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Chapter 20

The adrenal cortex secretes steroidal hormones
which have glucocorticoid, mineralocorticoid and
Wweakly androgenic activities. Conventionally,
the term “corticosteroid’ or ‘corticoid’ includes

Natural gluco- and mineralo-corticoids and their
synthetic analogues.

By the middle of 19th century it was demonstrated
U adrenal glands were essential for life. Later it was
appreciated that the cortex was more important than the
medulla. A number of steroidal active principles were
1solated and their chemical structures were elucidated by
Kendall and his coworkers in the 1930s. However, the gate
to their great therapeutic potential was opened by Hench
(1949) who obtained striking relief in rheumatoid arthritis
by using cortisone. The Nobel Prize was awarded the very
next year to Kendall, Reichstein and Hench.
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Fig. 20.1: Simplified depiction of the pathways of adrenal steroig hormone biosynthesis
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it ACTH release from pituitary as well
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involvement of hypothalamo-pituitary-adrenal
axis in stress response is depicted in Fig. 20.2.
Corticoids have some direct and some per-
missive actions. By permissive action 1s meant
that while they do not themselves produce an
effect, their presence facilitates other hormones
to exert that action, e.g. they do not have any
effect on BP but the pressor action of Adr 18
markedly blunted in their absence. Actions of
corticoids are divided into:
Glucocorticoid  Effects on carbohydrate, protein

Aldosterone
fo) are and fat metabolism, and other actions that are
’n;aél o ACTIONS inseparably linked to these.
ceﬁz The corticoids have widespread actions. They  Mineralocorticoid Effects on Na*, K* and
Of the maintain fluid-electrolyte, cardiovascular and  fluid balance.
20.1 energy substrate homeostasis as well as functional Marked dissociation between these two types
iy thé status of skeletal muscles and nervous system. of actions is seen among natural as well as
stero] They prepare the body to withstand effects of  synthetic corticoids. Accordingly, compounds are
- and all kinds of noxious stimuli and stress. The labelled as ‘glucocorticoid” or ‘mineralocorticoid’.
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Similar action on cation transport 18 exerted 1N
other tissues as well. The action of aldosterone
is exerted by gene mediated increased transcrip-
tion of m-RNA in renal tubular cells which
directs synthesis of proteins (aldosterone-induced
proteins—AIP). The Na'K* ATPase of tubular
basolateral membrane responsible for generating
gradients for movement of cations in these cells
is the major AIP (see Fig. 42.3). Synthesis of
B subunit of amiloride sensitive Na' channel
is also induced. Because of the time taken to
induce protein synthesis, aldosterone action has
a lgtency of 1-2 hours. In addition, aldosterone
rapidly induces phosphorylation and activation
of amiloride sensitive Na* channel.

The main adverse effect of excessive mine-
raloc.:orticoid action is fluid retention and hyper-
tension. The natural and some of the Synthit‘
glugocorticoids have significant mineraloc l.c
ticoid activity responsible for side effects 1.01?
edema, progressive rise in BP, hypokalemi ike
alkalosis. The diuretic induced hypokaloni o
aggravated by mineralocorticoid }2’)‘0 alemia is

In addition to the actions e+ss,
balance, aldosterone h on Na* and K*

: as been show
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Glucocorticoid actions

1. Carbohydrate and protein metap,,
Glucocorticoids promote glycogen deDOsitiol'S'h
jiver (they are assayed on the basis of ;g asr} 3
py inducing hepatic glycogen synihyg, )

romoting g‘UCO“_COgenfiSl_S. They inhibj dr ang
utilization by perxpheral tissues. This alq Coy
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in hyperglycact
a diabeteS-likC state. The'y also cause Ol6te
preakdown and amino gmd mobilization frzl
peripheral tissues. This is responsible fo; sid
effects like muscle wasting, lympholysis, 10@
of osteoid from bone and thinning of skin T;S
amino acids sO mobilized funnel into liver anz
are used up in glugoneogepesis, EXCess ureg g
produced resulting in negative nitrogen balang
Glucocorticoids are thus catabolic. Their functig,
appears to be aimed at maintaining blood gluceg
levels during starvation—so that brain continye
to get its nutrient. When food is withheld frop
an adrenalectomized animal—liver glycogen is
rapidly depleted and hypoglycaemia occurs,
Glucocorticoids increase uric acid excretion,

o Fat metabolism The action of glucocor-
ticoids on fat metabolism is primarily permis
sive in nature. They promote lipolysis due to
glucagon, growth hormone, Adr and thyroxire.
cAMP induced breakdown of triglycerides is
enhanced. Fat depots in different areas of the
body respond differently—redistribution of body
fat occurs. Subcutaneous tissue over extremites
loses fat which is deposited over face, neck and
shoulder producing ‘moon face’, ‘fish mouth’ and
‘buffalo hump’. Explanation offered is—because
peripheral adipocytes are less sensitive (0 insulin
and more sensitive to corticosteroid-facilitat?
lipolytic action of GH and Adr, break dowt
of fat predominates, whereas truncal adipocy®®
respond mainly to raised insulin levels cause
by glucocorticoid induced hyperglycaemia'

Difference 1 Iy ot adipoc if e
n the sensitivi i ta ere :
V1 f dl ytes a . differem

t1leovneslsto fglucocon.icoids is believed to arise from

dehydro expression of the isoenzyme 11p-hydro?

hyd ogenase type 1 (113 HSD1) which generates 0
rocortisone from inactive cortisone in the target 115

Greater expression of 11BHSD1 in peripheral 2dipocy®
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On the other hand, high expression of the type 2 isoenzyme
[1pHSD2) in the kldne)_/ tubule (z}lsol colon and salivary
oland) which exp1‘es§ mineralocorticoid receptor (MR) is
{: clieved to account for only \\jeak mmeralocorticoid activ-
ity of hydrocortl‘sonc whose inherent potency on MR is
gimilar to that of aldosterqw. AS shown above, [1BHSD2
catalyses the reverse reaction mactivating hydrocortisone.

3. Calcium metabolism Glucocorticoids
inhibit intestinal absorption and enhance renal
excretion of Ca®'. Loss of osteoid (decreased
formation and increased resorption) indirectly
results in loss of Ca** from bone, producing
negative calcium balance. Spongy bones (ver-
tebrae, ribs, pelvis, etc.) are more sensitive.
4. Water excretion The effect on water excre-
tion is independent of action on Na' transport;
hydrocortisone and other glucocorticoids, but not
aldosterone, maintain normal g.f.r. In adrenal
insufficiency, the capacity to excrete a water
load is markedly reduced—such patients are
prone to water intoxication from i.v. infusions.

Glucocorticoids also enhance secretory acti-
vity of renal tubules.

5. CVS Glucocorticoids restrict capillary
permeability, maintain tone of arterioles and
myocardial contractility. Applied topically, they
cause cutaneous vasoconstriction. They play a
permissive role for the pressor action of Adr
and angiotensin, as well as a permissive role in
the development of hypertension. Corticosteroids
should be ysed cautiously in hypertensives.
Adrenal insufficiency is attended by low cardiac
output, arterjolar dilatation, poor vasoconstrictor
'esponse to Adr (repeated doses of Adr cause
destructive changes in blood vessels) and increased
Permeability of capillaries. These changes along
With hypovolemia (due to lack of mineralocorti-
“01d) are responsible for cardiovascular collapse.

S(;H'Skelerg/ muscles Optimum level of

act'lc-OSterOIdS is needed for normal muscular
VIty. Weakness occurs in both hypo- and

ypercortiCiSms but the basis are different.
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Hypocorticism: diminished work capacity and
weakness are primarily due to hypodynamic
circulation.

Hypercorticism: excess mineralocorticoid action
produces hypokalaemia — weakness;

Excess glucocorticoid action causes muscle
wasting and myopathy — weakness.

7. CNS Mild euphoria is quite common with
pharmacological (supraphysiological) doses of
glucocorticoids. This is a direct effect on brain,
independent of relief of disease symptoms, and
sometimes progresses to cause increased motor
activity, insomnia, hypomania or depression. On
the other hand, patients of Addison’s disease
suffer from apathy, depression and occasion-
ally psychosis.

Glucocorticoids also maintain the level of
sensory perception and normal level of excita-
bility of neurones. High doses lower seizure
threshold. Use of corticosteroids in epileptics
requires caution. This action is independent
of electrolyte changes in the brain and is not
shared by aldosterone.

8. Stomach Secretion of gastric acid and
pepsin 1s increased—may aggravate peptic ulcer.

9. Foetal lungs Glucocorticoids promote
structural and functional maturation of foetal
lungs near term. They stimulate production
of pulmonary surfactants which are essential

for inflation of foetal lungs at birth and air
breathing.

10. Lymphoid tissue and blood cells
Glucocorticoids enhance the rate of destruction
of lymphoid cells (T cells are more sensitive
than B cells); but in man the effect on normal
lymphoid tissue is modest. However, a marked
lytic response is shown by malignant lymphatic
cells. This is the basis of their use in lymphomas.

Glucocorticoids increase the number of
RBCs, platelets and neutrophils in circulation.
They decrease lymphocytes, eosinophils and
basophils. This is not due to destruction of the
concerned cells, but due to their sequestratior
in tissues. Blood counts come back to norma
after 24 hours.
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:\;ll' stapes of inflammation. This incluc qu !
ation of—increased cupillary Ptm'm'j,‘]\y‘mi{y
exudation, cellular infiltration. ]”"I".’-"T(Wl"“m col-
and late responses like (-np;ll,'n',\: ;_vrnhfcml;qn. "
lagen depozition. fibrohlastic nc'lujly and ultima bi/
sear formation. This action 15 chrcg and can
restricted 1o a wite by Jocal administration. The
cardinal signs of inflammation—redness, heat,
swelling and pam are suppressed.
(ilm-‘ncnrllcmd.k interfere at several steps
m the mflammatory response (see cellular
mechanism below), but the most impgrtant
overall mechanism appears 1o be limitation of
recruttment of inflammatory cells at the local
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Mechanism

* Translocation of glucose trans

porters from plasma
membrane to deeper sites,

* Induction of hepatic gluconeogenetic enzymes.

* Induction of hepatic glycogen synthase.

* Site specific changes in sensitivity of adipocytes to
GH, Adr, insulin,

« T expression of vascular

» | expression of POMC gene in pituitary corticotropes
A/71//nllammalory and Im,

munosuppressant actions
* Induction of annexins in macrophages, endothelium
and fibroblasts.

* Negative regulation of COX-2

* Negative regulation of geneg for cytokineg in
macrophages, endothelig| cells and Iymphocytes.
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Action

! glucose uptake and utilization in periphera tissues,

T production of glucose from amino acids.

Deposition of glycogen in hepatocytes.
Altered distribution of body fat.

Enhanced reactivity to Vasopressor substances,
¥ production of ACTH,

Annexins inhibit phospholipase A, > decreased
Production of PGs, LTs & PAF.

¥ inducible pg production.

¥ production of IL-1, IL-2, IL-3, IL-6, TNFa,
GM-CSF, Y interfer

On — fibroblast proliferation and
T-ymphocyte function are suppressed, chemotaxis
interfereq,

Complement function is interfered.
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) there is no impairment of antibody

The functional scheme of GR is presented in
Fig. 4.10. Direct evidence of gene expression

ato sos VI C
‘itjors dm;:dion or complement function. The clinical
n AOC ! . 1 el < . ) .
et appears tov be ,dm .10 511});)1L§51(7|1 of  mediated action has been obtained for actions
10ve I_w.uitment of leukocytus at the site of contact  listed in the box (see p. 310).
Case with antigen ar?d O{.-‘ f"ﬁammatoly response to Some actions of corticoids are exerted more
are the inununoI'Ogljcal mjury. . rapidly (like inhibition of ACTH release from
Ons Glumcorfﬂcmds cause g:eatgx' suppression of  pituitary). These may be mediated by a cell
il Ml in which T cell§ .al.‘e pnmanl)f m.volved, membrane receptor or a different mechanism
ere e delayed hypersensitivity and graft rejection.  not involving protein synthesis.
P sup pression of CMI is the basis of their use
ate in autojmmune diseases and‘organ transplan- PHARMACOKINETICS
tation, _(553 Ch'L615): ]Factor; mvolved. may be All natural and synthetic corticoids, except
os inhibition Oflf IIL_Z ;e e 10111dmac10phages; DOCA are absorbed and are effective by the
1t -2 formation and actio .
al iphibit1on ‘.) e ¢ stimulated: e 3. T oral route. Absorption into systemic circulation
Of cell proliferation 15 not shmulated; suppression occurs from topical sites of application as
ral killer cells, etc. , )
\t of ;}?mbroad action eems 1o Jis TmaupHon of well, but the extent varies depending on the
. e . ..
n L . ; compound, site and area of application, and use
f communication betv&_/een CC.HS 1nyolved n 'the of occlusive dressing. Water soluble esters, e.g
c immune process by interfering with production hvd . h T p h P
of Iymphokines and/or their action. ydrocortisone emlsuccma.te, e?(amet asone
: sod. phosphate can be given i.v. or i.m.,

Mechanism of action at cellular level
Corticosteroids penetrate cells and bind to a high
affinity cytoplasmic receptor protein, due to which
a structural change occurs in the steroid receptor
complex that allows its migration into the nucleus
and binding to glucocorticoid response elements
(GRE) on the chromatin promoting transcription
of specific m-RNA — regulation of protein
synthesis (see Fig. 4.10). This process takes at
least 30-60 min : effects of corticosteroid are not
immediate, and once the appropriate proteins are
synthesized—effects persist much longer than the
steroid itself. In many tissues, the overall effect
is catabolic, i.e. inhibition of protein synthesis.
This may be a consequence of steroid directed
Synthesis of an inhibitory protein.

“The glucocorticoid receptor (GR) is very
Widely distributed (in practically all cells). It
has been cloned and its structure determined.

étvisrajmade. up of ~ 800 amino acids.
tion of lfoac‘llva/ors' and corepressors modulate the mtere}c-
of res 1ganded GR with the GREs, altering the intensity
Ponse,
e ?,ZZ?S? the GR lafgel_}/ maintains uniformity thrqughout
glucogopy; 1Ssue specificity is not exhibited by different
100ids, and all members produce the same con-

Stellation of effects

act rapidly and achieve high concentrations
in tissue fluids. Insoluble esters, e.g. hydro-
cortisone acetate, triamcinolone acetonide cannot
be injected i.v., but are slowly absorbed from
im. site and produce more prolonged effects.

Hydrocortisone undergoes high first pass
metabolism, has low oral: parenteral activity
ratio. Oral bioavailability of synthetic corti-
coids is high.

Hydrocortisone is 90% bound to plasma
protein, mostly to a specific cortisol-binding
globulin (CBG or transcortin) as well as to
albumin. Transcortin concentration is increased
during pregnancy and by oral contraceptives—
corticoid levels in blood are increased but
hypercorticism does not occur, because free
cortisol levels are normal.

The corticosteroids are metabolized primarily
by hepatic microsomal enzymes. Pathways are—
« Reduction of 4, 5 double bond and hydroxy-

lation of 3-keto group.

« Reduction of 20-keto to 20-hydroxy form.
« Oxidative cleavage of 20C side chain (only
in case of compounds having a 17-hydroxyl

group) to yield 17-ketosteroids.
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The relative potency and activity of different
atural and synthetic corticosteroids employed
l“.;{cml’f"”y is compared in Table 20.1.

S.\

i Hydrocortisone (cortisol) 1t acts rapidly
put has short duration of action. In addition
o primary glucocorticoid, it has significant
mmeralocorticoid activity as well, Used for:
Replacement therapy—20 mg morning + 10

me afternoon orally.

SI;ocke status asthmaticus, acute adrenal insuf-
ficiency—100 mg 1.v. bolus + 100 mg 8 hourly
iv. infusion.

Topically (see Ch. 66) and as suspension for
enema in ulcerative colitis (see Ch. 49).
LYCORTIN-S 100 mg/3 ml, 200 mg/5 m! inj; EFCOR-
LIN SOLUBLE 100 mg/2 ml inj. (as hemisuccinate for
iv. inj.) WYCORT, EFCORLIN, HYDROCORTISONE
ACETATE 25 mg/ml inj (as acetate for i.m./intraarticular
ini.). PRIMACORT 100, 200, 400 mg/vial inj.

2. Prednisolone It is 4 times more potent
than hydrocortisone, also more selective gluco-
corticoid, but fluid retention does occur with
high doses. It has intermediate duration of
action: causes less pituitary-adrenal suppression
when a single moming dose or alternate day
treatment is given. Used for allergic, inflamma-
tory, autoimmune diseases and in malignancies:

»»»»»»
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500 mg/day oral, 10-40 mg i.m., intraarticular;
also topically,

DELTACORIRIL, HOSTACORTIN-IL, 5, 10 mg tab, 20
me/ml (as acctaie) for i, intraartictlar inj., WYSOLONE,
NUCORT, 5, 10, 20. 30. 40 mg tabs, OMNACORTIL 2.5
mey S omgs 10 mg, 20 mg, 30 mg, 40 mg tab, 5 mg/5 ml
oral susp, 5 mgp/ml oral drops.

3. Methylprednisolone Slightly more potent
and more sclective than prednisolone: 4-32 mg/
day oral. Methylprednisolone acetate has been
used as a retention enema in ulcerative colitis.

Pulse therapy with high dose methylpredni-
solone (1 g infused i.v. every 6-8 weeks) has
been tried in nonresponsive active rheuma-
toid arthritis, renal transplant, pemphigus, etc.
with good results and minimal suppression of

pituitary-adrenal axis.
SOLU-MEDROL Methylprednisolone (as sod. succinate)
4 mg tab; 40 mg, 125 mg, 0.5 g (8 ml) and 1.0 g (16
ml) inj, for i.m. or slow i.v. inj, DEESOLONE 4, 16 mg
tabs, 0.5 g and 1.0 g. inj.

DEPOT MEDROL Methylprednisolone acetate 40 mg/ml
and 80 mg/ml susp. for i.m. or intraarticular injection.
The initial effect of methylprednisolone pulse therapy
(MPPT) is probably due to its antiinflammatory action,
while long term benefit may be due to temporary switching
off of the immunodamaging processes as a consequence
of lymphopenia and decreased Ig synthesis.

4. Triamcinolone Slightly more potent than
prednisolone but highly selective glucocorticoid:

Compound Relativ e activity Equiv. dose
Gluco = Mineralo ~ (@ntinflammatory)
Short acting 1. Hydrocortisone (cortisol) 1 1 20 mg
% (Biological t¥2 < 12 hr)
%’ Intermediate acting 2. Prednisolone 4 0.8 5mg
£ (Biological t¥% 12-36 hr) 3. Methylprednisolone 5 05 4mg
§ 4, Triamcinolone 5 0 4 mg
S 5. Deflazacort 3-4 0 6 mg
O Long acting 6. Dexamethasone 25 0 0.75 mg
(Biological t1% > 36 hr) 7. Betamethasone 25 0 0.75 mg
Equiv. salt
°g retaining dose
) .
Q. it e 0 100 2.5mg
2£ 8. Desoxycorticosteron , Coabingual)
S8 acetate (DOCA) 1% 150 e
9. Fludrocortisone o 8506 not used olinically

10. Aldosterone
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4-32 mg/day oral, 540 mg i.m., intraarticular
:\nll :‘C; S?R 1/§ll: l(z(;]l;f(ii 41.(;?“] ;?a[l]»,},/'l i\ mag/ n‘m 1.40 f\\ g/n: '(.(:ll :
nccloiudc) for i.m., intraarticular inj., LEDERCORT 4 n'q‘ ab.
5. Dexamethasone Very potent and hxghly
selective glucocorticoid. 1t is also long'-actmg,‘
causes marked pituitary-adrenal suppression, but
fluid retention and hypertension are not a proble\n.

It is used for inflammatory and allergic condi-

tions 0.5-5 mg/day oral. For shock, cerebral

edema, etc. 4-20 mg/day i.v. infusion or i.m.

ijection is preferred. It can also be used topically.
DECADRON. DEXONA 0.5 mg tab, 4 mg/ml (as sod.

phosphate) for i.v.. i.m. inj., 0.5 mg/ml orai clrops; WYME-
SONE. DECDAN 0.5 mg tab, 4 mg/ml inj.

6. Betamethasone Similar to dexamethasone,
0.5-5 mg/ day oral, 4-20 mg im., i.v. injection
or infusion, also topical.
BETNESOL, BETACORTRIL,
mg tab, 4 mg/ml (as sod. pho
0.5 mg/ml oral drops. BETNE

Dexamethasone or betamethasone are prefer-
red in cerebral edema an

d other states n which
fluid retention must be

avoided.
7. Deflazacort Tpe glucocorticoid potency of
this newer steroid is somewhat less than of pred-
nisolone, but it lacks mineralocorticoid activity.
It is claimed to produce fewer adverse effects,
but that may b lower potency. In

CELESTONE 0.5 mg, 1
sphate) for iv., im. inj.,
LAN 0.5 mg, 1 mg tabs.

Iy and immung]
Dose: 60-12¢ mg/day Initially,

ogical disorders,
children 0.25-

6-18 mg/day for maint

enance;
5 mg/kg daily or o alternate days,
DEFGLU ¢, 3¢ mg tabs, DEFLAR, DEFZA, Dz 1,6,30 mg
labs, DEFCORT | mg, 6 mg, 12 mg, 18

tabs, 6 mg/5 | Syr.

mg, 24 mg, 3¢ mg

ment therapy in A

eplace-
10-20 mg i.m, onc

ddison’s disease: -5 mg sublingual,

€ or twice weekly,
8 Fludrocortison
coid having some
well, orally active,
Replacement therapy in
Congenita) adrenal
ing 50-200
Idiopathic p

hyperplasia in patj
ng/day,

ostural hypoten

FLORICORT 10 g (g,

sion 100-209 Hg/day,

10. Aldosterone | g the mog;

Poteyy m
Not used clinically because of 1o

- W ory| il“"'{”;}ri‘lng i 3 P
difficultics in regulating doseg. ""‘“\ah‘,m“"k\‘ S
In addition a numbe, of ,0/)"('“/1 i ) ézﬂy
glucocorticoids have' been develqp, 4 Y agg, rr%aintaih
Beclomethasone dipropionate budegg, . calt was
ticasone, etc. are used by inhalat,, inmde’ﬂ”‘ wg/day |
as spray in nasal allergy, a5 Well g asthmq‘
and mucous membrane lesiong (see Chr Skiy B. Phz
Fluocinolone acetonide, ﬂuocor%lon. 6). (for
betasol propionate and esters of betameﬂ?’ clo. System
dexamethasone, triamcinolone are deSCriSSQn.Q’ one of
Ch. 66. iy for thei
proper
USES They
impro
A. Replacement therapy o5 e
1. Acute adrenal insufficiency It i , notep
emergency. Hydrocortisone (100 mg) o dex; ri;)?]rtl !
methasone (8-16 mg) are givey LV, firgt a; prine
a bolus injection and then ag infusion, along . &
with isotonic saline in glucose solution, Ty, o
amount of fluid infugeq LV. ig guided by mop;.
toring central venous

Pressure, becayge these
patients have redyceq capacity to excrete Water
load. Short-term Lv. i

nfusion of 5 Vasopressor
(dopamine) may be needed. The cause of
adrenal insufﬁciency should be treated.
2. Chronic adrenal insufficiency (Addison’s
disease) Hydrocorti i

3. Congenital adre
genital Syndrome)

o genetic deﬁciency
mostly 21-hydroxyl
of hydrocortisone a
is Compensatory ;
causing adrenoco
deﬁciency being

formal amouyntg of
are produced gl
of weak androge

and/or Precocioy
deﬁciency is sev

nal hyperplasia (Adreno-
Itis a familial disorder due
of steroidogenic enzymes,
ase. As a result the synthesis
nd aldosterone suffers. Théfe
ncrease in ACTH secretiol
rtical hypertrophy. Eﬂlym:
only partial in most ?as'ed;
gluco- and mineralocof‘ilcoilts
ng with excessive -a-n'loiioﬂ
ns which produce virilizd i
S sexual development. If :
ere, salt wasting also 0™
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qment is 0 give hydrocortisone 0.6 my/
ided doses round the clock (o

v]ﬂl.cﬂ ;
fy in div :
o feed back suppression of pititary. 11

ists—fludrocortisone 50-200

ke dﬂi

maintait o
alt wasting pers
s - -‘
g Jay may be added.

B. pharmacotherqpy -
(for nonendocrine diseases)

Gystemic as well as topical corticosteroids have

one of the widest spectrum of medicinal uses

for their antiinﬁammatmy and immunosuppressive
roperties. Corticosteroids are powerful drugs.

They have the potential to cause dramatic

l'mprovement in many severe diseases as well

as produce equally dramatic adverse effects if
not properly used. The use of corticosteroids in
nonendocrine diseases is empirical and palliative,
put may be life saving. The following gereral
principles must be observed.

. A single dose (even excessive) is not harm-
ful: can be used to tide over mortal crisis,
even when benefit is not certain.

« Short courses (even high dose) are not
Jikely to be harmful in the absence of con-
traindications; starting doses can be high in
severe illness.

+ Long-term use is potentially hazardous:
keep the duration of treatment and dose to
minimum, which is found by trial and error;
even partial relief may have to be tolerated.

+ Initial dose depends on severity of the disease;
start with a high dose in severe illness—
reduce gradually after symptoms subside, while
in mild cases start with the lowest dose and
titrate upwards to find the correct dose. The

dose should be reassessed from time-to-time.

* No abrupt withdrawal after a corticoid has
bfen given for > 2 to 3 weeks: may pre-
Cipitate adrenal insufficiency.

Inf €ction, severe trauma, surgery or any stress

during corticoid therapy—increase the dose.

Use local therapy (cutaneous, inhaled, intra-

Nasal, etc.) wherever possible.

1. Arthritiges
Hl])d ifa}izzmatoic{ arthritis: Corticostf?roids are
only in severe cases as adjuvants to

NSAIDs when distress and disability persists
despite other measures, or to suppress exacer-
bations, or when there are systemic manifesta-
tions (sce Ch. 15).
(i1) Osteoarthritis: It is treated with analgesics
and NSAIDs; systemic use of corticoids is rare.
Intraarticular injection of a steroid may be given
to control an acute exacerbation. Injections may
be repeated 2-3 times a year, but have the
potential to cause joint destruction.
(iti) Rheumatic fever: Corticoids are used only
in severe cases with carditis and CHF with the
aim of rapid suppression of symptoms, because
they act faster than aspirin, or in patients
not responding to aspirin. Aspirin is given in
addition and is continued after corticoids have
been withdrawn.
(iv) Gout: Corticoids (short course) should only
be used in acute gouty arthritis when NSAIDs
have failed to afford relief and colchicine is
not tolerated. Intraarticular injection of a soluble
glucocorticoid-is preferable to systemic therapy
but is reserved for selected cases (see p. 232).
Though they are uricosuric—use in chronic
gout is not recommended.
2. Collagen diseases Most cases of sys-
temic lupus erythematosus, polyarteritis no-
dosa, dermatomyositis, nephrotic syndrome,
glomerulonephritis and related diseases need
corticosteroid therapy. They may be life saving
in these diseases. Therapy is generally started
with high doses which are tapered to main-
tenance dose when remission occurs. Later other
immunosuppressants may be added or substituted.

3. Severe allergic reactions Corticoids
may be used for short periods in anaphylaxis,
angioneurotic edema, urticaria and serum sick-
ness. However, even 1v. injection of a gluco-
corticoid takes 1-2 hours to act and is not a
substitute for Adr (which acts immediately) in
anaphylactic shock and angioedema of larynx.
Topical use is made in allergic conjunctivitis

and rhinitis.

4. Autoimmune diseases Autoimmune haemo-
lytic anaemia, idiopathic thrombocytopenic
purpura, active chronic hepatitis respond to
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corticoids. Prednisolone 1-2 mg/kg/day is given
il remission, followed by gradual withdrawal
or low-dose maintenance depending on ll?e
response. Remission may also be induced.m
severe cases of myasthenia gravis, in w_hlch
their use is adjunctive to neostigmine. Patients
requiring long term maintenance therapy are
better shifted to other Immunosuppressants.

S. Bronchial asthma Early institution of inhaled
glucocorticoid therapy is now recommended in
Most cases needing inhaled B, agonists almost

daily (see Ch. 16). Systemic corticosteroids are
used only for:

Status asthmaticus: give i.v. glucocorticoid;
withdraw when eImergency is OVer.

Acute asthma exacerbation: short-course of
high dose oral corticoid, followed by gradual
withdrawal.

Severe chronic asthma not controlled by
inhaled steroids and bronchodilators: add low
dose prednisolone daily or on alternate days.

6. Other lung diseases Corticosteroids benefit
aspiration pneumonia and pulmonary edema
from drowning. Given during late pregnancy,
corticoids accelerate lung maturation and surfac-
tant production in the foeta] lung and prevent
respiratory distress syndrome at birth. Two doses
of betamethasone or dexamethasone 12 mg i.m,
at 24-hour interval may be administered to the
mother if premature delivery is contemplated.
Betamethasone or dexamethasone are preferred
because of their higher placental transfer.

7. Infective diseases Administered under

effective chemotherapeutic cover, corticosteroids

are indicated only in serious infective diseases

to tideover crisis or to prevent complications,
They are indicated in conditiong like severe

forms of tuberculosis (miliary, meningeal, renal,

etc.), severe lepra reaction, certain forms of
bacterial meningitis and Preumocystis carinij
pneumonia with hypoxia in AIDS patients,

8. Eye diseases Corticoids are used in a
large number of inflammatory ocylar diseases.
In certain severe conditions, they may prevent
blindness. Topical instillation as eye drops or
ointment is effective in diseases of the anterior

chamber, e.g. allergic conjuncuvm,\_ ‘\
cyclitis, keratitis, etc. Ordinarj) ‘ St;..(l) i inq()\

not be used .in infective Conditi()nldxs oy
inflammation is severe, they may b, ; By :
conjunction with an effectjye a“tibioticpphed .
are contraindicated in herpeg Simpley i
and in ocular injuries. Posterior se

tions like retinitis, optic neuritis, Uveitis rafﬁ]F~
systemic steroid therapy. Retrobulbg, in,ece‘%ng
occasionally given to avoid Systemic sige 0€n iy
9. Skin diseases (see Ch. 66) Topical ot Cts,
roids are widely employeq and are hiOS
effective in many eczematous skjp diseqg,
Systemic therapy is needed (may be “fe_savmx.
in pemphigus vulgaris, exfoliative dermay;
Stevens-Johnson syndrome ang other ge\,e:;
afflictions.

ghly

10. Intestinal diseases Ulcerative o
Crohn’s disease, coeliac disease are inflay,
matory bowel diseases with €Xacerbations g
remissions. Corticoids are indicated

during acyy,
phases—may be used orally or as Ietentiop
enema (for colonic involvement). They are

particularly valuable for patients with Systemic
manifestations, and are given in addition t
sulfasalazine/mesalazine + other measures (see
Ch. 49). Some specialists advocate small m
tenance doses to prevent relapses.

1. Neurological conditions Cerebral edema
due to tumours, tubercular meningitis, efc.,
responds to corticoids. Dexa- or betametha-
Sone are preferred because they donot have
Na' retaining activity. Their value in traumatic
and poststroke cerebral edema is questionable.
Large doses given i.v. soon after spinal injury
may reduce the resulting neurological Sequelae.-

A short course (2-4 weeks) of oral predii
solone can hasten recovery from Bell’s Palsy
and acute exacerbation of multiple sclerosis. {n'
the latter, methyl prednisolone 1 g i-V'_ d?"g
for 2-3 days may be given in the beginnit

/ Zi'
Neurocysticercosis: When albendaZ()le/P;athe
qQuantel is used to kill cysticerci 1odgf3d 11ent is
brain, prednisolone 40 mg/day or equiva

eaction
given for 2-4 weeks to suppress the T
to the dying larvae.

litis,

aln-
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12. Nausea {117(7i~“/0’17’ff’79 Dexamethasone
<20 mg iV is flcqm\l](l)/ used to augment
l‘hc antiemetic ‘?ﬂt‘?l _Of ondansetron or meto-
Cloﬂ_amide agam_sl highly emetogenic cancer
¢herapy. High dose glucocorticoids by
(hemselves afford modest protection from cheme.
therapy induced as well as general anacsthesia
Hssocjated nausea and Vomltn_lg, probably due
to their anti-inflammatory action.

13, Malignancies . Corticoids are an essential
component of combn‘led Chemot‘herapy of acute
1ymphatic leukaemia, HO(.igklll’S and other
Jymphomas, }Jecause of th.eI.I‘ marked lympho-
Iytic action 1n th_ese conditions. They have a
secondary place in hormone responsive breast
carcinoma—act probably by causing HPA sup-
pression §O as to reduce production of adrenal
androgens which are converted to estrogens in
the body (see Ch. 64).

Corticoids also afford symptomatic relief
in other advanced malignancies by improving
appetite and controlling secondary hypercalcaemia.
For hypercalcaemia, however, bisphosphonates are
more effective and have superseded corticosteroids.

14. Organ transplantation and skin allograft
High dose corticoids are given along with
other immunosuppressants to prevent the rejec-
tion reaction. Low maintenance doses may be
continued over long term + maintenance doses
of companion drugs (see Ch. 65).

15. Septic shock High-dose corticosteroid
therapy for septic shock has been abandoned,
because it worsens the outcome. However,
Many such patients have relative adrenal
Insufficiency. Recent studies have documented
beneficial effects of low-dose (hydrocortisone
100 mg 8 hourly i.v. infusion for 5-7 days)
therapy in patients who are adrenal deficient
fnd Who do not respond adequately to fluid
:p lacement anq Vasopressors.
Stg'rmT/;ny/d Storm Many patients in tl?yroid
Oreovave copcomitant adrenal insyfﬁcxency.
T, Corticosteroids reduce peripheral T,
03u r?OHVerSiqn. Hydrocortisone 100 mg i.v.
Y may improve the outcome.

Chcl“o
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17. To test pituitary-adrenal axis function
Dexamethasone suppresses pituitary-adrenal axis
at doses which do not contribute to steroid
metabolites in urine. Responsiveness of the
axis can be tested by measuring daily urinary
steroid metabolite excretion after dosing with
dexamethasone.

ADVERSE EFFECTS

These are extension of the pharmacological
action which become prominent with prolonged
therapy, and are a great limitation to the use
of corticoids in chronic diseases.
A. Mineralocorticoid Sodium and water
retention, edema, hypokalaemic alkalosis and a
progressive rise in BP. These are now rare due
to availability of highly selective glucocorticoids.
Gradual rise in BP occurs due to excess
glucocorticoid action as well.

B. Glucocorticoid

1. Cushing’s habitus: characteristic appearance
with rounded face, narrow mouth, supra-
clavicular hump, obesity of trunk with
relatively thin limbs.

2. Fragile skin, purple striae—typically on
thighs and lower abdomen, easy bruising,
telangiectasis, hirsutism. Cutaneous atrophy
localized to the site occurs with topical
application as well.

3. Hyperglycaemia, which may lead to gly-
cosuria, precipitation of diabetes.

4. Muscular weakness: proximal (shoulder,

arm, pelvis, thigh) muscles are primarily
affected. Myopathy occurs occasionally,
warrants withdrawal of the corticoids.
To offset the catabolic state, patients re-
ceiving corticosteroid therapy longer than
2 weeks should be put on high protein,
high potassium diet.

5. Susceptibility to infection: this is nonspeci-
fic for all types of pathogenic organisms.
Latent tuberculosis may flare; opportunistic
infections with low grade pathogens (Can-

dida, etc.) set in.
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6. Delayed healing: of wounds and surgical inc1-
S10NS. .

7. Peptic ulceration: risk 18 doubled; bleeding
and silent perforation of uleers may oCCuf.
Dyspeptic symptoms are frequent with high
dose therapy.

8. Osteoporosis: cspecially involving vertcb.rae
and other flat spongy bones. Compression
fractures of vertebrae and spontancous frac-
ture of long bones can oceur, especially in th.e
elderly. Radiological evidence of osteoporosis
is an indication for withdrawal of corticoid
therapy. Corticosteroid induced 0steoporosis
can be prevented/arrested to some extent by
calcium supplements + vit D, but bisphos-
phonates are the most effective drugs in this
regard.

Avascular necrosis of head of femur,
humerous, or knee joint i1s an occasional
abrupt onset complication of high dose corti-
costeroid therapy.

9. Posterior subcapsular cataract may develop
after several years of use, especially in chil-
dren. '

10. Glaucoma: may develop in susceptible indi-

i
\{,

. AR

A,
e o

PPN

viduals after prolonged topical therapy.

11. Growth retardation: in children occurs even
with small doses if given for long periods.
Large doses do inhibit GH secretion, but
growth retardation may, in addition, be a direct
cellular effect of corticoids. Recombinant GH
given concurrently can prevent growth retarda-
tion, but risk/benefit of such use is not known.

12. Foetal abnormalities: Cleft palate and other

defects are produced in animals, but have not
been encountered on clinical use in pregnant
women. The risk of abortion, still-birth or neo-
natal death is not increased, but intrauterine
growth retardation can occur after prolonged
therapy, and neurological/behavioral distur-
bances in the offspring are feared. Predniso-
Jone appears safer than dexa/beta methasone,
because it is metabolized by placenta, reduc-
ing foetal exposure, There is no evidence of
foetal growth retardation occurring after short
term use in the mother.

Prolonged corticosteroi 1\—.(_.“\“\

pregnancy increases the risk of s t(“

diabetes, pregnancy induced I]-),'mrfc"‘vna\

and precclampsia. DSion

13. Psychialric (listurb_ances: mild Cuphoriy
quently accompanies high dose steroj trfre,
ment. This may rarely progress Cat.
psychosis. Nervousness, decreased sjee :IQ
mood chgnggs oceur in some patientg, Rarg)
adepressive illness may be induced afte, 10ngy.
term use.

14. Suppression of hypothalamo-pitu ital’y-adren
(HPA) axis: occurs depending both on doge ang
duration of therapy. In time, the adren| cor.
tex atrophies. Stoppage of exogenous stey -
precipitates withdrawal syndrome consigg,
of malaise, fever, anorexia, nausea, pOstur|
hypotension, electrolyte imbalance, weak.
ness, pain in muscles and joints and reactjy,.
tion of the disease for which the steroid wag
used. Subjected to stress, these patients may
go into acute adrenal insufficiency leading to
cardiovascular collapse.

Any patient who has received > 20-25 my
day hydrocortisone, or 2 5 mg prednisolone/day
or equivalent for longer than 2-3 weeks should
be put on a scheme of gradual withdrawal: 20
mg hydrocortisone/day reduction every week
and then still smaller fractions once this level
has been achieved. Such patients may need
protection with a corticosteroid (oral or i.v.) if
a stressful situation develops up to one year
after withdrawal. Administration of ACTH during
withdrawal does not hasten recovery becaust
it has been found that adrenals recover earlier
than pituitary and hypothalamus.

If a patient on corticosteroid therapy
develops an infection—the steroid should not
be discontinued despite its propensity 0 weaket
host defence and delay healing. Rather, the dost
may have to be increased to meet the Streis
of infection. Surgery in such a patient Shol.lve
be covered by intraoperative and POSt"pe,réns
i.v. hydrocortisone till the condition s2bl”®”
followed by oral prednisolone.

al

steroid ¢
cause
given in
suppres
immunt
longet
for alte
therapy
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\ .« that minimise HPA axis suppression are:
ter acting steroids (hydrocortisone,

feasules
Me sc‘ shor |
(@ I-edﬂf“’m“e) at the lowest possible dose.
y : . Sy 1 -4 s ~ e
Use steroids for the shortest period of time

pOSSibIe. . . .
ve the entire daily dose at one time in the

© Gi

* morning- .
@ Gwitch to alternate-day therapy if the condi-

tion does not deteriorate on the ‘off” day.

n found that moderate dose of a short acting

oid (€8 prednisolone) given at 48 hr interval did not

a HPA suppression, whereas the same total amount

c.al,lse in 4 divided 12 hourly doses produced marked HPA

gl"eﬁession. Alternate-day therapy also resulted in less

;;;unological suppression—Ilower risk of infection. The

Jonger acting steroids (dexamethasone, etc.)' are not suitable

forvaltemate-day therapy. iny problem w1t1.1 alternate-day

therapy is that many steroid dependent patients are inca-
pacirated on the ‘off day’.

(e) If appropriate, use local (dermal, inhaled, ocu-
Jar, nasal, rectal, intrasynovial) preparations
of a steroid with poor systemic availability
(beclomethasone dipropionate, triamcinolone

acetonide, fluticasone, etc.).

(b)

It has bee

CONTRAINDICATIONS

The following diseases are aggravated by corti-
costeroids. Since corticosteroids may have to
be used as a life-saving measure, all of these
are relative contraindications in the presence
of which these drugs are to be employed only
under compelling circumstances, and with due

precautions.

o 5 g AT -
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Peptic ulcer

. Diabetes mellitus

. Hypertension

. Viral and fungal infections

. Tuberculosis and other infections
6. Osteoporosis

7. Herpes simplex keratitis

8. Psychosis

9. Epilepsy

10. CHF

11. Renal failure
Combination of any other drug with cortico-

steroids in fixed dose formulation for internal

use is banned.

Metyrapone It inhibits 11-B hydroxylase in adrenal
cortex and prevents synthesis of hydrocortisone so that its
blood level falls — increased ACTH release — increased

synthesis, release and excretion of 11-desoxycortisol in urine.
Thus, it is used to test the responsiveness of pituitary and

its ACTH producing capacity.
Aminoglutethimide, trifostane and high doses of the
antifungal drug Ketoconazole also inhibit steroidogenic
enzymes—can be used to treat Cushing’s disease when
surgery or other measures are not an option. Ketoconazole
reduces gonadal steroid synthesis as well.
Glucocorticoid antagonist The antiprogestin mifepri-
stone (see p. 345-46) acts as a glucocorticoid receptor
antagonist as well. In Cushing’s syndrome, it can suppress
the manifestations of corticosteroid excess, but blockade
of feedback ACTH inhibition leads to oversecretion of
ACTH — more hydrocortisone is produced, which tends
to annul the GR blocking action of mifepristone. It is
indicated only for inoperable cases of adrenal carcinoma
and in patients with ectopic ACTH secretion.

N DL —

lone 49 mg/day and mesalazine 800 mg TDS. After 4
of 10 mg ev
d-side accident and suffered compound fracture

tion of the fracture and suturing of wounds

sgednisolone dose was tapered at the rate
Mg prednisolone/day, she met with a roa

of both bones of the right leg. Internal fixa

und i w
€r general anaesthesia is planned.

a
) Whether any additional measure needs to

Corﬁcosteroid therapy?

) Does the prednisolone therapy need discontinuation or any

zzr iod? Give reasons.
€ Appendix-1 for solution)

2.1 A 35-year female patient of inflammatory bowel disease was treated with predniso-
weeks, the symptoms subsided and

ery 2 weeks. When she was taking

be taken during surgery in view of her

alteration in the postoperative

-
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