphs must be in JPG or EPS format, preferred
resolution >300 dpi.

The manuscript must be accompanied by: a written Licence
Form, and in case of experimental studies a statement that the
protocol of study and informed consent were in compliance with
the Helsinki Convention and were approved by local Ethics
Committee. Upon acceptance of the manuscript, the author(s)
will be asked to send Licence Form to the publisher.

3.3. Double-Blinded Review

All submitted manuscripts will be reviewed by two experts in the
field, who are from behind of scientific unit in which is affiliated
author of the publication. Papers that do not conform to the
general aims and scope of the journal will, however, be returned
immediately without review. Journal of Biology and Earth
Sciences uses double blinded review process. The names of the
reviewers will not be disclosed to the author submitting a paper,
and the names of authors will not be disclosed to the reviewers.

3.4. E-mail Confirmation of Submission

In course of 5 working days after submission you will receive an
e-mail to confirm receipt of your manuscript. If you do not receive
the confirmation e-mail, please check your e-mail address
carefully in the system. The error may be caused by some sort of
spam filtering on your e-mail server.

3.5. Manuscript Status
The Journal will inform you by e-mail once a decision has been
made.

3.6. Submission of Revised Manuscripts
To submit a revised manuscript, send it by e-mail:
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research articles, case reports and reviews. Articles will be
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Sciences.
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the observations can be critically evaluated and, if necessary,
repeated.

Case Reports must describe an individual
uncommon case or a new or improved method.
Reviews are selected for their broad general interest; should take
a broad view of the field.
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5. MANUSCRIPT FORMAT AND STRUCTURE

5.1. Language

The language of publications is English (in some cases we can
publish in Polish). Authors whose native language is not English
are strongly advised to have their manuscripts checked by a
professional translator or a native speaker prior to submission.

5.2. Structure

All articles should include Title Page, Abstract, and References
and in addition sections on Source of Funding and Conflict of
Interests. Figures, Figure Legends and Tables should be included
where appropriate.
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or patent licenses that might result in a conflict of interest with the
work presented in the submitted paper. Author's conflict of
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"Conflict of Interest and Source of Funding Statement".
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5.3. Original Research Articles
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used, permission must be obtained from the copyright holder
concerned. It is the author's responsibility to obtain these in
writing and provide copies to the Publishers.
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6.1. Proof Corrections
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Editor within 7 working days. Excessive changes made by the
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Seasonal variation in abiotic factors and toxicity
of thymol against the snail Lymnaea acuminata

Shefali Srivastava, Pradeep Kumar, V. K. Singh, D. K. Singh

Malacology Laboratory, Department of Zoology, DDU Gorakhpur University, Gorakhpur, India

ABSTRACT

Toxicity of thymol against Lymnaea acuminata was conducted in each month of the year 2010-2011. The
24, 48, 72 and 96 h LC,, values of a molluscicide thymol were determined, with the concomitant
estimation of levels of temperature, pH, dissolved oxygen, carbon dioxide and electrical conductivity,
both in control and test water. On the basis of a 24h toxicity assay, it was observed that 24h LC;, value
of 6.41 mg/l in month of May, was most effective in killing the snails, while the thymol was least effective
in month of April, when its 24h LC,, was 15.25 mg/l. There was a significant positive correlation between
LC,, of thymol and levels of carbon dioxide/ pH of water in corresponding months. On the contrary, a
negative correlation was noted between LC,, of thymol and dissolved oxygen/temperature of test water
in the same months. In order to confirm that relationship between toxicity and abiotic factors is not
coincidental, activity of acetylcholinesterase (AChE), acid phosphatase (ACP) and alkaline phosphatase
(ALP) in the nervous tissue of control as well as sublethal thymol (60% of 24h LC,) treated snail, were
assayed during each of the 12 months of the same year. A significant positive rank correlation was noted
between AChE/ACP/ALP activity and corresponding sublethal treatment of thymol. Maximum inhibition
of AChE, ACP and ALP activity was observed in the month of May. This study shows conclusively that
the best time to control the L. acuminata population with thymol is during the month of May to July.

Key words: Environmental factors; Thymol; Molluscicides; Temperature; pH; Enzymes.
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INTRODUCTION

Fasciolosis is a worldwide zoonotic disease [1],
caused by the liver flukes Fasciola hepatica and
F. gigantica [2]. Incidence of fasciolosis is very high
in eastern part of the state of Uttar Pradesh in India.
The Fresh water snail Lymnaea acuminata is the
intermediate host of F. gigantica [3-7]. One way to
tackle the problem of fasciolosis is to control the
population of vector snails and, their by delink the
life cycle of these flukes [8-10]. Plant derived
molluscicides are gaining the global acceptance in
comparison to synthetic molluscicides. The
molluscicides of plant origin are of special
importance owing to lower cost, safely and eco-
friendliness [5, 10-13]. Earlier studies have shown
that thymol is an active molluscicidal component of
Trachyspermum ammi [14]. It has also been
conclusively shown that acetylcholinesterase
(AChE), acid phosphatase (ACP) and alkaline
phosphatase (ALP) in the nervous tissue of
L. acuminata are very sensitive enzymes influenced
by molluscicides [6, 15-17].

The objective of the present study was to
explore the possibility that seasonal changes in
abiotic factors, viz. temperature, pH, dissolved
oxygen, carbon dioxide and conductivity of the test
water can influence the activity of AChE, ACP and
ALP assayed in each month of the year (2010-2011)
in L. acuminata, following exposure to sublethal
concentration (60% of 24h LCy,) of thymol.

MATERIALS AND METHODS

Test Materials

Thymol (2-isopropyl 5-methyl phenol, IPMB), a
natural monoterpene phenol derivative of cymene
was obtained from Sigma Chemical Co. U.S.A.
Temperature, pH and electrical conductivity of water
were measured by thermometer, digital pH and
conductivity meters, respectively. Dissolved oxygen
and carbon dioxide were estimated according to
methods described by APHA [18].

Bioassays for LC;,

Adult L. acuminata (length 2.30 + 0.25 cm in
length) were collected from Ramgarh lake, located
almost adjacent to Gorakhpur University campus.
Snails were acclimatized in dechlorinated tap water
for 72 h. The snails were exposed to different
concentration of thymol in glass aquaria, each

containing 3 litres of dechlorinated water. Ten
experimental snails were kept in each glass
aquarium. Control snails were kept in equal
volumes of dechlorinated water under similar
conditions. Mortality of snails was observed after
24, 48, 72 and 96h. No response to a needle probe
was taken as evidence of death. Dissolved oxygen,
carbon dioxide and conductivity, temperature and
pH of water were measured simultaneously with
toxicity tests, every 24h for 96h. Bioassay for the
determination of LC,, was performed in each month
of the year. Lethal concentration (LC,) values,
lower and upper confidence limits (LCL and UCL)
and slope values were calculated by the method of
POLO computer programme of Robertson et al.
[19]. The product moment coefficient was
determined between LC., and temperature/pH/
conductivity/dissolved oxygen/carbon dioxide of
water in each month to observe any significant
correlation of thymol against L. acuminata. Toxicity
of thymol at corresponding LC,, of thymol against
L. acuminata in each month of the year 2010-11
was also conducted against the fish Colisa
fasciatus.

Enzyme assays

Twenty experimental snails kept in glass
aquarium containing 3 litres of dechlorinated water,
were exposed to sublethal concentration (60% of
24h LC,,) of thymol in each month. Six aquaria
were set up for each concentration. After the 24h
exposure, the snails were washed with water and
the nervous tissue was dissected out from the
buccal mass for the measurement of AChE, ACP
and ALP activity.

Acetylcholinesterase

Acetylcholinesterase  (AChE) activity was
measured according to the method of Eliman et al.
[20] as modified by Singh et al. [21]. Nervous tissue
(50 mg) was homogenized in 1 ml of 0.1M
phosphate buffer pH 8 for 5 min in an ice bath and
centrifuged at 1000 g for 30 min at 4°C. The
supernatant was used as enzyme source. The
change in optical density at 412 nm was recorded
for 3 min after every 30 second interval. Enzyme
activity was expressed as g mol ‘SH
hydrolysed/min/mg protein.

Phosphatases
Acid (ACP) and alkaline (ALP) phosphatase activity
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were measured by the method of Bergmeyer [22] as
modified by Singh and Agarwal [23]; p-nitrophenyl
phosphate was wused as substrate. Tissue
homogenate (2% w/v) was prepared in ice-cold
0.9% NaCl and centrifuged (5000 g) for 20 minute
at 4°C. The supernatant was used as an enzyme
source. The yellow colour developed due to the
formation of p-nitro phenol was determined
colorimetrically at 420 nm. The ACP and ALP
activity were expressed as Jy mol substrate
hydrolysed/30min/mg protein.

Protein Estimation
Protein in the enzyme sources were estimated
by the method of Lowry et al. [24].

Statistical analysis

Results were expressed as mean + SE of six
replicates. Rank correlations were applied between
LC,, and corresponding changes in enzyme activity
in different months of the year 2010-2011 [25].

RESULTS

There was a significant (p<0.05) time dependent
variation in the toxicity of thymol against the
L. acuminata in different months of the year (Table
1); usually highest toxicity was observed in months
of May, June and July (24h LC,, 6.41-8.75 mg/l)
and lowest in the month of April (24h LC,, 15.25
mg/l). A significant positive correlation between LC;,
and water pH/carbon dioxide concentration was
noted for each month and at each interval of 24h
exposure (Table 1). Contrary, a negative correlation
between LC., and dissolved oxygen and water
temperature was noted (Table 1). No marked
correlation was observed between the LCg, and
conductivity of water. The slope values were steep
and separate estimations of LC,,, based on each of
the six replicates, were found within the 95%
confidence limits of LC,,. The t-ratio was greater
than 1.96 and the heterogeneity factor was less
than 1.0. The g value was less than 0.5 at all
probability levels. There was a positive rank
correlation between LC., of thymol in different
months and corresponding AChE/ACP/ALP activity
in the nervous tissue of treated snail. Maximum
inhibition in AChE (66.6% of control), ACP (69.9%
of control) and ALP (78.72% of control) activity were
noted in snails exposed to 60% of 24h LCg, of
thymol in the month of May (Table 2). There was no

mortality in the fish Colisa fasciatus exposed to LC,
of thymol against snail L. acuminata in each month.

DISCUSSION

It is evident from the result section that the
toxicity of thymol varies with changes in abiotic
factors in water. The temperature of the water is
one of the significant abiotic factor which alters the
toxicity of thymol during each month of the year.
Higher temperature of water in the month of May
caused maximal toxicity of thymol, which may be
due to the overlap of negative effects. Singh and
Singh [26] have also noted that toxicity of
cypermethrin against L. acuminata was maximum in
the month of May. Usually, temperatures between
25-30°C are optimal for the production of cercaria
[2]. The production of cercariae in vector snail is a
fundamental component of the parasite’s overall
transmission success [27]. Higher temperature in
May to July is suitable for transmission of cercaria
[2]. Toxicity of thymol against L. acuminata is also
higher in these months. Consequently, use of
thymol in month of May to July will be more
effective in control of fasciolosis. Dissolved oxygen
is also a factor that alters the toxicity of thymol. In
winter, water holds more O, [28, 29] and as a result
less mortality of snails occurs during this period. At
higher temperature the dissolved oxygen
concentration decreases, which is reflected by
higher mortality of the snails. Dissolved oxygen is
one of the major components required by snails
during metabolic activity [30, 31]. At higher
temperature, increasing rate of metabolism may
release more CO,, which affects the pH of water
[32, 33]. The high concentration of carbon dioxide in
water may synergize the lethality of molluscicide.

Thymol based commercial insecticides are used
in control of Varrora destructor (Acari:
Mesostigmata) in honey bee colony [34]. Earlier, it
has been reported that thymol is toxic against the
tick larvae Rhipicephalus (Boophilus) microplus [35]
and cutworms, Spodoptera litura (Lepidopteran:
Noctuidae) [36]. Thymol has also showed promising
results when evaluated for larvicidal, oviposition
deterrent, vapour toxicity and repellant activity
against malarial vector, Anopheles stephensi [37].

Thymol adversely affect the both cholinergic and
monoaminergic neuron [38]. Butcher [39] has
demonstrated that in rat acetylcholine facilitates the
release of dopamine which subsequently act as a
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Table 2. Effect of 24h exposure of 60% of 24h LCy, of thymol in different months of the year 2010-2011
on acetylcholinesterase, alkaline and acid phosphatase activity in the nervous tissue of L. acuminata.

AChE -p moles "SH’ ACP-nmoles substrate ALP-1 moles substrate
MONTHS Eélsln hydrolyzed /min/mg protein A0min‘mg protein A0min‘mg protein
mg/l . 60%af 24h ¥ 60%af 24h i 60%af 24h
Control Ll Control LCsr Control LCo
" cap | D04B£0.03 | 0.032£0.006* | 2730007 | 191x044* 0.4740.01 0.37£0.07*
a : (100) (66.66) (100) (69.96) (100 (78.72)
’ sy | DOT4E0.00 | 0.050+0.01% 1 710,06 1.47+0,08 3.0040.02 2 50+0.05¢
Hie ' (100) (67.56) (100) (85.96) (100 (83.33)
i sqs | DOBSED0Z | DO06BX007 | 388001 2. 76+0.02¢ 41440 01 3 70+0.07*
¥ ' (100 (76.40) (100) (71.13) (100 (89.37)
Aot (3py | Q054002 | 0.040+0.00% | 4.28%0.03 3.1140.05¢ 34040 03 3.01+0.09*
el : (100) (74.07) (100) (72.64) (100 (36.24)
Seotermber | 134p | D139%0.03 | 01026002 | 384:0.002 | 282£0.009% | 2.670.01 2 270.02¢
P ' (100) (73.38) (100) (73.43) (100 (85.01)
S g | 02085003 | 0150s0.03* | 2.33£0.08 2.2240.09* 4494002 3.75£0.07*
Cioner ' (100) (72.11) (100) (95.27) (100 (34.13)
November | 1007 | O146£0.03 | 0121£0.00% | 345£0.08 3.0040.08* 4 170,00 3 76+0.02¢
' (100) (82.87) (100 (89.56) (100 (90.16)
—_— gy | Q1ZBE0OL | O14£0.03 | 303:0.006 | 2.59+0.05° 3.9440 02 3.3620.02¢
FeERr Rk : (100) (39.06) (100) (95.67) (100 (85.28)
s ou {393 | 0194£001 | Q1T£0.00% | 2714008 2.58+0.02¢ 35040 01 2 07+0.06¢
ay ' (100) (89.69) (100) (95.20) (100 (32.72)+
o l31q | 073002 | 01530000 | 291002 2TTEO.O1* 4454002 3.68£0.05
SRADALE : (100) (38.43) (100) (95.39) (100 (32.76)
—— jg4q | 00B0XDOL | QO60£0.02¢ | 487002 3.8140.11% 3.7340.02 3.3240.00%
: (100) (75.00) (100) (75.23) (100 (59.00)
0 [sgs | UO76E0OL | 0O53£0.02¢ | 3.54£0.08 2.9940,02¢ 2 674002 2 37+0.00%
P ' (100) (69.73) (100) (84.46) (100 (88.76)

Values are mean * S.E of six replicates. Value in parenthesis indicates % enzyme activity with untreated control taken as
100%.Rank correlation coefficient in between LCg;, and AChE/ALP/ACP activity in treated group indicate significant
(p<0.05) positive (+)correlation a, significant (p<0.05) when one way ANOVA was applied in between the enzymatic
activity in different month of the year in control as well as treated group.

neurotransmitter. These findings raise the possibility
that continued cholinergic stimulus caused by
reduction in AChE activity might caused increased
release of monoamine in the neurons. Alternatively,
it is possible that it may affect the cholinergic,
tryptaminergic and dopaminergic neurons
independently [38]. However, data regarding in
interaction between cholinergic and other kind of
neurons in snails are not available. Earlier it has
been reported that sublethal treatment 80% of 24h
LC,, of thymol caused significant inhibition of AChE
activity (81.01% of control) in nervous tissue of
L. acuminata [38]. The high anti AChE, activity of
thymol was observed in month of May.

ACP plays an important role in catabolism,
pathological necrosis, autolysis and phagocytosis

[40, 41]. Alkaline phosphatase (ALP) plays a critical
role in protein synthesis [42] and shell formation
[43]. The rank correlation coefficient applied
between the LC,, values of different months and the
corresponding inhibition of enzyme activity indicates
a positive correlation between the LC;, and the
inhibition of AChE, ALP and ACP. Besides its
anticholinergic effect, thymol also inhibits ALP and
ACP activity.

The precise prediction of consequences of
molluscicidal toxicity in the water medium against
the molluscs are interrupted due to shortage of
appropriate information that how abiotic factors in
aqueous medium influence the molluscicidal
activity. The present study clearly demonstrates that
variant abiotic factors can significantly alter the
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toxicity of thymol. It is also obvious that most
suitable period for the control of L. acuminata in
India is during the months of May to July. It is
suggested that treatment of thymol for control of
L. acuminata and ultimately fasciolosis, is not only
cost effective during these months than spending
more money in rest the months of the year. Use of
thymol as molluscicide needs a proper study
regarding the abiotic factors of water body at the
time of treatments. Adequate monitoring, its release
in aquatic medium will be more useful in control of
vector snail in any part of the world. No mortality in
fish C. fasciatus exposed to LC,, of thymol against
L. acuminata in each month clearly indicate that
concentrations used to kill the snail is safe for the
fish, which is showing the same habitat with snails.

CONCLUSION

The present study shows conclusively that
variant abiotic in the aquatic habitat can significantly
alter the toxicity of thymol. Most suitable period to
control the snail in India is during the months of May
to July. It is suggested that the treatment of the
water body with thymol for snail control and
ultimately fasciolosis is more potent and cost
effective during May to July, rather than spending
the more thymol in rest months of the year. Release
of thymol in the aquatic medium is safe to other
animals showing the same habitat.
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Solid waste management with the help of vermicomposting
and its applications in crop improvement
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ABSTRACT

Management of solid waste has become one of the biggest problems that we are facing today.
Vermicomposting is the better option to tackle with this problem. Vermicomposting is the process of
conversion of organic wastes by earthworms to valuable humus like material which is used as a natural
soil conditioner. Vermicomposting is environment friendly and cost effective technique for solid waste
management. Vermicomposting serves two main purposes for the welfare of humans as it helps in the
degradation of solid waste and the cast produced during this process is used as a natural fertilizer.
Vermicompost is much better than chemical fertilizer because it is not associated with any kind of risk.
Earthworms are potentially important creatures that are capable of transforming garbage into gold.
Eisenia fetida is the most commonly used species of earthworms for vermicomposting. Vermicomposting
is a mesophilic process and should be maintained up to 32°C with the moisture content of 60-80%.
Earthworms break down organic matter and leave behind castings that are an exceptionally valuable
fertilizer. Vermicomposting has many applications in crop improvement such as pathogen destruction,
water holding capacity of soil, improved crop growth and vyield, improved soil physical, chemical and
biological properties and production of plant growth regulators.
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J Biol Earth Sci 2013; 3(1): B8-B16

Corresponding author:

Arun Karnwal

Bhojia Institute of Life Sciences, Budh, Teh. Baddi,
Solan, H.P. India, 173205

Ph. +911795247621, Fax: +911795247621

Email: arunkarnwal@gmail.com

Original Submission: 16 November 2012; Revised Submission: 17 December 2012; Accepted: 27 December 2012

Copyright © 2013 Author(s). Journal of Biology and Earth Sciences © 2013 Tomasz M. Karpinski. This is an open-access article
distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

http://www.journals.tmkarpinski.com/index.php/jbes or http://jbes.strefa.pl
e-mail: jpes@interia.eu

Journal of Biology and Earth Sciences, 2013, Vol 3, Issue 1, B8-B16 B8



Mehta and Karnwal Solid waste management with the help of vermicomposting

INTRODUCTION

Solid waste is defined as the unwanted organic
and inorganic waste materials disposed of by
humans from different sources. The living standard
of people has increased across the world due to the
rapid economic development which directly leads
into more material consumption and more waste
generation.

Vermicomposting is a simple biotechnological
process of composting in which certain species of
earthworms are used to convert the biodegradable
solid wastes or organic wastes into a nutrient-rich
end product, vermicompost, which is used as a soil
conditioner. At the present time, vermicomposting is
the better option of solid waste management than
all the other options because it is a biological
process, it is not associated with any kind of soil or
groundwater pollution, no risk of gas leakage,
cheaper method, less land requirements, resulting
earthworm castings (worm manure) are rich in
microbial activity and plant growth regulators, and
fortified with pest repellence attributes as well.
During vermicomposting, the important plant
nutrients such as N, P, K and Ca are converted to
more soluble forms which are easily utilized by
plants. Wastes are the misplaced valuable
resources, which can be utilized by proper
composting. The composted waste, the vertices
which has higher qualities of manure can be used to
feed our “Nutrient-organic matter-hungry” soils [1].

There are an estimated 1800 species of
earthworm worldwide [2]. But the most commonly
used is Eisenia fetida, commonly known as the
“compost worm”, “manure worm”, “red worm”, and
“red wiggler’. Earthworms derive their nourishment
from the microorganisms that grow upon organic
materials, only few microorganisms support
earthworms while others can cause toxic effects
[3-5]. Microbial groups that are of nutritive value to
earthworms are fungi, prototozoa, algae, bacteria
and actinomycetes, in their decreasing order of

Table 1. Composition of different Vermibeds

importance [6]. Retention time of the waste in
earthworms is short. Worms can digest several
times than their own weight each day and large
quantities of excreta are passed out through an
average population of earthworms. Amount of
substrate consumed depends upon substrate
properties and environmental conditions [7].
Vermicomposting systems should be maintained at
temperatures of 15 to 25°C and moisture content
must be 60 to 80%. Earthworms are active and
consume organic materials at a relatively narrow
layer of 15 to 25 cm below the surface of compost
bed.

MATERIALS AND METHODS

Preparation of Vermibeds

Four different types of vermibeds were prepared by
adding different types of wastes with soil in four
plastic tubs (Table 1). Pre-composting was done for
about one week and after that earthworms were
introduced into the bed. To 5 kg of substrate and
soil mixture about 50 healthy adults were added.

Maintenance of Moisture Content

Moisture content was maintained in all the
vermibeds by sprinkling enough amount of water at
regular intervals.

Collection of Samples

Vermicomposting was done for seven weeks and
samples were collected every week from all the
vermibeds and analysed for their nutrient
composition.

Soil and Sample Analysis

Samples were analysed for different nutrients. pH
and moisture content were estimated for different
samples. Moisture content was estimated by the
difference between the initial and final weight (w1 —
w2) of soil as mg of moisture/g soil.

Total amount of soil and

Number of adult

Vermibeds Substrate substrate mixture (in kg) earthworms added
First Food Waste 5 50
Second Agriculture waste 3 50
Third Medical Waste 5 50
Fourth Industrial Waste 5 50
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Inorganic Phosphate content

Inorganic phosphate was determined by Ammonium
molybdate reduction method and absorbance was
noted in spectrophotometer at 690 nm.

Total organic content

Organic content was estimated by titration against
ferrous ammonium sulphate. The end point was
noted as dull green through turbid blue to brilliant
green.

Chloride content

Chloride content was estimated by silver nitrate
titration method. End point was noted as persistent
red tinge.

Organic carbon

Organic carbon was estimated by modified Walkly-
black procedure. Initially the colour was dark brown
(colour depend on organic matter content of the
sample). Then the solution colour changes to
greenish and then changes to dark green or
greenish blue. At the end point it flashes quickly
from greenish blue to reddish brown.

Sulphate Content

Sulphate content was determined by turbidimetric
method using barium chloride crystals. Absorbance
was noted at 420 nm in spectrophotometer.

Calcium Carbonate Content

Calcium carbonate was estimated by titrimetric
method. End point was noted as faint pink colour
against NaOH solution.

Effect of vermicompost of different substrates
on plant

Soil was added in five flower pots and pots were
labeled as SS for control containing only soil, FW
for soil mixed with vermicompost containing food
waste as substrate, AW for soil mixed with
vermicompost containing agriculture waste as
substrate, MW for soil mixed with vermicompost
containing medical waste as substrate, IW for soil
mixed with vermicompost containing industrial
waste as substrate. Small, young plants (about 3-4
cm) of Vinca rosea (common name — Prewinkle or
Sadabahar) were planted in different pots and their
initial features such as plant height, numbers of
leaves were noted down (Table 2). Vermicompost of

Journal of Biology and Earth Sciences, 2013, Vol 3, Issue 1, B8-B16

different substrates was sprinkled in respective
pots.

Table 2. Initial Observation of Plants

Flower pots  Plant height  Number of leaves
(in cm)

S8 4.7 12

Fw 4 12

AW 3 10

MW 3.5 10

W 3 8

RESULTS

Different samples were collected weekly for
seven weeks from all the vermibeds and analysed
for their nutrient composition. These samples were
labeled as:

S0 — Sample collected after pre-incubation

S1 — Sample collected after one week of treatment
S2 — Sample collected after two weeks of treatment
S3 — Sample collected after three weeks of treatment
S4 — Sample collected after four weeks of treatment
S5 — Sample collected after five weeks of treatment
S6 — Sample collected after six weeks of treatment
S7 — Sample collected after seven weeks of treatment.

For soil nutrient analysis various parameters
such as pH, moisture content, inorganic phosphate,
total organic content, carbon, chloride, sulphate and
calcium carbonate were analysed by different
chemical tests to determine the nutrient composition
of untreated soil sample and vermicompost samples
of different wastes.

pH

Minimum pH of 6.9 was observed in simple soil.
Among the various types of wastes maximum pH of
8.04 was observed in agriculture and industrial
waste and of the various samples of different
wastes maximum pH was observed in S7 (samples
collected after 7th week of treatment).

Moisture Content

Moisture content was calculated as mg/g soil and
minimum moisture content of 0.25 mg/g soil was
observed in simple soil. In different vermicompost
samples moisture content was increased to 60%
which is the minimum moisture necessary for by
earthworms. Earthworms help in retaining moisture.
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Table 3. pH results of vermicompost samples of different wastes

pH at different Sampling points

Waste Materials

SO S1 52

S3 S4 S5 S6 S7

Food Waste 695 717 728 732 741 752 778 798
Agriculture Waste 708 721 723 732 743 751 784 8.04
Medical Waste 6199 79 731 T4l F54 T5E 785y 7899
Industrial Waste 701 7.09 7.10 727 731 738 746 8.04

Table 4. Moisture content of different vermicompost samples of different wastes

Moisture content (mg/g soil) at different Sampling points

Waste Materials

SO S1 S2 S3 54 S5 S6 S7

Food waste 0.73 0.84 0.91 0.94 0.67 0.61 0.60 0.68

Agriculture waste 067 108 1405 1405 0.64 1.065 127 125

Medical waste 048 0.85 0.72 0.74 0.74 0.71 0.81 0.97

Industrial waste 0.73 059 0.74 0.68 0.63 0.71 0.75 0.72
Inorganic Phosphate Content matter. Organic content was increased during
Inorganic content was calculated in mg/l and  processing by earthworms. Among the different

minimum inorganic content of 0.0004 mg/l was
observed in simple soil. Inorganic phosphate
content was increased gradually increased during
earthworm’s action. Among the different types of
wastes maximum content of inorganic phosphate
was observed in food waste. Of the different
vermicompost samples of different wastes
maximum content of inorganic phosphate was
observed in S7 (sample collected after seventh
week treatment).

Total Organic Content
Total organic content was calculated in mg/g soil.
Simple soil contains only 66.55 mg/g soil of organic

types of wastes maximum organic content was
determined in food waste followed by agriculture
waste, medical waste and industrial waste. Of the
different samples maximum organic content was
determined in S7 (sample collected after seventh
week).

Chloride Content

Chloride content was determined in mg/100 g soil.
Simple soil resulted in minimum chloride content of
68.16 mg/100g soil. Chloride content increased
during treatment by earthworms. Among the
different types of wastes maximum chloride content
was determined in food waste followed by

Table 5. Inorganic phosphate content (mg/l) of different vermicompost samples of different wastes

Inorganic phosphate content (mg/l) at different Sampling points

Waste Materials

SO S1 S2
Food waste 0.0009  0.001 0.00195
Agriculture waste  0.0008  0.00094 0.00169
Medical waste 0.0008 0.00084 0.00153
Industrial waste ~ 0.00081 0.0009 0.00189

S3 S4 S5 S6 S7
0.002  0.0043 0.0049 0.0075 0.0080
0.00199 0.0042 0.0046 0.0064 0.0070
0.0039  0.0047 0.0049 0.0052 0.0053
0.0044 0.0046 0.0048 0.0049 0.0052
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Table 6. Total Organic content (mg/g soil) of different vermicompost samples of different wastes

Waste Materials Total Organic content (mg/g soil) at different sampling points

SO S1 S2 S3 S4 S5 Sé6 S7
Food waste 66.55 68.02 7341 78.78 8246 8720 8894  90.55
Agriculture waste  66.70 6946 7171 7932 8223 86.32 86.55 89.64
Medical waste 6793 7048 70.69 7455 7746 80.64 8259 8848
Industrial waste 67.10 7032 72.85 7443 76.87 79.10 81.22 8237

Table 7. Chloride content (mg/100g soil) of different vermicompost samples of different wastes

Waste Materials Chloride content (mg/100g soil) at different sampling points

S0 S1 S2 S3 S4 S5 S6 S7
Food waste 69.45 71 74 79.3 82.9 832 87.20 923
Agriculture waste 69.24 71 71935  J442 78.1 7856 79.24 g1
Medical waste 68.16 7124  71.55 72.6 7298 747 76.49 78.1
Industrial waste 69.10 7096 7154 7244 7268 7495 76.10 78.1

agriculture waste, medical waste and industrial
waste. Of the different samples maximum chloride
content was determined in S7 (sample collected
after seventh week).

Organic Carbon by Wet Digestion

Organic carbon was calculated as %C. Simple soll
contains only 3.07% of organic carbon. Content of
organic carbon was increased during processing by
earthworms. Among the different types of wastes
maximum percentage of organic carbon was
determined in food waste followed by industrial
waste, agriculture waste and medical waste. Of the
different samples maximum organic content was
determined in S7 (sample collected after seventh
week).

Calcium Carbonate Content

Calcium carbonate was calculated as percentage of
CaCO,. Calcium carbonate content was less in
simple soil only 3%. Calcium carbonate content
varies with pH of the soil. Alkaline soils contains
large amount of CaCO, compared to acidic soils.
Among the different types of wastes CaCO3 content
was higher in industrial waste followed by
agriculture waste, food waste and medical waste.
Of the various samples CaCO, content was higher
in S7 (sample collected after seventh week) of all
the wastes.

Sulphate Content
Sulphate content was measured as mg/100g soil.
Sulphate content was very less in simple soil only

Table 8. Organic carbon content (%) of different vermicompost samples of different wastes

Organic Carbon content (%C) at different sampling points

Waste Materials
SO S1 S2

S3 S4 S5 S6 S7

Food waste 5453 3133 3.56 4.74 4.87 5.90 923 1641
Agriculture waste 533 3.56 4.10 4.36 4.65 .13 5.64 7.43
Medical waste 3.08 531 4.10 4.28 4.79 5.08 5.64 6.92
Industrial waste 328 3.51 3.86 4.69 4.79 5.36 5.64 7.59
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Table 9. Calcium carbonate content (mg/100g soil) of different vermicompost samples of different wastes

Calcium Carbonate content (% CaCO3) at different sampling points

Waste Materials
SO S1 S2

Food waste 3.5 5 6
Agriculture waste 3 4.9 5.5
Medical waste 4 5 6
Industrial waste 4 4.5 5

S3 S4 S5

6.5 7 7.9
6.5 7 8.1
6.25 D Pl

6 15 8.9

S6 S7
8.7 9.5
92 11
8 10
97 11.5

Table 10. Sulphate content (mg/100g soil) of different vermicompost samples of different wastes

Waste Materials

Sulphate content (mg/100g soil) at different sampling points

SO S1 S2

Food waste 339 4575 6.355
Agriculture waste 3305 3.815 4.575
Medical waste 334 4675 5.254
Industrial waste 3.712 3.85 3932

S3 54 S5

729 7542 831
5594 5762 627
5.34 644  7.035
Sl 5 5.085

S6 S7
9.152 18.73
8.66 16.66
746 1271
671 5.93

3.25mg/100g soil and it increases gradually during
processing by earthworms. Among the different
types of wastes sulphate content was higher in food
waste followed by agriculture waste, medical waste
and industrial waste. Of the different samples
sulphate content was higher in S7 (sample collected
after seventh week of treatment).

Among all the different substrates food waste
was best utilized by earthworms in seven weeks
period. Food waste vermicompost gives best results
with plants and contains higher amounts of nutrients
as compared to other types of wastes (Figure 1).

Use of Vermicomposting in Crop Improvement

Vermicompost provides sufficient nutrients to the
plants and help them to grow faster. Among the
various types of wastes best results was observed
with the food waste vermicompost. After seven
weeks of treatment food waste was fully utilized by
earthworms. Food waste vermicompost contains
higher amounts of nutrients. A simple comparison
was made between simple soil and vermicompost
of different waste materials by growing small plants
of Sadabahar (Catharanthus roseus) in different
pots with different vermicompost. After 32 days of
observation plant grown in food waste
vermicompost was most nourished with much
increased plant height (Figure 2), increased number

Food waste vermicompost

Medical waste vermicompost

Agriculture waste vermicompost

Industrial waste vermicompost

Fig. 1. Vermicompost tubs after seven weeks
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Fig. 2. Comparison of varying plant height during different days of observation of different vermicomposts and simple
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Fig. 3. Comparison of varying number of leaves during different days of observation of different vermicomposts and
simple soil
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Fig. 4. Comparison of varying number of flowers during different days of observation of different vermicomposts and

simple soll

of flowers (Figure 3) and leaves (Figure 4) than
other plants grown in different vermicomposts. Plant
height, number of leaves and number of flowers at
different observation days for all the different types
of vermicompost and simple soil were compared in
table shown below In the table SS, FW, AW, MW
and IW stands for Simple soil, Food waste,
Agriculture waste, Medical waste, Industrial waste
respectively.

DISCUSSION

Vermicomposting of different wastes such as
food waste, agriculture waste, medical waste and
industrial waste was done for the degradation of
solid wastes and the nutrient rich end product
vermicompost was used as a very effective natural
fertilizer with no environmental hazards. Different
vermibeds were prepared for different wastes and
are treated for seven weeks. Every week
vermicomposts were analysed for the presence of
nutrients such as inorganic phosphate, total organic
matter, chloride, carbon, calcium carbonate and
sulphate. Moisture content and pH were also
determined every week for different vermicomposts.

Rate of mineralization and decomposition becomes
faster with optimal moisture content [8]. Moisture
content of 60-70% was proved having maximal
microbial activity and 50% was the minimal
requirement for rapid rise in microbial activity [9]. pH
was increased gradually during vermicomposting
and it was attributed to the progressive utilization of
organic acids and increase in mineral constituents
of wastes [10]. Near neutral pH of vermicompost
may be attributed by the secretion of NH** ions that
reduce the pool of H* ions [11]. In earthworms the
activity of calciferous glands containing carbonic
anhydrase that catalyzes the fixation of CO, as
CaCO,, thereby prevent the fall in pH [12].
Inorganic phosphate content was increased in
vermicomposts of different wastes than simple soil.
Even when phosphorus is added to the soil in
organic materials such as dung it may become
mineralized, often as a chemical precipitate of
orthophosphate or adsorbed onto the surface of
minerals. Vermicomposts prepared from their
respective organic wastes possessed considerably
higher levels of major nutrients - N, P, K, Ca, and
Mg compared to that of the substrates [13, 14].
Vermicomposting helps in crop improvement. It was
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analysed by growing plants in different pots
containing different vermicomposts and simple soil.
Vermicompost contains plant growth promoters with
other nutrients and improves physical, chemical and
biological properties of soil on repeated application
[15]. Many important factors, such as the presence
of beneficial microorganisms or biologically active
plant growth influencing substances such as
phytohormone are released by beneficial
microorganisms present in the vermicompost rich
soil [6, 16]. Root initiation, increased root biomass,
enhanced plant growth and development and
sometimes, alterations in plant morphology are
among the most frequently claimed effects of
vermicompost treatment [17]. Stem elongation,
dwarfing and early flowering have been found to be
because of the hormone effect in a wide variety of
plants and in a number of physiological situations,
stem elongation is promoted (or inhibited) by
endogenous phytohormones, a class of growth
regulating substances which inhibited stem
elongation without affecting leaf or flower
development [18].
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Alterations in some metabolic activities
of Scenedesmus quadricauda and Merismopedia glauca
in response to glyphosate herbicide
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ABSTRACT

The effect of glyphosate herbicide concentrations on the growth and some metabolic activities of the
green alga Scenedesmus quadricauda and the blue-green alga (cyanobacteria) Merismopedia glauca
isolated from soil (Assiut, Egypt) were assessed. The growth of Scenedesmus quadricauda and
Merismopedia glauca was negatively affected by glyphosate herbicide. In addition, decreasing of the cell
number as well as chlorophyll a, b and the dry weight of Scenedesmus were occurred with increasing
the herbicide concentrations, while the dry weight and chlorophyll a of Merismopedia was increased by
low concentration of glyphosate herbicide. The photosynthesis and respiration were increased in the two
algae with increasing glyphosate herbicide. Increasing of soluble and insoluble carbohydrates with
increasing of the herbicide in Scenedesmus. But in case of Merismopedia glauca the soluble sugars
only were enhanced by all concentrations used of the herbicide. Decreasing soluble and insoluble
proteins was occurred in Scenedesmus with increasing glyphosate. Also, glutelins, globulins and
prolamines were decreased with increasing of glyphosate herbicide. The insoluble proteins, glutelins,
globulins were increased and soluble proteins as well as prolamines were decreased with increasing of
glyphosate herbicide to Merismopedia. Free amino acids were increased by increasing glyphosate
herbicide in Scenedesmus and Merismopedia. Glyphosate herbicide inhibited the growth and some
metabolic activities in the tested algae, this effect depend on the algal species, the type and
concentration of the herbicide.
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INTRODUCTION

The widespread use of herbicides in modern
agriculture might adversely affect algal flora. Algae
and cyanobacteria are quite sensitive to herbicides
because they share many common characters with
higher plants, which are target organisms.
Herbicides have detrimental effects on growth,
photosynthetic pigments, protein content and
oxidative stress in cyanobacterial cells [1, 2]. The
use of herbicides may decrease pigment content,
destroy chloroplasts, thylakoids and PSII, and even
cause DNA damage in organisms [3-5]. Some
herbicides cause metabolic alterations in algae due
to oxidative stress [6], and others function via
binding to the exchangeable quinone site in the
photosystem Il (PSIl) reaction center, thus blocking
electron transfer [7], or by changing fluorescence
emission and electron transport activities of the bio-
samples [5].

Glyphosate is a broad-spectrum, nonselective
and systemic herbicide used for the control of
annual and perennial plants [8]. Glyphosate
mechanism of action appears to be the inhibition of
aromatic amino acid synthesis, which results in the
inhibition of nucleic acid metabolism and protein
synthesis. The use of glyphosate may result in
significant population losses of a number of
terrestrial species through habitat and food supply
destruction and thus cause a threat to endangered
species and biodiversity. Glyphosate can become a
source of inorganic phosphorus in systems that are
phosphorus limited. Bacterial degradation removes
the phosphate group resulting in sarcosine. The
sarcosine is further degraded to form glycine and
ultimately carbon dioxide [9].

The soil algae have variable responses to
specific herbicides ranging from stimulatory via
tolerance to inhibitory. Some authors have
explained the inhibitory effect of certain herbicides
as due to the inhibition of photosynthesis through
blocking of photolysis of water or possibly to
interference with some primary energy transfer [10].
Although photosynthesis is a primary site of action
for many herbicides, there is no evidence to
suggest that this is an important site of action for
glyphosate. While there are many studies about the
effect of herbicides on algal growth, biochemical
composition and the metabolic activities [11], little is
known about the effect of herbicides on
Merismopedia glauca. Thus, it is important to

determine the effect of glyphosate herbicide on
the growth and some metabolic activities of
Merismopedia glauca (Cyanophyta) and
Scenedesmus quadricauda (Chlorophyta).

MATERIALS AND METHODS

The green alga Scenedesmus quadricauda and
the blue green alga Merismopedia glauca were
subjected to various concentrations of glyphosate
herbicide. Three concentrations of herbicide were
used in this study according to the performed
preliminary experiments. These concentrations
calculated as ppm active ingredient (High 600,
Medium 300 and Low 150 ppm for Scenedesmus
and High 150, Medium 75 and Low 37.5 ppm for
Merismopedia). Rippka and Herdman [12] modified
medium was used for culturing of blue-green algae,
and Bold's basal medium [13] was used for culturing
green algae.

The growth rate and generation time of a test
alga grown with various herbicides concentrations
were followed by daily measurements of
absorbance at 750 nm. Optical density was used as
a parameter for algal growth. The growth rate p (d')
was determined from the following formula:

i gl Fh—lok
b —t

Where
A, = Optical density at time t,.
A, = Optical density at time t,.
t, - t, = The time elapsed in days between two
determinations of optical density.
The generation time (G) can be calculated as
follows:

In 2
ju

After 8 days of growth in case of Scenedesmus
quadricauda, and 7 days in case of Merismopedia
glauca the algal cells were harvested for some
metabolic estimations, in the late of exponential
phase or beginning of the stationary phase
according to algal growth curves as shown in (Fig. 1
and 2).

The optical density of the algal suspension was
measured at 750 nm as one of the growth indicators
as described by Lefort-Tran et al. [14]. The cell
numbers (in case of green alga) were determined
by counting of the cell number microscopically

G= d
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using 1 mm deep haemocytometer slide. For
determination of dry matter 10 ml of algal
suspension, after filtered through Whatman No. 1
filter paper, was dried in oven at 105°C until
constant weight. The data were given as mg/ml
algal suspension.

Photosynthetic pigments (chl.a and chl.b) were
extracted in hot methanol (70°C) for 10 minutes,
this made daily during the period of experiment [15].
It is worthy to mention that, in the case of
Cyanophyceae species, ch1.a only is measured.

The photosynthetic activity was measured as
oxygen evolution using (O, Meter CG 867
Germany). The data obtained were calculated as
(umoles O, mg" chl. h') After photosynthesis was
estimated in the system described, the lamps were
switched off and O, uptake in the dark was
estimated. For the determination of carbohydrate,
the anthrone sulfuric acid method was used [16]. All
carbohydrates including polysaccharides were
spectrophotometrically determined. Soluble,
insoluble and total proteins were determined

—+— Control

A | it
——M

—H

Absorbance

0 1 2 3 4 L3} B T 8
Time (days

Chl. &
(pgimD

Time (days)
Fig. 1. Effect of glyphosate on the growth curve of
Scenedesmus quadricauda calculated as absorbance,
cell number and chlorophyll a

according to the method adapted by Lowry et al.
[17]. The protein fractions were estimated by the
methods of Moureaux and Landry [18]. Free amino
acids were estimated according to the method
adopted by Lee and Takahashi [19].

RESULTS

The effect of glyphosate herbicide on the growth
of Scenedesmus quadricauda and Merismopedia
glauca was shown in Fig. 1 and 2, and Table 1,
they were inhibited by the concentrations of
herbicide applied. The maximum growth rate
calculated as chlorophyll a for Scenedesmus was
(1.56 MY, aps-d") and minimum generation time
(0.44 G.d') was recorded in control culture. The
maximum growth rate for Merismopedia was
(1.33 po-d’) and minimum generation time
(0.52 G.d"") was recorded in control culture.

DISCUSSION

The cell number and dry weight as well as
chlorophyll a and b for Scenedesmus were
markedly  decreased with  increasing the
concentrations of herbicide. In Merismopedia the
dry weight and chlorophyll a were decreased with
increasing the concentrations of the herbicide, and

Absorbance

Chl. &

o 1 2 3 4 5 5] T
Time (days)
Fig. 2. Effect of glyphosate on the growth curve of
Merismopedia glauca calculated as absorbance and
chlorophyll a
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were only enhanced by low concentration of
glyphosate herbicide. Many reports indicate
herbicide  affects on soil algal growth,
photosynthesis, nitrogen fixation, and metabolic
activities which in accordance with the obtained
results [20]. Wakabayashi et al. [21] studied the
influence of cyclic imide herbicides and oxyfluorfen
on growth, content of photosynthetic pigments and
degradation of chloroplast components using
autotrophic  (light grown) and heterotrophic
(glucose-grown, dark grown) Scenedesmus acutus
cells. The compounds inhibited growth and
decreased the content of chlorophylls and
carotenoids in both types of cells. The reduction of
chlorophyll may be due to sensitivity of the enzymes
of chlorophyll biosynthesis towards the herbicides.
Hernando et al. [22] stated that glyphosate
decreased cell density and photosynthetic pigment
contents for Chlorella pyrenoidosa. The inhibition of
chlorophyll appearance might be an indirect effect
whereby glyphosate could be envisaged to
interference with the development of the chloroplast
in some way, thus preventing insertion of the
chlorophyll molecule into the thylakoid membrane
[8]. Couderchet and Vernet [23] investigated the
effects of one of the sulfonylurea herbicides,
flazasulfuron, on Scenedesmus obliquus. They
found that the low concentration of flazasulfuron
induced a reduction in chlorophyll content of the
culture. In this respect, the influence of simazine on
the growth and pigment content of Chlorella
vulgaris, Scenedesmus acutus and Arthrospira
fusiformis elucidated by Fournadzhieva et al. [24].
They found that the herbicide at concentrations of
0.1 to 1.0 mg/L nutrients medium, inhibited the
photosynthetic activities of all studied strains. The
activity of Scenedesmus acutus was the least
affected, while that of Arthrospira fusiformis was
the most affected. The dry weight and chlorophyll a
of Merismopedia was increased by low
concentration of glyphosate herbicide. Megharaj et
al. [25] reported stimulatory effect of certain
herbicides when applied in low concentrations.
Such stimulatory effect was also reported by
Ibrahim [26]; Ahmed and Venkataraman [27].
Younis et al. [28] observed progressive great
reduction in growth of Chlorococcum humicula and
dry weight accumulation by increasing fluometuron
concentration. They demonstrated that Ilow
concentration of this herbicides increased
photosynthetic pigment content, while the reverse

was true at high concentration. In this respect,
Wong and Wong [29] determined the effect of 2,4-
D, glyphosate and paraquat herbicides on growth,
photosynthesis and chlorophyll a synthesis by
freshwater alga Scenedesmus quadricauda Berb
614. Algal growth, photosynthesis and chlorophyll a
synthesis were stimulated by the presence of low
concentrations (0.02 or 0.2 mg/L, respectively) of
2,4-D and glyphosate. Glyphosate stimulation may
have resulted from its use after degradation as
carbon or nitrogen source for algal growth [30].
Algal susceptibility to herbicides differs among
species [31] and even also among strains [32].
These confirm the results obtained in this
investigation.

The photosynthesis and respiration were
increased in Scenedesmus and Merismopedia with
increasing glyphosate herbicide. In this respect,
although glyphosate reduced chlorophyll content, it
stimulated slightly respiration [8]. Abu-Iramaileh et
al. [33] reported that an increase in respiration could
be detected within 24 hours in bean plants sprayed
with a 20 mM of glyphosate.

With respect to the effect of glyphosate herbicide
on the soluble and insoluble carbohydrates, they
were increased with increasing the herbicide in
Scenedesmus while, soluble carbohydrates only
were increased in Merismopedia. The increase in
carbohydrates level in this study was associated
with stimulation of photosynthesis. In this respect,
Fournadzhieva et al. [24] studied the influence of
simazine on Chlorella vulgaris, Scenedesmus
acutus and Arthrospira fusiformis and reported that
the herbicide concentrations of 0.1 to 1.0 mg/L
nutrients medium increased carbohydrate level.

As regards, the soluble and insoluble proteins as
well as glutelins, globulins and prolamines it found
that they decreased in Scenedesmus with
increasing glyphosate herbicide. It was suggested
that the increase in amino acids may reflected a
decrease in protein synthesis [34]. The insoluble
proteins, glutelins, globulins were increased and
soluble proteins as well as prolamines were
decreased with increasing of glyphosate herbicide
in Merismopedia. In this respect, Marsalek and
Rojickova [30] reported that a higher increase of
proteins than carbohydrates was observed after
addition of glyphosate to algal cultures. The
changes in protein synthesis in algae grown under
stress could be due to changes in gene expression
[35]. The high concentrations of herbicides may
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affect the enzymatic reactions responsible for
protein biosynthesis [36]. The mode of action of
glyphosate seems to inhibit the aromatic amino acid
synthesis, which results in the inhibition of nucleic
acid metabolism and protein synthesis.

Glyphosate kills plants by inhibiting the enzyme
5-enolpyruvylshikimate-3-phosphate  synthase
(EPSPS), which catalyzes the reaction of shikimate-
3-phosphate (S3P) and phosphoenolpyruvate to
form 5-enolpyruvyl-shikimate-3-phosphate (ESP).
ESP is subsequently dephosphorylated to
chorismate an essential precursor in plants for the
aromatic amino acids: phenylalanine, tyrosine and
tryptophan [37].

The free amino acids were increased with
increasing glyphosate herbicide in Scenedesmus
and Merismopedia. In this respect, a gradual
increase in total amino acids content of
Scenedesmus bijuga was generally a function of
trichlorfon concentration increase from 0.1 to 0.4
mM [38].

CONCLUSION

Scenedesmus quadricauda was considered
more tolerant to the herbicide than Merismopedia
glauca, this effect depend on the algal species, as
well as the herbicide concentration. The variability
in sensitivity of the two photosynthetic organisms to
the same chemical substance may be explained by
different characteristics of the organisms such as
morphology, cytology, physiology and genetics.
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ABSTRACT

Introduction: The present communication deals with tribe Anthemideae comprising of 47 species
belonging to 11 genera based on the collections from Jammu and Kashmir State. Many of these species
are mostly confined to the alpine zones of Kashmir Himalayas. The relevant data, number of species in
Jammu and Kashmir, key to the species, diversity of the tribe anthemideae is indicated under
enumeration in each genus.

Material and Methods: The collections were made from the area under study to identify the different
genera and species.

Results: The present communication of tribe Anthemideae is first report of its kind from Jammu and
Kashmir State comprising of 11 genera and 47 species of the tribe.
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INTRODUCTION

Asteraceae is one of the largest families of the
flowering plants having the estimated size
comprising of 1314 genera representing 2100
species [1]. Anthemideae is the large tribe of family
Asteraceae comprising of 109 genera and ca 1740
species [2]. Asteraceae of Jammu and Kashmir is
quite rich. Many of the species are confined to
alpine zones. The endemic flora of Asteraceae is
dominant. The author has recorded 90 endemic
species of Asteraceae from Jammu and Kashmir
State [3]. The concentration of species of this family
is more in hilly areas than plains. In India this tribe
represents as many as 12 genera and 66 species
[4]. In Jammu and Kashmir state, the author has
studied 11 genera and 47 species of this tribe as
enumerated below. Of these 11 genera, 6 species
of the genera, namely Anthemis L., Centipeda Lour.,
Chrysanthemum L., Leucanthemum Mill., Soliva
Ruiz & Pav. and Waldheimia are represented by a
single species (Fig. 1). The highest number of

TRIBE: ANTHEMIDEAE

Key to the Genera

species in tribe Anthemideae is found in Artemisia
L. is 400 in the world, 31 in India and 21 in Jammu
and Kashmir (Fig. 2). Many species belonging to
tribe Anthemideae of family Asteraceae find their
application in therapy of their being high content of
pharmacologically action, compounds produced by
secretary tissues such as Matricaria chamomilla is
one of the oldest species of this tribe. Some other
species are used mainly as remedies as wild
sedative, spasmolytic  and pharmaceutical
preparations, anti-inflamatory, carminative and also
as perfumes and cosmetics [5].

MATERIALS AND METHODS

Field trips were made in Jammu and Kashmir to
study flora general and Asteraceae in particular of
Jammu and Kashmir State. The relevant data was
collected and key characters were studied. Key
characters were found very useful in preparation of
key to genera of this tribe.

1 + Receptacles paleaceous; heads usually rayed 2.
- Receptacles naked or with fimbriate pits; heads rayed or disciforma ----------------—-—- 3.
2 + Heads corymbose; achenes margined 1. Achillea
- Heads solitary peduncled; achenes 4-5 angled or many ribbed 2. Anthemis
3 + Heads rayed 4.
- Heads disciform 7.
4 + Herbs diffuse; peduncles short; achenes 5-angled 11. Waldheimia
- Herbs erect; peduncles long; achense angled or ribbed 5.
5 + Annual herbs; achenes ventrally 3- 5 ribbed, dorsally many ribbed or smooth -------- 8. Matricaria
- Perennial herbs; achenes ribbed or angled 6.
6 + Achenes 3-ribbed; mucilage cells absent 4. Chrysanthemum
- Achenes usually prominently 10- ribbed; mucilage cells present 7. Leucanthemum
7 + Heads many, racemose, penciled or corymbose 8.
- Heads solitary 9.
8 + Heads racemose or panicled; involucral bracts few seriate 3. Artemisia

- Heads in corymbs; involucral bracts many seriate

9 + Herbs stoloniferous; heads sessile; corolla of outer florets wanting

10. Tanacetum
9. Soliva

- Herbs non-stoloniferous; heads usually peduncled; corolla of outer florets usually

present

11.

10 + Heads sessile or subsessile; involucral bracts 2-serriate; leaves toothed or lobed--- 5. Centipeda
- Heads peduncled; involucral bracts sub-2-serriate; leaves pinnatifid or pinnatisect -- 6. Cotula
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RESULTS

In Jammu and Kashmir, the author has studied
11 genera and 47 species of this tribe as
enumerated below. As many as 9.42% species of
tribe Anthemideae are endemic to Jammu and
Kashmir Himalayas.

ANTHEMIDEAE CHARACTERISTICS

Herbs, subshrubs or shrubs; latex absent;
leaves usually alternate, usually variously dissected
with characteristic smell; heads various; invlucres
often hemispheric; bracts 2-7 seriate, imbricate,
margin almost scarious; rays of variously coulured,
limb 3-lobed; pollen echinate rarely rugose or
smooth; style slender, apex truncate, stigmatic
surfaces parallel; achenes shapes various; pappus
never capillary.

Distribution:  South Africa,
Mediterranean region.

Central Asia and

ENUMERATION

1. Achillea L.
200 species approximately; 2 in India and 1 in
Jammu and Kashmir: Achillea millefolium L.

2. Anthemis L.
200 species approximately; 1 in India and 1 in
Jammu and Kashmir: Anthemis cotula L.

3. Artemisia L.

400 species approximately; 32 in India and 21 in
Jammu and Kashmir: Artemisia absinthium L.,
A. amygdalina Decne., A. banihalensis Kaul et
Bakshi, A. biennis Willd., A. brevifolia Wall. ex DC.,
A capillaris Thunb., A. cashmirica Kaul & Bakshi,
A. desertorum Spreng., A. dranculus L., A. glauca
Pall. ex Willd., A. japonica Thunb., A. laciniata
Willd., A. maritima L., A. nilagirica (Clarke) Pump.,
A. parviflora Roxb., A. roxburghiana Wall. ex Bess.,
A. sacrorum Ledeb., A. sieversiana Ehrh. ex Willd.,
A. stracheyi Hk. ex Thoms., A. vestita Wall. ex DC.,
A. wallichiana Bess.

4. Centipeda Lour.

6 species approximately; 1 in India and 1 in Jammu
and Kashmir: Centipeda minima (L.) A. Br. &
Aschers.

5. Chrysanthemum L.

200 species approximately; 4 in India and 4 in
Jammu and Kashmir: Chrysanthemum parthenium
(L.) Berth., C. pyrethroides (Kar. & Kir.) B. Fedtsch-
Rostit., C. stoliczkai Clarke, C. tibeticum Hk.f. &
Thoms.,

6. Cotula L.

75 species approximately; 4 in India and 2 in
Jammu and Kashmir: Cotula anthemoides L.,
C. aurea Loeffl.

7. Leucanthemum Mill.
20 species approximately; 1 in India and 1 in
Jammu and Kashmir: Leucanthemum vulgare Lam.

8. Matricaria L.
60 species approximately; 2 in India and 1 in
Jammu and Kashmir: Matricaria recutita L.

9. Soliva Ruiz & Pav.

12 species approximately; 1 in India and 1 in
Jammu and Kashmir: Soliva anthemifolia (A. Juss.)
R. Br.

10. Tanacetum L.

70 species approximately; 12 in India and 9 in
Jammu and Kashmir: Tanacetum artemisioides
Sch.-Bip. ex Hook., T. dolichophyllum (Kitam.)
Kitam., T. falconeri Hk. f., T. fruticulosum Ledeb.,
T. gracile Hk. f. & Thoms., T. griffithii (Clarke)
Muradyan, T. nanum Clarke, T. tibeticum Hk. f. &
Clarke, T. tomentosum DC.

11. Waldheimia Kar & Kir

8 species approximately; 5 in India and 5 in Jammu
and Kashmir: Waldheimia glabra (Decne.) Regel,
W. nivea (Hk.f. & Thoms. ex Clarke) Regel,
W. stoliczkai (Clarke) Ostanf., W. tomentosa
(Decne.) Regel, W. vestita (Hk.f. & Thoms.) Pamp.

DISCUSSION

The family Asteraceae shows a remarkable
morphological diversity among angiosperms which
ruled over 250 years as a basis on morphology for
classification of various tribes. Therefore, in order to
know about the tribes of this family, Anthemideae is
selected to find out the diversity of species in the
flora of Jammu and Kashmir State. The members of
Asteraceae exceed over 1314 genera and 2100
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species [1]. A single tribe of this family,
anthemideae is comprised of 109 genera and 1740
species [2]. While publishing the Flora of India,
family Asteraceae [4] described 66 species of the
tribe anthemideae belonging to 12 genera from
India. The family is of a great economic value and
plays a significant role in various ailments [5].

Bhellum [3] enumerated 90 species of
Asteraceae endemic to Kashmir Himalayas of
Jammu and Kashmir State. The most dominant
genus of this tribe in world, India and Jammu and
Kashmir State is Artemisia L. Of the total 11 genera
of tribe Anthemideae in Jammu and Kashmir, 5
genera in India and Jammu and Kashmir viz.
Anthemis L., Centipeda Lour., Chrysanthemum L.,
Leucanthemum Mill. and Soliva Ruiz & Pav. are
represented by a single species. All the 5 species
Waldheimia (Fig. 2) of Indian flora are found in the
flora of Jammu and Kashmir (Fig. 1) which indicates
Anthemideae of J & K State is very rich.

As many as 9.42% species of tribe Anthemideae
are endemic to Jammu and Kashmir Kashmir

Journal of Biology and Earth Sciences, 2013, Vol 3, Issue 1, B24-B29

Himalayas. The global representation of 10 genera
of this tribe is indicated in bar graph (Fig. 3).

CONCLUSION

Anthemideae comprising of 47 species
belonging to 11 genera based on the collections
from Jammu and Kashmir State. The author has
enumerated 90 species of Asteraceae endemic to
Kashmir Himalayas of Jammu and Kashmir.
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ABSTRACT

To cope better with desert harsh conditions or to improve their growth magnitude and productivity, jojoba
plants might need some aid. One week drought, over a period of two months, was stressful as it induced
severe growth inhibition compared with maintained 50% field capacity. In addition, jojoba sustained
growth throughout the whole experimental period (4 months) relying on a minimum of nitrate (tap water
or 25% Hoagland concentration). Extra nitrate (125%) was stimulatory to growth in full hydration and
may overcome growth inhibition in partial hydration but not in drought. The osmoregulants (soluble
sugars, proline and amino acids), membrane properties (leakage of K, electrolytes and UV absorbing
metabolites as well as lipid peroxidation) and antioxidants (phenolics, catalase, guiacol peroxidase and
superoxide dismutase activity) were assessed to evaluate drought stress impacts. They did not respond
identically to drought leading to confusion which is most-expressing manifestation of drought stress.
From which, enhanced proline accumulation and lipid peroxidation with inhibited ascorbate peroxidase
displayed a clear cut and reliable stress biomarkers. The antioxidant phenolics increased with increasing
nitrate in water-stressed jojoba leaves (50% field capacity or one week drought). Nitrate may participate
in scavenging electrons since lipid peroxidation was lowered at high nitrate levels.
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Abbreviations:

FC - field capacity, OWD - one week drought, FW - fresh
weight, DW - dry weight, EDTA - ethylenediamine tetraacetic
acid, PVP - polyvinylpyrrolidone, APX - ascorbate peroxidase,
SOD - superoxide dismutase, NRase - nitrate reductase

INTRODUCTION

The anticipated fuel crisis advocated finding out
alternatives, preferably renewable and clean ones.
Plant and microbial hydrocarbons may participate in
narrowing the gap between production and needs.
Jojoba shrubs got an abrupt importance in recent
years because of their ability to accumulate waxes
in their seeds (up to 50%); from which bio-diesel
would be synthesized by alkylation. Substituting
fossil fuels with methyl esters of jojoba oils, or of
other plants implies no further accumulation in the
atmosphere of greenhouse gases or sulfur
contaminants. World production of jojoba oil is
currently around 3,500 metric tons per year. The
cosmetic industry appears to be the principal
market for jojoba oil, equating to almost 80% of the
total market, followed by pharmaceutical sector and
lubricants [1].

Jojoba is a perennial shrub which does not
require much care and produce well for decades
after establishment. This plant is strong and
tolerates harsh conditions of salinity, drought and
heat. It grows in both arid and saline conditions [2,
3]. Indeed, shrubs of jojoba grow satisfactorily with
brackish water having 2000 ppm concentration of
salts in the Pacific Ocean and in California. Despite
that, growth magnitude and its components were
reported to vary with the intensity of drought stress
[4]. In addition, severe drought has induced an
extensive pulse of adult plant mortality over broad
ranges of elevation and latitude across the
southwest US [5-7].

Jojoba has been first introduced into the
Egyptian agricultural map in 1990’s around the city
of Assiut (375 Km south of Cairo). Since a
considerable proportion of the Egyptian soil (more
than 90%) is desert with high temperature at days,
inhabiting jojoba for oil production in the Egyptian
part of the African Sahara is extremely preferable,
not only for oil production but may also be
protective against desertification. Mass cultivation of
jojoba in the desert excludes competition with other
crops on the very limited and crowded Nile valley
and Delta. To cope better with harsh conditions in
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the desert or to improve their growth magnitude and
productivity, jojoba plants might need some aid. In
this work, we supplemented several nitrate
concentrations at three levels of water availability.
Growth, primary metabolites (osmoregulants),
membrane properties and antioxidant enzymes of
jojoba have been analyzed to assess
nitrate—drought interactions. In addition, nitrate
reductase has been followed to elucidate drought
impact on nitrate reduction and vice versa i.e.
nitrate availability to overcome drought stress.

MATERIALS AND METHODS

Plant growth and harvest

Jojoba (Simmondsia chinensis (Link) Schneider,
Buxaceae) was grown in an outdoor green house at
the Faculty of Science, Assiut University (Egypt)
under natural conditions of temperature, humidity,
light and day/night rhythm in the period of February
— May, 2009. Ten seeds of jojoba were cultivated in
pots containing 4 Kg acid washed sandy soil
(suspended for 24 hrs in 0.1M HCI and rinsed
several times with tap followed by distilled water
until the pH becomes neutral). At this stage,
nutrients content of the soil becomes trivial or
negligible. After developing 4-5 true leaves (50 days
later on planting), plants were subdivided into three
subsets. The first (control) was maintained at 100%
FC (Field Capacity) using full strength modified
Hoagland solution [8]. Two other subsets were,
since then subjected to partial or complete drought;
the first by daily compensation to 50% of the field
capacity (50% FC) and the other to one week
drought (OWD) by withholding irrigation for one
week and then re-watering up to full field capacity
(OWD) at due times.

Stocks of Hoagland medium contain Ca(NO,),
and KNO,; the culture medium supplemented to
plants contains 0.84 mM Ca(NO,), and 2mM KNO,
giving a final concentration of 3.68mM NO,". Lower
percentages of 75%, 50% and 25% and the higher
percentage of 125% were constructed by
decreasing or increasing the concentration of both
salts containing nitrate [Ca(NO,), and KNO,].
Caz* and K* were compensated by equimolar
concentrations of CaCl, and KClI, respectively.

Analytical Methods
At the end of the experimental period (fifty days
after treatments application), plants become about 4
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months old. Fresh plants (three replicates, 6-7
plants per each replicate) were separated into
shoots and roots; their fresh weights (FW) were
recorded, and the samples were then oven dried at
70°C for 48 hrs to determine their dry weight (DW).
Some other leaves were freshly frozen in liquid
nitrogen and stored at -80°C for assaying the
activity of some selected enzymes.

Determination of photosynthetic pigments

The pigment fractions (chlorophyll a, chlorophyll b
and the carotenoids) were estimated in 95% ethanol
extracts at 60°C following the spectrophotometric
method (Unico UV-2100 spectrophotometer)
recommended by Lichtenthaler [9].

Assessment of membrane stability properties

A number of criteria have been used to evaluate
membrane stability and integrity. Electrolyte leakage
was carried out in leaf discs as given by Lutts et al.
[10]. Potassium leakage was determined in the
same solution of conductivity measurements using
the flame photometric method of Williams and
Twine [11]. The leakage of UV absorbing
metabolites was also assessed according to Navari-
Izzo et al. [12]. The data of K and UV leakage are
given as percentage of components leaked out of
leaf discs in 24 hrs relative to total cellular contents
after autoclaving the same discs. Lipid peroxidation
was determined according to Madhava Rao and
Sresty [13] and the concentration of MDA was
calculated using an extinction coefficient of 155
mM-! cm-.

Determination of some metabolites acting as
osmoregulants (soluble sugars, proline and free
amino acids)

The anthrone sulphuric acid method [14] was
used for the determination of soluble sugars.
Proline contents were determined according to
Bates et al. [15] in fresh samples of leaves and
roots. Free amino acids and soluble proteins were
determined in dry mass extracts according to the
methods of Moore and Stein [16] and Lowry et al.
[17]; respectively. Calibration curves using glucose
(soluble sugars), proline (proline), glycine (amino
acids), and bovine serum albumin (soluble proteins)
were constructed. Free and cell wall-bound
phenolics were determined according to Kofalvi and
Nassuth [18] in 50% methanol extracts of fresh
leaves using the Folin-Ciocalteu's phenol reagent. A

Nitrate-drought interactions on the desert plant jojoba

calibration curve using galic acid was done.

Preparation of enzyme extracts and assay of
enzyme activities

Leaf tissues (0.5 g) were ground to a fine
powder in liquid nitrogen and then homogenized in
5 ml of 100 mM potassium phosphate buffer (pH
7.8) containing 0.1 mM EDTA and 0.1 g PVP. The
homogenate was centrifuged at 12000 xg for 10 min
at 4°C, the supernatants were collected and used
for enzyme assays. All enzyme activities were
assayed at 25°C using a UV visible Unico UV-2100
spectrophotometer. The specific activity of the
enzymes was expressed as mmole mg' protein
min-'. Superoxide dismutase (SOD, EC 1.15.1.1)
activity was assayed as described by Misra and
Fridovich [19]. Ascorbate peroxidase (APX, EC
1.11.1.11) activity was determined according to the
method of Nakano and Asada [20]. Guaiacol
peroxidase (POD, EC 1.11.1.7) activity was
assayed by following the method of Tatiana et al.
[21]. Catalase (EC 1.11.1.6) activity was assayed by
following the consumption of H,O, for 1 min [22].
Nitrate reductase activity (NR, EC 1.6.6.1) was
assayed similar to that of Heuer and Plaut [23] and
modified by Sym [24]. A standard curve using
NaNO, has been conducted.

Statistical analysis

All data obtained have been subjected to one-
way analysis of variance (ANOVA) using the SPSS
statistical package. For comparison of means, the
Duncan’s multiple range tests (p < 0.05) were used.
Also, factorial ANOVA analysis was performed to
partition the variance into the main effects of nitrate,
drought as well as their interaction using the
MSTATC test.

RESULTS

Growth

Fully irrigated jojoba plants exhibited significantly
higher fresh weight of shoots than 50% FC or OWD
plants (Fig. 1); both treatments similarly inhibited
about 30% of shoot fresh weight. Extra nitrate
(125%) significantly enhanced the fresh weight of
shoots at all water regimes; enhancement was
proportional with water level supplied. Dry mass of
jojoba shoots (Fig. 2) responded to nitrate and
water supply quite similar to their fresh weight.
However, 50% FC exhibited higher values of dry
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Fig. 1. Fresh weight of jojoba shoots as influenced by
drought-nitrate interactions for 2 months at Assiut
University natural conditions. Presented data are means
of three replicates + SE (n = 3). Different letters indicate
statistical significance at P < 0.05 between, controls
(100% FC “field capacity”), 50% FC and one week
drought (OWD); respectively. The following caption is
applied for all figures —#—100%FC --¢--50%FC —— QWD
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Fig. 3. Fresh weight of jojoba roots as influenced by
drought-nitrate interactions for 2 months at Assiut
University natural conditions. Presented data are means
of three replicates + SE (n = 3). Different letters indicate
statistical significance at P < 0.05 between, controls
(100% FC “field capacity”), 50% FC and one week
drought (OWD); respectively.

mass than OWD. Roots, unlike shoots, exhibited
similar fresh weights in control and 50% FC plants,
both of them were significantly higher than those of
OWD plants (Fig. 3). Dry mass of control roots
become less than those of 50% FC indicating
higher water content (Fig. 4). Extra nitrate (125%)
significantly stimulated root growth (fresh and dry
mass) at 100% FC and 50% FC but not in OWD
plants.

Total pigments (chlorophylls a & b as well as the
carotenoids) have been poorly varied in response to
water limitation (Fig. 5). Nitrate tended to decrease
pigment contents, depending on water status,
however. Fully irrigated (control), OWD and 50% FC
plants exhibited their highest pigment contents at
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Fig. 2. Dry weight of jojoba shoots as influenced by
drought-nitrate interactions for 2 months at Assiut
University natural conditions. Presented data are means
of three replicates + SE (n = 3). Different letters indicate
statistical significance at P < 0.05 between, controls
(100% FC “field capacity”), 50% FC and one week
drought (OWD); respectively.
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Fig. 4. Dry weight of jojoba roots as influenced by
drought-nitrate interactions for 2 months at Assiut
University natural conditions. Presented data are means
of three replicates + SE (n = 3). Different letters indicate
statistical significance at P < 0.05 between, controls
(100% FC “field capacity”), 50% FC and one week
drought (OWD); respectively.

100%, 50% and 25% nitrate; respectively. It seems
that decreasing water availability decreased nitrate
levels at which pigment contents become highest.

Membrane Properties

Several means (leakage of electrolytes,
potassium and UV absorbing metabolites) have
been assessed to evaluate membrane properties in
variously treated jojoba leaves. Electrolyte leakage
of control and 50% FC plants was not significantly
affected by water availability; only OWD significantly
enhanced electrolyte leakage at lowest nitrate
levels (to conserve space data not shown). K
leakage out of leaf discs was minimally altered by
water status at which jojoba was grown (Fig. 6).
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Fig. 5. Total pigments (chlorophyll a, b and carotenoids)
of jojoba plants as influenced by drought-nitrate
interactions for 2 months at Assiut University natural
conditions. Presented data are means of three replicates
+ SE (n = 3). Different letters indicate statistical
significance at P < 0.05 between, controls (100% FC
“field capacity”), 50% FC and one week drought (OWD);
respectively.
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Fig. 7. UV absorbing metabolites of jojoba as influenced
by drought-nitrate interactions for 2 months at Assiut
University natural conditions. Presented data are means
of three replicates + SE (n = 3). Different letters indicate
statistical significance at P < 0.05 between, controls
(100% FC “field capacity”), 50% FC and one week
drought (OWD); respectively.

However, nitrate (up to 100%) was stimulatory to K
leakage at 50% FC while inhibitory in control plants.
The efflux of the UV absorbing metabolites from
jojoba leaves exhibited continuous and significant
rise with increasing nitrate in one week drought-
stressed plants (OWD). In control, as well as in 50%
FC plants, leakage of UV absorbing metabolites
was minimally altered; so were those of 50% FC in
most cases (Fig. 7).

Lipid peroxidation

Malondialehyde (MDA), the indicator of lipid
peroxidation and membrane damage, was also
followed in jojoba leaves (Fig. 8). Lipid peroxidation
was significantly affected by drought; OWD induced
the highest levels of MDA compared with 50% FC
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Fig. 6. Potassium leakage of jojoba as influenced by
drought-nitrate interactions for 2 months at Assiut

University natural conditions. Presented data are means
of three replicates + SE (n = 3). Different letters indicate
statistical significance at P < 0.05 between, controls
(100% FC “field capacity”), 50% FC and one week
drought (OWD); respectively.
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Fig. 8. Malondialdehyde contents of jojoba as influenced
by drought-nitrate interactions for 2 months at Assiut
University natural conditions. Presented data are means
of three replicates + SE (n = 3). Different letters indicate
statistical significance at P < 0.05 between, controls
(100% FC “field capacity”), 50% FC and one week
drought (OWD); respectively.

plants or least at controls. Increasing supplemental
nitrate was of insignificant effect on MDA
accumulation in control plants.

Osmoregulants

Soluble sugars: Leaf soluble sugars after one week
drought were highest whereas those of 50% FC
were lowest (data not shown). Varying nitrate levels
(50 - 100%) induced significantly little variation in
soluble sugars. Extra nitrate (125%) lowered
soluble sugars at all water regimes whereas the
lowest nitrate concentration significantly altered
them. In roots, soluble sugars were significantly
accumulated under inadequate water supply
(highest at 50% FC followed by OWD) at low nitrate
levels of 25% and 50% (Fig. 9). Fully irrigated
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Fig. 9. Soluble sugar contents of jojoba roots as
influenced by drought-nitrate interactions for 2 months at
Assiut University natural conditions. Presented data are
means of three replicates + SE (n = 3). Different letters
indicate statistical significance at P < 0.05 between,
controls (100% FC “field capacity”), 50% FC and one
week drought (OWD); respectively.
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Fig. 11. Free amino acid contents of jojoba leaves as
influenced by drought-nitrate interactions for 2 months at
Assiut University natural conditions. Presented data are
means of three replicates + SE (n = 3). Different letters
indicate statistical significance at P < 0.05 between,
controls (100% FC “field capacity”), 50% FC and one
week drought (OWD); respectively.

(control) plants did not display significant alteration
of root soluble sugars in response to nitrate
concentration. Generally, soluble sugars were
lowered by increasing nitrate.

Proline: One week drought (OWD) induced
significantly highest leaf proline contents. Control
(100% FC) and 50% FC leaves displayed similarly
and significantly lower levels than OWD plants (Fig.
10). Thus, 50% FC was not stressful enough as it
did not enhance proline accumulation over the
control content. Increasing supplemental nitrate was
of slightly decreasing impact on proline
accumulation in variously irrigated plants. Root
proline, however, exhibited markedly less obvious
responses to drought and nitrate concentration
compared with the leaves’ proline contents (data not
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Fig. 10. Proline contents of jojoba leaves as influenced by
drought-nitrate interactions for 2 months at Assiut
University natural conditions. Presented data are means
of three replicates + SE (n = 3). Different letters indicate
statistical significance at P < 0.05 between, controls
(100% FC “field capacity”), 50% FC and one week
drought (OWD); respectively.
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Fig. 12. Free phenolics in jojoba as influenced by
drought-nitrate interactions for 2 months at Assiut
University natural conditions. Presented data are means
of three replicates + SE (n = 3). Different letters indicate
statistical significance at P < 0.05 between, controls
(100% FC “field capacity”), 50% FC and one week
drought (OWD); respectively.

shown).

Free amino acids: Drought imposition for one week
significantly depressed free amino acid levels in
jojoba leaves to be least whereas 50% FC elevated
them even relative to those of the control (Fig. 11).
Amino acid contents have been significantly
increasing as supplemented nitrate was increased
up to 100% in control and 50% FC plants. Extra
nitrate (125%) did not induce further accumulation
of free amino acids; otherwise it was relatively
suppressive. However, in roots of fully irrigated
plants, amino acids continued to increase by
increasing the concentration of external nitrate (data
not shown). One week drought imposed the
opposite whereas 50% FC did not alter amino acid
contents significantly.
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Catalase
(specific activity)

=
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[NO;", % Hoagland]

Fig. 13. Specific activity of catalase in jojoba as
influenced by drought-nitrate interactions for 2 months at
Assiut University natural conditions. Presented data are
means of three replicates + SE (n = 3). Different letters
indicate statistical significance at P < 0.05 between,
controls (100% FC “field capacity”), 50% FC and one
week drought (OWD); respectively.
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[NO;™ % Hoagland]
Fig. 15. Specific activity of superoxide dismutase in
jojoba as influenced by drought-nitrate interactions for 3
months at Assiut University natural conditions. Presented
data are means of three replicates +SE (n= 3). Different
letters indicate statistical significance at P < 0.05
between, controls (100% FC “field capacity”), 50% FC
and one week drought (OWD); respectively.

Antioxidant system
Phenolic compounds

In fully irrigated plants (control) free phenolic
contents have been increasing as supplemental
nitrate increased until a peak at 75% nitrate while
decreasing thereafter (Fig. 12). An opposite attitude
has been recorded in OWD plants. At 50% FC,
contents of free phenolic compounds continually
increased with the rise of supplemental nitrate.
Bound phenolics were generally of higher levels
than those of the free fraction. However, the applied
treatments did not cause considerable alterations
compared with those in the free phenol fraction
(data not shown).

0.20 1
0.16 1
0.12
b
0.08 4

(specific activity)

0.04 1

0.00 Ll L] T L] 1

25 50 _ 75 100 125
[NOs , % Hoagland]

Ascorbate peroxidase

Fig. 14. Specific activity of ascorbate peroxidase in jojoba
as influenced by drought-nitrate interactions for 2 months
at Assiut University natural conditions. Presented data are
means of three replicates + SE (n = 3). Different letters
indicate statistical significance at P < 0.05 between,
controls (100% FC “field capacity”), 50% FC and one
week drought (OWD); respectively.

NRase
(specific activity)

25 75 100 125

50

[NO5™ % Hoagland]

Fig. 16. Specific activity of nitrate reductase in jojoba as
influenced by drought-nitrate interactions for 2 months at
Assiut University natural conditions. Presented data are
means of three replicates +SE (n= 3). Different letters
indicate statistical significance at P < 0.05 between,
controls (100% FC “field capacity”), 50% FC and one
week drought (OWD); respectively.

Enzymes

Catalase: Catalase activity has not been noticeably
affected by varying levels of provided water; so was
mostly the effect of nitrate (Fig. 13). However, the
activity of catalase was enhanced only in moderate
nitrate concentrations (50% & 75% in 50% FC
and 100% FC; respectively) whereas highest
concentrations (100% & 125%) looked slightly
inhibitory.

Guiacol Peroxidase: Guiacol peroxidase activity
displayed attitudes more or less similar to those of
catalase activity in response to water and nitrate
availability (data not shown).

Ascorbate peroxidase (APX): Ascorbate peroxidase
activity has been significantly inhibited in OWD
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plants relative to either the control or 50% FC plants
which exhibited comparable rates (Fig. 14). Such
inhibition of ascorbate peroxidase by drought is a
conspicuous  difference  between  ascorbate
peroxidase and other antioxidant enzyme systems
(namely, catalase and Guiacol peroxidase).
Increasing nitrate concentrations more than 75%
seems inhibitory to ascorbate peroxidase, highest in
OWD plants and least in 50% FC.

Superoxide _ dismutase (SOD): Superoxide
dismutase activity has been variably altered by
nitrate concentrations provided depending on the
water status at which plants were grown. It
exhibited highest rates of activity in fully irrigated
plants while lowest rates in 50% FC and OWD
plants, both at 75% nitrate (Fig. 15).

Nitrate reductase (NRase)
Nitrate reductase activity of variously treated

jojoba plants were not exhibiting markedly altered
rates in response to varied water levels (Fig. 16).
Nitrate at concentrations of 50-100% was
stimulatory to NRase activity in fully irrigated as well
as in OWD plants. Highest nitrate concentration of
125% was mostly inhibitory at all water regimes.
Increasing nitrate supplementation was almost
depressing to NRase activity in 50% FC plants.

ANOVA factorial analysis

Factorial analysis (Table 1) revealed that nitrate,
drought as well as their interaction exerted
significant effects on almost all parameters
examined in this study. Few exceptions of non-
significant effects of nitrate on shoot dry mass and
leakage, and the interaction on shoot dry mass, root
fresh mass and leaf amino acids were resulted.

Table 1. Two-way ANOVA to determine the influence of nitrate, drought
and their interaction on jojoba according to MSTATC test.

Treatments
Parameter
Nitrate Drought Interaction

Shoot Fresh weight 19.20" 71.232= 9.070™
Shoot Dry weight 1.950M 22.349™ 1.345M2
Root Fresh weight 2.768* 18.368* 1.858NE
Root Dry weight 4 324 30994 2.408*

Total pigments 13.858" 79.019% 16.791*
K Leakage 1.31Ms 3.162* 4.334*
UV metabolites 2.788* 4.374% 4,708
MDA 3.601* 40.338* 7.702%
Root soluble Sugars 100887+ 0 22 641
Leaf Proline 5.499* 66.363" 2722

Leaf amino acids 12.209™ 20503 0.981n=
Free phenolic 29541 21837 15.904*
Catalase 13.101™ 40.866™ 2o
Ascorbate peroxidase 27.659* 52.926* 5.658*
30D 10.350™ 22 90 28.181*
MNRase 6899 7029 7436+

* = Significant ** = Highly significant
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DISCUSSION

The oil accumulating plants are acquiring great
attention because of the foreseen fuel and energy
crisis. Combustion of plant oils, furthermore, do not
add to the atmosphere extra oxide emissions of
carbon, nitrogen or sulfur. It is well known that
shortage of irrigation or precipitation is one of the
main factors limiting crop production in arid and
semiarid soils. Jojoba (Simmondsia chinensis (Link)
Schneider, Buxaceae) seems fascinating because it
tolerates harsh environmental conditions (edaphic
and atmospheric). Furthermore, jojoba may better
cope with high light under drought conditions [25].
Jojoba plants have exceptionally deep tap root
system that helps to survive in drought conditions.
Despite such resistance, severe drought induced an
extensive pulse of adult mortality over broad ranges
of elevation and latitude across the southwest US
[5-7]. Also, salinity was reported to cause reduction
of the elongation and the thickening of stems [26,
27], the reduction of the shoot system and leaf size
as well as an increase in the thickening of leaves
[28]. Salinity, in addition, also influenced
cutinisation, reduced the development of vascular
tissues and increased the density of the trichomes
[29] and the chemical composition of fatty acids and
fatty alcohols in the grains of jojoba [30]. For normal
growth and development of aerial plant parts,
proper and suitable environment must be provided
to the root system [31].

In this work, growth of jojoba was not
significantly inhibited by maintaining water supply at
50% field capacity (50% FC), confirming the
resistance of the shrub to water deficiency. One
week drought (OWD), however, significantly
dropped the fresh and dry mass. Similar
observations have been recorded by other authors
[32]. However, drought did not impose significant
differences in pigment contents under varied water
statuses; as it has been also reported in olive [33,
34]. As well, jojoba plants could survive relying on a
minimum of supplemental nitrate for an extended
period of time (4 months). Extra nitrate (125%)
relatively improved plants response; it was
significantly stimulatory to shoot and root growth
(FW & DW) in control and 50% FC but not in OWD
plants. The number of leaves per plant was
significantly increased with increasing supplemental
nitrate in 50% FC plants only (data not shown).
Rates of NRase activity were not dropped in OWD

plants, indicating that reduced nitrogen was not
limiting to growth of jojoba plants.

Diversion of metabolites to accumulate
osmoregulants might enable plants to withstand
desiccation. This process, however, takes place at
the expense of primary metabolism and production.
Restoration of normal metabolism would save
energy for growth and production. Proline
accumulation that is frequently used as a stress bio-
marker has been also found so in jojoba [35]. Only
OWD induced proline accumulation whereas 50%
FC did not, coinciding with attitudes of fresh and dry
mass. It can be inferred, then, that only OWD was
stressful to jojoba plants but the maintained 50%
FC was not. Soluble sugars in relation to nitrate
displayed the conventional C/N  negative
relationship i.e. increasing nitrogen decreases
sugars and carbohydrates, most obvious under
water stress [36]. Nitrogen metabolism is usually
impaired by drought [37]. Free amino acids dropped
by water deficiency but increased by nitrate mostly
opposite to proline.

Biotic and abiotic stresses are known to induce
the formation of reactive oxygen species (ROS).
These exert harmful effects such as lipid
peroxidation and protein and DNA oxidation, leading
in many cases to cell death [38]. Despite that, the
biosynthesis of ROS cannot be completely
eliminated due to their function as signaling
molecules, being important parts of plant defense
against stresses [39]. Negative impacts of ROS as
well as plant defense mechanisms are concerned
with in this work. Plasmalemma and organelle
membranes are a prime site of damage by ROS
produced by drought and other stresses. Response
to limited water supply confirmed the settled notion
that jojoba is genetically resistant. Drought did not
significantly change membrane properties in terms
of leakage (K, electrolytes and UV absorbing
metabolites) whereas tended to increase by nitrate.
The metabolites absorbing the UV spectra comprise
proteins, organic acids and nucleic acids that their
leak would starve the cells. Lipid peroxidation,
unlike leakage properties, was severely enhanced
in OWD plants i.e. lipid peroxidation and leakage
were not coinciding. A similar observation has been
reported in cucumber roots exposed to 1 uM
Al(SO,), [40]. MDA, a biomarker for lipid
peroxidation and membrane damage, increases
with environmental stresses [41]. MDA pools,
however, decreased at high nitrate levels. Nitrate, in
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this concert, can act as a major sink scavenging
electrons, indirectly protecting membranes.

Plants developed enzymatic as well as non-
enzymatic antioxidant defenses that work efficiently
to reduce excess ROS production and hence its
subsequent damaging effect. Phenolic compounds
(bound and free), have been enhanced up to similar
levels by increasing nitrate under drought (partial or
full). The importance of phenolics as antioxidant
compounds have been reported in variously
stressed plants [42].

A negative relationship between SOD, CAT and
GPX activity and lipid peroxidation or MDA content
has been described [41, 43]. The various
antioxidant enzymes (CAT, GPX and SOD) assayed
in jojoba plants were mostly decreased by nitrate
while minimally enhanced by drought. Specifically,
ascorbate peroxidase gave conclusive indication as
a stress biomarker. It is severely inhibited by
drought and such inhibition was increased by
increasing nitrate.

CONCLUSIONS

* Maintaining soil water content at 50% field
capacity was much less drastic to jojoba than
supplying 100% FC following one week drought.

* Enhanced proline accumulation, lipid
peroxidation as well as inhibited ascorbate
peroxidase exhibited conclusive response and can
be used as biomarkers for drought stress in jojoba.
Other  osmoregulants, membrane  damage
properties and antioxidant enzymes were not
decisive in their response to drought.

« Jojoba survived harsh conditions in agreement
with previous reports. Growth and production
magnitudes, however, might deter by diversion of
energy and metabolites into survival metabolism
(accumulation of osmoregulants, antioxidant system
and membrane repair mechanisms).

* Nitrate as an electron sink may be considered
part of the non-antioxidant system.
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ABSTRACT

El-Kharga oasis soils tend to alkaline, very poor in N, P and rich in Ca, Mg, Na, and K. The total algal
counts fluctuated, in the study sites (16), and ranged between 3.333 colonies/g soil for the plant
Hyoscyamus muticus and 4978.3 colonies/g soils for Plantago major. The high percentage of
cyanophyta (97.7%) was recorded around Oxalix erniculata, chlorophyta (84.15%) around Solanum
nigrum and diatoms (53.3%) around Langonychium farctum. On the other hand, the number of total
algal species in the study sites ranged between 2 and 16 species for Hyoscyamus muticus and
Langonychium farctum, respectively. No species belong to chlorophyta and bacillariophyta around the
root of Hyoscyamus muticus, Calendula micrantha and Ambrosia martema plants. The only one species
encountered high occurrence remark was Pseudoanabaena papilloterminat (Cyanophyta). Treatments
of Nostoc carneum with various soaked root extracts of Ambrosia maritima and Hoscyamus muticus
caused enhancement of the growth, especially with high concentration of the extract (5%).
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INTRODUCTION

Allelopathy is formulated as any process
involving secondary metabolites produced by
plants, algae, bacteria, and fungi that influence the
growth and development of agricultural and
biological systems [1]. The allelopathic organism
releases chemicals that inhibit the growth of a
competing organism and thus indirectly prevents it
from using common resources. For a long time, it
has been recognized that several compounds that
are present in the soil in replant situations, actively
or passively alter the prevailing soil conditions,
inducing a plant population, microorganisms and
insects reduction that may inhabit that soll
environment. Therefore, due to their allelopathic
characteristics, these substances could somehow
act as a pesticide [2]. Exudates from roots have
long been recognized as a major potential source of
energy for many saprophytic bacteria in soil, being
the prime cause of the rhizosphere effect. There is
considerable amount of evidence suggesting that
loss of soluble organic substances from roots is
significantly stimulated by the presence of microbes
around them [3]. Because all soil borne nutrients
obtained by the plant root must pass through the
rhizosphere, the potential for microbes to alter these
compounds in a way that will affect plant growth is
great [4]. Plant species had strong influence on soil
microbial organisms and their activity. According to
Merckx et al. [5], obviously the input of nutrient by
the roots into surrounding soil as well as the mineral
nutrients levels in the soil is of considerable
importance. Rovira [6] was convinced that root
exudates play a key role in the selective stimulation
of microorganisms and the view has shared by
others [7]. Plants have an important effect on soil
microbiology, due releasing different nutrients and
organic compounds into the soil. Indeed,
rhizosphere microorganisms can both mobilize and
immobilize plant nutrients (C, N and S) and can
produce growth promoting substances, such as
phytohormones, as well as phytotoxins. The
rhizosphere is a centre of intense biological activity
due to the food supply provided by the root
exudates. Soil chemistry and pH can influence the
species mix and functions of microbes in the
rhizosphere. However, there are some
microorganisms that do interact with specific plants.
Most soil microorganisms do not interact with plant
roots, possibly due to the constant and diverse

secretion of antimicrobial root exudates. It contains
root-specific metabolites that has critical ecological
impacts on soil macro and microbiota as well as on
the whole plant itself. Through the exudation of a
wide variety of compounds, roots impact the soil
microbial community in their immediate vicinity,
influence resistance to pests, support beneficial
symbioses, alter the chemical and physical
properties of the soil, and inhibit the growth of
competing plant species [8]. Many phytoplankton
cells are known to release elevated amounts of
organic compounds under nutrient limitation. Algal
species that can compete successfully for available
growth-limiting nutrient(s) have the potential to
become dominant and form blooms. The stress
conditions imposed by the shifted nutrient supply
ratios can, in some algae, stimulate production of
allelochemicals that inhibit potential competitors [9].
No attempts had been made in New Valley, Egypt to
study the soil and rhizosphere algae with relation to
the ecology and biology of the Egyptian weed
plants. Therefore, the present work aims at the
elucidation of quantitative and qualitative study of
the rhizosphere algae, of the sixteen common weed
plants in EI-Kharga oasis area (New Valley), Egypt.
Moreover, the growth as well as some metabolic
activity of Nostoc carneum under various
concentrations of soaked plants (Ambrosia maritima
or Hoscyanus muticus) were also followed.

MATERIALS AND METHODS

This investigation was devoted to study the algal
diversity in the rhizosphere of 16 weeds plant
naturally found in EI-Kharga oasis at eight sites (two
plants for each), the sites and weeds names are
listed in Table 1.

Two replicates of each sample around the roots
of 16 studied weeds at depth 5 cm were collected in
December, 2010. Physical and chemical analyses
of the collected soil samples were carried out as the
following, pH value measured by using digital pH
meter (pH Pen Jenco Electronics, U.S.A). Electrical
conductivity was measured in soil water suspension
using conductemeter (YSI Model 35 yellow springs,
OH, U.S.A), The mechanical analysis of soil texture
was carried out using hydrometer method as
described by Russell [10]. The versene (disodium
dihydrogen ethylene diaminetetra acetic acid)
titration method [11] was employed for both Ca*2
and Mg*? determinations, Na* and K* were
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Table 1. Study sites and name of weed plants (W)

Weeds plant Weeds plant
Plant ; Plant :
. Sites i Sites
symbol Latin English symbol Latin English
name name name name
Wi Brassica wo Cc_z! ea?dufa P@ld
sp. . . micrantha marigold
Elbeleada - Ein Pameis :
W2 Sonchus Smoolth Sow W10 Ambrosia
oleraceus Thistle martem
W3 So_f'mmm . Black Wil Pf'amtago Gre ater
Kharga nigrum Nightshade major Plantain
— Elkalakan -
s (D Hyoscyamus stinking s Mentha
w4 4 . : Wiz : :
muticus nightshade microphylla
W5 Euphorbia Wi3 C'I:);*ﬂ-'oh-'::_aT us .F1eld
geneculata . arvensis Bindweed
Hepet = Ein Ahmed = -
W6 Angonychium Wi4 (T'o_a:r} za ng.rrowleaf
Jarctum linifolia whitetop aster
W7 Portulaca Pitine W15 sz?o_rmm Sxpall
oleracea pumilum Chicory
Elnadora : Elparamody
W8 O_‘_cahx W16 Rumex
erniculata dentatus

determined by the flame photometric technique [12]
using Dr Lange Flame Photometer M 71 D type
Nr/LPG 075. The method described by Dewis and
Freitas [13] was used for the determination of
orthophosphate. The method described by Sheen et
al. [14] was used for determination of sulphate.
For isolation of the rhizosphere algae, the soil
sample were cultivated in three synthetic media,
BG11 medium was used for isolation of blue-green
algae [15], Chu,10 medium for isolation of diatoms
[16], while Bold's basal medium [17] was used for
isolation of eukaryotic and green algae. Petri-dishes
were incubated at 30°C for prokaryotic algae and
20+2°C for green algae and diatoms. Counts of
colonies were made after 20 days of inoculation and
the number of colony were proportioned to dry
weight soil (colonies/gram soil). Algal colonies were
examined and species identified according to the
following references [18-21].

The growth rate and generation time of Nostoc
carneum grown with various concentrations of
soaked plants (100 gram dry mass plant/200 ml dist
water for three days of Ambrosia maritima or
Hyoscyamus muticus) were followed by daily
measurements of absorbance at 620 nm as
described by Lefort-Tran et al. [22]. Chlorophyll-a
was extracted in acetone (90%) over night and
determined according to Marker [23].
Photosynthetic O, evolution and respiratory O,

Journal of Biology and Earth Sciences, 2013, Vol 3, Issue 1, B42-B53

uptake were determined by O, electrode (O, Meter
CG 867 Germany) and calculated as y moles O,,.
mg~' chlorophyll-a.h-'. For the determination of
carbohydrate, the anthrone sulfuric acid method
was used [24]. Proteins were determined according
to Lowry et al. [25]. Free amino acids were
estimated according to the method adopted by Lee
and Takahashi [26].

RESULTS

Changes in the physico-chemical character of
the 16 soils sample collected from El-Kharga oasis
around root zone of 16 weed plants, (Table 1) as
described in material and method, were illustrated
in (Table 2). The results pointed out that the soils of
El-Kharga oasis tend to be alkaline in all tested
sites; pH value ranged between 7.88 and 8.14. The
texture of all tested soil sample of EI-Kharga oasis
was characterized by sand to sandy loam. There
were large difference in the electrical conductivity
value of the all tested sample, minimum (20.2) and
maximum values (336 umoh/cm) recorded around
Hoscyamus muticus and Convolvulus arvensis,
respectively. Rhizosphere sample of Convolvulus
arvensis had the lowest total soluble salts, while the
highest value was 21.5 around Hoscyamus muticus.
The soil sample around Conyza linofolia has lowest
moisture content, where the highest moisture
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No and names of weeds plants as described in Material and Methods

w

content 33.8 was record around Plantago major.
The soil samples under testing were very poor in
sodium and potassium contents and rich in calcium
and magnesium as in Table 2. No remarkable
difference was recorded between the values of
nitrogen in all tested soil samples. Highest NO,-N
was detected around the rhizosphere samples of
Hyoscyamus muticus. Phosphate—phosphorus was
fluctuated within 0.027 around the rhizosphere soil
sample of Sonchus oleraceus to 0.22% around
Cichorium pumilum weeds plant. Generally, there
was no noticeable difference in the percentage of
the organic carbon of all investigated soil samples
as in Table 2.

The present study was also conducted to
elucidate the qualitative and quantitative variations
in the various rhizosphere algae of 16 weeds plants
valid presented in El-Kharga oasis, the total algal
biomass in all sites ranged from 0.008 to 0.446
around the rhizosphere of Ambrosia maritima and
Angonychium farctum, respectively (Table 3). While
the total algal counts ranged between 3.33 colonies
g around Hyoscyamus muticus and 4978.3 around
the rhizosphere soil sample of Plantago major. It
has been found that, three algal groups namely
cyanophyta, chlorophyta and bacillariophyta were
recorded in this investigation.

On the basis of total algal counts, chlorophyta
(colonies g') ranged from a minimum of 0.00
around Hyoscyamus muticus, Calendula micrantha,
Ambrosia maritima and Conyza linifolia to a
maximum 1326.6 of soil sample collected around
the roots of Portulaca orraceae (Table 3), this group
accounted for a maximum percent of chlorophyta
(83.84) around Solanum nigrum. Also, cyanophyta
counts fluctuated within 3.33 colonies g' soil
around the roots of Hoscyamus muticus to (4688.3)
around Plantago major, the highest % of
cyanophyta 100% were recorded around
Hyoscyamus  muticus, Calendula  micrantha,
Ambrosia martema, the only algal group which
recorded. With respect to bacillariophyta, the
highest counts recorded 281 colonies/gram soil
from the rhizosphere soil of Angonychium farctum,
while soil sample collected around Euphorbia
geneculata recorded the lowest counts (3.33) and
noticeable that no species of bacillariophyta was
appeared around the rhizosphere soil sample of
Sonchus  oleraceus, Hyoscyamus  muticus,
Calendula micrantha and Ambrosia maritima, as in
Table 3.
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Twenty three genera (35 species) of algae
identified, isolated and purified from El-Kharga city
around the rhizosphere soil sample of 16 weeds
plants. Twenty five species (14 genus) belonged to
cyanophyta, 6 species (5 genus) belonged to
chlorophyta and 4 species (4 genus) belonged to
bacillariophyta (Table 4, Fig. 1).

The highest algal taxa were recorded around the
roots of Angonychium farctum, while only two taxa
belonged to cyanophyta were recorded around the
roots of Hyoscyamus muticus. No species
belonging to chlorophyta and bacillariophyta was
recorded around the roots of Hyoscyamus muticus,
Calendula micrantha and Ambrosia martema. The
blue green alga Pseudoanabena papilloterminat
was identified as the dominant cyanophyta in all
studying sites (occurrence remark were 75%), while
the other algal taxa were presented in moderate,
frequency or rarely occurrence as shown in Table 4.

It has been found that, Pseudoanabena
papilloterminat and Wollea saccata were the only
algal species presented around Hyoscyamus
muticus (Table 4). The response of growth and
metabolic activities of Nostoc carneum isolated from
rhizosphere soil sample of El-Kharga oasis to
various soaked root extracts (1%, 3%, 5% to

18 1

original medium) of Hyoscyamus muticus and
Ambrosia maritima were assessed. It has been
found from the results shown in Fig. 2, Table 5 that
the growth of Nostoc carneum expressed as
absorbance (750 nm) and chlorophyll-a content
were stimulated with the addition of the various
concentration of Ambrosia martima  and
Hyoscyamus muticus especially with  high
concentration of Ambrosia maritima (Fig. 2).

Photosynthetic oxygen evolution were increased
with addition of Ambrosia maritima, especially at
high concentration used (Table 5). With respect to
the carbohydrates content of Nostoc carneum, the
addition of both crude extract of the plant under
testing caused increase in the soluble
carbohydrates contents (soluble, insoluble, total)
especially with the high concentration used. Also,
alleviation of protein content in Nostoc cells cause
by addition of Ambrosia maritima extract, especially
with high concentration as shown in Table 5. In
conclusion, the results found that the addition of
soaked water extract of both of Ambrosia maritima
and Hyoscyamus muticus roots improved the
growth rate and its metabolites of Nostoc carneum,
especially with high concentration 5 %.

Chlorophyta m Cyanophyta

16 -

o Bacillarioptryta m Total no of species

14 4

12 4

10

3

Mo of algal Species

i |

e g B B B e B |

=) [+ ]

L
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]
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NN
L

AT A A A A AP A A e i

Wi w2 w3 wd

ws wé wi w8 w9 wio wil

wil2 wil3 w14 wi5 wié

Weeds plant

Fig. 1. Number of algal species collected from the rhizosphere soil sample of 16 weeds plants valid represented in

El-Kharga oasis during December, 2010
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Table 5. Response of growth and their metabolic activities of Nostoc carneum to various soaked root extract concentrations of Hyoscyanus muticus and Ambrosia martima
021,:-*

Hyvoscyanus

MM US

Ambrosia
martima

generation time, * O, 1 (umoles O, 1 mg chl.a h™"); **O, | (umoles O, | mg chl.a h'), S.C. = soluble carbohydrates, Ins.C. =

maximum growth rate, G =
T.C. = total carbohydrates, S.P. = soluble proteins, Ins.P.

M=

Total proteins, F.A.A. = free amino acids.

insoluble proteins, T.P. =

DISCUSSION

Soils of ElI-Kharga oasis tend to be alkaline in all
tested sites; pH value ranged between 7.88 and
8.14. The texture of all tested soil sample of EI-
Kharga oasis was characterized by sand to sandy
loam. Dakhla and Kharga are sand stone desert
oases [27]. There were large difference in the
electrical conductivity value of the all tested sample,
minimum (20.2) and maximum values (336
pmoh/cm) recorded around Hoscyamus muticus
and Convolvulus arvensis, respectively.

Rhizosphere sample of Convolvulus arvensis
had the lowest total soluble salts, while the highest
value was 21.5 around Hoscyamus muticus.
The soil sample around Conyza linofolia has lowest
moisture content, where the highest moisture
content 33.8 was record around Plantago major.
Microbial activity in soils (desert soils) is highly
dependent on characteristics such as temperature,
moisture and availability of organic carbon [28, 29]
of this moisture availability is the major constraint
effecting microbial activity. The soil samples under
testing were very poor in sodium and potassium

Hyoscyamis muticus

1.5 . —¢— Contral

3%

w
2

0.5 X

Start 1 2 3 4 5

Artemisia martima

25

Chilorophyll a (ug/ml)

Start 1 2 3 4 5

Days after start
Fig. 2. Enhancement of chlorophyll-a content for Nostoc
carneum to various soaked root extract concentrations of
Hyoscyanus muticus and Ambrosia martima
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contents and rich in calcium and magnesium.No
remarkable difference was recorded between the
values of nitrogen in all tested soil samples. Highest
NO,-N was detected around the rhizosphere
samples of Hyoscyamus muticus.

Phosphate—phosphorus was fluctuated within
0.027 around the rhizosphere soil sample of
Sonchus oleraceus to 0.22% around Cichorium
pumilum weeds plant.

The present study was also conducted to
elucidate the qualitative and quantitative variations
in the various rhizosphere algae of 16 weeds plants
valid presented in El-Kharga oasis, the total algal
biomass in all sites ranged from 0.008 to 0.446
around the rhizosphere of Ambrosia maritima and
Angonychium farctum, respectively. While the total
algal counts ranged between 3.33 colonies g
around Hyoscyamus muticus and 4978.3 around
the rhizosphere soil sample of Plantago major.
Schweitzer et al. [30] found that intra specific plant
genetic variation can affect soil microbial biomass
and microbial community composition, feedbacks
from plant may be an important ecological factor
affecting microbial dynamics. It has been found that,
three algal groups namely cyanophyta, chlorophyta
and bacillariophyta were recorded in this
investigation. Kumar and Kumar [31] recorded that,
nearly 12 species of algae living in close proximity
of the rhizoidal system of mosses. It included
members of cyanophyceae, bacillariophyceae and
xanthophyceae. On the basis of total algal counts,
chlorophyta (colonies g') ranged from a minimum
of 0.00 around Hyoscyamus muticus, Calendula
micrantha, Ambrosia maritima and Conyza linifolia
to a maximum 1326.6 of soil sample collected
around the roots of Portulaca oleracea, this group
accounted for a maximum percent of chlorophyta
(83.84) around Solanum nigrum. Also, cyanophyta
counts fluctuated within 3.33 colonies g soil
around the roots of Hoscyamus muticus to (4688.3)
around Plantago major, the highest % of
cyanophyta 100% were recorded around
Hyoscyamus muticus, Calendula micrantha,
Ambrosia martema, the only algal group which
recorded. With respect to bacillariophyta, the
highest counts recorded 281 colonies/gram soll
from the rhizosphere soil of Angonychium farctum,
while soil sample collected around Euphorbia
geneculata recorded the lowest counts (3.33) and
noticeable that no species of bacillariophyta was
appeared around the rhizosphere soil sample of

Sonchus  oleraceus, Hyoscyamus  muticus,
Calendula micrantha and Ambrosia maritima.
Twenty three genera (35 species) of algae
identified, isolated and purified from El-Kharga city
around the rhizosphere soil sample of 16 weeds
plants. Twenty five species (14 genus) belonged to
cyanophyta, 6 species (5 genus) belonged to
chlorophyta and 4 species (4 genus) belonged to
bacillariophyta.

Increase accumulation of microorganism in the
root soil of various plants was not accident, it was
caused by the biological activity of the roots, and
that the differences in qualitative and relationship
depend on the species of plant and soil climate [32].

The highest algal taxa were recorded around the
roots of Angonychium farctum, while only two taxa
belonged to cyanophyta were recorded around the
roots of Hyoscyamus muticus. No species
belonging to chlorophyta and bacillariophyta was
recorded around the roots of Hyoscyamus muticus,
Calendula micrantha and Ambrosia martema. A
negative rhizosphere effect on algae was reported
by Hodifield [33] for the tea brush, and for Solanum
sp. [34, 35]. The blue green alga Pseudoanabena
papilloterminat was identified as the dominant
cyanophyta in all studying sites (occurrence remark
were 75%), while the other algal taxa were

presented in moderate, frequency or rarely
occurrence.
It has been found that, Pseudoanabena

papilloterminat and Wollea saccata were the only
algal species presented around Hyoscyamus
muticus. Hifney et al. [35] suggested that there is a
direct relationship between root growth of some
plants (7 tested plants) and diversity of algae. In this
respect, [36] recorded a release of chemical
compound by plant inhibit algal growth these
bioactive substance are called allelochemicals, and
their mechanism involved are called allelopathy.
The response of growth and metabolic activities
of Nostoc carneum isolated from rhizosphere soil
sample of El-Kharga oasis to various soaked root
extracts (1%, 3%, 5% to original medium) of
Hyoscyamus muticus and Ambrosia maritima were
assessed. The growth of Nostoc carneum
expressed as absorbance (750 nm) and chlorophyll-
a content were stimulated with the addition of the
various concentration of Ambrosia maritima and
Hyoscyamus muticus especially  with  high
concentration of Ambrosia maritima. Woodbine and
Cullimore [37] showed that the seedling of the tea
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plant could significantly increase the algal
population on the surface of the soil. Photosynthetic
oxygen evolution were increased with addition of
Ambrosia maritima, especially at high concentration
used. With respect to the carbohydrates content of
Nostoc carneum, the addition of both crude extract
of the plant under testing caused increase in the
soluble carbohydrates contents (soluble, insoluble,
total) especially with the high concentration used.
Also, alleviation of protein content in Nostoc cells
cause by addition of Ambrosia maritima extract,
especially with high concentration.
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ABSTRACT

The present study examines the possibility of increasing the levels of some bioactive compounds
(B-carotene, phycopiliprotein and total lipids) in Spirulina sp. isolated from Wadi EI Natron lake (Egypt)
and cultivated in modified Zarrouk's medium under standard growth condition and abiotic stress
including change in culturing condition as (pH, temperature, light intensity), nutrient limitation (-N, -P, -S)
and salinity. The yield production of 3-carotene was enhanced with 0.9M NaCl, phosphorus deficiency
and at pH 6. Total lipids were also enhanced in all conditions under tested especially with 0.9M NaCl,
light intensity 14.52 pmol photon.m=2.s"'. Phycobiliproteins fractions (phycocyanin, allophycocyanine and
phycoerethrine) were elevated with 0.3, 0.6M NaCl as well as phosphorus, nitrogen and sulphur
deficiency. Antioxidant enzymatic activities of Spirulina sp. were elevated with all studied abiotic stress
factor.
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INTRODUCTION

Cyanobacteria have recently gained increasing
interest as microorganisms because they are
believed to be an attractive source of various
bioactive substances, such as polyunsaturated fatty
acids, p-carotene and other phytopigments
(carotenoids, chlorophyll and phycocyanin) that
function as antioxidants [1], polysulfated
polysaccharides as antivirals [2], sterols as
antimicrobials [3] and mycosporine-like amino acids
(MAAs) and scytonemin as photoprotectants [4].
Phycobiliproteins  (PBPs) are the unique
photosynthesis pigments of this group and are
water soluble pigments that can be divided into
three types according to their maximum
absorbance: phycocyanin (PC), phycoerythrin (PE)
and allophycocyanin (APC) [5, 6].

Cyanobacteria, especially Spirulina, a blue green
microalga, have been used since ancient times as a
source of food because of its high nutritional value
[7]. The cyanobacterium Spirulina platensis is rich in
nutrients, such as proteins, vitamins, minerals,
carbohydrates, and y-linolenic acid. It is gaining
more and more attention, not only for the foods
aspects but also for the development of potential
pharmaceuticals [8] and medicinal properties; thus,
several studies have shown that Spirulina or its
extracts could prevent or inhibit cancer in humans
and animals, and has immuno-promoting effects
[9, 10].

Spirulina is found in soil, marshes, freshwater,
brackish water, seawater and thermal springs.
Alkaline, saline water (>30 g/I) with high pH
(8.5-11.0) favour good production of spirulina,
especially where there is a high level of solar
radiation at altitude in the tropics. Spirulina platensis
and Spirulina maxima thrive in highly alkaline lakes
where the cyanobacteria population is practically
monospecific [11].

Spirulina appears to have considerable potential
for development, especially as a small-scale crop
for nutritional enhancement, livelihood development
and environmental mitigation. In particular, the
production and use of Spirulina has the following
advantages: it provides an easily digestible high (c.
60 percent) protein product with high levels of -
carotene, vitamin B12, iron and trace minerals [12]
and the rare essential fatty acid y-linolenic acid
(GLA). In addition, it has no obvious negative
cultural or religious issues associated with its

consumption; its production occupies only a small
environmental footprint, with considerable
efficiencies in terms of water use, land occupation
and energy consumption when compared to
traditional terrestrial crops; its production can be
conducted at a number of different scales, from
household “pot culture” to intensive commercial
development over large areas; it has the potential
for integration with rural organic waste treatment
processes to improve both environmental conditions
and improve energy transfer efficiencies [13].

Phycocyanin is a biliprotein pigment of the blue
green algae like Spirulina with a variety of
pharmacological properties such as antioxidant,
anti-inflamatory, neuro and hepatoprotective [14]
and antitumor activities [15-17]. Phycocyanin
stimulates the antioxidant enzymatic defence
systems to modulate the early radiation response,
therefore phycocyanin may be of interest in the
radioprotection of subjects exposed to low doses of
radiations [18].

Cyanobacteria may contain significant quantities
of lipids with the composition similar to those of
vegetable oils [19]. The lipids of some
cyanobacterial species are rich in essential fatty
acids such as linoleic 18:2n6 and o-linolenic 18:3n3
acids and their C20 derivatives, eicosapentaenoic
acids 20:5n3 and arachidonic acids 20:4n6 [20].
Some of the filamentous cyanobacteria tend to
contain large quantities (20-60% of the total of fatty
acids) of polyunsaturated fatty acids (PUFA) [21].
Where microalgae can be cultured, PUFA in algae
have profound benefits and functions in dietetics
and therapeutic uses [20, 22-24]. They are believed
to have positive effects for the treatment of
hypertension, premenstrual tension, various atopic
disorders, diabetes and a number of other cases
[25, 26].

The objective of this work is to investigate in
more details the effect of abiotic factors as nutrient
deficiency (Nitrogen, Phosphorus and Sulphur),
change in culture condition as (Light intensity,
Temperature and pH) and salinity stress take into
our consideration on growth and other metabolic
activities of Spirulina. To establish a particular
cultivation strategy for enrichment of the biomass
with some specific added value compounds
(phycocyanin, B-carotene and/or fatty acid
production) and some antioxidant enzymes from
Spirulina sp. under testing.
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MATERIALS AND METHODS

Microorganism and culture media

In this investigation Spirulina sp. was isolated
from Wadi El-Natron salt lake (Egypt). Spirulina sp.
was grown in modified Zarrouk's medium [27] which
was used for culture maintenance and to prepare
the inoculums as well as to study the growth of
Spirulina sp. in batch culture.

Cultivation

Cultivation was done in 500 ml Erlenmeyer flask
and the cultures were gassed with sterile air
provided by a small air pump operating at a rate of
0.046 vvm (volumetric flow rate of air per volume of
liquid per minute), at 30°C. The pH of the medium
was adjusted to pH 9.00 prior to autoclaving
(controlled pH culture). The cultivated flasks were
illuminated 24 h with continuous cool white
fluorescent lamp at 48.4 umole photon.m2.s".The
concentration of KH,PO, (the phosphorus source),
NaNO, (the nitrogen source), and K,SO,,
MgSO,.7H,0, FeSO,.7H,0O (the sulphur sources) in
the medium being modified according to the
experimental design explained below in section 2.3.

Experimental design

Nutrient deficiency: for this study a multilevel
factorial design was used in which the
concentrations of KH,PO, in Zarrouk's medium
were 0.5, 0.25, 0.125, 0.0 g/l for control, -50%,
-75%, -100% P respectively, NaNO, concentrations
in were 2.5, 1.25, 0.625 and 0.0 g/I for control,
-50%, -75%, -100% N, respectively, the
concentrations of K,SO, were 1.0, 0.5, 0.25 and 0.0
g/l, the concentrations of MgSO,.7H,O were 0.2,
0.1, 0.05, 0.0 g/l and the concentration of
FeSO,.7H,O were 0.01, 0.005, 0.0025, 0.0 g/l for
control, -50%, -75%, -100% S respectively. In case
of -100%S MgSO,.7H,0 was replaced by MgCl,.
Cultures were grown in different concentrations of
NaCl (control, 0.3M, 0.6M and 0.9M). The prepared
media were adjusted at different pH values at
((control 9), 6, 7, and 11). The temperature was
adjusted at ((control 30°C), 15°C and 40°C). The
flasks were incubated at different light intensity
levels ((control 48.4), 27.83 and 1452
pmol.photon.m2.s1).

Growth measurements
The growth of the Spirulina sp. was daily followed

by determination of optical density and/or chl. a
content. In the late of exponential or beginning of
the stationary phase according to the method
described by Metzner et al. [28] and Marker [29].
The algal cells were harvested for some metabolic
estimation. For determination of dry weight, 10 ml
of algal suspension, after filtered through Whatman
(GF/F) glass fiber paper, was dried in oven for 24 h
at 80°C, while filtering 20 ml of phosphate buffer
(KH,PO, 0.01M, pH 7) was added to remove
insoluble salts, the filter paper was then put in the
oven, after cooling the filter paper was reweighed to
evaluate the dry matter (mg/I algal suspension).

Determination of growth rate by optical density
Optical density of algal suspension were

measured at 560nm [30] and the growth rate y (h-1)

was determined from the following formula:

p(h'l) - Ind; - Inkg

t1 = to
Where: A1 = Optical density at time T1. AO= Optical
density at time t0. t1-t0 = The time elapsed in days
between two determinations of optical density.
The generation time (G) can be calculated as
follows:

M n!
L

Derermination of phycobiliproteins (phycocyanin,
allophycocyanin and phycoerythrin)
Phycobiliproteins contents were determined
according to the method described by Bennet and
Bogorad [31]. Fifty ml of Spirulina culture were
centrifuged at 4000 rpm and the pellet was
resuspended in 20 ml of sterile distilled water. The
quantitative extraction of biliproteins was achieved
by combination of prolonged freezing and
sonication, followed by centrifugation at 4000 rpm
for 20 min. The crude extract was completed to
50 ml distilled water. The concentration of
c-phycocyanin, phycoerythrin and allophycocyanin
(mg/g D.wt.) in crude extracts was calculated by
measuring the absorbance at 615, 652 and 526 nm,
respectively using the following equations:
PC = (Eg5 - 0.476 E5,) / 5.34
PC - c-phycocyanin
APC = (Egs, - 0.208 Eg,;) / 5.09
APC - allophycocyanin
PE = E,,- 2.4 (PC) - 0.849 (APC) / 9.62
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PE - phycoerythrin
Total phycobiliproteins = PC+APC+PE

Estimation of antioxidant enzymes
Preparation of enzyme extract and assay of enzyme
activity

Hundred ml of algal culture were centrifuged at
5000 rpm and the pellet was homogenized in 5 ml
of 100 mM potassium phosphate buffer (pH 7.8)
containing 0.1 mM ethylenediamine tetraacetic acid
(EDTA) and 0.1 g polyvinylpyrrolidone (PVP) by
combination of prolonged freezing and sonication.
The homogenate was centrifuged at 18000 rpm
for 10 min. at 4°C and the supernatants were
collected and used for assays of -catalase,
ascorbate peroxidase and guaiacol peroxidase. All
colorimetric measurements (including enzyme
activities) were made at 20°C using Unico UV-2100
spectrophotometer. The specific activity was
expressed as units/mg protein. Protein
concentrations in the enzyme extract were
determined by the method of Lowry et al. [32].

Catalase

Catalase (CAT) activity was assayed by following
the consumption of H,O, for 1 min according to Aebi
[33] and Matsumura et al. [34].

Guaiacol peroxidase

Guaiacol peroxidase (POD) activity was
measured spectrophotometrically following the
method of Tatiana et al. [35] with some
modifications. The reaction mixture (3 ml) consisted
of 30 mM potassium phosphate buffer (pH 7), 6.5
mM H,0, and 1.5 mM guaiacol. The reaction was
started by the addition of 100 pyl enzyme extract.
The formation of tetraguaiacol was measured at
470 nm.

Ascorbate peroxidase

Ascorbate peroxidase (APX) activity was
determined according to the method of Nakano and
Asada [36] with some modifications. The activity
was determined by recording the decrease in Ay,
for 1 min. in 3 ml of reaction mixture containing 50
mM potassium phosphate buffer (pH 7), 0.5 mM
ascorbic acid, 0.1 mM EDTA, 100 pl 0.1 mM H202
and 100 pl enzyme extract. The reaction was
started with the addition of H,O,. Absorbance was
measured at 290 nm in Unico UV-2100
spectrophotometer.

Determination of total lipids

Total lipid contents were determined by the
sulfophosphovanilin  method (SPV) Drevon and
Schmit [37].

RESULTS

The growth of spirulina sp. expressed as daily
change in chl. a content (ug/ml) were generally
inhibited by all abiotic factors applied (Fig. 1). The
maximum growth rate and minimum generation time
were recorded at culture grown at pH 6.0 and 50%
P (-), while the best biomass were recorded when
the culture were grown at 30°C, at high light
intensity 48.4 ymol.photon.m=2.s*" and at 75% sulfur
deficiency. High salinity (0.9M NaCl), completely
removed nitrogen source from medium and growth
at 15°C caused severely drop in biomass (dry wt.)
of Spirulina sp. (Table 1).

The phycobiliprotein fractions were depicted in
Fig. 3 and it was found that the phycobiliprotein
contents were decreased at 15°C and 40°C as well
as at low light intensity. On the other hand, the pH 9
and the increase in NaCl concentration gave
the  maximum content of c-phycocyanin,
allophycocyanin, phycoerythrin and total
phycobiliproteins. In general, the phycobiliprotein
fractions were decreased at 100% phosphorus,
nitrogen and sulphur deficiency.

The production of B-carotene of Spirulina sp.
under testing was stimulated when the culture
grown in the presence of 0.9 M NaCl. Absence of
phosphorus source from Zarrouk's medium caused
significantly increase in B-carotene content while
the deficiency of nitrogen, decreasing light
intensities and temperature or pH caused decrease
in B-carotene content (Fig. 2).

The total lipids content of Spirulina sp. under
testing were shown in Fig. 2 and found that low light
intensity, low temperature and high concentration of
NaCl as well as nitrogen deficiency caused
accumulation of total lipids content.

The activity of all antioxidant enzymes (catalase,
peroxidase and guiacol peroxidase) was increased
under all biotic factors and stress condition in
comparison to control (Fig. 2).

DISCUSSION

The main environmental factors influencing
microalgal growth and chemical composition are
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Fig. 1. Growth curves of Spirulina sp. grown in Zarrouk's
medium under abiotic stresses.
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light, nutrients, temperature and pH. Most of
published literature on growth rates focuses on
nutrient limitation, especially nitrogen, followed by
phosphate and also silica deficiency for diatoms.
The effect of temperature and light intensity on
growth is also well studied in the literature when
compared to the amount of information available on
the effect of salinity [38]. The growth of Spirulina sp.
was generally decreased by all applied abiotic
factors. Ayachi et al. [39] found that an increase of
NaCl concentration caused reduction of growth of
Spirulina sp. and total inhibition of chlorophyll
biosynthesis. Vonshak et al. [40] attributed this
growth decrease to an energy shortage caused by
pumping out the entering sodium ions and by the
synthesis of sugar as osmoticum. A severely drop
was occurred in biomass of Spirulina sp. expressed
by dry weight when it was grown at 15°C. In this
respect, Rafiqul et al. [41] found that maximum
specific growth rate of Spirulina platensis and
Spirulina fusiformis was found at 32°C and 37°C
respectively, both species showed negligible growth
at 20°C and 40°C. The phycobiliprotein contents of
Spirulina sp. were increased at 30°C, pH 9 as well
as 0.3M and 0.6M NaCl concentrations. Hemlata
and Fatma [42] found that the optimum temperature
for phycobiliproteins was obtained at 30°C, there
was 23.6 % decrease at 20°C and 38% at 40°C.

Poza-Carrion, et al. [43] revealed that increasing
pH (7-9) significantly increased the total
phycobiliproteins content in Nostoc sp. UAM206.
Abd El-Baky [44] reported that increasing in NaCl
levels in nutrient medium led to significant increase
in phycocyanin contents and soluble proteins in
Spirulina platensis and Spirulina maxima cells. The
phycobiliprotein fractions were decreased at 100%
phosphorus, nitrogen and sulphur deficiency.
Kassem et al. [45] reported that c-phycocyanin,
allophycocyanin  and  total  phycobiliproteins
decreased by 14.89%, 26.63% and 18.64%,
respectively in phosphorus starved cells in Spirulina
sp. The content of B-carotene in Spirulina sp. was
increased by the treatment with high salinity, but the
deficiency of nitrogen, low light intensity and low
temperature caused decrease in [(-carotene
content. Incharoensakdi and Phunpruch [46] found
that nitrate deficiency in the growth medium did not
cause an increase in [(-carotene content, while
increasing NaCl in the medium caused an increase
in B-carotene content of Spirulina platensis. The
total lipids content and the activity of all antioxidant
enzymes of Spirulina sp. was increased under all
biotic factors. Uslu et al. [47] found that nitrogen
deficiency (50% and 100% N(-)) in Spirulina culture
medium increased total lipid ratio (13.60 and
17.05%). Other researchers worked on other algae
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and found that the reduction of nitrogen content
alleviated the lipid content of algae as; Zhila et al.
[48] on Botryococcus braunii, Pruvost et al. [49] on
Neoochloris oleobudas and Bulut [50] on Chlorella
vulgaris. Nitrogen deficiencies increased total lipids
content; however biomass productivity did not fall
significantly. For the feasible biodiesel studies with
microalgae, the issue should determine the algal
species which are resistant to environmental
conditions, high biomass and high lipid productivity.
There are some microalgae species having more
lipid content but their low biomass productivity will
restrict their large scale production for biodiesel.
Ramadan et al. [51] reported that S. platensis gives
considerable yield of lipids which are rich sources of
essential fatty acids and lipid soluble antioxidants;
moreover the recovered lipid may be suitable for
commercial exploitation as a source of lipids for
food use and cosmetics production. It has been
recorded that polyunsaturated fatty acids,
phycobiliproteins, B-carotene and other pigments
function as antioxidants [52, 53]. Phycobiliproteins
have been described as the strongest antioxidant
such as in cases of PC in the studies of Bhat and
Madyasth [54], [55] and [56]; APC in the studies of
Ge et al. [57] and PE in the studies of Yuan et al.
[58], therefore PBPs have gained a somewhat high
level of expectation as a potential source of
bioactive substances.

In conclusion Spirulina sp. can elevate the
activity of all the antioxidant enzymes, the effect
may be due to the high phytopigments (carotenoids,
chlorophyll, phycocyanin).  Therefore = make
Spirulina sp. under investigation good candidates
for successful cultivation in artificial open ponds
and/or in Wadi EI-Natron lake under different
environmental condition as a high value health
foods, functional food and as a source of wide
spectrum of nutrient especially these anticancer
substances as [-carotene or can be used as a
model for biotechnological production of antioxidant
enzymes.
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ABSTRACT

Effect of sublethal (20% and 60% of 24h LC,;) feeding of molluscicides (eugenol, ferulic acid,
umbelliferone and limonene) in bait containing binary combination (1:1 ratio) of amino acids (valine,
aspartic acid, lysine and alanine) on the, hatchability and survival of young snails of Lymnaea (Radix)
acuminata (Lamark) was studied. It was observed that the different amino acid combinations of bait
formulation with molluscicides significantly reduced the reproductive capacity (fecundity, hatchability and
survival of young snails) of the snail Lymnaea acuminata. Maximum in reduction of fecundity was
observed in valine + aspartic acid + ferulic acid (28.89% of control). In withdrawal group there is a
significant recovery observed in all feeded group (85.95% of control).
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INTRODUCTION

Fasciolosis is a dreadful to human as well as in
animals, in developing countries [1, 2]. It is caused
by the digenetic trematode Fasciola hepatica and
F. gigantica having two hosts, a final mammalian
hosts and a molluscan intermediate snail hosts
[3-5]. Lymnaea acuminata breeds all the year round
and lay eggs on the lower surface of the aquatic
plants. Snail control is regarded by many experts as
the best means to control the trematode infections
[6-8]. Direct releases of molluscicides in aquatic
environment have played a very significant role in
controlling the population of molluscan pest problem
[7]. With growing awareness of environmental
pollution caused by synthetic molluscicides, now the
recent research focus is turned on to plant products
as alternatives, as they seemed to cause fewer side
effects, more effective and readily available [7,
9-11]. Use of bait formulation containing an
attractant and molluscicides is very effective in
controlling the population of target molluscan pest
[4, 12-15]. Recently, we have observed that different
preparations of bait formulation of molluscicides
(eugenol, ferulic acid, umbelliferone and limonene)
in binary combination with different amino acids as
an attractant are very effective against L. acuminata
[4, 15]. It has been advocated that a molluscicide is
very effective if it also kill snail eggs and reduce the
reproductive capacity of snail [8, 16].

The aim of present study is to evaluate the effect
of sublethal feeding of molluscicides (eugenol,
ferulic acid, umbelliferone and limonene) in binary
combination (1:1 ratio) of amino acid (valine,
aspartic acid, lysine and alanine) in bait formulation
on the fecundity, hatchability and survival of young
snails of L. acuminata.

MATERIALS AND METHODS

Test Material

Adult snails (2.60 = 0.30 cm in length) were
collected locally from lakes; ponds and low lying
submerged fields and were used as test animals.
The snails were acclimatized for 72h in laboratory
condition. The pH of the water was 7.1-7.3 and
dissolved O,, free CO, and bicarbonate alkalinity
were 6.5-7.2 mg/l, 5.2-6.3 mg/l and 102.0-105.0
mg/l, respectively. Twenty experimental snails were
kept in glass aquaria containing 3 L of dechlorinated
tap water at 22°C to 24°C. Lymnaea acuminata laid

their eggs on the lower surface of leaves of the
aquatic plants in the form of elongated gelatinous
capsules containing 5-180 eggs.

Pure compounds

Agar-agar, amino acids (valine, aspartic acid,
lysine and alanine) and different active components
(molluscicidel: eugenol, ferulic acid, umbelliferone
and limonene) were used in bait formulations.
The pure active components eugenol (2-Methoxy-
4-(2-propenyl) phenol), ferulic acid (4-Hydroxy-
3-methoxycinnamic), umbelliferone (7-Hydroxy
coumarin; 7-hydroxy-2H-1-benzopyran-2-one) and
limonene (R)-4-Isopropenyl-1-methyl-1-cyclohexene):
were purchased from Sigma Chemical Co. (USA).

Preparation of bait formulation with molluscicides
Bait formulations containing binary combination
(1:1 ratio) of amino acids (valine, aspartic acid,
lysine and alanine 10 mM) and sub-lethal (20% and
60% of 24h and 96h LC,;) molluscicides (eugenol,
ferulic acid, umbelliferone and limonene) were
prepared in 100 ml of 2% agar solution by the
method of Madsen [17]. Concentrations of amino
acids were based on the earlier reports of Tiwari
and Singh [18, 19]. Sublethal concentrations of
molluscicides in bait were based on the study of
Kumar et al. [5]. These solutions were spread at a
uniform thickness of 5 mm. After cooling the bait
containing sublethal molluscicides were cut out a
corer measuring 5 mm in diameter. Six replicates
were prepared for each concentration. Control
shails were fed with bait without molluscicide.

Assay apparatus and procedure

The bioassay was performed by the method by
Tiwari and Singh [18, 19]. The bioassay chambers
consist of a clean glass aquarium having a diameter
of 30 cm. Each aquarium was divided into four
concentric zones; Zone 3 (Central zone), 2, 1
(Middle zone) and zone 0 (Outer zone) had
diameters of 13, 18, 24 and 30 cm, respectively.
A small annular elevation of 9 mm height and 2.4
cm diameter was made in the centre of aquarium
(Zone 3). Zone 0 had an area of 254 cm? on the
periphery of aquarium. The aquaria were then filled
with 3L of dechlorinated tap water to a height of 8
mm and maintained at 25+1°C. At the start of the
assay twenty snails of uniform size were placed on
the circumference of zone 0. Simultaneously, one of
the prepared bait of different active component
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(molluscicides) was added on the small annular
elevation in the center (Zone 3). Six sets of
experiments have been designed with twenty snails
in each replicate.

Treatments

Snail fed to bait formulation containing sublethal
molluscicide (eugenol, ferulic acid, umbelliferone
and limonene) and binary combination (1:1 ratio) of
amino acid (valine, aspartic acid, lysine and
alanine) as attractant on snail reproduction was
studied by the method of Kumar et al. [5]. Groups of
20 snails in 3L water were fed to sublethal
concentrations (20% and 60% of 24h LCg)) of
different binary combinations of amino acids with
molluscicides.

The total number of eggs laid by bait fed and
control snails were counted after every 24h for 96h.
Since it is difficult to detect the mother snails for
particular spawn, capsules containing eggs from
each feeded group were incubated at 30°C in
covered petridishes. The development of embryos
at regular intervals was observed under binocular
microscope until hatching. Per cent hatching was
studied only with eggs laid after the 24h feeding
period. Dead embryo was removed to avoid any
contamination. Survival of young snails was
observed up to 72h. Snails were transferred to fresh
water after a 96h feeding period to observe the
effect of the above bait formulations after
withdrawal.

Statistical analysis

Each experiment was replicated at least 6 times.
Values were expressed as MeantSE. Students ‘t’
test was applied to determine the significant
(P<0.05) difference between bait feeded and control
animals. Product moment correlation coefficient
was applied in between exposure time and different
values of fecundity/survival of hatched snails [20].

RESULTS

Feeding of bait to snail L. acuminata caused
significant (p<0.05) reduction in the fecundity of
snail L. acuminata (Table 1). In control groups of 20
snails laid 180-184 eggs/day. Binary combination
(1:1 ratio) of amino acids as a snail attractants with
molluscicides in bait formulations caused significant
reduction in fecundity of snail L. acuminata (Table
1). No egg lying after 48h feeding was observed in

the snails feed to 60% of 24h LCg, of bait
formulation in binary combination (1:1 ratio) of
alanine + valine with active molluscicidal component
eugenol. The hatching period was prolonged in
treated group (11-23 days) with respect to control
group (7-9 days) (Table 2). Withdrawal of snail after
96h feeding of bait for 72h in fresh water caused a
significant (P<0.05) recovery in the fecundity of
snail with respect to their corresponding treatment
(Table 1).

Snails fed with 20% or 60% of 24h LC,, of valine
+ aspartic acid with eugenol and lysine + valine with
eugenol 60% of 24h LCg, caused no survival of
snails after 24h of hatching (Table 2). There was a
significant (P<0.05) negative correlation between
the feeding time and survival of young snails
hatched from eggs laid by snail feeded to 20%, 60%
of 24h LC,, of different preparation of bait
formulation (Table 2).

DISCUSSION

It is clear from the result section that sublethal
feeding (20% and 60% of 24h LC,) of the binary
combination (1:1 ratio) of amino acids (valine,
aspartic acid, lysine and alanine) with molluscicides
(eugenol, ferulic acid, umbelliferone and limonene)
in bait formulations, significantly reduced the
reproductive capacity of snail L. acuminata. Bait
formulation with 60% of 24h LC,, of alanine + valine
with active molluscicidal component eugenol in
binary combination (1:1 ratio) reduced the fecundity
of L. acuminata within 24h.

The effect of sublethal eugenol, ferulic acid,

umbelliferone and limonene feeding in bait
formulation containing attractant amino acids
caused a significant reduction in fecundity,

hatchability and survival of the young snails of
L. acuminata. The plant derived active component
eugenol (Syzygium aromaticum), ferulic acid/
umbelliferone (Ferula asafoetida) and limonene
(Carum carvi) have dose dependent influence on
the fecundity of snails [8]. A number of plant
products have been effectively used for control of
snail reproduction [16, 21-24]. Instead of increasing
the molluscicidal activity of eugenol, ferulic acid,
umbelliferone and limonene direct release in
aquatic environment [8], it reduces the reproductive
capacity of snail L. acuminata. Tripathi et al. [25]
reported that the combinations of cow urine kept in
sunlight with Camellia sinensis and Ferula
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Table 1. Effect of sublethal (20% and 60% of 24h LC,;) molluscicide (eugenol, ferulic acid, umbelliferone and limonene)
in bait containing binary combinations (1:1 ratio) of amino acids (valine, aspartic acid, lysine and alanine) on the
fecundity of the snail L. acuminata.

Treatment Withdrawal
(Sublethal Fecundity Fecundity Fecundity Fecundity after 96h feeded
concentration after 24h after 48h after 72h after 96h Fecundity
of 24h LC;, (eggs/20 snail) (eggs/20 snail) (eggs/20 snail) (eggs/20 snail) after 72h
of 20 and 60%) (eggs/20 snails)
Control (Agar) 175.22+0.32 176.13+0.45 180.21+0.26 184.63+0.65 186.40+0.32
Control (a) 165.28+0.26 163.42+0.68 166.20:£0.44 168.39+0.24 167.20£0.33
Vali+Aspa
Control (b) 164.46+0.48 165.23%0.76 163.31+0.27 164.84+0.72 165.48+0.32
Lysi+Vali
Control (c) 165.32+0.68 166.45+0.37 164.29+£0.28 165.72+0.82 164.36+0.83
LysitAla
Control (d) 163.28+0.24 165.25+0.48 166.33+0.26 164.38+0.25 163.6140.21
Ala+Vali ) _ . _ . ) _
Vali+Aspa+Eug 65.23£0.29 + 60.85+0.88 55.68+0.21 52.73+0.23 146.62+0.73
30.8540.42"+ 26.76+0.32" 24.3220.76 23.75+0.85 125.85+0.85
Vali+Aspa+Fer 50.63+0.82"+ 48.80+0.63° 45.66+0.23" 40.85+0.917 160.22+0.66
38.48+0.96"+ 25.73+0.92° 20.76+0.93" 19.3240.81° 124.3640.26
Vali+Aspa+Umb 50.64+0.72"+ 48.81+0.73° 46.79+0.81" 42.53+0.39 124.79+0.55
30.62+0.82"+ 27.62+0.11 26.92+0.44 23.13+0.71° 125.78+0.50
Vali+Aspa+lim 62.32+0.72"+ 59.69+0.78 55.77+0.26" 51.97+0.23 156.66+0.21
36.2240.76 + 35.26+0.93" 31.8240.76° 28.66+0.28" 134.8140.18
Lysi+Vali+Eug 64.45+0.85"+ 60.81+0.49 51.65+0.24° 36.95+0.72" 140.85+0.62
32.7240.92°+ 28.67+0.32° 22.76+0.52" - 130.62+0.71
Lysi+Vali+Fer 51.68+0.76"+ 48.69+0.48" 40.92+0.23" 38.67+0.23 142.72+0.23
35.72+£0.28"+ 31.76+0.94" 28.4240.69 - 135.26+0.29
Lysi+Vali+Umb 51.72+£0.92"+ 49.72+0.48" 46.55+0.31" 42.63+0.29" 148.62+0.28
28.63+0.29™+ 27.69+0.77 25.66+0.30" 24.96+0.49" 128.68+0.81
Lysi+Vali+Lim 60.82+0.36"+ 57.48+0.92° 55.42+0.97 51.26+0.72" 157.64+0.24
30.76+0.85"+ 28.38+0.64" 26.92+0.46" 24.85+0.46" 129.8440.85
Lysi+Ala+Eug 64.41+£0.65"+ 58.63+0.92° 55.76+0.26" 48.64+0.65" 150.65+0.11
40.82+0.38+ 38.46+0.82" 35.79+0.23" - 140.5240.08
Lysi+Ala+Fer 52.68+0.72"+ 48.6340.58" 45.23+0.96 36.11£0.28 142.65+0.31
37.61+0.98"+ 32.8240.36° 25.38+0.72" 22.81+0.76" 126.7240.92
Lysi+Ala+Umb 51.74+0.78"+ 48.66+0.48" 43.26+0.24" 38.71+0.42" 146.12+0.90
28.62+0.30°+ 26.73+0.92° 22.76+0.81" 21.48+0.72" 124.86+0.24
Lysi+Ala+Lim 60.42+£0.82"+ 58.92+0.48" 55.64+0.42" 48.96+0.217 157.2440.72
38.5240.63"+ 36.80+0.36° 32.75+0.72" 29.65+0.56" 132.6240.73
Ala+Vali+Eug 64.38+0.75"+ 60.45+0.96 58.42+0.44" « 160.56+0.32
28.58+0.76 + . . 5 132.64+0.72
Ala+Vali+Fer 50.9840.62"+ 48.64+0.93 48.72+0.28" 43.81+0.26" 148.77+0.44
29.11+0.64"+ 28.06+0.48" 26.92+0.72" 23.96+0.33" 126.56+0.72
Ala+Vali+Umb 54.38+0.82"+ 53.96+0.55" 50.48+0.26" 46.72+0.66 152.85+0.36
28.81+0.57"+ 26.3340.76" 24.76+0.92" 22.76+0.32 127.68+0.90
Ala+Vali+Lim 60.76+0.26"+ 55.48+0.48" 52.73+0.38 48.62+0.71° 154.64+0.33
27.8240.86"+ 24.90+0.82" 23.66+0.48" 23.060.82" 125.86+0.72

Each value is meantSE of six replicates. Each replicates represents the egg laid by the group of 20 snails.
(*) significant (P<0.05) when student “t” test was applied to treated and control groups. (+) product moment correlation
coefficient showed that there was significant (P<0.05) negative correlation in between the exposure period and fecundity
of snail L. acuminata. (-) No fecundity was observed, Abbreviations: Vali = valine, Aspa = aspartic acid, Lysi = lysine,
Ala = alanine, Eug = eugenol, Fer = ferulic acid, Umb = umbelliferone, Lim = limonene.
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Table 2. Effect of sublethal (20% and 60% of 24h LC,;) molluscicide (eugenol, ferulic acid, umbelliferone and limonene)
in bait containing binary combinations (1:1 ratio) of amino acids (valine, aspartic acid, lysine and alanine) on the

hatchability and survival of the snail L. acuminata eggs obtained after 24h in table1.

Treatment (Sublethal

Hatchability percentage

Percent survival

Percent survival

Percent survival

feeded of 24 h LCs, (hatching period) after 24h after 48h after 72h

of 20 and 60%)

Control (Agar) 100 (7-9) 100 100 100
Control (a) 100 (7-8) 100 100 100
Vali+Aspa
Control (b) 100 (7-10) 100 100 100
Lysi+Vali
Control (c) 100 (7-9) 100 100 100

LysitAla
Control (d) 100 (7-9) 100 100 100
Ala+Vali

Vali+Aspa+Eug 50.62+0.92 (11-15) - - -

26.92+0.81(11-14) - - -

Vali+Aspa+Fer 40.62+0.52 (13-13) 36.5240.127+ 26.63+£0.23 -

32.42+0.92 (14-15) 24 81081+ : 2
Vali+Aspa+Umb 46.72+0.62(13-15) 38.6240.127+ 31.42+0.72 24 .82+0.81
37.254+0.51 (15-18) 36.41+0317+ 28.62+0.92 22.7240.44

Vali+Aspa+Him 55.81+0.32 (11-14) 48.81+0.92"+ 45.67+0.81 38.72+0.32

36.32+0.42 (12-17) 33.92+0.30"+ 27.924+0.38 24.62+0.81

Lysi+Vali+Eug 55.62+0.62 (17-19) 44.86+0.72"+ 36.24+0.63 .

31.424+0.90 (16-18) - - -

Lysit+ValitFer 38.13+0.42 (14-18) 36.81+0.38"+ 31.75+0.81 26.62+0.72

36.42+0.72 (12-16) 32.72+0.817+ 28.42+0.71 -
Lysit+Vali+Umb 48.4240.66 (13-15) 38.92+0.75"+ 36.22+0.61 30.65+0.32
38.61+0.92 (14-18) 37.55+0.09 + 32.70+£0.81 25.62+0.72

Lysi+ValitLim 55.92+0.81 (11-14) 50.63+0.13 "+ 47.32+0.92 38.29+0.16

41.38+0.92 (13-16) 39.72+0.63 + 35.22+40.31 30.08+0.18

Lysit+AlatEug 60.42+0.31 (18-20) 40294042+ 36.23+0.40 -

31.85+0.24 (19-23) 28.3940.72°+ - -

LysitAla+Fer 40.76+£0.48 (14-17) 36.75+0.81 + 31.20+0.72 -

31.744£0.42 (15-18) 28.9240.46 + - -

LysitAla+Umb 46.09+0.36 (13-16) 41.42+0.72 "+ 38.40+0.72 31.42+0.12

41.42+0.26 (14-17) 38.42+0.62"+ 33.92+0.42 28.42+0.92

LysitAla+Lim 55.36£0.72 (11-14) 41.484+0.83 "+ 38.66£0.19 30.19+0.66

35.13+0.42 (12-16) 30.98+0.16"+ 25.13+0.17 23.06+0.94

Ala+Vali+Eug 50.42+0.72 (19-20) 38.4240.72"+ . “

39.4240.11 (20-21) 32.26+0417+ 28.42+0.13 22.4240.36

Ala+Valit+Fer 36.40+0.72 (14-16) 31.9240.36 "+ 25.95+0.18 -

25.48+0.81 (15-18) 24.42+0.81"+ 22.66+0.70 21.9240.13
Ala+Vali+Umb 48.90+0.42 (13-16) 47.324022"+ 39.04+0.61 30.24+0.42
44.9320.60 (14-18) 39.4240.15"+ 31.32+0.48 26.40+0.23

Ala+Vali+Lim 50.80+0.23 (15-19) 47.38+0.23"+ 40.69+0.81 37.92+0.24

40.82+0.13 (17-20) 38.2840.24"+ 35.42+0.70 34.724+0.24

Each value is meanzSE of six replicates. Each replicates represent the egg laid by the group of 20 snails. (*) significant
(P<0.05) when student “t” test was applied to treated and control groups. (+) product moment correlation coefficient
showed that there was significant (P<0.05) negative correlation in between survival period and survival of the snail
L. acuminata. (-) No fecundity was observed.
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asafoetida are more effective in reducing the
fecundity of L. acuminata. Although, the binary
combinations (1:1 ratio) of amino acids with bait
formulation of molluscicides (eugenol, ferulic acid,
umbelliferone and limonene) are more effective, it
reduce the free amino acids, proteins, DNA and
RNA level in the ovotestis of L. acuminata [26]. It
may be possible that in the present study bait
formulations of amino acids with molluscicides
direct enter in the snail body through alimentary
canal and affect the caudo darsal cells (CDSs),
reducing the release of the ovulation hormone that
resulted a decrease in the fecundity of bait fed
snails. Caudo darsal cell is responsible for the
fecundity of snail L. acuminata [16, 27, 28].

The reduced hatchability of L. acuminata fed to
the different baits may be due to interference of
molluscicides with the embryonic growth and
development of the snails. In bait fed snails, young
larvae were weak, unable to break the egg capsule,
and died owing to starvation. Young snails hatched
from the treated egg masses showed delay in
attaining maturity in comparison with the control
groups. Most of these eggs were attached to the
wall of the aquarium and were apathetic toward
feeding. In general, the egg shells were thinner, and
the hatchlings had shorter tentacles and slower
movement and were smaller in size as compared
with control group. Mortality and low reproduction in
the bait fed snails suggest the active molluscicidal
components in bait formulation was able to control
the population of snail L. acuminata by inhibiting
development at any stage of growth.

Transfer of mother snails to fresh water for the
next 72h after 96h feeding all the feeded snails
leads to a significant recovery in the fecundity of
snails. Withdrawal experiments also showed that
the feeding of bait formulation were reversible as
the levels of free amino acids, proteins, DNA and
RNA [26] activity were restored within 7 days. Thus,
reversibility of the effects would be an added
advantage in their use against aquatic target snails
as they would cause only short-lived effects. The
above finding suggested that the use of bait
formulation with sublethal molluscicides will be
helpful in control program of target snails.
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ABSTRACT

Salinity stress caused a marked reduction in dry matter gain in roots and shoots, and transpiration rate
of all the test wheat and bean cultivars. Although the accumulation of malondialdehyde was stimulated in
roots of sensitive cultivars at second phase of NaCl stress (160 mM), there were no appreciable
differences in the production of it in roots of tolerant cultivars of wheat and bean plants. The electrical
conductivity of the selected wheat and bean cultivars was stimulated by salt stress. All fractions of
photosynthetic pigments in the test plants decreased gradually with the rise of salt level (80-160 mM
NaCl). A notable sensitivity in the biosynthesis of carbohydrates and proteins in different organs of the
selected wheat and bean cultivars was displayed in the presence of salinity. The presence of NaCl did
not affect the phenylalanine ammonia-lyase activity in leaves of the selected wheat and bean cultivars,
except in salt-tolerant bean cultivar (cv. Sakha1) salinity stress exhibited an inhibitory effect. NaCl stress
failed to induce appreciable variations in the production of free phenolic compounds in leaves of the
wheat and bean cultivars, except in case of cv. Sakha1. Salinity stress caused an inhibitory effect on the
production of bound phenolic compounds in wheat and bean cultivars.
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INTRODUCTION

Response of wheat and bean cultivars to salinity

Soil salinity is a prevalent abiotic stress that
limits the productivity and geographical distribution
of plants. The impact of salinity is most serious in
countries where all or most of agricultural
production is based on irrigation (Egypt, Pakistan)
and when agriculture is a substantial part of the
national economy [1-3]. High concentrations of
soluble salt in the soils of arid and semi-arid regions
adversely affect plant growth and vyield [4, 5].
Excessive salts in soil affect all major living
processes such as growth, photosynthesis, protein,
and lipid metabolism [4].

Indeed, salinity is a major environmental stress
and is a substantial constraint to crop production.
Increased salinization of arable land is expected to
have devastating global effects, resulting in 30%
land loss within next 25 years and up to 50% by the
middle of 21st century [6]. High salinity causes both
hyperionic and hyperosmotic stress and can lead to
plant demise. Salinity can affect growth in a number
of ways; the first phase of the growth response is
due to the osmotic effect of the salt in the soll
solution and produces a suite of effects identical to
those of water stress caused by drought. Later,
there may be an additional effect on growth, if
excessive amounts of salt enter the plant they will
eventually rise to toxic levels in the older transpiring
leaves, causing premature senescence. This will
reduce the amount of assimilate that the plant can
produce, and a reduction in this assimilate
transported to the growing tissue may further limit
growth. This is the second phase of the growth
response, and is the phase that clearly separate
species and genotypes that differ in the ability to
tolerate saline soil. Thus, growth is limited
predominantly by osmotic stress, but in species that
have a high rate of salt uptake, or cannot
compartmentalize salt effectively in vacuoles, salt-
specific effects develop with time, impose an
additional stress on the plant through failing
capacity to produce photoassimilate, and give rise
to the categories of salt-sensitive and salt-tolerant
[71.

Soil salinization is one of the biggest threats to
inland agriculture [8]. Therefore, a concerted effort
to understand the effects of salinity on plants and to
develop salt-tolerant species is essential to combat
soil salinization problems [9]. The objectives of this
research were to investigate the salt stress

tolerance of monocot and dicot plants and, further
to dissect how far these responses are correlated
with the salt-tolerance mechanisms. To achieve
these goals, the growth criteria, transpiration rate,
membrane integration, photosynthetic pigments,
sugars, proteins, phenyl ammonia-lyase enzyme
activity and phenolic compounds were analyzed in
Sakha93 (wheat cultivar) and Sakha1 (broad bean
cultivar) which were ranked as the most salt-tolerant
cultivars and Gemmeza10 (wheat cultivar) and
Giza716 (broad bean cultivar) the most salt-
sensitive ones out of 14 cultivars under at two
phases of NaCl (80 and 160 mM).

MATERIALS AND METHODS

Plant culture and treatments

All the studies were carried out on salt-tolerant
cultivar (cv. Sakha93) and salt-sensitive cultivar (cv.
Gemmeza10) wheat (Triticum aesativum L.) and
salt-tolerant cultivar (cv. Sakha1) and salt-sensitive
cultivar (cv. Giza716) broad bean (Vicia faba L.)
exposed to two phases of salt stress treatments.
The whole experiment was replicated twice.
Plants were grown hydroponically in aerated
Hoagland's solution [10] in a greenhouse under
natural conditions. Salt treatment (16-d-old) was
performed by supplementing the nutrient solution
with NaCl first phase (80 mM) and second phase
(160 mM). Control plants were kept in Hoagland's
solution without NaCl.

Harvesting and plant growth

After treatment (7 days) the fresh weight (FW)
was determined directly and the dry weight (DW)
was obtained after drying the shoots and roots
tissues for 48 hours at 72°C.

Determination of transpiration rate

Transpiration rate was measured as described
by of Bozcuk [11]. The transpired water was
determined by weighing the plants together with
pots and experimental nutrient solution at daily
intervals for 7 days. After each weighing, the
experimental solution was completed to the initial
level by addition of nutrient solution. Transpiration
rate was calculated as g/dm?/day after subtractions
the amount of water lost from pots.

Determination of photosynthetic pigments
The fractions of pigments (chlorophyll a,
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chlorophyll b and carotenoids) were estimated using
the spectrophotometric method recommended by
Lichtenthaler [12]. Chlorophylls and carotenoids
concentrations were calculated as mg/g FW at 663,
644 and 452 nm.

Membrane integrity
Cell membrane integrity was carried out as given
by Premachandra et al. [13].

Determination of lipid peroxidation

Lipid peroxidation was determined by measuring
malondialdehyde (MDA) formation using the
thiobarbituric acid reaction as described by
Madhava Rao and Sresty [14]. The concentration of
MDA was calculated by using an extinction
coefficient (155 mM' cm) and the results
expressed as yM MDA/g FW.

Determination of reducing sugars

Reducing sugars were extracted from dry
seedling tissues (powder form) and Nelson's
method [15] was used. A calibration curve was
constructed using pure glucose and the reducing
sugars were determined as mg/g DW.

Determination of soluble carbohydrates

The anthrone sulphuric acid method [16, 17] was
used for the determination of carbohydrates. A
calibration curve using pure glucose was made.

Determination of soluble and total proteins

Soluble proteins were determined in the plant
extract using Folin reagent, according to Lowry et
al. [18]. A calibration curve was constructed using
egg albumin and the data were expressed as mg
protein/g DW.

Phenylalanine ammonia-lyase (EC 4.3.1.5)

The activity of phenylalanine ammonia-lyase
(PAL) was assayed according to the method
described by Havir and Hanson [19]. Calibration
curve was constructed with known concentration of
cinnamic acid. The activity was expressed as mg/g
FW.

Determination of free and cell wall-bound
phenolics

Free and cell wall-bound phenolics were
determined according to Kofalvi and Nassuth [20].
Phenolic concentration in the extract was

Response of wheat and bean cultivars to salinity

determined from standard curve prepared with gallic
acid.

Statistical analysis

The data were subjected to one-way analysis of
variance (ANOVA) using the SPSS statistical
package. Duncan's multiple range test (P<0.05)
was used to compare the means.

RESULTS

Shoot and root growth

In the light of the previous paper [21], the wheat
Sakha93 and bean Sakha1 were ranked as the
most tolerant, while wheat Gemmeza10 and bean
Giza716 were ranked as the lowest tolerant out of 7
wheat and 7 bean cultivars. The role of salt stress
on growth criteria of the lowest and highest
sensitive wheat and bean cultivars is presented in
Fig. 1. Increasing salinity level from first phase (80
mM) to second phase (160 mM) reduced dry weight
gain in roots and shoots of all the test cultivars.

The adverse concentration effects of salinity
stress were clearly demonstrated by wheat and
bean cultivars treated with 160 mM NaCl. The
results indicate that roots were more sensitive to
salt stress compared to shoots. In addition, it could
be noticed that the successive increases in
salinization level did not attenuate the dry matter
gain in wheat cv. Sakha93 and bean cv. Sakha1l as
severely as wheat cv. Gemmeza10 and bean cv.
Giza716.

Transpiration rate

The role of salt stress on the transpiration rate of
the lowest and highest sensitive wheat and bean
cultivars were considered in the current studies.
The data presented in Fig. 2 reveal that the
transpiration rate decreased in the selected
sensitive (Gemmeza10 and Giza716) and tolerant
cultivars (Sakha93 and Sakha1) as salinity
increased. In addition, the presence of NaCl in the
culture media at the second phase (160 mM)
greatly attenuated the transpiration rate of the
tolerant cv. of both wheat (Sakha93) and bean
(Sakha1) plants.

Lipid peroxidation

The lipid peroxidation was measured in terms of
malondialdehyde (MDA) contents, a product of lipid
peroxidation. The level of MDA is often used as an
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Fig. 2. Effect of two phases of NaCl stress on transpiration rate of wheat (A) and bean (B) cultivars. [The data are given
as average of six replicates + SD]. Bars carrying different letters are significantly different at P< 0.05.

indicator of oxidative damage. The results
presented in Fig. 3 demonstrate that NaCl at 80 mM
could not exert a significant change in MDA
concentration in root system of both sensitive and
tolerant wheat and bean cultivars. At the second
phase of NaCl stress, although the accumulation of
MDA was significantly stimulated in roots of wheat
Gemmezal10 and bean Giza716 (NaCl-sensitive
cultivars), there were no appreciable differences in
the production of MDA in roots of wheat Sakha93
and bean Sakha1 (NaCl-tolerant cultivars).

Membrane permeability
Membrane permeability (electrical conductivity,
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EC %) was assessed by measuring the electrolytes,
leaching from leaf tissue into distilled water. The
data herein obtained clearly demonstrate that, in
most cases, the EC% of wheat and bean cultivars
was significantly stimulated by the two phases of
salt stress and EC% increased with the rise of salt
level (Fig. 4). It is worth to mention that the
percentage of injury in NaCl-sensitive wheat
Gemmeza10 was more than in NaCl-tolerant wheat
Sakha93. However, the opposite trend was
exhibited in bean plants; EC% of NaCl-sensitive
Giza716 was lower as compared to that reached in
NaCl-tolerant Sakha.
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Photosynthetic pigments

The concentrations of the pigments fractions
(chlorophyll a, chlorophyll b and carotenoids) in the
leaves of salt stressed plants are presented in Fig.
5. The data herein obtained clearly demonstrate
that the biosynthesis of photosynthetic pigments
was affected by NaCl stress. The biosynthesis of all
fractions decreased with the rise of salt level from
80 to 160 mM in the test wheat and bean cultivars.
Moreover, photosynthetic pigments concentration
was highly inhibited at the second phase of salt-
stress in wheat Gemmeza10 and bean Giza716
(sensitive cultivars) as compared to wheat cv.
Sakha93 and bean cv. Sakha1 (tolerant cultivars).

SD]. Bars carrying different letters are

Reducing sugars

A notable sensitivity in the accumulation of
reducing sugars in different organs of the selected
wheat and bean cultivars was displayed by salt
stress. Data in Fig. 6 reveal that NaCl at 80 mM did
not induce a stimulatory effect on the accumulation
of reducing sugars in roots or shoots of the two
wheat cultivars, except roots of Gemmeza10 where
a significant stimulation was detected. On the other
hand, when NaCl was provided at 160 mM more
reducing sugars were accumulated in roots and
shoots of two wheat cultivars (Sakha93 and
Gemmeza10) as compared to control. With respect
to bean plants, NaCl at 80 mM could not exert a
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significant change in reducing sugars in roots or
shoots of test cultivars, except shoots of Giza716,
where a significant decrease was detected.
However, the second phase of NaCl stress was of
depressive effect on the accumulation of reducing
sugars in roots of bean cultivars and shoots of
Giza716 and the opposite trend was detected in
shoots of Sakha1.

Soluble sugars

The results presented in Fig. 6 reveal that the
role played by salt stress on the accumulation of
soluble sugars in the different organs of wheat and
bean cultivars was somewhat complicated. In case
of Sakha93 cv., the first phase of NaCl stress (80
mM) failed to stimulate the accumulation of soluble
sugars in shoots and roots. The data herein

obtained also demonstrate the capability of the first
phase in stimulating the production of soluble
sugars in the shoots and roots of Gemmeza10. On
the other hand, at second phase of NaCl, the
shoots and roots of both salt tolerant and salt
sensitive wheat cultivars showed a noticeable
increase in the soluble sugars as compared with the
control.

In case of bean plant, the investigated levels of
NaCl induced an inhibitory effect on the
accumulation of soluble sugars in Sakha1 roots and
shoots. In Giza716, although the accumulation of
soluble sugars was significantly inhibited in roots at
the two phases of salt stress, there were no
appreciable differences in the production of the
soluble fraction in shoots at low (80 mM) and high
(160 mM) NaCl levels.
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Soluble proteins

The concentrations of the soluble proteins in the
roots or shoots of salt stressed wheat and bean
cultivars are presented in Fig. 7. In case of wheat
(sensitive and tolerant) cultivars soluble proteins
concentration values approached that of the control
at the two salt levels. However, constitutive soluble
proteins content of roots or shoots was higher in
Gemmeza10 (NaCl-sensitive cv.) compared to
Sakha93 (NaCl-tolerant cv.). On the other hand, a
biphasic action of salinization treatments involving
inhibition of soluble proteins and non-significant
stimulation was clearly manifested by Sakha1
(NaCl-tolerant bean cv.) roots or shoots. In case of
Giza716 (NaCl-sensitive bean cv.), it is clearly
shown that at the two phases of salt stress, roots
and shoots showed a noticeable increase in the
soluble proteins accumulation as compared with the
control, except roots, where a significant decrease
was detected.

Total proteins

Values of total proteins concentrations in roots
and shoots of the relatively NaCl-tolerant (Sakha93
and Sakha1) versus NaCl-sensitive (Gemmeza10
and Giza716) wheat and bean cultivars respectively
are presented in Fig. 7. The first phase of NaCl
stress in the culture medium resulted in non-
significant stimulation in the accumulation of total
proteins in the roots and shoots of the selected
wheat and bean cultivars, except in case of
Giza716 roots where a slight increase but
significant was detected. Similarly, the presence of

NaCl in the culture media at a second phase (160
mM) slightly increased or decreased the total
proteins accumulation in wheat and bean cultivars.
This phase of NaCl stress did not stimulate the
accumulation of total proteins in roots of Sakha93
(NaCl-tolerant wheat cv.), while in roots of
Gemmeza10 (NaCl-sentsitive wheat cv.) stimulatory
effects were manifested. However, the presence of
NaCl in the culture media at a concentration 160
mM significantly attenuated the accumulation of
total proteins in shoots of both test wheat cultivars.
Bean cultivars, displayed no appreciable differences
in the total proteins accumulation at 160 mM.

Phenylalanine ammonia-lyase (PAL) activity

Phenylalanine ammonia-lyase (PAL, EC 4.3.1.5)
is widely distributed in higher plants and has been
shown to play an important role in the biosynthesis
of many phenolic compounds. In this investigation,
the presence of NaCl at 80 and 160 mM in the
culture media generally did not affect the PAL
activity in leaves of test wheat and bean cultivars,
except in Sakha1 (NaCl-tolerant bean cv.) where
the presence of NaCl at the two phases of salinity
exhibited an inhibitory effect (Fig. 8).

Free phenolic compounds

The production of free phenolic compounds in
the leaves of NaCl stressed wheat and bean
cultivars are presented in Fig. 9. The presence of
NaCl in the culture media at the first phase (80 mM)
failed to induce appreciable variations in the
production of free phenolic compounds in leaves of
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the test wheat and bean cultivars. Moreover, NaCl
at 160 mM could not exert a significant change in
the content of free phenolic compounds of the
tolerant wheat cv. (Sakha93), while the sensitive
one exhibited a significant accumulation of these
compounds. In bean cultivars, a biphasic action of
the second phase of NaCl treatment was
manifested involving significant stimulation and non-
significant inhibition of the production of free
phenolic compounds in leaves of Sakha1 (NaCl-
tolerant cv.) and Giza716 (NaCl-sensitive cv.)
respectively.

Bound phenolic compounds

The results presented in Fig. 9 reveal that in
leaves of the relatively NaCl-tolerant wheat and
bean cultivars, the two phases of NaCl stress

induced non-significant inhibitory effects on bound
phenolic compound content. While in NaCl-sensitive
ones, the second phase of NaCl stress (160 mM)
reduced the concentration of bound phenolic
compounds, and at the first phase (80 mM) the
retarding effect was partially or completely
alleviated.

DISCUSSION

Shoot and root growth

Shoot and root growth inhibition is a common
response to salinity and plant growth is one of the
most important agricultural indices of salt stress
tolerance as indicated by certain studies [7, 22-24].
The dry matter yield of root and shoot systems of
the test cultivars showed marked decrease as the
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salinity level was increased. The data herein clearly
demonstrate that treatments involving NaCl at
second phase (160 mM) strongly inhibited dry
matter gain in roots and shoots. The effectiveness
of the two phases of NaCl in the culture media
varied in the different test wheat and bean cultivars,
wheat cv. Sakha93 and bean cv. Sakhal were
relatively more tolerant to NaCl stress, compared
with wheat cv. Gemmeza10 and bean cv. Giza716,
which were relatively more sensitive ones. In this
respect, Murillo-Amador et al. [25] found that
biomass decreased more severely at 170 mM NacCl
than in case of 85 mM NaCl in all groups of cowpea
genotypes and decreased as salinity increased.

Salinity induces injuries to plant growth by
causing physiological water stress [26], so it mainly
damages plant roots [27]. Salt stress might inhibit
cell division and expansion directly [28]. Munns [29]
hypothesized that plant growth is initially inhibited
(phase 1) by cellular responses to the decreased
availability of soil water. In a later, second response
(phase 2), growth is further inhibited by the toxic
effects of excessive salt accumulation within the
plant. Varietals diversity in plant growth responses
is only expected to appear after long-term exposure
to salinity. Yasseen et al. [30] also suggested that
NaCl inhibits growth by reducing both cell division
and cell enlargement. The cell expansion process
also depends on the hydraulic conductivity of the
water uptake pathway, uptake of solutes to maintain
osmotic potentials, and the vyielding of the
surrounding cell walls [31, 32]. Reduced rates of
new cell production may show additional
contribution to the inhibition of growth as reported
by Shabala et al. [33]. The reduction in growth could
be attributed to increasing stiffness of the cell wall,
due to altered cell wall structure induced by salinity
as reported by Sweet et al. [34].

Transpiration rate

The transpiration rate decreased in the four
selected wheat and bean cultivars as salinity
increased. In addition, the presence of NaCl in the
culture media at 160 mM greatly attenuated the
transpiration rate of the tolerant cv. of both wheat
(Sakha93) and bean (Sakha1) plants. Other
investigators [35-38] also reported the inhibition of
transpiration activity as affected by salt stress. The
reduced stomatal conductance under high salinity
conditions  typically = promotes  considerable
reduction in the transpiration rate as previously

reported with barley genotypes differing in salt
tolerance [39], tomatoes [40] and many other
halophytes and glycophytes species. The reduction
in transpiration rate under salt stress conditions was
probably due to a partial closure of stomata.

Membrane damage

The cell membrane, being at the interface, is the
first organelle to be affected by salt stress [41]. The
integrity of the membrane is disrupted due to
peroxidation of lipids in the membrane system
resulting in increased membrane permeability [42].
Polyunsaturated fatty acids are the main membrane
lipid components susceptible to peroxidation and
degradation by free radicals generated due to salt
stress [43]. Accordingly, several studies have shown
that lipid peroxidation in salt sensitive plants is more
pronounced than in salt-tolerant ones [23, 44]. In
this investigation, MDA formation was used as an
index of lipid peroxidation. The data herein
demonstrated that MDA content of wheat Sakha93
and bean Sakha1 (tolerant cultivars) was not
changed at the two phases of salt stress, but wheat
Gemmeza10 and bean Giza716 (salt sensitive cvs.)
accumulated more MDA at the second phase of
salinity. These results agree with those given by
Azevedo-Neto et al. [45] using two maize genotypes
one is salt-tolerant and other is salt-sensitive. In this
regard, salinity induced increase in lipid
peroxidation as reported by Ying et al. [46], Koca et
al. [23], Keutgen and Pawelzik [47] and Falleh et al.
[48].

Data of the present study reveal that membrane
permeability (electrical conductivity; EC%) was
increased in wheat and bean cultivars with
increasing NaCl stress. The percentage of injury in
NaCl-sensitive wheat cv. (Gemmeza10) was more
than in NaCl-tolerant one Sakha93. However, the
opposite trend was reflected by bean plant; EC% of
NaCl-sensitive cv. (Giza716) was lower than in case
of NaCl-tolerant cv. (Sakha1). In this connection
Tuna et al. [24, 49] reported that electrolyte leakage
increased in the leaves of tomato plants grown
under salt stress. In addition, Lutts et al. [50, 51];
Ghoulam et al. [52] and Kaya et al. [53] obtained
similar results.

Photosynthetic pigments

The present findings clearly state that pigment
fractions were significantly reduced by NaCl stress
in both tolerant and sensitive wheat and bean
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cultivars. This is similar with the results obtained by
Tuna et al. [24] who claimed that both chlorophyll a
and b contents of maize plant decreased in
response to salinity stress. The depressive effect of
salt stress on chlorophyll biosynthesis may be due
to the formation of proteolytic enzymes such as
chlorophyllase, which is responsible for the
chlorophyll degradation [54] and /or damaging the
photosynthetic apparatus [55, 56]. On the other
hand, Jaleel et al. [57] suggested that the reduction
in leaf chlorophyll under salinity could be ascribed
to the destruction of the chlorophyll pigments and
the instability of the pigment protein complex.
Lakhdar et al. [58] reported that a decrease in the
content of photosynthetic pigments could be
attributed either to a decrease of synthesis and/or
an increase of degradation of chlorophyll and to
chlorophyllase activity stimulation. Also, Santos [59]
who pointed out that the induced decrease in
chlorophyll content in severely NaCl stressed
leaves is mainly due to a decrease of ALA
(5-aminolinolic acid) synthesis, and therefore to
limitations of chlorophyll synthesis. This acid is a
precursor of protochlorophyllide, which converts to
chlorophyll when exposed to light [60]. On the other
hand, Sabra et al. [61] concluded that the highest
salt concentration (100 mM NacCl) reduced Chl a,
Chl b and carotenoid contents in Echinacea
purpurea and E. angustifolia, and overall in both
species, this reduction was correlated with shoot
Na* content rather than CI-, suggesting that Na*
was the major ion causing pigment reduction.
Nevertheless, in other plant species like Vicia faba,
the decline in the leaf Chl was strictly attributed to
ClI~ accumulation in the leaves [62].

Sugars

The accumulation of soluble carbohydrates in
plants has been widely reported as a response to
salinity or drought, despite a significant decrease in
net CO, assimilation rate [63, 64]. In this
investigation, the second phase of NaCl stress
induced stimulatory effect on the accumulation of
soluble sugars in shoots and roots of tolerant and
sensitive wheat cultivars, whereas the first phase of
NaCl stimulated the accumulation of soluble sugars
in the sensitive wheat (Gemmeza10) and inhibited
their synthesis in the tolerant one Sakha93. In bean
cultivars, the two phases of NaCl induced an
inhibitory effect on the accumulation of soluble
sugars in Sakha1 roots and shoots. In case of
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Giza716, although the accumulation of soluble
sugars was significantly inhibited in roots at the two
test salt levels, there were no appreciable
differences in their production in shoots.
Biochemical responses are often correlated with
physiological adaptations. Accumulation of sugars
in plant was considered as one of the most notable
consequences for osmotic adjustment under salt
stress [65-67]. In this context, significant increases
in soluble sugar content of shoots and roots of both
salt tolerant and sensitive wheat cultivars were
reported by Zheng et al. [68] in response to NaCl
stress.

According to Bohnert and Jensen [69],
carbohydrates may act also as ROS scavengers
and contribute to increase in membrane
stabilization. The accumulation of sucrose under
salt stress supported the well-established role of
this sugar as an osmoprotectant that stabilizes
cellular membranes and maintains turgor [70-73].
Jouve et al. [73] concluded that the observed
variations in the endogenous content of mono
saccharides might be due to slowdown in sugar
transfer from the mesophyll cells to phloem. On the
other side, other authors reported impairment of
sugars biosynthesis [74] or no appreciable
differences  [75] during stress conditions.
Accumulation of soluble sugars and proline under
salt stress protect the cell by balancing the osmotic
strength of cytosol with that of vacuole and external
environment [76-78]. In addition to their role as
cytosolic osmolytica, these solutes may interact with
cellular macromolecules such as enzymes and
stabilize the structure and function of such
macromolecules [79-80].

Proteins

Several salt-induced proteins have been identified
in plant species and classified into two categories
[81-83]: proteins, which accumulate only due to salt
stress, and stress associated proteins, which also
accumulate in response to heat, cold, drought,
water logging, and high and low mineral nutrients.
In the current study, salinity stress induced
insignificant change in the soluble proteins of the
tolerant and sensitive wheat cultivars. However,
constitutive soluble protein content of roots or
shoots was higher in Gemmeza10 (NaCl-sensitive
cv.) relative to Sakha93 (NaCl-tolerant cv.). In case
of the bean cultivars, the soluble proteins increased
insignificantly with salinity in shoots. With respect to
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the production of total protein, salinity stress at the
first phase resulted in non-significant stimulation in
the accumulation of total proteins in the roots and
shoots of the selected wheat and bean cultivars,
except in roots of Giza716 (sensitive bean cv.)
where a slight increase but significant was detected.
The presence of NaCl in the culture media at the
second phase slightly activated or reduced the total
protein accumulation in wheat and bean cultivars.
Proteins that accumulate in plants grown under
saline conditions may provide a storage form of
nitrogen that is re-utilized when stress is over [84].
The increase in protein carbonylation has been
utilized as an indicator of oxidative damage in
plants exposed to several abiotic stresses [38, 85-
88].

A higher content of soluble proteins has been
observed in salt tolerant than in salt sensitive
cultivars of barley [81], sunflower [89], finger millet
[90] and rice [91]. In contrast, in lentil Ashraf and
Waheed [92] reported that leaf soluble proteins
decreased due to salt stress in all lines, irrespective
of their salt tolerance. On the other hand, Ashraf
and Fatima [93] found that salt tolerant and
sensitive accessions of safflower did not differ
significantly in leaf soluble proteins. Ashraf and
Harris [94] reported that the proteins produced
under salt stress are not always associated with salt
tolerance, thus using proteins as salt tolerant
indicators depending on the nature of the plant
species or cultivar. The protein degradation under
saline environment has been attributed to the
decrease in protein synthesis, accelerated
proteolysis, decrease in availability of amino acids
and denaturation of enzymes involved in protein
synthesis [57, 58, 95].

Phenylalanine ammonia-lyase (PAL) activity
Phenylalanine ammonia-lyase (PAL; EC 4.3.1.5)
is the first enzyme in the phenylpropanoid
biosynthetic pathway [96, 97]. This enzyme
catalyzes the non-oxidative deamination of
phenylalanine to cinnamic acid [98]. PAL has been
shown to play an important role in the biosynthesis
of many phenolic compounds. In addition, PAL has
been shown to play an important role in plant
resistance [99]. In the current study generally, salt
stress at the two phases did not affect the PAL
activity in leaves of test wheat and bean cultivars,
except in Sakhal (NaCl-tolerant bean cv.) an
inhibitory effect was detected. El-Shora [98] found

that higher concentration of NaCl caused
progressive inhibition of the enzyme activity of
marrow. Supra optimal concentrations of NaCl may
cause inactivation of the enzyme and a decrease in
its activity [100].

Phenolic compounds

Phenolic compounds such as phenolic acids,
flavonoids and proanthocyanidins play an important
role in scavenging free radicals [101, 102].
Antioxidative properties of polyphenols arise from
their high reactivity as hydrogen or electron donors,
from the ability of the polyphenol-derived radical to
stabilize and delocalize the unpaired electron
(chain-breaking function), and from their ability to
chelate transition metal ions [103]. It has been
shown in some recent studies that polyphenols
synthesis depends on abiotic factors [104-106].
Particularly, when plants were submitted to saline
treatment, variation in antioxidant pools, notably in
polyphenols, were found. The present data
demonstrated that no appreciable variations in their
production in leaves of salt-tolerant wheat and bean
cultivars at the two phases of salt stress, except in
Sakha1l (NaCl-tolerant bean cv.) where a
stimulatory effect was induced in the presence of
second phase of NaCl. On the other hand, NaCl at
first phase induced insignificant inhibitory effect on
the production of free phenolic compounds in both
NaCl-sensitive test wheat and bean cultivars, while,
a biphasic action of the second phase of NaCl
treatment was exhibited involving stimulation of
their production in leaves of Gemmeza10 (NaCl-
sensitive wheat cv.) and marked inhibition in
Giza716 (NaCl-sensitive bean cv.). In leaves of
NaCl-tolerant wheat and bean cultivars, the two
phases of salt stress induced non-significant
inhibitory effects on the synthesis of bound phenolic
compounds. With respect to NaCl-sensitive wheat
and bean cultivars, NaCl at second phase
significantly reduced the content of bound phenolic
compounds, while at first phase the retarding effect
was, partially or completely alleviated. Salinity
induced disturbances of the metabolic process
leading to an increase in phenolic compounds have
been reported by Dhingra and Varghese [107] and
Ayaz et al. [108]. In addition, the ability to response
to salt stress by the synthesis of phenolic
compounds has been observed in the tolerant and
sensitive strawberry genotypes Keutgen and
Pawelzik [109]. Such a decrease in total polyphenol
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level under salinity has been reported in a number
of species including Raphanus sativus [110].
Actually, the accretion of ROS under salt stress is
generally coupled with changes in net carbon gain
which may strongly affect the biosynthesis of
carbon-based secondary compounds, particularly
leaf polyphenols [111].

CONCLUSIONS

Response of wheat and bean cultivars to salinity
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ABSTRACT

Earthworms are important biological sources that have a tremendous potential agro system. India is
a diverse country harbouring a very high diversity of earthworms. Earthworms have gained renewed
scientific attention in India and abroad because of their wide application in various fields. These have
been used for centuries as a means of decomposing of wastes and improving soil structure. Earthworms
serve versatile natural bio reactors to harness the beneficial soil micro flora and destroy pathogen, thus
converting organic waste into valuable products such as bio fertilizers, bio pesticides, vitamins,
enzymes, antibiotics, growth hormones and proteinaceous worm biomass. These have wide usages for
various toxicological studies as test worms. Earthworms promise to provide cheaper solutions to several
social, economic and environmental problems plaguing the human society. Earthworms can safely
manage all municipal and industrial organic wastes including sewage sludge and divert them from
ending up in the landfills. Their body works as a ‘biofilter’ and they can ‘purify’ and also ‘disinfect’ and
‘detoxify’ municipal and several industrial wastewater. Earthworms can bio-accumulate and
bio-transform many chemical contaminants including heavy metals and organic pollutants in soil and
clean-up the contaminated lands for re-development. The present paper reviews the knowledge on
earthworms in various technologies and heavy metal toxicity.
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INTRODUCTION

Vermiculture is sustainable technology to
manage most organic wastes; treat waste water;
clean up chemically contaminated soils; improve
soil fertility and produce food crops. Uses of
earthworms in life saving medicines for industries
are some ‘new discoveries’. The global scientific
community today is searching for a technology
which should be ‘economically viable;
environmentally sustainable’ and ‘socially
acceptable’. Vermiculture Technologies based on
the use of earthworms combine all the virtues
together. Earthworms have over 600 million years of
experiance as ‘environmental engineers’.
Vermiculture scientists all over the world know
about their role as ‘waste and soil engineers’ and
‘plant growth promoters’ for long time.

REVIEW

DIFFERENT TECHNOLOGIES

Various  technologies for  environmental
protection can be operated by use of useful
earthworm species which are cheaper solutions to
various social economic, environmental and health
problem of society. These are:
1) THE VERMICOMPOSTING TECHNOLOGY
(Worms as WASTE ENGINEERS) for efficient

management of municipal and industrial solid
wastes.

2) a. THE VERMIFILTRATION TECHNOLOGY
(Worms as WASTE WATER ENGINEERS) for
treatment of municipal and some industrial
wastewater.

b. THE VERMIREMEDIATION TECHNOLOGY

(Worms as BIOCHEMICAL ENGINEERS) for
cleaning up chemically contaminated lands.
3) THE VERMI-AGROPRODUCTION TECHNOLOGY
(Worms as SOIL ENGINEERS) for restoring and
improving soil fertility to produce safe and chemical
free food for society.

Bioengineering technologies based on
earthworms are self promoted, self regulated, self
improved and self enhanced, low or no energy
requiring zero- waste technologies. They excel all
‘bioconversion’, ‘biodegradation’ and ‘bioproduction’
technologies. They involve about 100-1000 times

higher ‘value addition’ than other biological
technologies [1, 2].
Vermiremediation (using chemical tolerant

earthworm species) is emerging as a low-cost and
convenient technology for cleaning up the
chemically polluted/contaminated sites/lands in
world. Earthworms in general (specially E. fetida)
are highly resistant to many chemical contaminants
including heavy metals and organic pollutants in
soil. They have been reported to bio-accumulate
them in their tissues and either biodegrade or bio-
transform them to harmless products with the aid of
enzymes.They have also been reported to host

microbes in their gut which can biodegrade
chemicals. Ramteke and Hans [3] isolated
hexachlorocyclohexane (HCH) degrading

microorganisms from the gut of earthworms.

Earthworms have been used for land recovery,
reclamation and rehabilitation of sub-optimal soils
such as poor mineral soils, polder soils, open cast
mining sites, closed landfill sites and cutover peat
[4, 5]. Within the soil environment, an earthworm’s
sphere of influence is known as the ‘drilosphere
system’. This incorporates the burrow systems,
surface and belowground earthworm casts, internal
earthworm gut and process, the earthworm surface
in contact with the soil, and associated biological,
chemical and physical interactions, in addition to the
soil microorganisms [6].

Earthworms in general are highly resistant to
many chemical contaminants including heavy
metals and organic pollutants in soil and have been
reported to bio-accumulate them in their tissues.
After the Seveso chemical plant explosion in 1976
in Italy, when vast inhabited area was contaminated
with certain chemicals including the extremely toxic
TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) several
fauna perished but for the earthworms that were
alone able to survive. Earthworms which ingested
TCDD contaminated soils were shown to bio-
accumulate dioxin in their tissues and concentrate it
on average 14.5 fold. [7].

Vermi-agroproduction technology promises to
usher in the ‘Second Green Revolution’ by
completely replacing the destructive agro-chemicals
which did more harm than good to both the farmers
and their farmland during the ‘First Green
Revolution’ of the 1950-60’s. Earthworms restore
and improve soil fertility, and boost crop productivity
by the use of their metabolic product - ‘vermicast’.
They excrete beneficial soil microbes, and secrete
polysaccharides, proteins and other nitrogenous
compounds into the soil. They promote soil
fragmentation and aeration, and bring about ‘soil
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turning’ and dispersion in farmlands.

EARTHWORM SPECIES

Visvanathan et al. [8] found that most
earthworms consume half their body weight of
organics in the waste in a day. These farmer friends
no eyes, legs and anus. Worms tunnel deeply in soll
and bring subsoil closer to the surface mixing it with
the topsoil. Slime, a secretion of earthworms,
contains nitrogen which is an important nutrient for
plants. The sticky slime helps to hold clusters of sail
particles together forming aggregates.

These hermaphrodite tillers of soil can produce
3 to 80 cocoons/year depending on the species.
Surface dewellers produce more cocoons than
deep dwellers. Generally species have the potential
to live 4-8 years. Some species under ideal
conditions live for 10-14 years. Eisenia fetida lives
for 4 to 5 years. It can consume organic matter at
the rate equal to their body weight everyday.

Earthworm participation enhances natural
biodegradation and decomposition of organic waste
from 60-80%. As the worms double their population
every 60-70 days, the process becomes faster with
time. With temperature (20°-30°C) and moisture
(60-70%), about 5 kg of worms can vermiprocess
1 ton of waste in to vermicompost in 30 days. The
Indian Blue Worm (Perionyx excavates) is also best
suited for vermicomposting of variety of organic
wastes [9,10,11]. Earthworm species may be
increased or decreased by various agricultural
practices like cultivation, cropping, fertilizers and
pesticides etc. They are a measure of soil fertility
helping in soil management practices.

EARTHWORMS AS BIO-INDICATORS
Earthworm species can be used as bio-indicators
for monitoring of ecosystem state and change.
Various workers identified the earthworms for
evaluating the effect of soil contamination with
heavy metals and pesticides [12]. There are
numerous studies about the heavy metal influence
on growth, reproduction and mortality of
earthworms. Earthworm skin is a significant route of
contaminant uptake and thus investigation of
earthworm  biomarkers in  ecological  risk
assessment (ERA) can be helpful. Cadmium (sp.
gravity 8.65) and lead (sp. gravity 11.34) are very
toxic metals having fatal effects on living beings. If
these metals are deposited on surface sediments,
they become incorporated in plants, food crops and

Earthworms: ecofriendly environmental engineers

animals [13-15]. Earthworms are efficient
accumulators of heavy metals. These not only
convert the waste into nutrients but also remediate
the persistant heavy metals from the wastes by
bioaccumulation in their body during
vermicomposting [16, 17].

CONCLUSION

Earthworms are tireless tillers of our soils and
their castings are richest and best of all fertilizers.
They have full potential to have a crown of
“ecofriendly environmental engineers”’. They can
replace the chemical fertilizers for production of
safe organic foods which can help in prevention of
various health hazards of modern world. As
ecofriendly engineers, earthworms are both
‘protective’ and ‘productive’ for society.
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ABSTRACT

Snail is one of the important components of aquatic ecosystem it act as intermediate host of Fasciola
species. The life cycle of parasite can be interrupted by killing the vector snail or Fasciola larva
(sporocyst, redia and cercaria) inside the snail body. Effect of abiotic factors on the toxicity of
umbelliferone against Fasciola larvae in different months of the year 2011-2012. In highest in vivo
toxicity is noted of umbelliferone against, redia and cercaria larva was noted in month of May and July
(redia - 8h LC4,=0.93, and 0.89 mg/L; cercaria - 8h LC,,=0.70 and 0.92 mg/L). In in vitro treatment
highest toxicity against redia and cercaria larva was absorbed June, July and August (redia - 8h LC,=
0.26, 0.30 and 0.28 mg/L; cercaria - 8h LC.,=0.09, 0.11 and 0.18 mg/L). The lowest toxicity was
observed the month of November to January. The highest temperature, free carbon dioxide, and lowest
pH, dissolved oxygen were observed in the months of June to August. The present study conclusively
shows that variant abiotic factor can significantly alter the in vitro and in vivo toxicity of umbelliferone
against sporocyst redia and cercaria larva.
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INTRODUCTION

Fascioliasis is a zoonotic disease caused by
trematode parasite, Fasciola sp. During the last few
decades the public health importance of human
fascioliasis has significantly increased, including
several areas of true human endemic ranging from
low to very high prevalence and intensities [1-3].

Two Fasciola species, Fasciola hepatica and
F. gigantica are involved in both animal and human
fascioliasis [4]. Fascioliases due to F. gigantica in
major endemic areas are large tropical regions of
Africa, and many areas of Asia [5-7]. Snail Lymnaea
acuminata serves as intermediate host of Fasciola
species [8]. Incidence of endemic fascioliasis is very
common in the eastern region of the state of Uttar
Pradesh [9, 10]. In India human fascioliasis has
been reported in state of Assam, Bihar,
Maharashtra, Uttar Pradesh, Arunachal Pradesh
and West Bengal [11-15]. One of the possible
approaches to control fascioliasis is to interrupt the
life cycle of the parasitic trematodes by eliminating
the larva (sporocyst, redia and cercaria) inside the
snail body. The massive use of chemical drugs to
control helminth parasites has led to the alarming
development of parasite resistance in all livestock
species [16]. Natural plant products are eco-
friendly and easily biodegradable [17].

Recently, Sunita and Singh [10] have reported
that the phytotherapy of snails by products different

plant have significant larvicidal activity. Ferula
asafoetida  (Umbelliferone) has molluscicidal/
larvicidal effect against L. acuminata/Fasciola

larvae [10, 18, 19]. The objective of the present
study is explore the possibility that seasonal change
in abiotic factors such as temperature, pH,
dissolved oxygen and free carbon dioxide in test
water can influence the in vivo and in vitro larvicidal
activity of umbelliferone against different Fasciola
gigantica larvae in infected snails in each month of
the year 2011-2012.

MATERIALS AND METHODS

Test component

Umbelliferone (7-Hydroxycoumarin, 7-hydroxy-
2H-1-benzopyran-2-one) is punched from Sigma
chemical Co. USA.

m
HO 0 9

Animals

Adult L. acuminata (2.6£0.20 cm in length) were
collected locally, cercaria shedding infected and
uninfected snails were separated in two groups.
The snails were allowed to acclimatize for 24 in
laboratory condition.

Each infected snail was dissected in a glass
petridish containing 10 ml of dechlorinated water at
22-24°C. The pH of the water was 7.1-7.3 and
dissolved oxygen, free carbon dioxide and
bicarbonate alkalinity were 6.5-7.2 mg/L, 5.2-6.3
mg/L and 102.0-105.0 mg/L, respectively. After
dissection sporocyst, redia and cercaria larva were
separated in different petridish containing 10 ml of
dechlorinated water by the method of Sunita and
Singh [10]. These larvae were kept in dechlorinated
tap water where they survive up to 48h in laboratory
condition.

Toxicity determination
In vivo

In vivo toxicity of umbelliferone against larvae of
Fasciola in infected L. acuminata was done by the
method of Sunita and Singh [10]. Physical
parameters of water such as temperature, pH,
dissolve oxygen and free carbon dioxide were
measured in each months of the year (2011- 2012).
Dissolved oxygen and CO, were estimated
according to methods described by APHA [20]. After
2h, 4h, 6h and 8h of treatment infected snails were
dissected. Live and dead sporocyst, redia and
cercaria were counted. Per cent mortality of larvae
at each concentration for 2h, 4h, 6h and 8h were
used for determination of LC,,

In vitro

In vitro toxicity of umbelliferone was performed in
the petridis by the method of Sunita and Singh [10].
Ten sporocyst, redia and cercaria larva of Fasciola
were separated in different petridish containing 10
ml dechlorinated tap water. Treatment of
umbelliferone was made directly in the petridis
containing 10 sporocyst/ redia/ cercaria. Mortality of
sporocyst, redia and cercaria were observed after
2h, 4h, 6 h and 8h of treatment. Counting of larvae
were done with help of microscope.

Lethal value (LC;), lower and upper confidence
limits (LCL and UCL), slop-values, t-ratio, g value
and heterogeneity factors were calculated with the
help of POLO computer programme of Robertson et
al. [21]. One way ANOVA and product moment
correlation coefficient were done by the method of
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Sokal and Rohlf [22].

RESULTS

In in vivo and in vitro larvicidal activity of
umbelliferone against the sporocyst, redia and
cercaria larva of F gigantica was time and
concentration dependent in each month of year
2011-2012 (Table 1, 2). In in vivo treatment, highest
toxicity of umbelliferone was noted against redia
and cercaria larva in month of May and July (redia
-8h LC,,=0.93, and 0.89 mg/L; cercaria - 8h
LC,=0.70 and 0.92 mg/L May and August,
respectively) and lowest in between December to
February (redia - 8h LC,=2.34, 2.24 and 2.23
mg/L; cercaria - 8h LC,,=1.56, 2.51 and 1.53 mgl/L,
respectively (Table 1). In the same month abiotic
factors temperature/carbon dioxide were high
(23.33-25.78/27.32-27.18) and pH/dissolved oxygen
were low.

In vitro treatment, highest toxicity of
umbelliferone against F. gigantica larva was highest
in June, July and August (redia 8h LC,,=0.26, 0.30
and 0.28 mg/L; cercaria 8h LC,,=0.09, 0.11 and
0.18 mg/L, respectively). The lowest toxicity was
observed in month of November to January (Table 2).
The slope values were steep and separate
estimation of LC,, based on each six replicate
were found to be within the 95% confidence limit of
LC,,. The t-ratio was greater than 1.96 and the
heterogeneity factor is less than 1.0. The g value
was less than 0.5 at all probability levels (90, 95 and
99 respectively) (Table1, 2).

DISCUSSION

Ferula asafoetida (umbelliferone) commonly
known as “hing”, is routinely added as a flavoring
agent in India way of food preparation. In vivo and
in vitro toxicity of umbelliferone against sporocyst,
redia and cercaria larva was significantly (p<0.001)
altered with respect to change in abiotic factors in
each month of the year 2011-2012. Temperature,
pH, dissolved oxygen and free carbon dioxide are
important factors, which alter the toxicity of
umbelliferone. When the water temperature is
higher in the summer season (June to August),
toxicity of umbelliferone is high Fasciola larva.
Contrarily, in the winter season (November-
February) the temperature of water is low and the
toxicity of umbelliferone is less, as evident by a

higher LC,, value. Temperature is one of crucial
factor for snail and Fasciola larval growth [23]. High
temperate is the suitable for umbelliferone to
become more soluble, low pH and free carbon
dioxides causes more larval (sporocyst, redia and
cercaria) mortality. However, dissolved oxygen is
also one of the factors that alter the toxicity of
umbelliferone. In winter, water holds more oxygen
and as a result, less mortality of larvae [24].
According to their variant abiotic factors
(temperature, pH, CO,, O, and conductivity) in
different months of the year (2009-2010) can
significantly alter the infection rate and development
process of Fasciola gigantica larvae (sporocyst,
redia and cercaria) in the snail Indoplanorbis
exustus. There has been many reports on
phytotoxic, fungitoxic, insecticide, antibacterial and
nematociadal activity of different coumarins [25].
When sweet potato is attacked by Fusarium
oxysprum, umbelliferone is produced in plant tissue,
a phytoalexn which is considered as a defense tool
for plants against pathogenic fungi [26]. It also have
a strong insecticidal activity and caused high
percentage of mortality on eggs and larvae of
insects and regarded as an ovicidal agent [25].
Umbelliferone is used as molluscicidal [17]/larvicidal
to kill snail/Fasciola larvae in snail body [10]. Kumar
et al. [27] has reported that snail fed with a sub
lethal dose (20% and 60% of 24h and 96h LC,)
umbelliferone inside snail attractant pellets caused
a significant inhibition in ALP and AChE activity in
the nervous tissue of snail L. acuminata.
Temperature is considered as an important
abiotic factor. Pathogen replication rate and
dynamics may be affected by the invertebrate body
temperature and as a result, the infection process in
the different organs of the invertebrate and their
duration cycle is altered [28]. In nature abiotic
factors of freshwater bodies vary considerably.
However, organisms living in these environments
have adopted themselves and live happily despite
change in their ambient environment. Abiotic factors
of the environment vary from one season to other
[29, 30], the aquatic environment has numerous
physical and chemical parameters that may
influence the physiology of fresh water organism
[31]. Like all other animals in the ecosystem, the
distribution and abundance of fresh water snails
and life cycle of trematodes are also influenced by
the environmental components, such as water
qualities, aquatic vegetation, soil substratum, depth
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of water, temperature, pH, turbidity, dissolved
oxygen, hardness, carbon dioxide [32, 33]. At higher
temperature, increase rate of snail metabolism
many release more CO, which affect the pH of
water [34, 35]. This was evident from the elevated
concentration of CO, which decreases the pH of
water during summer season. Trematode parasite is
highly sensitive to abiotic factors. Earlier it has been
reported that in vitro treatment of umbelliferone
redia (8h LCg,=0.63mg/ml) and cercaria (8h
LC,,=0.27mg/ml) was more effective to control
F. gigantica larvae [10]. The concentration used to
kill sporocyst, redia and cercaria in not toxic to snail,
even in 24h exposure period. So that use of
umbelliferone in killing the sporocyst, redia and
cercaria of F. gigantica within or outside snail body
directly, without killing the host snail is important. In
in vivo and in vitro killing of sporocyst, redia and
cercaria of F. gigantica is beneficial as it kills directly
target larva of F. gigantica. Earlier, it has been
reported the acetylcholinesterase and cytochrome
oxides system in cercaria is well responsible for
efficient release of energy [36, 37].

The steep slope value indicates that a small
increase in the concentration of larvicidal caused
higher larval mortality in different month of year
2011-2012 in respect of physical parameter. A t-ratio
value greater than 1.96 indicates that the regression
is significant. Heterogeneity factor value less than
1.0 denote that in the replicate test of random
sample the significance of the potency estimation g
indicates that the value of mean is within the limit at
all probability level (90, 95, and 99, respectively)
since it is less than 0.5.

CONCLUSION

It can be concluded from the present study that
sublethal treatment of umbelliferone significantly
killed the sporocyst, redia and cercaria larva of
F. gigantica inside the body of vector snail Lymnaea
acuminata. Phytotherapy of infected snails by
umbelliferone is one of the new approaches to
control the fascioliasis. The high temperature and
free carbon dioxides and low pH and dissolved
oxygen were observed in the month of the May-
August. The variant abiotic factor significantly
altered the in vivo and in vitro toxicity of
umbelliferone against Fasciola larvae. Effective
control of fascioliasis can be done by Killing
Fasciola larva in between the month of year

2011-2012.
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Range extension of mugger crocodile Crocodylus palustris
(Lesson, 1831) in upper Ganges and tributaries,
lesser Himalayan zone, north India
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ABSTRACT

In Uttarakhand State, mugger crocodiles Crocodylus palustris are distributed in Corbett Tiger Reserve
and in Baan-Ganga wetland, which is situated across the upper Gangetic plains. However, their
presence has been recently recorded from Rajaji National Park and adjoining protected areas, which
has put on record their new habitat and range. This study is illustrating about their movement in some
annual rivers, which are tributaries to river Ganges especially at higher elevation of upper Gangetic
plains in north India. Two specimens of mugger crocodile were recorded in 2011, from different location
of the Lansdowne and Haridwar forest divisions, which revealed that their range is extending in upper
Gangetic plains. Study also given an account on the natural history of the animal’s presence in lesser
Himalayan zone and placed some technical notes on its range extension. As some habitats, which are
available across the Ganges have huge potential to introduce this threatened species, hatchlings could
be introduced/released to some potential sites; however, detailed scientific based protocols are needed
to be taken into account to take any conservation initiative. This study is the first effort of its kind, which
highlights about the new habitat and range of mugger crocodile, especially at higher elevations of
Ganges. Field observations indicated that the distributional range of the mugger crocodile is increasing
in upper catchment of river Ganges near to Rajaji National Park and in parts of Haridwar and
Lansdowne forest divisions. However, studies are required to be carried out to propose some long-term
conservation actions.
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INTRODUCTION

Of the three species of crocodiles found in India,
the most common and widely distributed is the
Mugger Crocodile Crocodylus palustris, which
inhabits all kinds of fresh water habitats such as
rivers, lakes, reservoirs, hill streams and village
ponds. This broad-snouted mugger crocodile is
restricted to the Indian sub-continent (India, Nepal,
Pakistan, Iran and Sri Lanka) and is categorized
under vulnerable category in IUCN Red List of
Threatened Species [1] and protected under
Schedule | of the Indian Wildlife Protection Act,
1972 [2]. By 1974, this species, formerly
widespread and very abundant, was greatly
depleted in numbers and considered rare in most, if
not all, of its former ranges [3].

Available historical records revealed that in
Bangladesh wild population of crocodile was extinct
and only two wild crocodiles were known to live in
community ponds (except in zoos). Similarly in
Bhutan, mugger crocodiles are considered to have
become extinct in the 1960s and in Myanmar last
record of the species was observed in 1867-68 [4].
Increase in population and intensification of
agricultural practices, construction of dams and
diversion of water channels for irrigation purpose
are considered acute reason for shrinkage of the
population of marsh crocodiles in Pakistan however,
presence of this species is limited to certain area of
Sindh and coastal areas of Balochistan and further
degradation in its habitat may lead to extinction in
Pakistan [5].

In India, mugger crocodiles are reported from
over ten states and its wild population is tentatively
estimated as 2500 to 3500 non-hatchlings [6]. In
Uttarakhand state, this threatened species is known
to found in Corbett Tiger Reserve (Ram-Ganga river
and Sonanadi reservoir) and in Baan-Ganga
wetland (Laxar area, district-Haridwar) adjoining to
river Ganges. However, a study has recorded the
presence of mugger crocodile in river Ganges
flowing across the Rajaji National Park and in
Haridwar forest division, which was the first record
from this area [7]. But to till date, any record doesn’t
exist, which confirm the presence of crocodiles in
Laldhang forest of the Lansdowne forest division
and in the Sarai village, which is adjacent to
Haridwar city. This study put on record the presence
of mugger crocodile in these areas, which further
articulate the range extension of crocodiles in upper
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Ganges and some of its tributaries spread within
upper Gangetic plains at higher elevation.

MATERIALS AND METHODS

Study area

Lansdowne forest division lies in lesser
Himalayan zone and is well connected with Rajaji
National Park in the north-west axis and Corbett
Tiger Reserve in the south-east axis (Fig. 1).
Haridwar forest division is connected with the Rajaji
National Park on the north and with the Lansdowne
forest on the east. Some parts of this protected
habitat are also adjoined to Uttar Pradesh forests
(Najibabad forest division). Both of these protected
areas falls under Shivalik landscape and comprises
of foothills dominant areas. Several annual water
streams are also flowing across this landscape,
which further ensures the faunal distribution in
myriad types of the habitats. Lokmanipur village is
situated at 29°76° N, 78°48 E in between the
Lansdowne and Haridwar forest divisions. Sigaddi
canal is flowing adjoining to this village, which holds
the water from Kotawali rau (water stream) — an
annual river present in Chiriapur forest. Sarai village
is adjoined to Haridwar city and situated at 29°58’
N, 78°13’ E (Fig. 2). A small water channel is flowing
across this area, the water of which is bifurcated
from Ganga canal flowing across the city heart. This
water channel is finally mingling in Pathri rau, which
is a ftributary to river Ganges. Haridwar—Bijnor
railway track is also running across this area,
besides, Haridwar-Delhi national highway is also
running parallel to this area (7 kilometers).

Methods

In both cases, field surveys were carried out to
document ground based facts behind animal’s
presence in new habitat and ranges. A total of 17
discussions were made with the local people of
Sigaddi and adjoining Vvillages, besides, 23
discussions were held with locals of Sarai and
adjoining villages. Literature was also searched to
see and cross-check, whether crocodile was
reported earlier from these areas or not.
Consultations were held with the forest officers of
Haridwar and Laldhang forest range. The distance
was measured from main Ganges to the spot from
where the specimens were reported by walking on
foot along the annual river beds and the location
map was prepared for documenting notes of its
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Fig. 1. Map of the Lansdowne forest division showing location from where the specimen was recorded.

natural history. Possible reasons for the movement
of animal from the Ganges to tributaries were also
proposed. Field binocular (Nikon Action series,
10x50 CF) and Nikon Coolpix 8700 Camera was
used for field observations and to document
photographic evidences. Garmin made GPS was
also used to denote geographical coordinates.

RESULTS AND DISCUSSION

On 13th September, 2011 (07:30 h), a juvenile
specimen of mugger crocodile was sighted near to
Sigaddi canal, which falls in Laldhang forest of the
Lansdowne forest division (29°47°21” N, 78°24'23”
E, elevation 373.6 m, Fig. 3). The animal was 1.25
meter long. The specimen was captured by forest
staff and was translocated to river Ganges. Notably,
before to this record, crocodile was never seen or
reported from Laldhang forest. This site is close to
Lokmanipur village, in between which Sigaddi canal
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is flowing; this entire area falls under west
Papidanda forest beat of the Laldhang forest range.
| investigated all the potential routes and sites to
trace out the route, which was followed by animal to
reach that spot. It was found after carrying out
extensive field work that animal had moved there
from the Kotawali river flowing in between this
forest, which is a tributary to river Ganges. It was
also observed that animal moved up more than 18
kilometers in Kotawali river from river Ganges to
Sigaddi forest, in which huge water flow could be
seen during monsoon.

Later to it, on 20th September, 2011 (07:40 h), a
juvenile crocodile died on Haridwar—Laxar railway
track near to Sarai village, Jwalapur (29°53°'14” N,
78°05’54” E, elevation 271.2 m, Fig. 4). Animal's
head portion was badly crushed by the train. The
animal was 1.5 meter long. While documenting the
death cause, it was revealed that animal had moved
towards Pathri rau from a nallah (running water
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Fig. 2. Map of the Haridwar forest division showing location from where the specimen was recorded.

Fig. 3. Extending home range: a juvenile of mugger crocodile captured by Lansdowne forest division’s staff from Sigaddi
canal, which was further released to Ganges.
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channel), which finally drains into Ganges. After
examining the carcass and post mortem, forest
officials burned the animal on the spot. Notably, this
was happened for the first time, when any crocodile
was sighted in Sarai village, Jwalapur area just
adjacent to Haridwar city (10 kilometer distance).
Examination of the spot further revealed that animal
had moved upward nearly 20 kilometers in the
Pathri rau and entered to a water channel flowing
parallel to the railway track. This water channel is
arriving from Haridwar city and finally mingles with
Pathri rau.

The dominant vegetation of the forest block in
Sigaddi area, Lansdowne forest division comprises

of Shorea robusta Sal, Mallotus phillipinensis
Rohini, Acacia catechu Khair, Adina cordifolia
Haldu, Terminalia  bellirica  Bahera, Ficus

bengalensis Bar, Schleichera oleosa Kusum and
Dalbergia sissoo Shisham. Whereas, among
mammalian fauna, elephant Elephas maximus, tiger
Panthera tigris, leopard Panthera pardus, sloth bear
Melursus ursinus, barking deer Muntiacus muntjak,
spotted deer Axis axis, sambar Cervous unicolor,
wild boar Sus scrofa, etc. shows the forest’s
diverseness. Sarai village is entirely covered with
agriculture land with stands of mango Mangifera
indica, sagaun Tectona grandis, eucalyptus
Eucalyptus spp., etc. The major cash crop

- "'- - ' ﬁ\
‘\‘q-h —
= T

'v. - "h'l

Fig. 4. Corpse of juvenile crocodile on Haridwar—Laxar railway track, near to Sarai village.

Journal of Biology and Earth Sciences, 2013, Vol 3, Issue 1, B100-B109

cultivated here are wheat, paddy, sugarcane and
some seasonal vegetables. Among fauna, only wild
avian species, which includes several migratory
species, were recorded from the area.
Noticeably, one site falls under protected habitat,
whereas another site falls under civil area (covered
with villages), which is adjoining to protected
habitats of Haridwar division’s forests. Since, both
of these forests are important biological area and
holds a rich faunal wealth, therefore, there is a
scope to study these areas and the riparian
corridors of Ganges flowing across the Haridwar
forest division and Rajaji National Park. Based on
these documentations, it was revealed that the
range of this genus is extending in upper Gangetic
plains and in some of the fributaries of Ganges.
This documentation could be considered as first
ever study, which highlighted the range extension of
mugger crocodile in higher elevations of Ganges
and represented notes on its natural history.

Crocodile’s range extension in upper Ganges:
technical points

In Uttarakhand, crocodiles are commonly
distributed in river Ganges near to Laxar area and
its adjoining hamlets, which are having large water
reservoirs. Besides, they are commonly found in
Baan-Ganga wetland adjacent to Laxar area. On
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the other hand, they are fairly distributed in some
parts of Corbett National Park in Ram-Ganga river
and in some parts of Kalagarh Tiger Reserve.

Rivers possess a delicate ecology that depends
on a regular cycle of disturbance within certain
tolerances. The plant and animal communities that
inhabit the river and river margins have evolved to
adapt to their rivers own peculiar pattern of flood
and drought, slow and fast current [8]. Organisms
too, move through river and stream ecosystems.
These range from regular movements necessary to
access food, shelter, mates, nesting areas, or other
resources, to significant shifts in response to
extreme conditions brought about by natural
disturbances [9].

During monsoon, when water flow in Ganges is
considered at its higher level, most of the aquatic
faunal species could be seen easily migrating in
various tributaries. For example, during monsoon
several cold water fishes, which are commonly
found in high altitude areas like mahaseer Tor tor
could be seen in Song river, which is also a tributary
to river Ganges. Similarly, various species of turtles
can be observed within small torrential rivers spread
within the protected habitats. Strong water current,
huge flowing water, accumulation and flowing of silt
and garbage in main stream and riparian corridors
etc. are few reasons behind this occasional
migration.

Crocodile’s specimens were observed in parts of
upper Ganges and in some tributaries maximum
during monsoon and post monsoon season;
therefore, this can be attributed with huge flow of
water during monsoon, which sometimes carries
uncontrolled floods. Notably, tremendous patches of
the forest were logged-off in floods of 2010. In some
pockets of Rajaji National Park, the free flowing
river has created small reservoirs and streams
within its premise, which has influenced the physical
and chemical characteristics of the natural water
(changes in the level of dissolved oxygen,
temperature, turbidity, salinity, acidity, etc.).
Besides, about eight hectare forests present in
Dudhia island and in the Jhabargarh forest had
been washed-off completely.

On the other hand, wastes/organic matter have
created eutrophic conditions in some of the
potential sites (large reservoirs). Massive fish kills
were also observed during the same period.
Besides, tremendous litter, household wastes
(clothes, etc.) and the immersion of idols and
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disposal of material used for worship further
affected the water quality of the river and reservoirs.
The decomposition of these organic matters,
especially in some potential reservoirs, might
originated the low oxygen level in river water. As
oxygen is needed for decomposition process, this
had caused the aquatic environment hypoxic.
Extensive floods during 2010 and 2012 had made a
significant impact on crocodile’s basking. As most of
the sandy banks of river were washed off and
covered with huge flow, there were no such sites
available for the crocodiles upon which they can
bask comfortably except some forest pockets,
which also consists rough terrain with irregular
ground features.

Most of the irregular movements of the animal
were observed at the places where disturbances
have been found in natural water system. However,
this has strengthened the occurrence of crocodiles
in some potential tributaries of Ganges and in
higher elevations. Study revealed that crocodiles
are resilient to the occurrence of natural
disturbances, as like other animals and were found
preferring to replace their habitat to more suitable
areas, where water flow and large reservoirs would
be comfortable for them to survive and for the
survival of their nests. For an organism to survive it
must have access to appropriate habitats. Habitat is
a combination of physical and biological
characteristics of an area (or areas) essential for
meeting the food and other metabolic needs,
shelter, breeding, and over-wintering requirements
of a particular species [9].

Previous significant and confirm records of
crocodile’s presence in the area

In November, 2007, | noticed a specimen in
Chiriapur forest of the Haridwar forest division,
which was basking on a sand bank of Ganges near
Tatwala village. Later on, in January 2008, a local
person had seen an adult specimen early in the
morning on Haridwar—Chilla—Rishikesh motor road
near to old Chilla check-post, close to Bhimgora
barrage. | carried out extensive surveys there and
adjoining areas across river Ganges in Chilla forest
of the Rajaji National Park and observed the
movement signs (crawling signs) of an individual. In
continuation to this, during January 2009, a juvenile
individual was observed basking in sub-merged
position (sand-grass patch) on a small island, which
falls under Shyampur forest of the Haridwar forest
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division. Later on, in September 2008, a juvenile
specimen was also observed in Song river in
between Raipur and Lacchiwala near to Doiwala;
noticeably, this spot is approximately 17 kilometers
far from main Ganges. Song river is having huge
flow year round, however, sometimes heavy rain fall
creates flood conditions especially during monsoon.
As several small torrential rivers also mingle in this

river, tremendous flow could be seen during
monsoon.
Evidently, during September 2009, two

individuals were seen randomly in the large water
channels flowing in between the Haridwar city (Birla
ghat and Chandi ghat area). This incident has
caused tremendous rumor and panic among
devotees and locals as happened near to Har ki
Pauri—the main bathing site for pilgrims. As both the
area falls under bathing sites, caused difficulty for
district administration especially at the time when
Maha-Kumbh 2010 fair had to start from January
2010. Recently, this genus has been documented
from Rajaji National Park and from Haridwar forest
division (new range and habitat) for the first time,
which could be added in the list of reptilian fauna of

-
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the Rajaji National Park [7] (Fig. 5).

Some reports of crocodile’s presence were also
came forward earlier during 1970s—1980s from
Rishikesh, Ganga Bhogpur village (situated along
the Ganges, in between Haridwar and Rishikesh
and adjoined to Rajaji National Park) and from
Jagjeetpur village (4 kilometers far from Haridwar,
towards Laxar); however, only old people, who are
residing in this area traditionally, knowing these
facts and because of Ilacking of proper
documentation and unawareness towards
ecological conservation and threatened texa, it
could not prove scientifically (V.P. Upadhyay,
personal communication). Since last one decade,
villager’s complaints about the crocodile’s presence
in ponds spread across the Ganges came forward
time to time and slowly these reports are increasing.

Potential habitats in the State

Limited work has been carried out on mugger
crocodile in Uttarakhand state, which still needs
some field-based studies to explore its geographical
distribution in the state. Presently, protected
habitats of Corbett Tiger Reserve (some parts of

-
-~
-

-

Fig. 5. An adult mugger is basking on sand bank of Ganges in Rajaji National Park.
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Jim Corbett National Park and Sonanadi Wildlife
Sanctuary) and Ganges stretch from Baan-Ganga
wetland to Laxar area are considered as their
potential habitats in the state. However, Sharda
river, which is flowing across Kumaun Himalaya
could be also a potential habitat for mugger
crocodile, therefore, a need is felt to conduct
preliminary assessment across potential sites in
Sharda river to trace out the presence of this
genera.

Both Corbett Tiger Reserve and Baan-Ganga
wetland falls under reserve forests and therefore
protected, whereas some pockets of Laxar and its
adjoining areas exists partially under reserve
forests, therefore, needs proper conservation-based
monitoring especially during February—June, which
is supposed as egg-laying and hatching time.
Available records on mugger crocodile indicated
that significant work has been carried out in
southern India and some other parts of the country
but still studies are required to be carried out in
Uttarakhand State, which would be helpful in
proposing conservation actions.

Based on these recent observations and
evidences, | put on record the presence of the
Mugger Crocodile Crocodylus palustris in some
tributaries of river Ganges and confirm its range
extension in upper Gangetic plains. Mining activities
ongoing in some annual rivers, shrinking of small
watersheds/reservoir and accumulation of silt in
some upper parts of Ganges could be the reasons
behind their upward movements. A study carried out
in Koshi Tappu Wildlife Reserve in eastern Nepal
highlighted that siltation of river beds during the
monsoons, high water velocity of swift current
during floods, and change of mesotrophic marshes
to eutrophic marshes are the natural factors for the
low survival and sighting of crocodiles in the Koshi
River [10]. Further, downward movement of
crocodiles during the monsoon period has been
reported from Koshi River to Bihar (India) because
one Gharial was seen in the marshes in Bhimnagar
(Bihar) where there was no previous record.

Possible approaches to
crocodile in upper Ganges
In  dynamic environments, like rivers and
streams, the location and quality of habitats are
ever-changing Flooding and woody debris work
together to shape river and stream channels, water
depth, and flow characteristics, creating a shifting

introduce mugger
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mosaic of habitats within riverine systems. For a
time, fisheries biologists thought that fish like trout
generally stayed put, except for specific periods of
movement for breeding or to avoid unfavorable
conditions. However, it now appears that a
significant proportion of these fish make regular
movements that allow individuals to locate and
exploit favorable habitat within this ever-shifting
mosaic [9]. Based on the conservation activities
carried out under Gharial Rehabilitation Project,
which was the subunit of the umbrella Crocodile
Conservation Project; some possible rehabilitation
approaches could be adopted to re-introduce
mugger crocodile. In between 1982 and 1994, more
than 250 gharials were released to Ram-Ganga
river in Corbett National Park and still their
population is surviving there and conservation
efforts are being carried out by the Government and
International non-governmental agencies.

Some parts of the Rajaji National Park consists
potential habitats that would be suitable for
establishing new populations of mugger crocodile.
Reporting of this species from different locations in
upper Gangetic plains and tributaries during last few
years, supports for its introduction in this area.
Water reservoir available in Dogadda rau in Chilla
forest, which is adjoining to Ganges, Andheri Chaur
in Jhabargarh forest adjoining to Dudhia forest
(island) and Ganges, bank of Ganges near to
Ghasiram rau, parts of Song river are some
potential locations in Rajaji, where mugger
crocodile’s hatchlings could be introduced. Besides,
hatchlings could be introduced in some parts of
Ganges flowing across Haridwar forest division
(from Shyampur to Chiriapur forest), which is also
having large reservoirs at some places. As Haridwar
forest division also consists most of the potential
sites (riparian corridors of Ganges, which are
situated near to Tatwala village, Rawasan, Pili and
Kotawali annual rivers), the hatchlings can also be
released to these sites. All these sites are having
vast sand plains and forests, however at some
places villages are situated along the Ganges.

Restoration and finding of suitable habitat are
the largest hurdles that the Crocodile Conservation
Project faces; besides many factors are essential
for survival and success of the mugger’s release
and rearing; sites must be protected and without
severe environmental degradation [11]. Establishing
new populations needs base-line surveys,
consultations with locals, planning and excessive
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monitoring. Besides, a scientific protocol is requires
to be follow to carry out such conservation
initiatives. However, the technical guidelines given
by the IUCN (SSC)-CSG and the experience, which
was received in between 1978-1992 (when 1,193
mugger crocodiles were released into 28 National
Parks, Wildlife Sanctuaries and Crocodile
Sanctuaries), could be used to take initiatives in this
direction. A group of experts, which include experts
from Wildlife Institute of India, WWF, IUCN-CSG
and forest officers, could also be constituted for this
initiative. As of now, we have learned too much
about the successful and unsuccessful trials, from
the results of Crocodile Conservation Project, we
can move forward considering the results perceived
from previous actions in planning for this
conservation initiative.

As human-crocodilian conflict has been also
reported from some parts especially in the areas,
which are situated along the Ganges near to Laxar
area, ensuring the community participation is one of
the important aspect, which should be secured
before initiating for this action. Besides, this is also
highly requires for obtaining success in these types
of conservation actions. One major problem in
crocodile conservation in India is the ignorance of
the people, who considered that crocodiles are
either man-eaters or competitors, which should be
eliminated [3].

CONCLUSION

Field observations indicated that the
distributional range of the mugger crocodile is
increasing in upper catchment of river Ganges near
to Haridwar city. The increasing movements of this
species in some ftributaries of Ganges, which
includes river Song, Pathri and Kotawali, all of
which falls under protected habitats (parts of Rajaji
National Park and Haridwar and Dehradun forest
divisions) revealed that this species is getting
favourable habitat in some upper regimes of these
reserve forests. However, their upward movement
in Ganges was more frequently observed after the
tremendous flood in monsoon of 2010, when
Ganges water was found to flow above than 294.60
m asl (225000 cusec), which has also created flood
conditions in plains. These new records on range
extension of mugger crocodile in some tributaries of
Ganges, flowing across Lansdowne and Haridwar
forests and in the higher elevations requires further
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studies to reach some firm conclusion:

1. Ground-based surveys are required to be carried
out in upper Gangetic plains especially during
monsoon and winter, in some potential tributaries of
Ganges and in the reservoirs spread across forests
adjoining to river Ganges.

2. Monitoring of potential habitats to trace out
presence of animal, recording of basking sites,
documentation of indirect evidences (crawling
sings, etc.) are some possible ways through which
we can reevaluate its range extension.

3. As females are known to lay eggs in sandbanks
between February and April, and hatching occurs
between April and June, proper monitoring of
habitat should be needed on regular basis.

4. An interview based assessment is needed to be
carried out in entire belt from Laxar to Aikkar/Pathri
area, which includes more than twenty villages.
Reports of crocodile’s presence were noted year
round from this belt. As numerous small ponds,
which are mostly rainfed are present in this area
besides, man-crocodilian conflict was also observed
from some pockets, documentation of field based
notes on regular basis including animal’s natural
history could be considered as a valuable
conservation tool.

5. Hatchlings of mugger crocodile could be
released in some potential perennial rivers flowing
across this area, which are the tributaries to river
Ganges for example in Song and Rawasan. As
perennial streams consist of water pools and muddy
bases, these sites can act as favourable basking
sites, which are also connected with main river flow.
Besides, some potential large reservoirs, which are
present in Rajaji National Park, could be considered
for this purpose.
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ABSTRACT

The active compound apigenin extracted from the seed of Thevetia peruviana (Pers.) L. Schum. plant
(family: Apocynaceae) was administered for 24h or 96h to the freshwater target snail Lymnaea (Radix)
acuminata (Lamarck) to evaluate its molluscicidal activity. The molluscicidal activity of apigenin was time
as well as dose dependent at all exposure periods. There was a significant (P < 0.05) negative
correlation between LC values of apigenin and exposure periods, thus LC;, values decrease from
3.65 mg/L (24h); > 2.98 mg/L (48h); > 1.63 mg/L (72h); > 0.73 mg/L (96h) against the snail L. acuminata.
The LC,4, dose of apigenin extract had no toxic effect on freshwater non-target fish Channa punctatus
(Bloch) which shares the same aquatic habitat with snails. Exposure of sub-lethal doses (40% and 80%
of LC,;) of apigenin over 24h caused significant (P < 0.05) alterations in carbohydrates and nitrogenous
metabolism in nervous, hepatopancreas and ovotestis tissues of the snail L. acuminata. The fish
C. punctatus also exposed at the same sub-lethal doses of apigenin for 96h in order to measure
potential effects on non-target organisms also showed significant (P < 0.05) alterations in carbohydrates
and nitrogenous metabolism in muscle, liver and gonadal tissues. Seven days of withdrawal of treatment
showed partial recovery in these parameters in both snail and fish, which supports the view that
apigenin can be used as molluscicide for controlling harmful snail population in aquatic bodies without
harming their fish fauna.
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INTRODUCTION

Many aquatic snails act as vectors for the larvae
of trematodes and thereby cause a number of
diseases [1]. Two diseases carried by aquatic
snails, schistosomiasis and fascioliasis, cause
immense harm to man and his domestic animals.

Schistosomiasis is caused by Schistosomaitis a
devastating disease of mankind, second only to
malaria in its deleterious effect. In India the
freshwater harmful snail Lymnaea (Radix)
acuminata (Lamarck) is the intermediate host of
Fasciola hepatica and F. gigantica [2]. They cause
endemic fascioliasis in sheep, cattle, goat and other
herbivorous animals in low-lying areas. A sure way
to eliminate the problem of fascioliasis was to
destroy the carrier snails and thus remove an
essential link in the life cycle of causative flukes.
This can be accomplished by several ways
including the use of many synthetic or plant origin
molluscicides [3-6].

Thevetia peruviana (Pers.) L. Schum. (family:
Apocynaceae) is a common medicinal plant of
India, used as cathartic and febrifuge and also in
different kinds of intermittent fever while the latex of
this plant is used in teeth cavities for relief from
toothache [7]. The toxicological actions of
T. peruviana may be due to the presence of
apigenin-5-methyl ether (flavonoid) and several
other triterpenoid, glycosides etc. [8-10]. The leaves
of Polygonum senegalense have a known flavonoid,
quercetin. This compound possesses significant
molluscicidal activity at 10 ppm, causing 100%
mortality of three species of snails, Lymnaea
natalensis, Biomphalaria peifferi and B. glabrata
within 24h. Likewise, an eupatorin compound
isolated from the plant Baccharis timera killed 100%
of B. glabrata at 100 ppm, but other flavone
glycosides from Asparagus plumosus were found to
be completely harmless to snails [11]. Earlier
studies indicated that T. peruviana plant extracts
have potent molluscicidal activity against the
freshwater harmful snail L. acuminata [12-14] but
their doses were high, so their further purification
was needed.

The aim of the present communication is to
observe the toxicological and biochemical
alterations induced by apigenin extracted from
seeds of T. peruviana plant against the freshwater
target snail L. acuminata and also observe
biochemical parameters of the non-target
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freshwater fish Channa punctatus, which shares the
same habitat with these target snails, for measure
their environmental toxicity, if any.

MATERIALS AND METHODS

Animals

The freshwater target snail Lymnaea acuminata
[2.6 £ 0.3 cm in total shell height] and freshwater
fish Channa punctatus [10.5 £ 0.9 cm in total length]
were collected from the local freshwater bodies of
Gorakhpur district, India. The collected animals
were stored in glass aquaria containing 100L
dechlorinated tap water for acclimatization to
laboratory conditions. Experimental conditions of
water were determined in the beginning of the
experiments by the method of APHA [15]. Average
sized adult animals were used for the biochemical
experiments. Atmospheric and water temperature
was ranging from 30.4-31.6°C and 26.0-27.0°C,
respectively, pH of water was 7.3-7.5, while
dissolved oxygen, free carbon dioxide and
bicarbonate alkalinity were ranging from 6.9-7.8
mg/L, 4.4-6.7 mg/L and 104.0-108.0 mgl/L,
respectively, during the experiments.

Plant

The plant Thevetia peruviana (family:
Apocynaceae) was collected from Botanical Garden
of D.D.U. Gorakhpur University, Gorakhpur, Uttar
Pradesh, India and identified by a Plant taxonomist,
Department of Botany, D.D.U. Gorakhpur University,
where a voucher specimen is deposited.

Extraction of active compound apigenin

Fresh seeds of T. peruviana were collected,
dried in an incubator at 37°C and powdered with
electrical device. Dried powdered seeds (500 g),
extracted with hot EtOH yielded a crude yellow
powder in the concentrated extract. The powder
was purified by dissolving it in dilute NaOH solution,
and it was precipitated by the addition of dilute HCI
solution. The precipitate was crystallized from
methanol, m.p. 323-324°C (reported 325-327°C);
yield 0.15% [8]. The following derivatives were
prepared diacetate, m.p. 203-205°C  (Lit.
199-200°C); dibenzoate, m.p. 203-205°C; dimethyl
ether, m.p. 155-156°C (Lit. 157-158°C); diethyl
ether, m.p. 171-173°C [8]. Demethylation of
crystals obtained from methanol yielded apigenin
(500 mg, yield 0.10%). Identification of the extracted
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compound was further done by composition with an
authentic sample of apigenin (C,;H,,0;) (Fig. 1),
supplied by Sigma Chemical Co., St. Louis, USA."

oH

OH ©
Fig. 1. Chemical structure of apigenin.

Toxicological experiments

Toxicity experiments were performed by the
method of Singh and Agarwal [16]. Ten
experimental animals of L. acuminata were kept in
glass aquaria containing 3L de-chlorinated tap
water for 24h, 48h, 72h or 96h. Control groups were
kept in de-chlorinated tap water without any
treatment. Each set of experiment was replicated
six times. Mortality was recorded after every 24h up
to 96h exposure period. The LC values were
calculated by the probit log analysis by the method
of Robertson et al. [17].

To test the environmental toxicity, if any, the toxic
effect of apigenin was also studied in mixed
population of target organisms (snails) and non-
target organisms (fish). In this experiment, groups
of 10 L. acuminata and 10 C. punctatus were put
together in 2 L de-chlorinated tap water and
exposed to 12.27 mg/L (24h LCy, of L. acuminata)
apigenin for 24h.

Biochemical experiments

The acclimatized animals were treated with 40%
and 80% of 24h LC;, of apigenin for 24h or 96h
exposure periods. Six aquaria were set up for each
dose, and each aquarium contained 20 snails in 3 L
and 10 fishes in 6L de-chlorinated tap water. After
termination of treatment, the test animals were
removed from aquaria and washed with water and
killed. Dissection of the treated animals, nervous,
hepatopancreas and ovotestis tissues of snail and
liver, muscle and gonadal tissues of fish were
collect in ice trays and used for biochemical
analysis. Control animals were held under similar
condition without any treatment.

Each experiment was replicated at least six
times and the values have been expressed as
means * SE of six replicates. Student’s’ test was

Journal of Biology and Earth Sciences, 2013, Vol 3, Issue 1, B110-B119

applied to locate significant changes with controls
[18].

Total protein levels were estimated according to
the method of Lowry et al., [19] using bovine serum
albumin as standard. Homogenates (5 mg/mL, w/v)
were prepared in 10% Tri Chloro Acetic acid.

Estimation of total free amino acid was made
according to the method of Spices [20].
Homogenates (10 mg/mL, w/v) were prepared in
95% ethanol, centrifuged at 6000 x g and used for
amino acid estimation.

Nucleic acids (DNA and RNA) were estimated
by the methods of Schneider [21]. Homogenates
(1 mg/mL, w/v) were prepared in 5% TCA at 90°C,
centrifuged at 5000 x g for 20 min, and the
supernatant was used for the estimation.
Glycogen was estimated by the anthrone method of
Van der Vies [22]. In the present experiment 50 mg
of tissue were homogenized with 5 mL of cold 5%
TCA. The homogenate was filtered and 1.0 mL of
filtrate was used for the assay.

The pyruvate level was measured according
to Friedemann and Haugen [23]. Homogenate
(50 mg/mL, w/v) was prepared in 10% TCA. Sodium
pyruvate was taken as standard.

Lactate was estimated according to Huckabee
[24]. Homogenate (50 mg/mL, w/v) was prepared in
10% cold TCA. Sodium lactate was taken as
standard.

The protease activity was estimated by the
method of Moore and Stein [25]. Homogenate
(50 mg/mL, w/v) was prepared in cold distilled
water.

The acid and alkaline phosphatase activity was
determined by the method of Anderson and
Szcypinski [26]. Homogenates (2%, w/v) were
prepared in ice-cold 0.9% NaCl solution and
centrifuged at 5000 x g at 0°C for 15 min.
Lactic dehydrogenase activity (LDH) activity was
measured according to the method of Anon [27].
Homogenates (50 mg/L, w/v) were performed in 0.1
M phosphate buffer (pH 7.5) for 5 min at 4°C and
the supernatant was taken as enzyme source.
Succinic dehydrogenase activity (SDH) activity was
measured by the methods of Arrigoni and Singer
[28]. Homogenate (50 mg/L, w/v) was prepared in
0.5 M potassium phosphate buffer (pH 7.6) for 5
min in an ice bath and centrifuged at 10,000 x g for
30 min at 4°C.

Cytochrome oxidase activity was measured
according to Cooperstein and Lazarow [29].
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Homogenates (50 mg/mL, w/v) were prepared in
1.0 mL of 0.33 M phosphate buffer (pH 7.4) for 5
min in an ice bath.

Acetylcholinesterase  (AChE) activity was
measured by the method of Ellman et al. [30].
Homogenates (50 mg/ml) were prepared in 0.1 M
phosphate buffer, pH 8.0, for 5 min in an ice bath
and centrifuged at 1000 x g for 30 min at -4°C.

Withdrawal experiment

In order to see effect of withdrawal of apigenin
treatment, both snail and fish were exposed for 96h
to 80% of the LC,, (24h) and one half of the animal
was sacrificed and the level, of total protein, total
free amino acids, DNA, RNA, glycogen, pyruvate,
lactate and activity of protease, phosphatase, LDH,
SDH, cytochrome oxidase and AChE enzymes were
measured in liver and muscle tissue of fishes. The
other half was transferred to fresh, treatment free
water, which was changed every 24h for the next
6 day. Following to this, all above biochemical
parameters were also measured in liver and muscle
tissues of fishes. Control animals were kept in
dechlorinated tap water under similar conditions
without any treatment.

RESULTS

Effects on behavioural changes and poisoning
symptoms

Exposure to apigenin caused significant
behavioural changes in the freshwater target snail
L. acuminata. Behavioural changes appeared after
5 to 10 min of exposure. The initial 30-40 min was a
period of hyperactivity during which if sluggish snails
moved rapidly in the aquarium water. After some
time they started crawling on each other. As the
poison entered in the snails body a muscular
twitching and the snails became spirally twisted,
which resulted in ataxia, convulsion, paralysis and
finally death of the snails. Prior to death, there was
complete withdrawal of the body inside the shell
indicating nerve poisoning.

Dose-mortality response

In the present study the toxicity of apigenin (Fig.
1) was tested against the freshwater target snail
L. acuminata. Snail mortality was used as a
bioassay for monitoring the molluscicidal activity of
the apigenin extracts.

The LC,, values of apigenin for periods ranging
from 24h to 96h throughout are shown in (Table 1).
The toxicity was both times and dose dependent, as
there was a significant negative correlation between
LCy, values and exposure times. Thus, the LCy,
values of apigenin extracts for L. acuminata
decreased from 3.65 mg/L (24h) to 0.73 mg/L (96h),
respectively (Table 1).

The slope values given in Table 1 were steep
and the heterogeneity factor was less than 1.0

Table 1. Toxicity (LC,,, LC,, and LC,) of apigenin extracted from seed of Thevetia peruviana plant against freshwater
harmful snail Lymnaea acuminata at different time intervals.

Exposure Effective Limit [mg/L]

period [h] sk [mg/L] LCL UCL

Slope ‘g’ ‘t’

. Hetero.
value factor ratio

LC10= 108
24 LC50=3.65
LCy=12.27

3.05 4.87

243+044 0.12 5.53 0.16

LC10=O.69
LC5|}=2.98
LCy=11.86

48

2.47 392

2.02+0.39 0.14 5.08 0.07

LC|0=0,32
72 LC50=1.63
LC90=8.40

1.18 2.02

1.80+0.37 0.16 2.55 0.13

LC|0=O. 16
96 LCs5=0.73
LC90=3 31

0.33 1.03

1.95+0.42 0.18 1.72 0.35

There was no mortality in control groups.

Batches of ten snails were exposed to four different concentrations of apigenin. Concentrations given were the final
concentrations (w/v) in aquarium water. Regression coefficient showed that there was significant (P < 0.05) negative
correlation between exposure time and different LC values.

LCL: lower confidence limit; UCL: upper confidence limit; Hetero.: Heterogeneity.
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Table 2. Changes in total protein, total free amino acids, nucleic acids (DNA and RNA) (ug/mg) level and activity of
protease (mmol of tyrosine equivalents/mg protein/h) and acid and alkaline phosphatase (mmol substrate hydrolysed/
30 min/mg protein) in nervous (NT), hepatopancreas (HP) and ovotestis (OT) tissues of freshwater harmful snail
Lymnaea acuminata after exposure to sub-lethal doses of 40% and 80% of LC, (1.46 mg/L and 2.92 mg/L) of apigenin

extract after 24h.

Parameter Tissue Control 40% of LCs 80% of LCs 7 day of withdrawal
(24h) 1.46 mg/L (24h) 2.92 mg/L
Protein NT  63.0£0.20 (100) 35.91+0.11%% (57) 18.90+0.06™ (30) 61.11+0.48°T (97)
HP  65.0+1.98 (100) 36.40+1.10™% (56) 23.40+0.71°Y (36) 62.30£1.90°" (96)
OT  70.0+0.50 (100) 37.10+0.26™% (53) 19.60+0.14"" (28) 66.50+0.48"" (95)
Aminoacid NT  30.2+1.20(100) 49.53+0.92°% (164) 51.34+0.58" (170)  31.10+0.62°" (103)
HP  28.8+1.40 (100) 41.76+0.987 (145) 43.48+0.72°°(151)  29.95+0.68™' (104)
OT  32.240.70 (100) 53.77+0.54™% (167) 55.7040.36°Y (173)  32.84+0.42™(102)
DNA NT  74.240.30 (100) 44.524+0.14™% (60) 29.68+0.12™7 (40) 69.74+0.16°" (94)
HP  71.6+0.20 (100) 47.97+0.18"% (67) 23.6240.16 (33) 68.02+0.18°" (95)
OT  80.24+0.98 (100) 42.50+0.76"" (53) 23.25+0.52° (29) 75.38+0.58° (94)
RNA NT  50.2+0.40 (100) 25.60+0.34™% (51) 18.07+0.28" (36) 48.18+0.32°°7 (96)
HP  48.240.40 (100) 27.95+0.32%% (58) 19.28+0.29%4 (40) 45.79+0.32°%7 (95)
OT  54.240.60 (100) 23.86+0.54%% (44) 16.27+0.51%9 (30) 49.90:+£0.68°" (92)
Protease NT  0.468+0.048 (100)  0.665+0.002°°® (142)  0.706+0.001%(151)  0.505+0.002°7 (108)
HP  0.462+0.002 (100)  0.647+0.001%% (140)  0.665+0.002%(144)  0.443+0.003°" (102)
OT  0.470+0.006 (100)  0.662+0.004™% (141)  0.714+0.003°%(152)  0.494+0.004° (105)
Acid NT  0.274+0.007 (100) 0.254+0.006™% (93) 0.205+0.005% (75)  0.249+0.007™°" (91)
phosphatase ~ HP  0.272-+0.006 (100) 0.263+0.005** (97) 0.220+£0.004“ (81)  0.252+0.005" (93)
OT  0.278+0.007 (100) 0.261+0.006™% (94) 0.21140.003°Y (76)  0.256+0.004™ (92)

Alkaline NT
phosphatase ~ HP
oT

0.468=0.002 (100)
0.470+0.003 (100)
0.472+0.007 (100)

0.379+0.001°% (81)
0.376+0.002** (80)
0.38240.005"* (81)

0.299+0.007° (64)
0.314+0.002* (67)
0.3024£0.004™" (64)

0.421:£0.006™ (90)
0.427£0.002" (91)
0.42420.006™°" (90)

Values are mean + SE of six replicates. Values in parenthesis are % level with control taken as 100%.
aSignificant (P < 0.05) student’s ‘t’ test was applied between control and treated groups.

bSignificant (P < 0.05) student’s ‘t’ test was applied between treated and withdrawal groups.

ANOVA and LSD test show significant (P < 0.05), when °treated groups were compared with controls, dtreated groups
were compared with each other, ¢40% treated groups were compared with withdrawal and f80% treated groups were

compared with withdrawal.

indicating that the result found was within the 95%
confidence limits of the LC;, values. The regression
test (‘t’ ratio) was greater than 1.96 and the potency
estimation test (‘g’ value) was less than 0.5 at all
probability levels.

Biochemical experiments

Exposure of sub-lethal doses (40% and 80% of
LC,,) of apigenin for 24h against the freshwater
target snail L. acuminata and for 96h against the
freshwater non-target fish C. punctatus caused
significant (P < 0.05) alterations in carbohydrates
and nitrogen metabolism in various tissues (Tables 2
to 5).

Total protein levels were reduced to 57%, 56%
and 53% of controls in nervous, hepatopancreas
and ovotestis tissues, respectively, after exposure to
40% of LCg, (24h) of apigenin. The maximum
decrease in protein level (28% of control) was
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observed in snails treated with 80% of LCy, (24h) of
apigenin. Same trend was also observed in case of
DNA, RNA, acid and alkaline phosphatase activity in
various tissues of L. acuminata, (Table 2). Glycogen,
pyruvate, LDH and AChE activity was also reduced
of controls in nervous, hepatopancreas and
ovotestis tissues of the snail L. acuminata (Table 3).

Total free amino acid levels were induced to
164%, 145% and 167% of controls after treatment
with 40% of LC,, (24h) of apigenin in various tissues
of the snail L. acuminata, respectively. The
maximum increase in total free amino acid levels
(173% of control) was observed in snails treated
with 80% of LC;, (24h) of apigenin. Same trend was
also observed in case of protease, activity (Table 2).
Lactate levels and SDH enzyme activity was also
increased of controls in nervous, hepatopancreas
and ovotestis tissues of the snail L. acuminata,
(Table 3).
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Table 3. Changes in glycogen (mg/g), pyruvate (umol/g), lactate (mg/g) level and activity of LDH (umol/mg protein/h),
SDH (umol of dye reduced/min/mg protein), Cytochrome oxidase (arbitrary unit/min/mg protein) and AChE (umol ‘SH’
hydrolysed/min/mg protein) after 24h of exposure to sub-lethal doses of 40% and 80% of LC,, (1.46 mg/L and 2.92
mg/L) of apigenin extract in nervous (NT), hepatopancreas (HT) and ovotestis (OT) tissues of freshwater harmful snail
Lymnaea acuminata after 24h.

Parameter Tissue Control 40% of LCs 80% of LCs, 7 day of withdrawal
(24h) 1.46 mg/L (24h) 2.92 mg/L
Glycogen  NT 5.6+0.06 (100) 2.5+0.03%% (45) 1.79+0.02°% (32) 5.09+0.06"° (91)
HP 6.4+0.12 (100) 3.240.06™% (50) 2.36+0.04°Y (37) 5.89+0.11° (92)
OT 8.6+0.06 (100) 3.940.03% (45) 2.75+0.02"Y (32) 7.8340.05™ (91)
Pyruvate NT  0.562+0.02 (100) 0.191+0.01* (34) 0.157+0.01°T (28) 0.505+0.02%" (90)
HP  0.602+0.04 (100) 0.246+0.02%°% (41) 0.229+0.02%% (38) 0.535+0.04"" (89)
OT  0.52440.05 (100) 0.15740.02°% (30) 0.136+0.01°Y (26) 0.472+0.05™" (90)
Lactate NT 2.98+0.06 (100) 4.79+0.09% (161) 5.24+0.11°7 (176) 3.33+0.07°°7 (112)
HP 3.12+0.04 (100) 5.36+0.07°% (172) 5.87+0.07Y (188) 3.61+0.04" (116)
OT 3.62+0.06 (100) 5.82+0.09%% (161) 6.37+0.11°Y (176) 4.0240.06°" (111)
LDH NT  0.078+0.003(100) 0.062+0.002*% (80) 0.040+0.001* (51) 0.069+0.003°T (88)
HP  0.092+0.002(100) 0.075+0.001%% (82) 0.047+0.002%7 (56) 0.083+0.002°T (90)
OT  0.082+0.003(100) 0.066+0.002** (81) 0.039+0.001*" (48) 0.073+0.003"" (89)
SDH NT  30.02+0.12 (100) 37.82+0.15"% (126) 49.23+0.20™7 (164) 33.02+0.13°7 (110)
HP  41.03+0.10 (100) 50.02+0.12%% (122) 61.09+0.15™9 (149) 43.46+0.11° (106)
OT  26.28+0.08 (100) 32.58+0.09%% (124) 42.0440.13% (160) 28.90:+0.09°" (110)
Cytochrome ~ NT 17.28+0.10 (100) 10.71+0.06™% (62) 9.33+0.05°% (54) 15.55+0.09°°T (90)
oxidase HP 15.20+0.12 (100) 10.3340.08"°% (68) 9.12+0.07*" (60) 13.53+0.11%% (89)
OT 16.32+0.14 (100) 10.77+0.09™* (66) 9.13+0.08"" (56) 15.01+0.13% (92)
AChE NT  0.062+0.007 (100) 0.038+0.004™% (62) 0.055+0.006™ (90) 0.055+0.006" (89)
HP  0.078+0.004 (100)  0.052+0.002*% (67) 0.031+0.002*" (89) 0.0710.004°" (91)
OT  0.070+0.003 (100)  0.045+0.001%% (64) 0.064+0.003" (91) 0.063+0.003"" (90)

Details are same as given in Table 2.

Table 4. Changes in total protein, total free amino acids, DNA and RNA (ug/mg) level and activity of protease (umol of
tyrosine equivalents/mg protein/h) and acid and alkaline phosphatase (mmol substrate hydrolysed/30min/mg protein) in
muscle (MU), liver (LI) and gonadal (GO) tissues of the freshwater fish Channa punctatus after 96h exposure to sub-
lethal doses of 40% and 80% of LC,, (1.46 mg/L and 2.92 mg/L) of apigenin extract and 7 day after withdrawal.

Parameter Tissue Control 40% of LCs 80% of LCs, 7 day of withdrawal
(24h) 1.46 mg/L (24h) 2.92 mg/L

Protein MU 170.4+0.80 (100) 102.2440.48"% (60) 68.16:+0.32°° (40) 160.18+0.75% (94)
LI 150.240.68 (100) 126.16+0.57%% (84) 117.1520.53*" (78) 144.19+0.65™ (96)

GO 146.240.98 (100) 110.96i0.74“d“ (76) 74.56+0.50% (51) 133.04+0.89™ (91)

Aminoacid MU 36.28+0.24 (100) 39.90+0.26° (110) 45712030 (126)  39.040.30° (108)
LI 20.08+0.38 (100)  24.09+0.45*% (120)  28.11+0.53°% (140)  21.28+0.40°" (106)

GO 31.60+0.68 (100)  42.97+0.92*% (136)  46.4540.99*% (147)  35.70+0.77°'(113)

DNA MU  150.42+0.76 (100) 120.3340.62% (80) 90.24+0.46™ (60) 144.40+0.72" (96)

LI 148.06+0.72 (100) 127.3340.62°°% (86) 103.69+0.50""" (70)  134.73+0.66 "' (91)

GO 141.00+0.77 (100) 107.16+0.58"°% (76) 78.96+0.43 (56) 126.90+0.69"" (90)

RNA MU  102.00+0.24 (100) 81.6+0.19% (80) 67.32+0.16"" (66) 97.92+0.23™" (96)

LI 100.00+0.26 (100) 91.0+0.23%% (91) 70.00+0.18%% (70) 94.00+0.24"" (94)

GO  105.62+0.62 (100) 80.27+0.47°% (76) 63.37+0.37"" (60) 96.11+0.56"" (91)
Protease MU  0.562+0.012(100)  0.764+0.016*"(136)  0.854+0.018*%(152)  0.590+0.010™(105)
LI 0.678+0.014 (100)  0.813£0.017*%(120)  0.949+0.020*%(140) ~ 0.719+0.013"" (108)

GO 0.622£0.014(100)  0.796=0.018*%(128)  0.970+0.022°(156)  0.640+0.012°" (103)

Acid MU  0.322+0.010 (100) 0.099+0.003%%(31) 0.090+0.002°%(28)  0.293+0.009"T (91)
phosphatase LI  0.298+0.012 (100) 0.116+0.005°%(39) 0.077£0.007°“ (26)  0.28040.011% (94)
GO  0.268+0.014 (100) 0.085¢0.004“§° (32) 0.056i0.005“§i (21) 0.257i0.013:“: (96)

Alkaline MU  0.468+0.008 (100)  0.196+0.003"" (42)  0.122+0.012°7(26)  0.421=0.007" (90)
phosphatase LI~ 0.412£0.018 (100)  0.156+0.007"“ (38)  0.091+0.010"" (22)  0.374=0.016™' (91)
GO 0.438+0.010(100)  0.205+0.005"% (47)  0.131+0.013" (30)  0.416+0.009" (95)

Details are same as given in Table 2.
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Table 5. Changes in glycogen (mg/g), pyruvate (umol/g), lactate (mg/g), level and activity of LDH (umol/mg protein/h),
SDH (umol of dye reduced/min/mg protein), cytochrome oxidase (arbitrary unit/min/mg protein) and AChE (umol ‘SH’
hydrolysed/min/mg protein) in muscle (MU), liver (LI) and gonadal (GO) tissues of the fish Channa punctatus after 96h
exposure to sub-lethal doses of 40% and 80% of LC,, (1.46 mg/L and 2.92 mg/L) of apigenin extract and 7 day after

withdrawal.
Parameter  Tissue Control 40% of LCs 80% of LCs 7 day of withdrawal
(24h) 1.46 mg/L (24h) 2.92 mg/L

Glycogen MU  2.26+0.04 (100) 1.92+0.03*7 (85) 1.37+0.02*% (61) 1.9440.03"" (86)
LI 2.58+0.03 (100) 1.83+0.02%% (71) 1.70+0.01"" (66) 2.1240.02" (82)

GO 3.1240.04 (100) 2.68+0.03%% (86) 2.18+0.03*% (70) 2.8040.02" (90)

Pyruvate MU 3.42+0.03 (100) 1.6440.02% (48) 1.03+0.09™ (30) 3.08+0.03%" (90)
LI 4.120.04 (100) 2.43+0.03%% (59) 1.56+0.01797 (38) 3.74+0.04™7 (91)

GO 2.98+0.04 (100) 1.66+0.03"% (56) 0.89+0.01*" (30) 2.68+0.03™" (90)

Lactate MU 3.28+0.02 (100) 3.9320.019 (120) 5.7740.04™7 (176) 3.60+0.02°7 (110)
LI 2.68+0.04 (100)  3.64+0.03"% (136) 4.56+0.07°Y (170) 2.97+0.04"" (111)

GO 3.66+0.06 (100)  4.24+0.06™* (116) 5.89+0.09° (161) 3.95+0.06™ (108)

LDH MU  426.3+0.06 (100)  366.61+0.73%% (86)  255.78+0.52*"(60)  379.40+0.76™ (89)
LI 559.0+0.98 (100)  514.28+0.90°% (92)  391.30:0.69™Y (70)  508.69+0.89"/ (91)
GO 4982+0.82(100)  438.414+0.72%% (88)  358.70+0.59°" (72)  448.38+0.74°" (90)

SDH MU 56.240.22 (100)  67.44+0.26™" (120)  76.43+0.30°" (136) 60.69+0.24°°T (108)
LI 60.240.20 (100)  68.62+0.23%% (114)  82.47+0.27*(137)  66.22+0.22((110)
GO 63.340.24 (100)  68.36+0.26 (108)  93.68+0.36™"" (148)  66.46+0.25™ (105)

Cytochrome MU  26.82+0.22(100)  22.79+0.19°% (85) 16.09+0.14*" (60) 24.67+0.20°" (92)
oxidase LI 23.68+0.09 (100)  17.04+0.06™" (72) 16.10+£0.06™" (68) 21.3140.08™ (90)
GO 31.28+0.06 (100)  26.90+0.05"" (86) 22.20+0.10°(71)  28.46+0.05™ (91)

AChE MU  0.096+0.010 (100)  0.046+0.004™° (48) 0.035+0.003*" (36) 0.089+0.009°" (93)
LI 0.098+0.009 (100)  0.052+0.005%% (53)  0.03420.003** (35)  0.088+0.008" (90)

GO 0.089+0.018 (100)  0.043+0.008"* (48)  0.025+0.005"“" (28)  0.081+0.016™" (91)

Details are same as given in Table 2.

Apigenin also caused a similar alteration in
carbohydrates and nitrogen metabolism of the non-
target freshwater fish C. punctatus (Table 4 and 5).

Seven days of withdrawal of the treatment of
80% of 24h LC,, of apigenin (Tables 2 to 5) showed
significant (P < 0.05) recovery in the protein, amino
acids, nucleic acid, glycogen, pyruvate and lactate
levels and in protease, acid phosphatase, alkaline
phosphatase, LDH, SDH, cytochrome oxidase and
AChE enzyme activity in nervous, hepatopancreas
and ovotestis tissues of snail and liver, muscle and
gonadal tissues of fish, respectively.

DISCUSSION

It is evident from the results section presented
here that the extracted compound apigenin is toxic
to freshwater target snail L. acuminata. The
apigenin caused significant behavioural changes in
the freshwater target snail L. acuminata. The most
obvious sign of distress in the treated snails were
muscular twitching and spiral twisting of the body,
followed by crawling on each other. The nature and
rapid onset of these behavioural responses
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indicates that, the extract perhaps contains some
neurotoxins, which amongst other things, might be
active at the neuromuscular system of the exposed
animals. Similar behavioural responses were also
observed [31] in their study on acute toxicity of
lattices of Euphorbia royleana, E. antisyphliatica
and Jatropha gossypifolia on snail L. acuminata. No
such behavioural symptoms and death occurred in
control groups indicating that no factor other than
apigenin was responsible for altered behaviour and
mortality.

The toxicity data indicate that apigenin was
lethal to snail L. acuminata. The present study also
demonstrates that the apigenin has higher
molluscicidal activity i.e. more effective at low doses
than any other prevalent synthetic molluscicides like
carbamate, organophosphate and  synthetic
pyrethroids. Thus, the 24h LC,, of aldicarbe (30.00
mg/L) against the freshwater harmful snail
L. acuminata [32] was much higher than that of the
LC,, (24h) of apigenin (3.65 mg/L).

The depletion of protein fraction in various
tissues may have been due to their degradation and
possible utilization of degraded products for
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metabolic purposes. Mommensen and Walsh [33]
reported that proteins are mainly involved in the
architecture of the cell, which is the chief source of
nitrogenous metabolism and during chronic period
of stress they are also a source of energy. The
quantity of protein depends on the rate of protein
synthesis its degradation. It also affected due to
impaired incorporation of amino acids into
polypeptide chains [34]. The synthesis of RNA plays
an important role in protein synthesis. The inhibition
of RNA synthesis at transcription level, thus may
affect the protein level. In this study, a significant
decline in RNA level in exposed snail was observed.
The decrease in the RNA concentration may also
have been a cause of protein depletion.
Alternatively, the increase in protease activity may
be the cause of increased protein degradation.

Apigenin has also significantly decreased the
level of nucleic acids in the various tissues.
Nordenskjold et al., [35] also reported reduction in
DNA and RNA level after exposure to different
pesticides. Data attained in this study make it clear
that apigenin are potential inhibition of DNA
synthesis, resulting in reduction of the RNA level.
The increase in free amino acid level suggests
tissues damage probably due to the increased
proteolytic activity under apigenin toxic stress.
However, the elevated levels of FAA can be utilised
for energy production by feeding them in to the TCA
cycle through aminotransferase reaction. The
increase in the levels of free amino acid can also be
attributed to the synthesis of amino acids in addition
to their elevation by protein hydrolysis. A third
possibility for increased free amino acid level might
be their increase due to transamination and
amination of keto acids [36].

Carbohydrates are the primary and immediate
source of energy. In stress condition, carbohydrates
reserve depleted to meet energy demand. Depletion
of glycogen may be due to direct utilization for
energy generation, a demand caused by active
moiety-induced hypoxia. Pesticides are also
inhibiting energy production by suppressing aerobic
oxidation of carbohydrate leading to energy crisis in
animals [37]. Carbohydrate metabolism is broadly
divided into anaerobic segment or glycolysis in
which break down of glucose or glycogen through
Embden Meyerhaf pathway occur and aerobic
segment which consist oxidation of pyruvate to
acetyl co-A to be utilized through citric acid cycle.
The end product of glycolysis under anaerobic
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condition in tissue is lactic acid where if the
pyruvate level in tissue can be taken as a measure
of aerobic condition of tissue depending on the
availability of molecular oxygen. The level of tissue
lactate content act as an index of anaerobiosis,
which might be beneficial for animal to tolerate
hypoxic condition [38] under pesticide exposure
condition.

Under stress condition, with the increases of
lactate content there was a decrease in pyruvate
content in all the tissue. The decrease in liver and
muscle pyruvate level and increase in lactate
content suggest a shift towards anaerobiosis as a
consequence of hypoxia, created under pesticides
toxic impact leading to respiratory distress [39]. The
increase in tissue lactate content may be due to its
involvement in osmoregulation. During stress
condition there was a decrease in osmolarity of
internal body media of animal by loss of mono as
well as divalent cations which is compensated by
the animal with the increase of organic ions like
lactate, amino acid etc. [40]. The decrease of
pyruvate level may be due to its conversion to
lactate or due to its mobilization to form amino
acids, lipids, triglycerides and glycogen synthesis in
addition to its role as a detoxification factor [41].

Vorbrodt [42] has reported that phosphatase is
an important enzyme of animal metabolism, which
plays an important role in the transport of
metabolites across membranes. Since, apigenin
used in the present study may also have
antiphosphatase activity. So the reduction in protein
level may be due to the inhibition of acid and
alkaline phosphatase activity, as it plays an
important role in protein synthesis [43].

Higher activity of lactic dehydrogenase (LDH)
enzyme in control animals than treated suggested
the inherent capacity of tissue to oxidize lactate to
pyruvate and thus testifying themselves as aerobic
tissue. LDH forms the centre for a delicately
balanced equilibrium between catabolism and
anabolism of carbohydrates [44]. LDH is present in
most animal tissues and catalyzes the last step in
glycolysis as it reduces pyruvic acid to lactic acid. It
serves as a pivotal enzyme between the glycolytic
pathway and tricarboxylic acid cycle. Lipid
peroxidation is known to disturb the integrity of
cellular membranes, leading to the leakage of
cytoplasmic enzymes such as LDH, into the media.
The decrease in LDH activity with a consequent
increase in lactic acid levels suggests the
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predeominanace of anaerobic segment of
glycolysis. In present study apigenine might have
forced to fish to rely on anaerobiosis by imposing
anoxic or hypoxic condition.

The higher activity of succinic dehydrogenase
(SDH) is due to higher distribution of mitochondria,
since SDH is mitochondrially localized enzyme.
SDH is active regulatory enzyme of the tricarboxlic
acid cycles. The toxicity of apigenin decreased the
ability of animals to respire thereby decreasing
oxygen uptake. At the same time, the requirements
of energy are geared up by starting the
mobalisation of the carbohydrate reserves for
production of energy. So SDH activity was
increased in all the tissues of test animals in the
present study. Stress produced by toxicant has
adverse effect on energy metabolism and cause the
SDH activity to rise; it seems that it is a
compensatory effect [45].

Cytochrome oxidase transfers electrons to their
final acceptor oxygen in electron transfer system
(ETS). It produces ATP molecules there by
influencing other cellular metabolic process. Sub-
lethal experiment with apigenin causes decrease in
cytochrome oxidase activity in liver and muscle
tissues, which shows a profound impact on the
oxidative metabolism. Results section indicates that
apigenin, significantly inhibit the activity of enzyme
AChE in different tissues. Apigenin may be
promote, activity of the enzyme protein kinase C,
which specifically phosphorylates serine and
threonine residues in proteins [46]. Since the active
site of enzyme acetylcholinesterase contains a
serine residue, it is possible that the inhibition of this
enzyme is due to the phosphorylation of the active
site.

CONCLUSION

It is believed that the plant origin apigenin
compound may eventually be of great value for the
control of aquatic target organisms i.e. freshwater
harmful snails and other molluscan pests. Plant
origin apigenin compounds are less expensive,
easily available, easily solubility in water and safer
for the non-target animals than synthetic
molluscicides.
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ABSTRACT

The growth and some metablic activites of Anabaena circinalis, which were grown under different salinity
stress levels were followed and it has been found that these species can tolerate NaCl salinity to the
level of 80 mM and survived to the level of 0.5 M of NaCl. Higher doses of salinity caused reduction in
growth criteria (Absorbance, chlorophyll content) with the time elapsed, reduction of protein content, and
caused increasing in carbohydrate content, significance increasing in proline content was also recorded.
Addition of Ca*? to the salinized culture caused improvement in growth and improved K*/Na* ratio which
increase the osmoprotectant, as well as protect this organism from the toxic effect of NaCl.
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INTRODUCTION

Osmotic stress exerts alteration on cellular
activities, photosynthesis was commonly affected
by NaCl salinity. Due to such alterations exerted by
stress conditions, the soluble and insoluble organic
constituents were variably accumulated or
consumed. In this respect salinization was recorded
to affect nitrogen metabolism and consequently the
nitrogen compounds [1]. In particular the content of
free proline increased markedly under stress
condition [2].

Exogenous application of suitable concentration
of Ca*2 to the salinized media improved the growth
and consequently the relative metabolites and
retained the broken salt tolerance of many algae [3].
Also they found that the growth of Anabaena
subcylindrica and Nostoc linckia is markedly
inhibited with the rise of NaCl level. However,
marked growth stimulation was observed under
certain combination of NaCl and CaCl,. The
physiology of osmotic adjustment is not adequately
understood in Cyanobacteria. Additionally, the
beneficial effect of supplemented calcium still
complicated which different with the different dose
of calcium, the different salinity levels, algal
species, as well as the environmental conditions.
However there are still many points which need to
be studied to clarify the role played by Ca*? to
counter the adverse effects of NaCl salinization.

Thus the aim of the present study to follow the
salt stress and/or calcium on growth as well as
some metabolites of Anabaena circinalis.

MATERIALS AND METHODS

Anabaena circinalis was isolated from Great-
subgroup  Egyptian  soil sample (Entisols
Torriorthents, EOTT), for details Hifney et al. [4],
grown in gas wash bottle containing 250 ml BG11
modified medium [5] and continuously bubbled with
CO, enriched air (2% CO,) at 30°C, with continuous
light intensity of 120 yE m2 S-' under regular and
salinity stress condition as following: 40, 80, 160,
200, 300, 400, 500 mM salinization with or without
addition of 50, 100, 200, 300 ppm CaCl,.

Absorbance at 750 nm was measured and
Chlorophyll a content was determined according to
Lefort-Tran et al. [6] for six days to monitor the
changes in the growth conditions. The
photosynthetic activities in various treatments
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determined as an oxygen evolution in an oxygen
gas electrode after six days according to Michel et
al. [7]. The carbohydrates (total soluble, insoluble)
were determined using anthrone sulphoric acid
method [8-10]. Free amino acids were extracted
from algal suspension and colorimetrically
determined using the method of Lee and Takahashi
[11]. Protein contents (total, soluble, insoluble) were
determined as described by Lowry et al. [12] using
Folin reagent. Proline content was determined
according to Bates et al. [13]. The concentration of
Na*, K* was determined using flame photometer
[14] M71D type Nr/LPG 075. The data was obtained
by three independent experiments and measured
as means * s. error using Excel 2001 program
(statistical analysis).

RESULTS AND DISCUSSION

The result obtained in this study showed that A.
circinalis tolerate NaCl salinity to the level of 80 mM
NaCl and survived to the level of 0.5 M of NaCl,
(Fig. 1a and Table 1). The addition of NaCl caused
remarkable decrease in the growth criteria
(Absorbance at 750 nm, chlorophyll a content) with
increasing salinity and the time elapsed especially
at 500 mM NaCl as shown in Fig. 1a, 2a, this result
in accordance with Lee et al. [15] they found that
optimum growth of Porphyridium cruentum was
affected by the concentration of NaCl. Optimum
growth was found with salinities ranging between
0.45 M and 0.8 M NaCl, a further increased in
medium salinity to 1.5 M NaCl result in drastic drop
in algal growth. Ahmed et al. [16] found that
Chlorella vulgaris grown for 7 days in various levels
of NaCl exhibited a gradual growth reduction with
the rise of salinization levels.

This reduction in growth criteria at higher doses
of salt was also recorded by other investigators
using of other algae [3, 17, 18]. Loebich [19] found
that the cessation of pigment synthesis under salt
stress probably due to inhibition of the use of
radiant energy by the chlorophyll molecule and the
chlorophyll may be become oxidized and bleached
leading to lethal photodynamic reaction.

Addition of CaCl, to the normal media improved
growth criteria (Absorbance 750 nm and chlorophyll
a content) as shown in Fig. 1b, 2b, when compared
with those of the corresponding reference culture
(of the same osmotic level but containing only NaCl)
as shown in Fig. 1c, Fig. 2c. These results in
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Fig. 1. The interaction effect of different concentration of NaCl and CaCl, on growth (absorbance 750nm) of Anabaena

circinalis.
A: Culture grown under salinity stress
B: Culture grown with CaCl2 and without salinity stress

C: Culture grown under 120 mM NaCl with (50, 100, 300) ppm CaCl,
D: Culture grown under salinity stress without or supplemented with CaCl,(*)

accordance with those obtained by Mokhaled et al.
[3], Ahmed et al. [16] and Issa [17].

The photosynthetic activities (O,) evolution
increased progressively by increasing NaCl up to
the level of 80 mM NaCl, and then gradually
decreased by increasing the salinity stress
(Table 1). Allakhverdiev et al. [20] demonstrated that
salt stress due to 0.5 M NaCl inactivated both PSII
and PSI| mediated electron transport, in the
Cyanobacterium synechococcus sp. PCC 7942.
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Addition of CaCl, (300 ppm) enhanced the
photosynthetic activity and completely alleviated the
inhibitory effect of 300 mM NaCl (Table 1). In
accordance with this result Ahmed et al. [16]
observed decrease in cell number, dry weight, and
photosynthetic oxygen evolution in culture of
Chlorella vulgaris with the rise of NaCl level. They
also found that inclusion of Ca*? to the media
enhanced the growth of salinized cultures, the
maxima of cell number, dry matter, and pigment
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Table 1. The interaction effect of different concentration of Nacl and CaCl, on growth (chlorophyll a content),
photosynthesis and accumulation of Na*, K* and K*/Na* ratio of Anabaena circinalis.

Chlorophyll Photosynthesis Na' | K' K'/Na' ratio
Treatments (ng/ml algal (n mol 0,1/ ug
suspension) chlorophyllLh™) (mg/ml algal suspension)
control 6.35+0.45 643.13+0.036 0.095+0.002 2.14+0.053 22.50
40 mM NaCl 6.64=0.13 88B.75£0.87 0.105+0.009 2.21+0.040 21.05
80 mM NaCl 5.63=0.40 900.05£0.79 1.135+0.036 2.11+0.003 15.70
120 mM NaCl 4.03+0.23 586.9+£2.32 1.136+0.033 1.68+0.012 1.48
160 mM NaCl 3.72+0.07 404.03x£1.35 1.50£0.014 1.41+0.004 0.94
200 mM NaCl 3.57+0.24 342.10+2.09 2.03+0.022 1.21+0.023 0.60
300 mM NaCl 2.94+0.03 312.52+0.135 2.70+0.044 1.12£0.196 0.41
400 mM NaCl 2.62+0.02 269.20+1.03 4.90£0.081 0.82+0.004 0.17
500 mM NaCl 2.39+0.31 243.98+1.64 5.60+0.08 0.71x0.003 0.13
control* 7.23+0.05 792.50£11.3 0.042+0.001 2.88+0.256 68.6
120 mM NaCl* 5.96x0.05 780.40+0.28 0.11£0.002 2.24+0.045 20.4
160 mM NaCl* 5.92+0.13 670.33£0.75 0.22+0.006 2.42+0.004 11.00
200 mM NaCl* 5.93+0.25 668.75£0.17 0.52+0.04 2.41+0.097 4.60
300 mM NaCl* 4.90+0.40 591.70£0.95 0.81+0.043 2.3+0.089 2.84
400 mM NaCl* 330032 524.31+0.33 1.92+0.15 2.12+0.045 1.12
500 mM NaCl* 3.14=0.16 441.1240.55 2.324+0.21 2.7240.131 1.173

*Culture supplemented with 300 ppm CaCl,.

were recorded under a Na*/Ca*? ratio of 13.5. The
partial substitution of Ca*? for Na* improved
photosynthetic oxygen evolution, Issa [17] found
that Ca*? has a positive role in photosynthetic
oxygen evolution and dark oxygen uptake in salinity
stressed - Dunaliella cells supplemented with CaCl,,
in comparison to the culture containing NaCl alone.

The data for Na* and K* ion content reveal that
while NaCl salinity stress enhanced the
accumulation of sodium ion progressively (Table 1),
it retarded the accumulation of K* especially at
moderate and higher salt levels (Table 1). K*/Na*
ratio decreased progressively, which associated
with the marked reduction in growth criteria of A.
circinalis (Table1). This increase in Na* over K*
might be responsible for the break down of the salt
tolerance of A. circinalis as also recorded in
nitrogen fixing cyanobacteria [22]. Interestingly,
CaCl, reversed these trends; while Na* content was
reduced markedly, K* content was enhanced
progressively in CaCl, treated salinized-culture as
compared with that of only NaCl treated culture as
given in (Table 1). Our result also in accordance
with [3] who found that Na* ions accumulated in
Nostoc linckia and Anabaena subcylindrica by
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increasing salinity and the cultures showed
progressive increase with increasing the incubation
time, he also found that the addition of CaCl, to the
salinized culture caused remarkable decrease in the
Na* ions accumulation in both organisms as
compared with salinized culture. Thus CaCl,
treatment partially alleviated the inhibitory effect of
salinity of A. circinalis which found to be associated
with the marked and progressive increase in K*/Na*
ratio and consequently the growth yield.

Kaushik and Nagar [23] found that when
halotolerant Cyanobacterium Westiellopsis prolifica
grown in graded concentration of NaCl up to 350
mg/L, there was a progressive increase in Na*
uptake up to 350 mg/L of NaCl. In accordance with
the present result [24] and [3] reported that Na*
exclusions achieved primarily by curtailment of net
Na* uptake, appears to be important mechanisms of
combating salt stress in Cyanobacteria. Calcium is
an important factor in the resistance of plants to
salinity. Abdel-Basset [25] found that Ca*2 in certain
ratios to Na* reversed most of NaCl stress
symptoms in Chlorella vulgaris.

Carbohydrate content (soluble, total) tended to
increased up to the level of 80 mM NacCl, and then
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Fig. 2. The interaction effect of different concentration of NaCl and CaCl, on concentration of chlorophyll a of Anabaena
circinalis

A: Culture grown under salinity stress

B: Culture grown with CaCl, and without salinity stress

C: Culture grown under 120 mM Nacl with (50, 100, 300) ppm CaCl,

D: Culture grown under salinity stress without or supplemented with CaCl,(*)
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reduced severely by the further increasing of the
salt (Table 2). This could be due to the alteration on
cellular activities, photosynthesis which commonly
affected by NaCl, Osmotic adaptation in most
organisms involves intracellular accumulation of
low-molecular-weight organic solutes or inorganic
ions. Among Cyanobacteria, carbohydrates such as
glucosylglycerol, sucrose [26] and trehalose [27]
along with the quaternary ammonium compound
glycine and betaine [27] constitute the major
internal osmotica during salt stress. Biochemical,
physiological and genetic studies have revealed
how cyanobacteria are able to adapt to high salt
environments, initially by active ion export followed
by accumulation of compatible solutes [28, 29].

Protein content (soluble, total) slightly increased
by the effect of NaCl up to the level of 80 mM and
then reduced with increasing salinity levels (Table
2). This result in accordance with Hagemann et al.
[30] who demonstrated that salt stress by NaCl
reduced the synthesis of most protein to
approximately 30% to 35% of the control level,
moreover Mikkat et al. [31] observed that addition of
NaCl at concentration of 513 mM, caused gradually
decrease in the protein content of the
Cyanobacterium synechocystis sp. The immediate,
or shock, responses include the accumulation of
compatible solutes and active export of inorganic
ions, with these being regarded as largely protein
synthesis independent [25].

Treatment with CaCl, resulted in a remarkable
increase in content of both carbohydrate and
protein (Table 2). At the level of 0.5 M NaCl and
treated with 300 ppm CaCl,, protein content was
around 3 fold compared to the culture treated with
0.5 M NaCl only (Table 2). On the other hand,
inhibition of protein by accumulation of NaCl alone
may be attributed its inhibitory effect on the
enzymatic reaction responsible for protein
biosynthesis [18, 32].

On the other hand the concentration of free
amino acids increased by salinity stress (Table 2).
Stewart et al. [33] found that salinity stimulated the
conversion of saccharide to amino acids and/or
inhibit amino acids incorporation into protein [34].

Proline content was negatively correlated with
the growth of A. circinalis. That while the growth
was considerably reduced the proline content
increased progressively by the salt stress.The
highest accumulation of proline was recorded at
the highest salinity level used (500 mM NaCl), at
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this level proline content was 5 fold that of the
absolute control (normal culture) (Table 2).
Calcium treatment retarded the accumulation of
proline and other free amino acids especially at the
high doses of the salt compared with the
corresponding salinized cultures (Table 2). In CaCl,
treated culture the improved growth was
accompanied with the pronounced retardation in
proline, it was reduced by 1.5 fold at the level of 500
mM NaCl supplemented by 300 ppm CaCl, as
compared with the corresponding level of the only
NaCl stressed culture. Hifney et al. [4] and Ahmed
et al. [16] found also the addition of 0.05 M CaCl, to
NaCl-treated culture caused significance recovery
of the biosynthesis of all amino acid of Nostoc
linckia and Anabaena subcylindrica, thus the
addition of Ca*? seems to countered the toxic
effects of Na* [25, 35]. The protective action of
calcium in stressed plant could be achieved through
membrane stability [36]. Low calcium increased
membrane permeability at high external NaCl [37].
Also Leopald and Willing [38] found that calcium
served partially to protect tissue from NaCl damage
and lessens the leakiness of organic metabolites.
Therefore it can be generalized that calcium relief
occurs in the following sequence stabilization and
repaired NaCl damage membranes (including
thylakoids), less uptake of Na* (less toxicity) and
preservation of cell metabolites from leakiness.

CONCLUSION

It can be reported that in Anabaena circinalis
soluble saccharide, amino acids, and protein
seemed to be the organic solutes used for osmotic
adjustment under moderate salinization while the
contribution of proline to osmotic adjustment in salt
stressed A. circinalis up to the level of 80 mM NaCl
seemed to be insignificant). Besides osmoregu-
lation proline probably serve to improve salt
tolerance in plant cell [39].

The addition of Ca*? to the salinized cultures of

A. circinalis improved K*/Na* ratio which
consequently increased the osmoprotectant
(soluble  saccharides, proteins, K*)  which

consequently improved the growth of this algae
and protect the organism from the toxic effect of
NaCl.
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Chemical composition and amino acid profile
of Sardinella longiceps collected from Western
coastal areas of Kerala, India
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ABSTRACT

The proximate, mineral composition, moisture content, fatty acid and amino acid profile of Sardinella
longiceps has been investigated. Four different forms of same sample were taken for various analyses.
They were sardine fresh meat (SFM), sardine cooked meat (SCM), sardine whole extract (SWE) and
sardine cooked dried meat (SCDM). Amino acid profiles of the samples showed that cystine and
arginine was lost due to oxidation and absorption in the SCM and SCDM samples, during the cooking
process. The amino acid tryptophan was analyzed separately due to its tendancy to degrade in acidic
medium. It was found that tryptophan was present in high level in the SCDM samples. The moisture
content of SFM and SCM was 64.8% and 55.7% respectively. SWE and SCDM had negligible moisture
content. The total crude protein content in SFM was little less than SCM. And protein content was 23.63%
in SFM and incase of SDM, it was 29.31%. The crude protein content in SWE was 2.22% and in SCDM,
it was negligible. The crude fat content in SFM was 41.25% and in SCM, it was 46.25%. No trace of
crude fat content was seen in SWE, but SCDM showed an appreciable amount of 37.15% crude fat
content. Ash content estimation of five different samples including of bone were done. The ash content
was maximum (27.48%) in bone. The ash content in SFM, SCM and SCDM was 3.94%, 2.49% and
1.77% respectively. SWE showed negligible ash content. Potassium content was found to be maximum
in all the samples except bone. Mineral study showed potassium content was maximum in all the
samples except in bone, where percentage of calcium was analyzed as maximum.
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INTRODUCTION

Fishes are nutritious fooditems and are
comparatively less expensive meat source
available. Health benefits related to fish

consumption are due to the presence of proteins,
unsaturated essential fatty acids, minerals and
vitamins. The poly unsaturated fatty acids (PUFA),
especially w-3 PUFA in fish are known for their
hypocholestermic activity. These nutritional qualities
have stimulated increasing demand for fish,
worldwide.

Information on biochemical composition of fish
finds application in several areas. Today people are
more conscious about health foods and fish has got
wide acceptance because of its special nutritional
qualities. Fish and fishery products finds application
as animal feeds. Formulation of such products
needs proper data on the biochemical composition.
Processing and preservation of fish and fishery
products also need correct information on
biochemical composition. Information on the
biochemical constituents will enable a processing
technologist to identify the best possible processing
and storage conditions, so that the quality is
preserved to the maximum degree.

The four major constituents in the edible portion
of fish are water, protein, lipid (fat or oil) and ash
(minerals). The analysis of these four basic
constituents of fish muscle is often referred to as
proximate analysis [1]. Even though data on
proximate composition are critical for many
applications and investigations on these lines had
been carried out from as early as the 1880s [2].
Reliable data on proximate composition of most of
the species of fish are difficult to obtain. Stansby [3]
had observed that proximate composition was
considered to be such an elementary sort of thing
that it did not receive due attention from scientist.
Even after 40 years, the situation is not different as
far as many species of fish are concerned.

But this is not the only or basic reason for the
absence of accurate and reliable data on
biochemical composition of fish. Fishes are very
heterogeneous and highly specialized group
evolved through biochemical adaptation and
evolution, consisting approximately of 24.000
species, showing extreme variations in size, shape,
appearance etc. The habitat and food intake of
these species are equally diverse. Some species
are exclusively marine while some are confined
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to fresh water habitats. Some survive in marine as
well as fresh water environments. Some marine
species migrate to fresh water for spawming. The
widely different environmental conditions of
temperature, salinity, pressure, availability of food
etc, profound influence on the biochemical
composition. There may be group specific or
even species difference in the biochemical
composition. Even within a species, variations occur
for individual fish or lots of fish taken at different
times or under different conditions [3]. Another type
of variation in proximate composition occurs
between different parts of the same fish. There is
generally an increase in the oil content of the
muscle from the tail portion towards the head.
Similarly the light and red muscle will vary in the
biochemical composition. It is against this
background that we have to view the data on the
biochemical composition of fish. Data available in
literature for the proximate composition of individual
species will only indicate the range or average
values and these are not usually taken as absolute
values.

Today there is an ever increasing awareness
about healthy food and fish is finding more
acceptance because of its special nutritional
qualities. In this context a proper understanding
about the biochemical constituents of fish has
become a primary requirement for the nutritionists
and dieticians. The important health benefits of fish
is due to the presence of polyunsaturated fatty acid
(PUFA), hypocholestermic activity. But when we
consider India, the consumption of these kind of fish
are very less, since the nutritional value of such
type of fish has not yet studied completely and
deeply. Therefore it is necessary to elucidate the
major biochemical components like proximate
composition, fatty acid composition and cholesterol
content. And here we made a comparative study of
Sardinella longiceps. Hence the main objective of
this present study is:

- to estimate amino acid and
composition
- to determine the proximate composition.

The outcome of this study is expected to help in
the elucidation of exact nutritional constituent
and the nutritive value available in fishes.
Furthermore, it is presumed that when the people
become aware of fish essential nutrients, it may
result in the increased consumption of these
kinds of fish in diet, ultimately escorting them for a

tryptophan
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healthy life.

MATERIALS AND METHODS

Sample collection

Specimen selected for the present study were
Sardinella longiceps collected from Western coastal
areas of Kerala, India. Four different forms of same
sample were taken for various analyses. They were
sardine fresh meat (SFM), sardine cooked meat
(SCM), sardine whole extract (SWE) and sardine
cooked dried meat (SCDM).

Chemical analysis of samples

Analysis of amino acids except tryptophan was
done by standard methods of HPLC. The amino
acid tryptophan was analyzed separately due to its
tendancy to degrade in acidic medium. Tryptophan
was analyzed by standard spectrophotometry
method [4].

Proximate analysis

In proximate analysis four major constituents of
edible portion of the fish; water, protein, fat and ash
was analyzed. Proximate composition was
determined as per AOAC [4] method (official
analysis for proximate composition documented by
Association of Official Agricultural Chemists). The

35

minerals like Na, K and Ca are estimated using
flame photometer after dissolving the ash in dilute
HCI. The reading is compared against standard
solutions of the respective minerals.

RESULTS

Amino acid analysis

The amino acid content in different samples was
analyzed. Each amino acid composition in SFM
was comparatively more than other samples.
Cysteine was totally absent in all the samples.
Arginine was absent in SFM but was present in
comparable large amount in other three samples.
Of all the amino acids, percentage content of valine
was maximum in SCM (Fig. 1). The amino acid
tryptophan was analyzed separately due to its
tendancy to degrade in acidic medium. It was found
that tryptophan was present in high level in the
SCDM samples (Fig. 2).

Proximate analysis

As a part of proximate composition, moisture
content, crude protein content, crude fat content
and ash content of the four different samples were
analyzed. The moisture content of SFM and SCM
was 64.8% and 55.7% respectively. SWE and
SCDM had negligible moisture content. The total

30

—H

Percentage of Amino acids

Fig. 1. Analysis of amino acids except tryptophan in SWE, SFM, SCM and SCDM.
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Fig. 6. Percentage of crude fat content in SCM, SFM,
SWE, SCDM.
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crude protein content in SFM was little less than
SCM. The crude protein content in SFM was 23.63
% and incase of SDM, it was 29.31%. The crude
protein content in SWE was 2.22% and in SCDM, it
was negligible. The crude fat content in SFM was
estimated as 41.25% and in SCM, it was 46.25%.
No trace of crude fat content was seen in SWE. But
SCDM showed an appreciable amount of 37.15%
crude fat content. Ash content estimation of five
different samples including of bone were done. The
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Fig. 7. Na, K and Ca content in SCM, SFM, SWE, SCDM.

ash content was maximum in bone with a
percentage of 27.48. The ash content in SFM, SCM
and SCDM was 3.94%, 2.49% and 1.77%
respectively. SWE showed negligible ash content
(Fig. 3-6).

Mineral concentration analysis

Sodium, potassium and calcium content was
examined in SFM, SCM, SWE, SCDM, bone.
Potassium content was found to be maximum in all
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the samples except bone, where percentage of
calcium was analyzed as maximum. Calcium
content in other samples were comparatively less

(Fig. 7).

DISCUSSION

The chemical composition of fish varies greatly
from one species and one individual to another
depending on sex, age, environment and season.
Therefore a substantial normal variation is observed
for the constituents of fish muscle.

During starvation periods, the fish uses the
energy depots in the form of lipids and also may
utilize protein, thus depletion of these reserves
results in a general diminution of biological
condition [5]. This condition will influence the quality
of the different fish products and it will condition the
yield and process efficiency. Therefore, the
knowledge of proximate composition of fishery
species has fundamental importance in the
application of different technological processes
[6-8].

The efficiency of a fish diet is dependent on its
balance in relation to the specific requirements of
the fish species. Nutrient requirement differences
exist between species, particularly in relation to the
amino acid composition [9]. Knowledge about the
actual amino acid requirements of fishes would be
very useful for an appropriate diet formulation and,
as a consequence, a better growth performance,
yield and higher nutritive value.

The knowledge of the amino acid, minerals and
proximate composition for important fish species is
desirable, due to the recent dietary and medical
emphasis on the role of these nutrients in human
health. Despite high demand, commercial value and
wide availability of these fish species, there is a
need to obtain precise data on their chemical
composition because no such data is available for
these fish in the study area where these fish are
regularly consumed. This study is likely to open
new areas of research as the knowledge of
biochemical and proximate compositions of fish
species is of fundamental importance in the
application of different technological processes in
fish  preservation, processing and product
development of high added values.

The ash content obtained in the bones was high.
This is due to the high level of chitin strengthened
by a high level of calcium metal in the exoskeleton
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of M. vollenhovenii and the shell of T. fuscatus [10]
and the high ash content is of significance in
measuring the mineral content of the species as the
amount of ash shows the richness of the food in
terms of element composition [11]. The moisture
content of SFM and SCM was 64.8% and 55.7%
respectively. SWE and SCDM had negligible
moisture content [12]. Knowledge of the moisture
content of foodstuff serves as a useful index of their
keeping qualities and susceptibility to fungi infection
and a low moisture content in both species is
advantageous in terms of their shelf-life [13].

CONCLUSION

The present work revealed that the Sardinella
longiceps is a good source of proteins, aminoacids
and also significant amount of minerals.
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ABSTRACT

Physiological adjustments to enhance tolerance or avoidance of drought were studied in three desert
plants growing in Wadi Natash (Eastern Desert, Egypt). Studied plants (Zilla spinosa (L.) Prantl, Citrullus
colocynthis (L.) Schrad and Morettia philaeana (Dalile) DC.) were collected from four stands. Cell sap
osmotic potential, some organic (soluble sugars, total free amino acids, and soluble proteins) and
inorganic (Ca?*, Mg?*, Na*, K*, ClI- and SO,?%) solute concentration were determined. In addition, cover
degree of investigated species (according to the cover-abundance scale of Braun-Blanquet) was also
estimated. Substantial osmotic adjustment (up to -1.71 MPa) was observed in Z. spinosa collected from
stand 4. Z. spinosa was dependent on soluble sugars, soluble proteins, free amino acids, SO,>, K*, CI-
and Mg?* to readjust their internal osmotic pressure and to improve its water status. It preferred Mg2*
more than the two other species. C. colocynthis accumulated inorganic solutes more than Z. spinosa
and less free amino acids. The results suggest that osmotic adjustment was the main water relationship
adaptation to cope with drought. Accumulation of soluble sugars, soluble proteins, K*, CI- and SO, at
higher concentration often assist in turgor maintenance and helped to enhance drought tolerance.
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Abbreviations: a.s.|. = above sea level, Chl = chlorophyll,
OP = osmotic potential, SP = soluble proteins, SS = soluble
sugars, TAA = total free amino acids, C. colocynthis =
Citrullus colocynthis, M. philaeana = Morettia philaeana,
Z. spinosa = Zilla spinosa.

INTRODUCTION

Most plants are exposed to water stress due to
extreme soil water deficits in arid and semi arid
environment. The survival of land plants in such
areas relies on the availability of water and their
adaptation under stress [1]. Drought resistance is a
complex trait involving several interacting properties
[2-4].

The adaptation in desert plants is due to their
ability to maintain their turgidity and water uptake.
The most important mechanism to maintain the
plant water potential more negative than the
external medium to insure the water uptake is the
ability of plants to accumulate the inorganic solutes
in high quantities inside their tissues [5-9]. The
plants also tend to accumulate the most compatible
solutes in cytoplasm to balance the osmotic
pressure inside the cells, especially by increasing
their content of organic solutes [7].

Wadis are the most widespread ecosystems in
the mountainous desert of the world [10]. The wadi
system is an extreme case of a temporary
inundated ecosystem in which the duration of
flooding is shorter than the dry period [11]. Various
habitats can be identified in a wadi: channels, bars,
banks, etc. [12]. A wadi system embraces all the
biotypes and related biocenases found in arid or
hyper arid zones [10, 13].

The Egyptian Eastern Desert extends eastwards
from the Nile Valley up to Red Sea. It is located on
an Eocene calcareous substratum more than 1000
m thick [14], at the junction of the Sahara and
Arabian Desert. The origin of wadi courses can be
understood in the context of palaeoclimatic history.

Zilla  spinosa:  blue-green  dichotomously
branched plant with stiff spinescent branches and
soon deciduous fleshy leaves. Plant typically 50-60
cm high with 8-10 mm broad pod. Z. spinosa is very
widely distributed in the Egyptian deserts. Many
glycosides and volatile oil have been isolated from
it's aerial parts. Zilla spinosa is used by the natives
for the treatment (expels) of the kidney stones [15].

Citrullus colocynthis: prostrate, very scabrid
herbs with long trailing branches. Young fruits fleshy
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mottled with dark-green, turning dry and yellow
when ripe, extremely bitter in taste. C. colocynthis is
a medicinal plant with edible seeds. It found wild on
the sandy lands. Many glycosides and fixed oil have
been isolated from it. Most parts of C. colocynthis,
especially fruits are used, to treat numerous
diseases [16].

Morettia philaeana: a perennial, yellowish green
herb. Tomentose, with scabrous little stellate hairs.
Stem 20-80 cm long. Leaves oblong-elliptic with
short petiole. Flowers white and yellow inside. It is
confined to stony and sandy wadis and plains,
muddy and moist ground. It is used for grazing [17].

Ecophysiological studies have been powerful in
elucidating plant function and identifying traits that
are adaptive in specific environmental conditions
[18]. Therefore, in this study we focus on some
ecophysiological aspects of three of the most
common dominant plants in Wadi Natash, Eastern
Desert, Egypt to understand the possibility of
osmotic adjustment as well as the physiological
adaptional traits adopted by these plants to resist
drought in desert environment. Accordingly, cell
osmotic potential, some organic solutes (soluble
sugars, total free amino acids, and soluble proteins)
and inorganic solutes (Ca%*, Mg?*, Na*, K*, Cl- and
SO,%) were estimated to study their role in
adjustment. In addition, cover degree of the species
and physicochemical properties of Wadi Natash soil
were studied.

MATERIALS AND METHODS

Study area

Wadi Natash is one of the main valleys in the
south Eastern Desert (Fig. 1) emanating from the
Red Sea Mountains to the west of the watershed
i.e. draining generally towards the Nile Valley
westward. The upstream side of the wadi lies at
latitude 24° 40° N and longitude 34° 30’ E at an
average altitude of 450 m a.s.l. while reaches south
of the elongated hill of Gebel EI Nuqura an altitude
of 230 m a.s.l. The wadi collects the water of many
effluents which join it along its meandering eastern
course for about 80 km.

Plant and soil sampling

Zilla spinosa (L.) Prantl, Citrullus colocynthis (L.)
Schrad and Morettia philaeana (Dalile) DC. and the
surrounding soil were collected from four stands
(20x20 m) in Wadi Natash in the southern part of
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Fig. 1. Location map of sampling stands in Wadi Natash,
Eastern Desert, Egypt.

Eastern Desert in January 2011. The species
included in this work were selected according to two
criteria: coverage and abundance. Samples in
triplicate from different studied plants were collected
and identified according to Tackholm [19] and
Boulos [20].

In each stand the cover degree of investigated
species was recorded according to the Braun-
Blanquet approach [21].

Sample preparation and measurements

Plant shoots and soil samples were dried in an
aerated oven at 70°C for plants and 105°C for soils
to constant mass and the water content was
calculated on dry weight [DW] for soil and on fresh
weight [FW] for plants materials.

Different fractions of soil samples
separated by dry sieving methods [22].

Water extracts (1:5 ratio with air dry soil) were
prepared to meet the requirement for different
determination.

The oven dry plant sample was ground and
powdered, to pass a 60 mesh screen and kept in a
desiccator. Exactly, 0.5 g powder sample was taken
and extracted in 25 ml distilled water by heating at
90°C in a water bath for two hours and centrifuged
at 2000 r.p.m. for 15 minutes.

The osmotic potential of shoot extracts was
measured by using 800 Cl Osmometer.

Chlorophyll a and b contents were measured
spectrophotometrically [23]. Soluble sugars were
determined according to Buysse and Merckx [24].

In the plant extract soluble proteins and total free
amino acids were determined according the
procedures described by Lowry et al. [25] as well as
Lee and Takahashi [26], respectively.

Sodium and potassium were analyzed by flame
technique. In this respect flame photometer M7D

were
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was used. Chloride content was determined by
AgNOQ, titration methods as described by Johnson
and Ulrich [27]. Calcium and magnesium were
determined volumetrically by versene titration
method [28]. Sulphate contents were determined by
a turbidemetric technique as BaSO, using barium
chloride and acidic sodium chloride solution
according to Bardsley and Lancaster [29].

The significant differences between the plants in
response to collection site differences were
determined by analysis of variance [30].

RESULTS

Soil analysis
Physicochemical characters of Wadi Natash soil
were represented in table 1. The pH values
fluctuated in the basic range. Generally non
significant differences in soil pH due to location
changes were noticed. The lowest pH value was
recorded at stand 1 and the highest was at stand 3.
Electric conductivity values ranged between 24.83
mScm-! at stand 3 and 26.97 mScm" at stand 4.
The soil texture was sand, clay and silt loam in
the four collection stands. The percentages of
organic matter were 1.13, 1.15, 1.03 and 1.00% at
stand 1, 2, 3 and 4, respectively. Soil water content
varied from 0.53% at stand 2 to 2.09 % at stand 4.
Altitude of 403 m.a.s.l. was recorded at stand 4 but
the lowest altitude (251 m a.s.l.) was at stand 1.
Contents of Na*, K*, Ca?*, Mg?*, CI, and SO,% in
the soil were illustrated in table 1. According their
concentrations, the mineral elements were arranged
in the following order: Cl- > Mg?* > Ca?* > Na* > K*.
Generally, Na* content were higher than those
of K*. The maximum value of Na* was recorded at
stand 3 but the minimum value was detected at
stand 2. Potassium content ranged from 0.022 mg g
DW at stand 2 to 0.042 mg g' DW at stand 1.
Calcium contents were lower than those of Mg2*
(stand 1 was an exception) and were fluctuated
according to the collection stand differences. Their
contents ranged from a minimum of 0.133 mg g
DW at stand 4 to 0.233 mg g' DW at stand 1. The
highest Mg?* content was recorded at stand 2 but
the minimum value was noticed at stand 1. The
lowest chloride content (0.824 mg g' DW) was
recorded at stand 3 and the highest value (1.269
mg g' DW) was at stand 4. Sulphate contents
ranged from a minimum of 0.35 mg g-' DW at stand
2 to a maximum of 4.90 mg g' DW at stand 1.
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Table 1. Physicochemical properties of soil samples from different stands in Wadi Natash. Data are means of three
replicates + SE.

Parameters Stand 1 Stand 2 Stand 3 Stand 4
Gravel [%)] 0.15+0.01 6.78+0.21 6.78+0.31 6.78+0.28
Coarse sand [%] 2.2440.12 26.71+1.21 13.72+0.98 22.37+1.34
Fine sand [%] 6.80+0.36 14.91+0.93 7.65+0.52 18.37+0.83
Silt [%] 67.05£1.25 35.38+1.48 52.74+1.93 48.71£1.42
Clay [%] 23.70+0.93 11.22+0.64 20.73+1.11 5.27+0.21
WC [%] 0.68+0.02 0.53+0.01 0.7320.03 2.09+0.04
OM|[%] 1.13+0.12 1.15+0.09 1.0320.06 1.00+0.03
pH 7.75+£0.21 7.93+0.22 8.04+0.19 7.97+0.18
EC [mSem™] 25.17+1.32 25.17+0.93 24.83+0.85 26.97+0.63
K' 0.042+0.001 0.022+0.002 0.024+0.001 0.029+0.001
Na' 0.063£0.002 0.050+0.001 0.070+0.000 0.054+0.001
Ca™ 0.233+0.01 0.200+0.01 0.167+0.02 0.133+0.02
Mg* 0.060+0.01 0.420+0.04 0.320+0.02 0.280+0.02
cr 0.881+0.02 0.940+0.03 0.824+0.02 1.269+0.06
SO.* 4.90+0.12 0.35+0.01 0.86+0.02 3.19+0.09

Explanations: WC — water content, OM — organic matter, EC — electric conductivity. Contents of ions were

expressed in mg g' DW.

Table 2. F-values for physicochemical properties of soil samples from different stands in Wadi Natash.

pH EC Na~ K’

{5

da

p s

Mg Cr SO WC

Soil

405 477 302 279

2.88

46.02%*% 2741% 279  17.56**

Explanations: EC — electric conductivity, WC — water content, ** — significant at 1% confidence

level.

The effects of collection stand differences on the
mineral contents as indicated by F value (table 2)
were statistically significant for Mg2*, Cl and soil
water content.

Plant analysis

The cover degree estimation for the three
studied species (table 3) show that the share of
these species varied with stands. Z. spinosa and
C. colocynthis were the dominant plants with
high coverage at stands 1-3, but at stand 4
C. colocynthis was not recorded.

Chlorophyll a and b contents were higher in
C. colocynthis than in the two other studied plants
(table 4). Chlorophyll a content was varied from
0.27 mg g' FW of leaves in Z. spinosa at stand 2 to
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1.35 mg g' FW in C. colocynthis plants grow at
stand 1.

Shoot water content (table 4) showed great
variation with collection stand difference in
C. colocynthis and Z. spinosa but in M. philaeana
the change in water content was slight (stand 4 was
an exception). In general, plants growing at stand 4
had higher water content than those collected from
the other stands. The effects of collection stand
changes on the contents of chlorophyll and water
status (as indicated by analysis of variance table 5)
were statistically significant for the three studied
plants.

The studied plants show a clear response in
their osmotic potential to their arid environment
(table 4). The highest shoot osmotic potential
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Table 3. The cover degree of investigated plant species in four stands of Wadi Natash.

Species Stand 1 Stand 2 Stand 3 Stand 4
Zilla spinosa 4 3 4 3
Morvettia philaeana 2 2 1 2
Citrullus colocynthis 3 3 3 -

Table 4. Changes in chlorophyll (Chl a, Chl b) contents (mg g FW of leaves), shoot water content (WC, %), osmotic
potential (OP, MPa), soluble sugar (SS), soluble protein (SP) and total free amino acid (TAA) contents ( mg g' DW) of
C. colocynthis, M. philaeana and Z. spinosa plants. Data are means of three replicates + SE.

Parameters Species Stand 1 Stand 2 Stand 3 Stand 4
Citrullus 1.35+0.02 0.85+0.02 0.89+0.03 -
Chla Morettia 1.29+0.03 0.21+0.01 0.47+0.02 0.75+0.02
Zilla 0.87+0.01 0.27=0.01 0.40+0.01 0.88=0.03
Citrullus 0.52+0.01 0.17=0.01 0.80+0.02 -
Chlb Morettia 0.39+0.01 0.14=0.01 0.13+0.01 0.12+0.02
Zilla 0.84+0.02 0.19+0.01 0.23+0.02 0.36=0.03
Citrullus 64.63£1.02 76.28+2.01 86.04+2.03 -
wC Morettia 76.20=0.93 97. 56=1.93 75.83£2.11 87.31£2.12
Zilla 62.03+1.11 7291+1.32 87.25+1.98 93.55+1.99
Citrullus - 1.37+0.04 - 1.20+0.05 -1.25+0.01 -
op Morettia -1.34+0.03 -1.21+0.01 -1.23+0.02 - 1.45+0.03
Zilla - 1.32+0.02 - 1.28+0.02 - 1.24+0.03 - 1.71£0.02
Citrullus 27.14+£2.11 23.27+1.99 68.72+2.32 -
SS Morettia 7.83£0.98 13.57+0.85 5.33+0.12 5.80£0.20
Zilla 23.27£1.25 19.73+0.74 7.99+0.56 11.83+0.32
Citrullus 44.21£2.01 36.38+0.99 62.20£2.73 -
SP Morettia 30.91£1.98 3196£1.23 25.90+1.85 37.17£1.05
Zilla 35.94£2.11 47.11£2.16 50.38+0.96 69.81£2.13
Citrullus 3.18+0.1 2.49+0.09 7.50+0.21 -
TAA Morettia 8.22+0.25 2.87+0.06 8.15+0.19 17.97£1.04
Zilla 5.66+0.22 4.08+0.05 8.89+0.23 15.33+0.99
reached about -1.71, -1.45 and -1.37 MPa in C. colocynthis had higher soluble sugars than the
Z. spinosa, M. philacana and C. colocynthis, two other species at all study stands.

respectively. The lowest osmotic potential was
recorded in C. colocynthis at stand 2.

In M. philaeana soluble sugar content (table 4)
showed limited range of variation in response to
location changes (stand 4 was an exception).
Mostly non significant differences in soluble sugars
were noticed between plants collected from different
stands as indicated by analysis of variance (table 5).
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Soluble proteins contents (table 4) ranged
between 25.90 mg g' DW in M. philaeana at stand
3 and 69.81 mg g' DW in Z. spinosa at stand 4.
Total free amino acids (table 4) were generally
lower than soluble sugars and soluble proteins. Its
content fluctuated between 2.49 mg g' DW in
C. colocynthis and 17.97 mg g' DW in M. philaeana.

The major elements contents in the studied
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Table 5. F-values for chlorophyll (Chl a, Chl b), shoot water content (WC), osmotic potential (OP), soluble sugars (SS),
soluble proteins (SP), and total free amino acids (TAA), Na*, K*, Ca?*, Mg?*, CI-, SO, in three desert plants (C. colocynthis,

M. philaeana and Z. spinosa) sampled from different stands in Wadi Natash.

Parameters Zilla spinosa Movettia philaeana Citrullus colocynthis
Chla 101.03%* 18.32% 73.62%%
Chlb ST8%% 138.93%* 12.33*
wC 137:32%% 68.98** 453 91**

SS 2T 16%% 4.99 22.BOx%
SP 23.94%%* 4.88 6.81
TAA 15.51%% 149.19%* 46.02%*
Na* 7.38 2.58 250.00%%*
K" 19.32%* 12.35* 62.89%*
Ca? 22.20** 4.16 264.58%%*
Mg* 24,71%* 6.35 6.90
cr 199.39** 0.41 0.90
SO~ 0.08 64.47%* 0.59
opP 12.18* 12.09* 10.28*

Explanations: * - significant at 5% confidence level; ** - significant at 1% confidence level.

Table 6. Contents of Na*, K*, Ca?*, Mg?*, Cl, SO,% (mg g' DW) of Citrullus colocynthis, Morettia philaeana and Zilla
spinosa plants sampled from different stands in Wadi Natash. Data are means of three replicates + SE.

Parameters Species Stand 1 Stand 2 Stand 3 Stand 4
Citrullus 1.50+0.02 1.50+0.01 2.00+0.03 -
Na™ Morettia 1.33+£0.04 3.17+0.06 1.50+0.01 1.67+0.02
Zilla 1.00+0.05 2.00+0.04 0.50+0.01 3.00+0.06
Citrullus 23.37+1.34 15.60+0.89 31251 01 -
K Morettia 24.67x1.56 18.12+0.96 20.25+1.03 40.00£2.01
Zilla 21.80+1.11 22.50+1.12 24.57+0.99 55.80+2.23
Citrullus 19.33+1.23 20.00+0.84 6.00+0.12 -
Ca® Morettia 30.33£1.96 23.67+1.02 24.67+2.05 33.00+1.42
Zilla 14.330.68 9.67+0.73 17.67=1.63 40.33+1.98
Citrullus 9.60+0.56 9.40+0.62 5.40+0.42 -
Mg Morettia 13.80=0.98 4.80+0.31 9.00+0.68 13.20=0.69
Zilla 8.93+0.54 2.60£0.25 7.40=0.37 4.07+0.28
Citrullus 38.46+2.03 28.99+1.42 31.95+1.02 -
G Morettia 20.71x1.98 18.34+0.93 21.30+1.11 23.08<1.11
Zilla 9.47+0.63 23.96+1.50 12.43+0.75 47.90+2.32
Citrullus 85.79+£2.35 116.19+£3.11  100.02+£2.51 -
SO” Morettia 124.66+3.42 105.60+£2.03 137.67+2.86 113.72+142
Zilla 104.23+1.98 100.34+2.15 118.94£2.01 107.43£1.89
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plants were illustrated in table 6. Sodium
concentration ranged between 0.4 mg g' DW (in
Z. spinosa at stand 3) and 3.17 mg g' DW (in
M. philaeana at stand 2). Both Z. spinosa and
M. philaesana recorded high accumulation value of
K*. The contents of K* fluctuated from 15.6 mg g-'
DW in C. colocynthis (stand 2) to 55.08 mg g' DW
in Z. spinosa at stand 4.

The range of Ca?* (table 6) varied up to
six-fold with values between 6.00 mg g' DW in
C. colocynthis at stand 3 to 40.33 mg g' DW in
Z. spinosa at stand 4. M. philaeana and Z. spinosa
showed high contents of Ca?* than C. colocynthis.
Magnesium content showed limited range of
variation in response to collection stand changes.
Mostly non significant differences in Mg?* contents
were noticed in M. philaeana and C. colocynthis
plants collected from different stands (table 5). On
the contrary, contents of Ca2?* were significantly
affected by collection stand differences in Z. spinosa.

The minimum and the maximum chloride values
(table 6) were recorded in Z. spinosa collected from
stand 1 and 4, respectively. According to the main
Cl values of all stands the studied plants can be
arranged in the following order:

C. colocynthis > M. philaeana > Z. spinosa.

Although the SO,% contents (table 6) in the
soil were small, the studied plants showed high
content of SO,>. The range of SO,> showed great
variation with a minimum of 100.02 mg g' DW in
C. colocynthis at stand 3 and a maximum of 157.67
mg g' DW in M. philaeana in the same stand.

DISCUSSION

To overcome the external stresses as salinity or
water deficiency, the plants tend to readjust their
internal osmotic pressure [9]. Osmotic adjustment
is considered as one of the most important
adaptations of plants to drought, because it allows
plants to maintain water absorption, cell turgor and
metabolic activity during periods of drought stress,
and also enables quick resumption of growth when
water becomes available again [4, 31].

The adaptation of the three investigated plants
to the arid environment in term of osmotic
adjustment was documented in this study.
Substantial osmotic adjustment (up to -1.71 MPa)
was observed in Z. spinosa. To overcome the soil
water deficiency, the plants tend to reduce their
internal osmotic potentials through accumulation of
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osmotically active metabolites (e.g. soluble sugars),
inorganic solutes (K*, Ca?*, Mg?*, and CI) and
improved water retention properties through the
accumulation of soluble proteins (table 4).
According to Boscalu et al. [32] the amount of
bound water depends on the availability of organic
solutes. Organic solutes, especially soluble sugars
played more important role in drought adaptation in
the xerophytes [33]. In the three studied desert
species, SO,> ions were accumulated in high
concentration compared with Na*. Z. spinosa was
dependent mainly on inorganic solutes in their
osmotic adjustment. Therefore its contents of K,
CaZ* and Mg?* were higher than in the other plants.
C. colocynthis dependent upon CI- as anionic
osmotical while M. philaeana dependent on Ca?*.

Organic solutes known as compatible solutes
include amino acids, sugars glycerol and other low
molecular weight metabolites, serve a function in
cells to lower or balance the osmotic potential of
intracellular and extracellular ions in resistance
to osmotic stress [34]. Our data showed that
Z. spinosa and C. colocynthis had higher soluble
sugars content and chlorophyll content than
M. philaeana. The higher accumulation of soluble
sugars with corresponding higher chlorophyll
content means that the increase in soluble sugars
was the results of higher photosynthetic activities.
The higher soluble sugars concentration may be an
adaptive response which involves adjustment of
osmotic potential that facilitates the maintenance of
favourable water balance [6, 9, 33, 35].

Soluble protein contents in the three studied
plants were higher than the total free amino acids.
Protein accumulation in leaves and roots is
associated with improved drought tolerance [36]. In
C. colocynthis plants, the total free amino acids
content reduced notably under drought. Therefore,
amino acids may be not the major osmotic solute in
the osmotic adjustment of this species in drought
environment. On the contrary, total free amino
acid contents were higher in M. philacana and
Z. spinosa collected from stand 4 than in those
collected from other stands. Accumulation of free
amino acids under such conditions can be
explained by enhancement proteolysis of proteins,
inhibition of amino acid incorporation in protein
synthesis or both [37]. Accumulation of amino acids
under water stress may be actually a part of an
adaptive process contributing to osmotic adjustment
and has been taken as an index for determining the
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drought tolerant potential of many plants [38-40].

According to the specific mechanisms of mineral
absorption and utilization, the ability of the study
plants to absorb and accumulate ions at different
extent appears well documented in this research. In
general contents of SO, were higher than the
other estimated minerals at all collected stands.
K* largely accumulated in the shoots of the studied
plants collected from different stands (table 6) may
be to avoid Na+ toxicity. On the contrary, Na+
contents were lower than Ca?*, CI and SO,*
contents at all collection stands. Z. spinosa
preferred Mg2* more than C. colocynthis and
M. philaeana. Chlorides were higher in M. philaesana
and Z. spinosa growing at stand 4 than in those
in the other stands. Such variation in mineral
accumulation at different stands indicate the ability
of the study plants to regulate the uptake and
accumulation of the elements from the external
source according to their adjustment requirements.
This means that ions are important in the
generation of osmotic potential in the studied
xerophytes plants.

The water status and cell turgidity are the most
important feature for plants especially desert plants,
to ensure the biological processes. In our study, the
maintenance of relatively high water content despite
the development of low water potential appears to
be a common trait in studied plants. Accumulation
of soluble sugars and some mineral ions (tables 4
and 6) and the strong dehydration action of
sulphates content on the cell proteins [30] often
assist in turgor maintenance.

CONCLUSION

In conclusion, the present study gives a good
idea about the physiological behaviour of three of
the most common dominant plants in Wadi Natash,
Eastern Desert, Egypt. The results indicated that to
overcome the external stress in the arid
environment the studied plants tend to re-adjust
their internal osmotic pressure through accumu-
lation of inorganic and organic solutes. The
differences in the concentration of the measured
elements are not attributed to the composition of the
soil in which the plants grow, but may depend on
the interactions of elements or the plant genotype.
Z. spinosa is the most tolerant plants to drought
than the two other species and they are favourable
to the conditions of the arid desert.
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ABSTRACT

Global climate change predictions suggest new scenarios with larger arid areas and extreme
climatologic events. Thus, it is essential to understand how plants respond to different abiotic stresses in
order to improve crop performance. Legume plant Vigna sinensis used to understand the physiological
responses in comparison to WD and WL. A pot experiment was carried out at climatic greenhouse in
three replicates of 75% and 50% water deficit and one fold field capacity (WL). The data revealed that
water deficit stress significantly decreased the fresh and dry weights of roots and shoots of tested plants
especially at 50% FC and waterlogging. The number of nodules per plant was significantly decreased as
a result of imposed to both levels (75% and 50% FC) of WD and WL and sequently nitrogenase activity
was significantly decreased as a result of imposed to the WD levels (75% and 50% FC) and WL.
The percent of decrease in nitrogenase activity of cowpea plants was 41%, 40% and 37%, respectively.
The antioxidant metabolites like phenolic compounds, hydrogen peroxide and ascorbic acids were
significantly increased under the both stresses. The activities of some antioxidant enzymes (catalase,
ascobate peroxidase and super oxide dismutase) in both stresses were conducted.
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Abbreviations: APOX: ascorbate peroxidase (EC.1.11.
1.11); CAT: catalase (EC.1.11.1.6); SOD: superoxide
dismutase (EC 1.15.1.1); POX: peroxidase (EC. 1.11.17);
TBA: thiobarbituric acid; WD: Water deficit; WL: Water-

logging.

INTRODUCTION

Legumes are the main single source of
vegetable protein in human diets and livestock feed,
having major impacts on agriculture, environment
and health. Due to the legumes capacity of
symbiotic nitrogen fixation, these plants are often
used to improve soil organic fertility and nitrogen
economy [1, 2].

Drought, salinity, extreme temperatures (cold
and heat) and oxidative stress are often
interrelated; these conditions singularly or in
combination induce cellular damage [3, 4]. Prolon-
ged exposure to these abiotic stresses results in
altered metabolism and damage to biomolecules
[5, 6]. Water deficit is therefore the most important
abiotic stress and strategies to sustainable use of
water and improve plant drought resistance are
urgent and should integrate conventional breeding
and biotechnological approaches [7, 8].

Under waterlogged conditions, however, seeds
imbibe rapidly, so that seed tissues are destroyed
due to the abrupt swelling of the cells, which causes
failure of normal germination [9, 10]. In addition,
excess water blocks entry of oxygen into the soil,
hindering aerobic respiration. When soil moisture is
excessive, low oxygen concentrations in the soil
inhibit the respiratory activity of germinating seeds,
and thereby reduce the speed of germination.
During this prolonged germination, seeds are likely
to be infected with soil-born diseases, which further
reduce the germination percentage. Soil flooding
usually reduces plant growth by decreasing the
availability of oxygen to roots [11-14]. Deficiency of
oxygen, proposed as the main cause of flooding
injury, accompanied with accumulation of carbon
dioxide, ethylene, manganese, and reduced iron
[15], causes premature senescence and leaf
chlorosis, necrosis, defoliation, growth cessation,
yield losses and death [14].

Antioxidants can control the levels of reactive
oxygen species (ROS). ROS are typically produced
at low levels during photosynthesis, but ROS
concentrations have been shown to increase when
plants experience stressful conditions (for a review
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see [1]). During deep floods, the rate of
photosynthesis can be limited by lowered light
levels and decreased access to CO, [16]. As a
result, the photosynthetic electron transport chain
(ETC) becomes over-reduced, causing the
generation of several ROS, including hydrogen
peroxide (H,0O,), hydroxyl radicals (*OH) and singlet
oxygen (10,) [17]. ROS are also generated by over-
reduction of the photosynthetic ETC in response to
salt stress, when stomatal closure decreases the
CO,:0, ratio in the leaf tissue and inhibits CO,
fixation [18]. Both water stress conditions (OT and
WL) increase the rate of ROS production like
superoxide radical (O,7), hydrogen peroxide (H,0,),
and hydroxyl radical (*OH). The superoxide radicals
and their dismutation product, hydrogen peroxide,
can directly attack membrane lipids and also
inactivate SH-containing enzymes [17, 19]. The
hydroxyl radical, one of the most reactive oxygen
species, is responsible for oxygen toxicity in vivo,
causing damage to DNA, protein, lipids, and
chlorophyll. Plants protect cellular and sub-cellular
system from the cytotoxic effects of active oxygen
radicals with antioxidative enzymes such as (SOD,
CAT, AsA-dep POD and Gua-dep POD) as well as
antioxidants of low molecular weight like ascorbic
acid, tocopherol, and carotenoids.

The objectives of the present study were to
determine the ascertain changes in nodulation and
nitrogenase activity during the growth period of
legume plant (Vigna sinensis) grown under water
deficit (moderate and high) and waterlogging stress
conditions with an emphasis on detecting changes
in the activities of antioxidant substances,
antioxidant enzymes such as SOD, CAT, AsA-dep
and membrane lipid peroxidation levels (MAD).

MATERIALS AND METHODS

Plant material

Surface sterilized seeds of cowpea (Vigna
unguiculata L.Walp.) were brought from Faculty of
Agriculture, Assiut University, Egypt, as well as to
study the interactive effect of different levels of field
capacity as water deficit and water logging on
growth and metabolic activities of cowpea plants.
Experiments were conducted at open green house
(from November 2009 to the middle of August
2010). Ten seeds were sown at 0.5 g pot' at a
depth of 1.5 cm. The plastic pots containing 3 Kg
clay treated as follow (4 pots were used for each
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treatment). The plants were allowed to grow for 4
weeks till harvesting.

Measurements

At the early vegetative stage, after 30 days of
planting, fresh plants were separated into shoots
and roots. Fresh weights (FW) and DW of shoots
and roots were recorded. The pigment fractions
(chlorophyll a, chlorophyll b and carotenoids) were
estimated using the spectrophotometric method
recommended by [20]. Nitrogenase activity was
determined on a detached root system in a closed
system as described by Lichtenthaler [21]. The
drained roots of each treatment were incubated with
5% (v/v) acetylene for 1 h at room temperature.
Ethylene produced in the reaction bottle was
analyzed by gas chromatograph (Thermo Scientific
TRACE GC Ultra equipped with FID detector, Lab of
nitrogen fixation in Botany Department, Faculty of
Science, Assiut University).

Free and cell wall-bound phenolics were
determined according to Kofalvi and Nassuth [22].
Phenolic concentration in the extract was
determined from standard curve prepared with gallic
acid. The level of lipid peroxidation in plant tissues
was determined as 2-thiobarbituric acid (TBA)
reactive metabolites, i.e. malondialdehyde (MDA)
and the results expressed as pmol MDA/g [23]. The
H,O, content of the shoots and roots samples were
colorimetrically measured as described by Jena and
Choudhuri [24]. The concentration of H,O, was
calculated from a standard curve plotted with known
concentration of H,0, and expressed as mg/g FW.
The ascorbic acid was determined according to
Mukherjee and Choudhuri [25]. A standard curve
was prepared by different concentrations of
ascorbic acid. Proline content was determined
according to Bates et al. [26]. Proline concentration
was determined using calibration curve of I-proline
and expressed as mg/g DW.

Enzyme activity assays

Leaves tissues (0.5 g) were ground to a fine
powder in liquid N2 then homogenized in 5 ml of
100 mM potassium phosphate buffer (pH 7.8)
containing 0.1 mM ethylenediamine tetraacetic acid
(EDTA) and 0.1g polyvinylpyrrolidone (PVP). The
homogenate was centrifuged at 18.000 rpm for 10
min at 4°C and the supernatants were collected and
used for assessing the activity of antioxidative
enzymes.
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Superoxide dismutase (EC 1.15.1.1) activity was
determined by the Crosti method [27]. One unit of
enzyme activity is defined as 50% inhibition of
6-hydroxydopamine (6-OHDA) auto oxidation under
assay conditions.

Ascorbate-dependent peroxidase activity (EC
1.11.1.11) was measured according to Nakano and
Asada [28] by monitoring the rate of ascorbate
oxidation at 290 nm (E = 2.8 mM~' cm™). The
reaction mixture contained 25 mM phosphate buffer
(pH 7.0), 0.1 mM EDTA, 1 mM H,0,, 0.25 mM AsA
and the enzyme sample. No change in absorption
was found in the absence of AsA in the test
medium.

Catalase (EC 1.11.1.6) activity was assayed in a
reaction mixture containing 25 mM phosphate buffer
(pH 7.0) 10.5 mM H,O, and enzyme in 25 mM
phosphate buffer (pH 7.0). The decomposition of
H,0, was followed at 240 nm (E = 39.4 mM~" cm™)
[29]. Protein concentration in the enzyme extract
was determined by the method of Lowry et al. [30].

RESULTS

The effectiveness of water logging and water
deficit on shoots and roots growth of cowpea plants
presented in Fig. 1. The data revealed that water
stress significantly decreased the fresh and dry
weights of roots and shoots of tested plants
especially at moderate WD level. The total biomass
of cowpea plants was significantly decreased under
the both stresses (water logging and high water
deficit). However, fresh and dry weights of root and
shoot of cowpea plants were significantly decreased
under high water deficit (50% FC.) more than low
water deficit (75% FC.) and flooding. The dry weight
of the roots was also higher in flooded plants and
this occurs at least in part, because of the higher
production of new lateral roots under flooding
condition on the sub merged part of shoot under
water compare to control plant according to Fig. 2.
The stress conditions in the order of reductions in
FW and DW of roots and shoots of cowpea plants
were high WD (50%) < WL <WD (75%).

The present study demonstrated that, photo-
synthetic pigments were significantly affected in
plants under water stress as compared to control
plants (Fig. 2). Data indicated that Chl a contents of
cowpea plant leaves decreased under water stress,
especially at flooding stress. Chlorophyll a and b
content were significantly raised under both water
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Fig. 1. Reductions in fresh wt (A) of cowpea shoots and
roots and dry wt (B) of shoots and roots of cowpea plants
under WL, WD, low (75%), high (59%) and control. Data
are the average of four replicates. Different letters above
the columns indicate significant differences between
treatments at P<0.01.

deficit (50% and 75% FC) levels. While, water-
logging sharply decreased contents of Chl a and b.
The data also showed that, carotenoids content was
significantly higher in leaves of cowpea under water
deficit and more affected under water logging
(Fig. 2). The stress conditions in the order of
reductions in pigment fractions contents of cowpea
leaves were WL < WD (95%) < WD (50%).
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Fig. 2. Photosynthetic pigments content (mg g fresh wt.)
in cowpea leaves under WL, WD, low (75%), high (59%)
and control. Data are the average of four replicates.
Different letters above the columns indicate significant

differences between treatments at P<0.01.

The data in Table 1 revealed that number of
nodules per plant was significantly decreased as a
result imposed to the level drought (75% and 50%
FC) and water logging. The lowest value of number
of nodules of cowpea plants was observed under
50% water deficit. Also, the data in Table 1,
revealed that nodule legheamoglobin content was
significantly decreased as a result of imposed to
the levels of drought (75% and 50% FC), the
percentage of decrease in nodule leg hemoglobin
content of cowpea plants was 63% and 45%,
respectively. The data also showed that, nodule leg
hemoglobin content was significantly decreased in
cowpea plants under flooding treatment (2 FC) by
about 54%. According to the reduction in nodule
number and leghaemoglobin content the nitroge-
nase activity was significantly decreased as a result
imposed to the levels of water deficit (75% and 50%
FC) by about 41% and 40% and under flooding by
about 37%, respectively.

Table 1. Declines of nodules number (plant root'), leghaemoglobin (mg g' FW) and nitrogenase activity (mmole g' FW)
of cowpea plants in response to WD (50% + 75%) and WL (2FC).

Cowpea plant
Treatments
No. nodules/ plant Leghaemoglobin Nitrogenase activity
Cont 19+11°¢ 0.11+0.01° 0.58+0.17"
WD (50 FC) 1.00+0.00° 0.05+0.00° 0.23+0.00"
WD (75 FC) 9.00+1.5" 0.07+0.00° 0.24+0.04"
WL 4.00+1.00° 0.06+£0.01* 0.22+0.11*

*Different letters within the same row indicate significant differences between treatments at P < 0.01.
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Table 2. Effect of WD (75% FC and 50% FC) and WL on some non enzymatic antioxidative stress compounds of
cowpea plants. Data are the average of four replicates. Different letters within the same row indicate significant
differences between treatments at P<0.01.

Treatments Cowpea plants
WD WD
Parameters Cont. WL (75%) (50%)
o Shoot 0.02+0.00° 0.16+0.02° | 0.14+0.01°® | 0.18+0.01
Free Phenolic compound
mg/g FW Root | 0.05£0.00® | 0.07£0.01° | 0.05£0.01° | 0.11£0.01°
Bl Pl Shoot 0.04+0.01 0.04+0.02 0.05+0.01 0.05+0.01
compound mg/g FW Root | 0.0420.00% | 0.01£0.00° | 0.02£0.00° | 0.03+0.00¢
MDA mg/g FW Root 41.2+1.99° | 54.44+1.81° | 55.35+1.70° | 63.7+1.82°
Shoot 3.38+0.22° 6.0840.10* | 5.27+0.39° | 7.56+0.41°
H,0, (mg/g FW)
Root 0.23+0.01° 0.3340.02*° | 0.40+0.02* | 0.51+0.03"
Ascorbic acid mg/g FW Shoot 1.56+0.08" 2.23+0.2° 1.81£0.05* | 2.03+0.06"
: Shoot 1.53+0.03° 1.09+0.08* 2.53+0.42" | 3.23£0.39"
Proline
mg/g DW Root | 0.68£0.155° | 1.25:07° | 1.41+0.12° | 2.01£0.72°

Different antioxidant substances were cited in
Table 2. Phenolic compounds are among the most
influential and widely distributed as anioxidant
products in the plant species, being involved in
resistance to different types of stresses. In the
present study, effect of water deficit and flooding on
phenolic compounds were observed. As can be
seen in Table 2, the free phenolic compound in
shoots of the tested plant (cowpea) was significantly
increased as a result of imposed to the level of
water deficit (75% FC and 50% FC) and water
logging compared to absolute controls and the
conditions were ordered with respect to the
increase in free phenolic compounds as flooding >
water deficit (5%) > water deficit (75%). Whereas, in
roots of cowpea plants the free phenolic compound
was significantly increased only under waterlogging
condition. Although determination of MDA as an
estimation of oxidative damage to lipid membranes
is a widely accepted methodology, it is known that
carbohydrates and even some amino acids may
undergo decomposition and produce MDA as an
end-product. Thus, MDA concentration does not
always indicate the actual level of lipid peroxidation.
In this work, as can seen in Table 2, MDA
concentration of the cowpea plant roots was
significantly increased. The stress conditions were
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ordered with respect to increase of MAD in roots as
moderate water deficit > low water deficit >
waterlogging.

According to the data in Table 2, the production
of hydrogen peroxide in shoots was higher than
roots especially under stress conditions. H,0O, was
increased significantly in shoots and roots of
cowpea plants under waterlogging and water deficit
stresses. The stress conditions were ordered with
respect to the level of H,O, production as moderate
WD (50% FC) > WL (2FC) > WD (75% FC).

Osmoregulater proline is considered as
antioxidant substance and recorded to be
accumulated in stressed plants. The interactivate
effect of drought and flooding stress treatments on
proline metabolism in the leaves and roots of
experimental plants are represented in Table 2. The
data revealed that, there is a marked and
progressive increasing in the production of proline
in cowpea plant shoots and roots as the water
deficit level increased. Whereas, the level of proline
was unaffected with wterlooging in cowpea shoots
and significantly raised in roots compared to
absolute control plants. The stress conditions
ordered according to the level of proline as
moderate WD (50% FC) > WD (75% FC) and WL
(2 FC). The ascorbate levels in cowpea plant shoots
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Fig. 3. Variations in SOD activities and specific activities
of cowpea plant shoots (A) and roots (B) under WL (2FC)
and two levels of WD (75% and 50%). Data are the
average of four replicates. Different letters within the
same row indicate significant differences between
treatments at P<0.01.

were determined and cited in Table 2. The level of
ascorbate was increased significantly under WL and
the moderate level of WD (50% FC).

Activity and specific activity of antioxidant
enzymes

Activities of the radical scavenger antioxidant
enzymes such as SOD, CAT and AsA-dep POD
were investigated in cow plant roots and shoots
grown under WD (low and moderate) and WL stress
conditions. Fig. 3 shows that SOD activities in
cowpea leaves were significantly increased as a
result imposed the levels of WD (75% and 50% FC)
and WL stresses as compared to absolute control of
root and shoots.

The data in Fig. 4 revealed that specific activity
of CAT of cowpea shoots under the moderate level
of drought (50% FC) was significantly decreased
compared to absolute control while CAT activities
raised significantly in roots at same level of WD. In
roots, CAT activity of cowpea plants was decreased
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Fig. 4. Variations in CAT activities and specific activities
of shoot (A) and root (B) of cowpea plants under WL
(2FC) and two levels of WD (75% and 50% FC). Data are
the average of four replicates. Different letters within the
same row indicate significant differences between
treatments at P<0.01.

under flooding stress compare to absolute control
while CAT activity of cowpea roots was increased
under the two levels of WD (75% and 50% FC) as
compared to absolute control.

The data in Fig. 5 revealed that APX activity and.
the specific activity of APX of cowpea plants
increased under the two level drought (75% and
50% FC) compare to absolute control. In roots, the
specific activity of APX of cowpea roots mostly
unchanged under flooding stress and the two level
drought (75% and 50% FC) compared to absolute
control. The same trend was observed in roots.

DISCUSSION

Water deficit (WD) and waterlogging (WL) occur
in many parts of the world every year. Due to
increased climatic variability under global climate
change, frequent occurrence of climatic extremes
such as heavy rainfalls and reduction in freshwater
availability has adversely affected agricultural
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production and quality [31]. Consequently, WD and
WL stresses are increasingly becoming important
factors constraining crop yield [1, 32].

One of the most important consequences of the
increase in water stress is the oxidative tissue
damage in green plants [33, 34]. In this study,
cowpea plants grown for 30 days under water deficit
induced by reduction in WD (50% and 57%), and
those grown for the same amount of time under
waterlogging stress (one fold FC). Generally
showed significant amounts of reduction in their
growth rates represented in fresh and dry weights of
roots and shoots. The results also indicated that the
elevated levels of the investigated antioxidants and
antioxidative enzymes, and the high extent of
membrane lipid peroxidation were symptomatic for
oxidative stress under both water stress conditions.
The present findings revealed that cowpea plants
had varying ability to deal with oxidative stress that
might govern their differential sensitivity to WD and
WL stress status. It seems also clear that cowpea
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plants respond to water stress by varying in their
antioxidant activity (both enzymatic and non-
enzymatic), whereas WL induced an over-reduction
in CAT activity.

In the our study, there is a marked and
progressive increasing in the production of
antioxidant compounds e.g phenolic substances,
proline and MAD under both abiotic stresses in
roots or shoots of cowpea plant (Table 2). The
accumulation of phenolic compounds has also been
detected in response to drought and a wide array of
non-enzymatic antioxidants such as ascorbic acid,
flavonoids and phenolic compounds [35]. Plants can
decrease their oxygen demands by lowering their
respiration rate, increasing the availability of soluble
sugars for metabolism and growth, and significantly
improving antioxidant protection through the
synthesis of phenolic compounds and glutathione
[16, 36]. The differential responses of lipid
peroxidation and ROS accumulation between
shoots and roots may be associated with level of
drought stress intensity and different protective
mechanisms.

Plants are adapted for minimizing radical
damage using their natural defense mechanisms.
Thus, the balance between the formation and
detoxification of activated oxygen species is critical
to cell survival during flooding stress [37, 38]. Within
plant cells, SOD constitutes the first level of
defense against superoxide radicals. SOD-
catalyzed O,- dismutation renders another reduced
oxygen species, hydrogen peroxide (H,0,), as a
reaction product. This H,0, is removed mainly by
the activity of APX and CAT [39-41].

Nakayama et al. [9] and Tian et al. [42] stated
that, excess water blocks entry of oxygen into the
soil, hindering aerobic respiration. When soil
moisture is excessive, low oxygen concentrations in
the soil inhibit the respiratory activity of germinating
seeds, and thereby reduce the speed of
germination. During this prolonged germination,
seeds are likely to be infected with soil-born
diseases, which further reduces the germination
percentage. Reduction of growth mainly depend on
nitrgenase activity and fixed nitrogen by root in
legume plants. So nitrogenase activity depending
on nodule formation and leghaemoglobin content
was sharply decreased under both stresses (Table
1). As a leguminous crop, cowpea can fix nitrogen
which is an essential element for crop growth.
Several studies have shown that drought stress
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reduced nitrogen fixation in leguminous plants
[43-47]. Also, [47] stated that the reduction in
nitrogen fixation under WD and the reduction under
drought was similarly.

The present study demonstrated that, photo-
synthetic pigments were significantly lowered under
the both stresses as compared to control plants
(Fig. 2). Many researchers found that water stress
(WD or WL) induced destruction of chlorophyll
[48, 49]. This decrease in chlorophyll directly or
indirectly affects the photosynthetic capacity of
plants under waterlogged conditions [49]. The loss
of Chl during the water stress (WL or WD) stress
condition may also related to photo-oxidation
resulted in oxidative stress [27]. Carotenoids as well
as other antioxidant enzymes correlated positively
with water [50-52].

The present results indicated that rapeseed
cowpea accumulate higher levels of proline in their
shoots and roots under water stress conditions.
Overproduction of proline cowpea plants can be
conferred an increased osmotolerance. The
accumulation of proline in plants in response to
water stress is also quite well documented and is
considered to play an important role in osmotic
adjustment [53]. Proline content of cowpea plants
was elevated linearly with increase of water deficit.
Proline accumulation in plants might having a
scavenger function [55] and act as an osmolyte
[54]. Also, Hare et al. [55] and Martinez et al. [56]
stated that proline is one of the compatible solutes
that accumulate in response to water stress, and
the accumulation of these osmolytes represents an
important adaptive response to abiotic stress.

CONCLUSION

Our results suggested that the decrease in
pigments content confirmed that this represent a
sensitive indicator for cowpea stress and the
differential responses to both water stresses (WD
and WL) status could be related to the differences
among the enzymatic antioxidant systems.
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ABSTRACT

The effects of sub-lethal treatments (20% and 60% of 24h LC,,) of papain and its binary combination
(1:5) with piperonyl butoxide (PB)/MGK-264 on the reproduction and development of Lymnaea
acuminata has been studied. There was a significant decrease in the fecundity, hatchability and survival
of the young snails. Treatment with 60% of 24h LC,, of papain + PB caused complete arrest of fecundity.
No hatching was noted in eggs laid by snails exposed to 60% of 24h LC,, of papain + MGK-264.
Development could not proceed beyond the veliger stage due to the death of the embryo. The
developmental arrest was noticed in many egg strings leading to the high rate of mortality and thereby
reduction in hatchability of the eggs. Growth rate of the survived snails was also very slow and sexual
maturity could not be attained even in three months.
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INTRODUCTION

Fasciolosis is a worldwide zoonotic disease
caused by a trematode parasite of the genus
Fasciola that infects over 17 million people causing
significant morbidity and mortality [1, 2]. Human
infection causes serious hepatic pathological
consequences [3]. Two major species, F. hepatica
Linnaeus, 1758 and F. gigantica Cobbold, 1855 are
the causative agents of fasciolosis in ruminants and
in humans worldwide. F. gigantica causes outbreaks
in tropical areas of southern Asia, Southeast Asia,
and Africa. Infection is most prevalent in regions
with intensive sheep and cattle production [4]. The
snail Lymnaea acuminata is the intermediate host of
the F. gigantica [5]. This snail breeds year round
and lays eggs on the lower surface of the aquatic
plants. Treatment of Fasciola requires high or
multiple doses of drugs with frequent side effects
[6], therefore snail control is considered not only
complementary but essential in Fasciola control. It
is regarded as a rapid and efficient method for
reducing or eliminating transmission and is among
the methods of choice to bring these diseases
under an adequate control through the removal of a
vital link in the life cycle of the parasite [7]. The
use of synthetic molluscicides poses hazardous
environmental effects and toxicities to non-target
organisms, even man. This has generated the need
to search novel natural molluscicidal compounds
from plants as possible alternatives to synthetic
products [8]. Treatment with plant derived
molluscicides is in agreement with ecological and
economic considerations. It has been previously
reported that papain, active molluscicidal
component present in Caraica papaya is a potent
molluscicide [9]. Besides killing the harmful snails, if
a molluscicide possesses a property to reduce its
reproductive capacity even at sub-lethal doses, it is
considered to be more advantageous in snalil
control programmes [10, 11]. In the present study,

the effects of sub-lethal (20% and 60% of 24h LCy)
exposure of papain alone and in binary combination
(1:5) with piperonyl butoxide and MGK-264 on the
reproduction and development of snail L. acuminata
were examined.

MATERIALS AND METHODS

Pure compound
Papain (Cysteine protease) was purchased from
Sigma Chemical Co., USA.

Synergists

The synergist piperonyl butoxide [a {2-(2-butoxy
ethoxy) ethoxy} - 4, 5-methylene dioxy-2-propyl
toluene] and MGK-264 (N-octyl bicyclo-heptene
dicarboximide) were supplied by Mc Laughlin
Gormley King Co., USA.

Fecundity experiment

Sexually mature L. acuminata of average size
(2.25 £ 0.30 cm in length) were collected locally
from ponds, pools and lakes of Gorakhpur district.
These snails were kept in glass aquaria containing
dechlorinated tap water for 72h to undergo
acclimatization. The snail Lymnaea acuminata lays
eggs in the form of elongated gelatinous capsules
(egg masses or egg strings) on the lower surface of
leaves of aquatic vegetation. These egg masses
may have 2-4 rows of eggs, with number of eggs
ranging from 5 upto 200 or sometimes even more.
Groups of 20 snails kept in glass jars containing 3
litres of dechlorinated tap water and lotus leaves
(egg laying surface) were exposed separately to
sub-lethal concentration (20% and 60% of 24h LC)
of papain and its binary combination (1:5) with
synergist piperonyl butoxide (PB) and MGK-264
(Table 1). The total number of egg masses and
eggs laid by the groups of snails were counted
every 24h to 96h.

As it is difficult to identify the mother snails for a

Table 1. Sublethal concentration of papain alone and in binary combination with synergist PB and MGK-264 against

snail L. acuminata.

Tecalinst 24h LCy 20% of 24h LCsy 60% of 24h LCs
(mg/l) (mg/1) (mg/T)
Papain 16.63 3.32 0.97
Papain + PB 7.69 1.33 4.61
Papain + MGK 9.15 1.83 5.49
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particular spawn, capsules containing eggs from
each treated groups were separated carefully with
the help of scalpel from the lower surface of lotus
leaves and incubated at 30°C in covered petridishes
containing the same concentration as given to adult
snails. The development of embryos was observed
under microscope upto their hatching and the
duration of each stage and hatching period was
noted. As the eggs were transparent and
surrounded by mucus string, changes taking place
upto the time of hatching could be observed directly.
The egg capsules besides conveniently permitting
observations of growing embryos also act as a
diffusion barrier and prevent passage of large
molecules.

Hatchability was studied with the eggs laid after
24h to 96h exposure. Dead embryos (lacks
embryonic movement and become opaque) were
removed to avoid any contamination. Immediately
after hatching the miniature snails were transferred
to freshwater. These snails were reared by feeding
them on cabbage, carrot, lotus leaves and their
survival was observed.

Statistical analysis

A student t-test was applied to determine the
significant (P < 0.05) differences between treated
and control animals. Product moment correlation

coefficient was applied between exposure time and
fecundity/survival of snails [12].

RESULTS

L. acuminata is oviparous. The eggs laid are
encapsulated in a protective jelly strand known as
egg mass or egg strand, within which the eggs are
arranged longitudinally in 2-4 rows. The eggs are
isolecithal and oval in shape with the zygote located
eccentrically within it. The eggs are transparent so
the embryonic development can be observed under
the microscope directly. The entire embryonic
development and the life cycle of L. acuminata until
hatching takes place inside single egg and can be
divided into four stages (Table 2). The young snails
escaped from the egg by first rasping through the
egg membrane. Perforation of the membrane was
aided by the snail periodically thrusting its foot
against the wall. After hatching, the empty egg
membrane collapsed. Outside the egg, the snail
moved freely in the jelly of the egg capsule and
escaped out through a hole made by itself or
through an opening made by another snail
previously.

In the control groups, the eggs were of equal
size and equidistant from each other while in the
treated groups, size of the egg masses was

Table 2. Characteristic features of embryonic stages of development and juveniles in L. acuminata.

Embryonic stage

Characteristic features

Morula

Embryo is brownish solid, almost opaque, no
motions.

Trocophore

Beginning with slow jerking movements,
developing mouth, velum and head vesicles,
later on uninterrupted rotation of embryo,

Early Veliger

Veliger

Late Veliger

Embryo started elongation, curved foot
muscle, development of shell gland through
the extension of velum.

Demarcation of head-foot region from visceral
mass, the embryo becomes transparent, pair of
tentacles with eyes at their bases, heart beat
could be observed, periodic contraction
movements of visceral mass towards head-foot
region.

Hippo

Complete metamorphosis to young snail,
embryo fully developed, eves and heart beat
could be seen clearly, shell and foot clearly
separated, mantle fold could be identified.

Juveniles

Possesses all the structures found in adult
individuals, thin transparent shell covered the
mantle, foot and tentacles well developed.

Journal of Biology and Earth Sciences, 2013, Vol 3, Issue 1, B154-B163
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comparatively small and decreased number of eggs
of variable size. Normally, each egg contains one
embryo but can sometimes contain more than one
(polyembryony). In the present study 2 -3 embryos
were observed in some eggs.

The data on the morphological observations i.e.
fecundity, different  developmental periods,
hatchability and survivality of young snails in
L. acuminata was recorded.

A significant reduction in fecundity was noted in
L. acuminata, exposed to papain and its binary
combination with synergist PB and MGK-264 (Table
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+96.00+£0.63* 18.33+0.91%

20% of 24h LCsy

3). No egg laying was noted in the snails exposed
to 60% of 24h LC,, of papain + PB after 24, 48, 72
and 96h. Treatment with 20% of 24h LC, of papain
+ PB and 20% and 60% of 24h LC,, of papain
+ MGK caused no egg laying after 72h. After 96h
exposure, no egg laying was noticed in any of the
treatments. A decrease in the number of egg
masses and its size was observed with the increase
in exposure time and the number of eggs per egg
masses was also reduced. Effect of these
treatments could also be seen on the duration of
different stages of development, hatching time and
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hatchability of the snails (Table 4, 5). The duration
of the larval stages in treated groups was increased
in comparison to control i.e. the embryos in treated
groups experienced delay in development
compared to the untreated controls. In the controls
morula stage lasted for 1 day, trocophore 1-2 days,
veliger 2 days and hippo 2-3 days while in treated
shails morula stage extended upto 2-3 days,
trocophore 2-3 days, veliger 2-5 days and hippo 3-5
days. The hatching time was prolonged in the
treated groups (9-16 days) with respect to the
control group (7-9) days. Eggs exposed to 60% of
papain + MGK failed to hatch due to the death of
the embryo after the veliger stage.

After hatching the treated miniature snails were
found attached to the walls of the container. Their
shell was very thin and tentacles were smaller in
comparison to the control groups. Also their
movement was slow than the control snails.
Survival of these snails was observed for about few
months and the survivality progressively decreased
with time (Table 6). There was a significant

(P < 0.05) negative correlation between exposure
period and survival of the young snails hatched
from the eggs laid by treated snails. Maximum
decrease in survivality was noticed in the snails
exposed to 20% of 24h LC,, of papain + PB (100%
mortality in about 90 days) followed by papain +
MGK. The growth rate was also very slow and the
survived snails could not attain sexual maturity even
in 3 months.

DISCUSSION

Sublethal exposures (20% and 60% of 24h LC,;)
of papain alone and in combination with synergist
PB and MGK-264 significantly reduced the
reproductive capacity, survivality, prolonged the
hatching time and had an adverse effect on the
development of the snail L. acuminata. Earlier, Rao
and Singh [11] and Singh et al. [13] have reported
that Azadirachta indica, Cedrus deodara, Allium

sativum,

Nerium

indicum, Annona squamosa

and Argemone mexicana significantly reduced the

Table 4. Effect of papain 20% and 60% alone and in binary combination with synergist PB and MGK-264 on the duration

of embryonic stages and hatching time of snail L. acumin

ata.

Hatching Time

20% 60%
S.N. Treatment Stages (Duration (Duration (In Days)
in days) in days) 20% 60%
Morula lday
Trocophore 1-2 days
1. Control
Veliger 2 days 7-9
Hippo 2-3 days
Morula 1 day 2 days
Trocophore 2-3 days 2-3 days
2, Papain 9-12 10-13
Veliger 2-4 days 3-4 days
Hippo 3-4 days 3-4 days
Morula 2-3 days
Trocophore 2-3 days
3. Papain+PB No egg 12-16
Veliger 3-5 days laying T
Hippo 3-5 days
Morula 2 days 2-3 days
Trocophore 2-3 days 2-3days
4. PapaintMGK 11-14 No
Veliger 3-4 days 2-4 days Hatching
Hippo 3-5 days Death
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reproductive fulica and
L. acuminata.

PB/MGK-264 synergized the effect of papain so
there was more reduction in fecundity by their
combination rather than the single treatment. This is
probably due to reduced detoxification of the active
molluscicidal component by mixed function
oxidases (MFO), as PB/MGK-264 are inhibitors of
these [14]. Consequently, as the titre of the active

component is high at target site, it will be more

capacity of Achtina

N

Yo
Hatchability
100
66.07+0.61

Total
65.39+0.87

% Hatchability
(96h Treated
eggs)

100

% Hatchability
(72h Treated
eggs)

100
33.55+1.12%
17.73+1.62*

% Hatchability
(48h Treated
eggs)

100
69.92+0.65%
55.62+1.65%

% Hatchability
(24h Treated
eggs)

100
78.18+0.57*
76.03+0.76*%

Treatment
(mg/1)
Control
20% of 24h LCs,
60% of 24h LCsg

Table 5. Effect of papain 20% and 60% alone and in binary combination with synergist PB and MGK-264 on the % hatchability of snail
Name of
Molluscicide
Papain

L. acuminata.

Journal of Biology and Earth Sciences, 2013, Vol 3, Issue 1

effective in reducing the reproduction in snail.
The CDCs (caudodorsal cells) located in the brain
of snail L. acuminata releases the ovulation
hormone [15]. Thus, papain an active molluscicidal
component of Carica papaya [9] may possibly affect
the CDC thereby, reducing the release of ovulation
hormone which in turn resulted in a decrease in the
fecundity of the snail. It has been earlier reported
that papain caused a significant inhibition of the
acetylcholinesterase (AChE), acid phosphatase

— L)
= 0o
3 g
< o
v o
vt =
] ] ] 1
] ] ] 1
2]
Q
=}
* * =Ty o
I~ s = 2
o o E o
f F g €
e o
¥ 8 T o
ol o =
—_ ¥ Z s
pe}
@
2
©
]
* * =14 =
L' oo = o
o o0 = =
{ ; = b
F F 8 =2
= — el
S = = e
w . o ®
r~ ~ Z, %)
©
2
-
[}
= =l = o]
L7l W L"el Wy -—
L) QI Q 0 -
s N e | s o
= == = k=
e = 0]
=) ol e o o°
ey G | [ 2
= o| o S| ©
2 82 S £€s
= == S| § <
o =g =t © =
©
m 2|28
=B o ¢
+ = Z o
+ L@
= »
= - 2
= .8 S o
& g |eo
=5 = E v
~ — o
L«
, B154-B163 B159



Hanif and Singh Papain and snail reproduction

elRUILNDE "] JO [eAIAINS pue pollad ainsodxa Usamiag Ul Uone|a.loo aAlebau (G0°0 > d) Jueoliubis e sem aisy] +

sdnoub |01juod pue pajeal; 0} paljdde sem 1s8] ] Suapnis USYM JUBOIIUBIS GO0 > d «

|eAIAINS ON - sueaw (-)

- - - - - - - - - - chl_
0 0K
U I0 %09 SO
urede
* * * * * * * * * * Lo | R
EEOFIET LEOF99F TIOFSO'S BOOFETL TIOF6TO1  TI'OFN9TE ST OFOOFS  LTOFR999  610FIL6L  610FSL'B8+  URTIO %0T
Qmu.l—
7 % Z : & & : z 2 7 Upz Jo %09
dad + uiedeg
* * * * * * * * * BT
- PCOFLTT 9T0FC6'F $TOFIOL  1TOFEYST  TTOFSYLE  [T0F09TE  £TOF990S  610FFROL  61'0FFPP L8+ UPTIO %0T
* * * * * * * * * * Lo
LY0FTOF  SEOFSOS  SEOFI89  I€0F98'8  €TOFPLBL  STOFO0TE OTOFOL'IS  SCOFISBY  9TOFSTTR®  CUOFLS L8+ UPTIO %09
uredeg
* * * * * * * * * * S|
ST0F8S Y TTOFSI'S SIOFE'S  SEOFIO]  BOOFTS 9L STOFIVIE  LTOFE0'ES  ES0FSI'IL  SOOFTOBL TP OF96'88+  UPTIO %0T
001 001 001 001 001 001 001 001 001 001 [onuen
Yo Yo %o % %o %o v, Y v, o,
(1] (1] (1] o
(Bumey  (Sumpyey  Buwyney  (Sumpiey  (Suyney  (Sungdyey Gumyney Gumoey  (Guuyey  Gumyey (Bw)  opoPSIOW
S g iy S Sy OUE  nogeuge)  soyeyzL)  JoyEysy)  JOPEURT)  JUAUNEIIL  JO IWEN
siep g6)  sdepgL) sAep9) sdepgp)  sdep f) sdep g) RAINS . [BAAMS . TEATAANS fRATAIDS
[BAIAING  [BAIAING  [BAIAING  [EAIAING [eAIAINg [BAIAING

“elRUILINDE "] [IBUS JO [BAIAINS % 8U} U0 $9Z-MOIN Pue gd 1siBisuAs yym uoieuiquioo Aleulq Ui pue auoje %09 pue %0z uleded jo 10843 "9 a|jqel

B160

Journal of Biology and Earth Sciences, 2013, Vol 3, Issue 1, B154-B163



Hanif and Singh Papain and snail reproduction

(ACP) and alkaline phosphatase (ALP) activity in
the nervous tissue of L. acuminata. It may be
possible that papain affect the gonadal tissue of the
treated snails directly or indirectly through the
neurohormones. The upsetting of glycemic
homeostasis is an indication of intoxication [16].
The detoxification processes consume high
amounts of energy, resulting in exhaustion of the
carbohydrate deposits, thus leading to the reduction
of fecundity that would otherwise be used for
reproductive activity [17]. Singh and Singh [18]
also demonstrated a reduction in fecundity in
L. acuminata, possibly as a result of diminished
proteins, amino acids, DNA and RNA in the snail’s
ovotestis.

The embryonic stages exhibited developmental
arrest in the egg capsules resulting into the death of
embryo. This observation goes in agreement with
Bhide et al [19] who reported development arrest in
most of the egg capsules due to deviation in protein
fractions resulting into high percentage of mortality
and low percentage of hatchability in nuvan treated
groups of Lymnaea stagnalis. Besides this
teratogenesis and deformities in larval stages were
also observed in most of the egg capsules which
could be correlated with the depletion of most of the
protein fractions [19]. There was a significant
reduction in the hatchability of the eggs and survival
of the miniature snails treated with papain and its
combination with PB/MGK-264. It seems that the
reduction in hatchability of L. acuminata may be due
to the interference with embryonic growth and
development of the snails. Bhide et al [19]
demonstrated that one of the potent causes of low
percentage of hatchability of young snails from their
corresponding egg capsules was the phenomenon
of polyembryony in nuvan treated egg masses
which showed the high rate of mortality due to
the lack of metabolites for their progressive
development in comparison to control groups. The
colour of the egg capsules in the control group was
dark cream but in treated groups changed to
white [20].

Time-dependent reduction in the survival of
hatched miniature snail, even after transfer to fresh
water snail indicates that chemicals received either
from the mother snail or in the eggs are lethal to
hatched juvenile snails. Ferreira et al [21] assessed
the effect of caffeine and thymol on the survival and
growth of young Subulina octona of different ages
and demonstrated reduced survival. The shell of the

Journal of Biology and Earth Sciences, 2013, Vol 3, Issue 1, B154-B163

treated snails was thin as compared to the control.
ALP which is inhibited by papain, plays a critical
role in protein synthesis [22] and shell formation
[23]. Thus it can be said that inhibition of ALP by
papain resulted into the thinning of the shell of snail.
Another possible reason for this may be decalci-
fication [24], as observed by De Schamphelaere
[25] according to which there was lower calcium in
the haemolymph of snail L. stagnalis exposed to
cobalt.

The growth rate was also very slow and even
after about three months maturity could not be
attained. The time required for attainment of sexual
maturity in case of L. acuminata at 25-28°C is about
46-52 days [26, 27]. According to De Schamphe-
laere [25], reduced growth could potentially be
explained by impaired feeding activity of the snails
as a consequence of Co exposure. Feeding
inhibition is a well-known response of aquatic
organisms to chemicals exposure [28, 29]. Grosell
et al. [30] suggested that the inhibition of Ca uptake
by metals could potentially impair snail growth if Ca
influx would become limiting for growth of the shell,
which consists almost entirely of CaCO, [31]. The
reduction in growth of treated snails may be due to
interference of the molluscicides with the
physiological activities of the snails [32]. As the time
to reach maturity of the offspring of exposed adults
was longer, it implies shorter reproductive life and
thus smaller populations in the future.

CONCLUSION

From the present study it is clear that PB/MGK-
264 synergizes the efficacy of papain and gives
significant control of reproduction of the snails even
at sub-lethal exposure. These treatments are not
only effective in killing the snails but also possess a
capability of making them sterile. Besides this it also
kills the eggs, causes death of the embryo during
developmental stages thereby inhibiting its hatching
and increases the mortality of the hatched miniature
snails. The use of the natural products in
combination with PB/MGK-264 would have an
added advantage against aquatic snails as it would
be non toxic to the non target animals and cause
only short term environmental toxicity, if any.
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STRESZCZENIE

Astma oskrzelowa jest choroba powszechng a jej wystepowanie zwieksza sie na catym Swiecie,
zarébwno w krajach rozwinietych, jak i rozwijajacych sie. Dostepne sa jednak skuteczne leki,
ograniczajace mozliwos¢ rozwoju zaostrzenia choroby. Najwazniejszymi lekami pozostajg wziewne
glikokortykosteroidy, najlepiej stosowane w terapii skojarzonej z LABA, a takze w postaci preparatow
ztozonych. Inna grupa lekéw - leki antyleukotrienowe potwierdzity zasadnos$¢ ich stosowania w terapii
taczonej z wziewnymi glikokortykosteroidami. Stosuje sie réwniez leki biologiczne. W procesie
farmakoterapii wazng role odgrywa tez edukacja pacjenta i kontrola czynnikow Srodowiskowych.

ABSTRACT

Asthma is a common disease and its incidence increases around the world, in both developed and
developing countries. There are, however, effective medicines, limiting the possibility of the
development of exacerbations. The most important drugs are inhaled glucocorticosteroids, preferably
used in combination therapy with LABA and also in the form of combination preparations. Another
group of drugs - antileucotrienes confirmed the validity of their use in combination therapy with
inhaled glucocorticosteroids. Shall also apply biologic drugs. In the process of pharmacotherapy an
important role also plays education of a patient and monitoring of environmental factors.
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Wykaz skrotéw:

ESCAP - Epidemiologia Choréb Alergicznych w Polsce
WAO - Swiatowa Organizacja Alergii

WHO - Swiatowa Organizacja Zdrowia

GINA - (ang. Global Initiative For Asthma) Swiatowa
Inicjatywa Zwalczania Astmy

GKS - glikokortykosteroidy

WGKS - wziewne glikokortykosteroidy

SABA - (ang. short-acting 2 agonists) krétko-dziatajace
B2-adrenomimetyki

LABA - (ang. long-acting B2 agonists) dtugo-dziatajace
B2-adrenomimetyki

RABA - (ang. rapid acting 32 agonists) szybko-dziatajacy
B2-adrenomimetyk

LT - receptory-receptory leukotrienowe

EMEA - Europejska Agencja Lekow

FDA - Amerykanska Agencja ds. Zywnosci i Lekow

WPROWADZENIE

Astma oskrzelowa jest przewlekta chorobg o
podiozu zapalnym. Zapalenie indukuje napady
dusznosci, kaszlu i uczucia ciezkosci w klatce

piersiowej. W wyniku zapalenia dochodzi do
réznych zmian strukturalnych czyli przebudowy
(remodelingu) w  obrebie calego drzewa

oskrzelowego, réwniez matych oskrzeli (< 2mm).
Zmiany te obejmuja: widknienie pozanabtonkowe,
naciek z komérek zapalnych, zwiekszenie objetosci
miesniowki gtadkiej $cian drog oddechowych
oraz obrzek. Wymienione zmiany powodujg
nadreaktywno$¢ i obturacje oskrzeli prowadzac do
niewydolnosci oddechowej [1].

Astma oskrzelowa moze wystepowaé u dzieci
i dorostych w kazdym wieku. Wedtug ekspertow
Swiatowe] Organizacji Alergii (WAO) na astme

Tabela 1. Czynniki ryzyka astmy

choruje 300 min oséb na calym Swiecie (dane z
Biatej Ksiegi 2011-2012) [2]. W Polsce choruje
okoto 4 min ludzi z czego ponad potowie nie
postawiono diagnozy (dane z badania ESCAP).
Z danych szacunkowych WHO wynika, ze co roku
na swiecie dochodzi do 250.000 zgonéw z powodu
astmy, ktérym mozna byloby zapobiec. Zbyt
rzadkie rozpoznawanie i niekiedy nieodpowiednie
leczenie astmy powoduje, ze ta przewlekta choroba
dolnych drég oddechowych stanowi powazny
problem zdrowia publicznego [3]. Czynniki ryzyka
przedstawiono w Tabeli 1.

PRZEGLAD

Strategia leczenia astmy

Strategia leczenia astmy oparta jest na:
1) leczeniu farmakologicznym
2) kontroli czynnikdw s$rodowiskowych i unikaniu
alergendw
3) ciagtej edukacji pacjenta i
lekarzem i farmaceutg
4) immunoterapii (odczulaniu).

Podstawa leczenia astmy jest farmakoterapia,
poniewaz jej zastosowanie nie tylko przynosi
kontrole objawéw choroby i jest koniecznoscia w
stanie astmatycznym, ale takze poprawia jakosc¢
zycia chorych. Swiatowa Inicjatywa Zwalczania
Astmy (GINA) w 2006r. wyodrebnita dwie,
stosowane w leczeniu astmy oskrzelowe;,
nastepujace grupy lekoéw: leki ratunkowe oraz leki
kontrolujace astme [4, 5].

Leki ratunkowe dziatajg szybko, odwracajac

wspotpracy z

Czynniki ryzyka astmy

niezalezne

zalezne

* Nadreaktywnosé oskrzeli | =
*  Wytwarzanie nadmieme;

ilosei przeciwcial IgE =
» Atopia =
* Rasaczarna
» Pleé zefiskaudorostych | =

imeska u dzieci =

Alergeny (pyiki roztocza kurzu domowego, siersé i naskdrek zwierzat,

grzyby plesniowe)

Czynniki drazniace (zanieczyszezenie srodowiska, dym, formaldehyd)

Zakazenia drog oddechowych: bakteryine i wirnsowe - rinowirusy RV,

syneytialne wirusy oddechowe (RSV), wirusy grypy i paragrypy

Alergiczny niezyt nosa ANN

Dym tytoniowy (palenie czynne i bierne)

= Dietabogata w: konserwanty (benzoesani glutaminian sodu), barwniki
azowe, substancje zapachowei smakowe

= Leki (NLPZ, inhibitory ACE, p-blokery)

= Status spoleczny i ekonomiczny
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skurcz oskrzeli i fagodzac objawy dusznosci.
Zalecane jest stosowac je doraznie, do przerywania
napadu dusznosci. Do tej grupy zaliczamy:

- krétko-dziatajace B2-mimetyki (wziewne i doustne),
- wziewne leki przeciwcholinergiczne,

- krétko-dziatajaca teofilina.

Leki kontrolujace astme to leki zapobiegajace
napadom duszno$ci. Sg przyjmowane codziennie
jako dlugofalowa podstawa leczenia. Pozwalajg
utrzyma¢ chorobe pod kliniczng kontrola gtéwnie
dzieki ich przeciwzapalnym wtasciwosciom. Do tej
grupy naleza:

- wziewne i ogdlnoustrojowe glikokortykosteriody,
- leki przeciwleukotrienowe,

- dlugo-dziatajgce B2-mimetyki w potaczeniu z
wziewnymi GKS,

- teofilina o przedtuzonym uwalnianiu,

- kromony,

- omalizumab.

Obecnie najskuteczniejszymi lekami  przeciw-
zapalnymi sposréd lekéw kontrolujgcych astme sg
wziewne GKS. Stanowig one leki pierwszego rzutu
stosowane w leczeniu przewlektej astmy i sg
rekomendowane w zaleceniach GINA. Badania
dowodza, ze leki te poprawiaja czynnos¢ ptuc,
kontrolujg stan zapalny, zmniejszajg nadreak-
tywnos¢é drég oddechowych, poprawiajg jakos¢
zycia, zapobiegaja zaostrzeniom i zmniejszajg ich
ciezkos¢ oraz obnizajg Smiertelnos¢ [6].

W Polsce zarejestrowane sa nastepujace
wziewne GKS: beklometazon (np. CORTARE),
mometazon  (np. ASMANEX TWISTHALER),
budezonid (np. PULMICORT, NEBBUD, MIFLONIDE,
BUDIAIR) flutykazon (np. FLIXOTIDE) i cyklezonid
(ALVESCO).

Wziewne GKS réznig sie sita dziatania i bio-
dostepnoscia jednak ma to niewielkie znaczenie,
poniewaz w praktyce klinicznej stosowane sag
dawki ekwiwalentne. Najwieksza skuteczno$c
wziewnych GKS osigga sie po zastosowaniu
stosunkowo niskich dawek réwnowaznym 400 ug
budezonidu na dobe (Tabela 2) [7].

Sposrod wszystkich wziewnych GKS lekiem,
ktory ma najlepszy profil bezpieczenstwa jest
cyklezonid, bedacy prolekiem. Pod wptywem
endogennych esteraz ptucnych cyklezonid jest
aktywowany do czynnego metabolitu desisobutyrylu
cyklezonidu (des-CIC), ktéry wywotuje silny efekt
przeciwzapalny. Lek zatem charakteryzuje unikalna
wybiérczo$¢ narzadowa, a w konsekwencji brak
objawow miejscowych ze strony gornych drég
oddechowych (kandydoza jamy ustnej i gardia,
dysfonia, chrypka, kaszel z podraznienia).
Cyklezonid silnie i prawie catkowicie wigze sie z
biatkami osocza (99% leku) stad tez nie przenika do
innych tkanek i nie wywotuje efektéw systemowych
[8, 9l

U wiekszosci pacjentéw z astma obok leczenia
przeciwzapalnego wGKS konieczne jest
zastosowanie rozkurczowych lekow [2-adrener-
gicznych. Sa to podstawowe leki bronchodilatacyjne
pozwalajace zachowac droznosc¢ drdog
oddechowych. Ze wzgledu na réznice w czasie
dziatania B2-mimetyki mozna podzieli¢ na krétko-
dziatajace (short-acting B2 agonists - SABA):
fenoterol, salbutamol, terbutalina oraz dlugo-
dziatajace (long-acting B2 agonists - LABA):
salmeterol, bambuterol per os. W grupie LABA,
ktérg cechuje dtugi i wolny czas dziatania, mozna
wyrozni¢  formoterol majacy szybki poczatek

Tabela 2. Dzienne dawki ekwiwalentne oszacowane dla wybranych wziewnych GKS u dorostych chorych

na astme
y Niska dawka Srednia dawka Wysoka dawka
Nazwa : : .
dzienna dzienna dzienna
Leku
(ne) (ne) (ng)
Budezonid 200-400 =400-800 =800-1600
Propionian flutikazonu 100-250 >250-500 >500-1000
D‘pr"P’oma‘g‘g{]"metazon“ 200-500 >500-1000 >1000-2000
Dipropionian beklometazonu 100-250 2250-500 ~500-1000
HFA
Cyklezonid 80-160 >160-320 >320-1280
Mometazon 200 =400 =800
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dziatania, jest to tzw. rapid acting B2 agonists
RABA.

Leki B2-adrenergiczne (Tabela 3) zmniejszajg
uwalnianie  mediatoréw z  komoérek  ukfadu
immunologicznego  dzieki czemu  zwalniajg
szybkos¢ procesu zapalnego w dolnych drogach
oddechowych. Leki te hamujg przepuszczalnos¢
naczyn ptucnych i obwodowych, stymulujg ruchy

rzesek i pobudzaja wydzielanie surfaktantu
poprawiajac klirens Sluzowo-rzeskowy w
oskrzelach. Wziewne leki [2-adrenergiczne
powoduja mniej  ogdlnoustrojowych  dziatan

niepozadanych takich jak stymulacja sercowo-
naczyniowa, drzenie miesniowe czy hipokaliemia w
poréwnaniu do B-mimetykéw doustnych. Jednak
LABA nie powinny by¢ podawane w monoterapii
poniewaz leki te nie hamujg procesu zapalnego w
oskrzelach [10].

Przewlekle stosowanie zaréwno krétko- jak
i dlugo-dziatajacych p2-mimetykéw wywotuje
tolerancie na lek. Jest ona spowodowana
zmniejszeniem  gestosci receptorow B2 na
powierzchni komorek w ptucach, jest to tzw. proces
down regulation. Ponadto, dtugotrwata monoterapia
LABA niesie z soba ryzyko ciezkich zaostrzen
astmy oraz zgondéw. W zwigzku z tymi faktami LABA
sg stosowane wylacznie w terapii skojarzonej z
odpowiednia dawka wGKS, co jest obecnie
standardem w nowoczesnej farmakoterapii astmy.

Skojarzenie wziewnego GKS z LABA ujawnito
synergizm wzgledem dziatania obu lekow.

Tabela 3. Zestawienie wziewnych
handlowych, postaci, dawek oraz dawkowania

lekdw B2-adrenergicznych i

Glikokortykosteroidy, poprzez dziatanie na poziomie
genetycznym, korzystnie wptywaja na liczbe
receptorow 2 w ptucach, zapobiegajac tym samym
zjawisku down regulation. Natomiast B2-mimetyki
poteguja przeciwzapalne dziatanie wGKS, co
pozwala na zmniejszenie ich dawek i zwiekszenie
bezpieczenstwa terapii przy  jednoczesnym
uzyskaniu tego samego efektu klinicznego.
Leczenie skojarzone polepsza funkcje pluc,
zmniejsza objawy astmy, zmniejsza zuzycie lekow
doraznych i redukuje liczbe zaostrzen. U wiekszosci
pacjentéw stosujacych wGKS plus LABA kliniczna
kontrola astmy jest osiggana szybciej i przy
nizszej dawce steroidu. Wysoka skutecznosé
terapii skojarzonej spowodowata pojawienie sie
preparatow ztozonych, dostarczajacych w jednej
inhalacji glikokortykosteroid i B-mimetyk
jednoczesnie. Liczne badania potwierdzity, ze
podanie LABA i wGKS w jednym inhalatorze jest, co
najmniej réwnie skuteczne, jak podanie ich w
oddzielnych inhalatorach. Dopuszczonymi do
obrotu w Polsce sa nastepujace potaczenia wGKS
z LABA: propionian flutikazonu + salmeterol,
dipropionian beklometazonu + fumaran formoterolu,
budezonid + formoterol (Tabela 4) [11].
Potaczenie synergistycznie dziatajacych
wziewnego GKS i LABA w jednym inhalatorze daje
efekt addycyjny, ktéry zwiazany jest z lepsza
infiltracia wGKS do tkanki plucnej oraz
intensywniejszym  efektem rozkurczowym (2-
agonisty. Wspotdziatanie obu lekéw przektada sie

ich przyktadowych preparatow

NELZ‘W::I Nazwa handlowa Postaé i dawki Dawkowanie
chemiczna
Fenoterol Berotec N aerozol pMDI 100mg 1-2inhalacjex 1-3dz.
(SABA) max. do 8 inhalacji/dz.
Ventolin aerozol pMDI100ug 1-2 inhalacje x dz.
Salbutamol dysk DPI200ug 1x1, max. 1x4
(SABA) plyn 0.1%, 0.2% do nebulizacji| 2,5 mgx1, max. do4x
Salbutamol Hasco syrop 2mg/5ml 4mg (10ml) 3-4xdz.
Pulmoterol aerozol DPI50ug 2x1 inhalacja
Sl max. 2x2 inhalacje
(LABA) Serevent aerozol pMDI 25ug 2x2inhalacje
max. 2x4 inhalacje
dysk DPI 50ug 2x1inhalacja
Atimos aerozolpMDI 12pg 2x1 inhalacja
max.2x2 inhalacje
DiffumaxEasyhaler | aerozolDPI12ng jow.
Tttt sl Foradil oW W
(RABA) - : 4w Jpy
orastmin ].W. ]-wW.
Oxis Turbohaler aerozol DPI 4,5pg 1-2x 1-2 inhalacje
aerozol DPI Oug W
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wiec istotnie na zmniejszenie stanu zapalnego w
drogach oddechowych [10, 12].

Leczenie astmy preparatami ztozonymi ma wiele
zalet. Przede wszystkim zmniejszenie liczby
inhalatoréw i uproszczenie schematu dawkowania
jest wygodniejsze dla pacjentéw i sprawia, ze
chorzy chetniej stosuja sie do zalecen lekarzy.
Prawidtowo stosowane preparaty daja lepsze
rezultaty w leczeniu, a w efekcie lepsza kontrole
astmy i zmniejszenie czestosci zaostrzen, co z kolei
ma znaczacy wplyw na poprawe jakosci zycia
pacjentow z astmg. Terapia  preparatami
skojarzonymi zwieksza istotnie bezpieczenstwo
pacjentéw. Po pierwsze, z uwagi na nizsza dawke

stosowania  B2-agonisty w  monoterapii, co
nierzadko ma miejsce u chorych stosujacych
osobne inhalatory.

Wazng kwestie w terapii astmy stanowig koszty
finansowe leczenia, zaréwno bezposrednie jak
i posrednie (Tabela 5). Terapia preparatami
ztozonymi moze skutecznie je obnizy¢. Wszystkie
zarejestrowane w Polsce przeciwastmatyczne leKki
ztozone sa refundowane i w poréwnaniu do
leczenia skojarzonego sg tansze, co daje wieksze
prawdopodobienstwo, ze pacjent wykupi lek w
aptece [11, 13]. Co wiecej, zmniejszenie liczby
zaostrzen, redukcja stosowanych lekéw doraznych
przez chorego, zmniejszenie liczby hospitalizacji nie

wziewnego steroidu, a po drugie terapia wWGKS +  pozostaja bez znaczenia. Koszty posrednie
LABA w jednym inhalatorze wyklucza ewentualno$é zwigzane z nieobecnoscia w pracy i przed-
Tabela 4. Zestawienie preparatéw ztozonych, zawierajacych wGKS i LABA, zarejestrowanych w Polsce
Kombinacja preparatu . | Dawki (ug) : . .
. : ow W
Agtonego GKEHLABA Nazwa handlowa | Postaé GKS/LABA Dawkowanie Wskazanie
: 2
Serct}de i aerozol i ,.'5 1 inhalacja x 2 Leczenie
Serctide 125 MDI 125/25 SR
propionian flutikazonu Seretide 250 P 250/25 pocizymuja
+ salmeterol Seretide Dysk 100 Fodle 100/50 Leczenie
Seretide Dysk 250 DYPI 250/50 2 inhalacje x 2 Podt :
Seretide Dysk 500 500/50 i i
Sipp aerozol Leczenie
beklometazonu Fostex MDI 100/6 1-2inhalacjex 2 e e v v
+ fumaran formoterolu P bl
Symbicort aerozol il > Tigezome
budesonid + formoterol bl DPI 160/4.5 1-2inhalacjex 2 | podtrzymujace
320/9 i dorazne
Tabela 5. Poroéwnanie bezposrednich kosztow pacjenta stosujacego flutikazon i salmeterol (n.p.

Obwieszczenia Ministra Zdrowia z dnia 26 pazdziernika 2012r. w sprawie wykazu refundowanych
lekow,srodkow spozywczych specjalnego przeznaczenia zywieniowego oraz wyrobow medycznych na dzien

1 listopada 2012r.)

Leki skojarzone Cena Eiéi%ﬂjqenta Leki ztozone Ceaa %Eil;?)cj R
Flixotide 50ug po 120dawek 29.28

aerozol o Seretide 25/50 po 120 390
Serevent 25ug po 120 dawek 2542 dawek aerozol i
aerozol i

Flixotide 125pug po 120dawek 56.44

acrozol ' Seretide 25/125 i
Serevent 25ug po 120 dawek 2542 po 120 dawek acrozol ’
aerozol e

Flixotide 250pg po 120dawek 66.18

acrozol ' Seretide 25/250 —
Serevent25ug po 120 dawek 2542 po 120 dawek acrozol !
aerozol s
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wczesnymi zgonami, takze ulegaja zmniejszeniu.

Korzysci wynikajace ze stosowania preparatow
ztozonych sprawiaja, ze terapia astmy poprzez
taczne podawanie wGKS i LABA we wspdlnym
inhalatorze jest catkowicie zasadna, jednak nie u
wszystkich pacjentdw znajduje ona zastosowanie.
Woéwczas alternatywa dla leczenia glikokortyko-
steroidami sa leki antyleukotrienowe, majace
wlasciwosci przeciwzapalne i przeciwalergiczne
[14]. Cho¢ leki te, w poréownaniu do wGKS
charakteryzuja sie stabszym dziataniem przeciw-
zapalnym, to nawet przy dtugotrwatym stosowaniu
wykazujg lepszy od steroidow profil
bezpieczenstwa. Leki  antyleukotrienowe w
mniejszym stopniu od LABA hamuja skurcz oskrzeli,
ale znaczaco zmniejszajg liczbe eozynofildw w
drogach oddechowych co powoduje redukcje
czestosci nawracajacych obturacji. Leki te
poprawiaja czynnos¢ piuc, obnizaja liczbe
zaostrzen, istotnie zmniejszaja objawy nocne
i dzienne oraz redukujg zuzycie lekdéw doraznych
u chorych we wszystkich grupach wiekowych. Ta
grupa lekéw znajduje zastosowanie w monoterapii u
pacjentow z przewlekta astmg tagodng jako
alternatywa do wGKS, w astmie przewlekiej
umiarkowanej jako lek dodatkowy do terapii wGKS
i LABA aby poprawi¢ kontrole astmy bez
koniecznoséci  zwiekszania  dawki  steroidéw

wziewnych, w astmie aspirynowej, w astmie z
towarzyszacym alergicznym niezytem nosa i astmie
z atopowym zapaleniem skoéry. Leki antyleuko-
trienowe sag szczegdlnie polecane u dzieci
zapobiegawczo w astmie epizodycznej i przewlektej
o lekkim przebiegu oraz w stanach broncho-

spastycznych spowodowanych zakazeniami
wirusowymi oraz w astmie wysitkowej [15, 16].
Do lekow antyleukotrienowych  zaliczamy

inhibitory  5-lipooksygenazy leukotriendw, ktorej
jedynym  przedstawicielem jest zileuton nie
dostepny w Polsce z wuwagi na znaczng
hepatotoksycznos$¢ oraz antagonistow receptoréow
leukotrienowych. Najbardziej znanym zwigzkiem
blokujacy receptor dla leukotrienéw cysteinylowych
CysLT1 jest montelukast, w Polsce dostepny jest
jego oryginat oraz wiele lekéw generycznych [17].

Obok  wysokiego  profilu  bezpieczenstwa
montelukastu do jego zalet mozna zaliczy¢ takze
posta¢ leku, ktéra niewatpliwie ma znaczenie.
W przypadku wGKS pacjenci nierzadko majg
problemy z wilasciwa technika inhalacyjna.
Montelukast (Tabela 6) jest dostepny w
komfortowej, dostosowanej do wieku pacjentéw
postaci, a mianowicie: dla dzieci od 6. miesiaca jest
to posta¢ granulatu, dla starszych dzieci sg to
tabletki do rozgryzania i zucia, a dla dorostych
i miodziezy tabletki powlekane. Schemat dawko-

Tabela 6. Przykiady preparatéow zawierajacych montelukast w dawce 10 mg

Nazwa handlowa Producent Kraj pochodzenia (Roaf;i:g? :;é]; Cena dla pacjenta
Singulair Merck Wielka Brytania brak (cenc;kliujnociina)
Astmodil Polfarmex S.A. Polska 30% 8.69
Drimon Teva Polska Polska 30% 27.79
Monkasta Krka Slowenia 30% 13.91
Montelak Medres s.r.0. Czechy 30% 30.68
Milukante Adamed Polska 30% 14,50
Montelukast Sandor Sandoz GmbH Austria 30% 17.96
Montelukast Bluefish Bluefish Szwecja 30% 221
Montessan Apotex Europe Holandia 30% 23,74
Promonta Nycomed Pharma Polska 30% 8,72
Symlukast SymPhar Polska 30% 8.69
Vizendo GlaxoSmithKline | Wielka Brytania 30% 24,90
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wania tego leku jest takze dogodny dla chorych
(Tabela 7).

Przyjmowanie montelukastu nalezy kontynu-
owa¢ zarowno wtedy, gdy objawy astmy sg pod
kontrola, a takze w przypadku nagtego zaostrzenia
choroby. U pacjentéw, u ktérych zastosowano juz
terapie wGKS zmiana leczenia na antagonistow
LT-receptoréw moze zwiekszaé ryzyko utraty
kontroli choroby. W takim przypadku mozna
zastosowacé leczenie skojarzone wGKS z lekiem
antyleukotrienowym, co poteguje efekt przeciw-
zapalny bez koniecznosci zwiekszania dawki wGKS
[17, 18].

U pacjentéw z ciezkg przewlekig
niekontrolowang astma alergiczng, u ktorych
pomimo wdrozenia terapii dwulekowej a nawet kilku
lekowej, nie uzyskano kontroli choroby nalezy
rozwazy¢ zastosowanie terapii anty-IgE. Terapia

Omalizumab

a—""’--'l- ® -h-“'"-)
zwiazanie krazacych blokowanie wiazania IgI_E
w osoczu wolnych IgE przez receptory wysokiego

powinowactwa

¥ ¥ ¢ ?

komorka

wolne IgE komérka tuczna  komérka
ASDkLa lub |?“2°f'| dendrytyczna
hamowanie uwalnianie
degranulacji . mediatorow
eozynofilow zapalenia
eozynof il
e o

i il

Zmniejszenie alergicznego zapalenia
Zmniejszenie objawow dziennych i nocnych astmy
Zmniejszenie czestosci zaostrzen astmy

Ryc. 1. Schemat mechanizmu dziatania leku omalizumab
(na podstawie [21])

anty-IgE to terapia za pomoca leku biologicznego-
omalizumabu, ktéry zmniejsza liczbe wolnych
czasteczek IgE w osoczu [19, 20].

Omalizumab to rekombinowane humanizowane
monoklonalne przeciwciato anty-IgE, ktére hamuje
kaskade zapalenia alergicznego w drogach
oddechowych i tym sposobem zmniejsza objawy
kliniczne astmy. Mechanizm dziatania leku polega
na wybiérczym wigzaniu sie jego czasteczki z
krazacymi w osoczu IgE, co zapobiega przytaczaniu

sie wolnych czasteczek IgE do receptoréw
wysokiego powinowactwa FceRI  na komodrkach
efektorowych (bazofilach, komdrkach tucznych

i dendrytycznych) (Ryc. 1, 2). W konsekwencji nie
dochodzi do degranulacji komodrek  uktadu
immunologicznego i nie nastepuje uwolnienie
mediatoréw zapalenia do krwi. Omalizumab (Xolair,
Novartis) zostat zaaprobowany przez FDA, EMEA,
a takze dostepny jest w Polsce i od 1 listopada
2012 refundowany w ramach programu lekowego
dla chorych na ciezka astme alergiczna. Lek ten
mozna zastosowac jedynie u pacjentéw, u ktorych
astma zostata wywotana przez immunoglobuline E,
a wiec w leczeniu IgE zaleznej astmy oskrzelowe;j
opornej na leczenie [19]. Preparat mozna podawac
osobom dorostym, miodziezy oraz dzieciom w
wieku od 6. roku zycia (omalizumab refundowany
jest u pacjentow powyzej 12 roku zycia).
Omalizumab podawany jest podskérnie przez
lekarza lub pielegniarke po uprzednim ustaleniu
przez lekarza dawki leku. Wtasciwa dawke leku
oraz czesto$¢ jej podawania ustala sie na
podstawie wyjsciowego stezenia IgE oznaczonego
przed rozpoczeciem leczenia oraz masy ciala
pacjenta. Pacjent otrzymuje kazdorazowo od 1 do 4
wstrzyknie¢ leku, ktére sa podawane co dwa lub co
cztery tygodnie. Omalizumab przeznaczony jest do

)= Omalizumab R 5 -
T rzyZowe wiazanie przez alergen
wiclnych IgE przylaczonych do GSK
receptorow Foell LABA
leki antyleukotrienowe teofilina
kal'"OlU cholinolityki

I 1.

1Iergen
mediatorow reakcji
alergicznej takich jak

koméorka efektorowa

|

uwolnienie

zapalenie i skurcz
w drogach
histamina,leukotrieny, oddechowych

interleuking

Ryc. 2. Punkty uchwytu dziatania lekéw przeciwastmatycznych (na podstawie [22])

Journal of Biology and Earth Sciences, 2013, Vol 3, Issue 1, M1-M13 M7



Szkaradkiewicz Wspotczesna farmakoterapia astmy oskrzelowej

Tabela 7. Schemat dawkowania montelukastu u réznych grup wiekowych pacjentdw na podstawie preparatow

Singulair 10, Singulair 5, Singulair 4 oraz SingulairMini

Wiek pacjenta Dawka | Postaé leku Dawkowanie | Uwagi
Doroslii mlodziez tabletki 1x1 ; 5 2 :
od 15 lat 10mg powlekane wieczorem Micealednicod positis
ol it do. ’ 1x1 Tabletki przyjmowaé 1h przed lub 2h
Dzieciod 6-14lat | 5mg | rozgryzaniai : : :
P wieczorem | popositku
Zucia
2 Y a do. : 1x1 Tabletki przyjmowac 1h przed lub 2h
Dzieci 2-5 lat 4mg rozgryzania i ] ; 2
s wieczorem | popositku
Zucia
Niezaleznie od positku;
lek mozna podaé bezposrednio doustnie lub
Dzieciod 6. 1x1 po wymieszaniu z tyzka mickkiego pokarmu
PR 4mg | granulat : ; e ; ! T
miesiaca do 3 lat wieczorem i poda¢ bezposrednio po przygotowaniu;
granulatunie nalezy rozpuszezaé w plynie,
mozZna go popié plynem

dlugotrwatej terapii, gdyz peiny efekt leczenia u
chorych uzyskuje sie dopiero po 12 do 16
tygodniach terapii anty-IgE. Lek ten nie jest
wskazany w leczeniu nagtych zaostrzen choroby
badz stanu  astmatycznego. Istothne  jest
kontynuowanie przez pacjenta dotychczasowego
leczenia kortyko-steroidami ogdlnoustrojowymi lub
wziewnymi. Mozliwe jest jednak, pod Scista
kontrolg lekarza, stopniowe zmniejszanie dawek
steroidow, a nawet catkowite odstawienie doustnych
GKS. Terapia omalizumabem jest dobrze tolerowana
przez chorych i posiada zadowalajacy profil
bezpieczenstwa. Wiekszos¢ dziatah niepozadanych
jakie moga wystapi¢ maja charakter tagodny lub
umiarkowany i zwigzane sa z reakcjg w miejscu
iniekcji  (rumien, $wiad, wysypka, pokrzywka,
obrzek, ocieplenie). Omalizumab jest lekiem
biologicznym i podczas jego stosowania moze dojsé
do indukcji chordb z autoagresji, moze wystapic
choroba posurowicza czy reakcje anafilaktyczne, co
jednak zaobserwowano bardzo rzadko [23]. Lek ten
poprawia kontrole astmy poprzez redukcje liczby
zaostrzeh i hospitalizacji, zmniejsza objawy choroby
i wplywa na poprawe jakosci zycia [19].

Do lekéw kontrolujacych przebieg astmy nalezg
takze kromony, ktére wykazuja jednak stabe
dziatanie przeciwzapalne i charakteryzuja sie niskg
skutecznoscia kliniczng. Zastosowanie kromo-
glikanéw (kromoglikan diodowy Cromoxal) jest
zatem ograniczone i sprowadza sie do
zapobiegania astmie oskrzelowej o poditozu
alergicznym, jako leczenie alternatywne, jednak nie
rekomendowane w monoterapii.

Podobnie sytuacja wyglada w przypadku
preparatéw teofiliny w postaci o przedtuzonym
uwalnianiu (Euphyllin CR Retard, Euphyllin Long,
Theospirex retard 100 i 300, Theovent 100 i 300).
Teofilina ma stabe wilasciwosci przeciwzapalne
i niska skuteczno$¢ jako lek kontrolujacy przebieg
choroby natomiast jej stosowanie zwigzane jest z
wysokim ryzykiem wystapienia objawéw ubocznych
od arytmii serca do zgonéw wiacznie. Jest ona
stosowana wytacznie jako lek dodatkowy, u
pacjentdéw, u ktérych nie uzyskano kontroli po
zastosowaniu LABA i duzych dawek GKS. Niestety
efektywnos¢ terapii wGKS plus teofilina jest mniegj
skuteczna od potaczenia wGKS plus LABA [5, 18].

Z drugiej strony teofilina i jej pochodne
(aminofilina) jako leki ratunkowe sa waznymi
preparatami w leczeniu stanu astmatycznego [1].
Ze wzgledu na waski indeks terapeutyczny (10-20
pg/ml to stezenie terapeutyczne natomiast > 20
pg/ml  pojawiaja sie objawy przedawkowania),
objawy niepozadane zagrazajace zyciu i duze
réznice osobnicze w eliminacji teofiliny zaleca sie
monitorowanie jej stezen we krwi.

Do bronchodilatacyjnych  lekéw  doraznie
stosowanych w astmie nalezg takze cholinolityki
(bromek ipratropium ATROVENT - ptyn do
nebulizacji, ATROVENT N - aerozol wziewny).
Ipratropium jest alternatywnym lekiem
rozkurczowym dla pacjentéw, u ktérych po
zastosowaniu LABA wystgpity takie dziatania
niepozadane jak tachykardia, arytmia czy drzenia
miesniowe. Z powodu addycyjnych wiasciwosci w
zapobieganiu napadom dusznosci w astmie
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oskrzelowej bromek ipatropium moze byc¢
stosowany facznie z fenoterolem. Takie potaczenie
w postaci preparatu ztozonego jest dostepne w

Polsce (BERODUAL - plyn do nebulizaciji,
BERODUAL N - aerozol wziewny).
Immunoterapia

Zadaniem  immunoterapii jest  wywotanie

tolerancji i podwyzszenie progu wrazliwosci na
okreslone alergeny. U chorych na astme
oskrzelowa, ktérzy sa wuczuleni na alergeny
roztoczy, pytkow traw i drzew, siersci zwierzat
stopniowe podawanie, w odpowiednich odstepach
czasu, wzrastajacych dawek alergenu powoduje
korzystne zmiany odpowiedzi immunologicznej [26].
Standardowym sposobem tego leczenia jest
immunoterapia podskoérna. Swoista immunoterapia
daje lepsze efekty u oséb miodych, z jeszcze nie
zaawansowanym procesem zapalnym choroby [18].
Leczenie odczulajace powinno by¢ stosowane
przez 3 do 5 lat, natomiast korzystny efekt
utrzymuje sie wiele lat. Przeciwwskazaniem do
zastosowania immunoterapii jest astma ciezka.

Edukacja pacjenta

Wspoétczesna farmakoterapia daje olbrzymie
mozliwosci w leczeniu choréb przewlektych takich
jak astma (rézne potaczenia lekéw, monitorowanie
réznych dawek, nowe leki i nowe metody leczenia),
jednak jej efekty bedg zaleze¢ takze od jakosci
wspoétpracy na linii  lekarz-pacjent-farmaceuta.
W wiekszosci populacji na $Swiecie brakuje
odpowiedniej edukacji i Swiadomosci przewlektej
choroby, jaka jest astma oskrzelowa. Wiasciwe
szkolenie i edukacja chorych i ich rodzin jest

fundamentem scalajgcym efektywne leczenie tej
choroby. Wspotpraca pacjenta 2z lekarzem
rodzinnym, pulmonologiem i farmaceuta moze
zaowocowac znaczng poprawg kontroli astmy, a
tym samym jakosci zycia chorego. Oswojenie
pacjenta z chorobg lezy w sugestii zaréwno lekarza
jak i farmaceuty. Zadaniem obu jest wyjasnianie
wszelkich niejasnosci dotyczacych terapii i stoso-
wanych lekéw. Duzo czeSciej bywa, jednak ze
pacjenci trapieni watpliwosciami szukaja pomocy w
aptece. Stad, tak istotne jest odpowiednie
przygotowanie merytoryczne farmaceutéw i realizo-
wanie planu opieki farmaceutyczne;.

Wdrazanie edukacji prozdrowotnej i motywo-

wanie pacjentdw do odpowiednich dziatah
prewencyjnych m. in. unikania kontaktu z
alergenem, zachecanie  rozpoczecia terapii

antynikotynowej, wyjasnianie istotnej roli szczepien
przeciw grypie, ktére powinny by¢é wykonywane co
roku najlepiej wczesng jesienia, jest domeng
farmaceuty. W aptece pacjent powinien by¢
poinformowany o wtasciwej terapii inhalacyjnej, a
mianowicie kolejnosci stosowanych lekéw
wziewnych i koniecznosci przeptukania jamy ustne;j
po aplikacji, a takze na tyle, ile to mozliwe
zademonstrowanie pacjentowi sposobu korzystania
z inhalatorow. Farmaceuta moze tez uswiadomic
pacjentowi potrzebe rehabilitacji ogdlnej i odde-
chowej. Takie dziatania, w potaczeniu z opiekg
lekarska mogg przetozyé sie na dobra kontrole
przebiegu choroby i komfort pacjentéw.

Efektywnosc¢ leczenia astmy oskrzelowej
Chorzy na astme stanowig grupe pacjentéw

wymagajacych zintegrowanej strategii leczenia i
opieki lekarza rodzinnego, pulmonologa oraz

Tabela 8. Klasyfikacja astmy wedtug stopni kontroli zgodna z wytycznymi GINA

Codtia Astma Astma czesciowo Astma
kontrolowana kontrolowana Niekontrolowana
: ; . Nie wystepuja ; ;
Objawy w ciagu dnia : et =2/tydzien
Jawy g (<2/tydzien) ¥

Ograniczona aktywnosé ; ;
S v Nie wystegpuje

Jakiekolwiek

fizyczna ograniczenie ! e

Objawy nocne : ; Jakickolwiek S Riyica AN CARNCA0MD
; Nie wystepuja 2 ; kontrolowanej obecne w

(przebudzenia) ograniczenie : :

; e : ktérymkolwiektyg.

Koniecznosé stosowania Brak S5 vdrich
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Algorytm leczenia astiny wg zalecen GINA

Stopien 2

Niska dawka
wGES

Stopien 1
alternatywnie:
Lek
antvleukotrienowy

SABA

Stopien 3
Stopien 4 leczenie
. stopnia 4
Sropien 3 érednia lub wysoka +
dawka wGKS + doustme GKS
Niska dawka wGES LABA (niska dawka)
LABA alternatywhie
alternatywnie:
alternatywnia: terapia antyIgE
srednia lub wysoka dodatek (omalizumab)
dawka wGKS IEk‘.-l
albo antvleukotrienowego
niska dawka wGKS luk?
£ teofiliny
lek przediuzonym
antyleukotrienowy uwalnianiu
lub teofilina o
przedlizonym
uwalnianiu

Kazdy stopien: szybko dziatajacy f2-agonista, edukacja pacjenta, kontrola czynnikow

srodowiskowych

Ryc. 3. Stopnie intensywnosci terapii w astmie wg GINA (2011-2012)

farmaceuty. Samo leczenie astmy powinno by¢
skoncentrowane na opanowaniu objawéw choroby
u pacjentow i zmniejszeniu  niedogodnosci
zwigzanych z terapig czyli m. in. ilo$¢ stosowanych
lekéw, dziatania niepozadane tych lekéw, tatwosé
i umiejetno$¢ odpowiedniego zastosowania leku
wziewnego. Takie postepowanie znaczaco moze
wplywaé na poprawe jakosci zycia pacjenta,
leczenie bedzie zatem efektywne. Miernikiem
takiego efektywnego leczenia astmy jest jej
kontrola. Wedtug zalecen programu Swiatowe;
Inicjatywy Zwalczania Astmy (GINA) aktualna jej
klasyfikacja jest zdeterminowana przez stopien
kontroli choroby, a nie stopien jej ciezkoSci
(Tabela 8) [5, 24].

Gdy astma nie jest kontrolowana moze bardzo
ogranicza¢ aktywno$¢ zyciowa chorego, a nawet
prowadzi¢ do przedwczesnego zgonu. Stad celem
leczenia astmy jest osiagniecie i utrzymanie
catkowitej kontroli choroby. Efektem uzyskania w
petni kontrolowanej astmy jest zmniejszenie iloSci
atakow choroby w ciggu dnia i nocy, zmniejszenie
czestotliwosci stosowania lekéw doraznych i
uzyskanie prawidtowych wartosci spirometrycznych.
Zatem petna kontrola choroby istotnie wptywa na
poprawe jakosci zycia chorych na astme.

Wspotczesna farmakoterapia astmy ma takze
ogranicza¢ ewentualne przyszie ryzyko zwigzane z:
zaostrzeniem choroby, przyspieszonym pogorsze-
niem funkcji ptuc, objawami ubocznymi zastoso-
wanych w terapii lekow.

W celu osiagniecia kontroli u pacjentéw zaleca
sie stosowanie 5-stopniowego algorytmu leczenia
astmy opracowanego przez ekspertow GINA
(Ryc. 3). Na kazdym stopniu leczenia wazna
jest edukacja pacjentéw i kontrola czynnikéw
Srodowiskowych. Na kazdym stopniu terapii mozna
zastosowac leczenie preferowane lub alternatywne
w zaleznosci od odpowiedzi chorego na leczenie
przeciwastmatyczne. Stopnie od 1 do 5,
prezentujgce stopnie nasilenia choroby (od fagodnej
poprzez umiarkowang, S$rednio umiarkowang do
ciezkiej), jednoczesnie wskazuja na rosngca
intensywno$¢ leczenia. Pierwszy stopien leczenia
sprowadza sie jedynie do zastosowania w razie
potrzeby leku ratunkowego. U wiekszo$ci pacjentow
rekomen-dowany jest szybko dziatajacy f2-mimetyk
wziewny (WSABA). Ewentualnie mozna zastosowac
lek antycholinergiczny lub doustnego krétko
dziatajacego P2-agoniste badz krétko dziatajaca
teofiline, jednak te Ileki cechuje powolniejszy
poczatek dziatania i wieksze ryzyko pojawienia sie
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Poziom kontroli astmy b= z Postepowanie terapeutveme
2
Kontrolowana -:.,: .= | Podtrzvmaé dotvchezasowe leczenie iustalic
= 5 5 | optymalne dawki
Czesciowo kontrolowana G Rozwazy¢ intensyfikacje terapii w celu poprawy
kontroli
Nielkontrolowana = Intensvfilkacja leczenia do momentu osiagniecia
= kontroli
Zaostrzenie s é Leczyc jak w zaostrzeniu
= EE

Ryc. 4. Modyfikacje terapii przeciwastmatycznej w zaleznosci od stopnia kontroli

dziatan ubocznych. Poczawszy od 2 stopnia terapii
do 5 wiacza sie do kuracji lek kontrolujacy przebieg
astmy, ktéry stosowany jest przez pacjentéw
regularnie obok stosowanych doraznie lekéw
ratunkowych.

Wedtug zalecenn GINA najwazniejszymi lekami
kontrolujgcymi sg wziewne GKS, ktore sa lekami
pierwszego rzutu. Na drugim stopniu znajdujg sie
wiec witasnie wGKS, rekomendowane w niskiej
dawce jako inicjujace leczenie przeciwzapalne u
chorych w kazdym wieku. Jako leki drugiego
wyboru moga by¢ zastosowane leki antyleuko-
trienowe, szczegdlnie u pacjentéw z towarzyszacym
alergicznym niezytem nosa, pacjentdw nie
tolerujacych ubocznych efektow GKS (takich jak
utrzymujaca sie chrypka) Iub pacjentow ze
steroidofobig. Inne opcje leczenia sg dostepne,
jednak nie rekomendowane jako inicjujace leki
kontrolne Ilub leki pierwszego rzutu (teofilina o
przedtuzonym uwalnianiu, kromony) [5].

Wedtug wskazan GINA, chorzy na 3 stopniu
rozpoczynajag terapie skojarzong: niska dawka
wGKS plus wziewny LABA, kiéra moze byé
zastosowana w postaci wspdélnego inhalatora
(preparaty ztozone) badz w osobnych inhalatorach.
Niska dawka wziewnego steroidu jest zazwyczaj
wystarczajgca do osiagniecia kontroli ze wzgledu
na addycyjne dziatanie zastosowanego potgczenia.
Inng opcja, rekomendowang szczegolnie dla dzieci,
jest zwiekszenie dawki wGKS i zastosowanie go w
monoterapii do czasu osiagniecia kontroli astmy.
Dobre rezultaty daje tez skojarzone leczenie
WGKS w niskiej dawce plus lek antyleukotrienowy.
Jako alternatywne leczenie mozna rozwazy¢
zastosowanie wGKS w niskiej dawce z teofiling o
przedtuzonym uwalnianiu.

U pacjentow, u ktoérych zastosowana terapia nie

przyniosta oczekiwanych rezultatéw nalezy wdrozy¢
leczenie na 4 stopniu. Zazwyczaj zwiekszenie
dawki wGKS do $redniej lub wysokiej, w potaczeniu
z LABA jest optymalnym  preferowanym
rozwigzaniem. Ewentualnie jako lek dodatkowy do
tego schematu leczenia mozna zastosowac lek
antyleukotrienowy Ilub teofiline o przedtuzonym
uwalnianiu.

Leczenie na 5 stopniu dotyczy pacjentéw z
ciezka do leczenia postacig astmy, u ktérych
ogranicza ona znacznie jako$¢ zycia. W tym
przypadku do preferowanej terapii poziomu 4,
dodatkowo stosowane sq doustne
glikokortykosteroidy, ewentualnie u osoéb z astmg
alergiczng mozna rozwazy¢ zastosowanie terapii
anty-IgE.

Istotnym zaleceniem wg raportu GINA jest
zredukowanie intensywnosci leczenia po uzyskaniu
kontroli astmy (Ryc. 4) [25]. Jest to bardzo wazne
ze wzgledu na dobranie odpowiedniej terapii u
danego pacjenta i zredukowanie dawek do
minimalnych, potrzebnych do utrzymania kontroli
choroby i ograniczenia do minimum ryzyka
wystgpienia  dziatann  niepozadanych. Po 3
miesigcach od uzyskania kontroli choroby, pod
warunkiem, ze w tym czasie nie bylo oznak jej
utraty, mozna rozpoczaé¢ probe redukcji dawek,
kierujac sie nastepujacymi przestankami:

- jesli astma jest Kkontrolowana poprzez
stosowanie wWGKS w niskiej dawce to nalezy
zmieni¢ jego dawkowanie na 1 x dziennie

- jesli astma jest Kkontrolowana poprzez
stosowanie wGKS w $redniej lub wysokiej dawce to
nalezy obniza¢ dawke o 50% co 3 miesiace do
minimalnej dawki gwarantujacej kontrole

- jesli astma jest kontrolowana poprzez
stosowanie terapii skojarzonej wGKS + LABA to
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nalezy w pierwszej kolejnosci obniza¢ o 50% dawke
wGKS co 3 miesiace do niskiej gwarantujacej
kontrole, po czym mozna sprobowaé odstawié¢
LABA

- jesli astma jest kontrolowana poprzez
stosowanie wGKS w potaczeniu z innym niz LABA
lekiem kontrolujgcym, to podobnie nalezy w
pierwszej kolejnosci obniza¢ o 50% dawke wGKS
co 3 miesiace do niskiej gwarantujacej kontrole, a
nastepnie podja¢ prébe odstawienia drugiego leku
kontrolujacego

- wg zalecen GINA istnieje mozliwos¢ odstawienia
na probe lekéw kontrolujgacych astme, jezeli przez
co najmniej rok choroba jest catkowicie
kontrolowana na  najnizszej dawce leku
kontrolujacego i nie ma objawow astmy.

W momencie utraty kontroli nalezy jak najszybciej
zintensyfikowaé leczenie, co przy pojawieniu sie
pierwszych objawdéw moze uchroni¢ chorego przed
zaostrzeniem astmy.

PODSUMOWANIE

PISMIENNICTWO

Wystepowanie astmy zwieksza sie na catym
Swiecie, zarébwno w krajach rozwinietych, jak i
rozwijajacych sie, stad wiasnie jest to duzy problem
zdrowia publicznego. Dostepne sg jednak
skuteczne leki ograniczajgce mozliwos¢ rozwoju
zaostrzenia choroby. Najwazniejszymi lekami
pozostaja wziewne GKS, najlepiej stosowane w
terapii skojarzonej z LABA, a takze w postaci
preparatéw ztozonych wygodnych dla pacjentow.
Stosunkowo jeszcze nowa grupa lekdw, jakimi sg
leki antyleukotrieniwe potwierdzity zasadnos$é¢ ich
stosowania w terapii taczonej z wGKS.
Obiecujagco wyglada tez zastosowanie lekow
biologicznych w terapii astmy oskrzelowej, gdyz
omalizumab ma dobry profil bezpieczenstwa i
wysoka skutecznos$¢. Wspotczesna farmakoterapia
astmy jest procesem cyklicznym, w ktorym
powtarzajg sie 3 elementy leczenia: ocena stopnia
kontroli choroby, osiagniecie i utrzymanie kontroli
przebiegu astmy. W procesie tym wazng role
odgrywa tez edukacja pacjenta i kontrola czynnikéw
Srodowiskowych.
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ABSTRACT

Chronic periodontitis is an oral infection that results into destruction involving the gums, cementum,
periodontium and alveolar process bone. The major etiology of periodontitis is bacterial plaque, which
harbors a variety of pathogenic bacteria known as periopathogens or periodontopathogens. The most
important periopathogens are anaerobic bacteria: Porphyromonas gingivalis, Prevotella intermedia,
Tannerella forsythia, Treponema denticola, Fusobacterium nucleatum and the relative anaerobe
Aggregatibacter actinomycetemcomitans. Periopathogens can affect the immune system cells,
stimulating them to produce inflammatory mediators. The development of inflammatory lesions in
chronic periodontitis may restrict oral lactobacilli.
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INTRODUCTION

Chronic periodontitis is an oral infection that
results into destruction involving the gums,
cementum, periodontium and alveolar process
bone. Chronic periodontitis is characterized by
moderate or severe clinical course, and can occur
in different age groups, but most commonly in
adults. The incidence and severity of periodontitis
increase with age [1]. The main clinical features of
chronic periodontitis are: loss of connective tissue
attachment, alveolar bone loss, the presence of
periodontal pockets and gingival inflammation.
Additional symptoms of this disease are: the
occurrence of supra- and subgingival calculus,
swelling or gum recession, bleeding, furcation
exposure, mobility of the teeth, a bad taste, and
halitosis [2-5].

Severity of periodontitis is determined on the basis
of the following criteria:

1) in moderate periodontitis:

- Gingival Index Gl > 0

- Sulcus Bleeding Index SBI > 0

- Clinical Attachment Loss CAL: 3-4 mm

- at least 2 teeth with depth of pockets PPD > 4 mm
2) in severe periodontitis:

- Gingival Index Gl > 0

- Sulcus Bleeding Index SBI > 0

- Clinical Attachment Loss CAL > 5 mm

- pockets with a depth > 5 mm [6-8].

REVIEW
The main etiological agent of chronic
periodontitis is bacterial plaque. It may cause

damage to host tissues directly or via pro-
inflammatory mediators. Plaque bacteria have
harmful effects on fibroblasts, epithelial and
endothelial cells and extracellular  matrix
components. They can also affect the immune
system cells, stimulating them to produce
inflammatory mediators. Patients with periodontitis
display higher concentrations of various cytokines
including TNF-a, IL-1b, IL-6, IL-17, IL-23, and matrix
metalloproteinase (MMP)-8 and MMP-9 in their
GCF. Consequently, analysis of GCF samples may
provide valuable information regarding the
pathophysiologic  processes associated  with
periodontitis [9-18].

The major etiology of periodontitis is bacterial
plaque, which harbors a variety of pathogenic
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bacteria known as
periodontopathogens.  The most important
periopathogens are anaerobic bacteria:
Porphyromonas gingivalis, Prevotella intermedia,
Tannerella forsythia,  Treponema denticola,
Fusobacterium nucleatum and the relative
anaerobe Aggregatibacter actinomycetemcomitans.
These organisms express a number of potential
virulence factors and induce host inflammatory
mediators, eventually leading to connective tissue
breakdown and alveolar bone resorption [19-23].

In a recent studies, using 16S ribosomal cloning
and sequencing, it was demonstrated that in
periodontitis may occur many bacterial genera both
culturable and unculturable. Associated with
periodontitis are several genera, many of them
uncultivated, including Peptostreptococcus and
Filifactor. In periodontitis are elevated amounts of
the genera Megasphaera and Desulfobulbus, and
several species or phylotypes of Campylobacter,
Selenomonas, Deferribacteres, Dialister, Catonella,
Tannerella, Streptococcus, Atopobium, Eubacterium
and Treponema [24-26].

Currently, based on the research of Socransky
team stands out specific groups of bacteria (called
complexes) with particular importance in the
pathogenesis of periodontitis. Porphyromonas
gingivalis creates with the species: Tannerella
forsythia and Treponema denticola so called red
complex, which appears to be associated with
disease symptoms in adult periodontitis. The
second important group of bacteria forms orange

periopathogens or

complex, comprising 13 species, including
Fusobacterium nucleatum and Prevotella
intermedia. Orange complex bacteria are an

essential link in allowing the colonization of
periodontal tissue by a red complex. A separate
group of bacteria forms green complex, which
includes species: Capnocytophaga sputigena, C.
gingivalis, and Eikenella corrodens. These species
are also associated with disease symptoms in adult
periodontitis, but with a milder clinical course in
contrast to the red complex [27-29]. There is co-
occurrence of green group and yellow complex,
mainly consisting of the oral streptococci, group
"Mitis" (S. mitis, S. oralis, S. gordonii, S. sanguinis)
and connected to this complex Parvimonas micra
belonging to dominant periopathogens [30].

Porphyromonas gingivalis
Porphyromonas gingivalis (Fig. 1) is a clinically
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Fig. 1. Porphyromonas gingivalis in Gram staining.

important species observed as more than 40%
of patients with periodontitis. [31] Strains of
P. gingivalis have fimbriae with numerous adhesins
which ensure adherence of the bacteria to the
periodontal tissues and allow co-aggregation with
other species, and also induce pro-inflammatory
cytokine response. Different proteinases,
particularly cysteine proteinases (gingipains), are
considered the prominent virulence factor of the
pathogen. These proteinases are responsible for
the high proteolytic activity of the bacterium. On the
basis of substrate specificity gingipains were
divided into arginine-specific called arg-gingipains
(RgpA and RgpB) and lysine-specific KGP, known
as lys-gingipain [32-35]. Gingipains have a strong
influence on the immune system by regulating the
activity of cytokines [36, 37].

P. gingivalis strongly induces the production of
pro-inflammatory cytokines IL-1, IL-6, IL-8 and TNF-
alpha by neutrophils, monocytes and macrophages.
It has been shown that arg-gingipain destroys C3
related with opsonization, so that P. gingivalis is
resistant to phagocytosis by neutrophils. In turn, lys-
gingipain degrades C5, releasing C5a component
and therefore stimulates inflammation. Proteases
damage also the extracellular matrix proteins
[36, 38, 39]. The fermentation end products of
P. gingivalis, such as acetic acid, propionic acid and
butyric acid, and volatile sulfur compounds
produced in large quantities can affect cytotoxic the
host cells. Most P. gingivalis strains are able to
produce capsular polysaccharides. This results in
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reduced binding of P. gingivalis to PMN and
inhibited phagocytosis. Lipopolysaccharide (LPS)
present in the cell wall plays the role of the antigen
and activates cytokines [40, 41].

Fig. 2. Prevotella intermedia in Gram staining.

Prevotella intermedia

Prevotella intermedia (Fig. 2) is characterized by
hemolytic activity. Proteases produced by Prevotella
are capable of destroying a number of proteins
including collagen and fibronectin. Has been shown
that proteases possess trypsin-like properties
characteristic for cysteine proteinases and are
capable of antibodies damaging, in particular 1gG
and fibrinogen, what reduces the effectiveness of
the host immune and inflammatory defense [42, 43].
LPS produced by Prevotella may participate in the
periodontal destruction and alveolar bone loss
through the osteoclastogenesis stimulation, as well
as reduce bone formation [44].

Aggregatibacter actinomycetemcomitans
Aggregatibacter actinomycetemcomitans (Fig. 3)
is now considered to be the dominant etiologic
factor in the early beginning periodontal disease,
and may be associated with the red complex [45].
Strains of this species are relatively anaerobic,
capnophilic bacteria with microcapsule and bunch
of fimbriae (BF) with the ability to adhere to
the periodontal tissues and autoaggregation.
Strains of A. actinomycetemcomitans produce
leukotoxin (LtxA), which is cytotoxic to neutrophils
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Fig. 3. Aggregatibacter actinomycetemcomitans in Gram
staining.

and monocytes/ macrophages. LtxA toxin damages
cell membranes and by apoptosis causes lysis of
polymorpho-nuclear leukocytes, monocytes and T
cells [46-48]. The second major toxin of A.
actinomycetemcomitans is CDT toxin (cytolethal
distending toxin) which, by blocking the cell cycle in
G2 phase in T cells induces apoptosis in these
cells. Cells infected by A. actinomycetemcomitans
undergo apoptosis, which may be the cause of the
development of periodontal disease [49, 50].
Lipopolysaccharide (LPS) of A. actinomycetem-
comitans can induce tolerant response in
macrophages which secrete TNF-alpha, IL-1beta
and methylproteinase-9 enzyme that degrades
tissue. This process may play an important role in
the modulation of the host inflammatory response
and progression of periodontitis [51].

Tannerella forsythia

Tannerella forsythia have over the outer
membrane an additional protective structure - S
surface layer formed by regularly arranged two
protein subunits. Experimental studies show that
the layer S of T. forsythia strains may provide their
adherence to host cells, and invasiveness. At the
same time, an important factors for their
pathogenicity are produced enzymes: trypsin-like
protease (PrtH), and glycosidases. The end
products of the fermentation of T. forsythia, such as
acetic acid, propionic acid and butyric acid can
affect cytotoxic on host cells [52, 53].
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Treponema denticola

Strains of the Treponema denticola species
belong to the spiral bacteria, characterized by an
active movement. [54] These spirochetes have the
ability to migrate and penetrate into undamaged
periodontal tissue. At the same time, an important
virulence factors are produced enzymes: trypsin,
chymotrypsin, esterase and alkaline phosphatase,
allowing synergistic effects of T. denticola strains
with the other two species of red complex [55, 56].

Fusobacterium nucleatum

Fusobacterium nucleatum produces DNase, an
enzyme that degrades DNA. F. nucleatum
generates also butyric acid, metabolic end products,
and irritates the fibroblast of the gum, leading to
necrotic lesions, abscesses and periodontal disease
[57]. By scavenging oxygen and oxidative free
radicals from dental plaque, F. nucleatum helps to
maintain and support the conditions for major
anaerobic periodontal pathogens [58].

Recently it has been demonstrated that different
strains of Lactobacillus spp. (including L. reuteri,
L. acidophilus, L. brevis) may be of importance in
prevention against progress of chronic periodontitis
[59-65]. Oral lactobacilli may restrict development of
inflammatory lesions in chronic periodontitis. It has
been shown that H,O,-producing oral lactobacilli
may prevent against progress of chronic
periodontitis, most probably restricting secretory
activity of Th17 cells and growth of
periodontopathogens [16].

CONCLUSIONS

Periodontitis as a chronic oral infection can lead
to rapid destruction of periodontal tissues. On the
development of the disease have an impact many
bacteria, in particular anaerobic bacteria which act
on fibroblasts, epithelial and endothelial cells and
extracellular matrix components. They can also
affect the immune cells, stimulating them to produce
inflammatory mediators.
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Dental caries is one of the most prevalent chronic diseases of people worldwide. The disease process
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INTRODUCTION

Dental caries is a multifactorial, chronic bacterial
disease, that causes demineralization and
destruction of the hard tissues, usually by
production of acid by bacterial fermentation of the
food debris accumulated on the tooth surface.
Today, caries remain one of the most common
diseases of people worldwide. Individuals are
susceptible to this disease throughout their lifetime.
Worldwide, approximately 36% of the population
have dental caries in their permanent teeth. In baby
teeth it affects about 9% of the population [1].
Risk of caries includes physical, biological,
environmental, behavioural and lifestyle-related
factors [2].

REVIEW

The essence of the teeth carious process is
local demineralization of enamel, expressing in
degradation of hydroxyapatites. This process is
initiated within bacterial biofilm - dental plaque, that
covers a tooth surface. Caries lesions develop
where oral biofiims are allowed to mature and
remain on teeth for long periods. On environmental
acidification of the tooth, affects not only the
number and species of bacteria, but also the
release rate, viscosity and buffer capacity of saliva,
the presence of fluoride in enamel and plaque, type
of diet and the frequency of sugars consumption.
Lowering the pH of the plaque below the "critical
value" (5.5 to hydroxyapatite, 4.5 to fluoroapatite,
6.7 to cement) causes dissolution of calcium
phosphates included in the hydroxyapatite and
initializes loss of the tooth mineral substances [2, 3].
Over time the caries process may involve enamel,
dentin and cement, causing decalcification of these
tissues and disintegration of the organic
substances. Caries progression can give rise to
infection of the tooth pulp, which can spread to the
supporting tissues and the jaws [3].

About 700 different bacteria species have been
identified from the human oral microbiome [4]. In
the pathogenesis of dental caries an important role
play cariogenic bacteria, i.e. oral streptococci,
especially of group mutans and lactic acid bacteria
(Lactobacillus spp.). It is believed that bacteria of
the species Streptococcus mutans is the main
factor that initiates caries and very important factor
of enamel decay. The bacteria of the genus
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Lactobacillus are important in further caries
development, especially in the dentin. Mutans
streptococci and lactobacilli are characterized by
the ability to grow in an acid environment and the
property of rapid metabolism of sugars supplied in
the diet to organic acids, including lactic acid [5-7].
The microbial community from dentinal lesions is
diverse and contains many facultatively- and
obligately-anaerobic bacteria belonging to the
genera Actinomyces, Bifidobacterium, Eubacterium,
Lactobacillus, Parvimonas and Rothia. Streptococci
are recovered less frequently [4]. Caries can also
be caused by other bacteria, including members
of the mitis, anginosus and salivarius groups
of streptococci, Propionibacterium, Enterococcus
faecalis and Scardovia [8-10].

In molecular studies using 16S rRNA analysis
has been demonstrated, that the predominant
microbes in deep caries lesions were S. mutans

and genus Lactobacillus but also included
the genera Prevotella, Selenomonas,
Dialister, Fusobacterium, Bifidobacterium and

Pseudoramibacter [11, 12]. In studies of Becker
et al. [13] and Aas et al. [14], they reported that
genera associated with dental caries in both primary
and permanent dentitions are Streptococcus
including S. mutans, S. sanguinis and non-S.
mutans  streptococci, Veillonella, Actinomyces,
Bifidobacterium, Lactobacillus, Propionibacterium,
and Atopobium. In other study, has been shown that
in plaque significantly associated with dental caries
are the genera of Streptococcus, Veillonella,
Actinomyces, Granulicatella, Leptotrichia and
Thiomonas [15].

The development of the caries lesion is
conditioned by the carbohydrates supply frequency,
mainly sucrose and glucose from food, sometimes
impact of cariogenic factors, as well as the tooth
surface susceptibility. Recent studies confirm
participation of the genetic factors in the
pathogenesis of dental caries [16, 17].

Mutans streptococci

Mutans streptococci are the most cariogenic
pathogens as they are highly acidogenic, producing
short-chain acids which dissolve hard tissues of
teeth. They metabolize sucrose to synthesize
insoluble extracellular polysaccharides, which
enhance their adherence to the tooth surface and
encourage biofilm formation. The reactions are
catalyzed by three isozymes of glucosyltransferases
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[18]. The most important mutans streptococci
isolated from tooth caries samples are S. mutans
and S. sobrinus. S. mutans is more cariogenic than
S. sobrinus because specific cell-surface proteins,
which aid in its primary attachment to the tooth.
S. sobrinus lacks such proteins [19].

Streptococcus mutans

S. mutans is able to metabolise a number of
sugars and glycosides such as glucose, fructose,
sucrose, lactose, galactose, mannose, cellobiose,
glucosides, trehalose, maltose and a previously
unrecognised, group of sugar-alcohols. In the
presence of extracellular glucose and sucrose,
S. mutans synthesizes intracellular glycogen-like
polysaccharides (IPSs) [20]. S. mutans produces
also mutacins (bacteriocins), what is considered
to be an important factor in the colonization
and establishment of S. mutans in the dental
biofilm [21].

Streptococcus sobrinus

S. sobrinus has been implicated in caries
development particularly in instances where caries
development appears to be independent of
S. mutans. It is interesting that S. sobrinus displays
higher acid production and acid tolerance compared
to S. mutans [19, 22].

Lactobacilli
Among the Lactobacillus rods in the oral cavity
occur: L. acidophilus, L. casei, L. fermentum,

L. delbrueckii, L. plantarum, L. jensenii, L. brevis,
L. salivarius and L. gasseri. Lactobacilli are divided
into two main groups:

- homofermentative which in the fermentation
process of glucose produce mainly lactic acid, e.g.
Lactobacillus casei, Lactobacillus acidophilus,

- heterofermentative which in addition to lactic acid
produce acetate, ethanol and carbon dioxide, e.g.
Lactobacillus fermentum [23, 24].

Lactobacilli are isolated from deep caries lesions
but rarely just before the development of dental
caries and in the early tooth decay. It is believed
that they are pioneering microorganisms in the
caries progress, especially in dentin [6]. Studies
have shown that Lactobacilli are a dominant part of
the flora inhabiting the deep cavities, and their
number correlates with the amount of
carbohydrates [25-27].

Recently it is known that lactobacilli demonstrate
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also antagonistic action against periodontopatho-
gens such as Aggregatibacter actinomycetem-
comitans, Prevotella intermedia and Porphyro-
monas gingivalis, inhibiting their growth [28-30].
This action consists in the production of acids
mainly lactic acid, lowering the pH of the
environment, release of hydrogen peroxide [31, 32]
and bacteriocins [33-35]. Thus, Lactobacillus in
addition to a cariogenic activity also play a key role
in maintaining the microecological balance in the
mouth and gastrointestinal tract.

CONCLUSIONS

Dental caries is one of the most prevalent
diseases in the world, that causes demineralization
and destruction of the hard tissues of teeth. In the
development of caries a major role play bacteria of
the Streptococcus and Lactobacillus genera which
are acidogenic and aciduric. At the same time,
recent studies show that in the dental caries
development may also affect other bacteria.
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ABSTRACT

Animal kingdom possesses numerous poisonous species that produce venoms (actively delivered) or
toxins (passively delivered). Poisonous animals are found in most classes of the Animal Kingdom and in
most habitats, both terrestrial and marine. Poisonous animals have a significant health problem for
populations in the world and are neglected environmental diseases of the rural tropics. Poisonous
animals include a variety of animal species; sea snakes, stinging fish, jellyfish, corals, cone shells, blue-
ringed octopuses, sea urchins, snakes (elapids, vipers, and rattlesnakes), scorpion, spiders, bee, wasp
and ant. Poisonous animal are rich sources of toxins that often target-with high potency and variable
specificity. Animal toxins have made a significant contribution to enhancing knowledge in human
physiology and pharmacology. Information on the nature and mechanism of action of these toxins has
enabled a more scientific approach to the treatment of their intoxications. This paper reviews the
knowledge about the various aspects related to the name, habitat, biological and medical importance of
poisonous animals of different major animal phyla. In addition, this review will discuss the mechanism of
venoms or toxins toxicity and therapeutic uses of particular fractions of venoms or toxins from different
sources.
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INTRODUCTION

Animal venoms and toxins are now recognized
as major sources of bioactive molecules that may
be tomorrow’'s new drug leads. Venom is a
secretion produced in a specialized gland in one
animal and delivered to a target animal through the
infliction of a wound. This secretion must contain
molecules that disrupt normal physiological
processes [1]. Venoms may be used to kill prey
and/or to defend the delivering organism against
attack by predators. Venoms are complex mixtures
of pharmacologically highly active substances and
can cause a wide range of symptoms [2].

The venom which contains mucopolysacchari-
des, hyaluronidase, phospholipase, serotonin,
histamine, enzyme inhibitors, and protein is namely
neurotoxic peptide (Table 1) [3, 4]. The neurotoxic
peptides are responsible for the symptoms that
present during envenomation by interacting with ion
channels and have the potential to cause massive
damage to nervous system of both vertebrates and
invertebrates [5]. Pre-synaptic neuromuscular
junction neurotoxins act at the neuromuscular
junction, damaging the terminal axon followed by
cessation of all neurotransmitter release and
irreversible paralysis. Post-synaptic toxins act by
reversible binding to the acetylcholine receptor on
the skeletal muscle end plate. Tetrodotoxin found in
saliva of the Australian blue ringed octopus and the
flesh of puffer fish causes rapid and reversible
paralysis of skeletal muscle by blocking nerve

transmission through action on the sodium channels
of axons. A variety of potassium channel blocking
toxins exist in the venoms of some scorpion and
cone shell. Some snake venoms contain myolysins
which caused myolysis of skeletal muscles,
however, cardiac effects are prominent in
envenoming by scorpions, jellyfish and cone shells.

Some venoms contain true anticoagulants
components that directly inhibit portions of the
clotting cascade resulting in prolonged clotting
times (Table 2). The viperid zinc metalloproteinases
causes capillary leakage resulting in haemorrhagic
necrosis. Renal damage may follow envenoming
by a wide range of venomous animals as a
secondary effect of venom induced hypotension.
Some snakes e.g vipers, pit vipers, cobras
commonly cause major local tissue injury, as a
result of cytolytic phospholipase A2 toxins. A few
spiders cause local necrosis as the most prominent
feature of envenomnation [6, 7].

Venom allergens cause immunostimulation of
body tissues and show strong T cell responses in
hypersensitive patients and signify the production of
allergen specific IgE antibodies and generate
anaphylactic reactions. Generally, venom toxins
make fast release of certain chemicals i.e.
serotonins, kinins, prostaglandins and leukotrienes
that results in visible clinical symptoms related to
paralysis, inflammation, swelling and itching [8].

Table 1. Major venomous animal groups commonly associated with neurotoxic paralysis [9].

Type of animal Examples Type of neurotoxin
Kraits Pre- and postsynaptic
Coral snakes Postsynaptic
Mambas Dendrotoxins and fasciculins
Elapid snakes King cobra Postsynaptic
Selected Australian snakes; tiger snakes, taipans, Pre- and postsynaptic
rough scaled snake, death adders, copperheads
Sea snakes Postsynaptic
Mohave rattlesnake Presynaptic
Viperid snakes Neotropical rattlesnakes Presynaptic
Sri Lankan Russell’s viper Postsynaptic
Ticks Paralysis ticks, Ixodes and Dermacentor spp. Presynaptic
Cone shells Variety of Conus spp. Conotoxins
Octopusses Blue ringed octopuses, Hapalochlaena spp. Tetrodotoxin
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REVIEW

1. Phylum Protozoa

Dinoflagellates, unicellular marine protozoons,
produce some of the largest and most complex
polyketides identified to date. The biological
activities of these molecules are quite diverse [11].

2. Phylum Porifera

Sponges are simple multicellular animals, living
mainly in shallow coastal and fresh waters around
the world. They either attach to rock, seaweed or a
hard-shelled animal or burrow into calcareous shells
or rock. Most sponges are harmless to humans,
while a few venomous species exist that have tiny
spicules made of silicon can penetrate the skin and
deliver venom. The effect of picking up a venomous
sponge is not immediate but some time after the
contact the area of skin touched becomes red and
swelled with severe pain for days or even weeks.
Moreover, the external surface of some species of

Table 2. Major venomous animal groups expected to cause primary coagulopathy [10].

sponges has small perforations from which
chemical substances or crinitoxins are extruded.
Three species including the red-beard sponge
(Micronia prolifera), fire sponge (Tedania ignis)
and poison-bun sponge (Fibulila sp.) causes
dermatitis [12].

The majority of sponge glycosides were isolated
from sponges belonging to species of orders
Astrophorida and Poecilosclerida. The distribution
and biological activities of these compounds
suggest their parallel origin and evolution as
defensive agents in several taxa of the class.
Chemically, these compounds are very diverse and
quite different in the structures of the both aglycone
and carbohydrate moieties, when compared with
other glycosides of marine or terrestrial origin.
Sponge glycosides demonstrate antiprotozoal,
antifungal and antitumor activities [13]. Moreover,
marine sponges produce vast range of antitumor,
antiviral, antiinflammatory, immunosuppressive,
antibiotic, and other bioactive molecules that can

Type of animal Examples Type of venom action
: Boomslang, vine snake
Colwond mzkes Yamakagashi, red necked keelback Frocoagulant
- Selected Australian snakes; tiger snakes, - Procoagulant
rough scaled snake, taipans, brown snakes,
Elapid snakes broad headed snakes
- Selected Australian snakes; mulga snakes, - Anticoagulant
Collett’s snake, black snakes, Papuan black
Snake
- Saw scaled or carpet vipers - Procoagulant, disintegrins,
hacmorrhagins
- Gaboon vipers and puff adders - Procoagulant, antiplatelet, disintegrins,
haemorrhagins
- Russell’s vipers - Procoagulant, haemorrhagins
- Malayan pit viper - Procoagulant, antiplatelet,
haemorrhagins
Viperidsiees - North American rattlesnakes - Procoag_ulant,_ fibrinolytic, ant_iplatelet,
disintegrins, haemorrhagins
- North American copperheads - Procoagulant, anticoagulant, fibrinolytic,
disintegrins
- South American pit vipers - Procoagulant, Anticoagulant,
(selected Bothrops spp.) fibrinolytic, disintegrins, haemorrhagins
- Asian green pit vipers - Anticoagulant, fibrinolytic, antiplatelet,
(selected Trimeresurus spp.) haemorrhagins
- EuroAsian vipers - Procoagulant, disintegrins,
(selected Vipera spp.) haemorrhagins,
Insects Latin American caterpillars, Lonomia spp. Procoagulant
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affect the pathogenesis of many human diseases.
The relationship between the chemical structures of
the secondary metabolites from sponges and the
diseases they affect is not clear. However, different
components affect the targeted disease through
microtubule stabilization or interaction with DNA to
combat tumors. Also, most bioactive metabolites
from sponges are inhibitors of certain enzymes,
which often mediate or produce mediators of
intracellular or intercellular messengers that are
involved in the pathogenesis of a disease. The
potency of sponge-derived medicines lies in the fact
that each of these thousands of metabolites and
their derivatives has its own specific dose-related
inhibitory effect, efficacy, and potential side
effects [14].

Halichondrin B was initially purified from the
sponge Halichondria okadai in Japan and has
shown in vivo activity in melanoma and leukaemia
models. It can also be obtained from the deep-water
sponge Lissodendoryx, which is found in New
Zealand. This compound is also active in various
human tumour-cell models in vitro and in vivo and
appears to interfere with microtubule function [15].
New bisindole alkaloids of the topsentin and
hamacanthin classes have been isolated from the
Mediterranean sponge Rhaphisia lacazei showed
significant antiproliferative activity against a series
of human cell lines in vitro [16]. Moreover, initial
studies on sesquiterpenes, parahigginols, and
parahigginic acid isolated from a Taiwanese marine
sponge Parahigginsia sp. revealed that these
compounds were cytotoxic against tumour cells [17].

3. Phylum Cnidaria

Cnidarians are relatively simple radially
symmetrical body. Their body cavity has a single
opening surrounded commonly by tentacles
equipped with special cells known as cnidocytes.
Cnidarians are separated into four groups: the
Hydrozoa (plume-like hydroids, medusae and
Siphonophora), Scyphozoa (free-swimming jellyfish),
Cubozoa (box-shaped medusae) and Anthozoa
(hard and soft corals and anemones). Hydroids and
jellyfish possess nematocysts, on the other hand
sea anemones and true corals have spirocysts with
adhesive cnidae threads [18, 19].

Cnidarian venoms are contained in the
nematocysts secreted by the Golgi apparatus of
nematoblasts, the cells specialized for this function.
The nematocysts contain a tightly spiralized and
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differently shaped thread, which according to the
species, is provided with spines and with a basal
enlarged portion known as the ‘shaft’; after
mechanical or chemical stimulation, the thread is
averted, injecting the venom contained into the
capsule [20].

Nematocyst in the tentacles of the sea anemone
contains a coiled hollow filament containing a potent
toxin affecting voltage gated Na* and K* channels,
acid-sensing ion channels, actinoporins and
protease inhibitors [21-23]. Actinoporins are highly
toxic to fish and crustaceans, which may be the
natural prey of sea anemones. In most cases, a
sting by the nematocysts causes local
inflammations, pain and edema [24]. Toxin from sea
anemone is potently inhibits T-lymphocyte
proliferation in models of certain autoimmune
diseases [25]. All species of jellyfish in the
Mediterranean are relatively harmless; however,
Pelagia noctiluca, Chrysaora hysoscella and
Rhopilema nomadica are considered the most
venomous [26]. The delayed jellyfish envenomation
syndrome with serious multiple organ dysfunction or
systemic damages developed after jellyfish stings
may be attributed to the synergy of cytotoxicity,
vasoconstriction effect and other specific target
organ toxicities of jellyfish venom [27].

Some bioactive substances were discovered in
cnidarians, such as prostaglandins (PGA2) in the
gorgonian Plaxaura homomalla [28], Palytoxin local
anaesthetic and vasoconstrictive agent and induce
ion currents in mouse neuroblastoma cells
discovered in the zoanthid Palythoa toxica [29, 30].
Cytolytic and antitumoral prostanoid compounds
from the Anthozoan Clavularia viridis were shown to
inhibit the growth of HL-60 leukemic cells [31].
Moreover, the incidence and growth of tumors
induced by N-Ethyl-N-Nitrosourea were affected by
the crude venom of the scyphozoan Cassiopea
xamachana [32] and the growth of Ehrlich ascites
tumors grafted in mice was inhibited by crude
extracts of jellyfish and soft corals [33]. Also,
equinatoxin extracted from Actinia equina showed
antitumoral activity on cultured cells [34].

4. Phylum Arthropoda

Basically according to Koehler and Diclaro [35]
venomous arthropods produce venoms that can be
classified as; venoms that produce blisters (e.g.,
blister beetles, certain stinging caterpillars,
millipedes), venoms that attack the central nervous
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system (e.g., black and brown widow spiders, bark
scorpions, certain ticks, Hymenoptera, wheel bugs),
venoms that destroy tissue, or cytolytic and
hemolytic toxins (e.g., Hymenoptera, fire ants,
ground scorpions, mites, chiggers, wheel bugs,
brown recluse spider), venoms that prevent blood
from clotting, or hemorrhagic toxins (e.g., lice, fleas,
ticks, mites, true bugs, biting flies).

4a. Class Insects

Venomous insects are known from the orders
Lepidoptera, Hemiptera, and Hymenoptera [36].
The method of delivery may be active, such as the
sting apparatus of Hymenoptera (bees and wasps),
and the mouthparts of Hemiptera (stylets), or
passive such as the modified setae in some
lepidopteran larvae (caterpillars). Hymenopterans
are insects that inject venom with a stinging
apparatus connected to venom glands in the
terminal part of the abdomen. Some species of ants
lack a sting and instead spray their venom.
Honeybees and wasps are widely and numerously
distributed in cold and tropical climates; therefore,
most humans experience multiple stings during a
lifetime. Single stings are dangerous for people who
are allergic to the venom. Direct toxic effects, as
opposed to allergic reactions account for 15% of all
deaths caused by hymenopteran stings [37].

Insect venom is a poisonous substance that
contains a complex mixture of certain proteins,
enzymes, small peptides, certain inorganic
elements and acids. These venom components are
responsible for multiple pharmacological effects in
different organisms. These venoms act at cellular
level and break the normal barrier to leak out
molecules across the cell membrane and form ion
channels by attaching themselves to the membrane
surface. Insect venom toxins elevate the level of
blood sugar, lactate, glucagon and cortisol and
cause massive destruction of erythrocytes and
nerve cells. In addition, insect venom possess
highly potent short peptides act on ion channels of
excitable cells and inhibit the activity of important
metabolic enzymes. Melittin is a short peptide that
shows cytotoxicity and cause intravascular
hemolysis of erythrocytes, leucocytes, platelets and
vascular endothelium. It is highly basic peptide that
inserts itself into the phospholipid bi-layer of cell
membranes [8].

Venom secreted from the salivary glands of ticks
during the blood meal is absorbed by the host and
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systemically distributed. Paralysis results from the
ixovotoxin, very similar to botulinum toxin due to
inhibition of the acetylcholine release at the
neuromuscular junction and autonomic ganglia
[38, 39]. Both ixovotoxin and botulinum toxin
demonstrate temperature dependence in rat models
and shows increased muscular twitching activity as
the temperature is reduced [40]. The antimicrobial
venom peptides of honey bee Apis mellifera are
present on the cuticle of adult bees and on the nest
wax. It has been suggested that these substances
act as a social antiseptic device. Venom functions
are well beyond the classical stereotype of defense
against predators, and the different nesting biology
of these species may be related to the use of the
venom in a social immunity context [41]. Bumblebee
venom contains a variety of components, including
bombolitin, phospholipase A2, serine proteases,
and serine protease inhibitors. A bumblebee
(Bombus terrestris) venom serine protease inhibitor
that acts as a plasmin inhibitor was consists of a 58-
amino acid mature peptide that displays features
consistent with snake venom Kunitz-type inhibitors,
including six conserved cysteine residues and a P1
site [42]. Solenopsis fire ants are native to the
Americas, with most of the species occurring in
lower regions of South America [43]. Fire ant venom
includes more than 95% piperidinic alkaloids and
less than 5% aqueous fraction of allergenic
proteins [44, 45].

4b. Class Arachnida

From the venom of arachnids (scorpion and
spiders) several hundred peptides have been
isolated and characterized, most of which are
relatively short peptides that interfere with cellular
communication and impair proper function. Cloning
genes extracted from the venomous glands of
arachnids is revealed thousands of novel
sequences [46]. Spiders employ venom jaws that
are connected to venom glands to catch prey and
for use in self defense. Most spiders either have
venom jaws that are too small to penetrate human
skin or their venom is too weak to produce

substantial envenoming. Spider bites may go
unnoticed until clinical signs and symptoms
develop. Systemic neurotoxic envenoming is

caused by widow spiders (Latrodectus sp.),
wandering spiders (Phoneutria sp.), and funnel web
spiders (Atrax sp. and Hadronyche sp.) are
resembles envenoming from scorpion stings. The
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clinical course of envenoming by these spiders is
also predominantly triggered by catecholamine
release [3, 47, 48]. Over a period of more than 300
million years, spiders have evolved an extensive
library of bioactive peptides. Moreover, in contrast
with man-made combinatorial peptide libraries,
spider-venom peptides have been pre-optimized for
high affinity and selectivity against a diverse range
of molecular targets. It is therefore not surprising
that numerous spider-venom peptides have been
characterized that potently and selectively modulate
the activity of a diverse range of therapeutic
targets [49].

Spider venoms are complex mixtures of
neurotoxic peptides, proteins and low molecular
mass organic molecules. Their neurotoxic activity is
due to the interaction of the venom components
with cellular receptors in particular ion channels.
Spider venoms have proven to be a rich source of
highly specific peptide ligands for selected subtypes
of potassium, sodium and calcium channels, and
these toxins have been used to elucidate the
structure and physiological roles of the channels in
excitable and non-excitable cells [50-52].

The Brazilian tarantula Acanthoscurria paulensis
venom induced many behavioral and physiological
changes in mice. An inotropic effect produced on
frog heart is probably due to the low molecular
mass compounds present in the more hydrophilic
fractions of venom that may act either by inducting
the release of acetylcholine from parasympathetic
terminals or by directly acting as a cholinergic
agonist [53].

Loxoscelism is a set of signs and symptoms
caused by the bite of spiders of the genus
Loxosceles [54]. Loxosceles (Araneae, Sicariidae)
can be found in temperate and tropical regions of
America, Oceania, Asia, Africa and Europe [55, 56].
This genus represents a public health problem in
Brazil, mainly in South and Southeast regions, with
more than 3000 cases reported annually by the
Ministry of Health [52]. Usually, the clinical
manifestations of loxoscelism are characterized by
necroulcerative dermatitis at the site of the bite.
However the envenoming can also cause systemic
effects leading to acute renal failure, which may be
lethal [562, 57, 58]. Locally, lesions caused by
loxosceles venom present edema, hemorrhage,
inflammation with dominance of neutrophils,
rhabdomyolisis, damage to the vessels wall,
thrombosis, and dermonecrosis [59, 60]. Recently,
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by using a cDNA library and transcriptome analysis,
a novel expression profile has been elaborated for
Loxosceles intermedia gland venom. This recently
developed profile has allowed the identification of
additional toxins as components of the venom,
including insecticidal peptides similar to knottins,
astacin-like metalloproteases, venom allergen, a
translationally controlled tumor protein family
member, serine protease inhibitors, and neurotoxins
similar to Magi 3 [61, 62]. In addition, the biotechno-
logical use of Loxosceles toxins could provide
information related to the tridimensional structure of
identified toxins, through crystallography and X-ray
diffraction and/or nuclear magnetic resonance for
soluble toxins [63], from such data, synthetic
ligands, analogs, or inhibitors could be designed for
biotechnological purposes [64].

Scorpions are found in all the world causes
problems in tropical and subtropical regions.
Travelers are stung when they accidentally squeeze
scorpions that are hiding in beds, luggage, shoes,
and clothing [65]. Scorpions are actually very
beneficial to ecosystems because they eat insects,
spiders, centipedes and even other scorpions. In
turn, they provide an important food source for large
centipedes, tarantulas, snakes, some lizards, birds,
bats, and other small mammals. Scorpion venom
varies from species to species, but generally
consists of different mixtures of neurotoxins [66].

Scorpion toxins are classified according to their
structure, mode of action, and binding site on
different channels or channel subtypes [67]. The
long chain toxins affecting sodium channels have
been subdivided primarily into two major subtypes,
a- and B-toxins [68]. The a-toxins bind to receptor
site 3 of the voltage-gated Na* channels of
vertebrates in a membrane-dependent manner [69].
The major effects of a-toxins induce a prolongation
of the action potential of nerves and muscles by fast
inactivation of sodium channels receptor affinity
dependent upon membrane potential [67, 70]. The
B-toxins are isolated from American scorpions, bind
to receptor site 4 on vertebrate Na* channels and
producing a shift to amore negative membrane
potential [71, 72]. So, Scorpion B-toxins have been
used as pharmacological tools in the study of
voltage-activated Na* channels [51].

Systemic envenoming is caused by members of
the genera Centruroides; Tityus; Androctonus,
Buthus, Leiurus, Nebo; Hemiscorpius; Parabuthus;
and Mesobuthus [2]. Local envenoming causes
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pain, erythema, and swelling. Systemic envenoming
usually develops in two phases: a cholinergic phase
involving vomiting, sweating, hypersalivation,
priapism, bradycardia, and arterial hypotension,
followed by an adrenergic phase involving arterial
hypertension, tachycardia, and cardiac failure.
Cranial nerves and neuromuscular junctions and
respiratory organs may be affected [73]. The
mediators affecting inflammatory processes may be
released after scorpion envenomation including
kinins, ecosanoids, platelet activating factor, nitric
oxide, and cytokines [74]. A total of 74 fractions
were separated from the Urodacidae scorpions, the
most widely distributed in Australia, allowing the
identification of approximately 274 different
molecular masses with molecular weights varying
from 287 to 43.437 Da. The most abundant
peptides were those from 1 kDa and 4-5 kDa
representing antimicrobial peptides and putative
potassium channel toxins, respectively. The
transcriptome analysis of the venom glands of the
same scorpion species, resulting cDNA library 172
expressed sequence tags [75].

5. Phylum Molusca

The most important venomous mollusks are
from the Gastropoda and Cephalopoda classes.
Gastropoda (genus Conus) contain mollusks able to
envenom prey and occasionally even Man. Octopus
vulgaris is a common marine animal that can be
found in nearly all tropical and semitropical waters
around the world. Octopus vulgaris bite resulting in
an ulcerative lesion with slow wound healing
owing to P. oryzihabitans infection [76]. The blue-
ringed octopus (Hapalochlaena maculata and
Hapalochlaena lunulata) inoculates maculotoxin
from their saliva glands through their horny beak.
Recently maculotoxin  was demonstrated as
identical to tetrodotoxin [77]. Tetrodotoxin is a
potent neurotoxin that blocks axonal sodium
channels and provokes a muscular paralysis similar
to that observed in accidents with Conus shells
including fatal respiratory arrest [78]. Mollusks of
the genus Conus present a venomous apparatus
composed of radulae, a chitin structure linked to
glands, which injects potent neurotoxic peptides,
conotoxins, causing serious human envenomation
that is associate with the blockage of certain
receptors and muscular paralysis [79]. The venom
from any one Conus species contains a large
number of peptides. Every conotoxin serves as a

highly specific ligand, each with a particular
molecular target. Binding of the peptide ligand to its
target leads to a biologically relevant change in
physiological function [80]. Currently, conotoxins are
a valuable tool of scientific research due to the
intense pharmacological activity presented by the
peptides. One of the drugs in clinical tests is
ziconotide which is a peptide that blocks the
neuronal calcium canals with excellent effect in the
treatment of chronic and severe painful processes
[81]. Moreover, conotoxins from different super-
families were commonly found to have similar
distributions. A new conotoxin, PCCSKLHDNSCCGL
was sequenced [87]. Conotoxins composed mostly
of 100-250 disulfide-bridged peptides are
synthesized in the epithelial cells of the venom duct,
then secreted in discrete parts of the same duct, a
convoluted gland often several centimeters long
[83]. Conotoxins bind to receptors such as voltage-
and ligand-gated ion channels, G-protein-coupled
receptors, and neurotransmitter transporters in the
muscular and nervous system [84].

Conotoxins provide a vast library of peptides
with unique abilities to discriminate among types
and subtypes of ion channels in a manner that is
unmatched by the typical small molecule drugs
which dominate the pharmaceutical industry. In

addition, cone venom peptides are small and
inherently stable, making them ideal leads for
peptide therapeutics, especially ion channel

therapeutics. The high structural resolution now
obtained with modern NMR spectroscopy and X-ray
crystallography provides emerging opportunities to
use conotoxins as templates for the design of
smaller peptidomimetics that incorporate the
selectivity and potency of conotoxins. Because of its
selectivity and potency, w-conotoxin MVIIA
(Ziconotide) is being developed as a drug for the
treatment of chronic pain. With improvement in
methods of delivering peptides, it is anticipated that
conopeptides can be modified for effective oral
delivery [85]. The purified peptide from crassispirids
venom of marine gastropods has 29 amino acid
residues long, with the sequence: GSCGLPCHEN-
RRCGWACYCDDGICKPLRV [86].

6. Phylum Echinodermata

Generally, some species of echinodermata are
poisonous some of them are venomous. The
venomous species inject their toxin into the victim
through spines or other similar structures. The
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poisonous species contain poison within their
tissues which affect the victim when consumed. The
venomous species can be consumed after being
cooked, but poisonous species should never be
consumed as the poison will not be inactivated even
by the high temperature of cooking also [87].
Globiferous  pedicellariae  or  Sphaerechinus
granularis are venomous defensive appendages
consisting of a stalk bearing a head made of three
movable jaws. Each jaw is supported by a
calcareous valve ending with a terminal grooved
tooth. The venom apparatus is located in each jaw
and consists of a venom gland surrounded by a
muscular envelope and terminating in a duct which
completely encircles the terminal tooth of the valve.
In mature pedicellariae the venom is stored in
intracellular vacuoles of highly differentiated cells.
Upon contraction of the muscular envelope the
venom is released via a holocrine mechanism and
infiltrates the predator's tissues through the wound
inflicted by the three calcareous teeth of the
valves [88].

7. Phylum Vertebrata
7a. Class Fishes

Venomous fish stings are a common
environment hazard worldwide. Venomous fish
carry venom gland bearing fin rays for self defense.
The venom glands are located mainly in the dorsal
fins, but they can be found in the ventral and anal
fins as in scorpion fish, lion fish, and stone fish or in
the dorsal and pectoral fin as in catfish-mostly
freshwater species. Stingrays have one or more
serrated stings located on their whip-like tails. Fresh
water stingrays are found in rivers and lakes in
South America and Africa. Weever fish of the
Mediterranean and Eastern Atlantic coastal waters
and toad fish possess venomous stings on their gill
covers and in the dorsal fins [19, 47]. Stings from
venomous fish cause agonizing pain and
mechanical injury that destroys tissue. In rare
instances, deeply penetrating stings can affect large
blood vessels and major nerves. Some species of
venomous fish can cause systemic envenomination

[6, 47, 89]. Venoms from stonefish (genus
Synanceja) have marked effects on the
cardiovascular and neuromuscular systems,

vascular perpeability and exhibit haemolytic and
hyaluronidase activity [4]. Venomous fish are often
involved in human accidents and symptoms of
envenomation include local (intense pain and
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swelling) and systemic effects (cardiovascular
and neurological disorders). Stonefish antivenom
evoked an immune cross-reactive response with
scorpionfish venom and is efficient in neutralizing
the most prominent toxic effects of scorpionfish
venom. This is in accordance with the hypothesis
that venomous fish belonging to different genera or
inhabiting different regions may share venom
compounds with similar antigenic properties [90].
However the only commercially available antivenom
is against the Indo-Pacific stonefish Synanceja
trachynis. The venom similarities between Indo-
Pacific and Atlantic venomous fish, suggested that
the scorpionfish Scorpaena plumieri venom
compound responsible for the inflammatory and
cardiovascular effects [91].

Lionfish, members of the genera Pterois,
Parapterois and Dendrochirus have venomous
glandular tissues in dorsal, pelvic and anal spines.
The lionfish toxins have been shown to cross-react
with the stonefish toxins by neutralization tests
using the commercial stonefish antivenom. Two
species of Pterois lionfish (P. antennata and
P. volitans) contain a 75 kDa protein cross-reacting
with neoverrucotoxin. Then, the amino acid
sequences of the P. antennata and P. volitans toxins
were successfully determined by cDNA cloning
using primers designed from the highly conserved
sequences of the stonefish toxins. Remarkably,
either a-subunits (699 amino acid residues) or
b-subunits (698 amino acid residues) of the
P. antennata and P. volitans toxins share as high as
99% sequence identity with each other.
Furthermore, both a- and b-subunits of the lionfish
toxins exhibit high sequence identity with each other
and also with the b-subunits of the stonefish
toxins [92].

7b. Class Amphibia

The amphibian skin contain various bioactive
molecules that possess potential therapeutic
activities like antibacterial, antifungal, antiprotozoal,
antidiabetic, antineoplastic, alagesic and sleep
inducing properties [93]. Frog skins alone have 24
different structural groups of 500 alkaloids [94]. The
glanular skin gland secretions include amines,
peptides, proteins, steroids, water soluble alkaloids
and lipid-soluble alkaloids. The peptides include
bradykinin, sauvagine, physaelaemin, caerulein,
bombesin, dermorphins and adenoregulin [95].
Magainins are class of chemicals secreted by frogs
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that are vasoactive peptides and has antibiotic
properties that protect the skin [96], it work against
bacterial and fungal pathogens by attacking their
membranes, forming pores in the pathogens
membrane that kill the organism [97]. The
bufadienolides which are biosynthesized from
cholesterol in the toads’ diet are five times more
deadly than the cardenolides. In vitro and animal
models studies suggested that bufadienolides could
be used clinically in place of, or in combination with
cardenolides to improve treatment of congestive
heart failure [98].

Chemical defense in a dendrobatid poison frog
is dependent on geographic location and habitat
type. A total of 232 alkaloids, representing 21
structural classes were detected in skin extracts
from the dendrobatid poison frog Oophaga pumilio
[99]. Lipid-soluble alkaloids that discovered in
amphibian skin includes steroidal samandarines
from salamanders, the batrachotoxins, histrionico-

toxins, gephyrotoxins, and epibatidine from
neotropical poison frogs, the pumiliotoxins,
allopumiliotoxins, homopumiliotoxins, and deca-

hydroquinolines from certain genera of anurans,
and the pseudophrynamines from one genus of
Australian frogs [100]. Bufadienolides are
cardioactive steroids responsible for the anti-
inflammatory actions of toad venom [101]. Venom of
Bufo marinus toad contains a Na*, K*-ATPase
inhibitor with potent vasoconstrictor activity [102].

Several studies describing the biochemical
characterization of the components from the skin
secretion of Phyllomedusa genus have allowed the
identification of biologically active peptides that are
very similar to the mammalian hormones,
neuropeptides, as well as the broad-spectrum
cytolytic  antimicrobial peptides [103]. The
antimicrobial peptides are grouped in seven families
namely dermaseptins, phylloseptins, plasticins,
dermatoxins, phylloxins, hyposins, and orphan
peptides [104]. Some of these peptides;
dermaseptins, phylloseptins, hyposins, and the
bradykinin-related peptides were isolated and
characterized from Phyllomedusa hypochondrialis
skin secretion [96, 103-105]. The activity against
grampositive and gram-negative bacteria, yeast and
fungi were reported for dermaseptins [106], while
antibacterial activity and antiparasitic activity
against Trypanosoma cruzi were demonstrated for
phylloseptins [107].
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7c. Class Reptilia

No single characteristic distinguishes a
poisonous snake from a harmless one except the
presence of poison fangs and glands. The
proteroglypha have in front of the upper jaw
permanent erect fangs (fixed fangs), however, the
solenoglypha have erectile fangs that can rise to an
erect position (folded fangs). The fixed-fang snakes
usually have neurotoxic venoms and the folded-
fang snakes usually have hemotoxic venoms.
However, the most poisonous snakes have both
neurotoxic and hemotoxic venom. Of about 2000
different species of snakes, only 300 are venomous.
Venomous snakes are found in the families
Colubridae, Elapidae, Hydrophidae, Viperidae and
Crotalidae. Over 95% of the dry weight of most
venoms is polypeptide which includes enzymes,
toxins and small peptides, each class being capable
of modulating the physiological response of
envenomed animals. More than 20 enzymes have
been detected in snake venom and 12 are found in
the majority of venoms. Hyaluronidase is present in
all snake venoms facilitating the distribution of other
venom components throughout the tissues of the

prey [108].
Snake venoms are among the best
pharmacologically characterized natural toxins

chiefly because of their deleterious effects on
humans. The most common classes of snake
venom enzymes include phospholipase A2,
phosphodiesterase, phosphomonoesterase, L-amino
acid oxidase, specific endopeptidases, and
nonspecific endopeptidases [109]. Snake venoms
comprise a complex pool of proteins (more than
90% of the dry weight), organic compounds with low
molecular mass and inorganic compounds [110-
111]. Their quantitative and qualitative composition
may vary according to factors such as snake
species, age, seasonal period and diet [112]. There
are 13 species of rattlesnakes in Arizona are most
active from March through October and shelter in
abandoned burrows of other animals, brush/
woodpiles, and rock crevices. They generally eat
small mammals (rodents), lizards, and birds.
Rattlesnakes use camouflage as a defense
mechanism and to help them catch prey. While
camouflage makes it difficult for people to see and
avoid them, their audible rattle provides an
exceptional warning most of the time [66].
B. jararacussu, B. brazili and B. atrox venoms at
concentrations up to 5 mg/mL were able to induce
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breakage in the DNA of human lymphocytes [113].
Hump-nosed pit vipers of genus Hypnale are the
commonest cause of snake bite in Sri Lanka [114].
Metallo-and serine proteases have been identified
in several colubrid venoms, and phospholipase A2
is a more frequent component than has been
previously recognized. Venom phosphodiesterase,
acetylcholinesterase and prothrombin activator
activities occur in some venoms. Postsynaptic
neurotoxins and myotoxins have been partially
characterized for venoms from several species
[115]. Moreover, the venom of the family Viperidae,
including the saw-scaled viper, is rich in serine
proteinases and metalloproteinases, which affect
the nervous system, complementary system, blood
coagulation, platelet aggregation and blood
pressure [116]. Novel hyaluronidase CcHasell
(33 kDa) of the most dangerous Egyptian horned
viper Cerastes cerastes (Cc) is purified. The
spreading property of the purified enzyme promoted
distribution of other venom components and
generalized tissue destruction. The importance of
venom hyaluronidase as a therapeutic target and
identification of nontoxic inhibitors of the enzyme
could play an important role in the efficient
management of snakebite [117].

Myotoxins play a major role in the pathogenesis
of the envenomations caused by snake bites in
large parts of the world where this is a very relevant
public health problem. They are basic proteins that
can be classified into three main groups belonging
to structurally distinct protein families: the ‘small’
myotoxins, the cardiotoxins and the PLA2

Table 3. Drugs derived from snake venom [121].

myotoxins [118]. The pathology caused by
cardiotoxins and PLA2 myotoxins develops rapidly
and it is associated with marked damage to the
sarcolemma, whereas pathology associated with
‘small’ myotoxins has a more delayed onset and
sarcolemma damage is not apparent [119]. Among
fast acting myotoxins, cobra cardiotoxins, they
cause severe tissue necrosis and systolic heart
arrest in snakebite victims. Lys49-PLA2 myotoxins,
an important component of various viperid snake
venoms, they cause severe myonecrosis. So, these
toxins are used as tools to study skeletal muscle
repair and regeneration, a process that can be very
limited after snakebites [120].

Snake venoms are a rich source of molecules
act via the adhesion molecules. The benefits of
these molecules for the treatment of certain
diseases are: a shorter half-life, reversible inhibition,
easier to control a problem and very low
immunogenicity. For example, the antihypertensive
drug captopril, modelled from the venom of the
Brazilian arrowhead viper (Bothrops jaracusa); the
anticoagulant Integrilin (eptifibatide), a heptapeptide
derived from a protein found in the venom of the
American  southeastern pygmy rattlesnake
(Sistrurus miliarius barbouri); Ancrod, a compound
isolated from the venom of the Malaysian pit viper
(Agkistrodon rhodostoma) for use in the treatment
of heparin-induced thrombocytopenia and stroke
and alfimeprase, a novel fibrinolytic metallo-
proteinase for thrombolysis derived from venom of
southern copperhead snake (Agkistrodon contortrix
contortrix) (Table 3).

Name Snake Target and function of treatment
Czjlpoten .® o T — Angiotensin converted enzyme (ACE) inhibitor/ high
(Captropil) blood pressure

Integrilin ®
Sisturus miliarus barbouri

Platelet aggregation inhibitor/acute coronary

contortrix

(Eptifibatide) syndrome
? AT T
Ag_grastat i T GPIIb-11Ia mhlbltorf.myocar.dlal infarct, refractory
(tirofiban) ischemia
Exanta Cobra Thrombin inhibitor/arterial fibrillation and blood
Agkistrodon contortrix Thrombolytic/ Acute ischemic stroke, acute
Alfimeprase

peripheral arterial occlusion

Ancrod ®

: Agkistrodon rhodostoma
(viprinex)

Fibrinogen inhibitor/ stroke

hemocoagulase Bothrops atrox

Thrombin-like effect and thromboplastin activity/
prevention and treatment of haemorrhage
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The boldly colored Gila monster is a venomous
reptile can deliver a painful bite if handled. Gila
monster move slowly and feed on animals that
cannot easily escape, such as young rodents and
the eggs of other reptiles and ground-nesting birds.
They are most active in the spring and take refuge
underground during hot weather. Fortunately, Gila
monster attempt to bite humans only as a defensive
measure when they feel threatened and always
prefer escape to defense. Gila monster is a
venomous reptile found in the lower elevations of
southern and western Arizona. They can deliver a
painful bite if handled. Gila monster are most active
in the spring and take refuge underground during
hot weather [66]. Sea snakes are mainly a hazard
to fishermen in the subtropics and tropics who are
bitten when emptying fishing nets or when wading
in muddy waters. Rhabdomyolysis is the main
feature of envenomination by sea snakes. Early
clinical signs are muscular pain and tenderness
followed by placid paralysis and renal failure [2].

7d. Class Aves

Homobatrachotoxin was reported in 1992 to
occur in the skins and feathers of three passerine
bird species in the genus Pitohui (family

Pachycephalidae) endemic to New Guinea and
considered

toxic by New Guineans [122].

Batrachotoxinin-A-20R
cis-crotonate (1)
[miz 486->400]

R= Batrachotoxinin-A-20R
HO 3'-hydroxypentanoate (5)
[miz 518->400]

Batrachotoxinin-A-20R
acetate (2a)
[m/z 460->400]

Batrachotoxinin-A (3)
[mfz 418->400]

CHj
R=
CH 8 Batrachotoxin (4)

2 H [m/z 538->400]

0

,ﬁ_ﬁcm
R=
Re= ﬁ CoHs { % Homobatrachotoxin (6)

N [miz 553->400]

(8) [miz500->414]
Fig. 1. Batrachotoxins found in feathers and/or skins of
New Guinean passerine birds [124].
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Homobatrachotoxin is a member of a group of
neurotoxic steroidal alkaloids, collectively called
batrachotoxins that stabilize the open form of
voltage-gated sodium channels in nerve and muscle
membranes [123]. Dumbacher et al. [124] were
detected and measured batrachotoxins by using
HPLC-mass spectrometry, in five species of New
Guinean birds of the genus Pitohui as well as a
species of a second toxic bird Ifrita kowaldi.

The alkaloids, identified in feathers and skin,
were batrachotoxinin-A cis-crotonate (1), batracho-
toxinin-A and an isomer (3 and 3a, respectively),
batrachotoxin (4), batrachotoxinin-A 3'-hydroxy-
pentanoate (5), homobatrachotoxin (6), and mono-
and dihydroxylated derivatives of homobatracho-
toxin. The highest levels of batrachotoxins were
generally present in the contour feathers of belly,
breast, or legs in Pitohui dichrous, Pitohui
kirhocephalus, and Ifrita kowaldi. Lesser amounts
are found in head, back, tail, and wing feathers.
Batrachotoxin (4) and homobatrachotoxin (6) were
found only in feathers and not in skin. The levels of
batrachotoxins  varied widely for different
populations of Pitohui and Ifrita, a result compatible
with the hypothesis that these birds are
sequestering toxins from a dietary source (Fig. 1).

Feathers constitute the first line of defense
against consumers in birds. Many predators such
as raptors and carnivores, pluck them from
carcasses before commencing to feed. Thus, it is
not surprising from a functional standpoint that
feathers serve as a repository of defensive
chemicals. Dumbacher et al. [124] suggested that
batrachotoxins might be transferred from feathers
onto eggs or nest materials, thus affording
protection against nest-raiding vertebrates. Breast
or belly contour feathers contained the highest toxin
concentrations and might rub off onto eggs or be
deposited in the nest to provide protection from
predators such as snakes, rodents or other birds;
particularly any predator that might normally eat an
egg whole.

Batrachotoxins found in Pitohui or Ifrita feathers
may repel or Kill lice or other parasites [125]. In
addition, batrachotoxin-laden dander or feather
pieces shed from the birds may impart these
nonvolatile toxins to other organisms including
humans. A survey of birds for batrachotoxins and
related compounds also is illustrated, particularly in
light of the discovery of alkaloids in the red warbler
(Ergaticus ruber) from Mexico [126].
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7e. Class Mammals

The occurrence of venom in mammals has long
been considered of minor importance. Mammalian
venoms form a heterogeneous group having
different compositions and modes of action and are
present in three classes of mammals, Insectivora,
Monotremata, and Chiroptera. A fourth order,
Primates, is proposed to have venomous
representatives [127]. The taxonomically complex
group Insectivora holds most of the venomous
mammals. With the exception of vampire bats,
these are the only mammals so far observed to
produce toxic saliva. The American shorttailed
shrew (Blarina brevicauda), the Hispaniolan
solenodon (Solenodon paradoxus), the European
water shrew (Neomys fodiens) and the
Mediterranean water shrew (Neomys anomalus)
provided the most definite evidences for salivary
venom [128]. European folk-tales focused on the
effects of shrew bites upon cattle and horses,
describing the affected animals as paralyzed and
deprived of feeling, hinting to systemic effects [129].
The purification of the toxic component of the
B. brevicauda saliva, blarina toxin was achieved by
Kita et al. [130] as a glycosylated protein composed
of 253 amino acids with a kallikrein-like protease
activity. This toxin cleaves kininogens producing
kinins, including bradykinin, an inflammation
mediator which increases vascular permeability and
lowers blood pressure.

The platypus (Ornithorhynchus anatinus) is
thought to be the only venomous Monotremata
representative. When gland secretion of platypus

was injected subcutaneously into a rabbit it
produced localized swelling and tenderness.
However, intravenously injection into a rabbits it
caused a rapid fall in blood pressure and respiratory
distress were observed, being followed by death
[131]. The O. anatinus venom is a complex mixture
of 19 different fractions. The peptide fractions
include C-type natriuretic peptides, defensin-like

peptides, nerve growth factors, isomerases,
hyaluronidase, protease, and uncharacterized
proteins [132, 133]. Two distinct classes of

anticoagulants are found in the saliva of vampire
bats i.e. plasminogen activators and inhibitors of
proteinases [134]. Plasminogen activators act
producing localized proteolysis in tissue remodeling,
wound healing and neuronal plasticity [135]. The
venom of a loris reaches the target animal by
means of prolonged bites. It was originally thought
that the animal's salivawas responsible for the
observed symptoms, causing anaphylaxis on
already sensitized individuals [136]. Alterman [137]
established a connection between this habit and the
painful loris bites, proposing that toxins from the
brachial gland exudate would be responsible for the
observable effects on humans. The brachial gland
exudate is a complex mixture, comprising volatile
low molecular weight metabolites and non-volatile
high molecular weight protein fractions [138]. An
unidentified steroid and polypeptides generated by
mixing brachial gland exudate and saliva were
suggested to be the active toxic component of the
venom [139].

Table 4. Summary of venomous mammals and their venoms [127].

Mammalian Venomous .
; Venom source Known toxic components Most common effects
Order representatives
Insectivora Shrews and Salivary gland Blarina toxin Brea;}:lz%yilizmaizance,
solenodons .
convulsions
C-type natrituretic peptides,
Monotremata Platypus Crural gland defensin-like peptides, nerve | Acute pain and swelling
growth factor
Plasminogen activators,
Chiroptera Vampire bats Salivary gland Dra;:.;lll::: dl?natiy:;ﬁiztem Prolonged bleeding
of vampire bats
Slow and BGE protein
Primates pygmy slow Brachial gland (is a heterodimeric protein Allergic reactions
lorises with 17.6 kDa)
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CONCLUSION

Very many poisonous animals are medically
important. Envenomation causes multiple disorders
of which neurotoxicity is sometimes the major
problem. Some of the natural toxins acting on the
cardiovascular system are very potent and highly
specific for some receptors in cardiac tissue.
Although some molecules of venoms possess high
receptors specificity, they are used as therapeutic
drugs. More studies on their structure-function may
provide useful information for synthesis of smaller
analogues with lower toxicity. So, interventions by
scientists and clinicians have made it possible to
use the venom proteins as potential drugs for
multiple disorders or for drug design.
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ABSTRACT

Probiotics are live microorganisms which, when administered in the appropriate dosage have a positive
effect on the host health. Probiotic strains must have established origin, the so-called GRAS status
(generally recognized as safe) and confirmed by tests safety of use. This strain should demonstrates its
capability of survival, metabolize, adhesion to the intestinal mucosa and transient colonization of the
gastrointestinal tract. The key importance have also antagonistic properties against potentially
pathogenic species. To microorganisms having probiotic activity belong bacteria of the genera
Lactobacillus, Lactococcus, Bifidobacterium, Streptococcus, Enterococcus, and the yeasts Saccharo-
myces boulardii. A prebiotic is a non-digestible food ingredient that selectively stimulates the growth and
activity of selected probiotic strains. Synbiotic is the food product comprising in its composition, both
probiotic and prebiotic.
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INTRODUCTION

Probiotics, according to FAO/WHO definition,
are live microorganisms which when administered
in adequate amount confer a health benefit to the
host [1]. Prebiotics are selectively fermented
ingredients that result in specific changes, in the
composition and/or activity of the gastrointestinal
microbiota, thus conferring benefit(s) upon host
health [2].

REVIEW

The recent history of probiotics began in the
early 1900s, when Elie Metchnikoff hypothesized
that the longevity of peasants was linked to their
consumption of fermented milk products containing
lactic acid bacteria (Streptococcus thermophilus
and Lactobacillus delbruekii subsp. bulgaricus). He
suggested that these beneficial bacteria decreased
intestinal pH, and suppressed harmful bacteria [3].

Probiotics are considered as safe (GRAS status:
generally recognized as safe). Probiotics must meet
several conditions:

- must not lose its properties during storage,

- must be normally present in the human intestine,

- must be able to survive in Gl tract and colonize the
intestine cells,

- must have beneficial effects for human health,

- must have antagonism against pathogenic micro-
organisms,

- must not demonstrate side-effects [1, 4].

Currently, as probiotics are used selected
bacterial strains derived from the natural human
intestinal flora, particularly: Lactobacillus acido-
philus (Fig. 1), Lactobacillus casei (GG, Shirota,
DN-114 001), Lactobacillus plantarum, Lactobacillus
reuteri, Lactobacillus rhamnosus, Lactobacillus
bulgaricus, Bifidobacterium longum, Bifidobacterium
bifidum, Bifidus essensis, Streptococcus salivarius
ssp. thermophilus. The Escherichia coli strain Nissle
1917 is one of the examples of a non-LAB probiotic.
In addition to the bacteria as probiotics are also
used strains of yeast Saccharomyces boulardii
[5, 6].

Mode of action of probiotics has not been well
understood. It was found that probiotic bacteria can
stimulate host defense mechanisms. Probiotics act
on the humoral and cellular response, stimulating
the immune system [7, 8]. They affect not only the
stability of the intestinal microflora, but also to
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Fig. 1. Lactobacillus acidophilus in Gram staining.

facilitate the digestion [9]. Probiotic bacteria are
also involved in the inhibition of hypersensitivity
reactions to food antigens [10]. Effect of probiotics
is also associated with the modulation of the
immune response by stimulating the synthesis of
immunoglobulins and cytokines. Numerous studies
have shown the ability of Lactobacillus species to
macrophage activation and to increase their ability
to phagocytosis [11-13]. Probiotic bacteria soften
inflammatory reactions caused by bacteria, fungi
(mainly Candida), and viruses, and at the same
time enhance the immune responses [14].
Various probiotic strains, including Lactobacillus
reuteri ATCC 55730, L. rhamnosus GG, L. casei
DN-114 001 shorten duration of acute infectious
diarrhea in children, travelers diarrhea and diarrhea
caused by Clostridium difficile infection. Bifido-
bacterium animalis DN173010, B. lactis Bb-12 and
B. bifidum are most commonly used in the
maintenance of homeostasis of intestinal microflora
and reducing of intestinal passage [15-18].
Lactobacillus strains by reducing the activity of f3-
glucuronidase, nitroreductase and hydrolases have
anti-cancer effect. Also affect the relief of symptoms
in Crohn's disease and ulcerative colitis [19, 20].
Saccharomyces boulardii is a non-pathogenic
strain of yeast, demonstrating features of a
probiotic. It is not susceptible to digestion or
hydrochloric acid. S. boulardii inhibits the growth of
many pathogenic microorganismsfor at reduces the
severity of infection, has effect on binding of
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bacterial toxins with the intestinal receptors, and
acts immunoprotective. It is used in the prevention
of post-antibiotic diarrhea, diarrhea in travelers,
diarrhea caused by Clostridium difficile and
inflammatory bowel diseases [6, 21-23]. Potential
effects of probiotics are shown in Table 1.

The antimicrobial activity of lactic acid bacteria
consists in the production of acids mainly lactic
acid, lowering the pH of the environment, release of
hydrogen peroxide [28, 29], bacteriocins [30-32]
and biosurfactant [33]. Lactobacilli constitute about
1% of the normal oral cavity microflora. The
bacteria of the Lactobacillus genus possess
immunoregulatory  properties and  modulate
inflammatory reaction, representing an important
element of local antimicrobial resistance [34].
Lactobacili may be important in preventing the
progression of chronic periodontal disease,
interacting by antagonism toward periopathogens
[35-38]. Servin showed that lactic acid bacteria
which produce hydrogen peroxide stimulate the
production of cytokines by inflammatory cells [39].
Other data indicate the important role of
bacteriocins secreted by Lactobacillus spp. in
modifying the composition of the oral cavity
microflora [1, 40]. Lactobacillus reuteri is one of the
already well-known species of probiotic bacteria
with documented action in many bacterial infections

Table 1. Potential effects of probiotics [1, 24-27].

[42-48]. Reuterin, produced by L. reuteri, shows a
broad spectrum of antibacterial activity, and acts to
suppress the production of pro-inflammatory
cytokines. Reuterin blocks adherence and prevents
the colonization of pathogens [49, 50]. Lactobacilli
may therefore be one of the factors regulating and
modifying the occurrence and the number of
periopathogens.

The term of probiotic is closely related to two
other concepts: prebiotic and synbiotic. A prebiotic
is a non-digestible food ingredient that selectively
stimulates the growth and activity of selected
intestinal strains can thus affect a favorable change
in the balance of intestinal microflora. Prebiotics are
predominantly dietary fibers, particularly soluble,
also called "colonic food", consisting of specific
carbohydrates. To substances selectively stimula-
ting selected bacterial strains include: inulin,
oligofructose, lactulose, fructooligosaccharides
(FOS), galactooligosaccharides (GOS), xylooligo-
saccharides (XOS) [25, 51]. Prebiotics are present
in many edible plants such as chicory, onions,
leeks, garlic, asparagus, wheat, bananas, oats,
soybeans. Many commercial prebiotics are obtained
from vegetable raw materials or produced by
enzymatic way through the hydrolysis of complex
polysaccharides or the trans-glycosylation of mono-
or disaccharides [51, 52].

Improvement of intestinal functions
Aid in lactose digestion

Effects on mineral absorption

Treatment Clostridium difficile diarrhoea
Treatment and prevention of allergies

Treatment of juvenile reumatoid arthritis

Reduction of risk of colon cancer

Prevention of urogenital infections

Improvement and stabilization of gut microbiota composition

They allow the biosynthesis of vitamin K and vitamins of group B

Reduction of risk of intestinal inflammations and infections

Protective effect against acute diarrhea, including travelers diarrhea and post-antibiotic diarrhea

Initiation and regulation/modulation of immune functions

Reduction of risk of obesity, type 2 diabetes, metabolic syndrome, etc.

Hypocholesterolaemic and cardioprotective effects

Prevention and treatment of gastritis caused by Helicobacter pylori
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Synbiotic is a food product consisting in the
composition of both: the probiotic and prebiotic [25].
In 1995 Gibson and Roberfroid defined synbiotic as
“a mixture of probiotics and prebiotics that
beneficially affects the host by improving the
survival and implantation of live microbial dietary
supplements in the gastrointestinal tract, by
selectively stimulating the growth and/or activating
the metabolism of one or a limited number of
health-promoting bacteria, and thus improving host
welfare” [12].

Probiotics are considered as safe drugs, but in
particular cases Lactobacillus spp. that colonize
mucous membrane of the mouth and throat can

cause bacteremia and severe opportunistic
infections [53, 54].
CONCLUSIONS

Probiotics are live, non-pathogenic micro-

organisms, which include lactic acid bacteria and
the yeast Saccharomyces boulardii. They have
health benefits for the host, and their action is
multidirectional. Probiotic strains should demon-
strate capability of survival, metabolize, adhesion to
the intestinal mucosa, transient colonization of the
gastrointestinal tract, and antagonistic properties
against potentially pathogenic species. Prebiotics
have the properties to supporting the probiotics,
stimulate the growth and activity of selected
probiotic strains.
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Wstepna charakterystyka skat zytowych wystepujacych w
Dolinie Malaja Bietaja w Chibinach
Preliminary characterization of the mineral veins occurring
in the Malaya Belaya Valley in the Khibiny

Mitosz A. Huber

Department of Geology and Protection of Lithosphere, Maria Curie-Sktodowska University, Lublin, Poland

STRESZCZENIE

Praca dotyczy identyfikacji skat zytowych z centralnej czesci Masywu Chibinskiego, bedacego intruzjg
centralng alkalicznych skat, powstatych w p6znym dewonie jako produkt wzmozonego magmatyzmu
typu kontynentalnego zwigzanego z plama goraca, ktéra w tym rejonie przyczynita sie do wielu
podobnych alkalicznych intruzji. Zidentyfikowano gtéwnie mikrosjenity, tinguaity oraz melteigity. Skaty
te poddano badaniom petrologicznym (mikroskopia optyczna, XRD). Identyfikacja skat zytowych jest
szczegllnie istotha w kontekscie okreslenia proceséw zwigzanych z krystalizacja resztkowa oraz
iniekcji niewielkich porcji magmy ktére musiaty mie¢ miejsce podczas stygniecia intruzji budujace;j
obecnie Masyw Chibinski. Szczegdlnie interesujace sg skaly melteigitowe powstate jako produkt
mieszania sie pierwotnych magmowych utwordéw z otaczajacymi skatami alkalicznymi co uwidacznia
sie choéby w skifadzie mineralnym tych skat i korozjga mineratdw zwigzanych z zasadowym
srodowiskiem powstawania.

ABSTRACT

The focus of this study is identification of mineral veins from central part of Khibina massive, which
are late Devonian alkaline intrusion. Khibina Massive are product of continental magmatism
connecting with a hot spot, which are present in this area, making a lot of the same intrusion. It was
identificated a microsyenite, tinguaite and melteigite mostly. From these rocks was collected a few of
samples, which made a petrology observation (optical microscopy, XRD analysis). These rocks are
strongly important in to description a final crystallization and injection of a small addition of magmas,
which was present in the Khibina Massive. Most interested are melteigite rocks which are a product
of mixing a primary magma with alkaline fluids, which is visible in mineral composition in these rocks
and secondary processes.

Stowa kluczowe: Chibiny; Mataja Bietaja; petrografia; skaty zytowe.
Key words: Khibiny; Malaya Bielaya; petrography; mineral veins.
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Huber Charakterystyka skat zytowych wystepujacych w Chibinach

WSTEP

Masyw Chibinski znajduje sie w $rodkowej
czesci ptw. Kola i jest to wczesnopaleozoiczna
intruzja skat wysokoalkalicznych  [1-3]. W
zachodniej czesci Masywu Chibinskiego znajduje
sie dolina Mataja Bietaja (Fig. 1).

Jest to dolina o charakterze U-ksztalthym z
wieloma formami postglacjalnymi (cyrki lodowcowe,
moreny itp.), biorac swoj poczatek w Srodkowej
czesci masywu chibinskiego na stokach gory
Pietierlusa oraz Wschodnia Pietierlusa ktére
stanowig kulminacje pasma Razwumczorr (Fig. 2a,
b). W dolinie tej odstaniaja sie przewaznie masywne
alkaliczne sjenity [4-6]. W strefach tektonicznych
znajduja sie liczne zyty, ktére ogdlnie mozna
zaliczy¢ do mikrosjenitow, ijolitébw i urtytéw oraz
trachitéw i alkalicznych oliwinowych gabr [5, 7-9].

MATERIAL | METODY

Skaty do badan pobrano w latach 1999-2012 a
nastepnie poddano szeregowi analiz. Wykonano
badania makroskopowe in situ oraz mikroskopowe
za pomoca mikroskopu optycznego Leica oraz
mikroskopu elektronowego Hitachi SU6600 z
przystawka EDS, ktéry znajduje sie w Pracowni
Mikroskopii Optycznej i Elektronowej Zaktadu
Geologii i Ochrony Litosfery UMCS. Skaly te

poddano tez analizom katodoluminescencyjnym,
dzieki uprzejmosci dr hab. A. Gatuszki w Zaktadzie

e, a\:n_,@nv'qdal,'-‘?w
L Friduagnons o,

badan

Fig. 1. Plan sytuacyjny terenu
zaznaczeniem miejsca poboru prob.

wraz z

Geochemii i Ochrony $rodowiska Uniwersytetu
Jana Kochanowskiego w Kielcach.

Wykaz préb znajduje sie w tabeli 1. W tym
rejonie odstaniaja sie masywne sjenity alkaliczne o
barwie zielonkawej, strukturze granonemato-
krystalicznej, teksturze zbitej, beztadnej, rzadziej
kierunkowej (Fig. 3a). Tio skaty (Fig. 3b,c) budujg
autromorficzne krysztaty nefelinu (do 25% obj.),
ortoklazu (do 24% obj.) i apatytu (do 15% obj.),
pomiedzy ktdérzymi znajdujq sie igly egirynu - akmitu
(do 21% obj.), oraz ksenomorficzne krysztaty
eudialitu (czesto z licznymi wrostkami tych ostatnich
—do 15% obj.), plagioklazéw (kwasne odmiany do
10% obj.). W skatach tych podrzednie wystepuja tez
w ilosci do 15% obj: ilmenit, tytanit, magnetyt,
arfvedsonit, riebeckit, astrofyllit, aenigmatyt,
lorenzenit i inne.

Masywne sjenity — chibinity tng liczne zyly
mineralne. Analizowane prébki to gtéwnie zylowe
sjenity, ale wystepujga tez  melanosjenity
przechodzace do ijolitu i wurtytu, nefelinitu
(zwtaszcza w strefie ciat rudnych, gdzie tworzg
skupienia tytanitowo—nefelinowe). Zyly te posiadaja
skomplikowang budowe wskazujac na wypetnienia
tektonicznych uskokéw i roztaméw, ktére byty

wielokrotnie uruchamiana i na nowo wypetniana

Fig. 2a. Dolina Mataja Bietaja.

Fig. 2b. Goéra Wostoczna Pietierlusa.
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Tabela 1. Wykaz splanimetrowanych prébek skat (skaly zylowe zaznaczono kursywa).

Sklad okreslony planimetrycznie [%obj.]

Lokalizacja Nr proby Nazwa skaly
Ne | K-sk [ Pl | Ciemne Inne
20CH99 0 29 63 8 0 Alkaliczny sjenit
'_% - 21CH99 10 49 27 4 10(ap) Foidowy trachit
§ 'g 22CHY99 21 0 0 79 0 Foifdowy piroksenit
g. a 30CH99 9 28 10 52 0 Melteigit
17CH99 0 26 16 58 0 Melteigit
5 & 15CH99 0 10 23 67 0 Sjenit
E’ -;E 13CH99 0 8 53 32 4(ap)4(zr) Alkaliczny melasjenit
% pci 28CH99 27 23 0 41 7(ap)2(zr) | Foidowy sjneit (Chibinit)
E —EE 29CH99 5 6 4 67 18(ap) Foidowy sjenit
E‘ g 23CHY99 10 26 16 43 S(ap) Tefrytowy fonolit
16CH99 0 45 0 55 0 Sjnit z tlenkami Fe
07CHO2 25 24 5 30 15(ap) Foidowy sjenit (Chibinit)
08aCHO2 3 7 4 69 7(oD10(ap) | Ne-Ol alk. klinopiroksenit
10CHO2 20 30 0 35 T(ap)8(zr) | Fiodowy sjenit (Chibinit)
11CHO2-IT wyp. 10 12 0 71 8(ap) ljolit
] L ICHO2-1 wyp. 7 41 9 39 4(ap) Fiodowy sjenit (Chibinit)
E 13CHO2 24 10 0 37 17(ap)12(zr) | Fiodowy sjenit (Chibinit)
E 14CHO2 17 14 0 58 2(ap)9(zr) ljolit
'_E 15CHO2 2 55 0 34 9(ap) Fiodowy mikrosjenit
% 16CHO2-1I wyp. 13 16 0 71 0 Fiodowy sjenit (Chibinit)
[; 16CHO2-1 wyp. 39 0 0 55 7(ap) ljolit
E’J 17CHO02 3 25 0 72 0 Fiodowy sjenit (Chibinit)
R
E 18CHO2 15 15 9 55 6(ap) Melteigit
; 19CHO2-1 wyp. 13 57 0 27 4(ap) Fiodowy sjenit (Chibinit)
:é 19CHO2-1I wyp. 6 18 0 52 24(ap) Fiodowy sjenit (Chibinit)
_§ 20CHO02 1 38 0 55 6(ap) Fiodowy sjenit (Chibinit)
8 21CHO02 1 12 0 84 4(ap) ljolit
22CHO2-1 wyp. 3 20 3 28 48(zr) Fiodowy sjenit (Chibinit)
22CHO2-TT wyp. 0 91 0 3 5(ap) Fiodowy sjenit (Chibinit)
23CHO02 5 22 1 72 0 Mikrosjneit -tinguait
24CHO02 11 20 0 45 11(ap)13(zr) | Fiodowy sjenit (Chibinit)
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Fig. 3b. Jeden z przyktadow pegmatytu w Chibinach.

~ o R Aot

nowa substancja mineralna, rzadziej
starszych skat z otoczenia (Fig. 4).

brekcja

WYNIKI

Utwory zostaty zbadane za pomoca mikroskopu
polaryzacyjnego w Swietle przechodzacym i
odbitym. Analiza tych skat pozwolita wydzieli¢ kilka
odmian petrologicznych zyt (Tabela 1):

- zylowe sjenity i mikrosjenity (prébki 20CH99,
15CH99, 13CH99, 28CH99, 29CH99, 16CH99,
07CH02, 10CHO02, 11CHO02a, 13CH02, 15CH02,
16CHO02b, 17CH02, 19CH02a, 20CH02, 22CHO02,
24CHO02, 01aCHO03),

- ijolity (11CHO02b, 14CH02, 16CHO02a, 21CH02),
- tefrytowe fonolity (23CH99) i tinguaity (21CH99,
23CH02) oraz

- melteigity (30CH99, 17CH99, 08aCH02, 18CH02)
i piroksenity (22CH99).

Fig. 3c. Mikrofotografie (w $wietle przechodzacym
spolaryzowanym, nikole skrzyzowane) typowych sjenitow
z terenu badan.

i

Zylowe sjenity i ijolity

Sjenity zytowe stanowig najliczniejsza grupe
skat. Tworza zaréwno zyty o charakterze ostrych
kontaktéw jak i (czedciej) takie, ktére posiadaja
nieostre granice. Posiadajga zwykle charakter
czesciowo skonsolidowany ze skatg otoczenia, sg
odksztatcone plastycznie, wykazuja budinaz.
Zwykle sa to mikrosjenity (ijolity) o podwyzszonym
udziale mineratdw melanokratycznych (do 70%
obj.), bogate sg w mineraty rudne, gtéwnie z grupy
tlenkéw zelaza i tytanu z domieszkami siarczkow
(w tym siarczkbw miedzi). Takie bardziej
melanokratyczne  odmiany  sjenitdbw  czesto
spotykane sa w powtérnych wypetnieniach zyt
Mikrosjenity najczes$ciej posiadaja struktury grano-
nematokrystaliczne. Tekstury masywne, choé
zdarzaja sie ilinijne, podkreslone przez krysztaty
mikroklinu a takze zonalnych eudialitéw i egirynéw
(Fig. 5a). Tto skaty stanowiag tabliczkowe krysztaty
ortoklazy (Fig. 5b, c), rzadziej mikroklinu (do 55%
obj.), oraz egirynu (do 53% obj.) i arfvedsonitu (do
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el T =

Fig. 4. Typy zyt sykane w terenia badr'l: a) o ostrym kontakcie zuskokowane, b) z odnogami, c) kilkuetapowe, d) z
gniazdami pegmatytowymi, e) ztuskowane, f) z budinazem, g) o nieostrych granicach, h) poprzecinane —réznowiekowe z
propagacja jonéw w strefie otoczenia (najczesciej K+), i) zyly wykorzystujace starszy system spekan.

24% obj.), pomiedzy ktorymi znajduja sie apatyt (do
24% obj., Fig. 6a), nefelin (do 39% obj, Fig. 5d),
eudialit (do 48% obj.), plagioklazy kwasne (do 9%
obj.), mineraly rudne. Ortoklaz i plagioklazy
wykazujg zblizniaczenia typu albitowego. Augity
wykazuja zastepowania, ktére czesto obejmujg
mineraty z grupy augitu, i augitu egirynowego
postepujac ku egirynizacji wraz z krystalizacjg
augitu. W  niektérych  prébkach  wystepuje
uralityzacja augitu. Obok egirynu licznie wystepuje
riebeckit (Fig. 5e), arfvedsonit, aenigmatyt (Fig. 5f,
g). Eudialit wykazuje czesto zonalng budowe
charakteryzujaca  sie  strefami  anomalnego
Sciemniania $wiatta (Fig. 5h). Krysztaty te na ogét
sq wyksztatcone euhedralnie tworzac pojedyncze
osobniki lub zrosty.

W skale widoczne sag liczne krysztaly
robaczkowo wyksztatconego ilmenitu. Sg to
pospinelowe struktury rozpadowe (Fig. 5i, j).

Magnetyt ulega procesom wtérnym przechodzac w
maghemit  ktory wykazuje $lady wietrzenia
objawiajace sie wystepowaniem i hematytu.

Trachity i tinguaity
Trachity to skaty barwy szarej lub szarorézowej z

fenokrysztatami skalenia potasowego (Fig. 6b).
Posiadaja one strukture porfirowa, teksture zbita,
beztadna. Fenokrysztaty tworzy ortoklaz (49% obj.)
dochodzacy do 1 cm, zwykle zblizniaczony zgodnie
z prawem albitowym. Obok skalenia pojawiaja sie
osobniki augitu o charakterze prakrysztatow z
widoczng strukturg sitowa, wypetniong przez
mineraty tta (4%). Tto skaty tworza drobne krysztaty
ortoklazu, wspotwystepujace z egirynem, akmitem,
niekiedy augitem (Fig. 6b). Zyly tego typu rzadzie;
wystepuja w centralnej czesci Chibin, czesciej
bedac spotykane w nizszych partiach doliny Mataja
Bietaja.

Tinguaity charakteryzuja sie barwa zielong
strukturg nematoblastyczng, teksturg spilsniona,
promienista, zbitg (Fig. 7f). Tio skaly stanowig
promieniste skupienia egirynu i astrofyllitu (do 45%
obj.). W interstycjach tych mineratdw wystepuja
ortoklaz (22%), nefelin (5%) oraz tytanit (do 3%
obj). W skale licznie wystepujg tez magnetyt i
iimenit (do 4 % obj.).Wyksztatcone sa w postaci
waskich lamelek towarzyszacych egirynom. Utwory
te spotyka sie najczesciej w centralnej czesci
Chibin.
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458 . . B o
5a. Obraz w SW|etIe spolaryzowanym (PL)
przedstawiajacy zonalnego egirynu-augitu  (prébka
01aCHO03).

N ‘ 75 G
5c. Egiryn au tna tle Ilnunej struktury podkreslonej przez 5d. Krysztaty egirynu oraz rlebeckltu na tle plagloklazow
zblizniaczone ortoklazy (PL, probka 19CHO02). oraz nefelinu (PL, probka 17CHO02).

5e. Rlebecklry, tytanlty oraz enlgmatyty na tIe apatytu w 5f. Enlgmatyt orz arfvedsonit na tIe Jasnych apatytow w
zytowym sjenicie (PL, 15Ch03). typowym zytowym sjenicie (PL, 23CHO03).

Fig. 5. Mikrofotografie typowych sjenitéw i ijolitéw, uzyskane za pomoca mikroskopu polaryzacyjnego.
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5g. Mikrofotografia enigmatytu oraz tytanitu (PL, probka
24CHO02).

5i. Obraz uzyskany w s$wietle odbitym (RL) typowe;j
struktury rozpadowej, pospinelowej z ilmenitem oraz
siarczkiem (pirytem) w tle (prébka 11CHO02).

5h. Zonalne eudiality oraz astrofyllit h(I-DL, probka
19CHO02).

2 28 TS ot oy i &7 Lt . o t o el =
5j. Obraz PL przedstawiajacy struktury rozpadowe wsrd
ulegajacych korozji piroksenéw i wydzielajacych sie
tlenkéw zelaza i tytanu (prébka 02CHO03).

Fig. 5. cd. - Mikrofotografie typowych sjenitow i ijolitdw, uzyskane za pomoca mikroskopu polaryzacyjnego.

Zytowe pegmatyty i pegmatyty gniazdowe
Pegmatyty gniazdowe (dochodzace do 0,5 m)
wystepuja w postaci soczew w masywnych
sjenitach. Zbudowane sa gtéwnie z tabliczek
nefelinu, plagioklazéw i apatytu (Fig. 3b, 6d).
Pomiedzy nimi znajdujg sie mineraty ciemne takie
jak egiryn, rzadziej astrofyllit. Krysztaty te sa
wyksztatcone w postaci palisadowej, tworzac
druzowate wypetnienie. W interstycjach egirynu i
plagioklazu znajduja sie eudialit i ilmenit jako
mineraty anhedralne (ksenomorficzne).
Pegmatyty zytowe zwykle wyksztatcone sg w
postaci wielkokrystalicznych odmian sjenitu z
duzymi, dochodzacymi do kilkunastu cm
krysztatami ortoklazu lub mikroklinu, eudialitu i
egirynu. W skatach tych czesto dochodzi do

wyraznego dominowania jednego z mineratdw nad
innymi. Zwykle dominuja mineraty alkaliczne
(skalenie — mikroklin lub ortoklaz, rzadziej apatyt,
nefelin, egiryn). Zdarzajg sie odmiany o zlozonej
budowie zbudowane z palisadowych mineratéw
wchodzacych w sktad sjenitéw (eudiality, nefeliny
i egiryny) pierwszej generacji na ktérej krystalizuje
wielkokrystaliczny  mikroklin  drugiej generaciji
(Fig. 8b).

Melteigity i piroksenity

Melteigity to zylowe skaty ostrym kontakcie ze
skatami otoczenia. Sa to utwory o strukturach
grano-lepidonematokrystalicznych, teksturach
masywnych, poikilitowych, porfirowatych. Mineraty
tworzace fenokrysztay to augit (do 24% obj.), i
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6a. Pirokseny z obwddkami reakcyjnymi oraz tlenki 6b. Dwie generacje skaleni w trachicie (PL, 21CH99).

zelaza na tle masy skaleniowej w trachicie (PL, 30CH99).

6c. Makrofotografia typowego trachitu (21CH99). 6d. Makrofotografia typowego pegmatytu.

Fig. 6. Mikrofotografie typowych trachitow oraz pegmatytu.
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7a. pra koronreakcyjna né okoto 'oii'w'ir‘1u (PL, 7b. Typowe korony reakcyjne na tle _piroksenéw w
08CHO02). melteigicie (PL, 17Ch03).

~ 38

7c. Obraz w Swietle odbitym (RL) przedstawiajacy 7d. Zonalny egiryn, apatyt oraz arfvedsonit i ilmenity w
ilmenity na tle piroksenéw i wtérnego flogopitu (probka melteigicie ( PL, probka 09aCHO03).

03CHO03).

42255

7e. Typowe promieniste skupienie augitu w piroksenicie 1. girynV\}e’fohca W tingéicie (PL, ZOCHO).
(PL, 22CH99).

Fig. 7. Mikrofotografie typowych melteigitow i tinguaitu.
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migdatly zbudowane zwykle z oliwinu z obwddka
korozyjna — tyszczykowg (do 7% obj., Fig. 7a).
Obwodka tak skiada sie z wysokozelazistego
biotytu i flogopitu i otacza niekiey te fenokrysztaty
augitu (Fig. 7b, c). W tle skaty wystepuje apatyt (do
10% obj., Fig. 7d), nefelin (do 15% obj.), oraz
ortoklaz (do 15% obj.) i plagioklazy (do 9% obj.).
Rzadziej spotyka sie skaty wyksztatcone w postaci
piroksenitéw z wystepujacymi w nich tzw.
piroksenowymi (augitowymi) stoncami (do 79% obj.,
Fig. 7e). W melteigitach pirokseny charakteryzujg
sie niekiedy strukturami promienistymi np. stonca
augitowe. Czestym zjawiskiem jest przejscie augitu
w augit egirynowy i egiryn. W skatach tych
dostrzezono robaczkowaty ilmenit ktéry stanowi
rozpadowg struktue pospinelowa. W skatach tych
dostrzezono takze chalkopiryt a takze heikukit i
kubanit. W innych przypadkach dostrzezono takze
strefy rozpadowe pirytu i chalkopirytu do
tiosiarczanow. Zyly melteigitowe czesciej wystepujg
w centralnych strefach Chibin, podczas gdy
piroksenitowe w peryferyjnych.

WNIOSKI

Opisane powyzej skaty zytowe z Chibin wyraznie
zwigzane sg z kilkuetapowym procesem wnikania
materiatu magmowego w juz skonsolidowane skaty
Chibin. Najprawdopodobniej wynikato to z samego
faktu krystalizacji plutonu ktéry przyczynit sie do
powstania masywu Chibinskiego, gdzie po
skrystalizowaniu wifasciwych sjenitow doszio do
migracji tzw. roztworéw resztkowych, niekiedy o
charakterze niedopasowanym o czym sSwiadczg
znajdowane w tych skatach liczne rzadkie mineraty.
W trakcie krystalizacji skat zytowych dochodzito do
zmian fizykochemicznych, ktére przyczynity sie do
tonalnosci augitu, eudialitu i innych mineratéw.

Odmiennym typem skat sg melteigity, ktore
wyraznie posiadaja sktad mineratéw rézniacy sie od
otoczenia. Prawdopodobnie powstaty w wyniku
iniekcji drobnych porcji magmy o charakterze
bardziej pierwotnym, zasadowym lub wigzg sie z
dyferencjacja ogniska magmowego i poézniejszg
wedrowka ku goérze resztkowych derywatéw o
charakterze zasadowym, gdzie stawaly sie one
metastabilne, pochtaniajagc po drodze duza ilosé
materiatu alkalicznego (Fig. 7) [10]. Swiadcza o tym
mineraty cumulusu ktére nastepnie w wyniku
migracji wzdtuz tektonicznych nieciagtosci ulegty
korozji kosztem powstania nowej generacji ktéra

obecnie stanowi wiekszos¢ tta skalnego. Pegmatyty
gniazdowe z egirynem, apatytem, eudialitem i
nefelinem stanowia produkt krystalizacji resztkowej
zwigzanej z nierbwnomiernym stygnieciem skat
budujacych masyw Chibinski. Obok tego rodzaju
skat spotyka sie tez liczne ksenolity o réznym
charakterze, typowe dla intruzji magmowe;.
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