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Introduction
Cadmium (Cd) is a unique metal among the heavy metals 

reported globally [1]. This is due to its diverse toxic effects, extremely 
protracted biological half-life, low rate of excretion from the body, 
and predominant storage in soft tissues primarily the liver, kidney 
and reproductive organs in humans[2].The deteriorating effects of 
cadmium on the ovaries, testis, kidney, liver has been reported among 
people living in cadmium chloride polluted areas [3,4]. Previous studies 
on rodents has shown that cadmium alters the levels of testosterone, 
Luteinizing hormone (LH), Follicle stimulating hormone (FSH), 
essential for proper functioning of the female reproductive system. 
It is reported to mimics the growth-promoting actions of estrogen 
responsible for mammary gland development, induces early puberty in 
females, and also increases overall lifetime breast cancer risk in females 
[5]. Histomorphology studies in rabbits had shown that cadmium 
causes degeneration of oocyte follicles and multi oocyte follicles 
with significant increase in number of atretic follicles [2,3]. Citrus 
aurantifolia (lime) is used locally in many countries for management 
of different medical conditions [6]. Citrus aurantifolia (lime) juice 
contains potential antioxidants; these antioxidants have been 
demonstrated to prevent metal-induced toxicities [7]. Gharagozloo and 
Ghaderi, [8] also reported that Citurs aurantifolia (Lime) can protect 
against proliferation of cancer cells in human body and tissue culture. 
Also, products of citrus fruit such as essential oil and pectin are used 
in the cosmetic and pharmaceutical industries for the management of 
certain disorders [9]. Citrus aurantifolia in its natural state is widely 
used in West Africa, particularly in Nigeria where it is employed and 
use in the treatment /management of several illnesses in humans. It is 
a major component of most herbal preparations in Nigeria [10]. The 
leaves stem and bark has been reported to cure some illnesses such as 
fever, stomach ulcer and conjunctivitis. In South West Nigeria, the 

roots, bark, stem twigs, leaves and fruits are used in the treatment of 
malaria [6] and the diluted forms of the fruit juice is used for mouth 
washing for the treatment of mouth and throat ulcers in humans [11]. 
It is proven to have significant antimycobacterial activity especially 
against the isoniazid-resistant strain of Mycobacterium tuberculosis. 

Citrus aurantifolia juice possesses immune modulatory potentials in 
mitogen activated cultured mononuclear cells. The result from previous 
studies revealed that the juice significantly inhibits the proliferation 
of phytohaemaglutinin activated mononuclear cells at 250 and 500 
microgram per litre of the juice extract. It is used as an astringent and 
toning action to clear oily skin acne and treat cuts [12]. Nallely, et al. 
[13] study revealed that the extracts of root of C. aurantifolia possess 
antibactericidal activity against a wide range of microorganism such 
as Staphylococcus aureus, Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, βeta-haemolytic streptococci, Escherichia 
coli and Neisseria gonorrhoeae affecting humans. Citrus aurantifolia 
equally protect against, breast cancer, neuroblastoma, pancreas 
cancer and prostate cancer cells. D-limonene, D-dihydrocarvone, 
limoniods and flavonoids are among the major phytoconstituent in 
C. aurantifolia responsible for the anticancer activity. The essential 
oil of C. aurantifolia has 78% inhibition of human colon cancer cells, 
DNA fragmentation and apoptosis induction as revealed from a study 
and it is suggestive of the potential use of the plant for prevention of 
cancer especially colon cancer [14]. Furthermore, studies on the C. 
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Abstract
Cadmium (Cd) is a unique metal among the heavy metals due to its diverse toxic effects, extremely protracted biological half-life, low rate of excretion from the body, 
and predominant storage in soft tissues. The study was aimed at evaluating the curative potentials of Citrus aurantifolia (Lime) juice extract on cadmium chloride 
induced ovary tissue toxicity. Female Sprague Dawley adults were grouped into six (n=5), Group A–Group F. All the groups were subjected to 48 hours fasting. 
Group B, group C, group D and group F were induced with double dose of 0.5 mg/kg body weight of Cadmium chloride (CdCl2) orally using oral gastric tube. 
Group A and group E were exposed to 0.5 ml/kg of physiological saline. The rats were allowed access to food and water post 24 hours of drug administration. Group 
B, C, D and group E were further subjected to treatment with lime juice twice daily for 6 weeks post 72 hours of exposure to cadmium chloride while Group F was 
left untreated. Group B was treated with 1 ml/100 kg weight of fresh Citrus aurantifolia (Lime) juice ; group C received 1.5 ml/100 kg of fresh lime juice while group 
D and Group E received 2 ml/100 kg of fresh lime juice respectively twice a day for six weeks. Photomicrograph shows abnormal ovary epithelium with spindle to 
round cells scattered in a collagenous background and failure of oocyte development. Cadmium chloride induces surface epithelium disorder and failure of oocyte 
development as well as cystic follicles while treatment with the Citrus aurantifolia (Lime) juice reverses the disorder in a dose dependent pattern. 
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aurantifolia juice and fruit peels as well as leaves of C. aurantifolia 
has shown that the plant has a concentration-dependent effect on low 
density lipoprotein (LDL). C. aurantifolia acts as antioxidant both in 
vitro and in vivo and the vitamin C component protects plasma lipids 
and LDL against peroxidative/free radicals’ damage induced by various 
types of oxidation processes in the human body [6]. In addition, vitamin 
C, one of the components of citrus juice and peels have shown to play 
an important role in enhancing immune system, fighting against the 
formation of free radicals that cause muscle damage. Pourhossein, et 
al. [15] reported that dietary supplementation of citrus peels extract 
caused the improvement of immune response and disease resistance in 
broiler. Also study by Asnaashari, et al. [16] on the effect of essential oil 
of C. aurantifolia on weight gain in mice showed that mice treated with 
the extract displayed a reduction in both the amount of food intake and 
body weight compared with the control group with increase in body 
weight. Another interesting finding was that co-administration of C. 
aurantifolia essential oil and ketotifen causes a decreased weight gain 
in mice due to its anorexia property.

Citrus aurantifolia juice have shown ability to reduce the number 
of ova shed in Sprague-Dawley rats and also caused irregularities of the 

estrous cycle, partially block ovulation and also caused irregularities 
in the histology of the ovaries and uterus and possibly compromise 
fertility in females. More so, C. aurantifolia juice showed abortificient 
effect, although it does not possess teratogenic effect on foetus in some 
studies. In Nigeria, a survey conducted by Imade, et al. [17] in Jos 
revealed that it is a common practice for women to use C. aurantifolia 
juice solutions as a post coital douche with the believe that it prevents 
pregnancy or sexually transmitted diseases such as HIV and as well 
as enhancer sexual pleasure. Similarly, the hydro alcohol extract of 
C. aurantifolia in the form of tincture has been found to have anti-
platelet aggregation activity. It was found to have significant inhibitory 
effects on ADP and epinephrine-induced platelet aggregation [6]. In 
an interesting human clinical trial, orange juice was shown to elevate 
HDL cholesterol (“good” cholesterol) while lowering LDL (so-called 
bad) cholesterol [18]. The efficacy of C. aurantifolia and C. sinensis 
against osteoporosis was evaluated in an ovariectomized rat model, 
and the result revealed that the administration of citrus extracts 
increases the trabecular bone mineral content, and mineral density of 
tibia and improved the levels of phosphorus and calcium. The research 
demonstrates that C. aurantifolia possesses the ability to reduce bone 
loss [6]. In humans, chronic exposure to environmentally related 

Figure 1. Photomicrograph of Ovarian tissue stained with heamatoxylin and eosin X 400 magnification
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cadmium results in high cadmium level, especially in infertile males 
and females. Therefore, this study was aim at evaluating the curative 
ability of lime juice extract on cadmium induced ovary tissue toxicity. 

Materials and method 
Thirty female Sprague Dawley adult rats with body weight ranging 

from 150 g-250 g were purchased from the animal breeding and 
research unit of the Department of Pharmacology and Toxicology, 
Faculty of Pharmacy, Niger Delta University Wilberforce Island, 
Bayelsa state. The adult rats were kept in six (6) cages labeled accurately 
in a ventilated room with normal room temperature for the period of 
2weeks acclimatization. They were fed with mash hybrid feeds (Vital 
feeds Ltd. Edo State) and water (ad libitum). All animals were handled 
in accordance with the EU directive for animals (2010/63/EU).The 
Sprague Dawley female adult rats were grouped in to six (6) where n=5, 
All the groups (rats) were subjected to 48hours fasting and thereafter 
a double dose of 0.5 mg/kg body weight of Cadmium chloride CdCl2 
was administered orally using oral gastric tube to rats in groups B, C, 
D, and F twice a day. Group A and group E were exposed to 0.5 ml/kg 
of physiological saline. The rats were all allowed accessed to food and 
water post 24 hours of drug administration. Groups B, C, D and group 
E were subjected to treatment with C. aurantifolia (lime) juice twice 
daily for 6 weeks post 72 hours of exposure while Group F was left 
untreated. Group B was treated with 1 ml/100 kg weight of fresh lime 
juice; group C received 1.5 ml / 100 kg of fresh lime juice while group D 
and Group E received 2 ml/100 kg of fresh lime juice respectively once 
a day for six weeks. 

Sample collection and preparation 
The adult female rats were sacrificed under anesthesia using 

chloroform. The ovary tissues were harvested and fixed immediately 
in 10% buffered formal saline and further stained for microscopy. 
The tissues were processed using automatic tissue processor and 
tissues sectioned using rotary microtome into serial sections and 
were stained. Erhlich’s haematoxylin and Eosin method was used 
for histomorphology assessment in accordance with the method of 
Nwidu and Oboma [19]. The slides were stained and read to establish 
diagnosis as shown in the photomicrographs. The principle of reaction 
is based on the chemical theory of dye; where the acidic component 
of the tissue was stained by the basic dye (haematoxylin) blue and the 
basic component (cytoplasm) is stained by the acidic dyes (Eosin).The 
slides were dewaxed and hydrated in water, drained and transferred to 
haematoxylin solution (primary stain) for 20 min. with nuclei staining 
blue. Rinsed in water and immediately subjected to two seconds 
differentiation using 1% acid alcohol, rinsed to stop reaction and 
blued in Scot’s tap water to restore the nuclear stain. Then dehydrated 
in three changes of alcohol (70%, 95%, Absolute) and counterstained 
with 1% Eosin (cytoplasm stain). The stained slides were dehydrated in 
two changes of alcohol (95% and Absolute) and cleared in xylene and 
mounted with DPX. 

Results
Photomicrographs of the stained tissue sections were produced using 

a digital microscope (Olympus®) at x400 magnification. Heamatoxylin 
and eosin is a routine and gold standard stains used in histopathology 
to study general tissue structures. In the photomicrographs shown 
below, heamatin an oxidative product of haematoxylin stained the 
nuclei of the oocyte blue and eosin stained the cytoplasm pink. Group 
A (negative control) shows a photomicrograph of a normal ovary 
displaying ovary surface epithelium (a modified mesothelial epithelium 
compose of a single layer columnar to cuboidal epithelium), hilum 
and oocyte consistent with normal histology of the ovary. Group B 

photomicrograph shows an ovary tissue of an adult rat exposed to 0.5 
mg/kg body weight cadmium chloride twice daily and pretreated with 
1 ml/kg body of lime twice daily. The histomorphology shows graffian 
follicle and abundant stroma consistent with normal histology of the 
ovary. Group C shows a photomicrograph of an ovary section of an 
adult rat exposed to 0.5 mg/kg body of cadmium chloride twice daily 
and treated with 1.5 ml/kg body weight of lime showing multiple cystic 
follicles, indicating non proliferating epithelium. Group D shows ovary 
sections of an adult exposed to 0.5 g/kg body of cadmium chloride twice 
daily and treated with 2 ml/kg of fresh lime juice showing secondary 
follicle and abundant stroma consistent with normal histology while 
Group E (negative drug control) not exposed but pretreated with 2 ml/
kg body of lime twice daily shows normal corpus luteum cyst. Group 
F (drug control) shows ovarian tissue of an adult rat exposed to 0.5 
mg/kg body weight cadmium chloride twice daily without treatment. 
Photomicrograph (group F) shows abnormal ovary epithelium with 
spindle to round cells scattered in a collagenous background and failure 
of oocyte development. Cadmium chloride induces ovary surface 
epithelium disorder and failure of oocyte development as well as cystic 
follicles. The lime juice demonstrated a dose dependent protective 
property to cadmium chloride CdCl2 induced lesion. 

Discussion and conclusion
Cadmium (Cd) is an environmental contaminant. It is unique 

among metals because of its diverse toxic effects, extremely 
protracted biological half-life, low rate of excretion from the body, 
and predominant storage in soft tissues primarily the liver, kidney 
and reproductive organs [2]. According to Wu, et al. [3] Cadmium 
is capable of penetrating through tissues rapidly and most of the 
ingested cadmium enters into the liver and the kidneys and the female 
reproductive system. The current study revealed that Cadmium 
chloride is toxic to the ovary. Cadmium chloride CdCl2 induces surface 
epithelium disorder, failure of oocyte development and multiple cystic 
follicle in the present study. Lafuente, [5] in his study using rodents 
documented that cadmium alters the level of testosterone, LH, Follicle 
stimulating hormone (FSH), essential for reproduction. Cadmium can 
also mimics the growth-promoting actions of estrogens, promoting 
mammary gland development, inducing early puberty in females, and 
increasing overall lifetime breast cancer risk. Also, Massani, et al. [2] 
study in rabbit showed that cadmium causes a degeneration of oocyte 
follicles and multi oocyte follicles as seen in the present study. 

Exposure to cadmium is reported by previous studies to be linked 
to several detrimental effects on both male and female reproductive 
system, also acknowledged endocrine disrupting chemicals (EDCs) 
[20]. Though, specific ovary pathology was not explored in previous 
studies as it is on the current work. The role of Citurs aurantifolia 
(Lime) on cadmium chloride induced ovarian pathology was evaluated 
in the present study and a dose dependent protective effect was 
reported. High concentration of lime juice prevented multiple cystic 
development and reverses abnormal epithelial cells of the ovary 
caused by cadmium chloride as observed in Group treated with 2 ml/
kg body weight with fresh lime juice. This effect is in agreement with 
Gharagozloo and Ghaderi, [8] who have also reported that Citurs 
aurantifolia (Lime) protect against proliferation of cancer. Low doses 
cause non proliferating activities of the developing follicles and are in 
accordance with Bakare, et al. [21,22] who has reported abortifacient 
effect. The present ameliorating effect of lime juice on Cadmium 
chloride induced lesions recorded in this study is in agreement with 
Ayinde, et al. [7] who reported that Citrus is used locally in many 
countries for management of different medical conditions and that 
the Citrus aurantifolia juice contains potential antioxidant and such 
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antioxidants have been demonstrated to prevent metal-induced 
toxicities. Medicinal plants in Nigeria forest if properly harnessed may 
provide an alternative measure for the management of certain diseases. 
In conclusion Cadmium chloride induces ovary surface epithelial 
disorder and prevented the growth of developing follicles. Citrus 
aurantifolia juice extract reverses this conditions in a concentration 
gradient dependent pattern. 
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