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Abstract   

Clomipramine (Clm.) is considered one of the most effective tricyclic 

antidepressant drugs. The present study focuses on the ability of the 

flavonoid extract of tiger nuts to reduce the damage caused by the drug. 

The study involved 48 male mice weighing 30 g ± 5 and divided into four 

groups of 12 mice for each group. The control group with no treatment, 

the G2 group treated with 200 mg/kg of flavonoid extract, and G3 treated 

with 50 mg of Clm. and the G4 group was treated with 50 mg Clm. + 200 

mg/kg of extract. The treatment continues for 40 days. The results showed 

a significant (P < 0.05) increase in FSH, LH, and testosterone T, and in 

addition, an increase in semen quality and the sperm abnormalities 

decreased significantly (P < 0.01) in the G2 group, while the G3 group 

showed a significant (P < 0.01) decrease in hormone levels (FSH, LH, and 

T) and a decrease in sperm count and motility and an increase in sperm 

abnormalities compared to the control group. The G4 showed a significant 

(P < 0.01) increase in FSH, with no significant effect on LH levels, in 

addition to a decrease in T levels; also, there was an increase in dead 

sperm with a reduction in sperm motility and an increase in sperm 

abnormalities compared to the control group. The histological study 

displays a disruption in spermatogenesis, an interruption in sperm 

development, dense infiltration of inflammatory cells in the interstitial 

space between seminiferous tubules, tubular atrophy, and bleeding seen 

within or around seminiferous tubules in the Clm. group, while the 

damage is reduced in the G4 group. This indicates that C. esculentus 

improves testicular and sex hormonal function. 
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1. Introduction  

     Obsessive-compulsive disorder (OCD) is a prevalent and debilitating psychological condition. 

The database from ten countries, including Iraq, indicates that the combined lifetime prevalence 

of OCD is 4.1%. The 12-month prevalence of 3.0% indicates a notably persistent course of 

illness
1
. Clomipramine is a tricyclic antidepressant used to treat obsessive-compulsive disorder 

OCD, depression, and panic disorder
2
. Tricyclic Antidepressants (TCAs) are effective inhibitors 

of serotonin and norepinephrine reuptake and also block histamine H1 receptors, α1-adrenergic 

receptors, and muscarinic receptors
3
. Meta-analyses indicate that clomipramine may demonstrate 

greater efficacy than selective serotonin reuptake inhibitors (SSRIs)
4
. However, the 

administration of clomipramine is associated with adverse effects on male fertility, evidenced by 

decreased sperm count and motility, reduced serum levels of testosterone, FSH, and LH, as well 

as an increase in sperm abnormalities
5
. A researchers investigated the effect of Clomipramine on 

sexual dysfunction of male Sprague-Dawley rats dependent upon time and dosages, and they 

concluded that there was a significant decrease in the testosterone level at the end of 30 and 60 

days of treatments. in testicular cell count after 30 days and further decrease at the end of 60 
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days. In all dosages, there was a considerable decrease in the percentage of rats mounted, 

intromitted, and ejaculated
6
. Moreover, a study demonstrated that clomipramine therapy at high 

doses can harm Spermatogenesis in addition to decreasing the diameter and thickness of 

seminiferous tubules
7
. Clomipramine has a genotoxic effect on medium and high doses of 

spermatocytes and liver cells by causing morphological sperm cell abnormalities and histological 

damage in hepatic cells
8
. Cyperus esculentus L., commonly known as tiger nut, chufa, atadwe, 

yellow nutsedge, and earth almond
9
. It is a tuberous plant that enhances and maintains the 

process of reproduction
10

. The physiological significance and nutritional advantages underscore 

the relevance of tiger nut. Phytochemicals such as flavonoids, alkaloids, lipids, and fatty acids, 

prevalent in plants, facilitate various metabolic processes and induce therapeutic and biological 

effects, including antioxidative, anti-inflammatory, cardioprotective, aphrodisiac, and 

antidiabetic properties, thereby enhancing overall well-being and health status. Furthermore, in 

other industries beyond the medical sector, such as pharmaceuticals, agriculture, and food, tiger 

nuts can be employed in the production of starch, animal feed, drinks, and biofuel, among others. 

Taking into account the substantial advantages and uses of tiger nut, Flavonoids have been 

thoroughly examined as prospective inhibitors for the therapy of malfunction in the male 

reproductive system, among other natural items
11

. So, our study aims to investigate the protective 

role of C. esculentus flavonoid extract to reduce the side effects of Clomipramine on sex 

hormones, semen quality, and testis. 

 

2. Materials and Methods  

2.1 Plant Extract Preparation 

Cyperus exculentus dried tubers have been purchased from local markets in Wasit Province, 

particularly in the city of Al-Suwaira, and were ground with an electric grinder to make a fine 

powder. 250 grams of tiger nut tuber powder were used for the extraction process by Soxhlet 

equipment by using absolute solvent methanol for 8 hr at room temperature to obtain a crude 

alcoholic extract. The flavonoid content was isolated by adding 5% HCl/ethyl acetate to remove 

the aqueous layer, which comprises alkaloids and water-soluble compounds. The ethyl acetate 

layer, containing flavonoids and other phenolic substances, was subsequently isolated. The 

extract is poured into petri dishes to allow the solvent to evaporate in petri dishes, then stored at 

4°C until used. Then the total flavonoid content was assessed by using the aluminum chloride 

colorimetric method. 

2.2. Animal model and study design 

A total of 48 male Swiss albino mice weighing 30±5 g were utilized in the current experiment 

and were kept under suitable environmental conditions of 20 ±2 °C in the animal house of the 

Pharmacy College/Al-Mustansiriyah University. They were fed on standard laboratory feedings. 

The animals were randomly divided into four groups and treated orally by gavage for 40 days as 

follows: 

-Control groups G1: No treatment was administered. 

-Cyperus esculentus group G2: Animals were treated with 200 mg/kg/day of tiger nut extract. 

-Clomipramine group G3: animals were treated with a 50mg/day dosage of the drug. 

-Combination group G4: animals were treated with 200mg/kg/day of extract and 50mg/day of 

drug. 

2.3. Sample collection 

At the end of the treatment period, the blood collected through cardiac puncture from each 

animal was used with disposable insulin syringes. Samples were deposited into Eppendorf tubes 

and permitted to coagulate. Serum was extracted following centrifugation at 3000 revolutions per 

minute (rpm) for 10 minutes, and subsequently, serum samples were preserved in a freezer at -

18°C until used.  

2.4. Sperm evaluation 

After dissection of animals, the cauda epididymis of each side was isolated and immersed in one 
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ml of phosphate buffer saline at 37℃ in a Petri dish. Then, the tail of the epididymis was cut into 

small sections by microsurgical scissors to perform the microscopical examination on 

epididymal sperm evaluations
12

. The percentage of live sperm and their morphology were 

estimated as follows
13

. A drop of prepared sperm suspension mixed with a drop of 1% eosin 

stain and two drops of nigrosine stain. After that, the thin smear was left to dry, and one hundred 

spermatozoa were identified on each slide to determine the percentage of viable and 

morphologically abnormal spermatozoa. According to the protocol of Burgstaller et al.
14

, sperm 

motility was measured as
 
follows: a sperm suspension (50 μL) was placed over a warm (37℃) 

surface and covered with a cover slip. Several fields were examined under a light microscope to 

estimate the percentage of individual progressive motility of sperm. 

2.5. Hormone assay and histopathological study 

The determination of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels in 

serum was measured using a commercially available kit (Linear, Spain). Testosterone hormone 

levels were measured using a commercially available kit (Neogen, USA). Tissue of testes was 

preserved by immersion in 10% formalin for 28 hr, then washed and dehydrated with ascending 

concentrations (70, 80, 90, and 99%) of ethanol to be embedded in paraffin. After that, it was 

prepared and stained with Hematoxylin and Eosin (H&E) for routine histopathological 

evaluation
15

. 

2.6. Statistical analysis 

The Statistical Packages of Social Sciences-SPSS (2019) program was used to detect the effect 

of different groups on study parameters. LSD (Least Significant Difference) and Duncan's test 

were used to significantly compare means in this study
16

. 

 

3. Results 
Hormonal assay assessment showed FSH significantly (p < 0.01) elevated in the G2 group at 

25.4 ± 1.41 mIU/mL compared to the G1 group at 17.05 ± 0.94 mIU/mL (Figure 1). In contrast, 

the G3 group showed a significant (p < 0.01) decrease in FSH level compared to the G1 group at 

4.55 ± 0.61 mIU/mL. while the G4 showed a slight elevation in FSH level compared to the G1 

group at  19.61 ±0.47 mlU/ml. 

 
Figure 1. comparison between difference groups in Follicle Stimulating Hormone levels 

 

Luteinizing hormone, LH was increased significantly (P<0.05) in the G2 group at 

1.476±0.07mlU/ml compared to the G1 group at 1.312±0.05mlU/ml. The hormone levels 

decreased significantly (P<0.05) in the G3 group at 1.223±0.07mlU/ml compared to the G1 

group at 1.312±0.05mlU/ml (P<0.05). Compared to the G1 at the same time, the hormone levels 

in the G4 group were slightly elevated compared to the G3 group and not significantly (P<0.05) 

affected compared to the G1 group at 1.36±0.05mlU/ml (Figure 2). 
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Figure 2. comparison between difference groups in Luteinizing Hormone level 

 

Testosterone in the G2 group showed a significant (p<0.01) increase in the testosterone levels at 

6.506±0.32 ng/ml compared to the G1 group ng/ml. On the contrary, the G3 group exhibits a 

reduction in testosterone level at 1.573±0.07ng/ml compared to the G1 group. However, in the 

G4 group, the levels of testosterone decreased significantly (p <0.01) compared to the G1 group 

at 2.39±0.06 ng/ml (Figure 3).   

 
Figure 3. comparison between difference groups in Testosterone level 

 

The dead sperm in the G2 group significantly (p < 0.01) decreased by 8.50 ± 0.56, and the 

motility 86.67 ± 1.41 significantly (p < 0.01) increased compared to the G1 group 73.67 ± 1.45, 

and at the same time there was a decrease in sperm abnormalities 10.00% ± 0.82. In the G3 

group there was a significant (p < 0.01) increase in the dead sperm, 47.00 ± 1.93, and in the 

abnormalities, 30.83 ± 1.30, compared to the G1 group. The sperm motility of 63.00% ±1.73 

significantly (p <0.01) decreased compared to the control group. The G4 showed an elevation in 

the dead sperm 18.83% ± 1.76 compared to the G1 group, and sperm abnormalities also elevated 

19.50 ± 0.76, as shown in Table 1. The motility showed a significant (p < 0.01) difference 

compared to G1 57.00% ± 1.53. 
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Table 1.Comparison between semen parameters 

Groups 
Means ±SE 

Viability (%) Abnormality (%) Motility (%) 

G1 13.00 ±0.73 c 13.50 ±0.84 c 73.67±1.45 b 

G2 8.50 ±0.56 d 10.00 ±.82 d 86.67 ±1.41 a 

G3 47.00 ±1.93 a 30.83 ±1.30 a 63.00 ±1.73 c 

G4 18.83 ±1.76 b 19.50 ±0.76 b 57.00 ±1.53 d 

L.S.D. 4.087 ** 2.822 ** 4.447 ** 

P-value 0.0001 0.0001 0.0001 

Means having with the different letters in same column differed significantly.    ** (P <0.01). 

 

3.1 Histopathological finding 

The G1 group showed no obvious signs of degeneration, atrophy, or inflammation (Figure 4-a). The 

histopathological figure of seminiferous tubules showed a well-organized circular or oval structure that 

was lined with germinal epithelium, showing the full spermatogenic series: spermatogonia near the 

basement membrane. Primary and secondary spermatocytes in the middle layers. Spermatids and mature 

spermatozoa toward the lumen (Figure 4-b). In contrast, the G2 group displayed a case of severe tubular 

damage with atrophy and marked luminal aspermia and severe macrovascular and microvascular 

degeneration of germ cells and severe thickening of testicular interstitium associated with hemorrhage 

and hemolysis. (Figure 4-c). The G4 showed mild interstitial fibrosis with fibroblast activation and 

collagen deposition in interstitial tissue with little macrophage clearance of debris and degenerated cells; 

Leydig cells may proliferate (hyperplasia) (Figure 4-d). 

  

  
Figure 4. a.G1 shows no obvious signs of degeneration, atrophy, or inflammation. H&E stain.40x b. The G2 section 

of the seminiferous tubule shows normal layers of cells of germinal epithelium (G), normal lumina (L), and 

interstitial tissue. H&E stain. 40x. c. section of seminiferous tubules (G3) shows severe tubular damage with marked 

lumina aspermia (A), severe macrovacular degeneration of germ cells (M), and severe thickening of testicular 

interstitium associated with hemorrhage and hemolysis (H). H&E stain.40x. d. A section of seminiferous tubules 

(G4) shows severe oligospermia of germinal epithelium with microvascular degeneration (m), lumina aspermia, 

mild interstitial fibrosis with collagen deposition with cellular infiltration, and hyperplasia of interstitial cells. H&E 

stain.10x.   
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4. Discussion 

In the current study, the results of hormones (follicle-stimulating hormone, luteinizing 

hormone, and testosterone) show a significant elevation in their levels and sperm motility in 

addition to a decrease in dead sperm and sperm abnormalities in the group treated with Cyperus 

esculentus flavonoids extract, and this is compatible with a study that investigates the effect of 

three different dosages of aqueous extract of tiger nuts on Sprague Dawley rat fertility, and they 

conclude that tiger nuts enhance spermatozoa production by elevating serum testosterone and 

vitamin C and E levels. Notable increases in spermatozoa production, as well as enlargement of 

interstitial spaces and blood vessels, were observed in the group administered 2000 mg/kg. 

Additionally, the width of seminiferous tubules increased, and the collagen fibers remained intact 

and well-preserved in the test groups
17

. 

 Another study investigated the aphrodisiac potential of C. esculentus on male Wistar albino rats. 

The study concludes that the plant powder at different dosage increases the sex hormone levels 

of testosterone and follicle stimulating
18

. Flavonoids exhibit several roles, including 

immunological stimulation, anti-inflammatory properties, and antioxidative benefits. These 

characteristics render them possible inhibitors of male reproductive system disorder
19

. The 

natural polyphenolic antioxidants that positively influence testosterone production typically 

augment the expression of the steroidogenic acute regulatory protein (Star) gene in Leydig cells. 

The STAR protein enables the transport of the steroid precursor cholesterol into mitochondria, a 

critical rate-limiting step in androgen production
20

. Among many herbal products, flavonoids 

have been examined for the treatment of male reproductive system disorders such as testicular 

structural disruption, sperm quality decline, and spermatogenesis disturbance
21

. Flavonoids are 

amphipathic molecules that can enter the lipid bilayer of membranes, thus giving possible 

protection for the entire spermatozoa and acrosome membrane, blocking oxidative damage, and 

assuring the sperm acrosome reaction needed for fertilization
22

. The G3 group showed a 

significant decrease in hormone levels and motility and an increase in dead sperm and sperm 

abnormalities, a finding compatible with a study that assessed the impact of clomipramine on 

male fertility in rats. The results showed that clomipramine administration resulted in significant 

changes in testicular weight, sperm parameters, and hormonal biomarkers, including FSH, LH, 

and testosterone⁶. These results further support our investigation that clomipramine adversely 

affects male reproductive function by altering hormonal profiles. There are many mechanisms 

behind clomipramine-associated sexual dysfunction and hormonal reduction; one of them is that 

Clomipramine increases the serotonin level due to its selective serotonin reuptake inhibiting 

activity, thus producing sexual dysfunction
23

. Studies indicate that some serotonin reuptake 

inhibitors lower cholesterol level, which is a precursor for testosterone production; therefore, 

decreased testosterone levels can reduce the number of LH receptors, impairing the function of 

Leydig cells and subsequently reducing testosterone.²⁴ The cytotoxic effect's molecular 

mechanism of antidepressants is facilitated by disruptions in redox equilibrium (elevated 

generation of reactive oxygen species and reactive nitrogen species), inadequacy of enzymatic 

and non-enzymatic cellular defense mechanisms (glutathione system, nuclear factor-κB, and 

fibroblast growth factor 2-mediated pathways), and dysfunction of mitochondrial operations. The 

work presents, for the first time, evidence that antidepressant therapy may induce abnormalities 

in spindle apparatus formation and organelle distribution during in vitro cell division²⁵. In the G4 

group there is an increase in hormone levels and in sperm motility. Also, the dead sperm and 

sperm abnormalities were reduced compared to the G3 group, which means that C. esculentus 

can reduce the negative effect of the Clomipramine. This is similar to another study whose 

results were investigated on the effect of C. esculentus to reduce the side effects of long-term 

administration of antiretroviral drugs, and they conclude that tiger nut elevated FSH and 

testosterone levels.²⁶ Histopathological finding of testis tissue shows normal architecture of 

seminiferous tubules and the lumen full of mature spermatids and well-formed Leydig and 

Sertoli cells in the extract group, indicating the antioxidant status induced by plant extract. The 
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plant extract markedly influenced the weight of the entire reproductive tract, the volume and 

circumference of the testes, the length of the epididymis, the weight of the semen, and the size of 

the testes in mature experimental rabbits. Additionally, a study investigated the effects of 

intraperitoneally administered tiger nut extract on reproductive abnormalities induced by lead 

acetate²⁷. Spermatogenesis is the process of sperm formation within the testis, and it is under the 

control of gonadotropic hormones (LH and FSH).  Spermatogenesis involves the stimulation of 

Sertoli cells by FSH and the subsequent activation of testosterone production through Leydig cell 

stimulation by LH. Since any disturbance in their level leads to spermatogenesis disruption and 

sperm abnormalities²⁸, this is compatible with the testis tissue results of the G3 group. This 

finding is accurate with the study that investigated prolonged treatment of Clomipramine induced 

oxidative stress, inflammation, and structural alterations in the liver, heart, and testis, resulting in 

decreased sperm count and motility, an increase in abnormalities, and diminished serum levels of 

testosterone, FSH, and LH29. In the G4 group there is a reduction in tissue damage. The 

flavonoids quercetin and myricetin stand out among the secondary metabolites in tiger nuts. 

Quercetin, a flavonoid compound, at a dosage of 20 mg/kg, effectively improved testicular tissue 

and reduced germ cell apoptosis by reversing the vacuolation of the germinal epithelium, the 

detachment of germ cells from the basal lamina, and the shedding of immature germ cells in 

Wistar rats subjected to cadmium-induced testicular toxicity over a period of 4 weeks²⁷ and this 

is compatible with our study. Furthermore, the extract was shown to have somewhat improved 

the histopathological abnormalities in the experimental rat’s testicles. The study concluded that 

the extract's antioxidant properties or its capacity to alter sex hormones might have been the 

cause of the noted improvement. According to the findings of the aforementioned studies, tiger 

nuts improve male reproductive parameters and protect them from injury, making them crucial 

for male reproductive health
30

. 

 

5. Conclusion  

According to our study, clomipramine is a tricyclic antidepressant considered an effective 

drug in OCD and depression treatment. However, it is associated with several negative effects on 

sexual activity due to its mechanism of action, which leads to a decrease in sex hormones and 

affects semen quality and the testis tissue. In contrast, tiger nut (Cyperus esculentus) flavonoid 

extract showed an improvement in sex hormone levels and semen quality, and when it is 

combined with clomipramine treatment, it exhibits a therapeutic role by inducing high 

antioxidant activity, which leads to reduced tissue damage and increased hormone levels and 

sperm quality. 
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