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Background: Basal testosterone cortisol ratio is considered very important to maintain homeostasis.
Increase in this ratio has various beneficial effects on body. In this study we determined the effects of
ascorbic acid and alpha tocopherol supplementation on basal testosterone cortisol ratio in male Sprague
Dawley rats. Methods: It was quasi experimental study carried out in department of Physiology, Army
Medical College Rawalpindi in collaboration with National Institute of Health, Islamabad during
October 2006 to September 2007. Forty male Sprague Dawley rats were divided into four groups with
ten rats in each group and above mentioned antioxidants supplementation were given along with
standard diet for one month. After this, blood samples were taken and analyzed for serum testosterone
and cortisol by ELISA and malondialdehyde levels colorimetrically. Data were analysed on SPSS
version 13 and p<0.05 was considered significant. Results: There was no significant rise in testosterone
cortisol ratio in rats supplemented with single antioxidant; however rats supplemented with combination
of ascorbic acid and alpha tocopherol revealed significant rise in testosterone cortisol ratio with a fall in
malondialdehyde levels. Conclusions: Synergistic effects of ascorbic acid and alpha tocopherol resulted
in a decline in reactive oxygen species induced lipid peroxidation and rise of testosterone cortisol ratio.
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INTRODUCTION
Testosterone is the principal androgen in males.
Leydig’s cells are responsible for testosterone
production which depends upon stimulation of these
cells by Luteinizing Hormone (LH). Cortisol is one
of the corticosteroids secreted from adrenal cortex.
Glucocorticoids exert various deleterious effects on
the interstitial Leydig cells of the testis that may
range from direct inhibition of testosterone synthesis
at Leydig cell level to suppression of LH receptor
expression and induction of Leydig cell apoptosis.1,2
The
relationship
between
plasma
testosterone and cortisol has been discussed more
than 20 years ago when experiments were performed
to prove that elevation of plasma cortisol
concentrations resulting from insulin-induced
hypoglycaemia or after the administration of cortisol
was followed by decline in plasma levels of
testosterone. This was not related with changes in
pituitary gland, and plasma LH levels remained
unchanged.3 This ratio is considered very important
to maintain homeostasis and increase in ratio has
various important effects on body.
Increased cortisol, decreased testosterone,
and the fall of ratio between testosterone and cortisol
levels is thought to happen in stress.4 Cortisol is a
catabolic hormone while testosterone is considered as
an anabolic hormone and their ratio may reveal
body’s catabolic/anabolic balance which is disturbed

in various conditions and leads to generalised
weakness and muscle wasting.5 If there is an increase
in glucocorticoids and a decline in testosterone
levels, it shows the catabolic tendency.6
Our body is exposed to oxidants even
without active stress. These oxidants may cause lipid
peroxidation with generation of reactive oxygen
species. Lipid peroxidation can be assessed by
malondialdehyde (MDA) levels. Antioxidants, both
water soluble and lipid soluble comprise an important
aspect of the antioxidant defence system. An
antioxidant has been defined as ‘any substance that,
when present at low concentrations compared to
those of an oxidisable substrate (e.g., proteins, lipids,
carbohydrates and nucleic acids) significantly delays
or prevents oxidation of that substrate’.7
Dietary intake or supplementation with
antioxidant vitamins is associated with a reduction in
the incidence of chronic disease morbidity and
mortality.8–10 It is proposed that antioxidants, ascorbic
acid and alpha tocopherol increase testosterone
cortisol ratio by decreasing lipid peroxidation at basal
stress levels. No study was found in literature showing
effects of above mentioned antioxidants on
testosterone cortisol ratio in basal stress conditions.
Therefore, this study was planned to investigate the
effects of antioxidants supplementation on levels of
testosterone, cortisol and testosterone cortisol ratio, in
relation to Malondialdehyde.
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MATERIAL AND METHODS
This study was conducted in the Department of
Physiology, Army Medical College, Rawalpindi in
collaboration with National Institute of Health,
Islamabad. Forty male, healthy, Sprague Dawley rats,
at least 60 days old were included in study. Duration
of study was one year. Rats were divided into four
groups. Group I served as control and took standard
diet without any supplementation. Group II received
ascorbic acid at a dose of 500 mg/L drinking water11
(10 rats consumed one litre water in 3–4 days) and
group
III
was
given
alpha
tocopherol
supplementation 300 mg/Kg chow +2% soya bean oil
for one month.11 Group IV received both ascorbic
acid and alpha tocopherol supplementation for one
month.
After one month, intracardiac blood samples
were taken in morning between 8 and 9 AM. To
avoid bias due to different values among cortisol and
testosterone because of diurnal variations, all samples
were taken at same time. After clotting, samples were
first centrifuged at 4,000 rpm at 4 ºC in the cold
centrifuge. Then serum was pipetted out and stored in
Eppendorf storage tubes at -70 ºC till analysis. Serum
testosterone and cortisol were determined by ELISA
and malondialdehyde levels were estimated
colorimetrically with commercially available kits.
Data were analysed on SPSS-13. The
arithmetic mean and standard deviation of all
samples were calculated. Difference in mean among
control and treated groups was calculated by
‘Independent sample t-test’. The difference was
considered significant if p value was found to be
less than 0.05.

RESULTS
The animals in this study remained healthy and
active throughout study period and took their feed
properly.
Ascorbic acid supplementation for one
month showed insignificant change in testosterone,
cortisol and their ratio as narrated in our previously
published
data.12
Similarly,
one
month
supplementation with alpha tocopherol showed
insignificant changes in study parameters as shown
in the Table-1. However, combination of ascorbic
acid and alpha tocopherol resulted in significant rise
in testosterone levels (p<0.05) and fall in cortisol
(p<0.05) levels. It was associated with fall in
malondialdehyde levels (p<0.05) as shown in Table2. The calculated testosterone/cortisol ratio was also
significantly raised in the group supplemented with
combination of ascorbic acid and alpha tocopherol
(p<0.05) as shown in Figure-1.
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Table-1: Effects of alpha tocopherol supplementation on
serum testosterone, cortisol, malondialdehyde levels and
testosterone/cortisol ratio in male Sprague Dawley rats
Control Experimental
Group-I
Group-III
(n=10)
(n=10)
Parameter
Serum Testosterone (ηg/ml)
3.06±1.29
3.51±1.50
Serum Cortisol (ηg/ml)
21.00±1.41 20.20±1.87
Serum Malondialdehyde (µM)
5.25±1.29
4.65±1.59
Testosterone Cortisol ratio
0.14±0.07
0.18±0.08
*p>0.05 is taken as insignificant

p*
>0.05
>0.05
>0.05
>0.05

Table-2: Effects of alpha tocopherol and ascorbic acid
supplementation on serum testosterone, cortisol,
malondialdehyde levels and testosterone/cortisol ratio
in male Sprague Dawley rats
Control Experimental
Group-I
Group-III
Parameter
(n=10)
(n=10)
Serum Testosterone (ηg/ml)
3.06±1.29
5.76±2.79
Serum Cortisol (ηg/ml)
21.00±1.41 19.50±1.08
Serum Malondialdehyde (µM) 5.25±1.29
3.30±1.67
Testosterone Cortisolratio
0.14±0.07
0.29±0.15
*p<0.05 is taken as significant

p*
<0.05
<0.05
<0.05
<0.05
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Figure-1: Effects of antioxidants supplementation
on basal testosterone cortisol ratio in all groups

DISCUSSION
Decline in testosterone cortisol ratio as mentioned
before is indicative of catabolic tendency in body and
increasing this ratio is useful to body in various ways.
Therefore this study was planned on male Sprague
Dawley rats to see the individual as well as combined
effects of antioxidants, ascorbic acid and alpha
tocopherol on basal testosterone cortisol ratio in relation
to lipid peroxidation.
In our study, the rats supplemented with
ascorbic acid, show no significant change in basal
testosterone levels. The literature shows that the
deficiency of ascorbic acid may lead to diminished
testosterone production with consequent impaired
fertility.13,14 In our case there is no significant difference
between testosterone levels among the control and
ascorbic acid supplemented groups which may be due to
the reason that control group was not given ascorbic
acid deficient diet and therefore essential amount of
ascorbic acid required to maintain normal
steroidogenesis was available to controls as well, which
could be responsible for such results. However high
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doses of ascorbic acid are claimed to increase basal
testosterone levels.15
In this group, cortisol levels were
insignificantly changed. Similar results are reported by
Xianqing Zhou and their colleagues have supplemented
the diet of turtles for four weeks with very high amount
of ascorbic acid up to 10,000 mg/Kg diet and their
results show that turtles fed on high Vitamin C have no
effect on basal cortisol levels.16 Lipid peroxidation was
also not decreased in this ascorbic acid supplemented
group as is evident by unchanged malondialdehyde
levels.
Rats supplemented with alpha tocopherol have
shown no significant elevation of testosterone after one
month supplementation. This is in accordance with the
study done by Murugesan et al, on Leydig cells and they
have also shown that alpha tocopherol given in more
than normal required levels has no effect on basal
testosterone release.17
Also in our study alpha tocopherol
supplementation has shown no effects on serum cortisol
levels. Some studies have similar results as is done by
Bonnette et al, that when given alpha tocopherol
supplementation to pigs, no effect on the basal cortisol
levels was observed.18 However, various other studies
point towards the fact, that alpha tocopherol protects the
rats against various stressors like homocystine induced
oxidative stress,15 Cadmium induced toxicity,19 nicotine
induced damaging effects.20
Regarding MDA levels, they were not affected
by alpha tocopherol supplementation. These findings are
similar to the study by Jacob et al in which they
concluded that antioxidants supplementation has no
effect on markers of oxidative damage in healthy
people.21 Various investigators have worked on it, e.g.,
formaldehyde induced testicular injury can be prevented
by alpha tocopherol,22 and ethane dimethane sulfonate
induced testicular insult can be prevented by alpha
tocopherol.23 Therefore it can be inferred that alpha
tocopherol may lower the raised MDA, but have no
effect on basal MDA levels.
In our study group, supplemented with alpha
tocopherol and ascorbic acid, testosterone levels were
increased while cortisol levels were decreased and thus
testosterone cortisol ratio was significantly increased.
These results are consistent with the study of Schroder
et al, in which they have seen that in athletes,
combination of antioxidants results in statistically
significant increase in testosterone cortisol ratio.24 In this
group, serum MDA levels were decreased. These results
are similar to that of a recent study in which rats were
exposed to fluoride toxicity and supplementation with
alpha tocopherol and ascorbic acid reduced the levels of
MDA.25
Therefore it is proposed that combination of
ascorbic acid and alpha tocopherol has favourable effect

on testosterone cortisol ratio. Ascorbic acid is
hydrophilic and is a very important free-radical
scavenger in extracellular fluids. It traps the radicals in
the aqueous phase and thereby confers protection of
biomembranes from peroxidativedamage.26 Similarly,
alpha tocopherol, which is a component of plasma
membrane, is an effective antioxidant and if its
sufficient quantity is available at site of oxidative stress
where there is free radical generation, it may neutralise
the toxic effects of reactive oxygen species.27
Antioxidant supplementation may protect the
protein structures, prevent the reactive oxygen species
induced enzyme inactivation, stabilise cell membranes,
which may be responsible for this protective and
favourable effect of ascorbic acid and alpha
tocopherol.28,29

CONCLUSION
Synergistic effects of ascorbic acid and alpha tocopherol
resulted in a decline in reactive oxygen species induced
lipid peroxidation and rise of testosterone cortisol ratio.
The mechanism of action of these antioxidants at
adrenal and Leydig cell level needs to be elucidated,
which may form the basis for future research.
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