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Abstract: Thymoquinone (TQ), the main constituent of the volatile oil derived from Nigella 

sativa has shown pharmacological benefits against various diseases while nicotine is an 

active component in cigarette that is known to be detrimental. This study was conducted to 

assess the ameliorating effects of TQ on sperm count, membrane, mitochondria and 

testosterone of nicotine-treated rats. Rats were randomized into four groups: control, 

nicotine, TQ, and nicotine with TQ. Nicotine (5 mg/kg bwt/day) was subcutaneously 

injected for 30 days to induce damaging effects on sperm and testosterone level. Rats were 

HIGHLIGHTS 

 

• Nicotine negatively affected sperm count, membrane, mitochondria and 

testosterone level.  

 

• Thymoquinone treatment improved sperm quality and testosterone level against 

nicotine. 
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force-fed with TQ (5 mg/kg bwt/day) for the following 30 days. Sperm count was reduced in 

the nicotine group (26.72 ± 1.64 106/mL) but showed a significantly higher number in the 

nicotine+TQ group (30.97 ± 0.88 106/mL; p<0.05). Results of sperm membrane integrity 

test and number of MitoTracker positive sperm also showed a significantly lower 

percentage in the nicotine group (47.34 ± 0.69 % and 75.68 ± 0.90 %, respectively) but a 

notable improvement in the nicotine+TQ group (52.58 ± 1.14 % and 79.08 ± 0.74 %, 

respectively). Testosterone concentration showed elevation in the nicotine+TQ group (7.61 

± 0.51 ng/mL) compared to the nicotine group (5.71 ± 0.15 ng/mL). TQ demonstrated 

ameliorative potential against the detrimental effects of nicotine towards sperm count, 

membrane, mitochondria and testosterone level. 

 

Keywords: Thymoquinone; nicotine; rat sperm; membrane; mitochondria; testosterone. 

 

INTRODUCTION 

Infertility is a worldwide health issue that affects approximately 10% -15% of couples 

trying to conceive [1], and male factor infertility accounts for almost half of the cases [2]. 

Male infertility is any condition which adversely affects the chances of initiating a pregnancy 

with a female partner. Typically, those problems occur when man is unable to produce or 

deliver complete functioning sperm [3]. 

Cigarette smoking as a global phenomenon is recognized as a risk factor for many 

notable diseases. Cigarette smoking has been reported to have damaging effects on the 

male reproductive function that could eventually lead to infertility. Previous researches [4-6]  

has established that cigarette smoke causes deleterious effects on sperm count, kinetic 

parameters, morphology and DNA/chromatin integrity. The adverse effects of cigarette on 

fertility could be attributed to its content which includes several toxic chemicals, mutagens 

and carcinogens with the primary psychoactive component being nicotine [7,8]. Nicotine is 

revealed to have unfavorable results towards the reproductive function particularly in males 

[9]. Therefore, there is an ongoing search for an ideal curative substance against the 

deleterious effects of nicotine particularly on reproductive health. 

Among many medicinal plants, Nigella sativa (NS) is a medicinally promising herb 

which has been researched upon and well-known for its pharmacological benefits. 

Thymoquinone (TQ) is the biologically active compound of NS seed and the largest 

constituent of its volatile oil [10]. Thymoquinone can be found in many other medicinal plants 

such as Monarda fistulosa and Juniperus [11]. Nigella sativa (NS) is the TQ source that is 

most widely studied and reported to exhibit pharmacological benefits for a varied range of 

pathological conditions [12] and received particular consideration and has been extensively 

looked into for its therapeutic properties.  

A review paper on TQ's therapeutic potentials showed that TQ has beneficial medicinal 

effects in various areas such as antibacterial [13], anti-inflammatory [14], anxiety modulatory 

[15], and anticancer activities [16]. It has been reported to possess strong antioxidant 

properties and oral administration of TQ is capable of protecting several organs against 

oxidative damage [17,18]. In the reproductive studies, TQ demonstrated significant 

improvement of semen quality and reproductive characteristics in mice [19]. However, the 

role of TQ against nicotine effects has not been studied so far. Therefore, the aim of the 

present study was to investigate the possible ameliorative role of TQ on sperm quality of 

nicotine-treated rats.    
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MATERIAL AND METHODS  

Animals 

 

The experimental animals were thirty two healthy adult male Sprague Dawley rats (7 - 9 

weeks), weighing 200 – 250 g. The rats were reared in an animal house located at the 

Centre for Foundation Studies in Science. Prior to the commencement of treatment, rats 

were acclimatized to the experimental condition for one week.  The animals were 

maintained at room temperature under standard condition of 12:12 h light-dark cycles. The 

food was in the form of dry chow pellets and water was available ad libitum throughout the 

experimental period. The study design was reviewed and approved by the Institute of 

Graduate Studies and Institutional Animal Care and Use Committee (IACUC), Universiti 

Malaya. The experiments were conducted in accordance with the guidelines of the IACUC 

[PASUM/30/12/2015/FDR (R)]. 

 

Experimental design  

 

Rats were randomly assigned into four groups (Table 1): Control group was 

administered with normal saline through oral gavage for 60 days. The nicotine group was 

subcutaneously (s.c.) injected with 5 mg/kg bwt nicotine for 30 days, followed by normal 

saline via oral gavage for the next 30 days. The TQ group was fed with normal saline 

through oral gavage for 30 days, followed by oral administration of TQ (5 mg/kg bwt/day) for 

the next 30 days. The nicotine+TQ group was injected with 5 mg/kg bwt/day nicotine (s.c.) 

for 30 days, followed by administration of TQ (5 mg/kg bwt/day) by oral gavage for 30 days.   

Thymoquinone (≥ 98% pure) was purchased from Sigma-Aldrich, (St. Louis, Missouri) 

while nicotine (L-nicotine, 99+%, CAS RN: 54-11-5) was purchased from Acros Organics, 

(New Jersey, USA). Rats were euthanized on day 61 by intraperitonial injection of 

ketamine-xylazine (10:1).  

Blood sample was collected into serum separator tubes through cardiac puncture. The 

blood was left at room temperature to clot after which it was centrifuged at 4°C for 10 

minutes at 3000 rpm. Serum was then transferred to micro-centrifuge tubes and stored at 

-20°C for hormone assay. Cauda epididymis were excised from each rat, cut open and 

placed in a tube containing 1 mL of Toyoda–Yokoyama–Hoshi (TYH) medium. The tube was 

placed in a CO2 incubator with 5% CO2 for 30 minutes to allow sperm swim up. The excess 

tissues were then discarded out of the tubes prior to sperm evaluation.  

 

Sperm count 

Sperm concentration was determined using by a Makler Counting Chamber 

(Sefi-Medical Instruments Ltd., Haifa, Israel). A sperm suspension of 10 µL was placed onto 

the Makler Chamber stage and counted for the number of sperm under a light microscope 

(Olympus, Japan) [20]. 

Sperm membrane integrity 

 

The hypo-osmotic swelling test (HOST) was used to evaluate the functional integrity of 

the sperm membrane based on the presence of coiled or swollen tails (HOST positive), 

which indicated sperm with intact cell membrane. The test was performed by incubating 50 

µL of sperm suspension with 500 µL of 150 mOsm/L hypo-osmotic solution (7.35 g of 

sodium citrate (C6H5Na3O7.2H2O) and 13.51 g fructose in 1000 mL of distilled water) at 37°C 

for 45 minutes [21]. After incubation, 10 µL of the mixture was smeared on to a slide and air 

dried. Slides were stained with Diff-Quick stain (Dade Behring Inc., Newark, DE) and rinsed 

until it was clear. Two hundred sperm per sample were counted under a light microscope 

(Olympus, Japan) at 40X magnification and the number of HOST positive sperm was 

recorded. 
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Treatment Group Dosage 

Control  0.9%  (p.o.) 

Nicotine  5 mg/kg bwt (s.c.) 

Thymoquinone (TQ) 5 mg/kg bwt (p.o.) 

Nicotine + Thymoquinone (TQ) 5 mg/kg bwt (s.c.) & 5mg/kg bwt (p.o.) 

 Table 1 - Treatment and dosage for each group of rats. 

 

Mitochondria assessment using MitoTracker Red FM 

MitoTracker Red FM (Molecular Probes, Eugene, Oregon, USA), a 

mitochondrion-specific vital dye was used to assess the sperm mitochondrial function as it 

labeled active mitochondria utilizing its membrane potential. Live sperm suspension (1 x 106 

sperm/mL) were incubated with 500 nM MitoTracker RedFM and 5 µL of 200 µg/mL 

4',6-diamidino-2-phenylindole, (DAPI) (Molecular Probes, Eugene, Oregon, USA) for 

nuclear counterstain at 37°C for 30 minutes. Subsequently, the sperm were washed and 

resuspended in fresh pre-warmed medium. Samples were then mounted on a microscope 

slide and examined under fluorescent microscope (Carl Zeiss, Göttingen, Germany). The 

percentage of MitoTracker positive sperm was determined by counting 200 sperm per 

sample [22]. 

Testosterone assay 

Testosterone was measured using a commercially available kit (IBL, Hamburg, 

Germany) in accordance with the manufacturer’s instructions. The kit utilizes a solid phased 

enzyme-linked immunosorbent assay (ELISA) based on the competition principle. Samples 

were plated in triplicates and each testosterone concentration was calculated from a 

standard curve with 5 standard values. The optical density of the samples and testosterone 

standards were measured at 450 nm using a microplate reader (Tecan Infinite M1000 Pro, 

Männedorf, Switzerland).  

Statistical analysis 

Data analyses were conducted using the SPSS 23.0 software and values were 

expressed as mean ± S.E. The data among the treatment groups were analyzed using the 

Analysis of Variance (ANOVA) and Duncan Multiple Range Test (Duncan-MRT) with a 

statistical significant level of p<0.05. 

RESULTS 

Effect of TQ on sperm parameters 

The sperm count significantly decreased (p<0.05) in the nicotine group (26.72 ± 1.64 

106/mL) in comparison to control (31.75 ± 0.80 106/mL). However, the number of sperm 

increased significantly in the nicotine+TQ group (30.97 ± 0.88 106/mL) (Table 2).The 

membrane integrity of the sperm was represented by the percentage of HOST positive cells, 

exhibiting tail coiling (Figure 1). As anticipated, there was a significant reduction (p<0.05) of 

intact sperm membrane in the nicotine group (47.34 ± 0.69 %) compared to the control 

(65.98 ± 1.03 %). The percentage of membrane integrity notably increased in the 

nicotine+TQ group (52.58 ± 1.14 %) (Table 2). The percentage of sperm showing 
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MitoTracker Red FM fluorescence was significantly higher (p<0.05) in the control (87.04 ± 

0.88 %) and nicotine+TQ (79.08 ± 0.74 %) groups compared to the nicotine group (75.68 ± 

0.90) (Figure 2 and 3). 

Effect of TQ on testosterone level 

The testosterone concentration (Table 2) in the nicotine (5.71 ± 0.15 ng/mL) group was 

significantly lower (p<0.05) than that of the control (8.45 ± 0.36 ng/mL) and TQ (8.89 ± 0.30 

ng/mL) groups. The nicotine+TQ group also demonstrated an elevated concentration of 

testosterone (7.61 ± 0.51 ng/mL) compared to the nicotine group. 

 
Table 2 - Sperm count, percentages of HOST positive sperm and testosterone levels of rats treated 
with nicotine and thymoquinone. 
 

Parameter 

Group 

Sperm Count 

1x106/ml 

(Mean ± S.E.) 

HOST % 

(Mean ± S.E.) 

 

Testosterone ng/ml 

(Mean ± S.E.) 

 

Control 

 

31.75 ± 0.80b 

 

65.98 ± 1.03c 

 

8.45 ± 0.36b,c 

 

Nicotine 

 

26.72 ± 1.64a 

 

47.34 ± 0.69a 

 

5.71 ± 0.15a 

 

Thymoquinone (TQ) 

 

31.28 ± 1.12b 

 

54.61 ± 1.16b 

 

8.89 ± 0.30c 

 

Nicotine + Thymoquinone 

(TQ) 

 

30.97 ± 0.88b 

 

 

52.58 ± 1.14b 

 

7.61 ± 0.51b 

abc superscripts within the same column show a significant difference (p<0.05, One-way ANOVA). n = 

8 for each group. The duration of treatment were 60 days. 

 

 
 

Figure 1 - Photomicrograph of rat sperm after exposure to hypo-osmotic solution in the 
Hypo-Osmotic Swelling Test (HOST). Sperm with intact membrane or HOST positive exhibited tail 
coiling (arrowheads). Samples were observed under a light microscope (Olympus, Japan) at 40X 
magnification. 
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Figure 2 - Sperm mitochondrial assessment using MitoTracker Red FM. Histogram of the percentage 

of sperm stained with MitoTracker in different groups. Data is expressed as mean ± S.E with n=8 in 

each group. *Significantly different compared to the control group. **Significantly different compared 

to the control and nicotine+thymoquinone group (p<0.05). 

 

 

                     (a)                                         (b) 

Figure 3 - Photomicrograph of rat sperm stained with MitoTracker Red FM. (a) MiTotracker positive 

sperm stained mitochondria in red at the middle piece region indicated active mitochondria activity. 

(b) MitoTracker negative sperm demonstrated severely reduced staining of mitochondria 

(arrowheads). For imaging purposes, nuclear DNA was stained with the DNA dye DAPI (blue). 

Samples were observed under fluorescent microscope (Carl Zeiss, Göttingen, Germany) at 40X 

magnification. 
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DISCUSSION 

Cigarette smoke contains unhealthy organic compounds and gases among which is 

nicotine, one of most abundant particle. Nicotine is responsible for various health problems 

and could play a role in male infertility through alteration of sperm characteristic [23]. In 

present study, a significant decrease in the sperm count of the nicotine-treated rats was 

detected as compared to the control group. This finding supported the adverse effects of 

nicotine towards sperm [24-26]. Reduced testosterone concentration was also recorded 

which was associated with the decreased in sperm count as shown in Table 2.  This is 

because testosterone plays a role in spermatogenesis in the testis and sperm maturation in 

the epididymis [27]. This is in agreement with previous report that suggested nicotine 

reduces testosterone production by its effects on nicotinic acetylcholine receptors through 

inhibition of selective enzyme activity required in androgen biosynthesis [28]. Moreover, 

nicotine could directly promote testicular tissue peroxidation through free radical 

generations that would interfere with spermatogenesis and steroidogenesis [25]. This is in 

accordance with the elevated levels of reactive oxygen species (ROS) in seminal fluids of 

smokers [29]. 

Thymoquinone, the main constituent of Nigella sativa seed oil has shown beneficial 

effects towards semen quality and reproductive function [19,30-31]. Those findings were 

similar to the current result that the sperm count and testosterone levels in nicotine-treated 

rats were significantly increased after the treatment of TQ. These are also consistent with a 

previous study that TQ had significantly improved the plasma testosterone level and 

epididymal sperm count caused by administration of lead [32]. In addition, several reports 

have shown that TQ plays a role to increase Leydig cell number and testosterone levels 

which eventually improved spermatogenesis [33,34]. Thymoquinone also exerts marked 

antioxidant characteristic which could ameliorate the spermatogenesis impairment caused 

by testicular injury through oxidative stress.  A previous study demonstrated the protective 

effects of TQ on hampered spermatogenesis from chronic toluene exposure [35]. Another 

study has suggested that TQ could ameliorate the deleterious effects of cadmium chloride 

by activating testicular endocrine and antioxidant systems [31]. Its antioxidant defense 

against generation of reactive oxygen species (ROS) suggested its protective activity in the 

testicular tissue [36]. 

The plasma membrane of sperm is important in providing fluidity that is necessary in 

membrane fusion. The present study demonstrated a significant higher number of 

membrane damaged sperm among rats of the nicotine-treated group in comparison with 

other groups. This was indicated by the decline in percentage of HOST positive sperm. This 

result was in line with those of previous studies that showed smoking resulted in an increase 

in oxidative attack on sperm membrane [37-39] which could lead to initiation of the lipid 

peroxidation cascade [40]. Sperm are particularly vulnerable to oxidative damage due to the 

large amount of polyunsaturated fatty acids in the plasma membrane which are the 

substrates for ROS [41]. Constituents of cigarette such as nicotine are highly associated 

with an increase in ROS production [42] which decreases the antioxidant capacity of the 

seminal fluid [43]. Leukocyte is the main ROS producer of the seminal fluid and smoking 

could increase number of seminal leukocytes. Consequently, this might overwhelm the 

antioxidant defenses causing oxidative stress, which in turn would damage the lipid bilayer 

membrane [44,45].  

Notably, there was also a significant decline in the percentage of MitoTracker positive 

sperm among rats treated with nicotine compared to the other groups. This result was 

consistent with the previous data which demonstrated the adverse effects of cigarette 

smoke extract on sperm mitochondrial activity [5]. Mitochondria of sperm play a major role in 

supplying energy for motility. Significant increase of free radicals has been demonstrated to 

affect mitochondrial functions [41]. Direct ROS attack on the sperm mitochondria could 

result in decreased energy production, hence, impede sperm motility [46]. Earlier report 

showed that the mitochondria membrane potential (MMP) in sperm of infertile men was 
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decreased with elevated ROS production [47], consequently, contributes to the loss in 

membrane integrity, impaired cell functions and sperm motility. 

Thymoquinone has shown its potential to ameliorate the adverse effect of nicotine on 

sperm parameter as indicated by the significant increase in percentage of positive HOST 

sperm and notable improvement of MitoTracker positive sperm among rats treated with both 

nicotine and TQ. The effects could be attributed to TQ's potent antioxidant properties, its free 

radicals scavenging system and lipid peroxidation suppression, as well as its ability in 

sustaining the antioxidant defense mechanisms during free radical reactions [48, 49]. 

CONCLUSION 

The present study demonstrated that administration of nicotine had altered the 

testosterone level and caused damaging effects toward sperm in terms of its concentration, 

membrane integrity and mitochondrial function. In conclusion, the administration of TQ could 

ameliorate the adverse effects of nicotine on male fertility. These make TQ a promising 

supplement in combating male infertility especially among smokers. Further study is needed 

to explore mechanism of action of TQ for its curative role against physiological and structural 

damages of the reproductive system caused by nicotine. 
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