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Abstract 

Introduction: The study aimed to investigate the anti-fertility effect of fennel (Foeniculim vulgare Mill) seed extract in 

male rats. Material and Methods: Forty Wistar rats were divided into five equal groups. The control group received distilled 

water and the experimental groups were orally administered 1 ml of hydro-alcoholic extract of fennel seed in four doses of 35, 

70, 140, and 280 mg/kg/b.w. daily for 60 days. After the last gavage, the rats were anaesthetised and the caudal part of the right 

epididymis was used for sperm counting. After fixation of the testes, microscopic sections were prepared and histological 

changes were evaluated. Results: The number of spermatogonia after doses of 140 and 280 mg/kg and Sertoli cells after a dose 

of 140 mg/kg decreased significantly as compared with the control group (P < 0.05). The number of primary spermatocytes and 

sperm count decreased significantly in the experimental groups (70, 140, and 280 mg/kg) when compared to the control group  

(P < 0.05). Furthermore, thickening of the basement membrane, cell apoptosis, and irregular arrangement of the germinal 

epithelium were observed in the experimental groups. Conclusion: Hydro-alcoholic fennel seed extract at these doses could 

reduce reproductivity and has anti-fertility activity in male rats. 
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Introduction 

Rapid population growth is one of the main 

reasons for poverty and pollution in developing 

countries (12). Due to the importance of reproduction 

control and the side effects of the methods of 

contraception available, the utilisation of botanical 

substances becomes essential which are biologically 

effective, factorial in fertility-regulation, eco-friendly, 

and interventional in the natural patterns of 

reproduction (4, 26). Therefore, the provocation of 

reversible male infertility in humans and experimental 

animals with medicinal plants has also merited the 

consideration of researchers (12). 

However, the use of such plants free of control 

could also have side effects (14). Therefore, it is 

necessary to conduct scientific research to determine 

their pharmaceutical properties. Fennel (Foeniculum 

vulgare Mill) is a herb consumed orally several ways 

and having several therapeutic applications. The herb is 

an aromatic plant belonging to the Umbelliferae family, 

and is an annual, biennial, or perennial plant about  
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2.5 m in height with feathery leaves and yellow flowers 

(19) and indigenous to the shores of the Mediterranean 

and southern Europe (2). The usable parts of the fennel 

plant are the root, leaf, and fruit (23). Its therapeutic 

properties are due to volatile compounds, phenols, and 

flavonoids in the plant extract. According to 

phytochemical studies, over 30 various terpenes and 

terpenoids have been identified in fennel (3), and 

compounds such as oestragol (methyl chavicol), 

fenchone, trans-anethol, and α-phellandrene are the 

main constituents of the fennel seed (19). The presence 

of flavonoids, cumarin, and anethole has been also 

identified. Cumarin has anti-aromatase, oestrogenic, 

reductase inhibiting, and anti-androgen activities. 

Moreover, flavonoids and anethole are also oestrogenic 

compounds (4) that could depress serum levels of 

testosterone, and as a result, reduce sperm production. 

Beta-sitosterol is one of the available compounds in 

fennel extract and imparts effects mentioned in 

previous studies on sperm storage in male rats (5). 

Anti-inflammatory, analgesic, and anti-oxidant 

properties of the fennel fruit have also been reported 

(6). After rats received fennel extract per os, there was 

an increase in the size of the mammary glands, uterine 

tubules, ovaries, endometrium, myometrium, and 

vagina in female rats and an increase in the protein 

concentration in the seminal vesicles and in the prostate 

gland in male rats (8). Additional properties of the 

extract are oestrogenic, stimulating milk secretion, 

facilitating childbirth, increasing sexual desire (9), and 

relieving menstrual pain (2). Considering available 

reports regarding the anti-fertility effects of fennel 

compounds, and also the paucity of information about 

the effects of this plant on fertility, the present study 

aimed at investigating the effects of the hydro-alcoholic 

extract of fennel seed on the number of spermatogenic 

cells and testis structure in male rats. The results of the 

study could serve as a step toward the development of  

a mechanism-based approach for the management of 

fertility or infertility in humans and animals. 

Material and Methods  

Forty male Wistar rats, 8 weeks old and weighing 

170–220 g, were obtained from the Animal House of 

Ahvaz University of Medical Sciences, Khoozastan 

province, Iran. The rats were housed in standard cages, 

maintained under standard conditions (12 h light/ 

dark cycle; 23 ± 2ºC temperature; 35%−60% relative 

humidity), and provided with standard laboratory chow 

and water ad libitum.  

Preparation of extract. The extract of fennel 

seeds was prepared by the maceration method. One 

hundred grams of powdered fennel seeds was soaked in 

500 mL of 70% ethanol and stirred intermittently for  

48 h at room temperature. The material was filtered 

using sterile cotton wool and Whatman (No. 1) filter 

paper; the pooled filtrates obtained were dried in the 

oven at 40oC for 48 h and the extracted powder was 

kept at 4oC until used (1, 13, 32). The required 

concentration of the extract was obtained by dilution of 

the powder with distilled water.  

Animals and treatment protocol. The rats were 

divided into five equal groups. The control group 

received 1 mL of distilled water (as an extraction 

solvent), and the experimental groups were given 1 mL 

of hydro-alcoholic extract of fennel seed by oral gavage 

at respective doses of 35, 70, 140, and 280 mg/kg b.w. 

daily for 60 days (10, 18). The rats were deeply 

anaesthetised by xylazine (10 mg/kg) and ketamine  

(60 mg/kg) (Alfasan, the Netherlands) 24 h after the 

last dose. 

Surgery and sample preparation. The testes and 

epididymis were dissected out and then the epididymis 

duct was carefully separated from the testes.  

Histological analysis. The testes were fixed in 

Bouin's fluid, dehydrated through increasing 

concentrations of ethanol, and embedded in paraffin. 

Then, 5 µm-sections (five from each animal) were 

stained with haematoxylin and eosin. The sections were 

used (six tubules in each section) to determine the 

diameter of the seminiferous tubules, thickness of 

epithelium, spermatogonia cell count, primary 

spermatocyte, and Sertoli cells under an Olympus 3H-Z 

light microscope (Olympus, Japan). In this part, the 

seminiferous tubules were examined in stage VIII 

based on the previous study (20). In order to measure 

the diameter of the tubules and thickness of the 

epithelium, a Motic stereo camera and Motic Image 

Plus 2.0 software were also used (Motic, China). 

Counting sperm. The sperm from the caudal 

portion of the epididymis were released by 

fragmentation of the epididymis in 1 mL of 

physiological saline. When the epididymis became 

totally homogenous by mixing and diluting with the 

saline at a ratio of 1:100, it was used for sperm 

counting using a Neubauer chamber and a light 

microscope. In order to reduce the possibility of error, 

all of the four parts (16 pieces per part) were counted 

and then their mean was calculated and multiplied by 

106 and set as the total number of sperm (11).  

Statistical analysis. All data are expressed as the 

mean ± SE. Statistical significance of differences was 

assessed with one-way ANOVA by SPSS for Windows 

(version 15) (IBM, USA) followed by the LSD test.  

P < 0.05 was assumed as statistically significant. 

Results 

Histological examination. Microscopic study of 

cross sections of control testes indicated that the 

epithelium structure did not show any abnormalities 

(Fig. 1A). Compared with the control group, the tissue 

structure of seminiferous tubules in the experimental 

groups exhibited some changes such as basement 

membrane thickening and reduction of seminiferous 
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cells. Vacuolisation of tubules in the inner space and 

the irregular arrangement of seminiferous cells, as well 

as apoptosis, pyknotic nuclei, and hyperaemia of testis 

tissue in the experimental groups were evident.  

(Fig. 1B-E).  

Morphometric examination. Comparison of 

testis tissue sections indicated that the thickness of the 

epithelium and diameter of seminiferous tubules in the 

experimental group did not differ significantly from  

those in the control group (P > 0.05) (Table 1). 

A reduction in spermatogonia cell count was 

demonstrated in the group treated with the extract 

compared with the control group. According to 

statistical analysis, this reduction in 140 and 280 mg/kg 

dosages was significant (P < 0.05) (Fig. 2). 

Sertoli cells count showed a reduction in their 

number in the experimental groups compared with the 

control group that was significant at 140 mg/kg dosage 

(P < 0.05) (Fig. 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Photomicrograph of seminiferous tubules in rats: A – control group; B – experimental group (35 mg/kg);  

C – experimental group (70 mg/kg); D – experimental group (140 mg/kg); E – experimental group (280 mg/kg). HE, 300× 

A  B 

C D 
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Table 1. Changes in thickness of epithelium and diameter of seminiferous tubules in experimental 

and control groups 

Group  Diameter of seminiferous tubules  Thickness of epithelium 

Control 128 ± 2.7 40 ± 1.9 

Experimental 1 

35 (mg/kg) 
136 ± 2.3 38 ± 2.6 

Experimental 2 

70 (mg/kg) 
135 ± 3.3 36 ± 1.4 

Experimental 3 

140 (mg/kg) 
131 ± 3.2 37 ± 1.4 

Experimental 4 

280 (mg/kg) 
136 ± 3 35 ± 1.4 

 

 

 
Fig. 2. Comparison of mean ± SE of spermatogonia cells between experimental and control animals (n = 8); 

* P < 0.05 

 
 

 
 

Fig. 3. Comparison of mean number of Sertoli cells between experimental and control animals  
(n = 8);* P < 0.05 

 

A review of primary spermatocyte cell counts in 

the experimental groups suggested that compared to the 

control group, the number of these cells was reduced, 

and this reduction was significant in the experimental 

groups receiving 70, 140, and 280 mg/kg doses of 

fennel extract (P < 0.05) (Fig. 4).  

Sperm count. The effects of the fennel seed 

extract in various concentrations on sperm count led to 

results indicating that compared with the control group, 

epididymis sperm in the experimental groups 

significantly decreased (P < 0.05) (Fig. 5).  
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Fig. 4. Comparison of mean number of primary spermatocyte cells between experimental and control animals 

(n = 8); * P < 0.05  

 

 

   
Fig. 5. Comparison of mean number of sperm cells between experimental and control 
animals (n = 8); * P < 0.05  

 

Discussion 

Excessive population of rodents is an important 

problem because they can be carriers of many serious 

diseases. Limiting reproduction of rodents through the 

use of natural herbal extracts seems to be useful (15). 

The testes, epididymis, and sex hormones are part of 

the reproductive system. The testes undertake both 

organised and vital processes of spermatogenesis and 

steroidogenesis (21). In the present research, 

histological and morphometrical studies of testis tissue 

indicated a reduction in sperm cell count in the 

experimental groups compared with the control group 

suggestive of an effect of hydro-alcoholic extract of 

fennel seed on the spermatogenesis process and 

fertility. According to the results of the present study, 

oral administration of hydro-alcoholic extract of fennel 

seed at high doses caused a reduction in spermatogonia 

and Sertoli cells, and a significant reduction in primary 

spermatocytes in the experimental groups compared 

with the control group. These observations are 

consistent with the findings of Dehghani et al. (4). 

Empty spaces observed within germinal epithelium 

seminiferous tubules in the treatment groups also could 

be the result of loss of germ cells.  

One of the main reasons for reduction in the cell 

count could be existing compounds in the herb extract 

that inhibited cell division, particularly flavonoids. 

According to the findings of recent studies, flavonoids 

could restrain DNA replication and inhibit cell division, 

as well as stimulate apoptosis by affecting cell DNA 

(24). In the present study inhibition of follicle-

stimulating hormone (FSH) secretion was probably 

caused by fennel extract. FSH plays a role in 

stimulation of cell division, puberty, secretion  

capacity, the spermatogenesis process and the 

cytoskeleton arrangement of Sertoli cells, promoting cell 

differentiation into primary spermatocytes, and 
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inhibiting apoptosis of spermatogonia and spermatocyte 

cells (26).  

Among other results obtained in this research, 

reduction in epididymal sperm in rats treated with 

fennel seed extract is consistent with results of previous 

studies. The study of the effects of the aqueous extract 

of fennel seed by Rezaei Ahvanouei et al. (29) 

indicated that the administration of 140 and  

280 mg/kg/b.w. of the extract caused a significant 

reduction in sperm count after 15 days. The process of 

producing mature sperm from undifferentiated cells, 

called spermatogenesis, is a complex operation 

performed and supported by somatic Sertoli cells 

within seminiferous tubules (21). In this study, the 

reduction in Sertoli cells and primary spermatocyte 

count was due to the reduction of epididymal sperms. 

Sertoli cells undertake structural support and feed germ 

cells. They allow kariyokinesis, cytokinesis, and the 

differentiation process of spermatozoids by producing 

growth factors such as activin in the presence of 

ionised calcium (29). Therefore, their count reducing, 

some disorder in spermatogenesis and reduction in the 

produced sperm may be expected. Among other factors 

lowering epididymal sperm count, inhibition of 

gonadotropins and testosterone secretion proceed from 

application of the fennel extract, and were reported 

previously (29). In a study by Ahvanouei et al. the 

authors suggested that the aqueous extract of fennel 

seed decreases the content of testosterone and 

gonadotropins in groups treated with it (30). Moreover, 

results obtained through the research of Dehghani et al. 

(4) also suggest a reduction in serum testosterone after 

30 days of treatment with fennel extract. According to 

the available data, the beginning and continuation of 

the spermatogenesis process is controlled by 

gonadotropin hormones such as FSH and luteinising 

hormone (LH) (21). The presence of testosterone  

also seems necessary for most spermatogenesis  

stages, especially for meiosis, as well as 

spermiogenesis (transformation of a spermatid into  

a spermatozoon) (25).  

It is clear that any change in gonadotropin rate and 

any disorder in testosterone production may be 

accompanied by changes in spermatogenesis that will 

ultimately lead to a disorder in sperm production. In 

addition, analysis of light microscope tissue sections 

indicates an increase in thickness of the basement 

membrane of seminiferous tubules in the experimental 

group compared with the control group. The thickness 

of the basement membrane plays an important role in 

spermatogenesis (31). The thickening of the basement 

membrane of the seminiferous tubules accompanied by 

disorders in spermatogenesis and reduction in sperm 

production observed by Shayn et al. (33) is consistent 

with the present study.  

In conclusion, our findings suggest that the 

application of hydro-alcoholic extract of fennel seed 

could induce some changes in the spermatogenesis 

process and in male reproduction activity. Easy access 

and fewer side effects are the advantages of medicinal 

herbs compared to chemical drugs. Therefore, fennel 

could be considered a natural contraceptive drug for 

animals. 
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