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Introduction 
 

Zinc plays vital role in anatomical 

development and normal function of male 

reproductive organs. Deficiency of this 

element in diet has been reported to cause 

delayed testicular development, reduced 

testosterone production and abolition of 
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The study was conducted on weaned wistar male rats for the period of 8 weeks from 4 to 

12 weeks of age and they were divided into 3 groups as control: rats fed diet without zinc 

supplementation, Treatment groups, T1 and T2: rats fed diet containing zinc sulphate @ 

50mg and 100mg/kg body weight/day, respectively. Blood samples were collected from 

each rat of all the 3 groups on 6, 8, 10 and 12 weeks of experiment and plasma were 

separated and triiodothyronine (T3), thyroxine (T4) and testosterone levels were estimated. 

The plasma concentrations of T3 and T4 in wistar rats increased as age advanced from 6 to 

12 weeks in all three groups. The T3 values were varied significantly (P<0.01) with each 

other in different ages; whereas, T4 levels were recorded significantly higher (P<0.01) at 

10 and 12 weeks as compared to 6 and 8 weeks in all groups. Thyroid hormone 

concentrations were higher in treatment groups (T1 and T2) as compared to control from 8 

weeks of age. As compared to control value, in T1 group, T3 concentration was 

significantly higher (P<0.01) at 8 weeks of age and significantly higher (P<0.01) T4 values 

were recorded from 10 weeks; whereas, in T2 group, T4 levels were significantly higher 

(P<0.01) at 10 weeks of age. In between T1 and T2 groups, T3 concentrations were found 

higher at 8 and 10 weeks and T4 values were higher from 8 to 12 weeks of age in T1 

group, but the values were not varied significantly. The plasma concentration of 

testosterone in all groups showed an increasing trend with the advancing age and the 

values were varied significantly (P<0.01) within the group at different ages. When 

compared between the treatment groups and control, significantly higher (P<0.01) values 

were found in both the treatment groups (T1 and T2) as compared to the values of control 

group from 8 to 12 weeks of age. The present study revealed earlier rise of testosterone in 

T1 group as compared to T2 group; however, the values were not varied significantly at 

different ages studied. The study showed that oral zinc supplementation induces a better 

testosterone and thyroid hormone profile. The concentrations of the hormones in plasma 

showed an increasing trend with the advancing age. 
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spermatogenesis (Underwood and Somers, 

1977). Pituitary gonadotropin and androgen 

production have also been reported to be 

reduced with the deficiency of this element 

(Martin and White, 1992). A cascade of 

reactions related to hormone synthesis and 

secretion essentially involve more minerals 

than a single as cofactors. Thyroid hormones 

affect animals’ growth and reproduction 

through their effect on metabolic rate in 

almost all tissues and stimulate growth in all 

ages. In animal studies, single and multiple 

deficiencies of iodine, selenium and zinc have 

distinct effects on thyroid metabolism and 

structure. Critical role of zinc in promoting 

the conversion of thyroid hormones, thyroxin 

to triiodothyronine has been reported 

(Nishiyama et al., 1994). Zinc is not widely 

stored in the body, so its supply in the diet 

should be continuous. Area specific 

deficiency of minerals is prevalent in soils in 

many parts of India and through soil-plant 

system; it causes mineral deficiency in 

animals (Khan et al., 1979). In Assam, low 

soil pH and high rainfall are attributed to 

leaching of top soil that could result in 

mineral deficiency in animals through 

ingestion of plants grown in such soils. 

Further, higher iron content of the soil in 

Assam could be another factor to lower zinc 

absorption in the animal’s gut due to mineral 

interaction. The use of organic minerals in 

livestock nutrition has gained considerable 

interest over the past decade. Zinc 

supplementation inorganic form in ruminant 

diets might produce superior results over 

inorganic form of supplementation because of 

different pattern of its metabolism (Rojas et 

al., 1996; Devi et al., 2013) and greater bio-

availability than inorganic sources of 

minerals. It could be anticipated that the zinc 

supplementation would optimize the growth 

rate of young male genital system including 

testosterone secretion from Leydig cells. 

Keeping in view of the above, the present 

investigation was taken up to study the effect 

of zinc supplementation on hormonal 

concentration in serum in inorganic and 

organic zinc- supplemented groups of Assam 

local kids. 

 

Materials and Methods 

 

The study was conducted in 72 weaned 

Wistar male rats for a period of 8 weeks from 

4 to 12 weeks of age. The experimental rats 

were divided in to three groups as control: 

rats fed diet without zinc supplementation, T1 

(treatment 1): rats fed diet containing zinc 

sulphate @ 50 mg/kg body weight/day and T2 

(treatment 2): rats fed diet containing zinc 

sulphate @ 100 mg/kg body weight/day. The 

rats were procured from Indian Institute of 

Integrative Medicine, CSIR Laboratory, 

Jammu. They were provided standard pelleted 

ration and clean drinking water ad libitum and 

maintained under standard managemental 

conditions. Prior to start of experiment, the 

rats were acclimatized in the laboratory 

conditions for a period of one week.    

 

Blood was collected in aliquots containing 

anticoagulant heparin @ 10 IU/ml of blood 

and the samples were centrifuged at 3000 rpm 

for 15 minutes. Plasma was harvested in clean 

sterile glass test tubes and was immediately 

stored at -20ºC for biochemical analysis. 

Plasma hormones viz. triiodothyronine (T3), 

thyroxine (T4) and testosterone concentrations 

were estimated by Enhanced 

Chemiluminescence method. For all the 

observed data in the present experiment, the 

standard statistical procedures recommended 

by Snedecor and Cochran (2004) have been 

followed. The data were presented by 

showing mean and standard error. The 

significant differences of values for different 

parameters studied were assessed by the test 

of one way and two-way analysis of variance 

depending upon the data. The significant 

values of different groups and weeks were 

calculated by Tukey’s test. All the above 
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calculations were carried out using SPSS 

software version 16.0. 

 

Results and Discussion 

 

Thyroid hormones (Triiodothyronine, T3 

and Thyroxine, T4) 
 

In the present study (Table 1), it was observed 

that both thyroid hormone (T3 and T4) levels 

were higher in treatment groups (T1 and T2) 

as compared to the control from 8 weeks of 

age. As compared to control, the value in T1 

group, T3 concentration was significantly 

higher (P<0.01) at 8 weeks of age and 

significantly higher (P<0.01) T4 values were 

recorded from 10 weeks; whereas, in T2 

group, T4 levels were significantly higher 

(P<0.01) at 10 weeks of age. Increased 

plasma concentrations of thyroid hormones in 

zinc-supplemented groups might be related to 

stimulatory effect of zinc on thyroid hormone 

biosynthesis for augmentation of body 

metabolism. According to Baltaci et al., 

(2004) zinc had an important role in thyroid 

metabolism and it participated in the 

formation and action of thyrotropin-releasing 

hormone (Pekary et al., 1991). Other reports 

in the literature which supported the present 

findings regarding the secretion of thyroid 

hormones following zinc supplementation in 

rats and other species (Smit et al., 1993; 

Nishiyana et al., 1994; Taneja et al., 2006; 

Kumar et al., 2013). Studies being carried out 

on rats also revealed that the hypothalamic 

thyrotropic hormone content decreased in zinc 

deficiency (Morley et al., 1980). In support to 

the present finding, earlier reports suggested 

that zinc deficiency caused atrophy of the 

thyroid gland with degeneration of the thyroid 

follicles (Gupta et al., 1988; Gupta et al., 

1997). The T3 receptor is thought to require 

zinc to adopt its biologically active 

conformation and some of the effects of zinc 

deficiency, therefore, might be due to loss of 

zinc from the T3 receptor and impairment of 

T3 action (Freake et al., 2001). Between T1 

and T2 groups, T3 concentrations were found 

higher at 8 and 10 weeks and T4 values were 

higher from 8 to 12 weeks of age in T1 group, 

but there was no significant variation 

observed between the values of treatment 

groups. The plasma concentrations of 

triiodothyronine (T3) and thyroxine (T4) in 

Wistar rats increased as age advanced from 6 

to 12 weeks. The T3 values were varied 

significantly (P<0.01) with each other at 

different ages in all the three groups; whereas, 

T4 levels were recorded significantly higher 

(P<0.01) at 10 and 12 weeks as compared to 6 

and 8 weeks in all the groups. The 

concentration of T3 (ng/dl) ranged between 

80.17 ± 2.23 to 158.65 ± 3.29; 87.15 ± 2.05 to 

170.02 ± 2.88 and 88.80 ± 1.63 to 170.32 ± 

2.02 from 6 to 12 weeks in control, T1 and T2 

groups, respectively. No reasons for such an 

age-different responses could be assigned, 

however, increase in size and activity of the 

thyroid gland as advancement of age might be 

the reason for increased level of thyroid 

hormones at active growth period of 6 to 12 

weeks in Wistar rats. 

 

Plasma testosterone 

 

When compared between the treatment 

groups and control (Table 1), significantly 

higher (P<0.01) testosterone concentrations 

were found in both the treatment groups (T1 

and T2) as compared to the values of control 

group from 8 to 12 weeks of age. Dissanayake 

et al., (2004) observed zinc treatment for two 

weeks caused a significant increase (P<0.05) 

in serum testosterone level in rats. In male 

albino Wistar rats, Egwuruguru et al., (2013) 

also found significant increase in serum levels 

of testosterone with different doses of 

20gm/2.5 kg diet, 40gm/2.5 kg diet and 

80gm/2.5 kg diet of zinc supplementation 

when compared to control group and recorded 

the mean values of testosterone to be 360 ± 

1.4 ng/dl, 450 ± 0.30 ng/dl and 80 ± 0.70 
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ng/dl, respectively. The results agree with the 

work of Abdella et al., (2011), Omu et al., 

(2015) and Ratnasooriya et al., (2004) in rats. 

Zinc supplementation activates the secretion 

and action of testosterone and can lead to 

increased efficiency of spermatogenic 

machinery and increased number of germ 

cells in the seminiferous tubules (Pizent et al., 

2003; Abdella et al., 2011) which was also 

reflected in the present study (Plate 13). Zinc 

ion modulates the secretion of testosterone in 

Leydig cells (Mehta et al., 1989).  

 

 

Table.1 Plasma hormone concentrations in male wistar rats following zinc supplementation 

 

Group Age in weeks 

6 8 10 12 

Triiodothyronine (T3) concentration (ng/dl, Mean±S.E) 

Control 80.17
a
±2.23 96.85

bA
±3.34

 
134.73

c
±3.80

 
158.65

d
±3.29

 

Treatment (T1) 87.15
a
±2.05

 
110.10

bB
±5.10

 
146

c
±4.56

 
170.02

d
±2.88

 

Treatment (T2) 88.80
a
±1.63

 
105.27

bAB
±4.84

 
145.92

c
±3.77

 
170.32

d
±2.02

 

Thyroxine (T4) concentration (µg/dl, Mean±S.E) 

Control 4.60
a
±0.22 5.23

a
±0.18

 
6.58

bA
±0.20

 
7.47

bA
±0.26

 

Treatment (T1) 5.00
a
±0.34

 
5.87

a
±0.25

 
7.72

bB
±0.25

 
8.52

bB
±0.35

 

Treatment (T2) 5.22
a
±0.21

 
5.83

a
±0.19

 
7.57

bB
±0.32

 
8.13

bAB
±0.30

 

Testosterone concentration (ng/dl, Mean±S.E) 

Control 280.75
a
±10.40

 
388.60

bA
±20.88

 
552.83

cA
±20.50

 
657.15

dA
±15.60

 

Treatment (T1) 298.80
a
±11.45

 
521.85

bB
±11.87

 
685.92

cB
±1.35

 
759.63

dB
±12.92

 

Treatment (T2) 294.30
a
±12.69

 
499.78

bB
±8.94

 
645.83

cB
±7.17

 
734.03

dB
±8.39

 

a, b describes significant differences within groups between age in weeks 

A, B describes significant differences within age in weeks between groups  

 

The production of hormone by the pituitary 

gland was also affected when the diet was 

deficient in zinc (Hidiroglou and Knipfel, 

1984; Reeves and Odeel, 1988). Bedwal and 

Bahuguna (1994) also reported that zinc is an 

important mineral required for reproduction in 

both male and female and it plays an essential 

role in testicular steroidogenesis, androgen 

metabolism and interaction with steroid 

receptors. It plays an important role in the 

production, storage and secretion of 

individual hormones including effectiveness 

of receptor sites in the target cells (McDowell 

et al., 1993). Earlier literature (Stamatiadis et 

al., 1988) also suggested that zinc is vital to 

growth and maturation of human spermatozoa 

and it has role for the conversion of 

testosterone into bioactive form alpha-

dehydrotestosterone (DHT). Zinc also inhibits 

the aromatase enzyme that converts 

testosterone into excess estrogen. It is 

required for normal functioning of the 

hypothalamic-pituitary-gonadotaxis (Miller et 

al., 1958; Lei et al., 1976).  

 

The present study revealed earlier rise of 

testosterone in T1 group as compared to T2 

group; however, the values did not vary 

significantly at different ages studied. These 

finding suggested that zinc @ 50 mg/kg body 

weight/day (T1) had beneficial effect over 

zinc dose @ 100mg/kg body weight/day (T2) 

on reproductive performances of male 

animals by increasing the secretion of male 

hormone testosterone. Koehler et al., (2009) 

reported that over supplementation of zinc has 

no effect on testosterone level.  
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In the present study (Table 1), it was observed 

that the plasma concentration of testosterone 

in all the groups showed an increasing trend 

with advancing age and the values varied 

significantly (P<0.01) within the group at 

different ages. The levels increased from 

280.75 ± 10.40 to 657.15 ± 15.60 ng/dl in 

control, 298.80 ± 11.45 to 759.63 ± 12.92 

ng/dl in T1 and 294.30 ± 12.69 to 734.03 ± 

8.39 ng/dl in T2 groups. Sexual development 

was investigated (Zanato et al., 1994) in male 

Wistar rats from 22 to 97 days of age and the 

first significant increase of plasma 

testosterone was observed from 40 to 50 days 

of age and a progressive enhancement was 

observed thereafter to a maximum at 76 days. 

Swain and Singh (2004) estimated blood 

testosterone levels in Sahiwal bulls and found 

that the level of testosterone was positively 

correlated with the age of the animals. 
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