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ABSTRACT

Objective: To determine the effects of ascorbic acid and selenium supplementation
on basal testosterone cortisol ratio in male Sprague Dawley rats.

Design: Quasi experimental study.

Place and Duration of Study: The study was carried out in the department of
Physiology, Army Medical College Rawalpindi in collaboration with National Institute
of Health, Islamabad during October 2006 to September 2007.

Materials and Methods: 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. Results were analyzed on SPSS version 13 and p value less than
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 selenium revealed significant rise in testosterone cortisol ratio with
a fall in malondialdehyde levels.

Conclusions: Synergistic effects of ascorbic acid and selenium may have resulted in
a decline in reactive oxygen species induced lipid peroxidation and rise of testosterone
cortisol ratio.
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INTRODUCTION

Testosterone and cortisol are at different
concentrations, maintaining a ratio.
Testosterone and cortisol secretions are
interrelated. Hypothalamo - pituitary- adrenal
axis not only activates the adrenal cortex to
release adrenal corticosteroids like cortisol
and corticosterone but also inhibits the
gonadotropin secretion thereby resulting in
reduction of testosterone levels [1]. The ratio
between the concentration of testosterone and
cortisol has been widely used as a stress index
[2]. Increased cortisol, decreased testosterone,
and the fall of ratio between testosterone and
cortisol levels are considered as
endocrinological indicators of stress [3]. A fall
in the testosterone/cortisol ratio is also
regarded as an indicator of tiredness [4].

Testosterone is as an anabolic hormone
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while cortisol is considered as a catabolic
hormone and their ratio may be indicative of
body’s anabolic / catabolic balance which is
disturbed in various conditions and leads to
generalized weakness and muscle wasting [5].
Therefore if basal testosterone cortisol ratio
could be raised, it can have beneficial effects
on body to combat stress improve stamina
and reduce fatigue.

During our lifetime, we are continuously
exposed to oxidants, which are of both
endogenous and exogenous origin. Therefore,
all of the cells in the body are exposed to
oxidants at all times. Endogenous sources of
oxidants include mitochondrial respiration,
enzymes such as xanthine oxidase and
lipoxygenase, and the NADPH
oxidase/myeloperoxidase system of
phagocytes [6]. An imbalance between free
radical production and antioxidant defense
leads to an oxidative stress state, which may
be involved in aging process and even in
some diseases [7].
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Stress usually involves lipid peroxidation
which is a complex process that can occur in
biological membranes made up of molecular
oxygen reactant polyunsaturated fatty acids
which may lead to the production of lipid
hydroperoxides and their metabolites. Most
cases involving lipid peroxidation start from a
chain reaction mediated by the presence of

free radicals. Lipid hydro- peroxides
accumulate in the membrane thereby
inactivating its receptors and enzymes,

affecting its functions, causing instability and
making it permeable to ions.
Malondialdehyde (MDA) is the product of
reactive oxygen species -mediated damage to
the polyunsaturated fatty acids and is
considered as an indicator of lipid
peroxidation caused by free radicals [8].

Defenses against oxidative stress are
antioxidants synthesized in our body and the
antioxidant vitamins that we take in diets6.
Many epidemiologic and some clinical trials
have indicated that dietary intake or
supplementation with antioxidant vitamins is
associated with a reduction in the incidence of
chronic disease morbidity and mortality [9-
11]. Among dietary antioxidants, ascorbic

acid and selenium are two important
antioxidants [9-12].
To our knowledge, there is no

information regarding the effects of above-
mentioned antioxidants on basal testosterone
cortisol ratio. It is therefore proposed that
antioxidants ascorbic acid and selenium
increase testosterone cortisol ratio by
decreasing lipid peroxidation at basal stress
levels. The effects of antioxidants
supplementation on levels of testosterone,
cortisol and testosterone cortisol ratio, in
relation to Malondialdehyde are investigated
in this study.

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, atleast 60
days old were included in study. Duration of
study was one year. Rats were divided into
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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 water
[13] (10 rats consumed one liter water in 3-4
days) and group III was given Selenium
supplementation 1.5 mg/kg chow for one
month [14]. However, group IV received both
ascorbic acid and selenium supplementation
for one month.

After one month, intracardiac blood
samples were taken. 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 [5]. After
clotting, samples were first centrifuged at
4000 rpm at 4°C in the cold centrifuge. Then
serum was pipetted out and stored in
eppendorf storage tubes at - 70°C till analysis.

Serum testosterone and cortisol were
determined by ELISA and malondialdehyde
levels were estimated colorimetrically with
commercially available kits. Data was
analyzed on SPSS version 13. The arithmetic
mean and standard deviation were calculated
to describe the data. Difference in mean
among control and treated groups was
checked using ‘student’s 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 through out study period
and took their feed properly. In the control
group, rats were fed on a standard diet
without any supplementation. Mean+SD
serum testosterone level of the individual
animals of control group was 3.06+1.29
ng/ml. Serum cortisol level was 21+1.41
ng/ml. Serum malondialdehyde level was
5.25+1.29 uM. Mean testosterone cortisol ratio
in the control group was calculated to be 0.14
+ 0.07. The above-mentioned values were
taken as standard and were compared with
the respective values obtained from
antioxidants supplemented groups for the
determination of the p value.
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The rats of group II which were given
vitamin C supplementation showed serum
testosterone levels with a mean + SD value of
3.37 £ 1.32 ng/ml, serum cortisol level was
20.70 £ 1.15 ng/ml, Serum malondialdehyde
levels value was 590 = 1.58 uM. Mean
Testosterone Cortisol ratio in this vitamin C
supplemented group was calculated to be 0.16
+ 0.06. No significant difference was found
among the values of serum testosterone,
serum cortisol and serum malondialdehyde
between the control and this experimental
group as shown in table 1. Also statistical
analysis revealed insignificant difference (p >
0.05) in testosterone cortisol ratio in this
group as compared to the control, although it
was higher in experimental group.

Mean + SD of Serum testosterone level of
group 11 rats given selenium
supplementation was 3.65 + 1.35 ng/ml.
Serum cortisol level was found to be 20.40 +
1.51 ng/ml, while serum malondialdehyde
level was 5.81 + 1.92 uM. Mean testosterone
cortisol ratio in selenium supplemented
group was calculated to be 0.18 + 0.07 as
shown in table 2. No significant difference (p
> 0.05) was found among the values of serum
testosterone, serum cortisol and serum
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malondialdehyde between the control and
selenium alone supplemented experimental
group. The statistical analysis revealed
insignificant difference in testosterone cortisol
ratio in this group as compared to the control.

Group IV that was given vitamin C and
selenium supplementation have shown a
mean * SD value of 6.00 + 1.87ng/ml for
testosterone, Serum cortisol level was
18.80£1.62 ng/ml, while serum
malondialdehyde level was 2.41 + 1.20 pM.
Mean testosterone cortisol ratio in vitamin C
and selenium supplemented group was
calculated to be 0.32+0.12 (table-3, fig.1)

Significant difference was found among
the values of serum testosterone, serum
cortisol and serum malondialdehyde between
the control and this experimental group with
a ‘p value’ less than 0.01. The statistical
analysis also revealed a significant rise (p <
0.01) in testosterone cortisol ratio in this
group as compared to the control (fig. 2
shows the testosterone cortisol ratio in all

groups).
DISCUSSION
All cells of the body are exposed

chronically to oxidative stress. These oxidants

Table-1: Effects of Ascorbic acid Supplementation on Serum Testosterone, Serum Cortisol, Serum
Malondialdehyde levels and Testosterone Cortisol Ratio in Male Rats

Parameter Mean + SD Control Group-I (n=10) Experimental Group-II (n=10) p value*
Serum Testosterone ng/ml 3.06£1.29 3.37£1.32 >0.05
Serum Cortisol ng/ml 21.00£1.41 20.70£1.15 >0.05
Serum Malondialdehyde uM 5.25+1.29 5.90 +1.58 >0.05
Testosterone Cortisol ratio 0.14 £ 0.07 0.16 £ 0.06 > 0.05

*P-value more than 0.05 is taken as insignificant

Table-2: Effects of Selenium Supplementation on Serum Testosterone, Serum Cortisol, Serum Malondialdehyde
levels and Testosterone Cortisol Ratio in Male Rats.

Parameter Mean + SD Control Group-I (n=10) Experimental Group-III (n=10) p value*
Serum Testosterone ng/ml 3.06£1.29 3.65+£1.35 > 0.05
Serum Cortisol ng/ml 21.00£1.41 20.40 +1.51 >0.05
Serum Malondialdehyde uM 5.25+1.29 5.81+1.92 >0.05
Testosterone Cortisol ratio 0.14 £0.07 0.18 £0.07 > 0.05

*P-value more than 0.05 is taken as insignificant

Table-3 Effects of Ascorbic Acid and Selenium Supplementation on Serum Testosterone, Serum Cortisol, Serum
Malondialdehyde levels and Testosterone Cortisol Ratio in Male Rats

Parameter Mean + SD Control Group-I (n=10) Experimental Group-IV (n=10) p value*
Serum Testosterone ng/ml 3.06+1.29 6.00 +1.87 <0.01
Serum Cortisol ng/ml 21.00+1.41 18.80 £ 1.62 <0.01
Serum Malondialdehyde uM 5.25+1.29 241+1.20 < 0.01
Testosterone Cortisol ratio 0.14 £0.07 0.32+0.12 <0.01

*P-value less than 0.05 is taken as significant
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Fig.1: Effects of ascorbic acid and selenium
supplementation on serum testosterone, cortisol and
malondialdehyde in all groups.
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Fig.2: Effects of antioxidants supplementation on
basal testosterone cortisol ratio in all groups

not only come from exogenous sources but
also from endogenous sources as a result of
various metabolic processes. To combat such
prooxidants, antioxidant defense system
plays a vital role. An important contribution
to antioxidant defense system comes from
nutrients which may include both water
soluble and lipid soluble substances like beta
carotene, alpha tocopherol, ascorbic acid and
selenium [15].

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, vitamin C and
selenium on basal testosterone - cortisol ratio
in relation to lipid peroxidation.

In our second group of study, the rats
supplemented with ascorbic acid, there was
no significant change in basal testosterone
levels as shown in (table-1). This is consistent
with the study of Ito et al, who have shown
that in rats, a species that is unable to
synthesize ascorbic acid, deprivation of
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ascorbic acid do not effect the basal
testosterone levels in adult rats although
levels of leutinizing hormone may decrease
[16]. It has also been reported that ascorbic
acid can increase the basal testosterone levels
as shown by Sonmez et al, but they used
ascorbic acid supplementation at a dose of 500
mg/kg/day/rat which is a very high dose as
compared to ours which was 500 mg/L
drinking water that was drunk by 10 rats in 3-
4 days. This could have affected the levels of
testosterone in this study [17].

In this group, cortisol levels were
insignificantly changed. Similar results are
reported by Henrique et al in an animal study
on sea bream with no effect of high dose of
ascorbic acid on cortisol levels [18]. Lipid
peroxidation was also not decreased in this
ascorbic acid supplemented group as is
evident by unchanged malondialdehyde
levels. This is in accordance with the study on
human males in which they have suggested
that ascorbic acid has no effect on MDA
concentration [19].

Selenium an important constituent of
dietary antioxidants, when supplemented to
rats in third group of our study have shown
insignificant rise in basal levels of
testosterone. Prostate cancer prevention trail
in which El-Bayoumy et al, have given
selenium supplemented yeast to adult males
of 19 to 43 years of age for 12 months has also
shown that selenium has no effect on basal
testosterone levels and suggested that
selenjum is minimally affecting the
metabolism of testosterone [20].

Similarly, the basal plasma cortisol levels
were unchanged in selenium supplemented
group. This is in accordance with the results
of Chanoine et al., who have shown in an
experimental study on rats that selenium
deficient diet has no effect on basal secretions
of adrenal cortex [21]. The oxidative stress
marker MDA  in  selenium  alone
supplemented group of our study was also
not effected by selenium supplementation
alone. Miller et al has in a study on fish by
exposing fish to excessive water selenite,
suggested similar findings that selenium has
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no effect on lipid peroxidation [22]. However,
the role of selenium in preventing rise of lipid
peroxidation i.e.,, MDA levels in response to
various stressors is well documented [23].

The results of the fourth group whose
diet supplemented with a combination of
vitamin C and selenium has shown an
increase in serum testosterone and fall in
cortisol levels as shown in table 3, with
resultant favorable increase in testosterone
cortisol ratio. The levels of MDA significantly
decreased in this group of our study. There is
no study found apparently in literature that
shows the effect of this combination on
testosterone cortisol ratio. However literature
shows that in case of stress, both antioxidants
can exert favorable effects on these hormones
[24, 25].

Our study shows that supplementation
with vitamin C and selenium in combination
reduces the basal MDA levels. It means it may
decrease the lipid peroxidation resulting from
various intrinsic = metabolic  processes.
Regarding the effects of this combination, it
can be explained on the basis of this fact that
selenium has a sparing effect on ascorbic acid.
This was narrated in a study on cultured liver
cell lines exposed to oxidative stress. The

mechanism proposed for this increased
availability is that the selenoenzyme
thioredoxin reductase (TR) can recycle

ascorbic acid. Selenium also enhances the
ability of glutathione peroxidase which may
scavenge the hydroperoxides generated by
the cells. As a result of this, ascorbic acid is
spared from destruction with consequent
increase in ascorbic acid available at cell level.
Prevention of oxidants induced cell damage
result in stabilization of cell membranes [26].

Therefore it is proposed that combination
of ascorbic acid and selenium has additive
effect to decrease basal stress. 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 peroxidative damage [27]. Similarly,
Selenium through its various selenoproteins
like GPx, mitochondrial selenoproteins GPx,
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selenprotein P and thioredoxin reductase
confer protection against lipid peroxidation
induced damages [28].

Antioxidant ~ supplementation = may
protect the protein structures, prevent the
enzyme reactivation by ROS, stabilize cell
membranes, which may be responsible for
this protective and favorable effect on
anabolic catabolic ratio as shown in (fig. 2)
[28, 29].

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.

CONCLUSION

Synergistic effects of ascorbic acid and
selenium may have resulted in a decline in
reactive oxygen species induced lipid
peroxidation and rise of testosterone cortisol
ratio.
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