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ABSTRACT 

 

Citrus limon Juice (CLJ) is used as a therapeutic agent due to its hypolipideamic property. It is 

commonly used by women as a vaginal douche. However, it is acclaimed to be used as a form of 

contraceptive in women. Thus, the effects of Citrus limon juice on reproductive functions in female 

Wistar rats were investigated.  Twenty animals divided into four groups (n=5) were used for the 

study; Group I (control) received distilled water. Group II-IV received 1 ml/kg bodyweight of 50%, 

75% and 100% CLJ respectively for 3 weeks. Oestrus cycle length and phase frequency, serum 

follicle stimulating hormone, luteinizing hormone and oestrogen levels, as well as histology of liver, 

ovary and uterus were assessed. Data were analysed using ANOVA and Student’s t-test where 

appropriate at P< 0.05. Oestrus length reduced in 75% CLJ group. The frequency of Proestrus and 

oestrus reduced in all test groups. The frequency of metestrus increased in 75% CLJ group. Diestrus 

frequency increased in all test groups. Luteinizing hormone increased in 75% CLJ group. Serum level 

of oestrogen increased in 50% and 75% CLJ groups. Histology of the ovaries showed reduced number 

of follicles and degeneration of uterine glandular epithelia cells.  It was therefore deduced from this 

study that administration of Citrus limon juice may be associated with reduced reproductive 

capability. 
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INTRODUCTION 

The use of plants in folkloric 

medicine for the treatment of illnesses and 

diseases is common 
[1]

. This is due to the 

fact that they are relatively available, 

inexpensive and compatible with human 

body systems 
[2]

. Citrus limon fruits, 

commonly known as “lemon” are widely 

cultivated and consumed globally 
[3]

. Citrus 

limon juice (CLJ) is a rich source of 

vitamins and minerals such as vitamin A, 

vitamin C, potassium and calcium, folate, 

citric acid and essential oils 
[4]

. The juice 

contains numerous phytochemicals, 

including flavonoids, polyphenols and 

terpenes 
[5]

. 

Administration of CLJ has been 

shown to effectively prevent the 

development of urolithiasis in male rats 
[6]

. 

Also, an in vitro study suggests the juice 

possesses spermicidal property by causing 

sperm immobilization 
[7]

. The CLJ is used 

by women of reproductive age for vaginal 

douching 
[8, 9]

 and weight loss due to its 

hypolipideamic property 
[10]

. In some 

Nigerian traditional societies, women of 

child bearing age are advised against the 

intake of CLJ if they want to conceive 

because it is believed to have contraceptive 

effect 
[11]

. However, there is dearth of 

information on the actual effects of Citrus 

limon juice on female reproductive 

functions. Thus this study was aimed to 

evaluate the effects of Citrus limon juice on 

the reproductive functions in female Wistar 

rats. 
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MATERIALS AND METHOD 

Ethical approval was obtained from 

the University of Ibadan Animal Care and 

Use Research Ethics Committee, with 

voucher number UI-ACUREC/19/0014 and 

the experimental protocols and procedures 

in the study were conducted according to 

the guidelines of animal protection and 

welfare of the University of Ibadan, Nigeria 

and according to International Guide for the 

Care and Use of Laboratory Animals 
[12]

. 

 

Identification and preparation of Citrus 

limon juice 

Fresh fruits of Citrus limon were 

obtained from a farm in Ibadan, the fruits 

were authenticated at Forestry Research 

Institute of Nigeria (FRIN), with voucher 

number 110938. Phytochemical screening 

was carried out on the juice using 

established protocols as described by 

Harborne 
[13]

. 

The fruits were washed and the juice 

was expressed from the halved fruits into a 

glass beaker. The expressed juice was 

filtered using a clean sieve and the filtrate 

was collected into clean bottles. The 

undiluted (100%) CLJ was diluted with 

distilled water to obtain 50% and 75% 

Citrus limon juice The filtrate was 

administered to the animals in different 

groups at a dose of 1 mL/kg of respective 

concentrations orally 
[14]

.  

 

Experimental Animals 

Twenty female Wistar rats (120 -150 

g) were used for the study. They were 

housed in the Postgraduate Animal House, 

Department of Physiology, College of 

Medicine, University of Ibadan, in aerated 

plastic cages and had access to rodent’s 

pelletized feed (Ladokun feed, Ibadan) and 

water ad libitum. All animals were 

acclimatized to the environmental condition 

of the animal house for two weeks before 

commencement of the study.  

 

Experimental protocol 

The animals were divided into four 

groups of five animals each as follows: 

Group I (Control) - received 1 mL/kg of 

distilled water 

Group II (50% CLJ) - received 1 mL/kg of 

50% Citrus limon juice 

Group III (75% CLJ) -received 1 mL/kg of 

75% Citrus limon juice 

Group IV (100% CLJ) -received 1 mL/kg of 

100% Citrus limon juice 

The administration was done orally 

using an oral cannula for a period of three 

weeks. Prior to commencement of 

administration, oestrus cycle was monitored 

daily for a period of two weeks to determine 

the baseline cycle rhythm and also during 

the period of administration using the 

Marcondes technique 
[15]

.  

At the end of three weeks of 

treatments, the rats were sacrificed at the 

proestrus phase of their oestrus cycle under 

sodium thiopentone anaesthesia (50 mg/kg, 

i.p.) 
[16]

. Blood samples were collected from 

the heart into plain sample bottles and 

centrifuged at 3500 rpm for 10 minutes to 

obtain the serum. The ovary, uterus and 

liver of each animal were harvested, freed 

from adherent fat and weighed on a 

sensitive weighing balance (Lisay, China). 

Relative organ weights were calculated as 

percentage of body weight for each animal. 

The ovary, uterus and liver were then fixed 

in 10% formalin for histological 

examination. Serum level of follicle 

stimulating hormone, luteinizing hormone 

and oestrogen were determined using 

ELISA kits (Calbiotech Inc., Spring Valley, 

USA). All the tests were carried out 

according to manufacturer’s instructions. 

 

Statistical analysis 

Data were expressed as mean 

±Standard Error of Mean (SEM) and the 

differences in means were compared by 

analysis of variance (ANOVA) and 

Student’s t-test where appropriate.  P<0.05 

was considered statistically significant. 

Graphpad prism 7.01 (Graphpad software, 

Inc, U.S.A.) was used to analyse the data.  
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RESULTS 

Phytochemical screening of Citrus limon juice 

Phytochemical screening revealed presence of saponins, flavonoids, anthraquinone, 

alkaloids, phenols and terpenes (Table 1). 

Table 1: Phytochemical screening analysis of Citrus limon juice 

S/N Test Observation S/N Test Observation 

1. Saponins + 7. Tannin - 

2. Flavonoids + 8. Anthraquinone + 

3. Steroids - 9. Cardiac glycosides - 

4. Alkaloids + 10. Terpene + 

5. Resins - 11. Reducing sugars - 

6. Glycosides - 12. Phenol + 

KEY: + = Present and - = Absent 

 

Effects of Citrus limon juice on oestrous 

cycle  

Oestrus cycle length was 

significantly reduced in 75% CLJ group 

after treatment with the juice when 

compared with before juice administration 

(figure 1). 

  

 
Figure 1: Effects of Citrus limon juice (CLJ) on oestrous cycle length in female Wistar rats. 

 

Data are presented as mean ± SEM, n=5, #P<0.05 compared with before CLJ 

administration of the corresponding group.  

   
Figure 2: Effects of Citrus limon juice (CLJ) on frequency of the proestrus phase of the oestrus cycle in female Wistar rats. 

# 

# # 
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The frequency of proestrus and 

oestrus phases was significantly reduced 

across the treated groups after juice 

administration when compared with before 

juice administration (figures 2&3).  

Data are presented as mean± SEM, 

n=5, #P<0.05 compared with before CLJ 

administration of the corresponding group.  

 

 
Figure 3: Effects of Citrus limon juice (CLJ) on frequency of the oestrus phase of the oestrous cycle in female Wistar rats. 

 

Data are presented as mean± SEM, 

n=5, #P<0.05 compared with before CLJ 

administration of the corresponding group.  

The frequency of metestrus phase 

was significantly increased in 75% CLJ and 

100% CLJ groups after juice administration 

when compared with before juice 

administration (figure 4). 

  

 
Figure 4: Effects of Citrus limon juice (CLJ) on frequency of the metestrus phase of the oestrous cycle in female Wistar rats. 

 

Data are presented as mean± SEM, 

n=5, #P<0.05 compared with before CLJ 

administration of the corresponding group.  

Diestrus phase frequency was 

significantly increased across the groups 

# # 

# 

# 
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after juice administration when compared with before juice administration (figure 5).  

 

 
Figure 5: Effects of Citrus limon juice (CLJ) on frequency of the diestrus phase of the oestrous cycle in female Wistar rats. 

 

Data are presented as mean± SEM, 

n=5, #P<0.05 compared with before CLJ 

administration of the corresponding group.  

 

Effects of Citrus limon juice on serum 

hormone concentration  

Serum level of oestrogen was 

significantly increased in 50% CLJ and 75% 

CLJ groups when compared with the 

control. Luteinizing hormone concentration 

was also significantly increased in 75% CLJ 

group when compared with the control 

group (Table 2).  

 
 

Table 2: Effects of Citrus limon juice (CLJ) on serum hormone 

concentrations in female Wistar rats 

GROUP LH 

(mIU/mL) 

FSH 

(mIU/mL) 

Oestrogen(µg/mL) 

CONTROL 2.70±0.02 2.28±0.01 20.24±0.01 

50% CLJ 2.69±0.02 2.28±0.01 41.60±0.02* 

75% CLJ 2.75±0.01* 2.29±0.02 34.68±0.02* 

100% CLJ 2.69±0.02 2.28±0.01 26.33±0.01 

Data are presented as mean± SEM, n=5, *P<0.05 compared with 

control. 

 

Effects of Citrus limon juice on body and 

organ weights  

There was significant reduction in 

mean progressive body weight of 50% CLJ 

and 100% CLJ treatment groups when 

compared with before CLJ administration 

(figure 6).  
 

 
Figure 6: Effects of Citrus limon juice (CLJ) on mean progressive weight of female Wistar rats. 

# 
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Data are presented as mean ± SEM, 

n=5, # = P<0.05 compared with the control 

group 
 

Table 3: Effects of Citrus limon juice (CLJ) on relative organ 

weights in female Wistar rats 

GROUP Ovary (%) Uterus (%) Liver (%) 

CONTROL 0.07±0.01 0.26±0.05 3.76±0.17 

50% CLJ 0.10±0.01* 0.23±0.01 3.34±0.14 

75% CLJ 0.09±0.00 0.17±0.01 3.23±0.02* 

100% CLJ 0.11±0.01* 0.24±0.01 3.50±0.17 

Data are presented as mean± SEM, n=5, *P<0.05 compared with 

control 
 

Ovarian weight was significantly 

increased in 50% CLJ and 100% CLJ 

groups when compared with control, the 

weight of the liver was significantly reduced 

in 75% CLJ group when compared with the 

control (Table 3).  

 

Effects of Citrus limon juice on lipid 

concentration  

High density lipoprotein 

significantly reduced in 75% CLJ and 100% 

CLJ groups when compared with control 

(Table 4). Total cholesterol, low density 

lipoprotein and triglycerides were 

significantly reduced in all the treatment 

groups when compared with the control 

(Table 4). 

 
 

Table 4: Effects of Citrus limon juice (CLJ) on serum lipid concentrations in female Wistar rats. 

GROUP TC  

(mg/dL) 

HDL-C (mg/dL) LDL-C  

(mg/dL) 

TG  

(mg/dL) 

CONTROL 95.55±0.05 43.09±0.01 224.32±0.02 326.44±0.02 

50% CLJ 82.49±0.02* 39.41±0.01 71.62±0.01* 269.84±0.05* 

75% CLJ 79.12±0.02* 33.45±0.01* 60.58±0.01* 278.72±0.02* 

100% CLJ 80.65±0.01* 35.05±0.01* 59.51±0.02* 290.49±0.02* 

Data are presented as mean ± SEM, n=5, *P<0.05 compared with control. TC= Total Cholesterol; HDL-C= High Density Lipoprotein-
Cholesterol; LDL-C= Low Density Lipoprotein-Cholesterol; TG= Triglycerides. 
 

  
Control                                                       50% CLJ 

 

 
75% CLJ                                                                                               100% CLJ 

Figure 7: Photomicrographs of ovarian sections from control and Citrus limon juice treated non-pregnant rats showing the ovarian 

follicles at different stages of maturation (black arrow), mature follicle (orange arrow) and congestion in the medulla (red arrow) 

(mag. X 100, H&E stain). Sections from all groups show no visible signs of lesion. 

100% CLJ 
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Control                                                                                                50% CLJ 

 

 
75% CLJ                                                                               100% CLJ 

Figure 8: Photomicrographs of uterine sections from control and Citrus limon juice treated non-pregnant rats showing uterine 

glands (black arrow), degenerating glandular epithelia cells (slender arrow) (mag. X 400, H&E stain). Sections from all groups show 

no visible signs of lesion. 
 

 
Control                                                                    50% CLJ 

 

 
75% CLJ                                                                        100% CLJ 

Figure 9: Photomicrographs of liver sections from control and Citrus limon juice treated non-pregnant rats showing hepatocytes 

(thin black arrow), mild diffuse vascular degeneration of the hepatocytes (thick black arrow) and congestion of the portal vessels 

(red arrow) (mag. X 400, H&E stain). Sections from all groups show no visible signs of lesion. 
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DISCUSSION 

Evaluation of the oestrus cycle in 

animals is a useful measure to determine the 

integrity of the hypothalamic-pituitary-

ovarian axis and assessing reproductive 

status 
[17]

; this is because oestrous cycle is 

regulated by oestrogen and gonadotropins 
[18]

. The oestrous cycle comprises of four 

phases namely; proestrus, oestrus, metestrus 

and diestrus and lasts for 4-5 days on 

average 
[18]

. The proestrus phase 

corresponds to the human follicular/ 

proliferative stage 
[19]

, during this phase 

ovarian follicle mature and uterine lining 

proliferates while ovulation occurs in the 

oestrus phase of oestrus cycle during which 

female animals are receptive to male 

animals 
[20]

. The structural changes 

occurring in the ovary and uterus during 

proestrus and oestrus phases are regulated 

by FSH, LH and oestrogen, in this present 

study the increase in the concentration of 

LH in 75% CLJ group and oestrogen in 50% 

CLJ and 75% CLJ groups obtained, suggest 

that these hormones were adequate in the 

circulation but the reduction in the 

frequency of the phases and the number of 

ovarian follicles observed in the study may 

indicate sub-optimal tissue uptake of these 

hormones. Metestrus and diestrus phases are 

characterised by the activities of the corpus 

luteum which produces progesterone 
[21]

. 

These phases correspond to human early 

and late secretory stages of the reproductive 

cycle 
[22]

. During these phases, female 

animals are not receptive to males 
[20]

; the 

observed increase in frequency of these 

phases reduces the chances of mating and 

reproduction 
[23]

. Phytochemicals such as 

flavonoids, saponins, alkaloids, terpenes, 

phenols and anthraquinone in Citrus limon 

juice observed in this study has also been 

reported by Okwu 
[24]

. Saponin, tannin and 

alkaloids have been shown to act as an 

estrous cycle disruptor 
[25]

.  

Citrus limon juice although acidic, 

has an alkalinizing effect on the body thus 

helps in detoxification 
[26]

. Also, 

consumption of low calorie diet such as 

Citrus limon juice has been reported to tend 

to be filling and induce satiety 
[27]

. Thus in 

synergy with its hypolipidemic effect it 

therefore aids in weight loss. Hence, the 

reduction in mean progressive body weight 

observed in the treatment groups. Lipids 

such as cholesterol are involved in basic 

molecular processes for reproduction. It is 

the main substrate for steroid synthesis and 

has been shown to affect the hormonal 

milieu and steroidogenesis 
[28]

. The observed 

reduction in body weight and lipid 

concentration in the study may also impact 

on reproductive capability. The results of 

the lipid concentration corroborate the 

findings from previous studies 
[14, 29, 30]

. 

  The results obtained from this study 

likely suggest that Citrus limon juice may 

be associated with reduced reproductive 

capability in Wistar rats. 

 

CONCLUSION 

The results observed in the present 

study suggest that administration of Citrus 

limon juice adversely affected reproductive 

functions in female Wistar rats, by 

increasing the frequency of metestrus and 

diestrus, reducing oestrus length, lipid 

profile and causing structural changes in the 

reproductive tissues as well as imbalance in 

the level of reproductive hormones. 
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