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ABSTRACT
The aim of this study is to evidence the efficacy of Methanolic 
extract of sphaeranthus amaranthoides (MESA) against hor-
monal changes induced by nicotine in male adult wistar albino 
rats. 24 Adult male Wistar albino rats, weighing about 170 ± 
25 gm were divided into four groups and treated with Nor-
mal saline (Control), Nicotine (NT), Nicotine followed by 250mg 
MESA Dose 1 + NT and Nicotine followed by 500mg MESA 
Dose 2 + NT. All the animals were treated for 48 days contin-
uous treatment. Serum Hormone levels were measured at 20th 
day, 40th day and 48th day. The hormonal changes were veri-
fied by a noticeable reduction in serum levels of testosterone, 
follicle-stimulating hormone (FSH), and increase in luteinizing 
hormone (LH), and prolactin. Our findings propose that MESA 
has a beneficial effect in reversing the hormonal damages in-
duced by Nicotine by acting on the cell of various stages of 
spermatogenesis. 
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1. INTRODUCTION: 
In present days, jobs are sedentary and males of 

all ages spend more time on sedentary hobbies and 
less time on physical activity comparatively(1). Drivers, 
Computer operators, Bakers, welders, some workers 
in metals, glass and ceramics industries have sed-
entary kind of jobs that involve many hours seated. 
Spermatogenesis in a way or another temperature de-
pendent. Increased scrotal temperature ameliorates 
spermatogenesis and found to one of the leading caus-
es reduction in quality and number of sperm(2) 

Exposure to pesticides is also a leading cause of 
male infertility. Pesticide applicators like farmers, and 
greenhouse workers who work in parks and highways 
operatives were mostly affected by chemical of pesti-
cides. More intensive agriculture Introduction and ex-
panded use of pesticides deteriorate spermatogenesis 
and affect testosterone production. Thus causing male 
infertility. Nutritional changes may alter the metabo-
lism of endogenous hormones. Consumption of meat 
from hormone-treated domestic animals will have 
hormone residues in fat. Greater than before exposure 
to environmental hormones by means of food packag-
ing and larger use of pre-packaged and processed food 
affects the metabolism of endogenous hormones. 

The endocrine system precisely mediates sexual 
development and reproductive ability through circu-
lating sexual hormones, which act as signaling mol-
ecules to render adequate regulation. Sphaeranthus 
amaranthoides Burm. f. (Asteraceae) are widely dis-
tributed in tropical Asia, Africa, and Australia(3). As 
the plant is rich in antioxidant property it is evident 
that it reverse the damages induced by nicotine and 
thus restores the altered hormones(3). 

Phytochemical analysis of sphaeranthus amaran-
thoides reveals the presence of phenolics, alkaloids, 
steroids, saponins, tannins, and flavonoids(4). 

Although the fundamentals of the hormonal reg-
ulation of spermatogenesis were established decades 
ago, molecular mechanisms at genomic levels has not 
been well established. In this study, we document the 
hormonal disturbances induced by nicotine and ame-
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liorating efficiency of methanolic extract of sphaeran-
thus amaranthoides (MESA) to reverse the damages 
and based on results, this should be taken to next ad-
vanced lead that illuminates the pathogenetic mecha-
nisms. 

2. MATERIALS AND METHODS: 

2.1. Collection of the plant material 
The plant Sphaeranthus amaranthoides was col-

lected from the Salem Dist., Tamil Nadu, India. The 
preliminary works like washing, drying etc.. were 
done. The plant materials were authenticated from 
Department of Medicinal Botany, Sri Sairam Siddha 
Medical College and Research Center, West Tam-
baram, Chennai. The collected plant parts were free 
from disease and also free from contamination of 
other plants. 

2.2.Preparation of plant extract (MESA) (5): 
100 g of S. amaranthoides air-dried and coarsely 

powdered plant material was extracted with 500 ml 
methanolic solvent with the help of Soxhlet extractor. 
After extraction the sample was kept in dark for 72 h 
with intermittent shaking. Then the solvent was evap-
orated under reduced pressure using Rota-vapor and 
to obtain viscous semi solid masses. 

2.3 Study Animals: 
Adult male Wistar albino rats, weighing about 

170 ± 25 gm were used for the study. The animals 
were kept in a polypropylene cage and were main-
tained under standard laboratory conditions of 12: 
12 hour’s light/dark cycle with a temperature of 
about 22-25º C with a relative humidity of 50-60 %. 
The animals were fed with a standard rat pellet diet 
and drinking water ad libitum. The present study 
was conducted in accordance with the protocol ap-
proved by the animal ethical committee, Sathyabama 
Institute of Science and Technology (No. SU/CLA-
TR/IAEC/XI/100/2018) 

2.4 Study Design(6): 
Animals were randomly divided into four groups 

(n = 6) such as control (Normal Saline), Nicotine ad-
ministered (NT), Nicotine followed by Methanolic 
extract of sphaeranthus amaranthoides (NT + MESA 
Dose 1), Nicotine followed by Methanolic extract of 
sphaeranthus amaranthoides (NT + MESA Dose 2). 

2.5 Drugs & Chemicals: 

Chemical drugs – Freshly prepared Nicotine (0.4 
mg/kg b. wt) (Sigma aldrich) 

Herbal drug – Methanolic extract of sphaeranthus 
amaranthoides. (MESA) 

Mode of administration
а) 99% Liquid Nicotine (Sigma Aldrich) in 0.9% 

normal saline by the Intraperitoneal route(7) is ad-
ministrated to the experimental animals intraperito-
neally. 

b) The methanolic extract of sphaeranthus amar-
anthoides (MESA) is administrated orally by using 18 
gauge needles which is about 2-3 inches in length. 

2.6. Drug dosage: 
a) Nicotine (0.4 mg/kg b. wt) was administered 

99% Liquid Nicotine (Sigma Aldrich) in 0.9% normal 
saline by the intraperitoneal route 

b) Methanolic extract of sphaeranthus amar-
anthoides (MESA) in two different doses Dose 1 – 
250mg/kg b. wt and Dose 2 – 500mg/kg b. wt Both 
were administrated daily for 48 days by gavage. 

2.7 Measurement Of Hormones: 
Blood samples were obtained from the retro-or-

bital vein in a micro-hematocrit capillary tube(8). The 
p lasma was separated by centrifugation and stored at 
-72°C for subsequent hormone assays. Plasma levels of 
total testosterone, Luteinizing hormone, Follicle-stim-
ulating hormone, and Prolactin, were estimated on 
day 20, day 40, and just before sacrifice. The concen-
tration of Plasma testosterone was evaluated by using 
(an enzyme-linked immunosorbent assay) ELISA kits 
(5). Immuno-Assay Test Kits were used to measure the 
concentrations of Prolactin, Luteinizing hormone, 
and Follicle-stimulating hormone(9). 

2.8 Statistical Analysis: 
The collected quantitative data were subjected to 

Microsoft Excel (Version 2003) and SPSS (SPSS, Ver-
sion 17.0) software for statistical analysis. The values 
were expressed as the Mean and Standard Error of 
the Mean. One-way ANOVA was performed using 
SPSS. Comparison of the values of control and treated 
groups was done by the analysis of variance (ANO-
VA) and statistical significance was determined using 
a PAIRED T-test with p < 0.05 considered. 
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3.RESULTS

3.1 Effect Of MESA On Testosterone: 
The effects of Nicotine, Nicotine +MESA Dose 1, 

and Nicotine + MESA Dose 2 on the levels of serum 
testosterone and their comparison with that of control 
on 20th day, 40th day and 48th day of the treatment were 
summarized in the Table 1.The change in the serum 
testosterone was not significant after 20 th day. Signifi-
cant difference was seen after 40 th day of the treatment. 
The nicotine group showed a significant decrease in 
Serum testosterone when compared to nicotine group 
(p < 0.001) (Table 1). Nicotine +MESA Dose 1 and 2 
showed a significant raise in the serum testosterone 
levels as compared to nicotine administered group. 

3.2 Effect Of MESA On FSH
The effects of Nicotine, Nicotine +MESA Dose 1, and 

Nicotine + MESA Dose 2 on the levels of serum Follicle 
stimulating hormone and their comparison with that of 
control on 20th day, 40 th day and 48th day of the treatment 
were summarized in the Table 2. The change in the serum 

Follicle stimulating hormone was not significant after 20 

th day. Significant difference was seen after 40 th day of the 
treatment. The nicotine group showed a significant de-
crease in Serum Follicle stimulating hormone after 48 th 
day of treatment when compared to nicotine group (p < 
0.001) (Table 2). Nicotine +MESA Dose 1 and 2 showed a 
significant raise in the serum Follicle stimulating hormone 
levels as compared to nicotine administered group. 

3.3 Effect Of MESA On Luteinizing 
Hormone: 

The effects of Nicotine, Nicotine +MESA Dose 1, 
and Nicotine + MESA Dose 2 on the levels of serum 
Luteinizing hormone and their comparison with that 
of control on 20th day, 40 th day and 48th day of the 
treatment were summarized in the table 3.The change 
in the serum Luteinizing hormone was not significant 
after 20 th day. Significant difference was seen after 40 
th day of the treatment. The nicotine group showed a 
significant increase in Serum Luteinizing hormone af-
ter 48 th day of treatment when compared to nicotine 
group (p < 0.001) (Table 3). Nicotine +MESA Dose 1 

Table 1
Effects of Nicotine, MESA and their combination on Testosterone levels during the treatment period

 Parameters

Testosterone

Groups

N Control Nicotine Nicotine + MESA Dose 1 Nicotine + MESA Dose 2

Day – 20 6 4.81±0.72 4.92±0.24 4.75±0.47 4.55±0.6
Day – 40 6 4.94±0.7 4.3±0.47 5.01±0.46 4.96±0.63
Day – 48 6 5.05±0.63 3.67±0.57* 5.43±0.38 5.48±0.6

 Values are expressed as mean±SD. Mean values sharing * were significantly different at p-value < 0.001

Table 2
Effects of Nicotine, MESA, and their combination on levels of Follicle-stimulating Hormone during the treatment period

Parameters

Follicle-stimulating Hormone 

Groups

N Control Nicotine Nicotine+ MESA Dose 1  Nicotine+ MESA Dose 2

Day – 20 FSH 6 1.75 ± 0.51 1.72 ± 0.3 1.41 ± 0.16 1.73 ± 0.31
Day – 40 FSH 6 1.81 ± 0.48  1.2 ± 0.19* 1.44 ± 0.14 1.83 ± 0.31
Day – 48 FSH 6 1.84 ± 0.48 0.92 ± 0.2** 1.47 ± 0.17 1.89 ± 0.28

Values are expressed as mean±SD. Mean values sharing * were significantly different at p value < 0.005 Mean values sharing ** 
were significantly different at p value < 0.001

Table 3
Effects of Nicotine, MESA and their combination on Luteinizing Hormone levels during the treatment period

Parameters

Luteinizing Hormone 

Groups
N  Control Nicotine

Nicotine+ MESA Dose 1 Nicotine+ MESA Dose 2
Day – 40 LH 6 1.39 ± 0.26 2.36 ± 0.36*  1.48 ± 0.24  1.58 ± 0.32
Day – 48 LH  6  1.45 ± 0.25 2.86 ± 0.23*  1.61 ± 0.25  1.68 ± 0.44

Values are expressed as mean±SD. Mean values sharing * were significantly different at p value < 0.001
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and 2 showed a significant decrease in the serum Lu-
teinizing hormone levels as compared to nicotine ad-
ministered group. 

3.4 Effect Of MESA On Prolactin: 
The effects of Nicotine, Nicotine +MESA Dose 1, 

and Nicotine + MESA Dose 2 on the levels of serum 
Prolactin hormone and their comparison with that of 
control on 20th day, 40 th day and 48th day of the treat-
ment were summarized in the Table 4.The change 
in the serum Prolactin was not significant after 20 th 
day. Significant difference was seen after 40 th day of 
the treatment. The nicotine group showed a signifi-
cant increase in Serum Prolactin hormone after 48th 
day of treatment when compared to nicotine group 
(p < 0.001) (Table 4). Nicotine +MESA Dose 1 and 2 
showed a significant decrease in the serum Prolactin 
hormone levels as compared to nicotine administered 
group. 

4. DISCUSSION: 
Testosterone is secreted by Interstitial cells of Lydig. 

Testosterone is responsible for the sex drive (libido) 
in men, bone mass, fat distribution, muscle mass, and 
sperm production. A small amount of testosterone cir-
culating in the body is also converted to estradiol, an 
estrogen (10) (11) Nicotine can damage sperm membrane 
and DNA, and induce apoptosis in interstitial cells in 
the testis (12). 

The present study shows a significant decrease in 
mean serum testosterone and Follicle stimulating hor-
mone and a significant increase in mean serum Lu-
teinizing hormone and prolactin levels. The decrease 
in testosterone and Follicle stimulating hormone is not 
associated with lutenizing hormone, which indicates 
that the pathology is not in pituitary gland rather it is 
due to the testicular damage. Low serum testosterone 
levels accompanied by high levels of serum Luteiniz-
ing hormone indicates testicular dysfunction(13). A de-

crease in serum testosterone levels has been shown to 
adversely affect the structure, weight, and function of 
the testes and epididymis Low serum testosterone lev-
els have been reported to adversely affect the structure, 
weight, and function of the testes and epididymis(14). 

Follicle stimulating hormone is indirectly respon-
sible for structural and metabolic support for sper-
matogonia to become mature spermatid. Though it 
is not a mandatory hormone to complete spermato-
genesis, decrease in levels of FSH leads to reduction 
in sperm quality and mild reduction in number of 
sperm. (15) 

Lutenizing hormone is responsible for secretion 
of Androgen. Lifestyle habits like smoking and stress 
may lead to increase in gonadotrophin releasing hor-
mones, LH and Prolactin, this leads to change in sperm 
quality. (15) In the male rats, plasma LH is responsible 
for maintaining the normal plasma testosterone con-
centration. As a result of chronic exposure of nicotine 
decrease in testosterone level which in turn is respon-
sible for increased production of LH(16) 

When the level of prolactin hormone is elevated in 
men infertility results. In addition increased prolactin 
causes erectile dysfunction, sexual desire and level of 
testosterone is decreased. (9) 

Prolactin hormone have a direct effect on sper-
matogenic cells(17). In mammals, PRL signaling is 
thought to be involved not only in the process of sper-
matogenesis and steroidogenesis in the testis but also 
in the survival of ejaculated sperm(17). 

Studies have shown an increase in serum prolactin 
levels was reversed by nicotine cessation (18). In addi-
tion, it was observed that there was no difference in 
hormone concentrations between ex-smokers and 
non-smokers suggesting that quitting smoking helps 
to reduce the levels of this hormone (19). Studies on hu-
mans reported reduced sperm-fertilizing capacity in 
smokers, in addition to decreased sperm count and 
motility, which were explained by the degenerative tes-

Table 4
Effects of Nicotine, MESA, and their combination on levels of Prolactin during the treatment period

Parameters

Prolactin 

Groups

N  Control  Nicotine Nicotine+ MESA Dose 1 Nicotine+ MESA Dose 2

Day – 20 P 6 4.11 ± 0.38 4.23 ± 0.31 4.06 ± 0.37 4.25 ± 0.32
Day – 40 P 6 4.23 ± 0.27  5.05 ± 0.23* 4.37 ± 0.38 4.31 ± 0.31
Day – 48 P 6 4.27 ± 0.19 5.8 ± 0.18* 4.62 ± 0.31 4.34 ± 0.24

Values are expressed as mean±SD. Mean values sharing * were significantly different at p value < 0.001
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ticular changes induced by nicotine (20). The flavonoids 
present in MESA are responsible for the antioxidant 
property of MESA(21).. Nicotine causes structural dam-
age to the testes(22). Studies have shown a positive effect 
of antioxidants on sperm quality (23). From the above 
study, it is very clear that MESA helps in retrieving the 
deranged hormonal levels and thus the hormonal im-
balance is restored by MESA and thus infertility could 
be reversed. 

5. CONCLUSION: 
Nicotine disturbs various stages of spermatogene-

sis by damaging the Leydig cells. Our findings propose 
that MESA has a beneficial effect in reversing the hor-
monal damages induced by Nicotine and improving 
the quality of sperm by acting on the cell of various 
stages of spermatogenesis. Thus the Methanolic ex-
tract of Sphaeranthus amaranthoides at the dose level 
of 250 mg/kg b. w and 500 mg/kg b. w was effective 
against Nicotine induced hormonal imbalance. 
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