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ABSTRACT

Background: Pomegranate (Punica granatum L.) has been mentioned to be of value in the management of male sexual 
disorders. This study investigated the effects of pomegranate fruit extract on healthy male rats as the animal model. 

Materials and methods: 50 adult male and female Albino rats of Wistar strain weighing 250-350 g and 200-250 
g respectively were used in this study. The pomegranate extract was administered (500, 1000 and 1500 mg/kg) 
to different groups of male rats on a once-daily regime throughout the experiment period. The general mating 
behaviour, libido, potency and testosterone concentration were studied and compared with sildenafil citrate. 

Results: Administration of the pomegranate extract orally at the dose of 1500 mg/kg produced significant augment of 
sexual activity in male rats. The mounting frequency, intromission frequency, mounting latency, intromission latency, 
ejaculation latency and post ejaculation interval did not vary significantly. However, the mounting frequency varied 
significantly between control, pomegranate crude extracts and sildenafil. In addition, the potency of the extracts did not 
vary significantly between control, pomegranate crude extracts and sildenafil. The testosterone levels varied significantly 
between pomegranate, sildenafil and control.

Conclusion: Pomegranate extracts have the potential of increasing sexual behaviour in rats. There is need for mass 
production of pomegranate extracts for use in enhancing sexual behaviour in human beings.
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INTRODUCTION

Sexual behaviour reflects the normal functioning of the 
hypothalamo-pituitary-gonadal axis. It encompasses sexual 
motivation as well as sexual performance [1]. In males, sexual 
performance depends on the integration and coordination of 
various anatomical and physiological factors that eventually brings 
about a rise in the corporal system and provides the requisite penile 
tumescence and rigidity for successful sexual activity [2]. Apart 
from reproduction, sexuality is practiced in humans for purposes of 
providing pleasure, bolstering self-esteem, fostering intimacy, and 
reducing anxiety or tension. Both males and females experience 
normal sexual activity throughout adult life which declines with 
aging. Apart from old people, healthy people who are unable to 
carry out sexual act normally suffer from psychogenic, organic 
or mixed etiologies leading to erectile dysfunction (ED). Erectile 
dysfunction (also called impotence) is the inability to attain and 

maintain a penile erection that is sufficient to sustain satisfactory 
sexual activity for both partners [3-5].

Global prevalence of ED in 1995 was estimated to be over 152 
million men and the projections for 2025 show a prevalence of 
approximately 322 million with ED, an increase of nearly 170 
million men. The largest projected increases were in the developing 
world such as Africa, Asia and South America. Inability to achieve 
or sustain an erection and an inability to ejaculate is common 
among men over 40, where about 5% will experience ED and rates 
increase with age [6,7]. There are no current statistics available for 
Kenya, on what age group is more susceptible to erectile dysfunction 
but in USA about 10% of men are believed to be affected. By the 
age of 45 years, most men have experienced erectile dysfunction 
at least once. The incidence increases with age: about 5% of men 
at the age of 40 and between 15% and 25% of men at the age 
of 65 suffer from erectile dysfunction and the percentage grows 
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Ethical approval 

Ethical approval was obtained from the Biosafety, Animal use and 
Ethics Committee of the Faculty of veterinary medicine, University 
of Nairobi with the reference number FVMBAUEC/2019/213.

Pomegranate extraction preparation 

Fresh pomegranate fruits were obtained from a farm in Njoro, Kenya. 
They were transported in cartons to the laboratory in the Department 
of Biological Sciences, Egerton University. Pomegranate fruits were 
cut into two halves and the seeds scooped into a mixing bowl. Using 
a blender, the seeds were blended until they were crushed and pulpy. 
Two pieces of cheese cloth were placed on a flat surface, one on top of 
the other. The blended seeds were poured into the centre of the cheese 
cloth, then the ends of the cheese cloth were brought together to make 
a bag. The cheese cloth bag was held over a beaker and squeezed until 
juice stopped coming out. The seed casings remained in the cheese 
cloth, and the pomegranate extract was collected in the container. The 
pomegranate extract was covered with a container lid and stored in 
refrigerator at 4°C [23].

Chemicals and drug preparation

Sildenafil citrate was obtained from Teva Pharmaceuticals 
(Nairobi, Kenya). Estradiol and Progesterene were procured from 
Sun Pharmaceutical Industries Limited (Mumbai, India), 5% 
xylocaine ointment was obtained from Lexicare Pharma PVT. 
LTD. (Nairobi, Kenya). Pomegranate was suspended in distilled 
water using Tween-80 (1%) for oral use. Similarly, sildenafil citrate 
and estradiol were suspended in distilled water separately, using 
Tween-80 (1%) for oral administration. Progesterone was dissolved 
in olive oil for subcutaneous injection. All the drug solutions were 
prepared just before administration [24]. 

Mating behaviour test 

Healthy male rats were divided into three experimental groups of 
5 each. Group 1, the control group, received 10 ml/kg of distilled 
water orally, once a day for 7 days at 18:00 h. Group 2, the test 
group, was treated with pomegranate extract at a dosage of 500, 1000 
and 1500 mg/kg orally in a once-daily regime throughout the study 
period. Group 3, the standard group, was treated with sildenafil drug 
which was administered orally at the dose of 5 mg/kg 1 h prior the 
commencement of the experiment. Since rats should not be tested 
in an unfamiliar circumstance, they were brought to the laboratory 
and exposed to dim light (in 1 W fluorescent tube in a laboratory 
of 14’ × 14’) at the stipulated time of testing daily for 6 days before 
the experiment. Each rat was weighed using an electronic weighing 
balance and its weight recorded once a week [25].

Female rats allow mating only during the estrus phase. Thus they 
were artificially brought into oestrus. They were given a suspension 
of ethinyl oestradiol orally at the dose of 100 µg/animal 48 h prior 
to the pairing plus progesterone injected subcutaneously at the 
dose of 1 mg/animal 6 h before the experiment. The receptivity 
of the female rats was confirmed before the test by exposing them 
to male animals other than the control, test and standard animals. 
The most receptive females were selected for the study. The 
experiment was carried out on the 7th day after commencement 
of the treatment of the male rats. The experiment was conducted 
at 20:00 h in the same laboratory and under the light of same 
intensity. The receptive female rats were introduced into the cages 
of male rats on a ratio of 1 female to 1 male [26].

to 70% as men reach 80 years of age. At old age, men are reported 
to lose sexual desires as well as ED, which are unavoidable features 
of ageing. Men with chronic illnesses, low testosterone level, those 
taking certain medications or alcohol users, are more vulnerable 
to experience. Other causes may include emotional instability, 
exhaustion, injury or physical damage. Young men who experience 
ED can often relate the condition to underlying health conditions, 
such as heart disease, diabetes, and side effects of certain drugs and 
medications. Psychological trauma can also be the cause of ED in 
men under 40 and treatment may involve counseling [8-11].

The pomegranate, Punica granatum L. is a fruit-bearing deciduous 
shrub or small tree in the family Lythraceae that grows between 5 
and 8 metres (16 and 26 ft) tall. The fruit is typically in season from 
September to February and from March to May. The pomegranate 
originated in the region of modern-day Iran, and has been cultivated 
since ancient times throughout the Mediterranean region and 
Northern India. Pomegranates were known in Ancient Israel as the 
fruits which the scouts brought to Moses to demonstrate the fertility 
of the “promised land”. It was introduced into Spanish America in 
the late 16th century and into California by Spanish settlers in 1769. 
Today, it is widely cultivated throughout the Middle East and Caucasus 
region, north and tropical Africa, the Indian subcontinent, Central 
Asia, and the drier parts of Southeast Asia [12-15].

Pomegranate fruit can be consumed pure or used to make 
pomegranate juice, and it's a healthy addition to any diet. Both 
the pomegranate seeds and the surrounding pulp are edible and 
nutritious [16-17]. Research shows that the fruit increases the level 
of oxygen in the body particularly in the heart, fights arthritis 
(ageing of bones) and helps fights erectile dysfunction among men 
in Kenya. Not only is pomegranate fruit packed with beneficial 
vitamins, minerals, phytonutrients and antioxidants, but clinical 
evidence supports its ability to protect against heart disease and 
certain types of cancer. They are also associated with health, fertility 
and rebirth. Therefore, there is need to look for a sustainable and 
nutritious alternative in management of male sexual disorders 
and this study investigated the effectiveness of pomegranate fruit 
extract on the sexual function [18-20]. 

MATERIALS AND METHODS 

Study site 

The study was carried out at Egerton University, Njoro, Kenya. The 
university is located approximately 182 kilometers, by road, northwest 
of Nairobi, the capital city of Kenya. The university: lies at 0°22’11.0” 
S, 35°55’58.0” E (Latitude: 0.369734; Longitude: 35.932779) [21].

Animals 

Three months old male and female albino rats of Wistar strain 
weighing 250-350 g and 200-250 g respectively were used in this 
study. The rats were obtained from the University of Eldoret in 
Kenya and transported to Egerton University. All rats were housed 
singly in separate standard propylene cages and maintained under 
standard laboratory conditions (temperature 24-28°C, relative 
humidity 60-70% and 12/12- h light-dark cycle). They were fed 
with rat pellets (Unga Farm Care (E.A.) Limited, Kenya) and water 
was provided ad libitum. Rats were divided into three groups of 
five male rats each. Group 1: Control–treated with distilled water; 
Group 2: test group treated with pomegranate; and Group 3: 
standard group–treated with sildenafil [22].
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using a cardio-puncture method. All the samples were collected 
in the morning in order to minimize the diurnal variation of 
hormone levels. Bicinchoninic acid assay chemical (BCA) tablets 
were powdered to increase the dissolution surface area. Briefly, 
25 mg of powder was transferred to a 100 ml volumetric flask. A 
volume of 60 ml methanol was added and solution centrifuged for 
total dissolution for 15 minutes at 1600 g. Methanol was added to 
the volume of 100 cm3 and solution filtered through filter paper. 
Further dissolutions were made using methanol to get concentrations 
of 10 mg/ml. Absorbance was determined and the standard curve 
generated at 272 nm. The absorbance values were obtained from male 
rats treated with pomegranate extracts, sildenafil positive control and 
distilled water negative control administered orally to compare sexual 
parameters based on those treatments. Testosterone concentrations 
were calculated based on the absorbance values.

Data analysis

Data collected was computed to find the mean values and 
summarized in tables. The frequency of parameters observed in 
control, test and standard groups was statistically analyzed by using 
one-way analysis of variance (ANOVA) method. The significance 
of difference between the mean was determined with post-hoc ‘t’ 
test. All the results were expressed as mean ± standard of the mean 
error and the level of significance for comparisons set at p<0.05.’

RESULTS

Effects of pomegranate extract on mating behavior in male 
rats

Mounting frequency in control group varied from 11.4 ± 0.2 to 
13 ± 0.1, intromission frequency (4.4 ± 0.2-12.2 ± 0.2), mounting 
latency (11.8 ± 0.1-35.8 ± 0.2), intromission latency (15.0 ± 0.2-
40.0 ± 0.1), ejaculatory latency (253.2 ± 0.2-344.0 ± 0.3) and 
post ejaculation interval (98.6 ± 0.3-364.0 ± 0.2) per second. The 
mounting frequency, intromission frequency, mounting latency, 
intromission latency, ejaculation latency and post ejaculation 
interval did not vary significantly (p=0.997388) (Table 1).

Effects of pomegranate extract on libido in male rats

The results obtained with the test for libido showed that the mounting 
frequency varied significantly between control, pomegranate and 
sildenafil (p=2.67). Intromission and Ejaculation were absent in 
control, pomegranate and sildenafil groups (Table 2).

Effect of pomegranate fruit extract on potency in male rats

The number of erections in control group varied from 7.6 ± 0.1 
to 12.4 ± 0.2, quick flips (5.2 ± 0.1-17.2 ± 0.2), long flips (2.4 ± 
0.2-12.0 ± 0.3) and total penile reflexes (15.2 ± 0.1-48. ± 20.1) per 
second. The potency did not vary significantly between control, 
pomegranate and sildenafil (p=0.137802) (Table 3).

Testosterone concentrations 

The testosterone levels varied from 2.47 mg/ml in test animal 3 
to 5.04 mg/ml in test animal 1. When sildenafil was used, the 
testosterone ranged between 3.88 mg/ml in test animal 3 to 5.64 
mg/ml in test animal 5. However, the testosterone concentration 
varied from 0.086 mg/ml in test animal 1 to 3.22 mg/ml in test 
animal 5. The testosterone levels varied significantly between 
pomegranate, sildenafil and control group (p=0.000229) (Table 4).

The observation for mating behaviour was immediately commenced 
and the following parameters were recorded: Mount frequency (MF) 
and Intromission frequency (IF); Mount latency (ML) and Intromission 
latency (IL); finally, Ejaculation latency (EL) and Post ejaculatory 
interval (PEI). The experiment was terminated when each male rat 
began to mount each female again after a brief period of inactivity or 
following 30 minutes of sexual inactivity by the male rat from the time 
of introduction of the female into the testing chamber [27].

Test for libido

The test was carried out using the method of Shravan et al. The 
Wistar male rats were divided into three experimental groups of 
five rats each and kept singly in separate propylene cages during 
the experiment. Group 1 represented the control group, which 
received 10 ml/kg of distilled water orally, once a day for 7 days 
at 18:00 h. Group 2 received suspension of pomegranate extract 
orally at the dose of 500, 1000 and 1500 mg/kg, daily for 7 days 
at 18:00 h. Group 3 served as standard group and was given 
suspension of sildenafil citrate orally at the dose of 5 mg/kg 1 h 
prior to the commencement of the experiment. The female rats 
were made receptive by hormonal treatment and all the animals 
were accustomed to the testing condition as previously mentioned 
in mating behavior test. The animals were observed for Mount 
frequency (MF) on the evening of 7th day at 20:00 h. The penis was 
exposed by retracting the sheath and 5% xylocaine ointment was 
applied 30, 15 and 5 min before starting observations. Each animal 
was placed in a cage and receptive female rat were placed in the 
same cage. The number of mountings were noted. The rats were 
also observed for intromission and ejaculation [28,29].

Test for potency

The test was carried out using the method described by Qu et al. 
[30]. The male rats were divided into three groups each consisting of 
five rats and placed individually in separate propylene cages during the 
experiment. Group I represented the control group, which received 
10 ml/kg of distilled water orally daily for 7 days. Group II received 
pomegranate extract orally at the dose 500, 1000 and 1500 mg/kg 
daily for 7 days. Group III served as the standard group and received 
suspension of the sildenafil drug orally at the dose of 5 mg/kg, 1 h 
prior to the commencement of the experiment. On the 8th day the 
test for penile reflexes was carried out by placing the rat on its back, in 
a glass cylinder for partial restraint. The preputial sheath was pushed 
behind for a period of 15 minutes. Such stimulation elicited a cluster 
of genital reflexes. The following parameters were recorded: Erection 
(E), Quick flips (QF) and Long flips (LF).

Determination of the concentration of testosterone

The study was carried out on male rats and concentration of 
testosterone was determined at the end of the experiment. The 
male rats were divided into five groups each consisting of five rats and 
placed individually in separate propylene cages during the experiment. 
Group 1 represented the control group, which received 10 ml/kg of 
distilled water orally daily for 8 weeks. Group 2 received pomegranate 
extract orally at the dose of 500, 1000 and 1500 mg/kg respectively 
daily for 8 weeks. Group 3 served as the standard group and did 
receive suspension of the sildenafil drug orally at the dose of 5 mg/kg, 
1 hour prior to the commencement of the experiment. 

After eight weeks of treatment, the rats were sacrificed using ether 
anaesthesia. Enough volume of blood was collected from each rats 
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Parameters
Control Pomegranate Sildenafil

10 ml/kg 500 mg/kg 1000 mg/kg 1500 mg/kg 5 mg/kg

Mounting frequency 11.4 ± 0.2 14.4 ± 0.2 24 ± 0.3 43.8 ± 0.1 48.2 ± 0.3

Intromission frequency 4.4 ± 0.2 4.4 ± 0.3 8.0 ± 0.2 12.2 ± 0.2 24.2 ± 0.1

Mounting latency 35.2 ± 0.2 35.8 ± 0.2 28.6 ± 0.3 22.8 ± 0.3 11.8 ± 0.1

Intromission latency 40.0 ± 0.1 37.8 ± 0.2 34.2 ± 0.2 27.6 ± 0.1 15.0 ± 0.2

Ejaculatory latency 246.8 ± 0.3 253.2 ± 0.2 268.0 ± 0.3 294.0 ± 0.2 344.0 ± 0.3

Post Ejaculation interval 364.0 ± 0.2 336.2 ± 0.2 301.2 ± 0.3 224 ± 0.2 98.6 ± 0.3

Tabular values are mean ± SEM, n=5.

Table 1: Mating behavior in male rats in seconds.

Parameters Control Pomegranate Sildenafil

10 ml/kg 500 mg/kg 1000 mg/kg 1500 mg/kg 5 mg/kg

Mounting frequency 6.40 ± 0.24 7.40 ± 0.51 8.00 ± 0.71 14.60 ± 0.51 22.60 ± 1.03

Intromission frequency Nil Nil Nil Nil Nil

Ejaculation Absent Absent Absent Absent Absent

Tabular values are mean ± SEM, n=5.

Table 2: Effect of pomegranate fruit extract on mounting frequency (libido test) in male rats.

Parameters Control Pomegranate Sildenafil

10 ml/kg 500 mg/kg 1000 mg/kg 1500 mg/kg 5 mg/kg

Erections 7.6 ± 0.1 7.4 ± 0.2 8.2 ± 0.3 12.4 ± 0.2 19.0 ± 0.2

Quick flips 5.2 ± 0.1 5.4 ± 0.1 5.6 ± 0.2 8.4 ± 0.1 17.2 ± 0.2

Long flips 2.4 ± 0.2 3.4 ± 0.2 4.6 ± 0.1 8.4 ± 0.2 12.0 ± 0.3

Total penile reflexes 15.2±0.1 16.4±0.2 18.4±0.2 29.2±0.3 48.2±0.1

Table 3: Effect of pomegranate fruit extract on penile reflexes (test for potency) in male rats.

Test animal Pomegranate Sildenafil Control

1 5.04 ± 0.1 5.46 ± 0.2 0.086 ± 0.2

2 3.90 ± 0.2 4.86 ± 0.2 0.199 ± 0.1

3 2.47 ± 0.3 3.88 ± 0.1 0.236 ± 0.2

4 2.50 ± 0.2 4.02 ± 0.3 2.88 ± 0.2

5 4.80 ± 0.2 5.64 ± 0.3 3.22 ± 0.1

Mean 3.74 ± 0.1 4.77 ± 0.2 1.32 ± 0.1

Tabular values are mean ± SEM, n=5.

Table 4: Testosterone concentrations in mg/ml × 10-3.

DISCUSSION 

The results on mounting frequency obtained in this study 
indicated that the mounting frequency increased with increase 
in the concentration of pomegranate extract. The mounting 
frequencies from the highest concentration of pomegranate extract 
was comparable with those of sildenafil. These results agreed with 
a study by Fedder et al.. The possible results could be attributed to 
extraction of the same compounds [31].

In the current study, intromission frequency increased with 
concentration in pomegranate. However, the intromission 
frequencies in the highest concentration of pomegranate were 
lower than in sildenafil. This may be attributed to the crude nature 
of pomegranate as compared to the pure form of sildenafil [32].

The mean mounting latency increased from sildenafil to control 
group. In addition, the mean mounting latency reduced with 
concentration in pomegranate. This agreed to a study carried out 
by Fayed et al. in Egypt on the effects of pomegranate peel on 
semen quality in rabbits. This may be attributed to the plants from 

which the crude extracts were obtained accumulating the same 
active compounds [33].

However, the mean intromission latency reduced from control to 
sildenafil. The intromission latency reduced with concentration of 
pomegranate crude extracts. This can be associated with increased 
concentration of the active compounds within the crude extracts. 
This disagreed with a study by Hussen on the protective role of 
pomegranate peel extract on testis in adult male rabbits treated 
with pomegranate crude extract. The differences in the observed 
results in the two studies may be associated to differences in the 
ecological environment in which the pomegranate were growing 
[34].

The ejaculatory latency increased from control, pomegranate and 
sildenafil in the first series which was also the trend in the second 
series. The highest concentration of pomegranate gave almost 
similar results with sildenafil. This suggested that an increase in 
the concentration of pomegranate can give the same results as 
sildenafil. However, the post ejaculation interval reduced from 
control group to sildenafil. These results concurred with those of a 
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study by Misaka et al., on effect of pomegranate juice consumed by 
Japanese volunteers for two weeks [35].

The effect of the pomegranate fruit extract, on libido was 
studied by assessing the Mounting frequency (MF) after genital 
anaesthetization which does away with the reinforcing effect of 
intrinsic sexual desire. During the experiment the pomegranate 
fruit extract produced a significant increase in mounting frequency 
of sexually normal male rats. However, the highest concentration 
in pomegranate crude extracts didn’t yield the same result as 
sildenafil. This could be attributed to low concentration of the 
active compounds in crude pomegranate [36]. The test for libido 
revealed that Intromission and Ejaculation were absent in all 
groups of animals, as the genital sensations which are absent due to 
penile anaesthetization are necessary for the development of these 
two events. Thus, it may be inferred that the pomegranate fruit 
extract, produced a striking increase in the intrinsic sex drive or 
‘pure’ libido. 

The results on mean potency of crude extract obtained in the 
current study agreed with a study carried out on protective role 
of pomegranate peel extract on testis in adult male rabbits treated 
with pomegranate crude extracts by Riad et. Possible reason could 
be use of the same solvents with the same polarity in extracting 
active compounds from pomegranate. The quick flips increased 
with increase in concentration of the pomegranate extract. The 
same trend was observed for the long flips and the total penile 
reflexes indicating high presence of the active metabolites 
associated with high concentration of the crude extracts. The 
possible reason for the difference could be the soil physico-
chemical characteristics in which the plants were growing. 
Lansky et al. asserted that the composition of the soil that 
pomegranate grows in greatly influences the metabolites it will 
synthesize [37-42].

The testosterone concentration increased from the animals treated 
with distilled water to those treated with sildenafil. However, the 
testosterone concentration in animals treated with pomegranate 
was comparable to those treated with sildenafil. The results agreed 
with a studies carried out on effect of pomegranate pre-treatment on 
the oral bioavailability of buspirone in male albino rats. Similarity 
in the metabolic activities of the rats may be a contributing factor 
[43,44].

CONCLUSION AND RECOMMENDATION 

Pomegranate fruit extracts has the potential of enhancing sexual 
behaviour in rats. There is need for mass production of pomegranate 
extracts for use in enhancing sexual behaviour in human beings. 
Further research is also needed for the identification of its active 
constituent (s) responsible for sexual function improving activities.

REFERENCES
1.	 Ojo OA, Ojo AB, Ajiboye B, Fadaka A, Imiere OB, Adeyonu O et al. 

Protective influence of Ficus asperifolia Miq leaf extract on carbon 
tetrachloride (CCl

4
)-induced testicular toxicity in rats. J Appl Pharm 

Sci. 2016;6:037- 41.

2.	 Türk G, Sönmez M, Çeriba AO, Yüce A, Ateahin A. Attenuation 
of cyclosporine A-induced testicular and spermatozoal damages 
associated with oxidative stress by ellagic acid. Int Immunopharmacol. 
2010;10:177-182.

3.	 Won CS, Oberlies NH, Paine MF. Mechanisms underlying food-
drug interactions: Inhibition of intestinal metabolism and transport. 
Pharmacol Ther. 2012;136:186-201.

4.	 Ramya R, Sivasakthi R, Senthilkumar C, Anudeepa J, Santhi N, 
Venkata NN et al. Preliminary phyto chemical and anti-fertility studies 
on Dodonea viscose Linn. Asian J Res Pharm Sci. 2011;1:77-79.

5.	 Njila MIN, Meng GY, Ebrahimi M, Awad EA, Baiee FH, al. 
Effect of methanolic extract of Alchornea cordifolia leaves on the 
sexual behavior of senescent and sexually inexperienced rats. J 
Phytopharmacol. 2018;7:471-476.

6.	 Rakuambo NC, Meyer JJM, Hussein A, Huyser C, Mdlalose SP, et al. 
In vitro effect of medicinal plants used to treat erectile dysfunction 
on smooth muscle relaxation and human sperm. J Ethnopharmacol. 
2012;105:84-8.

7.	 Kachroo M, Agrawal SS. Anti-implantation activity of different extract 
of the peels of Citrus medica Linn. Int J PharmTech Res. 2011;3:535-
539.

8.	 Kumar P, SahaSudipta J. An updated review on taxonomy. Phytochem, 
pharmacol and toxicol. 2013;2:306-314.

9.	 Jarvis S, Li C, Bogle RG. Possible interaction between pomegranate 
juice and warfarin. Emerg Med J.2010; 27:74-5.

10.	 Hou YC, Lin SP, Chao PDL. Liquorice reduced cyclospo¬rine 
bioavailability by activating P-glycoprotein and CYP 3A. Food Chem. 
2012;135:2307-2312.

11.	 Ahmad KH, Habib S. Indigenous knowledge of some medicinal plants 
of Himalaya region, Dawarian Village, Neelum Valley, Azad Jammu 
and Kashmir. Pakistan. Univers J of Plant Sci. 2014; 2:40-47.

12.	Al-Olayan EM, El-Khadragy MF, Metwally DM, Moneim AE. 
Protective effects of pomegranate (Punica granatum) juice on testes 
against carbon tetrachloride intoxication in rats. BMC Complem 
Altern M. 2014;1:14-164.

13.	Ahmed MAE, El MEM, Ahmed AAE. Pomegranate extract protects 
against cerebral ischemia/reperfusion injury and preserves brain DNA 
integrity in rats. Life Sci. 2014;110:61-9.

14.	 Elnagar SA (2010). Royal jelly counteracts bucks’ “summer infertility”. 
Anim. Reprod Sci. 121:174-180.

15.	Mangiagalli MG, Cesari V, Cerolini S, Luzi F, Tosci I. Effect of lycopene 
supplementation on semen quality and reproductive performance in 
rabbit. World Rabbit Sci. 2012;20:141-148.

16.	 Azra R, Rafeeq AK. Effect of Punica granatum on behavior in rats. Afr 
J Pharm Pharmacol. 2014;8(44):1118-1126.

17.	 Avdatek F, Yeni D, Baser DF, Demirel HH, Hazman Ö, et al. The 
effect of lyophilized pomegranate extract on epididymal sperm quality, 
oxidative stress and spermatogenic cell density in rabbits. J Hellenic 
Vet Med Soc. 2018;69:723-730.

18.	 Amata RL, Otipa MJ, Waiganjo M, Wabule M, Thuranira EG, et al. 
Incidence, prevalence and severity of passion fruit fungal diseases in 
major production regions of Kenya. J Appl Biosci. 2014;20:1146-1152.

19.	 Venkatesh P, Ektha PB, Hephzibah G, Ratna DC, Neraja Y. In vivo 
fertility enhancing activity (aphrodisiac) of ficuscarica fruit on male 
wistar rats. Int J pharm pharmac Sci. 2013;5(2):15-18.

20.	Mansour SW, Sangi S, Harsha S, Khaleel MA, Ibrahim ARN. 
Sensibility of male rats fertility against olive oil, Nigella sativa oil and 
pomegranate extract. Asian Pac J Trop Biomed. 2013;3:563-8.

21.	 Waithaka NP, Gathuru EM, Githaiga BM, Kazungu RZ. Antimicrobial 
Properties of Aloe vera, Aloe volkensii and Aloe secundiflora. Acta 
Scientific Microbiol. 2018;1(5):06-10.

22.	Mazokopakis EE, Starakis IK. Recommendations for diag¬nosis and 
management of metformin-induced vitamin B12 (Cbl) deficiency. 
Diabetes Res Clin Pract. 2012;97:359-67.



6

Katana LK et al. OPEN ACCESS Freely available online

J Microb Biochem Technol, Vol. 11 Iss. 4 No: 424

23.	Banihani SA, Makahleh SM, El-Akawi Z, Al-Fashtaki RA, Khabour 
OF, et al. Fresh pomegranate juice ameliorates insulin resistance, 
enhances β cell function, and decreases fasting serum glucose in type 2 
diabetic patients. Nutr Res. 2014;34(10):862-867.

24.	Sawada K, Yamashita Y, Zhang T, Nakagawa K, Ashida H. Glabridin 
induces glucose uptake via the AMP-activated protein kinase pathway 
in muscle cells. Mol Cell Endocrinol. 2014;393(2):99-108.

25.	Adukondalu D, Shravan KY, Vamshi VY. Effect of pomegranate juice 
pre-treatment on the transport of carbamazepine across rat intestine. 
Daru J Pharma Sci. 2010; 8:254-259.

26.	Yehia HM, Elkhadragy MF, Abdel AE. Antimicrobial activity of 
pomegranate rind peel extracts. Afr J Micro Res. 2011;4(22):3664-3668.

27.	 Zeweil HS, Elnagar S, Zahran SM, Ahmed MH, Gindy EY. 
Pomegranate peel as a natural antioxidant boosts bucks’ fertility under 
Egyptian summer conditions. World Rabbit Sci. 2013;21:33-9.

28.	Shravan KY, Adukondalu D, Bhargavi LA, Vamshi VY, Ramesh G, et 
al. Effect of pomegranate pretreatment on the oral bioavailability of 
buspirone in male albino rats. Daru J Pharma Sci. 2011;19(4):266-269.

29.	Teixeira SJA, Rana TS, Narzary D, Verma N, Meshram DT, et 
al. Pomegranate biology and biotechnology: A review. Sci Hortic. 
2013;160: 85-107.

30.	Qu W, Pan Z, Ma H. Extraction modeling and activities of antioxidants 
from pomegranate marc. J Fd Eng. 2010;99:16-23.

31.	 Fedder MDK, Jakobsen HB, Giversen I, Christensen LP, Parner ET, 
et al. An extract of pomegranate fruit and galangal rhizome increases 
the numbers of motile sperm: A prospective, randomised, controlled, 
double-blinded trial. PLoS One. 2014;9(10):2-9.

32.	Chauhan NS, Dixit VK. Effects of Bryonia laciniosa seeds on sexual 
behaviour of male rats. Int J Impot Res. 2010;22:190-195.

33.	Fayed AM, Azoz AA, Zedan AH, Basyony M. Effects of Pomegranate 
Peel As Antıoxıdant Supplementatıon On Dıgestıbılıty, Blood 
Bıochemıcal And Rabbıt Semen Qualıty. J Egypt Public Health Assoc. 
Egyptian J Nutrition and Feeds. 2012;15(2):343-354.

34.	Hussen WM, Arrack JK. Protective role of pomegranate peel extract 
on testis in adult male rabbits treated with pomegranate crude extracts. 
Afr J Micro Res. 2014;38:74-82.

35.	Misaka S, Nakamura R, Uchida S. Effect of two weeks consumption 
of pomegranate juice on the pharmacokinetics of a single dose of 
midazolam: An open-label, randomized, single-center, 2-period 
crossover study in healthy Japanese volunteers. Clin Ther. 2014;33:246-
52.

36.	Leiva KP, Rubio J, Peralta F, Gonzales GF. Effect of Punica granatum 
(pomegranate) on sperm production in male rats treated with lead 
acetate. Toxicol Mech Methods. 2011;21:495-502.

37.	 Riad A, Eyad M, Bayan AK, Wael AD, Feras E, et al. Pomegranate 
and licorice juices modulate metformin pharmacokinetics in rats. 
Neuroendocrinol Lett. 2016;37(3):103-107.

38.	Al-Olayan EM, Khadragy MF, Metwally DM, Moneim AE. Protective 
effects of pomegranate juice on testes against carbon tetrachloride 
intoxication in rats. BMC Complem Altern Med. 2014;14:16-25.

39.	Afaq F, Saleem M, Krueger CG, Reed JD, Mukhtar H. Anthocyanin- 
and hydrolyzable tannin-rich pomegranate fruit extract modulates 
MAPK and NF-??B pathways and inhibits skin tumorigenesis in CD-1 
mice. Int J Cancer. 2015;113:423-33.

40.	Tang X, Opeyemi JO, Yifeng Z, Hou X. In vitro and in vivo aphrodisiac 
properties of the seed extract from Allium tuberosum on corpus 
cavernosum smooth muscle relaxation and sexual behavior parameters 
in male Wistar rats. BMC Complem Altern Med. 2017;17:1-10.

41.	 Lansky EP, Harrison G, Froom P, Jiang WG. Pomegranate (Punica 
granatum) pure chemicals show possible synergistic inhibition of 
human PC-3 prostate cancer cell invasion across Matrigel. Invest New 
Drugs. 2013;23:121-123.

42.	ShahuAlakh N. Phyto-pharmacological review of pomegranate. Int J 
Phytopharmacol. 2014;5(1) 6-14.

43.	Sonu, S, Ashish KS. Male aphrodisic screening of plants Mucuna 
prurita, Mesua ferrea and Punica granatum on Rats. IOSR J Pharm Biol 
Sci. 2017 12(4):15-27.

44.	Sharma BK, Ahmad S, Singh R, Verma, RK, Kumar N. A review on 
Mucunapruriens: Its phyto constituents and therapeutic uses. Novel 
Science Int J of Pharmal Sci. 2012;1(6):308 -312.


