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ABSTRACT

Aim: Anabolic androgenic steroids (AAS) are synthetic derivatives of the male sex hormone testosterone. Androgens and anabolic steroids have been 
used for therapeutic purpose with few exceptions. However, the abuse of AAS is a remarkably prevalent problem, particularly among athletes and 
adolescents. Supraphysiological doses of AAS exert profound effects on mental state and behaviors such as depression, anxiety, aggressiveness, and 
cognitive deterioration.

Objective: In the present investigation, we studied the impact of one of the AAS compounds, i.e., 17α-methyltestosterone on acetylcholinesterase 
(AChE) enzyme activity in different brain parts of mice, namely, forebrain, hippocampus, midbrain, and hindbrain.

Methods: The adult female mice were assigned to four experimental groups to which different doses of 17α-MT (0.5, 5.0 and 7.5  mg/kg bwt, 
respectively) were administrated s.c. for 30 days. A significant increase in AChE activity in forebrain and midbrain (low and medium dose treatment) 
suggests a reduction of cholinergic neurotransmission efficiency due to decrease in acetylcholine levels in trans-synaptic cleft. Further, concurrent 
reduction in AChE activity was observed in whole brain, hippocampus, and hindbrain of 17α-MT-treated mice suggests the impairment in neuronal 
transmission. Since the regulation of cholinergic system through acetylcholine hydrolysis has been largely attributed to AChE activity, a significant 
reduction in its activity may lead to stress-related anxiety, memory loss with some cognitive and behavioral aspects in the mice.

Conclusion: Based on the observed results, we propose that 17α-MT, an alkylated steroid compound, has a negative impact on AChE enzyme activity 
in different parts of mice brain, leading to impairment in neuronal transmission.
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INTRODUCTION

Anabolic androgenic steroids (AAS) are, more often than not, widely 
abused by professional athletes, bodybuilders, and non-athletes to 
enhance athletic performance, muscle mass, promote self-confidence, 
and relieve fatigue. Indeed, AAS was originally designed for the 
clinical purpose for the treatment of endometriosis, aplastic anemia, 
male hypogonadism, and inoperable breast cancer [1,2]. However, 
doping with these AAS results in a broad spectrum of secondary 
adverse effects such as metabolic suppression, especially lipoprotein 
metabolism, hepatotoxic effects, antagonism of glucocorticoid carbolic 
effects, impairment in cardiovascular system, gonadal dysfunction, 
gynecomastia, and behavioral and psychiatric side effects [2-5]. Further, 
of late, the use of AAS is becoming increasingly widespread among the 
adolescent girls and woman athletes, to improve their muscle mass, 
physique, appearance, and euphoria [6-9]. The actual influence of these 
compounds on overall physiology, central nervous system (CNS), and 
neurological alteration is yet to be established clearly.

A previous study from our laboratory reported that administration of 
a AAS compound Stanozolol leads to acceleration of granulopoiesis 
and stimulates an immune response (at physiological level only), 
though it alters the lipoprotein profile in mice [10]. Steroid hormones 
modulate memory processes through altering the functionality 
of several neurotransmitters such as acetylcholine by regulating 
acetylcholine transferase and acetylcholinesterase activities [11]. 
Cholinergic neurotransmission in the mammalian CNS is regulated 
predominantly by the enzyme acetylcholinesterase (AChE, EC 3.1.1.7). 

AChE is one of the efficient primary cholinesterases which terminates 
acetylcholine-mediated neurotransmission, by rapidly hydrolyzing 
acetylcholine (ACh) into acetate and choline [12,13]. Further, ACh is 
the major neurotransmitter involved in cortical activation, attention, 
memory, learning, pain, control of motor tone, locomotion, and control 
of autonomic functions [14].

It is known that androgen receptors are present in most of the 
body parts including CNS and influence many neuronal functions 
through both classical genomic effects and also rapid membrane 
effects. Sustained use of AAS has an impact on those areas of the 
CNS that are involved in emotional and cognitive responses such as 
sexuality, anxiety, aggression, memory, and development of drug 
dependence  [15-19]. The androgen 17α-methyltestosterone (17α-
MT), an alkylated steroid compound at 17α position of steroid nucleus 
and the most frequently abused AAS compound, has been selected for 
the present study to investigate its impact on different areas of the 
brain which are associated with wide range of functions including 
emotional and cognitive regulation.

METHODS

2½-month-old female mice exhibiting normal estrous cycle (25–30 g) 
were obtained from the mice colony, maintained in the Department of 
Zoology, Karnatak University, Dharwad. 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.
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Hormone treatment
17α-MT was obtained from Sigma-Aldrich Chemical Co., USA. The 
mice were weighed and allocated to four experimental groups 
comprising five animals in each (n=5). Doses of 17α-MT administrated 
in the experiment were so chosen as to stimulate the range of doses 
taken by human female users [20]. The first experimental group that 
received 1% of alcohol acted as a baseline (control). The 2nd, 3rd, and 
4th  group received 17α-MT daily, for 30  days, by s.c. injection in 1%, 
respectively (LD – low dose-0.5; medium dose (MD) -5.0; and High dose 
(HD)-7.5 mg/kg bwt). On the 31st day, the mice were sacrificed by the 
inhalation of diethyl ether.

Separation of different parts of brain
After scarifying the animal, brain was extracted out from the skull and 
rinsed in cold phosphate-buffered saline to remove the excess blood. 
Before the separation of brain parts, it was kept on the cold metal 
plate placed on the crushed ice in a tray. After confirming its hardness 
precisely separated the different brain parts, namely, forebrain, 
midbrain, hindbrain, and hippocampus regions. Each brain part was 
homogenized and stored at −80°C until assay.

Quantification of AChE enzyme activity
Fresh brain from the treated as well as the control mice, immediately 
after autopsy, were homogenized in phosphate buffer (pH  7.6) and 
centrifuged for 10 min at 8000 rpm. The supernatant was used as the 
source of the AChE activity. The enzyme activity was estimated as per 
the procedure described elsewhere [21,22]. The incubation mixture 
comprised of 0.2 ml of 20 mM phosphate buffer (pH 7.6), 0.1 ml of 8 mM 
acetylcholine iodide, and 40µl of tissue supernatant. The incubation 
was carried out at room temperature for 30  min. The reaction was 
terminated by adding 1.8 ml of (5,5-Dithiobis(2-nitrobenzoic acid). The 
absorbance was measured immediately at 412  nm using ultraviolet 
-VISIBLE spectrophotometer (Hitachi, U-2800).

Statistical analysis
Data were expressed as a mean±standrad error comparison of normally 
distributed variables across groups were made using one-way analysis 
of variance followed by Tukey’s post hoc test. The level of statistical 
significance was set at p<0.01. Data were analyzed using SPSS (version 
16.0) and the recorded values are summarized in figures.

RESULTS

The observed results are depicted in Figs.  1 and 2. The whole brain 
homogenates of all the 17α-MT treateted mice revealed a significant 
depletion in AChE activity (F3, 16 = 6.80, P < 0.05; Fig. 1a) as compared 
with control. As shown in Fig. 1b, the activity levels of AChE in forebrain 
region were found to be elevated significantly (F3, 16 = 138.48, p<0.01). 
In contrast, a significant depletion in AChE activity was observed in 
hippocampus (F3, 16 = 128.16, p<0.01; Fig.  1c) as well as in hindbrain 
regions (F3, 16 = 185.8, p<0.01; Fig. 2b) in the entire treatment group as 
compared to control. In case of midbrain, an increased AChE activity 
in LD and MD treatment groups and drastic reduction in HD (p<0.01)-
treated mice was noticed when compared to control (Fig. 2a).

DISCUSSION

Steroid hormones are known to affect neurotransmission 
through direct effects on the cellular membrane, modulation of 
the synthesis, and degradation of neurotransmitters by altering 
their metabolism  [11]. ACh is an essential player in the formation, 
maintenance, and evocation of memory processes. In the present 
investigation, we evaluated the impact of one of the AAS compounds 
17α-MT on the AChE enzyme activity in different brain regions. 
A significant increase in AChE activity in forebrain and midbrain (low 
and medium dose treatment) suggests a reduction of cholinergic 
neurotransmission efficiency due to a decrease in acetylcholine 
levels in the synaptic cleft which may be related to neurotoxicity and 
neuronal degeneration [23]. Parallel to this, subchronic 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 [24]. Likewise, ND 
treatment induced behavioral changes including oxidative damage, 
inflammation, and imbalance in brain neurotransmitter systems, 
modulation of nerve growth factor, and neuronal apoptosis  [25-27]. 
Furthermore, some studies have demonstrated that the prolonged 
overexpression of AChE activity in the CNS implies cognitive and 
neuroanatomic pathologies/disorders [28,29].

Further, in the present investigation, concurrent reduction in AChE 
activity was observed in hippocampus, hindbrain as well as whole 
brain of 17α-MT treateted mice as compared to control suggests 
the accumulation of ACh at synaptic junctions which in turn would 
result in the impairment of neuronal transmission. Based on the 
observed results, we propose that the inhibitory effect of 17α-MT 
may dependent on its binding capacity to the AChE enzyme activity 
site. A previous study from our laboratory reported that Stanozolol, a 
potent AAS compound, induced alteration in local antioxidant cascade 
besides altering AChE activity in brain and kidney in female mice 
[30]. Since the regulation of cholinergic system through acetylcholine 
hydrolysis has been largely attributed to AChE activity, a significant 
reduction in its activity may lead to stress-related anxiety and 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 [31,32]. Reduction in AChE activity 

Fig. 1: (a) Acetylcholinesterase enzyme activity in whole brain 
(b) forebrain, and (c) hippocampus in control and 17α-MT 

treatment mice. Data are represented as a mean±standard error 
which is analyzed by one-way analysis of variance followed by 

Tukey’s post hoc test (p<0.01)

a

b
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in hippocampus promotes behavior-related anxiety and depression 
as suggested by Mineur et al. [33]. 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 [34]. In contrast, increased AChE activity in the cerebral and 
hippocampus was found in the boldenone treated rats [35]. Likewise, 
increase in AChE activity following treatment of ND suggested 
impairment in neurotransmission and cholinergic modulation  [24]. 
Generally, maintenance of ACh levels is necessary for normal memory 
function, but excessive AChE activity leads to disruption of ACh 
in hippocampal cholinergic synapses [36]. There are also reports 
that show that the ingestion of AAS affects neuronal activity in the 
hypothalamus and forebrain [37] by promoting neurodegenerative 
apoptotic effect  [38]. Likewise, the supraphysiological levels of 
testosterone initiate apoptotic cascade in neuronal cells of human 
neuroblastoma cell lines [39].

Based on results of the present study, the following inferences are 
drawn:
1.	 Increase in AChE enzyme activity in forebrain and midbrain indicates 

a reduction in cholinergic neurotransmission efficiency due to a 
decrease in acetylcholine levels in the trans-synaptic cleft. 

2.	 Decreased activity of AChE in hippocampus, hindbrain, as well as 
whole brain suggest impairment in neuronal transmission, in turn 
may lead to anxiety and depression in mice.
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