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Structure and sources of cholesterol:

olrived \ipid
o Cholesterol”is classified as an animal sterol

J _ —
; . Llol steroid e Sy D aw ¢
P (having -OH group at C3). "~ nwles = -
/\;/W C\\jdon°mhﬂdeMﬂPhiﬁ'nMSf !._c<__, nueus N o{,\\}__&: 2)_;&&_‘:.’

Endogenous: Cholesterol is formed in the

body almost_in all nucleated ceIIs from
Lo dsr S o (o5 e

Q.
Acetyl-CoA (about 700 mg/day) o "-J><JSL§C““‘°

\
Nivey s anl\j &5 [acdgt WA} o nuc\QgsU&gJJW

* Exogenous: Cholefterol occurs only in food
T SowrCe At

cwolestevol = slerel (ez->H) I?XO y

of animal origin such as egg onk meat, I|ver
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Sito of attachmont
of fatty acid In
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Structure of cholestero! showing site
of attachment of fatty acid in ‘gs,,,y
v

cholesteryl esters.

and brain. Diet supplies about 400 mg/day.
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Synthesis of cholesterol:

1. Location: 7

: v o\—C \ 0
* Intracellular location: Cytosol. ondoplsmi ¢ TER OIS E EAE
Chotesiercl S\ “C”” &

* Organ location:

e Liver is the major site of cholesterol synthesis.

sswll 5o Other tissues e.glintestine, adrenal cortex, gonads and-skin.

. N.Q\;)] 042> PfOJaSWbV\(-g }‘e_S""-lfO .S‘i‘tm"‘ § C\S’:‘J’Od&l\_“ [«EJ u’°_J"‘£ f)DQ\l c))/—“s)\ ‘\/,) él J
2. Precursor: Acetyl-CoA. e o
—_— A
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Steps of synthesis of cholesterol

: 2 O
* The first step of cholesterol /O p’\@ 4
synthesis is the condensation of CoA 5-CoA
2 Acetyl-CoA
two molecules of acetyl-CoA to
34 peo WD Q) ¢l = thiolase F =
form acetoacetyl-CoA.  ° """ ' e vesy CoA-SH
O
* This reaction is catalyzed by the I /°
CH3_C"_’CH2_C\
enzyme thiolase. S-CoA

Acetoacetyl-CoA
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Regulation of Cholesterol Metabolism. HMG/CoArreductase is

.k eSlS i r ) v\- 2 \J(feguh .m - ‘
S —_— ™malo l )l Dq.,

o . . a .
s Major regulation is by gene expression

FhogPholUTdHor\ J‘a—h—w‘l;.) ‘.}G by Sl

wlation
2—_— Minor regulatory mechanisms shesphelyration %
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Major regulation is by gene expression: Three levels \fé\ /

- O
. MG feduciase ¢ sl stae < a0 obsidiain d h

1. Sterol regulatory element-binding proteins (SREBPﬂ | tromseigtion fw]

c\otestrol o oflasmic Teb wdwm

e s-viie-When sterol levels are high, SREBPs remain bound to the ER membrane_, by b= Ao

olesierol bs!
a2 Cepriione When sterol levels fall, the complex is cleavéd’and moves o the nuclelis; ;5 [t

Ctholestvol .fa L

ay
w32 e |t gctivates transcription of HMG-CoA re uctase L (SREBps)lgov| mentbran i e Gourps Complex profein i OB

”W\ kgjmw_) stevel 8o ¥7F 4 T3~ HM G Nppim B0y, nnet ) ER ~ L
p i s hamslation ot Hanscrptio S 515401 & 322707 Y 71
R e 2. Translational control on MRNA stablllt " B hon ” By tow lewak -
WG phieo By,  mevlbnak ol faen )| G lebl 0 soms O Qs 22, HMG,, wo e baf Sa— @200 AU frovns Cripton )
2 s Cn n
Ju asoie-  ® INCreased mevalonateedestablllze the HMIG-CoA reductase mRNA _
}anscrifid
Cholste S LodggratestiondPumivol — 5 w3 %Z‘Siu
MG - TR

3. Post-translational control it v

/—“) q,)-{/

* High cholestero| produces oxysterol, whlcﬁyallosterlcally binds HMG-CoA
reguctase mducmg a conformational change that promotes its

5 ublqmtlnatlonwoh& 4 50 S e HMGL-CoR s @

™MarKe,— reductase

Jox blo, C-PI’OtEOWtIC degradation of HMG-CoA reductase _ , | cholestrol.

M LEVN




Made with Xodo PDF Reader and Editor

(2 m—l
/mm LRk pPa®rred

Minor regulatory mechanisms: oy ) Lo PRI

Showrk Ferm f@{f*ﬂaﬁ"“ d Phosphatute.
phosphatase cizyme = ;)
5 ’. Cholesterc

* Phosphorylation/de-phosphorylation / -V:'.'

wase w ® Covalent modification provides short- HMG-COA reductase () ~ HMG-CoA reductase 3

e . G\ G ; B> ¢ QNS il ® BN r
Slerves ~ term regulatloliﬂw,Cgo’leiji'gﬁwﬁmg e AP re (Inactive) C\;;\;(;\l:;:tlv(e)

\-'\meyedumen N aeviyaddan @ck%s .F__JW\I—;.L\,\O\QH,U“. (ole Lrg,‘,\-,\ phosp}wmhfccqw_,g_o \s»,ch. HMG-CoA
@Cjilgﬂcs“l"fGlucagon, epinephrine: “ cascades
vl - & .
- lead to phosphorylation, decrease dorm
.« . Phesping
the activity (1) et
Protein B
2. Insulin:  cascades lead to AP, Tq’li‘ZA ATP
. ) o=
dephosphorylation, increase &
. L (z) PRecAMP U\ ATP i d,a>
activity — ute energy S Fecdig s T 58S )
- . s L - : o HBS sLE>
(s ) Eous (e Jamt ol e BB adwquk N heois K\ )
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tretment ~Us ¢ lene )
Inhibition by drugs: > |, M —reductase

lova
meJC

!
* Lovastatin and mevastatin are part of a class of drugs known as statins that

specifically target HMG-CoA reductase, the enzyme responsible for the

rate-limiting step in cholesterol biosynthesis. They’re effective in treating

hypercholesterolemia (high cholesterol levels).

, er clostreomia gals T-'”‘—;
v Competitive Inhibition of HMG-CoA Reductase: Lovastatin and mevastatin =)
(Qversable T et Stugroe § 2 > . Ca

oz b are structural analogs of HMG-CoA. Due to this structural similarity, they
M&-WA 2 &/

5_),4:«) /_WU/L«;théﬂé__ug_\ ————
rm‘*?fmﬁlan bind to the active site of HMG-CoA reductase, effectively competing
“Méf%mms:«h‘n

with HMG-CoA for binding.
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Excretion of cholesterol

\gq 2 6XCT€hor\J‘_&d Le>o) up ®
* About one gram of cholesterol is excreted dally. It is secreted as

A”M'fd‘(“@cholesterol ile acids and coprostanol ARSI
SIS \
i f Joliceck By TN, 4
* A. % Gram cholestero] is excretedas such with bile, which transports

it to the intestine for ellmlnatlon Cholesttro 505 o5 1 g 38 % celsiE ¥ g

B. % Gram cholesterol is converted to bile aC|ds which is excreted in
the fECES d,[_)\ug Q@XCY@'I"OV\-] e bile ac,\dl cJ djs_\j\r\.o\e,ﬂbfd\. L

* Some cholesterol is synthesized by intestinal cells and modified by
bacteria before excretion. Bacterial enzymes reduce cholesterol into

coprostanol, which is excreted into feces.
Co?TC}Q“&nOL ] choleskerol W pduckon (39 intest, I =2 LRy lew) )

Cﬂ/(ELE YA) |onge wieskin )| = 0uds Bl Yl 0et,) Mok Ecafwn e uil I opup o ST
DG aces J17a

CRECYe11 0
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Plasma cholesterol and conditions

associated
% Hypercholesterolemia

@ Hypocholesterolemia
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Loe_choe = 26 -lzérvg/c}vi P\O\sm;
L
Plasma cholesterol ester + Free — VUHo—> 7220 g |

Cree.p 05R7 U;‘; Co sl sosmst oh S, god.[-d £ ,lfb;f o cholestorol 316 olis
. . . od
* In plasma, cholesterol exists in two primary forms: free cholesterol

and esterified cholesterol (known as cholesteryl ester).
Otnanc fa%}/s?iestfgf\ax » Y, Lrasile

* Normal Range: Free cholesterol typically ranges from 26 to 126

mg/dL in plasma

* Normal Range: The optimal total plasma cholesterol level typically
— f‘},'e\/_'pjg, Cree Cholesterol

falls between 140 and 220 mg/dL. estor) fic], Chotedoe]
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Hypercholesterolemia

©) normal artery

* Hypercholesterolemia is typically
defined as a total plasma cholesterol

concentration above 220 mg/dL.
— T Myper—sTeup

%- This level is associated with an-’
increased risk of 4therosclerosis and
“@cardiovascular diseases, as excess
cholesterol in the blood can deposit
on arterial walls, leading to plaque

formatlon Lo 20w 51 Clolestenl I\ e
’&Zéaa Qhu By g’fdw o(ctm»gf, e Jessel

]Q5f et P\qal\,&dw Al oﬂamaie,-l(
SUELEVN

e Narrowing
of artery

Narrowed
artery

Plaque
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Causes of Hypercholesterolemia

1. Diet rich in carbohydrate, cholesterol and saturated fatty acids. — 1 rotal cacsiord-

:/\F\L‘ASV\AQ.

&M\,—/)

2. Hypothyroidism: Thyroxine (:I'4) regulates cholesterol metabolism by

—_—
A&\)/

CD T
enhancing the conversion of cholesterol to bile acids andOincreasing the
LoL 3,5 9 e L \’“jPOMY‘dAi(wa @

expression of LDL receptors on liver cells. =

- \\ veyY CC“S G: reu’P‘vTj .
: : : L : : o= N
3. Diabetes is often associated with insulin resistance, which impairs lipid

, Yype-2 Terdne
metabolism.

4. Kidney Disease (Nephrotic Syndrome)

G\ | , ) ) ..
&\\W J/]’\‘S/Ltgpvil/‘:ﬂc:sfs e- U'P/:) J)Jf/w{-(l_}f\&} ';Ll".‘/)_[‘ I/‘”‘) 2\'.5‘ u-'lAg Z}féj

\- -
Proen LT — .
wieadls d i ot hpid | Al I Uese>
w R\ook.
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Causes of Hypercholesterolemia

e Obstructive Jaundiceidblocks the excretion of bile acids and cholesterol
from the liver into the intestine. This causes a build-up of cholesterol
in the blood due to decreased biliary excretion.

e —

e Familial hypercholesterolemia (FH) is a genetic disorder often caused

cond i $1 0 s\

mwa&ﬁmﬁ%by mutations in the LDL receptor gene, leading to reduced LDL
@hhor prlo Yostaew s S DL, L)L receptor o+ bt
“r et receptor activity. .. P -

Cho— = Rlood JIM o= Vs LD ~ A ] o ) )
* Because of deficient LDL receptors, individuals with FH cannot effectively

clear LDL cholesterol from the blood, resulting in very high plasma cholesterol
levels from birth.

* This condition leads to early-onset atherosclerosis and significantly increases
cardiovascular disease risk, even in young individuals.

M LEVN
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Hypocholesterolemia:

a
* Plasma cholesterol levels below 140 mg/dL are considered
... hypocholesterolemic. Causes:

JD"! flﬂ\‘jb‘ﬂtﬂd‘ﬂw dlo ALyl

* Prolonged fasting which causes decréased secretion of Insulin , T gtyceger
(decreased activation of HMG-CoA reductase). hotesky, I ZUA AL S gt

* Diet Poor in Saturated Fatty Acids, Carbohydrates, and Cholesterol.

* Liver Diseases Liver diseases like cirrhosis or hepatitis impair this

synthetic function > & -iens
 Choleslevo . 5 e

* Hyperthyroidism: excess thyroid hormones (T3 and T4) increase the
metabolic rate and enhance LDL receptor activity in the liver. This
accelerates LDL clearance from the bloodstream.

M LEVN
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TRANSPORT OF CHOLESTEROL:

* Cholesterol is hydrophobic. It is transported in plasma in the more

soluble lipoprotein forms: LDL, VLDL and HDL (next lecture).

* Free cholesterol is removed from tissues by HDL and transported to

be excreted by the liver.

M LEVN




Made with Xodo PDF Reader and Editor

Storage of Cholesterol (Next lecture)

* Cholesterol ester is the storage form of cholesterol: It Is formed in
both tissues and plasma.

* In tissues (liver), cholesterol is esterified by ACAT enzyme (acyl CoA
cholesterol acyl transferase):
Cholesterol + Acyl CoA *» Cholesteryl ester + CoOASH

* In plasma, cholesterol is esterified by LCAT enzyme (lecithin
cholesterol acyl transferase). LCAT is associated with HDL.

Cholesterol + lecithin & Cholesteryl ester + lysolecithin

M LEVN
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Functions of cholesterol -.

.
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Functions of cholesterol

1. Cholesterol enters in the| 2. Cholesterol Isthe precursor of:
. VG"—/I‘]“G’\,_;U'GSJ Cellmemorr ! C—;gfg’dzbfé—\ R

structure of every body cell 1. Vitamin D3 (subcut:neous fat) < 7-dehydrocholesterol =
Vitamin Dj.

(e.g. cell membrane). 2, Steroid hormones:
a) Estrogens and progesterone (ovaries).

b) Testosterone and androgens (testes).
c) Glucocorticolds and mineralocorticoids (Adrenal
%
cortex).
3. blle acids: (Liver)
. <

M LEVN
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Generation the vitamin D, (1 25 dihydroxycholecalciferol )

c & v
- ZSﬂLjQ‘ U;!/ej\;a ;LEVD&?: w\l;:w S t%r::wl;;cs\;:mu: 3 \,.pwJ
Wl ;;3 PRI DL off 2t d/:lﬁgc‘;l*;‘:jb gtz ot lewed a
* Ultraviolet rays of sun generate the vitamin D, from the Provitamin 7-
S g T+ Amamd\\qm\
e dehydrocholesterol (in human). “**www»im stin

¢ 7- dehydrocholesterol is converted into cholecaluferoI\QJ\/\u% D)
Con 5 o 0 ol wd s \ver I ] Jio ©

* In the liver, cholecalciferol is converted into 25-hydroxyvitamin D3.

Ci - oH Galsw\ ~ e kcll\,\,ujdl Mp\
* Finally, the kidneys convert 25-hydroxyvitamin D into the active form

of vitamin D, 1,25-dihydroxyvitamin D3. (ective o For vitDz)

M LEVN
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Activation of vitamin D3 to 1,25 dihydroxycholccalcifcrol

Sunlight
1-Dehydrochalesters! - Vitamia 0, SKIN
(cholecaleiferol)
LIVER 25 Hydroxylase| 2.0~ hydrox ylase

25-Hydroxycholecalcilerol J

24'““"0‘7]3“ \ lc“y‘deV]l" | _ Iflzﬁc}do)(\j[fdc

KIONEY \

24 25:Dihydroxycholecalcifero! 1,26-Cihydroxycholecalciterol
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Activation of vitamin D3 to 1,25 dihydroxycholccalcifcrol

H1C CH, H;C CH;
CH;
CH; CHy
CH,
Ultraviolet
light
HO S¥in WO

7-Dehydrocholesterol Previtamin D,

l \\'\}-Q/‘/

CH;

WLE YA,N (1,25-Dihydroxycholecalciferol) ’25 — (Cholecalciferol)
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Bile, Bile acids and salts
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Bile definition and content

* Bile is a greenish-yellow fluid produced

Pancreatic duct

by the liver and stored in the

Lobules

gallbladder.
. O© @ &,
* |t contains water, electrolytes, bile
@ c @

acids, bile salts, cholesterol, bilirubin,
&

and phospholipid [phosphatidylcholine

(lecithin)].

Accessory pancreatic duct

Duodenal papilla

M LEVN
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Importance of Bile

LS

* Bile's role is to emulsify fats, which means it breaks down large fat

drops into smaller droplets, making them more accessible to the
S\y== ‘?J“LF—SJPld\ J_"ﬂ\%\\w\)\-c\;low

FUIN (CW\U\.\S\QI Cﬂ’)

action of enzymes. s
. i Hydrophabic  Hydrophilic Sid @
* Bile is essential for the digestion  $2 O == Ny
o & Yo 3 . - <

and absorption of fats and fat-

N Bile Salt (@
4 Mol fam b L
2 Emulsified

V L Droplets

C Fat Globule deOPkf 3 L‘Odro,ohobi c
M LEVN —

soluble vitamins (A, D, E, and K)
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Bile has two potential pathways
I s Ueaall Lon 9 duedenum J gl LY
liyer ?.ja—e:')—v \jf’%‘ Sl Comm&z bile JI J Us s q_,l:g’))

ot
o P Vg T el n s Jall bladder M

Right Hepatic Duct Left Hepatic Duct

’ Pancreas

Stomach

* It can flow directly from the liver into

Liver

the duodenum through the common

Gallbladder
bile duct, or it can be stored in the

Cystic Duct . _
gallbladder for later use when 2} Cornmon Hepaic Duc

Common Bile Duct _ s \  Pancreatic Duct
immediate digestion is not required. Y%

M LEVN
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Bile acids

m
24) that serves as

——

< Arenites 'ﬁ"aws Cholegerol . N{wf 25 U+
aad vle

Cholanic acidjis a carboxylic steroidal compound (C
L’BC”"(_;;‘[)/\UA_E/‘DALJ"TA"/\,’L\’D

agds Mo < . ) . . .

the Ba5|3 for the structure of various bile acids found in bile.
Ny

* Bile acids are hydroxyl derivatives of W
mOOH

Q__Ml

which is derived from cholesterol

Cholanic acid
* Types of bile acids: Primary & Secondary bile acids - (Ch)

M LEVN
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Primary bile acids

4

* Primary bile acids are synthesized in the liver:

OM e 2,4 ATy S e Sbos Cholowsc acid, J) cend

e Cholic acid is one of the most abundant bile acids

produced and is a major component of bile.
,'D_/—’—J

2. Chenodeoxycholic Acid (3, 7 dihydroxycholanic > * JL

24

\ithe W COOH
. Voli
acid) e o GA AN

Ole =) < Chenodeoxy Cholic acid

C 3,7ﬂ\a oly
M LEVN
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Secondary bile acids

e Secondary bile acids are derived from primary bile acids in the

W

* This transformation occurs through the action of intestinal bacteria,

Secorak =5 Ml e— Pﬁ'r\v\ow:f) & Cq o Cf' e 356 Lalil as v las Lo F X dehy drorylea? T3 o]
ch

whi removeb‘tgﬁ*édhydroxyl group at the 7th carbon position (no OH

intestine.
pD Jomd AN

on C7; contain 7a dehydroxylase).

—
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Secondary bile acids
FLJ\

COOH

* Deoxycholic acid (3, 12 dihydroxy cholanic acid).

oH & Cylewts kol ) Cyte of a»évé
* Formed from the primary bile acid cholic acid by A~ e
bacterial dehydroxylation at the 7th carbon position. Se@mié
. H .. Deoxycholic acid

* Lithocholic acid (3 mono ydroxy cholanlc acid).

COOH

* It has a single hydroxyl group at the 3rd position.

e

- \V/
HO H

B Lithocholic acid
M LEVN
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Bl‘e SaltS ——)bi\e O\C\o§\+<ijo ‘\‘NO\ —_—> NC/T Sm]{\_
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\ﬁ - ~n L4
e 127 R o N S,

* Bile salts are bile acids conjugated with glycine (80%) and taurine - .. s

Jl,v)g;: Sooliu”‘dlt-) —'_Q:Vf,
(20%), they are excreted by liver in bile as“/

* Bile Acid + Glycine = Glycocholic OR Glycochenodeoxycholic acids
T
owid]

* Bile Acid + Taurine = Taurocholic OR Taurochenodeoxycholic acids

—_—

* sodium glycocholate and sodium taurocholate.

M LEVN
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sodium glycocholate and sodium taurocholate.

H * }’l *
lC' CHCOOH 'C'-N_(C"bh—SOJH
0 Glycinie 0 Tamine
C[f\ol C Q.C/lc}{
HO R Q‘i@l e Lo HO H QH
QO ~wlios e oo \Jlu\w\ﬁ
o Glycocholic acld Taurocholic acld
SOAFLLW\ \(}
3%&0@»0% acid - o Qqu JP@WA

Cﬂ/(é;’L EVIN 5 T |
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Importance of bile salts

. . ~ \
1. Main way for excretion of cholesterol. -~ W\;Ol‘f& £e
NS

» Prevents precipitation of cholesterol & formation of cholesterol stones.

i’;jff. Digestion of fat due to emulsification.

_/_

3. Absorption of fat and fat soluble vitamins.

_ T
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Steroid hormones

cyclopentano-perhydro-phenanthrene “CPPP

CH,OH CH,OH O CH,OH
H
C=0 C=0 \g C=0
HO a ﬁ /Ojcy@@
O O O
cortisol CH, corticosterone aldosterone
C=0 OH OH
progesterone F-estradiol testosterone
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