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What are Steroids?
Steroids are a group of cholesterol derived lipophilic, low-molecular 

weight compounds found in / derived from a variety of different 
marine, terrestrial, and synthetic sources. Steroid family includes the 
sterols, , bile acids [1-4], a number of hormones (both gonadal and 
adrenal cortex hormones) and some hydrocarbons [5]. All steroid 
classes and their metabolites play important roles in the physiology and 
biochemistry of living organisms in which these are found. A number 
of synthetic steroids are being extensively used as anti-hormones [6], 
contraceptive drugs [7], anti-cancer agents [8] cardiovascular agents [9], 

osteoporosis drugs [10] anti-biotics, anesthetics, anti-inflammatories 
and anti-asthmatics [11].

All steroids are derived from cholesterol and therefore different 
classes of steroids resemble closely since all of them have the same 
basic perhydro-1,2-cyclopentenophenanthrene skeleton 1 and a slight 
variation in this skeleton or the introduction of functional groups 
result in various classes of steroids. 
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The steroidal nucleus is numbered and rings are lettered as in 2. 
With the exception of vitamin D, all steroids possess the skeleton of 
cyclopenta[a]phenanthrene 1 or a skeleton derived by one or more 
bond scissions, ring expansions or contractions. Methyl groups are 
normally present at C10 & C13 and mostly an alkyl side chain is present 
at C17 [12].

The structural modifications in the steroid ring system are 
expressed by certain prefixes for example: 

1. The ring contraction by loss of an unsubstituted methylene
group is indicated by the prefix nor and for two methylene
(CH2) groups, dinor- is used. The locant of the lost methylene is
followed by the prefix nor- in the nor-compound, e.g., 4-nor-5a-
androstane 3.

2. Ring expansion by inclusion of one methylene group is indicated 
by the prefix homo, and by two CH2 group dihomo is used. If
both addition and removal of CH2 group, both prefixes homo
and nor are used in alphabetic sequence, e.g., 4a-Homo-7-nor-
5α-androstane 4.

3. The removal of a terminal ring, with addition of a hydrogen
atom at each junction atom with the adjacent ring, is indicated
by the prefix des, followed by the italic capital letter designating
that ring, e.g., des-A-andostrane 5.

4. Fission of a ring, with addition of a hydrogen atom at each
terminal group thus created, is indicated by the prefix seco, e.g.,
2,3-seco-5a-cholestane 6.
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The stereochemistry of steroids reveals them to be non-flat 
molecules and the hexagonal carbon rings (A to C) usually assumes 
a chair rather than a boat conformation. These are mostly fused in the 
trans- conformation and the functional groups are oriented either in 
equatorial or axial position. As a convention, the substituent groups 
above the plane of the molecule are said to be in the ß position, 
whereas, those present below the plane of the molecule are said to be 
in the α position. Commonly occurring steroids are usually identified 
by their trivial names (e.g., cortisol, testosterone, etc.), however, this 
often leads to confusion in some cases, and the use of systematic 
(IUPAC) nomenclature is recommended. A complete description of 
a steroid molecule according to the IUPAC recommended steroidal 
nomenclature must include the name of the parent compound 
(pregnane, androstane or estrange, etc.) and number, position and 
orientation (α or ß) of all functional groups. As for instance, the 
IUPAC name for testosterone (trivial name) will be mentioned as 
17ß-hydroxyandrost-4-ene-3-one 7.

Steroidal Biosynthesis
Although steroids are not triterpenes since these possess C19-C29 

skeletons, rather than a C30 skeleton found in the triterpenes but all 
steroids are derived from the same 30 carbon containing precursor, the 
squalene 8 from which the triterpenes are derived. The C30 skeleton of 
squalene 8 is formed by the union of two trans-farnesyl units joined in 
head to head fashion [13]. It was first isolated from shark liver oil but 
latter on found to be present in almost all living organisms [14]. The 
squalene 8 to steroid pathway was mainly explored by Bloch, Lynen, 
Cornforth and Popjak [15]. The sequence of transformation of squalene 
8 into steroid nucleus proceeds via acid catalyzed ring opening of 
monoepoxide derivative of squalene 8 and involves formation of a 
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series of carbocationic intermediates [11]. The steric structures of 
steroids can be rationalized from the possible folding (pseudochair or 
boat) of polyprenyl chain on the enzyme surface [13].

In animals, squalene 8 is first converted into lanosterol 9 which is 
further transformed into cholesterol 11. From cholesterol 11, steroidal 
hormones are synthesized by various pathways. In plants on the other 
hand, squalene 8 is first converted into cycloartenol 10 from which 
different phytosterols and other plant steroids are obtained. In fungi 
and other lower organisms, squalene 8 appears to be first converted into 
lanosterol 9 but is then converted into ergosterol 12 that is also found 
in plants [16] (Figure 1).

Classification of Steroids
Steroid can be grouped according to a number of criteria based 

on their chemical structure (side chain attached to the ring D), site 
of production (ovarian or adrenal steroids), biological function (a 
glucocorticoid or sex steroids) and molecular actions (an estrogen-
receptor agonist), or on the basis of biochemical effects [17,18].

On the basis of type of organism in which they are present, the 
steroids are classified into three broad categories.

1. Insect steroids 2. Vertebrate steroids 3. Plant steroids 

Insect steroids or Ecdysteroids 
Ecdysteroids or the insect steroids are polyhydroxy steroids with 

cis-AB-ring junction. These steroids are actually produced by certain 
plants (e.g., Cyanotis vaga) and are taken up by the insect during 
feeding on them; the 20-hydroxyecdysone (ecdysterone or 20-E) 13, is a 
naturally occurring ecdysteroid hormone.

Ecdysteroids have been found to play a key role in cell proliferation, 
growth and apoptosis by controlling gene expression involved in 
ecdysis and metamorphosis in the insects. Ecdysone is one of the most 
common molting hormones in insects, crabs, and some worms that can 
disrupt their molting and reproduction [19].
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These steroids have potential use in promoting muscle growth and 
fat loss, and have the advantage to lower frequency of side-effects usually 
associated with anabolic steroids [20]. However their continuous use 
may cause increased testosterone 7 and dihydrotestosterone (DHT) 

14 production in males, and androgenic changes in females such as 
increased growth of facial and body hairs and deepening of the voice, 
as well as gastrointestinal problems for both sexes, such as nausea, 
bloating, and diarrhea [21]. Certain evidences are there which advocate 
their use as potential immunomodulator [22].

Vertebrate steroids

Vertebrate steroids include steroid hormones, cholesterol 11 and 
the neurosteroids.

Steroid hormones: The hormones are the chemical messengers 
responsible for specific biological functions. Depending upon the 
function performed and the site of action, the steroid hormones are 
categorized as: sex steroids, corticosteroids, anabolic steroids and vitamin 
D. They are involved in the metabolism of carbohydrates, proteins and 
fats; help to maintain homeostasis, immune system, maintain blood 
volume and also control renal excretion of electrolytes. Because of 
their anti-inflammatory activity (e.g., C60 glucocorticoid) [23], they 
are effective remedy against arthritis, dermatitis and most importantly 
they are being used and have been found potent against autoimmune 
diseases. They act as post-transplantory immunosuppressants to 
prevent acute transplant rejection and graft versus host disease [24], in 
addition, they are effective against cancer [25] and heart ailment (e.g., 
digitoxgenin 15) [24].

The gonadal hormones (estrogens, androgens and progesterones 
16) interact with vertebrate androgen or estrogen receptors and play 
important roles in inducing the body changes known as primary and 
secondary sex characteristics [26].
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The biological effects of these gonadal hormones are not limited 
only to reproductive functions, these have other activities as well. 
As for example, citrate salt of androgenic steroid [27] and certain 
estrogen derivatives such as 2-methoxyestradiol 17 have tumor growth 
inhibitory properties. The 2-methoxyestradiol analogues, e.g. 18, [28] 
estramustane 19 [29] and furanosteroidal antibiotic viridin 20 [30] have 
been prepared and are being screen for their effects on cell proliferation 
and cytotoxicity in human cancer cell lines and as inhibitors of tumor 
cell growth. In addition, estrogen derivatives bearing substituents at 
C16 and lactones at C16, e.g. 21 [31] have been evaluated as potential 
estrogenic inhibitors of the 17β-hydroxysteroid dehydrogenase.
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The biological activities of steroids are tremendous and from 
bioinorganic point of view, these natural products are expected to 
show increased biological activity upon chelation than the free ligand 
and evidences are there that support this hypothesis. Keeping this view 
in mind, many studies have been carried out to synthesize steroidal 
metal complexes and evaluate their biological activities. Metal based 
drugs (MBDs) are gaining greater importance with the passage of time 
because they are specific in their action and have favorable cellular 
transport properties. For the same reason certain metal complexes of 
estrogens have been developed as agents for cellular delivery of metal 
center to estrogen receptors [32].
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Figure 1: Steroidal biosynthesis [16].
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insulin resistance, diabetes mellitus, osteoporosis, anxiety, depression, 
gastritis, colitis, hypertention, ictus, hypogonadism, hypothyroidism, 
amenorrhoea and / or retinopathy [42].

Anabolic steroids: These are also known as anabolic-androgenic 
steroids (AAS) and are a class of steroid hormones related to testosterone 
7. They increase protein synthesis within cells, which results in the 
buildup of cellular tissue (anabolism), especially in muscles. Anabolic 
steroids also have androgenic and virilizing properties, including the 
development and maintenance of masculine characteristics such as the 
growth of the vocal cords and body hair. 

These are being used therapeutically in medicine to stimulate bone 
growth [43], appetite, induce male puberty and treat chronic wasting 
conditions, such as cancer and AIDS [44]. The fluoxymesterone (also 
known as halotestin) 28 has strong androgenic properties and is useful 
for treatment of male hypogonadism and breast neoplasma in women. 
It tends to exhibit anti-tumor activity by competitive inhibition of 
prolactin and estrogen receptors [45]. Gestrinone (marketed under 
the names dimetriose, dimetrose and nemestran) 29 is used for the 
treatment of endometriosis in many countries but is banned in USA 
because of its anabolic effects [46].

Anabolic steroids are also responsible for increased muscle mass 
and physical strength (e.g., desoxymethyltestosterone also called Madol 
or DMT, 30); however, serious health risks can be produced by long-
term use or excessive doses of anabolic steroids. The longer the body’s 
endogenous supply of testosterone is suppressed, the harder it becomes 
for hypothalamus / pituitary / testicular axis (HPTA) to recover. 
Longer steroid cycles (typically a cycle lasts 7-14 weeks) are associated 
with more serious health effects which may include harmful changes in 
cholesterol levels, acne, high blood pressure, liver damage, dangerous 
changes in the structure of the left ventricle of the heart, fluid retention, 
weight gain, hirsutism, voice change and / or hair loss [47]. Some of 
these effects can be mitigated by exercise or by taking supplemental 
drugs, however, in extreme cases permanent suppression of HPTA 
occurs thus necessitating permanent Testosterone Replacement 
therapy (TRT) [48].
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Sterols: These are the steroid alcohols and majority of them appear 
to be very long lived and are thus not metabolized. Sterols are essential 
nutrients for the eukaryotes since these plays a vital role in structural 
integrity of membrane structure of most organisms and control the 
permeability of ions through the membrane [13].

The cholesterol 11, a sterol, is found in the cell membranes of all 
tissues and it is transported in the blood plasma of all animals. It is 
more abundant in the liver, spinal cord and brain and plays a central 
role in many biochemical processes, such as the composition of cell 
membranes and the synthesis of steroid hormones [49]. It is involved 
in the maintenance of biological membranes, formation of bile and 
acts as a precursor for different steroids and most importantly it is 
involved in metabolism of fat soluble vitamins. The cholesterol 11 and 
its derivatives are being traced for their antioxidant properties [50] and 
cell signaling [51]. Some examples of diseases treated with naturally 
occurring cholesterol derivatives are allergic reactions, arthritis, some 
malignancies and diseases resulting from deficiencies or abnormal 
production of hormones.

The 7α- and 7β-spermidinyl cholesterol analogues, e.g., 31 have 

The tin containing steroid derivatives such as triphenyltincholestroyl 
ether 22 have been prepared and evaluated for use as insecticide, 
bactericide and fungicide [33]. Steroid hormones labeled with titanium 
have been synthesized and evaluated for their use in assessing activity 
of aromatase at various pathologies. High activity of aromatase 
in endometrium cancer patients without myoma indicates worse 
prognosis [34]. The organometallic complexes of testosterone 7 and 
dihydrotestosterone 14 have been prepared and evaluated for their 
potential use as tracers in non-isotopic carbonyl-metal immuno assay 
(CMIA) [35]. The CpRe(CO)3 substituted steroids 23 derived from 
fulvenes have been evaluated as potential radiopharmaceuticals [36]. 
The Cu and Pt complexes of testosterone acetate thiosemicarbazone 
(TATSC) of the type [M(TATSC)CI2] (M = Cu/Pt) have been evaluated 
against human breast cancer cell [37].
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Corticosteroids: These are produced in the adrenal cortex and 
are involved in a wide range of physiologic systems such as stress 
response, immune response, regulation of inflammation, carbohydrate 
metabolism, protein catabolism, behavior and blood electrolyte levels 
mainly by promoting sodium retention in the kidney. Examples of 
corticosteroids include cortisol 24 (a glucocarticoid) and aldosterone 
25 (a mineralocorticoid).

Synthetic corticosteroids are used in a variety of conditions, ranging 
from brain tumors to skin diseases. These are used in the treatment of 
bronchopulmonary dysplasia (BPD) in infants [38], arthritis, temporal 
arthritis, dermatitis, allergic reactions, asthma, hepatitis, systemic 
lupus erythematosus, inflammatory bowel disease (ulcerative colitis 
and Crohn's disease), sarcoidosis and especially for the treatment 
of eye infections [39]. Synthetic corticosteroid analogues include 
hydrocortisone (cortisol) 24, fludrocortisone, and dexamethasone 26.
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For over 40 years, immunosuppressive drugs have been used for 
treatment of autoimmune chronic active hepatitis. Glucocorticoids 
27 in combination with anti-metabolite azathioprine have been used 
for the same purpose. Since liver transplant is the only cure for final 
stage chronic liver disease, some steroids having immunosuppressive 
properties have been developed that have shown promising results in 
preventing allograft rejection [40]. Steroids used in combination with 
cyclosporine and azathioprene have been found effective in reduction 
of incidence of acute organ rejection and have shown a good safety 
profile in terms of infection and adverse effects in renal, liver, heart and 
pancreas transplant [41].

Long term or excessive use of corticosteroids have been found 
to be associated with various health risks such as: hyperglycemia, 
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been evaluated for their antibacterial and cytotoxic activity [52]. 
A 7-hydroxysterol 32 from a soft coral has been shown to possess 
testosterone-5α-reductase inhibitory activity [53]. The radioactive 
isotope of iodine (125I or 131I) in 19-iodocholesterol 33 is used as an 
adrenal cortex radiocontrast agent for diagnosis of patients suffering 
from Cushing’s syndrome, hyperaldosteronism, pheochromocytoma 
and adrenalectomy [54].
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Neurosteroids: Neuroactive steroids (aka neurosteroids) are 
steroids synthesized in peripheral nervous system (PNS). This class 
of steroids is useful for treatment of various forms of peripheral 
neuropathy (e.g., aging, chemotherapy, diabetes, physical injury, etc) [55].

The neurosteroids alter neuronal excitability through interaction 
with neurotransmitter gated ion channels. These compounds can act as 
allosteric modulators of neurotransmitter receptors, such as GABA(A), 
NMDA and sigma receptors. Pregnenolone 34 and progesterone 35 
are common representatives of neurosteroids [56]. The neurosteroids 
plays an important role in the development of nervous system and 
myelination, inhibition of neuronal toxicity, ischemia and have 
potential to be an effective therapy for Niemann Pick-type C disease 
(human childhood fatal neurondegenerative disease) and other 
lysosomal storage diseases [57]. Progress of aging deeply influence 
morphological and functional parameters of peripheral nerves due to 
deterioration of myelin in PNS. The neuroactive steroids are able to 
reduce aging associated morphological abnormalities of myelin and 
aging associated myelin fiber loss in sciatic nerves as well [58].

Althesin is an intravenous anaesthetic drug popular for its short 
duration of action. It is composed of mixture of two neurosteroids, 
alphadolone 36 and alphaxalone 37 (also known as alphaxalone or 
alphaxolone). Alphadolone 36 is responsible for the hypnotic effect of 
althesin; while alfaxalone 37 is responsible for the anesthetic effect and 
is used in veterinary practice as anesthetic for dogs and cats and has 
the advantage of less side effects and low plasma elimination half life in 
these animals. This drug has been withdrawn from market because of 
its severe side effects alfaxalone 37, however, has now been re-branded 
as ‘Saffan’ for vetenary anaesthsia [59].
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Another neurosteroid allopregnanolone (3α,5α-tetrahydro- 
progesterone or THP) 38 is responsible for neurogenesis and has been 
found to reverse neuron creation and cognitive deficits in mouse model 
of Alzheimer’s disease [60]. The sedative effects of neurosteroids are 
counteracted by another steroid 17-phenylandrostenol (17-PA) 39 
which binds to GABA(A) receptors, however, 17-PA doesn’t block 
effects of benzodiazepines or bartiturates [14].

Vitamin D and seco-steroids: Vitamin D is classified as a seco-
steroid in which the 9,10-C/C bond of ring B is broken. Several forms 
of vitamin D exists that include vitamin-D1, D2, D3, D4 and D5. The 
two major forms are vitamin-D2 (ergocalciferol) 40 and vitamin-D3 

(cholecalciferol) 41. The vitamin D plays an important role in the 
maintenance of physiological system, e.g., regulates the Ca and P 
levels in the blood, which is necessary for healthy skeleton system 
and promotes immunosupression. These are currently being used for 
the treatment of cancer, tumor, hearing disorder, psoriasis, rickets, 
asthma, allergy, epilepsy, fancony syndrome [61], osteomalacia and 
osteoporosis. Physalins, a group of vitamin D isolated from Physalis 
angulata have been found to have in vitro anti-inflammatory action [62].

The herbasterol 41, a 9,11-seco-sterol isolated from a marine 
sponge Dysidea herbacea has been screened for ichthyotoxic activity 
and its analogues 42a-e, 43a-c and 44a-c isolated from various sources 
have different biological activities, such as, antihistaminic [63], 
antiproliferative, antiinflamatory [64] and cytotoxic activity [65-68].
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42a a = β−ΟΗ,	b	=	α−ΟΗ,	c = f = g = H; d = e = β−Η
42b a = α−ΟΗ,	b	=	c =	β−ΟΗ,	d = α−Η, e = β−Η, f = g = H
42c a = α−ΟΗ,	b	=	c =	β−ΟΗ,	d = α−Η, e = β−Η, f,g = C:C
42d a = c = f = g = Η,	d = α−Η, e,h = C:C
42e a = c = f = g = Η,	d = β−Η, e,h = C:C

43a a = β−ΟΗ,	b	=	e =	Η,	c,d = C:C, f = β-H, g = i = ΟΗ, h = Me
43b a = e = β−ΟΗ,	b	=	i =	Η,	c,d = epoxy, f = β−Η, g = OH, h = β-Me
43c a = β−ΟΗ,	b	=	c = i =	Η,	d = CO, e,f = C:C, g = COOH = ΟΗ, h = β−Me

44a R1 = CH2OAc, n = 0
44b R1 = CHO, n = 0
44c R1 = CH2OAc, n = 1

HO 41 a,b = R = H

a

b

R

40 a,b = C:C, R = Me

Some new derivatives of 1α,25-dihydroxy-19-nor-vitamin D3 
[69] and 2-methylene analogues [64] has been synthesized and 
found to have tremendous therapeutic potential. As for example, 
some 2-functionalized analogues of 1α,25-dihydroxyvitamin D3 and 
2α-(ω-hydroxyalkoxy)-analogues [70] have been shown to be potent 
inducers of cell differentiation while C(3)-Carbamate 45, amide 46 
and sulfoxime 47 derivatives of 1α,25-dihydroxyvitamin D3 have been 
screened as low affinity vitamin D receptor; vitamin D antagonist 
and as inhibitors of the 24-hydroxylase involved in the catabolism of 
vitamin D respectively [71-73].
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Plant steroids

Plant steroids are of two broad categories: phytosterols and 
brassinosteroids. 

Phytosterols (also called plant sterols): These are a group of steroid 
alcohol that occur naturally in plants. They are white powders with 
mild, characteristic odor, insoluble in water and soluble in alcohols. 
They have many applications as food additives and in medicine and 
cosmetics. Phytosterols (e.g., ergosterol 48) have cholesterol-lowering 
properties [74] and can reduce cholesterol level in human subjects up 
to 15% [75] and may act in cancer prevention and these are widely 
marketed as a dietary supplement [76].
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Brassinosteroids: Brassinosteroids (BRs), such as brassinolide 49, 
have been shown to elicit a broad spectrum of responses including 
the promotion of cell elongation and cell division, inhibition of de-
etiolation in the dark, repression of light-regulated genes in the dark 
and repression of stress-regulated genes [77]. In view of their structural 
similarities with animal steroids, it has been proposed that BRs might 
interact with a soluble receptor in order to regulate the expression of 
specific genes [78]. The BRs tend to counter biotic as well as abiotic stress 
in plants [79]. Application of BRs to cucumbers results in increased 
metabolism and removal of pesticides; this property of BRs could be 
beneficial for reducing the human ingestion of residual pesticides from 
non-organically grown vegetables [80]. The 24-epibranssinolide (EBL), 
a brassinolide isolated from Aegle marmelos Correa (Rutaceae), have 
been found to significantly reduce the maleic hydrazide (MH) induced 
genotoxicity in Allium cepa chromosomal abberation assay [81], and 
protect neuronal PC12 cells from 1-methyl-4-phenylpyridinium- 
(MPP+-) induced oxidative stress and apoptosis in dopaminergic 
neurons [82]. 

Some 5α-hydroxy-6-ketopregnanes 50 have been examined 
[83] as analogues of brassinosteroid plant growth regulators. The 
17-substituted pregnadienes have been prepared [84] as potential 
inhibitors of testosterone-5α-reductase. An unusual Δ20-pregnene 
51 which was obtained from an octacoral, has been shown to be an 
inhibitor of the mitochondrial respiratory chain [85]. 
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O
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Miscellaneous steroids

Androstane derivatives of general formula 52 have been screened 
for the treatment and prevention of allergy [86], while the derivatives 53 
and 54 have been found to be effective against bone loss, bone fracture, 
osteoporosis, metastatic bone disease, Paget’s disease, periodontal 
disease, cartilage degeneration, endometriosis, uterine fibroid disease, 
cardiovascular disease, cerebral degenerative disorder, retenosis, 
vascular smooth muscle cell proliferation, obesity, inflammatory bowel 
disease, hypertension, retinal degeneration and cancer especially of 
breast, uterus, and prostrate [25].
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52
53 R1 = R2 = R3 = Me, iPr, nBu
54 R1 = CH2CHO = R2 = R3 = H

A pre-term baby suffering 
from RDS

The biggest problem faced by pre-term babies is the difficulty in 
breathing and many babies develop Respiratory Distress Syndrome 
(RDS) since their lungs lack a protective film over their air sacs, called 
the surfactant, which help in oxygen transfer and decrease the energy 
consumption in breathing process. Various studies have shown that 

multiple-course steroid treatment given to mothers prior to labor can 
be effective to increase the survival rate of pre-term babies by forming 
the protective film over the air sacs and help the fragile babies to get 
a better chance to survive [87]. Antenatal steroids reduce the chances 
of hyaline membrane disease and intraventricular hemorrhage and 
chronic lung disease or death in very low birth weight infants [88].

In addition, steroids exhibit antimutagenic (e.g., stigmasterol 
55), [89] anxiolytic, analgesic, anticonvulsant, sedative, hypnotic and 
anesthetic properties by enhancing GABA receptor function in non-
genomic manner [90] and some steroid derivatives 56 have been 
synthesized as GABA receptor antagonist for the treatment of CNS 
abnormalities e.g., stress, anxiety, PMS seizures caused by epilepsy and 
to prevent muscle tension, depression and to induce anesthesia [91].

HO 55 HO

H

HH

H 56

Cardiac glycosides are steroid based drugs used in the treatment 
of congestive heart failure and cardiac arrhythmia by increasing the 
force of contraction of heart muscles. In addition to their role in 
cardiac health, cardiac glycosides have anticancer properties as well 
[92]. The cardiac glycosides may be classified as cardenolide and /or 
bufadienolides. A cardenolides is a 23 carbon containing steroids with 
methyl groups at C-10 and C-13 and a five membered lactone ring at 
C-17. Bufadienolides have similar structure but with a six membered 
lactone ring with two double bonds, these constitute an important class 
highly potent toxins esp. cardiotoxins. 

Digoxin (also called digitalis, Lanoxin, Digitek, Lanoxicaps) 57 
extracted from Digitalis lanata [93] and ouabain (g-strophanthin) 58 
isolated from ripe seeds of African plant Strophanthus gratus and from 
the bark of Acokanthera ouabaio are cardenolides used in the treatment 
of various heart conditions [94], however, their use is associated with 
various health risks such as increased blood pressure (BP) & tissue 
perfusion, anorexia, nausea, hallucinations, disorientation, insomnia, 

impaired yellow color perception and gyenocomastia in males [95]. 

The ouabain 58 has been used by Somali tribesmen to poison hunting 
arrows and has been found to exert its toxic effect by blocking the Na+ 
pump [96] in a fashion similar to one of steroidal alkaloid batrachotoxin 
isolated from poison arrow frogs [97].
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57 R1 = R2 = R5 = R6 = R7 = R8 = R9 = H, R3 = R4  = OH
58 R1 =R3 = R4 = H, R2 = O, R5 = Me, R6 = R7 = R8 = R9 = OH

R4

Bufagins (a type of bufodienolides) a constituent of bufotoxins 
mainly obtained from the secretion of Cane toad (Bufo marinus) when 
it is injured and or provoked, these secretions are called Toad’s milk. 
Bufagins are also cardiotoxins just like cardenolides but these do have 
some local anesthetic action [98] and some also have anti-cancer 
properties against leukemia, melanoma and prostate cancer cells [99]. 

Certain bufodienolides such as cinobufagin 59 isolated from Chusan 
island toad (Bufo gargarizans) are used in low doses in traditional 
Chinese medicines for treatment of atrial fibrillation [100].
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The steroidal alkaloids represent an important class of alkaloids 
that contain a perhydro-1,2-cyclopentanophenenthrene nucleus. This 
class of alkaloids invariable occurs in plant kingdom as glycosidal 
combination with carbohydrate moieties. The steroidal alkaloids like 
dihydroplakinamine K 60 from marine sponge Corocium niger have 
been screened for cytotoxic activity [101]. Another unique class of 
steroidal alkaloids batrachotoxins 61 isolated from the skins of poison 
arrow frogs (genus Phyllobates) as well as from the skins and feathers 
of New Guinea birds (genus Pitohui and Iflita) are extremely potent 
neurotoxins [102]. Samandarin 62 isolated from the skin glands of fire 
salamander (Salamandra salamandra) causes muscle convulsions, high 
blood pressure and hyperventilation in vertebrates [103].
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The bile acids are the steroid acids found predominantly in the 
bile of mammals. These bile acids are made by the cytochrome P450 
mediated oxidation of cholesterol in liver from where these are stored 
in gallbladder conjugated with sulfates or amino acid glycine. Bile acids 
and their salts are mainly responsible for the emulsification of fats but 
in addition to this these also regulate the level of cholesterol in body 
and regulate the population of bacteria in small intestine and in biliary 
tract. The cholic acid 63 and chenodeoxycholic acid 64 are the most 
important human bile acids. 

Endogenous bile acids act as activators of farnesol X receptor and 
play a variety of physiological roles related to the modulation of gene 
transcription. Some bile acid analogues of mifepristone 65 and 66 have 
been synthesized as liver selective glucocorticoid antagonists for the 
treatment of type II diabetes [104].
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Certain steroidal derivatives have found their use as fluorescent 
detector for polycyclic aromatic hydrocarbon (PAH), for example, 
67 was derived from cholic acid which has a tweezers like structure 
and has been screened for its use for the detection of PAHs [105]. The 
cholesteryl benzoate 68 forms cholesteric liquid crystals with helical 
structures and has applications in thermochromic liquid crystals. 
Chloesteryl benzoate 68 is also used in hair colors, make-ups and in 
some cosmetic preparations [106].
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