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Abstract: Hypercholesterolemia and hypertriglyceridemia are considered as important risk factors during the atherosclerotic
process. The aim of the present investigation was to study the total cholesterol (TC), low-density lipoprotein cholesterol
(LDLC), high density lipoprotein (HDL), triglyceride (TG), platelet levels and hydroxyproline fractions during the patho-
genesis of atherosclerosis. For this purpose, twenty five 12-weeks, New Zealand white male rabbits, were purchased,
individually caged, and divided into either control group or cholesterol-fed group. The control group (n = 10) was fed
100 g/day of normal diet, ORC-4 (Oriental Yeast Co. Ltd., Tokyo, Japan) for a period of 15 weeks. The cholesterol-fed
group (n = 15) was fed a high cholesterol and saturated fat diet of ORC-4 containing 1% cholesterol plus 1% olive oil
(100 g/day) for periods of 5 (group 1), 10 (group 2) and 15 (group 3) weeks. Blood sample from each animal was taken at
the end of the experimental period for the biochemical analysis. The results of the present study showed that TC, LDLC,
TG, HDLC and platelets were significantly (P < 0.01) increased in cholesterol-fed rabbits as compared with control rabbits.
The serum hydroxyproline (Hyp) in rabbits belonging to group 1 showed no significant alteration when compared to control
group. Group 2 rabbits showed a significant increase of 103% (P < 0.01) and 100% (P < 0.001) in free and protein—bound
hydroxyproline fractions respectively when compared to control rabbits. However, there was no significant change in
peptide—bound and total serum hydroxyproline levels as compared to the control group (P > 0.05). There was no signifi-
cant (P > 0.05) decrease of free serum hydroxyproline in group 3 rabbits when compared to control rabbits. On the other
hand, group 3 rabbits showed a significant increase in peptide—bound and protein- bound Hyp by 517% (P < 0.05) and
100% (P < 0.01) respectively when compared to control rabbits. However, total serum Hyp in group 3 rabbits showed no
significant (P > 0.05) change when compared to control rabbits. These results suggest that feeding rabbits high cholesterol
and saturated fat diet for feeding periods of 5, 10 and 15 weeks induced significant change in TC, LDLC, HDL, TG, plate-
let levels and various Hyp fractions in serum without any significant change in the total Hyp content.
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Introduction

Collagens are members of a family of connective tissue macromolecules which are diverse structurally
and functionally. They have been proteins of considerable interest to clinicians, biochemists, geneticists
and cell biologists because of their involvement in many pathological processes. Connective tissue
derives its prominent features such as mechanical strength from collagen. Hydroxyproline is a post
translational product of proline hydroxylation catalyzed by the enzyme prolylhydroxylase (EC 1.14.11.2)
(Pihlajaneimi et al. 1991). The occurrence of this amino acid is thought to be confined exclusively to
collagen, where it is present in the Y position of the Gly-X-Y repeating tripeptide (Nemethy and
Scheraga, 1986). Consequently, the presence of Hyp in tissues or serum can be used as a measure of
collagen or collagen degradation products (Reddy and Enwemeka, 1996). In our previous studies, we
have reported the concentrations of various Hyp fractions in the plasma (Siiddiqi and Alhomida, 2001;
Siiddiqi et al. 2002), erythrocytes (Siiddiqi and Alhomida, 2002) and tissues (Siiddiqi, 2000; Siiddiqi
et al. 2000; Siiddiqi et al. 2001; Siiddiqi and Alhomida, 2003) of different mammals. Collagen makes
up about 50% of the dry weight of the heart and is mainly type I and type III (fibrillar type) (Mayne R,
1982). Normally the collagen breakdown occurs at a very slow and controlled rate. However, during
diseases there is rapid and extensive breakdown of collagen. The final breakdown products of collagen
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include free and peptide—bound hydroxyproline
which are not reutilized for collagen biosynthesis
(Reddy et al. 1991). Protein-bound hyp on the other
hand does not mirror collagen turnover but it is
related to complement metabolism (Nagelschmidt
and Struck, 1977).

The changes in TC, LDLC, TG, HDLC, platelet
and serum hydroxyproline fractions in rabbits fed
high cholesterol and saturated fat diet could
provide an insight into the pathogenesis of
atherosclerosis. Gregory has postulated that serum
hypercholesterolemia accelerates atherogenesis by
augmenting cholesterol accumulation in the arterial
intima (1999). High TC and LDLC have been cor-
related with the increased risk of atherosclerosis
(Martin et al. 1986). Triglyceride-rich lipoproteins
of both intestinal and liver origin are considered
to be atherogenic factors (Philips et al. 1993;
Zilversmit, 1995). Hypertriglycerideia has associ-
ated with an increased risk of coronary heart dis-
ease (Hokanson and Austin, 1996; Miller et al.
1998). Thus, in the present study an attempt was
made to study the serum TC, LDLC, HDLC, TG,
platelet counts and Hyp concentration in rabbits
fed on high cholesterol and saturated fat diet for
feeding periods of 5, 10 and 15 weeks.

Materials and Methods

Animals

Twenty five 12- Weeks old, New Zealand white
male rabbits, were purchased from Kitayama Lab.
Ltd., Kyoto, Japan, individually caged, and divided
into either control group or cholesterol-fed group.
The control group (n= 10) was fed on 100 g/day of
normal diet, ORC-4 (Oriental Yeast Co. Ltd., Tokyo,
Japan) for a period of 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 feeding periods of 5 weeks (group 1),
10 weeks (group 2) and 15 weeks (group 3).

Collection of blood and preparation

of serum

Blood samples of 2 ml were obtained from the
rabbits via venepuncture of an antecubital vein.
Blood was collected into two polypropylene tubes
viz., one for serum and one for plasma. The blood
for plasma was collected in heparin. Serum was

prepared by allowing the blood to clotat 37 °C and
to centrifuge at 3000 rpm for ten minutes.

Determination of total cholesterol

(TC), low-density lipoprotein choles-
terol (LDLC), high-density lipoprotein
cholesterol (HDLC), triglyceride (TG)

and platelet counts

Serum TC and TG levels were analyzed by the
clinical laboratory centre of King Khaled Hospital.
LDLC and HDLC concentrations were determined
by the previously reported method (Lee et al. 1998
and Koenig et al. 1992). Platelet counts were mea-
sured with ADVIA 120 Haematology System
(Bayer Medical, Tarrytown, N.Y.).

Extraction of free, peptide-bound

and protein-bound hydroxyproline

Free and protein-bound hydroxyproline were
extracted by the method of Varghese et al., 1981
with a slight modification as described by Siiddiqi
and Alhomida (2002). 0.5 ml of the plasma was
treated with 2 ml of re-rectified absolute alcohol
and centrifuged at 600 g for 10 min. This was
repeated three times. The supernatants (which
contained free and peptide-bound Hyp) (Varghese
et al. 1981) were pooled and kept at 40 °C till the
evaporation of ethanol. The residue was dissolved
in 0.5 ml of distilled water and 50 ul of the extract
was used for estimation of free hydroxyproline.
The peptide-bound hydroxyproline was determined
after alkaline hydrolysis of the ethanol extractable
fraction. The pellets of all the samples were dis-
solved in an aliquot of distilled water and 50 ul of
the extract was used for determination of protein-
bound hydroxyproline. The precipitate obtained
upon ethanol treatment of the plasma was subjected
to alkali hydrolysis to determine protein-bound
hydroxyproline.

Determination of hydroxyproline

concentration

Hydroxyproline was measured by the modified
alkaline hydrolysis method of Reddy and Enwe-
meka, 1981. Briefly to 50 ul of homogenate
sample was added NaOH (2 N final concentration)
and the mixture was hydrolyzed by heating in boil-
ing water bath for about 3—4 h. Approximately
900 ul 56 mM chloramines T reagent was added
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to the hydrolyzed sample and oxidation was
allowed to proceed at the room temperature for
25 minutes. Then 1.0 ml 1 M Ehrlich’s reagent
(P- dimethylaminobenzaldehyde) was added to the
oxidized sample and the chromophore was devel-
oped by incubating the samples at 65 °C for 20 min.
The absorbance was read at 550 nm. The hydroxy-
proline concentration in the samples was calculated
from the standard curve of hydroxyproline. More
details about the optimization, linearity, specificity,
precision and reproducibility have been previously
reported (Siiddiqi et al. 2000).

Statistical analyses

The results of the present study were expressed as
mean = SD. To assess the significant differences
between the control group and the cholesterol-fed
group of rabbits for blood biochemistry parameters,
statistical analysis using One-Way Analysis
of Variance (ANOVA) for repeated measurements
with the significance assessed at 5% confidence
level was performed. To assess the significant
differences between control group and cholesterol-
fed group of rabbits for hydroxyproline frac-
tions, Tukey’s multiple comparison test (*P < 0.05
as compared to control group; **P < 0.01 as
compared to control group; ***P < 0.001
as compared to control group) with the significance
assessed at 5%, 1% and 0.1% confidence levels
were performed.

Results

The blood biochemical data of control and choles-
terol-fed group of rabbits were summarized in
Figures 1, 2, 3, 4 and 5. Figures 1, 2, 3, 4 and 5
represent TC (mg/dl), LDLC (mg/dl), TG (mg/dl)
concentration, HDLC (mg/dl) and platelet counts
(K/UL) in control and cholesterol-fed group of
rabbits versus cholesterol feeding periods of 5, 10
and 15 weeks. In Figures 1, 2,3 and 5, TC, LDLC,
TG levels and platelet counts were significantly
(P < 0.01) increased in cholesterol-fed group of
rabbits as compared with control rabbits. In
Figure 4, HDLC concentration was significantly
(P < 0.01) increased in cholesterol-fed group of
rabbits at the feeding periods of 5 and 10 weeks as
compared with control rabbits.

Table 1 shows the concentration of different
Hyp fractions in control and rabbits fed on high
cholesterol diet. The serum Hyp in rabbits belong-
ing to group 1 showed no significant (P > 0.05)
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Figure 1. Represents TC (mg/dl) concentration in control and
cholesterol-fed rabbits versus cholesterol feeding periods of 5, 10
and 15 weeks (*P < 0.05 ANOVA).

alteration in Hyp concentration when compared to
control group (unpublished data). Group 2 rabbits
showed a significant increase of 103% (P < 0.01)
and 100% (P < 0.001) in free and protein—bound
Hyp fractions respectively when compared to
control rabbits. However, there was no significant
change in peptide—bound and total serum Hyp
levels as compared to the control group. There was
no significant (P > 0.05) decrease of free serum
Hyp in group 3 rabbits when compared to control
rabbits. On the other hand, group 3 rabbits showed
a significant increase in peptide—bound and pro-
tein bound Hyp by 517% ( P < 0.05) and 100%
(P < 0.01) respectively when compared to control
rabbits. However, total serum Hyp in group 3 rab-
bits showed no significant (P > 0.05) change when
compared to control rabbits.

Discussion

In the present study, the rabbits were fed a high
cholesterol and saturated fat diet containing 1%
cholesterol plus 1% olive o0il (100 g/day) for feeding
periods of 5 weeks (group 1), 10 weeks (group 2)
and 15 weeks (group 3). The accompanying changes
in TC, LDLC, TG levels, platelets counts and
hydroxyproline fractions of rabbit’s serum during
these feeding periods were investigated. Judging
from the results obtained in the present study, it
became evident that in the hypercholesterolemic
rabbit model adopted in the present study, choles-
terol feeding could help in the diagnosis and
monitoring the progression of atherosclerosis.
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Figure 2. Represents LDLC (mg/dl) concentration in control and
cholesterol-fed rabbits versus cholesterol feeding periods of 5, 10
and 15 weeks (*P < 0.05 ANOVA).

As one of the possible causes for these changes, it
is suggested that cholesterol feeding has a general
tendency to induce increase in TC, LDLC, TG
levels, platelet counts and various Hyp fractions
of the rabbit’s serum which may be deposited in
the atheromatous lesions. In fact, the increase of
TC, LDLC and TG concentrations has been
reported in earlier studies (Gregory, 1999; Sloop,
1996). A high-cholesterol diet elevated level of
plasma TC and LDLC which may be incorporated
into atherosclerotic plaques. Moreover, as another
possible cause, it is suggested that high-cholesterol
diet may accelerate atherogenesis through increas-
ing blood viscosity and disturbing the mechanical
fragility of atherosclerotic plaques making them
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Figure 3. Represents TG (mg/dl) concentration in control and
cholesterol-fed rabbits versus cholesterol feeding periods of 5, 10
and 15 weeks (*P < 0.05 ANOVA).
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Figure 4. Represents HDLC (mg/dl) concentration in control and
cholesterol-fed rabbits versus cholesterol feeding periods of 5, 10
and 15 weeks (*P < 0.05 ANOVA).

vulnerable to rupture and thrombosis. Low HDLC
levels are associated with an elevated blood viscos-
ity, and this rheological abnormality contributes to
cardiovascular risk (Thomas et al. 1999). Serum
LDL and HDL cholesterol levels have effects on
blood viscosity and correlate with increased risk
of atherogenesis (Sloop and Garber, 1997). Isolated
chylomicrons, VLDLC, and LDLC added to
plasma or serum in vitro cause a dose-dependent
and exponential rise in viscosity (Seplowitz et al.
1981). Hypercholesterolemia modulates haemo-
stasis by altering the expression and/or function of
thrombotic, fibrinolytic and rheologic factors
(Rosenson et al. 1998). Finally, it is suggested that
when LDLC is oxidized by macrophages in lesions,
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Figure 5. Represents platelets (K/UL) count in control and choles-
terol-fed rabbits versus cholesterol feeding periods of 5, 10 and 15
weeks (*P < 0.05 ANOVA).
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Table 1. Changes in various hydroxyproline fractions in the serum of rabbits fed on high cholesterol diet

(Mean £ SD).
Group Free Hydroxyproline Peptide—bound Protein—bound Total Hydroxyproline
png/ml Hydroxyproline Hydroxyproline mg/ml
mg/ml mg/ml
Control 26.27 £ 5.66 2716 £ 2.89 ND 156.33 + 22.40
Group 2 53.35+ 11.72** 68.19 + 8.79"™ 139.561 £ 32.12*** 242.45 £61.76™
Group 3 16.19 + 1.92™ 167.92 + 72.30* 95.57 + 16.33** 279.69 +68.67™

*P < 0.05 as compared to control group; **P < 0.01 as compared to control group; ***P < 0. 001 as compared to control group (Tukey’s
multiple comparison test). ND—non detectable. "Nonsignificant as compared to control group. Group 2 (rabbits fed on high cholesterol diet
for 10 weeks), Group 3 (rabbits fed on high cholesterol diet for 15 weeks).

it becomes toxic to the endothelium, and thereby
could injure endothelial cells. Thus, the effects of
high cholesterol diet are not only confined to depo-
sition of lipids in the atheromatous lesions, but it
may produce primary endothelial injury. In the
present study, the increase of platelet counts in the
experimental rabbits is attributed to high choles-
terol diet which promotes platelet aggregation
through making them more sensitive to aggrega-
tory agents. In vitro studies, it has been reported
that hypercholesterolemic patients were more
sensitive to aggregatory agents than platelets from
normocholesterolemic (Corash et al. 1981; Di et al.
1986). It has been reported that LDLC binds
directly to platelet glycoprotein receptor which
serves as the binding site for several agonists
including fibrinogen, fibronectin, thrombospondin
and vitronectin (Hantgan et al. 1990; Asch et al.
1990; Plow et al. 1985; Parise et al. 1986). Col-
lagen is abundantly found in the connective tissues
and serves to provide mechanical strength and
support to the tissues. About 13% of the amino acid
content of collagen is hydroxyproline which is
formed post translationally by hydroxylation of
proline. The release of collagen breakdown prod-
ucts in the body fluids like serum and urine has been
used as an indicator of collagen breakdown
(Siiddiqi and Alhomida, 2005; Siiddiqi and
Alhomida, 2006). The hydroxyproline content in
the serum and plasma vary in different species
indicating the difference in metabolism of collagen
in different species (Siiddiqi et al. 2002; Siiddiqi
and Alhomida, 2002). Abnormalities in lipid
metabolism appear to play a pathogenic role in
progressive renal and cardiac diseases. Studies of
Rekhter et al., 2000 have demonstrated that hyper-
cholesterolemia renders atherosclerotic plaques
prone to rupture. This is due to the fact that hyper-
cholesterolemia is accompanied by collagen deg-

radation in the plaque and thereby weakening the
plaque (Rekhter et al. 2000). In the present study,
feeding high cholesterol and saturated fat diet to
rabbits for 10 weeks caused a significant increase
in free Hyp in the serum. The pool of free Hyp has
a complex origin (Adams and Frank, 1980). It can
arise from mature collagen, newly synthesized
collagen, from dietary collagen or from propeptides
of collagen. Other animal proteins like elastin also
contribute to free Hyp pool (Bentley and Hanson,
1969). One or more of these processes could have
contributed to the high free serum Hyp after feed-
ing high cholesterol and saturated fat diet to rabbits.
However, continued feeding of high cholesterol
and saturated fat diet for 15 weeks caused a
decrease in free serum Hyp levels which may be
a consequence of fall in serum total cholesterol,
LDLC and HDLC in the serum. Feeding rabbits
with high cholesterol and saturated fat diet caused
a significant increase in protein—bound Hyp in the
serum. The protein—bound Hyp was not detectable
in the control rabbits. In our earlier studies, we had
reported the presence of all the three forms of Hyp
in rabbit plasma (Siiddiqi et al. 2002). The pro-
tein—bound Hyp is also called collagen like pro-
tein or hypoprotein. Studies of Nagelschmidt and
Struck, 1977 have suggested that protein bound
hydroxyproline does not mirror collagen turnover
but may be more relevant to Cl1q or complement
metabolism. In the present study, feeding rabbits
diet rich in high cholesterol and saturated fat caused
no significant change in the total serum Hyp. These
results suggest that high cholesterol and saturated
fat diet causes changes in various Hyp fractions in
serum without any significant change in the total
Hyp content. In conclusion, the present results
strongly suggest that feeding on rabbits a high
cholesterol and saturated fat diet for feeding peri-
ods of 5, 10 and 15 weeks significantly increased
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TC, LDLC, TG, platelets and Hyp fractions in
rabbit’s serum. Further studies are required to
investigate whether hypercholesterolemia lowering
therapies may improve impaired blood biochem-
istry in rabbits and prevent cardiovascular disor-
ders.

Acknowledgements

This research work was kindly supported by Basic
Industrial Saudi Company (SABIC), Project
Science 2, 2006, College of Science, King Saud
University, Riyadh, Saudi Arabia.

Abbreviations

Total cholesterol (TC), low-density lipoprotein
cholesterol (LDLC), high density lipoprotein
(HDLC), very low-density lipoprotein cholesterol
(VLDLC), triglyceride (TG), and hydroxyproline

(Hyp).

References

Adams, E. and Frank, L. 1980. Metabolism of proline and the hydroxypro-
lines. Annu Rev. Biochem., 49:1005-61.

Bentley, J.P. and Hanson, A.N. 1969. The hydroxyproline of elastin. Bio-
chem. Biophys. Acta., 175:339-44.

Corash, L., Andersen, J., Poindexter, B.J. and Schaefer, E.J. 1981. Platelet
function and survival in patients with severe hypercholesterolemia.
Arteriosclerosis, 1:443-8.

Garber, A.M. and Avins, A.L. 1994. Triglyceride concentration and coronary
heart disease. Not yet proved of value as a screeing test. Br: Med. J.,
309:668.

Gregory, D.S. 1999. A critical analysis of the role of cholesterol in athero-
genesis. Atherosclerosis, 142:265-8.

Hokanson, J.E. and Austin, M.A. 1996. Plasma triglyceride level is a risk
factor for cardiovascular disease independent of high-density lipo-
protein cholesterol level: a meta-analysis of population-based pro-
spective studies. J. cardiovasc. Risk., 3:213-9.

Hantgan, R.R., Nichols, W.L. and Ruggeri, Z.M. 1990. Von Willebrand
factor competes with fibrin for occupancy of GPIIb:11la on thrombin-
stimulated platelets. Blood, 75:889-94.

Koenig, W., Sund, M., Ernst, E., Mraz, W., Hombach, V. and Keil, U. 1992.
Association between rheology and components of lipoproteins in
human blood: results from the MONICA-Project Augsburg. Circula-
tion, 85:2197-204.

Koenig, W., Sund, M., Filipiak, B., Doring, A., Lowel, H. and Ernst, E.
1998. Plasma viscosity and the risk of coronary heart d disease.
Results from the MONICA-Augsburg Cohort Study, 1984 to 1992.
Arterioscl. Thromb. Vasc. Biol., 18:768-72.

Lee, A.J., Mowbray, P.I., Lowe, G.D., Rumley, A., Fowkes, F.G. and Allan,
P.L. 1998. Blood viscosity and elevated carotid intima-media thick-
ness in men and women. The Edinburgh Artery Study. Circulation,
97:1467-73.

Martin, M.J., Hulley, S.B., Browner, W.S., Kuller, L.H. and Wentworth, D.
1986. Serum cholesterol, blood pressure, and mortality: Imp lications
from a cohort of 361, 662 men. Lancet, 2:933-6.

Mayne, R. in Collagen in Health and Diseases, Weiss and Jayson Eds.,
1982., Churchill Livingstone, New York 450.

Miller, M., Seidler, A., Moalemi, A. and Pearson, T.A. 1998. Normal tri-
glyceride levels and coronary artery disease events: the Baltimore
coronary observational long-term study. J. Am. Coll. Cardiol.,
31:1252-7.

Nagelschmidt, M. and Struck, H. 1977. Hydroxyproline fractions in serum
and urine of rats during wound healing. Research in Experimental
Medicine, 170 (3):211-5.

Nemethy, G. and Scheraga, H.A. 1986. Stabilization of collagen fibrils by
hydroxyproline. Biochem., 152:267-73.

Parise, L.V. and Phillips, D.R. 1986. Fibronectin-binding properties of the
purified platelet glycoprotein lib-IIla complex. J. Biol. Chem.,
261:14011-7.

Philips, N.R., Waters, D. and Havel, R.J. 1993. Plasma lipoproteins and
progression of coronary artery disease evaluated by angiography and
clinical events. Circulation, 88:2762-70.

Plow, E.F., McEver, R.P., Coller, B.S., Woods, Jr. V.L., Marguerie, G.A.
and Ginsberg, M.H. 1985. Related binding mechanisms for fibrino-
gen, fib ronectin, von Willebrand factor, and thrombospondin on
thrombin-stimulated human platelets. Blood, 66:724-7.

Reddy, P.N., Durai Raj, G. and Dhar, S.C. 1991. Toxicologicaleffects of
organophosphorus pesticide (dimethoate) on urinary collagen
metabolites in normal and high protein diets fed female albino rats.
Life Sciences, 49:1309—18.

Siiddiqi, N.J., Alhomida, A.S. and Pandey, V.C. 2002. Hydroxyproline
distribution in the Plasma of Different Mammals. Journal of Bio-
chemistry, Molecular Biology and Biophysics, 6 (2):159-62.

Siiddiqi, N.J. and Alhomida, A.S. 2000. A study of the distribution of total,
free, peptide-bound and protein-bound hydroxyproline in the plasma
of Arabian camel (Camelus dromadarius). Comparitive Haematology
International, 10:144-7.

Siiddiqi, N.J., Al-Jafari, A.A. and Alhomida, A.S. 2000. Investigation of
total, free, peptide-bound, protein-bound, soluble- and insoluble-col-
lagen hydroxyproline content in tissues from the Arabian camel
(Camelus dromadarius). Cell. Biochem. Funct., 18:243-8.

Siiddiqi, N.J., Alhomida, A.S. and Pandey, V.C. 2002. A comparative study
of the distribution of total, free, protein-bound and peptide-bound
hydroxyproline in the plasma of different mammals. J. Biochem. Mol.
Biol. and Biophys., 6:159-62.

Siiddiqi, N.J. and Alhomida, A.S. 2002. Distribution of total, free, peptide-
bound and protein-bound hydroxyproline in the erythrocytes from
different species. Com. Clin. Pathol., 11:123-8.

Sloop, G.D. 1996. A unifying theory of atherogenesis. Med. Hypotheses,
47:321-5.

Sloop, G.D. and Garber, D.W. 1997. The effects of low-density lipoprotein
and high-density lipoprotein on viscosity correlate with association
with risk of atherosclerosis in humans. Clin. Sci., 92:473-9.

Reddy, K. and Enwemeka, C.S. 1996. A simplified method for the analysis
of hydroxyproline in biological tissues. Clin. Biochem.,29:225-9.

Rekhter, M.D., Hicks, G.W., Brammer, D.W., Hallak, H., Kindt, E., Chen,
E., Rosebury, W.S., Anderson, M.K., Kuipers, P.J. and Ryan, M.J.
2000. Hypercholesterolemia causes mechanical weakening of rabbit
atheroma: local collagen loss as a prerequisite of plaque rupture. Cir:
Res., 86 (1):1-3.

Rosenson, R.S. and Lowe, G.D. 1998. Effects of lipids and lipoproteins on
thrombosis and rheology. Atherosclerosis, 140:271-80.

Seplowitz, A.H., Chien, S. and Smith, E.F. 1981. Effects of lipoproteins on
plasma viscosity. Atherosclerosis, 38:88-95.

Zilversmit, D.B. 1995. Atherogenic nature of triglycerid es, postprandial
lipemia, and triglyceride-rich remnant lipoproteins. Clin. Chem.,
41:153-8.

100

Bioinformatics and Biology Insights 2008:2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


