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LIPID METABOLISM

1. Digestion and absorption of lipids-April 1998; Aug 2008;
April 2001; Oct 20032. Digestion and absorption of Triaclglcerol -
Aug 2010!. "ole of bile in t#e digestion and absorption of lipids.
Oct 1$$$1. E%plain t#e &etabolis& and f'nctions of (DL. )eb
2*1*

2. "ole of (DL as sca+enger of ,#olesterol. A'g 2*1*!. Digestion
and absorption of Triaclglcerol. A'g 2*1*. # Arac#idonic acid is
not considered /p'rel0 an essential fatt acid. #at is Steatorr#oea
3. Dra4 a lebelled diagra& of a basic str'ct're of
lipoproteins. Pon Ma 2*1*5. #at are t#e f'nctions of c#olesterol
Pon Ma 2*1*

DI6ESTIO7 A7D ABSO"PTIO7 O) LIPIDS 

Dietary lipids are triacyl glycerol, cholesterol and
phospholipids. Indian diet contains 20-30

g!day.

Digestion and a"sorption occurs in # steps$

a% &outh and stoach "y lipase;"% Duodenu and intestine "y
pancreatic lipase;c% &icelle 'oration;d% (assi)e a"sorption in
to intestinal cells;e% *e esteri+cation into A'% Asse"ly into
chyloicrons

Digestion8

1. ingual and stoach phase$a. he digestion o' lipids is
initiated in the stoach, catalysed "y acid-sta"le

lipase. his en/ye also called lingual lipase% is "elie)ed to
originate 'ro

the glands at the "ac o' tongue.". toach contains a separate
gastric lipase hich can degrade 'at containing

short chain 'atty acids at neutral p4.c. ingual lipase acts on
short chain triglycerides; astric lipase also acts on

triglycerides to con)ert into onoacylglycerols; it is secreted
"y chie' cells

and stiulated "y gastrin.2. Intestine$

a. ipids are +rst eulsi+ed "y con)erting into sall droplets ith
reduced

sur'ace tension and increase in sur'ace area.". *ole o'
"ile$

i. 5ile salts are the "iological detergents synthesi/ed 'ro
cholesterol in

the li)er. hey are secreted ith "ile into the duodenu.ii. 5ile
salts possess steroid nucleus, the side chain o' hich is
attached

to either glycine glycocholic acid% or taurine taurocholic
acid%.iii. 5ile salts are the ost e6ecti)e "iological eulsi'ying
agents. hey

interact ith lipid particles and the a7ueous duodenal contents
andcon)ert the into saller particles eulsi+ed droplets%.

i). urther, "ile salts sta"ili/e the saller particles "y
pre)enting the

'ro coalescing.c. ur'actants$

i. he initial digesti)e products o' lipids catalysed "y lipase%
naely 'ree

'atty acids and onoacylglycerols proote eulsi+cation. hese

copounds along ith phospholipids are non as sur'actants.ii.
ur'actants get a"sor"ed to the ater-lipid inter'aces and increase
the

inter'acial area o' lipid droplets.
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d. 5esides the action o' "ile salts and sur'actants, the
echanical iing due to

peristalsis also helps in the eulsi+cation o' lipids.!.
Intestinal Digestion of lipids b pancreatic en9&es8

a. (ancreatic lipase is the a:or en/ye that digests dietary
'ats. his en/ye

clea)es 'atty acids into 2-onoacylglycerol and 'ree 'atty
acids.". he acti)ity o' pancreatic lipase is inhi"ited "y "ile
acids. his pro"le is

o)ercoe "y a sall protein, colipase. lt is also secreted "y
pancreas asprocolipase and con)erted to acti)e 'or "y trypsin.
olipase "inds at the

lipid-a7ueous inter'ace and helps to anchor and sta"ili/e
lipase.c. ipid esterase is a less speci+c en/ye present in
pancreatic :uice. lt acts on

onoacylglycerols, cholesteryl esters, )itain esters etc. to
li"erate 'ree 'atty

acids. he presence o' "ile acids is essential 'or the acti)ity
o' lipid esterase.d. holesterol esterase cholesteryl ester
hydrolase% clea)es cholesteryl esters to

produce cholesterol and 'ree 'atty acids.e. (hospholipids$
(ancreatic :uice is rich in phospholipaseA 2 hich clea)es the

'atty acid at the 2nd position o' phospholipids. he products are
a 'ree 'atty

acid and a lysophospholipid. (hospholipase A 2 is secreted as a
/yogen

hich is acti)ated in the intestine "y the action o' trypsin.

Site En9&es Opti&'&p(

Prod'cts

Oral

ca)ity

lingual lipase 2.
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". 5ile salts are essential 'or a"sorption o' lipids. 5ile salts
'or ied icelles

ith lipids. hese icelles are saller in si/e than the lipid
eulsion droplets.

 he icelles ha)e a dis lie shape ith lipids
onoacylglycerol, 'atty acids,

cholesterol and phospholipids% in the interior and "ile salts at
the periphery.

 he hydrophilic groups o' the lipids are oriented to the
outside close to the

a7ueous en)ironent% and the hydropho"ic groups to the inside. In
this

'ashion, the "ile salt icelles eert a solu"ili/ing e6ect on the
lipids.c. he ied icelles ser)e as the a:or )ehicles 'or the
transport o' lipids 'ro

the intestinal luen to the e"rane o' the intestinal ucosal
cells, the site

o' lipid a"sorption. he lipid coponents pass through the
unstirred ?uid layer

and are a"sor"ed through the plasa e"rane "y di6usion.d.
A"sorption is alost coplete 'or onoacylglycerols and 'ree 'atty
acids

hich are slightly ater solu"le. 4oe)er, 'or ater insolu"le
lipids, the

a"sorption is incoplete. or instance, less than =0@ o' the
dietary

cholesterol is a"sor"ed. he icelle 'oration is also essential
'or the

a"sorption o' 'at solu"le )itains, particularly )itains A and
.e. lightly ater solu"le nature o' onoacylglycerols and 'ree 'atty
acids B short

and ediu chain 'atty acids are not dependent on icelle 'oration
'or the

a"sorption.

=. Entero#epatic circ'lation of bile salts$ A'ter 'oring ied
icelle the "ile is le't

"ehind. It is rea"sor"ed 'ro the ileu and returned to li)er 'or
resecretion.
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". hyloicrons igrate to the plasa e"rane o' intestinal ucosal
cells.

 hey are released into the lyphatic )essels "y eocytosis.c.
hey 'or the chyle and transported through lacteals and +nally
enter

thoracic duct to reach lyph circulation. hyloicrons enter the
large "ody

)eins )ia the thoracic duct.d. ,#lo&icrons are large
lipoprotein particles that transport dietary lipids 'ro

the intestines to other locations in the "ody.e. he presence o'
chyloicrons gi)es the lyph a ily appearance, hich is

o"ser)ed a'ter a lipid-rich eal.'. hyloicrons are one o' the
< a:or groups o' lipoproteins chyloicrons, 

ED, ID, D, 4D% hich ena"le 'ats and cholesterol to o)e
ithin the

ater "ased solution o' the "lood strea.g. ate o'
chyloicrons$

a. ro "lood they get into adipose tissue and li)er". i)er uses
triglycerides 'or it to synthesis EDc. During star)ation the
triglycerides are con)erted into 'ree 'atty acids

'or oidation "y cells>. i teps o' ipid A"sorption

a. &inor digestion o' triacylglycerols in outh and stoach "y
lingual acid-sta"le% lipase.". &a:or digestion o' all lipids in
the luen o' the duodenu!:e:unu "y

pancreatic lipolytic en/yes.c. 5ile acid 'acilitated 'oration o'
ied icelles.d. (assi)e a"sorption o' the products o' lipolysis 'ro
the ied icelle into the

intestinal epithelial cell.e. *e-esteri+cation o'
2-onoacylglycerol ith 'ree 'atty acids inside the

intestinal enterocyte.'. Asse"ly o' chyloicrons containing Apo
5=8, triacylglycerol, cholesterol

esters and phospholipids and eport 'ro intestinal cells to the
lyphatics.

a. In pancreatic disease 'at is not digested leading to
stetorrheab. A"sorption is de'ecti)e in oeliac disease, surgical
reo)al o'

intestines, "iliary o"struction.'at ala"sorption syndroes%c. lt
is a condition characteri/ed "y the loss o' lipids in the 'eces. It
ay

"e due to a de'ect in the secretion o' "ile or pancreatic :uice
into the

intestine or ipairent in the lipid a"sorption "y the intestinal
cells.d. teatorrhea is coonly seen in disorders associated ith
pancreas,

"iliary o"struction, se)ere li)er dys'unction etc.". ,stic
?brosis$ De'ecti)e gene results in decreased secretion o' chloride
and

increased rea"sorption o' sodiu and ater. In the pancreas, the
decreased

hydration results in thicened secretions such that pancreatic
en/yes are

not a"le to reach the intestine, leading to pancreatic
insuFciency and 'at

ala"sorption.c. ,#olesterol stone 'oration in gall-"ladder
gall stones% is a 're7uent health

coplication. lt is 'ound ore 're7uently in 'eales than in ales
o'ten in

association ith o"esity. holesterol gall stones are 'ored hen
li)er

secretes "ile containing phospholipids, "ile acids etc.%,
supersaturated ith

respect to cholesterold. A"noral passage o' chyle in urine
hyluria% B in thora called chylothora.


http://en.wikipedia.org/wiki/Lipoproteinhttp://en.wikipedia.org/wiki/Chylomicronshttp://en.wikipedia.org/wiki/Chylomicronshttp://en.wikipedia.org/wiki/VLDLhttp://en.wikipedia.org/wiki/Intermediate_density_lipoproteinhttp://en.wikipedia.org/wiki/Intermediate_density_lipoproteinhttp://en.wikipedia.org/wiki/LDLhttp://en.wikipedia.org/wiki/HDLhttp://en.wikipedia.org/wiki/Chylomicronshttp://en.wikipedia.org/wiki/VLDLhttp://en.wikipedia.org/wiki/Intermediate_density_lipoproteinhttp://en.wikipedia.org/wiki/LDLhttp://en.wikipedia.org/wiki/HDLhttp://en.wikipedia.org/wiki/Lipoprotein
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DE 7O:O S;7T(ESIS O) )ATT; A,IDS =LIPO6E7ESIS>

1. )att acid snt#esis. A'g 2**

O+er+ie48

1. atty acids are synthesi/ed hene)er an ecess o' calories is
ingested. he a:or

source o' car"on 'or the synthesis o' 'atty acids is dietary
car"ohydrate. An ecess o'

dietary protein also can result in an increase in 'atty acid
synthesis and stored as

triacylglycerols.2. he pathay is called ynenGs spiral3. ynthesis
o' 'atty acids occurs predoinantly in li)er, idney, adipose tissue
and

lactating aary glands=. atty acids are synthesi/ed ainly "y a de
no)o synthetic pathay operating in

the cytosoal 'raction o' the cell. o it is re'erred to as etra
itochondrial or

cytoplasic 'atty acid synthase syste. en/yes$8. Doain1
condensing unit acyl synthase; acetyl trans'erase; alonyl

trans acylase%9. Doain 2 reduction unitdehydrogenase; enol
reductase; acyl carrier

protein%10. Doain 3 releasing unit thio esterase%

Steps8

1. Acetyl oA is car"oylated to alonyl oA "y the en/yrne acetyl
oA

car"oylase. his is an A(-dependent reaction and re7uires "iotin
'or O2 

+ation.

Acetl ,oA @ (,O!- @ ATP  Malonl ,oA @ ADP @ Pi

2.A. he reaining reactions o' 'atty acid synthesis are catalysed
"y a ulti'unctional

en/ye non as 'atty acid synthase A% cople. he acetyl
transacylase


http://library.med.utah.edu/NetBiochem/FattyAcids/5_3.htmlhttp://library.med.utah.edu/NetBiochem/FattyAcids/5_3.html
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trans'ers 2 car"on acetyl group to the cysteinyl 4 group o' the
synthase

cople.

Acetl ,oA @ =,E>-S(  Acetl S-=,E> @ ,oA

2.5 One olecule o' Acetyl oA 2% and one olecule o' elonyl oA3%
"ind to

the A ultien/ye cople. &alonyl group is trans'erred to 4
group "y acyl

carrier protein.

Malonl ,oA @ A,P-S( Malonl-S-A,P @,oA

3. he 2 acetyl and 3 elonyl units are condensed to 'or aceto
acetyl A(;

one is lost as o2; the en/ye is eto acyl synthase.

2 Acetl-S-=,E> @ ! Malonl A,P  Aceto acetl A,P

.  he aceto acetyl A( is reduced "y AD(4 dependant
"eta-eto-acyl reductase

to 'or "eta hydroy 'atty acyl A(

Aceto acetl A,P@ 7ADP(@(@  5eta #dro% b'trl A,P@7ADP

. 5eta hydroy 'atty acyl A( is dehydrated to enoyl A( "y
dehydratase

Beta #dro% fatt acl A,P  Enol A,P @ (2O

#.A Hnoyl A( is reduced "y enoyl reductase using 2 AD(4 to 'or
"utyryl A(

Enol A,P @ 2 7ADP(  B'trl A,P @ 7ADP

3.B Steps 3,=,
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"eg'lation8

1. he reducing e7ui)alents 'or 'atty acid synthesis are pro)ided
"y AD(4 hich coe

either 'ro citrate acetyl oA% transport or heose onophosphate
shunt.2. itrate a)aila"ility is an iportant 'actor 'or 'atty acid
synthesis.3. Acetyl oA car"oylase is a rate liiting ey en/ye;=.
atty acid synthesis decreases hen lucose le)el is lo.
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#. onsuption o' high car"ohydrate or 'at-'ree diet increases the
synthesis o' acetyl

oA car"oylase and 'atty acid synthase, hich proote 'atty acid
'oration. On the

other hand, 'asting or high 'at diet decreases 'atty acid
production "y reducing the

synthesis o' these to en/yes.

)ATT; A,ID S;7T(ASE ,OMPLE - )eb 2*11

1. his syste eists as a ulti-en/ye cople. he en/yes 'or a dier
ith

identical su"units.

Hach su"unit o' the cople is organi/ed into 3 doains ith >
en/yes.

2. Ad)antages o' &ulti-en/ye ople$

a. Interediates o' the reaction can easily interact ith the
acti)e sites o' the

en/yes.

". One gene codes all the en/yes; so all the en/yes are in
e7uiolecular

concentrations.

c. o the eFciency o' the process is enhanced.

3. 1st Doain or ondensing Jnit$

It is the initial su"strate "inding site. he en/yes in)ol)ed are
"eta-eto acylsynthase or condensing en/ye H%; acetyl trans'erase A%
and alonyl trans

acylase &%.

=. 2nd Doain or *eduction Jnit$

It contains the dehydratase D4%; enoyl reductase H*%; "eta-eto
acyl reductase

*% and acyl carrier protein A(%. he acyl carrier protein is a
polypeptide chain

ha)ing a phospho-pantotheine group, to hich the acyl groups are
attached in

thioester linage. o A( acts lie the oA carrying 'atty acyl
groups
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". Another acyl group is added to lysophosphatidic acid to 'or
phosphatidic acid

1 ,2-dia cylglycerolphosphate%.c. he en/ye phosphatase clea)es
o6 phosphate o' phosphatidic acid to

produce diacylglycerol.d. lncorporationo ' another acyl group
+nally results in synthesis o'

triacylglycerol.
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1. De?nition8 Oidation and splitting o' to car"on units at the
5eta-car"on ato.

Oidation occurs se7uentially "y clea)ing to car"on units, acetyl
oA.2. riacylglycerol % is the stored 'at in the adipose tissue. he
en/ye triacylglycerol

lipase, reo)es the 'atty acid either 'ro car"on 1 or 3 o' the
triacylglycerol to 'or

diacylglycerol. he other to 'atty acids o' are clea)ed "y
additional lipases

speci+c 'or diacylglycerol and onoacylglycerol. he coplete
degradation o'

triacylglycerol to glycerol and 'ree acids is non as lipolysis.
atty acids are oidi/ed

"y ost o' the tissues in the "ody. 4oe)er, "rain, erythrocytes
and adrenal edulla

cannot utili/e 'atty acids 'or energy re7uireent.3. he
"-oidation o' 'atty acids in)ol)es three stages

1. Acti)ation o' 'atty acids occurring in the cytosol;2.
ransport o' 'atty acids into itochondria;3. 5-Oidation proper in
the itochondrial atri.

. Site81. 5eta oidation o' 'atty acids taes place in the
itochondrial atri 'or the ost

part. 4oe)er, 'atty acids ha)e to "e acti)ated 'or degradation
"y coen/ye A 

"y 'oring a 'atty acyl-oA thioester.2.  or short and ediu
length 'atty acids, they undergo this reaction in the

itochondria.!.  he long chain 'atty acids canMt go through
the e"rane though, so this

reaction occurs at the outer itochondrial e"rane and the product
has to "e

carried "y carnitine across the inner itochondrial e"rane..
 hey are ade into acylcarnitine deri)ati)es "y arnitine
acyltrans'erase I on the

outer side o' the inner e"rane. hese are then transported across
the

e"rane "y a translocase and then they are passed to carnitine
acyltrans'erase

II on the atri side hich puts the 'atty acyl group "ac on oA
lea)ing the

original 'atty acyl-oA.

Preparati+e steps8 steps

tep 1$

atty acids are acti)ated to atty acyl oA utili/ing to high
energy "onds

  hioinase

atty acid ------------------------------- atty acyl oA

A( A&(N((i

Step 28

"ole of ,arnitine$

1. arnitine is a 7uaternary aoniu copound "iosynthesi/ed 'ro
the

ainoacids lysine and ethionine in li)er and idney. In li)ing
cells, it is

re7uired 'or the transport o' 'atty acids 'ro the cytosol into
the itochondria

during the "readon o' lipids or 'ats% 'or the generation o'
eta"olic energy.

arnitine eists in to stereoisoers; its "iologically acti)e 'or
is -carnitine,

hiles its enantioer, D-carnitine, is "iologically inacti)e.

2. atty acyl oA has to "e transported through itochondrial
e"rane 'or'urther step. 4ence arnitine is used as a transporter. It
is synthesised 'ro

lysine and ethionine in li)er and idney. arnitine de+ciency in
preter is

'ound to produce hypoglycaeic episodes. &ediu and short
chain 'atty acids

do not re7uire arnitine and can pass through the e"rane.

tep 3$

In cytosol, arnitine co"ines ith acyl oA to 'or acyl arnitine "y
caritine

acl transferase-I ,AT I% and carried across e"rane "y
translocase.

,arnitine @ )att acl ,oA ------------- caritine acl
transferase-I =,AT I>  ,aritine acl transferase I
=,tosol>


http://www.bgsu.edu/departments/chem/faculty/leontis/chem447/beta%20oxidation_angela/COENZYMEA.GIFhttp://www.bgsu.edu/departments/chem/faculty/leontis/chem447/beta%20oxidation_angela/COENZYMEA.GIFhttp://www.bgsu.edu/departments/chem/faculty/leontis/chem447/beta%20oxidation_angela/COENZYMEA.GIF
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tep =$

In the itochondria Acyl oA is re'ored "y caritine acl
transferaseII=,at II>

Acl ,arnitine @ ,oA ---------------- Acl ,oA @
,arnitine  ,aritine acl transferase II
=&itoc#ondria>

Beta O%idation8

 he net = reactions are se7uentially repeated 'or coplete
oidation o' 'atty acids.

A'ter one round o' 'our eta"olic steps, one acetyl oA unit is
split o6 and acyl oA

ith 2 car"on atos less is generated. his ould undergo the sae
series o'

reactions again until the 'atty acid is copletely oidised.

1. he 'atty acyl oA is dehydrogenated to a trans enol oA
trans'erring 24 to AD.

AD42 in electron transport chain ill produce 2 A(Acyl oA
dehydrogenase

)att acl ,oA
----------------------------------------- Trans enol ,oA

  AD AD42  2 A(2. rans enol oA is con)erted to isoer
o' "eta hydroy 'atty acyl oA

  Hnol oA hydrataseTrans enol ,oA
----------------------- beta #dro% fatt acl ,oA

3. 5eta hydroy 'atty acyl oA is oidised to "eta L eto 'atty acyl
oA. AD4 is

produced hich yields 3 A( in electron transport chain 
Dehydrogenase

5eta hydroy 'atty acyl oA ---------------------------- 
"eta L eto 'atty acyloA

  AD AD4N N 4N 3 A(

=. 5eta L eto 'atty acyl oA is clea)ed 'oring 'atty acyl oA ith
2 car"on less and

Acetyl oA as 'ollos$

 hiolase

  5eta L eto 'atty acyl oA N oA-4 -------------------

 'atty acyl oA N AcetyloA

)'rt#er ccles$

atty acyl oA ill se7uentially undergo repetition o' the 5eta
Oidation ycle until it

is copletely con)erted to Acetyl oA. his acetyl-oA is then
a)aila"le to "e 'urther

eta"oli/ed in the A cycle, or it can "e used as a su"strate in
aino acid

"iosynthesis.

Energetics8

1. Eg of fatt acid8 Pal&itic acid82. contains 1# ar"on atos
and re7uire > cycles o' "eta oidation to produce 8

olecules o' acetyl oA; Hach olecule o' acetyl oA ill gi)e 10
olecules o' A( in

 A cycle$

810 80

3. Hach AD42 produces 1.< olecules o' A($

>AD421.< 10.<=. Hach AD4 produces 2.< olecules o'
A($ >AD42.<

1>.<
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"eg'lation of beta o%idation8

1.  he a)aila"ility o' 'ree 'atty acids regulates the "eta
oidation2. lucagon increase A and hence "eta oidation also
increases!. Insulin has the opposite e6ect=. &alonyl-oA can act
to pre)ent 'atty acyl-oA deri)ati)es 'ro entering the

itochondria "y inhi"iting the carnitine acyltran'erase-I that is
responsi"le 'or this

transport. hus, inhi"iting the "eta oidation pathay.Beta
o%idation of odd c#ain fatt acids8

1. Odd chain 'atty acids are oidised in the sae ay as e)en chain
'atty acids2. 5ut at the end a car"on unit called propionyl oA is
produced3. teps$

1. (ropionyl oA is +rst car"oylated to D-ethyl oA "y a "iotin
dependant

car"oylase utili/ing one olecule o' A(2. D-ethyl oA is con)erted
to -ethyl elonyl oA "y racease3. -ethyl elonyl coa is rearranged to
'or succinyl coa "y -ethyl elonyl

oA utase. 512 acts as coen/ye.=. uccinyl coa the enters A cycle
to 'or oaloacetate used 'or

luconeogenesis

=. (ropionyl oA is also deri)ed 'ro )aline and isoleucine. oGs
il contain ore odd chain 'atty acids8. In"orn error o' propionate
eta"olis$

1. (ropionic acadeia occurs in car"oylase de+ciency2. &ethyl
alonic aciduria in utase de+ciency

,linical Applications

1. &ediu chain and short chain 'atty acids do not re7uire
carnitine 'or transport across

the inner itochondrial e"rane. o ediu chain and short chain
'atty acids are

easily oidised.2. arnitine de+ciency is reported in preter
in'ants, in ho ipaired 'atty acid

oidation is noticed. o ore glucose is utilised, resulting in
episodes o'

hypoglyceia.3. De+ciency o' translocase$ It leads to de'ecti)e
eta"olis o' long chain 'atty acids.

In this condition, uscle craps are precipitated "y 'asting,
eercise and high 'at

diet.=. Inherited (-I de+ciency a6ects only the li)er, resulting
in reduced 'atty acid

oidation and etogenesis, ith hypoglyceia.
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2. &ani'estations$ etoacidosis, hypotonia, hypoglyceia,

hyperaoneia, hyperuriceiaii. (ropionic acadeia$

1. De+ciency o' (ropionyl oA car"oylase2. &ani'estations$
etoacidosis, hypotonia, )oiting, lethargy

iii. lutaric aciduria1. De+ciency o' lutaryl oA dehydrogenase2.
&ani'estations$ etoacidosis, con)ulsions, progressi)e

neurological de'ects, cere"ral palsy.

Alp#a o%idation8

1. It is a process "y hich 'atty acids are oidised "y reo)ing
car"on atos, one at a

tie, 'ro the car"oyl end. he process is iportant in "rain.2. he
'atty acid does not need acti)ation. 4ydroylation occurs at the
alpha-car"on

ato. It is then oidi/ed to alpha-eto acid. he eto acid then
undergoes

decar"oylation yielding a olecule o' O2 and a 'atty acid ith one
car"on ato

less.3. his process occurs in the endoplasic reticulu, does not
re7uire oA, "ut does not

generate energy. oe 'atty acids undergo alpha hydroylation in
peroisoes also.=. Alphaoidation is ainly used 'or 'atty acids that
ha)e a ethyl group at the "eta-

car"on, hich "locs "eta oidation. A a:or dietary ethylated 'atty
acid is

phytanic acid. It is deri)ed 'ro phytol present in chlorophyll,
il and anial 'ats.
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3. ,atabolis& of c#olesterol. )eb 2**<5. (DL c#olesterol.
7o+ 1$$<

Introd'ction8

1. holesterol is the principal sterol synthesi/ed "y
anials, "ut sall 7uantities are

synthesi/ed in other euaryotes, such as plants and
'ungi. It is alost copletely

a"sent aong proaryotes, hich include "acteria. 

2. holesterol is classi+ed as a sterol a contraction o'
steroid and alcohol%.3. holesterol has no signi+cant role in
energy eta"olis.=. In >0 g an there is 1=0 g o' cholesterol. ree
cholesterol is reo)ed 'ro tissues "y plasa high-density lipoprotein
4D%

and transported to the li)er, here it is eliinated 'ro the "ody
either unchanged or

a'ter con)ersion to "ile acids in the process non as re)erse
cholesterol transport

)'nctions81. It occurs as a a:or constituent o' the plasa e"rane
hich odulates its ?uid

state.

2. It helps to insulate ner)e +"ers.

3. holesterol is the precursor o' "ile acids, hich are essential
'or 'at digestion.

=. It is the precursor o' Eit. D
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ABSO"PTIO7 F T"A7SPO"T O) ,(OLESTE"OL8

1. Absorption of ,#olesterol81. holesterol ester present in the
diet is hydrolysed "y cholesterol-esterase. he

'ree cholesterol is incorporated into "ile salt icelle and
a"sor"ed into the

ucosal cell. A"sorption needs icellar 'oration.

2. A protein designated (11 ieann (ic 1 ie1% is in)ol)ed in
the

a"sorption o' cholesterol. he drug H/etii"e is inter'ere ith the
'unction o'

the protein and pre)ents a"sorption o' cholesterol.3. Inside the
ucosal cell, cholesterol is re-esteri+ed and incorporated into

chyloicrons. A5< terolin 1% and A58 terolin 2% act "y
liiting

cholesterol a"sorption. hey proote the secretion o' a"sor"ed
sterols 'ro

intestinal epitheliu "ac into the luen and thus regulate the
aount o'

cholesterol incorporated into chyloicrons.=. he chyloicrons
reach the "loodstrea through lyphatics. hus dietary

cholesterol reaches the li)er through chyloicron.2. Transport of
c#olesterol8

1. holesterol is present in the plasa lipoproteins in to
'ors

1. A"out >0->00 g3. Out 1000 g
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1. ites$ li)er, adrenal corte, testis, o)aries and intestines2.
(artly in endoplasic reticulu and partly in cytoplas3. he
synthesiso ' cholesterol ay "e learnt in < stages

a. ynthesiso ' 4& oA". oration o' e)alonate #%c. (roduction
o' isoprenoid units %.

=. teps$1. ondensation$ o olecules o' acetyl oA condense to 'or
Acetoacetyl oA

catalysed "y synthase.
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2. (roduction o' 4& oA$ hird olecule o' Acetoacetyl oA
co"ines ith

Acetoacetyl oA to 'or 4& oA catalysed "y 4& oA synthase
cytosolic

'raction%.3. he oitted tep$ 4& oA is reduced to e)lonate "y
4& oA

reductase using 2 olecules o' AD(4; this is a rate liiting
step.=. (roduction o' < ar"on Jnit$ &e)lonate is
successi)ely phosporylated to -dehydrocholesterol

"eteen -9 and -10, leading to a rearrangeent o' the dou"le "onds
o' the

olecule to 'or pre)itain D3. his olecule spontaneously isoeri/es
to 'or

)itain D3 cholecalci'erol%.3. holesterol is the precursor o' the
+)e a:or classes o' steroid horones. he

synthesis o' steroid horones is initiated "y the reo)al o' a
si-car"on unit 'ro

car"on 20 o' the cholesterol side chain to 'or pregnenolone, the
coon precursor

o' all steroid horones. A series o' reactions cataly/ed "y
cytochroe (=
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etrahepatic tissues tae up cholesterol 'ro D. he 'ree
cholesterol released

ithin the cell has the 'olloing 'ates$a. Incorporated into cell
e"ranes.". &eta"olised to steroid horones, especially in
adrenal corte and gonads.c. Hsteri+ed ith saturated 'atty acids and
stored in the cell. he en/ye AA

acyl cholesterol acyl trans'erase% helps in this reaction.

d. Hsteri+ed ith poly-unsaturated 'atty acids (JA% "y the action
o' Alecithin cholesterol acyl trans'erase% and incorporated into
4D, transported

and +nally ecreted through li)er.2. A)erage diet contains a"out
300 g o' cholesterol per day. 5ody synthesi/es a"out

>00 g o' cholesterol per day. Out o' this total 1000 g,
a"out
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1. Dietary intae o' polyunsaturated 'atty acids (JA% reduces the
plasa

cholesterol le)el. (JA ill help in transport o' cholesterol "y A
echanis

and its ecretion 'ro the "ody. he oils ith rich (JA content
include

cottonseed oil, soya "ean oil, sun?oer oil, corn oil, +sh oils
etc. hee and

coconut oil are poor sources o' (JA.

1. holesterol is 'ound only in anial 'oods B a)oidance o'
cholesterol-rich 'oods

is ad)ocated to "e on the sa'e side.

2.  ertain plant sterols and their esters e.g. sitostanol
esters% reduce plasa

cholesterol le)els. hey inhi"it the intestinal a"sorption o'
dietary cholesterol.

3. i"er present in )egeta"les decreases the cholesterol
a"sorption 'ro the

intestine.

=. Diets rich in car"ohydrates particularly sucrose% should "e
a)oided as the

increase triglycerides.

prod'ced in t#e bod DescribeC

4it# t#e #elp of a diagra&C t#eir &etabolic fate. #at
deter&ines t#is
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process of t#eir &etabolic fate E%plain t#e clinical
signi?cance of t#is

lipoprotein. )EB"HA"; 2*1

S#ort notes8

1. Lipoproteins. Marc# 2**22. Metabolis& of +er lo4 densit
lipoproteins. April 2***!. Lipoproteins and t#eir f'nctions. )eb
2**

. LDL &etabolis& A'g 2**. Apo lipoproteins and t#eir
signi?cance. A'g 2**53. (ig# Densit Lipoprotein ccle.5. #at is t#e
f'nction of Lipoprotein lipase
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3. Interediate density lipoproteins ID%

=. o density lipoproteins D%

,(;LOMI,"O7S8

1. hyloicrons are 'ored in the intestinal ucosal cells, and
secreted into the

lacteals o' lyphatic syste.

2. hyloicrons are large lipoprotein particles that
transport dietary lipids 'ro the

intestines to other locations in the "ody.3. hey are rich in
triglycerides, holesterol ester, phospholipid olecules co"ined

ith apoproteins 5=8 and apo-A nascent c#lo&icron i.e
ithout Apo- II%. ater

Apo L II and Apo-H are added during transport.=. &eta"olis
o' hyloicrons

1. &ain sites o' eta"olis o' chyloicrons are adipose tissue
and seletal

uscle. he hal'-li'e o' chyloicrons in "lood is a"out 1 hour.2.
he en/ye lipoprotein lipase p% is located at the endothelial layer
o'

capillaries o' adipose tissue, uscles and heart; "ut not in
li)er. Apo -II

present in the chyloicrons acti)ates the p. he p hydrolyses

triglycerides present in chyloicrons into 'atty acids and
glycerol. &uscle or

adipose tissue cells tae up the li"erated 'atty acids.3. ac o'
-II leads to decreased acti)ity o' p and conse7uent accuulation
o' 

chyloicrons and ED in "lood.=. olloing in:ection o' heparin, the
p is released 'ro the tissues and lipeia

is thus cleared. his is called post-heparin lipolytic acti)ity.
Insulin increases

p acti)ity.
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=. he degraded chyloicron "y ( is called chyloicron renant and
that o'

D is called interediate density lipoprotein ID%
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a. Satty li)erT hepatic steatosis% occurs in conditions in hich
there is an

i"alance "eteen hepatic triacylglycerol synthesis and the
secretion o'

ED. uch conditions include o"esity, uncontrolled dia"etes
ellitus, and

chronic ethanol ingestion.". A"etalipopro teineia is a rare hypo
lipoproteineia caused "y a de'ect in

icrosoal triacylglycerol trans'er protein &(%, leading to an
ina"ility to

load apo 5 ith lipid. As a conse7uence, no ED or chyloicrons are
'ored,

and triacyl glycerols accuulate in the li)er and intestine.c.
patients ho are hoo/ygotic 'or apo H-2 are de+cient in the
clearance o'

chyloicron renants and ID. hese indi)iduals ha)e 'ailial ype
III

hyperlipoproteineia.d. Apo H-= iso'or con'ers increased sus
cepti"ility to and decreased age o'

onset o' late-onset Al/heier diseaseW

LO DE7SIT; LIPOP"OTEI7S$

1. D is a cholesterol and cholesteryl esters rich lipoprotein
containing only apo 5-1002. It is deri)ed ainly 'ro ED and sall
'raction 'ro li)er. 4al'-li'e is 2 days3. unctions o' D$

a. ransports cholesterol 'ro li)er to peripheral tissues

". >
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#. linical applications$a. D is called "ad cholesterol.
Deposition in arterial all 'or atheroa leading

to yocardial in'arction". A de'ect in D receptors results in the
ele)ation o' plasa D, hence plasa

cholesterol. De+ciency o' D receptors is o"ser)ed in type II a
hyper"etalipoproteineia. his disorder is associated ith a )ery high
ris o' athe

rosclerosisc. D has one 'raction called ipoprotein A p a%. pa%
has signi+cant

hoology ith plasinogen. o it inter'eres ith plasinogen
acti)ation and

ipairs +"rinolysis. his leads to unopposed intra)ascular
thro"osis and

possi"le yocardial in'arction.

(I6( DE7SIT; LIPOP"OTEI7S8

1. 4D contains cholesterol, phospholipid, apoA-I, apoA-II, apoH
. hey tae up

cholesterol 'ro peripheral tissues and return it to the li)er as
cholesteryl esters.2. Snt#esis8

a. 4D is synthesi/ed and secreted 'ro "oth li)er and intestine.
he intestinalcells synthesise coponents o' 4D and release into
"lood. Apo and apo H

are synthesi/ed in the li)er and trans'erred 'ro li)er 4D to
intestinal 4D

hen the latter enters the plasa.b. In the process o' aturation,
the nascent 4D particles accuulate

phospholipids and cholesterol 'ro cells lining the "lood
)essels. he

cholesterol 'ro the cell is trans'erred to 4D "y a c#olesterol
e'%

reg'lator protein =AB,A1>.c. hen cholesterol in 4D is
con)erted into cholesterol esters "y the action o'

lecithin- cholesterol acyl trans'erase A% hich in turn is
acti)ated "y apo
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A-I. holesterol in 4D is esteri+ed "y lecithin coponent o' 4D
"y

trans'erring (JA olecue and this ay there is progressi)e
increase in

cholesterol estersd. Hsteri+cation aintains the cholesterol
concentration gradient, alloing

continued eXu o' cholesterol to 4D. It also helps to trap
cholesterol ithin

the 4D core. he cholesterol ester igrates to the core o' the 4D
particle

and is no longer 'ree to return to the cell.e. As the central
hollo core o' nascent 4D progressi)ely +lls ith cholesterol

esters, 4D taes on a ore glo"ular shape to e)entually 'or the
ature

4D particle 4D-3%.'. holesterol ester trans'er protein H(% o)es
soe o' the cholesteryl esters

'ro 4D to ED in echange 'or triacylglycerol.!.
Metabolis&8

a. he 4D particles, ith cholesteryl ester trapped inside, enter
the hepatocytes

"y a receptor-ediated endocytosis. lass 5 sca)enger receptor 51
*-51%

"inds 4D )ia apo-A1 and 4D is deli)ered to the cells. 4epatic
lipase

hydrolyse 4D phospholipid and A, and cholesterol esters are
released into

li)er cells. he cholesterol that reaches the li)er is used 'or
synthesis o' "ile

acids or ecreted as such in "ile.". he sca)enger receptor 51
*-51% is identi+ed as an 4D receptor ith dual

role in 4D eta"olis. In li)er and steroidogenic tissues, it
deli)ers

cholesteryl ester to tissues hereas in the tissues it is
in)ol)ed in re)erse

cholesterol trans'er.c. Khen the 4D-3 reains in circulation, the
cholesterol ester 'ro 4D is

trans'erred to ED, ID and D "y a holesterol Hster rans'er
(rotein

H(%. his ill help to relie)e product inhi"ition o' A so that
ore

cholesterol can "e taen up. riacyl glycerol 'ro ED, ID and D
is

trans'erred to 4D in echange 'or the cholesterol ester. he 4D
particles

that are rich in triacyl glycerol and spherical are called
4D-2.d. 4D su"'ractions$ here are se)eral su" 'ractions lie 4D-1,
2a,2",3a,3",3c;

4D2 ia a good cholesterol=. ate o' 4D$

1. &ature 4D spheres are taen up "y li)er cells "y apo-A-l
ediated receptor

echanis.2. 4D is taen up "y hepatic sca)enger receptor 51.
4epatic lipase hydrolyses

4D phospholipid and A, and cholesterol esters are released into
li)er cells.3. he cholesterol that reaches the li)er is used 'or
synthesis o' "ile acids or

ecreted as such in "ile.

"e+erse c#olesterol transport8

1. he selecti)e trans'er o' cholesterol 'ro peripheral cells to
4D, and 'ro

4D to the li)er 'or "ile acid synthesis or disposal )ia the
"ile, and to

steroidogenic cells 'or horone synthesis, is called re)erse
transport o'

cholesterol.2. *e)erse cholesterol transport steps$

i. eXu o' cholesterol 'ro peripheral cells to 4D,ii.
esteri+cation o' cholesterol "y A,iii. "inding o' the cholesteryl
esterLrich 4D 4D2% to li)er and

steroidogenic cells,i). the selecti)e trans'er o' the
cholesteryl esters into these cells, and the). *elease o'
lipid-depleted 4D 4D3%.
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3. he eXu o' cholesterol 'ro peripheral cells is ediated "y the
transport

protein, A5A1. angier disease is a )ery rare de+ciency o' A5A1,
and is

characteri/ed "y the a"sence o' 4D particles.=. he uptae o'
cholesteryl esters "y the li)er is ediated "y a cell-sur'ace

receptor, *-51 sca)enger receptor class 5 type 1% that "inds
4D.
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Disorder Defect ,o&&ents

Abetalipoproteine&i

a

acanthocytosis,

5assen-orn/eig

syndroe%

o chyloicrons, )ldls

or ldls due to de'ect in

apo" epression

&ala"sorption o' 'at, retinitis

pigentosa, ataic neuropathic

disease, erythrocytes ha)e thorny

appearance acnthocytes%

Tangier disease Autosoal doinant

*educed 4D le)el

A(-"inding cassette

transporter L I is

de'ecti)e

 Yello tonsils

&uscle atrophy

(eripheral neuropathy

Atherosclerosis

(poalp#alipoprotein

e&ia

Autosoal doinant

eru 4D is

decreased holesterol

esters accuulate in

tissues

Increased ris coronary artery

disease

(;PE"LIPOP"OTEI7EMIA8 S.7 - April 2**

1. (perlipide&ia, #perlipoproteine&ia or
dslipide&ia is the presence o' raised

or a"noral le)els o' lipids and!or lipoproteins in the
"lood.

2. ipid and lipoprotein a"noralities are etreely coon in the
general population,and are regarded as a highly odi+a"le ris 'actor
'or cardio)ascular disease.

3. Deposition o' lipid leads to anthoas and cornel arcus=.
Inherited disorders o' lipoproteins are due to genetic de'ects in
lipoprotein

eta"olis and transport. he secondary ac7uired lipoprotein
disorders are due to

soe other diseases e.g. dia"etes ellitus, nephrotic syndroe,
atherosclerosis

hypothyroidis etc.%, resulting in a"noral lipoprotein pattern
hich o'ten rese"les

the priary inherited condition.


	
8/21/2019 7. Lipid Metabolism

28/52

139

=. ype lll$ his is coonly non as "road "eta disease and
characteri/ed "y

the appearance o' a "road p-"and corresponding to interediate
density

lipoprotein lD% on electrophoresis..2. teps$

1. 4ydroylation$i. he +rst and rate-liiting step is the
introduction o' this hydroyl group

"y the en/ye >-alpha-hydroylase. It is a icrosoal en/ye.ii.
hen the "eta-oriented O4 group o' 3 is con)erted to alpha type
"y

an isoerase.iii. o hydroyl groups are added at positions 3 and
> to 'or

henodeoycholic acid.i). A third O4 group is added at 12th car"on
to 'or cholic acid.). *ing 5 is reduced in all cases.

2. *eo)al o' 3 ar"on Jniti. he side chain is +rst hydroylated at
2# and then oidised to OO4

group.ii. his is 'olloed "y clea)age at 2= , ith reo)al o'
propionic acid 3

car"on% unit.


http://en.wikipedia.org/wiki/Steroidhttp://en.wikipedia.org/wiki/Acidhttp://en.wikipedia.org/wiki/Bilehttp://en.wikipedia.org/wiki/Mammalshttp://en.wikipedia.org/wiki/Micelleshttp://en.wikipedia.org/wiki/Steroidhttp://en.wikipedia.org/wiki/Acidhttp://en.wikipedia.org/wiki/Bilehttp://en.wikipedia.org/wiki/Mammalshttp://en.wikipedia.org/wiki/Micelles
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iii. he resulting copounds, cholic acid a triol% and cheno
deoycholic

acid a diol, are called SpriaryT "ile acids.3. oration o' 5ile
alts

i. he priary "ile acids are no con:ugated ith either glycine
or

taurine to 'or con:ugate "ile acids. hey are glyco-cholic acid,
tauro

cholic acid, glyco chenodeoycholic acid and tauro
chenodeoycholic

acid.ii. he a:or con:ugated "ile acid is glycocholic acid.iii.
on:ugation adds ore polar groups and increases the eFciency o'
"ile

acids as sur'actants.i). In the "ile "oth are 'ully ioni/ed
negati)ely charged% at physiologic p4;

thus, the con:ugated 'ors are called priary "ile salts. odiu
or

potassiu salts o' con:ugated "ile acids%. 5ile salts are ore
e6ecti)e

detergents than "ile acids and only the "ile salts are 'ound in
the "ile.). he "ile salts in the "ile are stored in the gall"ladder
and released into

the intestine during a eal, here they in the digestion o'
dietary

lipids.=. oration o' econdary 5ile Acids!5ile alts in the
intestine$

i. (riary "ile acids are acted upon "y intestinal "acteria hich
result indecon:ugation. he decon:ugated "ile acids are then partly
con)erted

to secondary "ile acids "y reo)al o' the alpha hydroyl group
at

position >.ii. holic acid is thus con)erted to deoycholic
acid and chenodeoycholic

acid to lithocholic acid. hey are called SsecondaryT "ile acids
and on

ioni/ation they 'or secondary "ile salts.

. Entero#epatic circ'lation8

1. O' the total "ile salts reaching the intestine 1
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circulation. 4oe)er, lithocholic acid, "ecause o' its
insolu"ility, is not

rea"sor"ed to any signi+cant etent.

3. Only a sall 'raction o' the "ile salts escapes a"sorption and
is

there'ore eliinated in the 'eces. 5ut this represents a a:or
pathay

'or the eliination o' cholesterol.

3. Signi?cance of entero#epatic circ'lation8

1. Hnterohepatic circulation also eans that soe olecules hich
ould

not otherise "e )ery toic can "ecoe etreely hepatotoic as
they

reach unepectedly high hepatic concentrations.

2. Drugs ay reain in the enterohepatic circulation 'or a
prolonged

period o' tie as a result o' this recycling process.

3. he relati)e concentration o' cholesterol in the "ile 'a)ors
the

precipitation and resultant stone 'oration; it is re'erred to
aslithogenic "ile.

=. 5ile acid se7uestrants, such as cholestyraine, "ind "ile
acids in the

gut, pre)ent their rea"sorption, and so proote their ecretion.
hey

are used in the treatent o' hypercholesteroleia. Dietary +"er
also

"inds "ile acids and increases their ecretion

5. )'nctions of Bile acids81. he alaline p4 o' the "ile ser)es
to neutralise the acidity o' the gastric

 :uice.2. he "ile salts are eFcient sur'actants and
detergents.

3. hey 'acilitate the digestion o' dietary triacylglycerols "y
acting as

eulsi'ying agents that render 'ats accessi"le to pancreatic
lipases.

=. hey 'acilitate the intestinal a"sorption o' 'at-solu"le
)itains.
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S&all c#ain fatt acids8

1. hort chain 'atty acids are a su"-group o' 'atty
acids ith aliphatic tails o' less than

si car"ons. hey include$

1. Acetic acid

2. (ropionic acid

3. Iso"utyric acid

=. 5utyric acid

. aproic acid

8. actic acid

9. uccinic acid

2. hort chain 'atty acids, :ust as ediu chain 'atty
acids, are taen up directly to the

portal )ein during lipid digestion, in contrast to long
chain 'atty acids, hich are

paced into chyloicrons and
enter lyphatic capillaries and enter the "lood +rst
at

the su"cla)ian )ein.

3. hort chain 'atty acids are produced hen dietary +"er is
'erented in the colon.Medi'& c#ain fatt acids8

1. ontain 8-1= atos

2.  ontain triglycerides that do not re7uire prolonged
digestion

3. &s passi)ely di6use 'ro the I tract to the portal
syste 

=. In addition &s do not re7uire "ile salts 'or
digestion.
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chain acids. he il 'ats o' horses contain large aounts o'
ediu chain

'atty acidsU2V

:er long c#ain )att acids =:L,)A>8

1. atty acids ith 20 and ore car"on atos2. Haples$ Hicosa
penta-enoic acid H(A%; docosa hea-enoic acid D4A%3. D4A is
synthesised in li)er 'ro linoleic acid=. It is also a)aila"le in
+sh oils
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#. As (JAs are easily lia"le to undergo peroidation, the e"ranes
containing

(JAs are ore prone 'or daage "y 'ree radicals.>. he
production o' D4A docosa hea enoic acid% 'ro alpha linolenic acid
is

liited. D4A is present in high concentrations in +sh oils. D4A
is present in

high concentations in retina, cere"ral corte and spers.8.
linical igni+cance o' (JA

1. (ersons ith noral diet ill not ha)e any de+ciency; "ut those
ho are onparenteral nutrition 'or long periods ill ha)e
de+ciency.

2. (JAs are used 'or esteri+cation and ecretion o' cholesterol.
(JA ill reduce

seru cholesterol le)el3. De+ciency o' HA causes acanthocytosis,
hypereratosis, acroderatitis and

hypercholesteroleia.=. HA de+ciency is connected ith
acroderatitis enteropathica, hepatorenal

syndroe and ani'estations
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8

1. It is an essential 'atty acid o' oega-# 'aily.2. It is
produced 'or linoleic acid.!. It 'ors arachidonic acid on
desaturation.. It helps pre)ent cardio)ascular disease; loering 5.(
and pre)enting

atherosclerosis.. It inhi"its groth o' tuours and pre)ents
spread o' cancers.#. So'rce8 huan il, plant-seed oils o' prirose,
"lac current and "orage.

 

EI,OSA7OIDS

'etions8

1. #at are Eicosanoids Disc'ss t#e bio&edical i&portance
of Arac#idonic acid

and its deri+ati+es. April 1$$$

2. Eicosanoids- A'g 2**

1. (rostaglandins and their related copounds- prostacyclins (l%,
thro"oanes

ZA%, leuotrienes % and lipoins are collecti)ely non as
eicosaniods, since

they all contain 20 car"ons ree $ eiosi-tenty%.

2. Hicosanoids are considered as locally acting horones ith a
ide range o'

"iocheical 'unctions. Hicosanoids di6er 'ro the true horones in
that they are

produced in )ery sall aounts in alost all tissues rather than in
speciali/ed

glands. hey also act locally rather than a'ter transport in the
"lood to distant

sites, as occurs ith true horones such as insulin.

3. Hicosanoids are not stored, and they ha)e an etreely short
hal'-li'e, "eing

rapidly eta"oli/ed to inacti)e products. heir "iologic actions
are ediated "y

plasa e"rane proteinLcoupled receptors.

=. lassi+cation$

i. (rostinoids$

1. 1-a (rostaglandins (s%

2. 1-" (rostacyclins (Is%

3. 1-c hro"aanes Zs%

ii. euotrienes ts%

iii. ipoins Z%
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Prostaglandins =P6s>8

1. (rostaglandins are deri)ati)es o' a hypothetical 2O-car"on
'atty acid naely

prostanoic acid hence non as prostanoids. his has a cyclopentane
ring

'ored "y car"on atos 8 to 12% and to side chains, ith car"oylg
roup on

one side. hey are deri)ed 'ro arachidonic acid.

2. Originally isolated 'ro prostate and hence the nae. (resent
in all tissues

3. &ost potent "iologically acti)e su"stance; e.g. 1 ng!l
can cause sooth

uscle contraction.

=. Also called local horones
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2. 7o&enclat're8Fclassi?cation8

1. ( prostaglandin

2. A.5,H, etc re'ers to group attached to the ring

3. 1,2,3 etc no o' dou"le "onds in the structure

3. < (s are idely distri"uted in the "ody$ (D2, (H2, (2, (I2
and hro"oane A2

=. 5iosynthesis$

1. hey are synthesi/ed in the cell 'ro the essential 'atty
acids  (JA

2. An interediate is created 'ro phospholipase-A2,

3. hen "rought out o' one o' either the cyclooygenase
pathay or the

lipoygenase pathay to 'or either prostaglandin and
thro"oane or

leuotriene. 

=. he cyclooygenase pathay produces thro"oane,
prostacyclin and

prostaglandin D, H and .
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#. Other steps$

  Isoerase Isoerase *eductase

(42 -----------------(D2------------------(H2-------------(2

>. *egulation$

1. (hospholipase is acti)ated "y epinephrine, "radyinin, and

)asopressin. It is inhi"ited "y steroids.

2. yclo-oygenase is acti)ated "y catecholaines and inhi"ited
"y

AIDs.

3. Aspirin acetylates serine in the acti)e site and irre)ersi"ly
inhi"its the

cyclo-oygenase.

=. yclo-oygenase is suicidal en/ye as it inacti)ates itsel' "y
sel'-

catalysis.
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1. (2 stiulates uterine uscles. Jsed in &( and la"our

induction and to arrest uterine "leeding a'ter deli)ery.

2. (s are used 'or o)ulation and to increase 'ertility

iii. *espiratory tract$

1. (4 constricts "ronchial sooth uscle

2. (H produce "ronchodilation and used to treat 5r.astha

i). Iunity$

1. (H2 reduces "oth and 5 cell 'unctions

). In?aation$

1. (H2 and D2 produce induce in?aation "y increasing

capillary perea"ility that induces oedea and erythea.

(H2 is inhi"ited "y aspirin and cortisol.

2. I$

3. (s inhi"it gastric secretion and increase otility. Jsed 'or
acid

peptic disease.

)i. &eta"olis$

1. ( H2 decreases lipolysis, increases calciu o"ili/ation
'ro"one and also glycogen synthesis.

10. Le'Jotrienes$ s%

i. Le'Jotrienes are naturally produced
eicosanoid lipid ediators,

hich ay "e responsi"le 'or the e6ects o' an in?aatory
response

ii. euotrienes are produced in the "ody 'ro arachidonic
acid "y the

en/ye 
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1. 5iocheical "asis and conse7uences o' ecess production o'
etone "odies in dia"etes

ellitus and star)ation.

1. 5iocheical "asis$

Dia"etes &ellitus$

a. Jncontrolled dia"etes ellitus is the ost coon cause 'or
etosis. H)enthough glucose is in plenty, the de+ciency o' insulin
causes acceleratedlipolysis and ore 'atty acids are released into
circulation. his is seen osto'ten in cases o' uncontrolled, type 1
dia"etes ellitus.

". Oidation o' these 'atty acids increases the acetyl oA pool.
Hnhanced

gluconeogenesis restricts the oidation o' acetyl oA "y A cycle,
since

a)aila"ility o' oaloacetate is less.

c. In dia"etes ellitus, the "lood le)el o' glucagon is
increased. lucagoninhi"its glycolysis, acti)ates gluconeogenesis,
acti)ates lipolysis, decreasesalonyl oA le)el and stiulates
etogenesis. 4igh glucagonLinsulin ratio ispotentially etogenic.

d. Insulin has the opposite e6ect; it 'a)ors glycolysis,
inhi"its gluconeogenesis,depresses lipolysis, increases alonyl oA
le)el and decreases etogenesis.

 he etone "ody 'oration is regulated at the 'olloing 3
le)els$  tar)ation$

a. the dietary supply o' glucose is decreased. A)aila"le
oaloacetate is channelled togluconeogenesis. he increased rate o'
lipolysis is to pro)ide alternate source o''uel. he ecess acetyl oA
is con)erted to etone "odies.

".  he high glucagon le)el 'a)ors etogenesis. he "rain
deri)es #0->
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  D. "ole of +ario's organs in 4ell-fed &etabolic
state8

1. Li+er in integration of &etabolis& d'ring post
prandial state81. ,arbo#drate &etabolis&8 4epatic eta"olis
o' glucose is increased

"y the 'olloing echanisa. Increased p#osp#orlation of
gl'cose8 4igh le)els o' intra cellular

glucose in the hepatocyte stiulates glucoinase to
phosphorylate

glucose to glucose #-phosphateb. Increased 6lcolsis8 he
con)ersion o' glucose to pyru)ate to

acetyl oA is stiulated "y the ele)ated insulin to glucagon ratio
that

acti)ates the ey en/yes o' glycolysisc. Increased acti+it of t#e
#e%ose &onop#osp#ate pat#4a

=(MP>8 he increased a)aila"ility o' glucose #-phosphate
in the ell-

ed state, co"ined ith the acti)e utili/ation o' AD(4 in
hepatic

lipogenesis, stiulate the 4&(d. Increased
6lcogenesis8 Increased glucose -# phosphate acti)ate

glycogen synthase the ey en/ye o' glycogensise. Decreased
gl'coneogenesis8 he high insulin to glucagon ratio

inhi"its en/yes o' gluconeogenesis, such as 'ructose 1,#-

"isphosphatase2. )at &etabolis&8

a. Increased fatt acid snt#esis8 Due to increase acetyl oA
and

AD(4 the su"strates 'or de no)o synthesis o' 'atty acidsb.
Increased triacl glcerol snt#esis8 due to increased

a)aila"ility o' 'atty acids

  3. A&ino acid &etabolis&

a. Increased protein snt#esis8 stiulated "y insulin".
Increased a&ino acid degradation8 In the a"sorpti)e period,

ore ainoacids are present than the li)er can use in the
synthesis

o' proteins and other nitrogen copound. he ecess ainoacids

are either released into the "lood 'or all tissues to use in
protein

synthesis or are deainated to produce energy. he "ody cannot

store proteins.2. Adipose tissue

1. Adipose tissue is regarded as the energy storage tissue.2.
ar"ohydrate eta"olis $ he uptae o' glucose is increased. his

'ollos an increase in glycolysis and heoseonophosphate shunt.3.
ipid eta"olis $ he synthesis o' 'atty acids and triacylglycerols
is

increased. he degradation o' triacyl glycerol is inhi"ited.3.
eletal ussle$

1. ar"ohydrate eta"olis $ he uptae o' glucose is higher, and
glycogensynthesis is increased.

2. ipid eta"olis $ atty acids taen up 'ro the circulation are
also

iportant 'uel sources 'or the seletal uscle.3. (rotein eta"olis
$ Incorporation o' aino acids into proteins is higher=. 5rain$

1. ar"ohydrate eta"olis$ In an a"sorpti)e state, glucose is the
only 'uelsource to the "rain. A"out 120 g o' glucose is utili/ed
per day "y an adult"rain.his constitutesa "out #O @ o' the glucose
consued "y the "ody atrest.

2. ipid eta"olis $ he 'ree 'atty acids cannot cross the
"lood-"rain"arrier, hence their contri"ution 'or the supply o'
energy to the "rain isinsigni+cant. urther, in a 'ed state, etone
"odies are alost negligi"le as'uel source to the "rain. 4oe)er,
"rain predoinantly depends on etone"odies during prolonged
star)ation
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2. lucocorticoids also ha)e a stiulant lipolytic e6ect during
'asting.=. i)er$

1. During star)ation, li)er pro)ides glucose "y glycogenolysis
and later "ygluconeogenesis so that the o"ligatory re7uireents o'
the "rain are et.

2. &oreo)er, li)er also produces the etone "odies, an
alternate source o''uel. 5ut the li)er cannot use etone "odies as
its on 'uel.

)ATT; LI:E"

S.78

1. )att li+er and lipotropic factors. Sep 2**2

2. Alterations in bioc#e&ical in+estigations in cirr#osis of
li+er. Oct 2*!

1. atty li)er re'ers to the deposition o' ecess triglycerides in
the li)er cells.2. i)er is not a storage organ o' 'at. In the noral
li)er, up6er cells contain lipids in the

'or o' droplets. In 'atty li)er, droplets o' triacylglycerols
are 'ound in the entirecytoplas o' hepatic cells. his causes
ipairent in eta"olic 'unctions o' li)er. attyli)er is associated
ith +"rotic changes and cirrhosis.

!. ,a'ses of )att Li+er1. Hcess 'at deposition in li)er

i. &o"ili/ation o' HA 'ro adipose tissue.ii. Hcess synthesis
o' 'atty acid 'ro glucose.

2. *educed reo)al o' 'at 'ro li)er1. oic in:ury to li)er.
ecretion o' ED needs synthesis o' apo 5-100 and

apo .2. Decreased oidation o' 'at "y hepatic cells.

=. Hcessi)e o"ili/ation o' 'at$ he capacity o' li)er to tae
up the 'atty acids 'ro "lood 'ar eceeds its capacity 'orecretion as
ED. o 'atty li)er can occur in dia"etes ellitus and star)ation due
toincreased lipolysis in adipose tissue
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3. As a healing process, +"rous tissue is laid don, causing
+"rosis o' li)er,otherise non as cirrhosis. i)er 'unction tests sho
a"noral )alues henchronic li)er daage occurs.

Lipotropic )actors1. hey are re7uired 'or the noral o"ilisation
o' 'at 'ro li)er. here'ore,

de+ciency o' these 'actors ay result in 'atty li)er. hey can
a6ord protection

against the de)elopent o' 'atty li)er.2. hey act "y anti-oidant
e6ects and 'a)ouring synthesis o' apoprotein and

ethyl groups 'or arnitine and hence they protect against 'atty
changes o'

li)er.=. ecithin and ethionine. hey help in synthesis o'
apoprotein and choline

'oration. he de+ciency o' ethyl groups 'or carnitine synthesis
ay also hinder'atty acid oidation.
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=. he cyclic A&( ediated acti)ation cascade enhances the
intracellular horone

sensiti)e lipase. he phosphorylated 'or o' the en/ye is acti)e
hich acts on

 A and li"erates 'atty acids.
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1. 5ron adipose tissue cells are polygonal ith ore a"undant
cytoplas. he

"ron color is due to the presence o' nuerous itochondria. It is
priarily

iportant in ne"orn huan "eings and adult hi"ernating anials.2.
herogenesis is a process 'ound in "ron adipose tissue. 4eat is
li"erated "y

uncoupling oidation 'ro phosphorylation. o energy is released as
heat, instead

o' trapping it in the high energy "onds o' A(.

Li+er-Adipose Tiss'e A%is

1. i)er produces 'atty acid and A triacyl glycerol%, hich is
transported as ED

)ery lo density lipoprotein% in the "lood. he 'atty acids 'ro ED
are taen up

"y adipose tissue ith the help o' lipoprotein lipase, and stored
as A. his

neutral 'at is hydrolysed "y horone sensiti)e lipase into HA,
hich is carried

"y al"uin in "lood.

2.  he HA is utilised "y the peripheral tissues, ecess o'
hich can "e taen up "y

li)er cells. hus there is a constant ?u o' 'at olecules 'ro
li)er to adipose

tissue and "ac.
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