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The Golden Syrian hamsteavliesocricetus auratysas been shown to be a useful model of both
human lipoprotein metabolism and the development of atherosclerosis. We report the effects of
dietary lipids on the progression and regression of atherosclerosis in this model. In the first study,
hamsters fed on coconut oil (150 g/kg diet) and cholesterol (30 g/kg diet) developed lipid-rich
lesions in the ascending aortaZ8 (sp 0014) mnY) and aortic arch (@1 (sp 001) mnt) after

4 weeks that continued to progress over the next 8 weell& (80 041) mn? and @12 (sp

0011) mn for the ascending aorta and aortic arch respectively). Removal of cholesterol from the
diet halted this progression. Furthermore, in animals fed on olive oil in the absence of added
cholesterol, plasma LDL-cholesterol concentrations were loWwer QI05) and the extent of
atherosclerotic lesions was reducd<{ 0001 for both regions of the aorta) compared with
animals fed on coconut oil (with no added cholesterol). In a second study, animals were fed on the
atherogenic diet for 10 weeks, transferred to diets containing either coconut oil (150 g/kg diet) or
olive oil (150 g/kg diet) without added cholesterol and monitored for up to 16 weeks. In the
ascending aorta, lesion size doubled in animals fed on coconut oil but stabilized in those fed on
olive oil. In the aortic arch, lesion size decreased linedly (005, P < 0001 for coconut oil and

olive oil respectively) with the greatest reduction being seen in the olive-oil-fed anifals (
005). Again, progression and regression of atherosclerosis appeared to reflect the relative
concentrations of LDL-cholesterol and HDL-cholesterol in the plasma. We conclude that the
male Golden Syrian hamster represents a useful model of dietary induced regression as well as
progression of atherosclerosis.

Hamster: Atherosclerosis: Coconut oil: Olive oil: Dietary fat

The Golden Syrian hamsteMgsocricetus auratyshas study of development of atherosclerosis (Nistoal. 1987;
been used extensively in studies of lipoprotein metabolism. Simaet al. 1990). Nistoret al. (1987) performed detailed
We (Sessions & Salter, 1994; Bennettal. 1995; White histological studies of the development of aortic athero-
et al 1997; Salteret al. 1998) and others (Spady & sclerosis in response to diets enriched in cholesterol and
Dietschy, 1988; Woolletet al. 1989, 1992; Lindset al. saturated fat. Lesions appeared after only 3 weeks. Human-
1990) have shown this species to be useful in studying thelike lesions, displaying Ca deposits and necrosis, had
lipoprotein response to dietary cholesterol and lipids. The developed by 10 months. Other workers have demonstrated
extensive studies of Spady, Dietschy and co-workers clearly inhibition of the development of atherosclerosis using a
demonstrated changes in the kinetics of LDL metabolism in range of pharmacological agents including: hydroxymethyl-
response to different dietary fats (Spagelyal. 1993). We glutaryl-CoA reductaseHC 1.1.1.34) inhibitors (Ottet al.
have recently shown that these changes may, at least in part1995), bile-acid-binding resins (Kowakt al. 1991), pros-

be due to changes in the hepatic expression of genes such amcyclin agonists (Kowal&t al. 1993) and«; adrenergic
LDL receptor, apolipoprotein B and the microsomal tri- inhibitors (Kowalaet al. 1991; Foxallet al. 1992). These
acylglycerol (TAG) transfer protein (Whitet al 1997; studies have used various strains of hamster and a range of
Salteret al. 1998). The hamster has also been used for the dietary interventions to induce atherosclerosis. Some strains

Abbreviations: IDL, intermediate-density lipoprotein; TAG, triacylglycerol.
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require high levels of dietary cholesterol (up to 30 g/kg diet) (21°, 55% humidity) and were subjected to a 12 h light—
to develop atherosclerotic lesions (Nistdral. 1987; Sima dark cycle. On arrival at our facility animals were allowed a
et al 1990), although the amount of cholesterol required 2-week acclimatization period during which they were fed
may depend on the amount of saturated fatty acid in the dieton a commercial rodent chow (Rat and Mouse Breeding
(Kahlon et al. 1996). By contrast, the ;B hybrid strain of Diet No. 3, Special Diet Services, Chelmsford, Essex, UK).
hamster has been shown to develop aortic fatty streaks wherDuring the first week this diet was provided in pelleted form
fed on diets with cholesterol concentrations as low &@s 0 and in the second week as a ground meal. Following the
g/kg (Kowalaet al. 1991). In the DSNI strain we have found acclimatization period all animals were transferred to an
that a minimum of 5g cholesterol/kg diet is required to atherogenic diet consisting of (g/kg): Rat and Mouse
induce aortic lesions (MA McAteer, GM Benson and AM Breeding Diet No. 3 820, coconut oil (Sigma, Poole,
Salter, unpublished results). Dorset, UK) 150 and cholesterol (Sigma) 30. All animals
Considerable evidence exists to suggest that atherosclerowere checked daily for signs of ill-health throughout the
tic lesions can regress in human subjects (Mahler, 1995).trial and body weights were checked weekly. No animal lost
However, detailed studies of regression are frequently more than 10 % of its initial body weight. After 4 weeks on
hampered by choice of animal model and the length of the the atherogenic diet, eight animals were randomly selected,
experiments required. Studies with swine and non-human (group A), fasted overnight and killed the following
primates have clearly shown that reduction in plasma lipids, morning. They were anaesthetized using sodium pentabar-
by dietary or pharmacological means, can result in the bitone (Sagatal, 1 ml/kg) and 3—4ml blood collected by
regression of advanced atherosclerotic plaques (Wissler &cardiac puncture and placed into EDTA-tubes. The aortas
Vesselinovitch, 1990). However, such studies can take manywere then dissected from the animals, flushed with saline
years to perform (Strongt al 1994). The normal rabbit and fixed in 10 % neutral buffered formalin (Sigma).
(Vesselinovitchet al 1974; Zhuet al. 1990, 1994) and the The remaining animals were randomly allocated to three
Watanabe heritable hyperlipidaemic rabbit (Oshigtaal. groups of eight. Group B continued to be fed on the
1998) have been used in regression studies. However, aatherogenic diet, group C was fed on (g/kg diet): chow
smaller animal model of regression would be very valuable 850, coconut oil (no added cholesterol) 150 and group D
for further studies of the mechanisms of regression and thewas fed on (g/kg diet): chow 850, extra virgin olive oil
efficacy of potential pharmacological and dietary inter- (Filippo Berio, Lucca, Italy) with no added cholesterol 150.
ventions. Regression of atherosclerosis was recently reportedifter a further 8 weeks all animals were killed and samples
in the hamster (Pitmaet al 1998). Such a small animal taken as described earlier.
model of regression could be extremely useful in furthering  Study 2 Thirty male, 12—18-week-old (weight 100—
our understanding of the mechanisms of regression and thel40 g), DSNI hamsters were housed as described earlier.
potential effects of dietary and pharmacological interventions. During the acclimatization period they were fed on Rat and
In the present study we performed two trials. The first, lasting Mouse Breeding Diet 422 (Pilsbury, Northants, UK) and
a total of 12 weeks, was primarily designed to determine this chow was also used in the experimental diets. Both this
whether by removing cholesterol from the diet and changing chow and that used in study 1 are rodent breeding diets with
from a saturated-fatty-acid-rich to a monounsaturated-fatty- similar overall compositions (gross energy[3%. 1600 MJ/
acid-rich diet differences in the progression of atherosclerosiskg; crude oil, 43v. 44 g/kg; crude protein, 228 209 g/Kkg;
could be detected. A second longer (total of 26 weeks) trial crude fibre, 45. 41 g/kg and starch, 358 362 g/kg for the
was performed to look at the effect of these diets on the Special Diet Services and Pilsbury diets respectively). For
regression of atherosclerotic lesions. the first 10 weeks all animals were fed on an atherogenic
diet similar to that described earlier, except that hydro-
genated coconut oil (ICN Biomedicals Ltd, Thame, Oxon.,
Materials and methods UK) rather than coconut oil was used. This was used to
enhance the atherogenicity of the diet as it is even richer in
saturated fatty acids (see Table 1). After 10 weeks, a group
All procedures involving animals in these studies were of six animals was randomly selected and killed as before
subject to UK Home Office regulations. (group A). The remaining twenty-four animals were
Study 1 Thirty-two 16-—24-week-old (weight 134— allocated to two groups of twelve, one of which was fed
175¢g) male DSNI Golden Syrian Hamsters (Biomedical on a diet containing (g/kg diet): chow 850 and hydrogenated
Services Unit, University of Nottingham, Notts., UK) were coconut oil 150 and the other a diet containing chow 850
housed individually and provided free access to food and and olive oil 150 (both with no added cholesterol). After
water. They were maintained in a controlled environment a further 8 weeks, six coconut-oil-fed animals and six

Animals and diets

Table 1. Fatty acid composition of dietary oils (g/100g total fatty acids recovered)

Fatty acid. . . 8:0 10:0 12:0 14:0 16:0 18:0 18:1 18:2
Coconut oil 48 70 328 240 133 42 103 31
Hydrogenated coconut oil 500 708 3214 248 136 150 0B o
Olive oll ND ND ND ND 118 3T 732 82

ND, not detected.
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olive-oil-fed animals (groups B and C respectively) were the aorta was cut open along the outer curvature, laid flat on a
killed. After another 8 weeks the remaining six coconut-oil- glass slide and held in place with a cover slip. The aorta was
fed (group D) and six olive-oil-fed (group E) animals then examined under a stereo microscope and separate image
were killed. of the ascending aorta and aortic arch captured using Optimas
Imaging System Software (version 5.2, Data Cell Ltd,
, , , Maidenhead, Berks., UK). Essentially all of the lipid staining
Fatty acid analysis of dietary fats in the ascending aorta was located in proximity to the aortic

extracted, transmethylated and analysed by GLC as@nd right subclavian arteries. The total area of Oil-Red-O
previously described (Bennedt al. 1995). staining was determined for both regions of the aorta.

Statistical analysis

Separation of lipoproteins . .
Data for each variable in each study were checked for

Lipoprotein fractions were separated from plasma (normally Gaussian distribution. Plasma lipid and lipoprotein concen-
1ml) by sequential ultracentrifugation and corrected for trations were found generally not to be normally distributed,
recovery (typically>85 %) as previously described (Salter jn many cases even after log-transformation, and were
et al. 1998). VLDL, intermediate-density lipoprotein (IDL),  therefore analysed by non-parametric tests. Data were
LDL and HDL were separated with the density ranges analysed by either: one-way ANOVA (followed by either
<1[006, 1006-1020, 1020-I060 and >1060g/ml  Tykey-Kramer multiple comparisons test or Bonferroni
respectively. Cholesterol and TAG concentrations in (selected pairs) test as appropriate) or Kruskal-Wallis non-
whole plasma and lipoprotein fractions were determined parametric ANOVA test (followed by Dunn’s multiple
using diagnostic kits from Wako (Alpha Laboratories, comparisons test) using In Stat software (GraphPad, San
Eastleigh, Hants., UK). Diego, CA, USA). The specific statistical test applied is
indicated in the legends to tables and figures. Correlations
L . were calculated using the non-parametric Spearman rank
Determination of the extent of atherosclerosis correlations using In Stat software.
The fixed aortas were cleared of adventitial tissue and rinsed

in distilled water. They were then rinsed in propan-2-ol Results
(600 ml/l) before staining with Oil Red O-propan-2-ol Study 1
(10:90, viv) for 15min. The tissue was destained with y
propan-2-ol and then distilled water before returning to Animals tolerated each of the diets well and no animal lost
neutral buffered formalin. For quantification of lipid staining, more than 10 % of its initial body weight. Fasting final body

Table 2. Plasma total lipids and lipoprotein cholesterol concentrations (mmol/l) in animals from study 11
(Values are medians and interquartile ranges for eight animals per group)

Group... A B C D
Time from start (weeks). . . 4 12 12 12 Statistical
Diet... CO+Chol CO+Chol co 00 5|gr.1|f|cance
of difference
Interquartile Interquartile Interquartile Interquartile between
Median range Median range Median range Median range means¥; P
Total cholesterol 1118 81B89-1208 19147 18(38-2102 898 794-11[48 4091 462-514 GroupC v. B, *
GroupD v. A, *
Group D v. B, ***
Total TAG 237 1[70-307 337 2[76-4123 2[08 1B7-226 187 187-179 Group D v. B, **
VLDL-cholesterol 2B4 1092-360 384 294-537 006 072-123 087 075-0099 Group C v. B, **

Group D v. A, **
Group D v. B, ***

IDL-cholesterol 267 1[32-209 4129 318-534 0m7 069-1B4 0[5 0-024 GroupCv.B,*
Group D v. A, **
Group D v. B, ***

LDL-cholesterol 219 0@7-3B5 609 5[36—-8B4 488 3R22-5016 0148 042-0B0 Group B v. A, **
Group D v. B, ***
GroupD v.C, *
HDL-cholesterol 278  2(30-368 302 3[35-435 304 2(75-343 330 3[00-3(72

CO, coconut oil; Chol, cholesterol; OO, olive oil; TAG, triacylglycerol; IDL, intermediate-density lipoprotein.

* P<0[05; *P< 001, **P<0001.

T For details of diets and procedures see pp. 402—403.

I Statistical analysis performed by Kruskal-Wallis non-parametric ANOVA test followed by Dunn’s multiple comparisons test.
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weights for each of the dietary groups were (g): group A the total plasma cholesterol and TAG concentrations were
1597 (sp 13[1), group B 15@ (sp 8[7), group C 158 (SD approximately 5- and@-times higher than values obtained
12(4) and group D 172 (sp 98). Groups C and D were from animals of the same strain fed on chow alone (chol-
significantly different P <0[05). Plasma and lipoprotein  esterol Z19 (sp 027) mmol/l, TAG 109 (sb 027) mmol/l,
lipid concentrations in the animals from study 1 are shown n4; AM Salter, unpublished results). After another 8 weeks
in Table 2. After 4 weeks on the atherogenic diet (group A) on the high-fat, high-cholesterol diet (group B) there was a
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Fig. 1. Atherosclerosis in (a) ascending aorta and (b) aortic arch in hamsters from
study 1. Animals were fed on 150 g coconut oil/kg diet and 30 g cholesterol/kg diet for
4 weeks (group A, n 8) or 12 weeks (group B, n 8), or were transferred after 4 weeks
onto cholesterol-free diets containing either 150 g coconut oil/kg diet (group C, n 8) or
1509 olive oil/kg diet (group D, n 8) and fed for a further 8 weeks. On killing the aortas
were removed and stained with Oil Red O as described on p. 403. Data are presented
as mean values with standard deviations represented by vertical bars. Significant
differences between groups were determined by ANOVA followed by Bonferroni
multiple comparisons test: ** P<0[01, *** P<0[001.
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Table 3. Spearman rank correlations between plasma lipoprotein
concentration and extent of aortic lipid staining in animals fed on
experimental diets for 12 weeks (groups B, C and D) in study 1*

Study 1 (n 24)

Ascending aorta Aortic arch
r P r P
VLDL-cholesterol 041 0008 01478 0018
IDL-cholesterol 0644 <0001 00789 <0001
LDL-cholesterol 0568 0005 0713 <0001
HDL-cholesterol -0[045 0837 00189 0375
IDL: HDL 0671 <0001 00796 <0001
LDL:HDL 0664 <0001 0688 <0001

IDL, intermediate-density lipoprotein.
*For details of diets and procedures see pp. 402—403.

further 3-fold rise in the LDL-cholesterol concentration.
However, when coconut oil was fed in the absence of
added dietary cholesterol (group C), there was a highly
significant P < 0[01) drop in the cholesterol concentration
in the VLDL fraction compared with groups A and B.
Total plasma cholesterol and IDL-cholesterol were also
reduced compared with the animals which had been on
the atherogenic diet for the full 12 weeks (group B).
Replacing the coconut oil with olive oil (with no added
cholesterol) reduced the mean cholesterol content in eac
of the lipoprotein fractions, except HDL, compared with
group A. The only statistically significant difference
between groups C and D was a 7-fold difference in the
LDL fraction.

Fig. 1 shows the extent of positive lipid staining in the
ascending aorta and aortic arch of animals in each group. All.
animals in group A showed some signs of atherosclerosis in
both regions of the vessel. However, area of positive lipid
staining was considerably greater in the ascending aorta=
(028 (sp 014) mnY) than in the arch (@1 (sp 001) mnt).
After a further 8 weeks on the atherogenic diet the animals
in group B showed a significant increase in area of positiv
lipid staining in both regions of the aorta[{® (sp 041) and
012 (sp 0111) mn¥) for the ascending aorta and aortic arch
respectively. This increase was prevented by feeding the
coconut-oil-rich diet without added cholesterol (group C).
Feeding olive oil without added cholesterol (group D) _
reduced the area covered by lesions in the ascending aort
(0M9 (sp 005)mn?) compared with the other three
groups P <0M001).

To investigate whether the extent of atherosclerosis could
be associated with the plasma concentrations of one parti-
cular lipoprotein fraction, correlations were performed on
data from all of the animals fed for 12 weeks. Table 2 shows
strong correlations between atherosclerosis in both regions
of the aorta and VLDL-, IDL- and LDL-cholesterol. While
there is some indication that this correlation may be stronger
for IDL and LDL than VLDL, the data should be interpreted
with caution because of the high degree of inter-correlation
between the fractions. HDL-cholesterol was not signifi-
cantly correlated to the degree of atherosclerosis and
expressing IDL or LDL as a ratio against HDL did not
improve the correlations significantly.

s (mmol/l) in animals from study 2t

holesterol concentration

Inc

ote

Ppopr
(Values are medians and interquartile ranges for six animals per group)

ds and
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@
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Statistical
significance of

26 26
(e]0)

CO

18
(0]0)

18
CO

10

CO +Chol

Time from start (weeks).. .

difference

Diet...

between
meanst; P
Group C v. A, ***

Interquartile

Interquartile Interquartile Interquartile

Interquartile

range
5[B0-7[37

range Median range Median range Median range Median
12120-15[33 6034 5[69-7(38 796-9(88 6019

22[38-30034

Median
2724

9114

1307

Total cholesterol

Group E v. A, ***

Group D v. A, **
Group E v. A, ***

792-1363 301 231-311 220 2[07-2(43 197 170-2010 121 110-1B2

10076

Total TAG

Group C v. A, **
Group E v. A, ***

10M16-13M96 147 116-113 086 064-001 1339 105-1147 0B2 0[72-0[87

10040

VLDL-cholesterol

Group E v. A, ***

Group C v. A, **
GroupC v. A, *

6095-707 135 168-2[35 o2 021-043 134 063-1[58 oR2 0[@7-0048

705

IDL-cholesterol

Group C v. B, **
Group E v. A, **

634-6094 662 5B86-7017 179 1B87-187 419 322-4(32 134 110-100

689

LDL-cholesterol

2(30-273 329 2[72-371 324 290-3386 2[70 2[17-2[80 348 3[37-4[88 GroupE v. A/ *

286

HDL-cholesterol

CO, coconut oil; Chol, cholesterol; OO, olive oil; TAG, triacylglycerol; IDL, intermediate-density lipoprotein.

* P <005, * P< 001, ***P<0MD01.

405

I Statistical analysis performed by Kruskal-Wallis non-parametric ANOVA test followed by Dunn’s multiple comparisons test.

T For details of diets and procedures see pp. 402—-403.
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Study 2

In order to confirm the ability of the olive-oil-rich diets to

E. H. Mangiapanet al.

study were somewhat younger than those used in the first
study and this was reflected in starting body weights. No
significant difference was seen in fasting final body weight

induce regression of the atherosclerotic lesions, a secondbetween any of the dietary groups (g): group A 23D
study was performed in which animals were fed on an 4[), group B 128 (sp 101), group C 138 (sp 108),
atherogenic diet for longer (10 as opposed to 4 weeks)group D 1342 (sp 7@8) and group E 131 (spD 168).
before transfer to the low-cholesterol diets. Animals in this However, it is of note that the animals never achieved the
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Fig. 2. Atherosclerosis in (a) ascending aorta and (b) aortic arch in
hamsters from study 2. Thirty male hamsters were fed on a diet containing
1509 hydrogenated coconut oil/kg diet and 30g cholesterol/kg diet for
10 weeks. At the end of this period six animals were killed (group A) and
the remainder were transferred onto cholesterol-free diets containing
either 150g hydrogenated coconut oil/lkg (groups B and D) or 1509
olive oil/lkg (groups C and E). Groups of six animals were killed after a
further 8 weeks (groups B and C) and 16 weeks (groups D and E). The
aortas were removed and stained with Oil Red O as described on pp.
402-403. Data are presented as mean values with standard deviations
represented by vertical bars. For data from the ascending aorta significant
differences between groups were determined by ANOVA followed by
Bonferroni multiple comparisons test. Data from the aortic arch were not
normally distributed and were first log-transformed before statistical

analysis: * P< 0[05, *** P<0[001.
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body weights seen in study 1, despite the fact that the trial The animals used in the present study were bred within
lasted up to 14 weeks longer. Total plasma cholesterol andour own facility and were of the DSNI strain. We have
TAG (Table 3) were considerably higher in the animals fed previously shown that, in the presence of very low concen-
on the atherogenic diet for 10 weeks (group A) than for trations of dietary cholesterol @ g/kg), this strain of
animals fed on the same diet for 12 weeks in the previous hamster responds to dietary saturated fats with an increase
study (group B). This was almost entirely due to&-fld in the LDL fraction (Bennetet al. 1995; Salteet al. 1998).
higher concentration of VLDL-cholesterol in the second In the present study a diet containing a very high concen-
trial. VLDL- and IDL-cholesterol dropped dramatically tration of cholesterol (30 g/kg) was used to induce athero-
when cholesterol was omitted from the diet, with the fall sclerosis. This was done to ensure that lesions covered a
being greatest in the olive-oil-fed animals (groups C and E) significant area of the aorta such that regression might be
(Table 4). After feeding the diets with no added cholesterol detected on changing the diet. This atherogenic diet resulted
for 8 weeks, plasma LDL-cholesterol concentrations in a dramatic increase in the plasma concentrations of
remained high in coconut-oil-fed animals (group B) but VLDL-, IDL-, and LDL-cholesterol. Plasma TAG was
were markedly reduced in olive-oil-fed animals (group C). also dramatically increased. In comparing the two studies
After a further 8 weeks LDL-cholesterol was reduced in the increase in VLDL was considerably greater in study 2
both dietary groups but still remained lower in those fed on than in study 1. The reason for this is unclear, but the use of
olive oil. HDL-cholesterol was significantly increased after coconut oil in the first trial and hydrogenated coconut oil in
16 weeks of olive-oil feeding (group E) compared with the second may have had some influence. While coconut oil
group A. contains approximately 130 g unsaturated fatty acids/kg this
Fig. 2 shows the development of atherosclerosis in theseis reduced to about 15 g/kg in the hydrogenated form. This is
animals. In the ascending aorta the extent of atherosclerosigdue to the conversion of both oleic acid and linoleic acid to
continued to increase in coconut-oil-fed animals even when stearic acid (Table 1). The basic rodent chow also differed
cholesterol was omitted from the diet. By contrast, the between the two experiments but both were rodent breeding
amount of atherosclerosis in the olive-oil-fed animals diets of similar overall nutrient and fatty acid composition.
remained fairly constant. The pattern of lesion development The other difference was the starting age and weight of the
in the aortic arch was different, with evidence of regression hamsters which were significantly less in the animals used
in both coconut-oil and olive-oil-fed animals. in study 2. Thus, one or more of these differences may have
contributed to the difference in response seen in the two
studies. The hyperlipidaemia and extent of atherosclerosis
seen in the present study were not as great as in the
The male hamster has proved a useful model of lipoprotein commonly used B hybrid strain of hamster which has
metabolism and displays some important advantages overbeen shown to develop lesions after feeding cholesterol at
other small animal species (Spady al. 1993). Coupled only 08 g/kg diet (Ottoet al. 1995). However, we have
with its small size and ease of handling the hamster hasfound that the B strain exhibits even greater increases in
become a popular model of dietary effects on lipoprotein cholesterol and TAG content of the VLDL fraction on
metabolism. cholesterol feeding (MA McAteer, GM Benson and AM
Significantly less work has been done on the hamster as aSalter, unpublished results).
potential model of the development of atherosclerosis. The presence of atherosclerotic lesions, as demonstrated
Nistor et al. (1987) have presented a detailed study of the by Oil-Red-O staining was shown in both the ascending
progression of atherosclerosis in the cholesterol-fed ham-aorta, in the area of the aortic valves and on the inner
ster. Feeding on a diet containing 309 cholesterol/kg and curvature of the aortic arch. Generally lesions appeared
150g butter/kg resulted in dramatic increases in LDL- earlier in the ascending aorta and were more extensive. The
cholesterol which were accompanied by the developmentdevelopment of lesions at the base of the aortic sinus is also
of atherosclerosis in the aortic arch. After 4 weeks of characteristic of dietary induced atherosclerosis in certain
feeding, lipid deposits were visible in the aortic arch due inbred strains of mice but only rarely do such lesions extend
to the appearance of lipid-laden macrophages in the sub-to the aortic arch in this species (Breslow, 1996). Much
endothelium. By 4-5 months, fatty streaks were clearly more widely distributed lesions are, however, seen in
visible and by 10-12 months, lesions were proliferative transgenic mouse models such as the apoE-knockout
with necrotic zones and Ca deposits. These lesions wereand LDL receptor-deficient mouse (Ishibagtial 1994;
reported to occlude up to 30% of the lumen. Extensive Nakashimeaet al. 1994).
lesions have also been reported to develop in the coronary Steinet al. (1996) have suggested that on low-cholesterol
arteries of hamsters fed on diets rich in saturated fat diets the high concentration of HDL relative to LDL

Discussion

and cholesterol for extended periods of time (Sietaal. in hamsters makes the animals resistant to atherosclerosis.

1990). We have also found that on diets containing less than
The development of atherosclerosis in the hamster hasabout 5g cholesterol/kg plasma HDL-cholesterol concen-
since been shown to be susceptible to a variety of pharma-trations remain higher than LDL-cholesterol and there
cological interventions (Kowalat al. 1991, 1993; Foxakt is little evidence of the development of atherosclerotic
al. 1992; Ottoet al. 1995) and is responsive to the anti- lesions (AM Salter and EH Mangiapane, unpublished
oxidant content of the diet (Parket al. 1995). However, results). However, as can be seen in the present study,
only one recent paper (Pitmagt al. 1998) has reported higher concentrations of dietary cholesterol induce
regression of atherosclerosis in the hamster. increases in VLDL-, IDL- and LDL-cholesterol relative to
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HDL-cholesterol and lipid-rich lesions develop. It remains  low density lipoprotein receptor-negative micdournal of

to be established which of the less dense lipoprotein frac- Clinical Investigation93, 1885-1893.

tions are contributing to the atherosclerosis. It is of note, Kahlon TS, Chow FI, Irving DW & Sayre RN (1996) Cholesterol
however, that in study 2, when cholesterol was removed response and foam ceII_formatlon in hamsters fed two I_evels of
from the diet, VLDL-cholesterol and IDL-cholesterol con- saturated fat and various levels of cholesterblutrition

centrations fell at similar rates in both the coconut- and Researcfl, 1353-1368.
Kowala MC, Nunnari JJ, Durham SK & Nicolosi RJ (1991)

olive-oil-fed animals but LDL-cholesterol dropped much — poxazosin and cholestyramine similarly decrease fatty streak
faster in those fed on olive oil. During this period, in the  formation in the aortic arch of hyperlidemic hamsters.
coconut-oil-fed animals, atherosclerosis continued to Atherosclerosi®1, 35-49.

develop in the ascending aorta and remained relatively Kowala MC, Mazzucco CE, Hartl KS, Seiler SM, Warr GA,
constant in the arch. This appears to suggest a difference Abid S & Grove RI (1993) Prostacyclin agonists reduce early
in susceptibility to atherosclerosis in these regions with the  atherosclerosis in hyperlipidemic hamstdketeriosclerosis and
ascending aorta being more sensitive to LDL-cholesterol _Thrombosisl3, 435-444. _
concentrations than the aortic arch. By contrast, substantiallindsey S, Benattar J, Pronczuk A & Hayes KC (1990) Dietary
regression was seen in both regions in those fed on olive oil, Palmitic acid (C16:0) enhanced HDL cholesterol and LDL

T . - - receptor mRNA in hamster®roceedings of the Society for
providing indirect evidence that it is the lowering of LDL- Experimental and Biological Medicin95, 261—269.

cholesterol concentrations that is important. Lowering of \janier VMG (1995) Coronary atherosclerosis stabilisation: an
LDL may prevent the further development of lesions and  achievable goalatherosclerosis18 S91-S101.
allow the HDL to promote regression. Nakashima Y, Plump AS, Raines EW & Breslow JL (1994) ApoE-
The results of the present experiments suggest that dietary deficient mice develop lesions of all phases of atherosclerosis
manipulation of lipoprotein concentrations can lead to throughout the arterial tredrteriosclerosis and Thromboslg],
regression of atherosclerosis in the hamster. At the present 133-140. B o
time we cannot say whether it is only the change in fatty Nistor A, Bulla A, Filip D & Radu A (1987) The hyperlipidemic
acid composition of the diet which induces the reduction in ~ hamster as a model of experimental atherosclerosis.
atherosclerosis or whether other components of the olive oil _ Athérosclerosi$g, 159-173.

m Iso have an effect. For example. the antioxidant profil Oshima R, lkeda T, Watanabe K, Itakura H & Sugiyama N (1998)
ay also have an eflect. For exampie, the anuoxidantprotie — p,, 00| treatment attenuates the aortic atherosclerosis in

of the two oils is very different, with olive oil containing Watanabe heritable hyperlipidemic rabbitatherosclerosis
over twenty times as much-tocopherol as coconut oil 137, 13-22.

(Padleyet al. 1994) and this may contribute to the regres- otto J, Ordovas JM, Smith D, van Dongen D, Nicolosi RJ &
sion of atherosclerosis. It would also be interesting to know  Schaefer EJ (1995) Lovastatin inhibits diet induced athero-
whether oils rich in polyunsaturated fatty acids are more sclerosis in F1B Golden Syrian hamstefsherosclerosisl14
potent at reducing atherosclerosis as seen in African Green 19-28.

monkeys (Rudekt al 1995). However, the present study Padley FB, _Gynstong FD & Harwood JL (1994) Occurrence and
and the recent report by Pitmanal. (1998) suggest that the characteristics of oils and fats. Trhe Lipid Handbookpp. 47—

hamster is potentially a very useful animal model for the 223 [FB Gunstone, JL Harwood and FB Padley, editors].
London: Chapman & Hall.

further StUdy.Of both the progression and regression of Parker RA, Sabrah T, Cap M & Gill BT (1995) Relation of vascular
atherosclerosis. oxidative stress,a-tocopherol, and hypercholesterolemia to
early atherosclerosis in hamstefgteriosclerosis, Thrombosis
and Vascular Biologyl 5, 349—-358.
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