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ABSTRACT

Collagen representsthe chief structural vertebral protein. The most impor-
tant function of collagen isto withstand tensile stress. The aorta is one of
the important sources of collagen. The present study was undertaken to
investigate the effect of high cholesterol diet on the hydroxyproline frac-
tionsand collagen content in the aorta of rabbits. 12 Weeksold New Zealand
white male rabbits were divided into control group and cholesterol-fed
group. The control group (n=10) wasfed on 100g/day of normal diet, ORC-
4 (Oriental Yeast Co. Ltd., Tokyo, Japan) for 15 weeks. The cholesterol-fed
groups (the experimental groups; n=15) were fed on high cholesterol and
saturated fat diet of ORC-4 containing 1 % cholesterol plus 1 % olive oil
(100 g/day) for periods of 5 weeks (group 1), 10 weeks (group 2) and 15
weeks (group 3). The rabbits were sacrificed after the mentioned time pe-
riod and their serum was used to determine total cholesterol, low-density
lipoprotein cholesterol and triglycerides. The aortae were used to deter-
mine their hydroxyproline fractions and collagen content. Feeding rabbits
on high cholesterol diet caused significant increasein serum levels of total
cholesterol, low-density lipoprotein cholesterol and triglycerides. High
cholesterol diet also caused a significant decrease of collagen from the
aorta which was supported by histological studies.
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INTRODUCTION

Collagen representsthechief structurd proteinac-
counting for approximately 30% of all vertebrate pro-
tein. Inmgority of thetissuesthemaost important func-
tion of collagenisamechanica one- to withstand ten-
slestress. Thehydroxyproline (Hyp) isapost trand a
tiona product of proline hydroxylation catalyzed by the

enzyme prolylhydroxylase (EC 1.14.11.2)!. The oc-
currence of thisamino acid isthought to be confined
exclusively to collagen, whereitispresentintheY po-
sition of the Gly-X-Y repeating tripeptide?. Conse-
quently, the presence of hydroxyproline (Hyp) intis-
sues or serum can be used asameasure of collagen or
collagen degradation products®. In our previous
studies** we haveshown that HgCl, treatment to rats
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damagesthe collagen which isreflected by increased
levelsof Hypin serum and an increased excretion of
Hypinurine.

Gregory!® has postul ated that serum hypercholes-
terolemiaaccd erates atherogenes shy augmenting cho-
lesterol accumulationinthearteria intima. High total
cholesteral (TC) and low-density lipoprotein choles-
terol (LDL C) have been correlated withtheincreased
risk of atherosclerosig”. Hypertriglyceridemiaisasso-
ciated with an increased risk of coronary heart dis-
ease®. Abdelhalim et al. reported that chol esterol
feeding hasageneral tendency to induce softening of
thearterid wall dueto denaturation of collagenanddas-
tinwhich existinthemediaof thearterial wall andis
knownto play adominant rolein governing mechanica
properties of blood vessdls. In the present study an at-
tempt was madeto study the effect of high cholesterol
diet on aortic collagen content and varioushydroxypro-
linefractionsinrabhits.

MATERIALSAND METHODS

Animals

12-Weeksold, New Zealand white mal e rabbits,
were purchased from Kitayamalab. Ltd., Kyoto, Ja-
pan, individualy caged, and divided into either control
group or cholesterol-fed group. The control group
(n=10) was fed on 100g/day of normal diet, ORC-4
(Oriental Yeast Co. Ltd., Tokyo, Japan) for 15 weeks.
Thehigh cholesteral diet fed groups (the experimental
groups, n=15) werefed on high cholesterol and satu-
rated fat diet of ORC-4 containing 1% cholesterol plus
1% oliveoil(100g/day) for feeding periodsof 5weeks
(group 1), 10 weeks(group 2) and 15 weeks(group 3).

Collection of blood and preparation of serum

About 2 ml of blood was drawn from therabbits
viavenepuncture of an antecubital veinand collected
into polypropylene tubes. Serum was prepared by
alowingthebloodto clot at 37°C and centrifugation at
3000 revolutions per minutefor ten minutes.

Dissection of thoracic and abdominal aortae

Therabbitswere sacrificed by injectingan overdose
of pentobarbita into theauricular vein. The chest and
abdomen wereopened throughamiddleincision. While
carefully separating tissues surrounding the aortaand
itsbranched vessdls, the thoracic and dbdomind aortae
were removed with great care so as to avoid any
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damageto thetissues surrounding the aorta, and were
placed in 10% buffered neutral formalin. The aortae
were stored in arefrigerator at atemperature of 4°C
for aperiod lessthan 48 hours until the staining was
performed. A part of theaortawaspreservedinliquid
nitrogen and used to determinethe Hyp concentration.

Saining pecimensof thoracicand abdominal aorta

Accordingto theroutine procedures, thoracic and
abdominal aortic specimenswere stained by Masson
trichrome staining for examination of fatty streaks,
fibrous plagues, and degenerative change of collagen
and elastin of thearterial wall. Determination of total
cholesterol and low-density lipoprotein cholesterol
Serum TC and LDLC levels were analyzed by the
clinical laboratory centre of King Khaled Hospital.
LDLC concentrations were determined by the
previously reported method 01,

Preparation of the sample for hydroxyproline
estimation

Dissected aortae were homogenized in normal
sdine (0.8 percentgml™) using astainlessstedd Omni-
Mixer homogenizer (Omni Internationd, Inc, Gainesville,
VA, USA). The homogenate was used for determina-
tion of Hyp concentrations. Further detail sabout sample
collections have been previously reported*?. Total
collagen content was cd cul ated from Hyp concentra-
tion assuming that Hyp consitutes12.5% collagen(*?.

Extraction of free, peptide-bound and protein-bound
hydroxyproline

Free, peptide-bound and protei n-bound hydrox-
yprolinewas extracted by the method of Varghese et
a .1 with adight modification asdescribed by Siddiqi
et a*?. 0.5ml of the homogenate was treated with
3x5ml of rectified absolute a cohol and centrifuged at
3000 rpm for 20min. The supernatant was pooled and
kept at 40°C till the evaporation of ethanol. The
residuewasdissolved in 0.5ml of distilled water and
50ul of theextract wasused for estimation of free hy-
droxyproline. The peptide-bound hydroxyprolinewas
determined after alkaline hydrolysis of the ethanol
extractablefraction. Thepdletsof al thesampleswere
dissolvedinandiquot of ditilled water and 50ul of the
extract was used for determination of protein-bound
hydroxyproline. The preci pitate obta ned upon ethanol
treatment of the plasma was subjected to alkali
hydrolysisto determine protein-bound hydroxyproline.
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TABLE 1: Effect of high cholesterol diet on theconcentr ation of total cholesterol, low density lipoprotein cholesterol and
triglyceridesin theserum of rabbits

Group Control  Cholesterol-fed rabbits Cholesterol-fed rabbits Cholesterol-fed rabbits
15 weeks (10) 5 weeks (5) 10 weeks (5) 15 weeks (5)
Tota cholesteral (TC; mg/dl) 54.63+16.4 841.3+45.4** 837.4£21.5%* 708.7£14.8**
Low density lipoprotein (LDLC; mg/dl) 36+10.1 677.7+38.5** 677.2+11.01** 608.7+24.1**
Triglycerides (TG; mg/dl) 50.1+3.6 161.5+4.2%* 410.2+54.9** 406.0+120.03**

Data are expressed as mean+SD, n=5 animals. **P<0.01, Tukey’s multiple comparision test. The cholesterol-fed groups(the
experimental groups; n=15) wer efed on high cholesterol and saturated fat diet of ORC-4 containing 1% cholesterol plus1
% oliveail (100g/day) for feeding periodsof 5weeks(Group 1), 10 weeks(Group 2) and 15 weeks(Group 3)

TABLE 2: Concentrationsof varioushydroxyprolinefractionsin aortaof control and rabbitsfed on high cholesterol diet
Free hydroxyproline Protein-bound hydroxyproline

Peptide-bound hydroxyproline Total hydroxyproline

Groups —  g/g fresh tissue) (mg/g fresh tissue) (ng/g fresh tissue) (mg/g fresh tissue)
Control 147.3:34.22 5.24+1 .43 235.3+55.14 7.32+3.46
Group 2 132.0+31.92™ 1.58+0.63** ND 1.71+0.62*
Group 3 136.5+32.15™ 1.84+0.62** ND 1.96+0.59*

Data expressed as mean+SD, n=5 animals. ns not significant (P>0.05), ND-Not Detectable, *P<0.05, Tukey’s multiple comparision
test, **P<0.01, Tukey’s multiple comparision test. The cholesterol-fed groups (the experimental groups; n=15) were fed on high
cholesterol and saturated fat diet of ORC-4 containing 1 % cholesterol plus 1 % olive oil (100g/day) for feeding periods of 10 weeks

(Group 2) and 15 weeks (Group 3).
Deter mination of hydroxyprolineconcentration

Hydroxyprolinewas measured by themodified -
kalinehydrolysis method of Reddy and Enwemeka®.
Briefly to 50ul of homogenate sample was added
NaOH (2 N final concentration) and the mixturewas
hydrolyzed by heating in boiling water bath for about
3-4 hours. Approximately 900ul of 56 mM chloram-
ines T reagent was added to the hydrolyzed sample
and oxidationwasdlowed to proceed at theroom tem-
peraturefor 25 minutes. Then 1.0ml 1M Ehrlich’s re-
agent (P-dimethylaminobenzal dehyde) was added to
the oxidized sample and the chromophorewas devel -
oped by incubating thesamplesat 65°C for 20min. The
absorbancewasread at 550 nm. The hydroxyproline
concentration in the sampleswas calculated from the
standard curve of hydroxyproline. More details about
the optimization, linearity, specificity, precisonandre-
producibility have been previoudy reported*?.

Satistical analysis

Each samplewasrunin duplicate. The Hyp con-
centration and collagen content were expressed as
mearn=SDug or mg/g wet weight tissue for n=5 ani-
mals. TheHyp concentration and collagen contentin
varioustissueswere compared using one-way ANOVA
andysisfollowed by Tukey’s test for multiple compari-
sontest. Bartlett’s test was used for homogeneity of
variances. Spearman correlation analysiswasused to
examinethe association between variables. Va ueswere
consdered sgnificant if P<0.05. Statistical andysswas

performed by meansof InStat® packagefor personal
computers (GraphPad™ Software, Inc., San Diego,
USA).

RESULTS

TABLE 1 showstheeffect of high cholesterol diet
intheserum levelsof total cholesterol, LDLC and trig-
lyceridesinthe serum of control rabbitsand rabbitsfed
on high cholesterol diet. Thetotal serum cholesterol
showed asignificant increase of 1440%, 1433% and
1197% (P<0.001) in groups 1, 2 and 3 respectively
when compared to the control rabbits. Smilarly LDLC
also showed asignificant increase of 1782%, 1781%
and 1591% ( P<0.001) in groups 1, 2 and 3 when
compared to control group. Serum triglyceridesalso
showed asgnificant increase of 222%, 719% and 710%
(P<0.001) ingroups 1, 2 and 3 respectively when con-
trol rabbits.

TABLE 2 showsthe concentration of various Hyp
fractionsinthearothaof control and rabbitsfed on high
cholesterol diet. Therewereno significant changesin
al theHyp fractions of group 1 rabbits (unpublished
data). Therewasdso no significant changeinfreeHyp
fractionsof group 2 and 3 rabbits (P>0.05) when com-
pared to control group. Peptide-bound Hyp showed a
significant decrease of 70% and 65%ingroup2and 3
respectively (P<0.01) when compared to control rab-
bits. The concentration of protein-bound Hyp inthe
control group of rabbit was 235.3+55.14ug/gfreshtis-
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sue. However protein bound Hyp fraction was not de-
tected in groups 2 and 3. Total Hyp showed asignifi-
cant decrease of 77% (P<0.05) and 73% (P<0.05) in
groups 2 and 3 respectively when compared to control
rabbits.

Figure 1 showsthe concentration of tota collagen
in control rabbits and rabbitsfed on high cholesterol
diet. Total collagen showed asignificant decrease of
77% (P< 0.05) and 73% (P <0.05) ingroups 2 and 3
respectively when compared to control rabbits.

Theresultsof histologica examination of thoracic
aortaareshowninfigure 2. Figure 2 represent photo-
micrographsof the M asson trichrome stained thoracic
aortaobtained fromanormal rabbit (NOR) and ahigh
cholesterol diet fed rabbit (CHO). The lower panel
(CHO) showsamarked intimal thickening, smooth
muscle proliferation and connectivetissueformation
together withfocal lossof norma media architecture.
Tunicamediaunderlying plaguesshowsamarked dis-
ruptionwithlossof collagenanddadtinfibers Thedadtin
and collagen fiberswerefound lesscondensed and frag-
mented near theinnermost and outermost boundary of
themediaand within the central portion of theintima.

DISCUSSION

In the present study, rabbits were fed a high
cholesterol and saturated fat diet containing 1 %
cholesteral for periods of 5, 10, and 15 weeks. The
accompanying changesin TCand LDLClevesinserum
and hydroxyprolinefractions/collagen concentrationin
aortaof rabbitsduring thefeeding periodsof 5, 10, and
15 weekswere studied. Thoracic and abdominal aortic
specimens were stained by Masson trichrome for
examination of fibrous plaguesand any degenerative
changein collagen and dagtin of the arterial wall. Itis
suggested that cholesterol feeding hasagenerd tendency
toinduceincreasein TC and LDLC levelsin serum
which may be deposited in theatheromatouslesions.
Studiesof Soop*¥, have shownthat ahigh-cholesteral
diet elevated leve of plasmaTCand LDLC whichare
incorporated into atherosclerotic plagues. Another
possi ble mechanism by which ahigh-cholesterol diet
may accel erate atherogenesisis by increasing blood
viscosity and disturbing the mechanical fragility of
atherosclerotic plagues making them vulnerable to
rupture and thrombosis. It is has been suggested that
when LDL Cisoxidized by macrophagesinlesions, it
becomestoxic to the endothelium, and thereby could
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Figurel

Photomicrographs of the Masson trichrome stained thoracic
aorta obtained from a normal-fed rabbit (NOR) and a choles-
terol-fed rabbit (CHO)

Figure2

injure endothelia cells. Thus, the effects of high
cholesterol diet are not only confined to deposition of
lipidsin atheromatous|esions, but may aso contribute
to primary endothdlid injury. Inthepresent sudy, intima
of the aortae of cholesterol fed rabbitsdemonstrated a
marked increasein thickness and smooth muscle cell
proliferation. Inaddition, lipid laden cellswereobserved
near the basement of the lesion. The tunica media
underlying plagues showed amarked disruptionwith a
focd lossof collagen, eadtin, and smoothmusclecells.
Thefocal lossof collagen and elastin induce softening
of thearterial wall whichisknownto play adominant
role in governing mechanica properties of blood
vessalg,

Theseresultswerefurther confirmed by biochemi-
cal analysiswhich showed that feeding rabbitswith a
high cholesterol diet caused asignificant decrease of
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total collagen and Hyp concentrationinthe aorta. Type
| and typelll collagen play animportant rolein arteria
physiology by preventing arteria expansion beyond
physiologiclimits. Smooth musclecellsinthe athero-
sclerotic arteriessynthesize new extracel lular matrix
components, including collageni*®l. Inatherosclerotic
arteriescollageniscrucid for plaquestabilityandits
removal fromthe plague’s fibrous cap area may result
in plaquerupturé™™. In additionto providing theextra-
cdlular matrix stability, the extracel lular collagen net-
work functions as aframework for the migration of
smooth musclecdlsinto theintimawherethey prolifer-
ateand synthesizenew extracd|ular matrix components.
Sincecollagen playskey rolesin plague stability and
cell migration properties, acomprehensive understand-
ing of collagenexpression and organi zation during the
progression of atherosclerosisisessentia. Theaortais
among the most abundant tissue sources of collagen
XV and also contains Type | and Type Il col-
lagen. Karenet d.[*¥, hypothesized that collagen X Vi1
isdegraded during atherosclerosisand that lossof this
vessd wall proteoglycan promotesthe proliferation of
vasavasorum into theintimaof atheromas. Therestud-
iesfurther provide genetic evidence that | oss of col-
lagen XV 111 promotesatherosclerosis. Lossof collagen
XV I increasesplague angiogenesisand vascul ar per-
mesability tolipids by distinct mechanismsthat devel op
at different genedoses. Studiesof Karen et al., 2004
(19 also demonstratethat thefunctionfor collagen X VIII
in basement membranesisto maintain vascular perme-
ability. In the present study there was no significant
changein the concentration of free Hyp inthe aortaof
rabbitsfrom the experimenta groups. Thisshowsthat
the processeswhich contributeto free Hyp pool viz.,
mature collagen, newly synthesized collagen dietary
collagen etc. were not affected by high cholesterol diet.
Therewasas gnificant decreasein peptide- bound Hyp
inexperimenta groupsthough protein bound Hyp was
not detected in the aortaof rabbitsfed on high choles-
terol diet.
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