9. STEROID HORMONES



STEROIDS

» Steroids are one subclass of a broad group of lipids known as isoprenoids or
terpenes.

» Steroids are a group of molecules derived from or having a structural
relationship to cholesterol
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STEROIDS

All 27 carbons in cholesterol can be traced to a two-carbon precursor - acetate.
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STEROIDS BIOSYNTHESIS

Cholesterol biosynthesis springs from a six-carbon
intermediate called mevalonate.

Mevalonate arises, in turn, from linkage of two acetyl-CoAs in
the mitochondrion to form acetaoacetyl-CoA (4 carbons),
followed by addition of another acetyl group from a third
acetyl-CoA to give 3-hydroxy-3-methylglutaryl-CoA (HMG-
CoA).

This latter compound is reduced by HMG-CoA reductase in
the endoplasmic reticulum, using two NADPHs, with
coincident loss of COASH.

HMG-CoA reductase is the major regulatory enzyme in
cholesterol biosynthesis.

HMG-CoA reductase is controlled hormonally by insulin and
glucagon and transcription and translation of the enzyme can
be suppressed by the presence of cholesterol in cells.

HMG-CoA reductase is a target for drugs that attempt to
lower cholesterol levels in the body. One such drug is
lovastatin, which inhibits the enzyme and stops endogenous
synthesis of cholesterol
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STEROIDS BIOSYNTHESIS

Subsequently, IPP and DPP form farnesyl
pyrophosphate in the cytosol

DPP + IPP <=> Geranyl Pyrophosphate +
PPi

Geranyl Pyrophosphate + IPP <=> Farnesyl
Pyrophosphate + PPi

Farnesyl pyrophosphate is then converted to
presqualene pyrophosphate in the membrane
of the endoplasmic reticulum

2 Farnesyl Pyrophosphate <=> Presqualene
Pyrophosphate + PPi

Presqualene pyrophosphate is subsequently
converted to squalene, also in the membrane
of endoplasmic reticulum.
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STEROIDS BIOSYNTHESIS

Subsequent reactions occur in the
endoplasmic reticulum.
Squalene, for example, is cyclized
there to lanosterol, which is
subsequently converted to
cholesterol.

Squalene monooxygenase adds
oxygen to form an epoxide

Unsaturated carbons (double
bonds) are aligned to allow
cyclization and formation of
lanosterol
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STEROIDS BIOSYNTHESIS
IN SUMMARY
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CHOLESTEROL SYNTHESIS: PROTEOLYTIC
DEGRADATION OF HMG-CoA REDUCTASE

B
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HI\QG-COA » Proteolysis,
reductase Te degradation

Sterols

O

ER membrane

When sterol present, enzyme undergoes sterol accelerated ERAD (ER associated
degradation)
HMG-CoA is ubiquitinated and extracted from membrane where it is then degraded by
proteosomes



CHOLESTEROL SYNTHESIS: REGULATION BY
COVALENT MODIFICATION

Short-term regulation by
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CHOLESTEROL SYNTHESIS: REGULATION BY
COVALENT MODIFICATION

HMG-CoA Reductase Inhibitors
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CHOLESTEROL FATE
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Figure 21-38
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CHOLESTEROL ESTERS

Acyl-CoA:cholesterol acyl transferase
(ACAT) is an ER membrane protein

ACAT transfers fatty acid of CoA to C3
hydroxyl group of cholesterol

Excess cholesterol is stored as
cholesterol esters in cytosolic lipid
droplets

HO
Cholesterol

ACAT Fatty acyl-CoA
CoA-SH

Cholesterol ester

Fig. 8



BILE SALTS

Bile acids and salts are effective detergents
Synthesized in the liver
Stored and concentrated in the gallbladder

Discharged into gut and aides in absorption of
intraluminal lipids, cholesteral, and fat soluble
vitamines

Bile acid refers to the protonated form while bile salts
refers to the ionized form

— The pH of the intestine is 7 and the pKa of bile
salts is 6, which means that 50% are protonated

These terms are sometimes used interchangeably

Rate-limiting step performed by the 7a-hydroxylase
(CYP7A1) and is regulated by bile salt concentration

End product: Cholic acid series and Chenocholic acid
series

Bile salts can be conjugated and become better
detergents
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FATE OF BILE SALTS

Liver (synthesizes 0.2-0.6 g/day Liver
and recycles >95%)

Secondary bile salts are Cholesterol —» Bile /Gall-
reconjugated bladder

Enterohepatic

circulation
Bile salts . .~ Intestine
reabsorbed ]
(12-32 g/day) and : Pool of bile salts =2—4 g
returned to liver for (recycles 6-8 times/day)
recycling : Bacteria in gut deconjugate
> 95% efficiency and dehydroxylate bile salts
<.9%; E
v
Feces
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Fig. 12



CHOLESTEROL BACKGROUND
(TRANSPORT)

Cholesterol, cholesterol esters, triacylglycerols, and phospholipids are insoluble and
must travel via lipoproteins

Chylomicrons and VLDL transport cholesterol to other cells through the bloodstream
Chylomicrons package cholesterol in intestine, while VLDL package in liver
HDL — reverse cholesterol transport

Protein Fat
HDL LDL IDL VLDL Chylomicron
(good) (bad)
High protein, High fat,

low fat low protein



CHOLESTEROL BACKGROUND

(TRANSPORT)

ApoB-100 Triacylglycerols

Free (unesterified)
cholesterol
AN

A

5

22 /

v
Cholesteryl

esters
Phospholipid
monolayer

Figure 21-39a
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1/:: 18 P AEY B Major Classes of Human Plasma Lipoproteins: Some Properties

Composition (wt %)

Lipoprotein Density (9/mL)  Protein  Phospholipids Free cholesterol Cholesteryl esters  Triacylglycerols
Chylomicrons <1.006 2 9 1 3 85
VLDL 0.95-1.006 10 18 7 12 50
LDL 1.006-1.063 23 20 8 37 10
HDL 1.063-1.210 55 24 2 15 4

Source: Modified from Kritchevsky, D. (1986) Atherosclerosis and nutrition. Nutr. Int. 2, 290-297.

Table 21-1
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company



CHOLESTEROL BACKGROUND (TRANSPORT)

Chilomicrons are synthesisez in
epithelial cells of intestine from diet
fats;
Apo C-Il activates lipases in capillaries
of adipose tissue, heart, mammary
gland, and myocyte releasing fatty
acids in tissues;
Chylomicrons remnants, carrying
cholesterol, go to liver where they
enter
through endocytosis and are degraded
by lysosoms;
If the diet contains too many fats, they
are converted to TAG and cholesterol
esters in liver and they are transported
through VLDL for example to adipose
tissue (insulin promotes this process);
VLDL are converted into IDL and LDL
while releasing fats but they still
contain cholesterol that is transported
to periferic tissues (7);
LDL transport cholesterol to
macrophages or back to the liver (9)
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CHOLESTEROL BACKGROUND (TRANSPORT)
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Cholesterol absorption through receptor-mediate endocytosis



CHOLESTEROL SYNTHESIS: REGULATION
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CHOLESTEROL SYNTHESIS:
TRANSCRIPTION CONTROL

+
SREBP [- NH; —» Degradation

}
" NN

DNA-binding SRE — Gene transcription
: = Z 8 domain
s e
G0 628

Golgi membrane

DNA-binding
domain

ER membrane

SREBP-2 Regulates 3 Sources of Cell Cholesterol
* Feedback regulatory system

« Rate of HMG-CoA reductase mRNA
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CHOLESTEROL SYNTHESIS:
TRANSCRIPTION CONTROL
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STEROID HORMONES

Steroid hormones: produced in the adrenal cortex, testis, ovary, and some
peripheral tissues (adipose tissue, the brain!)

All steroid hormones share a typical (but not identical) ring structure.

All steroid hormones are derived from cholesterol and differ only in the ring
structure and side chains attached to it.

All steroid hormones are lipid soluble

Alkyl side chain
H 2 24 26

Figure 10-17
Lehninger Principles of Biochemistry, Sixth Edition

© 2013 W. H. Freeman and Company



STEROID HORMONES

B-Estradiol Prednisolone

HO.,,

HO Brassinolide

0 (a brassinosteroid)

Figure 10-19
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company



STEROID HORMONES

Adrenal cortex
® Composed of 3 layers (zones):

®* outer zone (zona glomerulosa) produces aldosterone
(mineralocorticoid)

®* middle zone (zona fasciculata) produces cortisol (glucocorticoid)
® inner zone (zona reticularis) produces androgens

Corpus luteum and ovary
® produce progesteron and estradiol

Testes
® produces testosterone and dihydrotestosterone (DHT)



STEROID HORMONES

Steroid hormones are extracellular messengers elaborated by different organs.

A general feature of steroid hormones is that they are not stored for release after
synthesis.

Levels of circulating hormones are controlled primarily by their rates of synthesis.
This, in turn, is often controlled by signals from the brain.

Are all derived from the same parent compound: cholesterol

Enzymes which produce steroid hormones from cholesterol are located in
mitochondria and smooth ER

Steroids are lipid soluble and thus are freely permeable to membranes so are not
stored in cells



STEROID HORMONES: TYPES AND ROLES

Steroid hormones are classified into five major
categories:

Glucocorticoids; cortisol is the major
representative in most mammals

Mineralocorticoids; aldosterone being most
prominent

Androgens such as testosterone

Estrogens, including estradiol and estrone
Progestogens (also known a progestins) such as
progesterone

Steroid hormones play important roles in:
- carbohydrate regulation (glucocorticoids)
- mineral balance (mineralocorticoids)

- reproductive functions (gonadal steroids)

Cholesterol

/ Progestins \

Glucocorticoids Androgens

Mineralocorticoids Estrogens

Steroids also play roles in inflammatory responses, stress responses, bone metabolism,

cardiovascular fitness, behavior, cognition, and mood.



STEROID HORMONES: TYPES AND ROLES

Product

Functions

Progesterone

prepares uterus lining for implantation of
ovum

Glucocorticoids (cortisol)
(produced in adrenal cortex)
(catabolic steroid)

promote gluconeogenesis;

favor breakdown of fat and protein (fuel
mobilization);

anti-inflammatory

Mineralocorticoids (aldosterone)
(produced in adrenal glands)

maintains blood volume and blood pressure
by increasing sodium reabsorption by kidney

Androgens (strongest = testosterone)
(produced in testes primarily but weak
androgens in adrenal cortex) (anabolic
steroid)

development of male secondary sex
characteristics; prevents bone resorption

Estrogen
(produced in ovaries primarily but also in
adipose cells of males and females)

development of female secondary sex
characteristics; prevents bone resorption




HORMONAL STIMULATION OF STEROID
HORMONE BIOSYNTHESIS

®* Hormone stimulation dependS on Calcium channel Hormone receptor Lipoprotein receptor
the cell type and receptor (ACTH for |ca> | Homone Al e
cortisol synthesis, FSH for estradiol - =TT
synthesis, LH for testosterone
synthesis etc.)

Lipoprotein

NS

® Hormone binds to cell membrane
receptor and activates adenylate
cyclase mediated by a stimulatory G
protein.

; Droplet
e i A (cholesterol
: / .v X ‘ Actwe esters)

® Receptor, activated by hormone, | 59/ E{:;:“ /

may directly stimulate a calcium | X857/ Phosphomon

channel or indirectly stimulate it by | £/97/ o @ Cholesterol

activating the phosphatidylinositol NG
(Pl) cycle. \ transport : B

ish

cAMP + PP,

Side chain cleavage
enzyme

STEROID e
- HORMONE \ /7 Pregnenolone
Mitochondrion Synthetic pathway

in cytoplasm




HORMONAL STIMULATION OF STEROID
HORMONE BIOSYNTHESIS

The increase in cAMP activates
protein kinase whose
phosphorylations cause
increased hydrolysis of
cholesteryl esters from droplet
to free cholesterol and increase
cholesterol transport into the
mitochodrion.

Elevated Ca 2* levels and protein
phophorylation bring about
induced levels of the side chain
cleavage reaction.

Steroid is produced, secreted into
the extracellular space and
circulated to the target tissue in
the bloodstream

Ca?* Hormone

STEROID
- HORMONE

Mitochondrion

K /) Pregnenolone

Calcium channel Hormone receptor
G protein Adenylate

cyclase

cAMP +PP,

@

Synthetic pathway
in cytoplasm

Lipoprotein receptor|

il

Actlve

protem

kinase /
Phosphory!atuon

@ Cholesterol

Cholesterol
transport

enzyme

Lipoprotein

Side chain cleavage

.

Droplet »
(cholesterol
esters)




BIOSYNTHESIS OF STEROID HORMONES

Critical step is the cell activity in mobilizing cholesterol stored in a droplets, transport of
cholesterol to mitochondrion.

The rate-limiting step is the rate of cholesterol side chain cleavage in mitochondrion by
enzymes known as the cytochrome P450 side chain cleavage enzyme complex.
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STEROID HORMONE SYNTHESIS

The rate-limiting step in this process is the transport of free cholesterol from the cytoplasm
into mitochondria. This step is carried out by the Steroidogenic Acute Regulatory Protein
(StAR)

StAR is important in transferring cholesterol, the precursor for all steroid hormones, from
the outer to inner mitochondrial membrane where P450scc is located

P450scc is a side chain cleavage enzyme which converts cholesterol to pregnenolone,
and is the rate-limiting enzyme in steroidogenesis

LDL receptor
on cell
membrane

FREE CHOLESTEROL
\.StARV \
X
X

Denovo
synthesis from
endoplasmic

N T reticulum

Mitochondrion [

\ OMM IMM P450scc

Figure 1: Simplified diagram showing the movement, synthesis and destination of cholesterol within a cell (Source: Redrawn from
Miller, 2007). OMM - outer mitochondrial membrane, IMM - inner mitochondrial membrane, LDL receptor — low density lipoprotein
receptor, P450scc — cholesterol side chain cleavage enzyme.



STEROID HORMONE SYNTHESIS

« StAR acts exclusively on the outer mitochondrial membrane to bind
cholesterol, and is inactivated when imported into the mitochondria

« This process is important in the regulation of steroidogenesis.

H220

E169

R188

V187 G221 A218

The binding pocket of StAR. Cholesterol is
represented in pink, and the interacting amino acids
are also shown.



STEROID HORMONE SYNTHESIS

Many signalling pathways have been identified to be involved in regulating
the transcription of StAR.

The figure shows how the signalling molecules interact with each other.
cAMP is the main regulator, promoting both expression and phosphorylation.

Phosphorylation of serine 195 increases activity
LH/FSH

EGF/IGF/PRL
GnRH/MDFjs

Ras/Raf/others o
WK #

MAPK/ERK1/2

\ &

Rt;.ulduon of
Transcription factors

AL

Nucleus

gene
expression

Figure 4: Schematic showing the different signalling pathways that
regulate the transcription of StAR (Source: Manna et al., 2009)



STEROID HORMONE SYNTHESIS

« The essentiality of StAR was demonstrated by studying patients with
congenital lipoid adrenal hyperplasia. Mutations in StAR were found in these
patients, showing that this protein is necessary for gonadal and adrenal
steroidogenesis

Figure 6: A — a normal adrenal cell stimulated by ACTH produces steriods. B — this cells has no StAR but some steroid is still produced
by independent mechanisms. This would be a placental cell or in early congenital lipoid hyperplasia. C - lipid droplets accumulate and
damage the cell structure. Stimulation continues as there is no negative feedback.




STEROID HORMONE SYNTHESIS

Cholesterol
Pregnenolone
Progesterone j
Testosterone
Cortlcosterone
Cortisol (mineralocorticoid) l
(glucocorticoid)
Estradiol
Affects protein and
carbohydrate metabolism; Male and female sex
suppresses immune hormones. Influence
response, inflammation, secondary sexual char-
and allergic responses. acteristics; regulate
female reproductive
4 cycle.

Aldosterone (mineralocorticoid)

Regulate reabsorption
of Nat, CI~, HCO3 in
the kidney.

Figure 21-48

Lehninger Principles of Biochemistry, Sixth Edition
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STEROID HORMONE SYNTHESIS
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STEROID HORMONE SYNTHESIS

Pregnenolone is derived from cholesterol
and is the precursor of all other steroid

hormones.

For example, pregnenolone is coverted to
progesterone by oxidation of the hydroxyl
group to a ketone and isomerization of a
double bond

HO

mixed-function
oxidase

HO

desmolase

HO
Figure 21-49
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Lehninger Principles of Biochemistry, Sixth Edition
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STEROIDOGENIC ENZYMES

Common name

Side-chain cleavage enzyme;
desmolase

3 beta-hydroxysteroid
dehydrogenase

17 alpha-hydroxylase/17,20 lyase
21-hydroxylase

11 beta-hydroxylase

Aldosterone synthase

Aromatase

"Old" name

P450

3 beta-HSD

P450.,,
P450.,,
P450.,,
P450

C11AS

P450, _

Current name

CYP11A1

3 beta-HSD

CYP17

CYP21A2

CYP11B1

CYP11B2

CYP19



STEROID HORMONES

Pregnenolone (C-21)

produced directly from cholesterol, the precursor molecule for
all C,4, C,g and C,, steroids




STEROID HORMONES

Progesterone (C-21)

® A progestin, produced directly from pregnenolone.
® Secreted from the corpus luteum.

® Maintains (with estradiol) the uterine endometrium
for implantation.

¢ Differentiation factor for mammalian glands.

Estradiol (C-18)
® Eemale: regulates gonadotrope secretion in ovarian

cycle.
® Maintains (with progesterone) uterine endometrium.
¢ Differentiation of mammalian gland.

Hac O * Responsible for secondary female sex
characteristics.
*Male: negative feedback inhibitor of Leydig cell
synthesis of testosterone.

HO



STEROID HORMONES

Testosterone (C-19)

H;C OH ® After conversion to dihydrotestosterone, production
of sperm proteins in Sertoli cells.

® Responsible for secondary male sex characteristics.
® Produced from progesterone.

Dehydroepiandrosterone

0 ® Week androgen, which can be converted to

CHa estrogen.
® Various protective effects. It may play a role in the

aging process.
®* Regulates NAD* coenzymes.

HO



STEROID HORMONES

Aldosterone (C-21)
CH,0H
Q c=0
C
HO
HsC

Cortisol (C-21)

® The principal mineralocorticoid.

® Produced from progesterone in the zona
glomerulosa of adrenal cortex.

® Causes sodium ion uptake via conductance
channel.

® Ocecures in high levels during stress. Rises blood
pressure and fluid volume.

® Dominant glucocorticoid in humans, synthesized from
progesterone in the zona fasciculata of the adrenal
cortex.

® Stress adaptation through various cellular phenotypic
expression, stress adaptation.

¢ Slight elevation of liver glycogen. Numerous effects on
the immune system, killing effect on certain T cells in high
doses.

® Na* uptake in epithelia lumen.



STEROID HORMONES TRANSPORT

Are not water soluble so have to be carried in the blood complexed to specific binding globulins.

Corticosteroid binding globulin carries cortisol.

Sex steroid binding globulin carries testosterone and estradiol.

In some cases a steroid is secreted by one cell and is converted to the active steroid by the
target cell: (androgen is secreted by the gonad and converted into estrogen in the brain).

® Albumin

® Corticosteroid binding globulin
(CBG) or transcortin

® Sex hormone binding globulin
(SHBG)

® Androgen binding protein (ABP)

Only the free fraction is biologically active usually less than

Carrier-
bound
hormone

Endocrine
cell

|

Free
hormone

Hormone
Receptor

Hormone
degradation

10%

l

Biological
effects




HORMONE HALF LIFE

« Steroids and thyroid hormone, which are bound to plasma
proteins, have a long half life (~ hours)

 Peptides and catecholamines are water-soluble, they are
transported dissolved in plasma, generally have a very short half
life (~ seconds to minutes)



STEROID HORMONES: MOLECULAR ACTION

Steroid
hormone

Blood

Cell surface receptor

Rapid responses

Nucleus
4

Nuclear
receptor

carrier

Cytoplasmic
receptor /@

k / DN
-
Transcription
produces mRNA
o /

Translation

O
A

Interstitial

fluid Endoplasmic

reticulum

Cell membrane

=

New proteins 7

—h O O —& —O,

Most hydrophobic steroids are bound
to plasma protein carriers. Only unbound
hormones can diffuse into the target cell.

Steroid hormone receptors are in the
cytoplasm or nucleus.

The receptor-hormone complex binds
to DNA and activates or represses one
Or more genes.

Activated genes create new mRNA
that moves back to the cytoplasm.

Translation produces new proteins
for cell processes.

Some steroid hormones also bind to
membrane receptors that use second
messenger systems to create rapid
cellular responses.



STEROID HORMONES: MOLECULAR ACTION

Steroid hormones are soluble in the
plasma membrane and readily enter the
cytosol.

Steroids bind to intracellular receptor
either in the cytosol or in the nucleus.

The hormone-receptor complex acts as
a transcription factor which turns on /
turns off the genes.

Messenger RNA is transcribed, leaves
the nucleus, and is translated into a
specific protein by ribosome.

The specific proteins then carry out
function in the target cell.

Because steroid hormones initiate
protein synthesis their effects are
produced more slowly, but are more
long-lasting than those produced by
other hormones.

STEP 1
Bound - Free Target call

steroid }9 e steroid hormone
hormone <

Nucleus

Heat shock - —
protein / Ty

Non-DNA
binding
cytoplasmic
receptor

STEP 4
“/ Activation

STEP 5

<

Translocation
of cytoplasmic

STEP 8 "activated"

raceptor complex
~ Biological N

 response ; 4,:/ :
O — o
S—_ MEBNA

K STEP 7

Protein synthesis

Copy from Devlin T.M.: Textbook of Biochemistry with Clinical Correlations



STEROID HORMONES: MOLECULAR ACTION

cDNA sequence analysis of intracellular
hormone receptors has revealed structural
similarities among steroid receptors.
Unambiguous identification of domains of
function within the receptor molecule has
also been performed.

All of the known receptors in this family
contain bound zinc, which is essential for
DNA binding. Furthermore, the DNA-binding
sequences show a completely conserved
distribution of cysteine residues.

Zinc atoms are probably complexed by the
cysteine sulfurs in a pattern akin to the "zinc
finger" structural motif of other eukaryotic
transcriptional regulatory proteins.

Structural Organization of Nuclear Receptors

N-terminal Hinge
domain region

ik AB C D =

DNA binding Ligand binding
domain (DBD) doman (LDB)




STEROID HORMONES: MOLECULAR ACTION

Model of typical steroid hormone receptor
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STEROID HORMONES: MOLECULAR ACTION

Steroid Receptors Bind HREs as Homo- or Heterodimers




STEROID HORMONES: MOLECULAR ACTION

Receptor Binding to HREs Can Bend DNA & Alter Transcription
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STEROID HORMONES: MOLECULAR ACTION

« The utility of a set of long-term-acting regulators is evident the estrogens and progesterone that regulate
the female reproductive cycle. In humans these hormones interact over a 4-week cycle to prepare the
uterus for implantation of a fertilized ovum.

« The actions of glucocorticoids are comparable, in that control of the synthesis of particular proteins allows
for long-term metabolic adaptation.

Whereas estrogens exercise control of reproductive metabolism

over a several-week period, the secretion of glucocorticoids is a _
means of adaptation to longer-term stress. This adaptation

involves stimulation of gluconeogenesis and synthesis of a  HormoneClas TargetOrgan _ Protein”
variety of proteins, including some that counteract the effects of ~ Gluocorticoids Liver Tyrosine aminotransferase
. A Tryptophan oxygenase
inflammation. a-Fetoprotein (4)
Metallothionein
Liver, retina Glutamine synthetase
Kidney Phosphoenolpyruvate carboxykinase
Oviduct Owvalbumin
Pituitary Pro-opiomelanocortin
Estrogens Oviduct Ovalbumin
Lysozyme
Liver Vitellogenin
apo-VLDL
Progesterone Oviduct Ovalbumin
Avidin
Uterus Uteroglobin
Androgens Prostate Aldolase
Kidney f-Glucuronidase
Oviduct Albumin
1,25-Dihydroxyvitamin D3 Intestine Calcium-binding protein
Thyreid hormones Liver Carbamoyl phosphate synthetase
Malic enzyme
Pituitary Growth hormone

Prolactin (+)
Ecdysone (in insects) Epidermis Dopa decarboxylase
Fat body? Vitellogenin

“Synthesis of each indicated protein is increased by the hormone, except for the two identified by { +).
The fat body is an organ in insects that plays some of the same roles as liver and adipose tissue.



STEROID HORMONES: MOLECULAR ACTION

The glucocorticoids influence cells in a wide variety of target tissues. Glucocorticoids act to stimulate
transcription of a protein called B, which inactivates the transcriptional factor called NF-B. NF-B helps
control transcription of the cytokines, which stimulate the immune response.
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Figure 21-45
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© 2013 W.H. Freeman and Company

_ SREBP (lipid synthesis)



HORMONE CATABOLISM AND

EXCRETION

Inactivation of steroids involves
reductions and conjugation to
glucuronides or sulfate to increase their
water solubility.

Most are catabolized by the liver and
Kidneys.

70% of the conjugated steroids are
excreted in the urine, 20 % leave in
feces and rest exit through the skin.

HAC

estron-3sulfate



