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ABSTRACT

Mango (Mangifera indica L.), one of the most popular tropical fruits, is cultivated in a considerable part of
southern Iran. Leaf area is a valuable parameter in mango research, especially plant physiological and
nutrition field. Most of available methods for estimating plant leaf area are difficult to apply, expensive
and destructive which could in turn destroy the canopy and consequently make it difficult to perform
further tests on the same plant. Therefore, a non-destructive method which is simple, inexpensive, and
could yield an accurate estimation of leaf area will be a great benefit to researchers. A regression
analysis was performed in order to determine the relationship between the leaf area and leaf width, leaf
length, dry and fresh weight. For this purpose 50 mango seedlings of local selections were randomly
took from a nursery in the Hormozgan province, and different parts of plants were separated in
laboratory. Leaf area was measured by different method included leaf area meter, planimeter, ruler
(length and width) and the fresh and dry weight of leaves were also measured. The best regression
models were statistically selected using Determination Coefficient, Maximum Error, Model Efficiency,
Root Mean Square Error and Coefficient of Residual Mass. Overall, based on regression equation, a
satisfactory estimation of leaf area was obtained by measuring the non-destructive parameters, i.e.
number of leaf per seedling, length of the longest and width of widest leaf (R? = 0.88) and also
destructive parameters, i.e. dry weight (R2 = 0.94) and fresh weight (R2= 0.94) of leaves.

Key words: destructive; leaf area; mango; non-destructive; regression linear models.
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INTRODUCTION

The leaf area measurement is one of the most
important parameter in agricultural research
especially in plant physiology and nutrition. This
parameter is a representative of plant growth and
development. Also its relationship with the
absorption of light, respiration and photosynthesis is
important. The leaf area index is a key structure for
forest ecosystems properties and the reason is the
roles that green leaves have on controlling physical
and biological processes on vegetation cover.
Therefore, accurate estimation of leaf area index is
necessary for studying ecophysiology, interaction of
the atmosphere and ecosystems and global climate
change [1]. Leaf area index widely used to describe
the vegetation photosynthesis and respiration
levels. This index is also used extensively in
ecophysiology, and water balance modeling and
characterization of vegetation-atmosphere inter-
actions [2].

Determination of the leaf area is necessary for
knowing how the energy transfers and dry matter
accumulation processes in the vegetation. Leaf
area is very important in the analysis of vegetation
and also as a factor that makes possible to
determinate the light interception, plant growth [3].
Many methods of measuring plants leaf area have
been presented but most of them are mix of several
measurement models with complex and difficult
mathematical equations. For example measuring
leaf area by optical methods and image
spectroscopy [4] cannot be carried out everywhere.
Even in methods such as using digital cameras and
calculating the surface by computer programs;
although taking photos is fast and very accurate
analysis, but because of vast number of leaves this
process takes a long time and often equipments are
very expensive [5, 6]. Other methods are include,
blue printing, photographic and planimeter that they
all need to be separated leaves from the plants
which cause the destruction of vegetation in order
to create special problem in some studies those
include plots with limited number of plants to be
able to continue alternatively different tests on them
[6, 7, 8].

Mango (Mangifera indica L.) is one of the worlds
oldest and the most popular tropical fruit, because
of its wonderful fragrance, flavor, high nutritional
value and the beauty of its color variety [9, 10].
Mango as one of the well adapted tropical fruit in

south of Iran has been introduced to this region by
importing mango seed from India to south of Iran
more than 300 years ago. Mango cultivation has
been gradually spread to a very narrow costal
region of Persian Gulf (geographic coordinates,
from 25°, 24" up to 28°, 57" in North latitude and
from 53°, 41" up to 59°, 15" in Eastern longitudes
with average rainfall of about 150 to 200 mm/year).
At present, mango under grown in Iran is about
4400 hectare and in Hormozgan about 2700
hectare which consists of some old and traditional
orchards derived from seedlings and some newly
established orchard with grafted new cultivars.
Mango cultivation has been considered as one of
the most desirable potentials for renovation of the
old orchard and development of rural areas in
southern provinces of Iran specially Hormozgan,
Sistan and Balochestan.

Mango fruit flavor depends on the balance
between organic acids (citric acid, malice acid and
ascorbic acid) and sugar level solutions (sucrose,
fructose and glucose) [11]. Reduction ratio of leaves
to fruit could increase the amount of fructose in
mango fruit. High value of this ratio increased the
rate of sucrose in the fresh and dry weight of the
fruit  significantly. In general, carbohydrates
constitute 60% of fruit dry weight which the main
ingredients are sugar and acids. The amount of
carbohydrates depends on the rate of the leaves
photosynthesis which it also depends on the leaf
area and the leaf photosynthetic capacity [12].
According to a recent article we are able to change
the mango flavor and the popularity of the fruit by
changing or even increasing the number of leaf to
fruit ratio.

Estimating the leaf area without separating the
leaves of the plant provides a simple, accurate and
detailed cost method that can solve many problems
of measuring the leaf area, especially in developing
countries. Researches in this field results that are
using simple regression equations provide a model
that includes estimations of the leaf area by
measuring the leaf length and the width individually
or in combination. In a research [13] to estimate the
level of banana leaf area, a model containing both
parameters was considered. In both length and
width of leaves were shown high correlation
coefficient with a banana leaf area (r = 0.98). In a
study on a cucumber plant [14], it was observed a
significant correlation between the length and the
width of cucumber leaves, plant fresh weight and
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dry weight with leaves area. In another research
[15] in order to measure the leaf area of 14 types of
fruit trees such as almond, citrus, olives, walnut,
pistachio, etc. They reported that regression
equations can be used for estimation a branch leaf
area with measuring the length of the longest leaf of
that branch without separating it and the leave
numbers. In other studies [16, 17] observed that
using an experimental model could help to estimate
the leaf area in the main stem of grapevine based
on measuring the number of the leaf in the main
stem and the leaf area of the tallest and the
smallest leaves. They found that the method is a
valid and reliable way to estimate leaf area in the
vineyards of Spain (R2 = 0.94). Other researchers
were applied a simple regression model for
estimating the leaf area in chestnut successfully
[18]. In the present study is followed an attempt to
provide a simple model, cheap, fast and without any
destroying the leaves (separating leaves from the
plant) to measure leaf area in seedling of mango.

MATERIALS AND METHODS

This research was done on the production of
mango seedlings in the nursery of Hormozgan
province. The first, 50 trees of mango seedlings
from nursery of Minab and Roudan city (the two
important regions of cultivate mangoes in the
Hormozgan province in southern Iran) were
selected. Seedlings randomly selected from local
varieties (Abassi, Shanai, Klaksorkh, Khooshei,
Mikhaki, Sabzanbeh, Halili), those were grown in
field conditions. Leaves were sampled during the
growing season of plants from February to June
2011 (seedlings age was between 8 to 12
months).Then cut off the seedlings from crown and
was transferred to the laboratory. The roots of each
plant were carefully brought out of the soil. In
laboratory different parts of plants, were separated
from each other and the leaves of each plant were
counted individually. Fresh weight of leaves per
plant was measured. Next, the surface of each
separated leaves were measured by the leaf area
meter (Li-3100). Also, all figures of the leaves were
copied on a paper and the leaf surface was
determined with Planimeter device (KP-90 N). Then
the length and the width of every seedlings leaves
was measured consequently with a ruler (the leaf
length, from leaf tip to the junction of the petioles as
a leaf length and the width from the widest part of a

leaf as a leaf width were measured). Leaves, stems
and roots of each seedling separately weighed and
then dried at a temperature between 60 to 70°C for
72 hours and at the next stage dry weight of leaves,
stems and roots were measured. In this study by
measuring some of the parameters of leaves and
using conventional regression equations, the leaf
area and also the growth in other parts of the plant
were estimated. Then the estimated leaf area
plotted against the measured values and the
models were compared. Also, comparison of
quantitative models to calculate the statistic
Determination Coefficient (R2?), Root Mean Square
Error (RMSE), Maximum Error (ME), Efficiency
Factor (EF), Coefficient of Residual Mass (CRM)
and the index Mean Square Error (MSE) for each of
the models was performed. The calculations of
each statistic are listed as follows:

2 — .2
* (E,—E 's'n 2
R?=1- —Z'-i( - _)2 RMSE = |2y (Ei—E)
Z?:1(El _E) \4’ N
ME = maxlE‘— I?.l EF = 2 q(Ei— E)? —Z?=1(Ei e E)Z
e (Ei— E)?
_ X Ei-X, E >, (log Ei— log I:Z)2
CRM = Z:'=1 E MSE = =

Which they show E estimated values, E,
measured values, E average measured values and
n is the number of samples. CRM model tended to
estimate higher or lower than the measured values
indicate. If CRM value is a positive, indicates an
underestimation of the actual amount of leaf area
and if CRM is negative, model over estimates leaf
area. EF parameter has been used to determine the
accuracy of data modeling. The maximum amount
is the one that can be achieved when the estimated
data and the observed data both shows same
amount. The determination coefficient is the
indicative extent of the relationship between
measured and estimated values. The high and the
less amount of R2 showed the closer or further
relationship between estimated and measured
values of the leaf area. ME shows the maximum
error. RMSE can measure accuracy and validity of
training and test data sets. Smaller obtained value
the proximity of predicted data with the value
measured. If all the estimated and the measured
data are the same, the statistics result would be
ME =0, CD =1, EF = 1 and the CRM = 0 [19, 20,
21].

Journal of Biology and Earth Sciences, 2012, Vol 2, Issue 2, B45-B53 B47



Ghoreishi et al.

RESULTS

This study is proposing a simple model to
prediction leaf area of various local mango
seedlings by measuring of length, width and
number of leaves. The regression analysis showed
that most of the variation in leaf area values was
explained by length and width. Then regression
model can be a good alternative method for
determining leaf area instead of leaf area meter
device (Table 1).

In this experiment the possibility of measuring
dry and fresh weight of leaf, stem and also root in
mango seedlings by measuring the length and width
of leaves were studied. The equations associated
with a statistically relevant statistics are given in

Simple models for predicting leaf area of mango

Table 2.

In some experience that we have to cut the plant
for some examination in lab, we can use some
simple devices that working with them are simpler
than using leaf area meter. Based on, these
different regression equations were obtained by
using Planimeter and Oven devices. Some of the
proposed models with statistically relevant statistics
are given in Table 3.

DISCUSSION

Many researchers have been carried out to
estimate leaf area through measuring leaf
dimensions. In general, leaf length, leaf width, or
combinations of these variables have been used as

Table 1. Model of leaf area estimation of mango seedlings in field conditions without destroying the plant, along with

relevant a statistically statistics.

Row Parameter RMSE MSE CRM R? ME EF

1 LA=0.2452[(L*W)*N] 149.12  0.0205 0.17070 0.865 1054.45 0.9428

LA=1.0465[(L*W)*N]*82¢1 243.11  0.0076 0.03266 0.896  990.10  0.8481

LA=0.0848(1.2*IN) 476.48 0.0184 0.07586 0.833 819.06 0.9655
4 LA=0.6979(L2*N)"7806 236.84 0.0087 0.03124 0.881 1011.76 0.8558
5 LA=0.259(Sw*N) 268.62 0.9245 0.05630 0.814 792.98  0.8145
6 LA=1.6939(Sw*N)"7756 271.35 0.0103 0.03799 0.859 1046.80 0.8108
7 LA=0.2286(S.*N)+161.56 271.01 0.0113 0.00011 0.811 1012.31 0.8112
8 LA=1.4509(Sp*N)""¢ 275.63 0.0104 0.03393 0.858 1102.74 0.8047

LA: leaf area measured by leaf area meter; SL: leaf area of longest leaf; SW: leaf area of widest leaf; L: length of longest
leaf; W: width of widest leaf; N: number of leaf per seedling. Note: Sequence of the models in the table above is

according to the preference (P < 0.01).

Table 2. Comparison of different models to estimate of leaves dry and fresh weight, fresh weight of stem and root dry
weight of mango seedlings in field conditions without destroying the plant.

Row Parameter RMSE MSE CRM R? ME EF
0 | DWiooy=0.001 T(W2*N)+1.2146 1.102  0.01899 -0.00614 0.6472 2295 0.6470
10 | FWieem=0.0145[(L+W)*N]+3.1817 | 3.845  0.02387 -0.00591 0.7244 8395 0.9370
11 | FWean=0.0051[(W*L)*N] 2.741  0.02245  -0.02212  0.8637 19.449 (0.9651
12 | DW(ean=0.0021[(W*L)*N] 2.236  0.14503  0.03974  0.8391 7.416 0.8386

DW: dry weight; FW: fresh weight, L: length of longest leaf, W: width of widest leaf; N: number of leaf per seedling

(P < 0.01).
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Table 3. Comparison of quantitative different models to estimate leaf area of mango seedlings in field conditions.

Row Parameter RMSE MSE CRM R? ME EF
13 LA=0.9932*P 6.727 0.000027 -0.0023 0.9999 8.167 0.9988
14 LA=0.6876*R 35.226 0.000541 -0.0061 0.9968 106.448 0.9968
15 LA=46.97*FW 105.199 0.017207 0.0732 0.9420 373.451 0.9977
16 LA=113.41*DW 143.932 0.007166 0.0192 0.9468 454.160 0.9468

LA: leaf area measured by leaf area meter; P: leaf area measured by planimeter; R: leaf area measured by ruler; DW:

dry weight; FW: fresh weight (P < 0.01).

parameters of leaf area models. In some
researches it is necessary to measure the leaf area
of leaves, without damaging the plant and continue
testing while the plant is performing its functions.

The non-destruction of the plant (leaves) and
consecutive measurements at a desired time period
is especially important. In this direction many
researches do modeling for estimating the leaf area
a garden and crop plants has been done without the
destruction of vegetation [7, 8, 13, 14, 15, 22]. In
this part of the experiment, in order to minimize the
time, facilitate the determination and also to obtain
an accurate estimation of the leaf area, we
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developed simple methods, involving the
measurement of some parameters like the length,
width and the number of leaves per plant. Based on
statistically statics, the reliable models were
compared and the best models according to table
one was found. All of the length-width models can
provide accurate estimations of mango seedlings
leaf area, but comparison between models shows
that models 1&2 from Table 1 are preferred due to
higher R?, lower RMSE and higher EF, in spite of
using more leaf dimension characteristics than
other models. Following the discussion with
equations 3 and 4 were observed despite the use of
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Fig. 1. Relationship between actual leaf area (measured by leaf area meter devices) with leaf area model estimating (by
ruler) from table one (parameter from 1 to 8 corresponding models M1 to M8).
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a variable measuring (only leaf length) due to lower
R2 and higher RMSE the previous equations in
comparison with these equations were preferred.
After that sequence of the models (from 5 to 8) in
the Table 1 is according to statistically statics
preference. The different non-distractive model (the
linear and exponential regression) and relationship
between actual leaf area and leaf area measured
with dimensions of leaves were showed in Figure 1.

Results from the present study were in
accordance with some of the previous studies on
establishing reliable equations for predicting leaf
area through measuring leaf dimensions. Leaf area
estimation models in some species of fruit trees and
some other plants such as chestnut [18],
grapevines [23], peach [24], pecan [25], bergenia
purpurascens [26], cabbage and broccoli [27],
grapevine [28] and basil [29], were developed using
leaf length, width and number of leaf per shoot as
performed in this study.

Further research for estimating, the fresh and

70
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20

L eaf fresh wieght (gr)
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0 2000 4000 6000 8000 10000 12000 14000

.ongest leaf *Widthest leaf )* no. of leaves
(Long

dry weight of leaves by measuring the length and
width of leaf without separating the leaf from the
plant, was obtained by several equations that the
best of them was selected in based on the
comparison statistically statics between the
equations. Figure 2 shows the linear relationship
between leaf dry and fresh weight, with the width of
the widest leaf times the length of the longest leaf
leaves times the number of leaves with relatively
high determination coefficient (R2=0.86, R2=0.84).
According to these results, leaf length, width and
number of leaf contribute to accurately determine
fresh and dry weight of mango. Result of this study
is approved by some of the previous studies on
cucumber [14], on pistachio [30], and on cotton [31].

To validate the developed models for the
estimation of stem fresh weight and root dry weight
of seedlings without damaging the plants, measured
and estimated data were compared.The fresh
weight of stem, with the sum of the width of the
widest leaf and the length of the longest leaf times
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Fig. 2. Relationship between leaf fresh weight (a) and leaf dry weights (b) with leaf area model estimating from table two

(parameters 11 and 12).

35 | ¥=0.0145x+3.1817
R =0.7244 ¢ S

Stem fresh weight (gr)
=

0 500 1000 1500 2000
(Longest leaf lenght +widest leaf width)*No.of leaves

9
S &
y=0.0017x+ 12146 s "?
57 R2=0.6472
S
) 6
-
=5
)
5 44
B 3
-
- 2
3
z 1
D "] T
0 500 1000 1500 2000 2500 3000 3500

(Widest leaf width }**No.of leaves

Fig. 3. Relationship between stem fresh weight (a), root dry weight (b) with leaf area model estimating from table two

(parameters 9 and 10).
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the number of leaves show a significant linear
regression relationship (R2 = 0.72). Root dry weight

number of

Simple models for predicting leaf area of mango

Each of the recommended methods has some
advantages compare to the method using a leaf

with the square of the width of the widest times the =~ area meter. Planimeter device, is used in the
leaves show relatively a good planimeter method, in comparison with the leaf area
coefficient (R?2 = 0.65). Linear  meter is much cheaper and more available, due to

determination

relationship can be seen in Figure 3.
high determination coefficient for
estimating the root dry weight was not obtained in
this model, but due to the importance of knowing
the amount of root growth in physiological and
nutritional studies, and considering the difficulties in
directly measuring the root, this model can be a
good guide to solve this problem. Results obtained
from this research are consistent with the research
results conducted on cucumber [14].

As can be seen in rows 13 and 14 in Table 3,

However

measuring the

are beneficial methods for determining the leaf area
of mango leaves, according to the determination
coefficient of regression models (R? = 0.99). Other
statistics in rows 13 and 14 in Table 3 are also
confirmed this. Linear relationship with the leaf area
and two methods (planimeter and ruler) is shown in

Figure 4.

its light weight, and being small and portable to
different locations. Since the leaf area measured by
a planimeter had an extremely high correlation with
the measurement using a leaf area meter it was
considered a suitable alternative device. Another
way is measuring the length and the width of the
seedling leaves with a ruler. Although it takes a lot
of time to measure leaf area but the simplicity and
extremely low cost compared to the other methods
and considering that the amount of leaf area
measured with this method strongly agreed with the
actual amount of the leaf area, makes it a good way
to determine the leaf area. In particular, it allows
measuring without separating the leaves of the
seedlings and therefore not destroying it during the
measuring procedure.

Other possible proposed methods of predicting
the leaf area of mango leaves are measurements of
fresh and dry weight of leaves and then using them

leaf area with ruler and planimeter

Actual leaf area (cm?)

Fig.
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Fig. 5. Relationship between leaf area with leaf area meter with fresh weight (a) and dry weight (b) of mango leaves.
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in the regression models, respectively, in rows 15
and 16 are given in Table 3, could be obtained
reasonably estimated from the leaf area due to high
R? and low RMSE, these models were validated
with other research on basil [29], and on peanut
[32]. Linear relationship between the leaf area and
each of the methods of fresh weight, dry weight is
shown in Figure 5.

These two methods are much simpler and faster
than methods of planimeter and ruler, while the
other two methods require measurement of all the
leaves separately. However the disadvantage is
that, unlike the method of measuring with a ruler
(measuring without separating), the leaves of the
plant could be separated. As mentioned, the
comparison between the two methods of fresh
weight and dry weight shows despite the
determination coefficient is almost the same, using
the fresh weight method is preferred, first, because
it is time saving (no need for spending time in the
oven for drying leaves) and secondly, as a fresh leaf
tissue is required in many experiments (including
determination of chlorophyll, sugars, hormones,
antioxidants, etc). In general, these methods are
usually used in situations where the researchers
have to do chemical tests on the elements of plant
and the destruction of vegetation is not considered
in research.

CONCLUSION

In this case study, the simple regression models
were obtained to estimate the leaf area of mango
that can be used with high percentage confidence in
the physiological and nutritional studies. The results
indicate that the leaf area of a mango seedling with
high speed and accuracy can be achieved by
measuring the length of the longest leaf, width of
the widest leaf and also number of leaf without
using expensive equipments. Models were time
saving and easily predicted in the field conditions. A
point to note is the estimation method of the leaf
area without destruction; it makes possible to
measure of leaf area in reload period of the plant
growth. Thus this model can be convenient and
quick alternative, especially at places where there is
no access to modern equipment or other devices for
measuring the leaf area.

Simple models for predicting leaf area of mango
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Molluscicidal activity of Morus nigra against
the freshwater snail Lymnaea acuminata
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Malacology Laboratory, Department of Zoology, DDU Gorakhpur University, Gorakhpur, India

ABSTRACT

The molluscicidal activity of Morus nigra fruit, bark and leaf powder against the snail Lymnaea
acuminata was time and concentration dependent. Toxicity of fruit powder (96h LC.,: 166.92 mg/L)
was more pronounced in comparison to bark powder (96h LCg,: 173.17 mg/L) and leaf powder
(96h LC,: 173.69 mg/L). Ethanolic extracts of M. nigra fruit, bark and leaf was more toxic than their
other organic solvent extracts. The molluscicidal activity of ethanolic extract of M. nigra fruit powder
(24h LC,,: 116.23 mg/L) was more effective than the ethanolic extract of bark powder (24h LC,,: 154.41
mg/L) and leaf powder (24h LC;,: 139.80 mg/L). The 96h LC, of column-purified fraction of M. nigra fruit
powder was, 10.03 mg/L whereas that of bark and leaf powder was 8.69 mg/L and 4.97 mgl/L,
respectively. Column and thin layer chromatography analysis demonstrates that the active molluscicidal
component in M. nigra is quercetin (96h LC,,: 1.11 mg/L), apigenin (96h LC,,: 1.92 mg/L) and morusin
(96h LC,,: 2.12 mg/L), respectively. Co-migration of quercetin (R; 0.49), apigenin (R; 0.51) and morusin
(R; 0.52) with column-purified fruit, bark and leaf of M. nigra on thin layer chromatography demonstrates
same Rf value. The present study indicates that M. nigra may be used as potent source of molluscicides
against the snail Lymnaea acuminata.
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INTRODUCTION

Fasciolosis is an important helminth disease
caused by two trematodes Fasciola hepatica
and F. gigantica. This disease belongs to the plant-
borne trematode zoonoses. Fasciolosis is a
zoonosis, i.e. a disease of animals that can be
transmitted to humans. Cattle and human
fasciolosis is a major public health problem in
several areas of the world [1, 2]. In Europe, the
Americas and Oceania only F. hepatica is a
concern, but the distributions of both species
overlap in many areas of Africa and Asia [3]. The
definitive host range is very broad and includes
many herbivorous mammals, including humans. lIts
life cycle includes freshwater snails (Lymnaeidae)
as an intermediate host [4]. The worldwide losses in
animal productivity due to fasciolosis were
conservatively estimated at over US$ 3.2 billion per
annum [5]. In addition, fasciolosis is now regarded
as an emerging human disease: the World Health
Organization (WHO) has estimated that 2.4 million
people are infected with Fasciola, and a further 180
million are at risk of infection [6].

Studies carried out in recent years have shown
human fasciolosis to be an important public health
problem [7]. Human cases of fasciolosis have also
been reported from India [8]. Human fasciolosis has
been reported from countries in Europe, America,
Asia, Africa, and Oceania. Humans are infected by
ingestion of aquatic plants that contain the infected
metacercariae [9]. Because F. hepatica cercariae
also encyst on water surface, humans can be
infected by drinking of fresh untreated water
containing metacercariae [7].

The control of snail population is one of the
major tools to reduce the incidence of fasciolosis in
cattle as well as human being [1, 3, 10]. One of the
most efficient methods for preventing the spread of
fasciolosis is the use of molluscicides [1, 3]. The
molluscicides of plant origin are gaining special
importance in comparison to synthetic counterpart,
because they are more effective, cheaper and safer
to non-target organisms and culturally acceptable
[1, 11]. Many plant products have been found to
have a high molluscicidal potential [12, 13].

Morus nigra L. (Moraceae) belongs to the genus
Morus and is found in Africa, South America and in
Asia. M. nigra has been used in Unani medicine as
antitussive, diuretic, expectorant and hypotensive. It
has wide range of medicinal uses and can be used

either as single drug or compound drugs to treat
different ailments. The phenolic compounds of
M. nigra have anti-oxidant and anti-bacterial
activities. The bark of M. nigra has been used as
antihelmintic and its extracts have antibacterial and
fungicidal activity [14]. In the present study the
molluscicidal activity of the fruit, bark and leaf of
Morus nigra against the target snail Lymnaea
acuminata has been evaluated to explore its full
potential in control of fasciolosis.

MATERIALS AND METHODS

Morus nigra fruit, bark and leaf were collected
from Gorakhpur (India) and were dried separately.

Preparation of fruit, bark and leaf powder

Dried fruit, bark and leaf were pulverized
separately in the electric grinder and the crude
powders obtained were then used separately for
toxicity experiments.

Organic solvent extracts

Five gram of fruit, bark and leaf powder of Morus
nigra were extracted separately with 100 mL of
each solvent viz. ethanol, ether, carbon
tetrachloride, acetone and chloroform at room
temperature for 24h. Each preparation was filtered
separately through sterilized Whatmann No.1 filter
paper [15] and the filtered extracts were
subsequently evaporated at 40°C under vacuum.
The residues thus obtained were used for the
determination of molluscicidal activity. Fruit crude
powder of M. nigra yielded 320 mg of ethanol
extract, 310 mg of ether extract, 290 mg of carbon
tetrachloride extract, 380 mg of acetone extract,
and 335 mg of chloroform extract. Bark crude
powder of M. nigra yielded 300 mg of ethanol
extract, 325 mg of ether extract, 340 mg of carbon
tetrachloride extract, 360 mg of acetone extract and
295 mg of chloroform extract. Leaf crude powder of
M. nigra yielded 305 mg of ethanol extract, 315 mg
of ether extract, 345 mg of carbon tetrachloride
extract, 400 mg of acetone extract and 350 mg of
chloroform extract.

Column chromatography

The ethanolic extract of M. nigra fruit, bark and
leaf powder was obtained by dissolving 1000 mg of
each in 25 mL of ethanol separately. Further the
ethanolic extract of M. nigra fruit, bark and leaf
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powder was subjected to silica gel (60-120 mesh,
Qualigens glass, Precious Electrochemindus
Private Limited, Mumbai, India) chromatography
through a 5x45 cm column. 10 milliliters fractions
of 32 elutents (fruit powder), 35 elutents (bark
powder), 37 elutents (leaf powder) were eluted
with 95% ethanol for each column preparation.
Ethanol was evaporated under vacuum and the
remaining solids obtained from all the 10 mL
elutents were used for the determination of
molluscicidal activity.

Pure compounds

Quercetin (3,3,4,5,7-pentahydroxyflavone) was
purchased from Sigma Chemical Co. USA.
Apigenin (4°,5,7-trihydroxyflavone) was isolated by
the method of Liu et al. [16] and morusin
2-(2,4-dihydroxyphenyl)-5-hydroxy-8,8-dimethyl-3-
(3-methyl-2-butenyl)-4H, 8H-benzo[1,2-b:3,4-b"]
dipyran-4-one was isolated by the method of Tati
et al. [17].

Thin layer chromatography

Thin Layer Chromatography (TLC) was
performed by the method of Jaiswal and Singh [18]
to identify the active molluscicidal component
present in the fruit, bark and leaf powders of M.
nigra. TLC was done on 20%x20 cm pre-coated silica
gel (Precious Electrochemical Industry, Pvt. Ltd.,
Mumbai, India) using benzene/ethyl acetate (9:1,
v:v) as the mobile phase. Spots of column-purified
fractions of M. nigra fruit, bark and leaf along with
their respective active components were applied on
TLC plates with a micropipette. Further, the TLC
plates were developed by I, vapor. Copies of
chromatogram were made by tracing the plates
immediately and retardation factors (R;) were
calculated.

Collection of snails

The adult freshwater snails, L. acuminata (2.25 +
0.20 cm in length) were collected locally from
different ponds of Gorakhpur. The collected snails
were acclimatized for 72h in the laboratory
condition. They were kept in a glass aquarium
containing de-chlorinated tap 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, 5.2-6.3 and 102-105 mg/L,
respectively.

Treatment protocol for concentration-response
relationship

The toxicity experiments were performed by the
method of Singh and Agarwal [19]. Ten
experimental animals were kept in a glass aquarium
containing 3L of de-chlorinated tap water. Snails
were exposed continuously for 96h to different
concentrations of plant products separately (Table
1). Six aquaria were set up for each concentration.
The control animals were kept in the equal volume

Table.1. Concentration of different preparations of fruit,
bark and leaf powder and active components of Morus

nigra used in toxicity trial against Lymnaea acuminata.

Plant material used

Concentration (mg/L)

Morus nigra fruit powder

150, 200, 250, 300

Ethanol extract 30, 50, 70, 90
Ether extract 30, 50, 70, 90
Carbon tetrachloride extract 30, 50, 70, 90
Acetone extract 50, 70, 90, 110
Chloroform extract 30, 50, 70, 90
Column purified 7,10, 15, 20
Quercetin 1,3,5,7

Morus nigra bark powder

150, 200, 250, 300

Ethanol extract 30, 50, 70, 90
Ether extract 30, 50, 70, 90
Carbon tetrachloride extract 30, 50, 70, 90
Acetone extract 50, 70, 90, 110
Chloroform extract 30, 50, 70, 90
Column purified 9,15,25,35
Apigenin 1,3,5,7

Morus nigra leaf powder

100, 150, 200, 250

Ethanol extract 30, 50, 70, 90
Ether extract 30, 50, 70, 90
Carbon tetrachloride extract 30, 50, 70, 90
Acetone extract 50, 70, 90, 110
Chloroform extract 30, 50, 70, 90
Column purified 7,10, 30, 50
Morusin 1,3,5,7
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of water under similar conditions without treatment.
Mortality of snails was recorded at the interval of
24h each; upto 96h. The dead animals were
removed immediately to avoid contamination in
aquarium water. The mortality of snails was
established by the contraction of body within the
shell; no response to needle probe was taken as
evidence of death. The LC values, lower and upper
confidence limits (LCL and UCL), slope values,
t-ratio, g-values and heterogeneity factors were
calculated by using POLO computer software of
Robertson et al. [20].

The regression coefficient between exposure

time and different values of LC,, was determined by
the method of Sokal and Rohlf [21].

RESULTS

The toxicity of fruit, bark and leaf powder of
M. nigra and their different organic solvent extracts
was time and concentration dependent. The 24h
LC,, of the fruit, bark and leaf powder were 353.21,
325.19 and 377.90 mg/L, respectively. At 96h, LC,,
values were 166.92, 173.17 and 173.69 mg/L,
respectively (Table 2, 3 and 4). Maximum toxicity
among different organic solvent extracts of fruit,

Table 2. Toxicity of Morus nigra fruit powder, its different organic solvent extracts, column-purified fractions and active
component quercetin against the snail Lymnaea acuminata at different exposure periods.

Exposure Tested Materials  LCsomg/l Limits LCL-UCL Slope Value t-ratio g-value Heterogeneity
Period
Fruit Powder 353.21 302.52-505.35 4.05+.92 4.40 0.20 0.23
Ethanol Extract 116.23 92.12-196.92 2.67+.60 4.47 0.19 0.24
Ether Extract 168.12 115.27-559.99 2.38+.67 3.58 0.30 0.33
24h CCly Extract 151.38 106.05-457.94 2.15+.60 3.61 0.30 0.20
Acetone Extract 148.14 117.17-292.33 2.94+.79 3.74 0.27 0.15
Chloroform Extract 135.53 113.58-204.58 3.73+.85 4.40 0.20 0.26
Column Purified 26.81 20.75-49.16 2.57+.59 4.35 0.20 0.21
Quercetin 10.34 7.10-23.85 1.52+.34 4.46 0.19 0.26
Fruit Powder 310.62 265.47-462.65 2.96+.79 3.77 0.27 0.12
Ethanol Extract 101.89 81.26-169.69 2.25+.53 4.28 0.21 0.16
Ether Extract 109.63 81.22-279.96 1.69+.50 3.39 0.34 0.13
48h CCly Extract 109.18 84.04-212.91 2.04+.52 3.92 0.25 0.22
Acetone Extract 105.35 91.03-142.36 2.92+.69 4.23 0.22 0.13
Chloroform Extract 109.06 93.02-155.100 2.77+.69 4.01 0.24 0.10
Column Purified 23.18 17.59-50.46 1.85+.51 3.62 0.29 0.13
Quercetin 6.73 4.56-16.03 1.05+.28 3.82 0.26 0.19
Fruit Powder 222.92 198.50-252.46 3.46+.75 4.59 0.18 0.19
Ethanol Extract 59.84 49.66-74.33 2.10+.48 443 0.20 0.14
Ether Extract 75.70 62.96-104.85 2.11+.49 433 0.20 0.11
72h CCly Extract 86.62 64.71-244.93 1.35+.47 2.87 0.47 0.12
Acetone Extract 74.55 62.15-87.64 2.53+.65 3.87 0.26 0.10
Chloroform Extract 75.27 62.69-89.04 2.45+.65 3.80 0.27 0.11
Column Purified 13.36 10.99-17.17 1.98+.49 4.08 0.23 0.11
Quercetin 2.77 1.70-4.08 1.01+.26 3.88 0.26 0.17
Fruit Powder 166.92 144.33-183.08 4.86+.82 5.89 0.11 0.29
Ethanol Extract 36.95 27.74-43.75 2.54+.49 5.18 0.14 0.24
Ether Extract 50.57 36.21-64.81 1.60+.46 3.45 0.32 0.09
96h CCly Extract 42.65 34.26-49.52 2.64+.49 5.43 0.13 0.19
Acetone Extract 53.49 38.76-62.37 2.94+.68 4.32 0.20 0.24
Chloroform Extract 50.23 36.94-58.46 3.32+.70 4.71 0.17 0.25
Column Purified 10.03 8.11-11.70 2.47+.50 4.96 0.16 0.30
Quercetin 1.11 0.49-1.65 1.25+.27 4.61 0.18 0.20

Mortality was determined at every 24h up to 96h. Each set of experiment was replicated six times.

Abbreviation: LCL= lower confidence limit; UCL= upper confidence limit. Significant negative regression (p < 0.05) was
observed between exposure time and LC, of treatments. T_= testing significance of the regression coefficient of Morus
nigra fruit powder (11.08*), ethanol extract (7.81*), ether extract (11.40%), carbon tetrachloride extract (12.81**), acetone
extract (17.76%), chloroform extract (18.00%), column-purified (6.81*), quercetin (4.25%). (+) Linear regression between

x and y. (++) Non-linear regression between log x and log y.
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bark and leaf powder was observed in the ethanolic
extract (Table 2, 3 and 4). The column-purified
fraction of M. nigra was highly toxic. In fruit elutent
Nos. 25-30, in bark 25-30 and in leaf elutent No.
30-37 were toxic against the snail L. acuminata.
The 24h LC,, of column-purified fraction of M. nigra
fruit, bark and leaf were 26.81, 43.30 and 65.61
mg/L and at 96h, LC,, was found to be 10.03, 8.69
and 4.97 mg/L, respectively (Table 2,3 and 4). The
LC,, of quercetin, apigenin and morusin at 24h was
10.34, 12.57, 13.40 mg/L, respectively (Table 2, 3
and 4). Thin layer chromatography analysis
demonstrated that the R, values of quercetin (0.50),

apigenin (0.53) and morusin (0.54) were equivalent
to the R, values of the column-purified fractions of
M. nigra (fruit, bark and leaf).

The slope values were steep and separate
estimation of LC based on each of the six replicates
was found to be within 95% confidence limits of
LCy. The t-ratio was higher than 1.96 and
heterogeneity factor was less than 1.0. The g-value
was less than 0.5 at all the probability levels i.e. 90,
95, 99. There was significant negative regression
(p < 0.05) between exposure time and LC, of the
treatments (Table 2, 3 and 4).

Table 3. Toxicity of Morus nigra bark powder, its different organic solvent extracts, column-purified fractions and active
component apigenin against the snail Lymnaea acuminata at different exposure periods.

Exposure Tested Materials LCsomg/l Limits LCL-UCL Slope Value t-ratio g-value Heterogeneity
Period
Bark Powder 325.19 279.23-466.51 3.39+.82 4.13 0.23 0.15
Ethanol Extract 154.41 122.61-281.19 2.88+.72 4.03 0.24 0.21
Ether Extract 157.91 110.28-480.58 2.31+.64 3.63 0.29 0.23
24h CCly Extract 162.47 106.37-831.89 1.76+.55 3.19 0.38 0.09
Acetone Extract 166.98 122.03-589.50 2.34+.75 3.12 0.40 0.14
Chloroform Extract 159.42 124.32-315.92 2.73+.70 3.88 0.26 0.16
Column Purified 43.30 33.39-73.80 2.22+.46 4.85 0.16 0.25
Apigenin 12.57 8.05-38.11 1.43+.35 4.15 0.22 0.22
Bark Powder 268.15 236.72-339.78 3.13+£.77 4.08 0.23 0.10
Ethanol Extract 86.48 70.88-129.60 2.16+.50 4.30 0.21 0.16
Ether Extract 146.84 96.53-917.50 1.53+.51 2.97 0.44 0.19
48h CCly Extract 130.90 105.36-237.99 2.31+.63 3.66 0.29 0.13
Acetone Extract 115.73 96.74-182.30 2.62+.69 3.79 0.27 0.14
Chloroform Extract 99.72 84.08-140.94 2.23+.60 3.69 0.28 0.11
Column Purified 29.51 23.79-42.92 1.91+.40 4.81 0.17 0.15
Apigenin 9.31 5.92-30.68 1.07+.29 3.73 0.28 0.16
Bark Powder 22437 200.86-253.19 3.59+.76 4.74 0.17 0.21
Ethanol Extract 54.86 43.76-68.15 1.92+.47 4.09 0.23 0.09
Ether Extract 80.61 62.89-152.16 1.56+.47 3.29 0.36 0.13
72h CCly Extract 80.13 68.02-95.32 2.51+.60 4.17 0.22 0.12
Acetone Extract 78.28 67.72-91.15 2.83+.66 4.29 0.21 0.11
Chloroform Extract 75.76 60.82-91.81 2.16+.60 3.63 0.29 0.11
Column Purified 16.59 12.25-21.20 1.58+.38 4.22 0.22 0.13
Apigenin 4.60 3.06-9.41 0.92+.26 3.47 0.32 0.11
Bark Powder 173.17 141.38-194.12 3.57£.77 4.65 0.18 0.20
Ethanol Extract 36.50 19.86-46.66 1.64+.47 3.50 0.31 0.11
Ether Extract 59.26 45.17-82.89 1.54+.47 3.31 0.35 0.11
96h CCly Extract 64.64 52.32-73.99 2.83+.61 4.62 0.18 0.12
Acetone Extract 62.91 48.92-72.47 2.69+.66 4.10 0.23 0.11
Chloroform Extract 56.18 35.31-67.87 2.14+.60 3.54 0.31 0.11
Column Purified 8.69 6.01-10.73 2.59+.46 5.68 0.12 0.38
Apigenin 1.92 1.20-2.58 1.33+.27 4.98 0.16 0.28

Mortality was determined at every 24h up to 96h. Each set of experiment was replicated six times.

Abbreviation: LCL= lower confidence limit; UCL= upper confidence limit. Significant negative regression (p < 0.05) was
observed between exposure time and LC, of treatments. T_= testing significance of the regression coefficient of Morus
nigra bark powder (13.44"), ethanol extract (10.22*), ether extract (5.69*), carbon tetrachloride extract (9.33*), acetone
extract (10.86**), chloroform extract (15.86*), column-purified (9.37*), apigenin (7.20%). (+) Linear regression between
x and y. (++) Non-linear regression between log x and log vy.
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DISCUSSION

The results of the present study clearly indicate
that the fruit, bark and leaf powder of M. nigra are
the potent molluscicides. Their toxic effects are time
and concentration dependent as evident from
negative regression between exposure period and
LC,, of different treatments. The time dependent
toxic effect of M. nigra plant products may be either
due to the uptake of the active moiety which
progressively increases the amount of active
component in the snails body with increase in
exposure duration or it might be possible that the

active compound(s) could change into more toxic
forms in the aquarium water or in the snail’s body
due to the action of various enzymes. Among the
organic solvent extracts, the higher toxicity of
ethanolic extracts of M. nigra fruit, bark and leaf
powder indicates that the molluscicidal component
present in fruit, bark and leaf are more soluble in
ethanol than other organic solvents. It is evident
from co-migration on thin layer chromatographic
plates that the molluscicidal activity of M. nigra fruit,
bark and leaf may be due to the presence of
quercetin, apigenin and morusin.

Morus nigra L. (Moraceae) belongs to the genus

Table 4. Toxicity of Morus nigra leaf powder, its different organic solvent extracts, column-purified fractions and active
component morusin against the snail Lymnaea acuminata at different exposure periods.

Exposure Tested Materials LCsomg/l Limits LCL-UCL Slope Value t-ratio g-value Heterogeneity
Period
Leaf Powder 377.90 310.86-650.11 3.39+.88 3.84 0.26 0.13
Ethanol Extract 139.80 103.22-320.08 2.47+.63 3.93 0.25 0.25
Ether Extract 140.29 101.55-357.31 2.21+.59 3.76 0.27 0.20
24h CCly Extract 143.49 102.50-393.90 2.15+.59 3.67 0.29 0.19
Acetone Extract 154.74 118.18-383.16 2.57+.59 341 0.33 0.15
Chloroform Extract 146.88 101.87-487.38 1.93+.56 3.47 0.32 0.22
Column Purified 65.61 41.58-178.51 1.18+.26 4.46 0.19 0.21
Morusin 13.40 8.33-46.16 1.39+.35 4.02 0.24 0.22
Leaf Powder 310.42 266.35-452.61 3.05+.79 3.86 0.26 0.09
Ethanol Extract 78.82 64.71-115.44 2.00+.49 4.12 0.23 0.11
Ether Extract 106.56 80.80-232.17 1.82+.50 3.61 0.30 0.14
48h CCly4 Extract 103.89 79.58-214.13 1.85+.50 3.67 0.28 0.13
Acetone Extract 134.08 106.04-288.89 2.37+.70 3.37 0.34 0.14
Chloroform Extract 111.63 85.62-220.98 2.06+.53 3.92 0.25 0.15
Column Purified 21.75 15.28-33.54 1.09+.24 4.50 0.19 0.22
Morusin 9.31 5.92-30.68 1.07+.29 3.73 0.28 0.16
Leaf Powder 231.87 202.44-276.11 2.88+.75 3.86 0.26 0.15
Ethanol Extract 57.10 45.70-72.36 1.87+.47 3.98 0.24 0.11
Ether Extract 71.85 58.92-101.76 1.90+.48 3.97 0.24 0.11
72h CCly Extract 67.54 54.98-94.06 1.82+.47 3.85 0.26 0.13
Acetone Extract 78.59 64.45-97.81 2.19+.65 3.38 0.34 0.10
Chloroform Extract 77.97 62.94-121.49 1.81+.48 3.78 0.27 0.14
Column Purified 7.88 3.14-12.04 0.97+.25 3.94 0.25 0.15
Morusin 3.79 2.67-5.81 1.11+.27 4.18 0.22 0.17
Leaf Powder 173.69 153.50-188.95 5.10+.82 6.20 0.10 0.29
Ethanol Extract 30.79 22.24-36.92 2.87+.53 5.44 0.13 0.43
Ether Extract 35.73 19.63-45.59 1.68+.47 3.58 0.30 0.12
96h CCly Extract 45.73 35.19-54.62 2.12+.47 4.49 0.19 0.15
Acetone Extract 55.60 35.10-66.51 2.29+.66 3.49 0.32 0.11
Chloroform Extract 50.57 36.21-64.81 1.60+.46 345 0.32 0.09
Column Purified 4.97 2.82-6.76 2.01+.37 5.46 0.13 0.40
Morusin 2.12 1.38-2.84 1.32+.27 4.95 0.16 0.32

Mortality was determined at every 24h up to 96h. Each set of experiment was replicated six times.

Abbreviation: LCL= lower confidence limit; UCL= upper confidence limit. Significant negative regression (p < 0.05) was
observed between exposure time and LC, of treatments. T_= testing significance of the regression coefficient of Morus
nigra leaf powder (14.36%), ethanol extract (8.31*), ether extract (29.78*), carbon tetrachloride extract (29.11*), acetone
extract (8.50%), chloroform extract (14.30**), column-purified (10.61*), morusin (6.04*). (+) Linear regression between x

and y. (++) Non- linear regression between log x and log vy.
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Morus which is widely distributed in Asia, Europe,
North and South America and Africa. Mulberry
(genus Morus) is an economically important plant
used for sericulture, as a feed for the domesticated
silkworm, Bombyx mori [22] and has a long history
of medicinal use in Chinese medicine as a herbal
medicine called “Sang Bai-Pi” [23]. The fruits are
one of the constituent of Unani medicine named
“Tut-i-aswad” which is said to be against cancer
[24]. The ripe fruit contains about 9% sugar, with
malic and citric acid. The juice forms a grateful drink
during convalescence after febrile diseases; it
checks thirst and cools the blood. The extracts of
M. nigra fruit were reported to have a protective
action against peroxidative damage to
biomembranes and biomolecules [25] while the
roots methanolic extract showed mushroom
tyrosinase inhibitory activity [26]. The bark is
purgative and vermifuge. Root bark contains
tannins, phlobaphenes, a sugar, a phytosterol
(m.p.132°), ceryl alcohol, fatty acids and phosphoric
acid. The bark of M. nigra was reputed to be used
to expel tape worm. The decoction of the leaves
possesses blood purifying properties, reduces fever
and is diuretic [27]. Black mulberry genotypes have
a higher bioactive content. A study was conducted
to investigate the chemical constituents in the barks
of M. nigra. In this study, nine compounds were
isolated and identified as olcancolic acid, apigenin,
cyclocommunol, morusin, cyclomorusin, kuwanon
C, daucosterol, ursolic acid and 63-sitosterol [28].

Quercetin has been isolated from fruit of
M. nigra. Quercetin targets cysteine string proteins
(CSPa) and impairs synaptic transmission [29].
Apigenin has been isolated from bark of M. nigra.
Apigenin is a natural product belonging to the
flavones class that is the aglycone of the several
naturally-occurring glycosides. It is a vyellow
crystalline solid. Apigenin may contribute to the
chemopreventive action of vegetables and fruits
[30]. It was recently shown that apigenin induces a
process called autophagia (a kind of cellular
dormancy) that may  well explain its
chemopreventive properties, but at the same time it
induces resistance against chemotherapy [31].
Apigenin is a potent inhibitor of CYP2C9, [32] an
enzyme responsible for the metabolism of many
pharmaceutical drugs in the body. Apigenin has
been shown to reverse the adverse effects of
cyclosporine. Research has been conducted to
study the effects of apigenin on reversal of
cyclosporine-induced damage, and this was

assessed by immunohistochemical estimation of
expression of bcl-2, and estimation of apoptosis in
histopathological sections [33]. Morusin has been
isolated from leaf of M. nigra. Morusin, a flavonoid
has high cytotoxicity against murine leukemia cell
P-388, IC,, 3.1ug/mL [17].

A comparison of the molluscicidal activity of the
active components present in M. nigra fruit, bark
and leaf powder with synthetic molluscicides clearly
demonstrates that these components are more
potent against L. acuminata. The LCy, at 96h of
quercetin (1.11), apigenin (1.92) and morusin (2.12)
are lower than those of synthetic molluscicides
carbaryl (14.40 mg/L), phorate (15.0 mg/L),
formothion (8.56 mg/L) and niclosamide (11.8 mg/L)
[18 ,19]. LC,, at 96h of crude powder of M. nigra
fruit (166.92), bark (173.17) and leaf (173.69)
against L. acuminata are lower than the crude
powder of Canna indica root (359.02 mg/L) [34],
Thuja orientalis leaf powder (250.55 mg/L), Thuja
orientalis fruit powder (255.12 mg/L) [35], Zingiber
officinale rhizome (273.80 mg/L), Allium cepa bulb
(253.27 mg/L) [36].

It is evident from the steep slope values that a
small increase in the concentration of different
treatments causes a marked mortality in snails.
A t-ratio value greater than 1.96 indicates that the
regression is significant. Values of heterogeneity
factor less than 1.0 denote that in the replicate tests
of random samples the concentration response
lines would fall within 95% confidence limit and thus
the model fits the data adequately. The index of
significance of potency estimating values indicates
that the values of the mean are within the limits at
all probability levels (90, 95, 99) as it is less than
0.5.

CONCLUSION

In conclusion it can be stated that molluscicidal
activity of M. nigra is due to quercetin, apigenin and
morusin. M. nigra can be used as potent
molluscicide as it is easily available and ecologically
and culturally more acceptable by livestock
keepers. Toxicity of active components and crude
extracts is more than the other plant extracts and
synthetic  molluscicides, respectively. Further
studies will assess the mode of action of purified
molluscicidal components of the plant in snail
L. acuminata.
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ABSTRACT

Introduction: The genus Bupleurum is perennial rhizomatous herbs, recognized by simple leaves,
conspicuous bracts and bractlets, often shows a great deal of variation in morphological characteristics.
The genus is well developed in temperate and alpine zones of Kashmir Himalayas and other lesser
Himalayan ranges of Jammu and Kashmir State. A key to the species, brief description, flowering and
fruiting periods are given. The approximate elevation, distribution of species in the region and
illustrations of selected species are provided.

Material and Methods: The present communication is based on the surveys conducted between 1990
and 2007. The speciemens were mounted on the herbarium sheets and studied in the laboratory with
the help of floristic literature.

Results: As many as 10 species of genus Bupleurum have been recognized, from the different climatic
zones of outer hills of Kashmir Himalayas of Jammu and Kashmir State.

Conclusion: The report is first of its kind being communicated from the State of Jammu and Kashmir. Ten
species of Bupleurum are described.

Key words: Flora, Apiaceae, Bupleurum, Jammu and Kashmir, India.

J Biol Earth Sci 2012; 2(2): B63-B69

Corresponding author:

B. L. Bhellum

Department of Botany, Govt. Degree College
Kathua - 184 101, Jammu and Kashmir, India
E-Mail: bibhellum@gmail.com

Original Submission: 13 June 2012; Revised Submission: 29 July 2012; Accepted: 08 August 2012

Copyright © 2012 Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits non-commercial 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, 2012, Vol 2, Issue 2, B63-B69 B63



Bhellum Taxonomic status of Bupleurum in Kashmir Himalayas

INTRODUCTION

Genus Bupleurum L. (Apiaceae) comprises of
180-190 species mostly confined to temperate
regions of the world [1]. Bupleurum L. is
represented by 10 species in the outer hills of
Kashmir Himalayas of Jammu and Kashmir State
(Fig. 1). Most of the species inhabit to the alpine
zones of the Himalayas. In past, species of the
genus have been enumerated by Royle (1833-39),
Hooker (1879), Kaul (1971), Stewart (1972), Rau
(1975), Singh and Kachroo (1976), Sharma and
Kachroo (1981) and Swami and Gupta (1998) [2-7].
Specific attention has been paid by Hamal et al. [8,
9] to the Umblifers of Kashmir. Hamal et al. [10]
made an exploration to district Doda and
enumerated some umblifers in addition to other
angiosperms. Bhellum and Magotra [11] listed 36
species of Umblifers in the form a contribution of the
flora of district Doda of Jammu and Kashmir State -
family Apiaceae. Apart from this the species of the
Himalayan ranges and other areas have been
studied by Qureshi et al. [12, 13]. Floristic
information and distribution is poorly available
therefore, the main focus is inventorization and
documentation of the species of this genus as the
species are of medicinal value. The lacunae in the
knowledge of these species can pose problem to
find out the global diversity of this genus. The
survey of natural resources plays a vital role in the
economic development of at state and global level.
The flora of North-west Himalayas is quite rich in
terns of floristic diversity of the region. Keeping in
mind extensive survey of species and intensive
scanning of floristic literature was made in the outer
hills of Kashmir Himalayas. All the species of
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Bupleurum L. collected from outer hills of Kashmir
Himalayas have been described as under. The
voucher specimens have been deposited in the
Department of Botany, University of Jammu.

MATERIALS AND METHODS

The plant explorations were carried out in the
area of study from 1990-1998 and later the area
was visited occasionally. This paper is based on the
collection made and thereafter identified the species
in the following years. The size of the flowers of
Bupleurum L. being smaller the pose problems in
identification, however, the species of genus
Bupleurum L. are very easy to identify in the field
from the fresh plant material. The leaves of all the
species of Bupleurum L. are simple. The flowers
were boiled for about 1- 2 minutes to study them
under the stereoscope from the dried specimens.
The species were identified with the help of floristic
literature. Key to species of Bupleurum L. is
presented in the table 1.

RESULTS

Earlier, a single species of Bupleurum from
Jammu, four species from Srinagar and Udhampur
each had already been reported from this state
(Fig. 4). A total of 10 species of Bupleurum have
been described from the outer hills of Kashmir
Himalayas. Key to the species is provided for all
these species. The present communication is first of
its kind from the state. Based on the observation of
morphology, these species are differentiated from
each other.

TAXONOMIC DESCRIPTION OF BUPLEURUM L.

1. B. candollei Wall. ex DC., Prodr. 4: 131. 1830;
Clarke in Hooker f., FBI. 2: 674. 1879; Stewart, I.c.
512. 1972.

Perennial, somewhat tufted, aromatic herbs;
stem 20-80 cm in height, fistular, thinly furrowed;
leaves simple, entire, basal linear to lanceolate,
oblong, sessile to subsessile (Fig. 2A), apex acute,
base amplexicaule, margin whitish, entire, upper
leaves lanceolate, oblong, shorter; involucral bracts
1-4, foliaceous, unequal; rays 6-10, unequal;
involucel 5, lanceolate; umbellets 15-20 flowered;
flowers actinomorphic, bisexual; calyx teeth
obsolete; petals 5, obovate, apex notched, inflexed,
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Table 1.
Key to species of Bupleurum L.
’ + Leaves acicular, rarely linear; umbels uniseriate 9. B. subuniflorum
- Leaves linear laceolate, oblong or ovate; umbels multiseriate 2
. + Plants decumbent ascending 3
- Plants erect 4

Basal leaves oblanceolate, upper lanceolate-oblong, sessile or subsessile; fruits furrowed, 1-vittate
5. B. hamiltonii

3
Basal leaves linear, slightly amplexicaule, upper leaves similar, shorter; fruits furrowed, 3-vittate
4. B. gracillum
l + Stem solid; flowers yellow; involucral bracts 0 to 5, linear to lanceolate -------------—---- 5
- Stem fistular, flowers yellow or blakish-purple 7
£ + Basal leaves numerous, linear to linear-lanceolate, veinlets indistinct ------------—------ 6
- Basal leaves broadly lanceolate to ovate, veinlets few distinct -----------—--—-- 6. B. lanceolatum
B + Leaves linear, stiff, margin white cartilaginous, minutely serruate --------------- 8. B. marginatum
- Leaves linear to falcate, not stiff, margin non-cartilaginous, never serrulate -- 3. B. falcatum
B + Flowers blakish-purple to black 7. B. longicaule
- Flowers yellow 8
Apices of leaves obtuse, acute, or long acuminate; bases of upper leaves amplexicalue or auricled;
+
B involucral bractlet 4- 8 9
Apices of leaves acute or obtuse, mucronate, never long acuminate, bases of upper leaves never
amplexicaule or auricled; involucral bracts 1- 4 1. B. candollei
Involucral bracts absent; involucel bractlets 5- 8, linear; flowers 14- 22 per umbellets
+
A 2. B. clarkeanum
Involucral bracts 1- 3 rarely absent; involucel bractlets 4- 5, ovate or lanceolate; flowers 12- 17 per
umbellet 10. B. thomsoni
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Fig. 2. Bupleurum candolei Wall. ex DC.; A, Upper portion
of a twig; B, Flower.

yellow; stamens 5, inflexed (Fig. 2B); fruit ovoid,
oblong, ridges, furrows 3-vittate.

Rare along the roadsides near Sashu and
Karthai (Padder). Specimens collected from Kathrai.
Specimens examined: (1800 m) Bhellum 12058
Flrs.: July—August, Frts.: August—-September

2. B. clarkeanum (Wolff) E. Nasir in FI. W. Pak.
20: 50. 1972. B. diversifolia auct. non Koch, Clarke
in Hooker f., FBI. 2: 675. 1879.

Perennial herbs; leaves lanceolate, long-pointed,
base ovate, nearly stem clasping; bracts absent or
one, small, lanceolate, rays 8-14; flowers yellow,
sepals 5; Petals 5, yellow; fruits ridged, and
furrowed.

Grows along open and dry slopes at Kailash
Parbat.

Specimens examined: Kailash Parbat (3500 m)
Bhellum 15050

Firs.: May—June, Frts.: June—July

3. B. falcatum L. Sp. PI. 237. 1753; Stewart, I.c.
512. 1972.

Perennial decumbent herbs; leaves redical
linear, half stem clasping or sessile, long pointed;
bracts absent, 1-5 when present, Incleolate; umbels
with 5-8 rays; fruits distinctly furrowed.

Abudant along the roadsides at Mansar near
Batote. Specimens collected from Mansar (1400 m).
Specimens examined: Batote (1400 m) Bhellum
13201
Firs.: May—June, Frts.: June—July

4. B. gracillimum KI. in KI. & Garck, Bot. Ergeb.
Reise Prinz. Waldemar 148. 1862; B. virgatum
Wall.,, (nom. nud.); B. falcatum var. nigrecarpa
Jacquem. ex C.B. Clarke in Hooker f., FBI. 2: 676.
1879.
Perennial,

decumbent herb; stem glabrous,

green; leaves simple, linear, many at base,
amplexicalue, margin entire, apex acuminate,
cauline shorter, linear, lanceolate; inflorescence

compound umbels; flower actinomorphic, bisexual;
involucral bracts 2-5, linear, lanceolate; involucel
5-6, acute; calyx teeth obsolete; petals obovate,
notched, inflexed, yellow; stamens 5; ovary
bicarpellary  surrounded by disc shaped
stylopodium; fruit oblong, glabrous, grooved, ridges
prominent.

Abundant along the grassy slopes at Kailash
Parbat and Jawathatop. Specimens collected from
Kailash Parbat (3500 m).

Specimens examined: Kailash Parbat (3500 m)
Bhellum 13162
Firs.: May—June, Frts.: June—August

5. B. jucundum Kurz, Seem Journ. Bot. 5: 240.
1863; Sharma & Kachroo, Fl. Jmu. 1: 175. 1981,
Stewart, l.c. 513. 1972.

Perennial herbs, 60-70 cm tall; stem fistular;
leaves mucronate, white margined, lower linear, to
lanceolate, amplexicaule, upto 10 cm long, upper
ones ovate, ovate-oblong, base deeply cordate;
umbels 6-10 rayed, rays angled; bracts solitary,
foliaceous, bracteoles lacking; flowers minute, calyx
obsolete; petals 5, yellow.

Specimens examined: Ramsu (1200 m) Bhellum
15070
Firs.: July—August, Frts.: August—September
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6. B. lanceolatum Wall. ex DC. Prodr. 4: 132.
1830; Clarke in Hooker f., FBI. 2: 674. 1879; E.
Nasir in Univ. Calif. Pub. Bot. 27: 422. 1954;
Stewart, l.c. 513. 1972.

Perennial, erect herbs; stem glabrous, furrowed,
0.5-1.5 m tall; leaves simple, basal leaves long
petioled, lamina ovate (Fig. 3A, B), lanceolate, veins
distinctly 7-9 venation parallel, converging towards
apex, cauline leaves smaller and shortly petioled,;
involucral bracts absent; rays 5-10; involucel 4-5,
veins 3; umbellets 10-12 flowered; flowers
actinomorphic bisexual (Fig. 3C), yellow; calyx
obsolete; petals 5, obovate, apex notched, inflexed;
stamens 5, inflexed; stylopodium circular; fruit
oblong-lanceolate, compressed, ridges distinct.

Abundant along the slopes between Ramsu and
Banihal. Specimens collected from Ramsu and
Banihal.

Specimens examined: Banihal (1400 m) Bhellum
15125
FIrs.: July—August, Frts.: August—September

Fig. 3. Bupleurum lanceolatum Wall. ex DC.; A, Upper
portion of a branch; B, Middle portion of a branch;
C, Flower.

7. B. longicaule Wall. Cat. n. 557. 1828; DC.,
Prodr. 4: 131. 1830; Clarke in Hooker f., FBI. 2: 677.
1879; E. Nasir in fl. W. Pak. 20: 47. 1972.
Perennial herbs; stem fistular, 1-many from
base; leaves simple, margin entire, white
cartilaginous, basal leaves linear-lanceolate, cauline
leaves usually shorter, ovate, lanceolate, sessile;
involucral bracts 1-4, foliaceous, lanceolate, margin
white; rays 14-40 flowered; involucel bractlets 5-8,
ovate, lanceolate; flowers actinomorphic, bisexual,
blackish-purple; calyx teeth obsolete; petals 5,
blackish-purple, apex minutely notched, inflexed;
stamens 5; fruit oblong-cylindric, ridges winged.
Abundant along the dry slopes at Kailash
Parbat.
Specimens examined: (3500 m) Bhellum 12887
Firs.: June—July, Frts.: July—August
i) B. longicaule var. himalayense.
i) B. longicaule var. ramosum.

8. B. marginatum Wall. ex DC., Prodr. 4: 132.
1830; Stewart, l.c. 514. 1972; B. falcatum var.
marginata Wall. ex DC.; Clarke in Hooker f., FBI. 2:
676. 1879.

Perennial, erect herbs; stem glabrous, green,
furrowed, ridges acute; leaves simple, basal leaves
linear, lanceolate, crowded at base, upper leaves
shorter, linear-lanceolate, margin white; involucral
bracts 1-5, linear, lanceolate, unequal; ray 3-10;
involucels  3-5, lanceolate, linear; flowers
actinomorphic, bisexual; calyx teeth obsolete; petals
5, yellow, apex notched, inflexed; stamens 5; fruit
oblong, cylindrical, distinctly white, ridged.

Abundant along the grassy slopes near Atholi.
Specimens collected from Sanasar.

Specimens examined: Sanasar (1700 m) Bhellum
12315
Firs.: June—July, Frts.: July—August

9. B. subuniflorum Boiss. et Heldr. in Boiss.
Diagn. Ser. 1: 10. 28. 1849; E. Nasir, FI. Pak. 20:
41. 1972. B. setaceum Clarke in Hooker f., FBI. 2:
678. 1879. non Fenzl. 1866.

Annual erect herbs; stem dichotomously
branched, furrowed; leaves simple, basal leaves
linear, lanceolate, 1-3 veined, apex acute, base
clasping to stem, upper leaves smaller; involucral
bract one, acute, veins inconspicuous; rays 2-4;
involucel 4-5, acicular; flower actinomorphic,
bisexual; calyx teeth obsolete; petals 5, yellow apex
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notched, inflexed; stamens 5, inflexed in bud; fruit
oblong, prominently redged.

Abundant along roadsides between Atholi and
Machail.
Specimens examined: Machail (3000 m) Bhellum
1174.

10. B. thomsoni Clarke in Hooker f., FBI. 2: 675.
1879; Stewart, Ann. Cata. Vasc. Pl. W. Pak. &
Kashm. 514. 1972.

Perennial, erect herbs; stem branched, fistular,
thinly furrowed, 0.5- 1 m tall; leaves simple, lower
ones linear-lanceolate, margin white, entire, apex
acute, base stem clasping; involucral bacts absent
or one or two, cordate; rays 6- 10; involucral bracts
as long as or slightly longer than umbellets, apex
acute; flower actinomorphic, bisexual; calyx teeth
obsolete; petals 5, obovate, yellow, apex notched,
inflexed; stamens 5, inflexed in bud; stylopodium
brownish; fruit oblong, subquadrate, ridges
prominent.

Abundant in dry and gravely soil at Kailash
Parbat.

Specimens examined: Kailash Parbat (4000 m)
Bhellum 1175.

DISCUSSION

Contribution to Umblifers to the flora of Kashmir
made [3] subsequently [14] reported four species of
Bupleurum from Srinagar Kashmir. Being one of the
largest genera of family Apiaceae in the flora of
Jammu and Kashmir the species of Bupleurum are
highly variable. Most of the species of this genus
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Fig. 4. The numerical size of Bupleurum L. in different
parts of Jammu and Kashmir State.

occupy the different habitat on the outer hills of
Kashmir Himalayas. Most of the species are
confined to the alpine zones of the state of Jammu
and Kashmir [11]. Species of Bupleurum [1] are
confined to the temperate regions of the world. Only
a single species has been reported from Jammu [6].
Earlier reports indicated four species of Bupleurum
from Udhampur district [15]. The species of
Bupleurum are recongised on the basis of
vegetative and reproductive chararcters. Among the
vegetative characters the most important are leaf
shape, margins, colour of margins, size, venation,
bracts and barcteoles, The significant reproductive
characteristics of the species are number of flowers
per umbel and umbellets, petals shape, apex,
colour of flowers, shape and size of fruits. Hamal et
al. studied the position nucleolar organization in
Umblifers [8] and made a systematic study of
Centella from Jammu [9]. Koul et al. [16] studied the
reproductive biology of wild and cultivated carot
(Daucus carota L.) from Kashmir. While making the
exploration of district Doda of Jammu and Kashmir.
Hamal et al. [10] contributed some additions to the
flora of district Doda of Jammu and Kashmir.
Systematic and evolutionary trends in fruit structure
of genus Torilis, Apiaceae were studied [15]. Thirty
six umblifers were recognized from district Doda of
Jammu and Kashmir [11]. The present investigation
deals with ten species of Bupleurum (Fig. 4) which
indicates that the genus is well represented in the
area of present study as well as the other parts of
Jammu and Kashmir. The number of occurrence of
species in the higher elevation is more than that of
plains.
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ABSTRACT

Heavy metal pollution is a serious environmental issue today. Recognizing the ability of microorganisms
and biological materials to remove them from the polluted sites makes it cheaper method of heavy metal
remediation. Microorganisms remove metals as a result of biosorption and bioaccumulation.

In the present work, filamentous yeast Trichosporon cutaneum R57 was cultivated on batch in Andreev
medium containing biotin, thiamine and glucose. Metal chromium was added in concentration ranging
from 0-10 mM (K,Cr,0,+7H,0) to the culture during the stationary phase of the culture growth. Viability,
glucose consumption and removal efficiency of the strain was studied. 1.5 mM of K,Cr,O,*7H,0O was
found to be lethal to the strain, consumes maximum glucose at 5 mM and removes maximum at 1 mM
concentration. Removal efficiency decreases with increase in metal concentration.
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INTRODUCTION

The contamination of air, water and soil with
hazardous and toxic chemicals pose high risks for
living things both directly and indirectly. Heavy
metals particularly chromium is considered to be
more dangerous pollutant even at low
concentration. It is more important because of the
fact that it cannot be decomposed in situ biologically
[1]. The major source of chromium pollutant is
effluents of industrial processes like [2]
electroplating, metallurgical work, tanning, [3, 4]
chemical manufacturing and battery manufacturing.
Each pollutant in the environment has its individual
effect to the environment and human health.
Chromium enters the body through contaminated
foods or exposure to chromium contaminated sites
in the vicinity of industries using chromium.

Generally, chromium occurs in two oxidation
states Cr3* and predominantly Cré* in air, water and
soil [4-6]. Cr8* species are strong oxidants, which
are carcinogenic, mutagenic and teratogenic in
living systems [6]. It is hundred times poisonous
and thousand times mutagenic than Cr3* hence it
has been listed as a priority pollutant and a human
carcinogen by the US EPA [4]. Cr%* is highly soluble
in water and mobile through ecosystem while Cr3* is
insoluble and forms precipitate with organics in
nature.

Microorganisms play a significant role in
bioremediation of heavy metal contaminated soil
and wastewater. Many microorganisms like fungi,
bacteria and microalgae have been recognized for
their ability to either resist the toxic effect of heavy
metals or they biotransform so that the heavy metal
ions become less toxic or non toxic to them via
sequestration mechanisms such as reduction,
complexation, alkylation, precipitation, etc. [1, 7].
Through these mechanisms, microorganisms are
also able to biosorb and bioaccumulate heavy
metals on/in their body with the help of numerous
binding sites provided by the functional groups
present on their cell wall. Ironically, some of these
mechanisms make an environment susceptible to
heavy metal toxicity. For example, reduction of toxic
heavy metal ions to relatively less toxic (Cré* to
Cr3*) makes the heavy metal ions mobile through
the soil water there by chances of its presence to
non-polluted sites and the probability of getting into
runoff water increases.

Toxic metals classified as environmental

pollutants cannot be degraded, but their oxidation
state can be changed to another less toxic state by
microorganisms. Thus, bioremediation of heavy
metals aims at sequestering the metals to make
them unavailable to flow in the ecosystem, or
extract to mobilizing them for reuse or safe disposal
[8]. The properties of microorganisms to adsorp and
bioaccumulate heavy metals give potential for
cheap alternative method of heavy metal removal
from industrial wastewaters. Both living and dead
biomaterials are capable of removing heavy metal
ions from wastewater through diverse mechanisms
collectively known as biosorption [9].

Role of conventional methods in remediating
heavy metals has become ineffective and costly in
threshold of ever increasing industrial effluents.
Conventional methods can remove only up to
certain minimum level. Therefore, the
bioremediation has come as cost effective, efficient
and environmentally friendly alternative of removing
heavy metals from industrial effluents. The
advantage of bioremediation is that this process
does not require using aggressive and concentrated
chemicals, and metal ions bound biomass could be
reused after elution [10]. Bioremediation is a viable
alternative to conventional methods, but metal
toxicity at co-contaminated (contaminated with
organic and heavy metal) sites may limit its
application [11]. Heavy metal remediation using
bioaccumulation is promising alternative and the
interest in it has grown high in recent time. Microbial
systems like fungi, bacteria and microalgae have
been successfully used as adsorbing agents for
removal of heavy metals. Studies on bacteria,
yeast, fungi and microalgae have shown that yeast
are better biosorbent for the removal of heavy metal
ions from wastewater due to their high growth rate.
Yeast can be cultivated with ease in cheap growth
media and also yeast biomass cheaply available in
good quantities from fermentation industries for
remediation of wastewater at lower pH [7, 12].

MATERIALS AND METHODS

Strain, Media and Growth

Trichosporon cutaneum (Tr. cutaneum) R57 [13]
obtained from Bulgarian National Bank of Industrial
Microorganisms and Cell Cultures was used in the
experiments. The strain was maintained on Yeast
Extract Peptone Dextrose (YEPD) solid medium in
test tubes. The composition of YEPD medium and
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concentration of each constituent were as described
by Giorgieva [13], Yeast extract 10, bacterial
peptone 20, dextrose (glucose) 20 and agar 20
gram per liter sterilized for 20 minutes at 0.8
atmospheres in autoclave.

Preculture Cultivation

After the incubation at 28°C for 48 hours in
thermostat, the colonies were picked up on a sterile
loop and cultivated in Erlenmeyer flasks as
described by Giorgieva [13] containing 90 ml
Andreev medium, 10 ml (10%) glucose solution,
10 mg thiamine and 10 pl biotin. Glucose solution
acts as the source of carbon and the source of
energy for the growing cells. Andreev medium
contains H,PO, (1:10) 3.75 ml, CH,COOH (1:10)
18.5 ml, KCI 3 gram, MgSO,7H,0 0.15 gram,
Ca(H,PO,), 0.042 gram NaOH (0.1N) 4 ml per liter.
The culture containing Erlenmeyer flasks were
incubated on a rotary shaker (180 rpm) at 30°C for
24 hours.

Culture Cultivation

After 24 hour incubation, [13] 10 ml preculture
culture was taken in 80 ml Andreev medium, 10 ml
(10%) glucose solution, 10 mg thiamine and 10 pl
biotin. The culture was incubated for 24 hours on
a rotary shaker (180 rpm) at 30°C.

After 24 hours, Cr ions were supplied in the form

of potassium dichromate (K,Cr,0,+7H,0) solutions.
A series of concentrations were added into different
flasks. 0 mM in control, 1 mM, 1.5 mM, 2 mM, 2.5
mM, 5 mM and 10 mM per liter of K,Cr,0,7H,0.

Viability

The growth and viability of Tr. cutaneum R57
was studied by making colony forming units (CFU)-
spread plate method, and microscopic observation
of the cells. CFU was performed by serial dilution,
homogenized on rotary vortex, cultivated in YEPD
media and incubated at 30°C for 24 hours [8]. For
microscope observations, the cells were washed
twice with distilled water, stained with 2% solution of
methylene blue for 20 minutes at room temperature,
washed again with distilled water and observed
using bright field microscope Olympus BX53,
Camera SC30 (Japan).

Glucose consumption

Glucose consumption by Tr. cutaneum R57 in
the presence of Cr ions was analyzed by
dinitrosalicylic method [14]. It is a standard method
of determining unknown solute concentration in a
solution by spectrophotometry of a solution
containing known solute concentration. The
standard curve was drawn using absorbance values
at 540nm and series of glucose solutions containing
pg/ml sugar to determine the amount of glucose
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present.

Metals Determination

After supplying Cr ions to the cultivated strain,
samples for Inductively coupled plasma mass
spectrometry (ICP-MS) analysis were taken at 30,
60, 90 and 120 minutes by separating the solid
biomass from the culture by filtration. ICP-MS is a
type of mass spectrometry capable of detecting
metal ions at very low concentration. The filtrate
was analyzed for Cr ions by Prodigy High
Dispersion ICP Leeman Labs.

RESULTS

Viability of Tr. cutaneum R57 in the presence of
different concentration of chromium ions

Cr ions were added in the form of K,Cr,0,:7H,0
in different concentrations from 0-10 mM to the
culture in separate Erlenmeyer flask incubated for
24 hours in a rotary shaker and the strain cultivated
on agar solid media in petri dishes. Viability of Tr.
cutaneum R57 in different concentration of Cr ions
is represented in the figure 1. Viability was checked
for 1 hour and 2 hours after adding Cr to the culture.
Viability of Tr. cutaneum R57 decreases with
incubation time in the presence of Cr ions. Lethal
dose of Cr ions is higher than 2 mM in one hour and
higher than 1.5 mM in two hours. The viability of the
strain at 1 mM is 44% and at 1.5 mM and 2 mM is
10% after one hour of incubation. In two hours
incubation, the viability of the strain is just 8% in
1 mM and zero in concentration higher than 1 mM.

Bioremediation of chromium ions with Trichosporon cutaneum

Georgieva et al. [15] reported 0.2 mM as inhibitory
threshold value, 0.6 mM as moderate inhibitory
value and 1.5 as the lethal dose. The added
concentrations of K,Cr,0,+7H,0 causes
disturbance in the growth phases, abnormal cell
morphology with disrupted cell wall and smaller
sized cell.

Glucose consumption by Tr. Cutaneum R57 in
the presence of chromium ions

The rate of glucose consumption by Tr.
cutaneum R57 in the presence of Cr ions was
analyzed first at 24™ hour of incubation just before
adding K,Cr,0,+7H,0 and after 2 hours at 26! hour.
Glucose consumption increases with the presence
of Cr ions. The maximum amount of glucose is
consumed at 5mM concentration of K,Cr,0,+7H,0.
From microscope study and viability study in the
presence of Cr ions, it can be concluded that
glucose is consumed for resistance to toxicity of Cr
ions although they die ultimately.

Chromium ions removal efficiency of Tr.
cutaneum R57 from the culture media

Cr removal efficiency of Tr. cutaneum R57 was
determined by subtracting the amount of Cr ions
present in the cultural solution with the initial
concentration. Table 1 shows the removal efficiency
at every 30 minutes after adding metals to the
culture.

It removes 20.89% from 1 mM (104 mg/l) of ions
in the cultural medium while only 14.01% from 10
mM (1040 mg/l) in 30 minutes. As the concentration

Table. 1. Cr removal efficiency of Tr. cutaneum R57 from cultural media in different concentration of Cr.

= Cells treated with chromium 6" ions
E 1mM 1.5mM 2mM 2.5mM SmM 10mM
= § (104mg) (156mg) (208mg) (260mg) (520mg) (1040mg)
.§ g Crremoval | Crremoval | Crremoval Cr removal Crremoval | Crremoval
E ‘g | efficiency efficiency efficiency efficiency efficiency efficiency
= from the from the from the from the from the from the
= cultural cultural cultural cultural cultural cultural
media % media % media % media % media % media %
0 0 0 0 0 0 0
30 20.89 16.67 17.86 18.42 13.85 14.01
60 21.81 17.20 18.09 19.38 14.87 14.61
920 21.69 18.09 19.54 20.58 14.30 13.90
120 24.08 19.38 20.06 22.18 14.99 14.49
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of Cr ions in the cultural medium increases, the
removal efficiency decreases. It removed least of
13.85% at 5 mM (520 mg/I) of Cr ions in the cultural
medium after 30 minutes.

DISCUSSION

Lethal dose of Cr ions is higher than 2 mM in
one hour and higher than 1.5 mM in two hours. The
viability of the strain at 1 mM, 1.5 mM and 2 mM is
44%, 10% and 10% respectively after one hour of
incubation. In two hours incubation, the viability of
the strain is just 8% in 1 mM and zero in
concentration higher than 1 mM. Georgieva et al.
[15] reported 0.2 mM as inhibitory threshold value,
0.6 mM as moderate inhibitory value and 1.5 as the
lethal dose. The added concentrations of
K,Cr,0,°7H,O cause disturbance in the growth
phases, abnormal cell morphology with disrupted
cell wall and smaller sized cell. Initially the cells try
to resist the Cr8* toxicity using the optimum energy
source in the medium but ultimately all cells die in
concentration above 1.5 mM due high toxicity of
Cré* species. Highly toxic hexavalent chromium Cr8*
is reduced by the growing organism in the medium
to less toxic Cr3*. The biotransformation and
bioaccumulation in Paecilomyces lilacinus [3] was
reported to depend upon the growth phase/state of
the fungi in the growth media while considering
employing live cells for the removal and
detoxification of Cr. In aerobic condition, microbial
reduction of Crb* is catalyzed by soluble enzymes
[4]. Optimum growth of the fungus depends on the
pH, temperature and residual ions present in the
medium. Mucor grows maximum at pH 5.5 [16].

The removal of Cr ions happens by two
processes of bioaccumulation (active) and
biosorption (passive) [10]. Bioaccumulation is the
process by which living biomass immobilize metal
ions into the cells whereas biosorption process
either absorb metal ions on the cell wall of the living
biomass or total absorption by the dead biomass
[8, 17]. The removal efficiency of Tr. cutaneum R57
is higher in lower initial ions concentration. It
removes 20.89% from 1 mM (104 mg/l) and 14.01%
from 10 mM (1040 mg/l) in medium during the same
contact time. Removal efficiency of the strain
increases  with  incubation time in lower
concentration and no significant change in
percentage removal at higher concentration.
Removal efficiency from 1 mM (104 mg/l) is 24.08%

and 14.49% from 10 mM (1040 mg/l) in 120
minutes. Research reported Mucor meihi removes
maximum Cr ions from the solution [8]. The
percentage of increase in removal efficiency with
time gets decreased with the concentration of ions
in the cultural medium. In macrophyte, Cré*
accumulation increases with the contact time [18].
Biomass of Sargassum wightii pretreated removed
maximum (83%) at pH 3.5-3.8 in a contact time of
6 hours [9]. The toxic effect of Cré* of paramecium
is light dependent and increased body ratio, with
average accumulation 1.72 to 15.5 pg Cr/cell [19].
The pH is one of the most important parameters
that determines the biosorption of metal ions from
aqueous solutions. The removal of Cré* from the
solution depends greatly on the pH of the solution,
which also affects the uptake ability [20]. The
maximum biosorption takes place at pH between
2.5 to 3. Decrease in pH increase the metal uptake
by making surface area of the biomass positively
charged [8].

CONCLUSION

The viability study of Tr. cutaneum RS57
demonstrated that the strain is very sensitive to Cr
ions present in the culture medium. The adsorption
data obtained from the experiments showed that the
applicability of Tr. cutaneum R57 in the remediation
of heavy metals particularly Cr from solutions. The
strength of employing this filamentous fungus lie on
its ability to remove higher percentage of heavy
metal when it is present in lower concentration
which is the main drawback of conventional
methods of heavy metal removal. The removal
efficiency of Tr. cutaneum R57 increases with
decrease in the concentration of metal ions present
in the solution up to certain minimum level; it
removes 20.89% from 1 mM (104 mg/l) of ions in
the cultural medium while only 14.01% from 10 mM
(1040 mg/l) of Cr ions in 30 minutes. Removal
efficiency also increases with the contact time
between the metal ions and fungal biomass in lower
concentrations. The percentage increase in removal
of metal ions with time gets decreased with the
concentration of ions in the cultural medium. Taking
advantage of the ability of conventional methods to
remove higher % in higher initial concentration, this
technique wusing Tr. cutaneum R57 can be
integrated with the unit operation of conventional
method of metal extraction from the effluent in
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series where the stream of effluent treated by
conventional method can undergo further extraction
of metals in low concentration.
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ABSTRACT

Molluscicidal activity of binary combination of Bauhinia variegata and Mimusops elengi with other plant
molluscicides Saraca asoca and Thuja orientalis against snail Lymnaea acuminata have been studied.
It was observed that toxicity of binary combinations of plant molluscicides with other plant molluscicides
were toxic against fresh water snail L. acuminata. Among all combinations of toxicity Mimusops elengi
leaf + Saraca asoca bark (24h LC,,: 98.25 mg/l; 96h LC,,: 40.40 mg/l) and Bauhinia variegata leaf
powder + Saraca asoca leaf (24h LC,,: 123.98 mg/l; 96h LC,,: 57.91 mg/l) was more toxic than other
binary combinations of plant molluscicides. Mimusops elengi leaf powder + Saraca asoca leaf powder
and Bauhinia variegata leaf powder + Saraca asoca leaf powder are more potent molluscicides.
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INTRODUCTION

Fascioliasis is one of the most debilitating
parasitic diseases in terms of its socioeconomic and
public health importance in tropical and subtropical
countries [1-3]. In 2006 fascioliasis was reported in
51 different countries from five continents [1]. Singh
and Agarwal [4] reported that 94% of buffaloes
slaughtered in local slaughter houses of Gorakhpur
district, Uttar Pradesh, India carried heavy infection.
The disease is transmitted by liver flukes Fasciola
hepatica and Fasciola gigantica through the
intermediate host  snails  Lymnaeidae or
Planorbidae. Human infection normally occurs in
areas where animal fascioliasis is endemic [5].
About 2.4 million peoples in rural/agricultural areas
to be infected and further, 180 million people at risk
of infection [1].

Kumar et al. [6] reported that there is a little
interest in snail control due to higher finding
properties on SARS, AIDS and malaria. One of the
best solutions to eradicate or control this problem
by eliminating snail, which is essential of life cycle.
Snails can be controlled indirectly by destroying
their habitat or directly by Kkiling them. The
continuous use of synthetic molluscicide has a long
term detrimental effect and create a problem of
acute and chronic toxicity to other non-target
animals [7]. Plant derived molluscicides are easily
biodegradable and safer than their synthetic counter
parts. A large number of plant products, which
possess molluscicidal activity [8].

Recently, it has been observed that dried powder
of Bauhinia variegata leaf, bark and seed and
Mimusops elengi are potent molluscicides [9]. In the
present study we have evaluated the toxicity of
binary combination of Bauhinia variegata
(Fabaceae) and Mimusops elengi (Sapotaceae)
with other plant molluscicides against Lymnaea
acuminata to explore their synergistic molluscicidal
properties.

MATERIALS AND METHODS

Plant used

The leaf/bark/seed of B. variegata and M. elengi
were obtained from the local area in Gorakhpur
(Latitude 26°46" N, Longitude 83°22' E). The
specimen were identified and authenticated by
Department of Botany, DDU Gorakhpur University,
Gorakhpur, India.

Preparation of leaf/bark/seed powder

The dried part of leaf/bark/seed of B. variegata
and M. elengi were pulverized separately in the
electric grinder and the crude powder obtained,
were then sieved with the help of fine meshed cloth
by the method of Singh et al. [9]. This fine powder
was then used separately for toxicity experiments.

Collection of test animals

The adult fresh water snails, Lymnaea
acuminata (2.25 £+ 0.20 cm in length) were collected
locally from different ponds, lakes and low lying
submerged fields in Gorakhpur were used as test
animals. The collected snails were acclimatized for
72h in the Ilaboratory condition. Experimental
animals kept in the glass aquaria containing
dechlorinated tap water at 22-24°C. The pH,
dissolved oxygen, free carbon dioxide and
bicarbonate alkalinity were 7.1-7.3, 6.5-7.3 mgll,
5.2-6.3 mg/l and 102-105 mg/l, respectively. Dead
animals were removed to avoid any spoilage of the
aquaria water.

Binary combination

Binary combination of crude powder of
B. variegata leaf/bark/seed and M. elengi leaf/bark/
seed and other plant molluscicides S. asoca
(Caesalpiniaceae) leaf/lbark and T. orientalis
(Cupressaceae) leaf/fruit crude powder of in 1:1
ratio were used for the determination of
molluscicidal activity (Table 1).

Toxicity experiment

The binary combination toxicity experiments
were performed by the method of [10]. Ten
experimental animals were kept in a glass aquarium
containing 3L of dechlorinated tap water. Snails
were exposed continuously for 96h to different
concentrations of B. variegata and M. elengi with
other plant molluscicides. Six aquaria were setup
for each concentration. The control animals were
kept in the equal volume of water under similar
conditions without treatment. Mortality of snails was
recorded at interval of 24h each up to 96h. The
mortality of snails was established by the
contraction of body within the shell, no response to
needle probe was taken as evidence of death.

Concentration-mortality data for each group of
snails were analyzed using the probit analysis
program, POLO-PC (LeOra Software) [11] to
estimate the LC,, of the 95% confidence intervals
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Table. 1. Binary Combination of plant products of B. variegata and M. elengi with other plant
product molluscicides used for the toxicity determination against Lymnaea acuminata.

Treatment

Concentration (mg/l) used against
Lymnaea acuminata

Mimusops elengi leaf + Thuja orientalis leat
Mimusops elengi bark + Thuja orientalis leaf
Mimusops elengi leaf + Thuja orientalis fruit
Mimusops elengi seed + Thuja orientalis leaf
Mimusops elengi leaf + Saraca asoca bark
Mimusops elengi leaf + Thuja orientalis fruit
Mimusops elengi leaf + Saraca asoca leaf
Mimusops elengi bark + Saraca asoca leaf
Mimusops elengi bark + Saraca asoca bark
Mimusops elengi seed + Saraca asoca leaf
Bauhinia variegata leaf + Saraca asoca leaf
Bauthinia variegata seed + Thuja orientalis leaf
Bauhinia variegata leaf + Saraca asoca leaf
Bauhinia variegata seed + Saraca asoca leaf

Bauhinia variegata leaf + Thuja orientalis fruit

30, 50, 70. 90
30, 50,70.90
30, 50, 70. 90
60, 80. 100, 120
30, 50, 70. 90
30, 50, 70. 90
60, 80. 100, 120
60, 80, 100, 120
60, 80. 100, 120
30, 50, 70. 90
50.70. 90. 120
50.70. 90, 120
50,70, 90. 120
60, 80. 100, 120
50,70. 90, 120

for these concentrations. The slope of the probit line
was also estimated. This program ran chi-square
test for goodness-of-fit of the data to the probit
model. If the model fits, the calculate heterogeneity
factor of chi-square is less than the chi-square table
value for the appropriate degrees of freedom. If the
model does not fit, the LC,, for the particular
population may not be reliably estimated and is
adjusted with the heterogeneity factor (observed
chi-square value divided by degrees of freedom).
This program uses the heterogeneity factor as a
correction factor when the value of Pearson’s chi-
square statistic is significant at P < 0.05. The index
of significance for potency estimation (g-value) was
used to calculate 95% confidence intervals for
potency (relative potency is equivalent to tolerance
ratio). Parallelism of the probit regression lines
implies a constant relative potency at all levels of
response. POLO-PC was used to test equality and
parallelism of the slope of the probit lines.

RESULTS

The plant B. variegata and M. elengi leaf/bark/
seed powder with other plant molluscicides
S. asoca leaf/ bark and T. orientalis leaf/fruit powder

used in toxicity of binary combination (1:1) against
snail Lymnaea acuminata was time and
concentration dependent.

Toxicity of binary combination of ML+SB (24h
LC,y: 98.25 mg/l) was more effective than the
ML+TF (24h LC,,: 164.67 mg/l) respectively against
Lymnaea acuminata. Toxicity order of binary
combination of ML+SB > MS+SL > MB+TF >
MB+SL > ML+TL > MB+TL > MS+TL > MB+SB >
ML+SL > ML+TF, respectively (Table 2).

Other binary combination of B. variegata with
other plant molluscicides S. asoca and T. orientalis.
Toxicity of binary combination (1:1) of BL+SL (24h
LCy: 123.98 mg/l) was more effective than the
BS+TL (24h LCy,: 175.44 mg/l) against Lymnaea
acuminata. Toxicity order of binary combination of
BL+SL > BL+TF > BL+TL > BS+SL > BS+TL,
respectively (Table 3).

The slope values were steep and separate
estimation of LC based on each of six replicates
was found to be within 95% confidence limit of LCy,.
The t-ratio was greater than 1.96 and the
heterogeneity factor is less than 1.0. The g-values
was less than 0.5 at all probability level (90, 95
and 99).

Journal of Biology and Earth Sciences, 2012, Vol 2, Issue 2, B76-B82 B78



Singh et al. Plant molluscicides against snails

Table. 2. Toxicity of binary combinations (1:1 ratio) of leaf, bark and seed of M. elengi crude powder against Lymnaea
acuminata at different exposure period.

E;gf;;:;;e Treatment LCs(m/l) L lei]]llt(:L Slope value  t-ratio g-value Heterogeneity
ML+TL 123.00 100.39-187.88 2.81=0.64 4.39 0.17 0.50
MB+TL 125.50 101.07-194.42 2.85+0.63 4.37 0.20 0.37
MB+TF 119.35 97.60-176.80 3.62+0.83 4.50 0.18 0.36
MS+TL 128.30 113.41-162.59 3.24+0.61 4.34 0.20 0.16
24h ML+SB 98.25 85.19-124.54 2.7540.71 5.25 0.13 0.41
ML+TF 164.67 131.27-277.23 3.21+0.81 3.85 0.25 0.26
ML+SL 132.49 114.90-174.22 5.21+0.94 3.93 0.24 0.31
MB+SL 122.12 112.22-139.66 4.63x0.93 5.50 0.12 0.35
MB+SB 131.45 118.10-158.78 3.17+0.68 4.96 0.15 0.28
MS+SL 116.92 97.30-165.73 2.07£0.50 4.46 0.17 0.34
ML+TL 100.74 84.24-157.96 1.98+0.51 4.07 0.23 0.40
MB+TL 110.71 87.41-185.74 2.36+0.52 3.84 0.26 0.25
MB+TF 93.32 78.56-127.06 3.10+0.76 4.52 0.18 0.27
MS+TL 106.44 95.68-127.10 3.10+0.76 4.06 0.23 0.16
48h ML+SB 80.88 70.23-100.75 2.53£0.51 4.94 0.15 0.33
ML+TF 127.05 105.97-188.95 2.34+0.62 3.72 0.27 0.15
ML+SL 105.28 97.08-136.00 2.83+0.75 3:73 0.27 0.26
MB+SL 103.73 95.52-116.52 4.03+0.79 S| 0.14 0.19
MB+SB 114.82 102.66-133.31 4.10+0.82 4.98 0.15 0.18
MS+SL 99.35 81.99-143.55 2.24+0.52 4.29 0.20 0.19
ML+TL 64.07 55.97:75.35 2.31£0.47 4.88 0.16 0.58
MB+TL 83.00 67.88-124.07 1.71+0.47 3.57 0.30 0.23
MB+TF 68.90 58.97-86.12 2.03£0.48 4.24 0.21 0.23
MS+TL 84.87 74.64-95.39 2.83+0.74 3.82 0.26 0.15
72h ML+SB 56.86 49.20-66.01 2.29+0.47 4.78 0.16 0.44
ML+TF 92.88 80.78-115.09 2.24+0.60 3.74 0.27 0.13
ML+SL 87.19 77.10-98.56 2.81+0.74 3.80 0.26 0.26
MB+SL 87.20 79.77-95.24 3.77£0.76 4.96 0.15 0.24
MB+SB 97.41 89.05-109.68 3.52+0.76 4.62 0.18 0.16
MS+SL 71.07 60.51-90.69 1.98+0.54 4.14 0.16 0.19
ML+TL 36.39 27.94-42.77 2.28+0.47 4.83 0.24 0.98
MB+TL 52.56 43.03-62.77 1.84=0.46 3.93 0.17 0.20
MB+TF 48.22 40.22-55.69 2.19+0.47 4.63 0.18 0.18
MS+TL 68.48 58.07-57.73 3.51+0.76 4.56 0.11 0.39
96h ML+SB 40.40 34.11-45.65 2.86=0.49 5.77 0.24 0.47
MLA+TF 68.26 56.73-77.87 2.38+0.59 3.97 0.20 0.13
ML+SL 69.83 58.84-77.47 3.29+0.75 4.34 0.20 0.45
MB+SL 7357 66.31-79.45 4.36+0.78 5:57 0.12 0.48
MB+SB 78.97 71.65-85.46 4.05=0.76 527 0.13 0.34
MS+SL 48.44 39.94-56.40 2.07+0.47 4.40 0.19 0.24

Mortality was determined at every 24 h up to 96 h. Each set of experiment was replicated six times.
Abbreviation: ML - M. elengi leaf powder, MB - M. elengi bark powder, MS - M. elengi seed powder, TL - T. orientalis leaf
powder, TF - T. orientalis fruit powder, SL - S. asoca leaf powder, SB - S. asoca bark powder; LCL = lower confidence
limit; UCL = upper confidence limit. Significant negative regression (P < 0.05) was observed between exposure time and
LC,, of treatments. Ts - testing significant of the regression coefficient: ML+TL - 11.30*; MB+TL - 9.56*;, MB+TF - 14.05%,
MS+TL - 21.58*; ML+SB - 19.46*; ML+TF - 15.39*; ML+SL - 12.36*; MB+SL - 21.44*; MB+SB - 60.98*; MS+SL - 16.61*.
+: linear regression between x and y; ++: non-linear regression between log x and log .
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Table. 3. Toxicity of binary combinations (1:1 ratio) of leaf, bark and seed of B. variegata crude powder against Lymnaea

acuminata at different exposure period.

E;S;;Zgze Treatment (I::;ln) L (lfil;t(l Slope value t-ratio g-value Heterogeneity
BL+SL 12398  106.31-166.45  2.77+0.64 4.27 0.21 0.32
BL+TF 129.69  112.91-165.96  3.45+0.16 4.86 0.16 0.31
24h BS+TL 175.44  140.25-288.51  3.26+0.80 4.03 0.23 0.46
BL+TL 153.24  128.74-288.40  3.43+0.89 3.84 0.26 0.20
BS+SL 164.51 133.05-287.32  3.00+0.87 3.43 0.32 0.11
BL+SL 98.07 86.31-119.97 2.54+0.61 4.17 0.22 0.26
BL+TF 109.62 96.05-137.82 2.77+0.63 4.39 0.19 0.20
48h BS+TL 152,53 121.56-263.86  2.36%0.65 3.0l 0.26 0.29
BL+TL 126.80  110.00-172.52  2.94+0.78 373 0.27 0.15
BS+SL 124.05  107.55-170.07  2.74%0.77 3.59 0.29 0.08
BL+SL 75.24 64.89-85.96 2.45+0.59 4.07 0.22 0.29
BLATF 86.82 76.62-101.72 2.5240.60 4.18 0.22 0.16
72h BS+TL 116.80 97.85-172.99 2.11£0.60 3.47 0.13 0.21
BL+TL 101.45 90.15-123.26 2.664+0.74 3.56 0.30 0.11
BS+SL 100.02 88.52-122.02 2.55+0.74 3.43 0.32 0.08
BL+SL 57:91 46.91-65.75 2.78+0.61 4.49 0.19 0.35
BL+TF 65.71 55.16-74.16 2.63%0.60 4.32 0.20 0.26
96h BS+TL 79.43 65.77-96.83 1.87+0.59 3.1 0.38 0.18
BL+TL 76.69 68.35-83.60 3.17+0.76 4.86 0.16 0.40
BS+SL 76.52 65.34-85.17 2.934+0.74 394 0.24 0.12

Mortality was determined at every 24 h up to 96 h. Each set of experiment was replicated six times.

Abbreviation: BL - B. variegata leaf powder, BS - B. variegata seed powder, TL - T. orientalis leaf powder, TF - T. orientalis
fruit powder, SL - S. asoca leaf; LCL = lower confidence limit; UCL = upper confidence limit. Significant negative
regression (P < 0.05) was observed between exposure time and LCy, of treatments. Ts - testing significant of the
regression coefficient: BL+SL - 16.16*; BL+TF - 60.80**; BS+TL - 13.38*; BL+TL - 95.15%; BS+SL - 9.90*.

+: linear regression between x and y; ++: non-linear regression between log x and log y.

DISCUSSION

Binary combination of B. variegata and M. elengi

with S. asoca and T. orientalis shows effective
molluscicidal activity than single treatment against
Lymnaea acuminata [9, 12]. The molluscicidal
activity of these combinations was time as well as
concentration dependent. A number of studied on
binary combination of plant derived molluscicides
have been conducted against harmful snails
[13-20].

Toxicity of M. elengi leaf with T. orientalis leaf/
fruit (96h LCy,: 36.39 mg/l, M. elengi leaf +
T. orientalis fruit LC,,: 68.26 mg/l), M. elengi leaf
with S. asoca leaf/bark (96h LC,,: 69.83 mg/l and
40.40 mg/l), M. elengi seed with T. orientalis leaf
and S. asoca leaf (96h LCg,: 68.48 mg/l), M. elengi
seed with S. asoca leaf (96hLC,,: 48.44 mg/l) and
B. variegata leaf with T. orientalis leaf/fruit and
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S. asoca leaf (96h LCy,: 76.69, 65.71 and 57.91
mg/l) and B. variegata seed with T. orientalis leaf,
and S. asoca leaf (96h LC,,: 79.43 and 76.52 mg/l)
against the snail Lymnaea acuminata in the present
study is very high in comparison to other plant
molluscicides Polianthes tuberosa bulb powder +
oleoresin of Z. officinale (96h LC,: 69.51 mg/l),
Azadirachta indica oil + Polianthes tuberosa bulb
powder (96h LC,,: 94.42 mg/l), Lawsonia inermis
+ A, sativum (96h LC,,: 88.21 mg/l), L. inermis +
Polianthes tuberosa (96h LC,,: 86.27 mg/l) against
the snail Lymnaea acuminata [21, 22].

Mortality caused by the binary combination of
plants product was time and dose dependent and
there was a negative regression between exposure
time and LC values. The penetration of the toxicant
also have a greater significant for the aquatic
environment, because there is whole body is bathed
in a diluted solution of toxicant. To have maximum
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effect, the binary combination must penetrate the
organism and transported to active sites rapidly. It
seems the high level of binary combination in snails
may be due to rapid penetration of other plant
molluscicides through soft foot of snails body and/or
it may possible the plant active component may
changed in to toxic form in the aquarium water or in
snail body which triggered by different enzymes.

The steep slope values indicate that even a
small increase in the concentration causes higher
snail mortality. Values of t-ratio higher than 1.96
indicate that the regression is significant. Values of
heterogeneity factor, less than 1.0, denotes that in
the replicates test of random sample the
concentration response curves fall with the 95%
confidence limit and thus the model fit the data
adequately. The index of significance of potency
estimate g-value indicate that the value of the mean
is within the limits at all probability (90, 95, 99) since
it is less than 0.5.

It can be concluded from the present study that
the use of these plant in binary combination will be
more helpful in controlling the aquatic snails, than
their individual components. The effective toxic
concentration of each component is lower and
would be safer in aquatic environment.
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ABSTRACT

Introduction: Honey bees collect floral nectar and pollens, for feeding, which rich with allelochemicals
and phenols. The oxidation of these materials produce reactive oxygen species (ROS), among them the
hydrogen peroxide (H,O,) and superoxide. The honey bee antioxidant enzymes are of particular interest
in detoxification of these ROS. Superoxide dismutases (SODs) are the first line of defense against
oxygen free radicals. In concert with catalase; SODs have strong antioxidant properties. Since catalase
is inefficient at removing H,O, because of its high K the ascorbate peroxidase (APOX) serves better in
H,O, detoxification.

Results: The antioxidant enzymes under investigation showed highly significant variation during the
whole duration of the experiment. However, a combined effect of months, race (Hybrid and Carniolan)
and type (foraging and nursing) showed similar activity in SOD and CAT.

Conclusion: The correlations between SOD, CAT and APOX, indicating that there must be a specific
manner strategy for managing peroxides at safe levels. The increase or decreases of the antioxidants
are according to the contents and levels of peroxides.

Key words: ascorbate peroxidase, catalase, Carniolan, foraging, Hybrid, hydrogen peroxide, nursing,
superoxide dismutases.
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INTRODUCTION

The free radicals are a part of the normal
metabolic process for energy production [1, 2], they
are inevitable by-products and once formed, a chain
reaction start [3], they are unstable and can either
donate an electron to or accept an electron from
other molecules, therefore behaving as oxidants or
reductants [4].

Reactive oxygen species (ROS) are generated
in mitochondria during cell respiration [5], where
more than 90% of oxygen is utilized during
metabolic process to produce energy in the
presence of cytochrom oxidase, NADPH oxidase
and coenzyme Q [6]. Oxygen is essential for
aerobic organisms, however, exposure to oxygen at
concentrations more than 21% can lead to injury [7].
The exposure of radiation, ultraviolet rays, cigarette
smoke, air pollutants and some industrial chemicals
may results in the production of a ROS [8].
Currently, a number of free radicals and non radical
species derived from molecular oxygen, included,
superoxide (O,”), hydrogen peroxide (H,0,),
hydroxyl radical (HO™), lipid peroxide (LOOH) and
hypochlorous acid (HOCI) [9]. Reactive oxygen
species become so harmful when exceeding the
normal limit [10]. Reactive oxygen species are
directly dangerous to cellular component like
proteins and amino acids [11], and attack
polyunsaturated fatty acid (PUFA), phospholipids
leading to lipid peroxidation, impairment in
membrane function and losing cell membrane
structure [12]. Also, ROS implicates in mutation and
aging [13, 14].

Insects are subjected to increasing loads of
oxidative stress due to their life style. First, their
tracheal system delivers O, directly to tissues via
gas diffusion. Second, tissue demand for O, during
insect flight is exceptionally high [15]. Third, the diet
of herbivorous insects may be rich in pro-oxidant
compounds that may increase the normal load of
oxidative stress [16]. In insects, also the oxidative
stress occurs when the formation of free radicals
and other pro-oxidants overwhelm the organism's
antioxidant defence system [17].

All organisms including arthropod insects have
developed many defences to protect themselves
from the harmful influences of reactive oxygen
species [16]. The most endogenous defensive and
protective strategy is the antioxidant systems.

Antioxidant defences typically involve the

intervention of endogenous mediators (e.g.
enzymes) as well as exogenous elements and
substances that are acquired with food [18].
Insects may restrict oxidative radicals and other
oxidants from reaching metabolically active tissues
[19]. First, antioxidant enzyme activities are high in
the tissues of some insect species that feed on
some host plants [20-22]. Second, in some species;
some antioxidant enzymes are induced by ingested
prooxidants [20, 23, 24]. The major components of
the honey bee antioxidant system have been
identified using the honey bee genome sequence
[25].

Elevated expression of several traditional
antioxidant-encoding genes occurs in young queens
and old workers of Apis mellifera [26], suggesting
that queen longevity is not related to higher
expression of these particular genes, a result
consistent with findings for SOD in Lasius niger ant
queens [27]. Weirich et al. [28] and Collins et al. [29]
reported that catalase, glutathione S-transferase
(GST) and SOD might contribute to the ability of
queens to store sperm in their spermatheca for
several years without loss of viability. Insects have
evolved a complex antioxidant mechanism to
overcome the toxic effects of ROS, based on the
enzymatic actions of glutathione peroxidase,
catalase, SOD and APOX [30].

Honey bees collect flower nectar and convert it
to honey, which provide the energy [31], also collect
pollens and propolis in their feeding and activities, it
is well known that these substances contain phenol,
tannin and alkaloids [32]. The allelochemicals are
present in nectar [33]. Propolis contains tannins,
polysaccharides [34, 35]. The oxidation of phenols
produces ROS [36, 37]; and the ingested phenolic
compounds become extensively oxidized [38, 39].
Quinones, the oxidation products of phenols [40]
may also be toxic and can cause the formation of
gut lesions [41, 42]; and oxidative stress in the
midgut tissues of Lymantria dispar [43]. Honey bee
antioxidant enzymes are of particular interest
because of their potential involvement in some of
the exceptional biological characteristics of the
queen honey bee, especially its longevity relative to
worker bees [44].

Honey bee antioxidant enzymes are of particular
interest because of their potential involvement in
some of the exceptional biological characteristics of
the honey bees and affect on their activities as well
as the longevity. Thus, the purpose of the present
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study was to spot the light and determine of the

antioxidant enzymes and total peroxide
concentration, and measure the biochemical
activities of these honey bee enzymes

simultaneously with the meteorological records.

MATERIALS AND METHODS

Apiary construction

Pure, fertilized Carniolan honey bee queens
were prepared and each one introduced into single
hive its queen was just eliminated. Totally, ten hives
were constructed, left for forty five days after
introduction of the pure queen. Only the five
strongest hives, with similar number of individuals
were selected for experiments. Hybrid honey bees
(Egyptian X Carniolan) were brought from Faculty of
Agriculture apiary, Assiut University. Similarly to that
of Carniolan, the strongest five hives were selected
for experiments in the case of Hybrid honey bees.

Monthly biochemical experiments concerning
antioxidant enzymatic activities of both races were
carried out. Meteorological data were obtained from
meteorological station, Faculty of Agriculture farm,
Assiut University.

Measurements of honeybee activities

Bee population

The number of adult honeybees was determined
by a visual method of comparison with standard
photographs of known numbers of honeybees on
combs [45]. Honey bee activities in both races were
classified into active season (June - September)
and moderately active season (October -
December) according to the weather temperature,
photoperiod (Table 1).

Antioxidant enzyme assays

Super Oxide Dismutase

The assay is based on the oxidation of
epinephrine by superoxide (O,”) to adrenochrome
is inhibited by superoxide dismutase (SOD) [46].
The absorbance was read at 480 nm using
Ultrospec 3300 pro UV/Visible spectrophotometer.
One unit of SOD activity was defined as the mass of
protein (mg) corresponding to a 50% inhibition in
the rate of epinephrine oxidation [46]. Protein
concentration for each sample was measured and
calculated using total protein kit (Diamond
Diagnostics) according to the manual instructions.

Catalase enzyme

Catalase activities were determined by the
method of Aebi [28, 47, 48], based on the rate of
hydrogen peroxide decomposition measured at 240
nm. The absorbance was read at 240 nm. Catalase
activity was expressed as micromoles of H,O,
reduced per minute per milligram of protein, using
an extinction coefficient (39.4 M-' cm™) [47].

Ascorbate Peroxidase

The assay is based on the disappearance of
ascorbate, as it is oxidized to dehydroascorbic acid
by H,0, [19, 48]. The reduction in absorbance was
followed at 290 nm. Enzyme activity was expressed
as micromolar ascorbate oxidized per minute per
milligram protein using a molar extinction coefficient
2.8 mM-' cm™ [49].

Total Peroxide

The total peroxide (H,0,) concentrations were
determined using FOX2 method [50] with minor
modifications [51]. The FOX2 system is based on
the oxidation of ferrous iron to ferric iron by the
various types of peroxides contained in the
samples, in the presence of xylenol orange, which
produces a colored ferric-xylenol orange complex
whose absorbance can be measured. The
absorbance of the supernatant was determined at
560 nm. Blank contained all the reaction mixture
components except the ferrous ammonium sulphate
[51].

Statistical analysis

Data obtained were statistically analysed by
using factorial analysis and F-test. Means were
compared according to Duncan. Differences among
means were determined by Duncan's Multiple
Range Test. Simple and multiple correlations for the
relations between studied factors were calculated
(SAS) [52].

RESULTS

Apiary seasonal variation of honey bee activities

In this experiment, some factors such as bee
activities; bee population was studied, and
meteorological factors such as temperature; relative
humidity and photoperiod were considered,
attempting to explain the seasonal variation
activities of some antioxidant enzymes in both
Carniolan and Hybrid worker bees under apiary
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Table 1. Meteorological factors surrounding the colony during the experiments.

Season Active Season Moderately Active Season
Month June July Aug. Sept. Oct. Nov. Dec.
Temperature / "C 36.2-44.8 37-41.6 37-40.8 34-40.2 28-40.4 26.6-32.6 24-29.2
Relative 9-21 13-29 16-30 20-50 15-42 19-33 20-37
Humidity/degrees
. Light 13.4-13.5 13.2-13.4 13.0-13.1 12.1-12.4 11.2-11.1 10.4-10.1 10.2-10.0
Photoperiod
Dark 10.2-10.1 10.4-10.2 11.0-10.5 11.5-11.2 12.4-12.5 13.2-13.5 13.4-14.0
Table 2. Seasonal variation of honeybee activities in Hybrid and Carniolan honeybees.
Season Active Season Moderately-Active Season
Month June July Aug. Sept. Oct. Nov. Dec.
Hybrid Bees
o 4520 4170 4600 9480 7980 7830 1750
(individual/colony)
Carniolan Bees
o 3960 4330 5220 10900 9760 7290 2040
(individual/colony)
Table 3. Probability values from analysis of antioxidant enzymes activities (+ P < 0.05, «P < 0.001).
SOD CAT APOX H,O;
EFFECT
F.value P.value F.value P.value F.value P.value F.value P. value
Month 11,752 0.000 67.386™ 0.000 79.291" 0.000 1856.246™ 0.000
Races 0.028 0.867 12.373~ 0.001 1.267 0.263 81.533™ 0.000
Type 0.028 0.867 11:2377 0.001 0.553 0.459 0.880 0.350
MI(J{I;E;X 0.092 0.997 11.007" 0.000 9.368" 0.000 51.033" 0.000
M%;lglex 0.092 0.997 8.348" 0.000 1.737 0.119 3.821" 0.002
Race X Type 0.681 0.411 0.292 0.590 0.006 0.940 27029 0.000
i 0.157  0.987 1065 0388 2745 0016  37.597°  0.000
Race X Type

conditions during active and moderately-active
seasons (Table 1).

Bee population

Data represented in Tables 1, 2 and Figure 1
shows the number of bees, which reached its peak
during September-October for both Carniolan and
Hybrid worker bees. The maximum bee number of
both races was in September. For Carniolan, the
maximum number was 10900 bees per colony,
while it was 9480 bees/colony in Hybrid bees.
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The biochemical activities of the antioxidant
enzymes

The antioxidant enzymes under investigation
showed highly significant variation during the whole
duration of the experiment [all p < 0.01 (Table 3)].
Similar highly significant variation in the two
honeybee races (Hybrid and Carniolan) were
observed in CAT and total peroxide concentration
(Table 3). However, the two races showed similar
activity in SOD, APOX (Table 3).

When the effect of months together with the race
was considered, a highly significant variation was
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Fig. 1. The changes in superoxide dismutase (SOD) activity during the active and
moderately active seasons. The results are means (+ SE) of five replicates for each type of

the hive.

Table 4. A comparison between foraging and nursing workers of Hybrid and Carniolan during the active season (June -

September).
Month Race Type SOD CAT APOX H>0>
Hybrid Foragmg 0.063 £0.005 0.495 + 0.039 0.059 £ 0.004 0.296 £ 0.012
-— Nu:rsglg 0.049 +0.010 0.302 £0.037 0.070 + 0.004 0.080 + 0.025%*
Catiioli Foragmg 0.049 =0.010 0.292 + 0.046# 0.058 + 0.004# 0.065 + 0.002##
T Nursing 0.052 = 0.007 0.167+0.028%# 0.046 £ 0.002 0.061 £0.010
Hybrid Fc'Jrag.ing 0.065 +£0.014 0.173 £ 0.024 0.076 + 0.004 0.948 + 0.065
Tuly Nursglg 0.065 +£0.003 0.170 + 0.020 0.077 £ 0.002 1.300 £0.161
Camiolan Foragulg 0.065 +0.003 0.147 +0.014 0.066 + 0.0037 0.891 + 0.030#
——— Nursing 0.076+0.005%# 0.141 £ 0.012 0.063 + .004#7 0.835 + 0.040#
Hybrid Foraging 0.117 £ 0.010 0.099 + 0.008 0.107 £ 0.008 1.460 £+ 0.063
Kiigiist Nurslpg 0.104 £0.011 0.140 £ 0.012% 0.106+0.007** 2,126 +0.037%
& i Foragmg 0.104 £ 0.011 0.096 + 0.014 0.076 £ 0.007 2.429 + 0.062##
TRt Nursing 0.090 + 0.006 0.076+0.005#% 0.071+£0.003*##  1.92440.024**##
Hybrid Foraging 0.176 + 0.0064 0.090 £+ 0.007 0.107 £ 0.012 2.666 +0.038
September Nursglg 0.172 + 0.0095 0.069 + 0.005* 0.114 +0.010 2.426 + 0.039**
Cariiolisi Foragmg 0.172 +£0.0095 0.057+0.004##% 0.176 £ 0.022 2.865 + 0.030##
RS Nursing 0.182 £ 0.019 0.056 + 0.004 0.133 £0.011 2.943+ 0.11**##

* Significant against foraging (of the same type) # Significant against hybrid (foraging or nursing)
** Highly significant against foraging (of the same type) ## Highly significant against hybrid (foraging or nursing)

observed with all enzyme activities, except for the
SOD. However, a combined effect of months, race
and type (foraging and nursing) showed similar
activity in SOD and CAT [p = 0.01 (Table 4)].
A significant variation (p < 0.05) in the APOX
activity observed when the three combined effects
tested. Nevertheless, highly significant differences
(p = 0.01) noticed in the total peroxide
concentration.

Superoxide dismutases

Superoxide dismutase activity was similar in
both Hybrid and Carniolan honey bee races
[p = 0.05, (Table 3)]. In the active season, the
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activity was gradually elevated from June to
September (active season) in both two races; the
highest activity was observed in September, while
the lowest activity was noticed in June (Table 4
and Figure 1). In July, the SOD activity of nursing
Carniolan was significantly increased (0.076 %
0.005) comparing with both the foraging bees of the
same race (0.065 + 0.003) and the nursing bees of
the Hybrid race (0.065 + 0.003) (Table 4).

In the moderately active season, the SOD
activity in both races was dramatically reduced
when compared with the active season. Moreover,
SOD activity was gradually reduced thought the
moderately active season (Figure 1). Yet, in October
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Fig. 2. The changes in catalase (CAT) activity during the active and moderately active
seasons. The results are means (+ SE) of five replicates for each type of the hive.

highly significant increase in SOD activity was
noticed in nursing Carniolan (0.058 + 0.006)
comparing with both the foraging Carniolan (0.044 +
0.004) and the nursing Hybrid (0.044 + 0.004).

Catalase

Catalase activity showed highly significant
variations against the three single effects (month,
race and type), where the p value was less
than/equal 0.01 in all cases. The same highly
significant variations noticed in combined effects
(month together with race and month together with
type). However, CAT activity was similar when
tested against the combined effects (race together
with type), as well as when tested against the
combined effects of month, race and type [P = 0.05,
(Table 3)].

In the active season, in both Hybrid and
Carniolan, the highest CAT activity was measured in
June, followed by remarkable decline in July and
then gradual decrease during August and
September (Table 4 and Figure 2). Moreover, in
August CAT activity of nursing Carniolan (0.076 +
0.005) showed highly significant decrease against
nursing Hybrid (0.140 = 0.012).

Furthermore in September, the CAT activity of
nursing Hybrid decreased significantly (0.069 %
0.005) against the foraging Hybrid (0.090 + 0.07)
(Table 4). However, the only significant increase in
the CAT activity was noticed in August with foraging
Hybrid (0.099 + 0.008) against nursing Hybrid
(0.140 £ 0.012). In June, the CAT activity of the
nursing Carniolan (0.167 = 0.028) decreased
significantly comparing with both the foraging
Carniolan (0.292 + 0.046) and nursing Hybrid

(0.302 + 0.037).

In the moderately active season, the CAT activity
was distinctly lower than that measured in the active
season in the two races (Figure 2). The highest CAT
activity was recorded in November and October in
the Hybrid and Carniolan honeybee races,
respectively. However, the lowest CAT activity in
both races was detected in December (Figure 2).
Generally, the CAT activity of Carniolan race was
higher than that of Hybrid race in the moderately
active season. In October, the CAT activity of
foraging Carniolan (0.131 %= 0.012) was highly
significant increased against the foraging Hybrid
(0.086 + 0.007). In December, a significant increase
in the CAT activity was detected in the foraging
Carniolan (0.099 * 0.007) against that of the
foraging Hybrid (0.074 + 0.008).

Ascorbate peroxidase

Ascorbate peroxidase activity didn't affect
neither by race (Hybrid and Carniolan) nor type
(foraging and nursing), where the p value of both
effects was more than/equal 0.05. However, the
effect of months highly affected the APOX activity (P
< 0.01). On studying combined effects of months
and the races, a highly significant variation was
noticed in the APOX activity (P < 0.01). Moreover,
significant variation of the APOX activity (P < 0.05)
was revealed when triple effects (months, races and
the type) were studied (Table 3).

In the active season, the APOX activity generally
increased through months. The highest activity was
measured in September in both of the two races,
while the lowest activity was observed in June
(Table 4 and Figure 3). In July and August, a highly

Journal of Biology and Earth Sciences, 2012, Vol 2, Issue 2, B93-B109 B98



Korayem et al. Antioxidant enzymes in honey bee

a0
o
¥

o

7]

7]

o ®

APOX activity(umol/min/mg protein

3 RS ‘\\\\‘ :\.\‘L\:"

O Foaraging Carniolan

O Nursing Carniolan

el 0\:" o

o

B Nursing Hybrid

Foraging Hybrid

Fig. 3. The changes in ascorbate peroxidase (APOX) activity during the active and
moderately active seasons. The results are means (+ SE) of five replicates for each type of

the hive.

H202 mmol/min/mg protein

3 \\“ * ‘\\\\‘

e
AR
i.“\

O Foraging Carniolan

O Nursing Carniolan

e ocv oV o

Foraging Hybrid B Nursing Hybrid

Fig. 4. The changes in the total peroxide concentration (H,O,) during the active and
moderately active seasons. The results are means (+ SE) of five replicates for each type of

the hive.

considerable decrease in APOX activity of nursing
Carniolan (0.063 + 0.004, 0.071 = 0.003,
respectively) was noticed when compared with
nursing Hybrid (0.077 £ 0.002, 0.106 + 0.007) of the
two months (Table 4). In June, the APOX activity of
foraging Carniolan (0.058 + 0.004) showed
significant reduce against foraging Hybrid (0.059 %
0.004). Moreover, in August there was a highly
significant increase in APOX activity of nursing
Hybrid (0.106 + 0.007) comparing with foraging
Hybrid (0.076 + 0.007) (Table 4).

In the moderately active season, the APOX
activity generally declined allover the season, the
highest activity was detected in October in both
races (Figure 3). In October a highly significant
decrease in APOX activity was observed in nursing
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Carniolan (0.149 % 0.009), when compared with
both the foraging of the same race (0.185 + 0.011)
and the nursing Hybrid (0.165 + 0.019). Contrary, in
November the APOX activity of nursing Carniolan
(0.101 £ 0.003) was highly significant increased
against the foraging Carniolan (0.079 = 0.004)
(Figure 3).

Total peroxide concentration

Total peroxide was similar only when tested
against a single effect of type (P = 0.05), i.e. both
foraging and nursing honeybee within the same
race were statistically similar regarding total
peroxide concentration (Table 3). However, total
peroxide concentration showed highly significant
variation, when tested against single effect of
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Table 5. Correlation Coefficient between analyzed antioxidant components in the active season in
foraging and nursing Hybrid bees (under and above the diagonal, respectively).

SOD CAT APOX H>O:
SOD — -0.721* 0.798* 0.755*
CAT -0.443% -0.603* -0.816%*
APOX 0.095%* -0.689** — 0.660%*
H02 0.241%* -0.811%* 0.731%* —

*P=<0.05, **P < 0.001

months as well as race where P value was less
than 0.01 in both cases. Moreover, double effects of
months and race, months and type as well as race
and type showed great considerable effect on the
total peroxide concentration (P < 0.01). Additionally,
triple effect of months, race and type had highly
significant affected the total peroxide concentration
[(P = 0.01, (Table 3)].

In the active season, the total peroxide
concentrations were markedly increased from June
to September. The minimum concentration of total
peroxide was measured in June, while the greatest
was in September in both of the two races (Table 4
and Figure 4). In August and September the total
peroxide concentration of the nursing Hybrid (2.126
+ 0.037, 2.426 + 0.039, respectively) showed highly
significant increase, when compared with the
foraging Hybrid (1.460 + 0.063, 2.666 + 0.038) of
the same two months (Table 4).

In the same two months, similar highly
significant increase in the total peroxide
concentration of foraging Carniolan (2.429 + 0.062,
2.865 + 0.030, respectively) was observed, when
compared with the foraging Hybrid (1.460 + 0.063,
2.666 * 0.038). Moreover, in September the total
peroxide concentration of the nursing Carniolan
(2943 + 0.011) showed highly considerable
increase against the nursing Hybrid (2.426 + 0.039).

However, in July the total peroxide concentration
decreased significantly in both foraging and nursing
Carniolan (0.891 + 0.030, and 0.835 + 0.040,
respectively), when tested against foraging and
nursing Hybrid (0.948 + 0.065, and 1.300 £+ 0.161).
Furthermore, in June highly considerable decrease
in the total peroxides concentration in both the
nursing Hybrid (0.080 + 0.025) and the foraging
Carniolan (0.065 + 0.002), when tested against the
foraging Hybrid (0.296 + 0.012). In August and
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September, the total peroxide concentration of
nursing Carniolan (1.924 + 0.024, 2.943 + 0.011,
respectively) showed highly remarkable decrease,
when compared with the foraging Carniolan (2.249
1 0.062, 2.865 + 0.030) (Table 4).

In the moderately active season, contrary to that
observed in the active season the total peroxide
concentrations were gradually reduced allover the
season, October-December, in both races. The
highest total peroxide concentration was detected in
October, whilst the lowest concentration was
measured in December (Figure 4). In October the
total peroxide concentration showed highly
significant decrease in nursing Hybrid (2.240 *
0.050), when tested against foraging Hybrid (1.815
+ 0.043). However, in the same month highly
significant increase was noticed in the total peroxide
concentration of foraging Carniolan (2.848 + 0.040)
against foraging Hybrid (1.815 £ 0.043). Additionally
in November and December, the total peroxide
concentration of nursing Carniolan (0.860 + 0.050,
0.443 + 0.050, respectively) showed highly
significant increase comparing with both the nursing
hybrid and foraging Carniolan (0.666 + 0.025, and
0.353 = 0.026).

Performing correlation analysis

Correlation analysis between the antioxidant
enzymes activities, the total peroxide concentration
for foraging and nursing Hybrid and Carniolan
honeybees in active season and moderately active
season and comparing the calculated correlation
matrices could indicate the presence of significant
coordinated antioxidant actions.

The results of such analyses are listed in Tables
(Tables 5, 6 for the active season and Tables 7, 8
for the moderately active season). In Table 5, under
the diagonal, several correlations in the foraging
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Table 6. Correlation Coefficient between analyzed antioxidant components in the active season in
foraging and nursing Hybrid bees (under and above the diagonal, respectively).

SOD CAT APOX H>O:
SOD — -0.721* 0.798* 0.755*
CAT -0.443% — -0.603* -0.816%*
APOX 0.095%* -0.689** — 0.660%*
H02 0.241%* -0.811%* 0.731%* —

*P<0.05, **P < 0.001

Table 7. Correlation Coefficient between analyzed antioxidant components in the moderately
active season in foraging and nursing Hybrid bees (under and above the diagonal, respectively).

SOD CAT APOX H,0;
SOD — -0.344* 0.369* 0.302%*
CAT -0.366* — -0.667** -0.803%*

APOX 0.175* -0.510* = 0.753%*
H,0, 0.418** -0.837+* 0.627%* =

*P<0.05, **P <0.001

Hybrid during the active season were recorded.
Statistically, highly significant positive correlation for
total peroxide vs. SOD and APOX and significant
positive correlation for APOX vs. SOD were
recorded. Highly significant negative correlations for
CAT vs. total peroxide, significant correlations CAT
vs. APOX, SOD were negatively found. In nursing
Hybrid bees (Table 6, above the diagonal),
significant correlations for total peroxide vs. SOD
and APOX were highly positive, significant positive
correlation for APOX vs. SOD was recorded.
Contrary, two significant negative relations for CAT
and SOD; as highly significant negative correlation
for CAT vs. APOX and the total peroxide were
obtained.

In foraging Carniolan bees, during the active
season (Table 6, under the diagonal), there was
significant positive correlations between SOD and
APOX. Correlations for total peroxide vs. APOX and
SOD were highly significant and positive. While,
greatly significant negative correlations for CAT vs.
APOX and total peroxides were shown, also
significant negative one between SOD and CAT.
Significant positive correlations in nursing Carniolan
bees for APOX and the total peroxide vs. SOD were
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shown in (Table 6, above the diagonal), while the
correlation between APOX vs. total peroxides was
found to be greatly significant and positive. Where,
highly significant negative relations for CAT vs. GSH
and the total peroxides, while significant negative
one between CAT vs. APOX and SOD were
recorded.

During the moderate active season, the
correlation analysis for the antioxidant activities for
Hybrid and Carniolan bees was observed as
follows: In foraging Hybrid bees (Table 7, under the
diagonal), several significant positive correlations
were detected, APOX vs. SOD, CAT and total
peroxide. However, SOD showed greatly positive
correlation against total peroxide. The correlations
of nursing Hybrid bees in (Table 7, above the
diagonal), indicated the presence of more than
significant positive correlations between APOX and
total peroxides, in the same for SOD vs. APOX and
total peroxide.

Reversely, significant negative correlations for
CAT and APOX were noticed. In Table 8 (under the
diagonal), the foraging Carniolan bees showed
significant positive correlation for SOD vs. APOX
and the total peroxides and for APOX vs. CAT and
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Table 8. Correlation Coefficient between analyzed antioxidant components in the moderately
active season in foraging and nursing Carniolan bees (under and above the diagonal,

respectively).
SOD CAT APOX H>0;
SOD — 0.021 0.107* 0.200%**
CAT -0.293 0.663** 0.446
APOX 0.426% 0.412% — 0.509%*
H0, 0.596* 0.371 0.555%* —

*P<0.05, **P <0.001

total peroxides. Several correlations were observed
for the nursing Carniolan bees in Table 8 (above the
diagonal). There were highly significant positive
correlations for APOX vs. both CAT and total
peroxides; while significant positive one for SOD vs.
APOX was recorded.

DISCUSSION

Honey bees obtain all the materials which
require for growth and activity from nectar, pollen
and store honey, which provides the main
carbohydrate source [53, 54]. The floral nectar and
pollens are full of allelochemicals and phenolics [55,
56], which contain tannins, phenols, alkaloids [57];
the propolis includes phenols, tannins and
aldehydes [34, 35]. The oxidation of phenolics and
allelochemicals produce ROS [37, 39]; and caused
oxidative stress in the midgut tissues of Lymantria
dispar [43]. Insects are subjected to increasing
loads of oxidative stress by delivering O, directly to
tissues [16] and tissue demand for O, during flight
[58, 59].

Insects are continuously exposed to ingested
pro-oxidants suffering from oxidative injury, which
could be attributed to hydrogen peroxide-mediated
effects [39, 60].

Total peroxide concentration

The rapid dismutation of O, to H,O, increased
concentrations of hydrogen peroxide and hydroxyl
radical, which results in oxidative damage to lipids,
proteins and nucleic acids [19]. The oxidation of
phenols, peroxides produces reactive oxygen
species [36], including hydrogen peroxide.
Hydrogen peroxide may also be produced without
the intermediacy of an O, radical [16]. Several
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enzymes are involved in production of H,O,, like,
glucose oxidase [61]; xanthine oxidase [62];
L-amino acid oxidase [63]; cytochrome P-450 [64];
cytochrome oxidase [65]; cytochrome b [66];
cytochrome c¢ from the honeybee, Apis mellifera [67]
all of them have been detected and isolated from
the honey bee Apis mellifera [68], the cytochrome
enzymes metabolize hormones, pheromones,
detoxifying plant allelochemicals and insecticides;
they are key enzymes in many metabolic pathways
[69]. Subsequently, we can predict that there are
overproduction and generation of H,O, as result of
the oxidative stress and the many sources for the
generation of H,0,. The results in the current work,
showed that total peroxide concentrations markedly
increased during the active season, this might be
due to the increase in activity of honey bees and
flight to collect more nectar, the allelochemicals are
present in pollen and nectar [33] and the oxidation
of phenols produces ROS including H,0, [36, 37].
The increasing of activity in apiary is result in raising
the metabolic pathways in which to detoxify the
peroxides, allelochemicals by cytochrom (P-450, b,
c) [64-67].

In addition, the flight activity raise during the
active season, resulted in increasing the tissue
demand for more oxygen subsequently, the honey
bees are subjected for increasing loads of oxidative
stress and producing more ROS. In consistence,
Felton and Summers [58] demonstrated that insects
are subjected to increasing loads of oxidative stress
due to their life style and demanding for O, during
flight, as well chronic performance of this behavior
entails exposure to stressors (e.g., reactive oxygen
species) [59]. Increasing the honey bees' activities
in apiary met by increasing the bee population,
where they showed the peaks in for both races, so
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the ingestion of alellochemicales increased and the
production and generation of peroxides raised also.
Subsequently, increasing the dismutation process
by SOD followed by the action of the rest of
detoxifing enzymes on H,0,, this was reinforced by
the highly positive correlation for the SOD and total
peroxide. The significant positive correlation
between the apiary activities, temperature and the
total peroxide concentration supported this
observation.

The contrary have been observed in the
moderately active season when the activity and
flight of honey bees declined, and the results
indicated that the total peroxide concentrations
were gradually reduced allover the season, where
the apiary activity had decreased so the load of
oxidative stress and metabolic activities decreased
too, therefore the production of peroxides declined.
In addition, the activity of flight had decreased as a
result the demanding for oxygen decreased too,
consequently reduced the production of ROS
including H,O,. Agree with these observations Yan
and Sohal [70] pointed out that, the experimental
prevention of flight activity resulted in a decrease in
the rate of H,O, generation, attenuated oxidative
damage to specific mitochondrial proteins. The
apiary records during the present study were in line
with biochemical experiment, where bee population
was significantly decreased as a result of
decreasing the activity and stressor factors.

The more activities increased the more
demanding for oxygen as well as more generating
peroxides as result of the metabolic activity and of
course increasing the leakage of some reactive
oxygen species, this must be resulted in elevating
the oxidants and increasing the load of the oxidative
stress.

Therefore, the antioxidants form an important
component of the defense of insects against both
exogenous and endogenous oxidative radicals [19].
Honey bee antioxidant enzymes are of particular
interest because of their potential involvement in
some of the exceptional biological characteristics of
the queen honeybee [44].

Superoxide dismutases

Superoxide dismutases are the first line of
defense against oxygen free radicals, O, is
dismutated by SOD to hydrogen peroxide,
20, +2H* — H,0, + O, [16]. Superoxide
dismutases have strong antioxidant properties and
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have been shown to protect normal cells as well as
a number of pathogens from reactive oxygen
species [71] especially the O,~. Whitten and
Ratcliffe [72] gave an evidence for respiratory burst-
like O, generative reactions in the haemolymph of
the cockroach, Blaberus discoidalis, in Drosophila
[73] and secreted into the midgut lumen of the adult
Aedes aegypti mosquito [74]. The enzymatic action
of superoxide dismutase was detected in insects to
overcome the toxic effects of ROS [30]. Superoxide
dismutase activity was determined in the midgut
tissue of Rhodnius prolixus [75] and housefly [76].
Moreover, Weirich et al. [28] detected the activities
of SOD in mitochondrial fractions of tissue
homogenates; hemolymph plasma of queen honey
bee Apis mellifera, also the honeybee has an
extracellular Cu/ZnSOD (SOD3) of 178 amino acids
[25].

As well, in the current study, determination of
SOD activities in honey bee Apis mellifera, were
carried out, the accomplished results pointed out
that in both races of honey bee, Hybrid and
Carniolan, the SOD activity was similar. Even so,
the activity was evidently increased allover the
whole months in both two races in the active
season, in consistence Krishnan and Kodrik [19]
showed that SOD activity was distinctively elevated
in the midgut tissues of S. littoralis larvae, which
could be more useful in catalyzing the dismutation
of superoxide in midgut tissues. It was observed
that the highest activity was in September, while the
lowest activity was noticed in June, this may be
attributed to the overproduction of SOD to
overcome O, generation. Accordingly, these
findings have been concurred with those obtained
by Rojas and Leopold [77], who found that despite
the elevated SOD activity in housefly in the most
cold-susceptible stage, the O, is generated faster
than it can be dismutated, so SODs work
continuously to eliminate O, and result in more
production of H,O,. This may also explain the
spectacularly increasing in the H,O, concentrations
and agree with Krishnan and Kodrik [19], elevation
in the rate of superoxide generation (as in case of
oxidative degradation of allelochemicals) can lead
to a corresponding enhancement in the production
of H,O, and hydroxyl free radical.

The results in the present study demonstrated
that, the SOD elevation was analogous with honey
bee activities where the bee population
considerably increased as well, this might be
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related to the hyperactivity and more feeding on
pollens and nectar, prooxidants, which rich with
allelochemicals and phenols [33], and result in
increasing the production of ROS, as a result of
oxidation of allelochemicals, including O, and
increase the oxidative stress consequently raise in
SOD activity in order to accomplish the dismutation
process. In agree Krishnan and Kodrik [19]
indicated that, a surfeit of oxidants as O, and
hydrogen peroxide results in oxidative stress, which
is exacerbated by the ingestion of pro-oxidant
allelochemicals, this increasing probably raised the
oxidative stress, result in overproduction of O,
which encounter by SOD elevation, and increasing
the dismutation process.

On the contrary, the recorded SOD activities in
the moderately active season were reduced by
months, this might be due to the lesser production
and generation of O, which observed by the
declining of the total peroxide concentrations, this
reduction was parallel to the honey bee activities,
which reduced in the same period.

The hypoactivity of honey bees during this
season of course resulted in reduction the ingestion
of allelochemicals, indicated by the reduction in
stored pollens, consequently reduction in
superoxide, the dismutation process reduced either,
so there were low concentrations of H,O, observed,
in consistence [19]. In addition, it might be taken in
consideration that the SOD activity was also
affected by the temperature and relative humidity,
the elevation was in the active season, where the
degrees of both temperature and relative humidity
were high, while the opposite has been observed in
the moderately active season.

Catalase

During the reduction of oxygen to water in
mitochondria, approximately 1-2% of total oxygen
consumption gives rise to the potentially cytotoxic
species H,0, and O, [78]. Since the product of
SOD reaction, H,0, is the substrate of catalase,
therefore, catalase activity has been shown to be
the highest in the Rhodnius prolixus midgut [75].
Significant amounts of H,O0, can diffuse out from
mitochondria [79], two enzymes defense against
H,O,, the CAT and glutathione peroxidase (GPx)
[75]. Several studies on lepidopteran larvae showed
that CAT activity toward H,O, is distributed
throughout the cell [80, 81], and tissues of the
Trichoplusia ni larvae have high specific CAT
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activity [82]. In the silkworm, Bombyx mori, the
catalase activity was detected in all homogenates of
tissues tested including the fat body [83].

In the same way the CAT activity was observed
during the present work on honey bees and
unanticipated, our findings showed greatly
dissimilarity against the months; the CAT activity
was declined allover the months, through the active
and moderately active seasons, in both the Hybrid
and Carniolan honey bees although the marked
increasing of the total peroxide concentrations and
this could be returned to the capacity of CAT to
eliminate H,O, exceptionally, when they were
produced with slightly levels. In agreement with this
opinion, Clavaron-Mathews et al. [84] proposed that
CAT is inefficient at reducing H,O, to low levels
because of its high Km and that APOX better serves
this role as well as APOX could compensate the
inefficiency of catalase in removing H,O, in
Helicoverpa zea larvae. It is possible that CAT could
effectively reduce hydrogen peroxide to low levels,
despite its high K_, if high levels of this CAT
enzyme were produced [48].

The values of CAT activity in foraging honeybees
(Carniolan and Hybrid) were to some extent higher
than those observed in nursing bees, this might be
due to the flight activity that lead to increase the
load of oxidative stress, and the metabolic activity,
which produced H,O, in which detoxified by
producing more antioxidants. In line with this
observation, Corona et al. [26] old workers tended
to have the highest levels of antioxidant gene
expression; as foragers, these are the individuals
that likely had the highest levels of flight activity.

Ascorbate peroxidase

Some investigators believe that the distribution
of CAT throughout the cell can compensate for the
lack of selenium-dependent GPx in insect larvae
[20, 84], others believe that the lack of GPx and the
inefficiency of CAT at low H,O, concentrations
suggests the need for another enzyme with a higher
H,O, affinity [22, 85].

As previously observed from the results, the CAT
activities were declining through the two seasons.
Since catalase is inefficient at removing H,O,
because of its high K [85] and it could be done if
high levels of CAT enzyme were produced,
consequently insects may utilize another strategy
for managing peroxides at safe levels, APOX better
serves this role [48].
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The APOX activity was determined in the gut
lumens and midgut tissues of M. sanguinipes and A.
ellioti [48] as well as measured in the Egyptian
armyworm, Spodoptera littoralis, by Krishnan and
Kodrik [19], they observed elevation of APOX
activity in the foregut, midgut contents and midgut
tissue. Insects encounter ROS from exogenous and
endogenous sources consequently detoxify the
deleterious effect of ROS by a suite of antioxidant
defence enzymes such as SOD, CAT and APOX
[86].

As well, the APOX activities of honeybees were
measured in the current study, the results showed
that APOX activity did not affect neither by race
(Hybrid and Carniolan) nor type (foraging and
nursing) and nevertheless, it affected by months,
where it increased in the active season. Honey
bees feeding on plants and they obtain the nectar
which contain phenols. The oxidative stress can be
exacerbated as a result of the ingestion of
oxidizable allelochemicals [16, 58].

Ascorbate peroxidase could be compete with the
overproduction of H,0, and compensate the defect
of CAT levels, and the increasing of course to
eliminate and detoxify the elevating levels of H,O.,.
In contrast, when the oxidative stress reduced, the
APOX activity declined allover the moderately
active season, where the H,O, concentrations
decreased consequently, there were no more need
for APOX action.

This might be explained the raise and decline of
APOX activity. Moreover, the increasing and
decreasing of APOX during the current study might
be returned to the existence of other action for
APOX, that beside its ability to reduce H,0,. It also
could have other effect on peroxides and
hydroperoxides. In consistence, Clavaron-Mathews
et al. [85] detected APOX activity in whole-body of
Helicoverpa zea. They observed that the enzymatic
activity of APOX was not only towards H,O,, but
also towards two model lipophilic peroxides,
cumene hydroperoxide and t-butyl hydroperoxide.

Consequently, in light of this opinion and our
findings, the elevation of APOX was to eliminate the
hydrogen peroxides, in addition to other
hydroperoxides, as result of increasing the activity
of SOD, and the decline of APOX activity was due
to the decrease in H,0, concentrations and other
proxides (not measured).
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Performing correlation analysis

The results of correlation analysis between the
antioxidant enzymes activities, the total peroxide
concentration in active and moderately active
seasons could indicate the presence of significant
coordinated antioxidant actions.

The results in the present study revealed in both
races (Carniolan and Hybrid) and types (foraging
and nursing) the elevation of SOD activity during
the active season that resulted in increasing the
level of total peroxides contrary to the moderately
active season, where the SOD activity decreased
and the total peroxide either. This is reinforced by
the correlation analysis, which has pointed out to
the highly significant positive correlation between
the SOD and total peroxides allover the experiment.
This indicated that the oxidative stress was high
during the active season, so there were
overproduction of ROS including O,~, which in turn
dismutated by the SOD and produced H,O,. This
may also explain the spectacularly increasing in the
total peroxide concentrations (H,0,) and agree with
Krishnan and Kodrik [19]. Elevation in the rate of
superoxide generation (as in case of oxidative
degradation of allelochemicals) can lead to a
corresponding enhancement in the production of
H,O, and hydroxyl free radical also due to the
formation of ROS from various sources, and that
antioxidant systems are key to the removal of these
reactive species to prevent subsequent damage
from their activity [87].

Similarly, when the SOD elevated the H,O,
elevated, so there are an increasing in some other
enzymes like APOX to mange this increasing. The
results indicated a significant positive correlation
between the SOD and APOX in the Carniolan and
Hybride honey bees, while the opposite occurred in
the moderately active season, where the SOD
activity declined as well as the APOX, also the
positive significance between them were observed.
Furthermore, there was positive correlation between
oxidative stress resistance and ROS [88].

Other correlations were negative as SOD and
CAT; CAT and APOX, indicating that there must be
a strategy and specific manner strategy for
managing peroxides at safe levels. The increase or
decreases of the antioxidants are according to the
contents and levels of peroxides. The most
endogenous defensive and protective strategy is
the antioxidant systems, changes in the activities of
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antioxidant enzymes have been shown to correlate
with the physiological and metabolic activities [89].

In consistence with our hypothesis that
increased oxidative stress leads to an up-regulation
of antioxidant enzymes, we found that SOD, APOX
were elevated when the total peroxide increased in
order to detoxify their dangerous effect and
dismutating the most aggressive radical (O,) by
the action of SOD, while the contrary occurred as
the declined when the peroxide decreased. Also,
the significant remarkable positive correlation
between the SOD, APOX with H,O, as they
elevated in the active season as a result of
increasing the concentrations of H,O, and the
contrary occurred during the moderately active
season. This is indicating the coordination and
regulation between the enzymes and this synergetic
action is in order to maintain the redox status of the
cell and do not allow the free radical to exceed the
limits of the normal activities.
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ABSTRACT

The aquatic environment has numerous physical and chemical parameters that may influence the
physiology and maturation rate of parasite found inside the vector snail. It may be possible that abiotic
factors (temperature, pH, CO,, O, and conductivity) and higher population density of snails could
promote the transmission of parasite and raise their local abundance. In the present paper, we
examined that how these environmental factors affect the transmission of cercaria throughout the year
2009-2010. The infection of Fasciola gigantica larvae in Indoplanorbis exustus in Ramgarh Lake and
GIDA pond was maximum in month of October (40%) and minimum in month of November (8.33%).
Trend of higher infection in I. exustus was observed in July to October. This study conclusively, shows
that variant abiotic factors in different months of the year can significantly alter the infection rate and
development process of larvae (sporocyst, redia and cercariae) in the snail Indoplanorbis exustus. The
paper also includes a discussion on the important factors that influence the timing of molluscicide
operation for the control of fascioliosis in the Gorakhpur.

Key words: Fasciolosis, Cercaria, Infection rate, Indoplanorbis exustus, Abiotic factors.
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INTRODUCTION

Two major trematode disease are transmitted by
aquatic snails viz., schistosomiasis caused by
Schistosoma species and fasciolosis caused by
Fasciola species [1]. Fasciolosis is a worldwide
zoonotic disease [2, 3] caused by liver flukes of the
genus Fasciola [4]. It has been considered as the
veterinary problem, particularly with intensive sheep
and cattle production, leading to high economic
losses [5]. Freshwater snails are considered to be
intermediate host of schistosomiasis/fasciolosis
because snail's habour the asexual stage of the
parasite while human/herbivores habour the sexual
stage of the parasite [6]. They are of importance in
medical veterinary practice since they serve as
intermediate hosts for certain parasitic worms of
man and his domestic animals. Indoplanorbis
exustus acts as intermediate host for Schistosome
[71 and Fasciola [1]. The freshwater snail
Indoplanorbis exustus [8] (Planorbidae: Bulininae)
is the sole member of its genus and is widely
distributed across the tropics. Several attempts
have been made to reduce the incidence of
fasciolosis by using synthetic pesticide and plant
derived active components against vector snails
[1, 9]. In order to implement control measures, it is
important to determine the seasonal transmission
pattern of parasite [10, 11] and environmental
factors which produce collective effect on
intermediate host. It is usually difficult to separate
the effect of any one factor from other [12], so it is
important to determine the seasonal transmission
pattern of parasite [10] to control them in suitable
month when cercariae number/snail was higher in
the host. No work of this nature has been carried
out. The present study was planned to determine
the best time for application of molluscicides in
Gorakhpur district.

MATERIALS AND METHODS

Snail sampling and determination of abiotic
environmental factors of lake water

Indoplanorbis exustus were collected from six
places in a standard manner from Ramgarh Lake
and GIDA pond by method of Manga-Gonzalez et
al. [13]. Gorakhpur is a place located in the Indian
state of Uttar Pradesh lies between latitude 26°46’
N and longitude 83°22’ E, covers the geographical
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area of 3483.8 km2. Adult I. exustus (0.85 cm + 0.20
cm in length) were collected locally from Ramgarh
Lake and GIDA pond. Temperature, dissolved
oxygen, free CO,, pH, conductivity, and population
density of snails were measured in months of 2009-
2010. Temperature, pH, and conductivity were
measured by thermometer, digital pH meter and
conductivity meter, respectively. Dissolved oxygen
and CO, were estimated according to method
prescribed by the APHA [14]. Population density of
snails per meter? in natural habitat was counted
throughout the year 2009-2010.

Laboratory analysis of snail infection

Snails collected were immediately transported to
the laboratory for analysis. The collected I. exustus
were divided into six groups each containing ten
snails in each months of year 2009-2010 in
Ramgarh and GIDA pond. A stereomicroscope was
used to dissect snails in vivo in order to detect,
count and extract the different larval stages of the
helminthes found in their various organs [13]. Snails
were dissected out and total numbers of sporocyst,
redia and cercaria larvae of F. gigantica in snails
were counted with help of microscope. Every
experiment was replicated at least six times.
Number of larvae (sporocyst, redia and cercaria),
pH, temperature, dissolved oxygen and carbon
dioxide were expressed as mean + SE of six
replicates. Product moment correlation coefficient
was applied between environmental factors and
number of sporocyst, redia and cercaria larvae/
snail in six months of the year 2009-2010 [15].

RESULTS

Table 1 and 2 show the seasonal variation in
abiotic factors (temperature, pH, conductivity,
dissolved oxygen and free carbon dioxide) of
Ramgarh lake (1st site) and GIDA pond (2nd site).
Seasonal variation in temperature 16-38°C in
month of November to October 2010 was higher
than rest months. Maximum water temperature was
observed in month of May and June (37-38°C). The
minimum water temperature was observed in month
December and January (16—18°C) (Table 1). There
was a significant positive correlation (p<0.05)
between the temperature and infection rate of
I. exustus (r = 0.64)/population density (r = 0.98) in
Ramgarh Lake and GIDA pond. Significant
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seasonal variation (p<0.05) in the number of
sporocyst, redia, and cercaria larvae/snail were
observed in dissected snails of Ramgarh Lake and
GIDA pond (Table 2). The maximum numbers of
sporocyst larvae in snails of Ramgarh Lake was
observed in month of October (2.81/snail) and
minimum (0.22/snail) in November. The maximum
numbers of sporocyst larvae in GIDA pond were
observed in month of October (1.45/snail) and
minimum number (0.69/snail) in July. Significant
(p<0.05) positive correlation was observed in
between number of sporocyst/snail and temperature
(r = 0.67), free carbon dioxide (r = 0.76), cercaria
(r = 0.89), population density (r = 0.78) and %
infection of snail (r = 0.78) in different months of
year 2009-2010 was observed in Ramgarh Lake.
While no marked correlation was observed between
sporocyst/snail and infection rate, and temperature
of snail in GIDA pond.

The maximum (143.72/snail) and minimum
(120.30/ snail) number of redia in Ramgar Lake
were observed in month of September and August,
respectively. Significant (p<0.05) positive correlation
was observed in between number of redia/snail and
cercaria (r = 0.66), % infection (r = 0.65) and
population density (r = 0.825) of snail.

The maximum (148.31/snail) and minimum
(121.60/ snail) number of redia in GIDA were
observed in month of December and September,
respectively. Significant (p<0.05) positive correlation
was observed in between number of redia/snail and
dissolved oxygen (r = 0.55), number of cercaria/
snail (r = 0.56) and population density (r = 0.825).
Significant (p<0.05) negative correlation was
observed between number of redia /snail and water
temperature (r = -0.65), population density (r = 0.64),
pH (r = 0.56). No marked correlation was observed
between redia/snail and % infection, conductivity
and free CO, of water in GIDA pond locality.

In the Ramgar Lake the maximum number of
cercaria (2213.34/snail) were observed in month of
October, while lowest (1121.43/snail) in month of
December. Number of mature cercaria dissected
out of the snail tissue significantly (p<0.05)
increases with increase in temperature (r = 0.69),
number of sporocyst (r = 0.89), redia (r = 0.66),
snail population density (r =0.82) and % infection
of snails (0.93) in different months of the year
2009-2010. Number of cercaria/snail significantly
decreases (p<0.05) with decrease in conductivity
(r = 0.64), dissolved O, (r = 0.69) in GIDA pond
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water in different months of the year 2009-2010.

In the GIDA pond water the maximum number of
cercaria (1934.33/snail) were observed in month of
September, while lowest (548.76/snail) in month of
December. Number of mature cercaria dissected
out of the snail tissue significantly (p<0.05)
increases with increase in water temperature
(r = 0.56), number of sporocyst (r = 0.56), snail
population density (r = 0.75) and % infection (r = 0.67)
in different months of the year 2009-2010.

The % infection of F. gigantica larvae in snail
I. exustus varies in between 15 to 36.67 from
November 2009 to October 2010 in Ramgar Lake.
Maximum infection was observed in October
(36.67%) and minimum in December (15%).
Percent infection was higher in month of August
to October months. The percent infection of
F. gigantica larvae varies in between 8.33 to 40
from November 2009 to October 2010 in GIDA
pond. Maximum % infection was observed in
September (40%) and minimum in November
(8-33%).

DISCUSSION

It is evident from the result section that
temperature, pH, conductivity, dissolved oxygen
and carbon dioxide alter the snail density and
% larval infection and number of intramolluscan
larvae of F. gigantica in I. exustus. 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 [16].
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 [17, 18], the aquatic
environment has numerous physical and chemical
parameters that may influence the physiology of
fresh water organism [19]. 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 of water, temperature, pH,
turbidity, dissolved oxygen, hardness, carbon
dioxide [20, 21].
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Indoplanorbis exustus is planorbid snail which, if
the environment dries out, may undergo a
prolonged state of aestivation, during which
transmission of the parasite is suspended. When
the rains return, however, there can be rapid
recolonization of the environment. |. exustus an
important intermediate host in India also undergoes
aestivation during summer drought. Temperature is
considered as a critical environmental factor in the
ecology of most organisms [22, 23]. It can act as
both a trigger for the commencement of a biological
process and as a threshold essential for its
continuation. Vector snail Indoplanorbis exustus
found in Ramgarh lake/GIDA pond were observed
during six months (July to December) of year.
December onward up to June there was no
I. exustus in pond water. This is due to the
hibernation/aestivation of the snail during these
periods. During the dry/cold period snails retract
into their shells and cover a fine membrane across
the shell opening which may help them to resist
from adverse condition [24]. There was significant
positive correlation between temperature and
number of intramolluscan larval stages, % infection
of F. gigantica and population density of snail. Most
infectious agent do not replicate below a certain
temperature threshold level and their growth
significantly increased above this level. In
invertebrate vector, pathogen replication rate and
dynamics may be affected by the temperature of
minimum, consequently the infection process and
larval development in the invertebrate and duration
of the cycle will also be affected [16, 18].

In 1. exustus the larval stages as well as
% infection were higher in the month of August
to November, when temperature was 34-25°C.
Temperature directly impact on ecology, life cycle,
behaviour and survival of invertebrate vectors [25],
and therefore, vector population dynamics is related
with disease transmission. Higher temperature
increases the invertebrate metabolic rate, egg
production amount and feeding frequency, reducing
the duration of the development periods and
impacting on the number of generations per year
and population abundance [26]. Temperature
seems to exert a powerful dispersal effect on snail
population, growth rate of snail and development of
trematode from egg to cercariae [27]. Temperature
of water varied seasonally throughout the year and
alters the number of intramolluscan larvae
(sporocyst, redia, and cercaria) in the vector
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I. exustus in Ramgarh Lake/GIDA pond in different
months of the year 2009-2010. In the tropics, water
temperature variations are governed by climatic
conditions. Rainfall and solar radiations are the
major climatic factors that influence the
physicochemical hydrology of water bodies [28].
Water temperature is dependent on duration and
intensity or daily iridescence received by the water
body. The intensity of solar radiation may be
modified by variations in cloud cover, water flow,
phytoplankton species composition and diversity,
surface area, depth, wind velocity, solid matter
suspension, altitude, etc. resulting in fluctuations in
water temperature [29]. The variations in water
temperature of Ramgarh Lake/GIDA pond are in
accordance with atmospheric temperature, more
pronounced in the summer due to clear skies and
that produce intense solar radiation in northern
hemispheres. Cool dry north east trade winds of
winter resulting low temperature. Temperature
influences the parameters like dissolved oxygen,
solubility, pH, conductivity etc. influencing water
chemistry. Solubility of oxygen in the water
increases when water temperature decreases [3,
30-32]. Aquatic organisms depend on certain
temperature range for optimal growth [14]. Dreyfuss
et al. [33] and Rondelaud et al. [34] reported that
there was no development of parasite in snail, nor
even emergence of cercariae from snail at low
temperature. The climatic conditions of Gorakhpur
are favourable for the development and growth of
freshwater snails. These snails are found in
abundance in water streams and ponds almost
throughout the year with the exception of small
period of dormancy in winter and spring. Summer is
generally dry so development of flukes outside the
final host takes place from autumn to early winter. It
is clear from the result section that high % infection
of F. gigantica larvae in snail I. exustus in July to
October in both localities. Persistance of rain
throughout the month of June to August provide
favourable period for the liberation of cercariae.
An increase in CO, concentration in water is
known as hypercapnia, which is not appropriate for
the aquatic organisms. Carbon dioxide is readily
soluble in water. The carbon in all the materials
comes from the CO, in water. When the oxygen
concentration in water containing organic matter is
reduced, the CO, concentration rises. The rise in
carbon dioxide makes it more difficult for fish and
other animals to use the limited amount of oxygen
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present. The direct effect of high CO, exposure can
be reduced in metabolic, protein synthesis, growth
rate and reproduction in marine animals [35]. The
availability of dissolved oxygen in the water is
determined by water temperature, salinity, and
water quality [36]. Low levels of dissolved oxygen
are responsible for more aquatic organism
mortalities in culture than any other parameter [37].
During present work the pH of Ramgarh/GIDA pond
was observed slightly alkaline. Ambient pH is an
important factor in determining the distribution limits
of aquatic species [38]. Fluctuation in snail
population density can be of major importance in
the transmission of fasciolosis [18]. Since under
apparently favourable conditions for infection, only a
small proportion of the snails are infected. Since the
presence of the snail is essential to the completion
of the life cycle, an appreciation of the ecology of
the snail is required before considering the
development phase of the fluke within the snail. The
many factors involved in the ecology, particularly
those influencing the presence or absence of the
shail intermediate host, have been thoroughly
reviewed elsewhere [39, 40], and summarized by
Boray [36].

CONCLUSION

This study conclusively shows that abiotic
factors such as temperature, pH, dissolved oxygen,
carbon dioxide and electrical conductivity in
surrounding water and population density of snails
are crucial factor, which can significantly alter the
larval infection of F. gigantica in snail I. exustus life
cycle characteristics of Fasciola sp. is greatly
influenced by local condition and ethology of
intermediate host molluscs and meteorological
factors.

Strategies used to control fasciolosis mostly
depend on the extent and seasonality of disease
transmission, the intermediate host’'s ability to
survive climatic condition. Most suitable period for
the control of fasciolosis in this region is in the
month of July to October. As a corollary, it is
suggested that the treatment of water body with
molluscicide for the control of I|. exustus and
ultimately fasciolosis, is not only more potent and
cost effective during these months than spending
more money by using higher concentration of the
molluscicide during the remaining months of year.

Journal of Biology and Earth Sciences, 2012, Vol 2, Issue 2, B110-B117

TRANSPARENCY DECLARATION

The authors declare no conflicts of interest.

REFERENCES

1. Agarwal RA, Singh DK. Harmful gastropods and their
control. Acta Hydrochim Hydrobiol. 1988; 16: 113-
138.

2. W H O. 2007. Report of WHO informal meeting on
use of triclabendazol in fascioliasis control. Meeting:
17-18 October 2006, Geneva, Switzerland. World
Health Organization, Headquarter.

3. SinghV, Singh DK. The effect of abiotic factors on the
toxicity of cypermethrin against the snail Lymnaea
acuminata in the control of fascioliasis. J Helminthol.
2009; 83: 39-45.

4. Dalton JP. 1999. Fasciolosis. CAB International.
Wallingford, UK.

5. Torgerson, Claxton. Epidermiology and control. In:
J.P. Dalton. Fasciolosis. Wallingford, Oxon, UK: CABI
Pub. 1999: 113-149.

6. Njoku-Tony RF. Effect of some physico-chemical
parameters on abundance of intermediate snails of
animal trematodes in Imo state, Nigeria. Researcher.
2011; 3(4): 1-20.

7. Saxena OP, Parashari A. Comparative study of six
heavy metals to Chana punctatus. Ibid. 1983; 4(2):
91-94.

8. Deshayes GP. In: Belanger C. Voyage aux Indes-
Orientales. Zool. 1934; 3: 417.

9. Kumar P, Singh DK. Molluscicidal activity of Ferula
asafoetida, Syzygium aromaticum and Carum carvi
and their active components against the snails
Lymnaea acuminata. Chemosphere. 2006; 63: 1568-
1574.

10. Kaplon RM, Dame JB, Reddy GR, Courtney CH. The
prevalence of Fasciola hepatica in its snail
intermediate host determined by DNA probe assay.
Int J Parasitol. 1997; 27: 1585-1593.

11. Cruz-Mendoza |, Ibarra-Velarde F, Quintero-Martinez
MT, Naranjo-Garcia E, Lecumberri-Lopez J, Correa
D. Seasonal transmission of Fasciola hepatica in
cattle and Lymnaea (Fossaria) humilis snails in
central Mexico. Prasitol Res. 2005; 95(4): 283-286.

12. Berrie AD. Snail problems in African Schistosomiasis.
Advances in Parasitology. Dawes, Ben; Academic
Press, New York. 1970; 8: 43.

13. Manga-Gonzalez Y, Gonzalez-Lanza C, Otero-
-Merino CB, Natural infection of Lymnaea truncatula
by the liver fluke Fasciola hepatica in the Porma
Basin, Leon, NW Spain. J Helminthol. 1991; 65: 15-
27.

14. APHA. Standard Methods for the Examination of
Water and Wastewater. 20th edition, American Public

B116



Singh et al. Abiotic factors and Fasciola gigantica larval stages

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Journal of Biology and Earth Sciences, 2012, Vol 2, Issue 2, B110-B117

Health Association, Washington, DC. 1998.

Sokal RR, Rohlf FJ. Introduction to Biostatistics. W.H.
Freeman and Co., San Francisco. 1973; 271-273.
Reiter P. Climate change and mosquito-borne
disease. Environ. Health Perspect. 2001; 109 (1):
141-161.

Mas-Coma S, Valero MA, Bargues MD. Effect of
climate change on animal and zoonotic
helminthiases. In: De La Rocque S, Hendrickx G,
Morand S. (Eds.). Climate change: Impact on the
epidemiology and control of animal diseases. World
Organization for Animal Health (OIE), Paris. Sci Tech
Rev. 2008; 27: 443-452.

Mas-Coma S, Valero MA, Bargues MD. Climate
change effects on trematodiases, with emphasis on
zoonotic fascioliasis and schistosomiasis. Vet
Parasitol. 2009; 163: 264-280.

Khangarot BS, Ray PK. Zinc sensitivity of a
freshwater snail, Lymnaea luteola L., in relation to
seasonal variation in temperature. Bull Environ
Contam Toxicol. 1987; 39: 45-49.

Jahan MS, Rahman MR. Breeding biology of
freshwater snail Lymnaea (Radix) acuminata
Lamarck (Gastropoda; Lymnaeidae). J Zool Rajshahi
Univ. 1996; 14&15: 47-54.

Sarkar SK, Saha M, Takada H, Bhattacharya A,
Mishra P, Bhattacharya B. Water quality management
in the lower stretch of the river Ganges, east coast of
India: an approach through environmental education.
J Clean Prod. 2007; 15: 1559-1567.

Magnuson JJ, Crosder LB, Medvick PA. Temperature
as an ecological resource. Zool. 1979; 19: 331-343.
Raut SK, Rahman MS, Samanta SK. Influence of
temperature on survival growth fecundity of the
freshwater snail Indoplanorbis exustus (deshayes).
Mem Inst Oswaldo Cruz. 1992; 87: 15-19.
Frederico S, Barbosa MD, Louis O. Studies on the
snail vectors of Bilharziasis mansoni in North-Eastern
Brazil. Bull Org Mond Sante. 1958; 18: 895-908.
Rodhain F. Modifications climatiques: impact potential
sur la santé, | exemple des maladies a vecteur. Bull
Assoc Anc Eleves Inst Pasteur. 2000; 162: 8-14.

De La Rocque S, Rioux JA, Slingenbergh J. Climate
change: effects on animal disease systems and
implications for surveillance and control. In: De La
Rocque S, Hendrickx G, Morand S. (Eds.). Climate
Change: Impact on the Epidemiology and Control of
Animal Diseases. World Organization for Animal
Health (OIE), Paris. Sci Tech Rev. 2008; 27 (2):
309-317.

Appleton CC. Review of literature on abiotic factors
influencing the cycles of schistosomiasis intermediate
host snail. Malacol Rev. 1978; 11: 1-25.

Kadiri MA. Seasonal trend in the chemical limnology
of shallow Nigerian man-made lake. Acta Hydrobiol.
2000; 421(2): 29-40.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Atoma OC. Ph.D Thesis. University of Benin, Benin
City. 2004; 220.

Joshi PC, Singh A. Analysis of certain physic-
chemical parameter and planktons of freshwater hill
stream at Nanda Devi Biosphere reserve. Uttar
Pradesh J Zool. 2001; 21: 177-179.

Awasthi U, Tiwari S. Seasonal trends in abiotic
factors of a lentic habitat (Govindgarh lake) Rewa,
M.P, India. Eco Env Cons. 2004; 10 (2): 65-170.
Jigyasu HV, Singh VK. Effect of environmental factors
on the fecundity, hatchability and survival of snail
Lymnaea (Radix) acuminata (Lamarck): vector of
fascioliasis. J Water Health. 2010; 8: 109-115.
Dreyfuss G, Novobilsky A, Vignoles P, Bellet V,
Koudela V, Rondelaud D. Prevalence and intensity of
infections in the lymnaeid snail Omphicola glabra
experimentally infected with Fasciola hepatica,
Fascioloides magna and Paramphistomus daubneiji.
J Helminthol. 2007; 81: 7-12.

Rondelaud D, Fousi M, Vignoles P, Moncef M,
Dreyfuss G. Optimization of metacercarial production
for three digenean species by the use of Petri dishes
for raising lettuce-fed Galba trumeatula. Parasitol
Res. 2007; 100: 861-865.

Portner HO, Langenbuch M, Reipschlager A,
Biological impact of elevated ocean CO,
concentration. J Oceanogr. 2004; 60: 705-718.
Boray JC. Studies on experimental infection with
Fasciola hepatica, with particular reference to acute
fascioliasis in sheep. Ann Trop Med Parasit. 1967;
61: 439-450.

Timmons MB, Ebeling JM, Wheaton JM, Summerelt
ST, Vinci BJ. (Eds.). 2002. Recirculating Aquaculture
Systems. 2nd ed. Cayuga Aqua Ventures, lthaca,
N.Y. 2002: 757.

Weisse T, Stadler P. Effect of pH on growth, cell
volume, and production of freshwater ciliates, and
implications for their distribution. Limnol Oceanogr.
2006; 51(4): 1708-1715.

Ollerenshaw CB, Rowlands WT. A method of
forecasting the incidence of fascioliasis in Anglesey.
Vet Res. 1959; 71: 591-598.

Boray JC. Experimental fascioliasis in Australia. Adv
Parasitol. 1969; 7: 95-210.

B117



Journal of Biology
and Earth Sciences
MEDICINE ORIGINAL ARTICLE

Role of nitric oxide and reduced glutathione
and their implication on typhoid
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ABSTRACT

Typhoid one of the most important causes of illness and death, particularly among children and
adolescents in south-central and Southeast Asia, due to poor sanitation and unsafe food and drinking
water. Nitric oxide (NO) is a versatile molecules produced in a biological system. Reduced glutathione
(GSH) is the most abundant cytosolic thiol that easily reacts with NO and forms S-nitrosoglutathione
(GS-NO) these thiol compounds might decrease the levels of free forms of NO, thereby affecting its
fate and biological activity. Infection with bacteria to control mice resulted in significant decrease in
the GSH level by 10% at day 8 of infection and after treatment with formulated drugs significant
increment was observed.

Key words: Nitric oxide, Reduced glutathione (GSH), Typhoid.

J Biol Earth Sci 2012; 2(2): M11-M14

Corresponding author:

S. S. Haque

Department of Clinical Biochemistry,

Indira Gandhi Institute of Medical Sciences,
Patna-800014

E-mail: sshag2002@yahoo.co.in

Original Submission: 08 October 2012; Revised Submission: 12 December 2012; Accepted: 15 December 2012

Copyright © 2012 Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

ISSN: 2084-3577
http://www.journals.tmkarpinski.com/index.php/jbes or http://jbes.strefa.pl
e-mail: jpes@interia.eu

Journal of Biology and Earth Sciences, 2012, Vol 2, Issue 2, M11-M14 M11



Haque Role of nitric oxide and reduced glutathione in typhoids

INTRODUCTION

Glutathione (GSH) is an important antioxidant,
which is synthesized by glutathione synthetase with
the help of two molecules of adenosine triphosphate
(ATP). The high steady-state levels of glutathione in
E. coli and in S.typhimurium that maintain a strong
reducing environment in the cell [1]. The GSH
provides protection against oxidative damage and
detoxification of reactive chemicals [2, 3]. Nitric
oxide (NO) is an endogenous free radical reactive
species, produced from the amino acid L-arginine
by the enzymatic action of nitric oxide synthase
(NOS) [4]. NO is stabilized by carrier molecule like
reduced thiol species that preserves its biological
activity. This molecule readily reacts in the presence
of NO to yield biologically active S-nitrosothiols that
is more stable and potent than NO itself.
S-nitrosothiols are unstable in aqueous solution.
GS-NO is a bioactive intermediary that may
regulate cellular functions and inhibits the
sarcoplasmic reticulum bound creatine kinase [5].
Generally S-nitrosoglutathione (GS-NO) has been
found endogenously in neutrophils and human
airways at pM concentrations [6]. S-nitrosothiols
may play the same role in the mechanism of action
of Endothelium-Derived Relaxing Factor (EDRF) as
NO [7]. Some Authors have assumed that the
biological effects of these compounds are due to
the spontaneous release of NO. However, this
hypothesis is not fully supported yet [8-10]. The aim
of this study was to determining the effect of
formulated drugs on GSH against S.typhimurium.

MATERIALS AND METHODS

Animals

Swiss albino mice (25-30 g) of 6-8 weeks old
were obtained from the central animal house of
Hamdard University, New Delhi, India. The animals
were kept in Poly-propylene cages in an air-
conditioned room at 22°/25°C and maintained on a
standard laboratory feed (Amrut Laboratory, rat and
mice feed, Navmaharashtra Chakan Oil Mills Ltd,
Pune) and water ad libitum. Animals were allowed
to acclimatize for one week before the experiments
under controlled light/dark cycle (14/10h). The
studies were conducted according to ethical
guidelines of the “Committee for the purpose of
control and supervision of Experiments on Animals
(CPCSEA)” on the use of animals for scientific
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Bacteria

Standard strain of Salmonella typhi and
Salmonella typhimurium (wild), were obtained from
National Salmonella Phage Typing Centre, Lady
Harding Medical College, New Delhi, India, and was
used for these studies. The bacterial strains were
characterized further at the  microbiology
Department of Microbiology Majeedia Hospital
Hamdard University to confirm their identity. Briefly,
S. typhimurium was grown at 37°C as stationary
overnight cultures in nutrient broth. The innoculum
was diluted in PBS (Phosphate buffer saline) and
injected into peritoneum of mice. Dilution and pour
plating onto agar plate was done to check the
number of viable bacteria in each innoculum.

Dose and Dosage

Animals were divided into eight groups. Each
group comprised of six animals. The study
comprised of following treatment schedules.

Groups and Treatments

Group 1. Negative control (Normal Saline)

Group 2. Positive control (S. typhimurium (0.6xLD50)
+ Saline

Group 3. S. typhimurium (0.6xLD50) + Arginine
(1000 mg per kg b. wt)

Group 4. S. typhimurium (0.6xLD50) + Ciprofloxacin
(400mg per kg b. wt)

Group 5. S. typhimurium (0.6xLD50) + Arginine
(500mg per kg b. wt) + Ciprofloxacin (200mg per kg
b. wt)

Group 6. S. typhimurium (0.6xLD50) + Arginine
(250mg per kg b. wt) + Ciprofloxacin (200 mg per kg
b. wt)

Effects of above drugs on infected mice by
S. typhimurium were analyzed. Mice were divided
into eight groups having six mice in each group.
Post-treatment of drugs was done at above dose
orally to the experimental animals, first group was
considered as control which received only saline,
second group was treated as positive control
which was challenged with sub lethal dose of
S. typhimurium along with saline.

Third group only received full dose of
ciprofloxacin. Fourth group was challenged with sub
lethal dose of S. typhimurium and then mice were
treated with standard drug ciprofloxacin. Fifth group
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received full dose of Arginine only. In sixth group
after infection with S. typhimurium animals were
treated with full dose of Arginine. In seventh and
eight group animals were challenged with
S. typhimurium and then half and one fourth dose of
Arginine was administered along with half dose of
Ciprofloxacin respectively.

RESULTS

Reduced glutathione (GSH)

To study the effect of L-arginine, ciprofloxacin
and their combination on liver damage, hepatic
GSH levels in mice were measured. The mice
were challenged with sublethal dose (0.6xLD,,) of
S. typhimurium and then treated with drugs. The
results have been summarized in Figure 1. Infection
with bacteria to control mice resulted in significant
decrease in the GSH level by 10% at day 8 of
infection.

On day 8, the treatment of mice with L-arginine,
ciprofloxacin and their combination, the GSH level
was slightly increased by 10%, 28.88%, 33.33%
and 24.4% in S. typhimurium infected mice as
compared with control.

DISCUSSION

Oxidative stress can be defined as an increase
in oxidants and/or a decrease in antioxidant
capacity, and various oxidants and antioxidants
have additive effects on oxidative status.
Glutathione (GSH) is an important thiol antioxidant
which reduces disulfide bridges caused by oxidative
stress in proteins and act as a protector in various
cytotoxic conditions [11-13]. GSH reacts with oxide
of nitrogen to form GSNO. It should be noted that
iINOS is expressed in activated macrophages
particularly at the site of inflammation. For example,
iINOS activities in Kupffer cells and hepatocytes of
septic animals are high. However, it is known that
the metabolism of GSH occurs via inter- and
intraorgan cycles, which include hepatic secretion
of GSH, its degradation by tissues that have
y-glutamyl transferase and peptidases, and
reabsorption of its constituent amino acids [14].
Hence, the local concentrations of cysteine might
be fairly high in tissues that are enriched with these
enzymes, such as renal proximal tubules and
ascites hepatoma cells [15, 16]. Nitrosoglutathione
(GS-NO) molecule, formed by a reaction between
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Fig. 1. Hepatic reduced glutathione levels in mice: drugs
were given and study was made on day 8 with arginine,
ciprofloxacin and their combination.

S = Saline,

B+S = S. typhimurium + Saline,

B+Arg = S. typhimurium + 1000mg per kg b. wt
L-Arginine,
B+Cip = S. typhimurium + 400mg per kg b. wt

Ciprofloxacin,

B+1/2Arg+1/2Cip = S. typhimurium + 500mg per kg b. wt
Arginine + 200 mg per kg b. wt ciprofloxacin,
B+1/4Arg+1/2Cip = S. typhimurium + 250mg per kg b. wt
Arginine + 200mg per kg b. wt Ciprofloxacin.

Values are significantly different **p<0.01

GSH and NO, plays role in many physiologic and
pathologic processes through a mechanism similar
to that of NO via EDRF [17].

In conclusion, formulated drugs drug exhibits
therapeutic induction by reducing oxidative stress.
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ABSTRACT

About thousand analyzes of garnet, amphibole and pyroxene crystals from selected samples of
amphibolite and granulite rocks from Lapland Granulite Belt in Kandalaksha region (Kola Peninsula)
has been made. Indicated fractal-box dimension of studied minerals has a good correlation with
tectonic zones, lead to a new insight in the dynamics of processes, which has modified the examined
region. Fractal-box dimension makes the textural analysis more precise, because it consents for the
mathematic and repeated review of crystals topology depending directly on processes which had
created them.
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INTRODUCTION

The research area is located in the East of the
Kandalaksha on the White Sea, Kola Peninsula
(Fig. 1). There are mainly exposures of the
metavolcanic and metaintrusive rocks metamor-
phosed in conditions of amphibolite and granulite
facies (Fig. 1). These rocks belong to the Lapland
Granulite Belt [1]. They represent granulites and
amphibolites mainly [2].

Granulite rocks have a grano-lepidoblastic,
massive structure, disordered, rare directional
texture, they are rich with garnets piroxenes

(diopside and hyperstene), quartz and plagioclases
(andezine-labradore). They are accessory minerals
accompanied with a rutile, chromite, amphiboles
rich in common hornblende unit (in diaphtoretic
zone), and an untransparent minerals - ilmenite,
ulvite, magnetite and pyrite mainly (Fig. 2). Garnets
in these rocks constitute 30-45% vol.

Amphibolites have a grano-lepido-nematoblastic,
massive structures, disordered textures, construc-

.. Kola Peninsula

ted usually with common hornblende (older — rich in
Ti, and younger — rich in Mg), garnets, plagioclases
(labradore — bytownite) quartz and rare biotite. They
are accessory minerals accompanied with rutile,
titanite, ilmenite and pyrite (Fig. 3). Amphiboles in
these rocks contribute to 30-60% vol., pyroxenes
<5% vol. and garnets 25-30% vol. [1-7].

MATERIALS AND METHODS

Experimental methods:

The estimates of fractal-box dimension method
[8] were assigned on the selected photographed
minerals. Microphotographs of studied minerals are
covered by a square netting with the “a” side, and
next step is to rank meshes from the netting through
which a border of studied crystals transfixes (jointly
with inclusions). The square must be equivalent to
the size of studied crystals. Next, the length of “a”
side of the squares is diminished. Than one should
rank the squares and a border of crystals is going
through this diminished squares (this cycle was

Miva River
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i £ faults and mineral veins
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Fig. 1. The sketch of geological map of the investigated area, 1:100 000. Amphibolites marked with the dark, granulites

marked with the light.
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s

IFig. 2. Microphotgrah of

granulite from Kandalaksha
(transmitted light, crossed polars).

repeated several times). After these calculations, on
the “Y” axis there is marked a logarithm “a” and on
the “X” axis is marked an adequate logarithm of
number “N” of these squares from netting, through
which a border of studied crystals is going.
Calculating a gradient of a slant to this line (1) was
obtained a “D” parameter, which is a fractal-box
dimension of studied crystals structure.

o log M, —log N}

(Lega, —log a) &

Study materials:

There were made fifty field sections from chosen
rocks to make a fractal-box dimension analysis of
studied minerals. Then the microphotographs of
selected areas in these sections were taken (on the
polarization microscope in a cross light). There
were made 355 analysis of garnets, 300 analysis of
pyroxenes and 300 analysis of amphiboles, with
varying morphological forms. Several analyses
were made on selected samples of whole rocks, in
case of varying fractal-box dimension. Arithmetic
average of the fractal-box dimension was calculated
for those samples.

RESULTS

A strict relation with topological character of
crystals border is a significant attribute of fractal-box
dimension. Moreover, it is not depending on the
highest of them. This method permits a precise and
repeatable analysis of crystals texture.

The distribution of variation of the fractal-box
dimension in studied minerals (Fig. 4A-C) was
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made after the attributing of fractal values in any
individual point of localization of sample in the study
area.

The Fig. 4A shows the fractal dimension in the
pyroxenes of rocks in the studied area. The lowest
value of fractal dimension wusually have the
pyroxenes from the granulites, which were
exposured in the northern slopes of Sriednyj Myss,
Siennaya Kurtiazhnaya Mt, and in the px-ga
xenolithes from the over thrust zone. In these rocks
the pyroxenes have granoblastic structure. The
highest value of fractal dimension have the
pyroxenes from amphibolites near Zhielieznaya and
Volosianaya Mts. in Kandalaksha Tundra. High
value of fractal dimension have also the pyroxenes
from granulites with advanced secondary processes
to amphibolite facies, of north western part of the
studied area (Siennaya Kurtiazhnaya Mt.) These
pyroxenes have a frayed structure.

Studied amphiboles (Fig. 4B) showed a high
diversity of the fractal dimension. The highest
dimension is characteristic for amphiboles from
tectonic amphibolized granulites of Sriedny Myss
Mt. in the northern slopes mostly. They have a
frayed structure. High fractal dimension have also
the amphiboles from strongly metamorphosed in
high P,T conditions amphibolites from northern
slopes of Zhielieznaya Mt. Amphiboles from
amphibolites in Volosianaya and Zhielieznaya Mt
region have an extended edges and inclusions of
quartz. A specially low fractal dimension have the
after-pyroxene amphiboles (xenomorphic, oval
minerals), present in metagabro amphibolites of the
northern slopes, northern Zhielieznaya Mt and from
metavolkanite amphibolites of the southern slopes
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of Zhielieznaya Mt. Similar value of fractal
dimension have the amphiboles from metavolcanic
amphibolites of the northern slopes of Sriednyj
Myss Mt. These minerals have granoblastic, oval
structure.

Fig. 4C shows the variation of fractal dimension
in garnets. The highest fractal dimension is
characteristic for garnets from metavolcanic
(metabasement) amphibolites of the Zhielieznaya
Mt., which are exposured in the cutting the road
from Kandalaksha to Umba and in the granulites
from Siennaya Kurtiazhnaya Mt. These garnets
usually have a very extended boards, diablastic,
atolitic, suture structures. The were crystallized in
the regional metamorphism conditions Fig. 5C [9,
10]. The lower value of fractal dimension have
garnets from amphibolized granulites in diaphtoretic
zone (Volosianaya and Zhielieznaya Mt.). The same
fractal value have a garnets of some metavolcanic
rocks and metamylonites from overthrust zone
(northern slopes of northern Zhielieznaya Mt.,
northern slopes of Siennaya Kurtiazhnaya and
Sriednyj Myss Mt.). These minerals have a
granoblastic structures. It was metamorphosed in
high dynamics conditions, Fig. 5A, B [9, 10]. Lowest
value have the garnets in metagabbro amphibolites
(oval structures), which are exposured in the
northern part of Kandalaksha Tundra and in the
granulites in Sriedny Myss Mt. These minerals were
crystallized in a high metamorphism conditions.

DISCUSSION

Variation of calculated fractal dimension of

studied minerals’ textures from collected samples
shows dynamics of metamorphic processes and
crystallization. Interpretation of the fractal dimension
of each mineral, needs an individual investigation.
They are precisely connected with different

Fig. 5. A,B,C Microphotograph of garﬁets in rocks samples (tral.'lsr;it-té

crystallization of minerals at the metamorphic
condition. The immediate comparison of the
structure of different minerals is not possible.
On Fig. 4A-C areas with higher and lower values of
fractal dimension were marked. The areas with
higher fractal dimension for pyroxenes are
characteristic for the high metamorphosed
amphibolite rocks. In these rocks the pyroxenes
have a numerous inclusions of amphiboles, quartz
and other minerals with the frayed structure. Similar,
but a bit smaller value have the amphibolized
pyroxenes. Usually in their close vicinity the
amphiboles crystallize strongly raising the edge of
pyroxenes. The lowest value have the granoblastic
pyroxenes from highly metamorphosed rocks
(granulite).

Amphiboles, however, have the lowest value in
the rocks which were crystallized at the expense of
pyroxenes, adapting the oldest structure
(pseudomorphism). The high fractal value is
characteristic for amphiboles from amphibolites with
numerous inclusions of quartz, titanite and others
phases. The highest value have the amphiboles,
with frayed structure, crystallized in high dynamic
surroundings (metamylonites).

The areas with lower value are often related with
faults activity in the same time of crystallization
garnets processing (see Fig. 1 and Fig. 4A-C). In
these areas, where the dynamic of these processes
was the highest, the neoblastic crystals had a good
conditions to create and displace unnecessary
substance by the force of crystallization. These
crystals have often automorphic textures. Areas,
where the value of fractal dimension is the highest,
are often related with lower dynamics of
metamorphic processes. The minerals with many
inclusions and very extended boards were
crystallized in restricted areas in rocks between
other minerals.

o s e = . :
d lights, crossed polars): A- garnets crystals in

mylonitic rocks, B- garnets in gneiss, C —garnets in massive amphibolite.
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