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Abbreviation Description

ACAT Acyl coenzyme A :cholesterol Acyltransferase

Ach Accetylcholine

ADP Adenosine diphosphate

ALT Alanine Aminotransferase

AST Aspartate Aminotransferase

BBB Blood Brain Barrier

BP Blood Pressure

BSA Bovine serum albumin

B.Wt Body weight

CaCl, Calcium Chloride

(BB Coomassie Brilliant Blue

CDP Disodium 2-chloro-5-(4-methoxyspiro[ 1,2 "-(5 “-chloro)-tricyclo
[3.3.1.1""] decan]-4 yl)phenyl phosphate).

CE Cholesteryl Ester

CETP Cholesterol Ester Transfer Protein

CHD Coronary Heart Diseasc

CNS Central Nervous System

DMEM Dulbecco’s Modified Eagles Medium

DMSO Dimethyl sulfoxide

DPPH 2,2,-diphenyl-1-picrylhydrazyl

ECG Electro Cardiogram

ED Effective Dose

EDRF Endothelium Derived Relaxing factor

EDTA Ethylene Diamine Tetra Acetic Acid

EGF Epidermal Growth Factor

ELISA Enzyme Linked Immuno Sorbent Assay

ER Endoplasmic Reticulum

FATS Familial Atherosclerosis Treatment Study

FBS Fetal bovine serum

FFA Free Fatty Acid

FH Familial Hypercholesterolemia

FHRS Familial Hypecholesterolemia Regression Study

HDL R HDL-receptor



Abbreviation
HDI.-C
HEPA
HepG2
HI.
HMG-CoA
HPTL.C
HR
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IR

KCl
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[.LDL-C
[.DL-R
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NaCl

Na CMC
NADH
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NaH,PO4
NaHCO;
NO

OD

Description

High-Density Lipoprotein-Cholesterol
High Efficiency Particulate Air
Human hepatoblastoma

Hepatic Lipases
3-Hydroxy-3-methylglutaryl-CoA
High Performance Thin Layer Chromatography
Heart rate

Intermediat- Density Lipoprotein
Insulin Induced Gene-|

Infra Red

Potassium Chloride

Potassium Dihydrogen Phosphate
[ecithin: Cholesterol Acyltransferase
Low-Density Lipoprotein Cholesterol
LDL-receptor

Lipoprotein ()

Lipoprotein Lipase

LDL Receptor Related Protein
Monoclonal antibody C7

Mean Arterial Blood Pressure
Medicinal Chemistry Department
Minimum Essential Media
Magnesium Chloride

Magnesium Sulphate

Myocardial Infarction
Microsomal Triglyceride Transfer Protein

3—[4,5-dimethylthiazol-Z—yl]-2,5—diphenyl tetrazolium bromide

Sodium Chloride

Sodium carboxymethyl cellulose
Nicotinamide Adenine Dinucleotide(reduced)

Nicotinamide Adenine Dinucleotide Phosphate(reduced)
Sodium Dihydrogen Phosphate

Sodium bicarbonate

Nitric Oxide

Optical Density



Abbreviation
Ox[.DL
PAI-1
PBS
PLEG
PLTP
PSS
SCAP
SDS
SEM
SMC's
SR-BI
SRE
SREBP
TBS
TC

TG
TGRLs
TIA
TPBS
TTBS
VCAM
VLDL

Description

Oxidised L.DIL

Plasminogen activator Inhibitor |
Phosphate Bufter Saline

Poly Ethylene Glycol
Phospholipid Transfer Protein
Physiological Salt Solution
SREBP-Cleavage Activating Protein
Sodium Dodecyl Sulphate
Standard Error Mean

Smooth Muscle Cells

Scavenger Receptor

Sterol Response Element

Sterol Regulatory Element Binding Proteins
Tris Buffer Saline

Total Cholesterol

Triglyceride

Triglyceride Rich Lipoprotcins
Transient Ischemic Attack

Tween Phosphate buffer saline
Tween Tris Buffer Saline
Vascular Cell Adhesion Molecule
Very Low Density Lipoprotein
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Introduction



1. Introduction

Choleste a vital ¢ ' :
esterol 1s a vital component of mammalian cell membrane of all
Ssucs

and also ¢ C * A OTOR e
1 precursor of steroid hormones. It is of critical importance that the ti
¢ ¢ tissues

are constantly s d with ©
tantly supplied with cholesterol. Its endogenous synthesis and excretion |
S : SIS < xcretion 1s

under regul: e ) )
regulatory control and when regulatory mechanisms are not operative due t
B < > ¢ to

genetic ‘v vt al eanses
enetic or environmental causes. the level of cholesterol in the blood increa
CTCascs,

articularly low-density i :
particularly low-density lipoprotein cholesterol (LDL-C) leading to hyperlipidemia

(Brown and Goldstein, 1984).

Hyperlipidemia is  the most potent risk  factor in the causation of

'l‘h\ [ e i . .
atherosclerosis. ischemic heart diseasc, premature coronary artery disease, peripheral
cerebrovascular diseases like tr

ry suggests that the higher the circulating

arterial discase and ischemic ansient ischemic attack
(TIA) and stroke. A long established theo
teins (LDL). thc more lik

[ . . . .
he arterial wall and causc athcrosclerosis and other related disorders (Nordestgaard

y lipoprotein (HDL) pla

leve L
vel of low density lipopro cly they are to gain entrance to

ys an anti-atherogenic role by its

ct al., 1992). High-densit
where it removes free cholesterol from arterial

‘r . . . -
everse cholesterol transport activity
as a ‘sink’ for some of the surface

m to liver. [t also acts

ts of the triglyceride ri
um LDL and triglyceride levels and

wall cells and transports the
cl. lipoproteins (von

components of the hydrolysed produc

Eckardstein A et al., 2001). So Jowering the ser
he accepted means of tr

as. Based on data from various clinical

in : : :
creasing the HDL levels are noW t cating patients suffering

fi : : o
rom atherosclerosis and hyperllpoprotememl
National Cholesterol

es state that the principal goal of risk

and epidemiological studies, the Education Program (NCEP)

Adult Treatment Panel (ATP) I guidelin
_C levels (Executive
gram (NCEP) Expert Panel on Detection,

reduction therapy is to lower LDL Summary of the Third Report

of the National Cholesterol Education Pro



Evaluation. and Treatment of High Blood Cholesterol in Adults (Adult Treatment

Pancl [11). 2001).

In hypercholesterolemia, the increase in blood total cholesterol level. in
particular 1.DL cholesterol 1s most detrimental and 1s mainly responsible for the
vascular pathology associated with hyperlipidemia (Nordestgaard ct al., 1992). There
is development of endothelial dysfunction where the cndothelium of medium sized
muscular arteries such as the coronary arteries losc its ability to release biologically
active nitric oxide (NO). a vasodilator required for endothelium dependent relaxation
of vessels in response to adenosine diphosphate (ADP), acetylcholine (Ach), hypoxia
and other stimuli (Drexler, 1999). In humans, lowering the plasma concentration of
DL and other atherogenic lipoproteins that deliver harmful lipids into the vessel
wall, has been reported to improve endothelium dependent vasomotor regulation
(Karter Y ct al., 2003). Reduction of hypercholesterolemia results in a delayed onset

of atherosclerosis and a decrease in progression of atherosclerosis, thus reducing the

risk of coronary heart disease in humans and other primates.

Of the lipoproteins, very low density lipoprotein (VLDL) and low-density
lipoprotein (LDL) are the major carriers of triglyceride (TG) and cholesteryl ester
(CE) in the plasma. About three fourth of the total cholesterol in normal human
plasma is contained within LDL particles. LDL receptor is a key component of the
mechanism by which animal cells maintain balanced cholesterol homeostasis.
ic and extra hepatic tissues have LDL receptors localised on their cell surface
e receptors is taken up by receptor-mediated

CE is hydrolysed Ly acid

Hepat
and the LDL that bind to thes

endocytosis and digested by lysosomes within the cell. The

lipases and free cholesterol is used by cells for membrane synthesis and in hepatic

tissues for bile acid synthesis. The transcription of the LDL receptor gene is under

feed back regulation by intra-cellular levels of sterol. In cells with excess sterol,

f this gene is repressed as well as cells own synthesis of cholesterol is

transcription o



reduced. while transcription is accelerated in ccells requiring cholesterol. So when
hepatic LDL receptors are repressed by intracellular accumulation of  dictary
cholesterol. LDL. is not taken up into the liver at a normal rate, and the lipoprotein

builds up to high level in the blood (Brown ct. al.. 1986 Goldstein et al.. 1990)

In humans. 70-80% of LDL. is cleared from the plasma cach day by the LDL
receptor pathway in hepatocytes. If this uptake is blocked at the receptor level,
cholesterol accumulates in the blood and can contribute to atherosclerosis (Brown
and Goldstein, 1984). It has been documented that circulating LDL can get modified
to small dense LDL or oxidised and picked up by scavenger cell system in
phagocytic cells, these forms are much more athcrogenic (Austin et al., 1988:

Lamarche et al., 1997: Berliner ct al., 1995).

Presently statins are undisputedly the gold standard in the treatment of
dyslipidemia as more efficacious monotherapies are not available. Statins inhibit the
enzyme involved in cholesterol synthesis, leading to decrease in intraccilular
cholesterol and this in turn cause the cells (hepatocytes) involved to over express
LDL receptors. But a compensatory feedback response is elicited wherein
hepatocytes synthesise increased amount of HMGCoA reductase and this thereby
partly antagonise the inhibitory effect of the drug (Brown and Goldstein, 1986).
Recent research suggests that around six out of ten patients with CHD receiving
statin therapy were not able to achieve the LDL-C target levels as recommended by
the NCEP ATP III treatment goals (Pearson et al., 2000). Dose escalation studies did

not show a proportionate increase in efficacy with statins (Jones et al., 1998).

Long-term administration of these drugs causes liver dysfunction (elevated

serum transaminases), rhabdomyolysis, myalgia, neuropathy and mild elevated

creatine phosphokinase in some of the patients (Tobert, 1988). Studies with higher

doses of statins in dog have shown development of cataract. There are reports of



development of cataract when statins are combined with ervthromycin (Schhenger et
al.. 2001). Though long-term usc of statins in the lower therapeutic range in humans
does not appear to increase the risk for cataracts, safety with higher doses on long-

term use has to be ascertained (Smeeth et al., 2003).

[nterventions which result in selective increased expression of LDL receptors
irrespective of the intracellular sterol concentration, thus allowing the liver to take up
more 1.DL-C from blood, is a novel approach in the management of hyperlipidemia
(Lin et al.. 1995). In vitro LDL receptor up-regulation can be studied in the
laboratory by cell-based assay methods where drug induced LDL r-cccptors

expression in specific cell lines, which express them, can be quantitated using

monoclonal antibodics (Ashton ct. al., 1996).

Hence. this study was undertaken to identify anti-hyperlipidemic molecules
-

that directly up-regulatc LDL-receptors without affecting the HMGCoA reductase

activity.
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1. Plasma l.i i N
sma lLipoproteins — Structure, nomenclature and occurrence

1.1 Lipids

Physiologically Tipids are simple or complex. the latter derived from

the tforme s -
1er by covalent association. In human plasma lipoprotein metabolism, the

most | . , i . , ) .
important simple lipids are fatty acids, sphingosine and cholesterol whereas

cholestery . . .
lesteryl esters, triglyceride (TG phospaudylcholinc (lecithin)

hosph: Noth: ~ : - .
phosphandvlcethanolamine (cephalin) and sphmgomyclm arec the most important

complex hipids.

| as polar or non-polar: this characteristic is an

Lipids can be classificc
| within a lipoprotein. The major

are founc

importantdeterminant of where they
Non-polar lipids form the core of

nonnolar linids are TG
wolar lipids are TG and cholesteryl csters.

¢ abundance of TG and cholesteryl ester in

plasma lipoproteins and the relativ
propcrtics and meta
ryl ester is the major component of

ipoprotein can affect their physnczll bolism. TG forms the center
adipocytes while choleste

of lipid rich inclusion in
arterial lesions. Polar lipid

nclusions in macrophage foam cells in s are located on
id inclusion surfaces.

lipoprotein and intraccllular lip
plex lipids are determined by fatty acid

Some important differences in com
or fatty acid classes:
everal metabolic pathways,

cids are delivered to cells to

saturated, monounsaturated

co L .
mposition. Therc arc three maj
which are

d. Fatty acids follow s
e. Most dietary fatty a
ome like the highly unsaturated fatty

and polyunsaturate

determined in part by their structur
h requirements and s
1idonate are precurso
nes and leukotrienes.

satisfy cnergy and growt
rs to, or modulators, of,

acids — eicosapentaenoate and aracl

bioregulators such as prostaglandins, thromboxa

1.2 Lipoproteins
Plasma lipoproteins

(apolipoproteins). With the exception of free chole
include cholesteryl ~esters, TGs and phospholipids.

g to their densities an

are complexes of lipids and proteins

sterol, the lipoprotein lipids are

always complex;
plex; they
d electrophoretic mobilities.

Lipoproteins are classified accordin



In orde N TR
der of decreasing density they are HDL. 1.DL. IDL, VLDL and the chylomicr.
St ) on.

I‘]& (l s (§ ) YO ) h h) M ] ) i I' S O ]' S
LI] ll\ ) > e \ |
< < -

clectrophoretic o
phoretic mobihty can be altered by changes in the charges on the proteins. In

all hpoprote E 1
poproteins, the major  fatty acids are linoleate, oleate, and palmitate in

cholestervl esters: p

vl esters: palmitate. stearate. oleate. and linoleate in phospholipids: and
oleate p; Ates - e

palmitate and Linoleate 1 TGS, I)plclel}'. saturated tatty acids are located at
almost all monosaturated and

the sn-1|
posttion. where as the sn-2 position contains

ach complex lipid is quite similar in composition

among V' :
ong VI.DIL. L.DL and HDIL. Where differences oxist in fatty acid composition,

n to VLDL. This can be attributed

polvunsaturated fatty acids.

1.DI. ; o
Cand HDI. are more similar to cach other tha

to the activity of CET . .
¢ activity of CETP. which exchanges IG and cholesteryl ester between

h vine (T e .

poproteins (Tall, 1995). I'he life times of DL and HDL (> 3 days) are sufficiently
| v R 1 .

ong for cquilibration to occur. In contrast TG in VLDL. 1s rapidly removed by

li o . e
polysis. before equilibration.
of lipids vary greatly according to nutritional

Human plasma concentrations
al differences. In the plasma of

ermined intcr—individu

Ste L. .
tatus and genetically det
nant lipids are choleste

Su 10 . - .
bjects who have fasted, the predomt ryl esters followed by
phospholipids and TG.

Much of the interest tO date 1n
terol concentratio

plasma lipids has been related to the

n for CHD. Plasma cholesterol

predictivity of plasma choles
metabolic relations among many other lipids

conce o
oncentration is determined by compleX
f cellular cholesterol synthesis by

d the regulation O

in
the plasma compartment an
s a growing focus on the

plasma factors that include both 1ipids and proteins. There i

role : .
of TG as a cardiovascular risk factor.

1.3 Proteins
e a specialized group of proteins that

(apoproteins) ar

assoc I , .
sociate with lipids and mediate several biochemical s

important sinc

Apolipoproteins
plasma

teps associated with

e they provide structural stability to

l' .
ipid metabolism. These are Very



& Il‘ O 'r()[Llll\ \ l N lllL( 13 C LIJ llll( l(] 2 Il th S C C
‘l] ) » YT i l l lt l l -

.rc l“u l\ { ) C (& C ! {
. (9] th Ul'dC mn w hICh ll 1 . .
e r s ) I I > s d1m lh dm ¢m >rge fl"

chromatographic ¢ : - :
graphic column n their 1solations. Many of these contain determinants tl
. : ants that

regulate several activities ess o o
several activities essential for normal lipid metabolism. Some of these also
. Ul

stimulate enzvimes the -
¢ enzymes that degrade plasma lipids or act as cofiactors in the cnzymatic

process : vanlate . :
that regulate hipoprotein metabolism. Others contain the ligand that mediates

the bindi Calad : : .
wing of plasma hpoprotemns to cell surface receplors. binding is succeeded by

the internalizati . C :
crnalization of all or part of @ lipoprotein and the regulation of intracellular

lipid synthesis.
The plasma apolipoprotein can be divided into three

Apoprotein struciure.
¢. Group 1 comprises the soluble

protein and gene structur

groups according to shared
ith lipid surfaces, namely apo A-l, A-

apo i 2 ' . ]
polipoprotein (apo) that reversibly associate W

ne structure of these p
y a gene that contains four exons and

I, A- 1 C ‘ T '
A-1V. C-1. C-11. C-111, E. The ge roteins belongs to the same

proteins arc code b
in the primary stru
g helical and these regions are

multigene family and the
cture of all group |

three 1 . . e
¢ introns. Additional similaritics
regions in them bein

apoli .
polipoproteins is the numerous
cal face are polar wher

csidues on onc heli eas those on the

amphophilic (amino acid r
opposing helical face are nonpolar).

hilic helical mode
axis parallel to the li
s beneath the lipoprotein

| of the soluble apoproteins, the

According to the amphop
poprotein surface.

helix associ : i
X associates with a lipoprotcin with 1ts
ates into the lipid

Th :
¢ nonpolar side of the helix penetr
th the polar head groups of the

ain in contact wi
phase. Thus, by
olipids make the lipids soluble

sSurface- .
ace; the polar residues rem
forming a surface film

Phospholipids and the surrounding aqueous
teins and phosph
graphy of the LD
d, four-helix bundle, with

a
round the neutral lipids, apolipopro

t. X-ray crystallo
forms an elongate

d hydrophobic core that includes leucine

on a charged surface (Wilson et al.,

in C
an aqueous environmen L receptor-bmdmg

domaj :
main of apo E reveals a protein that

t .
he helices stabilized by a tightly packe

zi . .
ipper type interactions and by salt bridges

1991).



Apo B-100 and apo B-48 form the group 2 plasma apolipoproteins. These

two are grouped together as they are very large and are associated with the

cholesteryl ester nich hipoprotemn and TGRLs. Apo B-100 contains several lipid-

binding domains. They have been identified in a tryptic digestion, in heparin-binding

domains and i muluple sites of glycosylation. Apo B-100 contains 25 cysteines,

4 disulfide cluster. One of the cysteines form a disulfide

ached to LDL. Apo B-48

some of which are located in
link with apo(a). This is the means by which apo(a) 1s att

contains some of the glycosylation and heparin binding sitcs as well as the disulfide

clusters of apo B-100, but it docs not contain the receptor-binding domain of apo B-

100 that targets 1 DI to cell surface receptors.

Group 3 is the reminder of the apolipoprotein for which no unifying

structural or functional determinant has been identified. These are apo D and apo(a).
es retinal binding protein

Apo D belongs to a broad family of proteins (family includ

and alpha, macroglobulin) that bind to and transport various ligands. Apo(a), which

is bound to a minority of LDL particles, belong to a family of proteins involved in
fibrinolysis. Highly polymorphic, it bears little resemblence to any of the other

apolipoproteins. Although the catalytic triad that characterizes serine proteases is

present in apo(a), the potential activation site, that is cleaved by tissue plasminogen

t be activated.
ns structure, which is applicable to all

activator is modified and may no
The general hypothesis of lipoprotei

p’ model (Shen et al.,
s thought to surround an oily core containing

lipoproteins, is the ‘oil dro 1977). A polar surface containing

the apolipoproteins and phospholipids i

the neutral lipids (TGs and cholesteryl esters).
is near the surface while in lipoproteins with a larger

Most of the free cholesterol 1s in a

small lipoprotein such as HDL

core, a greater fraction is partitioned into the core.

There are clearly recognizable differences between lipoproteins found in

s. In most hypertriglyceridemic subjects, there is a

hyperlipidemic and healthy subject
ds in the LDL fraction. In FH, there

higher than normal ratio of proteins to neutral lipi

is an elevation in the cholesteryl ester content of LDL.

10



Although all mature hipoproteins have a uniform surface monolayer of

apohipoprotems — and phospholipids. there s considerable  heterogeneity in

apolipoprotem ratro depending on the metabolic state of the subject. Larger VLDL

particles contain apo B-100. apo € and apo E. Smaller VLDL particles contain less C
apolipoproteins. Virtually all of the protein component of IDL. is apo B-100 and apo

apo B-100 as its sole protein. Addition of

E. LDIL. parucle contains one molecule of
ared to HDL,.

HDIL.: is enriched 1n apo A-l comp

apota) to 1.DL wvields Lp(a).
apolipoprotcins from HDL to

Postprandial HDL. is less densce due to transfer of €

chylomicrons.

11



F'able 1:Characteristics of plasma lipoproteins

r I SRR
LIPOP o DENSTEY OF ! R AN
”‘("llmll N LLOTATION, MMORLIPID 1G CHOL | SIGNIFICANT SITE OF MECHANISM(S) OF
AASS cmt | CONSTITUENT RATIO | APOPROTEINS | SYNTHESIS CATABOLISM
| , I'mglycende hydrolysis by
: , B-48, L. A-LL A- s [YCOTYSIS BY
.(h)lumlcrun\ —- ‘l)wl.u; tnghyeendes 01 VoL ColLC- | Intestine hipoprotein lipase
and remnants and cholesterol lll’ ) ) ‘ ApoE-mediated remnant
uptake by hver
R N ) o
VDL 1 oo “F ndogenous” or . B-100; E, C-1, C-11, Liver I'mglyceride hydrolysis by
- hepatic tnglyeendes ’ C-l lipoprotein hipase
500 converte
L holeaters] ooters o ~ Katabolic o converted to lDI
) B-100. ., C-11, C- e mediated by hepatic lipase
ID]. L O06-1 019 and “endogenous” 11 product of N .
and "endogenou: " VLD 50% apob-mediated uptake
nglycendes o by liver
Catabolic ApoB-100-mediated uptake
- p .
1.DI. L019:1 063 K holesteryl esters NS B-100 product of by L.DL receptor (~75% in
T VLDIL liver)
'\4
Complex:
- 1 Collintestine, tiver Transfer of cholestery|
HDI. 1.063-1 2] Phospholipids, NS '\""A'”' E, C-1LCHL "I"\I'“:m * fester to VLDL and LDL
' =7 kholesteryl esters . ¢l pr Uptake of HDL cholesterol
by hepatocytes
— ] -
. — . ano(: i Unknown
Lpa) 1.05-1.09  KCholesteryl esters NS B-100. apo(a) Liver ' N
or hypercholesterolemla and dyslipidemia. In

d Bersot TP: Drug therapy f

an’s The Pharmacological Basis of Therapeutics. 10th ed. New York:

Hardman /J\((!aplcd from Mahley RW and

McGraw-| Jetal, (eds.): Goodman & Gilm

At il 20012: 973,

1.D] “llalmn,s': apo, apolipoprotein; CHOL, ch_olcstcroli ’

”iglﬂwo'w-dcnsny lipoprotein; NS, not significant (triglycert
yeeride; VLDL, very-low density lipoprotein.

nsity lipoprotein; Lp(a), lipoprotein(a);

HDL, high-de
& of LDL and HDL); TG,

e is less than 5%

12



2. Lipid svnthesis and Lipoprotein assembly

The major seereted lipoproteins are VEDL. which is assembled in the liver
and the chylomicron, which is formed in the intestine. Both lipoproteins undergo
substantial remodeling in the plasma compartment thus remnants or mature form of
the circulating particles are found under fasting conditions. One common component
of the assembly of lipoproteins is the lipids. The biosynthesis of lipids lcads to onc of

the four compounds  fatty acids, glyeerol lipids, cholesterol and its esters and

sphingolipids.

2.1 Lipid Synthesis
Fatty acids:- Palmitic acid 1is the
and which through series of elongation and

fatty acid that is first synthesized

(lipogenesis) from glucose / acetyl CoA

desaturation reaction forms long chain unsaturated fatty acids. These fatty acids are

incorporated into TGs and secreted as VLDL particles, which are further remodeled

through hydrolysis in the plasma compartment  to FFA. They, In turn, are

incorporated into adipose tissucs.
Diacylglycerol formed from glycerol-3-phosphate is

abundant phospholipids in plasma
the fatty acid

Glveerol lipids:-
converted to phosphatidylcholine  (most
anolamine (cephalin)  when
concentrations are low. As available fatty acids increase than diacylglycerol it is
f TG (lower Km associated with phospholipids
ase that forms TG). The relative

o be important in

lipoprotein) or phosphatidyleth

increasingly diverted to synthesis 0
synthesis compared to diacylglycerol acyltransfer
rmed by this route appears t

amounts of TG and phospholipids fo
r is retained as cytoplasmic lipid

determining whether TG Is secreted as VLDL ©
for the formation of cell m

rmation of TG exists in intestine.

droplets. Phospholipids are necessary embranes and are

Additional route for fo

thus critical to cell survival.
glycerol lipids to produce water soluble

Intestinal lipases hydrolyse the fatty acids of

13
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be derived i '
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od from dict. Both endogenous and dictary cholesterol are involved i
' * : olved in
several At MFOCCSSCS i ~ -
IMPOrtant Processes. including birogencsis of cell membranes, production f
. [\

.\[CF()I LY . > M . .
d hormones and formation of bile acids. Bile acids serve as fat emulsifiers in

the digestive tract.
I'he rate-limiting step in the synthesis of bile salts involves the enzyme 7-0-

thI‘O\( ase o . . . .
ydroxylase and some of the steps involved in 1ts formation occur in the liver and

some that require catalysis - : - Ca
that require catalysis by intestinal enzymcs. Bile acids, if not sequestered, are
rea : N . .

absorbed from the intestinal lumen and recycled.

ubstrate for plasma and intracellular enzymes that form

Free cholesterol 1s a's
acyltransferase (ACAT) is a

ChO *Sle Aot re
lesteryl esters. Acyl coenzyme A:cholesterol

resides in the rough ¢
nd acyl CoA which 1s amphophilic.

mcm M 2) . .
branc bound enzyme that ndoplasmic reticulum. Its

substrates are
strates are cholesterol (membranc bound) a
lasm as a free monomeric species Of is bound to

Part of acyl CoA resides in the cytoP
membrane bound and t

n and the reminder 18
ed by ACAT.

of the two forms ©
macrophages, including

a fatty acyl binding protei his is thought
t

0 be part of the acyl CoA pool that is us
s esterified by one

is expressed in
ortical cells. Although ACAT-1

ACAT-1 knockout mice

Dictary cholesterol 1 f the enzyme
ACAT. ACAT-1 and ACAT-2. ACAT!
ands and adrenocC
ell development,
g atherosclerosis (
ar free cholesterol 1S

f :
oam cells, skin sebaceous gl
ester

terifies cholesterol and promotes foam
y for developin

yer, where cellul
n. In the intestine ACAT-2

do o
not have a reduced susceptibili Accad et al.,

2 .
000). ACAT-2 is found in intestine and It
esterified to be assembled In vLDL and chylomicro

ry cholesterol (C 1998)

re
gulates the absorption of dieta ases et al.,
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and atherosclerotie lesions ich 1 ‘
selerotic lesions are rich in sphingomylein compared to other lipoprotein
>ins

and healthy artenal tssue.

2.2 Lipoprotein assembly

2.2.1 VLLDL
in virro cevidence shows a stepwise  process that 1s

¢ VLDL. This lipidation is dependent

Recent

dc ¢ » B .. . .
pendent on adequate lipidation of 2 prenascen

or TG synthesis and on
This activity resides
s the initial lipidation of
t of the TG

an activity that transfers newly

on 4 s , . .
a supply of fatty acids
in the microsomal

"Vl] A1 ‘T¢: . v
ynthesized TG into a prenascent VL.DL.
which catalysc

t . » . -
riglyceride transfer protein (MTP).
r the subsequent addition of mos

prenascent VDL but is not required fo
absence of adequat
¢ reticulum (Ingram an
ough the ubiquitin-proteasome

at shock protein 70

(Gordon ¢t al., 1996). In the ¢ lipidation, some apo B-100
degradation occurs in the endoplasmi d Shelness, 1996),
whereas the reminder occurs in the cytoplasm thr
solecular chaperonc he
are responsible for the au

e inability of the liver

d . .
pathway, which is regulated by the n
tosomal

(F e .

isher ct al., 1997). Mutations 1n the MTP genc
re cer . .

ceessive disorder, abetalipoproteinemia, characterized by th

and intestine to secrete apo B (Du et al., 1996)
2.2.2 Chylomicrons
These are formed 1n enterocytes from fatty acids and
he fatty acids of

umen 1.€. from t
estine by epithelial cells.

se et al., 2000).

n the intestinal |
om the small int
| transferase (Fare
TG are transferred by MTP

m .
onoglycerides extracted frot

di
ictary TG and cholesterol absorbed fr
y diacylglycere

Tl‘i y :
glyceride synthesis is regulated b
ic reticulum,

A
fter they are synthesized in the endoplasm

15



to the site wher
here newly svinthesized ¢ - ‘
¥ : apoB-48 s available or '
s available to form chylomicrons
crons
[here do ¢ - 5
L\ » . - » » !
1t some similarnities between \V1.DL and chylomicron both contain a TG
4 B < < 1
L‘, ’[-L‘ \ll[‘](‘t]l » . . “ - e F - . "
wded by a surtace coal of phnsphnh]nd and pm[cin and both requires fatty
‘].L]Li\ ‘”]l] \ ) - g - = ; oy . e o - LS o
MITP for formation. The major differences are: chylomicron being larger

than VI.D atter : ‘
DI scatters more hght, so during postprandial lipemia, plasma 1s much

cloudier o L et
though TG concentration has only doubled. They are the only lipoprotein

that flo: . e '
its to the top of a tube of plasma that has been allowed to stand undisturbed

for 12 |
2 hours. The buovancy of chylomicron reliccts ir 98 '

¢ buovancy of chylomicron reflects their 98-99% fat content, of
which 839, is dictary tnglycenide.

[he fatty acid composition of chylomicron is similar to that of the dietary fat

load. v /
L . \h]ll_'\ e e S A Ly ~C1" L y : 1 1 1 :
[ DI. need not as liver can synthesize new fatty acids using 1ts lipogenic

insensitive to diet is formed. In individuals

Cnzyme a f: ' ; ‘
ymes so a fatty acid profile relatively
ated plasma VLDL.

lipogenesis leads to clev

0 ' ar ; :
n high carbohydrate diet. increased
apo B-100 gene in the

There s " - ’
re is an editing mechanism in the translation of the

ation of the expression, producing a

ntestine (Chen et al., 1987). This lcads to trunc
) is found in the VLDL and

apo B-100. whicl

rotel At e 1Q -
protein that has only 48% of the normal
onfirmed reports of intestine

LDL. Liver :
L. Liver secretes only apo B-100 while there arc unc
as a valid marker for lipoprotein of

S vty " . .
ecreting apo B-100. Apo B-48 18 considered
yoproteins. Other chylomicron

1 transfer between 1
o A-l, apo A-ll and apo A-IV.

and the aqueous

intestinal arioi : .
estinal origin as neither of then

Co1 S . : ; ; .
nponents synthesized 1n the intestine include ap
These . : . -

1ese  three transfer  freely between chylomicrons, HDL
nicrons, HDL

lipoprotcins transfer between chylor

compartme .
partment of plasma. The ¢ apo
ons are present in

plasma for 3-6

dng : . 3 o B ;
I VLDL. In normolipemic individuals, chylomicr

hr% C =3 . B
s after a fat containing meal has been ingested.

2.2.3 HDL
clear. The two probable sources

The origin of HDL is not very
hat 1s @ bilayer disk. The other source 18

QO 5
f HDL - liver secretes a nascent HDL t

ch lipoproteins (VLDL, chylomicron) in the

f | e
rom the lipolysis of the triglyceride 1
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plasma compartment (Patsch et al., 1978). The bilayer disk is rapidly converted to a

mature hipoprotein by plasma enzymes and transfer proteins.
HDI is bimodal and appears in two distinct subclasses, HDL:

and HDIL.: (sub classified as HDL. HDLsh. HDLs, HDLsw. HDL:.). Another entity

pre-f3- HDL.. which 1s composed mainly of apo A-l. cholesterol and phospholipids,

share HDL. s density but migrates with pre-p rather than o mobility. Pre--B- HDL is

present in plasma only in very low concentrations but is believed to be an important

mediator in the transfer of cholesterol from cells (Castro and Fielding 1988: Fielding

and Fielding. 1995).
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])I“l“‘]”“lull\c potential. Many proteins (enzymes: lipid transfer factors —~CETP
Yo T - ‘
TP: cell surface receptors and its receptor ligands - apoproteins: apoproteins as
activator : o
clivators of some key enzymes) are required for the processing and eventual
re - ! i ) ‘
1. moval of lipoproteins from plasma. Lipids are also transferred between cells and
ipoprotein surfaces by means of nonspecific spontancous mechanism. which does
no e ‘
l. t depend on energy, or (ransfer proteins. The activities that modify plasma
Ipoproteins, and the receptor mediated uptake of lipoproteins are both a function of
1. c_c.pcciull_v the apoprotcins component, the fluidity of

the structur - -
structure of the lipoprotei!
1€ individual molecules cleaved by

the lipi :
) : A F:
pid surface and the covalent structure of tl

these enzymes.

3.18

e L ( - . . .
pontaneous lipid and protein transfer

|s in the vascular wall is the

of cholcstcrol from cel
Recent studie

smembrane tI'ElllSpOI't., asa

Spontancous transfer
1olesterol transport.
lles active in tran
e transferred between plasma

I i l(ll s L 1 el i
l [ S > sree O l

Whic} P, - ~
1 are clathrin free cell surface organe

olesterol efflux. Apoproteins ar

nism. Lipids that contain po
1 water, while cholesteryl esters

Sit ” "
¢ of preferential ch
lar moiety (like

]]]‘)0 2
proteins by a spontancous mecha
gly soluble 11

choles
olesterol, phospholipids) are sparin
1 cholesterol and phospholipids transfer between

and TGs are i -
TGs are insoluble in water. Botl
y rate limiting desorption of the

at are formed b

T r—
poproteins as aqueous monomers th
g aqueous phase.

lipi . :
pid from the lipoprotein surface into the gurroundin
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Ihe nme re ‘ Sr
cquired tor the transfer s INVerse :
sfer is inversely proportional to the aqueous

solubihity ot the transterrn ies. T !
v of the transferring species. Transter of a phosphatidylcholine between

HDI. particle 13
particles 18 on the order of IShrs while the corresponding time for free

Cl]()]cg[cr) . I s Vg . .
ol 1s about 5 mun at 37°C. Solubility decreases with the increasing length

and satur: el chein T o . : .
uration of its acyl cham. Transter time for a given lipid or protein decreases as

a func e : . . ,
ction of increasing diameter of the donor lipoprotein. The € apolipoproteins

ipidly) between HDL. VLDL. and chylomicrons. Transfer

spontancously transfer (r:
[ is more complicated in kinetics and is slower.

of apo A-1 and apo A-11 out of HD

3.2 Protein mediated transfer
ins of lipid transport:
) is the major TG hydrolyzing glycoprotein

d in tissue parenchymal cells and is

3.2.1 Major plasma prote
Lipoprotein lipase (LPL

(44 residue) in human plasma. It is synthesize
secreted and transported to the capillary endothelium, where it is bound to heparin
L is found In adipose tissuc a

imer that has two bound molecul
vity against TG lipoproteins. LPL

resulting monoglyceride is

S ot . . . 1
ll]fd[L, H]gh Conccntrallon O' LP nd Stl‘lated mUSCle.

The active form of LPL appears to be a d
C-II. Apo C-II is required for its maximum acti
f TGs and diglycerides. The
ferred to tissucs, where cellu
y is induced by insulin.

gene family whose members h
is synthesized in

es of apo

hydrolyses the 1(3)-position 0
sufficiently water soluble to be trans lar lipases complete
the hydrolysis. In adipose tissue, LPL activit
LPL and hepatic lipases (HL) belong to a multi ave
e, HL a 477 residue glycoprotein,

re it is bound by means

s of TGs and

i ' ) _
dentical active site sequenc
C endothelial cells, whe

rs to be the hydrolysi
ally lack the activator for LPL i.e.

hepatocytes and transported to hepati

of heparin sulfate. Its major role appea

phosphoglycerides of HDL and IDL, which usu

apo C-11.
n:-cholesterol acyltramjferase (LCAT). 2 416 residue polypeptide
esterol esterifying activity in human

he only known chol
plex with phospholipids, CETP, apo D and the apo

Lecithi
S : : " i
ynthesized in the liver, 1St

plasma, where it is found in a com
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holesterol ester transfer protein (CETP) and phospholipid transfer

protemn (PLTP) are factors f l ' '
) are factors found 1n the lipoprotein free fraction of human plasma

that transpor -
sport lipids between lipoproteins. Both transfer proteins exhibit broad
to hipid type and fatty acid composition. Both cholesteryl

spectficity with respect
esters (CE) and TGs are oo h_\'dmphohic to be ransferred between lipopmtcins by
spontancous mechanism. In addition, spontancous phospholipids transfer is too slow
to be important in the turnover of the TGRLSs, which are relatively short-lived. CETP
t'm"'“"“"-" CE. TGs. and phospholipids but phospholipids (ransfer appears to be less
important than neutral lipid (ransfer. On the other hand PLTP does not transfer
neutral hipids but does (ransfer a broad spectrum of phospholipids. sphingolipids and
1996: Rao ct al., 1997). In addition PLTP transfers

diglycerides. (Huuskonen et al..
lipopolysaccharide and uIplm-tocophcrol.

er transfer protein {CE
(ding lipid monomers

TP) is a 74-kDa glycoprotein

Cholesterol est
and moving

CETP operates by bit
or lipoproteins. The rel

of the composition 0

with < o . }
h 476 amino acid residuc.
ative amounts of

betw

ce O 3 o

en the surfaces of donors and accept
f these

CETP arc a function
ins. There is rapi

t lipolytic and transfer

CE and TG that are transported by
layer of lipoprote
gion and that mos
E from HDL 10 apo B-100

ved along with

tWO s v
lipids in the surface mono d exchange of

al lipids between the core and surface 1€

ACtivitiec ;
vities occur in the surface. CETP transfers €

00 lipoprotein) are remo

and then these (B-1
LDL to HDL and LDL

Containing lipoproteins
the CE from plasma. CETP helps in the trans
seen in hypertrl
rs). HDL and LDL turn over is

fer of TG from V
resulting in TG rich HDL and LDL { glyceridemic subjects). The
(half time ~ 4 h
onsequence thes
not observed for VLDL,

trang @ i

ansfer activity of CETP is slow
ctively: as @ €
position. This 18

e two are virtually

about 5 days and 3 days respe

identical i -
entical in cholesterol ester fatty acid com
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ansfer proteins that include CETP.
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HDL is
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Lipopolysacchande-binding protem and bactericid
99%). Recent studies sug
everse cholesterol transport and
activity. PLTP s probably
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voetal, 1994; Lagrost et al. |
mporta .
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14ary M 1 y .
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he transfer of phosphatidylc

om membranes and

Importa .
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transfer of phospholipid fr

ssion of PLTP in mice 18

apo A-l (Foger et al.,
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other 1 :
| e
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composcd of nearly
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Serum albumin, a globular protcin
transports small hy
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g tissue sites that r¢

Major physiological role is transport of FFAs amon
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| lipids are SO low

uired to move
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e same way that
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soluble ¢
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3221 in C
.2 Lipoprotein Catabolism

) .
3.2.2.1 Processing of VDL
[1. that 1s bound to the VLDL surface, activates

[ he apoprotein Apo C-
Lipolysis of TG present in

v cndothelium.
hich are transferred to albumin

core of the particle,

rface of the

'\'_l')l" which 18 located in the capillan
DL hiberates fatty acids and lyso-phnsphol|plds W
¢ size of the nonpolar
]t)LlVLLI’OllpIdQ in the su
ack to the HDL from

~ads to decreasc in

and th
IS . :
results i reduction th

simult
anco
\ usly there 1s some h\drnluls of phospl
article
. dun ™ '
ng this lipid loss € apoproteins is transferred b

where
Most o T e . . .
f it was denved immediately after seeretion. This l¢

VDI, g,
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oE1s transferred t
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ed very efficiently to other lipoproteins and
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0 : . . .
Iytic activity in plasma.

micron
on 18 gimilar tO vLDL in some
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L and its contrl

n hydroly51s is the
f chylomicron

nt mediates its binding
A-11,

3.2.2.2 Processing of chylo

Catabolism of chylomicr
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by means O

ts to albumin.

Cspects
. Apo C-Il stimulates LPL and rel
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Omic
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or other hipoproteins.

3.2.2.3 Processing of HDL

S' AT ey " AW
ince there is no non-exchangeable marker for HDL, the mechanistic

picture of its processing is not very clear with respect to the initial steps. There are
P.“‘illl\‘c routes for the initial steps and one of these is hepatic secretion of a nascent
discoidal particle and the second 1s liberation of the surface components of TGRL;
during lipolysis. In cither case an HDL particle has pre-B mobility and is rich in
phospholipid and apo A-I and it is processed to mature HDL through the activitics of

LCAT, HL. and PLTP

As TGRLs undergo lipolysis.
apo A-l arc transferred to the expanding HDL

and cholesterol to

there surface components including

cholesterol. phospholipids and
phosphatidylcholine

particle. LCAT converts the
g the volume of the core. PLTP

lys T :
ysophosphatidylcholinc and CE thereby increasin

also deliverc . .. :
so delivers phospholipids to HDL. In addition HDL particl
Is in contact with the plasma com

ultimately forming HDL, and H

es obtain cholesterol and
phospholipids from peripheral ccl partment thereby
DL;.

sraduc ; i in sl
gradually HDL continues to increasc i size

nce of increased FFAs and CETP

protein (VLDL) generall
rsion to DL and also it obt
ridemia, with most of the excess

E of LDL and HDL. As a

3.2.2.4 Conseque
y contains a small

Very low density lipo
ains some

amo .
unt of cholesterol ester, during its conve

CE from HDL in exchange for TG. In hypertriglyce
ge of VLDL TG for C
| lipid core of TG. The consequence of
te for

TG |
in VLDL, CETP mediates exchan

res
sult LDL and HDL have very high neura

th : |
¢ elevation of TG content in LDL and HDLz is t
the TG core by hydrol

hat they become a substra
ysis resulting 1n small,

HL .
. whose activity removes much of
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dense DL and smaller HDL: respectively. HDLs remains TG rich through
concomitant CETP mediated acquisition of additional TG from VLDL. Replacement

of HDL CE with TG reduces the amount of cholesterol carried by HDL. This

explains why two risk factors for CHD- clevated plasma TG and low plasma HDL-C

are frequently associated and the virtual absence of the larger HDL. in moderate to

severe hypertriglveenidemia.
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4. Lipoprotein Catabolism

4.1 Receptor mediated uptake of lipoprotein

A major route for the removal of lipoproteins from plasma involves recep

[() S b » > : S a : .
rs located on the surfaces of cells i contact with blood. The receptors are

rCC(), 17¢C roe 3 1‘.-. Ty . : .
gnized by a specific ligand (a protein or protcin fragment) on the lipoprotein

S ’;. ¢, ¢ 1 M 1 3 54 YN a1 , . :
urface. and in many Instances their expression 1s regulated by the status of the cell

that is. whether the cell needs more of the lipids that are in a given lipoprotein

Receptor mediated internalization of a lipoprotein transports many lipid molecules
into a cell in a single step. In the case of LDL, each particle that enters a cell carries
with it more than 1,000 molecules of cholesteryl ester and 500 molecules of free

ocytosis is an efficient route for the incorporation of lipids

cholesterol. Particle end

into cells.

Apo E and apo B-100 arc the ligands
y means of hepatic cell surface
0, the protein conformations are not

of VLDL to IDL, the

that mediate the removal of plasma

IDL and LDL, respectively, b eceptors. Although
VLDL contains both apo E and apo B-10
On lipolytic conversion

completely receptor competent.
oteins are transferred to HDL, itu

ndergoes

particle becomes smaller, the C apolipopr
t make it receptor competent.

pidemia. In type 11
d with

C .o . R .
hanges in its conformation and environment tha
sociated with type Il hyperli

g region of apo E are associate
DL (VLDL remnants). A

Mutations in the LDL receptor arc as

hyperlipidemia, mutations in the ligand-bindin
elevations of plasma |

impaired uptake of IDL and
fement of TG and cholesteryl ester is

chylomicron remnant with its comp

receptor ligand in ap
mnants. Expression O
he requirements of the cell

o E: defects in apo E can lead to

Internalized by means of a
f lipoprotein receptors

plasma elevations of chylomicron €
nd 1S determined by t

s at each

di . X
ffers among tissue sites a

site for different lipids.
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4.1.1 LLDL. receptor family

Fhis family in addition to LDL-R also includes receptors for

VEDIL and the chylomicron.

4.1.1.1 LDL.-Receptor
The work of Michael S. Brown and Joseph L. Goldstein (1986)

has done much to clucidate the DL receptor pathway and its role in lipid

metabolism and atherogenesis as well as the molecular genetics of FH.

Each LDL contains one molecule of apo B-100 as its only

protein. Most dividing cells have receptors that bind to LDL by means of a specific

ligand in apo B-100. LDL binds to receptors located within coated pits on the cell

surface. A coated pit closes to form a coated vesicle, which is converted to an
endosome that dissociates into an LDL vesicle and an LDL receptor vesicle. The
receptor vesicle recycles to the cell surface and the remaining endosome is.converted
ySOSOMCes, acid esterases and proteases hydrolyse the

into a lysosome. Within the |
ds (FFA), free cholesterol and amino

lipids and proteins. respectively to frec fatty aci
n excess, 18 converted to choleste
own regulates the production of LDL

biosynthesis, HMG-CoA

acids. The free cholesterol, if i ryl esters. Within the

endoplasmic reticulum, free cholesterol d

ing cnzyme of cholesterol

receptors and the rate limit
gh the association of choleste

reductase. Down regulation OCCUTS throu rol with
y of mRNA regulatory b
hen there arc inadequate sup
d. After modification in the golgi

proteins that affect the activit inding protein for both HMG-
CoA reductase and the LDL receptor. W

cholesterol, additional receptors are synthesize
urface (Figure 1)-

plies of cellular

compartment, they move to the cell s
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he route of the

ptor or its binding, there is no efficient

In the absence of LDL rece
ma LDL concentration rises. Also,

Means of removing LDL from plasma and the plas
DL within the cell to

nd produce cholesterol

down regulate cholesterol

Sinc . .
e there is no cholesterol from
even though it is

bios :
osynthesis, the cell continues t0 secrete a

not needed.
f regional homology between the LDL receptor

a cellular part of the
inding domain, which 1s m
head to tail. Near the

There is a great deal 0
LDL receptor is

and proteins of other families. The extr
ade

contains the ligand b

co .
mposed of an amino end that
ds that are€ arranged

of g ) X
seven repeats of about 40 amino acl
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recycli L
yeling receptor to the coated pits.

4.1.1.2 Chylomicron remnant receptor

) [n the plasma compartment, chylomicron TG is hydrolysed by LPL
Ih“"' hydrolysis products FFAs are transferred o albumin and subsequently to
adipose tissuc or ckeletal muscle, where they arc stored or used. This process leaves
a remnant particle that is enriched in cholesterol, cholesteryl esters, phospholipids,

apo B-48 and apo E.
particles during hydrolysis permits

ion in the size of the
¢ of Disse, where the

and into the spac
1996: Choi and Coopef,

Reduct

then e ) .
1 to pass through the endothelial fenestrac

(de Faria et al.,

remnants are .
nants are removed directly bY receptors
y bound to proteoglycans by

are transientl

1993 ¢
93; Cooper, 1997). Some remnants
rface HL by means of apo B-48.

estered by cell su
- sites of sequestr
of lipolysis (de Faria et

means of apo E; others can be sequ
sferred from thel
L is independent
ered remnant can acquire

y the LDL

ation to the LDL

In each instance they arc tran
o stimulated by H
vely the sequest
rticle recognition b

receptor. Remnant uptak
al ; i

. 1996; Krapp et al., 1996). Alternati
Zich triggers pa

addition as hepatically derived apo E, wi
ptor for alp

is also the rece
d hepatic remova

receptor related protein (LRP), which ha; macroglobulin
| of remnants by

(Strickland et al.. 1990). Apo E is reauired for rapi
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means ot ) - . ,
ot | RP. Binding of hpoproteins by LRP is inhibited by apo C-I. whicl
- -1, whnicn

presumably competes with apo b

4.1.1.3 VL.DL. —Receptor

[he VIDL receptor binds lipoproteins  that contains apo E and

consists of five funct ‘
five functional domains that resemble those of the LDL receptor (Jingami
1994) The VLDL and the LDL receptors

and Yamamoto, 1995: Kricger and Hertz
LDL and the LDL

and organization. The \%

dre ¢ . .
tlmost the same in gene structure
and organization. Despite the

rece tors are .
ptors are almost the same in gene structure
nent-1 like sequence in the VLDL receptor genc, the

resence S
presence of sterol regulatory clet
ated by sterols. High levels of expression

transcripti - :
iption of the gene is not down regul
atic tissue like cndothelial tissue suggests that

of its mRNA and protein in non hep
the receptor plays a role in the transport of VLDL or another constituent from the
plasma compartment to adjacent tissucs (Wyne et al., 1996). High expression is also

y. Studies

cids as their source of energ
1997). The VLDL receptor 1S

ndocytosis of

seen in tissues that actively metabolise fatty a
a) (Argraves et al.,
rosclerotic lesions and €
cumulation of lipids within

genic effects of

have :
¢ shown that it also uptake Lp(

also ¢
. xnressed i .
pressed in macrophages 1n human athe

o cellular ac

Lp(:
P(a) by way of this receptor could lead t
ar basis for the athero

Macro
phages and may represent a molecul

Lp(a).
4.1.2 Other receptors

4.1.2.1 HDL Receptor

n apo B, all components of HDL are

ous transfer mechanisms.

pendently of one

proteins that contai
ed or spontan¢
€ catabolised inde
own kidney to be a site of

d in the kidney

Unlike in lipo
¢Xchangeable through protein mediat
L can b
s in rats have sh
o lipid is catabolise

Th
erefore the lipid and proteins of HD
dan

other and of the HDL particle. Studie

selecti ;
ective uptake of apo A-l, whereas little or N
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(Glass et al.. 1983: Ponsi
3: Ponsin ct al.. 1986: Pownall et al., 1991). Other studi
: er studies have

shown that | ‘holeste Ster | :
IDL cholesteryl ester is sclectively removed by the adrenal
y the adrenal glands and

ki(]ll&.‘\' (Kh bt B P ) S f‘ d
A 00 ct dl.. l )()- ), ilnd d rCCCplor for [hi: prOCCSS h'lS' bCCI] .dL i C (]
Clil.'.\' [3 tvpe l scavenger rec ) I l ) - | th
A SC«¢ CC tor (.SR'B]) “vthh blnd J HD
S [) I) S (AC(OI‘I ct al ]996
~ .9 ). SR'

I mediate selective uptake of HDL cholesteryl esters by cultured cell d
clls, and its

< ln SC C al 51

includi v deonal olands :
uding the adrenal glands, ovary and testis. SR-BI is the molecularly well-defined
-define

cell surface ' '
surface HDIL receptor described. It mediates the transfer of lipid from HDL t
o

cells by sclective lipi '

by sclective lipid uptake, a mechanism distinct from receptor mediated
rin coated pits and vesicles. Free or lipid-bound apo A-
cally with SR-BI expressing cells, with

u et al., 1997) SR Bl is fatty

cndocytosis by means of clath
[ ) . . .
. apo A-Il. and apo C-1lI associated, specifi

high affinity and competed for the binding of HDL (X
{ with other proteins that concentrate in. caveolae. In

1sfected with murine SR-BI, overexpression of

rol efflux (Ji et al., 1997). SR-BI

acylated, a property sharce
Chinese h:
hinese hamster ovary cells stably tral

SR-BI promoted HDL mediated cellular choleste

C alicne : 1. inid i
olocalises with caveolac and facilitates both lipid influx and efflux.

4.1.2.2 Scavenger Receptors

(OxLDL) is very different from

olism. Its content is higher in

of an LDL associated

modified LDL
n, structure and metab

as a result of the action

Oxidatively
unmodified LDL in compositio
fatty acids and lysophosphatidylcholin®
phospholipase A,.

Oxidatively modific

d LDL is characterized by reactive aldehydes,

jon in the number of reactive amino groups

reduced cholesterol content with a reduct
o B-100. The

in oxysterols, and fragmentation of ap

on :
apo B-100, an increase
e to 1ts cytotoxicity towards

DL may contribut

di : OxL
fference in the structure of OX
ytotoxicity that ma

y be relevant to its

fibroblasts, SMC's and endothelial cells, @ ¢
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cffects in the arterial wall. OxL.DL or its fragments have been found in animal and

human atheromatous lesions (Steinberg, 1997b)

Monocytes and macrophages do not express LDL receptors. They have

a receptor acetyl LDL receptor which binds and mediates removal of modified
lipoproteins. This reeeptor is now known as macrophage scavenger receptor A
because of its broad ligand specificity (Kieger and Herz, 1994). Two scavenger
receptor isoforms, SRA-I and SRA-II. arc generated by the alternative splicing of
MRNA c¢ncoded by one gene (Emi et al., 1993). SRA -1 is a homotrimeric,
membrane bound protein composed of monomers of 451-454 amino acid residues.
SRA-II mediates endocytosis of chemically modified LDL with high affinity and
specificity similar to SRA-L Scavenger receptor expression suppressed the diet
aining apo B. suggesting that hepatic overexpression

induced rise in lipoproteins cont
y a cardioprotective role in diet

of scavenger receptors may pla induced

hyperlipidemia.
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5. Regulation of Lipid synthesis

Receptor mediated uptake of lipoproteins by cells can increase cellular

cholesterol content according to the number of lipoprotein endocytosed and the
e >

number of cholesterol molecule per lipoprotein particle. Transfer of cholesterol from

cells to lipoproteins by spontancous transfer will reduce the cellular cholesterol
content. Through the release of sterol sensitive transcription factors, these changes in
cellular free cholesterol can indirectly alter several pathways that are connected to
lipid and lipoprotein metabolism.  The cellular cholesterol and fatty acid
d by three transcription factors - sterol regulatory element

homovcostasis are regulate
nated SREBP-1a, SREBP-1¢ and SREBP-2

binding protein (SREBP) isoforms, desig
1997: Tontonoz ct al., 1993).
wnscription ratc of the LDL. receptor gene.

(Brown and Goldstein, These differ in the
transcriptional activity and the tre
om a single gene located on human

SREBP-la and -lc arc derived fr
nscription start sites that

17p11.2 through the use of alternative tra
1997). SREBP-2 is

chromosome
on-1 (Brown and Goldstein,

produce alternative forms of ¢x
human chromosome 22q13. When cells

derived from a second gene located on
ascade of enzymes required for

require lipids, SREBPs transcriptionally activate a €
d synthesis.

endogenous cholesterol, fatty acid, triacylglycerol and phospholipi
SREBPs belong to the basic—helix-loop—helix-leucine zipper (bHLH-Zip)
rs, but unlike other bH
ino-acid precursors boun

nized into the following domains:

LH-Zip family members they are

family of transcription facto
d to the endoplasmic

Synthesized as approx. 1150- am

reticulum (ER). SREBP precursors are orga
ining the bHLH-Zip region,

(i) N-terminal domain conta
e spanning segment

(ii) two hydrophobic transmembran
e lumen of the ER, and

s interrupted by a short

segment that projects into th
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(1) C-terminal segment re '

rinal segment regulatory domain. To be active, the N-terminal
‘ V | ) - 1na Scyg 2] >
SREBPs : ate { sment of

s. designated  the nuclear  form (NSREBP), must be released fi

. cased from tl
me . " . 't e *
nembrane so that it can translocate to the nucleus of the cell
nSREBPs are generate a tw
:BPs : ated by a two-step cleave
g ‘ s age process that requi
ircs at least

three proteins in addition to SREBPs (Goldstein et al., 2002). The first
" . protein,

SREBP cleavage-activating protein (SCAP), serves as both an cscort protein and a
sterol-sensor. SCAP is anchored to the ER by cight membrane-spanning domains
five of which are important for sterol sensing (Brown and Goldstein, 1997; Goldstein
al domain of SCAP contains a hydrophilic region that

et al., 2002). The C-termin
action with the C-terminal

This region mediates the inter
1997: Goldstein et al., 2002). When the
s SREBPs

resembles aWD-40repeat.

domain of SREBPs (Brown and Goldstein,
reased, SCAP senses this need and escort

the Site-1 proteasc (S1P), a membrane-

cs SREBPs in the hydrophilic luminal

ce . . . . .o
cllular demand for lipids 1s 1n¢
fro . E o e
m the ER to the Golgi. In the Golgi,
bo o .
und subtilisin-like serine proteasc. cleav

2002). The second proteolyt
that cleaves SREBPs in the first

gment of SREBPs from

loon (Goldstei . .
p (Goldstein et al., ic cleavage occurs via the Site-2
zinc metalloproteinase

protcase (S2P), a
Jcases the N-terminal se

trans .
nsmembrane segment, which re

the membran
e.
nant SREBP isoform 1s SREBP-1a

In most cultured cells, the predomi

1997). In most animal tissues, S
ox. twice as abundant a

REBP-Ic is approx. 10-fold more

(Shim()mur.
actal.,
s SREBP-2 (Shimomura et

abundant than SREBP-1a and appr
SREBP isoform have

on properties of each
02). All SREBP

1998; Horton €t al., 20
ymes in the cholesterol and
gical levels. Some of the genes

al. _— e
, 1997). The transcriptional activatli

b : .
cen delineated in vitro and in vivo (Pai et al.,
fatty acid

1SO ) )
forms can activate an entire cascade of enz
sed at super physiolo

de HMG-CoA red
esyl diphosphate Syn

ylase (Lopez et al.,
1996) and glycerol 3 phosphate

uctase,(Vallett et al., 1996)
thase (Spear ¢t al.,
1996), fatty acid

biosynthetic pathways if expres
Whose transcription is affected inclu
HMG-CoA synthase, LDL receptor, farm
1994; Ericsson et al., 1996), acetyl CoA carbox
Synthase (Bennett et al..1995; Magana and Osborme:
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svithesis.

Studies carrie '
< carricd out in cultured cells, and in genetically manipulated mice

have d S v
H demonstrate ‘ SRE I '
rated  that SREBP-1¢  preferentially control genes involved in

lipogenesis (Pai et :
genesis (Pai et al.. 199%: Horton et al.. 2002). SREBP-2 preferentially activates

genes  res Ble i :
sponsible  for  cholesterol synthesis  and uptake. The physiological

conscquences of SRE i eati
| ¢s of SREBP-2-mediated activation of this pathway were demonstrated in

4 28-fold increase in hepatic cholesterol
SREBP-1¢ and SREBP-2 activate three

are used for multiple reactions

NSREBP-2 trans : :
REBP-2 transgenic mice. which have
S » " .
ynthesis (Horton et al.. 2002). Finally.
genes require

required to generate the NADPH molecules that

i . . )
n both lipid biosynthetic pathways (Horton ¢t al.. 2002).
SREBP is determined by post-transcriptional

Fhe expression of cach
echanisms

regulato v .
ry mechanisms that alter the cleavage of the precursor, and by m

Post-transcriptional regulation involves sterol-

[hil > . .
t regulate gene transcription.

mediated s :

ediated suppression of SREBP cleavage. which occurs b
the ER to the Golgi.
ured in the presence of sterols and

n and Go.ldstein, 1997;

y inhibiting the movement

of Ja
the SCAP-SREBP complex from This form of regulation

blocks ¢ :
ocks al] SREBP isoform activation in cells cult

ln t » . Ay . .
he livers of rodents fed cholesterol enriched diets (Brow

Horton ct al
., 2002)
vator of all SREBP-responsive

SREBP-1a is a potent transcriptional actl

tion domain encoded by exon la; however,

genes owing to the long transactiva
SREBP-1a is constitutively expressed at Very l
be responsible for
0. SREBP-Ic has a sh
and imparts its selectivit
2002). SREBP-2, like

ow levels in most animal tissues. This

suggests that SREBP-la may aintaining basal levels of

cho : 1
lesterol and fatty acid synthesis in ViV

orter transactivation
y towards

domaij |
main that reduces its overall activation strength
nesis (Horton et al.,

but its activity is m
orton et al., 2002).

activati : in li
ivating genes involved in lipoge
ore restricted to

S .
REBP-1a, has a long transactivation domain,

re . .
8ulating genes involved in cholesterol homoeostasis (H
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6. Atheroscelerosis

\ ;” INCIP I 8 ? I CI C ( (:l('(l centra ] t 1¢
‘ll ) > . ] 5 ] 1 1
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- c \'ltl()l]il] CI > . - ]
P C e . S IndlnL’ Of CHD . ili
()Il l) ()bg r Y ( No $7]( \“l(l CS ' A n amlhal

forms of
rms of hypercholesterolemia, |

cholesterol ¢ri
lowering therapy. Most people with clevated TC have elevated LDL-C

inciple atherogenic lipoprotein. Strong evidence
osis by LDL at every stage

and [.DI. 1s considered as the pr
SUPBOMS the initiati

pports the initiation and promotion of atheroscler
(Grundy, 1997).
( R , . . .

dther major lipoprotein classes - HDL and TGRLs and the remnants and

some selected factors - . -
lected factors also participate in formation of atherothrombosis.

6.1.1 Evolution of atherosclerotic lesion
he accumulation of cholesterol 1n the

particles appears to be

maintaining

The hallmark of atherosclerosis 1s t

arte all - . . . .
ry wall and oxidation or other modification of LDL
elial function is critical to

dothelium fends to favor
on (Buja, 1995:

lm Ort: A . :
portant cvents in atherogenesis. Endoth

bl
ood flow and vascular integrity and healthy en
and monocyte disadhesi

vasodilati - . . .
dilation, antithrombosis, fibrinolysts
onic minimal endothelial injury

Vo ¥
gel, 1997). In certain parts of the arterial tree, chr
characterized by incre

which are both pivota
1996). Systemic factors that

C .
an result in dysfunctional endothelium ased uptake of LDL
| initiating

and monocyte recruitment into the vessel wall,
rtiz and Fuster,
rolemia, especially mi

ich may lead to endothelial

e radicals by the

events i .
ts in atherosclerosis (Fernandez-0
nimal modified

€an induce such injury include hypercholeste
rette smoking, wh
tion of superoxid
O as well as enhancement of

LD :
d L and active and passive ciga
ysfunction through an increased produc
en :

dothelium, resulting in deactivation of EDRFN

li : ,
Poprotein oxidation (Graham et al.,1993)-
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6.1.2 Monocyte migration

Fhe imtial lesion of atherosclerosis develops when leukocytes, specificall
monocytes. cross the endothelial barrier to accumulate in the intima. Thc; ;‘II'SI readilif,
ange 1s monocyte adhesion to a usually intact but

1984). After migration

discernible: morphologic ¢h
activated ¢ i :
ted endothelial surface (Ross, 1993 Faggiotto et al
into the mtim; Vies ' ‘
ma. monocyies are converted mto macrophages. which normally are not a

component of the artery w imbi
{ the artery wall. Macrophages imbibe large amount of lipid to become

foam ¢
¢ (.L'” \ M > e . . .
s. so called because of their foamy cytoplasm (Davies, 1998; Faruqi and

DiCorleto, 1993)
‘\ . O AT I |
fonocytes are recruited to an arcd of dysfunctional vascular endothelium

hanges in vascular permeability and alteration in

coordinated by a variety of
odified

thro .
ugh complex changes, such as ¢
adhesion receptors,

CX reC - .
pression of endothelial cell
995). The presence of minimally m

infl; . .
ammatory mediators (Jones ¢t al.. 1
ant to monocyte recruitment.

LDL is believed to be import
cveral proteins on its surface tha

Activated endothelium ¢xpresscs S t increases
Among these surfac
munoglobulins superfamily
y and in atherosclerosis

e adhesion molecules are

Its stickinee
stickiness to blood borne cells.
(such as

tin, integrins, and members of the 1m

1C . ’ . .
CAMs and VCAMSs) which arc important 1n immunolog

(Schmid-Schonbein et al., 1997)
Oxidatively modified L.DL (OxLDL) has both leukocyte chemoattractant and

adhesion promoting roles (Lehr and Messmer, 1995)

6.1.3 Lipid insudation:

olesterol that acct ry wall is plasma
oteins flux into @
d nutrients t0 peri

d directly to their plasma

mulates in the arte

The source of ch
nd out of the artery wall as a

lipoproteins, in particular LDL. LipOPF

g cholesterol an pheral cells. For
al wall 18 relate
ears, however, th

he endothelium may

no :
rmal function, LDL providin

L .
DL, VLDL, and IDL, flux into the arterl
1.,1992). It app

ansport across t

at selective

con :
centrations (Nordestgaard et

retent; :
tention of lipoproteins rather than rate of tr
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1996). Pr
. Protcoglycans are be 1CVe ; !
B s are believed to play a major role in retaining the lipoproteins |
g eins in

the arterial wall (Beisiegel and St.Clair 1996). UIti
Al bl ST ).Lll;‘r' AfeIne
by the macrophages and the lipid stuffed macr el Tpaproie ken
toam cells. [.DI rknmliﬁc.ninn 1!‘ 1 h l~] Tf n]d;mplmgc-" contribute to formation of
LA i s required for the uptake Mac acec (G ;
et al., 1979) Acetylation and n | st A L[.HM -b.\’ Macrophages (Goldstetr
| : 1 and malondialdehyde conjugation can also enable in vitro
receptor mediated macrophage uptake of [ .DL. Other process that can contribute by
receptor or non-receptor mechanisms 1o macrophage uptake of LDL include
phagocytosis and DL self-aggregation, complex formation with proteoglycans
and degradation by hydrolytic enzymes (Steinberg,

immune complex  formation
1997a; Beisicgel and St. Clair, 1996).

tion of trapped LDL is be
onocyte recruitment and second

The oxidative modifica lieved to occur in two Stages,
and promoting) m
contribute their great oxida
pectrum of oxidatively

the first taki .
¢ first taking place betore (
oceurri afta

rring after monocyte / macrophage tive capacity
[ in fact comprises a S

(Berliner et al.. 1995). Oxidised LD
rally but also functionally

modifie s
fied particles that can differ not only structt

(Steinberg, 1997a)

fied LDL

the subendothelial space.
ls. with little change in its

6.1.3.1 Minimally Modi
its lipids can be

After LDL accumulates in
tion of resident'V
and Witztum, 19
d LDL 18 proinfla
e chemotactic

mildly oxidized through the ac ascular cel
990, 1995: Steinberg 00: Diaz et al., 1997).
1like unmodifie
(VCAM, monocyt
) that stimulate

. .
apo B (Berliner ct al., | m
matory,

Thig o ;
s minimally modified LDL, which ui
ind :
uces local vascular cells tO produce factors
nulating factor

ge colony sti
o macrophages 1

nonocytes int
1993: Nelken et gl

protein-

¢in-1 (MCP-1) and macrophd

i ' jatl the
uitment of monocytes and d1fferentlat10n of 1 n tl
093, O’Brien et al.,

Intj .
ima (Dijaz et al.,1997; Parhami ¢t al., |
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d from subjects in the post prandial state. Some

(Nigon et al.. 1991) and L.DL obtaine
mally modified and could be degraded in

crrculat |
iting 1.DL. particles are alrcady mini

the ntima 1 t cd I])I because N \Y
ma in prcicrcncc t 1fi
0 unmodlh > >CauUse th ry
N S 1¢ arte V all has a 1
anety Of

mechanisms '
Pt SIMS g . aty " .
to prevent oxidation like suppression of Iipoprotcin oxidation by Nitric
oxide. a loss ’
R SS ale LTE) Y AT 0 1 1
of balance between pro-omdam and anti-oxidant forces is likely

important | - : .
portant in the formation of atherosclerosis.

6.1.3.2 Fully Oxidised LDL

LDL oxidation begins when the monocyte enters

The second stage of
1995). The

acrophages (Berliner et al.,

the intim: -
intima and is converted into M
tion of LDL including modification

mon ~/m: . - .
ocyte/macrophage stimulate further peroxida
o B-100) so that it is more ne
recognition by the LDL re

er receptors, the oxLDL rece
1989) so that LDL

gatively charged. The protein

of the protein portion (ap
ceptor and a shift to

modificati
odification leads to a loss of
ptors, or both

recoenit
gnition by the macrophage scaveng
990; Sparrow et al.,

ke the uptake by LDL receptors

n become heavily laden

(Berliner et al., 1995; Brown and Goldstein, 1
ges. This uptake, unli
t the macrophage ¢4
trated within macrop

s internalized by the macropha

IS not subjcct to down regulation SO tha
has been demons hages in both
ns ( yla-Herttual
formation of foa

The contribution

with lipids. Oxidised LDL
m cells has many other
of biologically

o being a

hUm . .
ans and rabbit atherosclerotic lesio

Oxidised LDL in addition to
berg, 1997a).

process of Ox
it also inh

LDL, in addition t

pro- .
atherogenic properties (Stein
ibit the motility of

actiy i
¢ molecules generated during the
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rt a trapping effect
oxic to a numbe

1997a). It 1s also a

chem
oattractant for circul
(Steinberg,

r of cell typeSs thus promoting

Mmac :
rophages, which might €x¢€

che
moattractant for T cells and is cytot
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the release of lipids and lysosomal enzymes into the intimal extracellular space
OxLDL can rapidly impair cndothelium  dependent  dilation, probably througl;
multiple mechanisms, including direct inactivation of nitric oxide (Selwyn et al
1997). In addinon 1t may promote formation of thrombi (Hirose ct al., 1996) A

further property of ox[.DL. not shared by the native LDL is immunogenicity

(Steinberg. 1997a). Autoantibodies to oxLDL are higher in proteins with carotid

atherosclerosis s . .
therosclerosis than in age matched healthy subjects and the plasma concentration of

immunoreactive oxL.DL is higher in patients who have suffered acute MI compared

with that in control subjects (Holvocet ¢t al.. 1995)

6.2 HDL

lhese particles are considered as anti-atherogenic. A strong inverse

relationship between HDL-C concentration and risk for CHD is well established by.

likely that several mechanisms contribute to a
herosclerosis and that there is variation

1997). Much of the effect appears

observational epidemiology. It 13
defense by HDL particles against at
depending on the stage of the disease (Anderson,

to occur carly in the process of the formation of lesions.
s classes, HDL particles form a heterogeneous

d vary by subpopulation. Gradient gel
asses: HDL2,, HDL2y, HDLj,,

-HDL; ratio appears to

Like other lipoprotein
Population and cardioprotectivity coul

clectrophoresis has been used to define five subcl
particle size. The HDL:

postprandial lipolysis, which evidence

n defined subpopulation, most

HDL,, HDL;. in decreasing order of
be a reliable indicator of the efficiency of
risk. Regarding protei
ciated with decreased ¢
ot apo A-1l, where as both

Suggests, is related to CHD
Studies have shown CHD to be asso

(ie HDL particles containing apo A-l but n

oncentration of Lp A-I

of the major

Proteins of HDL are present in Lp A-1:A-ID
HDL and risk for CHD may in

Another view holds that the inverse relation between
GRLs and CHD. Studies of subjects in

fact reflect a positive relation between the T
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Fenty

of HDI.-C concentration.

6.2.1 Reverse Cholesterol Transport

I'he cardioprotective role of HDL has been attributed to its role in

;cvcrsc cholesterol transport. In which cholesterol is mopped up from the periphery
dC‘k to the liver where it is metabolized. Cholesterol cannot be degraded in
peripheral tissue, including the artery wall. In vitro HDL particles promote the efflux
of cholesterol from cholesterol-laden cells and reduce the cholesterol content in foam

CCI]S. ’rl > e B ~
1e preferred acceptor of cell cholesterol 18 the minor sub-population of small

pre- 3_ s — . .
B-migrating particles, which contain apo A-lL

ading to cholesterol efflux is suggested by the

Another mechanism le
binding i
g of HDL to specific surface sites referred to as HDL receptors, the binding

ular cholesterol to the plasma me
olesterol 1s transported through the lymph

stemic circulation. The cholesterol

o LDL and finally to VLDL.

lC"ddS t r F
[0) t ¢ S 1 M ‘ 29
dNn lOCatlon Of ln[r‘](:( “ mbrane. rom the

eri .
peripheral cells, the transferred free ch

Syst : .
ystems to the thoracic duct and then to the sy
T is transferred from HDL t

y means of LDL receptors.

after csterification by LCA
T .
he VLDL is taken up by the liver b

6.3 Small, dense LDL
Small, dense LDL and
cross-sectional studies with increasc

Indices (Austin et al., 1988; Lamarche et al.,

r, IDL have been associated in
nical and angiographic
of LDL size with
s. On the

its immediate precurso
d risk for CHD by cli
1997). The association
portance in atherogenesi
d susceptibility to oxidation or

at small particles have an

ris : _ .
k could simply reflect metabolic process of im
s indicating increase

other hand, laboratory finding
fueled speculation th

d
ecreased LDL receptor binding have
f atherosclerosis.

clieved to be closely rela
enicity of dense LDL may

In
dependent causal role in the development o
ted to

dense LDL is b

The formation of small,
1.,1992). The atherog

metabolism of TGRLs (Campos €t
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be related to the broader metabolic defect of impaired TG tolerance (Ebenbichler et
al.. 19935) or insulin resistance svndrome  (Austin and  Edwards, 1996). A
preponderance of small LDL particles, called LDL phenotype B, is associated with a
more atherogenic lipoprotein profile than is a preponderance of larger LDL (type A
phenotype). including higher plasma concentrations of TG, VLDL, IDL, and apo B
and lower concentrations of HDL-C and apo A-l. Small dense LDL or LDL

phenotype B has been statistically related not only to CHD but also to conditions

associated  with CHD (like obesity. insulin resistance, diabetes mellitus).

Hyperapobetalipoproteinemia (hyper apo b). a familial lipoprotein disorder strongly
associated with CHD., is characterized by an increase in small, dense LDL.

Small lipoprotcins may bind more readily to proteoglycans and enter the
artery wall more easily. Dense LDL particles from normolipidemic subjects have

reduced binding affinity for the LDL receptors compared to the more buoyant LDL
particles (Nigon et al., 1991). In vivo smaller LDL particles are cleared from the
circulation more slowly than larger LDL particles in both normal subjects and those
with hyper apo B. With a longer residence in plasma, there may be prolonged
exposure to free radical oxidation and easier particle uptake by means of mechanism
not mediated by the LDL receptor (Rajman et al., 1994). Furthermore, dense LDL

are more susceptible to oxidation in vitro than more buoyant LDL particles.

(Packard,1994)

6.4 Lipoprotein (a)

Lipoprotein (a) [Lp(a)] 1s composed of an LDL particle that has a second

apoprotein in addition to apo B —100 . A strong positive association exists between

he plasma concentration of Lp(a) (Maher and Brown, 1995), a

CHD risk and t
pt for the addition of apo(a). The Physiologic

lipoprotein identical to LDL exce

function of Lp(a) is not known.
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(' . v ooaveTINIV e Se
inen the extensive sequence homology between apo(a) and plasminogen
it has bee ssted the ) ' |
s been suggested that much of the atherogenic potential of Lp(a) derives from
mterference | al pathways of ‘ '
erference in normal pathways of thrombolysis, to predispose patients to acute

hrombotic complications. Prothrombotic effects of Lp(a) include interference with

the bi Crreane mlaemi : - : :
¢ binding of tissue plasminogen activator to fibrin: and stimulation of the synthesis
of PAI-1

Other hypothesis include a role of Lp(a) in cholesterol delivery to the injured

ar cell proliferation (Hajjar and Nachman,

vessel wall and stimulation of vascul
1996). Lp(a) - binds lipoprotein containing apo B, avidly binds to arterial
protecoglycans and fibronectin, accumulates In atherosclerotic lesions, stimulates
SMC proliferation and promotes cholesterol accumulation in cells. With oxidation or

es a ligand, both in vitro and in vivo,

Lp(a) becom
press a distinct Lp(a)

modification by malondialdchyde,
and macrophage foam cells may ex
induced by a lipid-rich

for the scavenger receptor
1994). Vascular lesions,

clearance receptor (Keesler ¢t al.,
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diet, were increased 30 times in arca in transgen
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itself be targeted to early

e normal degradation
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bly through the macropha
enter the intima at about the s

atherosclerotic lesions, possi ge scavenger receptor. (Hajjar

and Nachman,1996). Lp(a) appcars t0

but may be retained there to a greater extent, pa
e on LDL: Analysis of
1igh LDL-C concentration 1

ical trials, FATS study, Lp(a)
phic CHD severity, its

ame rate as LDL

rticularly at sites of injury.
Possible risk dependenc angiographic clinical trial

d that a concomitantly I s required for

data have suggeste
verse effects. In clin
or of baseline angiogra

men with clevated LDL-C but lost its
tantially reduced (Maher et al.,

Lp(a) to exert its most ad
concentration was a dominant predict
inical event rate in
hom LDL-C was subs
d LDL-C achieved no

t al., 1995).

progression, and the cl
predictive value in patients inw

1995). In FHRS, lowering both Lp(a) an
alone (Thompson €

greater angiographic

benefits than lowering LDL-C
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Maher and Brown (1995) have suggested several mechanisms
tor the findings that a concomitantly high LDL-C concentration is required for Lp(a)

10 exert its most adverse effects. Lpta) and LDL forms aggregates which would
increase their residence time in the intimal walls of the vessels. The propensity of
both particles to bind arterial wall protcoglycans and entrapment in the artery intima
of LDI. by protecoglycans-bound Lp(a) particles with free apo(a) chain. The apo B

components of Lp(a) binds protecoglycans morc avidly than apo(a) component.
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7. (‘u » . o : M
rrent available therapies for hyperlipidemia:

Drug therapy i conj ' '
g therapy in conjunction to the dictary management and modification i
life stvle its ) §
stvle he ' * mal ' " clin

vie habits form the main basis of clinical management of hyperlipidemia
Several I '
. u (i N . (R Y YR L) y 1 i .

rugs have been used for lowering plasma lipids. These fall in the following

categories (Mahley and Bersot. 2001b).
absorption of bile salts / cholesterol:

Drugs which interfere with intestinal
gs to this class. Because of

Resins like cholestyramine, and cholestipol belon
their large size resi -
£C SIZe resins are not absorbed from the intestine. They bind (sequester) bile

salts a sete : SUNTY
nd cholesterol (bile salts facilitate cholesterol absorption) in intestine and the

bile acids are excreted in the stool, there by interrupting enterohepatic

n turn leads to increased hepatic metab
jon of intra-cellular cholesterol. This

Circul: M R . . . . .
ation of the bile acids. This 1 olism of

choles . . )
sterol to bile acids, which results in reduct

results in up-regulation of HMGCoA reductase and LD
and lowers the LDL-C levels.

L-R. The increase in hepatic

LDL-R i
LL-R increases the LDL clearance

2. Drugs which enhance lipoprotein lipase (LPL
s come under this clas
1 of TGs In vLDL and IDL through

mediated stimulation of fatty

ssion of apoC-IIL

) activity:
Fibric acid derivative s of compounds. These

compounds promote uptake/ degradatior
tivated receptors (PPARQ)-
esis and reduced expre
L, the LDL-C may slightly

Croxic :
peroxisome proliferator-ac

aci : . .
d oxidation, increcased LPL synth
decrease.

S :
ccondary to increased uptake of vLDL and ID

3. , s . .
Drugs which inhibit VLDL production and lipolysis:

plex, nicotinic acid, belongs to this class. In

One of the vitamin B com
adiposc tissue it inhibits the lipolysis of

reduces the transport of FFAs to the liver. Hence th
LDL by liver, as @ resu

f lipoprotein lipase.

TG by hormone-sensitive lipase, which

e TG synthesis in liver reduces,
resulting in reduced production of V It the IDL and LDL is

als . , ..
so reduced. This drug also increases activity 0
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4. HMG O :
MG CoA reductase inhibitors (statins):

\'Ix 1 ns Al -
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Probuc a8 % IV |
col has antioxidant activity so it prevents oxidation of [.DI

8. Rhabdomvolysis:

Rhabd NEE PR - ; ;
domyolysis 15 4 clinical and biochemical syndrome resulting from
skeletal - i
< Imt | o ol Vi - ‘“ po
iscle mjury with release of muscle contents. spcmhcallv myoglobin
(oxvee : ’ N

o d :—Li]_l) 4 ¥ ~

inding protein pigment) into the plasma. Myoglobin 18 filtered out of the

occlude the structu
0XIC compounds and frequently

bloods
dstream by the kidneys :
by the kidneys. [t may res of the kidney, causing

1 1nto pou,ntmllv t
ccrosis or kidney failure.

ny steps before the final

damage . :
tage. Myoglobin breaks dow!
result in kidne

in kidney damage such as acute tubular n

Statins inhibit the enzyme HMG-CoA reductase, ma

nate pathway. i
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his same pathway is used to

ﬁ)[‘|]n 1 .

]( ¥ .

ition of Cholesterol in the mevalo
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esize the essential biochemical Coenzyme Q
is to reduce coenzyme

11..1996)
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Jor side effect prcdlctcd for statins
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9. Unmet Need:
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blood pressure and diabetes, 15 is a

ldemIO]OUlC’ll studies (The
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y Preventio

Lipi
ld AL a1 [ !
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cation Program (NCEP) Adult Treatment Pancl (ATP) 1l guid
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statins unable to adequately control cholesterol in all patients, there
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CHD receiving statin therapy were not able to achieve the

out of ten patients with
y the NCEP ATP 111 treatment goals (Pearson

L.DL-C tar
~C target levels as recommended b
et al.. 2000). The i | jabili

). The inter-paticnt variability in cfficacy is very high with statins
Major y ' } o
vlajority o > . . :

y of the LDL-C lowering action oceurs at the lowest statin doses, i.e. there is

no dose nr i .
S¢ pro g o s S o T £

proportionate INcrease in efficacy with increase 1n dose (Jones et al.. 1998)
Mai ’ b ) .

Many of the patients arc ' - mari
¢ patients arc unable to tolerate statins primarily due to musculoskeletal
symptoms (rhe I i t
I s (rhabdomyolysis). [he problem was severe enough to warrant the recent

withdrawal of cerivastatin from the market.
Most of the presently qvailable drugs for the treatment of hyperlipidemia
show  severe gastrointcstina] disturbances. Fibrates causc dermatitis, myositis,
s. Statins though a potent drug, causc myopathy,

blurred visi
rred vision and rhabdomyolyst
atic {ransaminases). Nicotinic

(clevation in hep
y. Resins causc

rhabc - o
ibdomyolysis and hepatotoxicity
hepatotoxcit

ation, dyspepsia, gout,

acil R
cid cause cutancous vasodil
ey and Bersot, 2001b)

Sev A (pactr §
ere gastric intolerance. (Mahl

46



Aims and Objectives



3. Aims and objectives

Ihe wm  of the study  was prc-clinicul development of newer anti-

hyperhipidemic agents.

T'he objectives of the study werce:

N

Screening of molecules in an in vivo model of hyperlipidemia to select
molecules with appreciable efficacy.

ccted molecules to increase expression of LDL

Evaluate the ability of the sel

receptors in a cell-based assay.
Choose the best molecule with desirable in vitro and in vivo activity and
show its potential to be developed as an anti-hyperlipidemic agent.
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4.1

4.3
4.4
4.5
4.6
4.7

4.8

4.9 Anti-oxidant activity of the test €

4.10 Safety pharmacology studieson T
4.10.1 Effect on HR, BP, ECG and respiratory system

4.7.2 Purification of immu

4.7.3 PAGE and Western b

4.7.5 LDL receptor assay on

4. Materials and methods

Materials  NCEs and experimental animals

Screening for anti-hyperlipidemic activity in hamsters

Anti-hyperlipidemic activity in hamsters - dosc response

Determination of EDso of TRC-7033 for reduction in LDL-C

Hypolipidemic activity of TRC-7033 in hamsters
Determination of hepatic lipids

Quantification of LDL-receptor expression

4.7.1 Culturc of C7 hybridoma

noglobulin G (monoclonal antibody)

lot analysis of the purified antibody

4.7.4 Culture of HepG2 cell line

HepG?2 cell line

Cytotoxicity of test the compounds by MTT assay

ompounds

RC-7033

4.10.2 Effect on spontan€ous motor activity (SMA)
4.10.3 Effecton forced motor activity (FMA)
4.10.4 Effect of TRC-7033 on smooth muscles

4.10.4.1 Studies on isolated rabbit aorta
4.10.4.2 Studies on isolated rat uterus

4.10.4.3 Studieson isolated guinea pig ileum

4.10.4.4 Studieson isolated guinea pig tracheal rings

4.11 Probe toxicity studies
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4.1 Marerials:-
NEW CHEMICAL ENTITIES:

All the test compounds studied were synthesized by the Medicinal

Chemistry Den: . ..
emistry Department (MCD) of Torrent Rescarch Centre (see Appendix - 1 for

s of potential anti-hyperlipidemic

ADD) facility of TRC. The

details). This i -
ls). This involved designing various classe

age . T . .
gents using the Computer Aided Drug Design (C
HipHo . Af .

pHop module of the Catalyst software from MSI was used for this purpose.

Subsc > ’ N o :
quently the novelty of the molecules designed was confirmed by searching the

CAS ; TN . . oy 1
AS and STN databases. Then the synthetic feasibility of the designed molecules

¢ finalised for synthesis. The test ¢
002 to TRC-7051.

was ex Ior\ .
plored and molccules wer ompounds

S rete
ynthesised were numbered from TRC-7

EXPERIMENTAL ANIMALS:

The animals used for this work were obtained from the GLP-
y of Torrent Research Centre. The animal house

accredited Animal House Facilit
at 22 + 3°C, and

ws: Temperature maintained
99, efficiency) were used

0% fresh) air

envir .
onmental conditions were as follo

relative humidity of 30-70%. HEPA filters (0.2 micron; 99.
aintained at 20-24 (10

animal rooms were maintai
ghting schedule was 12 hours

re given standard pelleted diet

in a . : i
Il the rooms. The air circulation Was m
ned at

changeg . '
nges per hour in all the animal rooms. The
ed to the corridors. Li

eriod. The animals we

ater (Aquaguard) ad li

Positive pressure as compar
artificial I;

rtificial light: in each 24-hour p
(Amrut feed, Sangli) and purified W bitum.
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1. Hamster:
B 2Tal » N - . " p
reeder stocks of Syrian hamsters (Mesocricetus auratus) were

procured from Central Drug Research Institute (CDRI), Lucknow. Aft |
’ . er the

quarantine period they were housed in the Animal House Facility of TRC. They
. were

housed in polypropylenc cages containing paddy husk as bedding with two animal
mals

of same sex in a cage.

2. Rabbit:

New Zealand White rabbits used in the study were procured from

(NIN) Hyderabad. After the quarantine period, the

National Institute of Nutrition
f TRC. Each rabbit was housed

animals were housed in the Animal House Facility o

in a stainless steel cage with grilled floor.

3. Rat:
Wistar rats used in the study were procured from National Institute of

uarantine period, animals were house
housed in polypropylene Ccages

N e
utrition (NIN) Hyderabad. After the q d in the

Animal House Facility of TRC. They were

containj . . . :
taining paddy husk as bedding with two animals of same sex 1na cage.

4. Guinea Pig:

Duncan Hartley guinea pigs used in the study were procured from
(NIN) Hyderabad.
use Facility of TRC. G

After quarantine period, the

Natj :
ational Institute of Nutrition
uinea pigs were housed

ani ) )
mals were housed in the Animal Ho
X in a cage.

in staj : :
N stainless stecl cages with grilled floor with two animals of same s€
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5. Mice:
Swiss albi oL qL< R
o iss albino mice 4-5 weeks old and weighing between 14-16 gm
ody \\'ci y e o - .
) ght were obtained from Charles River. UK, and bred in the Animal House

facility of TRC. T
¢ of N A ' ..
. IRC. They were housed in cages containing paddy husk as bedding with

five mice of '
¢ mice of same sex 1n a cage.

ANIMAL ETHICS:

All the experimental protocols were ap
aken to adhere to highes

proved by the Institutional

Anim; ‘
il Ethics C : -
al Ethics Committee. Every care was i t standards of

animal cthics i )
Fethics in all procedures carried out.

STATISTICS:
essed as group mean + SEM. The test results were

Results were expr
g the SPSS (version 10)

Statistic: I : .
stically analysed by independent “t” test usin software. A

valu : . .
¢ of P<0.05 was considered statistically significant.
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4.2 Screening for anti-hyperlipidemic activity in hamsters:

The objective of the study was to investigate the anti-hyperlipidemic

activity of the test compounds in the hamster model of hyperlipidemia.

Materials:
Cholesterol (Qualigens)
Coconut oil (Marico)
Method:
Male Syrian hamsters weighing 90-125g were u

were randomly chosen from the colony to form 72 groups of 5-6 animals per group,

sed in the study. The animals

of these 50 groups werc treated with the test compound, two with the reference

compounds cerivastatin and CP-230821 and 20 with the vehicle sodium CMC. In all

5(0) test compounds were screened.

The test compounds were screened in batches where the number of

compounds in a batch ranged from one to five. These were screened as and when

they were synthesized and submitted by the MCD for the in vivo screening. Each

study batch in addition to various test drug groups had one vehicle control group.

1 has been shown by Shimokawa et al.

vity at a dose of 30mg/kg in the

1, we administered the same

The reference compound, CP-23082

(1998), to have appreciable cholesterol lowering acti

hamster mode

dose to confirm similar activity.
mole dose of CP-230821 (30mg/kg) was used as the dose for

s. The other reference compound used was cerivastatin

| of hyperlipidemia. In our animal mode
To screen and identify molecules with adequate

efficacy, twice the equi

screening the test compound

(1.25mg/kg).
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I'he basal foo I intak ‘ -
as: ( |n[.l]\C (l;lh Cho\\. ) S - - s o . -
) of the animals was monitored for 2 d:lys

nor : : a1 3 g ;
prior to the study. Body weight of cach animal was registered at the beginning and at

[h ol s ’ vy A » o I — 4 .
¢ end of the experiment. Sixteen hours prior to the experiment, food but not water

Was w - , . L , §
' withdrawn and on the morning of the first day, blood samples were collected

under light cther anesthesia by retro-orbital puncture and the samples analysed for

'C. TG. and HDL. Serum total cholesterol (TC) and triglycerides (TG) levels were
determined using cnzymatic  assay kits (Autopack, Bayer) on RA-1000 auto-

analyzer. High-density lipoprotein (HDL) cholesterol was determined after removal

of non-HDIL cholesterol  through magnesium  phosphotungstate precipitation

(Weingand and Daggy 1990). Serum was diluted with an equal volume of 0.9%

al of non-HDL cholesterol and similarly samples,
before TG

sodium chloride before the remov

which had TG values above 400mg/dl, were also diluted 1:1
LDL) cholesterol was determined using

determination. The low-density lipoprotein (

the formula of Friedewald ¢t al.(1972).

All the animals were administered high fatty meal orally as a percent of the

0.5% cholesterol and 5% coconut oil, in the

.8,
received test/reference compound

estimated basal food intake,

morning. Seven hours later, the drug group
suspended in sodium CMC by oral gavage while the control group received only

vehicle - sodium CMC. The fatty food and drug treatr
1998). After the last dose of drug on the fifth day, food

sted for 16 hrs and b
e animals were sacrificed, the

nent was continued for the next

five days (Shimokawa ¢t al.,
d the animals wWere¢ fa
ately thereafter, th

and welg

was withdrawi A lood samples collected

by retro-orbital puncture. Immedi
d free from blood

_70°C until analysis. Liver
wering activity was analysed

liver was dissected out, blotte hed. Samples of liver were
en and stored at

erum cholesterol lo
| ester (CE) as described under

frozen in liquid nitrog from animals in the

test groups that showed significant s
for hepatic total cholesterol (TC) and cholestery

section 4.6.
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4. - s v d L3 . o e .
3 Anti-hyperlipidemic activity in hamsters - dose response:

Among the test compounds the best activity (based on lowering of TC

LDL-C. and TG r
L-C. and TG) was shown by TRC-7033. Hence this compound was chosen for the

dose response s . : :
se response study along with cerivastatin.

Method:

Male Syrian hamsters weighing 90-125g were used in the study. The

experiments wWere . . .
periments were carried out on six drug groups and the hamsters in each group

were treated with TRC-7033 at 40, 60 and 80 mg/kg and cerivastatin at 0.5, 2.5 and 5

mg/kg. Each test group had its own vehicle control group. The methodology

follo e i : :
wed was similar to the primary five-day screen in ha

section 4.2. However in this study in addition to the lipid profi
T, AST, serum bilirubin and alkaline phos

msters described under
le, the serum levels of

the hepatic enzymes (AL phatase) were

als :
so monitored before and at end of treatment.

s were sacrificed and the liver from the

At the end of the study, animal
80mg/kg dose group of TRC-7033 and 2.5mg/k
blotted free from blood and weighed. Samples of

g dose group of cerivastatin removed,

liver were frozen in liquid nitrogen

and stored at —70 °C, until analysis for hepatic total cholesterol (TC) and cholesteryl

ester (CE) as described in section 4. 6.
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4.4 Determination of EDsy of TRC-7033 for reduction in LDL-C:

A dose response curve (DRC) for reduction in LDL-C for different doses was

plotted. The EDx«, of the chosen lead molecule, TRC-7033 was determined.

The 1.DL-C levels on high fat diet increased in test groups (40, 60, 80 mg/kg)

as well as the vehicle group. Compared to the vehicle group, the test groups showed

a dose dependent reduction in the rise in LDL-C level. This percentage reduction in
L.DL-C level was plotted against the corresponding test doses and the EDso dose was
derived. A best-fit line was constructed using a polynomial equation and the
n was derived from this equation. This EDsg dose

theoretical dose for 50% reductio
s used in the safety pharmacology

served as a point of reference for various dosc

studies as well as probe toxicology.

7033 in_hamsters.

4.5  Hypolipidemic activity of TRC-

TRC-7033 was screened for its hypolipidemic activity in normolipidemic
parameters measured W

section 4.2, except that t

hamsters. The protocol followed and ere very similar to the
he fatty meal

above anti-hyperlipidemic activity screening in

was not administered to the animals in the morning.
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1.6 srminati
Determination of hepatic lipids:

"hC 'lCC l l I(' ‘I

end of drug tr
g treatment was determined b
v HPTLC method. (Fol
. ch et al., 1957;

Schmitz et al.. 1984)

Materials:
HPTI.C Scanner 11 (Camag)
[Linomat [V (Camag)

Camag twin trough chamber

HPTLC Glass plate. silica 60 Fass (Mcrck)

n-Hexane (HPLC grade, Spectrochem)

Dicthyl ether (GR grade, E.Merck)

acid (AR grade. WBA chemicals)

Formic
myg manganese chloride in 4

Derivatisati sagent:
isation reagent: 3.2 80 ml methanol,
32mlc

onc sulphuric acid and 480 ml water

ne : di-ethyl ether : formic acid

Mobile phase: n-Hexanc : n-Hepta
(65:1 5:20:0.5) %V/V

Method:
1957 (the details

The method of extraction adopte
The neutral

et al.,
d from the liver with

further diluted 1 :50

le was then used

d was that of Folch

are deseri .
escribed in A/)pem[ix-[[ -1) lipids were extracte
v/v) mixture an

(2:1,v/V) mixtur

d the extract was

ch
loroform : methanol (2:1,
e. This diluted samp

wi
ith the chloroform : methanol

fo -
r spotting on the HPTLC plate.
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A mixed standard consising of cholesterol and cholesterol oleate was

prepared i chlorotorm : methanol (2:1) mixture and used to identify the bands (the
details are descnibed i Appendix-11 - 1), 10pl of cach standard preparation (to get
160, 8O, 40, 20 and 10ng per spot) and sample preparation
at I\ applicator and after drying it for 3 min at

amber) saturated

concentrations of 320,

was s . , .
as spotted on the plate using Linom

room te e . , . . .
temperature 1t was placed m a tank (Camag twin trough ch

\\ » . ~ . . - -~ .
ith the mobile for 10mins with Sml of mobile phase. After development (solvent

as dried in air and then dipped in the

fr ox < .
ont moves to 9.5¢m from bottom) the plate w
s heated at 110°C for

derivatici . . -~
rivatising reagent in the dip tank tor 20scc. The plate wa

30min ¢ : . :
min and then scanned using a HPTLC scanner (densitometer).
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4. 'ficati
7 Quantification of LDL-receptor expression:

The ability of the tes
¢ ability of the test compounds to upregulate the LDL-receptors in HepG2

cell hine was est
‘L\ » . » . I O
estimated by an assay system (Ashton etal., 1996). the details are given

below,

Principle:
uantified by a cell based assay- fluorescence

o human LDL receptor. Here increase

g was detected using the

l'he [.DI. receptors were
mcthod usi
od using the mousce monoclonal antibody t

in DL rece , . .
. receptors on HepG2 cell line on exposure to the dru
antibody) and the secondary antibody used

n . ,
onoclonal antibody Mab-C'7 (primary
ubstrate

ted to alkaline phosphatase and the s

was ot . : .
goat antimouse antibody conjuga
ne phosphatase liberates the phosph

ate

f()[' alkaline
Ikaline phosphatase was AttoPhos. Alkali
esulting in fluorescent emitter.

grou .
p from the non-fluorescent AttoPhos molecule r

460,590nm) denoted increase in Mab-C7

The
]] Ny : .
wcrease in fluorescence reading (

binding :
ing and hence LDL receptor number.

ns are needed. Initially
r this purpose C7
e hybridoma
tibody

y, certain basic preparatio
r the LDL receptor. Fo
body secreted from th

In order to perform the assa

one hije .
h has to raise the primary antibody fo
ybri '
idoma cells has to be culturcd. Then the ant!

needg .
ds to be purified by affinity chromatography. The
d by Western blottin

presence of the an
g after the protein Was

(protein) ;
ein) in the elute has to be confirme

fesolved by SDS-PAGE.
rerequisites for quantitation of LDL-R was carried out:

. Culture of C7 hybridoma and collection of Ma

2. Purification of Immunoglobulin G (1gG)
G by Western blotting.

Hence the following p
b-C7

3. Confirm presence of Ig
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4.7.1 C
< /e ulture of C7 1
of € ltrl)ru!(mm:
4 monoclonal antibody (Ig
nan tissue. This clone

("7 hvbr
h_\hndnmu pl'n([uccs G2t
;2b) that binds to

low
density |
2L lpn\r”‘.
was derived | protein. (1.DL) receptors from bovine and hur
cd by tus : t
: sitng Sp2 0
Ball g Sp2/0-Agld mveloma cells wi
alb'e mo ¢ ) a cells with spleen B-lymphoc i
——— ymphocytes from a
wnized with ¢ |
ith a partially 111
a4 partially purified [ DL receptor fr '
\ DL or from bovine adrer
1al
cgion of repeat #1 of the ligand-

cortex. |
. ' hc - b
an r -
tibody recognizes an epitope in the r

binding regio '
gion of the receptor.

Jl!([te'."(l['s:

C'7 hvbri
hybridoma (CRL-1691) ATCC. USA.

o's Modified E edium (DMEM) with high

Cult

ure e I

re medium - Dulbecce qeles M
glucose (I-lyclonc)

endix—11 —)

(Detai
ails of ; oo
f all materials used is presented in App

Met hod:
n A ppendi.r—[[ -

g are described 1
arried out

(rcvival detail
lucose. Subcult

1e contents of tl
gt was collected and

2.] ) zmg r:j“ (-‘,7 cells were revived

aintained in DMEM with high &
as rapid. Tl
ibody of Intere
ture media to
¢ of the cell pellet
he other

uring was ¢
e flask were

Cvery second
* nd dav 1«
ay as the cell proliﬂ:ration w

Cent i
rlfu
ged an
d the s
the supernatant containing the ant
o was taken

esh cul

ntrol). A par
[turing while t

S[Orcd
at -20°C <

C. Simultancously equal volume of fr
of antibody (co

ised for subcu
_ I -2.3). The passage

ang
Stored -
at -20°C for estimation

Obt :
after
removal of the supernatant Was L

endix
after wl
e details ar¢ d

hich a new cryovial

Part
Wag u
I Sed
for cryopreservation (details 1n App
escribed in

(sub
Cultyry
Ing . ;
g) was continued only for tefl generationsa
cultured. (th

ainip
g the :
e C7 cell line was revived and sub

/IP])(endl-x 95
~2.2).
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4.7.2 Purificati ¥
urification of immunoglobulin-G (monoclonal antibody)

The objective was '
objective was to purify the antibody from the hybridoma

supernat; aftini
pernatant by affinity chromatography.

Principle:
Protein A is « i1 i
S' n A is a purified protein from the cell wall of the bacterium
Staphvlococcus . hi i
viococcus aurens. This protein specifically binds to the Fe portion of

Immunog e and ite hindi
noglobulins and its binding affinity depends on the type of immunoglobulin
as high binding affinity

and the animal <necies f :
¢ animal species from which it was raised. Protein A h
gG2b from the

tO m . e .
ouse IgG2b. This property of protein A is used in purifying I

hybridoma supernatant.

Materigls:

IgG purification kit ( Bangalore Genel )

Amicon centriplus concentrators ~100 (15ml capacity)

Method:

The IgG purification kit -
Cross-|i
ss-linked agarosc packed in inert polystyrene column

a gel matrix of Protein A coupled (immobilized) to
) was used in purifying
culture medium. The

lpG
8G2b from the hybridoma supernatant and from the fresh
the instruction manual,

are described in Appendix -
y ultrafiltration using 10

n Appendix - Il — 4). The protein
dford

(Bangalore Genei)
il - 3). The
0kD cutoff

proce - :
dure used in purification was as per
Supplj .
plied by the manufacturer (the details
antibody |
dy in the elute was then concentrated b

centri i i
Plus concentrators (the details are described 1
was determined by Bra

ix - 11— 5)

cont : 1
ent in the elute, before and after concentration
aS.S‘ .

4v (Bradford, 1976) the details are described 1n Append
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4.7.3 PAGE and Western blot analysis of the purified antibody:

I'he objective of this study is to confirm the presence of IgG in the

clute obtamed in the above purification step.

Materials:
Bio-Rad mini gel apparatus
Semi dry transfer unit (Hoefer semiphor)
Nitrocellulose membrane (Amersham)

Detailed materials used is presented in Appendix-IT - 6

Method:

The 1gG purified and concentrated from the fresh culture medium was used
as the control to be compared with the lgG purified and concentrated from the

hybridoma supernatant.

The proteins in control and test samples were resolved on 7% SDS-

phoresis. Two sets of ge
stern blotting (the details are

polyacrylamide gels by gel electro | were prepared one for

direct staining (silver staining) and other for we
nd gel was used for immunoblotting, after

described in Appendix - I = 6). The secO

cin in the band by silver staining the first gel.

C .
onfirmation of presence of prot
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174 Culture of HepG2 cell line:

Materials:
) NCCS, Pune

. e P,
HepG2 cells (human hepatoblastoma
| with Earle’s balanced salts

Culture medium - Mimmimum cssential medi:

(MEM) (Hyclone)

Detailed materials used is presented in Appendix-1I-7

Method:
M supplemented with fetal bovine serum and

cached 75% or more (the details

Cells were maintained in ME
subc i
ulturing was done only when the confluency T

are described i Appendix - 11 =7 ).

4.7.5 LDL I'(’C(’IHOM

Materials:

ate reader (Fmax)

ates (NUNC)

Fluorescence micropl
Black fluronunc culture pl

Primary antibody (Mab —C7)
nti-mousc [gG monoclonal Ab conmju

ad)

gated to alkaline

Sec. Allli[)()dy (goat a
phosphatasc) (Bio-R

AttoPhos (Roche)

Bovine serum albumin (BSA) (Sigma)

Superblock blocking buffer (Pierce)

Propidium lodide (Sigma)

nt black
(MEM)

M‘-’thod:
bottomed 96 ell fluoresce

d in sterile flat |
Il in 2004l culture medium

HepG2 cells were plate

cu
Iture plates (on day 0) at 15,000 cells per W€
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l ,] -

- ;“(' u,] ] } 4 A C It S (l 0 C a t J l Wzl
l

was done on dav 2

On day 4 whe v enlle o
FBS) renewal was d’:”"h.u. cells :show 80 percent confluency, media (containing 2%
i of v p(." ’( ne with MEM containing 1% BSA (filtered sterilized) and then
of 25 -’ '- )x) concentrations of the test and/or standard drug or combination
vdroxycholesterol and  test drug dissolved in 100% DMSO (details

cnumerat
ated below) was ¢
) was added to the wells (in triplicate) so as to have various final

concentrati '
tion of these in (0.5% DMSO.

l. . . .
A concentration response curve (1uM to 0.3 nM) with TRC-7033 and

cerivastatin,
ds (TRC-7004, TRC-7007, TRC-7011,

t 1pM.

o

Activity of various test compoun
'RC-7051) and standard (CP-230821)a

3. Varione :
arious concentrations of TRC-7033 (0 to 3uM) in presence of 0.1pM

cerivastatin.
pM) in presence of 2.5uM

4, .
Various concentrations of TRC-7033 (0 to 3

25-hydroxycholesterol.

5. Ceri ,
erivastatin (1 & 3M) in presence of 2.5uM 25-hydroxycholesterol.

as used for the LDL receptor
cubated with the drug for 24

r washed with 1x phosphate
4°C for

A :
assay (f] modified method of Ashton et al. (1996) w
) o) .
W chart given below). The cell culture was in

hrs an
d th :
en the media aspirated and the cell monolaye
% formaldehyde in PBS at

buffer car:
sa
o Tlme (PBS) and fixed with 100pul of 6
n.
he formaldehyde solution was removed and the cells were washed with
thrice. 100p1 of the primary

dMmonj
um sulphate solution followed by 1x PBS
fetal bovine serum

antibod
¥ (Mab-C7) solution — 0.5pg/ml in PBS containing 10%
4°C. The contents of the well

was add
ed to the wells and incubated for 60 minutes at

Were
removed and 200ul of the non-specific site blocking buffer ‘Superblock’ was
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added to the wells and incubated at 4°C for 30minutes. The Superblock was

and cells washed with tween phosphate buffer saline (TPBS) twice and tl:::]ov'e:
PBS once. The monolaver was then incubated with 100ul of goat anti-i "
antibody conjugated to alkaline phosphatasc in PBS (1:6000) at 4°C for 60 mi:Otuse
The secondary antibody solution was removed and cells washed with t\:e:;
phosphate buffer saline (TPBS) twice and then with PBS once. Then 100ul of
jalkalinc phosphtase substrate - ATTOPHOS containing 20pg/ml of propidium
iodide was added to the well and plate incubated at 4°C for 60 minutes. The reaction
was terminated by addition of 6M sodium hydroxide. The fluorescence reading at

460 5 .
and 590 nm were taken using a fluorescence plate reader (Fmax). The cell

nu : e
mber per well was determined by propidium iodide fluorescence at 538 and 612

nm.

The below equation was used for calculation of percent increase in LDL-

receptor activity.

(A/C) - (B/D)

[¢]
70 Increase in LDL-R Activity =
(B/D)

X 100

presence of test drug

A= Fluorescence reading at 460,590nm in
sence of vehicle control (DMSO)

B= Fluorescence reading at 460,590nm in pre
e of test drug

C= Fluorescence reading at 538.612nm in presenc
f vehicle control (DMSO)

D= .
Fluorescence reading at 538,612nm 1f presence 0
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LDL RECEPTOR ASSAY - ESSENTIAL STEPS

I,\}\.'lt"(i_cc e I & l’ \ N
”\ W T \LLllLll [ C “L'}] n )( \\L” Plt“ (\1 li'l g }‘[;‘\)
. d o .
I”Llll 'llL‘(] 15/ “( 1 o )- 1 ) M 4'\ rs
. d ] mn >%o ( ( lni.'lll atc J
It 'l «
h .59
S0

Media was changed (Media 2% FBS)

l Incubated at 37 "C in 5% CO, incubator for 48 hrs
Media was changed (Media 2% FBS)

Drug was added

. Z % = S 0 - < -
Incubated at 37 "C in 5% CO; incubator for 24 hrs.

<

Media was removed and the cells fixed with 6% HCHO

Incubated at 4 °C for 30 min.

e

Washed with (NH,):50 soln. two times

YBS(Ix) three times

Washed with

<

Primary Ab added (in 10% FBS)

Incubated at 4 °C for | hr.

Superblock added

l Incubated at 4 °c for 30 min.
Washed with TPBS twice
Washed with PBS(1x)once

Secondary Ab added (1:6000)

Incubated at 4°C for | hr.

Washed with TPBS twice

Washed with PBS(1x) once

Attophos substratc + Propidium lodide added
[ncubated at 4°C for 1 hr.

6 M NaOH added and the plate read in F-max at 460,590 nm & 538,612 nm



4.8 Cytotoxicity of the test compounds by MTT assay:

The objective of this study is to determine the cytotoxicity of the test

compounds on HepG2 cell line.

Principle:

MTT (3-[4.5-dimcthylthiazol-z-yl]—2,5-diphenyl tetrazolium bromide) assay
is very commonly used for spectrophotometric quantification of cell growth,
assay is based on the capacity of mitochondrial

viability, cytotoxicity ctc. The
y active cclls) to convert the yellow water-

dehydrogenase enzyme (metabolicall

soluble substrate - tetrazolium salt (MTT) to purple formazan crystals, which are

insoluble in water. This cellular reduction involves the pyridine nucleotide cofactors
NADH and NADPH. The formazan crystals formed are solubilised and the resulting

coloured solution quantified using an ELISA plate reader.

Materials:
ELISA plate reader (Spectramaxplus)
MTT (Sigma)
SDS (SRL)
Hydrochloric acid (Qualigen)

Method:
. . . k solution of 5 mg/ml of
. . , ilisin reagent. A stoc
Preparation of MTT and solubilising  arming 7C) and

igh
MTT in 1x PBS (culture grade) W& prepared " HCI) was also prepared.
Vortexing, Similarly solubilising reagent (107 sps+ 001 Y
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HepG2 cells (2.5 x 10°) were seeded per T75 culture flask and after 24 hrs:
HepG2 Cells were plated m 96-well flat-bottomed culture plate at 20,000 cells per
well in 200u] culture medium. After 48 hrs of incubation in a CO; incubator
phere of 3% COx, Iul of various (200x)

70C and humidified atmos

maintained at 37
10, DMSO was added to the

"M to 1x107®

concentrations of the test compound dissolved in 10
wells (in triplicate) so as to have d final concentration of drug (Ix10
M) in 0.5% DMSO. The cell culture was mcubated with the drug for 24 hrs and then
the media was changed and cells rinsed with PBS and then 100ul of fresh media
added and subsequent to this 15pl of stock solution of MTT per well and incubated
for 4 hrs (at 37°C and 5% CO.). Then 100pl of solubilising reagent was added to
cach well and after overnight incubation (at 37°C and 5% CO,). the absorbance of
the formazan product was measured at 570nm and the reference wavelength at

650nm.
i for calculation of percent cytotoxicity.

The hal . |
he below cquation was usce

K (‘YIOloxicily =

A= Absorbance at 570nm in presence of test drug.

B= Absorbance at 570nm in presence of vehicle control (DMSO)
C= Absorbance at 650nm in presence of test drug.
DMSO)

D= Absorbance at 650nm in presence of vehicle control (
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4.9 Anti-oxidant activity of the test compounds:

Ihe objective of this study is to determine the antioxidant activity of the test

Col hich i < . o
npounds. which will be beneficial in prevention of oxidative modification of

L.DL. which is more atherogenic than LDL.

Principle:

The radical scavenging activity (anti-oxidant property) of the test compound
is evaluated by measuring its ability to scavenge the stable free radicals present in a
yl (DPPH"). As a result of the

methanolic solution of 2.2.-diphcnyl—l-picrylhydraz
reduction of DPPH by the anti-oxidant the absorbance at 515nm of this purple
d-Williams W., 1995).

coloured solution of DPPH in methanol decreascs (Bran

DPPH- . A4 o> DPPHH * A
(free radical) (antioxidant)
Materials:
2.2.-diphenyl-1-picrylhydrazy! (DPPH-) (Sigma)
Dimethylsulphoxide (Sigma)
Methanol (Merck)
UV-visible spectrophotometer (Spectramax plus)
Glass cuvette of 3 ml capacity
Method:
. ious
100uM  solution of DPPH was prepared in methanol and ;arlou
. depending on
“oncentrations of drug solution were prepared in methanol of DMSO dep
on, 200 ul of ethanol/methanol was

its g - . Juti
olubility. For the preparation of control sO ion, 200ul of

ilarly for prep
(12.5uM, 250

aration of test solut

M, 50uM, 100pM ) in methanol

added to 1800p1 of DPPH radical. Sim

vari . .
lous concentration of drug solution
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or DMSO was added to 1800u1 of DPPH radical solution. The absorbance of control

and test samples were recorded after incubation at 30°C for 30 minutes, at 515nm
taking methanol (100%0) or methanol : DMSO (9:1) as blank.

The percent antioxidant activity was calculated using the below formula.

(B-A)
R X 100
B

%, Antioxidant activity

A= Absorbance of test sample at 515nm

B= Absorbance of control sample at S15nm

From a plot of the concentration vs. percent anti oxidant activity, the ECso for

anti-oxidant activity was determined.
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4.10 '
Safety pharmacology studies on TRC-7033:

The ED:x e o
), dose for reduction in LDL-C in the h
amster model of

hyperlipi ‘
vperlipidemia s
a served as a poi i
ed as a point of reference for various dose d
s used in the
safety

pharmac s studi
icology studies as well as probe toxicology

4.10.1 Effec
ffect on HR, BP, ECG and respiratory system:
The aetive 1 ' .
he objective of this experiment was (o study the effect of TRC-703
-7033

on the cardiovas
ardiovascular and respiratory system.

Materials:
MacLab &/s s -
acLab /s system with Quadbridge and Bio Amp (AD
ducer (SensoNor 840, SensoNor a.s, Norway)

Instruments, UK)

Pressure trans

Method:

Wis ; i
star rats of cither sex Werc used to study the cardiovascular effects of

r test drug groups of which two
5 mg/kg (SXxEDso dose) by
d 10 mg/kg of TRC-7033
ontrol groups, one for

p had 4-5 rats.

TRC-
7033 The experiment was carried out on fou
grou e adming

ps were administered 65mg/kg (EDso dose) and 32

roups received 2mg/kg an
wo corresponding vehicle ¢

s formulation. Each grou

oral
. gavage and the other two g
Yy intrave
travenous route. There were t

the or
al and the other for the intravenou

(1.25 gms/kg) and the left common

cannula and was conne
al blood pressure- The
e vehicle/drugs. The signals
and the blood pressure
ments, UK). Using

hetized with urethané
ed by a polythene
rement of the arterl
dministration of th
a bridge amplifier
ab 8/s (AD [nstru

Rats were anest
cted to a

Carotid artery was cannulat

[:r‘?Ssure transducer for the measu jugular

freln was cannulated for intravenous 4
Om the transducer were amplified using

was r .
ecorded using the Chart software of MacL
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the Chart software the mean arterial blood pressure (MABP) was calculated by
adding 1 3" of the systolic pressure and 2/3" of the diastolic pressure. Standard limb
lead 11 ECG was recorded continuously in these animals using Bio Amp. The heart
rate was also calculated as a derived parameter from the lead-1I ECG. Since the

sampling rates and speeds can be increased to the appropriate level, even minor

changes in the ECG. heart rate (HR) and blood pressure (BP) were captured.

Studies on intravenous administration:
The drug was dissolved in vehicle (20% PEG-400, 2
ravenous route. The effect of the drug

0% tween 80 and

remaining was saline) and administered by int
on ECG., mean blood pressure, heart rate and respiration were monitored at doses

described above.

Studies on oral administration:
CMC.

al gavage as a suspension in sodium

The drug was administered by or
art rate and respiration

The effect of TRC-7033 on ECG, mean blood pressure, he

were monitored at doses described above.
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4.10.2 ¢ ;
0.2 Effect on spontaneous motor activity (SMA):

I'he objective of the study is to investigate the effects of TRC-7033

. I]IL’ N H vl i i i

meter.

Method:

| Ihe studies were performed on Swiss albino mice, 6-8 weeks old and
\\'Clghin v betwee c .
g between 17-25 gm body weight. The experiments were conducted in five
groups of mice of :
P mice of which three were test drug group and the other two Werc control

Each group compris
of 65 mg/kg, 650 mg/kg and

ed of five males and 5 females.

groups (saline and vehicle).
1625 mg/kg representing

T ' .
RC-7033 was given at a dosce
ED

<0, 10XEDs, and 25xEDsg by oral gavage.

Spontancous motor activity was monitored by using 2 computerised activity

meter * - . . o
Multi-Varimex™" which 1s an optical interface for the Columbus Instruments

jvity monitor, which operates on the IR

Event Counter hardware. It is an animal act
n 1.B.M computer. Th
s of 40x26x16 em’. T
detector was

e cages Were made of transparent

be ineinle
am principle interfaced to a

polyvinyl chloride with dimension

he distance between two
placed at the height

e emitter-
transected the

irs of infrared beams
d intercept the infrared beams.

emit
ters or two detectors was 13.5 cm. Th
¢ cage. Three such pa

of 4 ¢m from the base of th
of the animal woul

ca
ges, such that the movement

These j )
se interceptions were monitored by the computer-

e the experiments put were allowed

ed overnight pefor
riments Were conducted at the same time of the

ize circadian influe

m carboxymethyl ce
d each group of animals was

The animals were fast
t .
o drink water ad libitum. All €Xp€

d )
ay (between 9 a.m. to 12 p.m.) 10 minim
e vehicle (Sodiu

y oral gavage an

nces. A suspension of

T
RC-7033 was prepared in th llulose). Each
group received the respective dose b
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placed in separate cages. The system was programmed to count the interceptions at
intervals of 10 minutes for a period of 120 minutes. The spontancous motor activity

was monitored after 5 min of adaptation period. The total count over a 120-min

period was recorded for cach group and tabulated. The effect of each dose of the test
VI (press y e from the
compound on the motor activity was expressed as a percentage chang

control.
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4.10. 24
0.3 Effect on forced motor activity (FMA):

The obicctive of :
¢ objective of the study 1s to investigate the effects of TRC-7
g -7033

on the tore
rL > , . . .
cd motor activity in mice using a rotarod
. & ¢ .

Method:

'rh(. \ll ] S re > > 8

“'Ciuhil! l) 1_.95 S
< ] ! C[\\c > n
-~ L'] l - ’I]] b 1
AR L. Odv \\Cluhl hC C‘(pe I our
N I I VCI 1 f

roups and the other two were control
males and five females.
g 10xEDso

groups' ( :
N )r LS o M

mice of which two were test drug g
ach group comprised of five

rouns (sali
groups (saline and vehicle). E
50 mgkg and 1625 mg/kg representin

TRC-7
-7 e o1t
)33 was given at a dosc of 6
and 25xE
5xEDg, by oral gavage.

a standard mouse

as determined using
with

m in diameter and 52 cm long,
d is divided into 5 equal
me. The rod was

d on the

TI]C M 2Y M
degree of motor incoordination W

rotarod app:
apparatus comprising of a plastic rod, 3¢
basc. This ro

be tested at the same ti
imal managed to spen
ance time. Mice were

non-slippe
S ppery surface and 28 cm over the
by 6 discs, thus cnabling 5 mice to

SCt to r
otate ¢ . ;
te at a speed of 12 rpm. The time the an
en as the perform

m for 4-5 times P

as the ability to ¢
led to do sO during the

rotatin
g rod before falling was tak
rior to the actual

aCc“m .

atiz .
ed to the procedure by training the

was defined main on the

CXperi

ime P
nt. Normal motor coordination

J mice, which fai

Fotarod
for 180 seconds consccutively an

Pretest per;
period, were excluded from the study.

ents but were allowed

re the experim
termined before

gcores Were de
ension of TRC-7033 was

dministered to the

d overnight befo
ining, rotarod

hicle. A susp
Julose) and a

o The animals were faste
rink .
o water ad libitum. After the tra
admin: )
Ministration of the drug, Of saline or V€

Prepare( ;
ed in the vehicle (Sodium carbox)’methy
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respective groups by oral gav {
p groups by oral gavage. After the drug/vehicle/saline administration the

animals were teste
animals were tested on the rotarod every 20 min for 180min

Data Analysis:
I'he eftect of the drug on motor coordination was expressed as an activity
ratio, which is defi ' i ' i
which is defined as the ratio of the time the animal was able to remain on the

rotc afte . ,
arod after drug administration to pre-drug values.

Time (in minutes), the animal is able to remain on the

rota-rod after drug treatment

Activity ratio
Time (in minutes), the animal is able to remain on the

rota-rod before drug treatment
o | indicates lack of effect of test compound

An activity ratio of 1 or closc
cates increasing effect of

on . . . T
motor coordination and a decreasing activity ratio indi
an of

the L. . L
compound resulting 1in motor incoordination. Data ar¢ expressed as the me

he activity ratio + SEM for cach group.
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4 e
10.4 Effect of TRC-7033 on smooth muscles:

Materials:
The test ¢
st com ; were store Ti '
npounds were stored under refrigeration and stock solutio
prepared on a daily ' ' ‘ A o
d e asis ¢ C ‘
faily basis to give concentrations ranging from 107 to 10° M ina 10
or 20 ml org: T e .
can bath. The reagents requi [
2 : agents required for the prepare ' F
i reparation of the physi '
siological

solutions were . .
ions were procured from E Merck, Bombay

4.10.4.1 Studies on isolated rabbit aorta:

-l‘hl: ()b's- 1o o - .
jective of the study was to evaluate the vasorelaxant or spasmogenic

effects of the test ¢ ;
s of the test compounds on rabbit aortic rings.

1. (1982).

Methods:
lified method of Nishikawa et a
y. At

The method adopted was a mo¢

between 1.5-2 Kgs were used throughout the stud

R, : :
abbit of either sex weighing
lCag S
st 4-5 animals were used in the study.
bs) was as follows:

al salt solution (Kre
24.2mM NaHCO:s,

The composition of the physiologic
M MgSOs,

12
0.3mM Nacl. 4.8mM KCI, 1.2mM CaCly, 1.05m
bathing solutions Wer

% O2 and 5% COQ)

e maintained at 17+

1.2
mM KH,PO,, and 5.5mM glucosc. The
(a mixture of 95

0.5“ <
C and bubbled with carbogen
xsanguination. The thoracic

y stunning and €
gyerse rings. The

-4 mm wide tran
ainless steel needle.

inability of

The animals were sacrificed b

nd cut into 3

dorta — .
was quickly removed a
on a rough st

a gcn[]c rub
ed by the

Chc i
lothelium was removed by
was confirn

Suce
cess 4 :
ssful removal of the cndothcllum

dcet : ;
ylcholine to induce relaxation.
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aortic strip was co
as connected to the lever of a fi '
orce displacement tr.
ansducer (FSG-01;

amplificr, connected to a MacLab/8s (AD Instruments Limited

amplified by a bridge
gen and/or the

UK). The respons : ‘
). The responses of the tissucs after administration of the spasmo

test L were
compounds were analysed by the Chart software version 4.2 of MacLab/8s. Th
. . e

data was ;
ds > > 1
s stored in a G4 Power Macintosh computer for the analysis and

interpretation.

1ogenic cffect was studied at the dose range of 1x10% to 1x10™° M.

The spasn
as studied on 30mM KCl contracted tissues.

The spasmolytic effect w

allowed to

e carried out, the preparations were
s. The

g tension of 2gms in the organ bath
SS) was changed every 10 minutes. For

2 were exposed to two primer doses

Before the experiments Wer

equili . .
quilibrate for 30 minutes under a restin

K - . .
rebs solution (physmlogical salt solution -P

the : . .
spasmolytic study, the tissucs in bath 1 and

rval) over the one hour period post stabilization i.e. at the

of KClI (at 30 minutes inte
o the first primer dose of

e tissues Were exposed t
re washed with the

bilized, the tissues We
posed to the second prim

e tissues Were washed with

KCl was added and the

c . P .
nd of 3() minutes stabilization th

3( :
)mM KC1 and as soon as the response sta
er dose

es the tiSSues were €X
ponse stabilized, th

third dose of 30mM

P
SS and at the end of 30 minut
of

30mM KCI and as soon as the res

th
¢ PSS and at the end of 30 minutes the
corded in bath 2 and

cum :
ulative dose response curve with the test compound was T€

its ¢ .
orresponding vehicle, in bath 1.

ed to reach a stable level

h dose was allow
e curve for TRC-7033

The relaxant response for €¢
ive dose respons

be
fore the addition of the next dose. Cumulat
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was obtained from the tissue at a dose range from 10® to 10™ M. From a plot of the

dose vs. response (Yo relaxation). the EDsy was ascertained and the maximum

. . . -s .
relaxation obtained for the highest dose (107 M) was also determined.

To study the spasmogenic cffect. tissues in baths 3 & 4 were used. After a

stabilization period of 30 minutes, TRC-7033 was added in bath 4 and its vehicle in

bath 3. the contractile response was allowed to stabilize before the addition of the
next dose. A cumulative dose responsc curve for TRC-703

: -8
tissues at a dose range from 10 ¥ to 10" M. From a plot of the dose vs. response

3 was obtained from the

(% contraction) the EDsq was ascertained and the maximum contraction obtained for

the highest dose ( 10" M) was also determined.
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4.10.4.2 Studies on isolated rat uterus:
Ihe objective of the study was to determine the effect of TRC-7033

S N lldV d Cl C llt

stage.

Method:

Youny female rats R
¢ female rats weighing between 150-200 grams were used in this study

ne the phase of estrous cycle. The

A vagl

gimal smes ay e : :

ginal smear examination was done to determi
mified cells. The

ses of cheesy looking whitish co
resence of a few dry epithelial cells in the
s studied on uteri from animals in
ffect of the compound

sed in each

estrous phase |
ous phase is marked by mas
diestrous
rous stage was detected by the p
vaginal smear. T
smear. The effect of the test compound wa

CStI'OUg ace
S as well as s . :
well as diestrous. The spasmogenic of spasmolytic €
was studied i
S8 1c CoMArate : :
d in separate group of animals. At lcast 4-5 animals were u

group.

the intestine pulled

d the abdomen opened and
Id be large

s of the uterus, which wou
g were cut away and the two

The animal was sacrificed an
aside
or .
removed, so as to expose the two horn

' the animal was in cstrous. The mesenteric attachment
d transferred to @ dish
ounted in 2 two-uni
ined the following 154 mM

containing De Jalon’s

horn
S .
of the uterus were dissected out an

t organ bath

solutj
. ion (De Jalon et al, 1945) before being M
yste
m. The De Jalon's physiological salt solution contal
M Glucose; prepared

NaC
,5.6 mM KCI. 0.55 mM CaClz, 6.0 mM NaHCOs, 2.78 m

in :
double distilled water.

erine horn and suspended in an organ

bath co:; t‘hr.ead was tied to each end of the ut e !
Carboge aining 20 ml of De Jalon’s solution maintal
experimn' A resting tension of 0.5gms Wwa
ent, a pair of the uterine preparation was stud

the oth
er for the vehicle of the test drug:
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er

0

l\]()\ to l\](\ T 1
; ) M. I'he SpilSanld tic CffCCt was StUdiCd on 30 I]]M KCI contract d
Y cte

tissues.
study two

‘»\r > . Y S T . .
ter a stabilization period of 30 minutcs, for the spasmolytic

priming doses of KC1 (30mM) (at 30 mi

After additi -
addition of the second dosc of the spasmog
as added in bath-2, its corTes

for each dose were allowed to rea

nutes interval) were added to bath | and 2.
en. the tissues went into a stable
ponding vehicle was

contractile state. TRC-7033 w
ch a stable

added 1
d in bath-1. The relaxant responses
tive dose response curve for TRC-

0% to 10° M. From a plot of

and the maximum

level ..
before the addition of the next dose. Cumula

7033 was :
as obtained from the tissuc at a dose range from 1

the dos
S¢ / NG . : 1
vs. response (% relaxation) the EDso Was ascertained

rClaxat' o .
ion obtained for the highest dose (107 M) was also determined.

animals was used. The
S, TRC-7033 was

allowed to

To study the spasmogenic offect separate group of
'period of 30 minute

ractile response was
e dose response curv
0% to 10° M. From

ned and the

tissu
€S w O .
erc mounted and after a stabilization

added i .
in bath 2 and its vehicle in bath 1. the cont
e for

Stabi]j
ilize before the addition of the next dose. A cumulativ

TRC-7
033 was obtained from the tissue at
contraction) th

hest dose (IO'5 M

dose range from 1
e EDsp wWas ascertai

the
plot of the dose vs. response (7o
) was also determined.

maXimu .
m contraction obtained for the hig

80



.](). e . B

The objective of
- R
| ¢ of the study was to determine the effect of TRC
-7033

on the 1sol: '
1 the isolated guinea pig ileum

Method:
Guinea pi ;
a pigs (fasted for 8 hrs pri
gs (la r 8 hrs prior t '
i, s o the expernime o1
400-500 grams were used |1 | e ofeifher sex eATE
" sed in the study. At least 4-5 animals were used in tl )
e s sed in
1 pigs were stunned by a blow fhe sy
; y a blow to the head and sacrificed by exs: inati
e abdomen was opened thr idline 1 e
) S openec through a midline incision and the ileo-caecal '
as exposed. T ‘ et e
xposed. The terminal 1le '
o terminal ileum was cut after discarding 10 cm nearest to the 1l
accal junctio . -
; n because of the pres '
e causc of the presence of the excitatory alpha adrenoceptors n¢
co-caccal junction. T i )
- junction. [he mesenteric attachment was cut as close to the gut
. . g gut as
ithout -v for a dis :
injury for a distance of about 20-25 cms.

umen of the isolated piece

1 cut across and the |

[he intestine was ther
nning warm Tyrod

a 10 ml volumetric pipette. C
gut. The clean stri

¢ solution repeatedly through the

t]]()r
oughly cleaned by ru
are was taken so as

Proxims: ;
mal opening with the help of
or handling of the p of the

Jution for about 10 minutes for

[O a :
void : & -
| undue stretching, ballooning
Intest -
. II]C \ ac & . -~
ol vas then placed In fresh warm salt so
’CC ].In. ks .
at1z :
ization, before being put up-

length were cut and a thread

achment at each
g the

about 5 cmS n
e mesenteric att
without occludin

e other end

Two small segments of the ileum
and the wall near t
tied securely
holder and th
ispended in 20

h

was
. a.‘j“
passed through the lumen

end wj
ith 3
the help of a fine sewing needle and

as tied secure
sducer. The ti
d with carbogen

nﬂ Orgs )
137 mM NaCl, 7.7 mM KCl, 1.8 mM

ly to the tissue
gsues were St
and maintained at

(fa(jl%

lum
en. .
One end of the tissue W

Wag
s Connectec ’

ted to a force dlsplacement tran
n, aeratc

37U(f
T
he Tyrode solution consisted of
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B . \nl[{( () () 4 [“\I \
i C s ) ucosc dnd was

l r“‘l '”'Cti
b n ti(\“l\] » ~
C (i]\[l | & atler ' 1 r > 150 - r a >
ll ll \\ L![ [. ( t‘l][r;l\.‘lll > r ‘HI\()I‘IH‘ ‘\. \\ > 1S i

W nh are
resting tension of 1 gm
th‘ S N
pasmogenic or
o ]| \!'\‘l\nl,’\l\l] ©nr o e .
these ylic propertics of TRC-7033 were S lie
conditions. Tl a WER studied under
1¢ SPads .
pasmogenic effect was studied at the dose range of 1x10° to

IxX10°\
' M. The sp: |
asl - gy
pasmolytic effect was studied on 30 mM KCl contracted tissues.

or the spzlsnmlytic study two

© 3() minutes, t
to bath 1 and 2.

After a stabili
a stabilization Pt.‘i‘iUd ot
t 30-minute intervals

priming
:’ d‘.)\ » . & o)

¢s of KO (30mM) were added a
and the tissue went

as added after half an hour

”1(_ tl

]

ird dose of the spasmogen W
TRC-7033 was added 1n b
1ses for each conce
ose. Cumulative dose

ath-2, its corresponding

Into ;
a stable ¢ :
le contractile stage.
entration Were

axant respol

ition of the next d
o at a dose range from 10°

), the EDso was

vehiel
¢ was o« 5
1s added in bath-1. The rel

allow
ved tor
reach ¢ .
cach a stable level before the add

f'eSpons
Nse curv . s
'\ ¢ = 3 9 2 ~ %
for TRC-7033 was obtained from the tissu
(% relaxation

est dose (107 "M

response

ed for the high ) was

to 10°
_\.1
. From a plot of the dosc Vvs.

EISCCI-I, 2
ained ;
nd the maximum relaxation obtain

also de
0 determined

& 4 were used. After a

n baths 3
its yehicle in

~ffect, tissucs 1
) bath 4 and

To «
study the spasmogenic ¢

Stabil;

zat .

bat on period of 30 minutes TRC-7033 was added 11

ath 3 the 3

he contractile responsc was allowcd to stabilize pefore the addition of the
as obtamed from the

RC- _7033 W
g. response

(‘IOSC )
- A cumulative dose response
1 the plot of the dose V>
| for the hig

to 10~ s M. Frot
m contmction obtainec

ncxt

SSles .
e d .
ta dose range from 10"
hest

(%

0 cont 5
racti . .
on), the EDsy and the maximt

dose (s M
) were determined.
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4. . . 'y )
10.4.4 Studies on isolated guinea pig tracheal rings:

I'he objective of the study was to determine the effect of TRC-7033

0 > 1solate ' '
n the isolated guinea pig trachcal rings.

Method:
Guinca pigs of either sex weighing 400-500 gram
a pigs were stunned by a blow to the

s were used in the study. At

least 4-5 animals were used in the study. Guine
head and sacrificed by exsanguination. The trachea is removed and sectioned with a
pair of scissors such that cach picce had three tracheal rings. The rings were
the dorsal smooth muscle

r tube and the
The

suspe a e . . .
uspended with one hook on either side in such a way that
b: I .

and was oriented vertical. One end of the hook was fixed to the aerato
force displacement transducer (FSG-01).

hook at the other end was tied to a
he transducer, amplified and viewed

impulses from the tissucs Werce detected by t
Experimetria, Hungary). The
0-ml organ baths containing Kr
unit organ bath. The Krebs solution
n of 118 mM NaCl, 4.7 mM KCl,

3, 1.2 mM KH2P04 and 5.5

rings were suspended under

using ISOSYS software (
ebs solution. Four

a resting tension of 1.0 gram in 1
such ring preparations were mounted to the four-

tilled water after additio

was prepared in double dis
7H,0, 25 mM NaHCO

2.5 mM CaCl,, 1.2 mM MgSOs.

mM glucose.
ated continuously with carbogen and temperature
Two fine stainles
e of the pins was co
metric wall tension. T

owed to equilibrate for

The tissue baths were acrt

s steel pins Wwere passed
nnected to a force
he other pin

45-60

Maintained constantly at 37+ 0.5°C.

through the lumen of each preparation. On
rding of the 150

dis
placement transducer for reco
arations were all

was fixed to the tissue holder. The PreP

f the test compounds.

m' .o
Inutes before the addition O
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The spasmogenic or sp asmolytic propertics of TRC-7033 were studied under

these conditions. The spzlsmngulic offect was studied at the dose range of 1x10™ to

1x10° M. The spusmoi_\'lic effect was studied on 30 mM KCl contracted tissues.

After a stabilization period of 30 minutes, for the spasmolytic study two

priming doses of KC | (30mM) (atan interval of 3() min) were added to bath | and 2.

After the second dose of the spasmogen, the tissue went into a stable contractile
stage. TRC-7033 was added in bath-2, 1ts corresponding vehicle was added in bath-1.
r cach concentration were allowed to reach a stable level

The relaxant responses fo
onse curves for TRC-7033

Cumulative dose resp

before the addition of the next dose.
m 10™ to 107 5 M. From a plot of the

were obtained from the tissues at d dose range fro
e EDso and the maximum relaxation obtained

dose vs. responsc (% relaxation) the

for the highest dos¢ ( 107 M) wer€ determined.

Jic effect, tissues n baths 3 & 4 were used. After a

To study the spasmoger
-7033 was added 1n bath 4 and 1ts vehicle in

f 30 minutcs, TRC-

stabilization period 0
¢ was allowed to stabilize bcfore the addition of the

bath 3, the contractile respons

next dose. A cumulative dose¢ response curve for TRC-7033 were obtained from the

to 10° M. From the plot of the dose vs. response

tissues at a dose range from 10°
ntraction obtained for the highest dose

(%o contraction) the EDso and the maximum ¢o

(1()'5 M) were determined.
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4.11 Probe toxicity study:

I l] ()l) V .
0

TRC-7033 in mice.
Methods:

Oral toxicity:

TRC-7033 was screened for its toxicity potential after oral

administrati Wi : :
ration on Swiss albino mice; 6-8 week old and weighing between 17-25 gm

riments were conducted in three groups of mice of which two

body weight. The expe
were tes i

st drug groups (low and hi gh dose) and the other was vehicle contr
ur females were used for each group. The 1

of TRC-7033 and the high dose group received

o ol group. A
min .

imum of four males and fo
ow dose

group received 10XxEDsqg (650 mg/kg)

25x
EDs, (1625 mg/kg) of the drug by oral gavage.

e the experiments but were allowed

The animals were fasted overnight befor
3 was prepared in the vehicle

to dri
rink water ad libitum. A suspension of TRC-703
ose) and administered to th

observed for one hour an

corded. The animals we€

e respective groups by oral

(sodium carboxymethyl cellul
d the time of onset and

gav .
age. The animals were closely
re observed for the

time . .
for signs to disappear were rc
s time points for

oxic symptoms at variou

pres '
ence or absence of various pharmacot
Appendix-II.

72 i
hours post-treatment as shown in the proforma under section 810 the

¢ its toxicity potential after
week old and weighing
d in three groups of
ontrol group. A

Intravenous toxicity:

Similarly TRC-7033 was screened fo

intra : - . 0 .
venous administration 0N Swiss albino MmICe; 6-8
ments Were conducte

: .
etween 17-25 gm body weight. The eXPer

groups and the other was vehicle €

mi )
ce of which two were test drug
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mini Y alew . .
mum of four males and four females were used for each group. The test drug

groups received 10 and 20 mg kg of TRC-7033 by intravenous route.

TRC-7033 was dissolved in the vehicle (20% PEG 400 and 20% tween 80
and remaining saline) and administered to the respective groups via tail vein and the
animals were closely observed for one hour and the time of onset. time for signs to
ls were observed for the pres
r 72 hours post-treatment

d. ¥ . e . .
isappear recorded. The anima ence or absence of

arious pharmacotoxic symptoms at various time points fo

s shown in the proforma under section 8 in the Appendix-11.
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5. Results

in hamsters.

TRC-7033 and

= i \
L . I]ll-ll\ .‘ T » ! 1 1 ‘!‘
3 ] L[llpldLlnlC HCH\ ”.:\ Ut.lc. 1 L‘Ol]'lp(‘llmd\'

5.2 Anti-h I

v 1l -hvperimp s v et ‘

vperliprdemic activity in hamsters - dose response (
cerivastatin.

SIED of TRC-T033 fi
cof TRC-7033 tfor reduction in LDL-C.

5.4 Effect of TRC-7033 |
ctof TRC-7033 n normolipidemic hamsters.

fter treatment.

tn

.5 Hepatic hipid levels a

.() ( { i . §
1d bt ;
Juantification of [.DL.-receptor expression.

h

body
aﬁnonLDL—

5.() 13 TET A £ i
1 Detection of monoclonal ant
R expression in HepG2

T
5 6.2 Effect of TRC-7033 and cerivast

cells.
3 Effect of TRC-7033 on LDL-R eXpres ivastatin.
atin on LDL-

gion in presence of cer
5.6.4 Effect of TRC .
ffect of TRC-7033 and cerivast R expression in presence

of 25—hydm:-;ycholcslcrol.
2 cell line.

1ds on [.DL-R eX]
HepG2 cell line.
1ds.

5.6.5 Fffec - - ;
5 Effect of test compout syression 11 HepG

5.7C - .
ytotoxicity of test compound 1n
the test compoul

1 TRC .7033.
piratory system in rats.

5.8 Anti-oxidant activity of
5.9 Safety pharmacology studics of
_BP, ECG and res
ous motor actl

ctivity in mice.

5.9.1 Effect on HR
5.9.2 Effect on the spontanc

5.¢ -
9.3 Effect on the forced motor a
Jon smoot

rabbit aorta.

5.9.4 Effect of TRC-703 h museles

5.9 4.1 Studies on isolated

5.9.4.2 Studies on isolated rat uterus:
lated guincd pig ileum-

pig tracheal rings-

5.9.4.3 Studies on 150
ated guincd

5.9.4 .4 Studies on isol
SR

5.1
0 Probe toxicity studics of TR
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5.1 Anti r S
L ' llll’l]‘[)c l. i i
1Iplac s activity
amsters:

A total of 3
al ot 30 test
2 s 1 At »Q T Tal ¥
. molecules were screened for their anti-hyperlipidemi
v in the hamster : .
r model of hyperlipidemia. On feeding the hamsters for 5d
g sters days
and coconut oil, the serum total cholesterol

a high fat di :
gh fat dict containing cholesterol
rotein cholesterol (LDL-C)

about 74%. the low density lipop

(TC) levels increased by
(HDL-C) by 34% while there was

h\- ’)(mu
J < 0. [h 3 10 ‘sl I 1 S
) [ & Hi‘.:h-(lk.n_\ll_\_/ IIDOD]'OECII] ChOlC.'[CI‘Ol

des (TG) levels (Table 1). The group means

no signific:

gnificant change 1n serum triglycerl
dre DrCS 5 ; o
sented 1n the Te :
C P S P b Y . -

i [able | in Appendix-111. [he percent reduction in lipids after the

g treatme 1 Q o s
ent is shown in the Table 2a & 2bn .-Ippwzdi.r-[[[.

The
n]()l Yol - - ] . > T L .
ccules that showed significant activity in reducing the serum
esterol at twice equimole dose to

RC-7007, TRC-7011, TRC-

and cerivastatin (1.25

the reference (C d low-density lipoprotein chol
¢ (CP-230821) molecule were TRC-7004, T
s, CP-230821 (30mg/kg)
he percent reduction 1
530821, TRC-7004,
Appendix _J11. The group
-1

choles
1lesterol levels an

7033 and TRC
and TRC-7051. For comparison
n serum lipids is

ar conditions. i
TRC-7007,

mgjk N e
¢) were used under simil
 The group means for CP-
1ted in the Table 3 in

esented in the Tabl

shown ;
own in the Table 2

TRC-
7011 and TRC-7051 are preset
c4im Appendix

means for - ;
for TRC-7033 and cerivastatin ar¢ pr
ol by 19%

e serum cholester
n HDL

_— _
RC-7004 at the dose 80.9 mg/kg decreased th

and [
DL cholesterol by about 22%. It di
TRC-7007

gnificant effect O
7.6 mg/Kg decreased
It did not have
RC-7011 at

sterol

d not have any s1
at the dose 8

cholest
sterol and triglycerides (Figure 1)-
[ DL cholestero

a]]y S1o1 |
gificant effect on HDL cholesterol and triglycerldes
1m cholesterol by 27

ffect on HD

| by about 26%.
(Figure 2). T
o, and [.DL chole

L cholesterol

the ¢
se
rum cholesterol by 20% and

the d
0s
¢ 80.5 mg/kg decreased the SCrt
and

by .

abo

trig] ut 40%. It did not have any signiﬁcant €
8lycerides (Figure 3).
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TRC-7033;
‘ coC ‘II [}] y WS y L
DI ehal l ¢ dose 80 mg kg. decreased the serum cholesterol by 30% and
DLcholesterol by (
v about 36°.. It also reduced triglyceride by 44%. It did not have

:‘ k““:'“”'cum effect on HDI. cholesterol (Figure 4). TRC-7051 at the dose 71.1
h : ig. decreased the serum cholesterol by 22 and LDL cholesterol by about 22%

1d not have any sigmificant eftect on HDL cholesterol and triglycerides (Figure 5).
g/kg. decreased the serum

‘rhc r"\ TN
eference molecule CP-230821 at the dose 30 m
It did not have any

choleste . g
crol by 39°, and 1.DI. cholesterol by about 55%.
s (Figure 6). The following

signific: -
& mnt effec
ant effect on HDI. cholesterol and triglveceride

Chl]ng . .
§ St SREN .
immarize the results of the studies.

ght in the vehicle control

rum lipids and body wei
n the hamster model of

Table |- T
groul;) :ﬁl he increase (%) in se
hyperl; T S days oral administration of fatty food i
% Increase
— | — | — |
Te
¢ HDI-C TG LDL-C B. wt.
\
//__/——
73 ¢
a7 3421 3.7 34135 199.8 + 28.9 3.4%09
Valueg ro //-———*’*C"
presented are mean | SEM for n- [31. TC, Total serum choles;erol'; HDL-C,
TG. Triglyceride: [.DL-C, Low density lipoprotet?
decrease.

Hj
gh-dengsity 1;
sity lipoprotein cholesterol;
present %

Choleg
Sterol; :
; B.wt, body weight. Negative values(-) re
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Table 2:

The reduction (%)

hamster model of hyperlipidemia.

Dose
~ Compound

—,

TRC-7004 | %09

(mglkg) |

e, R -

| TRC-7007 | R7.0
IRC-7011 | 80.5

__IRC-7033 %00

TRC-705] 711

('I’-Zjnx:]__ l ) 300

Cervastatin \I

of serum lipids by the test compounds in the

represent "y increase.

9(

10.6

Values ar - vk
alues are as compared to respective vehicle contro

| group. (

Percent reduction
IC Jll)l,-(‘ TG I.DL-C B.wt
18.0 16.0 8.5 222 -0.8
20.1 17.6 -0.1 26.3 LT
274 17.9 2.0 39.5 23
[ 444 364 G

n-5-9). Negative values(-)
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IBure 1,
o hYDc:l.j Effcc_t of TRC-7004 (80.9 mg/kg) on
"Preseny glgc'ma. Values represented arc mean
tTF)ta] SCrlu M. #p< (.05 as compared 10
"iglyceriq 'm cholesterol; HDL-C, High-density
¢ LDL-C, low-density lipoprotein cholesterol:
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(87.6 mg/kg)
3 300
le)]
E
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O
a
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5 200
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*
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0
T
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Fj I
gure 2
¢ Effect
of TRC-
C-7007 (87.6 mg/kg) on serum lipid levels in hamster model
nofo6 observations. The error bars
'g t-test. TC,

udent

in cholesterol; TG,

fh
yperlipj
repr Ipidem;
ese 1a. Vi -
T ent SEM. *Pilucs lcpresentcd are mea
0.05 as compared 10 vehicle controls,

Otal

———

Ig| um choles

Elyceride: LDS_IEStErOI: HDL-C, High-density lipoprote
, Low-density lipoprotcin cholesterol:
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O Control
e ETRC-7011
(80.5 mg/kg)
300
2 L
2 i
E |
Py
o
=t
*
5 200
%)
*
|
|
100 !
|
I
TC HDL-C TG LDL-C

Figure 3: Effect of TRC-7011 (80.5 mg/kg) on serum lipid levgls in hamster model
of h erl.i idemia. Values represented are mean of 6 observations. Tl}e error bars
re re);l:; t };EM #p< (.05 as compared to vehicle controls,_Student s t-test. TC,
T(I;tal I;erum .cho]esterol' HDL-C, High-density lipoprotein cholesterol; TG,

Triglyceride; LDL-C, L ow-density lipoprotein cholesterol.
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|

d levels in hamster model of
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Student’s t-test. TC,
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g/kg) on serum lipi
mean of 5 observati
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lipoprotein €

F‘l
igure 4: Effect of TRC-7033 (80m

h o

re}’perhpldemra. Values represented arc :
fepresent SEM. *P< 0.05 as compared to veh!
otal serum cholesterol; HDL-C, High-density

Triglyceride; LDL-C, Low-density lipoprotein cholesterol.
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4 |
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)
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0
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levels in hamster model
rvations. The error bars

Is, Student’s t-test. TC,
holesterol; TG,

Figure 5: Effect of TRC-7051 (71.1 mg/ke) O ST lipid

of hyperlipidemia. Values represented are mean _of 5 obse
represent SEM.  *P< 0.05 as compared t0 vehicle eontro .
Total serum cholesterol: HDL-C, I—Iigh-density lipoprotein ¢

Triglyceride; L.DL-C, Low-density Iipoprotein cholesterol.
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5.2 Anti
. ntl_h . N e . [N « .
\D(rllpldtnll( activity in hamsters - dose response (IRC-7033 and

cerivastatin):

TRC-7033 was ¢ . .
33 was chosen for detailed dose response. as it had shown very good

olesterol and triglyceride levels in

activity in re :
v in reducing the serum cholesterol, LDL-ch
her molecules (Table-2). The

the h:
amster . . .. .
o model of hyperlipidemia compared to ot
cterence
¢ molecule cerivastaty
ccule cerivastatin was also taken up for detailed dose response studies.

m cholesterol by 30% and

FRC-7033 at the dose 80mg/kg decreased the seru

%. It also reduced triglyceride by 44%. It did not have

L cholesterol (Figure 4). TRC-7033 at the dose
and LDL cholesterol by about

ificant effect on HDL
decreased the serum

o reduced triglyceride

erol by about 24%.
effect on HDL cholesterol (Figure 8). Though

ycerides were not S€€

L
DL cholesterol by about 36

a L
ny significant cffect on HD

60m 3 y
g/Kg decreased the serum cholesterol by 27%
15%. It did not have any

3 at the dose 40mg/Kg
It als

33%. 1
o. It reduced triglyceride by s

choleg -
olesterol (Figure 7). TRC-703
cholesg

olesterol by 26% and LDL cholest

b 350 .
¥ 35%. It did not have any significant
n, TG levels were

dose .
proportionate reductions in trigl
are presented in the

groups. The group means

Signific:
gnificantly reduced across all dos¢
in, AST, ALT and

dix —111). There was

Table 4 i
ble 4 in Appendix -111.

There was no significant effect on serum total bilirub

alkaline ,
aline phosphatase at any of the above doses (Table 511 Appen
NO <jorm: ) .
O significant change in body weight of food intake (Table 4 10 Appendix ~I11)-

ow any significant reduction in the

astatin did not sh
hile it showed significant reduction

At 0.5 mg/kg, ceriv

Seru
m cholesterol and LDL cholesterol levels W
evels (Figure 9).

ALT and alka

gnificant effect on

There was no si
(Table 5 in

of
about 39% in triglyceride 1
line phosphatase:

Se
rum total bilirubin, AST,

Appendix —11)
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Cerivastatin at the dose 1.25mg/Kg decreased the serum cholesterol by 28%
and [.DL. cholesterol by about 23%. It reduced triglyceride by 59%. It did not have
any significant cffect on HDL cholesterol (Figure 10). Cerivastatin at the dose
2.5mg Kg decreased the serum cholesterol by 35% and LDL cholesterol by about

;( 0, - N . el . . . . . . .
59%. The reduction seen in serum triglyceride was not significant. It did not have

any significant cffect on HDL cholesterol (Figure 11). ALT increased by around

70% in 2.5mg kg dose group while other parameters like serum total bilirubin, AST,
show any significant change (Table 5 in Appendix —I11).

alkaline phosphatase did not
5 and

There was no significant change in body weight or food intake in the 0.5, 1.2
2.5mg/kg doses (Table 4 in Appendix _J1I). At 5 mg/kg there was seventy percent
showed about 15-20% reduction in body weight

mortality and of those that survived
5 fold increase

and reduced food intake. The ALT and AST showed about 4 and

respectively (Table 5 in Appendix =111).
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5.3 ED T '
20 of TRC-7033 for reduction_in LDL-C
hC [{Di( Or T ) { -
) IRC-7033 tor reduction n LDL-C was found to be 65 m
I o be 65 g/kg

(Figure-12).

80
70 74.73

60

50 -
44.72

40
42.04

30 -

% Reduction LDL-C

20 -

10 -
100

0 20 40
Dose (mglkg) R2= 1

n LDL-C after oral administration of
describing the best-

a. The equation
' e for 50% reduction

Fig
ure 12: .
12: Dose response curve for reduction 1
erlipidem!

TRC-7037 ;

fit linZO-:‘3 in the hamster model of hyP

was der'ls Y= 0.0342x>-3.2823x+] 18.67 and the
ived from this equation. n=5-6 for each dos¢
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5. o - . .

4 Effect of TRC-7033 in normolipidemic hamsters:
Normolipidemic hamsters administered with 80 mg/kg of TRC-7033 for 5

18%. LDL cholesterol by about 32%. and

d' 'Q EYRS T2 32 TR
ays decreased the serum cholesterol by
serum triglyceride by ' 1gn
triglyceride by 16%. It did not have any sig ificant effect on HDL
C}]O]cs N . . e . « - .
terol. There was no significant change in body weight or food intake. The

results are shown | '
ire shown in the Figure 13. The group means are presented in Table 3.

Ta .o .. . P :
ble 3: Serum lipid levels in normolipidemic hamster after treatment with

TRC-7033 for 5 days.
G TC HDL-C TG LDL-C B. wt
—_rroup (mg/dl) ( mg/dl) (mg/dl) (mg/dl) (Gms)
Control
\.@=5) 16715.01 39.8¢11.11 259.8+14.87 75.24+6.36 |88.6+5.42
TRC-7033 —
[ (n=6) 136.92+3.47 " | 41.67£3.17 218.67+15.21 51.52+5.09 | 87+4.89
/ . ,
* p<(.05as compared to vehicle controls, Student’s
cholesterol; TG,

HDL-C, High-density lipoprotein ¢
cholesterol; B.wt, body weight.

[\./[a]‘UCS' represented are mean # SEM.
Tt_:st. F(-‘, Total serum cholesterol;
riglyceride; [.DL.-C, [.ow-density lipoprotein
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SEM_ ip\i%l”eq represented arc mean O
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. HDL-C, High-density lipoprotein cholesterob: TG, Tr iglyceride; LDL-C,

Ow‘den i }
sity lipoprotein cholesterol.
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8.5 spatic lipi
Hepatic lipid levels after treatment:

-I-U cXd 7 S S
xdamine \\I 5 =) B 3 Creas . I S
h | ]L[]]L[ [hL (lLL[L;LC n ]1|&1.‘mil lll“d iC\"Cl I‘Cﬁllll‘ il] inCI-C'ISCd
cepatic llpid ace 1 g . -
dccun H > shatic lipi
]Ul 1101, [hk. hL.]'hl[]L Ilpld C()IHCI]I.' Of dl'll!.’, trCﬁth 'Hli]nrlls Were
@ C -
1 th I.CHPCCI]\'C \'ChiCIC CO[]I[‘OI f_._‘l'OLI]) Elnil’ndls. ”]C

et 5
ctermined and compared witl

compou vt 5 - .
pound tested were TRC ~7004. 7007, 7011, 7033. cerivastatin and CP-230821

kg decreased the hepatic free cholesterol

TRC-7004 at the dose 80.9 mg

patic cholesterol ester (cholesterol oleate) by about 68%.

content by 17% and the he
or reduced by about 62% (Figure 14). TRC-

¢ free cholesterol content
about 88%. The

The total ¢
total cholesterol content in the Iy

7007 .
th . L) ) / ~ i
the dose 87.6 mg/kg had no cffect on the hepatl

(cho]cslcro] oleate)
about 81%

was reduced by
(Figure 15). TRC-7011 at

ol content while the

while the: ecierif
¢ the esterified cholesterol
he liver reduced by
he hepatic free cholester
lesterol content 1n t

total ¢
I cholesterol content in 't

thlj dos
ose 805 -
se 80.5 mg/kg had no effect on t
he

7%. The total cho

ChO]cgt\.
sterol oleate was reduced by about 5
dose 80 mg/kg increased

). TRC-7033 at the
atic choles
liver increased by

Ichr -

[e o 55

educed by about 48% (Figure 16
terol oleate Was

thc h'\ i ~

| epatic free cholesterol content by 44%. The hep
INcrease I
ased by about 69% and the (otal cholesterol content in the
a

bout 65% (Figure 17).

hepatic free cholesterol

d no effect on I
o, and the total

ed by about 89
gure 18). Cp-230821 at

tent while hepatic

Cerivastatin at the dose 2.9 mg/kg ha
|eate was reduc
y about 81% (Fi
esterol con

esterol content

Cconte .
nt :
while hepatic cholesterol ©

st : .
crol content in the hver decreased b
o hepatic free

d the total chol

the dos
dose 30 mg/kg had no effect © chol
in the liver

sterol oleate was reduced by 1007021

decreac
reased by about 81% (Figure 19).
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I ]]k‘ I"L e - i
[L‘*-l” ]LdUL'I]U” 1n l] atl T8 3 1 l (8 . = [)
L& 'Ll[]L II l(].’ﬁ S i

6 in Appendix-111. Representative HPTLC

means  are  pr
ns are presented o the Table

Chl‘()l]]‘l[(n - i :
¢ raIms Y Y f 1 1 ) ]
& ol hLPL![]L ]|P|(i ley cls after \'L‘thIC-_[ RC- 033 treatment are shown

n Figure | and 2 i Appendix-111.

Table 4: The .
: The reduction (%) of hepatic lipids by the test compounds in the

hamste
hamster model of hyperlipidemia.

@l grf o Percent reduction

| LW/BW?* Free cholesterol ([Cholesterol oleate [Total cholesterol

- J ——

_'—l‘l—{(;w"‘_ 0.2 17.0 ____@————”____Q_I—EQ———‘-‘

—RC701 | 54 | 09 — me B

—IRC-7007 | 01 1.6 ____ilfii__f____ﬁ%ﬁ_———
I'RC-7033 6.8 438 - — -64.52
(.:])-230821 204 224 ______ﬁ&ﬁg__—-————-______ﬁ?—?————"

are as u)mptmd to lt.spmm, vehicle control group: (n=5-6). Negative values
*(LW per 1002 BW)

( ) [e ( .
present % increase. . W/BW, Liver weight/Body weight,

108



O Control
0 mTRC-7004
(80.9 mg/kg)
2 |
S 30 |
E
T
4]
=
(@]
(&}
|
2
kS
o 20 |
Q
[0)]
i
*
10 .
*
O Total cholesterol

Free cholesterol cholesterol oleate

pid [evels in hamsters.

ic li
9 mg/ks) O g bars represent SEM.
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Figure 17: Effect of TRC-7033 (80 mg/kg) on hepati€ hf;? ;Z?ste?;;rgem SEM.
Values represented are mean of 5 observations,' The &
gtudent

' " S t-test.
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5.6 Quantification of LDL-receptor expression:

5.6.1 Detection of monoclonal antibody:

Western blot analysis confirmed the presence of monoclonal antibody

in the clute that was. obtained after the purification and concentration of the antibody

from the cell supernatant.

5.6.2 Effect of TRC-7033 and cerivastatin on LDL-R expression in

HepG2 cells:

A concentration response curve (1uM to I nM) of TRC-7033 and cerivastatin

on LDL-R expression of HepG2 cell line after 24hrs of drug incubation is depicted in
the Figure 20. Cerivastatin shows maximum up-regulatory activity of 70% while
TRC-7033 shows 88%. Saturation in LDL-receptor up-regulatory activity was seen
was not seen. The

with cerivastatin at 0.3uM while with TRC-7033 even at 1pM it

values are given in the Table 7 in Appendix - 1l
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5.6.3 Effect of TRC-7033 on LDL-R expression in presence of

cerivastatin:

TRC-7033 showed a concentration dependent (0 to 3uM) increase in LDL-R

ating concentration (0.1uM) of cerivastatin.

expression even in a maximally up-regul
M (Figure 21). The values

It showed a 134% increase in up-regulatory activity at 3¢

are given in the Table 8 in Appendix - 1.
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Cconc of TRC"7033 ( FM ) e ——
: 0.1 utM
: o RC-7033 presence of !
Figure 21: LDL-R Expression 1n HepG2 cells byoT 3 observations each done 1n
mean sent SEM.

of cerivastati d are

. in. Values represente rror bars 1epre
riplicate, compared to the vehicle control' (DMSO%'uE;S s t-test.
*P<0.05 as compared to 0.1 uM cerivastatin alone,
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5.6.4 Effect of TRC-7033 and cerivastatin on LDL-R expression in
presence of 25-hydroxycholesterol:
TRC-7033 showed a concentration (0 to 3uM) dependent increase in LDL-R

expression cven in presence of inhibitory concentration (2.5uM) of 25-
hydroxycholesterol (Figure 22). It showed a 71% increase in up-regulatory activity at

3uM when compared to the vehicle (DMSO) while cerivastatin even at 3uM did not

show any increase in LDL-R expression. The values are given in the Table 9 and 9a

in Appendix - 111.

100 -

*

=T

50 -
|

25 ¢ i

0 0.1

% Increase in LDL-R expressio_n

-25 -

50 |
conc of TR

c-7033 (uM)

n presence of 2.5 uM

Figure 22: LDL-R Expression in HepG2 cells by T o of 3 observations each done
of 25-hydroxycholesterol. Values represented are n(i)f; The error bars represent SEM.
N triplicate, compared to the vehicle control (DMS (-)] cdent’s t-test.

*P< (.05 as compared to 2.5uM 25-hydroxycholester

RC-7033 i

alone, S
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5.6.5 Effect of test compounds on LDL-R expression in HepG2 cell line:

All the compounds screened showed an LDL up-regulatory activity at 1pM.

Of the test compounds sereened TRC-7033 had the maximum activity of 88% while

TRC-7011, 7007. 7051 and 7004 showed 69, 38, 27 and 29 percent respectively. Oof

P-230821 showed about 90%
1in the Table 10 1n Appendix - 1.

the standard compounds screened € while cerivastatin

showed 70% (Figure 23). The values are givel
125
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o
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4
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\
gl

DL-R ¢€xp
ations €ac
s represent

Figure 23 Effect of compounds o1 L
alues represented are mean of 3 obserV
the vehicle control (DMSO). The error bar
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5.7 Cytotoxicity
oxicity of test compounds in HepG2 cell line by MTT assay:

C-7033 and cerivastatin did not have any

Fhe MTT assay shows that TR
Its are shown in

cytotoxicity to HepG : 3
ity to HepG2 cell line after 24hrs of incubation. The resu

the Table 5 and Table 6.

T . C'v . .
able 5: Cytotoxicity of cerivastatin and TRC-7033 in HepG2 cells.

—
Concentration % Cytotoxicity in HepG2
(nM) .
| Cerivastatin_|_— TRC-7033
0.01 _,___,_TSLL,———* Nil
0.03 Nil Nil
1 Nil Nil
3 Nil Nil
10 Nil Nil
Note: Percent cylotoxicity below 5 was considered as nil.
Table 6: Cytotoxicity of test compounds in HepG2 cells
____——--"'“""'_”’--7
i o *

CP-230821 10— //IT:’/”
- /
TRC-7004 /i/g/‘ //Ng/
TRC-7007 ’/(r/ /E“l/
TRC-7011 /,;5// Nil
T _ L’-_”-”-’_""’/—4_’_”—’—"’-/’-‘
RC-7051 w 5 was onsidered 25 nil.

Note: Percent cytotoxicity belo
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5.8 Al .
Anti-oxidant activity of the test compounds:

All the test ¢ . . o
the test compounds were evaluated for therr anti-oxidant activity and the

following Fi
ing F » 2 o _ . :
ng Figure 24 summarizes the result and the absolute values are given in the

Fable 11 in Appendiv - 111,
antioxidant activity it had an ECsp value of

TRC-7011 had the most potent
129. 7007, 7034, 7038, 7025, CP-

ounds were TRC-7(

12.6uM. T
6uM. The other potent comp
ant activity but was

RC-7033 had anti-oxid

230821 i _
21 in decreasing order of potency. T
conccntration

not \'\ , . " ’
ery potent as its ECs, was 5.8 mM. A representative 1 responsc

curve (TRC .
¢ (TRC-7025) is shown in Figure 25,

250
.I
200
o
wn
g 100
50 - I
. m 1 --- = _:3 .
N 1 © 4? V
S P S & S & & KGN N
A :\Q Q Q i\Q Oj\ ({PQ o Q_C), Q_O &Q_O
& & & &Q_o & & & &KL N
A Cso Was calculated
ff:)gure 24: Anti-oxidant activity of the test Compog/ndi‘ti-;xidE;ills(;CtiVity
M a plot of concentration (12.5.25,50,100 uM) vs 7o @
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100

~
(&)

o .
7o Anti-oxidant activity
[é;]

(@]

35.63
25
0 -
[ I
10 100
Log conc (UM)
-

se curve) of T

te and the error bar represent

centration respon

Figu .
re 25: Anti-oxidant activity (con
t done in duplica

values
ar .
SEM, e mean of 2 sets of experimen
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5.9 Safety pharmacology studies on TRC-7033:

5.9.1 Effect on HR, BP, ECG and respiratory system in rats:

y cffect on mean blood pressure, heart rate and

TRC-7033 did not have an
dose 325mg/kg when

g/kg and S5Xx EDso

respiration at the EDso dosec 65 m
dose of 10 mg/kg caused a significant fall

administered orally. TRC-7033 at a high
in blood pressure when administered by int
while the fall in

ravenous route. The maximum fall in

BP by the vehicle was 28.2%.

mean blood pressure was 54.8%
art rate and respiration rate after

There were no significant changes in the he
here were no major changes in

drug administration in all the three 1.V. dose groups- T

fter the drug administration in all the oral and intravenous

the lead Il ECG pattern a

dose groups.
26 and 27) summarize the result of this study. The

able 12 1n Appendix-lll. A representative tracing

piratory parameters ;s shown in the Figure 3

The following charts (Figures
group means are presented in the T

showi . i
howing various cardiovascular and res

in Appendix-111.
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O Vehicle

50
! | |
ETRC-7033,65 |
mg/kg, Oral |
40 l
mTRC-7033,
325 mglkg,
Oral |
8’ |
g
2 30
o
) E
|
|
20 -
10 -
0 - . : . £ -
Fall in Mean Blood increase in Heart Rate Fallin Respiration ra
Presssure
| ; 7___,’—,”,,J
in Wi ts
- . ~tory system 111 Wistar ra
Figure 26: Effect of TRC-7033 (p.0) on CYS and resg;;gr ];'er e Lok
s represented are mean of 4-5 observations TheI e
%) as compared t pasal values:

;
CSponses plotted are changes (
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OVehicle

ETRC-7033, 2
mg/kg, IV
" EmTRC-7033, 10 |
mg/kg, IV '

60
50 - !
|
: |
g: 40 - |
2
o
X 30
20
10 -
s ‘ - VA 1o Fall iration rate
Fall in Mean Blood Increase in Heart Rate Fall in Respiration
Presssure
. -
' tem in Wistar rats.
: ' S and respiratory 8Ys |
Vanes s TRCT02° i Cvations. The error bars represent SEM.
f a5 o The responses plotted are

Vv
alues represented are mean O s i

*P<0.05 as compared 1o vehicle controls,
changes (%) as compared to basal values.
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5.9.2 Effect on the spontancous motor activity in mice:

he test compound TRC-7033 did not show any significant effect on

ow dose group — 650 mg/kg (10xEDso) and the

spontancous motor activity in the |
when compared to the corresponding

high dose group 1625 mgkg (25X EDso)
vehicle control when given as a suspension orally. Hence it can be safely concluded
that the compound does not have any major effect on the central nervous system.
There was no significant difference between the activity seen for the animals treated

esults are shown in Figure 28,

305 289 296

1625 mg/kd Vehicle Saline
- —

\'vl aline - Z -
th saline and those with the vehicle controls. The T

the group means are presented in the Table 13,10 Appendix - 1.

500

400 -

31 319
300 -
200 -
. 100 -
|

65 mg/lkg 650 mg/kg

Mean Count

g SR

tor activity in mice. Values

taneous MO
S 10 in each dose group. The

Figure 28: Effect of TRC-7033 on 5P th n=

Etessnirt min mHaan o 2 sets of experiment wl
error bars represent SEM.
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5.9.3 Effects on forced motor activity in mice:

TRC-7033 did not show

even at 25xEDs 1.e.1625 mg/Kg.

The results are

shown in Table 7.

ivity in mice

any cffect on the forced motor co-ordination of mice

Table 7: Effects of TRC-7033 on forced motor act
Activity ratio
Treatment 0 60 120 180
— min min min min
Saline
(n-10) 1£0 1+£0 1+0 140
TRC-7033, 650 mg/kg 1 £0 140 1£0 1+0
(n-10)
TRC-7033, 1625 mg/kg 140 10 10 140
(n-10) - |l ]
Vehicle for TRC-7033 1£0 1+0 1£0 10
(n=10) /,,J/_.,-———J

I
M for each group-

\Y
alues represented are mean + SE

127



5. > ffe ‘RC
9.4 Effect of TRC-7033 on smooth muscles:

5.9.4.1 Studies on isolated rabbit aorta:

KC] contracted rabbit aorta at the various

d not have any

TRC-7033 did not relax the

concentrations tcs
tions tested. Even the concentration as high as 10° M di

ted that at the concentrations tested the drug

stenific: . .
gnificant relaxant effect. It was also no

did not <
ot show any spasmogenic effect.

5.9.4.2 Studies on isolated rat uterus:

precontracted tissue only at the

TRC-7033 showed relaxant activity on KCl
relaxant profile both in the

M. It showed a similar

hivhec
ghest concentration of 107
ts are shown in Table

8. Test on spasmogenic

€stro .
us and diestrous states. The resul
ntained at 8 resting

d diestrous state) mai

n at the highest con
e curve of TRC-7033 is shown

potenti
tial of TRC-7033 on uterus (estrous an
centration. A

tensio
n of 0.5 gms showed no effect €ve

repres :
S¢ . . .
ntative tracing showing concentration respons

in :
the Figure 4, in Appendix-II

7033 on the jsolated rat uterus.

Table 8: Relaxant effects of TRC-
Drug o/, Max relaxation at 10uM

Diestrous state

—eeet

trous state

TRC-7033

—_— et

compared

M, n=5 in each

mean + SE

Values represented are
dent’s t-test.

to vehicle controls, Stu
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5.9.4.3 Studies on isolated guinea pig ileum:

FRC-7033 did not relax the KCI contracted guinea pig gastrointestinal

SmOO[ N > s vt - :
h muscle at the various concentrations tested. Even the concentration as high

as 107" M di ioni
M did not have any significant relaxant effect. It was also noted that at the

C Ations :
oncentrations tested the drug did not show any spasmogenic effect.
onse curve of TRC-7033 on isolated guinea pig

A representative

tracing showing concentration resp

ileum is shown in the Figure 5, in Appendix-1il.

5.9.4.4 Studies on isolated guinea pig tracheal rings:

pig tracheal rings at the
0-° M did not have
ed the

TRC-7033 did not relax the KCI contracted guniea

e concentration as high as 1

various concentrations tested. Even th
d that at the concentrations test

any significant relaxant effect. It was also note

drug did not show any spasmogenic effect.

129



5.10 Probe toxicity studv of TRC-7033:

Swiss albino mice of cither sex in all the three groups (two test group and one

vehicle i i
le control group) fed either an oral suspension of the test compound or vehicle
als in the TRC-7033 low dose

did not show any abnormal symptoms. All the anim
(1625 mg/kg) and vehicle

group - 10xED<, (650 mg/kg), high dose group - 25xEDso

CO . . . . . .
ntrol group retained their placing, righting, pinnal and other reflexes.

imals treated with low dose of

No abnormal behaviour was observed with ani
nly the animals in the high

TRC-7033 (10mgkg iv) or with its vehicle controls. O
ry behaviour and inactivity

dose group (20 mg/kg iv) showed a loss in the explorato
for 10 mins after which they recovered completely. Ani
d to normal within f1 fifteen minutes p

mals showed laboured
ost drug administration.
r immediately on drug

basis of the above

breathing, which returne

One of the animal (female) showed mild jittery behaviou
On the

ad
Ministration but recovered within 2 minutes.
wide safety margin. A

ob
servations it can be concluded that the drug has 2

data sheet of TRC- 7033 is shown in Table 9.

re ati .
presentative probe toxicity study
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Table 9: Probe toxicity study of TRC-7033 at 650 mg/kg (oral)

Probe toxicity studies

Test compound:  TRC-7033 Animal: Mice Strain:  Swiss Albino
Dlutc: 17-9-03 Sex: : Age: 8 week
lme: 930 am Weight: 24g
Route of admn: Oral —hsravenens  Solvent:: Sod. CMC
Dose: 630 mg kg Time of death: - * V- Present
Volume : Sml kg X - Absent
GENERAL OBSERVATIONS
o hr 10 30 10 th12hr| 3hr | 4he | 6hr |24 hr [ 48 hr 72hr | Onsct | Disappear
min min min r
Bizzare physical X X X X X1 X X X X X X X
- ‘ ] N -
Exploratory behaviour \ v v v v v v v h ! !
Aggressivencess X X X XX X X X X X X
Inactivity X X X X X| X X X X X X X i i
- X X - -
Convulsions (sponta:) X X X X X | X X X X X _
X - -
Dyspnoca X X X X X[ x]x > > : X X
X ~ B
Jittery behaviour X X X X XX X : > X X X -
Blanching of X X X X X | X X X X . = 2
0 X - i
Salivation X X X X x| X X . X X X X -
S X .
Nasal discharge X X X X X| X X - -
- XTX X | X | X[ *X[*X|*
Piloerection X X X X N -
—_ , - Rl ER B
Sensitivity to sound v v v
Sr e Di ar
PHYSICAL EXAMINATION —— 5[4 hr | 6hr | 24 hr |48 hr | 72hrs Onset. | Disappe
— - 20 30 | Ihr | 20| -
Ohr| <10 X , -
. min min min TT_ X X X X X X )
Altered muscle tone X X X X,’-——T‘TT X X X X ] -
Catatonia X X X ____X____LT——)-(-———X X X X X - )
— X | X i T
wk l.runnrs X X X -—-—X’—TTT X X X X . - -
Aggressiveness X X X | - T | X X X X
—— — T x | % | *| 1 -t X | - -
onvulsion to touch X X X L——Tx | X X X X
| Convls X[ T
Paralysis X X X ___’,__.-—--"""7’ N v v
Soro — | vV L X X - )
Sensitivity to pain v \ —Tx 1 X | X X X
— —x | X[ X s NN -
Skin lesion X X X -"'""’—-\T— v v Y
i — e
Reflexes Placing N N _‘__,,_.----""’ ] N v
, TV | T ]
Righting v v T4 | ¥ v v L -
——7 T v LT T < v v )
Grasping N v |17 | Y v v | -
—7 1 v | VI YL T x | X [ X -
~
ST I B B S, oy B R e p g R
Coma X X X —_____.,,.-——-7‘ X X R B
Deat X L
ath X __’_J_,,-J
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6. Discussion

Atherosclerosis i

of Tipids a‘:’;mhtltmms is a progressive discase characterized by the accumulation

e : | id fibrous clements in large arteries. It is the primary cause of heart
s¢ (CHD-coronary heart diseasc) and stroke. In the westernized societies, it is

of all deaths. Epidemio]ogica] studies have

thc 2 M
underlying cause of about 50%
k factors associated with

revealed s )
seve . .
cral important environmental and genetic ris

atherosclerosis.

rosis consist of subendothelial accumulation

The carly lesions of atheroscle
d foam cells. The cholesterol

involved

Of Cho
lesterol-engorged macrophages calle
aorta in the

s are usually found in the
d decade and the cerebral a
in blood flow dynamics,

s. Accumulation is great

here is
LDL-C. In humans the fatty streak lesion
rteries in

er:t:ie;adc of life, coronary arteries in the secon
or fourth decade. Because of differences there are

er when
DL are

D and

preferred s;j '
ed sites of lesion formation within the arterie
sed, and both the trans

jon formation. This

port and retention of L

l .
evels of circulating LDL are rai
gradually leads to CH

Increased i
sed in the preferred sites of les
Stroke.

A series of large-scale clinical trials using different cho]esterol—lowering
ing hypercholesterolemia profoundly

regime
ns show conclusively that correct
10% reduction in

y CHD. For every

red o
uces morbidity and mortality caused b
% (Gould et al., 1998)

ch
olesterol level, CHD deaths are reduced by at Jeast 15

. Thus increased low-density Jlipoprotein ¢
act .
or for atherosclerosis, the underlyl

mo
st strokes (Grundy, 1998). The re¢©

facto
rs for arterial disease has promote
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loweri
ring drugs. Tl
£ gs. The it effectiv y
o ¢ most effective drugs for reducing blood levels of LDL-C are th
s. which have b - e

{ cen shown to signi

significantly reduce the
g risk of coronary €ve
nts

a have led to recent guidelines that expand the

and stroke 1 ini
roke in clinical trials. These dat

use of LDL-C lower
-C lowering drug therapy to larger population of patients

Despite the s o ,
edtce LDLP the success with statins, there is still a need for new therapies t0
-C. M R
any of the patients are unable to tolerate statins (primarily due to

he recent withdrawal of cerivastatin from the

mu
sculoskeletal symptoms) and t
ned concerns about

bdomyolysis has heighte

market as
s a result of several cases of rha
s do not achieve

ortantly, many patient

the
safety and tolcrability of statins. Mor¢ imp
n et al., 2000). This is possibly

the LDL- .
L-C goal with statin therapy alone (Pearso

becau
se 0 - :
f saturation of its efficacy as detailed below-

d inhibition of this

GCoA reductase an
g to the reduction

e cell, thereby leadin
m activates the tran

d number of LD
1986)- This leads t0

hough the statins

Statins inhibit the enzyme HM

enzyme
prevents cholesterol biosynthesis in th

in the :
intracellular cholesterol pool. This in tu

scription of the

earance of increase L receptors on
1990; Ma et al.,
C. Thus t
case plasmé jevels of LDL cholesterol

ptors. It is possible to

on of LDL rec€
would have @ saturation or @ ceiling

LDL
receptor gene leading to app

the hepati
epatic cell surface (Goldstein et al.,

Increas T :
ed ability of liver to clear the circulating LDL-

inhibit
it the HMGCoA, their ability t© decr

depend
S 4 eq . M
on their ability to increase the expresst

action, statins
asma LDL chol

lize that due to their indirect
esterol as suggested above.

effect o
on their ability to reduce the pl
an interesting

pears to be
chanisms

n and related me
L cholesterol level
n the assumption that

the LDL receptor

sion of LDL receptor directly aP

g with the gen

t The over-expres
ar
. get. By directly dealin
Involved i

ved in LDL receptor synthesis,

plasm
a. In the present study this app

e expressio
educe the LD

one canT
roach has been adopted ©
yslipidcmia by increasing

in the

one
can successfully develop 2 drug for d
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expression di
ssion directly. This new

v. This newer approach also is expected to reduce the side effects
cctive of this study was t0 find an
gulation of LDL receptor and

¢ systems in the biosynthetic

and possi i
ssibly rerae
o y increase the potency. The main obj
cal anti- ipi
-] Y .
) yperlipidemic drug. which acts by up-re
ocs not inhibi |
inh 3¢
ibit HMGCoA reductase or other enzym

a I3
pathway of cholesterol.

d either by increasing the

Hepati ]
patic uptake of cholesterol could be increase
any agents aré known to

number of L
DL receptors or by increasing their activity. M
which

among them is high dose estrogen,

directly i
i
y induce LDL receptor activity. One

When .
given to anim:

to animals can dramatically stimulate DL recepto
| cholesterol and LD

r activity in the liver,

leadin
g to ma
rk > : : I \'[+
Cd l'LdUCllOll n p'd sma tOlZl ChOleStCTOl le lS

(Ma et
al.
, 1986). On the other hand cytokines,

Platelet deri
erived growth factor (Mazzonc et al.,

growth factors and hormones such as

| (Moorby et al.,

1989). interleukin-
(Mazzone et al.,

1991) and insulin

1992)
, m
acrophage-derived factors (Grove et al.,
ptors and there by

1989; w
et al., 1988) increase the expression of the LDL rece

reduc
€ the LDL cholesterol levels.

S
everal New Drug Discovery group

regulate
DL receptors. Some of them are listed here below.

Chemical class

lc-o:\nvl:tliy Drug Name  Phase of development -
2. TanabS RPR-102359 Biological testing Hydroxybenz;l -

3 SeiYaEu TMC-49A Biological testing phenethylcar am

4: E:‘:Sho MD-700 Preclinical Isobenzo'furanone

S. E]ize-r CP-230821 Preclinical Thiosemlcarbazones

6. A Lilly  LY295427 preclinical Propenylcholestan |
ventis - Hoe-402 Phase II Pyrimidinecarboxamlde
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RPR 102359 be -
2359 belongs to a new series of benzamides which has shown to

increase the L >ce i
¢ LDL receptor expression by 80% in HepG?2 cells (Ashton et al 1996). It

Is chemic: '
ically N-[S-[(3-cyclohexylpropionyl)amino]-2-methylphenyl]-4-
MC-49A was obtained from the fermentation broth of

hydroxybenzamide. T
It is structurally N-

(Koguchi et al., 1998).
y. It showed LDL receptor up-

7-dimethoxy-3-(13-hydroxy- 10-
t al., 1999). It has shown to

thin 4hrs at 0.03pug/ml. CP-
h has shown activity in

streptomyces  sp.  AS1345
phencthylcarbamate and exhibited low cytotoxicit
regulation in HepG2 cells. MD-700 is chemically 5,
?XOtctradccyl)-1(3H)-isobcnzofuranone (Murakami €
;‘;t)’;:jchDL receptor expression in HepG2 cells wi

elongs to a new series of thiosemicarbazones, whic

bOth ] ey .
in vitro and in vivo models (Shimokawa et al., 1997). It is chemically [2-

1 ,4-benzodioxin) thiosemicarbazone].

iﬁldinecarbaldehydc 4-(2,3-dihydro-
Y295427 is '
27 is chemically [(f’»ot,4a,501)'-4’(?-‘pmpeny]Chc’lesta

based assa
yperlipidemia (Bensch et

o 4 n-3-ol)]. It was reported
c cQ
repress LDL-R expression in cell y models and exerts

h)’POc )
holesterolemic effect in fat fed hamster models of h
t on normocholesterolemic hamsters. Hoe-402 is

1 —imidazolidinyl]-pyrimidine—S-N-
(Huettinger et al., 1993).
yperlipidemic (WHHL)

al.
h’ 1999). It had no effec
chemj

ically 4_amjno-z-[4,4-dimethy]-2-oxo—
mjde-monohydrochloride

[tri
1ﬂuoromethylphenyl] - carboxa
Heritable H

It has
shown hypolipidemic activity in Watanabe

rabbits,
the information available

e designed based on

ned for desirable properties. Pharmacophore
for designing the molecules. In the present
are (version 4.5) from Accelrys (MSI) I

g. All the calcula t on

kstation. On

Hence, new molecules Wer

from |
iterature, synthesized and scree

mappj
Pping was adopted as the stratcgy
nc.,

study. L
¥, HipHop module of Catalyst softw

USA
was used for pharmacophore mappin
e wor

d 3-semicarbazone
he

tions were carried ou

the basis of the above

and substituted 3-

the ip:
Silicon Graphic Indigo2 Extrem
Medicinal Chemistry

appro .
N ach a series of substitute
iosem; :
semicarbazones were designed and Symhe51zed by 1

partment of Torrent Research Centre.
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b \% b S

studies. The maj o .
e major drawback of this approach is that majority of the drugs fails in the

le or bioavailability. Here, in this

in vivo studi
y studies due to poor pharmacokinetic profi
study, the nu
. m
ber of molecules to be screened for activity was quite modest, as a
nd subsequent

rational dr .
ug design approach was used in designing the molecules 2
thod to

were screened initially by an in vivo me

S .
ynthesis. Hence the molecules
ic effect, irrespective of their mechan

identif ; m
: y molecules with anti-hyperlipidem is
ol action i m
, followed by detailed studies on echanism of action using in vitro

techniques

He U i

ud pG2 cell line 1s a hepatocellular carcinoma cell line. It was chosen for the
u ies 0 . . . . .

n mechanism of action as 1t IS of hver origin and the expression of LDL-

udies on LDL

nce in majority of the st
1993; Ashton et al.,

rakami et

recept . .
ptors is the highest in liver cells. He
receptor . .

ptor expression, this cell line is used. (Huettinger et al.,

1996: Shi ‘
. Shimokawa et al., 1997; Koguchi et al., 1998; Bensch et al., 1999:Mu

al., 1999)

The anti-hyperlipidemic effect of these molecules was screened in 2 5-day

ha T
mster model of hyperlipidemia. The 5 d2 yperlipidemia Was

y acute model of b
it was ideal to rap
izing the drug design
ja which would hav

idly screen the
parameters

e delayed

sele
_ ]Cted as the primary screening model as
0
. ecules and the data generated, be used in optim
Inst . i
ead of using the long term models of hyperlipidem

th .
€ drug discovery process.

( Mesocricetus aur

The Syrian hamster
gs and diet on

ani
mal to study the effects of dru
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drugs a ed fi i
gs approved for human usc like the lipid lowering drug HMG-CoA reducta
- se

inhibitors, o ’S i
) . or cholestyramine lower plasma cholesterol in hamster. The lipoprotein
and bile aci : - |
ile acid metabolism of the hamster is closer t
(Suckling et al., 1991: Bravo et al., 1994: Kris-

o humans than the lipoprotein and

bile aci i
acid metabolism of rats and mice

Etheron : :
on and Dietschy. 1997). The hamster has in contra
which is similar to what is seen

st to pig, rat and mouse,

C Aeto T -
| holesteryl Ester Transfer Protein (CETP) activity,
in .

humans (Ha and Barter 1982, 1986: Ahn etal., 1994).

a cholesterol can be easily induced by adding small,

esterol to the diet. Additional satura

nduction of hyperlipidemia (Kow

protein pattern like that of the h
9%, coconut butter and 0.2%

Increase in plasm
ted fat like coconut

physiological amounts of chol
ala et al., 1991).

oil . .. ,
has synergistic cffects in the 1
umans can be

A - ..
stable hyperlipidemia with a lipo
s by adding 10

studies involving various com
coconut oil. This diet

ind : )
uced in hamster within 2-3 week

cholesterol in the diet. By preliminary
% cholesterol and 5%

binations, wé

arri :

.mved at an ideal composition of 0.5
induced the desired lipid profile within a short time in this model.
230821 and
ctures and
of LDL-R

holesterol

for the study Wwere CP-

e molecules selected

The referenc
d different chemical stru

reased the expression

biosynthesis of ¢

Cerivastatin. They were selected since they ha
ction. Cerivastatin inc
n the
ceptor gene transcripti

different mechanisms of a
nzyme involved
onal up-

indi :
ndirectly by inhibiting the €
0821 is @ LDL re

(Yasunobu et al., 1997). CP-23
1997). Having these P

est molecules wit

otent molecules, as reference

y. To

r .
egulator (Shimokawa et al.,
h higher relative activit

com :
pounds would ensure selecting t
e of

twice the equimole dos

dequate efficacy,
ven

t was ensured that €

S )
creen and identify molecules with a
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yperlipidemic activity. it was
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m TC and LDL-C lowering activity was
pectively. TRC-7033 in addition also

cules. It was

nificant activity in raising the HDL-
C and LDL-C

good activity. The compounds tha
total cholesterol (TC) and LDL cholest
TRC-7033 and TRC-7051. The maximu
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g tivity an in a iti
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dis
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market recently du
muscle tissue

ction involving the destruction of
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S ciated with the use of statins W

ystem (AERS). Statin-associated rhabdomyolysis occurred with each of the six
ime. 385 occurred with statins other

From October 1997 t0 December 200

stati ) .
ns marketed in the United States
'ncreased when used in

of cerivastatin was 1
the increased risk of
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With TRC-7033. at doses of 40 mg/kg and 60 mg/k
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ry is the availability of
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tion is independent
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liver
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e through the increased
g LDL cholesterol.
antify the LDL-
uantified. The
dependent
re LDL
M),
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cquired for regulating transcription of the g
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recently Insig-2. : :
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o improve its anti-oxidant activity

The
molecules bei
CS5 hC] 10 e
becomes imperati ng multifaceted could affect life support syst
- crative th ; ystems, SO i
at a (Ict'l]l d s & s 1t
molec ailed safety pharmacol ’
ules bef / armacology stud be d
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v system and in the probe toxicity stt
gh the

d Sll:"pensmn .

Intende r()ut,for oral administration due to the limitations
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In the case of TRC-7033, the activity of the com
ion has been

the sh rt d
0 1
duratlon eﬂlcacy StleiGS an t

elucid
ated. The compound has desirabl

haVin
g good safety profile and related pro

the : .
Potential for ideal kinetic properties pased on 115 inv

it would be essential to

m
olecule fully and to take i

147



monstrate its explicit

furthe ida « o de
er clucidate its safety | r

te its safety in terms of genotoxicity and t
s. These

arry out regulatory toxicological studie

harmacokineti
pharmacokinetic properties and to ¢
ase I clinical studies. Particularly

studies w ~

ould be essential before we embark on ph
toxicokinetics. reproductive to
ceded to take this molecule t

xicology and safety

carcinogenici
genicity,  genotoxicity.
owards the

pharma i
h cology studies would be further n
phases of clinical testing

y available therapy for treatment of
d levels, suffers from
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Sensg

ne do Lo

= M . i )

1in® in SCAP.When cellular les els o
AP thereby retainit

binding of insig-1
o limiting enzxn
Jetion activ
LEBPs and up-t

terol bios) nthesis. thereby
wslacation of SCAP-

DLR.

h:\ hil] .
'I'l{(~_;|(|;:‘;[t' sterol-sensing domain of 5S¢
The stating could be interfering with the
"_L‘Llucillu [hJ”'h,ll‘ll H\I(i(_'u./\ reductase. the rat
SREBP com IL\CI-“ of cellular cholesterol. Cholesteral dej
plex and results in the generation of mature St
cm’agc-ac:imling

APs SREBP cl

SREBP ’ »
BP. Sterol response clement pinding protein SC 1
g1p. site-l protease: gap. site-2 protease: AcCoA. Acetyl

msoln wnduad 3&4.-!.

pl'('l[c'
X m: -
R. endoplamic reticulum:
lNSIG-—',

acngzy
vime A: |
: LDLR. Low=density Iipuprmcin receptor:
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7. Summary and conclusions

otent risk factors in the causation of

athc:rosc::(lz;z.rllp.idcmia is among the most p
periphra ar; "‘SCh.cmic heart discase, premature coronary artery disease,
rial discase and ischemic ccrcbrovaScular diseases like transient
d theory suggests that the higher

attack (TIA) and stroke. A long establishe
), the more likely the

the circulati
ating
ing level of low-density lipoproteins (LDL y are to
0SC

lerosis and other related

gain ent
ranc .
¢ to the arterial wall and cause ather

disorders

ood levels of Jow-density

e drugs for reducing bl
which have been

The most effectiv
the statins,

li .

s:jiLOt:;nS:hélestero| (LDL-C) available today are
gnificantly reduce the risk of coronary

ydroxy—3

s in the cell, thereb

n increased

trials
. Stati :
tatins by inhibiting the enzyme 3-H

lesterol biosynthesi y leading

(HMG
CoA) reductase prevents cho
1. This results 1

r cholesterol Po©
urn leads t0

to the .
reduction in the intracellula
n receptors (LDL—R), which in t

d. Despite
dress the inadequac
ate statins

th statins,

jes of the

e)(pres .
sion T ,
of low-density lipoprotel

C from bloo the success wi

sed uptake of circulating LDL-

there 1
1S sti
ill a need for new therapies that would ad

Statins
t
o reduce LDL-C. Many of the patients are unable f© toler.

lysis)- The problem Wwas

f cerivastatin from the market.

e LDL-C goal with statin therapy

More i
€ 1m
portantly, many patients do not ac
ionally increase the

alone. D
ose escalation studies With statins
ases. This i8 possibly pecause of

LDL-C :
lowering activity while the toxicity incre

Saturati i
ration of its efficacy.

150



< I]I : 5 < <
. 1

will be usef :
seful to lower the blood levels of LDL-C by up-regulation of LDL-R and
-R an
ystems in the biosynthetic
thesised by the Medicinal

purpose. Fifty molecules

were screene : :
ed for their anti-hyperlipidemic activity in the 5 day high fat diet
ce compounds used were

n and identify

docs inhibi
not inhibit HMGCoA reductase or other enzyme S

pathway of choles
y of cholesterol. Molecules were designed and syn

Chemist
ry Department of Torrent Research Centre for this

| of hyperlipidemia. The referen

(30mg/kg)- To scree
on, twice the equimole dose

induced hamster mode

ceri i
erivastatin (1.25mg/kg) and CP-230821

efficacy after oral administrati
reening

determined pre and post
C was also

m :
olecules with adequate

of CP-
230821 (30mg/kg) was used as the dose for sc
G, HDL-C and LDL-C were

40, 60 and 80 mg/kg) for reduction in LDL-

which had shown the m
rofile,

the test compounds.

The serum levels of TC, T
t
reatment. A dose response (

carried out with TRC-7033,

ost promising activity in the

the serum levels of the

in addition to the lipid P
d alkaline p
he accumulation of lipid
tudy by High Performance Thin

le has potential to induce .
rmolipidemic

primary screen. In this study,

hepati
ic enzymes (ALT, AST, serum bilirubin an

moni
nitored before and at the

hosphatase) were also
end of the treatment. T s in the
ted at the end of the s
molecu
£ TRC-7033 in no

h . .

epatic tissue was also estima
La

) yer Chromatography (HPTLC) to verify if the
atty liver. Similarly the hyp

ha
msters was also studied.

olipidemic activity O

RC-7004, TRC-7007, TRC-7011,

omising activity (T
o elucidate the

detai
e test compounds

Five molecules with pr

TRC-7033, and TRC-7051) W
he ability of th
M conce
ere cerivastatin and CP-23082
d TRC-7033 was

(using flu

led gtudies t

ere chosen for
to increasc the

mechani : I
anism of their action.
S estimated. The

€X :
pression of LDL-R in HepG2 cell 1in® at 1 ¢

refer
ence molecules studied W
cerivastatin an

ntration Wa
1. A concentration

also studied. The

res
ponse (1pM to 1nM) with
orescence method)

d by a cell
ntibody (Mab-

LDL-
receptors were quantifie
DL receptor. The

uSin t
g the mouse monoclonal 2
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primary antib ab-C
ibody (Mab-C7) for the LDL-receptor assay was collected from the

SUpCl natan CC 7 ‘bri I y y
mnt 0‘ ( h'\ b”don]a CC“ Culture and pu lﬁed b afﬁnlt Chromatograph
y

and it.‘ QD >
s presence confirmed by western blotting.

T > ;
o rule out the mechanism of LDL-receptor up-regulation of TRC-7033
enzyme, studies were

n HepG2 cells were

ration of a potent

bCi y 1 D
ng indirectly through inhibition of HMGCoA reductase

carried o
u 'here . .
t where further increase in LDL- receptor expression i

maximally up-regulating concent

r — cerivastatin (0.1 pM). Simil
n HepG2 cells was

esti o 1
stimated in presence of a
HM

GCoA reductase inhibito

carri

ied out where further increas
of an inhibitory
ne to rule out the ceiling

arly studies were

e in LDL-receptor expression i
concentration
effect with TRC-

estimatc -
(25 ated in  prescnce of oxysterol
; -hydroxycholesterol). This was do
033 as seen with statins.
M concentration of the five promising

7011, TRC-7033, and TRC-7051) were

y. Similarly the toxi

The cyototoxic potential at 10p

mol
ecules (TRC-7004, TRC-7007, TRC-
city potential in a

studj

ied on HepG2 cell line by MTT assa
c ) ‘
Oncentration range of 10uM to 10nM with cerivastatin and TRC-7033 was also
jed for their anti-oxidant activity

c assay,
lic solution of

Studie
d. The molecules were also stud
where its

(co -
Ncentration range of 12.5uM to 100uM

abilj
ity to scavenge the stable free radicals

) by 2 colorimetti

present in a methano

D
PPH- was measured.
udies on TRC-7033

pharmacology st
iratory and central

resp
ECG and respiratory

on in LDL-C) and
cts on these systems

[so studied. Effect

safety
rdiovascular,

BP, heart rate,
for reducti

In addition to the above studies,

Wwere
performed to study the effect Of ca
n

ne
rvous system. The effects of TRC-7033 ©
ED:so

Syste
m, after oral administration at EDso (
s, Similarly effe
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o . ()1] b)
T

oral administrati
stra ¢ 5 ' >
tion at EDso, 10x EDso, and 25X EDsp using a multi-vari
‘ g -varimex photo

activity meter. Effect of TRC
y meter. Effect of [RC-7033 on forced motor activity was studied in Swi
albino mice afi e
ice after oral administrati -
fier oral administration at 10X EDso, and 25x EDs, using rota-rod

apparatus.

Effects of T .

- s of - R, :

_ [RC-7033 on various smooth muscles (isolated rabbit aorta
solated rat uterus. isolate : . ,
rus. isolated guinea pig ileum and tracheal rings) at @ concentration

d for confirming selectivity. Finally

range
ge from 10nM to 10 uM were also studie

potential of the molecule after

probe toxi
Xic e
icology was done to evaluate the toxicity
0 mg/kg) administration.

oral (at 10x E <
)x EDs and 25x EDso) and intravenous (10 and 2

he serum total
RC-7011,

activity in lowering t
RC-7004, TRC-7007, T
C-7033 in addition to 1

The :
he compounds that showed significant

cholester \
esterol (TC) and LDL cholesterol were T

TR
7033 and TRC-7051. The test compound TR
he TG levels. None

C levels. TRC-703

owering

of the compounds showed

3 at a dose of 80 mg/kg
G and LDL-C. There

the TC
TC and LDL-C also lowered t

signi ..
gnificant activity in raising the HDL-
produce .

uced clearly higher effect than 40 mg/kg in reducing T
enzymes at the highest dose tested,

was no :
change in the serum levels of hepati€
e studies were

oesn’t induce any hepatic toxicity. Thes

whi
ich shows that the drug d
activity.

able to identify TRC-7033 as a

molecule with good anti—hyper]ipidemic

ed the serum TC, LDL-C and TG levels in

TRC-7033 at 80 mg/kg redue

NoFRET midar
rmolipidemic hamsters, which shows t
cvels of the lipid

hat its mechanism of action 18 independent

. TRC-7033 at 8

ment; so 011 long-te

omg/kg increased the

of th
e serum or hepatic |
rm treatment this

n liver post treat

nduce fatty liver.

acc :
umulation of cholesterol i

w
ould mean that the drug could i
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index of cerivastatin 1
7 rivastatin 1S re '
P in is relatively narrow. Cerivastatin showed dose d
e dependent

—p— .
eduction in TC and LDL-C at 1.25 and 2.5 mg/kg

The mechanism of action of TRC-7033 could be through the in d
crease

a4 concentration dependent increase in LDL-R

xpression of LDL receptors, s
fier exposure to the drug. At the maximum concentration
expression in [.DL-recept
he concentration

expression was seen d
ors compared to

teste -
Ld ( ljJ.M )‘ l R(_7”33 ShO\VCd hlghCI
ateau phasc of t

CCI'].Va‘,;tf : \

sta AP VA C 2

tin. Cerivastatin had reached the pl
M. In a maximally

~7033 did not, even at 1p

res .
sponse curve at 0.3 pM. while TRC
C-7033 showed further 1

up-regulati
ating conce : : :
g concentration of cerivastatin, TR nerease 1n

TRC-7033 Increases the LDL-
xysterol. From these

LDL-R
-R expressi i i
e pression. R expression even 11 the
f an inhibitory concentration of o observations it 18
conclude
C , : ;
| that TRC-7033’s mechanism of acti ibition of

HMG-C
oA reductase or any other enzyme in the biosynth
effect as secnl

on is not through inh
etic pathway. Hence, it 18
statins. TRC-7033

1. It could be

]CSg li
ely to have the side effect of ceiling with
rol sensing mech

SCAP or affectin

anism in the c€

could ; .
be interfering with the st¢
g insig-1 expression it

interfer ;
fering with the binding of insig-1 to

self.
neither cerivastatin

tested - 10pM,
y. Many of the

y by MTT assa
011 was the most
as its ECso

le concentration
d any cytotoxicit
ity and TRC-7
r anti-oxidant
in addition to

At the maximum solub
nor an
y of the test compounds showe
potent

activitys
its direct lipid

idative

test
) compounds showed anti-oxidant activ
Wwith

an ECsg of 12.6uM. TRC-7033 had a poo°

Was . |
5.8mM. The compound, if it has dual activity, 1-€-
idant activity then thi

genic form.

IOW .
¢ ey
ring action if it has anti-0X too, s may prevent 0X

modj :
fication of LDL, to the more athero
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n that TRC-7033 shows fall in
but not at the high

In the safety
oo 1¢ safety pharmacology studics it was see
od pressure - ;
re only at the highest intravenous dose (10mg/kg)
. The test compound TRC-7033 did not affect the
n at 25 times its EDso dose in mice.
rofile. TRC-7033 caused a

on tested. Since the

oral dose (5xED<) administerec
::'tor co-ordination or locomotor activity ¢ve

is shows that TRC-7033 has a good CNS safety p
terus only at the highest concentrati
al rings or on rabbit aorta, neithe

jved in the uterine smooth

pOICll ol F l
t l'(.ld.‘(illl()n Of th‘ rat u

drug h
a . :
¢ had no effect on guinea pig trache
muscle

beta
-rece . :
ptors nor calcium channels are Invo
TRC-

EDso dose given orally,
hest intravenous dose of
d which could be

dose in the

relaxant :
ac -
tion. In the probe toxicity studies at 25X

7033 di
id not show any toxic symptoms while at the hig

20mg/kg
e+ g, a momentary loss In exploratory activity was observe
ypotension, which was observed at the highest intravenous

saf
ety pharmacology studics.

jcacy, has @ favourable profile of activity on

TRC-7033, in addition to its effi
n. It is less likely to h

Other 0
rgan systems and wide safety margi
lecule is recommend

o ave the side effect

r ceil

up fi ng effect seen with statins. Hence the mo ed to be taken

p for : .
detailed regulatory toxicity studies.

ere screened for anti-

able activity Were

ility to increase

50 molecules W
les with appreci
n to have the ab
lecule, TRC-703

desirable properti
tential to develop as an

i To summarise, in this study;
yperlipi : .o
ipidemic activity and five molecu

identi
ified. All the five molecules Were show
of the chosen mo

3, has shown

CXpressi
sion of LDL receptors. One
es. Hence

good
efficacy, good safety profile, specificity and other

it w
as concluded that the chosen lead molecule has the pO

anti- -
ti-hyperlipidemic agent.
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Appendix - I - Chemistry of NCEs studied

All the molecules were designed and synthesised by the Medicinal

Chemi
1stry Department of Torrent Research Centre.

Pharmacophore mapping Wwas adopted as th
Catalyst software (version 4.5)

e strategy for designing the

m
olecules. In the present study, HipHop module of
armacophore mapping. All the

USA was used for ph
¢ indigo2 extreme workstation.

from Accelrys (MSI) Inc.,

calculat) . 1 i
ations were carried out on the silicon graphi

¢ approach a series of substit
hesize

On t ; :
he basis of the abov uted 3-thiosemicarbazone and
ne were designed and synt d These molecules were

substituted 3-semicarbazo
e Departmen

yperlipidemic activity in th t of Pharmacology

c -
valuated for their anti-h

of
Torrent Research Centre.
ntion provides 2 ne

w class of anti-hyperlipidemic

The present inve
rmula given below.

compounds of general fo

d thiosemicarbazone compounds

stituted aryl and m
], aryl and hetroaryl.

micarbazone an
ono or fused

A series of substituted s€
bstituted

clected from alk
n or sulphur.

w .
ere synthesised, where R 15 SU
yl, cycloalky

h
etroaryl. R, represents a group S

Y” is independently selected from OXYg®
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The compounds show good anti-hyperlipidemic activity,

When R is a substituent like:

\

=
N

2-pyridyl

\
N

5-methoxy indolyl-3-Yl

@)

>

O

1,3 benzodioxan-s-yl

or

157



I
S

thiophene-2-yl

and R 1s-

N

cyclopropyl

O/

cyclobutyl

™

3-cyclohexyl pr opiony!

or
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BN

P
N

3- pyridyl
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1. .
Hepatic cholesterol and cholesteryl ester estimation :

1957. About 1 gm

adopted was that of Folch et al.,
) mixture for

Extraction: The method
d in 10ml of chloroform : methanol (2:1

of the liver was homogenize
h chloroform :

ab
out 3 minutes and then the volume Wwas made up to 25ml wit
r homogenate was centrifuged at 3000 rpm for 20

rm : methanol (2:1)
(Schmitz et al.,

methanol (2:1) mixture. This live

min and 1ml of the supernatant was diluted 1:50 with chlorofo
mixture. This sample was then used for spotting on the HPTLC plate.

1984)

olesterol and cholesteryl ester:
esterol 0.2mg/m! and standard cholesteryl

prepared in chloroform : methanol (2:1)

her diluted with chlo

Preparation of standard solution of Ch

A Stock solution of standard chol
ester (cholesterol oleate) 0.2 mg/ml was
MiXture and mixed together and then furt roform : methanol
(2:1) mixture to get 32,16, 8, 4, 2 and 1 pg/ml.

A
Clivation of the plate: The HPTLC plate wa

s washed in methanol in the dip tank

and activated for 15 min ina 110°C oven (Schmitz et al,1984)
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Spotting Parameters: Using Linomat 1V

Start position

Band width

Space between bands
Sec/uL

Volume

Spot application

Scanning Parameters:
Scanning speed
Wavelength

Lamp

0 Adjustment for each track
Span

Sensitivity

Offset
Absorbance/fluorescence
Reflection/transmission
Monochromatic bandwidth
Slit width

Slit length

Optics micro/macro

Integration parameters:
Video integration

Base line correction

Peak threshold, area
Peak threshold, slope
Data selection factor

Filter factor

10mm

Smm

10mm

10

10uL

2 ¢cm from bottom edge

4mm/sec
366nm
Mercury
Yes

25
Automatic
10%
Absorbance
Reflection
4

4

4

micro

Yes
Yes
50
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¢ Cll vV 'as i

- y

choleste rv
rol olecate 1 >
te in the test sample obtained from the standard curve

2.
Culture of C7 hvbridoma:

Materials:

C .
7 hybridoma (CRL-1691) ATCC, USA.

edium with high glucose (Hyclone)

Dulbecco’s modified eagles m
Sodium pyruvate (Hyclone)
Fetal bovine serum (FBS) (Hyclone)

Sodium bicarbonate (Sigma)

Dimethyl sulfoxide (DMSO) (Sigma)

Cell culture flasks 75 cm” ( NUNC)

Plastic pipettes — 5,10, 25m! ( NUNC)

Cryovials 1.8 ml ( NUNC)

Cryo freezing container (Nalgerie)

d high glucose @5 ¢h sodium

utamine (4mM) an
serum -10%

M)- 90% an
S used was not heat i

M .
edia for C7 : DMEM with Gl

bicarb
onate (1.5 g/l), sodium pyruvate (Im
] agent and the FB

d Fetal bovine
nactivated.

his i n
I i .
S not to contain anti—funga

2.1 Revival of frozen C7 cells:
The cryovial containing the frozen C7 cells upon receipt were
thawing was done

ediately thawed by gentl o C water bath. The
minated by wiping

rapi s
pidly within 2 minutes. The a1 was then decona
with li .

lint free cloth dlpped in 70% alCOhOl an vial was transferred

asepti
ptically to 75 cm? tissue culture flasks und

e agitation in 37

surface of the vi
d the contents of

er laminar air flow and diluted (1:30)
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with the rec
ommended com
plete culture media (DMEM
). The max volume
ofa75

c”lz was ke 5 P
: pt at ]: ri ‘ itl \Y

flask wi
sk with the media was :
1edia was placed in C O, incubator for 15 min to allow the medium to

d excess alkalinity of the medium

reach its
its normal pH (7.0-7.4) and thereby avoi
ubated at 37°C in 5% CO,

durin
g recove ¥
very of the cells. The flask was then inc

incubator.
s incubation. About 20l

was removed
from the cell suspension and to it 20pl of vital stain - 0.1% trypan blue
oved Neubauer chamber)

T » ~
he cultures were moderately heavy after 3-4 day

was add .
ed and this was placed on a hemocytometer (Impr

and se
en und 1 ;
er microscope for cell count and viability test.

2.2 Subculturing procedure:

Contents of the flask we

r 3 minutes. The

re centrifuged at 125g fo
ored at -20°C. A

erest was collected and st
uring while the other part was used for
re re—suspended in the media (prior t0
ormal pH) such

maintained ata

::l:tematant containing the antibody of int
Cryopor;t::v C<.3” pellet was used for subcult
e the me:.tlon. For subculturing the cells we
hat the oo ia was kept in the COz incubator at

unt was around 5x104 viable cells/ml.

COnCCnt .
ration between 5x10° and 5x10° cells/ml 2

37°C to reach its It

The cultures were

nd cell concentration was never

wal was given
75T flask was
d only for ten

s revived and

it and media renc
d stored. A new

e was continué

aHOWed
to exceed above 1x10°cells/ml. Hence spl

alte
rnate day, and the supematant collected an

used e :
very eighth day for cell culture. The passag

al containing the C7 cell line wa

g€nerat;
atio
ns, after which a new cryovi

Subcultyreq.
2.3 Cryopreservation: fr
The viable cell count by trypan blue exclusion was performed om
(The pre-freeze yiability should be
rcent)-

the
ask .
containing the cells to be Cryopreserved.
lity reduces by about 20 P®

aboye

7 i

0 percent as post cryopreservation viab1
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The contents of the flask were spun at 125g for 2 minutes. T!
to preparc cryopreservation media was kept at 37°C in CO; :‘m-]jsz:]mre medium used
normal pH before use : , - ator to bring it to its
N CC“J ‘l h: f‘rﬁ.xjn use and the DMSO was added to this media just before adding it ::;
cells were then re-suspended n freshly prcpurc(i crynprcscrving media
bovine  serum) and %

6 cells/ml. (The

- ()-'\[]-
3%  culture ~d1
media  (containing  20% fetal
tion was 3x10

dime

thylsu "

ylsulphoxide such that the cell concent
entra

3-5 x 10° cells/ml). Then

recom
mended ce

cell concentration for cryopreservation is
and dispensed 1n 1.8 ml cry

er - cryo freezing container

ovials, these vials

Iml| of
Il suspension was aspirated
(cools at

are the
n placed in ¢
placed in controlled rate freezing chamb
The

thC rate
> of 1°C/min) :
min) and the chamber placed in -70°C deep freezer for Shrs.

uid nitrogen container and stored in the

Id[\ were : .
ere immediately transferred to 1ig

vapot
lr ]]’l o . -
phase of liquid nitrogen.

3. Puri
- Lurificati
0
n of lmmunoglohulin-G using 12G Quriﬁcation kit:

rnatant W ally thawed in ice
uffer. This was loaded on to the

1ad been passed and the flow rate

nn was then rins
the column. T

ThC froze o
rozen (-20°C) hybridoma supe as gradu over

24y
S and the :
ren mixed 1:1 with the equi]ibration b

Colllll]n
th :
rough which equilibration buffer I
libration

Maintgj
Ined b
elow 0.25ml per minute. The colur

buffe
I' prior
to passage of the elution buffer through
at 2-4 °C.

puffer and stored immediately

colle
Cted |
in tubes .
tubes containing neutralization

ation:

4.C
~Chcentratio . ;
n and desalting of the eluted antibody D ultrafiltr

ltraﬁltration pr
n through @

Co i
ncentration of protein by U

Using ¢
entri

rifugal force) in the protein solutio
100 of 1

puffer used to d€
- centrifug®

Protein of
0
molecy finterest. The Amicon Centriplus-
A e
I weight cutoff was 100 KD The
(Sigma

C(’jntnf
ngat'
ion was done at 4 °C In fixed angle roto
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samplc was conce . -
centrated to 500p! and stored below 0°C after addition of 2% sodium

azide to get a fi
L ] > ¢ '
nal concentration of 0.02%.

5.B
radford Assay (Protein estimation):

Principle:
This is a rapid : :

is is a rapid and rcliable dye-based assay for determining protein content in
nt Blue (CBB) binds to

a soluti
ion (Bradford. 1976). Here the dye - Coomassie Brillia
present in t

ration of the standard dye

the amj
no . . . « . . M
group of the basic amino acids (arginine, lysine) he test protein

and this i
is compared to the binding to the known concent

(bovine serum albumin)

Materials:-

Absolute ethanol (Herbertsons [nternational)

Orthophosphoric acid (Qualigens)
Coomassie brilliant blue G250 (CBB) (Qualige

ns)
CO ..
Mposition of Bradford reagent:
990
9% Ethanol (absolute) 133.12 ml
] .
rthophosphoric acid 266.56 ~ ml

"8 G250 0.1856
itlled water 265,92 rgnl
Method:-
(BsA) in 1x PB

smg/ml of bovine
m

Was pri,\ stock solution of 0.2
COncentrpe-lred and from this different volu
olume ations between 2.5ug and 2018 (2.5, 5

made up to 200p] with 1X pBS. To this 2m

and th :
€ solution taken in glass or plastic cuvettes an
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bCIWCCIl 5 l - A concen ration ()I BSA nix
-'l() m CS Sl¢ I V l)() e(l\

axis vs optical densi
cns ' axis i
sity (OD) in y-axis and from this plot the concentration of protein

in the test s
he test sample determined.

6. Gel el :
$ ectrophoresis and Immunoblotting (Western blotting):

Materials:-

Protciq c.lcctrophorcsis system (Bio-Rad)
(Mini protean Il cell & Powerpac300)

T .
E77 Semidry transfer unit ( Hocfer Semiphor -
y - EPS-200 (Pharmacia Biotech)

Amersham Biosciences)

Electrophoresis Power Suppl
H

yperfilm processor (Amersham pharmacia biotech)
Eppendorf centrifuge
Hamilton syringe
Bi

iodancer (New Brunswick Scientific)
H .

ypercassette (Amersham Life Sciences)

Kodak diagnostic film T-Mat E

mersham Pharmacia Biotech)

Nitrocellulose membarane (A
Tris (2-hydroxymethyl Aminomethane)
Glycine (SRL)

Methanol (Qualigen)

Acrylamide (GIBCO BRL)
Bis-acrylamide (GIBCO BRL)

APS (Ammonium Persulphate) (Sigma)
TEMED (Sigma)

Sodium dodecyl sulfate (SDS)
Ponceau dye (Sd fine)
Bromophenol Blue (Bio-Rad)

— Lancaster)

(SRL)

G
lycerol (Qualigens)
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-Mercaptoethanol (Sigma)

Skimmed milk (Himedia)

Hig venilar we -
gh molecular weight protein markers ( Bangalore Genel)

Compositi
0S| APLBS 7
position of various reagents and buffers:

30% Acrvl/bis

f\.crylumidc 584 g
Bis acrylamide 1.6 ¢
MilliQ) water 200 ml

0 A .
7% Seperating gel for 10 ml

30% Acryl/bis 7334 ml
;&;;Wg'rri‘s (pH:8.8) 2.4 ml
D/\)&‘ DS 0.100 ml
ety ‘ 5.17 ml

o APS(fresh) 0.035 ml
TEMED 0.0075 ml

Stacking gel for 5ml

Acryl/bis (30%) 0.65 ml
?bi/M Tris Hel (pH:6.8) 1.2 m
o SDS 0.050 ml
?O/(}N 305 ml
7o APS 0.025 ml
TEMED 0.005 ml
Running gel buffer for 400 ml

;F(‘)‘;j glycine (5x) g0 ml

7 SDS 4 ml

milli-Q 316 ml
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Transfer Buffer for 200 ml

\ethanol 40

ris glvcine (3v) 40 m:
. 0 - - I]]

milli-O (chill itat 47C) 120 ml

l.oading dve buffer (0X)

Stacking butter

03 )

(05N Tris il 6.8) 14 ml

Glyeerol 0.

SDS ("(: .,

ll.:-murcupluclhunul ”.-b- mi
romo phenol blue ).002 ¢

Detection Buffer for 50 ml

100 mM

NaCl
10 mM

Tris (pl:9.5)

~
-

15.14

Tris (123mM)
720065

();l\ cine (960mM)
PI - 8.3-8.06 (filter betore

use)

g2 (7

Methods:-

icate): A spacer of 0.75 mm

P"(’
it I
! I'alton ()/ III’I(’(H’ .\'/(!h "('/ (I”
e u (W ]I Of ;A) erdlalln' 'CI

into the gel sandwich @

ared slowly ©f
After on¢ hou
1sing with milh

ates. Sn

thic
kness was used to separt
fter confirming for absence of

soluti
(4] e 1
n was introduced
arating gel to keep the gel

h top of the sep

leaks -

age :

¢. Then butanol was po
- at room temperature. the butanol

surface
ce flat and prevent entry of air.

] u,p‘,atcd i Q water. Sml of stacking

was washe r
vashed off thoroughly will
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gel solution was pipe
n was pipetted on top of the separating gel and immediately the sample

well comb was ins '
as inserted slowly into the stacking gel and after 30 minutes the comb

was removed ci .
carefully so as not to tear the well ears. The gel- _casting unit with both

y and then placed in the electrophoresis

the ¢ e
e gels was attached to the clectrode assembl
(running gel buffer) added to the inner

ch -
amber (tank) and the electrophoresis buffer

and outer reservoir.

h molecular weight (3pl) was mixed

¢: Standard hig
Tris-HCL.

Preparati :
paration of Loading sample:

with 6 ;
x loading dye buffer and the volume made up to 20p1 with 0.5 M

otein (200ng/lane, 400ng/lane) was

Requi
quired concentration of the test sample pro
Similarly a

pre : :
pared with the loading buffer and volume made Uup with Tris-HCL.

otein conc. between 20

0-400 ng) taken and volume made

volume of test sample (pr
e taken and

up t :
p to 20ul with 0.5 M Tris-HCl, similar volum
with 0.5 M Tris-HCI T

sample proteins were spun

nd then they were again spun for 5sectob
d into each well

me O

e of the control sampl
he eppendorf tubes €O
for 2 sec and then kept in
ring down any

volum |
e made up to 20p! e B
St

andard, control and test

boiling water for 10 min a
f sample loade

s if present. The volu
not o introduce

Precipitated protein or debri
w

as 20pul. While loading us
any aj

y air bubbles. To avoid edge effect 10u1 of 1 tx

care was taken

ing a Hamllton syringe,
s added to comer

loading puffer wa

(outside) and unused wells.

the powerpac300 were attached t0 the

R .
unning the gel: The clectrode plugs from
d then power sup

e dye front reached the margin of the
100V. The migration took about oné

for at most an

r electrophoresis the power

ply gwitched on and an

res i
pective electrodes (red being pOSlthC) an

i
nitial voltage of 80V was applied till the

voltage was increased 10

gel can be left hour before

separating gel, then the

a
nd half hour. After electrophoresis the g

rt to

staining after which the protein may sta diffuse. Afte

ted. The spacer was carefully removed

was shut off and electrode plugs disc

170



a“d lt was i S 1
S nserte > I I pa
d In one co ne bet\veen thC plales and the glaSS plales pl’ied a rt

and the gel was -
e gel was carefully detached from the glass plate.

¢ with a rectangular window in the middle

Protein transfc
otein transfer: A transparency shee
ry blotting apparatus (transfer unit). Above

(10
cm x 7cm) was placed in the semid
Whatman

this tran -

sparency sheet, four sheets (size greater than 10cm x 7 cm) of
r buffer were placed. A nitrocellulose
ich was soaked for 5 minute
ed out from

filt
er paper No.3 soaked in chilled transfe
0.22p), wh

memb
rane (uncharged, pore Si2€ — s in chilled
The gel, which was separat

transfe
er buffer, was placed on the filter paper.
ane such that

was placed slowly on the nitrocellulose membr

b
etween the glass plates,
mbrane. (prior t© placin

g the gel on

there :
was no air trapped between the gel and me
gel slightly

and oneé corner of the

the m
embrane the loading well ear Was cut off

sliced i i
off to identify the marker lane).
jled transfer

ur Whatman filter paper No.3 soaked in chi

Now another set of fo
d on the filter

buffer
was placed one by one on the gel, then 2 clea

s. The lid of the blottin
hr. (@ 0.8 er supply (EPSZOO).
8mA/cm? : area here being 9x6 = sacm? : 0.8x54=43 mA)

ted denatured protein migrated down towards the
taken out from

ellulos

pa
per to push out air bubble

the s
ystem connected to the poW

Th :
€ negatively charged SDS €08

hr the nitroc e membran¢ was

positi
itive charge. At the end of 1

the .
sandwiched filter papers.

monitor the efficiency and
ionic

e objective was 10
mbrane. An anl

Staming for total protein: Th
rotein onto the nitroce

for the staining
se mem
ff with tween tris

]lulose M€

COm
pleteness of transfer of the P
of the nitrocellulose

dye -
Ponceau S (non specific binding) Was ¥
was added on

as visible- The
detection-

sed
the nitrocellulo
ed o

brane for 2

mem
brane. 0.5% Ponceau S
stain was wash

min
utes, and now the band W

buff; :
er saline (TTBS) before the immuno

171



Immunodetection:
odetection: To prevent the non-specific binding of the antibody to the

“elllb'anL d l’ 1 ¥ J vV I \V “ 0,
IOCkln ll S i

ski TR ..
immed milk in 1x Tris buffer salin (TBS) and left overnight, next morning the

1ed off and the membrane rinsed thrice, over 5 minutes

skimmed milk was drair
ed on a biodancer. The
conjugated AP (1:3000

jon. The membrane was

durati .
uration each with tween tris buffer saline (TTBS), plac

mem . . . .
brane was then incubated with goat anti-mouse 1gG

r with constant gentle agitat
a biodancer, subsequently it

ated with CDP star (1:10
drained off and the

dilution) for 1 hr on a biodance

then ni . . ) .
n rinsed thrice with TTBS over 5 min duration on

ffer for 5 min then incub

perature. The CDP star was
d this was placed in the

film (with the film’s

was rinsed with the detection bu
dilution) for 5 minutes at room tem
o thin plastic sheets 20
-ray
ed and developed. .

me .
mbrane placed in between W
H . :

yperfilm chemiluminiscent cassette along with the X

corner chopped off) for 1 hr and the t Im was fix

hen x-ray fi

6.1 Silver staining the gel:

] to detect presence of small

The objective here Was to directly stain the 8€

quantity of the protein in the band.

Materials:
Methanol (Qualigen)
Formaldehyde (Qualigen)
Sodium thiosulphate (Quall
Silver nitrate (Qualigen)
Sodium carbonate (SRL)
Citric acid (SRL)

gen)
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Compositi
position of various Reagents:

HCHO Fixing Solution:

Methanol 40%.
37% HCHO
Distilled water (D/W)

0.02% Thiosulphate :

Na thiosulph
D/W phate

0.1% AgNO;:
D/W

Developing Solution:

Na2CO_‘;

0.02% thi

ayers o thiosulphate
37% HCHO

w=
.3 M Citric acid

D/w

Method:
. min:;:: s’le:cond gel was immersed 1
_— w.-h he fixing solution Was d
0020, SOdl't two 'changes of distilled
it distilllum thiosulphate with const
e ed water over 40 scC. The
Wat: n;t;‘:lte with constant gentle agit
.o : % formaldehyde was adde
ution and this solution Was immedi
of and the gel soaked in fresh developin

the b .
and intensifies. Now on addition

400 ml
0.5 ml
600 ml

0.02g
100 ml

0.1 g
100 ml

30 g
2.0 ml
100 ml

0.05 ml ( ping the

Add this just before develo
gel)

483 g
10.0 ml

n with gentle agitation for

n the fixing solutio
d thoroughly for 10

d off and the gel rinse
hen soaked for 1 minute in

twice

for 10 minutes in 0.1%
istilled

rain€

water. The gel was t

ant gentle agitation,

then soaked
as then rinsed with d

eloping
drained

then it was rinsed

gel was

ation. The gel W
ponents of the dev

he other com
se the gel, then it was

tant gentle agitation until

dtot
ately used to rin
th cons

g solution wi
ping solution with constant

of 5ml of stop
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agitation for 3
or 5-10 minutes
es effervescenc
s ¢ was observed. Th
. The gel was then wa
shed

twice wi st
th distilled
s water ¢ >
ter and the gcl subsequently stored 1n distilled water till th
€

b .

7.
Culture of HepG2 Cell line:

Materials:-

HepG Pun
p 2 cells (human hepatoblastoma) NCCS, Pune
Culture medi 1 w ,
e medium -Minimum essentlal media ith Earle’s balanced salts

. (MEM) (Hyclone)
pyruvate (Hyclone)

Fetal bovine serum (FBS) (Hyclone)
Penicillin-streptomycin solution (Hyclone)
Sodium bicarbonate (Sigma)

Dimethyl sulfoxide (DMSO) (Sigma)
Trypsin (Sigma)

Cell culture flasks 25 cm” (NUNC)
Plastic pipettes - 5 ml, 10 ml, 25 ml
Cryovials 1.8 ml (NUNC)

( NUNC)

jum (Eagle) with non-

imum essential med
le’s balanced salt

C
ess ulture Medium for HepG2: Mini
enti :
ial amino acids and sodium P (imM) with Ear
X antibiotic ( Penicillin G

So]ut-

sodi ton, glutamine (2mM), sodium bica
um

]00/ 10 000 umts/ml Streptomycm 10 000 pg/ml) _
()

90% and fetal bovine serum -

¢, the flask Was checked for any

ﬂasks On receip
moved and the culture checked

SS media was re
was 75%

edure for culturing cells

appare )
nt contamination and the €X¢€
y if there or more confluency:

for co
nfluency. A split was given onl
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7.1 Subculturing procedure:

ask was removed and cells rinsed with culture

The media from the fl
EDTA solution (0.25g trypsin,

rrade a en i ¢ fre -
g PBS and then incubated with fresh Trypsin
7.4 ) for 3 min at room

0.02¢
g EDTA and 0.003g phenol red in 100 ml PBS, pH
d at 37°C

removed and flask was incubate

tem .
perature then the trypsin solution was

hment fresh medium was added to stop

ifuged at 125g for 5 minutes and the
pended in 5 ml fresh media and the
| done twice weekly.

for 15 mi

min, on confirmation of cells detac
trypsi i
rypsin action and then the contents centr
supe .

pernatant discarded and the cells re-sus

subcultivati .
tivation ratio of 1:4 was followed and media renewa

7.
2 Cryopreservation of HepG2 cells:
Culture flasks containing HepG

2 cells in 10g phase of growth i.e. pre-

y were selected for cryopreservation
ended in fresh culture media

count by 0.1%

confluent cultures below maximum cell densit
et resusp
ulturing. A viability
e 90% preferably

Th
ese cells were trypsinised and later the pell

as
per the method followed for HepG2 subc

t

T'ypan blue exclusion was performed (viability should be aboV

a - . wa

round 95%). The culture medium used to prepare cryopreservation media was kept
and the DMSO was

rmal pH pefore use

he cells. The cells
n freshly prepared

rum) and

at 37°C j : :
C in CO, incubator to bring it to its O
were again spunl at

add .
ed to this media just before adding it to t

as re-suspended i

% fetal povine s€
5x10° cells/ml. Then

12
5g for 5 min and then the pellet W

culture media (¢
oncentration was

] cryovia
later revived and sub

cryopreserving media - 95% ontaining 20
ch that the cell ¢
4 dispensed in 1.8 m

_ These were

5 1 e su
/0 dlmethYISlﬂphOXid
0 IS, these 1a1

Iml
of cell suspension was aspirated an

a .
re then placed immediately i liquid nitro

cu
Itured as and when required-
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8. P .
roforma for collection of probe toxicity studies data:

Probe toxicity studies

Test
st compound: . )
Date: ' Animal: Strain:
Time: \:“ | Age:
Rout ‘eight:
¢ of ; Oy
Dose, fadmn: Oral Intravenous  Solvent:
e Time e . * _
Volume : Time of death: \f Present
X - Absent
GEN
ERAL OBSERVATIONS
- T T AN ]
Ohr |- 10 mn | 2000 10 mmn | 1h 2 Ihr | 4br Wmmmm Disappea
Bizzare physical ,__—-—-,—_—-_k_-—__—__—__——__—-__—-__—__.—-_-___—
Exploramry behaviour __.—-—_—_——__—a__——__——__—--_—_——-__—-___——
AggrcSSI\'chSS _.———__._.—-—,_—._—-___—-__——__—-__—_——'_——-__——___——
InaCli\,'jlv s — ,________—-__—-__—-__—-___—__——__——
Convulsions (sponta:) ____—-_—__—-___—-___-___—
| a:
Dyspnoca ___—__——_____—__—-___—,__—__—-___-___-___-___——
itte ___——__———',_—-—__—'__—-____—_
Jlllgry hchavmur __.——___—___-__—-___——,__—
B]anching of ’-"“-_'-'—-"-"-'-——-—'-—-. ,_——_——_———-'
) .‘ » —_——'———'—__—-
Salivation — | 1
Nasal discharge — ____—__——__——_——-———-—"'—‘- -
O | T
i __——__——_———__—-ﬂ
Pilocrection ;____-____-_.___,______-__— ]
R
5 P __——-——",——‘_‘
Scnsmvuy 10 sound __——___—,_—,__—,_—-_—-._——- |
[ —_-_—————___- -
________.——-,——._._——_‘_——‘,__‘——‘,,__——‘.-—'-—‘——-l
I
___——'__——-',_——‘
__——-_——‘_—-__——b-—— _———._——‘— '
)HY
.&‘ et ,_‘—"—‘
L EXAMINATION e i AW | o 34 hr | 481 3iws | Onset | Disappeat
—— 0 hr | <10 min | 20 min 20min | 1br | = hr| - _____-..—»—-_———"
Altere ___——-__—-..——.——-‘——"“"
kdmusclc tone — ___________________-
Cal : ,__—-___——.—————-‘——-‘""
tatonia
M ___—____-__-—_———————-"""'
uscle tremors __..___—-.———-————‘
A - I B
ggressivene |
SS ._-___-___—,__——-
Convusi ;____________.__.—__.—-._—-—'—-
sion to touch ____,_____._______—___——
,,.-,_—-——-"‘—""
Paralysis ;—-—'__——-'__'——'—,__——
Sensitivi ,_.—,————-“‘—‘“
| Sensitivity to pain —T | T
N _'-.——,_.—"-"
Skin lesion —1" __,__.-——-—-——‘““"
Ref] ___—-___—-—————'—-“"“'"
exes - Placing __,.-_,_-—_———_——-.————‘
: __'__,__,._,_.-—,_,.—-/—-—"
Righting _..-—.—-—-—-—"-——"""‘"
___'——',_-——""‘
Graspi " _,,___._—__.-—__—-___——
ping _
. - __--_'—--'
Pinnal _,_-—.-—-—————-—“‘-“-—‘——
Com —| __,,_-,__—-__—-_——___—
% T I
Death |1 L——"'L"—
L_,,L,,//L//
R
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Appendix —I1I - Results

31/MAR/2084 14 55

,aliur,w )
Methaod )
Calibrat
(nU ) Pu:l. is 5]ibration Dats END
1 160 al HELP
80 1
il

i
1 £
avele , @.5 1.0
ength: 366 nn CRE)
g 198nU, rav data file: ﬂﬁOOHH4
<CANNER IT: IHQCTIUE

Tr
ack:
i+ By noise level:

CATS?
317 30 '
N:92874004 canaG SOF FTHARE (g) 1932

atic lipid 1€ vels after vehicle treatment 10
(3) - Cho olesterol ester:

Fi
gure 1;
HPTLC chromatogram- Hep
Triglyceride:

dmster,
2
cak (1) - Free cholesterol; I: (2) -
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31/, 2084 15 03
HELE

(RTRRANY Intcqration
Al B( Calibration Data END

p-ﬁa‘!.-; o i 3
.-_4\.;,' (4 9 'j'l(_‘l

(nU] 189

|

68 7

4 1

287

1.8

g :
' (Rf]

8.6
8.5

Havele
ngth: 366
el 366 nn
E:?é 9, noise level:
3.17 S/N:pZ07ABR4

ile: ANOOKH4

) 1995 SCANNER 11° INRCTIVE

@, 168nU, rav data f

CAMAG SOFTUARE (c
r RC—7033 treatment in

Figur

e2:

amster, p[:PTLC chromatogram- Hepatic lipid Jevels afte

ak (1) - Free cholesterol; (2) - Triglyceride; - Cholesterol ester.
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B
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(1) (2)

isolated estrous Stage rat uterus

Fi , : ~7033 on 1 : M KCl; (4)
igure 4: Spasmolytic effect of TRC cl: (2) 30 mM KCl; (3) 30 m  TRC-7033

(Wistar), R M KCL; :cle; (6) 1

. Respo to - (1)30m vehlcle,() pM
0.01pM of Tgc?;gno / ve(hiZ:le; (5) 0.1uM TRC'?&%{ 7033; Panel B, vehicle.
/ vehicle; (7) 10uM TRC-7033 / vehicle. panel A,
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Figure : d guinea pig . (4
5: Effect of TRC—7033 on isolated 8t o mM KCL .
Tf{sponse o - (1)030 mM KCI: (2) 30 mM KCE (3) 30 Vi TRC-7033/ vehicle;

> 1e: (6) 1M
(7 7033 / vehicle; (5) 0.1pM TRC-7033 / Vehl;'li”agle)l B, vehicle-
) 10kM TRC-7033 / vehicle. Panel A, TRC-703%
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Table 1: T
beﬁ,k I: The serum lipid levels

re r s
and after 5 days oral administr

of hyperlipidemia

Diet

TC HDIL-C

—_ (mg/dl) (mg/dl)
Basal 452+ 29 34.6 ¢ 0.0
After Fat 2432 + 3.7%| 452+ 1.2

and body weight in th
ation of fatty food in t

———

TG
(mg/dl)

285.4 + 10.1

250.0 + 10.6*

Val
Ues renroc
t-test S,IF(L‘pr}‘SClllcd are mean + SEM
Trigl.yccri.] otal serum cholesterol; HDL-C,
( « 13 v 3 4 .
e: [.DL-C. [.ow-density lipoprotein choles

|
* p < (.05 as comp
Iligh—dcnsity
terol; B.wt.,

I,

L.DL-C B. wt.
(mg/dl) (gms)
53.6+2.2 105.5 + 1.7
el e
146.0 £ 3.0% 108.9 + 1.9%

lipopro

e vehicle control group
he hamster model

[P T
ared to basal, paired Student’s
tein cholesterol: TG,

Body weight.
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Table 2a:
a: The reduction (%) of serum lipids by

the test compounds in the

hamﬁsrteesrt modell())f hyperlipidemia
ose
compound | (mg/kg) Percent reduction
B.wt T
+RRE-7002 38 6.7 . ¢ HDL-C TG | LDL-C
_TRC-700 : 87
TRc-7oo: :3'3 -12.70 2.30 ;j; 310;;347 Lof
TRC'7005 %3 :) -0.8 18.6 16 85 2.22
TRC-7006 (‘7"(’ -8.80 1019 | 150 821 22
TRC-7007 ;fig SO -9.6! 8.43 155 .1138";%
|_TRC-7008 | 70. 11 20.1 17.6 0.1 263
TRC-7009 74?5 6.80 -26.94 -24.16 1 3:72 —-353‘73“
TRC-7010 p 37 8.22 -13.60 -16.05 -10.92 -—-13‘6_3—_
|_TRC-7011 3.1 492 | 2138 -18.29 38.04 '
TRC 1 80.5 33 : 18.43
012 T 7 3] 27.4 7.9 2.6 39.5
TRC-7013 2 -7.01 591 18.47 16,61 932
TRC-70 934 -6.11 -0.79 443 .44 '
TRC 01— .32 - W) 18
= -7015 p LY 5.45 4.8 1044 - 3.59
TRC‘7016 — 3.24 .15 6.73 15.25 4.83
% 79,08 5.38 12.99 15.07 6.84 13.89
TRC~7013 Ss a7 3.90 15.56 21.39 27.50 10.74
RC-7019 | 57, -20.37 4.12 -2.28 0.25 -6.44
TRC-7020 | 3 .74 5.13 -24.71 1.71 31.37 -30.63
TRC-7021 2.981 -5.15 225.68 219.61 24.55 21.71
TRC-7022 80.] 3.63 ~a1 | 530 333 |- 66l
TRC-7023 501 -0.81 2.68 -8.88 21.95 118
TRC-7024 80.11 4.17 8.28 17.48 1176 13.02
TRC-7025 5717 -11.57 5.50 11.65 31.58 17.36
TRC 700 T 3.68 2.42 13.58 030 9.49
TRC.7027 T 10 139 3.2 3.10 65 | 21l
TRC 7028 81.26 5.28 0.06 2.73 14.80 9,71
TRC-7029 877'44 3.84 6.95 245 | 60— 1438
aTRC~7030 0495 11.28 -16.67 2.04 [ 153 | 2336
Ues are ag C0m78'392 11.59 225.13 /”1’3’;9/ -19.58 ;ﬁ?&i;mr
erol; B.wt y lipoprotein cholesterol; TG Triglyceride; L-C, Lo hown
, body weight. When the values were more than the control values: they were sho
esent %o increase)-

as ne
gati
ve (-
V. 4
) values (i.e negative values repr
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Tabl : i
e 2b: The reduction (%) of serum lipids by the test compounds in the

hamster model of hyperlipidemia
Test Dose
compound | (mg/kg) Percent reduction
o B.wt TC HDL-C TG LDL-C
el 80.59 7.23 -54.50 31.14 -32.97 -148.27
T 83.17 5.34 -40.56 33.72 -26.75 -118.17
! C-7033 80 6.0 29.5 9.0 44.4 36.4
T::(C::;gg‘t 90.05 7.57 -23.86 37.60 17.12 -110.70
7RC_7035 68.83 1.20 -30.42 41.99 -37.05 -90.69
R 6 77.25 6.56 -1.04 20.80 -3.03 -10.40
C-7037 | 85.85 2.50 10.23 28.07 3.34 4.96
|_TRC-7038 | 85.66 -4.69 0.86 21.05 -22.26 1.79
TRC-7039 | 109.94 12.19 7.78 15.79 2.77 6.28
TRC-7040 87.76 6.88 4.72 46.37 10.71 -17.53
TRC-7042 | 72.66 0.72 20.94 3.16 41.55 12.24
TRC-7043 | 94.36 6.46 6.62 7.10 3.20 7.69
TRC-7044 | 75.33 162 | 1ol -1.97 -22.04 10.17
TRC-7045 | 83.65 2.15 8.87 10.06 -1.86 12.31
TRC-7046 60.42 -2.84 -11.88 -34.71 -31.72 3.12
TRC-7047 | 78.01 6.78 7.93 12.68 -2.83 8.91
[ TRC-7048 | 93.11 0.44 4.49 e | | TE
TRC-7049 | 85.47 12.50 11.34 ’Ijé.?_‘-___—ﬂg—" 123
TRC-7050 | 82.92 18.86 20.79 25.10
92 14.11 2290 | 1889 L —omm
TRC-7051 | 711 — 5 | 120 7l | 22—
. 16.7 ’Zlé__—/r—/
/—/"m
ol group (_n=5-85[:l:g: [zt‘?/l_ ;:;:irt'; lipoprotein

Valy,
€S a ;
re as compared to respective vehicle contro! & e
Triglycerice, they were shown

HDL-C .

choleste, H.lgh-denshy lipoprotein cholesterol; TG -
as negat-m]’ B.wt, body weight. When the values were more than the €0

Ive (-) values (i.c negative values represent % increase)-

trol values;
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Table 3: ipi
The serum lipid levels in the hamster model of hyperlipidemia on

treatment with the test compounds for 5 days.

Val

Stu;::t’represented are mean + SEM

Trigl)'ce:i(;-t.em' TC, Total serum cholestero
e; LDL-C, Low-density lipoprotein ¢

* p < 005 as
I: HDL-C, Hig
holesterol; .

B.wt, bo

h-density 1iPoP

r
dy weight.

Group
(mTﬁi ) HDL-C TG LDL-C B. wt.
B (mg/dl) (mg/dl) (mg/dl) (gms)
Control
(n=9 I 1R ,
CP-230;321 269.7-18.4 170541 | 2192:29.1 | 1880+138 | 10594114
30 mg/kg
n=9
(n=9) 163.8:11.8* 30.143.1 244.0+37.2 84.9+11.8% 92.742.9
Control
TR(E-=76304 245.3:13.7 494:38 | 203.9:315 | 1551289 98.5:6.1
—(1=6) 199.6:15.8* 41.5+4.3 186.6£9.9 120.812.1* 99.3+7.6
Control _.-—’——___—————_._———-
Tﬂ:ﬁ) 245.3+13.7 49.413.8 203.9+31.5 155.1+8.9 98.526.1
RC-7007 — — |
—(n=6) 195.9+16.6* 40.7+4.5 204.1+26.4 114.4£17.7% 109.4+3.2
b
Control -
ﬁ"i‘s) 236.6£16.1 23.33.6 279.1£77.5 157.4£9.7 12247.2
RC-7011 | 279.1£773 ==
171.7416.4* 19.243.5 286.3£71.4 __9_5};_23ﬁ*,__ | 126+4.0
- |
Control | g
= 247.
TRe= 280.3+17.4 52.543.7 —,3_35-_7£§5-'4——___19Q-2@;6-— | 992478
; C-7051 — |
1.1 mg/kg . 82 671
= RESS | 020
[ _(=5) | 220.1492% | 462%3.2 ,_2;411.33.7—"—-___125,129.6_’——
: i Is
d to respective vehicle contro’s,
comper® P otein cholesterol; TG,
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Table 4: The se ipi i
- tc 4: I[TL SL‘I‘UIII lipid levels in the hamster model of hyperlipidemia on
atment with TRC-7033 / cerivastatin for 5 days.

Group e . - Food
Ic HDL-C K® LDL-C B. wt. Intake
(gms) | (gms/day

(mg/dl) (mg/dl) (mg/dl) (mg/dl)

Control
__(n=5) 228.8:18.8 | 77.4:3.3 | 32824761 | 85.8+14.1 116.245.9 | 12.8+0.7
IRC-7033 - |
80 mg/kg
(n=5) 1614:39 | 70.4+6.0 182.4+1 52 54.5t3.9- 109.2£7.6 | 12.6£0.9
| 1824¢152 | 545439 | 1092200 —==
Control |
(n=5) 378 5+13 ‘A 64 +13.3 3.0+6.2 13.1£0.8
TR 32850131 | 60.8:5.4 | 3846:83 | 190.8%13. | 113.0562 | 10 =nm
60 mg/kg
| (n=4) 24142135 | 47.6:39 326.3412.0° MM_____Q.MB
Control e
(n=5) 318.4:104 | 89.8:6.9 | 51481938 _I_Z_J_(E_ILL_I_LM_JL‘)_E%_
TRC-7033 —
40 mg/kg
L (1=6) | 235.8:14 | 73.3:6.4 336.8:38.9 MMM
- ________h_______?________________
ontrol 5
N 1:£0.
(n=6 232.3:22.7 | 46.843.] MMML}

CeriVaStatin - ‘ .
10.5£0.6

0.5 mg/kg |
= 202.9+19.7 | 41.9+6.7 217.0+23.4 117.6+10.7 86.8+4.1
e
= 41 | 9.8204
Ceri("=5 26174109 | 547247 | 259.0456.3 155.2¢3.7 | 90.2£4: 8=0.
vastatin
],25m ______-————____._.______,__,_____,,__ -
. ! +0.2
106.%13,8* 118.8+16.3 91232 | 97
[—

— (=5 |189.1:17.6 | 48.9:32 | 1007 ==
C __Pd_d____d_,_d_________———
Ontro] ] 9
110.8 | 13.120.

P 0075 | 770265 | 179.34Ld __§1§_¢§L,L!§_2_—————~-————"”
Crivastatin | 200.7#5.2 | 77.0¢0.0 | T —|
s 112" | 107.3273

—(0=5) | y 35.8£11.2 Ll
| 130+27.5 | 66.8+14.4 | 137.5645.1 === -

12 controls, Srudept’s

| _——ve vehicle €0
ared to respective vehic TG. Triglyceride;

protein cho

12.3£0.7
| 123407

Valy
€s - b —
represcnted are mean + SEM * P < 005 as comp ]CStCrOI;

Eest, )
C, Total scrum cholesterol; HDL-Cs High-density P9

LD,
-C :
» Low-density lipoprotein cholesterol; B-W body weight
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T . )
hablel. 5_' T'.'e serum hepatic enzyme levels in the hamster model
erlipidemia on treatment with TRC-7033 / cerivastatin for 5 days.

of

Group ALT T.BLB AST ALK. PSPT
(U/L) (mg/dl) (U/L) (U/L)
Control
- {(0=5) 52.644.1 0.1+0.0 36.6+4.3 319.4+31.3
TRC-7033
80 mg/kg
—(0=5) 43.0+4.4 0.1+0.0 29.8+1.6 288.8+4.2
Control
n=5 47.843.7 0.1+0.0 33.4£1.7 231.8425.5
TRC-7033
60 mg/kg
L (n=4) | 62.0t10.2 0.1£0.0 33.342 204.89.1
[ //’—,,__.—————
Control .
n=5 50.843.6 0.1+£0.0 376430 | 2888126
TRC_7033 - M ——
40 mg/kg
L (n=6) | 49.7+2.3 0.1£0.0 _,3_?,5522_—_‘_213_7_%5_7———
-
——
Control
P 53.343.7 0.1£0.0 ___3_3;0315———__,2&&1*.112———
JPSIVastatin
*> mg/kg 60.3+
= o 0.120.0 | e | 2600
1£0. —
Contro) — |
27.1
= o | 213.0%En —
C =S 54.0+2.3 0.0£0.0 _,_‘13;@519———
) Qvastatin
ke 74252
\ML 91.7+12.5* 0.0+0.0 ﬂjQZle}_,—/
Co ]
"n*t;m 43.0+4.0 213.0£27.1
= 54. .0£0.0 POy
Cesr-vastaﬁn 4.0£2.3 0.0
m
\éz)kg\ 9.0+9.0* /”2_5’1.,0519-,0/
226.0+15.0* 0.1£00 | 2000Z——
— vehicle contros
ared to respective AST, Aspartate

Value /——/
S m
fepresented are mean + SEM * £ < 0.05 as €0 Lp Total bilirubin;

ent’ ]
S ttest. ALT, Alanine aminotransferases *-

amjp
Olransferase; ALK .PSPT, Alkaline phosphatase-
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Table 6: The hepatic lipid levels in the hamster model of hyperlipidemia on

treatment with test compounds for 5 days
G Dose Free Cholesterol Total
roup (mg/Kg) | LW/ BW* | Cholesterol Oleate Cholesterol
(mg/g liver) | (mg/g liver) (mg/g liver)
Control
(n=6) 3.9740.1 2.60+0.1 19.7642.4 20 3642.5
TRC - 7004
(n=6) o | 396i02 | 2061007 | 636s26" | 83227
Control
e 2h) 3.97+0.1 2.60+0.1 19.76+2.4 22.36+2.5
TRC - 7007 1| 1oJeRd SR
—{16) e76 | 3.97¢02 | 2.560.1 2.4040.9 436£1.2
’__,_______,_________#__#__,
Control
ﬁgj’) 375602 | 284203 | 15081l | 18.83%12
~7011 __—————"‘ ._#--———-—‘
— {26 80.5 3.95¢0.2 | 2.82+0.2 6.94+2.3 9.76£2.5
///
Control :
TR 2= 3.8340.3 3.0620.1 13.56+1.6 16.63L.
C-17033 : | 300880 o —— S
' 1
—=5) 80 4.09£0.1 | 4.40£0.2 22.96+1.9 27.36+2
/
L —
Control
25.36+3.6
o) 372:0.1 | 2.2720.1 | gnopss | 253630
Ivastatin | L= ) \2 6‘
—{=5) 2.5 3.9340.3 2.20£0.2 2.51£2.5 . _
Control
19.8121.2
= . '//-#-
Chore 400404 | 221202 | 17.60£1.0
-23082] ‘ 500 05501
= 30 3.940.2 | 2.0520.1 | 2010 | 200
| especti hicle
2y | pared to respectt® vehi
€S represented are mean £ SEM ¥ p < 0.05as coqqpa 4 LW per 008 BW)

C

ontrols, Student’s t-test. LW/BW, Liver weight/Body weight
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Z:;]bsle 7: Effect of TRC-7033 and cerivastatin on LDL-R expression in HepG2

Drug concentration 9% Increase in LDL-R expression
(in nM)
Cerivastatin TRC-7033
— 1000 70.4 £ 5.1 883174
300 71.3+5.0 758+ 7.1
100 61.7+4.8 50.0 £ 4.2
30 50.2%3.5 24.4+3.1
10 47.6+4.6 11.6+24
3 30.8+23 79+1.6
1 13.4+1.2 4.0+1.2
0.3 1.5+0.8 3.9+0.7

Values represented are mean + SEM, from 3 observations each done in triplicate. %

increase as compared to vehicle control (DMSO).

Tab)e g. Effect of TRC-7033 on LDL-R expression in presence of cerivastatin.

r\ .
Concentration of TRC-7033 (uM) in % Increase in LDL-R expression
—Presence of 0.1 uM cerivastatin /,.——'——’""
0 593 +3.6
0.l — sizhs
0.3 90.4 +5.3*
' —] 1 6.5*
1 106.6 £
3 133.6 £ 9.8* _
ach done in triplicate. %

Values 1 m rvati M
) epres 3 observations e
ented are mean = SEM, fro +p< 0.05 as compared to 0.1p

Inc
Cerir:jase as compared to vehicle control (DMSO)-
astatin alone (in absence of TRC-7033), Studen

t's t-test.
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Tabl :
e 9a: Effect of TRC-7033 on LDL-R expression in presence of

25-hydroxycholesterol.

,‘COncentration of T
RC-7033 (uM) i E i i
A (uM) in % Increase in LDL-R expression
25- hvdroxvcholesterol

O()l 285+ 1.4

— O_} 10.9 £ 1.6*

1" 26.5 +2.8*

.{ 50.0 £4.9*

S - 70.7 £ 6.1*
s represented are mean + SEM, from 3 observations each done in triplicate. %

dto 2.5uM

incr
ease as compared to vehicle control (DMSO). *P< 0.05 as compare

25-hyd
ydroxycholesterol alone (in absence of TRC-7033), Student’s t-test.

Tabl . :
¢ 9b: Effect of cerivastatin on LDL-R expression in presence of

25-3 droxycholesterol.
oncentration of cerivastatin (uM) in

presence of 2.5 uM

o, Increase in LDL-R expression

25- hydroxycholesterol
0

28514

\

Val &
. 41ues represented are

l

25.1+£3.3

|

mean + SEM, from 3 observatl

ions each done in triplicate. %

Increg
S¢ as compared to vehicle control (DMSO).

'WavYal



-R expression
Table 10: Effect of test compounds on LDL R expre
in HepG2 cell line.

at I pM 1pM
\((‘P-23}(l)xz)1 90.0 £ 5.6
[ TRC-7004 TR —
TRC-7007 380+49
TRC-7011 (;s;ia f ?;
TRC-7051 272+ 1.
| TRC033 883+ 1.4
@astatin | 70.4 £ 5.1

Values represented are mean + SEM. from 3 © ntrol (D
triplicate. % increase as compared to vehicle o

fvi tes
Table 11: In vitro anti-oxidant activity of the

TRC.
e C-7046

S0 caleulated from a plot of concentration

Test compounds

i (pression at
o, Increase in LLDL-R expre

bservations each done in
MSO).

t compounds

. ivi M)
Test compounds ECx, for anti-oxidant activity (1

CP-23082] /,,?%‘;/—// .
TRC-7007 1
TRC-7011 e
TRC-7029 0
TRC-7025 127.5
TRC-7032 /’579’7’.1”’///
TRC-7033 T
TR 147.3
TRC-7035 /'16‘3’///’"
TRC-7038 79

144.0

)
55.50,100 pM) Vs %

ntl-oxidant activity.

(12.5,
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Table 12: .
12: Cardiovascular and respiratory

adminj .
administration in normal Wistar rats

e after drug administration

ent’s t-
t-test. The responses plotted are

cffects of TRC-7033 on oral and i.v.

Treatment v Chang
~ . gre— —
Fall in Mean Blood [ncrease in | Fallin Respiration
Pressure Heart Rate rate
Voo
ehl(:le for TRC_7033 "_’__//
Oral ’
T (n=4) 27269 50+0.8 21.6+2.7
RC-7033, 65 mg/kg
Oral ’
= (n=5) 23.7+5.7 51+1.4 21.4+4.5
RC-7033, 325 mg/kg _______,_———___’_____'———‘
0 ’
-V\(n::l) 36.3+4.7 6.5+1.5 17.5+4.9
ehicle for TRC-7033 /—-//
1 ’ .
\LYL 28.2+3.9 6.4+ 0.6 11.4+1.6
TRC033 2.
=9 28.8+23 6210 107+ 1.9
T I
(:Zs) 548+4.8 7815 15.8%3.0
VaIUe L’//L’”//
(iv), ngpresemed are mean = SEM. * P < 0.05 as compared to respective vehicle control
' changes (%) as compared to basal values.
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Tabl .
activ'et ?3- Efff.:ct of TRC-7033 after oral administration on spon
ity at various doses in Swiss albino mice.

taneous motor

Drug Dose No. of counts % change
; in activi
T'RC-7033 (EDx)
(n=10) 65 mg/kg 311+ 11.4 +7.61
L
TRC-7033 (10x EDsy)
(n=10) 650 mg/kg 319+7.1 +10.38
_____________’_____,_.___,__—
TRC-7033 (25x EDx)
(n=10) 1625 mg/kg 305+ 8.2 +5.54
Vehicl ]
cle control (Na CMC)
s
(n=10) 10 ml/kg 289+ 8.7 -2.36
. //’,_____,___—
Saline control
x (n=10) 10 ml/kg 296+ 12.2 -
\4 I -
\ alues represented are mean + SEM. % change in activity compared t0 vehicle control-
carboxymethyl cellulose.

Co .
mpared to saline control. Na CMC, Sodium

(t
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