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ABSTRACT

Abuse of Anabolic-androgenic steroids (AAS) by professional and recreational athletes for endurance
performance is increasing globally. Supraphysiological doses of AAS exert profound effects on mental state and
behavior viz., depression, anxiety, and oxidative stress. Present investigation elucidates chronic impact of one of
the AAS Stanozolol (ST) on acetylcholinesterase (AChE) enzyme activity and oxidative stress in the brain of
postnatal female mice Mus musculus. 20 animals (21-days-old) were randomly assigned into four experimental
groups (n=5) and ST was administered subcutaneously for 30 days: [Low-dose (LD)-0.5mg/kg, medium-dose
(MD)-5.0mg/kg and high-dose (HD)-7.5mg/kg bwt or 1% alcohol-baseline control]. Acetylcholinesterase enzyme
activity was determined by Ellman’s method. Oxidative stress marker Malondialdehyde (MDA), enzymatic
antioxidant Superoxide Dismutase (SOD) and non-enzymatic antioxidant Glutathione (GSH) were assayed, and
absorbance was recorded. Results demonstrate a notable reduction in the AChE enzyme activity in the entire
treatment group, subsequently leading to the accumulation of ACh level in synaptic clefts. This results in
impairment of neuronal transmission, which in turn affects the efficiency of cholinergic neurotransmission. An
elevation in oxidative stress marker MDA level (in MD & HD) and a decline in anti-oxidant levels of SOD (in
MD & HD) and GSH (in HD) ST-treated groups were observed. The results reveal that ST causes an imbalance
between antioxidants and free radicals, which may lead to oxidative damage by attenuating antioxidant enzymes.
It is inferred that Prolonged ST-treatment interferes with neuronal transmission, subsequently resulting in neuronal
disorders, viz., stress-related anxiety, memory loss, and other cognitive behavioral abnormalities. Prolonged ST-
treatment elevates oxidative stress marker MDA and a decline in antioxidants, leading to an imbalance in the local
antioxidant system thereby disrupting cellular redox balance in the brain.
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INTRODUCTION

Anabolic-androgenic steroids (AAS) are testosterone
derivatives that were once developed to encompass some
androgenic properties and enhance anabolic efficacy for
the treatment of a variety of therapeutic ailments, such as
male hypogonadism, endometriosis, renal and hepatic

abused at supraphysiological doses by recreational
athletes and sportsmen to enhance performance, strength,
and endurance. Regrettably, these AAS compounds are
now being abused as ergogenic aids globally by non-
athletes also and, consequently, result in various
secondary pathophysiological effects such as altered

failure, aplastic anemia, as well as serious burns and
post-surgical recovery.' Approximately 100" kinds of
AAS have been synthesized to date and among them
more than 60 different AAS are available in market.[
Due to the anabolic efficiency of AAS, which can boost
muscle mass and strength, they are now primarily being
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cholesterol and liver enzyme profile, impairment in
cardiovascular, reproductive, immune response, renal

functioning.>*4

Neuronal function is greatly influenced by the

cholinergic system, which plays a key role in
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transmitting information peripheral status to the central
nervous system (CNS) and vice versa. The central
players of this system are acetylcholine (ACh) and its
enzyme acetylcholinesterase (AChE). Acetylcholine-
mediated neurotransmission is fundamental to the
functioning of the nervous system in mammals.>*¢!
Acetylcholinesterase (AChE) is a critical enzyme in the
neurotransmission of vertebrates, mainly found at
neuromuscular junctions and cholinergic synapses.”
During neurotransmission, ACh is released from the
presynaptic neuron into the synaptic cleft and binds to
ACh receptors on the post-synaptic membrane,™® and
AChE is one of the efficient primary cholinesterases that
terminates acetylcholine-mediated neurotransmission at
cholinergic ~ synapses by rapidly  hydrolyzing
acetylcholine (ACh) into acetate and choline.’®! As
AAS easily crosses the blood-brain barrier, they have an
impact on the central nervous system and
neurotransmission.”™  Relevant research shows that
steroid hormones are known to affect neurotransmission
via direct effects on the cellular membrane, modulation
of synthesis and degradation of neurotransmitters by
altering their metabolism.”? They modulate memory
processes by altering the functionality of several
neurotransmitters such as acetylcholine by regulating
acetylcholine  transferase and acetylcholinesterase
activities.'” Furthermore, steroid hormones are known
to affect neurotransmission through direct effects on the
cellular membrane and modulation of the synthesis and
degradation of neurotransmitters, such as acetylcholine,
by regulating  the activities of acetylcholine
transferase ~ and acetylcholinesterase.” In addition,
chronic usage of AAS can affect mental health
conditions, including anxiety, depression, and aggressive
behavior.?*2¢]

Oxidative stress is defined as an imbalance between the
generation of reactive oxygen species (free radicals-
ROS) and their removal by the cascade of antioxidant
system of an organism.”! The cells constantly generate
free radicals as a result of both enzymatic and non-
enzymatic processes, and antioxidants act in a wide
range of cellular processes to maintain the optimum level
of ROS.E®! The induction of oxidative stress among AAS
abusers by altering stress biomarkers in different tissues,
like cardiovascular, kidney, liver, brain, etc. have been
reported.®**  Global reports on AAS-induced
neurodegeneration confirm that oxidative stress and
apoptosis are the main causes of AAS neurotoxicity.*
AAS administered at supraphysiological levels has the
potential apoptotic impact on neurons including other
cell types.®! Nevertheless, additional systematic studies
on the quantification of antioxidants in the brain are
required, utilizing AAS compounds at varying dosages
and duration.

The growing brain is particularly susceptible to
neuroactive  substances that trigger or block
neurotransmitter responses during the rapid brain growth,
from the early embryonic stage to adolescence.
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Acetylcholine, as a neurotransmitter,

multitasking roles.!*”!

performs

However, there is no evidence available on the chronic
abuse of one of the AAS (Stanozolol-17p-hydroxy-17a-
methyl-androstano (3, 2-c) pyrazole) on the AChE
activity and oxidative stress in the brain of postnatal
female mice. Stanozolol is a hon-aromatizable androgen
that is frequently used in therapeutics as well as abused
by athletes and teens. Hence, it is essential to
comprehend how ST affects the brain of postnatal female
Swiss albino mice, Mus musculus, aiming to determine:

. the impact of ST on AChE activity in the post-natal
brain.

ii. the efficacy of ST on the oxidative stress in the post-
natal brain of mice.

MATERIALS AND METHODS

All protocols used in this experiment adhered to the
CPCSEA guidelines for the Care and Use of Laboratory
Animals approved by the Institutional Animal Care and
Use Committee No. 639/GO/02/a/CPCSEA, at the
Department of Zoology, Karnatak University, Dharwad.
21 days-old female mice were obtained from the mice
colony, maintained in the Department of Zoology,
Karnatak University, Dharwad, just after weaning.
They were housed in individual cages at room
temperature (27+£1°C) with natural-cum-artificial light
for 12-14 h and fed with a pelleted diet (Gold Mohur,
Lipton, India) and water ad libitum.

Hormone treatment

Stanozolol was obtained from Sigma-Aldrich, USA. The
mice were randomly assigned to four experimental
groups, each group containing 5 animals. ST was dosed
subcutaneously [0.5 mg/kg bwt (low); 5.0 mg/kg bwt
(medium); 7.5 mg/kg bwt (high-dose); or 1% alcohol
(baseline control); n = 5] for 30 consecutive days. On the
31% day, animals were sacrificed.

Separation of different parts of the brain

The brain was isolated from the skull and rinsed out in
cold phosphate-buffered saline (pH 7.4) to remove the
peripheral blood. Prior to the separation, whole brain was
kept on a cold metal plate, which was placed on the ice
blocks. After confirming its hardness, precisely separated
the different brain parts, viz., forebrain, midbrain and
hindbrain. Each brain part was homogenized and
subjected to the enzyme assay.

Quantification of AChE enzyme activity

Fresh brains (immediately after the isolation) from the
treated and control mice were homogenized in 0.1M
phosphate buffer (pH 7.6) and centrifuged for 10 min at
3000 rpm at 4 °C (Thermo Scientific™ — Sorvall ST 8R
Centrifuge). The supernatant was used as the source of
the AChE activity. The enzyme activity was estimated as
per the procedure described elsewhere.®% 100ul of
brain homogenate was mixed with the incubation
mixture, followed by the addition of 20ul of the substrate
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8mM Acetylthiocholine lodide in a 96 microplate well
(Sigma Aldrich, USA). The incubation period was set for
30 minutes at room temperature. The enzyme activity
was terminated by the addition of 180ul of the
chromogen - 5', 5'-dithiobis nitro-benzoate reagent
(DTNB; Sigma Aldrich, USA). The absorbance at 412
nm was  measured immediately  using a
spectrophotometer (Thermo Scientific™ Multiskan Sky
Microplate Spectrophotometer, USA). Subsequently,
Ellman's formula was used to convert the change in
absorbance into enzyme activity.

Antioxidant enzyme activities

The Oxidative stress marker, Malondialdehyde (MDA),
and the potential antioxidants, Superoxide Dismutase
(SOD) and Glutathione (GSH) were quantified. The
fresh brain samples were hand homogenized in a 5 mM
Tris-HCI buffer (pH 7.4) solution that contained 0.9%
NaCl (w/v) and 1 mM EDTA. This mixture was
subjected to centrifugation at 750xg (Thermo
Scientific™ — Sorvall ST 8R Centrifuge) for 10 minutes
at 4 °C. Aliquots of the supernatant were kept at -80°C
until the test.

i. The Oxidative stress marker-Malondialdehyde
(MDA) assay
The aliquoted brain samples were subjected to
calorimetric MDA estimation utilizing a thiobarbituric
acid reactive substance. The 0.5 ml of the supernatant
brain sample was mixed with 2 ml of TBA-TCA-HCL
(1:1:1) reagent (which contains 0.5% thiobarbituric acid,
0.25 N HCL, and 20% TCA) and heated in a water bath
for 15 minutes, and then cooled. The absorbance at 532

nm  was measured immediately  using a
spectrophotometer (Thermo Scientific™ Multiskan Sky
Microplate  Spectrophotometer, USA). The molar

extinction coefficient of malondialdehyde was used to
compute the MDA content. %!

Ii. Enzymatic antioxidant: Superoxide Dismutase
(SOD) assay

100 pl of the brain sample was mixed with 0.8 ml of
carbonate buffer (pH 10.2) followed by incubation at 25
9 C for 15 min. To this mixture, 100 ul of adrenaline
solution,”" was added. The UV-VIS Spectrophotometer,
Hitachi, U-2800, was used to record the changes in
absorbance at 295 nm.

Fig. A. Forebrain Weight

300 - FEE s TN
T
E‘(' 250 4
200 -~
£
b= 150 -
3 100
3 ]
3 S0 -
0 Bl T T T
Control LD MD HD
Dosage(mg/kg bwt)
www.ejbpscom | Vol 12, Issue 12, 2025.

European Journal of Biomedical and Pharmaceutical Sciences

iii. Non-Enzymatic antioxidant: Glutathione (GSH)
assay

The total amount of glutathione (GSH + GSSG) was
determined quantitatively by the enzymatic method. In
short, the GSH reacts with Ellman's reagent [5,5'-
dithiobis-2 nitrobenzoic acid (DTNB)] and forms a
product that can be measured at 412 nm using
spectrophotometer. This reaction was used to measure
the reduction of GSSG to GSH. The rate of the reaction
is proportional to the GSH and GSSG concentration. The
one (1) ml of supernatant brain sample was mixed with 2
ml of tris buffer, and 50 pl of DTNB20. This mixture
was centrifuged at 1000 rpm for 10 minutes, and the
absorbance at 412 nm was measured with a
spectrophotometer (UV-VIS Spectrophotometer, Hitachi,
and U-2800).

STATISTICAL ANALYSIS

All statistical tests were performed using SPSS version
20. Difference in the initial and final body weight was
compared using paired t-test. Data were expressed as
mean = SE. Enzyme and antioxidant concentration levels
between treatment and control groups were evaluated
using a one-way analysis of variance (ANOVA) to
determine the significant difference between different
treated groups. The multiple comparison test (Tukey’s
HSD post-hoc test) was carried out to determine which
treatment group significantly differed from the control
group. Numerical values are presented as the mean *
standard error (SE). Both statistical tests were two-sided
with a 5%, 1% & 0.1% levels of significance (P < 0.05,
P <0.01 & P <0.001).

RESULTS

To investigate the impact of one of the AAS Stanozolol
on neuronal function and antioxidant cascade, the
postnatal female mice were examined for AChE, MDA,
SOD and GSH activity. The results reveal that all the ST-
treated groups low-dose (LD), medium-dose (MD) and
high-dose (HD) showed a significant increase in the
forebrain weight (p < 0.001; F3,16= 23.468); midbrain
weight (LD and MD- p < 0.001; HD p < 0.05; F3,16=
33.908) and hindbrain weight (p < 0.001; F3,16=47.111)
when compared to the control was apparent (Fig. 1. A, B
& C).

Fig. B. Midbrain Weight
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Fig. C. Hindbrain Weight
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Fig. 1: Administration of ST for 30 days leads to increase in brain weight.

(A) A significant increase (p < 0.001) in forebrain
weight of all the ST-treated groups. (B) There was a
significant rise in midbrain weight of LD, MD (p <
0.001) and HD (p < 0.05) treated groups. (C) A
significant rise (p < 0.001) in hindbrain weight of all the
ST-treated groups.

Following the termination of drug administration, the
activity of Acetylcholinesterase (AChE) enzyme was

Fig. A. AChE concentration in
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determined in all three regions of the brain. The results
disclosed that the entire ST-treated group revealed a
substantial decline in AChE activity in the forebrain
(F3,16= 119.85; p < 0.001), midbrain (F3,16= 35.074; p
< 0.001) and hindbrain (F3,16= 153.47; p < 0.001)
regions of mice in comparison to controls. The observed
results signify profound alterations in AChE activity in
all three regions of the brain (Fig. 2. A, B & C).

Fig. B. AChE concentration in
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Fig. 2: Administration of ST for 30 days leads to decline in the brain AChE activity.

A significant reduction in (A) forebrain (p < 0.001 (p
< 0.001), (B) midbrain (p < 0.001) and (C) hindbrain
(p < 0.001) AChE activity of all the ST-treated groups.

Further, the Oxidative stress marker, specifically the
MDA level, was insignificantly elevated in LD-treated
mice (p > 0.05). Whereas, a significant increase (p <
0.01) in its level was witnessed in MD and HD-treated
groups when comparison was made among the groups
following Tukey’s post-hoc test (F3,16= 8.771). An

www.ejbpscom | Vol 12, Issue 12, 2025.

enzymatic antioxidant analysis revealed an insignificant
reduction in SOD concentration in LD-treated (p > 0.05);
and a noteworthy fall in MD and HD-treated groups (p <
0.001); (Fs16= 18.426) was observed when compared to
control. Similarly, the quantification of a non-enzymatic
antioxidant — Glutathione (GSH) in the brain showed an
insignificant decline in LD-and MD-treated mice (p >
0.05). Whereas, there was a noticeable reduction was
observed in HD-treated groups (p < 0.05) compared to
control (F3,16= 11. 671); (Fig. 3. A, B & C).
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Fig. A. Effect of ST on MDA levels
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Fig. B. Effect of ST on SOD levels
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Fig. C. Effect of ST on GSH levels
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Figure 3: The impact of ST treatment on MDA (A), SOD (B), and GSH (C) levels in brain homogenate of female

mice.

(A) There was an insignificant increase of MDA (p >
0.05) in LD. Whereas, a significant upregulation was
observed in MD & HD (p < 0.01) ST-treated groups. (B)
There was an insignificant down-regulation of SOD (p >
0.05) in LD. Whereas, a significant reduction was
observed in MD & HD (p < 0.001) ST-treated groups.
(C) There was an insignificant down- regulation of GSH
(p > 0.05) in LD & MD. Whereas, a significant reduction
was observed in HD (p < 0.05) ST-treated groups.

DISCUSSION

In the present investigation, we evaluated the impact of
one of the anabolic-androgenic steroids, ST on the AChE
enzyme activity in the different brain regions of the post-
natal female mice.

The results reveal that, there was a drastic rise in the
weight of forebrain, midbrain and hindbrain in all ST-
treated groups. This impact might be attributed to the
androgenic to anabolic efficacy of ST. The vital enzyme
AChE has been substantially implicated in regulating the
cholinergic neurotransmission through acetylcholine
hydrolysis (ACh). 2 In the present investigation, a
remarkable reduction of AChE enzyme activity in all
three brain regions across all the treatment groups (LD,
MD & HD) was the most notable effect elicited by four-
week ST-treatment.

www.ejbpscom | Vol 12, Issue 12, 2025.

The observed results demonstrate that stanozolol inhibits
the AChE enzyme activity, subsequently leading to the
accumulation of ACh level in the synaptic clefts,
resulting in impairment of neuronal transmission, which
in turn affects the efficiency of cholinergic
neurotransmission. Whereas, sub-chronic treatment of
nandrolone decanoate (ND) resulted in the augmented
levels of AChE activity in cerebellum and striatum of rat
brain, affecting the cholinergic system and consequently
the CNS."¥ Whether elevated acetylcholine (ACh)
levels have beneficial or detrimental effects, however,
depends on the phase of memory formation at which
cholinergic stimulation occurs. Since the regulation of
CNS cholinergic system  through acetylcholine
hydrolysis has been largely attributed to AChE activity,
and a significant reduction in its activity may lead to
stress-related anxiety, memory loss, thus interfering with
some cognitive and behavioral aspects in the mice. An
excess level of ACh was shown to be neurotoxic while
the opposite is also true since low levels of ACh in the
synaptic junction may influence memory negatively. 544
A report on human imaging study suggests the elevation
of acetylcholine (ACh) levels in patients who are actively
depressed, as measured by occupancy of nicotinic
receptors throughout the brain and remain high in
patients who have a history of depression.”® Likewise,
ND treatment induced behavioral changes including
oxidative damage, inflammation and imbalance in brain
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neurotransmitter systems, modulation of nerve growth
factor and neuronal apoptosis.***®  Likewise, the
supraphysiological levels of testosterone initiate
apoptotic cascade in neuronal cells of human
neuroblastoma  cell  lines."  Accumulation  of
acetylcholine in the brain can cause headaches, sleep
disturbances, dizziness, confusion, and drowsiness, and
chronic exposure may lead to central depression,
slurred speech, convulsions, and coma.®™@ Similarly,
rats exposed to AChE inhibitors during the active
synaptogenesis phase of the postnatal period would be
more susceptible to developing a variety of behavioral
abnormalities, including defects in motor development
and coordination."

Oxidative stress is characterized by the decreased ability
of endogenous systems to fend off the oxidative attack
aimed at target biomolecules. It can arise from increased
ROS/RNS formation or a decline in the antioxidant
protective ability.®** The cell has numerous antioxidant
systems to either eliminate or to stop the production of
ROS. Both internal and external (nutritional) sources are
possible. Findings of the current study exhibited an
augmented level of lipid peroxidation marker, MDA in
medium and high-dose treated groups, revealing the
upregulation of lipid peroxidation. Since
malondialdehyde is one of the reactive aldehydes that are
produced when lipids undergo an oxidative attack," the
results of the present investigation indicate greater
oxidative stress.

Glutathione (GSH), vitamin C and E, glutathione
reductase (GR), heme oxygenase (HO), glutathione
peroxidase (GSH-Px), superoxide dismutase (SOD), and
catalase (CAT) are a few of the most essential
antioxidants.®® In the present investigation, a notable
reduction in brain SOD levels of medium and high-dose
ST-treated groups and significant decline in GSH of
high-dose ST-treated groups divulges an increased
superoxide radical production and other ROS. Without
SOD, superoxide could cause cell injury. However, if
SOD were present, all of these negative effects could be
avoided.®® This shows that ST causes an imbalance
between antioxidants and free radicals, which may lead
to oxidative damage by attenuating antioxidant enzymes.

CONCLUSION

e With low AChE levels, ACh accumulates and an
excess of ACh concentration interferes with the
regular transmission of nerve impulses and this
condition may affect the cognitive functions and
may lead to impairment in neuronal transmission
subsequently resulting in neurological disorders.

e Prolonged ST-treatment elevates oxidative stress
marker MDA, and a decline in anti- oxidants SOD
and GSH levels in the brain indicates that ST causes
an imbalance in the local antioxidant system,
thereby disrupting cellular redox balance in the
brain.

www.ejbpscom | Vol 12, Issue 12, 2025.

European Journal of Biomedical and Pharmaceutical Sciences

ACKNOWLEDGEMENT: Praveenkumar Kondaguli
thanks Karnatak University for University Research
studentship.

REFERENCE

1. Kochakian CD, Yesalis CE. Anabolic-androgenic
steroids: a historical perspective and definition.
Anabolic steroids in sport and exercise. Champaign:
Human Kinetics, 2000; 4-33.

2. Shahidi NT. A review of the chemistry, biological
action, and clinical applications of anabolic-
androgenic steroids. Clinical therapeutics, 2001 Sep
1; 23(9): 1355-90.

3. Basaria S, Wahlstrom JT, Dobs AS. Anabolic-
androgenic steroid therapy in the treatment of
chronic diseases. The Journal of Clinical
Endocrinology & Metabolism, 2001 Nov 1; 86(11):
5108-17.

4. Clark AS, Henderson LP. Behavioral and
physiological responses to anabolic- androgenic
steroids. Neuroscience & Biobehavioral Reviews,
2003 Aug 1; 27(5): 413- 36.

5. Wilson JD. (1987). Androgen abuse by athletes.
Endocrine Reviews, 9(2): 181-199.

6. Yesalis, CE. (1993). Anabolic steroids in sport and
exercise. Human Kinetics Publishers, Champaign,
IL, USA

7. Lukas SE. CNS effects and abuse liability of
anabolic-androgenic steroids. Annual review of
pharmacology and toxicology, 1996 Jan 1; 36:
333-57.

8. Hoffmann U. Anabolic steroids—a problem in
popular sports. Toxichem Krimtech, 2002; 69(3):
136-42.

9. Hartgens F, Kuipers H. Effects of androgenic-

anabolic steroids in athletes. Sports medicine, 2004

Jul; 34(8): 513-54.

Marshall-Gradisnik S, Green R, Brenu E, Weatherby

R. Anabolic androgenic steroids effects on the

immune system: a review. Open Life Sciences, 2009

Mar 1; 4(1): 19-33.

11. Inamdar LS, Jayamma Y. Acceleration of neutrophil
precursors’ maturation and immunostimulation of
CD3+, CD4+ lymphocytes by stanozolol in mice.
The Journal of steroid biochemistry and molecular
biology, 2012 Apr 1; 129(3-5): 172-8.

12. Fink J, Schoenfeld BJ, Nakazato K. The role of
hormones in muscle hypertrophy. The Physician and
sportsmedicine. 2018 Jan 2; 46(1): 129-34.

13. Sharma CR, Balasinor NH, Inamdar LS. High, not

low-dose of stanozolol (anabolic— androgenic

steroid) impedes embryo implantation by attenuating
endometrial receptivity in the mouse, Mus musculus.

Steroids. 2021 Jan 1; 165: 108752.

McCullough D, Webb R, Enright KJ, Lane KE,

McVeigh J, Stewart CE, Davies IG. How the love of

muscle can break a heart: Impact of anabolic

androgenic steroids on skeletal muscle hypertrophy,
metabolic and cardiovascular health. Reviews in

Endocrine and Metabolic Disorders, 2021 Jun;

10.

14.

ISO 9001:2015 Certified Journal | 219



Kondaguli and Inamdar (Doddamani).

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

www.ejbps.com |

22(2): 389-405.

Dale HH. The action of certain esters and ethers of
choline, and their relation to muscarine. The Journal
of Pharmacology and Experimental Therapeutics,
1914 Nov 1; 6(2): 147-90.

Soreq H, Seidman S. Acetylcholinesterase—new
roles for an old actor. Nature Reviews Neuroscience,
2001 Apr; 2(4): 294-302.

Lionetto MG, Caricato R, Calisi A, Giordano ME,
Schettino T. Acetylcholinesterase as a biomarker in
environmental and occupational medicine: new
insights and future perspectives. Biomed Res Int.,
2013; 321213.

Cooper DC. Introduction to Neuroscience. Donald
C. Cooper Ph. D.; 2011.

Giacobini E, Pepeu G. [Eds.] In: The brain
cholinergic system in health and disease. Abingdon
[England]: Informa Healthcare, 2006; 27.

Silver A. The biology of cholinesterases. Frontiers of
biology, 1974; 36: 426-47.

Janne OA, Palvimo JJ, Kallio P, Mehto M.
Androgen receptor and mechanism of androgen
action. Annals of medicine, 1993 Jan 1; 25(1): 83-9.
Mcewen BS, Biegon A, Davis PG, Krey LC, Luine
VN, Mcginnis MY, Paden CM, Parsons B, Rainbow
TC. Steroid hormones: humoral signals which alter
brain cell properties and functions. InProceedings of
the 1981 Laurentian Hormone Conference 1982 Jan
1 (pp. 41-92). Academic Press.

Galligani N, Renck A, Hansen S. Personality profile
of men wusing anabolic androgenic steroids.
Hormones and behavior, 1996 Jun 1; 30(2): 170-5.
Lyons T, Berger D, Masini B, Pinna G. Self-
reported psychological distress associated with
steroid therapy for HIV. International journal of
STD & AIDS, 2010 Dec; 21(12): 832-4.

Ip EJ, Lu DH, Barnett MJ, Tenerowicz MJ, Vo JC,
Perry PJ. Psychological and physical impact of
anabolic- androgenic steroid dependence.
Pharmacotherapy: ~ The Journal of Human
Pharmacology and Drug Therapy, 2012 Oct; 32(10):
910-9.

Slimani M, Baker JS, Cheour F, Taylor L, Bragazzi
NL. Steroid hormones and psychological responses
to soccer matches: Insights from a systematic review
and meta-analysis. PL0oS one, 2017 Oct 12; 12(10):
€0186100.

Bakkum L, Willemen AM, Zoetebier L, Bouts AH.
A longitudinal study on the effects of psychological
stress on proteinuria in childhood steroid-sensitive
nephrotic syndrome. Journal of Psychosomatic
Research, 2019 Jun 1; 121: 8-13.

Jindal R, Rudol G, Okafor B, Rambani R. Role of
psychological distress screening in predicting the
outcomes of epidural steroid injection in chronic low
back pain. Journal of Clinical Orthopaedics and
Trauma, 2021 Aug 1; 19: 26-33.

Jelinek M, Jurajda M, Duris K. Oxidative stress in
the brain: basic concepts and treatment strategies in
stroke. Antioxidants, 2021 Nov 25; 10(12): 1886.

Vol 12, Issue 12, 2025.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

European Journal of Biomedical and Pharmaceutical Sciences

Lobo V, Patil A, Phatak A, Chandra N. Free
radicals, antioxidants and functional foods: Impact
on human health. Pharmacognosy reviews, 2010 Jul;
4(8): 118.

Riezzo 1, Turillazzi E, Bello S, Cantatore S,
Cerretani D, Paolo MD et al. Chronic nandrolone
administration promotes oxidative stress, induction
of pro-inflammatory cytokine and TNF-o mediated
apoptosis in the kidneys of CD1 treated mice.
Toxicol Appl Pharmacol, 2014; 280(1): 97-106.
Camiletti-Moiron D, Aparicio VA, Nebot E, Medina
G, Martinez R, Kapravelou G, et al. High-intensity
exercise modifies the effects of stanozolol on brain
oxidative stress in rats. Int J Sports Med., 2015;
36(12): 984-991.

Frankenfeld SP, Oliveira LP, Ortenzi VH, Rego-
Monteiro ICC, Chaves EA, Ferreira AC, et al. The
Anabolic androgenic steroid nandrolone decanoate
disrupts redox homeostasis in liver, heart and kidney
of male wistar rats. PLoS ONE, 2014; 9(9):
€102699.

Pay A, Saborido A, Blazquez I, Delgado J, Megias
A. Effects of prolonged stanozolol treatment on
antioxidant enzyme activities, oxidative stress
markers, and heats shock protein HSP72 levels in
rat liver. J Steroid Biochem Mol Biol., 2003;
87(4-5): 269-277, 19.

Pomara C, Neri M, Bello S, Fiore C, Riezzo I,
Turillazzi E. Neurotoxicity by synthetic androgen
steroids:  oxidative  stress,  apoptosis, and
neuropathology: a review. Current
neuropharmacology, 2015 Jan 1; 13(1): 132-45.
Basile JR, Binmadi NO, Zhou H, Yang YH, Paoli A,
Proia P. Supraphysiological doses of performance
enhancing anabolic-androgenic steroids exert direct
toxic effects on neuron-like cells. Frontiers in
cellular neuroscience, 2013 May 9; 7: 69.

Yanai J. Neurobehavioral Teratology. Elsevier,
Amsterdam. 1984,
Ellman GL, Courtney KD, Andres Jr V,

Featherstone RM. A new and rapid colorimetric
determination of acetylcholinesterase  activity.
Biochemical pharmacology, 1961 Jul 1; 7(2): 88-95.
Gorun V, Proinov |, Baltescu V, Balaban G, Barzu
O. Modified Ellman procedure for assay of
cholinesterases in crude enzymatic preparations.
Anal Biochem., 1978; 8: 324- 326.

Yagi K. Simple procedure for specific assay of lipid
hydroperoxides in serum or plasma. Free radical and
antioxidant protocols, 1998; 108: 101-106.

McCord JM, Fridovich I. Superoxide dismutase: an
enzymic function for erythrocuprein (hemocuprein).
Journal of Biological chemistry, 1969 Nov 25;
244(22): 6049-55.

Xie W, Stribley JA, Chatonnet A, Wilder PJ,
Rizzino A, McComb RD, Taylor P, Hinrichs SH,
Lockridge O. Postnatal developmental delay and
supersensitivity to organophosphate in gene-targeted
mice lacking acetylcholinesterase. The Journal of
pharmacology and experimental therapeutics, 2000

ISO 9001:2015 Certified Journal | 220



Kondaguli and Inamdar (Doddamani). European Journal of Biomedical and Pharmaceutical Sciences

Jun 1; 293(3): 896-902.

43. Martins DB, Mazzanti CM, Spanevello R, Schmatz
R, Cargnelutti JF, Schmidt C, et al. Subchronic
administration of nandrolone  decanoate in
acetylcholinesterase activity in wistar rats. Comp
Clin Pathol., 2012; 21: 256-268.

44. Toéugu V, Kesvatera T. Role of ionic interactions in
cholinesterase catalysis. Biochimica et Biophysica
Acta (BBA)-Protein Structure and Molecular
Enzymology, 1996 Nov 14; 1298(1): 12-30.

45, Saricicek A, Esterlis I, Maloney KH, Mineur YS,
Ruf BM, Muralidharan A, Chen JI, Cosgrove KP,
Kerestes R, Ghose S, Tamminga CA. Persistent 32*-
nicotinic acetylcholinergic receptor dysfunction in
major depressive disorder. American Journal of
Psychiatry, 2012 Aug; 169(8): 851-9.

46. Pieretti S, Mastriota M, Tucci P, Battaglia G,
Trabace L, Nicoletti F, et al. Brain nerve growth
factor unbalance induced by anabolic androgenic
steroids in rats. Med Sci Sports Exerc., 2013; 45:
29-5.

47. Tanehkar F, Rashidy-Pour A, Vafaei AA, Sameni
HR, Haghigh S, Miladi-Gorji H, et al. Voluntary
exercise does not ameliorate spatial learning and
memory deficits induced by chronic administration
of nandrolonedecanoate in rats. Horm Behav., 2013,;
63: 158-65.

48. Rainer Q, Speziali S, Rubino T, Dominguez-Lopez
S, Bambico FR, Gobbi G, et al. Chronic
nandrolonedecanoate exposure during adolescence
affects emotional behavior and monoaminergic
neurotransmission in adulthood.
Neuropharmacology, 2014; 83: 79-8.

49. Estrada M, Varshney A, Ehrlich BE. Elevated
testosterone induces apoptosis in neuronal cells. J
Biol Chem., 2006; 281(35): 25492-25501.

50. Lott EL, Jones EB. Cholinergic toxicity. InStatPearls
[internet] 2022 Dec 5. StatPearls Publishing.

51. Dam K, Seidler FJ, Slotkin TA. Chlorpyrifos
exposure during a critical neonatal period elicits
gender-selective deficits in the development of
coordination  skills and locomotor  activity.
Developmental Brain Research, 2000 Jun 30;
121(2): 179-87.

52. Sies H. Oxidative Stress: Introductory Remarks,
Academic Press, London, 1985.

53. Ldpez-Alarcén C, Denicola A. Evaluating the
antioxidant capacity of natural products: A review
on chemical and cellular-based assays. Analytica
chimica acta., 2013 Feb 6; 763: 1-0.

54. Pisoschi AM, Pop A. The role of antioxidants in the
chemistry of oxidative stress: A review. European
journal of medicinal chemistry, 2015 Jun 5; 97:
55-74.

55. Jelinek M, Jurajda M, Duris K. Oxidative stress in
the brain: basic concepts and treatment strategies in
stroke. Antioxidants, 2021 Nov 25; 10(12): 1886.

56. Winterbourn CC. Superoxide as an intracellular
radical sink. Free Radical Biology and Medicine,
1993 Jan 1; 14(1): 85-90.

www.ejbpscom | Vol 12, Issue 12, 2025. | ISO 9001:2015 Certified Journal | oon



