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System under the title 'Adrenocorticosteroids'. Finally!!

- This sheet was deigned by copying all the slides for this lecture within it,
followed by the doctor's notes; so NO need to go through the slides if you study
it! It is long because it has all the slides written within it !

- If you are one of the few people who actually will study this sheet, then you
already know it will be a bit long, yet some-how easy! Lol.

- One way to go through this sheet easily; is for you to already have the

appropriate knowledge about the physio. for the adrenal gland.

-YOUR GUIDE: *In Bold, the slide's number *In talics, the slide's content

*Followed by this symbol $, are the doctor's notes.
Good Luck =D ..

SLIDE 1

Divided into those having:

1.Important effects on zhtermec{z}qzy metabolism and immune function =
glucocorticoids (cortisol).

2. Sa]t—retammg activity = mineralocorticoids (aldosterone).

3.Androgenic or estrogenic activity. Dehydroepiandrosterone (DHEA) sulfate
and ana’rostenedione, respective/y.

$ Androgenic and estrogenic are functioning in males and females in their own

respective roles.

SLIDE 2

Secretion of adrenocortical steroids is controlled by the pituitary release of
corticotropin (ACTH).

Secretion of the Sa]t—retazhzhg hormone aldosterone is pz‘z'mari/y under the
influence of angiotensin.

$ Mainly the glucocorticoids are regulated through the hypothalamic-pituitary
axis, through CRH from the hypothalamus that stimulates the ACTH. That's
unlike the mineralocorticoids, especially aldosterone, that depend on the
Angiotensin system. ( Renin , Angiotensinogen , Angiotensin I , by ACE

becomes Angiotensin II ).




] SLIDE 3 ]
B Cortisol B
H °A natura[])/ occurring g]ucocorticoia’. H
i eAlso called hydrocortisone. ]
o/n the absence of stress, 10-20 mg are secreted a’ai[)/, which follows a circadian

rbyt]un with a pu]se of secretion that pea/(S in the ear]y morning hours and after
= meals. =
| $ You should know that Cortisone is very similar to Cortisol; with the addition |
of a ketone group and a bit less potency.

$ The 10-20 mg is your daﬂy requirement under no stress.

= SLIDE 4 H
H 200 H
] 180 - I
H 160 |- ]
I 140k I
3
i E - 25 i
H & 120 i
1 I 1
I & 3 I
| < 100 | 120 B |
@ £
i g g0l 3 i
i I 415 5 i
i 60 - - i
i 1o & i
= a0l o =
i ;| I
o 20 |- i
[ Lunch Snack Dinner Snack Snack Sleep Breakiast [
i L m NN eee—— i
] Noon 4 PM 8 PM Midnight 4 AM 8 AM Noon |

i FIGURE 39-2 Fluctuations in plasma ACTH and glucocorticoids throughout the day in a normal gir (age 16). The ACTH was measured by i
1 immunoassay and the glucocorticoids as 11-oxysteroids (11-OHCS). Note the marked ACTH and glucocorticoid rises in the morning, before 1
awakening from sleep. (Reproduced, with permission, rom Krieger DT et a: Characterization of the normal temporal pattern of plasma corticosteroid levels. J Clin
= Endocrinol Metab 1971,32:266) H




$ You should pay attention to your circadian rhythm , because any disturbance
in it could cause much problems to you including in the secretion of many
hormones and other Psychiatric issues like depression.

$ Highest level is on the morning and the lowest is in the afternoon. After-meals
cortisol level increases but not as high as on the morning .

$ The circadian rhythm is very important in our practice! Q: If you were to give
your patient a corticosteroid for a specific disease, when will you give it to him ?
A: At night, when there are low levels of the corticosteroids in the body and the

receptors are up-reguiated, for a better response (expiained iater).

SLIDE 5

eBound in p[asma (90%) to an CZZ—g]obu]in, cortz'costeroid—bina’lhg g]obu[in
(CBG).

*CBG is saturable above 20-30 Ug/dL cortisol.

*CBG is increased a’un'ng pregnancy, estrogen tberapy and in h ypertb )/roia’ism;
and decreased in h y_potﬁ )/roicﬁsm, genetic defects of synt]iesis and protein
a’eﬁcfency states.

$ Very High doses of cortisol, means too much free cortisol as its binding is

saturable at 20-30 [lg/dL.

$ During pregnancy and high estrogen concentration , High CBG concentration
, High binding , Low amount of the free cortisol , Low degree of action and
elimination ( Recall that the free hormone is the one capable of doing action and
being eliminated ).

SLIDE 6

eAlbumin has a large capacity but low affinity for cortisol.

eSynthetic steroids like dexamethasone are largely bound to albumin rather than
to CBG.

etl ~ 60-90 min. It may be increased when hydrocortisone is administered in
large amounts or when stress, hypothyroidism, or liver disease is present.

eMostly inactivated in the liver, 20% converted to cortisone.
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~1 | FIGURE 39-4 Amodel of the interaction of a steroid, S (eg, cortisol), and its receptor, R, and the subsequent events in a target cell. The ste- |
roid is present in the blood in bound form on the corticosteroid-binding globulin (CBG) but enters the cell as the free molecule. The intracellular
~|1 | receptor is bound to stabilizing proteins, including two molecules of heat-shock protein 90 (hsp90) and several others, denoted as ‘X" in the M
figure. This receptor complex is incapable of activating transcription. When the complex binds a molecule of cortisol, an unstable complex is
|| | created and the hsp90 and associated molecules are released. The steroid-receptor complex is now able to dimerize, enter the nucleus, bindto  §-
a glucocorticoid response element (GRE) on the requlatory region of the gene, and regulate transcription by RNA polymerase Il and associated
|| | transcription factors. A variety of requlatory factors (not shown) may participate in facilitating (coactivators) or inhibiting (corepressors) the N
steroid response. The resulting mRNA is edited and exported to the cytoplasm for the production of protein that brings about the final hor-
I | mone response. An alternative to the steroid-receptor complex interaction with a GRE s an interaction with and altering the function of other |-

B $ READ THE FIGURE DISCREPTION ABOVE! VERY IMPORTANT! B

u $ Don't mix it with the thyroid hormone mechanism; as the thyroid hormone u

$ The receptor for the corticosteroids is Intracelluer Cytoplasmic receptor.
u $ For fast actions with no need to inter the nucleus; we need plasma membrane m

u receptor. Some receptors are found near the plasma membrane with regions on u




them that are called paimitoyiation motifs ( sites on the receptor that can bind
fatty acids; like paimitic acid ). Binding of the fatty acid to this receptor makes it
hydrophobic; making it possible for the receptor to bind onto the piasma
membrane and to function from there. This explains the fast suppression ACTH
,within minutes, unlike the mRNA pathway that could take days to synthesize
the proteins needed! (The fast effect that cortisol puts on are not through protein
synthesis, but by other means that were not mentioned )

SLIDE 8

Mechanism of Action:

o/n addition to GREs, other transcription factors also bind to and are activated

b)/ the ]Jgana’—bouna’ receptor such as activator protein 1 (APJ ) and nuclear factor
KB (NF-KB).

e AP1 and NF-KB act on non—GRE—contazhing promoters, to contribute to the
regu/ation of transcription of their responsive genes.

SLIDE 9

e These transcription factors p/a 1y a role in regu]ation of gro wth factors and
Proﬂn‘]ammatozy g/tofdnes, and to a greater extent, mediate an tl'gro Wi’[),

an tzihz‘]ammatogf and imm unosuppressive effects of g]ucocortl'com’s.

e The interaction of g]ucocorticoia’ receptors with GRESs or other transcription
factors is facilitated or inhibited by several families of proteins called steroid
receptor coactivators and corepressors ( coregu]ators )

SLIDE 10

e The coregulators do this by serving as bridges between the receptors and other
nuclear proteins, and by expressing enzymatic activities such as histone acetylase
or deacetylase that alter the conformation of the nucleosome and the
transcribability of genes.

e Between 10-20% of expressed genes in a cell are regulated by glucocorticoids.

$ Their regulation covers any kind of cells.

$ Their regulation covers bigger degree and diversity than the thyroid hormones.
SLIDE 11

e The number and affinity of receptors for hormone, the complement of
transcription factors and coregulators, and posttranscription events determine the

relative .speaﬁagf of hormone action in various cells.




o The effects of g]ucocorticoia’s are main])/ due to proteins Syntbesized from
mRNA transcribed by their target genes.

SLIDE 12

eSome of the effects can be attributable to binding to aldosterone receptors
(ARs). ARs bind aldosterone and cortisol with similar affinity, while cortisone
has minimal affinity for ARs.

$ Cortisol can do the same function as aldosterone when it binds to ARs, so be
careful of hypertension, edema and heart failure.

SLIDE 13

eThe GR also interacts with other regu]ators of cell function.

eOne such molecule is CLOCK/BMAL-1, a transcription factor dimer expressea’
in all tissues and generating the circadian rh yt]zm of cortisol secretion at the
suprac/u'zzsmatic nucleus of the ]1)7)0[‘[1&]3[111,15.

SLIDE 14

eCLOCK has an acety]transz%rase activity that acety]ates the hinge region of the
GR, neatra]izmg its transcr@tiona] activity and thus rendering target tissues
resistant to g/ucocorticoids.

eThe g]ucocon‘icoia’ target tissue sensitivity rh yz‘bm IS In reverse p[zase to that of
Cl'rcu/atzhg cortisol concentrations, eXp[amng the increased sensitivity of the
organism to evening administration of g/ucocorticoids.

$ The doctor again emphasized on the exampie we mentioned above relating to
'SLIDE 4" about the best time to give your patient Cortisol especially if it was
oniy one dose , linking that to the sensitivity of the receptors ( much sensitive
and up—regulated at night )

SLIDE 15

e The GR also interacts with NF-KB, a regu]ator of production of C)/to/ﬂ'nes and
other molecules involved in inflammation.

SLIDE 16

e Feedback suppression of pituitary ACTH occurs in minutes and is too rapid to
be explained on the basis of gene transcription and protein synthesis.

e Proposed mechanisms include a direct effects on cell membrane receptors for
the hormone or nongenomic effects of the classic hormone-bound glucocorticoid

receptor.




o The putative membrane receptors ng]zt be en tjre])/ different from the known
intracellular receptors.

SLIDE 17

e A/l corticosteroid receptors have pa/mitoy]ation motifs that allow enzymatic
addition of pa[mitate and increased localization of the receptors near the p/asma
membranes, ma]ﬂ'ng them available for direct interactions with and effects on
various membrane-associated or C)/top]asmic proteins without the need for entry
into the nucleus and induction of transcnptiona] actions.

SLIDE 18

Ph )/sio/ogz'ca/ Actions:

o I/VJ'despread actions az%ctzhg most cells of the bod)/.

I. Permissive actions (In the absence of g]ucocorticoids, these functions become
deficient):

1.The response of vascular and bronchial smooth muscle to catecholamines is
diminished in the absence of cortisol and is restored by P/1 ysfo]ogfca] amounts of
It.

$ These permissive actions are the actions that are done better with the presence
of Cortisol , and are not done well in its absence.

$ Therapeutically, giving the corticosteroids along with catecholamines for
patients with bronchial asthma overcomes the down—regulation for the receptors
of these catecholamines.

SLIDE 19

2 szol)/tic responses of fat cells to catecholamines, ACTH and GH are
attenuated in the absence of, g]ucocorticoids.

3. In the absence of cortisol, g]omeru]ar filtration is z'mpaired vasopressin (ADH)
secretion is augmented and the abi]ity to excrete water load is abolished. (So
cortisol increases dieuresis)

$ Be sure to know that these actions are not facilitated directly by Cortisol ! Yet
Cortisol is needed for these actions to be done well by the other hormones.

$ Relating to the glomerular filtration, some consider the cortisol action as a
direct pharmacological/ physiological action rather than being permissive with

glomerular filtration.




$cortisol also inhibits the release of ADH . (According to Wikipedia )

SLIDE 20

II. Dose-dependant Actions:

A.Metabolic effects:

1.Stimulate and are reguired for g/uconeogenesis and g]ycogen S)/nt/zesis in the
&Stiﬂg state. T} ]26)/ stimulate pbosp]zoeno/p)/ruvate carbwg/]ﬂ'nase, g[ucose—é—
p]zosp]zatase and g])/cogen S)/nt]zase.

2.Stimulate the release of amino acid a’uring muscles catabolism.

$ The first point gives a net increase in the concentration of glucose. Remember
that cortisol counteracts insulin. When an individual goes through hypoglycemia,
two systems in his body respond to that; one is fast which is the Catecholamines
and the other is slow which is the Cortisol, both aim to increase the blood-
glucose level.

$ You should expect some weakness in the muscles due to its catabolic effect .
SLIDE 21

3.Increase serum glucose levels and thus insulin release.

4.Inhibit g/ucose upta](e b)/ muscles.

5.Stimulate lzpase and thus ]1])0/)/51'5.

e The increase in insulin stimulates /Jpogenesis and to a lesser degree lzpol}fsis IS
inhibited (7 ]eaa’mg to a net increase in deposition of fat, combined with increased
release of fsztty acids and g])/cero] into the circulation.

$ Over secretion in Cortisol causes fat re-distribution( lipolysis in a place and
lipogenesis in somewhere else), marked by Buffalo hump, central obesity and
Moon face.

SLIDE 22

e The net results of these actions are most apparent in the fastzhg state, when:
1.the supply of glucose from gluconeogenesis,

2.the release of amino acids from muscle catabolism,

3.the inhibition of perzpllera] g[ucose upta/(e,

4.and the stimulation of b'po/yszs

[ all contribute to maintenance of an adeguate g]ucose SUPP[)/ to the brain.

$ Brain is very dependent on Glucose to function. As only in extreme fasting

cases it may then be able to metabolize another compound than glucose. And




that's why hypoglycemia is very dangerous on the brain.

SLIDE 23

B. Catabolic effects:

'A/t])ougb g[ucocorticoids increase protein and RNA S)/ntbesis in the liver, t]1e)/
have catabolic and antianabolic effects in /)/mp]zoia’ and connective tissue, muscle,
perip]zera/ fat and skin, ]eaa'jng to:

1.Decreased muscle mass 7] weakness.

2.Thinning of the skin.

3.Osteoporosis.

4.Reduced growtb in children.

$ Don't mix ! Protein synthesis here is just a part of the mechanism of action for
the cortisol that leads then to protein lysis in the muscles.

$ Its effects on the lymphoid and connective tissue is part of the immune
suppression and anti—inﬂammatory action, and on the peripheral fat is for the fat
re-distribution action.

$ Osteoporosis, is due to the catabolic effect on the bones. (Remember, it
antagonizes vit.D )

$ Reduced growth is very important to pay careful of when your patient is a
child. To reduce(not abolish) the systemic effect on your patient from the
cortisol; we give it by inhalation.

SLIDE 24

C.Antiinflammatory and immunosuppressive effects:

eGlucocorticoids a’ramatica]/y reduce the manifestations of inflammation.

e This is due to their proﬁ)und effects on the concentration, distribution, and
function of peH;Dbera] leu/(ocytes and to their suppressive effects on the
inflammatory cytokines and chemokines and on other mediators of
inflammation.

SLIDE 25

eAfter a Sing/e dose of a slzort—actlhg g]ucocorticoid the concentration of
neutrophils in the circulation increases while the lymphocytes (T and B cells),
monocytes, eosinop/u']s, and basopbi[s decrease.

e The increase in neutroplzils is due both to the increased influx into the blood

from the bone marrow and to the decreased ngration from the blood




vessels(due to suppression of adhesion molecules), ]eaa’jng to a reduction in the
number of cells at the site of inflammation and bzg])er concentration of them in
the circulation .

$ In addition to the neutrophils; RBCs and platelets number do increase too.

$ If experimentally you gave corticosteroids to an individual who has an
enlargement of lymph nodes, you could notice after 2 days that it shrinks due to
the corticosteroids effect.

$ Only in some cases of thrombocytopenia and anemia, you could give
corticosteroids as part of the treatment.

$ Neutrophils number gets re-distributed only, while RBCs and platelets number
increases for real.

$ Eosinophils are prominent in bronchial asthma, that's why we give
corticosteroids to these patients; to reduce their number.

SLIDE 26

o The reduction in cz'rcu]atzhg ]ymphocytes, monocytes, eosinop]u'/s, and
basophils is primarily the result of their movement from the vascular bed to
lymphoid tissue.

eGlucocorticoids also inhibit the functions of tissue macropﬁages and other
antigen-presenting cells. The abi/it)/ of these cells to respona’ to antigens and
mitogens is reduced.

$ Antigen-presenting cells (a type of macrophages ) process the antigen so that
the response by immune system by its two divisions (Innate and Adaptive'two
divisions; Cell-mediated & Humoral' ) can take place.

SLIDE 27
o The eflect on macrop]zages s partica/ar/y marked and limits their abi]it)/ to

p/zagocytose and kill microorgamsms and to produce tumor necrosis ﬁzctor—a,
interleukin-1, metalloproteinases, and plasminogen activator.

e Both macrophages and lymphocytes produce less interleukin-12 and interferon-

Y, important inducers of TH1 cell activity, and cellular immunity.

SLIDE 28

e[nhibit phospholipase A2 and thus synthesis of prostaglandins, leukotrienes and
platelet activating factor, thus influencing the inflammatory response.

*Reduce expression of cyclooxygenase-2, the inducible form, during




inﬂammatozy reactions.

*Reduces mast cell degran ulation and histamine release 7 Reduction of capz'[]azy
permeabi]jt)/, and Vasoconstriction in the skin when app]iec{ [oca]])/.

$ Cyclooxygenase (COX) is an enzyme responsible for the synthesis of
prostaglandins and thromboxanes, and is of two forms; COX-2 which is the
inducible form that acts upon the presence of inflammation, and COX-1 which is
the house-keeping enzyme; meaning it is constitutive.

$ An example to clarify the COX-1 function; it synthesizes prostaglandin E
which causes vasodilation in the mucosa of the stomach for better nutrition for
the ceﬂs, and stimulates the formation of the mucous to line up the mucosa and
protect it from the acid plus, it increases the concentration of HCOs- to
neutralize the acid.

$ We aim to suppress COX-2 not COX-1 as an anti—inﬂammatory action. So,
most of the side effects that arises from NSAIDs, comes from the inhibition of
COX-1 due to low selectivity.

$ We can use glucocorticoids for treatment of Histamine manifestations. As
Subcutaneous Epinephrine is used as an immediate reverse for Histamine action;
Glucocorticoids are used for prevention of further action. H-1 & H-2 blockers
can be used too.

SLIDE 29

e/n humans Comp]ement activation is unaltered but its effects are inhibited. (So
it has an indirect effect on the Comp]ement system )

*Reduces antibody production at ]arge doses but not affected by moderate a’osage
( ~ 20 mg/day of prednisone).

eThe anti—im‘]ammatozy and imm unosuppressive effects of these agents are
Wz'a’e]y useful t]zerapeutica]/y but are also responsib/e for some of their most
serious adverse effects.

$ Immunosuppressive effect can lead to viral or bacterial infection as a side effect.
SLIDE 30

eControl of transp[ant rejection, may be due to:

a. Reduction of antigen expression from graz‘i‘ec{ tissue.

b. Interference with sensitization of . C)/totOXic T /ympbocytes.




c. Interference with the generation of primary antiboa’)/ formjng cells. (At lugb
doses)

d. Dela 1y of revascularization.

$ In the old days, Glucocorticoids aiong with anti-cancerous drugs were used in
organ transplantation for their known immunosuppressive effect, but especiaiiy
due to the anti-cancer drugs which are known to be toxic by definition, fears
circles these organ transpiantation operations.

$ Now with the revolution, Cyciosporines famiiy are used, which made these
operations more safe. It lowered the dose needed to reach the needed action;
meaning less side effects!

$ Cytotoxic T iymphocytes are the cells responsibie for the rejection of that new
organ.

$ We need that deiay in the revascularization to deiay the deliver of the immune
cells to the new organ.

SLIDE 31

D. Other effects:

1.Adrenal Jhsuﬂrriaency causes marked S]OWJ'Hg of the a&oha rh yt/im of the
e]ectroencep])a/ograp/i 1y (EEG) and is associated with depression.

2.Increased amounts of g/ucocorticoids often produce behavioral disturbances:
inz'tia/]y insomnia and eup]ioria and subseguen t]y depression.

$ Hyper—Adrenai also causes Depression. (Because cortisol is important in the
balance of factors in the brain , so a decrease or increase disrupts this balance)
SLIDE 32

3.Large doses of g]ucocorticoia’s may increase in tracranial pressure (pseua’otumor
cerebri).

4.Glucocorticoids given c/zronica/]y suppress the pituitary release of ACTH,

gro wth hormone, th )/roia’—stim u/ating hormone, and ]uteinizing hormone.
5.Redistribution of fat 7] increases visceral, facial, nuchal and Suprac]a vicular fat.
$ They can cause edema in the brain due to the retention of Na+ and water.

$ Nuchal refers to the neck.

$ Visceral obesity is the most dangerous type of obestiy. It is associated with

rnany cardiovascuiar probiems.
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6. Peptic ulceration, possib])/ b)/ suppressing:

a. Prostag[andlb synt]zesis

b. Immune response against Helicobacter pylori.

7.Antagonizes the effects of vitamin D on Ca2+ absorption.

8.Increases the number of p]ate/ets and RBCs.( Remember, can be used in some
cases of t]zrombocytopem’a and anemia )

9 Deve]opment of fetal ]ung and formation of surfactant.

$ Peptic ulceration is due to the inhibition of phospholipase A2 that gives rise to
arachidonic acid that produces prostaglandins. Helicobacter pylori were found in
99% of individuals with peptic ulcer.

$Ifa pregnant women comes to you with an expected eariy delivery at her ,for
example, 36™ week of pregnancy and the child is thought to live; you should give
her a dose of beta-methasone of the giucocorticoids; which will increase the
surfactant substance in the alveoli of the lungs. The surfactants are important for
the alveoli to expand in order to breath well, in its absence it will cause
Respiratory Distress Syndrome; failure of adequate respiration! One dose or two
is all what is needed to be given to the mom in order for the infant to develop
these surfactants in the alveoli.

SLIDE 34

10. Cortisol deﬁciency results in Jlrnpaired renal function (particu]ar])/ g[omeru]ar
filtration), augmented vasopressin secretion, and diminished abi]ity to excrete a

water load , ]eaa’ing to dilution of the e/ectro])/tes which is dangerous .




Activity'
Anti- Equivalent Oral
Agent Inflammatory  Topical Salt-Retaining  Dose (mg) Forms Available
Short- to medium-acting glucocorticoids
Hydrocortisone (cortisol) 1 1 1 20 Oral, injectable, topical
Cortisone 038 0 08 25 Oral
Prednisone 4 0 03 5 Oral
Prednisolone 5 4 03 5 Oral, injectable
Methylprednisolone 5 5 0.25 1 Oral, injectable
Meprednisone; 5 0 B Oral, injectable
Intermediate-acting glucocorticoids
Triamcinolone 5 5’ 0 - Oral, injectable, topical
Paramethasone’ 10 0 2 Oral, injectable
Fluprednisolone'J 15 7 0 15 Oral
Long-acting glucocorticoids
Batamethasone 25-40 10 0 06 Oral, injectable, topical
Dexamethasone 30 10 0 0.75 Oral, injectable, topical
Mineralocorticoids
Fludrocortisone 10 0 250 2 Oral
Desoxycorticosterone acetate’ 0 0 20 Injectable, pellets

1Pmen::)r relative to hydrocortisone.
“Outside USA.

“Triamcinolone acetonide: Up to 100,

LECTURE WILL BE ABOUT IT !

$ THIS SLIDE IS VERY IMPORTANT ! THE DOCTOR
MADE IT CLEAR THAT ONE OF THE Qs ON THIS

$ You need to memorize the two columns; anti—inﬂammatory and salt—retaining.

Why ? cause these doses could be critical and you need to know thern, as you

may have no time to look for them in your Practice if it was an urgent case.

$ How to deal with these numbers ? before we talk about that, remember that

cortisol acts on the ARs(Aldosterone receptors) , so it increases sodium and water

and decreases hydrogen ion and potassium in the blood. Plus, these numbers

represent the potencies of these synthetic corticosteroids relatively to Cortisol !

$ Anti-inflammatory : Q1: If you were to give your patient Prednisolone a dose




that corresponds to a 20 mg of Cortisol, what is the dose ? A1: You know that
the potency for Predisolone is reiatively 5 times bigger than Cortisol; so you
divide the 20 mg dose of Cortisol on 5, meaning that the answer is 4 mg of
Prednisolone! Q2: How much is the dose of Prednisone that applies the same
effect as 12mg of Cortisol? A2: From your memorizing; 12 divided by 4 equais
3mg of Prednisone! Q3: (I do not think the doctor would bring such one but just
to be cautious) The dose from Methyiprednisone that would exert a similar effect
that ZOmg of Paramethasone does; is ¢ A3: 20mg of Paramethasone corresponds
to 200mg of Cortisol ! 200mg of Cortisol corresponds to 40mg of
Methyiprednisone ! So all these numbers are important to know the doses
between these synthetic corticosteroids reiativeiy to the Cortisol.

$ Sait—retaining If your patient came to you with adrenal insufficiency, then you
should give him a synthetic corticosteroid with a sait—retaining activity cause he is
having an Aldosterone deficiency as well as cortisol, like Fludrocotisone &
Deoxycoticosterone acetate. But what if he is having a probiem with the
giucocorticoids receptor ? It wouldn't be wise to give him a synthetic
corticosteroid with sait—retaining activity over a iong period of time for the
treatment to occur; why? Cause he will deveiop hypertension; as the aldosterone
hormone is aiready functioning well and you just simpiy have increased its net
effect by giving a drug that does the same action ! So, the right thing to do is for
you to give him a corticosteroid with no sait—retaining effect, like Meprednisone,
Triamcinolone, Paramethsone .. ! So sirnpiy, know the ones that don't exert salt-
retaining effect to differentiate them from those who do.

$ Cortisone's relative potency is too close to the cortisol rnaking the 0.2
difference negligible | Dose of Cortisone = Dose of Cortisol !

$ Deoxycoticosterone acetate is the precursor of Aldosterone. And both have a 0
relative potency as Anti—inﬂarnrnatory corticosteroids.

$ Aldosterone has the same salt retaining effect of cortisol (=1) .

SLIDE 36

Therapeutic Uses:

1. Diagnosis and treatment of disturbed adrenal functions:

1. Adrenocortical Jhsuﬁficiengf:

a. acute




b. chronic (Addison’s disease)

'Rep]acement t]lerap)/ with h )/drocortjsone + a mineralocorticoid
(Hludrocortisone).

$ Therapeutic uses represents pharmacological effect that arises from the ACTH
suppression.

$ Diagnosis is represented by the suppression tests that aim to locate the lesion's
piace in the endocrine system and to identify the problem.

$ The most common cause of death in Adrenocortical insufficiency is due to
hyperkaiemia and hyponatremia, due to the failure of retention of Na+ and water
and the excretion of K+! Adrenocortical insufficiency is fatal and is an urgent
case.

SLIDE 37

*Syn thetic g]ucocon‘icoia’s that are ]ong—acﬁng and devoid of sa]t—retaming
activity should not be administered to these patients.

2. Adrenocortical h 1ypo- and h )/perfunction:

a. Congem'ta/ adrenal h )/perp]asia: The aim is to suppress ACTH Proa’uction.

It can be due to deficiency of any of the following: 21 —ﬁ -hydroxylase, 11 —ﬁ -

hydroxylase, 17-0X-hydroxylase, 3—ﬁ -dehydrogenase.

$ Adrenocortical hyperfunction is treated by suppression of ACTH secretion. But
if there were a tumor; then we need surgical removal (until then we suppress
ACTH) .

SLIDE 38

[ leading to reduction of cortisol formation 1 ACTH release [l accumulation of

precursors [7] a variety of forms of the disorder.
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SLIDE 39
$ The doctor didn't ask us to memorize this but didn’t say don’t :p ; just get the
general idea of it and understand it. (Remember, a problem in an enzyme leads

to accumulation of its substrates )
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b. Cushing’s syndrome:

(i us]u'ng’s Syndrome is the result of bilateral adrenal h )/perp/asia secondazy to
an ACTH-secreting pituitary adenoma (Cushing’s disease), and occasionally is
due to tumors or nodular b)perp]asia of the adrenal g]and or ectopic proa’uction
of ACTH by other tumors. (ACTH [ excess glucocorticoids).
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'Rep]acement t]lerap)/ with 1arge doses of h )/a’rocortisone follo wing surgjca[
treatment of C us]u'ng’s syna’rome.

c. Primary genera]izec{ g]ucocorticoid resistance (Chrousos syna’rome ): A rare,
genetic condition due to Inactivating mutations of the g]ucocorticoid receptor
gene.
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o]t is associated with increased proa’uction of ACTH ]eading to bzg]z CfI‘CLI]éZl’fIJg
levels of cortisol and cortisol precursors such as corticosterone and 11-
dewg/corticosterone with mineralocorticoid activity, as well as of adrenal
androgens.

o7} lzerapy of this Syndrome IS lugb doses of syn thetic g]ucocorticoids such as
dexamethasone with no inherent mineralocorticoid activity.
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2.Dexamethasone suppression test for differential diagnoszlc of C us/u'ngfs
syndrome.

3. Stimulation of ]ung maturation in the fetus b)/ administration of
betamethasone to the mother when premature de/ivety Is an tl'apated [ reduce
incidence of respiratory distress syn drome (RDS).
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Treatment of Non-adrenal disorders:

eDue to antizhz‘]ammatogf and Immunosuppressive functions, and ability to alter
leul(ocyte function .

e Corticosteroids are not usua/]y curative, thus, the patlz o]ogic process may

progress while clinical manifestations are Suppressed.
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eGlucocorticoid t]zerap)/ can reactivate dormant tuberculosis.

o The presence of diabetes, peptic ulcer, osteoporosis, and psycbo]ogica]

disturbances should be taken into consideration, and cardiovascular function

should be assessed.
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TABLE 39—2 Some therapeutic indications for the

use of glucocorticoids in nonadrenal
disorders.

Disorder

Examples

Allergic reactions

Collagen-vascular
disorders

Eye diseases

Gastrointestinal
diseases

Hematologic
disorders

Systemic inflam-
mation
Infections

Inflammatory
conditions of
bones and joints

MNeurologic
disorders

Organ transplants

Pulmonary dis-
cases

Renal disorders

Skin diseases

Thyroid diseases

Miscellaneous

Angioneurotic edema, asthma, bee stings, con-
tact dermatitis, drug reactions, allergic rhinitis,
serum sickness, urticaria

Giant cell arteritis, lupus erythematosus, mixed
connective tissue syndromes, polymyositis,
polymyalgia rheumatica, rheumatoid arthritis,
temporal arteritis

Acute uveitis, allergic conjunctivitis, choroiditis,
optic neuritis

Inflammatory bowel disease, nontropical sprue,
subacute hepatic necrosis

Acquired hemolytic anemia, acute allergic pur-
pura, leukemia, lymphoma, autcimmune hemo-
Iytic anemia, idiopathic thrombocytopenic
purpura, multiple myeloma

Acute respiratory distress syndrome (sustained
therapy with moderate dosage accelerates
recoverv and decreases mortalitv)

Acute respiratory distress syndrome, sepsis

Arthritis, bursitis, tenosynovwvitis

Cerebral edema (large doses of dexamethasone
are given to patients following brain surgery to
minimize cerebral edema in the postoperative
period), multiple sclerosis

Prevention and treatment of rejection (immu-
nosupprassion)

Aspiration pneumonia, bronchial asthma, pre-
vention of infant respiratory distress syndrome,
sarcoidosis

Mephrotic syndrome

Atopic dermatitis, dermatoses, lichen simplex

chronicus (localized neurodermartitis), mycosis
fungoides, pemphigus, seborrheic dermatitis,

xerosis

Malignant exophthalmos, subacute thyroiditis

Hypercalcemia, mountain sickness
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Adverse Effects:

eAffect every part of the body.

A.Major undesirable effect is iatrogenic C usbing’s Syndrome after 2 weeks of
tberap)/.

B.Metabolic Effects:

1. Breakdown of protein — muscle Wasting.

2. G/uconeogenesis: h )goerg/ycemia, diabetes mellitus 7 h yperinsu]memia and
insulin resistance.

$ Iatrogenic means an effect produced by the treatment given to the patient by
the doctor
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3. Redistribution of fat

4. Osteoporosis (aseptic necrosis of the hip)

5. Impairment of wound healing.

C. Other complications:

1. Peptic ulceration and stress ulcers.

2. Mas]ﬂhg of mycotic (diseases caused by m)/cobacteria e.x. th) and bacterial
infections.

3. Severe myopathy.

4. Acute psyc[zosis, h 1ypomania, depression, insomnia, and increased appetite.
$ Aseptic means with no infection, and its unknown why the hip in particular.
$ Don't do any surgery that requires cutting on the patient if he is taking
corticosteroids, unless it is essential. (Because of the impairment of healing)

$ Psychosis is a different disease entity than depression. Psychosis is represented
by an accelerated ideas flow that the patient loses contact with the external
reaiity, and is associated with low dopamine. Depression is represented by
extreme loss of hope in life for the patient, which makes his mind tend to the
idea of committing suicide, and is associated with low catecholamines. Mania is
the opposite of depression. Bipolar disorder represents the severe mind swings

between Mania and Depression. Depression could be associated with psychosis.
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5. Posterior Subcapsa/ar cataract.

6. Increased intraocular pressure (glaucoma).

7. Benign in tracranial h 1ypertension (pseaa’otumor cerebri).

8. Growth retardation in children.

9. Na+ and water retention and K+ , H+ and CI- loss:

a. h )poka]emzb h ypoc]z]oremic alkalosis.
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b. h 1ypertension in patients with normal cardiovascular and renal function.

¢. edema in patients with h)fpoproteinemia, renal disease, bepatic disease.

d congestive heart failure in patients with cardiovascular disease.

eCan be preventea’ by c/zoosing syn thetic, non-salt retaining steroids or Na+
restriction and K+ supp]emen ts.
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D. Suppression of the h )/pot/za]amicpitaitazy—adrena] axis (Adrenal suppression ):
eOccurs when corticosteroids are used for more than 2 weeks.

e[f corticosteroid tﬁerapy is to be terminated, this should be done gradaa]])/
(tapering) to allow recovery of the axis.

$ Adrenal suppression is dose and duration( more than two weeks) dependent !
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e/t may take 2-12 months for the axis to function Proper/)/ and cortisol levels
may not return to normal for a further 6-9 months. Treatment with ACTH does
not reduce the time needed for the return of normal function.

*Reducing the dose slowly also:

1. Prevents acute ]zypoadrena/ism which could be fatal.

$ To overcome this period of time and with no sudden stop of the drug in-take
(this is very dangerous cause the disease can rise again); we do tapering of the
dose. If the period of the treatment is over and I want to stop the drug, I lower
the dose gradually; for example, 75mg on 1% week , 50mg on 2™ week , 25mg
on 3rd week ,15..10..5 .. 2.5 .. then we stop the drug !

$ Through this way, we can have a good recovery for the axis. Another irnportant
thing, I can check if my patient is dependent on the steroid to control and

prevent the disease from coming back again (this is not addiction). For example,




if through the tapering at 25mg dose you detected the disease again, you increase
the dose again to the level at which the disease cannot develop again.

$ Another important method of tapering is the ' Every other day ' therapy. Yet
not all patients are responsive to it, so be careful | How is it done ? I start the
treatment daily by let us say a dose of 50 mg, when [ want to check if this
method works for my patient [ start reducing the dose for a day while increasing
that loss for the next day; like this, on the first time I give him 40mg and the
next day 60mg. The second time I give him 30mg and the next day 70mg. Third
time; 20mg for the first day and 80mg for the next day. Fourth time , 10mg then
90mg. On the fifth time I get for no-dose day and the next day I give him the
100mg dose! If the response was stable, we can continue using this method. If
not, [ stop it.
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2.Avoids exacerbation of the discase tbe)/ were used to treat.

*Symptoms of h )poaa'rena]zlsm in the presence of normal cortisol levels indicate
g]ucocorticoid depena’ence.

e Alternate-da y t]zerap)/ can avoid suppression of the h )potﬁa]amic—pituitaly—
adrenal axis.

e Patients should receive supp/ementaly t/zerap)/ at times of stress.
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Precautions:

e Monitor for the a’eve/opment of h yperg]ycemia, g]}/cosuria, sodium retention
with edema or h 1ypertension, b)poka]emia, peptic ulcer, osteoporosis, and hidden
infections.

1.Need high K+ and low Na+ intake to prevent electrolyte disturbances and
hypertension.
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Z.I—bg]l protein intake to prevent breakdown of proteins.

3. With appropriate antacid t]zerapy to prevent peptic ulceration in patients with
epigastric distress.

4.Adeguate Ca2+, vitamin D and bllsplzospbonates to prevent osteoporosis.
5.Dose should not be decreased or stopped abrupt]y ( wh y.? ).

$ Ulcers caused due to steroids are called stress ulcers, and known to be multiple




(more than one in the stomach and duodenum).

$ Antacids are given when patient is thought to have epigastric distress, acid over
secretion or derangement of the mucosa.

$ If the patient is old, you should give him bisphosphonates. If young, Ca2+ and
vitamin D are enough.
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Contraindications

1.Peptic ulcer

2.Heart disease

3.Hypertension with heart failure.

4.Diabetes mellitus

5.Infections, such as varicella and tuberculosis

6.Psychosis

7.Osteoporosis

8. .Glaucoma, ..... etc.
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e Routes of administration:

1.Local therapy:

a. topica/ for skin disease and ophtﬁa/mic disease

b. intra-articular in jections for Jjoint disease.

c. inhalation for asthma (beclomethasone diproprionate, budesonide, flunisolide)
d. enemas for ulcerative colitis

2.PO and IV for other conditions.
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1.Natural: A]dosterone, DeOAj/corticosterone

2.5vn thetic: Fludrocortisone

oSalt retaining hormones.

*Aldosterone is main[)/ under regu[a tion b oy angiotensin and on]y partia]/y by
ACTH.

e Promotes the reabsor])tion of sodium from the distal part of the distal
convoluted tubule and from the cortical co/]ecting tubu[es, coup]ed to the

excretion of potassiam and h ydrogen ion.
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eSodium reabsorption in the sweat and sa[ivazy g[ands, gastroin testinal mucosa,
and across cell membranes in genera] is also increased.

e Excessive levels of aldosterone proc{ucea’ b)/ tumors or overa’osage with synt]zetic
mineralocorticoids lead to bypol(alemia, metabolic alkalosis, increased p[asma
volume, and h 1ypertension.

e/t is eliminated by metabolism.
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e Aldosterone receptor has similar aﬁ(init)/ for cortisol.

o The major effect of activation of aldosterone receptor is increased expression of
Na+ / K+ ATPase and the epithelial sodium channel (ENaC).
'DeOAj/corticosterone also serves as precursor of aldosterone. Its secretion is
primarily under the influence of ACTH (in contrast to aldosterone).
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e Fludrocortisone is the most Common])/ prescn'bea’ sa]t—retaim'ng hormone. It is a
potent steroid with both g/ucocon‘icoia’ and mineralocorticoid activity.
eMineralocorticoids are indicated in the treatment of adrenocortical Jhsuﬁ[iciency
associated with mineralocorticoid a’eﬁciency.
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1.Spironolactone:

e/s an aldosterone receptor competitive antagonist.

o/s also an androgen antagonist, used in the treatment of hirsutism in women.
/s used in the treatment of primary aldosteronism, and also in its diagnosis n
hypokalemic patients with hypertension.

eUsed as a diuretic in heart failure.
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Adverse effects:

e/nclude hyperkalemia, cardiac arrhythmia, menstrual abnormalities,
gynecomastia, sedation, headache, gastrointestina] disturbances, and skin rashes.
2.Eplerenone:

eAlso aldosterone receptor antagonzlst for treratment of h )/pertension.

e/t reduces mortality in heart failure like spironolactone.
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*No eflect on anc{rogen receptors.

o The most common toxicity is h )perkalemllq, but this is usua]])/ mild.
H 3.Drospirenone: H
| o/s a progestin used in oral contraceptjves L]

'Antagom'zes the effects of aldosterone.

- * Sorry for any mistakes that [ may have done .. -
| Tt is not impossible for the things |
to end up beautifuﬂy L

Have some Faith .. ;) '




