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Summary

Apolipoprotein (APQ) E*3-Leiden mice with impaired chylomicron and VLDL (very low
density lipoprotein) remnant metabolism display hyperlipidaemia and atherosclerosis. In the
present study, these mice were used for testing the hypolipidaemic effect of two marketed
agents, lovastatin (CAS 75330-75-5) and gemfibrozil (CAS 25812-30-0) as well as a novel
compound, SB 204990 (the 5-ring lactone of =(3R*,55%) 3-carboxy-11-(2,4-dichlorophenyl)-
3,5-dihydroxyundecanoic acid, CAS 154566-12-8), a potent inhibitor of cholesterol and fatty
acid synthesis at the level of ATP-citrate lyase. APOE*3-Leiden mice were [ed a saturated [t
and cholesterol-rich diet supplemented with either 0.05 or 0.1 % w/w of lovastatin, 0.1 or
0.2 % wiw of gemfibrozil or 0.1 or 0.2 % w/w of SB 204990. Lovastatin showed a dose-related
decrease in plasma cholesterol levels (up to =20 %) due to a lowering of LDL and HDL (low
density resp. high density lipoprotein)-cholesterol (=20 and —18 %, respectively), while plasma
triglyceride levels were unaflected. Gemfibrozil had no effect on plasma total cholesterol levels
but gave significant dose-dependent decreases in plasma (VL.DL) triglyceride levels (up to
~53 9%). SB 204990 resulted in a dose-dependent reduction of plasma cholesterol (up to —29 %)
by lowering VLDL, LDL and HDL-cholesterol (=50, ~20 and -20 %, respectively). In addi-
tion, a strong dose dependent reduction of plasma (VLDL) triglycerides up to —43 % was
observed with this compound. Although the effects of gemfibrozil and SB 204990 were not
simply explained by changes in a single determinant of VLDL metabolism - no effects of
these drugs were seen on post-heparin plasma lipoprotein lipase activity, in vivo rate of VLDL
synthesis or hepalic apoC-III mRNA levels - APOE*3-Leiden mice were found to give robust
hypolipidaemic responses to these test compounds. The responsiveness to hypolipidacmic ther-
apy combined with a clear relationship between aortic lesion size and plasma cholesterol
exposure, as demonstrated previously, makes this mouse an attractive model for the testing of

anti-atherosclerotic properties of hypolipidaemic drugs.

Zusammenfassung

Transgene Apolipoprotein-E*3-Leiden-Mduse als Testmodell
Jir hypolipiddmische Arzneistoffe

Apolipoprotein(APO)-E*3-Leiden-Miuse mit beeintriichtigtem Chylomikron- und Remnant-
Metabolismus weisen Hyperlipidimie und Atherosklerose auf In der vorliegenden Studic
wurde an diesen Miusen die hypolipidimische Wirkung verschiedener Substanzen getestet,
und zwar der beiden auf dem Markt befindlichen Arzneimittel Lovastatin (CAS 75330-75-5)
und Gemfibrozil (CAS 25812-30-0) sowie der neuartigen Substanz SB 204990 (5-Ring-Lacton
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von :(3_R*,58"‘)3-Carboxy-11-(2,4-dichlorphenyl)—3,5-dihydroxy-undecansﬁure, CAS 154566-

12-8), eines starken Hemmers der Synthese von Cholesterin und Fettsiuren auf der Stufe der
ATP-Citratlyase. Die APOE*3-Leiden-Miuse erhielten Nahrung mit cinem hohen Anteil an

gesdttiglen Fettsduren und Cholesterin sowie einem Zusatz von 0,05 bzw. 0,1 Gew.% Lovasta-

tin oder 0,1 bzw. 0,2 Gew.% Gemfibrozil oder 0,1 bzw. 0,2 Gew.% SB 204990. Lovastatin

zeigte eine dosisabhingige Reduzierung des Plasma-Cholesterinspiegels (bis zu 20 %), d. h.

eine Senkung der LDL- und HDL-Cholesterin-Konzentration (~20 bzw. -18 %), withrend der
Plasma—.Trlglyceridspiegel unveriindert blieb. Gemfibrozil beeinfluBte nicht den Gesamt-Chole- ‘
sterinspiegel im Plasma, induzierte jedoch eine signifikante dosisabhiingige Abnahme des !
(VLDL-)Triglycerid-Plasmaspiegels (bis zu —53 %). SB 204990 erzeugte eine dosisabhéingige |
Senkung des Plasma-Cholesterinspiegels (bis zu -29 %) durch Senkung von VLDL-, LDL- ;
und HDL-Cholesterin (-50, ~20 und ~20 %). Bei dieser Substanz wurde auBerdem eine starke i
dosisabhiingige Reduzierung der Plasma-(VLDL)-Triglyceride um bis zu ~43 % beobachtet.

Zwar lieB sich die Wirkung von Gemfibrozil und SB 204990 nicht allein mit der Verinderung

einer einzelnen Determinanten des VLDL-Metabolismus erkliren — diese Arzneistoffe zeigten f
keine Wirkung auf die Post-Heparin-Plasma-Lipoproteinlipase-Aktivitit, die In-vivo-Rate der -
VLDL-Synthese oder den hepatischen apoC-III-mRNA-Spiegel ~, doch die APOE*3-Leiden- |
Miuse zeigten eine deutliche hypolipidédmische Reaktion auf diese Testsubstanzen. Auf Grund

der damit demonstrierten guten Reaktion auf die hypolipidimische Behandlung sowie des ‘
klaren Kausalzusammenhangs zwischen GréBe von Aorta-Lisionen und Plasma-Cholesterin- |
spiegel stellt diese Maus ein attraktives Modell fiir die Priifung der antiatherosklerotischen
Eigenschalten hypolipiddmischer Arzneistoffe dar.

Key words  =(3R*,55*)3-Carboxy-11-(2,4-dichloropheny!)-3,5-dihydroxyundecanoic acid, 5- j
ring lactone - CAS 154566-12-8 - Gemlibrozil - Hypolipidaemic drugs, testing in transgenic i
mice - Lovastatin - SB 204990, hypolipidaemic effect ‘
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1. Introduction subsequent study we have shown that APOE*3-
For the development of novel hypolipidaemic and Leiden mice are suscepubleufo.r dlet‘l}ldllced ath-
anli-atherosclerotic drugs, small animal models in erosclerosis and we de~1}1on_suatec‘1 that the size 10f
which both the hypolipidaemic properties of can- the aortic 'les1ons‘ correlates very. well with the
didate drugs and their potential to affect lesion ~¢xposure of the vasculature to raised concenira-
formation could be tested, would be of great bene-  tions of plasma ?l!OICStelC’l [4, 6] Their more hu-
fit. Normal rats and mice are not very suitable as man-like lipoprotein proﬂle, the extreme sensitivity
plasma lipids in these animals are very low, even Of plasma lipid levels to .ch’ax}ges ll)n llpopxc’>te¥1! 11}@-
on high fat/cholesterol diets making rodents very ~tabolism and the clga{ relation between ‘?Oét?c e-
resistant against the development of atheroscler-  S!O0 SIZ€ em*d chqlgstem} EXpOSULE suggeste ttObLIS
osis [1]. Although hamsters become hyperlipid- ’th‘}t ‘IA‘IPOEd 31}“31 ,?n nuce mayf{ Is'el'\c/ields a suita g
aemic on high fat/cholesterol dicts and have a lipo- f““}““ll mo el or the tgfstmg 0 flpll O"‘l’?l.‘gg an,
protein prolile more similar to that seen in human Z‘l‘?“'m nerosclerotic  effects ol hypolipidaemic
also this species does not easily develop athero- —dTU8s. o o ]
sclerotic lesions [2). In the pl-e§e11t stuc'ly we have e{/dluated thig {eipon- ¥
With the recent progress in techniques for gene in- ~ SIVEHESS of p.lasmcl'hp@s m “ﬁse 31103' 1?1 IYPO- i
sertion and gene silencing in murine germ- and em- l}pll‘dclelélxzsd1?5g§3lbs%17g5t\57vo madl ete ff‘l;é?“ ? %XSS'
bryonic cells this picture has changed. These devel- t‘gté?z( 0.0 . ") anl gemit lgzqu o
opments have resulted in the production of a num- 25812-30-0), 1396"(’)‘3” als a 511‘_3,"3 fXPte“m 1}; (R 1-
ber of murine strains with defects in plasma lipid Igg}km% SB _%0 0 (83 g'mlﬁoi}c %lg‘] 01)_—3 S
and lipoprotein mietall)olism. Some of these ls'trtzu.ns By d?‘ox;/ﬁildc%}&gic oy _C:S | 5‘?51)6 6—1%—8) o
were shown to develop spontaneous or diet-in-  LyS YRR » S 2£70) -
duced hyperlipidaemia and advanced atheroscler- 11111?1;01‘ Of ldelnq\llo 191110135?1(}1&'1%}(1,{?%}’ Iﬂilscé ?%’]11
otic lesions in the aorta and other main arteries, ~thesis at the level ol hepatic clirate Iy :
Recently, we described the gener'iltion of tyan(s/%(f’lgg

mice expressing the human apolipoprotein )

E*3-Lei1den gel%e [3]. These mice have an impaired 2. Materials and methods

clearance of chylomicron and VLDL remnant lipo- 2,1, Animals

proteins from the blood circulation by the liver [3- Al studies were performed with male APOE*3-Leiden
5]. As a consequence, these mice have rzus_ed transgenic mice (line #2) [3]. Transgenic mice were ob-
plasma cholesterol and triglyceride levels due to in-  tained by mating male transgene carriers with C57BL/
creases in VLDL-LDL lipoproteins. In addition, in

these mice the plasma cholesterol and triglyceride _ '
Jevels are highly responsive to small changes in " Manufacturer: SmithKline Beecham Pharmaceuticals,
chylomicron and VLDL metabolism [4, 5]. In a Harlow, Essex (UK).
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6J females (The Broekman Institute bv, Someren, The
Netherlands). Mice of the F7 generation were used for
all studies. Transgenic mice are identified by sandwich
ELISA for the presence of human apoE in the serum as
described previously [5]. At the time of the study animals
were 3—-4 months of age.

2.2. Study design

The study had a parallel group design and included 6
experimental groups (9 animals per group and 2 dose
levels of each of the drugs) and a control group of 18
mice. Animals were distributed over these groups, strati-
fying for a balanced age distribution. They were housed
(3 per cage) in shoebox cages with hoppers that allowed
feeding of a powdered diet and weighing of food con-
sumption. Animals had free access to food and water.
Two weeks prior to the start of drug administration,
mice were switched from a chow diet to a powdered
semi-synthetic sucrose-rich diet, containing cocoa butter
(15 % wiw) and cholesterol (0.25 % w/w). The diet was
composed essentially according to Nishina et al. [8], and
described by us earlier [5] (Western or HFC diet, Hope
Farms, Woerden, The Netherlands). During the sub-
sequent testing period of two weeks, mice were fed the
same powdered diet supplemented with 0.05 or 0.1 % w/
w of lovastatin, 0.1 or 0.2 % w/w of gemfibrozil (gifts
from the respective manufacturers) or 0.1 or 0.2 % w/w
of the SB 204990 (SmithKline Beecham Pharmaceu-
ticals, Harlow, Essex, UK [7]).

At the beginning and end of the experimental period
mice were fasted from 7 to 1 pm, weighed and approxim-
ately 50 pl of blood was obtained in an EDTA coated
vial through tail-bleeding under light isofluothane an-
aesthesia. Plasma samples were stored on ice until lipid
and lipoprotein analysis. Following the post-drug blood
sampling, animals were sacrificed, livers were excised,
frozen into liquid nitrogen and stored at —70 °C until
RNA isolation.

For determination of post-heparin plasma lipoprotein
lipase (LPL) activity (methods see below), indicated
parts of the experiment were repeated under identical
conditions using mice with comparable genetic back-
ground, sex and age. In vivo hepatic VLDL triglyceride
production rate (methods see below) was determined in
mice that were used for determining post-heparin
plasma LPL activity. Therefore, these mice were fed the
experimental diets for one additional week. 3 wk plasma
lipid data were not different from the 2-week data (not
shown).

2.3. Lipid and lipoprotein analysis

Total plasma cholesterol and triglyceride levels (without
measuring free glycerol) were measured enzymatically
using commercially available kits: #997-64909 (Wako
Chemicals GmbH, Neuss, Germany) and #14149 (E.
Merck, Darmstadt, Germany).

For size fractionation of lipoproteins, 30 ul of pooled
serum (from 3 mice), containing 2.5 mmol/l EDTA, was
injected onto a Superose 6B column (SMART system,
Pharmacia, Uppsala, Sweden) eluted at a constant flow
rate of 30 pl/min with 150 mmol/l NaCl, | mmol/l
EDTA, pH 8.0. The effluent was collected in 30 ul frac-
tions. Cholesterol and triglyceride concentrations in
lipoprotein fractions were measured enzymatically, as
described above,

2.4. Post-heparin plasma lipoprotein lipase activity
For measurements of post-heparin plasma lipoprotein
lipase (LPL) activity fasted mice received an intravenous
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injection of heparin (Leo Pharmaceutical products bv,
Weesp, The Netherlands, dose: 100 U/kg body weight)
at 1 pm, following a 6 h fasting period. After 10 min 200
pl blood was drawn from the tail vein and stored on icc.
Plasma was frozen in liquid nitrogen and shipped on dry
ice to Umed for LPL activity measurements. Plasma
LPL activity was assayed as described by Bengtsson Ol-
ivecrona et al. {9]. In brief, postheparin plasma samples
were incubated with a goat anti-hepatic lipase IgG anti-
body for 2 h at 4 °C [10]. 20 pl of the samples were in-
cubated with substrate (Intralipid into which *H-labelled
triolein had been incorporated by sonication) in the
presence of 10 ul of heat-actlivated rat serum (as source
of apo CII) and 6 % (w/v) bovine serum albumin (BSA)
in a total volume of 200 pl. The assay temperature was
25 °C. Enzyme activity is expressed in mU, correspond-
ing to 1 nmol of fatty acid released per min.

2.5. In vivo hepatic triglyceride production

After a 6 h fasting period mice were injected intrave-
nously via a tail vein with Triton WR1339 (500 mg/kg
body weight) [11] using 15 % (wt/vol) Triton solution in
0.9 % by wt NaCl. At 0, 15, 30 and 45 min after injection
blood samples were drawn from the tail and analyzed

for triglycerides as described above. Production rate of

hepatic triglyceride was calculated {rom the slope of the
curve and expressed as mmol/lvkg body weight, Plasma
volume was assumed to be 3.3 % of the body weight [12].

2.6. Hepatic apoG-Ill mRNA measurements in the liver
Mouse hepatic apoC-III mRNA were determined as de-
scribed previously [13]. In brief, total cellular RNA was
prepared from the liver using the guanidinium thiocyan-

ate/phenol-chloroform method [14]. Northern blots of

total cellular RNA were subsequently hybridized with a
32P.labelled probes of rat apoC-IIl and rat ribosomal
36B4 cDNA [15]. The intensity of the hybridization sig-
nal was quantified and the level of apoC-TII mRNA was
related to the level of 36B4 mRNA.

2.7. Statistical analysis

For analysis of treatment effects on serum cholesterol
and triglyceride levels, analysis of variance was per-
formed. The pre-study cholesterol levels, pre-study tri-
glyceride level and the pre-study body weight were both
found to be important factors, therefore included as co-
variates in the analysis of the cholesterol and triglyceride

levels. A logarithmic scale was used in the analysis of

the lipid data. The variability of these mecasurements ten-
ded to increase with the level of response. Using a loga-
rithmic scale standardises the variability producing
better analysis. Geometric means for each treatment and
the ratio of treatment relative to the conlrol mean for
plasma lipid levels were presented, along with their re-
spective 95 % confidence intervals. A 95 % confidence
interval for the ratio not containing one indicates a sta-
tistically significant difference at 5 % level.

Analysis of VLDL production rate, postheparin plasma
LPL activity and hepatic apoC-ITT mRNA levels were
performed by analysis of variance including terms for
treatment and cage. Means for each treatment and the
difference of treatment means relative to the control
mean are presented, along with their 95 % confidence
intervals. A 95 % confidence interval of a difference not
containing zero indicates a statistically significant differ-
ence at the 5% level,
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“he effect of lovastatin, gemfibrozil and SB 204990 on lipoprotein profile of APOE*3-Leiden mice fed a Western diel. Pool
of three mice was applied to a Superose 6B column as described in the Methods section. Fractions were analyzed for
rol (@) and triglycerides (O). Lipoprotein profiles are shown for untreated Western fed APQE*3-Leiden mice and Western
JE*3-Leiden mice treated with lovastatin (0.1 % w/w), gemfibrozil (0.2 % w/w) and SB 204990 (0.2 % wi/w). The profiles
re the mean profiles of three separate pools (six for the control group). Fractions 4-10, 11~20 and 21-27 correspond with

IDL/LDL and HDL, respectively.

ults

e effect of lovastatin, gemfibrozil and
990 on plasma lipids and lipoproteins

1g a Western-type diet markedly increased
a cholesterol concentrations in APOE*3-Lei-
ice ag compared to animals fed a normal ro-
how (7.3 versus 2.1 mmol/l) while triglycer-
rere unaltered (1.7 versus 1.66 mmol/l, n=
‘wo weeks after the switch to the Western-
iet, animals were put on diet supplemented
ovastatin, gemfibrozil or SB 204990 and the

on plasma lipids were tested after a two
treatment period. The effects of hypolipid-
drug therapy on plasma lipids are given in
1. Compared with the control (no drug),
, lovastatin showed a dose-related decrease in
a cholesterol but the difference only reached
ical significance in the 0.1 % w/w dose group
©). SB 204990 also gave a dose-related hypo-
terolaemic response, both dosing levels re-
x statistical significance (up to 30 % decrease
ared with the no drug group). No effect on

plasma cholesterol was seen in the animals treated
with gemfibozil. Interesting effects of the hypo-
lipidaemic drugs were also seen on plasma trigly-
ceride concentrations. Both gemfibrozil and SB
204990 decreased plasma triglycerides in a dose-
related manner (up to -53 %) while no clear effects
were seen in the groups treated with lovastatin, Al-
though in all drug treatment groups statistically
significant effects on body weight development
were seen (weight increments compared with the
control group were 0.4-1.2 g at the end of the 14
day dosing period) these differences were small in
comparison with body weights (around 27 g). No
significant differences were seen in [ood intake be-
tween any of the treatment groups and controls
(average food intake around 12 g/d per cage of 3
mice).

To investigate which lipoprotein classes are af-
fected by the drug treatment, plasmas ol mice were
analyzed by high-performance gel filtration chro-
matography and the results of these analyses are
shown in Fig. 1. Profiles in this figure represent

: The effect of lovastatin, gemfibrozil and SB 204990 on plasma lipids of APOE*3-Leiden mice.

Compound Cholesterol (mmol/1) Triglycerides (mmol/l)

n
(dose) Geometric mean Ratio 95% C.1, Geometric mean Ratio 95% C.I.
1 18 7.3 1.7
itin (0.05 % wiw) 9 6.8 0.93 (0,84, 1.03) 1.47 0.86 (0,73, 1.02)
wtin (0.1 % wiw) 9 5.86 0.80 (0.73, 0.88)™ 1.99 1.17 (0.99, 1.3%)
irozil (0.1 % wiw) 9 7.3 1.00 (0.92, 1.10) 111 0.65 (.55, 0.76 )V
wozil (0.2 % wiw) 9 6.9 0.95 (0.86, 1.04) 0.79 0.47 (0.40, 0.55)
990 (0.1 % wiw) 9 5.68 0.78 (0.71, 0.86)" 1,19 0.70 (0.59, 0.83)"
990 (0.2 % wiw) 9 518 0.71 (0.65, 0.78) 0.97 057 (0.49, 0.68)"

ber of animals; C.I,, confidence interval. Male APOE*3-Leiden mice were fed for two wecks a Western diet supplemented
vastatin, gemfibrozil, or SB 204990 al indicated doses, After a fasting period, mice were bled and plasma cholesterol and
rides were determined. Geometric means for plasma cholesterol and triglyceride levels (or each treatment and the ratio of
snt means to the control means are presented along with their 95 % confidence intervals. ® 95 % confidence interval for the
ot containing one, indicating a statistically difference at 5 % level (indicated in italics).
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means for 9 (18 for the control group) animals, an-
alyzed in 3 (6 for the control group) plasma pools,
each composed of 3 animals. Statistical analysis of
the differences in lipoprotein lipids in comparison
with the control (no drug) group showed that lova-
statin treatment significantly decreases LDL and
HDL cholesterol at 0.1 % w/w dosing level (by
-22 % and -18 %, respectively). SB 204990 signifi-
cantly decreased VLDL cholesterol and triglycer-
ides at the 0.1 % and 0.2 % w/w dosing levels (by
up to -50% and -55%, respectively) and de-
creased LDL and HDL cholesterol at the highest
(0.2 % wiw) dose (both by 20 %). Gemfibrozil at
both dosing levels significantly decreased VLDL
cholesterol and triglycerides (by up to -55 % and
-60 %, respectively) but increased rather than de-
creased LDL and HDL cholesterol, although not
statistically significant (+10 %). Although not en-
tirely identical to what would be predicted from
documented effects of lovastatin and gemfibrozil
therapy in human, clear parallels can be seen in
lipoprotein changes in APOE*3-Leiden mice and
man (lovastatin’s main effect on plasma (LDL)
cholesterol and not on triglycerides; gemfibrozil’s
main effect on plasma (VLDL) triglycerides with a
small but non-significant rise in HDL cholesterol
but also LDL cholesterol). Responses of the mice
to SB 204990, an inhibitor of hepatic cholesterol
and fatty acid synthesis, were also as anticipated,
with clear dose-related decreases in plasma (VLDL
'cmddLDL) cholesterol and plasma (VLDL) trigly-
cerides.

3.2. Effect of hypolipidaemic drugs on post-heparin
plasma LPL activity, hepatic VLDL triglyceride
production rate and hepatic apoC-lll expression

As gemfibrozil and SB 204990 were found to in-
duce major changes in plasma VLDL concentra-
tions, the underlying mechanism of these effects
was investigated in more detail. The major deter-
minants of the plasma concentration of VLDL are
the rate of VLDL triglyceride degradation, medi-
ated by endothelial lipoprotein lipase, and the rate
of secretion of VLDL by the liver. To investigate
whether the hypotriglyceridaemic properties of

gemfibrozil and SB 204990 was due to increased
VLDL triglyceride catabolism, groups of mice, ex-
posed to the same dietary and drug regimen as de-
scribed for the plasma lipid studies, were injected
intravenously with heparin and post-heparin
plasma LPL activity was determined as described
in Methods. Results of these experiments are given
in Table 2. Neither gemfibrozil nor SB 204990 ad-
ministration resulted in a clear statistically signifi-
cant change in post-heparin LPL activity, sug-
gesting that the hypotriglyceridaemic properties of
either drug are not well explained at the level of
lipoprotein lipase activity.

To investigate whether the hypolipidaemic re-
sponse to gemfibrozil and SB 204990 were related
to changes in VLDL synthesis, hepatic VLDL tri-
glyceride production rates were determined in vivo
in animals exposed to a dietary and drug treatment
regimen as described for the plasma lipid studies.
For hepatic VLDL triglyceride synthesis measure-
ments animals received 1.v. Triton WR 1339 as de-
scribed in Methods and from the increase in
plasma triglyceride levels over a period of up to 45
min, production rate were calculated. The results
of those experiments are given in Table 2. In
APOE*3-Leiden control (no drug) mice on a West-
ern-type diet the mean hepatic VLDL-triglyceride
production rates was 0.125 mmol/h/kg body
weight. However, no clear effects of gemfibrozil or
SB 204990 on VLDL-triglyceride production rate
were found (Table 2), suggesting again that the hy-
potriglyceridaemic properties of either drugs arce
not well explained at the level of hepatic VLDL
synthesis.

As neither lipoprotein lipase activity nor VLDL
production rate could give a satisfactory explana-
tion for the observed hypotriglyceridacmic re-
sponses, differences in the composition of VLDL
particles between the controls and the drug treated
animals were considered. VLDL apolipoprotein C-
ITI abundancy is known to affect the rate of lipoly-
sis by lipoprotein lipase [16, 17]. As the hepatic
apoC-III gene mRNA was found to be decreased
in rats after fenofibrate treatment [13], this oplion
was investigated using the livers of animals uscd

Tuble 2: The elfect of gemfibrozil and SB 204990 on post-heparin plasma LPL activity and in vivo hepalic VLDL-triglyceride

production rate in APOE*3-Leiden mice.

Post-heparin plasma LPL activity Hepatic VL.DL-triglyceride production rate
CO(“;POl)md n (mU/ml) (mmol/h/kg body weight)
dose
Mean Difference 95% C.1. Mean Difference 95 % C.1.

Control I8 1141 0.125
Gemfibrozil (0.1 % w/w) 8 1056 -85 (~353, 183) 0.112 -0.014 (-0.064, 0.037)
Gemfibrozil (0.2 % w/w) 10 1278 137 (~131, 405) 0.150 0.025 (-=0.020, 0.075)
SB 204990 (0.1 % wiw) 8 112 -29 (=297, 239) 0.126 0.001 (-0.050, 0.050)
SB 204990 (0.2 %% wiw) 10 949 —-192 (460, 76) 0.114 -0.011 (-0.062, 0.040)

n, number of animals; C.I., conflidence interval, Male APOE*3-Leiden mice were fed for two weeks a Western dict supplemented
with gemfibrozil or SB 204990 at indicated doscs, After a 6 h fasting period, mice received an intravenous injection of heparin
and post-heparin plasma LPL activity was determined (see methods). After one additional week of [ceding the experimental dicts
and [ollowing a 6 h fasting period, mice were inttavenously injected with Triton WR 1339 and hepatic VL.DL triglyceride production
rate was determined (sec Methods). Means for each treatment and the difference of treatment means relative to control means,
with 95 % confidence intervals are presented, A 95 % confidence interval of a difference not containing zero indicates a statistically

significant difference at the 5% level.
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Tuble 3: The effect of gemfibrozil and SB 204990 on hepatic
mouse apoCIHT mRNA levels of APOE*3-Leiden mice.

mRNA apoC-111/36B4
(arbitrary units)

Compound
(dose) n

Mean [Difference] 95% C.1.

Control 8] 2.13

Gemlfibrozil (0.2 % wiw)| 8 | 2.15 -0.02
SB 204990 (02 % wiw) | 8| 1.73 -0.40

(~0.56, 0.60)
(~0.98, 0.18)

n, number of animals; C.I., confidence interval. Male APOE*
3-Leiden mice were fed for two weeks a Western diet supple-
mented with gemfibrozil or SB 204990, at indicated doses. After
a fasting period mice were bled for determination of plasma
cholesterol and triglyceride levels (see Table 1). Thereafter, mice
were killed and liver was excised. Total liver RNA was isolated
and 10 pg was used for northern blot analysis followed by hy-
bridization with a ?P-labeled probe of mouse apo-CIIT (see
Methods). RNA levels are relative to internal standard 36B4,
Means for cach treatment and the difference of treatment
means relative 1o control means, with 95 % confidence intervals
are presented, A 95% conflidence interval of a difference not
containing zero indicates a statistically significant difference at
the 5% level,

for the study shown in Table 1 and Fig. 1. The
results of these measurements are given in Table 3.
Once again, differences between mice in the control
(no drug) and high dose gemfibrozil or SB 204990
were small and not statistically significant,

Thus, APOE*3-Leiden transgenic mice exhibit sig-
nificant hypolipidaemic responses in absence of a
detectable effect on plasma LPL activity, hepatic
VLDL production, or hepatic apoC-III mRNA ex-
pression.

4, Discussion

For the development of hypolipidaemic and anti-
atherosclerotic drugs, a small animal model in
which both efficacy endpoints could be tested
would be of great advantage. The APOE*3-Leiden
mouse overexpresses a human dysfunctional apo E
variant and develops hyperlipidaemia and athero-
sclerosis when fed lipid/cholesterol-enriched diets
[3-6]. In the present study, APOE*3-Leiden trans-
genic mice were evaluated as a testmodel for hypo-
lipidaemic drugs by treating these mice with three
types of hypolipidaemic compounds, lovastatin,
gemfibrozil and SB 204990.

Lovastatin does not affect plasma cholesterol levels
in normal mice and rats, due to a strong compen-
sating upregulation of the 3-hydroxy-3-methylglu-
taryl-coenzyme A reductase gene expression and
the relative minor role of LDL receptors in the re-
moval from plasma of apo B containing lipo-
proteins [18, 19]. Interestingly, this drug expressed
a mild hypolipidaemic response in APOE*3-Lei-
den mice fed a Western-type diet. In the APOE*3-
Leiden mice removal from plasma of remnants of
triglyceride-rich lipoproteins is hampered due to
the enrichment of dysfunctional apoE3-Leiden on
these particle [3-5]. Consequently, the importance
of the LDL receptor in the removal of IDL and
LDL may be increased and it is speculated that
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an increase in LDL receptor activity, induced by
lovastatin, may have greater impact on plasma
IDL and LDL concentrations in apo E3-Leiden
mice than in normal animals.

The hypotriglyceridemic effect of gemfibrozil in
APOE*3-Leiden mice is in line with the observed
hypotriglyceridemic response in normal mice {20]
and rats [21]. The possible mechanism by which
gemfibrozil, and fibrates in general, lower plasma
triglycerides include upregulation of lipoprotein
lipase activity [22, 23], reducing VLDL synthesis
[24, 25] and down-regulation of hepatic apoC-IIl
gene expression [13]. In the present study, a clear
hypotriglyceridemic response of this drug in
APOE*-3-Leiden mice was observed. However,
this response could not well be explained by either
one of these effects. Whether a combination of
small changes in these parameters combined with
others e.g. VLDL size and composition, are re-
sponsible for the hypotriglyceridaemic response re-
mains to be seen. If so, plasma VLDL concentra-
tions in APOE*3-Leiden mice may be very sensi-
tive to small changes in triglyceride-rich lipo-
protein metabolism, a conclusion supported by our
earlier work with this model [4, 5],

This sensitivity of plasma VLDL concentrations in
APOE*3-Leiden mice is also evident when mice
were treated with SB 204990. SB 204990 inhibits
de novo cholesterol and fatty acid synthesis in rat
hepatocytes and Hep G2 cells and decreases
plasma cholesterol, triglycerides and the rate of
VLDL synthesis in rats by up to 50 % when mixed
in the diet at levels of 0.05%-0.25% w/w [7].
APOE#*3-Leiden mice exhibit a clear hypotriglycer-
idaemic response to SB 204990 treatment but sur-
prisingly, this response was not clearly explained
by a reduced hepatic VLDL production rate. Post-
heparin lipoprotein lipase activity was also un-
altered as was the level of mRNA for apoC-III
Again, whether a combination of small changes in
these parameters are responsible for the hypotrigly-
ceridaemic response remains to be seen. Notwith-
standing the lack of hard data to underpin the un-
derlying mechanisms, APOE*3-Leiden mice seem
to be susceptible for treatment with statins and fib-
rates as well as SB 204990, the lacton precursor of
a potent inhibitor of ATP-citrate lyase. This re-
sponsiveness to hypolipidaemic therapy combined
with the demonstration elsewhere [6] of a clear re-
lationship between aortic lesion size and plasma
cholesterol exposure, makes this mouse an attrac-
tive model for the testing of anti-atherosclerotic
properties of hypolipidaemic drugs.

5. References

[1] Suckling, K. E., Jackson, B., Prog. Lipid. Res. 32, 1
(1993)

[2] Sima, A., Bulla, A., Simjonescu, N., J. Submicrosc.
Cytol. Pathol. 22, 1 (1990)

[3] van den Maagdenberg, A. M. J. M., Hofker, M. H.,
Krimpenfort, P. J. A. et al., J. Biol. Chem. 268, 10540
(1993)

[4] van Vlijmen, B. J. M., van den Maagdenberg, A. M,
J. M., Gijbels et al., J. Clin. Invest. 93, 1403 (1994)

401




[5] van Vlijmen, B. L. M., van 't Hof, H. B., Mol, M. J.

T. M. et al,, J. Clin. Invest. 97, 1184 (1996)

[6] Groot, P. H. E., van Vlijmen, B. J. M., Benson, G.

M. et al., Arterioscler. Tromb. Vasc. Biol. 16, 926 (1996)

[7] Groot, P. H. E., Pearce, N. )., Yates, J. W. et al., Ath-

erosclerosis 109, 322 (1994)

[8] Nishina, P. M., Verstuyft, J., Paigen, B., J. Lipid Res.

31, 859 (1990)

[9] Bengtsson-Olivecrona, G., Olivecrona, T. in: Lipo-

protein analysis, C. Converse, E. R. Skinner (eds.), pp.

é 16999—11)85, Oxford University Press, Oxford, England

[10§ Peterson, J., Olivecrona, T., Bengtsson-Olivecrona,

G., Biochim. Biophys, Acta. 837, 262 (1985)

Ell é]é))tway, S., Robinson, D. S., J. Biol. Chem. 244, 4406

[12] Bernstein, S. E., in: Biology of the Laboratory

Mouse, 2nd ed., L. Green (ed.), pp. 337-350, Dover

Publications, New York (1975)

[13] Staels, B., Vu-Dac, N., Kosykh, V. A. et al., J. Clin.

Invest. 95, 705 (1995)

[14] Chomczynski, P, Sacchi, N., Anal. Biochem. 162,

156 (1987)

[15] Laborda, J., Nucl, Acid Res. 19, 3998 (1991)

[16] Wang, C. S., McConathy, Kloer, H. U, et al., J. Clin.

Invest, 75, 384 (1985)

{17] Quarfordt, S, H., Michalopoulos, G., Schirmer, B,

J. Biol. Chem. 257, 14642 (1932)

Hg]gé))uel, S., Drisko, J., Graf et al., J. Lipid Res. 34, 923

[19] Rudling, M., I. Lipid. Res, 33, 493 (1992)

[20] Olivier, P, Plancke, M. O., Marzin, D. et al., Athero-

sclerosis 70, 107 (1988)

E%lg]gg(rause, B. R., Newton, R. S., I Lipid. Res. 26, 940
)

402

[22] Nikkild, E. A., Huttunen, J. K., Enholm, C., Metab.
Clin. Exp. 26, 179 (1977)

[23] Goldberg, A. P., Applebaum-Bowden, D. M., Bier-
man, E. L. et al.,, N. Engl. J Med. 301, 1073 (1979)
[24] Kosykh, V. A., Prodez, E. A., Novikov, D. K. et al.,
Atherosclerosis 68, 67 (1987)

[25] Laker, M. E., Mayes, P. A., Biochem. Pharmacol.
28, 2813 (1979)

Acknowledgements

This research was supported by the Netherlands Heart
Foundation and the Netherlands Foundation of Scient-
ific Research (projects 900-504-092 and 900-539-117).
Financial contribution of the specific RTD Programme
of the European commission (BIOMED-2, #BMH4-
CT96-0898) is gratefully acknowledged. Dr. Marten
Hofker is an Established Investigator of the Netherlands
Heart Foundation.

Correspondence; Dr. Pieter H. E, Groot, Department
of Vascular Biology, SmithKline Beecham Pharma-
ceuticals, NFSP(N), Coldharbor Road, Pinnacles,
Harlow, Essex CM19 5AD (UK)

.. Arzneim.-Forsch/Drug Res. 48 (1), Nr. 4 (1998)
van Vlijmen et al, - Lovastatin, gemfibrozil and §B 204990






