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ABSTRACT
Lead is a heavy metal found in earth’s crust. It is a widespread and insidious environmental toxin
known as a severe and aggressive contaminant to human and animal organisms’ health status.
This work is aimed at evaluating the effect of aqueous extract of Ocimum gratissimum (OG) on lead
induced changes in the thymus of adult albino wistar rats. Thirty five male Wistar rats were used in
the study and were randomly divided into seven groups with five rats in each group. The rats in
Group one (G1) served as the Control and received distilled water. Group 2 received 120 mg/kg
body weight (bwt) of lead acetate, G3 received 375 mg/kg bwt of OG only. G4 received 120 mg/kg
bwt of lead acetate and OG extract at 375 mg/kg bwt., G5 received 120 mg/kg bwt of lead and OG
at 750 mg/kg bwt. G6 received 375 mg/kg bwt of OG in two weeks followed by 120 mg/kg bwt of
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lead acetate for one week, while G7 received 120 mg/kg bwt of lead acetate and Vitamin C at
11900 mg/kg. All the administrations were carried out orally for twenty one (21) days. At the end of
the administration, the rats were fasted for 24 hours. They weighted and humanely sacrificed via
cervical dislocation. The thymus were harvested in all the groups and prepared for histological
studies using routine haematoxylin and eosin (H&E) staining techniques. The result of the present
study shows that lead possessed a distortive effect in the histoarchitecture of thymus of the wistar
rat in G2 when compared with G1. Treatment of these experimental animals with vitamin C prove to
posses more ameliorative effect in restoring the histoarchitecture on lead toxicity in the thymus
closed to normal than OG. Therefore, it is suggested that aqueous extract OG can act via the same
pathway as vitamin C, in maintaining the normal histological structures of the thymus of adult albino
wistar rat exposed to lead toxicity.
Keywords: Ocimum gratissimum; thymus; Vitamin C; lead.
play important roles in scavenging the free
radicals and preventing injury [5]. The antioxidant
might play a role in the treatment of lead
poisoning [6]. Vitamins like C is capable to
control the critical balance of oxidants and
antioxidants in the body. [7] and [8] reported that
intake of ascorbic acid decrease the blood lead
level and control the lead toxicity.

1. INTRODUCTION
Various harmful and toxic chemical compounds
(lead
and
mercury)
are
formed
as
bye/intermediate products of normal biochemical
reactions in the human system; these bye
products are eliminated or detoxified under
normal physiological conditions. Lead is a heavy
metal found in earth’s crust. Free radicals and
reactive oxygen species (ROS) are amongst
these chemicals and their accumulation when not
eliminated by the endogenous system often lead
to oxidative stress [1]. Lead is a chemical
element with symbol Pb (from the Latin
plumbum) and atomic number 82. It is a heavy
metal that is denser than most common
materials. Lead is soft and malleable, and has a
relatively low melting point. When freshly cut,
lead is bluish- white; it tarnishes to a dull gray
color when exposed to air. Lead has the highest
atomic number of any stable element and
concludes three major decay chains of heavier
elements. Lead is not naturally present in the
human body and, as it currently exists in the
environment, has been identified as a health
threat [2]. As suggested by various authors, [3];
[4] lead may contaminate humans from various
pathways including: inhalation of airborne lead
particulates, consumption of water or food
contaminated by lead, and ingestion (due to
contamination of hands or other objects) of soil
or dust contaminated with lead. Once in the
body, lead travels in the blood to soft tissues
such as the liver, kidneys, lungs, brain, spleen,
muscles, and heart [3].

Ocimum gratissimum belongs to the group of
plants known as spices. The plant is an erect
small plumb with many barnacles usually not
more than 1 m high [9] and [10]. In South East
Asia, it is cultivated as a home garden crop but it
is grown on a commercial scale in Vietnam. In
Nigeria, it is Efinrin in Yoruba, Diadoyal in Hausa
and Nchuanwu in Igbo [11]. In traditional
medicine, the leaves have been used as a
general tonic and anti-diarrhoea agent and for
the treatment of conjunctivitis by instilling directly
into the eyes; the leaf oil when mixed with
alcohol is applied as a lotion for skin infections,
and taken internally for bronchitis [12]. Although,
conventional antibiotics have been very useful in
orthodox medicine, it has been argued by many
that its concomitant use with herbal extracts is
not desirable as one normally antagonizes the
activity of the other [13].
The thymus gland is the main organ of the
lymphatic system. Its primary function is to
promote the development of specific cells of the
immune system called T-lymphocytes. Once
mature, these cells leave the thymus and are
transported via blood vessels to the lymph nodes
and spleen. T-lymphocytes are responsible for
cell-mediated immunity, which is an immune
response that involves the activation of certain
immune cells to fight infection.

Cells are equipped with different kinds of
mechanisms to fight against radicals and reactive
oxygen species and to maintain redox
homeostasis of the cell. For example, antioxidant
enzymes such as superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPx)

In addition to immune function, the thymus also
produces hormones that promote growth and
maturation [14].
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mg/kg body weight (bwt) of lead acetate, G3
received 375 mg/kg bwt of OG only [16,17]. G4
received 120 mg/kg bwt of lead acetate and OG
extract at 375 mg/kg bwt., G5 received 120
mg/kg bwt of lead and OG at 750 mg/kg bwt. G6
received 375 mg/kg bwt of OG in two
weeks followed by 120 mg/kg bwt of lead acetate
for one week, while G7 received 120 mg/kg bwt
of lead acetate and Vitamin C at 11900 mg/kg
[18].

2. MATERIALS AND METHODS
2.1 Collection and Identification of Plant
Materials
The fresh leaf of Occimun gratissimum was
obtained behind the Department of Anatomy
Federal University, Ndufu-Alike, Ikwo. The
specimen was identified by Botanist at
Department of Biology Alex-Ekwueme Federal
University, Ndufu-Alike, Ikwo with the specimen
number 1285. The leaves were washed and
shade dried.

2.5 Animal Sacrifice
The animals were sacrificed by cervical
dislocation followed by the midline incision to
harvest the organ.

2.2 Experimental Animals
In order to minimize variations in response, only
adult male rats were used for this study. Thirtyfive adult albino wistar rats, weighing between
140-160 g were obtained from the Animal House
of the Department of Human Anatomy, AlexEkwueme Federal University Ndufu-Alike Abakili,
Ebonyi State, Nigeria. They were maintained
under
favorable
condition
at
standard
temperature and pressure and fed with top food
®)
grower mash (Vital Feed . Prior to acclimatization which lasted for two weeks, the rats
were divided into seven groups, each of five rats.
They were fed with feed and water ad libitum
throughout the experiment.

The thymus was procured and cleared from
adjoining supporting, connective tissues. The
organ was gently blotted with filter paper and
weighed. The thymus was immediately immersed
in 10% formalin solution to be processed for
haematoxylin and eosin staining and light
microscopic studies.

2.6 Tissue Preparation for Histology
Following sacrifice, the tissue was prefixed in
10% formal saline, after whole body perfusions
were transferred to a graded series of ethanol.
On Day 1, they were placed in 70% alcohol for 7
hours, then transferred to 90% alcohol and left in
the latter overnight. On day 2, the tissues were
passed through three changes of absolute
alcohol for an hour each and then cleared in
xylene. Once cleared, the tissues were infiltrated
o
with molten paraffin wax in the oven at 58 C.
Three changes of molten paraffin wax at onehour interval was made, after which the tissues
were embedded in wax and blocked out. Prior to
embedding, it was ensured that the mounted
sections to be cut by the rotary microtome were
orientated perpendicular to the long axes. These
sections were designated “vertical sections”.
Serial sections of 4μm thick were obtained from a
solid block of tissue, fixed on clean slides to
which Mayer’s egg albumin had been coated to
cement the sections to the slides properly and
were stained. For the histological and
histochemical study, sections were stained with H
& E, after which they were passed through a
mixture of equal concentration of xylene and
alcohol. Following clearance in xylene the
sections were oven-dried between 35°C and
40°C [19,20]. The sections were examined
under the light microscope at high power
magnification (x 100 and x 400) and
photomicrographs taken.

2.3 Plant Extraction Procedure
It was extracted in the Department of chemistry,
University of Nigeria, Nsukka. The dried
specimen were grounded into powder of 500 g
using a Q-link electric blender; Model QBL18L40, and stored in air-tight containers [15].
Aqueous infusion was done by mixing a
calculated volume of distilled water and
powdered sample. The mixture was allowed to
stand for 30 minutes before filtration. It was then
centrifuged at about 3000xg for 5 min and the
supernatant collected

2.4 Experimental Design
The design consist of thirty-five (35) animals,
randomly divided into seven (7) groups each of
five rats in each group, and the rats were fed
with animal fed and water ad libitum. Distilled
water were used to dissolve the Occimum
gratissimum extract, the lead acetate and vitamin
C. The treatment was done orally for 21 days.
After the administration (24 hours), the rats were
sacrificed and the organs harvested. The rats in
Group one (G1) served as the Control and
received distilled water. Group 2 received 120
3
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with lead only (Groups 2) and the animals treated
with high dose of Ocimum grattissimum and lead
(group 5) which shows a decrease in the mean
body weight.

2.7 Statistical Analysis
Statistical analysis was done using both
electronic calculate and SPSS version 20. All
data were expressed as mean ± SD of a number
of experiments (n = 5). The values will be
compared using the Student T-test. P value less
than 0.05 (P < 0.05) was considered as being
significant.

Thymus exposed to lead show a significant
decreased in normal thymic lymphocytes and
reticular epithelial cells compared to control.
Thymic atrophy was observed in all the groups
administered with lead acetate but the
occurrence was severe in animal treated with
lead acetate only (group 2). This atrophy was
slight in animals treated with lead acetate and
OG, (group 4, 5 and 6) and moderate in animal
treated with lead acetate combined with vitamin
C (group 7).

3. RESULTS
It was observed that there was a gradual
increase in the mean body weight of the animals
in group 1 (control group), and other groups of
experimental animals except the animals treated

Fig. 1.

3.1 Body Weight Difference
Table 1. Weight change and weight comparison of Wistar rats at Initial (day 1) and Final
(day 21) day of treatment
Groups
1
2
3
4
5
6
7

Initial weight
(gram)
89.90 ±15.93
159.1±25.06
127.4 ±33.84
108.7 ±24.00
201.4 ±20.27
110.5 ±6.816
118.7 ± 15.23

Final weight Change in weight (gram)
114.5±12.99
153.9±42.84
151.9±49.99
137.7±19.34
189.1±33.11
151.2±24.99
145.0±11.79

24.6±2.94*
-5.2±17.78**
24.5±16.15*
29±4.46*
-12.3±12.84**
40.7±18.17*
26.3±3.44*

Percentage change in
weight (%)
27.36
3.27
19.23
26.68
6.11
36.83
22.17

The values are expressed as Mean ± STD *significant increase **significant decrease. (P < 0.05)
Weight change and weight comparison of Wistar rats at Initial (day 1) and Final (day 21) day of treatment
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Fig. 2. Photomicrograph of thymus sections from (group 1) , with rat thymus showing; CTLcortex with thymic lymphocytes, TB- trabecular, BV- blood vessels, ERC-epithelia reticular
cells, and HC- hassall’s corposules(H&E x 400)

Fig. 3. Photomicrographs (A and B) of thymus sections from (group 2) , with rat thymus
showing; C-cortex with dense aggregation of thymic lymphocytes, TB- trabecular, M- medullar
with distorted epithelia reticular cells, and HC- distorted hassall’s corposules (H&E x 400)

Fig. 4. Photomicrograph of thymus sections from (group 3) showing normal and well oriented;
HC-hassall’s corpuscle, ERC- epithelia reticular cell, BV-blood vessels and CTL- cortex with
thymic lymphocytes (H&E x 400)
5
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Fig. 6. Photomicrograph of thymus sections from (group 5) showing; shrinked BV- blood
vessel, ERC- epithelia reticular cell, distorted or damaged, HC- Hassall’s corpuscle, (H&E x400)

Fig. 7. Photomicrograph of thymus sections from (group 6) showing damaged BV-blood
vessels and HC- Hassall’s corpuscle (H&E X 400) Fig. 5. Photomicrograph of thymus sections
from (group 4) showing well oriented; BV-blood vessels, TB- trabecular, M-medulla with
epithelia reticular cell and CTL- cortex with thymic lymphocytes (H&E x 400)
6
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Fig. 8. Photomicrogragh of thymus section from (group 7) showing damaged TB-trabecular
and MTL- medulla with thymic lymphoctyes
histoarchitecture of the thymus as reported by
Patrick, 2006 in one of his studies where he
stated that lead exposed animals showed that a
therapeutic strategy to increase antioxidant
defense system of the body may be of help for
long-term effective treatment of lead poisoning.
Recently, several chelating agents approaches
have been proposed therapeutically, including
supplementation with antioxidants and upregulation of endogenous anti-oxidative defense
system for lead induced oxidative stress in
various body organs [28,29,30]. However, the
mechanism of actions of these chelating agents
and antioxidants is still indistinct. It is believed
that chelating agents reduce the lead toxicity in
soft organs through its chelating activity, whereas
antioxidants protect the cells from influence of
oxidative damage protect the cells from influence
of oxidative damage by scavenging the free
radical generation and inhibiting of lipid
peroxidation [31,32,33,23]. As indicated by this
study and [28], chelating agent, like OG, reduces
the toxic effect of heavy metals on the
histological sections of the thymus (G4 and G5),
although it does not have similar effect in
protecting the tissues against toxic effect (G6).
Finally this study is in agreement with the
believed that vitamins with antioxidant activity
protect soft tissues against damaging effect of
free radicals which produced as a result of heavy
metals toxicity [29].

6. DISCUSSION
This study showed that there was reduction in
mean body weight of the rats in the lead treated
groups only when compared with the rats in the
Control group. This observed reduction in the
mean bodyweight is in agreement with [24] who
stated that that rats that are continuously
exposed to heavy metals such as mercury (Hg),
Cadmium (Cd), Arsenic (As) and Lead (Pb)
usually results in reduction in the body weight.
This reduction in the mean body weight with
continuous exposure to lead could be explained
on the basis of anorexia (loss of appetite) which
is caused by lead exposure [22]. The decrease
in the mean body weight could be explained
more on the basis that the reduction of the mean
body weight may be due to the decreased
muscle mass and cachexia as a result of the
oxidative stress induced by lead. In that, there
was evidence that heavy metal toxicity was
linked to oxidative stress [23] which according to
many researchers was associated with muscle
wasting and cachexia leading to low body weight
[24].
Furthermore, this study agrees with [25,26,27]
who postulated that generation of reactive
oxygen species, stimulation of lipid peroxidation
and depletion of antioxidants are the major
contributors to lead exposure related biochemical
and histopathological changes in the animal body
organs.

7. CONCLUSION

More so, as seen from the animals in G4 and G5,
the administration of OG at low dose is an
effective therapeutic strategy in restoring the

It could be right to conclude that aqueous extract
of O. gratissimum in a dose-dependent manner
has been proven to be an attractive target very
7
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effective in its protective effects against lead
acetate induced thymus damages and act via the
same route as vitamin C.

12.

13.

ETHICAL APPROVAL
The ethical committee of the Faculty of Basic
Medical Sciences Alex-Ekwueme Federal
University, Ndufu-Alike, Ikwo approved the
study with ethical number MPC/17O7/02/003.

14.

COMPETING INTERESTS
Authors have
interests exist.

declared

that

no

15.

competing

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

16.

Halliwell B. How to characterize an
antioxidant: An update. Biochem. Soc.
Symp. 1995;61:73-101.
Atlanta Georgia. Toxicological profile for
cadmium. ATSDR, agence for toxic
substance and disease registry; 1998.
Watemaux C, et al. Methodological isseus
in modeling the relationship between low –
level lead exposure and infant development: Examples from the boston lead
study. Environ Res. 1985;38:119-129.
Sharma RP, Street JC. Public health
aspects of toxic heavy metals in animal
feeds. J Am Vet Med Assoc. 1980;177:
149-153.
Bergendi L, Benes L, Durackova Z,
Ferenci KM. Chemistry, physiology and
pathology of free radicals. Life Science.
1999;65:1865-1874.
Gurer H, Ozygunes H, Saygin E, Ercal N.
Antioxidant effect of Taurine against lead induced oxidative stress. Arch. Environ.
Contam. Toxicol. 2001;41:397-402.
Simon JA. Relationship of ascorbic acid to
blood leads levels. JAMA. 1999;281:22892293.
Hudes ES. Relationship of ascorbic acid to
blood leads levels. JAMA. 1999;281:22892293.
Vierra RF. Chemical characterization of
Ocimum gratissimum found in the market
and used in Traditional medicine in Brazil.
Journal of Economic Botany. 2000;20:5-6.
Simon JE. Chemical characterization of
Ocimum gratissimum found in the market
and used in Traditional medicine in Brazil.
Journal of Economic Botany. 2000;20:5-6.
Owulade MO. Handbook African medicinal
plants. CRC Press, Boca Raton, Florida,
USA. 2004;214-215.

17.

18.

19.

20.

21.

22.

23.

8

Iwu MM. Handbook of African medicinal
plants. CRC Press, New York. 1993;214215.
Nakamura CV, Ishid K, Faccin LC, Filho
BP, Cortez DA, Rozental S, Souza W,
Ueda N. In vitro activities of essential oils
from Ocimum gratissimum against four
Candida species. Research in Microbiology. 2004;155(7):579-86.
Lymphoid organs; 2018.
Available:http://teachmeseries.com
(Assessed 23 June 2018)
Odey MO, Mboso O. Nat prod leaves
were blended into fine powder using
electric blender model QBL -18L40.
Biotechnology Advances J. Biotech; 2012.
Ebeye OA, Ekundina OV, Wilkie IE.
Histological and biochemical effects of
aqueous extract of Ocimum gratissimum
on the liver and kidney of adult wistar rats,
African Journal of Cellular Pathology.
2014;2:59-64.
Ofem OE, Ani EJ, Eno AE. Effect of
aqueous leaves extract of Ocimum
gratissimum on hematological parameters
in rats. International Journal of Applied
Asic Medical Research. 2012;2(1):38–42.
Material Safety Data Sheet (MSDS).
Safety data for mercuric chloride physical
and
chemical
properties.
Janssen
Pharmaceutical 3a. 2440 Geel, Belgium;
2008.
Sheehan DC, Hrapchak BB. Theory and
practise of histotechnology. Battelle
Memorial Institue; 1987.
Eisler R. Lead hazards to fish, wildlife, and
invertebrates, asynoptic review, Biological
Report 85(1.14), Contaminant Hazard
Reviews 14, Laurel, MD, USA: US Fish
and Wildlife Service, 1988 (Last modified
in 2013); 1988.
Nwokocha CR, Owu DU, Ufearo CS,
Iwuala MO. Comparative study on the
efficacy of Garcinia kola in reducing some
heavy metal accumulation in liver of
Wistar rats. Journal of Ethnopharmacology. 2011;135:488-91.
Klaassen CD. Heavy metals and heavymetal antagonists In: Goodman and
Gilman’s Pharmacological Basis of
th
Therapeutics. (10 edition.), McGraw-Hill,
New York; 2001.
Yeh YC, Liu TJ, Wang LC, Lee HW, Ting
CT. A standardized extract of Ginkgo
bilobasuppresses
doxorubicin-induced
oxidative stress and p53- Mediated
mitochondrial apoptosis in at testes.

Okechukwu et aI.; JBCRR, 26(1): 1-9, 2019; Article no.IJBCRR.49098

British Journal of Pharmacology. 2009;
of Genetic Enginerring and Biotechnology.
156:48-61.
2011;9(2):121-131.
24. Buck M, Chojkier M. Muscle wasting and
29. Hamadouche
Slimani M, Aoues A.
dedifferentiation induced by oxidative
Beneficial effect of administration of
stress in a murine model of cachexia is
vitamin C in amelioration of lead hepatoprevented by inhibitors of nitric oxide
toxicity. Nat. Sci. Biol. 2012;4(3):7-13.
synthesis
and
antioxidants.
EMBO
30. Dewanjee S, Sahu R, Karmakar S,
Journal. 1996;15:1753-1765.
Gangopadhyay M. Toxic effects of lead
25. Silbergeld EK, Waalkes M, Rice JM. Lead
exposure in Wistar rats: Involvement of
as carcinogen: Experimental evidence and
oxidative stress and the beneficial role of
mechanism of action. Am. J. Indus. Med.
edible jute (Corchorus olitorius) leaves.
2000;38:316-323.
Food Chem. Toxicol. 2013;55:78-91.
26. Patrick L. Lead toxicity part II. The role of
31. Bashandy SA. Beneficial effect of
free radical damage and the use of
combined administration of vitamin E in
antioxidants in the pathology and
amelioration of chronic lead hepatotoxicity.
treatment of lead toxicity. Altern. Med.
Egyp J Hosp Med. 2006;23:371-84.
Rev. 2006;11:114-127.
32. Haleagrahara T, Jackie S, Chakravarthi M,
27. Jabeen R, Tahir M, Raza SMH, Nisa FU,
Rao M, Kulur A. Protective effect of
Batool S. Protective role of vitamin C
Etlingera eletior (torch ginger) extract
against teratogenic effects of lead acetate
on lead acetate-induced hepatotoxicity
on mouse kidney. 2011;1-5.
in rats. J. Toxicol. Sci. 2010;35(5):663Available:http//pjmhsonline.com
671.
28. Raafat BM, El-Barbary A, Touson E, Aziz
33. El-Neweshy MS, El-Sayed YS. Influence
S. Di-mercapto siccinic acid (DMSA) and
of vitamin C supplementation on leadvitamin C chelating potenctin lead
induced histopathological alterations in
intoxication, regarding oxidative stress and
male rats. J. Exp. Toxicol. Pathol. 2011;
apoptoic related proteins in rabblits. Jornal
63:221-227.
_________________________________________________________________________________
© 2019 Okechukwu et aI.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle3.com/review-history/49098

9

