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Introduction

Coronary artery disease is still the leading cause of

death in industrialized countries and the disease is

caused by atherosclerosis. Atherosclerotic process

begins early in the childhood, decades before first

clinical cymptoms. There are four main types of
atherosclerotic- lesions (Stary er a1. 1994). Lesion

types I and II are very important in the early phase

of atherogenesis. Clinically more important lesions

are lesion types 111 and 1V: Because the first lesion

types in humans develop decades before the first

clinical symptoms, it is very difficult to obtain

samples from early human lesions. For that reason

adequate animal models are essential for studies
regarding the pathogenesis of atherosclerosis. One

of the best models is Watanabe heritable hyperlipi—

dcrnie (WHHL) rabbit which develops spontanei

ous hypercholesterolemia and atherosclerosis (Wa-

tanabe et all 1980)

The WHHL-rabbit is a strain of rabbits with a con-
sistently inherited hyperlipidemia produced by in-

breeding of a mutant discovered in 1973 (Watana-

be at all 1980). WHHL—rabbits lack funcional low

density lipoprotein (LDL) receptors (Bilheimer et

a]. 1982) which results in an increase in plasma

Cholesterol and triglyceride levels. Homozygous

WHHL—rabbits develop atherosclerosis very early.

Morphology of the lesions is very similar to that of

human atherosclerotic lesions and is different from

lesions in cholesterolefed rabbits (Rosenfeld et ul.

1990). Therefore, the WHHL—rabbit is an cxcelent

model to study the development of atherosclerotic

lesions (Rmenfeld et a1. 1987).

Due to the lack of functional LDL—receptors the

plasma cholesterol and triglyceride levels in

WHHL—rabbits are abnormally high Plasma cho—

lesterol (l’-Ch) levels can vary from 10 to 50

mmol/l and plasma triglyceride (P-Tg) from [,5 to

20 mmol/ 1. In this study we analyzed atheroscle-

rosis and standard laboratory values in ourWHHL—

rabbit colony. 4

Materials and Methods

All animals (n=20) were housed individually in

steel cages under controlled environmental condi-

tions. The rabbits received standard rabbit chow

(K5, Lactamjn. Sweden) and tap water ad libitum.

Blood samples for all Irleasurernents were col~

lected [rum central ear artery at the age of 3—6

months after 12 hour fasting. All the rabbits were

clinically healthy. At the end of the study animals

(mean age 2.0 years, min. — max., (184-45 years)

were sacrificed and the aorta was dissected from

the heart to the bifurcation. The aorta of 8 rabbits

was opened longitudinally and macroscopic le-

sions were evaluated by a naked eye examination.

All laboratory studies were made at the Kuopio

University Hospital, Kuopio, Finland, Plasma total

cholesterol, HDL—cholesterol and triglyceride val—

ues were measured by Specific, Kone Instruments

Corp., Finland. Liver enzyme levels were meas

11er by Specific, Kone Instruments Corp, Finland

and other blood samples by Celtac Auto MEK-

8118K, Nihon Kohden, Japanr Reagents and proto—

cols for laboratory measurements were those sug-

gested by analyzer manufacturer.

Results

Mean,minima1 and maximal values for plasma to-

tal cholesterol (PeCh), HDL cholesterol (PeHDL)

and plasma triglyceride (P-Tg) levels, and aorta 1c-

sion areas are presented in Table 1. Due to other

studies aorta lesion areas were evaluated only from

8 animals. The main lesion type was a lipid—rlch

plque or a type IV lesion. Blood hemoglobin (B-

Hb), hematocrit (B-Het), red blood cell count (B—

RBC), white blood cell count (B-WBC), platelet

count (BePlatelet). mean corpuscular volume (E—

MCV), mean corpuscular hemoglobin (E-MCH)

and mean corpuscular hemoglobin concentration

(E-MCHC) are shown in Table. 2. The following

plasma liver enzyme levels were also analyzed;

aspartate transferase (P—AST), alanine transferasc
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Table I,
mean min—max 11

Age 2.0 yrs 084-45 8

Lesion areas

Aortic arch 91% 70-100 8

Thoracic aorta 48% 10-100 8

Abdominal aorta 26% 0-75 8
P—Cholcstcrol 20.2 mmol/l 10.5-31.9 20

P—HDL-Chelesterol 0.33 mmol/l 0.15-0.58 20

P-Triglyceride 8.0 mmol/l 2.2-19.9 20
 

(P-ALT), alkaline phosphatase (P—ALP), y-gluta-

my1 transpeptidase (P-GGT) and lactate dehydro-

genase (P—LDH) (table 2).

Discussion

High plasma cholesterol and triglyceride levels are

well known risk factors for atherosclerosis. The

mean plasma total cholesterol and triglyceride lev-

els were much higher and plasma HDL cholesterol

level much lower than in normal humans or in nor-

mal New Zealand White rabbits (Ylitalo er al.

1994). WHHL-rabbits had severe atherosclerosis

already at the early age. Although plasma lipids

were very high, liver enzyme levels were close to

normal human values. Livers of the WI 1H L-rahhits

were clinically normal at the time of sacrifice and

there were no clinical signs of cholesterol accumu-

lation, bile accumulation or other types of liver dis-

ease, Other laboratory values of the WHHLerabbits

were also similar to human values and indicate that

these WHHL—rabbits were healthy without any ma-

jor subelinieal diseases or abnormalities other than

hypereholesterolenfia.

Cholesterol fed rabbits usually develop severe liver

damage only after a few months on cholesterol

feeding even though plasma cholesterol levels are

110g much higher than in normal WHHL—rabbits.

This may be due to the harmful effects of exoge-

nous cholesterol, as compared to the endogenously

produced cholesterol in the WHHL-rabbits.

Our study shows that the WHHL—rabbit is an im-

portant animal model for atherosclerosis research.
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Table 2.

mean min-max n

13—111) 137 g/l 132-141 2

B-HCT 41.3% 39.9-42.7 2

B-WBC 6.4 E9/1 5.6—7.2 2

13—1030 6.09 1312/1 6.06-6.12 2
B—Platelet 512 139/1 454-569 2

E-MCV 68 fi 65-72 2

E-MCH 225 pg 22-23 2
E-MCHC 331 g/l 330—331 2

P»AST 39.8 IU/l 12—97 20
P-ALT 53.01U/1 16-114 20

P-ALP 44.7 lU/l 10-114 20

P-GG'l‘ 3.1 lU/l 0-22 20
P-LDH 120 IU/1 62—220 20
 
Table 2. Laboratory values in normal WHHL—rabbits.

Blood hemoglobin (B-HB), Hematocrit (Bcht).

white blood cell count (B~WBC), red blood cell count

(B7RBC). platelet count (B?Platelet), mean corpuscu»

lat volume (E-MCV). mean corpuscular hemoglobin

(E—MCH), mean corpuscular hemoglobin concentra-

tion (EeMCHC), aspartate transferase (P-AST),

alanine transferase (P-AI.T), alkaline phosphatase (P-

ALP), y—glutamyI transpeptidase (P—GGT) and lactate
dehydrogenase (P—LDH),

The WHHL—rabbit develops atherosclerotic lesions

on a regular rabbit chow without any manipula-

tions, which may cause artifacts and severe health

problems. Other studies have also demonstrated

that the morphology of atherosclerotic lesions in
WHHL»rabbits is similar to that of human athero-

sclerotic lesions and differs from these lesions ob

served in cholesteroHed rabbits (Fischer Hansen

etal. 1984, Rosenfeld etal. 1990). All these aspects

make WHHL-rabbit a valuable model in athero-

sclerosis research.

Acknowledgements

This study was supported by grants from Finnish

Academy, Finnish Heart Foundation and Sigrid

Juselius Foundation.



References:

Bilheimer DW, Y Watanabe & T Kira: Impaired

receptor—mediated catabolism of low density
lipoprotein in the WHHL-rabbit, an animal

model of familial hypercholestero1emia. Proc.

Natl. Acad. Sci. 1982, 379, 3305-3309.
FischerHanse/t B, Morlensen A, FischerHansen J,

Ibsen P, Frandsen H & Nor'destgaard BG:

Atherosclerosis in Watanabe heritable hyperli-

pidaernic rabbitsAPMIS 1984, 102, 177—190.

Rosenfeld ME & R Ross: Macrophage and smooth

muscle cell proliferation in atherosclerotic le-

sions of WHHL and comparably hyperlipide-

Inie fatt—fed rabbits. Arteriosclerosis 1990, 10,

680687.
Rosznfeld ME. T Tsukada, AM Gown & R Ross:

Fatty streak initiation in watanabc heritable

hyperlipidemic and comparably hypereholeste-

Send. I. Lab. Anim. Sci, N0. 4. 1996. Vol. 23

rolemic fat—fed rabbit. Arteriosclerosis 1987, 7,

9—23.

Stary HC, AB Chandler, S Glagov, JR Guyton, W

lnsuil Jr. ME Rosmfeld, SA Schafler, C]
Schwartz, WD Wagner & RWWissler: A defini—

tion of initial. fatty streak, and intermediate le—

sions of atherosclerosis; a report from the com-

mittee on vascular lesions of the council on

atherosclerosis, American Heart Association.

Circulation 1994, 89, 2462—2478.

Watanabe Y: Serial inbreeding of rabbits with here-

ditary hyperlipidemia (WHHL-rabbit). Athero—
sclerosis 1980, 36, 261—268.

Ylitalo R, Oksala 0, Ylii-Herltuala S & Ylitalo P:

Effects of elodronate (dichloromethylene bi-

sphosphonate) on the development of experi—

mental atherosclerosis in rabbits. J Clin. Lab.

Med. 1994, 123, 769-776.

The Total Solution for the Handling of Animal Bedding Materiql
 

Removal of waste material and measured

filling of new maten’al into animal trays 7
DUSTFREE — with a Dustmntml totally

enclosed extraction system.

The Dustcontrol System

  re

‘
F;

 

AL mm It; 514nm”;
_ nmnws FUNNLL

. DISPEVSER "a F’y
p . -

(:91 1 HAL

 

     

  
 

 

 

R d H J] 1an j I |
0 e ucesa ergy exposure - .

. LOADlNG -, .f' n, m .1
- Eases handling of new and waste 3-. - , l \

materials 959 .1 ‘ ' h
"5 _.. ‘ - ‘\ were- Saves valuab|e floor space - | I/ ' thnlA.

. . . . ' S , . .‘ coymwa;
- Gives accurate materlal dispenstng n j] - \II‘W" /J \_

' ‘ ' ' 7 — I - wif‘wfii‘- Makes tactlltles cleaning easy and M .. .0

efficient Q

12/; \\
/ \ \ §weden Denmark Norway Finlanc

D s 0 j ) Dustcomrol AB 43 en gros salg a/s 1eiJo Norge AS STCelndustrial Oy
‘ ‘ ’ / TeIOB-53186060 Tel 15-1511 22 Tel032-82 3035 Te10-6731 22

Fax 087531 703 05 
Kumla Gérdsvag 1.4 37145 63 Norsbotg

Fax 75715 82 69 Fax 032-82 14 20 Fax 0-67 34 86

197


