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ABSTRACT: Nicotine is a potent para-sympathomimetic alkaloid, which belongs to the Nightshade family of plants 

and is abundant in the roots and leaves of these plants.  Here, we investigated the histomorphological effects of oral 

nicotine exposure on the testes of adult Wistar rats. Sixteen adult male Wistar rats were divided into 4 groups (I, II, III, 

and IV), with each group containing 4 rats per group. Control group (I) received growers mash with water, group II 

received 2mg kg-1 day-1 of nicotine, group III received 4 mg kg-1 day-1 of nicotine and group IV received 6 mg kg-1 

day-1 of nicotine via the oral route of administration, in addition to food and water for six weeks. At the end of the 7 th, 

21st, and 42nd days of the administration, animals were euthanized by cervical dislocation, and testes were harvested 

and processed with standard histological techniques. Euthanizing on these various days was done to assess the time 

and dose-dependent effect of nicotine on the testes. Findings from histological observation of the testes showed 

similar histoarchitectural changes on different days between the treated groups and the control group. These changes 

may be attributed to the drug metabolism of nicotine, administration route of nicotine, and drug dosage adopted in the 

current study.  However experimental animals administered with nicotine for 42 days, showed normal histology of the 

testes with the presence of vascular congestion in the lumen of the seminiferous tubules. Within the limitation and 

design of this study, oral nicotine exposure at a low dose showed no features of testicular toxicity as there were no 

histoarchitectural distortions in the treated animals. However, our findings suggest that nicotine exposure at a low dose 

may possess a therapeutic effect in the management of testicular pathologies.  

 

                               INTRODUCTION 

Nicotine is a nitrogenous base compound, belonging to the 

family of nightshade plants (Solanaceae) and its primary 

source is the dried leaves of the tobacco plants [1]. Its 

structural isomer has a molecular formula of C10H14N2, 

(with a molecular mass of 162.23mm-1) and appears to be 

colorless and hygroscopic in its fluid form. It is also readily 

soluble in alcohol and miscible in water at 60°C and 210°C 

[2]. It is an alkaloid, which forms salts with acids that are 

usually solid and water-soluble [1]. The Cholinergic system 

is tightly regulated by acetylcholine synthesizing enzymes, 

transporter, receptors, and degrading enzymes [3].  

Acetylcholine (ACh) acts in a similar manner as nicotine, it 

is a natural agonist for the receptors which also bind to 

nicotine [4]. The body synthesizes ACh from choline and 

acetyl-CoA by an enzyme called choline acetylase. 

Synthesis of trimethylamine and beta-chloroethyl acetate in 

the laboratory gives AChCl (acetylcholine chloride) [5].  
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Nicotine is a weak base of about 7.9 that is readily 

absorbed by the lung, oral and nasal mucosa, skin, and GIT. 

It is widely distributed to several parts of the body, 

extensively metabolized by the liver, lung, and kidney and 

its excreted out of the body through urine [6]. 

The reproductive system of a male is highly sensitive to 

many chemicals and drugs and has been found to pose 

adverse effects on the reproductive capacity of males under 

certain conditions [7]. Decrease in semen qualities such as 

viability, sperm concentration, motility, morphology, and 

inhibition of spermatogenesis has been linked to cigarette 

smoking [8]. Finding from a study has shown the presence 

and physiologic effects, (positive or negative) of 

acetylcholine receptor of nicotine (α7 nAChRs) with 

expression localized within several parts of the testis of 

several mammals [9]. Research has proven the presence of 

nicotine in the Leydig cells, although neither a cell-specific 

location nor function has been established [10]. Several 

studies have shown many functions of ACh in the male 

reproductive tract such as vaso-activity, sperm transport, 

muscle contraction and cell secretion are mediated via 

mAChR [9, 10, and 11]. Based on the existing background, 

this study was conducted to investigate the dose and time-

dependent of the oral administration of nicotine on the 

anatomic architecture of the testes of adult Wistar rats. 

MATERIALS AND METHODS 

Chemical compound  

The experimental drug was nicotine ((S) -3- (1-Methyl-

2pyrroli- vinyl) pyridine).25.0g of nicotine hydrogen salt 

tartrate [(95% nicotine); Sigma life science, 614-002-00-x 

United Kingdom (batch number: USAB313 0016, Expiry 

date: November, 2020)] was purchased from Rovet 

Scientific shop in Benin-City, Edo State, Nigeria [13]. 

Animal and diet 

Adult male Wistar rats with an average body weight of 

150g -200g were purchased from the animal house of Delta 

State University, Abraka, Nigeria. All animals were fed 

with commercially formulated rat chow and water ad 

libitum. 

Sample size  

This was determined using the resource equation E = Total 

number of animals - Total number of groups. [14, 15] 

Where E is the degree of freedom for the analysis of 

variance. [14] A total number of 16 male adult Wistar rats 

were used for this study. 

Experimental design 

This was an experimental and observational study that 

entailed 16 rats into four groups with 3 regimen dose plans. 

The rats were weighed, sorted, and assigned to a group 

containing four rats each. Animals were kept and nurtured 

under a standard conditions (12 hours light and 12 hours 

darkness, temp: 28-31◦C; humidity: 50-55%) and were 

allowed to acclimate for two days before administration 

according to animal acclimatization guidelines stated by 

Obernier and Baldwin (2008); Animal research ethics 

(2009). [13, 16] The experiment lasted for 6 weeks with 

animals euthanized on days 7, 21, and day 42; this was to 

demonstrate the time and dose-dependent effect of the test 

agent  

Dosage and drug administration  

Diluent for the administration of nicotine used was water 

and the time of administration was twice daily (6.00 am 

and 6.00 pm); this was to maintain a steady concentration 

of nicotine in blood circulation Route of administration of 

the test drug was oral with the use of an orogastric tube and 

experimental animals were treated as indicated in (Table 1). 

The LD50 for oral nicotine administration in adult male 

rats is 50mg kg-1. [6] 

Animal euthanasia 

Experimental rats were euthanized at 7, 21 days, and 42 

days by cervical dislocation after an overnight fast. [17] 

Testes were harvested and fixed immediately into 10% 

formal saline. [18]  
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Histological procedures 

At the end of each experimental day which was stipulated 

for 7, 21 days, and 42 days. The animals were weighed and 

euthanized by cervical dislocation. Testes were grossed, 

placed in tissue cassette, and processed manually under 

standard histological procedures which entail several 

stages, from fixation using 10% formal saline, tissue 

processing comprises four sections: dehydration (series 

changes of the tissue in alcohol with time dependency), 

clearing (series changes of the tissue in xylene also with 

time-dependent), infiltration (series changes of the tissue in 

paraffin wax also with time dependency) and embedding  

 

(preparation of tissue block, using a mold), sectioning 

(using a microtome at 5 to 7um), staining (using H and E 

and special stains), mounting (using DPX) and 

photomicrography. [19, 20] 

Photomicrography 

Prepared Slides were viewed, and tissue images were 

captured using a digital microscope “CARL ZEISS (Primo 

Star)” of about 8.3 megapixel camera, connected to a 

computer. Obtained micrographs were interpreted to 

ascertain the histological and cytological effects of nicotine 

on the testes. 

Table 1. Experimental groups and Nicotine administration 

Group Designation Duration (days) Treatment dose per day 

I Control (n =4) 42 days Distilled water 

II Low dose (n =4) 7 days 2 mg kg
-1

body weight of nicotine 

III Moderate dose (n =4) 21 days 4 mg kg
-1

body weight of nicotine 

IV Chronic dose (n =4) 42 days 6mg kg
-1

body weight of nicotine 

 

                                   RESULTS 

The figure below shows sections of the testes for days 7, 

21, and 42 depicting normal testicular histoarchitecture as 

displayed in the control group. The tubules vary in size and 

are separated by a loose fibrovascular connective tissue 

stroma which are sheets of interstitial cells. The 

seminiferous tubule is lined by stratified germinal  

 

 

 

 

 

 

 

 

epithelium composed of a basal spermatogonia layer, 

spermatocytes and spermatozoa disposed to the luminal 

aspects. Sertoli cells are apparent between these 

parenchyma cells. Vascular congestion at the 42 days is 

also prominent within the tubules and the fibro connective 

tissue enclosing the seminiferous tubules is unremarkable.  
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Duration 
Group 1 

(Control) 

Group 2 

(2 mg kg
-1

body weight of 

nicotine) 

Group 3 

(4 mg kg
-1

body weight of 

nicotine) 

Group 4 

(6 mg kg
-1

body weight of 

nicotine) 

7days 

    

1days 

    

42days 

    
Figure 1. Histological effects on the testes of experimental animals exposed to different graded doses of nicotine for 7, 21, and 42 days. H & E (x400) 

Keywords: S: spermatocytes, DS: developing spermatogonia, SC: Sertoli cells, TL: tubule lumen, BV: blood vessels. VC: vascular congestion, GC: 

interstitial cells. 

 

                               DISCUSSION 

Nicotine intake is ascribed as a major cause of infertility 

[21]. It is present in cigarette smoke and has been 

discovered to inhibit testicular tissue, resulting in impaired 

reproductive function.[22] Though several authors have 

documented the effects of varying doses of nicotine on the 

male reproductive system, most of these studies generally 

excluded detailed histological investigations unlike it was 

addressed in the index study [23,24, 25]. 

The histological findings from this study were in keeping 

with normal histology sections of the testes with no cellular 

alterations as shown in graded dose and time exposure 

manner, except for the result obtained on day 42 showing 

vascular congestion. The finding however differed from a 

report conducted by Oyeyipo in Osun State, Nigeria who 

documented that nicotine affected the testicular tissues, 

with testosterone levels significantly decreased, observed 

atrophy in the genital epithelial cells, and testes distortions 

of nicotine-treated F1 males [26]. Similarly, although a 

study revealed normal seminiferous tubules in most of the 

testes of the laboratory animals with few reported to 

display slightly altered histoarchitecture [27], a contrary 

finding was demonstrated in another study report which 

reported the spermatogenic arrest, at the spermatid stage, 

following exposure to nicotine, which was observably 

found to be ameliorated by the therapeutic effect of vitamin 

E.[28] The positive result obtained from the index study 

can be inferred as a result of drug metabolism by the liver 

and enzymes in the gut wall which are implicated to reduce 

the pharmacological actions of nicotine.[29] The 

pharmacokinetics of nicotine involves metabolism at 

several locations of the alimentary canal thus leading to a 

subsequent reduction in nicotine bioavailability to testicular 

tissue [6]. Also, a study conducted by [3] reveals a positive 

effect of nicotine agonists associated with the sufficiency of 
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mAChR than of nAChR in their study. This was clearly 

explained with mice deficient for α7- nAChR producing 

sperm with impaired motility and mAChR agonist 

promotes sperm motility, especially in humans. 

The route of nicotine administration employed in the in 

vivo study may also have contributed to the obtained 

findings, where nicotine was administered orally for 42 

days. This route of drug delivery is the most preferred route 

due to its non-invasiveness and convenience. Nevertheless, 

one of the major limitations associated with oral 

administration is a pharmacological phenomenon called the 

first-pass effect. This entails drug metabolism by the body 

leading to a decrease in the unchanged fraction of the drug 

before it enters the systemic circulation. One of the major 

organs and sites of metabolism associated with first-pass 

effect in the liver [30]. 

Nicotine on the other hand is rapidly and extensively 

metabolized by the CYP2A6, CYP2B6, CYP2E1 enzymes 

in the liver, glucoronidation (GG2B10), and N-oxidation 

[31]. Thus, our findings indicate that the unchanged 

fraction of nicotine remaining after its rapid metabolism did 

not induce testicular toxicity hence the testicular 

histoarchitecture preservation reported in the current study. 

A study reported the efficiency of the intravenous route, 

and its ability to bypass the systemic first-pass effect.[32]  

Despite the routine use of the oral route of administration in 

the in vivo study, it is however contrary to a study 

circulated by Jensen and colleagues where they employed 

the intravenous route of administration because of its 

efficiency in administering substances to humans since it 

bypasses the process of solute absorption.[33] This was 

also in agreement with a study conducted by Jensen and 

Co. where the comparable difference between smoking and 

IV infusion in respect to time to reach peak arterial nicotine 

concentrations were observed to be 20 sec and 30 sec 

respectively as against the limitations of using the oral 

route of administration like; potential significant first-pass 

effect by the liver, local irritation, and absorption of 

substances by digestive enzymes and acid.[34] Therefore, 

we affirm that nicotine administration may be 

advantageous when administered orally as compared with 

other routes of administration. This is because the 

intravenous route of administration is considered a gold 

standard for assessing dose-dependent effects of drugs [35]  

The drug dose might also be considered with respect to the 

histoarchitectural preservation observed in the testes. 

Benowitz and Hatsukami et al considered in their study the 

gradual reduction in the amount of nicotine in nicotine-

based products to achieve a reduce negative health effects 

caused by nicotine.[36, 37] It is of great importance to 

determine an accurate threshold dose value for nicotine 

otherwise erroneous result is inevitable. In comparison to 

Benowitz and Hutsukami’s study, the route of 

administration used in the index study requires a high dose 

of nicotine to produce toxicity.[32] This is contrary to a 

study, with findings revealing the toxic effects of nicotine, 

with dose-related as a result of overstimulation of the 

nicotinic receptor, which often leads to inhibitory actions 

(desensitization) of the receptors, following continuous 

stimulatory effect from its administration, thereby causing 

toxicity to the male reproductive system. [25] 

Another vital reason for this observed effect may be 

ascribed to the fact that nicotine is reported to possess 

antioxidative properties just like other plant antioxidants 

and compounds. [38, 39, 40, 41] Nicotine attenuated 2,2′-

azobis(2-methylpropionamidine) dihydrochloride (AAPH) 

and tert-butyl hydroperoxide (t-BuOOH) induced 

hemolysis in erythrocytes through an antioxidative 

mechanism in a dose-dependent manner.[42]  This 

antioxidant potential of nicotine may be through its 

interaction with intracellular nicotinic receptors or 

extracellular through its action as a radical scavenger.[43] 

In the line with this, the question of whether nicotine 

protected the testes from cellular degeneration via 

attenuating oxidative stress is open to further 

investigations. 

CONCLUSIONS 

Nicotine exposure to nicotine at a low dose showed no 

deleterious effect on the histology of the testes. This may 

be due to the interactions between and the testicular blood 

barrier; therefore, further studies should be targeted 
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towards understanding the exact mechanism of action of 

nicotine that led to this testicular preservation.   

Recommendation 

Further study is needful to affirm the findings of the index 

study and to assess for the therapeutic effect of nicotine in 

respect to male reproduction. 
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