www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 4 April 2024 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éh INTERNATIONAL JOURNAL OF CREATIVE
/ RESEARCH THOUGHTS (1JCRT)
@a <" An International Dpen Access, Peer-reviewed, Refereed Journal

ANABOLIC ANDROGENIC STEROIDS

K. Shiva Prakash Reddy!, Saba Shafeen?

1.Student, Department of Pharmacy, Joginpally B.R Pharmacy College of Pharmacy, INTUH,
Bhaskar Nagar, Yenkapally, Moinabad, Telangana, India.

2.Assistant professor, Department of Pharmacology, Joginpally B.R Pharmacy College,
Faculty of Pharmacy, JNTUH, Bhaskar Nagar, Yenkapally, Moinabad, Telangana, India.

Address for correspondence:

K. Shiva Prakash Reddy
Department of Pharmacy,
Joginpally B.R Pharmacy College, INTUH,
Bhaskar Nagar, Moinabad, Telangana, India.

Email: shafeenrehman@gmail.com
ABSTRACT

Steroids are the compounds belonging to family terpenoid lipids. Anabolic steroids are the synthetic derivatives of male
hormone testosterone. The introduction of anabolic steroids has demonstrated a substantial effect on physical strength,
endurance, and muscle tissue synthesis and athletic performance since the beginning of the 20th century. Anabolic steroids
are more than thirty types. They promote protein anabolism. Because of their potential to enhance muscle strength and
athleticism, they are traditionally abused in sports to gain an advantage over opponents. Athletes still use them to increase
their physical and athletic performance and bodybuilders use them to bulk and increase in size. Anabolic steroids have
been well-documented as having adverse side effects on primary and secondary sex characteristics. Females are given
male attributes by steroids, while males experience sterility and erectile dysfunction. They may also lead to an increase
in cholesterol and triglyceride levels, both of which are associated with a high chance of cardiovascular disease.
Researches have indicated an indirect link between anabolic steroids and cardiovascular disease. Androgenic anabolic
steroids have shown to alter the immune reaction by influencing lymphocyte differentiation and proliferation, natural
killer cytotoxic activity, antibody production and production of certain cytokines. Anabolic steroids are also abused
amongst adults who are not involved in sports for physical appearance and muscle mass. The use of anabolic steroids is
a significant problem in the adolescent population, according to the National Institute of Drug Abuse. Sport’s governing
bodies prohibit the use of performance-enhancing drugs (PEDs) in competition and penalize athletes who test positive.
Individuals who possess knowledge about the half-lives of particular drugs, dosages and cycles try to avoid detection.
The procedures for screening anabolic androgenic steroids (AAS) in laboratories accredited by the World Anti-Doping
Agency are comprehensive and sensitive, and are primarily based on gas chromatography- mass spectrometry, liquid
chromatography -mass spectrometry. The detection of natural testosterone administration, especially in men, is
increasingly being detected using carbon isotope mass spectroscopy. This present work reviews steroids in general to
create awareness among adolescents so that they can improve their knowledge and follow safe practices regarding
anabolic steroids.
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INTRODUCTION

The term "steroid" originates from cholesterol, which can be either natural or synthetic and acts as a chemically active
hormone-like compound. Steroids comprise medications for reducing swelling and inflammation, like prednisone and
cortisone, as well as vitamin D, and certain sex hormones such as testosterone and estradiol. Steroidal medications such
as cortisone and prednisone reduce inflammation and can relieve pain.!" Steroids form a distinct class of compounds
found abundantly across all organisms, ranging from lower species in the evolutionary hierarchy to higher mammals,
including humans. A specific subset of steroids plays a pivotal role in determining sex in organisms and is synthesized
by the gonads in humans. The action of steroids as artificial strengtheners has been known since the early 1930s. During
that period, it was discovered that testosterone was the hormone responsible for male sex characteristics and played a role
in sexual maturation in young individuals. They were utilized in conditions such as "the Eunuch syndrome," sexual
impotence, starvation, cryptorchidism, and for treating extensive burns.”?! Testosterone (C-19 steroid hormone), the
primary androgen circulating in the testes, functions as both an active hormone and a precursor for the production of the
more potent androgen, dihydrotestosterone (DHT), through 5 alphareduction (figure 1).) During embryonic life,
androgens cause the formation of the male urogenital tract and hence are responsible for development of the tissues that
serve as the major sites of androgen action in postnatal life.') Dihydrotestosterone (DTH) formation acts both as a general
amplifier of androgen action and conveys specific function to the androgen-AR complex. The mechanism by which this
specific function is mediated is unknown. The enzyme aromatase regulates the balance between androgens and estrogens
by converting testosterone into estradiol (E2). Consequently, the control of E2 production by aromatase is considered
crucial in the sexual development and differentiation.””! In 1935, Ruckzika synthesized the first synthetic version of
testosterone from cholesterol. Testosterone is produced by the interstitial Leydig cells located in the testes, primarily
regulated by the gonadotropins secreted by the pituitary gland.®) After secretion, testosterone is conveyed through the
bloodstream to target organs and specific receptor sites. Functions directly influenced by testosterone and pertinent to
athletes can be categorized into two main groups i.e. androgenic functions (related to male characteristics) and anabolic
functions (constructive or muscle-building effects). Structural modifications of testosterone have been done to dissociate
the anabolic from the androgenic effects and to maximize the anabolic effect and minimise the androgenic activity.!” In
the late 1930s, initial experiments conducted in Nazi Germany confirmed that steroids indeed influenced muscle
development and endurance, contributing to the formation of muscle tissue and the enhancement of physical endurance. ™
Subsequently, steroids gained popularity due to their anabolic effects.”’ The use of steroids in athletic events had been
steadily rising, leading to their prohibition at the 1976 Olympics and subsequent competitions. !'°'* Engaging in sports
is a widely favoured activity globally. Success is frequently defined by victory, which can-drive athletes to resort to
performance-enhancing drugs (PEDs) in the pursuit of gaining an edge over their competitors.!"”! According to the
American Academy of Pediatrics (AAP), performanceenhancing drugs are substances consumed in non-pharmacological
quantities with the explicit goal of enhancing athletic performance, strength, speed, endurance or altering body weight or
composition. Performance-enhancing drugs encompass an array of substances such as AAS, hormone precursors,
stimulants, human growth hormone (HGH), agents enhancing oxygen-carrying capacity, agents for weight control and
gain.!"* Anabolic-Androgenic Steroids (AAS) are a group of synthetic compounds similar in chemical structure to the
natural anabolic steroid testosterone. '>'”! "Anabolic" refers to muscle building, and "androgenic" refers to masculine
characteristics. Their duration of action is typically longer than that of physiological androgens.!"® They are either
produced endogenously or exogenously. Their initial development was in the late 1930s in an effort to treat hypogonadism
and chronic wasting.!"” There are more than thirty types of anabolic steroids.*” These drugs are only legally accessible
through prescription to treat conditions caused by abnormally low testosterone production, which include delayed puberty
and some types of impotence. They are also prescribed in the treatment of weight loss in patients with HIV infection."!
The illegal use of anabolic steroids may involve doses that are 10 to 100 times higher than the usual prescribed dose. *

OH

fig 1. structure of testosterone
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AAS STRUCTURE

Steroids are compounds that belong to the family terpenoid lipids. They are characterised by carbonfour ring structure.
Acetylo-CoA is the precursor of steroids which is also the precursor of isopentenyl pyrophosphate (IPP) and dimethylallyl
pyrophosphate (DMAPP).**) Anabolic androgenic steroids can be classified mainly into two groups ie. those with
alkylation of the 17-a position with the methyl or ethyl groups or those with esterification of the 17-p-hydroxyl group.*¥
Some structural modifications have been made to testosterone, In order to maximize the anabolic effect and reduce the
androgenic effect (figure 2).
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fig 2. The structure of testosterone, and structural modifications to the A- and B-rings of this steroid that increase anabolic activity;
substitution at C-17 confers oral or depot activity (reproduced from Kicman and Gower,'”! with permission from the Royal Society
of —Medicine). IM = intramuscular

The 17a-alkylated anabolic steroids can be made orally active by substituting the 17a-H on the steroid nucleus with a
methyl or ethyl group.Alkyl substitution prevents deactivation of the steroid by first-pass metabolism by sterically
hindering oxidation of the 17b-hydroxyl group. Oral action can also be conferred via a methyl group bonded to C-1. Eg:
methenolone. The 17b-hydroxyl group is typically esterified with an acid moiety in parenteral formulations.**! The
parenteral preparations are esterified in order to prevent rapid absorption from the oily vehicle, usually arachis oil plus a
small amount of benzyl alcohol (a-cresol). The esters include cyclohexylpropionate, decanoate, laurate and
phenylpropionate for nandrolone; acetate, cypionate, decanoate, enanthate, isocaproate, phenylpropionate, propionate and
undecanoate for testosterone, undecylenate for boldenone and acetate for trenbolone.*® The mode of administration of
the 17-a- is by oral route whereas 17-B is usually through injection (table 1).?” Among the most well-known and widely
used anabolic steroids are 19-Norandrostenedione, Boldenone, Stanozole, Androstenedione, and Androstenediole. 19-
Dihydro-epiandrosterone and its agonists, or f2-Agonists, include clenbuterole, formoterole, salvutamole, salmeterole,
tervultaline, and so forth.** The examples of structures of common ASS are shown in figure 3.
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fig 3. chemical structure of testosterone and its common derivates adapted from 71

"MECHANISM OF ACTION

AAS, being fat-soluble hormones, have the ability to permeate cell membranes and directly affect the cell nucleus. The
pharmacodynamic effect of AAS initiates as the exogenous hormone penetrates the membrane of the target cell and binds
to an androgen receptor (AR) located in the cytoplasm of that cell.®”) They interact with ARs across various tissues,
including muscle, bone, and reproductive systems.*") AAS are thought to exert their actions by different mechanisms.
They include modifying the androgenic receptor expression as a result of a. directly affecting the topology of androgen
receptor and thus subsequent interaction with co-activators and transcriptional activity and b. intracellular mechanism.
Other mechanism of actions includes c. an anti-catabolic effect by interfering with glucocorticoid receptor expression
and d. by genomic as well as non-genomic pathways in the CNS which results in changes in behaviour. *'~*' It forms an
androgen receptor complex in the cell nucleus.* After binding to the androgen receptors, anabolic steroids trigger a
translocation of the hormone-receptor complex to the cell nucleus, where they either alter gene expression or activate
cellular signalling pathways.*> There are two main ways that AAS affects muscle mass.”® First, by increasing the
synthesis of proteins; second, by blocking the effects of the stress hormone cortisol on muscle tissue, they shorten the
recovery period and significantly lower muscle catabolism. It has been claimed that the AAS may prevent the activity of
glucocorticoids, another class of steroid hormones that accelerate muscle breakdown, which would explain the decrease
in muscle breakdown.*” Anabolic steroids influence cellular differentiation, promoting the growth of muscle cells over
fat-storing cells.”® AAS show anabolic effects, such as increased appetite, greater synthesis of protein from amino acids,
accelerated remodelling and growth of bone, and stimulation of bone marrow, which increases red blood cell production.
AAS promotes the growth of muscle cells through a variety of processes, which increases the size of skeletal muscles
and increases strength. ****'! The molecular mechanism of androgenic anabolic steroid (figure 4).[**
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fig 4. molecular mechanism of androgenic anabolic steroids.[*?!
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table 1. commonly used anabolic steroids

Oral agents: drug

C-17 alkylated agents
Ethylesterenol

Fluvoxymesterone
Fluvoxymesterone
Methyltestosterone
Metandienone
Oxymetholone
Oxandrolone
Stanozolol

Injectable agents: drug

Testosterone salts: cypionate, ecanoate, enanthate, propionate,
phenpropionate, isocaparoate, testosterone propionate,
phenpropionate, isocaproate, decanoate

Nortestosterone
Nandrolone decanoate
Nandrolone phenpropionate
Boldenone undecylenate
Methenolone enanthate

ADVERSE EFFECTS

The broad categories of adverse medication effects associated with AS are: hepatic, cardiovascular, reproductive/endocrine,
dermatological and psychiatric (table 2).
HEPATIC EFFECTS

Many factors, including the drug's formulation, route of administration, dosage, the duration of use, and idiosyncratic
reactions, might cause hepatic adverse effects from AAS.**! The C-17 alkylated anabolic steroids are more frequently
linked to liver toxicity among the anabolic steroids.!** The 17a-alkylation modification makes their use desirable for oral
intake.!*” Use of AS has been linked to elevations in alkaline phosphatase, lactate dehydrogenase, alanine transaminase,
and aspartate transaminase. A higher chance of increased LFT is experienced by those who use anabolic steroids.*
Elevated liver transaminases have been linked to hepatotoxic events, which can result in acute cholestatic syndrome. ")
Abuse or usage of anabolic steroids is frequently linked to an increased risk of liver damage, tumors, hepatocellular
adenomas, and peliosis hepatitis. Moreover, studies have indicated that the incidence of liver cancers is typically higher
in men than in women.**) Fatty liver diseases, chronic vascular injury etc. linked with toxicants like alcohol, and
significant lipoprotein alterations have been observed with the use of AAS.*) Hepatotoxicity caused by AAS is
characterized by disruption of antioxidative components, bile acid production upregulation, and hepatocyte hyperplasia
induction.® Although a lot of changes can be reversed by stopping, there are some effects that can worsen to the point
of being extremely dangerous.

Cardiovascular effects

The adverse effects associated with AAS use are generally Myocardial infarction, cardiomyopathy and fatal
arrhythmias.®'! AAS-induced cardiomyopathy can be triggered by increased heart chamber diameters, modifications to
diastolic function that affect ventricular relaxation, and subclinical changes to left ventricular contractility. *'**! The
pathophysiology of ventricular arrhythmias triggered by the use of AAS has been found to involve an increase in Tp-e
interval, Tp-e/QT ratio, and Tp-e/QTec ratio, with reports of sudden death.>* The use of anabolic steroids may promote
platelet aggregation, potentially by causing a reduction in prostaglandin PgI2 production by platelets or an increase in
thromboxane A2 generation by them, leading to a hypercoagulable state. Additional data pointing to left ventricular
dysfunction has been documented in rodent models. Eight weeks of testosterone treatment increased left ventricular
stiffness and decreased cardiac function and stroke volume, according to a rat study.®> Atherosclerosis and hypertension
can also arise as a result of the altered lipid metabolism, as was previously mentioned. (361 The kind, amount, and duration
of anabolic steroids taken can all affect how strong these effects are. Adverse effects seem to be reversible when the
medication is stopped. *"** When anabolic steroids are used excessively or for extended periods of time, such as in
"abuse," the risk of cardiovascular disease may rise. (59]
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Reproductive effects

Administration of anabolic steroids in men causes a predictable, dose-dependent depression of luteinising hormone (LH),
and follicle-stimulating hormone (FSH) via the negative feedback loop of the hypothalamic pituitary-gonadal (HPG) axis.
[60-62] Administration of AS can result in hypogonadotropic hypogonadism since spermatogenesis requires LH and FSH.
These physiological alterations have the following consequences: decrease in sperm density, sperm count, decreased
sperm motility, abnormal sperm morphology and testicular atrophy. () This ultimately manifests as reduced libido,
aggressive behaviours, and erectile dysfunction.!®”!

Bodybuilders typically utilize hormones like chorionic gonadotropin (hCG) to increase the production of testicular
testosterone and LH since they are aware of these effects./®®! Gynaecomastia and elevated vocal pitch are two typical
complaints made by AS users. In an effort to counteract these effects, a lot of AS users self-administer tamoxifen, an
antiestrogenic drug. Anabolic steroids use in women can lead to deepening of the voice, hirsutism, acne, clitoral
hypertrophy, decreased breast mass, decreased menstruation, increased appetite and male pattern baldness. Despite
discontinuing the causative agents, these effects may remain irreversible.l For men who have taken AAS excessively
for less than a year, quitting use can be sufficient to bring their testosterone levels back to normal. To reestablish
spermatogenesis, additional therapy with clomiphene or gonadotropin may be needed if the abuse has persisted for more
than a year.!""

ADDITIONAL ADVERSE EFFECTS

In case reports, animal studies, and controlled clinical trials, the use of AS has been associated with aggressive behaviour
and mood swings. "'/ Anabolic steroid use has been linked to increases in irritability, aggression, and arousal. This
could have both positive and negative effects. Research indicates that approximately 60% of individuals using anabolic
steroids report elevated levels of irritation and hostility. 1>’ Alopecia, sebaceous cysts, enlargement of the sebaceous
glands, greasy hair and skin, and acne are among the skin abnormalities that are known to be brought on by AS. The
alterations in the skin caused by high dosages of AS include a rise in Propionibacteria acnes, cholesterol, and free fatty
acids.!””! One typical side effect of using anabolic steroids is gynecomastia. Studies have revealed a 37% incidence rate
for anabolic steroid users. A benign growth of the male breast caused by an imbalance between the hormones estrogen
and testosterone is known as gynecomastia. Elevated sensitivity of the breast to the level of circulating estrogen. The
primary cause of men's increases in estrogen production is the aromatization of circulating testosterone. Anti-estrogens
(selective estrogen receptor modulators) like tamoxifen, clomiphene, or anastrozole, a nonsteroidal aromatase inhibitor,
are commonly used by anabolic steroid users to reduce the negative effects of estrogen and increase the synthesis of
testosterone. When gynecomastia is identified, treatment frequently involves cosmetic surgery to address the issue. One
of the more prevalent adverse effects of using anabolic steroids is acne. According to one research, 43% of users incurred
acne as a result of using androgens. Approximately 61% of users report changes in libido as the most frequent adverse
event in a small sample of anabolic steroid users.”%
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System Effects

Cardiovascular Increased total cholesterol
Increased low-density lipoprotein
Decreased high-density lipoprotein
Hypertension
Myocardial ischemia
Cerebrovascular accidents

Male reproductive Abnormal spermatogenesis
Impotence
Testicular atrophy
Gynecomastia
Priapism
Prostatic hypertrophy
Prostate cancer

Female reproductive Menstrual irregularities
Hirsutism
Clitoromegaly (irreversible)
Deepening voice (irreversible)
Male-pattern baldness
Uterine atrophy
Breast atrophy

Musculoskeletal Premature physeal arrest
Increased risk of tendon or muscle injury

Liver Elevated liver function tests
Hepatocellular carcinoma
Hepatoadenoma

Skin Acne
Striae

Psychological Mood swings
Aggressive behavior
Depression
Addiction
Withdrawal

table 2. adverse effects of anabolic- androgenic steroids. 7778

CONCLUSION

Results from research involving both humans and animals indicate that supratherapeutic doses of AAS not only cause
discernible improvements in performance but also able to cause negative side effects on the immune system as well as a
number of other body systems. Depending on the severity and length of AAS usage, these effects could be severe and
protracted. It would be ideal to utilize a double-blind, placebo-controlled experimental model to assess the effects of AAS
misuse. Nevertheless, participants would be exposed to supratherapeutic amounts of different AAS, which could be
harmful to their health. The adverse effects of anabolic steroids can be quite harmful to the body and the mind. Because
they can halt growth and create lasting changes to a woman's voice and genitalia in females, they may be more hazardous
in young adults. People who quit using these medicines may experience extreme melancholy and irritability. Anabolic
steroids are testosterone derivatives that have stronger anabolic and less virilizing effects. These effects include muscular
growth and androgenic, or masculinizing, effects. It is well established that anabolics and corticosteroids affect numerous
physiological systems in different ways. These impacts have a wealth of evidence; however, the precise mechanics are
yet unclear. We have evaluated the current body of knowledge regarding the effects of anabolics on the musculoskeletal
and cardiovascular systems in this work. It is commonly known that while the recipient may benefit from short-term
effects, longterm impacts can have a wide range of negative side effects and can be harmful. The dual nature of the
respective receptors that regulate gene expression is primarily responsible for the problematic nature of steroids.
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Physicians should emphasize to their patients that even while athletes take AS more frequently than others, the long-term
implications are not well-established, thus caution is advised. This means that the clinician must read as much as they
can about AS by looking through both medical and popular media sources. Doctors must advise patients who use AS to
stay away from these agents in order to reduce any potential health hazards and advise them that the effects of these
agents on general health have not been thoroughly researched.

Adults use them for muscle building even if they are aware of their detrimental effects because adults don't know enough
about anabolic steroids, hence public health campaigns are needed to raise awareness about steroid use is safe. This
review was not meant to encourage or endorse the usage of anabolic steroids. Instead, the goal was to talk about relevant
medical topics and offer another viewpoint given that many users of anabolic steroids don't seem to prioritize the risks to
their health and safety or the possibility of unfavourable medical outcomes.
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