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Classification of hormones
According to secreting organ:

Endocrine ...
system :;‘&.%_-77 Hypothalamus

" Pituitary gland

1. Hypothalamus Pineal gland (¥
er ~—— Thyroid and
2. Pituitary gland parathyrold
e Anterior pituitary lobe o
. — Thymus = | B
* Posterior pituitary lobe
. ’ Pancreas
3. Thyroid .=
4. Digestive system: Pancreas Brarpec. ”‘ s -
5. Adrenal glands (in female) \\ o glands
6. Reproductive: Testes & N
. o - Placenta
Ovaries Testicle —— (durin
(in male) pregnancy.
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Classification of hormones

According to chemical structure:

1. Steroid hormones are fat-soluble molecules made from cholesterol e.g.
estrogens and androgens.

2. Aromatic amino acid derivatives, such as epinephrine, are water-
soluble molecules derived from amino acids

3. Peptides or Protein hormones: These hormones are formed of:

Large polypeptides: e.g. Insulin.

Small polypeptides: e.g. ADH

4. Fatty acid derivatives: Prostaglandin (Prostaglandins).

SteroidS

Steroids comprise a group of cyclical
organic compounds whose basis is a
characteristic arrangement of seventeen
carbon atoms in a four rin structure linked 2
together from three 6-carbon rings
followed by a 5-carbon ring and an eight- 2
carbon side chain on carbon 17. 4 6
These drugs are used primarily in

1. Birth Control

2. Hormone-replacement Therapy HRT
3. Inflammatory Conditions

4. Cancer Treatment




STEROID BIOSYNTHESIS

Steroid hormones in mammals
arebiosynthesized from
cholesterol, which in

turn is made in vivo from acetyl-
coenzymeA (acetyl-CoA) via the
mevalonatepathway.
Aldosterone and hydrocortisone
are biosynthesized from
pregnenolone through a

series of steps involving
hydroxylations at

C11, C17, and C21 that convert

pregnenolone to hydrocortisone.

The 21-hydroxylase is important
for the synthesis of both MCs
and GC

Cholesterol

P450,c (Sldechaln cleavage)

H30 i Hsc Hsc
ch 0’ 17 a-hydroxylase H3C 0’ _3pHSD _ 30 0’
HO

17 a-Hydroxypregnenolone

| 3B-HSD
21-hydroxylase

-OH

o

Hydrocortisone (cortisol)
[glucocorticoid]

HS

5a-| Dlhyd rotestosterone
[androgen]

l 11pB-hydroxylase 17.20-lyase
H
o Ol
HoC 2

Pregnenolone Progesterone
mprogetinl,,

‘ 21-hydroxylase

t Aldosterone
synthase

j
e (w1
D CI
HO o

Dehydroepiandrosterone Aldosterone

(DHEA) [mineralocorticoid]
3B-HSD

HaC vl Aromatase M
“ SO
O HO

Androstenedione Estrone

[estrogen]
173-HSD 173-HSD
H,C OH HaC OH
HSC 0. Aromatase
HO
Testosterone Estradiol
[androgen] [estrogen]

Although humans do obtain approximately 300 mg of cholesterol per day in
their diets, agreater amount (about 1 g) is biosynthesized per day.

¢ Although Steroid Hormones share a common structural foundation, the
variations in the structures provide specificity for the unique molecular

targets.

 Deficiencies in any of the enzymes cause congenital adrenal hyperplasia.




Cholesterol have a 3-B-hydroxyl, and the branched 8-carbon side-chain at the 17-
B position).

* However, there is a chemical nomenclature for each steroid that uniquely
denotes the structure for that compound

e Steroid nucleus is the common structure; The keto group in C3, carbonyl group
in C20, and the double bond between C4 & C5 are essential for both
glucocorticoids & mineralocorticoids

2| CH,OH 21 2 24 26

Cholesterol
Formula: C,H,0
6 Exact mass: 386.3549

HO
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Cholestane  CH;  CH;  CH(CHj)-CyHy(CH,), 8
Ergostane  CH;  CHy  CH(CHj)-CsH5(CHy)-CH(CHs), 9
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There are Five general groups of Steroid
Hormones :

1. Estrogens

2. Progestins

3. Androgens

4. Glucocorticoids GCs

5. Mineralocorticoids MCs
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17-0H group:

1) favours androgenic activity,

2) oxidation reduces androgenic activity,
3) esterification favours anabolic activiey

Removal of C-19:
1) favours anabolic activity, | Tee-alkylation favours

2} reduces androgenic activity anabolic activity
I8 OH / :

1- and 2-alkylation favours
anaholic activity 19 11

Junction of A-ring with a
pyrazole ring or introduction
of an oxygen atom: favours
anabalic activity

To-alkylation favours anabolic activity.

B-keto group: enhunces To-methylation of

androgenic activity —0 4 19-nor-17eehydroxy-4-androstenes
6 favours androgenic activity

C4.5-double bond: reduction with
formation of See-isomer enhances
androgenic activity
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Ester attachment at 17 carbon

OHat 17 carb 1. Makes the molecule lipophilic
-OHa ' carbon 4 ilabili
Double bond between 1% & 2. Good oral bicavailability
2" carbon 1. Absolute requirement for (e.g: Testosterone undecanoate)
L. Resistant to 5-a reductase androgenic activity 3. Longer duration of action on i.m route
(e.g: Metandienone)

\ (e.g: Testosterone enanthate)
18

Removal of double bonds in Ring A

1. Aromatization occursin Ring A
2. Total loss of androgenic activity and

molecule becomes estrogenic
1. Resistantto 5-a reductase

|___(e.g: Androstenodione to estrone) |
Absolute requirement of
androgenic activity
Reduction of double between 4™ and 5™ carbon
(e.g: Oxabolone)
1. Called as 5 alpha reduction

1. Ketogroup at 3 carbon v\
2. Increased androgenic effect then anabolic effect
(e.g: Testosterone to dihydrotestosterone)

Alkyl attachmentat 17" carbon

. Decreases hepatic metabolism and hence
good oral bicavailability
(e.g: Oxandrolone, methyl testosterone)

2. Bulkler attachment turns Into antl-

androgen (e.g: Dienogest)

- OH attachment at 7th
carbon

1. Resistant to 5-a reductase
2. Increased androgenic potency
{e.g: Tibolone)

« OH or - Cl attachment at 4C
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Dynabolon

el il

Trenbolone
Hexabolan
(hexahydrobenzyl-carbonate)

ESULN | G BN {]

OH

19 nor testostérane:Nandrolone

Durabolin (Phénylpropionate)

OH

| OH
"+ CH;—CH,

Ethyl-17 « 19 nortestosterone
Noréthandrolone
Nilevar

OH
CH,;—CH;

Ethyl-17 « cestréne-4 ol-17 B
Ethylestrenol
Orgabolin

Structure-activity
relationship

Compounds

Chemical structure

Removing 19-methyl
increases anabolic
activity

19-nortestosterone
(nandrolone) series
of compounds

OH
O:E

19-nortestosterone

17-o. alkyl Many orally active
substitutions retard steroidal androgens
first-pass have 17-o alkyl
presystemic substitutions
metabolism
170-methyltestosterone
17-o. alkyl 7a-methyl,
substitutions 9-nortestosterone

increase anabolic
activity

OH
CH,
° s
R

7a-alkyl,19-nortestosterone

Esterification of
17B-hydroxyl group
increases
hydrophobicity and
extends duration of
in vivo action

Testosterone
enanthate, cypionate
and undecanoate

2)sCHy

MW 400.6

CZSHAOOS
Testosterone enanthate
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ADRENAL CORTEX HORMONES

Endogenous Corticosteroids
e The adrenal glands (which lie just above the kidneys) secrete over 50
different steroids, including precursors for other steroid hormones.
* The most important hormonal steroids produced by the adrenal cortex,
however, are aldosterone and hydrocortisone.
¢ Aldosterone is the primary Mineralocorticoid (MC) in humans (i.e., it
causes significant salt retention).

* Hydrocortisone is the primary Glucocorticoid (GC) in humans (i.e., it has its
primary effects on intermediary metabolism).




Biological Activities of Mineralocorticoids and Glucocorticoids
1. Aldosterone and, to a lesser extent, other MCs maintain a constant
electrolyte balance and blood volum
2. GCs have key roles in controlling carbohydrate, protein, and lipid
metabolism.

3. GCs have anti-inflammatory and immunosuppressive actions that arise
through complex mechanisms.
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Glucocorticoids
Major Natural Glucocorticoids

Glucocorticoids (GCs) are a class of corticosteroids, which in turn are a class
of steroid hormones.

Glucocorticoids are corticosteroids that bind to the glucocorticoid receptor
(GR).

The name glucocorticoid (glucose + cortex + steroid) derives from its role in
the regulation of the metabolism of glucose, its synthesis in the adrenal cortex.

GLUCOCORTICOLDES & Kl @l gk s 5531

3 leba 95 Calis a5 b5 d Ll ges & ST ) cbalS oS, oK
CoIPPLE e S s PR 5 P S LI 3PS SPVERURR WSt SR VEOS, \ S | R e
DAS e Sl vy Delans

¢ Do 9505 5 05 3, 0medl 5 JJ«:‘.::‘J“Q.:;)_,Q* —

o (Jos555 ) a5 a6ty Oy, 8Tt

u;.‘.u,OH CH,OH
4
o 5: ! . co HO o
I*éhydrocorticostérone Corticostérone
CH,0OH ‘1: H,0H
J
O . O HO [als]
O Le] >
Cortisone Cortisol Hydrocortisone

O P

Db gSis gl ple > gl e U (B)
: Action métaboligue : ‘_,s)h.....vl o=t

- f""” S B35k ! SOF b S LAy

Gt 3 Lt c ol W O B e 5 S BTl
- ‘__)L.\__l_g_):.” ¢L;4_ BE-¥] (a-).a.; (SRS .x_jj!
$2Fs ¢ slaaW 3 Sla W olazal o r o Sl L) v

RPUGE - RO EE T NP TIR ]




oi ) . r;l;.-J\ u..ix/_,‘_,eu,a.m ) $25F (»_,_:.._J\Cll ezl g
o (il galss J) o O e plaal BT B edd)
PV <l | RPCSS TV K e AR | PSP PG W0 0% s | PR 14 P -0
. chms 38 T Dsaall SIad oS, oS @ e 5 (g A als

Dl ol e 56 o

Lebed) oA A Jled e A I Sl ST, 55T e s &
e A=l 5adl s Thyroide 43,0 3040l s (Antéhypophyse)
: Action Hématologique I pdY s b — =

o leladly Adall (g gimn (P B sl Il o A

o Dozl 31 ) 35an2e g o) ol DL TN st sl e P —

LJ\ML J\ (_.9:'.;3. Lo 1dam o (-.\.“ L? Globuline ‘_;Jx_,l.;“ ‘L._...._o ua.a.'..i' =z

e SLLEW Ao D pzall 4o 5las

D 0 Aaad) Aol e ST — O
: somdgh Slgadl e U —

55k 3 OV ) Aoaall pepsine dn—e) B | SIS L Re- SO { I R W
Sl sl 5T Ao 3 5T Bame 3o~ Do J a5 sl G a1
N (1__1-\.-.0
(D335,555 ¢ 5955555 ) % Fadt SRS K550 dad ols U (1)

sd_a ¥ u--ﬁw_ ‘g_f;-:\-” Anti-inflammatoire kI skall ST ass
. Collagéne Q'?’;\‘),-'._H 6’“‘4)’ Ll '_519 {_')\5_,._”]\

ST 1 As sl

DA gl AL
Sl ps — duss o0 S Josi, 5T D55, 55T S

¢ Fee W Sae s s, 55

: Caractéres - Wl _adal
Galdte oy Jouii ¢ =u|g;&,._-:v¢ o lgenb slan 5, 5k Gols o

Gpd AW e ¢ e W pe i 0V ol G ¢ A pnat el

- 4’._.:_......»_'_.J|
S Dl & 55550 SIS 5Ty, oSl Lel) WSl e ladt laay

- J.EC“ v CJ\S_,AJA

D oMt

G (pod) G Ao ve — Vo ) mell o S st SIaELL Jenz s g
o SE a5 pas W G

Flo 3525 Vo G all g JoN ol 5 ale (vo ) iy Jonios — v
53555553 @ 5l Ao * * Cirrhoses B o 3 Ascites 2!
l_}L:-JH == .b‘;‘_’g.s AT (gatia u: B RN GEL B ISR R lizza s
)}-b.('-_,ii'_, ¢ L{J«u Cl.. ( Yo ) slade cohe Lo 13 ("/'.o. )4..,._...., 4L_..C!I
Sl b ST els Soo N5 e LS e ool L 13V L1500 sla.
- ;.._‘.C” ;o-l.:»‘)‘ ('.?ao— ;:li). )‘J‘*:-“ c.- C.'A.‘:,

adll Db gam 13 ciits Jo N e (Voo ) o Jom Slie Jeniod v
oaalimil] ol

55V ) Les 530S ;5lies Anti-inflammatoires <L 35lae Joazos ¢
qﬁ»)uz..!‘igdl.l\?.x;.(qe.jlxxm Sladll fe Y e Ve 0 o
Sall e J sl i e ol Gl Gl adn o e pblsae I
Al 3 LW 3slaS et o ‘,;_I.Ul




>padi ALl ol &) JEIbs @ A eV~ pi Sl eldl
. Perméabilité capillaire 43 ~2H

Sheas g il el dat b3y ToloW Esllt TS Lhee elnl ¥
- Hyaluronidase
. Cicatrisation —-=d! dlee cllnl v

Cortisone et Cortisol J23 3559913 WESR ST L
I Nz
_’LQ;A_JOQ.&LJ:....:\”M‘_’JLJL;UB— .)b_,.cﬂ”d‘d\,b&.a.:p...d
:L)_gf.....:-jr!'l o ;:L,\__.;’l gjf;)}gl iL-lL-.’l J.:-JJ‘ ._,'L.j.i e

oH
o8y 3

¥ 1 Lo

e o
—— i
uO
eCH o —CO CH,
]
T =0
<o
- H
—HBT
—_—
)

EPER- I

Aella o) Chuas <hass 9%uis gf

D ST Ay BN

bl & Il S 505, s @ e ) Ol sl-al‘ S ol
oo L 1S \6._._,..‘;.)\ A o) ;)‘,:.-Ul s ¢ Blalall B dekhe dols 4a
e gz=ll IS 551 < LS5 « ol 4 L0l s i s e Sl N g
T (O VRO IS S TN 0 LIV W e L W o7 [P <Jl
@M@\uw}lu_&duuj_.,gl(,.Ljog..‘u“,},ﬁnuu_a
O s o L sslite ot el3s oAV SILSWI e Lled sLall st
() s @™ 0I5t Lasoudt Al 55505058 oledS Sslall Al
Al G (o) S (8) Bty oo Ll LT 6 el Dslatl i e Y M
Ay

o555 51 S5, 5501 A e s 2T I AT 3k At LT
P lende Jpandl Jods (e b
T Q) B o oile JL1 — (1)

- ,_';_,_}::J; 9,55 9ls J_,-L,JDJ)_:_».H ) <> (6of
TY — 1) 3 helbe i), JU01 — (Y)

ST A 55550 29 So55 2 1 S e e Jand) I SUS (6T
* OS5 soaes Wos 05,5 — s il Lele

e Oasb 55008 SN el e (¥) 5 (1) SOt Jlsst O

DR ) @ Jatee JEO1
- &J}}}.S-\:J) e : \_S_,o (Y) &4 ;sy)l..‘.lb ;L.‘;‘
TN 1T 3 e g JB) — (O
+ O aiab 5 1S e (¥) 5 (V) e oLl et




D A @ Jefae J531 — (2)
aie cdast 13 2 Oa3leb G 1 LS e (¥) 5 (V) oo S,Lall el
R 0N B PR S L S S shalt
b e ST Pl DA LT ede LSNe G S Dol
D Addh Gl A o) o5 Ll
SAS 95T agF U

P e SlEIU shde il JoLldl et
P G xe — Ve LA g Ll e
Jdme £ e o - & X YoV G edelas Il v
R 5% X W 3 hie v

o e WL D) sl S0 e X JeSasas ol b ot
ST o G Ll S sl PIREC e

-1 R

L 1 5,1
W A 3 gl —

Fludrocortisone (33550 353958

CH,OH

. o
(T T on
i

o JasissS M a8 1 e

D salM

‘_’av\.-.u o_):ﬂi'o_.gj‘dj_}:;)_,(“&_,cb\ff:a{‘s_,;igl‘:ﬂ slas
Lyl Jemion Sl ¢ NS0 ul_u’._‘.'.....laioiyl;\dcsf(v..)_: 6981
o/_(.)ve_.).o)ran.C..::

0o i le o ¥
el G ALl cdelaa dasl, Jo (g g5 I SLS I e Ll ST
:‘E?A)Ow)g:)\.n__..‘""“ ‘,.,I(w__\)

( 0355555 — > ) Prednisone 03558 » —
( 0355595 354. W> ) Prednisolone O J353% » — ¥

:c“ ,OH (l':n.on
(o] <o HO. <o
w - OH W ke
o (e}
Prednisone Prednisolone
oAl

Ltu“_’;b\:-.'.i'YC‘,a.L“ ;Ho.im‘|)‘x.“{..\;¢L‘?.:;))1?A&_o-L~.A
.« b paal SLAll B Jouy

o oVl o8 it Al e g all G ey Laeedi ) 58 A2V yalls

o lile 5,53l Slad o5, U Ll Sl | ey
D JhnaMt

A e Sl e (6537 Ol Bslall S U e ST 58 O
U»L..Sd;_:, ESE VN § [ PU.0% | PV L.TcL_.,H_,:Jl,_,.lg‘,\,_;_..'),(H PARCT Rt ||




o J31 35k 5 oG s W Jest Ab S1AE _Ts @S aey o cdadt ST Dame 2
\

Uil () o 2ises LAl DIeddt OB O 555, 550 5T Jo55, s lade
o

- E\_,I.\ll ‘.j anls 4:..@.&‘ Log s Lo 1as o u’-—:""y‘ C)\-;S}‘ S :G.QL,U

D O8 g I

(s2=~ 3 (Cortaneyl) Deltacortisone (‘”“" o Dl gaize Pt Jemios
- ( <.¢.|> )\.)_,.n..) Cl. (\’*"°)("(L,"’"‘“JL‘\‘°“)C1‘(°°))I'\“‘"
o(,-oJTO)A_.\[,A‘dM:- LC—JLAJ‘}.M

098 8 e 31
B N I L N
;)iJLsc.;,LJ,,;.,:..«.J_:l!;u‘_}L:.EC'L‘(z._\.))l.,g_z:;{‘._:,h..u"
- 4’.._.:.“‘,» Y o

W | el (e OWolie — ¥

Methylprednisolone 53338 550 5 o

(':n,ou
HO co

Slde Ol slalt sl S5 (-\) v,.,,-n s J=d) a5 e O
s O L I AL oy .
s el nim 5T ¢ QA G e Ly S ke (Yo — Y ) Llde e

W) (17 ) emddl e OY¥olile — £

Triamcinolone gl gtmnnls 5

cH,on
HO Ce=O
e
% OH
O ==

c Oulsi p Wy — g__,——-fﬁ)"*:" Wha — 5,5

DS N

PP SRRV 4 |
ot LY ¢ Oalassal or (/oe ) 2 65T oLl slall o 5
. By Al L.A{?C:A;i-aslu:,.\.\?.q?._.axsgs,\.ll
o (s ¢ et 435 ¢ 5153 ) 4 Gl Sl G e
.MQ,P)JC!\JIA.LAC.@_,,JL’LN
C__J‘co_\»)v_,(u,.)”)l_\u)c_,.]bcu(‘\fo Slade lass
s (SN ) = ST 2 5T Sl paae T8 (el Lhade )

Dexaméthazone  {a5lielasio

CH,OH
1




.('/"_wo_.)\)ﬁ.»f‘y:.:ﬂ,‘x.;

il
nfa\\,;-i\,/'

"()\"_'/-\‘i"'

I,_:f' \\{/’l\/J Ry

S5 55 v (5 53T) cleTD Balall wtlady By e LS e s 53T sms
o R U Bl bl B 0 o Mo 098
e Ao (8 — V) Sl gl g S5, 55 Dhemid 2Bt pe 2 Jemt
o Sled sLall o 3T eV eBadls o S o2 e (e Sleel Jad s
He (eo0) Slopaie Y2 2 g
c (VY ae g e Glas 5T Jahee ) ien) W8 Ll eato
P I U J P R I R Y
Saboas I g G RAT T, s LS BT o5l St e
s padl Ko d
B L T LI O T e L T

R VOO, S UG PR CPE ) ) 8 5 UL T PLI0N RIEE .

Betamethazone Uj)t—-‘l——)
L ACO—CH0AC
-:()I-I

<,
I S T P L L B e

PN I TR SRTCOMUOR S| R - EPPTER g ([ I V6 R PN [ T
T e VU aa e e a8 5 pem Saall (50 B Jenl
C’.L_.(A___\))'-.L_E.g.gu.h..._‘_,-g,_;,_;),ﬁi Jlamizo! e B et

v g oloREl

.« Okl S

HI | BPOS, | |

* podl o
Glucocorticoids é‘ih éle’f é’f’”‘
Major Natural Glucocorticoids Y@
inci icoi i i Hypothalamus L-1
B The principal GIucocort|c0|ds,' Cortisol, is | Mpcthalam o 2
secreted by the adrenal cortex in response TNEoa
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. . Adrenal Cortex
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(inflammatory responses) and
homeostatic functions. Gontisol




Natural Glucocorticoids
Cortisol (Hydrocortisone)
Cortisone

Interconversion of cortisol and
cortisone by enzymatic oxidation or
reduction at carbon position 11
(C11), catalyzed by the two cloned
isoforms of 11-hydroxysteroid
dehydrogenase (11HSD).
By convention, bonds below the
plane of the molecule ( bonds) are
represented by dotted lines; bonds
which have no definitive orientation
are represented by solid lines; and
bonds above the plane of the
molecule ( bonds) are represented by
solid triangles.
Corticosterone and 11-
dehydrocorticosterone have similar
structures to cortisol and cortisone,
respectively, but lack the -hydroxyl
groups at position C17.

NADP*  NADPH NAD* NADH
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ACTIVE Inert
glucocorticoid 11-keto-steroid
(cortisol) (cortisone)

NADP*  NADPH

Cortisol is a 21-carbon steroid, a pregnane.
e Conversion of the 11B-hydroxyl to a ketone yields cortisone, an inactive

metabolite of cortisol.

* The steroid that lacks the 17a- hydroxyl, corticosterone, has 70% lower
glucocorticoid activity in humans, although it is the major glucocorticoid in

rats.




21-hydroxyl
Cortisol \ 20-ketone

11B-hydroxyl = /
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Glucocorticoid activity requires 11  hydroxyl (OH)
group, an a-hydroxyl group linked to C17
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Synthetic Glucocorticoids
They have the major function as Natural Glucocorticoids.
These are used either as replacement therapy in glucocorticoid deficiency
or to suppress the immune system and inflammation.
They are usually more potent (5-100 times) & have less or no
mineralocorticoids activity
They are chemically more stable and administered as tablets, injections,
creams & eye drops ....
They are effective as an immuno-suppressant drug.

1. Prednisone:

* Prednisone is a synthetic corticosteroid drug

e |t is a prodrug that is converted in the liver to the active form, Prednisolone
* 6-Methylcortisol has increased glucocorticoid and mineralocorticoid activity,
whereas 6- methylprednisolone has somewhat greater glucocorticoid activity
and somewhat less mineralocorticoid activity than prednisolone

Prednisone Prednisolone Cortisol

Prednisolone-» 6-methyl-prednisolone




Additional unsaturation of Ring A

Glucocorticoid/
mineralocorticoid
potency ratio

Prednisolone

Salt retaining activity
decreases

Unpredictable effecéts
6 a methyl cortisol - tGC & TMC activity
6 a methyl prednisolong - fGC & | MC




Hydrocortisone Prednisolone

eIncreases glucocorticoid activity,

eEnhanced glucocorticoid/ mineralocorticoid
potency ratio.

eMetabolized more slowly than hydrocortisone

Fluorinated Glucocorticoids
2. Betamethasone: 9 fluoro
¢ Betamethasone doesn’t cause water retention unlike other corticoids.
e It is used for rheumatoid arthritis, dermatitis, psoriasis, allergic
conditions such as asthma and cancers such as leukemia.
Hydrocortisone
3. Dexamethasone
At is the same as Betamethasone
(16-beta to 16- alpha methyl modification
Bt is more potent than natural corticosteroids (27 times) and
prednisone (7 times).

Dexamethasone Betamethasone

(0]

B th and d th have nearly the same molecular structure (differing by the chiral
of a single methyl group).




When combined with the 1-2 double bond in ring A plus other substitutions
at C16 on ring D, the 9-fluoro derivatives formed (e.g., triamcinolone
dexamethasone, and betamethasone) have marked glucocorticoid
activity—the substitutions at C16 virtually eliminate mineralocorticoid
activity

6a-fluoro has less salt retention properties than 9a- fluoro.

Triamcinolone

Fluocinolone

Fludrocortisone (9-fluorocortisol)

Enhanced activity at the GR (10 times relative to
cortisol) greater activity at the MR (125 times
relative to cortisol)

Fluorination at the 9 position on ring B

enhances both glucocorticoid and mineralocorticoid
activity, possibly related to an electron-withdrawing
effect on the nearby 11-hydroxyl group. It is used in

mineralocorticoid replacement therapy and has no
appreciable glucocorticoid effect at usual daily doses
of 0.05-0.2 mg.




Enhances GC & MC CHLOH
activity !

Betamethasone

Triamcinolone (acetonide moiety shaded)

BT Acetonide b/w OH groups at C16 & C17

effect enhances and
salt- retaining effects
weakens further.




Chlorinated Glucocorticoids

* Increase stabilization

¢ Increase lipophilicity

* Increase bronchial tissue absorption
¢ Increase duration of action

* 9a-chloro derivative of betamethasone Beclomethasone dipropionate

17 a hydroxyl group on ring D- esterification of the

hydroxyl group
e Acetonide b/w OH groups at C16 & C17
e Esterification of OH groups with Valerate at C17
e Esterification of OH groups with Propionate at C17 & C21
e Substitution of OH group at C21 with Chlorine
The steroids can be made more lipid soluble or more water
soluble by making suitable ester derivatives of hydroxyl (OH)
groups.
Derivatives with increased lipid solubility are often made to
decrease the release rate of the drug from intramuscular (IM)
injection sites (i.e., in depot preparations).
More lipid-soluble derivatives also have improved skin
absorption properties and thus, are preferred for dermatological
preparations.
Derivatives with increased water solubility are needed for
intravenous preparations

IMPORTANT FOR
GC ACTIVITY optimal
potency




¢ Cushing’s syndrome

e Osteoporosis

¢ Tendency to hyperglycaemia

¢ Negative nitrogen balance

¢ Increased appetite

¢ Increased susceptibility to infection
¢ Obesity, etc.

Euphoria

{though sometimes

depression or psychotic

symptoms, and emotional (Benign intracranial
lability) hypertension)

Moon face, with red

(Hypertension) (plethoric) cheeks
' Increased
Thinning abdominal fat
of skin
(Avascular necrosis
Thin arms of femoral head)
and legs:

Easy bruising

Poor wound
Cushing’s healing

syndrome




Mineralocorticoids
Mineralo-Corticoids are a class of steroid hormones similar to aldosterone in
their effects on salt & water balances.
The name mineralocorticoids derives because these hormones are involved in
the retention of sodium (Na), a mineral
used mainly for treatment of Addison disease, or primary adrenal insufficiency.
Aldosterone is primary endogenous mineralocorticoids
Aldosterone is too expensive to produce commercially; therefore, other
semisynthetic analogs have taken its place for treatment of Addison disease.
Adding a 9-fluoro group to hydrocortisone greatly increases both salt retention
and anti-inflammatory activity
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Mineralocorticoid (Aldosterone)
Detailed action mechanisms

e It acts on the mineralocorticoid receptors (MR)
in the distal tubule & it upregulates and
activates the Na+/K+ pumps, which reabsorbs
three sodium ions into the blood and two
potassium ions into the urine.
e This is in an increase of blood pressure &

blood volume

Mineralocorticoid activity requires
Aldehyde group at C18 on ring

¢ Aldosterone structurally very similar to cortisol, except that it lacks the
17a-hydroxyl group, and has an aldehyde at the 18-methy

* The 18-aldehyde is critical for mineralocorticoid activity; the sole
difference between corticosterone and aldosterone is the 18-aldehyde, but
aldosterone has 200 times higher

mineralocorticoid activity than corticosterone.




Changes that alters mineralocorticoid
activity

¢ Aldehyde group in the C18

¢ Fluorination at the 9a position on ring B

¢ 6a substitution on ring B

e Substitution at C16 on ring D

Changes that increase glucocorticoid
activity
¢ Additional double bond b/w 1 & 2
carbon atoms
¢ Alpha methylation at 6th position
¢ Alpha fluorination at 9th position
e Substitution at 16th position

Structure activity relationships of mineralocorticoids
1. Highly active natural mineralocorticoids have no OH function in positions 17.
In fact, OH groups in any position reduce the sodium-retaining activity of the
adrenocorticoid.
2. 9a-F, 9a-Cl, and 9a-Br substitution causes increased retention of urinary sodium with
an order of activity in which F > Cl > Br
3. Insertion of a 16a-OH group into the molecule affects the sodium retention activity so
markedly that it not only negates the effect of the 9a-F atom but also causes sodium
excretion

4. A double bond between positions 1 and 2 (C1-corticoids)
also reduces the sodium

retention activity of the parent drug. It contributes to the
parent drug only approximately

one-fifth the sodium-excreting activity of a 16a-OH group
5. A 17a-OH group reduces sodium retention as the
unsaturation between positions 1 and 2.

6. Other substituents reported to inhibit sodium retention

include 16a-CH3, 16B-CH3 and 16a-CH30 functions




Mineralocorticoids related products
There is no prescription products containing aldosterone as the active
ingredient
It is available mainly in analytical kits to estimate the levels of this
hormone in patients
The technique used is known as ELISA (enzyme linked immune sorbent
assay) which is a wet lab type analytical biochemistry

Drugs used as mineralocorticoids
Fludrocortisone
e Fludrocortisone is used only for the treatment of Addison disease and
for inhibition of endogenous adrenocortical secretions.
e It has up to about 800 times the MC activity of hydrocortisone and
about 11 times the GC activity




Mineralocorticoids antagonists
Spironolactone
e |t is a synthetic steroid that blocks
mineralocorticoid receptors.
e |t also blocks androgen, and blocks progesterone
receptors.
e It belongs to a class of medications known as
potassium-sparing diuretics.
e |t is used as a diuretic and antihypertensive drug

Eplerenone

It is similar to the diuretic spironolactone, though it is much more
selective for the mineralocorticoid receptor in comparison (i.e., does
not possess any antiandrogen, progestogen, glucocorticoid, or
estrogenic effects)
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91 (spironolactone) 92 (eplerenone) 93 (drospirenone) 94 (amcinonide)

: Collecting
urine] (* Tubule Cell ") [Biood
lumen / tubular basolateral

2-5% of filtered Na
is normally reabsorbed
in the collecting duct

ENaC expression

TNo/’K ATPase
expression

Na*

K* K*




