STEROIDS

ique class of chemical compounds that are found widely in the animal and plant kingdom,
erized by the presence of a | 2-cyclopentanoperhydrophenanthrene nucleus in their structure.
tof four rings. Perhydrophenanthrene (rings A, B, and C) is a completely saturated derivative
ne, while D is a five-membered cyclopentane ring. The steroids include a wide variety of
ring and synthetic substances, such as sterols including vitamin D, bile acids, adrenal cortical

10Nes, various contraceptive drugs, cardiac-active lactones (cardiac glycosides), sapogenins, and
yids and antibiotics.
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cholesterol was derived from the Greek words bile (meaning ‘chole’) and solid (meaning ‘sterols’).
era of steroid research began with steroid chemistry in the 1900s. Dr A 0. Windaus worked for
' and received the Nobel Prize in 1928 for his research on the constitution of sterols.

ich and Dr Wieland engaged in natural products chemistry, including bile acids, were awarded
e in 1928.
$ix Nobel Prizes were awarded to scientists working in the area of steroids; among the six, four

mistry. The pioneer work of Adolf Windaus and Heinrich Wieland in structural elucidation
 steroids lead to the many significant discoveries in the steroids.
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iy @’) generally designated by their common or trivial names, such as

rone, and oestradiol. However. th d i i
ames and favour for (i » the developments in chemistry lead

€ Systematic names as per the International Uni d
nistry (IUPAC) nomen claiits. p I Union of Pure an

d scaffold contains 17 carbon atoms, and the num

ns 'o'f‘ the phepa}nthrene and is then followed by n
tane ring. Additional carbon atoms on steroids inc|

‘and C13 and alkyl substituents on C17 are numbered.
ystematic names for steroids are based y

pon the stem name (Fig. | ich i i
the hydrocarbon system. Cholestane is the term used for steroid( 1

bering of the carbon atoms begins with
umbering the remaining carbons of the
uding angular methyl groups attached to

s with 27 carbon atoms, pregnanes

ave 19 carbon atoms estranes
e gonanes have 17 carbon atoms. : e o
any unsaturation (double bond

tur . ) 1s present in the steroid, the ‘ane’ endin
J with ‘ene’ if it contains one double bond; ‘diene’ if it contains two doub
~three double bonds. :

6. The symbol A is Qﬁen used to designate a C=C bond in a steroid. If C=C is in between carbons 4 and
5, the compound.ls referred to as a A* steriod, and if the C=C bond is between positions 5 and 10. the

compound is designated as A1 gero; ; |

. If the double bond is not between

g of the stem name is replaced
le bonds; “triene’ if it contains

Ik . sequentially numbered carbons, in such cases both carbons are
indicated in the name,

E 8. The ring juncture or backbone carbons are shown in the structure of Sa-cholestane with a heavy dark
line.

¥

9. Solid lines denote groups above the plane of the nucleus (B-configuration) and dotted or broken lines
denote groups below the plane ().

If the configuration of substituent is unknown, its bond to the
nucleus is drawn as a wavy line &)
10. Circles were sometimes used to indic
11. If the steroid contains a three-membered ring, it is indicated by the prefix ‘cyclo’, preceded by the
number of positions concerned.
12. The configuration of the H at C-5 is always indicated in the name.

13. Compounds with Sa-cholestane belong to allo- series, while compounds derived from 5B-cholestane
belong to the normal series.

14. If any contraction of the ring of a steroid occurs. it is indicated by the prefix nor and preceded by a
small capital letter indicating the ring affected.

I5. If there is any enlargement of the ring of a steroid. it is indic
a small capital letter indicating the ring affected.

ate a-hydrogens and dark dots to indicate B-hydrogens.

ated by the prefix homo and preceded by

16.

When a methyl group is missing from the side chain this is again indicated by the prefix nor with the

number of carbon atom from which it has disappeared.

17. If any ring fission occurs in steroid with the addition of a hydrogen atom to each new terminal group,
it is indicated by the numbers showing the positions of the bond broken, followed by the prefix, seco.

18. On the basis of following priorities, suffix for the stem name is selected: carboxylic acid (or derivative)
> carbonyl > alcohol > amine > ether.
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| onally to indicate the backbone stereochemul:y Wéﬂ«'ﬁw
trans and S B-steroids are A/B cis, The terms ‘syn” and ‘anti’ are used

A B-trans form

y‘:

CH,
/] R

S

So~Cholestane (In chair forms)

prostane A,B-cis form

£ CH3
kx R
i

n is more stable than boat confirmation due to less angle strain, and hen
d nucleus exist in the chair confirmation.

ce all cyclohexane
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volume ; |

Sex and reproduction

| Availability of fuel
Metabolic rate

Classification

Jormones are classified as follows:
Hormones
Steroids Non-steroids
I
Sex hormones Adrenal cortical hormones
l
Male sex hormones (Androgens) Female sex hormones Glucocorticoids Mineralocorticoids
|
= ]
Oestrogens Progestins

fl [ADRENAL CORTICAL HORMONES (CORTICOSTEROIDS)

The adrenal glands located in superior part of kidney consist of two distinct parts: the medulla and the cortex.
The medulla synthesizes catecholamines (adrenaline). while the cortex synthesizes a number of steroid
hormones called corticosteroids. The production of these adrenocortical hormones has been controlled by the
hormone ACTH (adrenocorticotrophic hormone) which is produced in the anterior lobe of the pituitary. The
corticosteroids are classified into two types, i.e. glucocorticoids or mincralocorticoids. They are labelled as
per the type of actions found among corticoids, which include natural glucocorticoids and mi"neralocorticoidﬁ
and their synthetic analogues. Their main function is to maintain fluid-clectrolyte, cardiovascular, and enerO\-'
substrate homeostasis and functional status of skeletal muscles and nervous system. ‘ . B

_G:!lcocolrtl.cmds: Tbese steroids.regulate the carbohydrates, proteins, and the fat metabolism and are
intimately mvolved.m the operation of the processes that enable the body to resist infections and stress.
Example, hydrocortisone and cortisone. y \ \

Mineralocorticoids: i inly i
coids: These steroids mainly influence salt and water balance (and hence the control of

blood volume and blood s i
ressure) b - electr . =
B oicostcron:. p ) by maintaining proper clectrolyte balance. Example, aldosterone and

cal effects of Glucocorticoids

They act on carbohydr ei :
Promote lipolysis d{lle :l(:e ?“d protein metabolism and promote glycogen deposition in liver.
. ik intestina| bg ucagon, growth hormone, adrenaline, and thyroxine.

ik A absorption and enhance renal excretion of Ca®"
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ation of corticosteroids

ineralocarticoids with high salt retention

;)H

Aldosterone 11-Deoxycorticosterone

lucocorticoids with moderate-to-low salt retention

CHy

(o]
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Corynebacterium simplex .
» Prednisolone

Selective dehydrogenation
at 1.and 2 position

Hydrocortisone

Properties and uses: It is a white crystalline powder, which is sparingly soluble in alcohol. It is oy mes
as potent as hydrocortisone.

Dose: The oral dose for adult is 5-60 mg per day. As [M. intravenous (IV), and intra-articular (IA) injectiop,
the dose is 10-40 mg, and for topical use (skin and cyes) the dose 15 0.25%.
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ivity Relationship of Corticosteroids

TN ‘ . ' > . . *
s (: i u. ) 'isu::'::':d’_‘"y 0_ccurrmg gluf:oconlc()ld with mineralocorticoid acitivity. The |
* " cbumstsi i ify thtg s}mclure_ in increasing glucocorticoid potency and decreas
: capacity. The structure-activity relationship studies are described herein.

21
CH,O0H

Hydrocortisone

in ring A

ontrac ion of ring A to norcortisol yields an inactive compound.

2ing A can be modified isosterically to a heterocycle like 2-oxacortisol acetate, which has 25% act

he cortisol.

‘The introduction of unsaturation (a double bond) at C-1 leads to enhanced anti-inflammatory ac!
ample: betamethasone). Whereas the addition of ~OH group leads to the compound beco

ve.

e introduction of a 2a-methyl group into cortisol leads to increase in activity, the C-2 b

stituent is potent among the halogens. ' : ; :

e C-3 carbonyl group can be fused with a heterocyclic moiety to ylcld.a ‘soft drug’. C-3 spiro

olidine derivative (1) was found to be active and this derivative considerably reduced the thi

e nerally found in corticosteroids.
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vi) The A* double bond is important but ' ‘
Aone is more nctive than oonlm.m' Ousonciel for anti-iflammetery Ssbvity, SNBSS 5 0. Proman:

Cortisone G- PIoGnane s NS

vii) Ring A can be fused with a pyrazole ring. Compound (2) has 2000 times the poteacy o comnt. o
also lacks mineralocorticoid activity.

bstitution of 6a position with hydrophobic groups like alkyl or halogens (methyl, chloro, znd fuore

. as ~OH or =0 at 6a position decreases the activity.
ituents decrease the anti-inflammatory activity. Thus 7a and 7§ methyl corusc
0 1*‘»H<m}a;boﬂ16aand7aposiﬁmedeclweinacﬁvity_

,doubleiiiprednisolone affords compound with lower anti-inflammatory 2ot
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R j-inflammatory potency of corticosteroids drastically influenced by the substituents at C-9 position.

- The groups added were -F, ~CI, - Br, -1, -OH, and CH,. The activity of the compounds increases with
increasing hydrophqbic bonding of the C-9a substituents. The function of the electron withdrawing
group at C’9 was 1o increase the acidity of the neighbouring 11f3-hydroxy group which in tumn leads to
increase in corticoid activity,

i) gemoval of the C-19 angplar (‘Hf group reduces anti-inflammatory activity.

ix) The H at C-10 should be in B-configuration for the optimal activity.

mdiﬁcation in ring C
- The C-11 oxygen group is not essential for anti-inflammatory activity. It can be replaced by groups

Jike ~C1, which can be converted to the hydroxyl group in vivo.
ji) Ester substituents at C-12 have showed anti-inflammatory activity and the potency is in the following

order: propionyl > butyl > isovaleryl.
Modification in ring D
i) Methyl group at C-15 with a configuration enhances anti-inflammatory activity.
ii) Placement of 16a-hydroxy and 17a-hydroxy groups yields potent compounds. These two groups
may also form acetonide derivatives, which are more potent than the corresponding 16,17-dihydroxy

derivatives.
iiij AtC-16 introduction of chloro, methyl groups increase activity.
iv) The 17a-OH group is not essential for activity. Ketals and esters yield compounds with improved

potency.
v) Introduction of —Cl, —Br, and —F at C-17a position lowers the activity.

Modification in the side chain at C-17
i) Acetonide derivatives across the 17,20-diol arrangement resulted in more potent analogues compared

to free diols.
i) Hydroxyethanone side chain attached at C-17 in the classical corticosteroid is not essential for activity.

Tipredane, a 17-thioketal is a potent topical anti-inflammatory drug.

SCH,
HO I

= Tipredane

SCoHg

Iii) Retaining of anti-inflammatory activity of corticosteroids observed upon ketalization of the C-20

~ carbonyl group with ethylene glycol. i
V) Replacement of the -OH group at C-21 by —ClI or —F enhances activity.
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v) Replacement of the C-21 carbon by sulphur (fluticasone) atforded 2 T-TNIOESTErs, also useTul clincal)y

Fluticasone

F
vi) Replacement of -CH,OH group with an aldehyde (3) leads to compound with some systemic absorptio
OHC

<--OCOCH,

O

vii) The C-21—OH group can be esterified to afford lipophilic compounds that are meant for repository usc
viii) Introduction of activating groups at C-21; conversion of -C H,OH group to a ~CH, group (medrysonc)
yields clinically useful ophthalmic anti-inflammatory compound with relatively little eflect on

intraoccular pressure.

O i

H

Medrysone

egnancy. The

These are a group of steroids biosynthesized in the testes, ovaries, adrenals, and placenta of pr -
lobe of the

activity of these sex hormones is controlled by the hormones that are produced in the anterior

pituitary gland.
The sex hormones regulate reproductive functions and sexual processes and are responsible for h¢

development of secondary male and female sex characteristics.
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progesterone (Alza) v~
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structure-Activity Relationship of Progesterones

presence of steroid nucleus (cyclopentanoperhydrophenanthrene ring) is compulsory for pharmacologica
activity of progestins.

6 Steroid nucleus Progesterone

o Ketone group at C-3 is not essential for the activity of progesterone, because removal of it retains the
progesterone activity.

Example,

Desogestrel

® Presence of ethyl or ethinyl or diethyl group at C-17 in a configuration increase bioavailability through
oral route, but decreases by subcutaneous route.

Example,

Ethisterone

“‘7;' E:Gl‘mnﬂonm of the compound resulting from substitution of ethyl group at C-ring j

e active,

“’%Vu of the progestins like 3-oxime-17-ester decreases androgenic side
Ll activity.
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eric oestradiols (i.e. @ and B). Among them B-isomer is much more active than
mer is much less active.

935, isolated the B-isomer from the ovaries of cow. The a-isomer was isolated by
in the year 1938 from the pregnancy urine of mares.

Aluminium isopropoxide
(or) LIAIH,
QOestradiol

o)

Le==

HO
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e Introduction of halogen or CH, at C-6 or C-7 atoms in a configuration mcreases hormonal activity o
progestins.

Example

Medroxy progesterone acetate

e Presence of methyl at C-19 is not essential for activity because its removal leads to formation
pound with increased activity.

Example

Norethindrone

Addition of Cl or F at C-21 prevents metabolic hydroxylation, which also enhances oral effectivencs
Unsaturation at ring A and B enhances activity of 19-norethindrone. Example: Trimegestone.
Addition of methyl at 18th position increases the activity.

In ring D at C-17, acetylation of 17a-hydroxyl group increases the duration of action.
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ctllre—acti\'ity relationship of oestrogens

f tel’Old nllklgll\‘ (\‘\ t‘l(\ entanop ‘[‘ \ l[ ) \h *Mn 1 Mme r ) S essent « ( (
S ‘ l crnydrg ‘ cnan l"ll\k rng ) 1 CSsal l.\‘ I I
o 0 w l\\l”“l U‘“\.’l 'Il

Steroid nucleus

Modification of Ring A
Ring A is aromatic in i )
: —Oli reiipt ey arl‘:;ugseslel:l?llltpe oestrogens, which is essential for oestrogenic activity
S 1al for oestrogenic activity ) Son ,
of activity. genic activity. Removal of this ~OH group leads to great loss
, Substitution at C-1 reduces the activity.

» Smaller groups can be substituted at positions C-2 and C-3. Example: 2-hydroxy ethinyl oestradiol.

R OH OH
QH
i ! i
o HO HO 5 ‘
Qestrone Oestriol estradiol
Modification of Ring B
tions C-6 and C-7 increase the potency of drug, similarly additional doubl

e Presence of unsaturation at posi
bond between C-8 and C-9 positions further increase the activi

e 70-Substituents show increased oestrogenic activity.

ty. Example: equilin, equilenin.

Equilenin Equilin
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Modification of Ring C

¢ SUbSlftulﬁon of ~OH groups at C-6, C-7, and C-11 position reduces the activity

. SUbsmutlon at C-11 B-position with alkyl group or alkoxy groups which has 17-ethinyl group greal,
nerease affinity for the oestrogenic receptor compared to oestradiol. Example: 11f-methoxy or 11f-et
oestradiol.

¢ ~CH,Cl group at C-11 with p-configuration shows more potent activity.

o Larger substituents, example N, N-dialkyl undecylamides, show antagonistic activity

Modification of Ring D

o 17-OH is essential for oestrogenic activity.

e Epimerization of 178-OH to a-configuration results in the formation of less active analogues

o 17a-Ethinyl or 17a-vinyl groups provide greatest activity due to increase in polarity. Example: Fthir,
oestradiol.

OH
C=CH

HO
17a-Ethinyl oestradiol

e Reversal of configuration of C-2 or replacement of H for ethynyl in D ring leads to loss of oestrogenic
activity or increase in androgenic activity.

o The distance between C-3 and C-17 —OH groups should be 10-12 A, presence of this hydrophobic scaf-
folding helps to optimize oestrogenic activity. Example: all oestrogens and diethylstilbestrol.

CzHS isz Csz Cz 5
: =O ”°O|‘ |
&Hs H H H
; ; Benzoestrol
Diethylstilbestrol
Hormonal Contraceptives

Because of our alarming population trend, antifertility drugs are the need of the day. These are hormona!
preparations used for reversible suppression of fertility. In the year 1955, successful use of an oral progestin

for contraception was found, soon it was discovered that addition of a small quantity of an oestrogen enhances
their efficacy.
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Classification |
I. Androgenic or male sex characteristics promoting activity: Compounds. with androgenic activity
are called androgens. It includes normal development, functioning, and maintenance of the male .,
organs and sexual characteristics. N
2. Anabolic or muscle building activity: Compounds with anabolic activity are called anabolic agepg
It causes nitrogen retention by increasing the rate of protein synthesis, decreasing the rate of proteiy,
catabolism, and thus promotes laying down of new tissues. It also stimulates the thickness rise and lineay
growth of the bones to some extent. The distinction of anabolic therapy of such wasting conditions a5
cancer, trauma, osteoporosis, and effects of immobilizations are also treated by the anabolic agents.

Biological Activities of Androgens

Testosterone and DHT cause masculinizing effects, even in the male foetus. They induce the developmen;
of prostate, penis, and related sexual tissues at puberty. The secretion of testosterone by the testes increascs
greatly, leading to an increase in facial and body hair, deepening of the voice, increased protein anabolic
activity and muscle mass, and increase in the size of sexual organs. Spermatogenesis begins, and the prostate
and seminal vesicles increase their activity. The skin becomes thicker, and sebaceous glands increase in
number leading to acne in many young people. The androgens also play important roles in male psychology
and behaviour. Testosterone plays a role in libido, mood, muscle mass and strength, as well as bone density
of women.

Therapeutic Uses of Anabolic—Androgenic Steroids (AAS)

e Mainly used in androgen replacement therapy in men, either at maturity or in adolescence.
e Used in advanced or metastatic breast carcinoma of selected patients.

e Used to relieve bone pain associated with osteoporosis and to treat certain anaemias.

Following are the testosterone and its synthetic anabolic-androgenic steroids.

Methandrostenolone
(Dianabol)

mesterone
Fluo Oxandrolone (Oxandrin) Nandrolone
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Synthesis

0

o CrO, j
(

CH. (,oon I) A
! S =) Br
(0] : o ,
Chloesterol | | | (1) Zny (,H_; SOOH
C=0 CF 9 n(“’ H/'lr' hyeas,
| Cho|eslery| acetate dibromide
CH,
OH
(i) Ac, (0]
(u) Na—C OH
0 Dehydroepiandrosterone

l;_ (i) CgH,COCI Oxidizing agem
(if) Mild hydrolysis

|
CH, (ii) CH,OH-NaOH)
OCOCHs

Androst-4-ene-3:17-dicre

Oppenauer oxidation
OCOCgH,
Hydrolysis
Pyridi

KOH

Testosterone
\\c—CH CH,
()-CH,CH,COC! )—CH CHy
Testosterone cypionate OCOC,H;
CH,(CH,);COCI
Testosterone enanthate 0

Testosterone propionate
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Structure—Activity Relationship of Androgens

Testosterone
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: jon of testosteron i
Conversio e to dlhydrotestosterone (DHT i
e stereochemlstry . " ) has little effect or m

androcens cie ay increase potency. Changing
Sﬁ-hydroxy-SB-androstane—l7-one and e VE ) 4 cive

androsterone and DHT to the A/B cis-derivative

. 3 173-hydroxy- )
anabolic and androgenic properties drastically YCroxy-3p-androstan-3-one, respectively, reduces both the
l O“ O
3
HO~ .
H HO
Androsterone H

3b-Hydroxy-5b-androstane-17-one

OH
OH
_—
o \
H o)
H

51-Dihydro testosterone
17b-Hydroxy-5b-androstane-3-one

e These observations indicated the importance of the A/B trans ring juncture for activity.

e Oxygen function at C-3 can be removed from testosterone with little reduction in androgenic activity,
removal of the —OH group from C-17 sharply reduced the androgenic activity.

e The position of the oxygen atom is important. The substitution of oxygen at C-2 affords the most active
compound and the order of activity is2 >3 > 4.

o The relative androgenicity of the olefins of 3-deoxy testosterones is in the order of A" > A?> A’ > A'. But
the A2-isomer displayed the greatest anabolic activity. i . }

e On the basis that sulphur is bioisosteric with CH=CH Wo!ﬁ an.d .co—workers have synthesized the thia,
seleno, and tellurio androstanes, which displayed androge.:mc activity. . .

e Esterification of testosterone prolonged the activity signlﬁcantly when it was a(.immlstered. parenterally.
Long-chain aliphatic or aryl aliphatic acid such as propionic, heptan(?lc (e.nanthmc), decanoic, cyclopent-
ylpropionic (cypionic), or B-phenylprorpionic acid are used for esterlﬁcatlon of te.sto.steron.c. ‘ ‘

® Placement of a 9a and an 11p-OH substituents (analogous to synthetic glucpcorﬂconds) gives fluoxy mt-
sterone (90,.F-113,17ﬁ-dihydroxy-l7-a-methylandrost-4-en-3-one). which is an orally active androgen

showing approximately four times the oral activity than that of 17a-methyl testosterone.

OH

Fliloxvmesterone



