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The available information on the effect of excess dietary magnesium on male reproduction is inadequate, though 

consumption of hard water rich in magnesium salt is not uncommon in many geographical areas. The present study has thus 
been undertaken to evaluate the morphological as well as cytological and functional changes in testis of magnesium 
administered sexually mature male Wistar rats. Significant increase in the activities of androgenic enzymes viz.  
∆53β-hydroxysteroid dehydrogenase and 17β-hydroxysteroid dehydrogenase with concomitant increase in serum 
testosterone level, followed by progressive development in cytoarchitechture of genital organs, without any significant 
alteration in quantitative spermatogenesis were observed. The results were more marked in the groups treated for longer 
duration. The results further suggests that the changes that occurred after excessive magnesium in testis were not for the 
enhanced adrenocortical activities or for the generation of oxidative stress in reproductive organs, but for the direct action of 

excess magnesium on male gonads. Magnesium supplementation thus has an apparent beneficial effect on male gonadal 
system. 
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Role of various micronutrients in male reproductive 

health has been reported
1
. Magnesium (Mg) is one of 

such essential micronutrients, found in different foods 
(whole grain cereals, green vegetables, soy milk etc). 

Human body contains approximately 20-28 g of Mg, 

60% of which is found in the bones and teeth, while 
the remaining 40% is found in muscle. It is the second 

most plentiful cation found within the cells of the 

body, signifying its importance in the multitudes of 

cellular functions. One of the most important 
metabolic processes, the synthesis and utilization  

of ATP is directly linked to Mg. Mg-linked ATP 

processes activate approximately 300 different 
enzymes which are involved in diverse functions such 

as DNA and RNA synthesis, glycolysis, intracellular 

mineral transport, nerve impulse generation, cell 

membrane electrical potential, muscle contraction, 
blood vessel tone, and regeneration of ATP

2
.  

Factors that increase the need for Mg due to  

limited intake or increased losses include excess 
consumption of phosphate (soft drinks) and alcoholic 

beverages, diuretics, digitalis, strenous exercise  

(high-performance athletes lose a considerable 

amount of Mg in sweat), pregnancy and lactation, 
diabetes, severe diarrhea, or kidney disease

3
. Excess 

Mg occurs mainly due to increased consumption of 

foods containing Mg and also drinking of hard water 
rich in magnesium salts

4
. Magnesium plays important 

role in carbohydrate metabolism and thus in the 

management of diabetes mellitus
5
, lung physiology 

and pathophysiology including asthma
6
. Magnesium 

deficiency impairs reproductive functions without any 

concomitant generation of oxidative stress
7 

though its 

importance in maintaining balance between oxidants 
and antioxidants is well recognized

8
. The effect of 

excess magnesium on adult male gonadal physiology 

is almost not available. Therefore, the present study 

has been undertaken to investigate the action of 
excessive dietary magnesium for different durations 

on adult male reproductive histology, steroidogenesis, 

spermatogenesis in relation to the generation of 
oxidative stress and adrenocortical activities in rats. 

 

Materials and Methods 
Reagents—Magnesium sulphate (MgSO4), 

thiobarbituric acid (TBA), NAD, NADPH, 

chloramines-T and -estradiol (98%) were procured 
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from Sigma Chemical Company, St. Louis, M.O., 

USA. Potassium dichromate (K2Cr2O7), Triton X, 

triethanol amine, diethanolamine, EDTA and MnCl2 
were from E-Merck, Mumbai, India. ELISA kit was 

obtained from Equipar Diagnostic, SRL, Italy (code 

no. 74010). All other reagents were procured from 

Sisco Research Laboratories (SRL), Mumbai, India 
and were of analytical grade. 

Animal treatment—Sixty four healthy adult  

(90±10 days) male albino rats (Rattus norvegicus)  

of Wistar strain weighing 140±10 g used in the 

present study were collected and maintained as per 

guidelines and protocols of Indian National Science 

Academy (INSA) and the proposal was approved  
by the Institutional Animal Ethics Committee 

(PHY/CU/IAEC/16/09 dated 15.05.2008). The 

animals were housed in clean polypropylene cages 
and maintained in an air-conditioned animal house at 

22±2 °C and 40-60% RH, with constant 12:12 light: 

dark schedule. The animals were fed on standardized 
normal diet (20% protein) prepared in laboratory.  

The diet contained 70% wheat, 20% Bengal gram,  

5% fish meal powder, 4% dry yeast powder, 0.75% 

refined til oil, 0.25% shark liver oil and 4% salt. 
Water was available ad libitum

9
. In the 13 and  

26 days treatment respectively, the experimental 

animals were divided into following 8 groups  
(four groups for 13 days and four groups for 26 days), 

of 8 animals each: The first group (Gr. 1) was kept as 

control and fed with normal diet, Gr. 2 animals 
received 0.5 g MgSO4/100 g diet/day, Gr. 3 animals 

were treated with 1.0 g MgSO4/100 g diet/day. 

Animals in Gr. 4 were subjected to 1.5 g MgSO4/100 

g diet/day treatment
9
. All animals were caged 

individually. Feed consumption, corrected for feed 

waste was measured. Treatment schedule was selected 

to determine the effect of Mg on one and two 
seminiferous cycles as duration of one seminiferous 

cycle is 13.2 days in albino rats
10

. All animals were 

sacrificed 24 h after the last treatment following 

protocols and ethical procedures by cervical 
dislocation. Blood samples for hormone assay were 

collected from the hepatic vein. Plasma samples  

were separated by centrifugation, frozen and stored  
at -50 ºC until assayed. The testis and accessory sex 

organs viz. ventral prostate and cauda epididymis, 

were dissected out, trimmed off the attached tissues 
and weighed. The left testis of each rat was fixed 

immediately for histological study and the right one 

for other biochemical estimations. 

Body and sex organ weights—The body weights 

were recorded on the first day before treatment 

(initial) and on the day of sacrifice (final). The 
relative weight of organs was expressed per 100g 

body weight. 

Food consumption pattern—Food consumption  

of per rat per day was recorded daily during the 
period of treatment. Food consumption (g/rat/day) 

was calculated, for each rat as, 
 

Food Consumption (g) = Food given (g) – Food wasted (g) 
 

Histopathological study, sperm and germ cell 

count—Immediately after removal, the testis, 
accessory sex organs and adrenal glands were fixed in 

formol fixative and testis was fixed in Bouin's fluid 

and embedded in paraffin. Sections (5 µm thick) were 
taken from the mid portion of each organ and stained 

with hematoxylin-eosin. Each slide was examined 

under a light microscope. Seminiferous tubular 
diameter was measured by an ocular micrometer 

under light microscope. Quantitative analysis of 

spermatogenesis was carried out by counting the 

relative number of each variety of germ-cells at stage 
VII of the seminiferous epithelium cycle, i.e. type-A 

spermatogonia (ASg), preleptotene spermatocytes 

(pLSc), mid pachytene spermatocytes (mPSc) and 
step 7 spermatids (7Sd), following the method of 

Leblond and Clermont
11

. Theoretically the mPSc to 

7Sd ratio should be 1:4
12

. The percentage of 7Sd 

degeneration was calculated from this ratio. 
Subtraction of the percentage of 7Sd degeneration in 

vehicle-treated rats showed the effective percentage 

of spermatid degeneration. Sperm samples were 
collected from the cauda epididymis and counted by a 

haemocytometer chamber under light microscope
13

. 

To minimize error, count was repeated at least five 
times for each rat. 

Determination of ∆
5 
3β-hydroxysteroid dehydrogenase 

activity—To study testicular and adrenal  

∆
5
3β-hydroxysteroid dehydrogenase (∆

5
3β-HSD) 

enzyme activity
14

, tissues were homogenized, 

maintaining chilling conditions (4 °C) in 20% 

spectroscopic- grade glycerol containing 5mM of 
potassium phosphate and 1mM of EDTA at a tissue 

concentration of 100 mg/mL homogenizing mixture 

in a Potter-Elvehjem glass homogenizer. This mixture 
was centrifuged at 10,000 g for 30 min at 4 °C in a 

cold centrifuge (REMI, C40). Supernatant (200 µL) 

was mixed with 1mL of 100 µM sodium 

pyrophosphate buffer (pH 8.9) and 20 µL of 30 µg  
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17 β-estradiol. ∆
5 
3β-HSD activity was measured after 

the addition of 1 mL of 0.5 µM nicotinamide adenine 

dinucleotide phosphate (NAD) to the cuvette in a  
UV spectrophotometer (UV-1240 Shimadzu, Japan) 

at 340 nm against a blank without NAD. One unit  

of enzyme activity is equivalent to a change in 

absorbance of 0.001/min at 340 nm. 

Determination of 17β -hydroxysteroid dehydrogenase 
activity—For testicular 17β-hydroxysteroid 

dehydrogenase (17β HSD) enzyme assay
15

, the same 

supernatant fluid (200 µL) (prepared as described 

above) was added with 1.5 mL of 440 µM sodium 
pyrophosphate buffer (pH 8.9), 0.5 mL of bovine 

serum albumin (25 mg crystalline BSA) and 40 µL  

of 0.3 µM 17β-estradiol. 17β -HSD activities were 
measured after the addition of 1mL of 1.35 µM  

NAD to the cuvette in a UV spectrophotometer  

(UV-1240 Shimadzu, Japan) at 340 nm against a 
blank without NAD. One unit of enzyme activity  

is equivalent to a change in absorbance of 0.001/min 

at 340 nm. 

ELISA of serum testosterone—Serum testosterone 

was assayed using ELISA kit obtained from Equipar 
Diagnostici, srl, Italy (code no. 74010). In this method 

serum sample (25 µL) was taken in a micro-plate well 

and enzyme testosterone conjugate was added, then 
the reactant was mixed. After the completion of the 

required incubation period (60 min at 37 
o
C) the 

antibody bound enzyme testosterone conjugate was 

separated from the unbound enzyme testosterone 
conjugate by decantation. The activity of the enzyme 

present on the surface of the well is quantitated by the 

reaction with tetramethylbenzidine (TMB) substrate 
solution with 15 min incubation and finally by adding 

0.3 M H2SO4 as stop solution. The absorbance was 

read against blanking well at 450 nm within 30 min in 

ELISA Reader (Merck). The sensitivity of the 
testosterone assay was 5 pg/mL and inter and intra-

run precision had a coefficient of variation of 3.9 and 

6.2% respectively. 

Radioimmunoassay (RIA) of follicle stimulating 

hormone (FSH) and luteinizing hormone (LH)—

Serum levels of FSH and LH were assayed by RIA
16

 

using reagents supplied by Rat Pituitary Distribution 

and NIDDK (Bathesda, MD, USA). Carrier free 
125

I 
for hormone iodination was obtained from Bhabha 

Atomic Research Center (BARC), Mumbai, India. 

Pure rat FSH (NIDDK-r FSH-I-11) and LH (NIDDK-r 
LH-I-11) were iodinated using chloramine-T as the 

oxidizing agent following the standard procedure
17

. 

NIDDK anti-rat FSH-S-11 and anti-rat LH-S-11 in 

rabbit were used as antiserum at a final dilution of 

1:35000 and 1: 70000, respectively. The second 
antibody was goat anti-rabbit -globulin purchased 

from Indo-Medicine (Friendswood, TX, USA). The 

intra-assay variation for FSH and LH was 5.0 and 

4.5% respectively. All samples were run in one assay 

to avoid inter-assay variation. 

Spectroflurometric determination of serum 

corticosterone—Serum corticosterone level was 

determined by spectroflurometry, according to the 
method of Glick et al.

18
 modified by Silber

19
, and 

Biswas et al.
20,21

. The fluorescence was measured at 

463 nm (excitation) and 518 nm (emission) by setting 

the instrument at a spectroflurometric reading 80 with 
standard corticosterone (Sigma Chemical Company, 

St. Louis, MO, USA) solution having concentration 

1.6 µg/mL. A minimum 1.6 µg of corticosterone  

per 100 mL serum can be measured by this method. 

Determination of lipid peroxidation—Lipid 

Peroxidation (LPO) was measured following the 

method of Ohkawa et al.
22

 using TBA-TCA-HCl 

reagent. Tissue (200 mg) was taken with 2 mL of 
phosphate buffer (50 mM, pH 7.4) solution and was 

homogenized at 4 °C. Following homogenization,  
2 mL of homogenate was mixed thoroughly with  

2 mL of TBA-TCA-HCl mixture and heated in a 
boiling water bath for about 15 to 20 min. After 

cooling the precipitate was removed by centrifugation 

at 10000 rpm for 10 min. Finally reading of the 

sample was measured against the blank at 532 nm. 

Protein estimation—Proteins were estimated by  

the method of Lowry et al.
23

 using bovine serum 

albumin (BSA) as the standard protein. 

Estimation of serum magnesium—Serum 
magnesium was estimated as per Connerty et al.

24
  

and values were expressed in mM/L. 

Statistical analysis—Results were expressed as 

mean±SD. One-way analysis of variance (ANOVA) 
test was first carried out to test for any difference 

between the mean values of all groups. If differences 

between groups were established, the values of  

the treated groups were compared with those of  
the control group by a modified t-test. A value of  

P < 0.05 was interpreted as statistically significant
25

. 

 

Results 

Excessive dietary magnesium resulted in a 

substantial reduction of net body weight gain (Table 1) 
and no significant alterations were found in 
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reproductive organ weights, except prostate, over  

the control values in a dose- and time-dependent 

fashion though all the control and treated animals 
took food and water properly. No significant 

alteration was found in food consumption pattern 

(g/rat/day) in any of the cases of magnesium 

treatment (Table 1). 

On magnesium treatment, there was a significant 
elevation in the activities of testicular  

∆
5
3β-hydroxysteroid dehydrogenase (HSD) and  

17β-hydroxysteroid dehydrogenase (HSD) over 
control values (Fig. 1A and B). Thus, in rats, 

magnesium treatment increased serum testosterone 

levels over the control values (Fig. 1C). 

Histological section of testis from control  

rats revealed the presence of normal seminiferous 

tubules undergoing spermatogenic cycle composed  
of spermatogonia, spermatocytes, round spermatids 

and elongated spermatids consistent with general 

spermatogenesis. Similarly, testicular sections from 
treated rats also showed almost equal number of 

elongated spermatids as well postspermatogonial 

germ cells. Testicular sections from rats treated with 
magnesium showed not significant, but increase in  

the number of spermatogonia A (ASg), preleptotene 

spermatocytes (pLSc), mid pachytene spermatocytes 

(mPSc) and step-7 spermatid (7Sd) over the control 
values. The percentage of spermatid degeneration  

is even less in magnesium treated rats than the 

respective control (Table 2). 

In rats treated with high doses of magnesium,  

LH level was significantly increased than the 

corresponding value for the respective control rats, 
but serum FSH was showed no such alteration 

following treatment (Table 3).  

No change in the activities of testicular lipid 

peroxidation (LPO) was observed. Both adrenal  

∆
5
3β-hydroxysteroid dehydrogenase (HSD) activities 

as well serum corticosterone level were also found  

to be unaltered in treated rats than respective controls 
in dose- and time-dependant manner (Table 3). 

Magnesium treated rats showed almost equal 
number of mature spermatozoa with normal features 

of boundary tissues. Histoarchitechture showed 

progressive improvement in sections (Fig. 2). 

Cauda epididymis of control animals showed no 

pathologic changes (Fig. 3). Epididymal sperm count 
in magnesium treated rats also showed no such 

difference than control. 

Histopathological analysis of ventral prostate 
showed progressive improvement in structure of 

secretory columnar epithelial cells lining ducts, with 

respect to controls (Fig. 4). 

 

Discussion 

Supplementation of dietary magnesium found to 

decrease the net body weight gain at the highest dose 
as used in this study (1.5 g %) as compared to 

relevant control in time-dependent manner despite  

almost equal food intake as controls (Table 1).  

Table 1—Effect of Mg on body weight (g), food consumption, testicular weight, ventral prostate weight, and weight of cauda epididymis 

and adrenal [Values are mean ± SD, from 8 observations each. Figures in parenthesis are % increase over initial body weight]  

13 days treatment 26 days treatment 

Mg (%) Mg (%) Parameters Control 

 0.5 1.0 1.5 

Control 

 0.5 1.0 1.5 

Body weight (Initial) 148±5.5 147.1±6.0 148.3±4.5 145.0±7.5 148.2±4.94 142.1±3.3 143.1±5.4 147.6±6.0 

Body weight (Final) 173.5±5.7 
(+17.2%) 

174.9±6.0 
(+18.9%) 

170.9±8.1 
(+15.5%) 

164.8±10.8 
(+13.7%) a 

191.7±6.88 
(+29.3%) 

183.3±5.1 
(+28.9%) 

180.1±9.3 
(+25.8%) a 

177.8±8.4 

(+20.4%) ab 

Food consumption 
(g/rat/day) 

24.5±0.92 24.3±2.04 25.2±2.07 25.5±2.52 25.2±1.48 25.2±1.50 25.8±1.71 26.1±1.41 

Testicular weight  (g 

/100g body weight) 

1.14±0.11 1.14±0.06 1.14±0.03 1.13±0.09 1.19±0.12 1.17±0.03 1.17±0.03 1.18±0.02 

Ventral prostate weight  

(mg /100g body weight) 
228.23±12.22 229.1±5.22 230.1±5.13 232.2±6.42 230.15±7.41 220.2±6.51 238.5±8.82 a 241.1±5.91ab 

Cauda epididymis 

weight (mg /100g body) 

190.81±15.15 190.2±4.71 189.93±4.72 189.6±3.63 190.95±10.1 192.0±3.81 192.3±6.24 195.63±7.05 

Adrenal weight (mg 

/100g body weight) 

13.05±1.19 13.4±1.20 13.8±1.23 14.1±0.45 14.02±1.14 14.1±0.66 14.3±0.75 14.5±1.32 

P values <0.05. when compared with acontrol; bmagnesium. 
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Fig. 1—Effect of magnesium of different doses (0.5, 1.0 and 
1.5g%) for different durations (13 and 26 days treatment) on 
testicular ∆5-3β-HSD (A) and 17β- HSD (B) activities and serum 
testosterone level (C) of adult rats. [Values are mean± SD of  

8 animals per group. P values < 0.05; acontrol versus other groups 
in 13 days treatment; bcontrol versus other groups in 26 days 
treated groups; c0.5g% 26 days group versus 1.5g% 26 days 
group; d1.5g% 13 days group versus 1.5g% 26 days group.] 
 

The exact mechanism by which excess magnesium 

decreases body weight is not known; as it plays major 

role in glucose homeostasis
5
, therefore, its imbalance 

may cause alteration in body weight. There are reports 

that oral magnesium supplementations reduce blood 

glucose level and raise high density lipoprotein 

(HDL) level
26

, while other studies showed magnesium 
inhibits sodium-glucose co-transporter

27
 and thus 

reduces cellular glucose uptake that may be the 

plausible basis of less body weight gain of rats 
supplemented with excess dietary magnesium. 

However, no significant alteration in testicular 
weight was found after regular ingestion of 

magnesium for 2-4 weeks. In histological examination 
of testicular sections no such changes were  

observed after magnesium treatment, even after its 
supplementation at higher doses. There is no as such 
evidence showing the effect of excess magnesium  
on testicular weight, but its deficiency was found  
to increase testicular weight

28,29
. Testicular weight is 

solely dependent on the number of germ cells present 
in it, if the number is altered, as in oxidative stress 
induced damage; there is concomitant decrease in 
testicular weight

30
; there was no significant alteration 

in the histological sections of testis and oxidative 
stress was not generated in this organ (Table 3). 
Furthermore, the serum testosterone level was 

increased in the excess Mg
2+

 treated groups. 
Therefore, excess Mg

2+ 
enhances the testicular weight 

not only by preventing the generation of oxidative 
stress, but also enhancing the release of testosterone 
through LH, because, growth and maturation of 
testicular germ cells, number of spermatogonia and 
spermatocytes also corresponds with the serum level 
of testosterone

31
. 

Testosterone is responsible for the growth, 
structural integrity and functional activities of 
accessory sex organs

32,33
. Increase in the mean ventral 

prostrate weight as observed in the present study may 

correspond with the increase in serum testosterone 
concentration that influences the maturation of 
secretory columnar epithelial cells lining of the 
prostatic vacuoles. Drastic reduction of magnesium 
concentration may be associated with prostatitis and 
other disorders leading to male fertility

34
. The weight 

of the accessory sex organs were increased except 
cauda epididymis but its histological sections showed 
progressive improvement in cell lining as well as in 
the number of mature spermatozoa present within it. 

The activity of two testicular key steroidogenic  

P-450 enzymes (viz. ∆
5
 3β HSD and 17β HSD) were 

found to be significantly increased at moderate and 
high doses of Mg

2+
 that results in increased serum 

testosterone level in dose- and time-dependent 
manner. 

FSH, LH and testosterone levels are the useful 

markers in the diagnosis and management of male 

infertility. Serum LH level was increased after 
supplementation of excessive dietary magnesium that 

is for the decreased corticosterone level that may 

regulate the HPG axis through the HPA axis. 
However, serum FSH level showed no alteration  

after magnesium treatment. FSH is required for the 

initial  phase  of   spermatogenic  restoration  in  adult 
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rats
35

 and once FSH stimulation is completed and 

spermatogenesis is restored, this gonadotrophic 

hormone is no longer required; testosterone then 
maintains active spermatogenesis. In infertile men, 

chronic higher concentration of FSH is considered to 

be a reliable indicator of germinal cell damage, and 

associated with azoospermia and severe oligospermia. 

Therefore, the initial level of FSH is a prime 

determinant for the activity of testicular key 
steroidogenic P-450 enzymes

30
, which is found  

to be slightly increased, followed by decrease after 

prolonged exposure. 

Table 2—Effect of magnesium on the relative number of germ cells per tubular cross section at stage VII of the seminiferous epithelial 

cycle [ASg = spermatogonia A; pLSc = preleptotene spermatocytes; mPSc = mid pachytene spermatocytes; 7Sd = step 7 spermatid] 
[Values are mean ± SD, from 8 observations each] 

13 days treatment 26 days treatment 

Mg (%) Mg (%) 

Parameters 

Control 

0.5 1.0 1.5 

Control 

0.5 1.0 1.5 

ASg 0.67±0.04 0.67±0.06 0.69±0.05 0.69±0.04 0.66±0.04 0.66±0.06 0.68±0.06 0.69±0.06 

pLSc 18.42±1.17 18.51±1.08 18.6±0.7 18.9±1.17 18.3±0.81 18.33±1.41 18.69±0.75 18.96±1.17 

mPSc 19.2±1.44 19.4±1.05 19.8±1.14 19.9±1.11 19.1±0.9 19.24±1.11 19.8±1.2 19.9±0.84 

S
p

e
rm

a
to

g
e
n

es
is

 

p
a
tt

e
rn

 a
t 

st
a
g
e
 

V
II

 

7Sd 64.62±1.2 64.9±1.1 67.1±1.2 68.1±1.38 64.0±1.14 65.1±1.17 67.6±1.47 68.4±1.14 
 

mPSc:7Sd 1:3.36 1:3.34 1:3.38 1:3.40 1:3.35 1:3.37 1:3.40 1:3.42 

7Sd degeneration (%) 16.0 16.20 15.25 14.0 16.25 15.5 14.5 14.0 

Effective 7Sd 

degeneration 

- +0.20 -0.75 -2.00 - -0.75 -1.75 -2.25 

Epididymal Sperm 

Count
 
(million 

cells/cauda epididymis) 

116.94±5.80 116.55±5.34 117.51±5.72 117.84±6.44 117.05±5.94 118.24±6.15 120.77±4.79 122.79±7.53 

P values <0.05. when compared with 
a
control; 

b
magnesium. 

Table 3—Effect of Mg on serum LH, FSH, corticosterone, magnesium levels, testicular LPO and adrenal ∆5 3β HSD activity 
[Values are mean ± SD, from 8 observations each]  

13 days treatment 26 days treatment 

Mg (%) Mg (%) Parameters Control 

0.5 1.0 1.5 
Control 

0.5 1.0 1.5 

Serum LH level 

(ng/mL) 
4.65±0.41 4.7±0.38 4.7±0.70 4.78±0.42 4.60±0.41 4.80±0.48 4.80±0.51 5.1±0.55a 

Serum FSH level 

(ng/mL) 
18.69±0.33 18.72±1.07 18.81±0.85 18.87±2.03 18.70±0.32 18.75±1.99 18.63±1.89 18.60±1.96 

Serum 
magnesium level 

(mmol/L) 

0.78±0.02 0.78±0.01 0.84±0.02a 0.96±0.01a 0.79±0.02 0.81±0.02 0.93±0.01ab 1.08±0.01ab 

Testicular LPO 

(nmol TBARS/ 
g tissue) 

3.96±0.51 4.00±0.31 4.71±0.36 4.88±0.38 4.12±0.49 4.32±0.25 5.01±0.82 5.40±1.36 

Adrenal  

∆5 3β HSD 
Activity (∆OD/mg 
protein/min) 

0.189±0.024 0.191±0.023 0.193±0.025 0.0193±0.019 0.191.±0.027 0.189±0.025 0.189±0.019 0.196±0.013 

Serum 

corticosterone 
level (µg/dl) 

31.24±1.08 30.43±2.05 30.25±2.12 29.10±1.65 30.66±2.07 30.36±2.36 29.13±2.13 28.26±1.72 

P values <0.05. when compared with acontrol; bmagnesium. 
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The number of spermatogonia A (ASg), 
preleptotene spermatocytes (pLSc), mid pachytene 

spermatocytes (mPSc) and step 7 spermatid (7Sd) 

were found normal in excess magnesium treated 

animals. Theoretically, the mPSc: 7Sd is 1:4
12

. This 
ratio was 1:3.40 and 1:3.42 after Mg exposure at  

1.5 g% for 13 and 26 days treatment respectively, as 
compared with control (1:3.36). The percentage of 

spermatid degeneration as calculated from above  

ratio was less, but insignificant, after Mg treatment. 

There have been reports of Mg deficiency induced 
morphological changes up to 40% of the spermatids

29
, 

 
 

 
 
 

 
Fig. 2—Photomicrographs of paraffin-embedded H&E-
stained rat testicular sections (400X) showing the effect of 
magnesium in exposed animals. [(A) Testicular section from 
control rats and testicular sections from magnesium-treated 

animals with 0.5g% of MgSO4 (B) 1.0g% MgSO4 (C) and 
1.5g% MgSO4 (D) respectively for 13 days; testicular sections 
from magnesium-treated animals with 0.5g% of MgSO4  

(E) 1.0g% MgSO4 (F) and 1.5g% MgSO4 (G) respectively for 
26 days. ASg = spermatogonia A; pLSc = preleptotene 
spermatocytes; mPSc = mid-pachytene spermatocytes;  
7Sd = step 7 spermatid.] 
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but its excess supplementation and possible impact on 

germ cell count is not evident. The epididymal sperm 
count also showed an increasing trend that is 

consistent with the increase in testicular weight; 

however, it is well known that testicular size or 

weight does not determine the level of sperm 

production
30

. No alterations were also found in  
germ cells count in seminiferous epithelial cycle  

even in presence of profuse testosterone, as observed 

in the study. 

 

 
 
 
 
 
 

Fig. 3—Photomicrographs of paraffin-embedded H&E-
stained rat cauda epididymis sections (400X) showing the 

effect of magnesium in exposed animals. [(A) Epididymal 
section from control rats and epididymal sections from 
magnesium-treated animals with 0.5g% of MgSO4 (B) 1.0g% 
MgSO4 (C) and 1.5g% MgSO4 (D) respectively for 13 days; 
epididymal sections from magnesium-treated animals with 
0.5g% of MgSO4 (E) 1.0g% MgSO4 (F) and 1.5g% MgSO4 

(G) respectively for 26 days.] 
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While evaluating the role of magnesium in the 

induction of oxidative stress in testicular tissues, no 
such oxidation of lipid was observed as evidenced  

by testicular LPO level. Merker et al.
29

 reported 

magnesium deficiency causes increased MDA as  

an indicator of LPO whereas Suzer et al.
36

 reported 

excess magnesium could be used as a neuroprotective 
agent on LPO. 

Generated ROS act via HPA-axis and in chronic 

stress hypothalamus releases CRH from medial 

 
 

 
 
 
 
Fig. 4—Photomicrographs of paraffin-embedded H&E-

stained rat ventral prostate sections (400X) showing the effect 
of magnesium in exposed animals. [(A) section of prostate 
from control rats and sections from magnesium-treated 
animals with 0.5g% of MgSO4 (B) 1.0g% MgSO4 (C) and 
1.5g% MgSO4 (D) respectively for 13 days; ventral prostate 
sections from magnesium-treated animals with 0.5g% of 
MgSO4 (E) 1.0g% MgSO4 (F) and 1.5g% MgSO4 (G) 

respectively for 26 days. L=Lumen, S=Stroma.] 
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paraventricular nucleus causing increased secretion  

of ACTH from pituitary that in turn stimulates 

increased release of corticosterone which acts as a 
defense against stressful situations

37
. Caddell et al.

38
 

reported that in magnesium deficient rats plasma 

corticosterone level was increased. In the present 

study serum corticosterone level and adrenal  
∆

5
 3β HSD activity were unaltered (Table 3) that has 

also been reflected in adrenal gland weight (Table 1), 

because, stress is always associated with the  
increase in adrenal weight

39
. All these findings are  

in line with the observations of Richer et al.
40 

and 

Chandra et al.
41

 who reported that magnesium at 

lower supplemented doses cause decreased plasma 
corticosterone level whereas larger magnesium 

supplement showed corticosterone levels are almost 

similar to those of the control rats. Based on their  
in vitro studies, Matthews and Saffran

42
 observed that 

an increase in extracellular magnesium concentration 

markedly inhibits both basal and ACTH-stimulated 
corticosterone production. 

In view of the findings of present investigation  
it is evident that excessive dietary magnesium shows 
an apparent beneficial effect on male reproductive 
system. 

 
Conclusion  

The results demonstrate that excessive magnesium 

at the concentrations as used does not induce 

oxidative stress in the testis as evident in magnesium 
deficient condition. Conversely, it promotes overall 

testicular morphology and function (sex organ weight, 

enhanced activity of the andogenic P-450 enzymes, 
serum testosterone, and relative sperm count). 
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