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Abstract

Background: Cholesterol is a lipidic, waxy steroid found in tbell membranes and

transported in the blood plasma of all animals is an essential component of
mammalian cell membranes, where it is required $takdish proper membrane

permeability and fluidity. Abnormally high cholesté levels (hypercholesterolemia);

that is higher concentrations of LDL and lower camtcations of functional HDL are

strongly associated with cardiovascular diseaseauss these promote atheroma
development in arteries (atherosclerosis). Highlesterol fed rabbits as an animal
“model” has frequently been used to study atheewssls .However reports on Doppler
study of atherosclerotic effects on blood flow dfedent size arteries in the rabbit are
lacking.

Objectives: to assess the effect of cholesterol enriched aletaortic diameter and
intima-media thickness and blood flow velocitiestoé aorta, renal artery and intra-
renal arteries in male rabbits.

Materials and methods: This study was conducted on 16 male rabbits. Theals
were randomly divided into two groups (8 rabbis group), Rabbits in the first group
fed normal chow diet and those in the second gfedpwith 2% cholesterol enriched
diet for 12 weeks.. Blood samples were collect®dmeasurement of serum lipids
profile at the start and at the end of the studyortic diameter , its intima- media
thickness and aortic, renal artery and intra-remtdry blood flow velocities were also
measured by a triplex Doppler machine throughout.

Results & Conclusions: Feeding rabbits with 2 % cholesterol enriched ¢e 12
weeks results in a significant increase (P<0.05erum level of TC, TG, HDL, LDL
and VLDL. Also there was a significant increase ®$8) in aortic diameter , intima-
media thickness, resistive index, pulsatality indenal artery and intra-renal arteies
peak systolic velocity, resistive and pulsatalihdices and renal aortic ratio in
comparison to the normal control group. There wassignificant change (P>0.05) in
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aortic peak systolic velocity and aortic, renaégr and intra-renal arteries end diastolic
velocities. It was concluded thatholesterol enriched diet increased the vascular
resistance and caused development of renal atiempsis as indicated by the increase
in aortic, renal artery and intra-renal arteriesigttve and pulsatility indices and
increase in renal artery peak systolic velocity eerdhl /aortic ratio

Key wards: Aorta, Intima-media thickness, renakmes, Atherosclerosis, Doppler,
Rabbit

Abbreviations: IMT: intima-media thickness, AO; tmrRA: renal artery, TC: total
cholesterol, TG :triglycerides, HDL: high densitipdprotein, ,LDL: low density
lipoprotein, VLDL: very low density lipoprotein, Rlresistant index, PI: pulsatility
index, PSV: peaked systolic velocity, EDV: end thés velocity, MV: mean flow
velocity, RAR: renal aortic ratio.

Introduction:

Atherosclerosis is a disease of the vessel wabllving lipid accumulation, chronic
inflammation, cell death, and thrombotiat causes heart disease and sttbke
Atherosclerotic disease including coronary arteisedse istill the leading Killer in
industrial countries?®. The developmenof coronary artery disease is a lifelong
process; hypercholesterolemg one of the major risk factors for coronary arter
disease. Epidemiological and experimental data Iradieated tha# high cholesterol-
containing diet is highly related tine development of hypercholesterolemia and
atherosclerosis?.

A number of large epidemiological studies hadentified numerous risk factors for
the development and progression of atherosclerdbes.risk factors can be divided into
modifiable and non-modifiable risk factors. Nondfifable risk factors include
increased age, male gender, family history and sgenetic abnormaliti€s”. The most
important modifiable risk factors include hypertipmia, hypertension, cigarette
habituation, diabetes mellitig.

Atherosclerotic lesions (atheromata) are asymmetocal thickeningsof the
innermost layer of the artery, the intima. They sish of cells, connective-tissue
elements, lipids, andebris®. Blood-borne inflammatory and immune cells conggit
an important part of an atheroma, the remaindargoeasculaendothelial and smooth-
muscle cell$?®. The atheroma is preceded a fatty streak, an accumulation of lipid-
laden cells beneatthe endothelium; most of these cells in the fatiyeak are
macrophages, together with some T défls

There exist several reports demonstrating thabits develop hypercholesterolemia
rapidly after excessive cholesterol feeding with thsult of atherosclerotic changes in
their aorta and pulmonary artefy 2 30 a9 3D owever, until the time of writing this
work, studies on Doppler assessment of blood viscin the aorta and renal arteries in
the rabbit are lacking.

Material and methods:

Animals and study design

This study was conducted on 16 local domestic hgathale rabbits of body weight
ranging between 1400-1700 grams. Rabbits weredtbin a well ventilated cages and
allowed to drink tap water ad libitum, and fedtwstandard chow (oxiod) diet ad
libitum. A 2 weeks period was allowed to elapsethait interference for
acclimatization. They were then randomly dividetbi@ groups (8 animals per group),
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the normal control group and atherosclerosis indugeup. Rabbits in the normal

control group were kept on standard chow diet apdaater throughout the duration of
study and those in the atherosclerosis inducedupgveere kept on atherogenic diet (a
2% cholesterol-enriched diet made by the additiboholesterol powder to the oxiod

pellets§*Y and tap water throughout the duration of studyvig2ks)

All rabbits were examined by Colored Doppldragound machine at the start and at
the end of the study. Doppler examination was peréa at the morning after an
overnight fasting to prevent the occurrence of gtit@l gases which may prevent
optimal visualizing of the arteries under study.heTleft lateral side was used for
insonation, for technical reasons. Rabbits weratseldby administration of 5mg/kg
body weight diazepam intra-periton&al and their left lateral side and abdomen were
shaved . A 7.5 — 10 MHz probe was used to insoth&teaorta and renal arteries. The
aorta was first visualized and identified by étsaracteristic pulsation and by using
color flow Doppler; aortic diameter, its intima- dha thickness (at the origin of renal
artery) were measured. Care was taken to insoflatessels under study at an angle of
0° and not to exert too much pressure on the fan&bdomen. The aortic blood flow
parameters ( peak systolic velocity, end diastgktocity, resistive and pulsatility
indices) were measured electronically by the sadtewvdevice built in the Doppler
machine. The renal artery and intra renal artdriglood flow changes in the interlobar
artery at mid pole used in the current study) @& kft kidney were visualized and
identified using color flow mapping and their blofidw parameters ( peak systolic
velocity and end diastolic velocity ) were also sw@ad as mentioned earlier.

The mean blood flow velocity (MV) is calculatedngsfollowing equatior?®:
MV = diastolic velocity +1/3(peak systolic velociydiastolic velocity)
Renal Aortic Ratio (RAR) calculated from followirgjuatiorf*®:

PSVin renal arterc
RAR = P5V in aorta

Blood sampling were taken from central earrgrég the start and at the end of the
study in order to measure serum lipids levels. dhienals were then sacrificed and the
aorta was excised for histomorphometric analysis

Measurement of serum lipids level

From each rabbit blood samples were colle@teoh the central ear artery without
using heparin after an overnight fasting. The blesathpling was done at the start of the
study i.e. at zero time and at the end of the stiedyat 12 weeks. The blood samples
were allowed to clot at 37 C and centrifuged at@@Om for 15 min. , Sera were
removed, and analyzed for determination of setwtad cholesterol, triglycerides and
HDL- C by enzymatic methods using reagents supjpjeBIOLABO SA. LDL-C and
VLDL-C were calculated by the following equatidid
LDL = Total cholesterol — (HDL + VLDL)
VLDL = serum triglyceride / 5

Histopathological procedure

Rabbits were killed by administration of highse of Phenobarbital intravenously.
Aortic arch with about 1 cm of the descending aorés resected. Sections were then
examined by a microscope under magnification povtex4, x10 and x40) , the
histological changes were determined accordinghé&o American Heart Association
classification of atherosclero&f8 which divides atherosclerotic lesions into sixeyms
follows: Type I (initial) lesion : Isolated macrogipe foam cells . Type Il (fatty streak)
lesion: intracellular lipid accumulation. Type (Ihtermediate) lesion: Type Il changes
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and small extracellular lipid pools. Type IV (atbma) lesion: Type Il changes and
core of extracellular lipid. Type V (fibro-atherainlesion: lipid core and fibrotic layer
or multiple lipid cores and fibrotic layers. Typd {omplicated) lesion: complicated
fibro-atheroma with hemorrhage or thrombus
Statistical analysis

The data were expressed as mean = SEM. Statistiadysis were done by using
computer program (SPSS) . In all tests P valuex<0u@s considered to be statistically
significant. Analysis of Covariance (ANCOVA) was eds for comparison of
differences among the groups.

Results
1-Effect on serum lipids level

There was a significant increase (P<0.05) irurselevel of total cholesterol,
triglyceride, LDL, VLDL, and HDL in the atherosctesis induced group after 12 weeks
of atherogenic diet feeding in comparison to themad control group as shown in
table(1).

2-Effect on aortic diameter, intima media thickness ad blood flow velocity
parameters

There was a significant increase (P<0.05) ini@antima-media thickness, diameter,
resistive and index, pulsatility indices after 12eks of atherogenic diet fed rabbits
(atherosclerosis induced group) in comparison & rthrmal control group, but there
was no significant difference in aortic peak systoklocity and end diastolic velocity
between the atherosclerosis induced group and hawon&ol group as shown in table
(2), and in figures (1, 2); figure (3) demonstrai@eppler spectrum wave form
parameters of rabbit abdominal aorta. Figure (6xshnormal rabbit aortic wall layers;
figures (7, 8 and 9) illustrate different stagestiferosclerotic changes in hyperlpidimic
rabbit aortic wall layer

3-Effect on renal artery blood flow velocity parametes and renal aortic ratio

There was a significant increase (P<0.05) inalreartery peak systolic velocity,
resistive index, pulsatality index and renal-aoréito after 12 weeks of atherogenic diet
fed rabbits (atherosclerosis induced group) in canispn to the normal control group,
but there was no significant difference in rendry end diastolic velocity between
the atherosclerosis induced group and normal cogitoaip as
shown in table(3). An example of renal artery Deppectral wave form is shown in
figures (4 , 5)

4-Effect on intra-renal arteries blood flow velocity parameters

There was a significant increase (P<0.05) irainénal arteries peak systolic velocity,
resistive index and pulsatality index after 12 vweea@i atherogenic diet fed rabbits
(atherosclerosis induced group) in comparison & rthrmal control group, but there
was no significant difference in intra-renal ameriend diastolic velocity between the
atherosclerosis induced group and normal controugras shown in table (4). An
example of intrarenal artery(Interlobar artery aidmpole of the kidney) Doppler
waveform is shown in figure(5)
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Table (1): Effect of cholesterol enriched diet onabbit serum lipid profile in comparison to the
normal control group

Groups | TC (mg/dl) | TG HDL LDL VLDL
(mg/dl) (mg/dl) (mg/dl) (mg/dl)
At Normal 54.3+2 445+0.56 | 16.4+0.24 29+1.8 8.9+0.11
zero control
time
After Normal 57.2+1.3 46.5+0.92| 16.3#0.31 31.6x1.4 9.3+0.14
12 control
weeks
Dietary 721.3+9.4* | 187.8+8* | 19.3+0.73*| 664.4+8.7 37.6%1.67
induced

* P<0.01 (means of dietary induced group after 12 aeks versus means of normal control group
after 12 weeks)

Table (2): Effect of cholesterol enriched diet onabbit aortic diameter, intima media thickness
(IMT), PSV, EDV, PI, and RI in comparison to the rormal control group

Groups | Aortic IMT | Aortic Aortic Aortic Aortic RI Aortic PI
in mm diameter in| PSV in| EDV in
mm cm/s cm/s

At zero | Normal 0.3+0 2.22 +0.09| 31.3x2.4 3.33+0.56 0.84+0.0189310.1
time control
After Normal | 0.32+0.02 2.28+0.09 31.8+3 3.67+0.62  0.83+0.02287140.11
12 control
weeks

Dietary | 0.87+£0.05* | 2.78+0.11* 33.5+3.1] 3.33%0.36 0.9+0.0122.24+0.079*

induced

* P<0.05, ** P<0.01 (means of dietary induced groumfter 12 weeks versus means of normal
control group after 12 weeks)

Table (3): Effect of cholesterol enriched diet onabbit renal artery PSV, EDV, PI, Rl and renal
artery to aortic PSV ratio in comparison to the nomal control group

Groups Renal artery| Renal artery| Renal Renal artery| Renal artery
PSV in cm/s EDV in cm/s artery RI Pl Aortic ratio
At zero | Normal 44.5+4.6 22.83x2.4 0.483 +0.72+0.057 2.13+0.24
time control 0.024
Normal 46.2+5.6 24+2.8 0.480 1 0.71+0.021 2.18 £0.25
control group 0.01
After 12
weeks Dietary 78.5+8.5%* 30.5+4 0.607 % 1.06+0.13* | 2.39 +0.17*
induced 0.043*
group

* P<0.05, ** P<0.01 (means of dietary induced groumfter 12 weeks versus means of normal
control group after 12 weeks)
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Table (4): Effect of cholesterol enriched diet on rabit intra-renal arteries PSV, EDV, PI, and Rl in
comparison to the normal control group

R ] R ] Intra-renal Intra-renal arterieg
Groups arteries PSV in arteries EDV . T
. arteries RI Pl
cm/s in cm/s
Qrtne Z€T0 | Normal control | 42.7+6.7 21+4.2 052+0.022 0.81851
Normal control| 43.2+6.6 21.3 £3.7 0.52 +0.018 aJoe43
After 12
weeks Dietary induced) ¢, 5. ; o 24.8+2.8 0.61+0.031%  1.03+0.084**
Untreated

* P<0.05, ** P<0.01 (means of dietary induced groumfter 12 weeks versus means of normal
control group after 12 weeks)
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Figure (1): A B-mode ultrasound image showing labraabdominal aorta with normal aortic
wall thickness, D1 is the intima-media thickned3.3mm , D2 is the aortic diameter = 2.1 mm
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Figure (2): A B-mode ultrasound image showing abitahbdominal aorta with increased aortic
thickness (sclerotic wall), there also dissemimabb plaques and thrombi inside the aorta , D1
is the intima media thickness = 0.7 mm
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Figure (3): A Doppler wave form spectrum showingadbits aortic blood flow velocity,
PSV=0.37 m/s , EDV=0.05 m/s RI=0.86 , S/D ratio=7.4
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Figure (4): A Doppler wave form spectrum showing Figure (5): A Doppler wave form spectrum showing
a rabbit distal renal artery blood flow velocity, a rabbit intra-renal artery blood flow velocity,
PSV=0.60 m/s, EDV=0.19m/s, RI=0.68, S/D ratio=3.2PSV=0.56 m/s, EDV=0.23m/s, RI=0.59, S/D

ratio=2.4

Figure (6): A cross section of normal rabbit aorta
shows the normal appearance of arterial wall
layers: Lumen , Intact continuous endothelium
(Intima), regularly arranged smooth muscle fibers
(media) and adventitia . The section stained with
haematoxylin and eosin ( x4)

Foam cells

Figure (7): A cross section of hypercholesterolemic
rabbit aorta demonstrating many lipid laden
macrophages (Foam cells) that represent an early
atherogenic event (fatty streak), the fatty streak
affecting  mainly the intima (Type-2
atherosclerosis). The section stained with
haematoxylin and eosin ( x10)
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Figure (8):: A cross section of Figure (9): A cross section of

hypercholesterolemic rabbit aorta hypercholesterolemic rabbit aorta

demonstrating an early atherogenic eventlemonstrating a more advanced fatty

(fatty streak) affecting mainly the intima streak affecting the intima and extending

(Type-2 atherosclerosis). The sectiondown to the media (Type-2

stained with haematoxylin and eosin (atherosclerosis). The section stained with
haematoxvlin and ensin ( x

Figure (10): A cross section from aorta
shows wide spread fatty streak with

irregular surface ( diffuse intimal
thickening and narrowing of lumen )
(Type-3 atherosclerosis). The section

stained with haematoxylin and eosin (
x1M
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Figure (11): A cross section from aorta
shows an advanced wide spread
atheromatous plaque involving both
intima and media with early separation in
the media (Type-4 atherosclerosis). The

section stained with haematoxylin and
ancin ( x1C
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Figure (12): A cross section from rabbFigure (13): A cross section from aorta
aorta shows a fibrous atheromatosfiows an advanced complicated
plaqgue with focal ulceration (Type-@atheromatous plaque with marked
atherosclerosis). The section stained witihganization and sloughing (Type-6
haematoxvlin and ensix40 atherosclerosis). The section stained h
haematoxylin and eosin (x10)

Discussion

It has already been shown that arteriosclera$igshe coronary and peripheral
vasculatures the leading cause of death among men and womdmei UnitedStates
and worldwidé?®. The present investigation was aimed to demormsinathe rabbit the
effect of hyperlipedemia induced atherosclerosidifferent size arteries on blood flow
velocities as calculated by colored Doppler equipime

In the current study, a significant increaseserum TC, TG, HDL, LDL and VLDL
levels was found in rabbits fed with cholesteradligred diet as compared with that in
the normal control group. These results are cadistith those previously reported by
Alipour et al.Y); Bauersachst al. ® ' Howard and Culley® ,Sun YP et al®®
Mohammadiet al®® and Zhu BQ et &f%- |

Intima-media thickness (IMT) is currently refal as an important index of
atherosclerosis progression. It has been repdntadoaseline IMT can predict coronary
heart diseases such as angina and non fatal myaidafdrctions?. Zulkhairi et af*?
and McConnellet al.*® reported that rabbits fed with cholesterol ereitiiet showed
significant increase in the aortic IMT, the resutibtained from the present study have
confirmed these observations .

Further, a significant increase in aortic déenwas found in rabbits fed with
cholesterol enriched diet as compared to theiresaht zero time. This observation can
be explained by the expansive (enlargement) artenmaodeling which was recognized
as an importardeterminant in vascular pathology in which narrayvof thelumen is
the predominant featUf. The present findings are in line with the obstova of
Armstronget al.?) who reported that radiahlargement of vessels occur in macaque
monkeys fed with cholesterol enriched diet duertgpessiveplaque growth.

Concerning Doppler indices: There was no sigaiit increase of aortic peak systolic
velocity (PSV); in contrast, significant increasierenal artery and intra-renal arteries
PSVs were found in rabbits fed with cholesterolidred diet as compared to that of
normal control group. These results are in egent with that reported by
Yamashitaet al.“®, who found that the peak systolic velocity of atiselerotic iliac
arteries of rabbits increased significantly (2.hds) in comparison to normal iliac
arteries.
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The increase in renal artery and intra-ren@ris PSVs is due to the increased wall
thickness and development of plaques in the artesa#l by cholesterol enriched diet
feeding. When plaques protrude in to the bloodsekss narrowing of vascular lumen
occurs which leads to very high blood flow velodityough the stenosed regidi®.
Moreover, the increase in blood flow PSV may be wuthe fact that the atherosclerotic
vessels are hardened and exhibit stiff and non tantstat&”.

The finding that the aortic PSV was not inseghsignificantly can be explained by
the fact that the aortic lumen is larger and difficult for plaques to cause stenosis in
such artery with a wide lumen to affect blood fleglocity.

Another observation to be mentioned is thattic PSV in some rabbits was found
to decrease. This may be due to a possible develoipai heart failure which perhaps
caused reduction in blood pumping capability ofleart and consequently reduction in
aortic peak systolic velocify”.

Cholesterol enriched diet feeding to rabbitegdnot results in a significant change in
aortic, renal artery and intra-renal arteries ergtdlic velocities (EDV). These results
may be explained as that the end diastolic velasitnot necessarily increased in
stenosed arteries (normal or even low end diastelocity does not exclude critical
vascular stenosis). EDiay be increasednly in high degree of steno$fs™)

Cholesterol enriched diet caused a significaategase in aortic, renal artery and intra-
renal arteries RIs and PlIs. These results can plaiegd by the fact that Rl and PI are
related to vasculamesistance; and such increase in Rl and PIlgscested with
arterial stiffness (which reflects systemic athetersis) > *8”

There was a significant increase in renal aoritio (RAR) in rabbits fed with
cholesterol enriched diet as compared to the contvomal control group. This result
may be explained as there was a significant inereathe PSV of renal artery and non
significant increase in the PSV of aorta, thisddketo significant increase in the RAR
which is regarded as an important Doppler indseduin the diagnosis of renal artery
stenosi€.

In conclusion, Cholesterol enriched diet caused increase in IMthefaorta of variable
degrees, increased vascular resistance, and dewetbpof renal artery stenosis as
indicated by the increase of RIs, Pls of aorticateartery and intra-renal arteries and
increase in renal artery PSV and renal arteryifaaatio.

Since it is possible to interrogate blood flowtbe aorta and renal arteries in the
rabbit, using Doppler technique, this work was edtsl further to study the effect of
certain drugs such as statines and sildenafil ortica@and renal blood flow of
hyperlipedaemic rabbits .
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