ISSN 2449-8947

Volume 5
Number 1
January-June 2017

MicroMedicine

MNiSW points 2015: 8
Index Copernicus 2015: 86.27

http://www.journals.tmkarpinski.com/index.php/mmed
e-mails: mmed@tmkarpinski.lh.pl mmed@interia.eu

MicroMedicine
ISSN 2449-8947

Editor-in-Chief
Tomasz M. Karpiński

List of Peer-Reviewers

Poznań University of Medical Sciences, Poznań, Poland

http://www.journals.tmkarpinski.com/index.php/mmed/
pages/view/reviewers

Statistical Editor
Paweł Zaprawa, Lublin, Poland

Author Guidelines

Language Editor
Jan Nowacki, London, UK

More information

http://www.journals.tmkarpinski.com/index.php/mmed/
about/submissions

www.journals.tmkarpinski.com/index.php/mmed

International Scientific Editorial Board
Artur Adamczak, Poznań, Poland
Radostina I. Alexandrova, Sofia, Bulgaria
Ilias Alevizos, Bethesda, USA
Alberto Rodriguez Archilla, Granada, Spain
Payam Behzadi, Tehran, Iran
Mark A. Brown, Fort Collins, USA
Tai An Chiang, Tainan, Taiwan
Nelson Chong, London, UK
Nissaf Daouahi, Monastir, Tunisia
Chandan N. Jadhav, Montreux, Switzerland
Manal Saad Diab Kandil, Giza, Egypt
David H. Kingsley, Dover, USA
Andrea Lauková, Košice, Slovak Republic
Prof. Xing-Cong Li, Mississippi, USA
Wan-Wan Lin, Taipei, Taiwan
Tommaso Lombardi, Geneva, Switzerland
Shanfa Lu, Beijing, China
Jaromír Mysliveček, Prague, Czech Republic
Paraskev T. Nedialkov, Sofia, Bulgaria
Hossam El-Din M. Omar, Assiut, Egypt
Dan Predescu, Chicago, USA
Spaska Stanilova, Stara Zagora, Bulgaria
Kazuhiro Tamura, Tokyo, Japan
Antonio Tiezzi, Viterbo, Italy
Ho-Hyung Woo, Tucson, USA

DISCLAIMER
The Publisher and Editors cannot be held responsible for errors and any
consequences arising from the use of information contained in this
journal; the views and opinions expressed do not necessarily reflect
those of the Publisher and Editors, neither does the publication of
advertisements constitute any endorsement by the Publisher and Editors
of the products advertised.
Cover: http://openwalls.com/image?id=20115, Licence Creative Commons
Attribution 3.0 Unported (CC BY 3.0)
Copyright: © The Author(s) 2017. MicroMedicine © 2017 T.M.Karpiński.
All articles and abstracts are open-access, distributed under the terms of
the Creative Commons Attribution Non-Commercial 4.0 International
License, which permits unrestricted, non-commercial use, distribution and
reproduction in any medium, provided the work is properly cited.
Publisher and Editor's office: Tomasz M. Karpiński, Szkółkarska 88B,
62-002 Suchy Las, Poland, e-mail: mmed@interia.eu

MicroMedicine, Volume 5, Issue 1, January-June 2017

Contents

1-7

Partial purification and antidiabetic effect of bioactive compounds isolated from
medicinal plants
Twinkle S. Bansode, Amit Gupta, Bharat Shinde, B. K. Salalkar

8-11

Evaluation of lactate dehydrogenase isoenzyme activity and biochemical profile
in cerebrospinal fluid for different types of meningitis
Ranbeer Kumar Singh, Dipak Kushwaha, Syed S. Haque, Md. Tanweeruddin,
Tarique Aziz, B. K. Singh, Kalpana Singh

12-16

Comparison of protein isolation methods from clear cell Renal Cell Carcinoma
tissue
Konrad Kamil Hus, Krzysztof Ossoliński, Marcin Jaromin, Tadeusz Ossoliński,
Anna Ossolińska, Zygmunt Dobrowolski, Grażyna Groszek, Aleksandra Bocian,
Andrzej Łyskowski

17-23

Women are more susceptible than men to micronutrient depletion during petrol
exposure
Ayobola A. Iyanda, John Anetor

24-30

Extract of Moringa oleifera attenuates hematological parameters following salt
loading
Archibong N. Archibong, Clement Oshie Nku, Ofem Effiong Ofem

MicroMedicine, Volume 5, Issue 1, January-June 2017

MicroMedicine

RESEARCH ARTICLE

ISSN 2449-8947

Partial purification and antidiabetic effect
of bioactive compounds isolated from
medicinal plants
Twinkle S. Bansode1,2, Amit Gupta1,3*, Bharat Shinde1,3,
B. K. Salalkar4
1

Department of Immunology and Virology, Vidya Pratishthan’s School of Biotechnology
(VSBT, Research Centre affiliated to Savitribai Phule Pune University), Baramati, India
2
Pravara Institute of Medical Sciences (DU), Loni (Bk), Tal. Rahata, Dist. Ahmednagar,
(MS), 413736, India
3
Department of Zoology, Vidya Pratishthan’s Arts, Science and Commerce College,
Baramati, India
4
Arts, Science and Commerce College, Rahata, Tal-Rahata, Dist. Ahmednagar (MS),
423107, India
*Corresponding Author: Dr. Amit Gupta, Assistant Professor/Senior Scientist;
E-mail: amitvsbt@gmail.com; amitgupta@vsbt.res.in

Citation: Bansode TS, Gupta A, Shinde B,
Salalkar BK. Partial purification and antidiabetic
effect of bioactive compounds isolated from
medicinal plants. MicroMed. 2017; 5(1): 1-7.
DOI: http://dx.doi.org/10.5281/zenodo.261358
Received: November 30, 2016
Revised: January 10, 2017
Accepted: January 25, 2017
Copyright: © 2017 Bansode TS, et al. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.
www.journals.tmkarpinski.com/index.php/mmed
Transparency declaration: The authors have
declared that no competing interests exist.

ABSTRACT
Antidiabetic studies were conducted in human whole blood using different
medicinal plant products (Trigonella foenum graecum, seeds; Syzygium cumini,
seeds; Salavadora persica, leaves and Terminalia chebula, seeds). The objective
of our study is to screen fractions of these four different medicinal plant
products on diabetic human whole blood samples. For these studies, our group
evaluated secondary metabolites through thin layer chromatography (TLC) and
also determined its activity on diabetic human whole blood samples in order to
determine total cellular content, free hemoglobin in the supernatant and also
estimated its glucose content. The results of these studies claimed that all
these fractions isolated from these medicinal plant productsshowed
antidiabetic effect at lower doses because of decline in total cellular content,
free hemoglobin in the supernatant and glucose content but maximum effect
observed in case of fraction isolated from Syzygium cumini and Salavadora
persica. Overall, this study claimed that all these plant fractions showed antidiabetic activity.
Keywords: Trigonella foenum graecum; Syzygium cumini; Salavadora persica;
Terminalia chebula; Antidiabetic.

INTRODUCTION
Hyperglycemia, a biochemical
hallmarkin the
development of diabetes, assessed by glycated
hemoglobin A1c or A1C levels to reduce the long term
diabetes-related complications [1, 2]. In contrast
undiagnosed or untreated hyperglycemia, leads to adverse
consequences and have a longer length of stay.Mostly
A1C therapy is advised when blood glucose level

persistent within the range of >140-180 mg/dl as the
blood glucose level >140 mg/dl is (7.8 mmol/L)
considered as a hyperglycemia [3]. According to WHO
report 2011, the cutoff value of HbA1c for diagnosis of
diabetes is 6.5% (48 mmol/mol), while American
Diabetes Association (ADA) advisedthe range 5.7-6.4%
as a high risk range indicating the presence of
intermediate hyperglycaemia [4]. Diagnosis using is more
precise than that of FPG (fasting plasma glucose) and 2-h
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OGTT (oral glucose tolerance test) diagnosis [5].
Available oral hypoglycemic agents such as biguanides
and sulfonylurea have not yet gained much success in
maintaining the proper glycemic condition maybe
because of their side effects.Therefore, efforts are
continuing with the development of oral antidiabetic
agents without or less side effects[6]. Herbal drugs are
preferred as alternative drug therapies for the
conventional diabetic drugsas they are cost effective,
tolerated by the patients, safer to use, etc. [7].
Medicinal plants have been used for centuries for
the management and alleviation of Diabetes Mellitus
(DM) and its complications. Much of the available
literature in DM revealed that 1,200 medicinal plants
with hypoglycemic activity [8]. Though the mechanism
of these plants is not well documented, the majority of
studies is being conducted to uncover the mechanism of
action of these plants and their isolates.Hence, more
attention is being paid to study the proper mechanism of
these plant’s actions along with their bioactive
compounds responsible for these activities.Galega
officinalis L. (Fabaceae) was the first medicinal plants
described for its antidiabetic property [9]. In the present
study, we have evaluated four plants in vitro, viz.
Fenugreek, Syzygium cumini, Salvadora persica and
Terminalia chebula for their antidiabetic activity on
diabetic blood samples. All these plants are well
documented for their pharmacological and medicinal
properties, for example, aqueous extract of fenugreek
when administered orally to the Male Wistar rats of 150 g
in weight, shown improved carbendaziminduced
testicular toxicity and thereby attributed to the
antioxidant property [10]. Tannins and flavonoids, two
bioactive compound identified in Syzygium cuminileaves
aqueous extract, have shown anti-allergic and antiedematogenic effect in Swiss mice. Syzygium cumini
exerts these effects by inhibiting mast cell degranulation
and histamine and serotonin effects on the cells [11].
Hydroalcoholic extract of Syzygium cumini leaves has
also shown aneffective reduction in blood pressure and
heart rate of spontaneously hypertensive Wistar rats by
inhibiting arterial tone and extracellular calcium influx
[12]. Tabatabaei and co-works have reported the timedependent cell proliferative effect of aqueous extract of
Salvadora persica on human dental pulp stem cells
(hDPSCs) [13]. Ethanolic extract of S. persica is found to
be effective in removing the smear layer from the coronal
third of the canal wall [14]. In spite of the acting as a
good anticaries agent [15], Terminalia chebula also
showed anti-arthritic effect in six-week-old male DBA/1
mice by suppressing the expression of inflammatory
mediators and preventing cartilage destruction and bone
erosion. The bioactive compound chebulanin, isolated
from fruit part is responsible to inhibit for the anti-

arthritic collagen induced arthritis in DBA/1 mice [16].
The present study which described about antidiabetic
potential of these fractions isolated from these medicinal
plants i.e. Trigonella foenum graecum, Syzygium cumini,
Salavadora persica and Terminalia chebula.
MATERIALS AND METHODS
Collection of plant material
Seeds of fenugreek and T. chebula were purchased and S.
cumini seeds and S. persica leaves were collected from
local region of Ahmednagar (MS), India. All these plant
material were authenticated by the Department of Botany,
Padmashri Vikhe Patil College, Pravaranagar (Loni), Tal.
Rahata, District Ahmednagar, (MS), India.
Preparation of extracts
All plant samples (Trigonella foenum graecum seeds,
Syzygium cumini seeds, Salavadora persica leaves and
Terminalia chebula seeds) were ground into a fine
powdered form and these samples were mixed with
organic solvents i.e. chloroform for fenugreek, ethanol
for S. cumini, water for S. persica and petroleum ether for
T. chebula. All chemicals were purchased from Himedia.
All the extracts were transfer toorbital shaker for 3 days
at room temperature. The mixture wasthen filtered
through Whatman No. 41 filter paper. All filtrate except
aqueous extract, were concentrated using rotary
evaporator. Filtered aqueous extracts of Salavadora
persica, was frozen at -77°C and finally lyophilized at
-46°C [17].
Thin Layer Chromatography
Thin Layer chromatography plates were prepared by
applying 0.5 mm thick coat of silica gel (with distilled
water in 1:2 ratio) on a microscope. Plates were activated
at 110°C for 1h before use. 10 µl sample were applied to
the plates and developed in chromatographic chamber
with mobile phase appropriate to the extract as shown in
Table 1. Plates were dried and spots were visualized with
iodine chamber. Visualized spots were retrieved using an
appropriate solvent [18].
Partial identification of nature related to bioactive
compounds
Partial identification of nature of bioactive compounds
isolated from all four plant extracts was carried out by
using different chromogens giving colour reactions
specific for alkaloids, flavonoids, saponins and tannins
was added to extract and specific color pattern was
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observed. For alkaloids, dragendorff‟s reagent was used
and orange coloured demonstrated positive for alkaloids.
For flavonoids, magnesium ribbon and concentrated
hydrochloric acid were added and formation of red pink
color was observed. For saponins, Anisaldehyde
sulphuric acid reagent was added which gives pinkish
violet color as an indication of a positive result.
Screening for tannin was carried out by adding alcoholic
FeCl3. The greenish gray coloration confirmed the
presence of tannins [19, 20].
Estimation of total
hemoglobin content

cellular

content

and

free

at 2500 rpm and estimate free glucose content in the
supernatant. All these readings were determined and
prepared standard curve pertaining to determine the
glucose content in human diabetic blood samples which
is determined through Nanodrop method.
Statistical analysis
The difference between control and treated group of
medicinal plant products is controlled by one way
ANOVA test (Bonferroni multiple comparison test).
*P<0.05; **P<0.01 and ***P<0.001
RESULTS

Lysed diabetic human whole blood samples (n =5; 100
µl cells containing 105 cells/well) were collected (Mangal
pathology lab, Baramati) and cultured in 24 well flat
bottom tissue culture plate for 48 h incubation along with
variable doses of these fractions isolated from Trigonella
foenum graecum (fenugreek), Syzygium cumini,
Salavadora persica and Terminalia chebula. In this
study, huminsulin 50/50 used as standard and performed
all these studies in two different set of experiments. In
first set, centrifuge the samples at 15000 rpm after 48 h
incubation and then collect the supernatant in order to
determine the total cellular or protein content [21] using
NanoDrop 1000 A280 module. In NanoDrop, Beer
Lambert equation (A = E * b * c) is applied and used for
all protein calculations to correlate absorbance with
concentration. In second set of experiment, lysed diabetic
human whole blood samples were treated with test
material and incubate for 48 h and then washed with PBS
pertaining to observe the free hemoglobin in the
supernatant. Finally samples were analyzed through UV
visible spectrophotometer at 570 nm [21].

Thin layer chromatography
Bioactive compounds isolated from these medicinal plant
products using mobile phase chloroform and methanol
along with retention factor (Rf values) and compared
with reference values (Rv) which is mentioned in the
literature as shown in Table 1. Overall, the results
showed some similarity related to thin layer
chromatography studies.
Estimation of total cellular content
The effect of these plant fractions on total cellular content
as shown in Table 2. The results of these studies claimed
that these plant fractions showed enhancement in total
cellular content at higher doses as compared to control.
The maximum effect of these plant fractions related to
antidiabetic effect at lower doses in case of Syzygium
cumini and Salavadora persica as compared to
Huminsulin 50/50.

Estimation of glucose content

Estimation of free hemoglobin content

Non infected lysed human whole blood samples were
cultured for 48 h incubation along with variable doses of
glucose content. After incubation, centrifuge the samples

In addition, similar results also observed in free
hemoglobin in the supernatant containing plant extracts
(Fig. 1).

Table 1. Thin layer chromatography of medicinal plant products.
Bioactive
Mobile phase
Plant Name
Rf values
compound
0.83, 0.95,
Fenugreek
Saponin
C:M (15:1)
0.59
Syzygium
0.37, 0.18, 0.13,
Tannin
C:M (27:0.3)
cumini
0.67, 0.83
Salvadora
0.10, 0.21,
Flavonoid
C:M (18:2)
persica
0.70, 0.97
Terminalia
0.94, 0.64,
Flavonoid
C:M (18:2)
chebula
0.30
C:M-chloroform: methanol.
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Reported values

References

0.62, 0.75, 0.87, 0.90,
0.95, 0.98
0.26, 0.46,
0.66, 0.72.
0.18, 0.21,
0.68, 0.98

Sharma et al.
2013 [21]
Benmehdi et al.
2012 [22]
Iwashina et al. 2013
[23]
Victorio et al. 2009
[24]

0.37, 0.64

4 | Bansode & Salalkar Strategies in the antidiabetic drug design

Table 2. Effect of variable doses of fractions isolated from medicinal plant products on total cellular content.
Treatment

Doses (µg)

Total cellular content (mg/ml)

% Suppression/Stimulation

0.278 ± 0.06

-

25

0.176 ± 0.02**

36.69 ↓

50

0.242 ± 0.04

12.94 ↓

100

0.322 ± 0.08

15.82 ↑

200

0.388 ± 0.12

39.56 ↑

-

0.278 ± 0.06

25

0.108 ± 0.02***

61.15 ↓

50

0.186 ± 0.04**

33.09 ↓

100

0.222 ± 0.04*

20.14 ↓

200

0.314 ± 0.10

12.94 ↑

-

0.278 ± 0.06

25

0.148 ± 0.08**

46.76 ↓

50

0.242 ± 0.10

12.94 ↓

100

0.312 ± 0.14

12.23 ↑

200

0.384 ± 0.12

38.12 ↑

-

0.278 ± 0.06

25

0.198 ± 0.012*

28.77 ↓

50

0.284 ± 0.06

2.15 ↑

100

0.398 ± 0.14

43.16 ↑

200

0.476 ± 0.24

71.22 ↑

10

0.154± 0.02**

44.6 ↓

Control

Trigonella foenum
graecum
(Fenugreek)

Control

Syzygium
cumini

Control

Salvadora
persica

Control

Terminalia chebula

Huminsulin 50/50

Lysed diabetic human whole blood (high glucose content) were cultured with variable doses of fractions isolated from medicinal plant
products. Total cellular content was measured after high speed centrifugation and collect supernatant for estimation of total cellular
content. Values are expressed as Mean ± S.E. The difference between control and variable doses of medicinal plant products is
controlled by one way ANOVA test (Bonferroni multiple comparison test). *P<0.05; **P<0.01 and ***P<0.001.

Fig.1. Estimation of free hemoglobin content in the supernatant of diabetic human whole blood samples containing plant
extracts.Lysed diabetic human whole blood (high glucose content) were cultured with variable doses of medicinal plant products (as
described in materials and methods section). Values are expressed as Mean ± S.E. The difference between control and variable doses of
medicinal plant products is controlled by one way ANOVA test (Bonferroni multiple comparison test). *P<0.05; **P<0.01 and
***P<0.001.
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Table 3. Effect of variable doses of fractions isolated from medicinal plant products on total glucose content in human diabetic blood
samples.
Treatment

Doses (µg)

Total glucose content (mg/ml)

% Suppression/ Stimulation

2.88 ± 0.16

-

25

1.88 ± 0.12**

34.72 ↓

50

2.12 ± 0.08*

26.38 ↓

100

2.94 ± 0.16

2.08 ↑

200

3.48 ± 0.24

20.83 ↑

-

2.88 ± 0.16

25

1.04 ± 0.004***

63.88 ↓

50

1.76 ± 0.02**

38.88 ↓

100

2.44 ± 0.78

15.27 ↓

200

3.76 ± 0.68

30.55 ↑

-

2.88 ± 0.16

25

1.44 ± 0.04***

50.0 ↓

50

1.98 ± 0.06**

31.25 ↓

100

2.66 ± 0.04

7.63 ↓

200

3.44 ± 0.18

19.44 ↑

-

2.88 ± 0.16

25

2.08 ± 0.72**

27.77 ↓

50

3.02 ± 0.98

4.86 ↑

100

3.76 ± 0.74

30.55 ↑

200

4.12 ± 0.54

43.05 ↑

10

1.52 ± 0.44**

47.22 ↓

Control

Trigonella foenum
graecum
(Fenugreek)

Control

Syzygium
cumini

Control

Salvadora
persica

Control

Terminalia
chebula

Huminsulin 50/50

Non infected lysed human whole blood samples were cultured for 48 h incubation along with variable doses of glucose content. Values
are expressed as Mean ± S.E. The difference between control and variable doses of medicinal plant products is controlled by one way
ANOVA test (Bonferroni multiple comparison test). *P<0.05; **P<0.01 and ***P<0.001.

Overall, the results claimed that these plant extracts at
lower doses showed antidiabetic effect because of decline
in free hemoglobin in the supernatant. The maximum
effect was observed in case of fractions isolated from
Syzygium cumini and Salavadora persica. In addition,
Trigonella foenum graecum (Fenugreek) and Terminalia
chebula showed less anti-diabetic effect.
Estimation of glucose content
The effect of these test materials on glucose content in
human whole blood samples as shown in Table 3. The
results of these studies showed that these plant extracts
especially Syzygium cumini and Salavadora persica
showed declined in glucose content at lower doses as
compared to Huminsulin 50/50.

DISCUSSION
Use of medicinal plant products for human health against
various infectious diseases which is already mentioned in
the literature. In other words, these medicinal plants plays
a crucial role in the development of human health which
is more affordable and easily accessible source of
treatment. Recently there is increased interest in natural
products among researchers for their utilization especially
in case of prophylactic and therapeutic treatment which
basically needs to isolate, purify and structurally
characterize these active constituents as well as to study
the biological activities of naturally occurring primary
and secondary metabolites [25]. For these studies, thin
layer chromatography is required to identify and
separated the bioactive compounds. This technique is
considered to be more versatile, inexpensive techniques

MicroMedicine 2017; 5 (1): 1-7

6 | Bansode & Salalkar Strategies in the antidiabetic drug design

that quickly separate and isolate the biochemical
compounds from mixture compounds. The method is also
applicable in forensic science to identify drugs of abuse
in body fluids [27]. In our study, we have applied this
method to detect the biologically active phytochemicals.
We have tried different concentration of the solvent
system to achieve a better separation of the bioactive
compounds. As shown in Table 1, our group separated
bioactive compounds that are mentioned in the selected
solvent systems. In our previous work, we had screened
the different solvent extracts for their inhibition of alpha
amylase activity [27-30]. The solvent that gave the best
results (highest percent of alpha amylase inhibition) are
further analyzed for their bioactive compound. Our
values were well matched with the literature (Table 1)
confirming that a petroleum ether extract of fenugreek
contains saponins as a bioactive compound,the
antidiabetic activity of Syzygium cumini is due to the
presence of tannins while Salvadora persica and
Terminalia chebula are rich in flavonoids that make them
to become a better antidiabetic agent.
In this study, exposure of these fractions isolated
from medicinal plant products caused a reduction in the
blood glucoselevel and total cellular content at lower
dosesin case of lysed diabetic human whole blood
samples. The decreased glucose level in lysed diabetic
human whole blood clearly showed the antihyperglycaemic effect of these fractions and seem to
justify the claim of the traditional healers. Further studies
are needed to confirm the hypoglycemic activity of this
plant and to evaluate its potential in the treatment of
diabetes. According to literature there are two factors
those specially are associated with diabetic profile, low
hemoglobin concentration in blood as well as high blood
glucose concentration in the blood [31, 32]. Regulation of
these component using herbal treatment is the goal of the
study.Scientific validation of these fractions isolated from
medicinal plant productswhich has proved its efficacy in
order to reducing the sugar level which is confirmed and
detected through free hemoglobin content and glucose
estimation in lysed human diabetic whole blood samples.
From these results related to its potential effectiveness
against diabetes, it is assumed that these fractions isolated
from medicinal plant products that played in the
management of diabetes, which needs further exploration
for necessary development of drugs and nutraceuticals
from natural resource.

showed potent antidiabetic activity. Further investigation
is required to purify the exact bioactive compound which
can beserved as a potent antidiabetic drug.
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ABSTRACT
Meningitis is life-threatening condition and examination of the cerebrospinal
fluid (CSF) may not give a precise diagnosis and prognosis of different types of
meningitis. Bacterial meningitis is still a very common problem especially in
many developing countries. The aims of study are to estimate the importance
and significance of lactate dehydrogenase (LDH) isoenzymes, protein and sugar
in CSF of different types of meningitis. A total of 160 cases, aged between 1
month and 60 years, including patients with bacterial meningitis (n=50),
pyogenic meningitis (n=46), viral meningitis (n=24) and a control group (n=40),
were analyzed on the basis of data from the initial clinical examinations.
Significant increase in LDH level (P<0.001) were observed in the test group
when compared to the control group. The LDH activity was significantly
elevated in the CSF and serum (p < 0.001) in cases of pyogenic (PM) as well as
tuberculous meningitis (TBM). Bacterial meningitis is more common than non
bacterial meningitis. The enzymatic activity of LDH although significantly raised
in PM compared to TBM but there was no cutoff level to differentiate them.
The LDH level did rise quite significantly in pyogenic meningitis.
Keywords: Lactate dehydrogenase (LDH); Cerebrospinal fluid (CSF); Meningitis.

INTRODUCTION
Lactate dehydrogenase (LDH) is zinc containing enzymes
is present in most tissues and body fluids. [1]. Thereafter,
many workers found significant elevations of CSF-LDH
level in meningitis and other cerebrovascular disorders.
Lactate dehydrogenase is intracellular enzyme, it is
sensitive indicator of bacterial meningitis [2, 3]. LDH

have four isoenzymes (LDH1, LDH2, LDH3 and LDH4),
LDH1 preponderance, followed by LDH-2, LDH-3 and
LDH-4. Different patterns are indicative of different
diseases. For example, patients with bacterial meningitis
show elevated levels of LDH-4 and LDH-5 [4]. The
reports indicated that an increase in CSF level of lactate
dehydrogenase might be of potential value in diagnosing
bacterial meningitis when CSF findings of protein, sugar
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and cells are non-specific. Bacterial meningitis is still a
considerable cause of mortality and morbidity especially
in children [5-7]. Although many studies have
acknowledged the CSF in either diagnosis or prognosis of
bacterial meningitis patients [8-10] recent studies
however emphasize the fact that absence or low levels of
CSF (especially after 12 hours manifestation of clinical
symptoms) strongly rule out bacterial meningitis [11].
The aims of the study are to find out the role of
LDH isoenzymes activity in CSF to differentiate among
pyogenic, tuberculous and viral meningitis.
MATERIALS AND METHODS
Total 160 CSF samples were examined. Out of them 120
patients of all age groups and either sex of clinically
suspected cases of meningitis were taken as test group. 40
control subjects of all age and either sex having no
neurological, hepatic, muscular, and cardiac disorders
were taken as control group. The study was approved by
the Ethical Committee. Cerebrospinal fluids were
collected by the lumbar puncture with all aseptic and
antiseptic precautions were taken in a clean, dry and
sterile vial, the amount of withdrawn CSF is not fixed,
but usually in the range of 1-3 ml. CSF was centrifuged at
3000 rpm for 10 minutes and estimation of LDH, was
done with clear supernatant parts of CSF. LDH was
estimated by UV kinetic method (using SIGMA Kit) by
semi-auto analyzer. All data are expressed as mean ±
S.D. The data were also tested using student’s t-tests; the
significance level was set as p < 0.05.

level in pyogenic meningitis is ranged from 10-36
mg/100 ml with mean of 23.87 ± 8.98, which is
statistically highly significant than control (P<0.0001)
(Table 2).

Table 1. Distribution of CSF - LDH level with other parameters
in control group.
No. of cases
Range
Mean
S.D.
SEM
(40)
LDH IU/L
10 – 44
31.0
9.47
1.50
Protein
mg/100 ml
Sugar
mg/100 ml

18 – 36

29.90

5.26

0.83

56 – 76

65.65

5.48

0.87

Figure 1. Normal lactic dehydrogenase (LDH) isoenzyme
pattern.

RESULTS
In control group the mean ± S.D of CSF - LDH, protein
and sugar levels were 31.0 ± 9.47, 29.90 ± 5.26 and 65.65
± 5.48 respectively, which were within normal range.
The CSF total LDH and its isoenzymes LDH-1,
LDH-2 and LDH-3 apparently originate from brain
tissue, which contains the same isoenzymes (2, 5, 10).
The CSF LDH isoenzyme patterns in the control group,
LDH-1 was found to be the main fraction, followed by
LDH-2 and then LDH-3; only small percentages of LDH4 and trace percentages of LDH- 5 were detected (Fig. 1).
By contrast, in patients with different types of meningitis,
the LDH-1 fraction percentage was lower than that in the
control group, whereas LDH-2 and LDH-3 were
preponderant in almost all cases (Fig. 2). The CSF-LDH
level in pyogenic meningitis is ranged from 181-333 IU/L
with mean of 247.65 ± 37.58, which is statistically highly
significant than control (P<0.0001). The protein level in
pyogenic meningitis is ranged from 90-450 mg/100 ml
with mean of 226.95 ± 138.47, which is statistically
highly significant than control (P<0.0001). The sugar

Figure 2. LDH isoenzymes pattern in meningitis patients.

The CSF-LDH level in tuberculous meningitis is
ranged from 95-250 IU/L with mean of 154.24 ± 36.66,
which is statistically highly significant than control
(P<0.0001). The protein level in tuberculous meningitis is
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ranged from 110-240 mg/100 ml with mean of 170.6 ±
36.64, which is statistically highly significant than
control (P<0.0001). The sugar level in tuberculous
meningitis is ranged from 20-50 mg/100 ml with mean of
39.48 ± 9.22, which is statistically highly significant than
control (P<0.0001) (Table 3).
In Table 4 shows that CSF-LDH level in viral
meningitis is ranged from 22-73 IU/L with mean of 49.58

±15.58, which is statistically highly significant than
control (P<0.0001). The protein level in viral meningitis
is ranged from 45-80 mg/100 ml with mean of 63.75 ±
10.25, which is statistically highly significant than
control (P<0.0001). The sugar level in viral meningitis is
ranged from 52-98 mg/100 ml with mean of 66.25 ±
12.07, which is statistically highly significant than
control (P<0.0001).

Table 2. Comparison among CSF - LDH, protein and sugar level in cases of pyogenic meningitis with control.
LDH IU/L
Group
Control
Pyogenic
meningitis

Mean

SD

31.0

9.47

‘t’
Value
20.67

247.65

37.58

25.05

Protein mg/100 ml
P value

Mean

SD

0.0001

29.90

5.26

‘t’
Value
36.02

0.0001

226.95

138.47

7.86

Sugar mg/100 ml
P value

Mean

SD

0.0001

65.65

5.48

‘t’
Value
75.46

0.0001

23.87

8.98

12.76

P value
0.0001
0.0001

Table 3. Study showing relationship among CSF - LDH level and other parameters in tuberculous meningitis with control.
LDH IU/L
Group

Control
Tuberculous
meningitis

‘t’
Value
20.67

Mean

SD

31.0

9.47

154.24

36.66 14.99

Sugar
mg/100 ml

Protein mg/100 ml
P value

Mean

SD

0.0001

29.90

5.26

‘t’
Value
36.02

0.0001

170.6

36.64

23.27

P value

Mean

SD

0.0001

65.65

5.48

‘t’
Value
75.46

0.0001

39.48

9.22

21.46

P value
0.0001
0.0001

Table 4. Table showing the relationship of CSF - LDH and other parameters in cases of viral meningitis with controls.
LDH IU/L
Group

Mean

SD

Control

31.0

9.47

‘t’
Value
20.67

Viral
meningitis

49.58

15.58

11.04

Protein mg/100 ml
P value

Mean

SD

0.0001

29.90

5.26

‘t’
Value
36.02

0.0001

63.75

10.25

21.54

The LDH level did rise quite significantly in
pyogenic meningitis (Mean 247.65 IU/L Range 181-333
IU/L and p<0.0001). In control group the range of CSFLDH was 10-44 I.U./L with a mean of 31.0+ 9.47 I.U./L
(Table 2). It was almost concluded that the estimation of
CSF-LDH is of diagnostic as well as prognostic value
particularly if interpreted together with clinical
examination and routine cytochemical examinations. In
cases of tuberculous meningitis also the CSF-LDH level
was significantly high but less than that of pyogenic
meningitis (Range 95-250 IU/L, Mean 154.24 IU/L,
p<0.0001). In tuberculous meningitis also CSF-LDH
estimation is of diagnostic and prognostic importance. In
viral meningitis the CSF-LDH levels was slightly higher
than that of normal and significantly lower than that of
tuberculous meningitis and pyogenic meningitis (Range
22-73 IU/L, Mean 49.58 IU/L, S.D. 15.58 IU/L and

Sugar mg/100 ml

P value

Mean

SD

0.0001

65.65

5.48

‘t’
Value
75.46

0.0001

66.25

12.07

19.04

P value
0.0001
0.0001

S.E.M. 4.49 IU/L shown in Table 1. In viral meningitis
CSF-LDH estimation may differentiate it from that of
tuberculous and pyogenic meningitis and so of diagnostic
importance.
DISCUSSION
The meningitis is one of the important causes of
considerable morbidity and mortality in children’s. In
order to differentiate aseptic meningitis to the bacterial
meningitis, numbers of studies have shown the
effectiveness of rapid and definite tests using CSF
variables and markers of peripheral blood for various
common and uncommon laboratory measurements [1214]. This observation is quite in accordance with the
observations made earlier by Sharma et al. [15];
Nussinovitch et al. [16] who also observed raised LDH
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7.

Feigin RD, Pearlman E. Bacterial meningitis beyond the
neonatal period. In: Text book of pediatric infectious
disease. Feigin RD, Demmler GJ, Cherry JD, Kaplan SL,
eds. Saunders, Philadelphia, 2004: 443-474.
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11.
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Guérin S, et al. Comparisson of procalcitonin with Creactive protein, interleukin 6 and interferon-alpha for
differentiation of bacterial vs. viral infections. Pediatr
Infect Dis J. 1999; 18(10): 875-881.

12.

Jadali F, Sharifi M, Jarollahi A, Nahidi S. C-reactive
protein and lactate dehydrogenase in serum and
cerebrospinal fluid in rapid and early diagnosis of
childhood meningitis. Iran J Child Neurol. 2009; 1(4): 3746.

13.

Sormunen P, Kallio MJ, Kilpi T, Peltola H. C-reactive
protein is useful in distinguishing Gram stain-negative
bacterial meningitis from viral meningitis in children. J
Pediatr. 1999; 134(6): 725-729.

14.

Snyder RD. Bacterial meningitis: diagnosis and treatment.
Curr Neurol Neurosci Rep. 2003; 3(6): 461-469.

15.

Harman CR, Van Heerden JA, Farley DR, Grant CS,
Thompson GB, Curlee K. Sporadic primary hyperparathyroidism: a separate disease entity? Arch Surg.
1999; 134: 651-656.

Sharma M, Nand N. Evaluation of enzymes in pyogenic
and tuberculous meningitis. J Assoc Physicians India.
2006; 54: 118-121.

16.

McArthur JC, Nance-Sproson TE, Griffin DE, Hoover D,
Selnes OA, Miller EN, et al. The diagnosis utility of
elevation in cerebrospinal fluid beta 2-microglobulin in
HIV-1 dementia. Neurology. 1992; 42: 1707-1712.

Nussinovitch M, Finkelstein Y, Elishkevitz KP, Volovitz
B, Harel D, Klinger G, et al. Cerebrospinal fluid lactate
dehydrogenase isoenzyme in children with bacterial and
aseptic meningitis. Transl Res. 2009; 154(4): 214-218.

17.

Wroblewski, F, Decker B, Wroblewski R. The clinical
implications of spinal fluid LDH activity. N Engl J Med
1958; 258: 635-639.

18.

Lending M, Slobody LB, Mestern J. Cerebrospinal fluid
glutamic oxalacetic transaminase and lactic dehydrogenase activities in children with neurologic disorders. J
Pediatr. 1964; 65: 415-421.

19.

Aicardi J. Disease of the nervous system in childhood.
Clin Dev Med 1992; 1115(118): 1132-1135.

level in the CSF of patients of pyogenic meningitis.
Several conditions are known to modify the normal CSF
LDH isoenzyme distribution, including bacterial
meningitis (increase in LDH-4 and LDH-5), viral
meningitis (increase in LDH-1 and LDH-2),
hydrocephalus (LDH-2 and LDH-3) intracranial tumours
(LDH-5), cerebral haemorrhage (LDH-3, LDH-4 and
LDH-5), leukaemic and lymphomatous infiltration (LDH3 and LDH-4), and tuberculous meningitis (LDH-3) [17].
Some researchers have suggested a disturbance in the
blood-brain barrier which enables plasma LDH to reach
the CSF, or production of LDH by neoplastic tissue or by
white blood cells and exogenous bacterial sources [1719]. In viral meningitis CSF-LDH estimation may
differentiate it from that of tuberculous and pyogenic
meningitis and so of diagnostic importance.
So CSF-LDH estimation is of importance as a
diagnostic and prognostic tool as far as the dreaded
disease of different types of meningitis are concerned.
CONCLUSION
It is conclude that biochemical profile of CSF variables
have shown the effectiveness of rapid and definite tests
for meningitis and treatment. However, this increase in
protein level is due to the increased membrane
permeability which may lead to increase CSF enzymes
proportionately, which help to rule out in the differential
diagnosis of meningitis.
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ABSTRACT
This study presents the comparison of three protein extraction methods in the
investigations of clear cell Renal Cell Carcinoma tissue. For protein isolation, we
applied: phenol extraction according to Hurkman and Tanaka (1986) protocol
(method 1), whole tissue lysis in urea-containing buffer (method 2) and
commercially available protein isolation kit (2-D Clean-up Kit) (method 3).
Statistical analysis indicated that the additional preparation steps including
extraction and purification of proteins by 2-D Clean-up Kit significantly
increased the quality of obtained data. We believe that gathered information
could be a valuable lead for researchers involved in proteomic studies of renal
tissue.
Keywords: Biomarkers; Clear cell Renal Cell Carcinoma; Protein isolation;
Proteomics; Renal tissue.

INTRODUCTION
Renal cell carcinoma (RCC) is still a major problem in
modern oncology. Even though, it accounts for only 3%
of cancer diagnosis, there are still more than 100 000
deaths per year worldwide [1]. Approximately 80% of
RCCs are classified as clear cell carcinomas.
Unfortunately, currently applied treatments are not
efficient enough, especially in cases of advanced cancers.
Early diagnosis of RCC significantly increases the 5-year
survival rate (~85%) in comparison with those detected at
metastatic stage (~9%). Thus, there is a large need for
discovery of selective, sensitive and easily-accessible
RCC biomarker [2]. Two-dimensional electrophoresis
coupled with mass spectrometry is often applied strategy
in biomarker studies in order to reveal potential diseaseassociated diagnostic proteins. Proteomics has shown

great potential in renal research, however, it also has
some serious limitations related to difficulties in
identification of membrane and low abundance proteins,
which possibly could serve as diagnostic biomarkers. In
addition, currently used methods for protein isolation
cause high protein loss, and therefore, proteome maps
does not represent the whole set of renal proteins. Hence,
optimization of the protocols for protein isolation,
solubilization, purification and separation is crucial in
increasing of protein yield, resolution of polyacrylamide
gels and consequently the chances of finding a marker
[3]. Our investigation has focused on the comparison of
different protein isolation protocols in studies of RCC
biomarkers. We applied 3 protocols: phenol extraction
according to the Hurkman and Tanaka (1986) (method 1),
whole tissue lysis in urea-containing buffer (method 2)
and commercially available protein isolation kit (2-D
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Clean-up Kit, GE Healthcare, Little Chalfont, UK)
(method 3).
1 cm3 block of normal renal cortex and adjacent
cancerous tissue (without surrounding fibroadipose
tissue) was removed ex vivo after radical nephrectomy
and was examined by uropathologist according to
Fuhrman grading system and American Joint Committee
on Cancer clinical staging system. Final pathological
report confirmed malignant character of tumor: clear cell
RCC, Fuhrman III, pT1b (5.5 cm) with invasion of tumor
beyond renal capsule into perinephric fat. The samples
were immediately frozen in liquid nitrogen and stored at
-80 °C until use.
Frozen renal cortex was grounded in a mortar with
liquid nitrogen and acquired powder was divided into 3
equal parts. First portion was extracted in accordance
with the Hurkman and Tanaka protocol (method 1) [4].
The powdered tissue was solubilized in 500 μl of the
extraction buffer (0.7 M sucrose, 0.5 M Tris, 30 mM
HCl, 50 mM EDTA, 2% DTT, and 0.1 M KCl). The same
amount of Tris/EDTA-saturated phenol was then added
and the sample was incubated for 5 min at 4 °C. After
that, the sample was vortexed by 10 min and centrifuged
at 8 700 G for 30 min. The upper phenol phase was
collected and re-extracted in 500 μl of the extraction
buffer. After second centrifugation, 5 volumes of cold 0.1
M ammonium acetate in methanol was added to the
phenol phase to precipitate the proteins. Sample was then
incubated at -20 °C overnight and centrifuged at 20 500
G in 4 °C for 30 min. The precipitate was washed twice
with the cold ammonium acetate in methanol and once in
cold acetone, and dried. Obtained pellet was finally
dissolved in 500 μl of the sample solution (7 M urea, 2 M
thiourea, 2% NP-40, 2% IPG buffer pH range 3-10, 40
mM DTT).
Remained fractions were homogenized in 500 μl
of the sample solution each, vortexed and sonicated for
10 min. The samples were centrifuged at 8 700 G in 4 °C
for 30 min (method 2). Acquired supernatants were
collected and placed into new tubes. Half of the sample
was prepared using commercially available 2-D Clean-up
Kit (GE Healthcare). Protein purification step was done
according to procedure B from the protocol brought by
manufacturer (method 3).
The concentration of proteins in samples was
measured using the 2-D Quant Kit (GE Healthcare). 550
μg of the proteins was loaded onto 24 cm Immobiline
DryStrip gels (GE Healthcare) with linear pH range 3-10
to perform isoelectrofocusing. The process was
conducted in Ettan IPGphor II (GE Healthcare) using 2
μA per strip at 20 °C. Whole program was divided into
12 h of active rehydration (20 V) followed by 10 h of
focusing (1st h - 500 V; 2nd-3rd h - 1 000 V; 4th-6th h - 8
000 V; 7th-10th h - 10 000 V). After equilibration, second

dimension (SDS-PAGE) was performed on 13%
polyacrylamide gels (1.5 × 255 × 196 mm) with Roti®Mark PRESTAINED protein molecular weight marker
(Roth, Karlsruhe, Germany). The electrophoresis was
carried out on EttanDalt Six (GE Healthcare) for 5.5 h
(0.5 h - 4 W per gel, 5 h - 17 W per gel). The protein
spots were stained with colloidal Coomassie Brilliant
Blue G-250 according to Neuhoff protocol [5].
The gels were scanned by ImageScanner III (GE
Healthcare) and processed by LabScan 6.0 (GE
Healthcare). Image Master 2-D Platinum software (GE
Healthcare) was used to manually pick and count the
number of spots on gels.
For Student’s t-test, the means and standard
deviations of the spot number from three independent
replicates were compared between 3 gels of the ccRCC
and 3 gels from the control for each isolation method by
applying the standard algorithm [6]. The level of
significance was set to p < 0.05 and data were compared
by using Welch's t-test (because the variances of two
populations are not equal). The differences between the
methods were analyzed by one-way analysis of variance
using appropriate tests [7] in STATISTICA (StatSoft,
Inc., Tulsa, Oklahoma).
The comparison of three protein isolation methods
was performed in order to assess their effectiveness in the
studies of ccRCC proteome. Isolation and purification of
proteins by 2-D Clean-up Kit led to the best clarity and
resolution of the electrophoretic gels after 2DE. In
contrast, the protein separation after lysis in ureacontaining buffer provided less transparent gels (Fig. 1).
The statistical analysis revealed that in the
investigation of healthy tissue, application of method 3
gave the highest number of spots on gels (~899), whereas
method 2 provided the least spots (~694). One-way
analysis of variances confirmed that differences between
all three methods in the case of non-cancerous tissue
were statistically significant (Fig. 2). Methods 1 and 3
showed high variation level of spot number between
control tissue against sample tissue. Student’s t-test
confirmed the significance of these differences (p < 0.05).
In turn, the gels from method 2 contained more protein
spots on sample than on control (Fig. 3). However, the
difference here was non-significant. Regarding to ccRCC
samples, methods 2 and 3 gave similar yield, both
significantly different from method 1 (Fig. 2).
The aim of this research was to compare the
methods of protein isolation in proteomic studies of renal
tissue based on 2DE separation. Efficient protein
isolation and purification steps are crucial in future
investigations, especially in the case of biomarker
discovery research. Thus, selection of the most suitable
method could significantly increase probability of
success.
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Figure 1. Representative 2-D protein maps obtained from healthy (left) and malignant renal tissue fragments (right) of patient with
diagnosed ccRCC. The figure shows the differences in clarity and resolution of gels after 3 different protein isolation methods.

The comparison of 3 methods was performed to
evaluate their usefulness in proteomic research of ccRCC
biomarker exploration. The conclusions from this study
are based on statistical analysis of spots as well as on

visual assessment of gels. Previously described
biomarker research were often conducted using whole
cell lysate without any further isolation and purification
steps [8-11]. However, our results indicate that
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application of methods 1 and 3 are the best for
comparative studies due to the high level of variation
between healthy and cancerous tissue. Method 3 provided
satisfactory number of spots on gels of both tissue types,
most likely due to the lower protein loss. Our research
demonstrated that isolation and purification of proteins
using commercially available 2-D Clean-up Kit could
improve the value of the obtained data and therefore
increase chances of potential biomarker discovery.

that this method of extraction may allow for the isolation
of proteins with less hydrophilic character, however this
did not happen and the number of spots on the gels
obtained from cancer tissue by this method was the
lowest. This may indicate that the observed fat deposition
acts rather as the cell insulator than as the integral organ
tissue with its own protein profile.
In summary, our study provides data on protein
isolation efficiency in the investigations of renal tissue
based on 2DE. We believe that gathered information
could be a valuable lead for researchers involved in such
studies.
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ABSTRACT
The influence of gender on the modulating effects of many xenobiotics has
been suggested. The aim of the study is to determine which of the genders, is
more at risk of altered micronutrient status subsequent to petroleum-product
exposure. 60 petrol-station attendants (PSA) as well as 60 control participants
were recruited for the study. The test or control group for each gender
consisted of 30 participants. Serum obtained from five millimeters of blood was
used to determine the levels of micronutrients. Vitamins and trace elements
were determined using High Performance Liquid Chromatography and Atomic
Absorption Spectrometry respectively. Significant differences between groups
were ascertained using Student’s t test. Correlation study between length of
service (at petrol station) and micronutrient levels was determined using
Pearson’s correlation co-efficient. P<0.05 was considered significant. Although
correlation was observed between length of service and several micronutrients
for both male and female PSA and petrol caused significant reduction in
micronutrient levels in both groups of PSA; Mo, Fe and Se, pyridoxine, niacin,
vitamins E and vitamin C were more significantly lower in female PSA than male
ones. These results suggest that women are more susceptible than men to
micronutrient depletion during petrol exposure.
Keywords: Male; Female; Vitamins; Minerals; Petrol station attendants.

INTRODUCTION
A number of chemicals have been identified that alter
levels of essential vitamins and minerals in the human
body [1]. While some of them are household products
that are required for every day existence; some others are
of therapeutic importance [2, 3]. Gasoline is a modern
day necessity. Petroleum products are employed as fuel
for industrial use as well as to power automobiles or other
machines [4]. Several millions of litres of gasoline are
sold every day in Nigeria. The properties of its
components make contact with humans unavoidable.

Gasoline is a refined product of crude oil that contains
more than 150 hydrocarbons with a range of boiling point
from 40°C to 180°C [5]. Hydrocarbon content of gasoline
include alkanes (paraffins), isoparaffins, alkenes (olefins)
and naphthenics, its aromatic compounds are benzene,
toluene, ethylbenzene and xylene [5]. Many of these
components are known to be volatile [6].
Slight differences in physiology have been
ascribed to be the basis of great variations in response to
xenobiotic exposure even within the same species. The
male hormone testosterone has been identified to enhance
the toxicity of high doses of acetaminophen [7]. In
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addition, a more pronounced hepatotoxic and
carcinogenic effect of aflatoxin B1 in males than females
is well documented. Such that in parts of the world where
aflatoxin B1 contamination of crops is common and it has
been identified as a casual agent that synergistically
interacts with hepatitis B virus infection in the
pathogenesis (etiologic factor) of hepatocellular
carcinoma, the incidence of hepatocellular carcinoma is
in the ratio of 4: 1 in favor of women [8]. A higher level
of oxidative stress has also been recognized in female
subjects exposed to polycyclic aromatic hydrocarbons
when compared with males [9].
Many of the components of antioxidant defense
system (including antioxidant micronutrients) are
sometimes altered in human subjects as a result of
oxidative-stress induced xenobiotic administration. The
objective of this study is to determine the deleterious
effect of petroleum product exposure on serum
micronutrient levels of male and female PSA as well as
investigate which of the two groups is more susceptible
to such exposure.
MATERIALS AND METHODS
Subjects
Being a pilot study, the sample size of the studied
population was 60 persons (30 participants for each
gender). Adults above the age of 19 years, who have
worked consistently in petrol station for at least 5 years,
with between 8-10 hours of daily work shift were
recruited for the study. Not more than 2 petrol station
attendants (PSA) were recruited from any petrol station;
none of the stations captured in the study had less than 10
attendants on their payroll. Random sampling technique
was employed not only to recruit petrol station attendants
that met the inclusion criteria, but also used in selection
of the petrol stations captured in the study.
Individuals were assisted in filling questionnaire
and the information provided was used in selecting
suitable participants that met the inclusion criteria. The
questionnaire was constructed to obtain information on
their socio-economic/demographic status (age, gender,
income, educational level); medical state (disease,
medication) lifestyle (smoking pattern, alcohol
consumption, etc); as well as occupational information
(duration of exposure to petroleum products/length of
service at petrol station, number of shift per week,
number of hours per shift). Equally information was
obtained about use of protective gears (face mask, gloves,
overall). Confidentiality was maintained with regard to
the information provided by the respondents.
A total of 60 participants (30 for each gender)
above the age of 19 years were also selected from the

general population. They had not been involved in any
occupations associated with exposure to gasoline/diesel
(e.g. automobile mechanic workshops or automobile
fuelling stations). Because of the volatile nature of
gasoline and since many of the filling stations are located
in residential quarters, during subject recruitment
process; every effort was made to ensure that control
subjects were not living in very close proximity to
petrol/filling stations. In Nigeria, it is a common
knowledge that during petroleum product scarcity, these
products are bought into containers to be emptied into
fuel tanks of automobiles/motorcycles, therefore
commercial car drivers and motorcycle riders were also
excluded as control subjects. Other exclusion criteria for
test and control groups include micronutrient
supplementation as well as any disease capable of
altering serum micronutrient levels. Moreover, lifestyle
was also considered as exclusion criterion; all
participants with lifestyles capable of altering
micronutrient levels were not recruited for the study.
Since socio-economic markers have been identified to
have impact on levels of micronutrients, all participants
recruited for the study were of the same socio-economic
status; income, education and occupation were markers
adopted for this purpose.
Informed consent was obtained from each subject
prior to the commencement of the study. Five millimeters
of venous blood was taken from antecubital vein of each
participant and dispensed into anti-coagulant and
micronutrient free bottles. They were delivered to the
laboratory not more than 2 hours after collection. The
samples were then centrifuged and sera stored at -20°C
until the period of analysis. All samples were obtained
during work shift before noon (12:00). All procedures
were carried out in accordance with revised Helsinki
Declaration (1983).
Micronutrient analysis
Serum levels of vitamins A, B6, C, D and E, thiamine,
riboflavin, niacin, and folic acid were determined by
employing High Performance Liquid Chromatographic
technique (HPLC). Quantification of serum concentrations of Zn, Cu, Se, Mn, Co, Fe, Mo, and Cr took place
using the Atomic Absorption Spectrometric method.
Waters® Corporation Milford, Massachusetts USA
supplied HPLC equipment whereas Buck Scientific 205
Atomic Absorption spectrometery was supplied by Buck
Scientific in East Norwalk, Connecticut (USA). Each of
the reagents utilized in the estimation of the
micronutrients was of high-purity analytical grade
(Merck, Darmstadt; BDH Chemicals Ltd). The water
employed for the preparation of reagents and working
standard was deionized, doubly distilled
and re-
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deionized prior to the commencement of the experiment
(Millipore Co., Bedford, MA), and had specific resistance
of >3 MΩ. Working standard was made from spectrosol
stock standard (1g/l) that was supplied by Buck
Scientific. In addition all disposable apparatus was
vigorously washed before use by immersing in
concentrated nitric acid and thoroughly rinsed with the
same deionized, doubly distilled and redeionized water.
Statistical analysis
All analyses were done using SPSS version 15.
Significant differences between male and female PSA as
well as between PSA of each gender and their respective
control were determined using Student’s t test. Pearson’s
correlation co-efficient was used for correlation analysis.
A p value of ≤ 0.05 was considered significant.
RESULTS
Results of the study are presented in Tables 1-4. Shown
in Table 1 are the serum levels of vitamins and minerals
of male petrol station attendants (PSA) and male control
subjects. Of all the micronutrients estimated only
riboflavin, pyridoxine, niacin, vitamin D, Se, Cr, and Mo
were not significantly different (p>0.05) in male PSA

compared with control, all others (vitamins A, C, E,
thiamine, folic, Zn, Cu, Mn, Co, Fe) were significantly
lower (p<0.05). The results of serum micronutrients of
female PSA and female control group are presented in
Table 2, vitamins A, C, E, thiamine, niacin, folic, Zn, Cu,
Mn, Cr, Co, and Fe were significantly lower (p<0.05) in
female PSA compared with female control whereas
riboflavin, pyridoxine, vitamin D, Se, and Mo were not
significantly different (p>0.05). When the results of
serum micronutrients of both female and male PSA were
compared in Table 3; riboflavin, thiamine, vitamins A
and D, as well as Zn, Mn, and Cr were not significantly
different (p>0.05) in both groups whereas folic acid,
niacin, vitamin C and E, Se, Fe, Mo and Co were
significantly lower (p<0.05) in female PSA compared
with male while pyridoxine and Cu were significantly
higher (p<0.05).
The results of the personal/basic characteristics of
both males and females PSA are presented in Table 4.
Age, duration of employment time/length of service at
petrol station(s), number of shift per week, and number of
hours per shift were not significantly different for both
groups. None of the PSA had used facemasks in the
preceding 24 months; none of the male PSA but 3 of
female PSA had utilized the protective gear- hand gloves
in the past 12 months.

Table 1. Serum levels of micronutrients of male petrol station attendants and control subjects.
Micronutrients

Male Control (n =30)

Male PSA (n =30)

p-value

614.67±31.72

620.11± 20.83

0.702

Folic (nmol/l)

18.43±3.87

15.04±6.60

0.026a

Pyridoxine (nmol/l)

72.45±7.71

70.68±4.95

0.401

Niacin (nmol/l)

19.31±17.29

18.63±15.38

0.640

Thiamine (nmol/l)

144.70±22.59

130.90±30.22

0.018a

Vitamin D (nmol/l)

98.21±5.48

97.52±11.70

0.092

Vitamin E (µmol/l)

25.21±7.00

20.27±6.64

0.014a

Vitamin C (mmol/l)

59.09±6.26

51.62±9.04

0.022a

Vitamin A (µmol/l)

2. 01±0.16

1.70±0.10

0.009a

Se (µmol/l)

1.28±0.23

1.16±0.24

0.078

Cu (µmol/l)

17.06±4.37

14.55±3.85

0.019a

144.89±16.31

131.30±31.07

0.032a

Mo (nmol/l)

21.00±1.87

22.26±4.48

0.384

Zn (µmol/l)

16.12±4.03

13.33±3.69

0.041a

Mn (nmol/l)

14.50±3.13

11.64±2.06

0.017a

Cr (nmol/l)

1.92±0.03

1.99±0.14

0.059

Co (nmol/l)

4.94±0.79

3.14±0.92

0.025a

Riboflavin (nmol/l)

Fe (µg/dl)

Results are expressed as mean±standard deviation.
compared. p value ≤ 0.05 was considered significant.

a

Significant difference when male petrol station attendants and control were
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Table 2. Serum levels of micronutrients of female petrol station attendants and control subjects.
Micronutrients

Female Control (n =30)

Female PSA (n =30)

p-value

639.06±40.91

633.27±26.70

0.912

Folic (nmol/l)

17.75±3.33

12.33±3.90

0.019b

Pyridoxine (nmol/l)

83.30±7.98

80.39±5.43

0.162

Niacin (nmol/l)

18.74±22.82

15.85±8.17

0.038b

Thiamine (nmol/l)

132.99±28.07

122.41±15.40

0.040b

Vitamin D (nmol/l)

92.17±9.04

94.08±5.05

0.066

Vitamin E (µmol/l)

26.74±5.40

16.30±3.92

0.024b

Vitamin C (mmol/l)

63.67±9.39

44.01±4.48

0.011b

Vitamin A (µmol/l)

1.96.08±0.12

1.62±0.22

0.119b

Se (µmol/l)

1.30±0.45

1.00±0.09

0.051

Cu (µmol/l)

22.97±8.03

18.36±5.45

0.037b

122.58±20.22

109.80±27.74

0.029b

Mo (nmol/l)

19.93±3.39

18.32±5.00

0.553

Zn (µmol/l)

15.29±6.61

12.29±4.43

0.014b

Mn (nmol/l)

15.91±4.06

12.77±2.93

0.013b

Cr (nmol/l)

1.98±0.08

1.84±0.11

0.020 b

Co (nmol/l)

5.57±0.52

4.41±0.50

0.012b

Riboflavin (nmol/l)

Fe (µg/dl)

Results are expressed as mean±standard deviation. b Significant difference when female petrol station attendants and control were
compared. p value ≤ 0.05 was considered significant.

Table 3. Serum levels of micronutrients of male and female petrol station attendants.
Micronutrients

Male PSA (n =30)

Female PSA (n =30)

p-value

620.11± 20.83

633.27±26.70

0.406

Folic (nmol/l)

15.04±6.60

12.33±3.90

0.049 c

Pyridoxine (nmol/l)

70.68±4.95

80.39±5.43

0.037c

Niacin (nmol/l)

18.63±15.38

15.85±8.17

0.042c

Thiamine (nmol/l)

130.90±30.22

122.41±15.40

0.311

Vitamin D (nmol/l)

97.52±11.70

94.08±5.05

0.172

Vitamin E (µmol/l)

20.27±6.64

16.30±3.92

0.040c

Vitamin C (mmol/l)

51.62±9.04

44.01±4.48

0.024c

Vitamin A (µmol/l)

1.70±0.10

1.62±0.22

0.533

Se (µmol/l)

1.16±0.24

1.00±0.09

0.037c

Cu (µmol/l)

14.55±3.85

18.36±5.45

0.042c

131.30±31.07

109.80±27.74

0.033c

Mo (nmol/l)

22.26±4.48

18.32±5.00

0.014c

Zn (µmol/l)

13.33±3.69

12.29±4.43

0.310

Mn (nmol/l)

11.64±2.06

12.77±2.93

0.199

Cr (nmol/l)

1.99±0.14

1.84±0.11

0.701

Co (nmol/l)

3.14±0.92

4.41±0.50

0.113c

Riboflavin (nmol/l)

Fe (µg/dl)

Results are expressed as mean±standard deviation.
compared. p value ≤ 0.05 was considered significant.

c

Significant difference when male and female petrol station attendants were
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Table 4. Personal/basic characteristics of petrol station attendants (female and male) and control.
Male PSA (n =30)

Female PSA (n =30)

P value

Age (years)

26.90±4.2

28.20±5.3

0.471

Duration of employment at petrol station (years)

5.75±1.0

6.25±2.2

0.339

Number of shifts per week

6.50±0.9

6.10±1.2

0.720

Number of hours per shift
9.50±2.1
8.60±3.8
Results are expressed as mean±standard deviation. p value ≤ 0.05 was considered significant.

0.096

These 3 female did so because of dermal
sensitivity to petrol; they revealed that contact with petrol
resulted in skin irritation, even then hand glove was
infrequently employed. All PSA reported infrequent use
of overall although its frequency of use was higher in
female than male PSA. In addition, in stations where
overall were not provided but petrol station uniform made
available, more females employed the use of work
uniform than males. This was not considered as overall.
In female PSA correlation was noted between length of
service at petrol station and zinc (r = -0.419, p = 0.024),
Cr (r = 0.382, p = 0.045), Co (r = -0.477, p = 0.010), and
folic acid (r = -0.581, p = 0.038) but only zinc (r = -0.371,
p = 0.049 ), Cu (r = 0.609, p = 0.006), and folic acid (r =
-369, p = 0.045) were correlated with length of service at
petrol station in male PSA.
DISCUSSION
Self-servicing at fuel filling station is common in
industrialized parts of the world, but this is not so for
many developing nations where the pumps are manned
by attendants. Because of the nature of petroleum
products, especially its volatile property, exposure of
their toxic constituents to people within petrol station
vicinity cannot be ruled out. Some job types, and lifestyle as well as exposure to toxic and therapeutic agents
are known to present with gender biased toxic response.
The study of Hu et al. [10] gives an insight into a case of
sex/gender bias in the disposition of an experimental
animal to toxic agent exposure. Male mice were found to
be more susceptible to paracetamol toxicity than female
ones. Hu et al. [10] hypothesized that that was possible
because of the modulating role of testosterone in
paracetamol-induced toxicity. A hypothesis that was
confirmed when testosterone pretreated paracetamol
dosed female rats exhibited the same degree of toxicity as
male rats given the same dose of paracetamol. Yet it is
not only sex hormones that have been linked with
differences in gender response to a toxic agent, the
cytochrome P450 enzymes also have been implicated in
such result outcomes. The kind of data obtained from this
study; in which female petrol station attendants featured a
more significant decrease in the serum levels of many of

the micronutrients than their male counterparts, is an
indication that females may be more susceptible to toxic
effects of gasoline exposure than males.
The constituents of crude oil and ultimately its
products that the attendants are exposed to are benzene,
toluene, etc. [5]. Benzene especially has been identified
to be metabolized through the cytochrome P450
pathways to yield highly toxic and reactive metabolites
such as benzene oxide and phenol. This may be a cause
of the low levels of many of these micronutrients
observed in the two categories of PSA. Many of the
micronutrients possess antioxidant properties; ascorbic
acid has been recognized for its notable function in
regeneration of glutathione i.e. the conversion of oxidized
glutathione (GSSG) to its reduced form (GSH). There is
every possibility that decreased ascorbic acid level
observed in PSA occurred from increased demand of the
antioxidant property of GSH. Vitamin E on the other
hand plays an important role in preventing lipid
peroxidation. A number of essential elements (especially
Zn, Cu, Mn) estimated in serum of PSA that were found
to be significantly decreased have been linked with the
antioxidant enzyme superoxide dismutase. An enzyme
that plays vital roles in conditions of increased oxidative
stress.
Occupation as a cause of infertility or sub-fertility
has been observed in many different classes of artisans
but Bull et al. [11] reported that paternal exposure to
hydrocarbons in the occupations studied did not seem to
have had a major influence on time to conception or the
incidence of spontaneous abortion among the wives of
the men exposed to oil products. While zinc is essential
in the process of spermatogenesis, low levels of maternal
folic acid which to a great extent has been linked with
neural tube defects in neonates was significantly lower in
female petrol station attendants compared with their male
counterparts. A good percentage of female PSA are
known to be within reproductive stage. The fact that
serum levels of antioxidant micronutrients (Cu Zn,
vitamins C, E) of male PSA were also significantly
decreased, means that male PSA may also have increased
risk to several oxidative stress related diseases but the
since depletion was intensified in female PSA than their
male counterparts, females therefore may have elevated
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risk compared with males. Supporting the possibility that
petrol exposure may adversely affect the health of
individuals is that not only were zinc and folic acid
(essential micronutrients at all stages of human
development) significant lower in both groups of PSA
when compared to their respective controls, both were
also negatively correlated with length of service in PSA.
While this study has provided biochemical
evidence which indicates that the consequences of petrol
exposure is more grave in females than males; the cause
of the significant differences in micronutrient levels of
both male and female PSA may not be unassociated with
dissimilarity in the physiologic make-up of both sexes,
examples being sex hormone levels or differences in
expression of cytochrome 450 isozymes. A wide range of
microsomal enzymes (CYP2E1, CYP2F2, CYP2A6, etc)
have been recognized to play a role in metabolism of
constituents of petroleum products [12, 13] yielding
highly reactive species capable of modulating levels of
biomolecules with antioxidant potential. Moreover, it
should not be surprising that the levels of Cu, vitamins C
and E were lower in female PSA compared with male
ones, since the expression levels of some cytochrome 450
isozymes are generally higher in females than male [14].
Even though it is speculative to suggest that either
sex hormone or differences in cytochrome 450 may be
responsible for differences in micronutrient presentations
of both male and female PSA (as neither was included in
the study), it should be worthwhile to investigate what
inherent difference in male and female PSA is
responsible for variations in serum micronutrient levels
observed when both groups were compared. Street
trading and hawking is very common in Nigeria, the use
of pre-pubertal male and female hawkers who are
constantly found in the filling station may help to achieve
this aim. In addition such subjects can serve for
longitudinal study to assess long time effect of early
exposure to petroleum products.
While this study was carried out on those with
closest proximity to petroleum products, filling stations
are indiscriminately sited in many of the major cities in
Nigeria, it can be deduced from the data obtained from
the study, that female subjects who live for extended
period of time in the same neighborhood as these stations
may present with depletion in serum micronutrient levels.
Various past studies suggest this possibility; contact with
benzene (a significant component of petrol) has been
reported to cause damage to DNA in traffic policemen
[15], petrochemical workers [16], shoe makers [17], and
printing company workers [18]. The use of protective
gears has been advocated in various occupations to
diminish hazard that may result in injury or illness and
there is evidence to prove that if strictly adhered to, it
may result in considerable protection. Since there was

general non-compliance with regard to use of protective
gears by both male and female PSA, it may be postulated
that such attitude contributed to the gravity of
micronutrient depletion observed in both groups.
The implication of results of this kind is diverse.
Essential trace elements are known for their roles as cofactors of enzymatic reactions in hundreds of chemical
processes. One of the notable roles of zinc (observed to
be significantly decreased in both male and female PSA)
is its function in DNA repair system; the fact that this
important function may be compromised by exposure to
petroleum product may be postulated from results
obtained through various past studies. Different markers
of DNA damage have been shown to be gravely affected
by petrol exposure Using different biomarkers, such as
sister chromatid exchange (SCE) or DNA strand break,
Kanupriya et al. [19] demonstrated an elevation in degree
of cytogenetic damage in peripheral blood lymphocytes
of workers exposed to gasoline. There was also
significant difference in chromosomal abnormalities
between petrol-exposed workers and control especially
with respect to mitotic index [20]. In addition, buccal
smears collected from Nigerian petrol station pump
attendants chronically exposed to petrol fumes and
control, subjected to micronucleus assay showed a
significant difference in micronuclei detection between
the exposed and control groups, suggestive of DNA
damage in petrol station pump attendants [21]. Summing
up the results of many studies, Mutgud et al. [22] noted
that there were increase frequency of DNA and
chromosomal damage in human population exposed to
petroleum products. Also according to them, mutagenic
and carcniogenic effects of diesel and petroleum vapors
have been reported in not only human subjects but also
different biological models.
CONCLUSION
Results of this study suggest that PSA are at risk of
micronutrient alteration. In addition, it seems evident that
females are more at risk than males. If left unattended,
exposure to petrol may increase an individual’s risk to
micronutrient-related diseases.
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ABSTRACT
Moringa oleifera Lam. is an important plant with huge medicinal potentials.
This study is aim at investigating the effect of leaf extract of Moringa oleifera
on some haematological parameters in salt loaded albino Wistar rats. A total of
twenty four (24) male albino Wistar rats weighing between 200 to 250 g were
used for the experiment and were divided into four groups of six rats each.
They were given either normal rat feed and drinking water, high salt diet (8%
NaCl diet) + 1% NaCl drinking water and/or Moringa oleifera extract (600
mg/kg b.w., orally, once daily). The feeding regimens lasted for six weeks.
After an overnight fast, blood was collected and analyzed for hematological
parameters. The salt fed untreated rats had significant (p<0.05) increase in red
blood cell count (RBC) and packed cell volume (PCV), (P<0.01). These
parameters were significantly (p<0.05) reduced to near control values following
extract treatment. Salt fed untreated rats were observed to have significant
(p<0.05) reduction in total white blood cell count (TWBC) and platelet (PLT)
count (P<0.01), but the reverse was the case following extract treatment. In
conclusion consumption of Moringa oleifera leaf extract ameliorates the
adverse effects of salt loading on the blood cells. Therefore, the extract is
recommended to pharmaceutical industries for further research and possible
use in the manufacture of drugs that are necessary in management of blood
pressure and other related ailments.
Keywords: Moringa oleifera Lam.; Hematological parameters; Rats.

INTRODUCTION
The quest for human survival, wellbeing and health care
led to the recognition and discovery of many plants with
medicinal value before the advent of orthodox medicine.
These plants are said to possess components that are of
therapeutic values [1, 2]. Among these many plants, there
exists one that has almost all the nutritive values required
by man. This plant is usually known in most literature as
Moringa oleifera. The tree is native to India, it also occur
in different places which include Sri-Lanka, Thailand,
Pakistan, Phillipine, Indonesia, Taiwan, Haiti, South

America, Caribbean and Africa (Nigeria) [30]. It is
commonly known as Drumstic [3] and has several other
names which include horseradish tree, ben oil or benzoil
tree [31], mothers best friend and Nebeday. There exist
13 species of Moringa belonging to Moringaceae family
[4, 5].
Almost all the plant parts contain substances that
are important for the synthesis of useful drugs [6] that can
serve medicinal purposes, they also have important
agricultural, commercial and economical values. The
nutritional values of Moringa oleifera cannot be
underestimated this is because proximate and
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phytochemical analysis of Moringa oleifera leave extract
[7] reveals that it contain important bioactive components
which include carbohydrate, fat, protein and minerals eg.
calcium, iron, magnesium, manganese, phosphorus,
potassium, sodium, zinc and even water [8, 31, 32].
Others include vitamins (Vit. B1, B2, B3, B5, B6, B9, Vit. C.
Vit. E and Vit. K), Carotenoids and antioxidants which
include [7], flavonoids, glycosides, terpinoids, zeatin,
quercetin and kaempferol [31, 32].
The antioxidant components of Moringa oleifera,
basically Vit. C, carotene and quercetins are known to
play major role in lowering blood pressure [33-35],
quercetins and flavonoids can inhibit the production of
nitric oxide and tumor necrosis factor by Kupffer cell
when stimulated by injury [42], flavonoids also protect
the cell against injury caused by x-ray and block the
progression of the cell cycle and prostaglandin synthesis
thereby inhibiting mutation and preventing carcinogenesis in experimental animals [43], the Vit. E antioxidant
which is composed of tocopherol and alpha tocopherol is
the most abundant and active component of this plant.
This vitamin prevents lipid peroxidation chain reaction
generated by free radicals from cellular and subcellular
membrane which are rich in polyunsaturated lipid thereby
preventing atherosclerosis and cancer [44, 45]. The
Vitamin C components of Moringa oleifera can act as a
scavenger of free radicals and do also regenerate Vitamin
E indirectly [44], by virtue of this synergy, both vitamins
C and E have attracted interest as agent that can retard
atherosclerosis by reducing low density lipoproteins
oxidation and thus preventing injury to the vascular
endothelial cells [48]. Vitamin A is important for normal
vision in dim light and for resistance against infection
[13, 44, 47], the chlorogenic acid component of Moringa
oleifera helps in moderating blood sugar level [36], the
isothiocyanate component of Moringa oleifera also plays
a major role in reducing blood sugar level in addition to
its anti-inflammatory [9, 37, 38], anticancer and
antimicrobial effect [39-41]. Moringa oleifera extract are
also known to possess antitumor and hepatoprotective
activities [9, 10], antispasmodic [5, 11, 12] and
antiepileptic activities [14]. The antioxidant components
of Moringa oleifera has been shown to protect against
structural defect and also inhibit free radicals formation
[15]. In addition, blood parameters like packed cell
volume (PCV), white blood cell (WBC) counts,
hemoglobin (Hb) and platelets (Plt) were shown to be
enhanced following consumption of M. oleifera [16].
Taking cognizance of the enormous health benefit
that abound resulting from consumption of M. oleifera,
extract it is therefore very necessary to investigate the
effect of this plant on hematological parameters
following salt loading, thus the aim of the study.

MATERIALS AND METHODS
Experimental animals
Twenty four (24) male albino Wistar rats weighing
initially between 200 to 250 g obtained from the
animal house of the Department of Physiology,
University of Calabar, Nigeria were employed for this
study for 6 weeks. The animals were allowed free
access to their feed and drinking water. The rats were
weighed before commencement of the feeding
experiment and thereafter were weighed daily. Ethical
approval was obtained from the Ethics Committee of the
Faculty of Basic Medical Sciences, University of
Calabar, Nigeria. They were nursed under control of
environmental
conditions
in
accordance
with
international standard [29].
Moringa oleifera extract preparation
The aqueous extract was prepared according to standard
method [17]. Fresh leaves of Moringa oleifera were
obtained from Calabar municipality, Cross River State
and were identified by the Herbarium in Botany
Department. The leaves were washed to remove debris
and were later dried in an airy-room away from direct
sunlight to avoid possible damage to their phytoconstituents for two days. The leaves were further ovendried for 30 minutes at the temperature of 400C. The
dried leaves were grinded to powder form.
About 1400 g of the powdered Moringa oleifera
leaf was soaked in 7000 ml of distilled water for about 24
hours. The mixture was then filtered with a white cotton
(satin) material, followed with filter paper (Whatmann
No.1) into beakers and placed in an oven. The filtrate was
evaporated to dryness using a rotary evaporator with
temperature set at 500C. Moringa oleifera extract was
then collected into a sample bottle and preserved in a
refrigerator.
Acute toxicity test (lethality study)
Acute toxicity test was done according to standard
procedure [18]. Thirty six mice rats were used for the
study. They were randomly selected and assigned to six
batches containing six animals each. They were allowed a
week for adaptation. Each batch received doses of extract
intraperitoneally (1.64-104.48 mg/kg). Only the control
group received normal saline intraperitoneally. They
were all returned to their home cages and allowed free
access to food and drinking water. The mortality in each
group was assessed 24 hours after administration of the
extract. The percentage mortalities were converted to
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probits and plotted against the log10of the dose of the
extract [18].
Salt diet and drinking water
Salt feed containing 8% NaCl was prepared by putting
together 8 g NaCl in 92 g of the rat feed. Also 1% NaCl
drinking water was prepared by dissolving 100 g of NaCl
in small quantity of distilled water and volume made up
to 10 l with distilled water.

Red blood cell count result
As shown in Table 1, the RBC count (106 cells/mm3) in
the salt fed group (7.79±0.31) was significantly higher
(P<0.05) when compared with control (6.96 ± 0.13) and
M. oleifera (6.71±0.31) groups respectively but this was
significantly (p<0.05) reduced in comparison with the salt
+ M. oleifera extract treated group (7.07± 0.12).

Experimental design
Twenty four (24) male albino Wistar rats weighing
between 180-240 g was randomly assigned into four (4)
groups of six (6) rats each:
Group 1 (control): received normal rat feed + drinking
water
Group 2: received same as group 1 + Moringa oleifera
extract (600 mg/kg o.p. once daily)
Group 3: received 8% NaCl diet + 1% NaCl drinking
water
Group 4: received same as group 3 + Moringa oleifera
extract (600 mg/kg o.p. once daily).
The administration was done orally and the
experiment lasted for a period of six weeks. Also the
Helsinki declaration of 1975 as revised in 1985 was
strictly adhered to.
Collection and analysis of hematological parameters
Blood samples were collected via cardiac puncture into
EDTA capped bottles and the full blood analysis was
done using automated hematology analyzer Sysmex
model: kx-21N, Serial Number: A6695, as used by
Archibong et al. [19].

Figure 1. Lethality studies showing the effects of administering
graded doses (200-3200 mg/kg i.p. mice) of M. oleifera extract
against the percentage mortalities (converted to probits).

Hemoglobin (Hb) concentration
As shown in Table 1, there was no significant difference
between the mean Hb concentration (g/dl) in the control
group (12.74 ± 0.30) and the different experimental
groups which are M. oleifera group (11.99±0.69), salt fed
group (12.17±0.21) and salt + M. oleifera treated group
(12.33±30) respectively.
Packed cell volume (PCV)

Statistical analysis of data
Data are presented as mean ± SEM. Data were analyzed
using one-way analysis of variance (ANOVA) and then
followed by post hoc test (least square deviation). Data
analysis was done with the help of computer software
(Excel and SPSS version 17.0 for windows). P-values of
less than 0.05 were considered as significant.

As shown in Table 1, the Packed cell volume (%) in the
salt fed group (46.32±0.84) was significantly higher
(P<0.05) compared with control group (42.84 ± 1.18) and
M. oleifera group (42.23±0.58) respectively, but this was
significantly (p<0.05) reduced following treatment with
salt + M. oleifera extract (41.76±1.05).
Red blood cell distribution width (RDW-SD)

RESULTS
Lethality studies
Figure 1 shows that the LD50 value from extract of
Moringa oleifera was 1872.22 mg/kg.

As shown in Table 1, the RDW (fl) in the salt fed group
(37.21±0.49) was significantly higher (p<0.05) compared
with control (35.09 ± 0.94) and M. oleifera extract
(33.07±0.72) groups respectively but was significantly
(P<0.05) lower when compared with the salt +M. oleifera
extract treated group (32.05± 0.67).
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Absolute red cell values
Mean corpuscular volume (MCV)
As shown in Table 1, there was no significant difference
between the MCV (fl) in the control group (61.58 ± 1.22)
and the different experimental groups which are
M. oleifera group (63.92±8.46), salt fed group
(59.78±1.66) and salt + M. oleifera treated group
(59.25±2.12) respectively.
Mean corpuscular hemoglobin (MCH)
As shown in Table 1, the MCH (Pg) in the salt fed group
(15.78±0.77) was significantly lower (p<0.01) compared
with control (18.31 ± 0.20) and M. oleifera extract
(17.90±0.40) groups respectively but this was
significantly (P<0.05) reversed following treatment with
the salt + M. oleifera extract (17.47±0.39).
Mean corpuscular hemoglobin concentration (MCHC)
As shown in Table 1, the MCHC (Pg) in the salt fed
group (26.35±0.83) was significantly lower (p<0.05)
compared with control (29.76 ± 0.36) and M. oleifera

extract (28.33±1.38) groups respectively but this was
significantly (P<0.05) reversed following treatment with
the salt + M. oleifera extract (29.65±1.18).
White blood cell and differential count
As shown in Table 2, total white blood cell (WBC) count
in the salt + M. oleifera (10.85±1.06) group was
significantly higher (p<0.05) when compared with that of
control group (7.77 ± 0.45), M. oleifera group
(6.50±1.31), salt group (6.88±0.75), respectively. The
differential cell count results are as shown in Table 1.
Platelet and platelet indices
As shown in Table 3, there was no significant difference
between the mean PLT count (x1000 cells/µl) in the
control group (639.67± 8.86) and the different
experimental groups which are M. oleifera group
(719.50±60.52), salt fed group (479.00±90.29) and salt +
M. oleifera treated group (749.83±41.11), respectively.
The platelet indices results are as shown in Table 3.

Table 1. Comparison of the full blood count results between the control and other groups.
RBC
Hb
PCV (%)
MCV (fl)
MCH (Pg)
(106cell/mm3)
Control
6.96±0.13
12.74±0.30
42.84±1.18
61.58±1.22
18.31± 0.20

MCHC (Pg)

RDW (fl)

29.76±0.36

35.09±0.94

M. oleifera

6.71±0.37

11.99±0.69

42.23±0.58

63.92±8.46

17.90±0.40

28.33±1.38

33.07±0.72

Salt fed

7.79±0.31*

12.17±0.21

46.32±0.84*

59.78±1.66

15.78±0.77**

26.35±0.83*

37.21±0.49*

Salt +
7.07± 0.12
12.33±0.30
41.76±1.05
59.25±2.12
M. oleifera
Values are represented as Mean ± SEM. *p<0.05, **p<0.01 vs control.

17.47±0.39*

29.65±1.18*

32.05±0.67

Table 2. Comparison of WBC and differential countresult between the control and other groups.
WBC
L
N
E
(103 cell/µl)
Control
7.75 ± 0.45
80.83± .60
13.67±1.56
1.50±0.43

M

B

3.50±0.43

0.50±0.22

M. oleifera

6.50±1.31

62.00±0.97***

32.50±1.20***

1.67±0.49

3.50±0.22

0.33±0.21

Salt fed

6.88±0.75

81.50±1.52

12.17±0.91

2.83±0.60

3.33±0.33

0.17±0.17

3.17±0.31

0.33±0.21

Salt +
10.85±1.06*
67.50±3.97***
27.17±3.96***
1.83±0.48
M. oleifera
Values are represented as Mean ± SEM. **p<0.05, **p<0.01, ***p<0.001 vs control.

Table 3. Comparison of the platelet count and platelet indices result between the control and other groups.
PLT (103cells/µl)

PDW (fl)

MPV (%)

P-LCR

Control

639.67±8.86

9.18±0.31

7.93 ± 0.16

10.72 ± 1.25

M. oleifera

719.50±60.52

8.67±0.28

7.57 ± 0.12*

8.83 ± 0.48

Salt fed

479.00±90.29

9.33±0.31

7.67 ± 0.08

10.12 ± 0.61

Salt +
749.83±41.11
8.97±0.54
M. oleifera
Values are represented as Mean ± SEM. *p<0.05 vs control.

8.07 ± 0.05
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DISCUSSION
This research work was aim at investigating the potency
of Moringa oleifera leaf extract on some hematological
parameters in high salt loaded albino Wistar rats.
M. oleifera contains numerous bioactive substances
which include vitamins A, B, C, E, K, calcium ion, iron,
potassium, proteins, traces of carotenoids, saponin,
sistosterol, glycosides, phytate, flavonoids, kaempferol,
quercetin, zeatin, alkaloids, steroids and phenolic
compound. The lethality studies showed high value of
LD50 indicating that M. oleifera leaf extract has very wide
safety margins and hence could be relatively non-toxic.
This is consistent with the observation that certain
products from these leaves find therapeutic application
worldwide without any known side effect.
This study revealed that the RBC count in the high
salt fed group was significantly increased compared with
that of the control and those groups that received extract,
in consistence with recent findings [16]. This increase
was due to a high degree of dehydration following high
salt intake [21]. Treatment of high salt fed rats with
M. oleifera extract reversed the increase in RBC count
induced by salt loading. It is obvious that increase in
RBC would invariable increase the viscosity of blood,
thereby leading to an increase in blood pressure and
hypertension [22]. The ability of the extract to reverse
this increase points to its potential effect in managing
elevated blood pressure occasioned by increase in
viscosity of blood following high salt treatment.
Although the difference in hemoglobin
concentration among the groups was of no statistical
significance, the PCV was increased in rats that received
salt relative to other experimental groups, supporting the
increase in RBCs. PCV is increased following
dehydration, but this effect was reversed following
treatment with M. oleifera.
In this study the RDW-SD was significantly raised
in high salt fed rats compared with the control and extract
treated groups. Increase RDW is an indicator of
anisocytosis, hence high salt load could cause
anisocytosis which was reversed following treatment with
M. oleifera extract.
This study revealed that there was no significant
difference in the MCV in the different experimental
groups. Indicating that the cell size was not adversely
altered following difference treatment. Nevertheless, the
slight reduction in MCV of the group that were given salt
points to the tendency for microcytic anemia. Also the
MCH and MCHC were significantly lowered in the group
that was given salt in comparison with control and extract
treated groups. Low MCH and MCHC are indications of
hypochromic anemia. Showing that high salt loading can
cause hypochromic anemia, but this situation was

reversed following treatment with M. oleifera extract.
WBC count and neutrophils counts in the high salt
group was significantly lower than that of control groups,
but this effect was reversed following extract treatment,
in agreement with findings carried out by [23, 24], which
shows that M. oleifera extract boost the immune system.
This is an indication that the extract is capable of
stimulating the hemopoietic system [25].
The platelet indices results show that the platelet
count was significantly decreased in the group that
received salt compared with others. A decrease in platelet
count could lead to excessive bleeding tendencies,
purpura and leukemia which if severe may lead to death
[21]. This tendency was reversed by the M. oleifera
extract which is known to contain beta sistosterol that
plays a major role in platelet formation [26]. The extract
may contain thrombopoietin-like agents which are
capable of stimulating the release of thrombopoietin [27]
Pointing to the ability of the extract to boost platelet
count even in deleterious situations like high salt loading.
The PDW-SD was found to be of no significant
difference among the experimental groups indicating that
there was no significant variability in size of the platelet,
but the MPV and PLC-R were significantly higher in the
salt treated group compared with other experimental
groups. This result is of significance because MPV and PLCR when measured have been found to be inversely
related to platelet count [28]. MPV is mostly increased
following platelets destruction. Increase in MPV and
PLCR are implicated in the etiology of cardiovascular
diseases.
CONCLUSION
In conclusion consumption of Moringa oleifera leaf
extract ameliorates the adverse effects of salt loading on
the blood cells. Therefore, the extract is recommended to
pharmaceutical industries for further research and
possible use in the manufacture of drugs that are
necessary in management of blood pressure and other
related ailments.
ACKNOWLEDGEMENT
The authors of this article do appreciate the support
of all those who contributed in different ways towards the
success of this research work. We appreciate the effort
of Mr. Ededet Umoh of Physiology Department for being
very helpful during the feeding stage of the experiments.
He helped to supply the rats, breed and made them ready
for sacrifice. Mrs. Irene Bassey also assisted by releasing
some of the reagents and equipment used during the
study. We also thank the head of department of
Physiology for allowing us to use the laboratory and

MicroMedicine 2017; 5 (1): 24-30

29 | Archibong et al. Extract of Moringa oleifera attenuates hematological parameters following salt loading

M. oleifera in animals institute of animal health and
veterinary biologicals, Hebbal, Bangalore. Ind J Physiol
Pharmacol. 2010; 54(2): 133-140.

other facilities for the study.
AUTHORS’ CONTRIBUTIONS
This work was carried out in collaboration between all
authors. ANA wrote the first draft of the manuscript,
managed the literature search, carried out the feeding
regimen and analysis of blood, CON designed the study
and wrote the protocol while OEO performed the
statistical analysis and manuscript editing. All authors
read and approved the final manuscript.
REFERENCES

14.

Pal SK, Mukherjee PK, Saha BP. Studies on the antiulcer
activity of Moringa oleifera leaf extract on gastric ulcer
models in rats. Phytother Res. 1995; 9(6): 463-465.

15.

Sreelatha S, Padma PR. Antioxidants activity and total
phenolic contents of M. oleifera leaves in two stages of
maturity plant food. Hum Nutr. 2009; 64: 303-311.

16.

Ofem OE, Ani EJ, Archibong AN, Ufford JM. Variations
in blood parameters of high salt loaded rats following
administration of Moringa oleifera leaf extract. Trends
Med Res. 2015; 10(4): 97-105.

17.

Dahiru DC, Onubiyi JA, Umaro HA. Pytochemical
screening and anti ulcerogenic effect of Moringa oleifera
aqueous leaf extract. Afr J Compl Altern Med. 2006; 3(3):
70-73.

1.

Sofowora EA. Medicinal plants and traditional medicine
in africa. University of Ilepress, Nigeria, 1994: 1-23.

2.

Ameyaw Y, Owusu-Ansah E. Morphological studies of
two plants used in ethnomedicine. J Herbs Spices Med
Plants. 1998; 5(4): 60-85.

18.

Martins JV, Marshak A, Remer L, Rosenfeld D, Kaufman
YJ, Fernandez-Borda R, et al. Remote sensing the vertical
profile of cloud droplet effective radius, thermodynamic
phase and temperature. Amos Chem Phys Disc. 2007; 7:
4481-4519.

Eno AE, Owo OI, Itam EH, Konya RS. Contribution of
lymphocyte in edema induced by venom from the wasp
Belonogaster fuscipennis. Pharmacol Biol. 2001; 394:
247-252.

19.

Anwar F, Latif S, Ashraf M, Gilani A. Moringa oleifera: a
food plant with multiple medicinal uses. Phytother Res.
2007; 21(1): 17-25.

Archibong AN, Ofem OE, Akwari AA, Ukweni SU, Eno
AE, Beshel FN. Extract of edible seafood - Egeria radiata
(Clam) Boosts blood parameters in rats. Brit J Appl Sci
Technol. 2014; 4(11): 1684-1692.

20.

Sharma R, Vaghela J. In vivo antioxidant activity of
Moringa oleifera leaf and pod extracts against carbon
tetra chloride induced liver damage in albino mice. J
Chem Pharmac Res. 2010; 2(6): 275-280.

3.

4.

5.

Patel S, Thakur A, Chanday A. Review of three medicinal
and economical importances to the health and nation day.
Drug Invent Today. 2010; 2(7): 339-342.

21.

6.

Wadhwa S, Panwar S, Saini N, Rawat S, Singhal M. A
review on commercial traditional uses phytoconstituents
and pharmacological activity of Moringa oleifera. Global
J Trad Med. 2013; 2: 1-13.

Guyton AC, Hall JE. Textbook of medical physiology.
10th edn. W. B. Saunders, Philadelphia, 2004: 345-356.

22.

Fahey J. A review of the medical evidence for its
nutritional, therapeutic and prophylactic properties. Trees
Life J. 2005; 2(4): 1-5.

Meneton P, Jeunemaitre X, de Wardener HE, MacGregor
GA. Link between dietary salt intake, renal salt handling,
blood pressure and cardiovascular diseases. Physiol Rev.
2005; 85(2): 679-715.

23.

Jayavardhanan KK, Suresh KR. Panikkar K, Rand
Vasudevan DM. Modular potency of drumstick lectin on
the host defense system. J Exp Clin Cancer Res. 1994; 13:
205-209.

24.

Fuglier LJ. The miracle tree: Moringa oleifera nutrition
for the tropics. Church World Service Dakkar, Senegal,
1999: 68.

25.

Gupta RK. Medicinal and aromatic plants. CBS
publishers. 2010: 151-152.

26.

Anwar F, Latif S, Ashraf M, Gilani A. Moringa oleifera: a
food plant with multiple medicinal uses. Phytother Res.
2007; 21(1): 17-25.

7.

8.

9.

Vinoth B, Manivasagaperumal R, Balamurugun S.
Phytochemical analysis and antibacterial activity of
Moringa oleifera Lam. Int J Res Biol Sci. 2012; 2(3): 98102.
Sharma R, Vaghela J. Anti-inflammatory activity of
Moringa oleifera leaf and pod extracts against
carrageenen induced paw edema in albino mice,
Pharmacol Online. 2011; 1: 140-144.

10.

Ruckmani K, Kavimani S, Anandan R, Jaykar B. Effect of
Moringa oleifera Lam on paracetamol - induced
hepatoxicity. Ind J Pharmac Sci. 1998; 60: 33-35.

27.

11.

Gilani AH, Aftab K, Suria A, Siddiqui S, Salem R,
Siddiqui BS, Shaheen F. Pharmacological studies on
hypotensive and spasmolytic activities of pure compounds
from Moringa oleifera. Phytoter Res. 1994; 8(2): 87-91.

Erslev AJ, Gabuzda TG. Pathophysiology of blood P3 and
P41. Saunders, Philadelphia, 1979.

28.

Babu E, Basu D. Platelet large cell ratio in the differential
diagnosis of abnormal platelet counts. Ind J Pathol
Microbiol. 2004; 47(2): 202-205.

12.

Dahot MU. Vitamin contents of flowers and seeds of M.
oleifera. Pak J Biochem. 1988; 21(4): 1-24.

29.

13.

Sudha PS, Basheeruddin A, Sunil SD, Gowda KC.
Immunomodulatory activity of methanolic leaf extract of

CCAC. 2009. The CCAC guidelines on: The care and
use of farm animals in research, teaching and testing.
Canadian Council of Animal Care (CCAC), Ottawa, ON.

MicroMedicine 2017; 5 (1): 24-30

30 | Archibong et al. Extract of Moringa oleifera attenuates hematological parameters following salt loading

phenolic glycoside from the medicinal plant Moringa
oleifera fruit. Bioorg Med Chem. 2010; 18(17): 65986602.

http://www.ccac.ca/en_/standards/guidelines/additional/fa
q-farm-animals
30.

Ted R, Elevitch CR, eds. Farm and forestry production
and marketing profile for moringa. In: Specialty crop for
pacific. Island Agroforestry Holualoa, Hawaii Permanent
Agriculture Resources, 2011.

39.

Moon K, Guallar E, Navas-Acien A. Arsenic exposure
and cardiovascular disease. An updated systemic review.
Curr Atheroscler Rep. 2012; 14(6): 542-555.

31.

Leone A, Spada A, Battezzati A, Schiraldi A, Aristil J,
Bertoli S. Cultivation genetic ethnopharmacology of
Moringa oleifera leaves. An overview. Int J Mol Sci.
2005; 16(6): 12791-12835.

40.

Sheikh A, Yeasmin F, Agarwal S, Rahman M, Islam K,
Hossain E, et al. Protective effect of Moringa oleifera
Lam leaves against arsenic induced toxicity in mice.
Asian Pac J Prop Biomed. 2014; 1(8): 23-40.

32.

Gopalan C, Rama B, BalasubramanianV.Nutritive value
of Indian food. National Institute of Nutrition Indian
Council of Medical Research, 1989.

41.

33.

Newton KA, Richard NB, Gladys MT. Profiling selected
phytochemicals and nutrients in different tissues of the
multipurpose tree Moringa oleifera Lam grown in Ghana.
Food Chemist. 2010; 122(4): 1047-1054.

Chattopadhyay S, Maiiti S, Maji G, Deb B, Pan B, Ghosh
D. Protective role of Moringa oleifera seed on arsenic
induced hepatocellular degeneration in female albino rats.
Biol Trace Elem Res. 2011; 142(2): 200-212.

42.

Kawada N, Seki S, Inove M, Kuroki T. Effect of
antioxidants quercetin and N-acetylcystein on the function
of cultured rats hepatic cell stellate cell and kupffer cells.
Hepatology. 1998; 27(5): 1265-1274.

43.

Abdulla M, Gruber P. Role of diet modification in cancer
prevention. Biofactor. 2000; 12(1-4): 45-51.

44.

Kummar V, Abbas AK, Fausto N, Robbsins SL, Contran
RS. Pathology bases of disease. New York. WB Saunder,
2004.

45.

Nordberg J, Ainer A. Reactive oxygen species
antioxidants and the mammalian thioredoxin. Free
Radical Bio Med. 2001; 31(11): 1287-1321.

46.

Paulo MP, Davi FF, Jose TA, Ana FU. Moringa oleifera
bioactive compound and nutritional potential. Rev Nutr.
2008; 21(4): 23-34.

47.

Stephensen CB. Vit A, infection and immune function.
Ann Rev Nutr. 2001; 21: 167-192.

34.

Julia PC, Yangping X, Hong C, Min-Hsiung P, Chi-King
H, Rodolfo J, et al. Determination of flavonoid by LC/MS
and anti inflammatory activity of Moringa oleifera. J
Funct Food. 2013; 5(4): 1892-1899.

35.

Larson AJ, Symon JD, Jalili T. Therapeutic potential of
quercetin to decrease blood pressure: review of efficacy
and mechanism. Adv Nutr. 2012; 3(1): 39-46.

36.

Tunnicliffe JM, Eller LK, Reimer RA, Hettel DS, Shearer
J. Chlorogenic acid differentially affects postparandial
glucose
and
glucose
dependent
insulinotropic
polypeptides response in rats. Appl Physiol Nutr Metab.
2011; 36(5): 650-659.

37.

Mahajan SG, Mehta AA. Immunosupressive activity of
ethanolic extract of seed of Moringa oleifera Lam in
experimental immune inflammation. J Ethnopharmacol.
2010; 130(1): 183-186.

38.

Cheenpracha S, Park EJ, Yoshida WY, Barit C, Wall M,
Pezzuto J, Chang LC. Potential anti-inflammatory

MicroMedicine 2017; 5 (1): 24-30

