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Abstract

Background and aims: Apple polyphenol contains abundant procyanidins, which have been
associated with an anti-atherosclerosis and cholesterol-lowering effect. The aims of this study
were to investigate whether apple procyanidins (APCs) features therapeutic efficacy in terms of
regressing atherosclerosis and whether its efficacy is due to mechanisms other than a
cholesterol-lowering effect.

Methods: After eight weeks on an atherogenic diet, rabbits were given a normal diet for another
eight weeks in order to normalize the increased serum lipids level. The rabbits in the baseline
group were sacrificed at this stage. The control group was subsequently fed a normal diet for
eight weeks, while the APCs group was administrated 50 mg/kg/day of APCs in addition to the
normal diet. Serum lipids and aortic intimal-medial thickness (IMT) were serially examined, and
the resected aorta was examined histologically and through molecular biology.

Results: Aortic IMT on ultrasonography and the lipid accumulation area examined using Sudan
IV staimning were significantly reduced in the APCs group as compared to the control group.
Serum lipid profiles were not different between the groups. Immunohistochemistry showed
significantly decreased staming of an oxidative stress marker and significantly increased staming
of ATP-binding cassette subfamily A member 1 (ABCA1) in the APCs group. Western blotting

and RT-PCR also showed increased expression of 4BCA41 mRNA and its protein in the APCs

group.



Conclusions: This study revealed that APCs administration causes a regression of atherosclerosis.

APCs might hold promise as an anti-atherosclerotic agent.
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1. Introduction

Atherosclerosis causes many cardiovascular diseases and it leads to considerable mortality
and morbidity. Statin is the most representative treatment for atherosclerotic cardiovascular
diseases (ACVD) and can reduce the risk of ACVD through its efficacy in lowering low-density
lipoprotein cholesterol (LDL-C) [1,2]. However, statin monotherapy that includes high-dose
statin sometimes fails to achieve expected LDL-C lowering in patients with ACVD [3].
Therefore, many trials have been started to develop new drugs that target not only LDL-C but
also triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and lipoprotein [4.5,6].

As another approach to decreasing the risk of ACVD, polyphenols have been investigated
because of their cholesterol-lowering and antioxidant properties [ 7]. Among polyphenols, the
procyanidin group, which is widely present in vegetables and fruits including apples, in
particular has potent effects that decrease the risk of ACVD [8.9]. Apples especially contain
many kinds of polyphenols, with the main components being oligomeric procyanidins [10].

Many in vitro studies have revealed that procyanidins act in several ways that can mhibit
atherosclerosis [11-17], this being confirmed by several in vivo studies using rodents [9,18-21].
In all in vivo studies, procyanidins administration was started at the same time as the atherogenic
diet, which means that procyanidins were used as a preventative administration. However,
therapeutic administration of procyanidins to regress already-developed atherosclerosis has not

been examined. ACVD:s are generally found in adults in the advanced stage of atherosclerosis;



therefore, it 1s meaningful to examine whether procyanidins have therapeutic efficacy for
atherosclerosis. The main purpose of this study was to investigate whether apple procyanidins
(APCs) can regress atherosclerosis once it has developed.

The second purpose of this study was to evaluate whether the anti-atherosclerotic effects is
obtained not only by a cholesterol-lowering effect, but also through other mechanisms.
Mechanisms for the anti-atherosclerotic capacity of procyanidins have been explained by in vitro
and in vivo studies as the mhibition of several substances or reactions [9,11-18,21], in addition to
their cholesterol-lowering effect. However, it remains unclear whether its efficacy regarding
atherosclerosis is mainly attributable to mechanisms other than a cholesterol-lowering effect,
since an obvious reduction i the serum LDL-C level is usually obtained by procyanidins
administration [22]. Therefore, in order to evaluate mechanisms other than a
cholesterol-lowering effect, a comparison should be made between a treatment group and a
non-treatment group at the same serum LDL-C level. This was achieved by setting a wash-out
period, providing a normal diet for eight weeks after the atherogenic diet period. As a
mechanism other than a cholesterol-lowering effect, influences on ATP-binding cassette
subfamily A member 1 (ABCA1) and ATP-binding cassette subfamily G member 1 (ABCGI),
which promote cholesterol efflux, oxidized low density lipoprotein (oxILDL) and lectin-like
oxidized LDL receptor 1 (LOX-1), and reactive oxygen species (ROS) were focused on and

examined.



2. Material and methods
2.1 Preparation of APCs

The procyanidin fraction was prepared as described below. Briefly, the apple polyphenol
fraction was separated from apple (Malus pumila cv. Fuji) juice by preparative column with
aromatic synthetic adsorbents and a Sepabeads® SP-850 (Mitsubishi Kasei Co., Ltd., Japan)
column (i.d. 80 x 1000 mm) with the method of previous study [23]. And, apple polyphenol
extracts were lyophilized, and the powder obtained was dissolved in distilled water and adjusted
to pH 6.5 with SN NaOH. The sample was applied to a Diaion HP-20ss (Mitsubishi Kasei Co.,
Ltd., Japan) column, and after rinsing the column with distilled water, the procyanidin fraction
was eluted with 25% ethanol. Finally, the eluate was concentrated by rotary evaporation at 45°C
and lyophilized as an APCs fraction. The APCs fraction powder was stored in the tightly sealed

aseptic tube at 4°C before use.

2.2 Animal preparation
All experimental protocols were conducted in accordance with the Guidelines for Animal
Experimentation of Hirosaki University and approved by the Animal Research Committee of

Hirosaki University.



Experiments were performed using 24-week-old male Japanese white rabbits weighing 3.4 kg

to 3.9 kg and purchased from Kitayama Labes Co., Ltd (Japan). They were housed under

standard conditions at the Institute for Animal Experiments of the Hirosaki University School of

Medicine.

2.3 Experimental Design

Nineteen rabbits were assigned randomly to three groups (Fig. 1): 1) Baseline group animals

were fed a 0.3% cholesterol diet (research diets, USA) for eight weeks and then fed a normal

diet for eight weeks, then sacrificed (n = 7); 2) Control group animals were fed a 0.3%

cholesterol diet for eight weeks and then fed a normal diet for 16 weeks, then sacrificed (n=7);

3). APCs group animals were fed a 0.3% cholesterol diet for eight weeks and then fed a normal

diet for eight weeks, followed by a normal diet and APCs, of which 50 mg/kg were mixed with

1 ml tap water just before use and directly given by oral administration using syringes with

confirmation that animals took whole doses every day for eight weeks, then sacrificed (n=5).

The APCs dosage was the same as the most effective dosage for the prevention of vasospasm of

the cerebral artery after subarachnoid hemorrhage through hibition of ox-L.DL and LOX-1, as

shown in our previous study using rabbits [24]. This dosage 1s far lower than the level with

adverse effects [10].



2.4 Analysis of serum lipids and free radicals

After fasting for 12 hours, blood samples were drawn from the auricular vein and centrifuged

at 3000 x g for 10 minutes to obtain sera. Serum total cholesterol (TC), LDL-C, HDL-C, and

TG were measured by using a biochemistry analyzer (Hitachi 7180, Japan). The oxidative stress

levels in serum were determined by the colorimetric determination of the reactive oxygen

metabolites (d-ROM) test using the free-radical elective evaluator (FREE carpe diem, Diacron

International, Italy). The results were expressed in arbitrary units, namely Carratelli units

(U.CARR), whereby a single U corresponds to 0.08 ng/100 ml of H>O.

2.5 Ultrasonography of the aorta

B-mode ultrasonography of the abdominal aorta was performed with an ultrasound machine

(logig-book XP, GE Healthcare, USA) under anesthesia by intravenous injection of medetomidine

(0.5 ml/kg), midazolam (2 mg/kg) and butorphanol tartrate (0.5 mg/kg) at the beginning of the Oth

week before providing a atherogenic diet and at the end of the 8th and 16th weeks in all groups,

and at the end of the 24th week in the control and APCs group. Longitudinal axis images of the

abdominal aorta were taken around the renal artery, and the maximal intimal-medial thickness

(IMT) was measured.

2.6 Histological evaluation of atherosclerotic lesions.



At the end point for each group, the thoracic and abdominal aorta was removed just after
animals were sacrificed by the administration of an overdose of anesthetics. The upper half of
the thoracic aorta was used for Sudan IV stamning and the lower half of the thoracic aorta and the
abdominal aorta was used for HE staining, oil red staining, Masson's trichrome staining,
immunohistochemistry, and molecular biological analysis.

The specimens after the Sudan IV staining were observed under a stereomicroscope (Olympus
S7ZX7, Japan), the area of atherosclerotic plaque was measured using image analyzer Image J
(National Institutes of Health, USA), and the ratio of atherosclerotic plaque area to the whole
arterial area was calculated. The photographs of the specimens after HE staining, oil red staining,

and Masson's trichrome staming were put under a microscope with a digital camera (DP71,

Olympus, Japan).

2.7 Immunohistochemical evaluation

Immunohistochemical staining of paraffin-embedded sections was performed using
Vectastain ABC Kit (Vector Laboratories, USA). After deparafinization and rehydration,
heat-induced antigen retrieval was performed. Endogenous peroxidase activity was quenched
using Bloxall solution (Vector Laboratories, USA). Nonspecific protein binding was blocked by
normal serum, followed by the Avidin/Biotin Blocking Kit (Vector Laboratories, USA). Sections

were incubated with primary antibody and biotin-conjugated anti-mouse IgG antibody or



directly with biotin-conjugated primary antibody listed in Supplemental Table 1. To visualize,

sections were incubated with avidin-biotin peroxidase complexes and diaminobenzidine (Vector

Laboratories, USA), then counterstained with hematoxylin. The photographs were taken under a

microscope with a digital camera. In order to evaluate the detailed expression of each antigen,

the observation region was divided nto atherosclerotic plaque and endothelium of the

non-atherosclerotic plaque. The intensity of immunohistochemical staining was examined in

each region and evaluated using a semi-quantitative scoring system, by which the intensity was

scored from 0 to 3 (0: none; 1: local and thin; 2: local and thick or diffuse and thin; 3: diffuse and

thick for the atheroma plaque, and 0: none; 1: thin; 2: medium; 3: thick for the endothelium).

Each specimen was evaluated in a blinded fashion by three independent observers.

2.8 Western blotting and real-time RT-PCR

Proteins were extracted by homogenizing in RIPA buffer containing protease inhibitors (Santa

Cruz Biotechnology, Inc. USA) and centrifugation. Equal amounts of protein were subjected to

SDS-PAGE and transferred to nitrocellulose membranes. After blocking, membranes were

incubated with primary antibodies listed in Supplemental Table 2 and then with

peroxidase-conjugated secondary antibodies. Bands were visualized using Amersham ECL

Select Western Blotting Detection Reagents (GE Healthcare UK Ltd., UK) and ChemiDoc XRS

Plus (Bio-Rad Laboratories, Inc., USA).



Total RNA was isolated using Pure Link RNA Mini Kit (Life Technologies Corporation,

USA), and subjected to RT with Prime Script RT-PCR Kit (TAKARA BIO INC., Japan) using

specific reverse primers. Quantitative PCR analysis was performed using 1Taq Universal SYBR

Green Supermix and the CFX Connect real-time PCR system (Bio-Rad Laboratories, Inc.,

USA). The sequences of the PCR primers were summarized in Supplemental Table 3.

2.9 Statistical Analysis

All data are expressed as means = SEM. In the analysis of the aortic IMT, plasma lipids and

d-ROM were compared with the Kruskal-Wallis test and the Wilcoxon test. In the analysis of the

area of Sudan IV staining, immunohistochemical intensity score, and real time RT-PCR were

compared with the Student’s t test. A p-value of less than 0.05 was considered to indicate

statistical significance.

3. Results

3.1 Serum lipids and d-ROMs

Serum LDL-C and TC were significantly increased after being fed the atherogenic diet in all

three groups, and they significantly decreased after eight weeks of the normal diet start in all

three groups (Table 1). No lipid items showed statistically significant differences among the



three groups in any period.

The serum d-ROMs increased at the 8th week after being fed the atherogenic diet and

decreased at the 16th week after being fed the normal diet in all three groups without statistical

significance. At the 20th and 24th weeks, the values remained low level in both the control and

APCs groups (Table 1). No statistical significances were seen among the three groups in any

period.

3.2 Ultrasonography of aortic IMT

Representative serial changes in the ultrasonography of the abdominal aorta in each group are

shown in Figures 2A, B, C. The aortic IMT of the 8th and the 16th weeks was increased in

comparison fo the Oth week without statistical significance, and statistically significant

differences were not seen among the three groups until the 16th week (Fig. 2D). In the APCs

group, the aortic IMT at the 24th week was significantly decreased as compared to that of the 8th

and 16th weeks, while in the control group the aortic IMT showed no significant differences

among the 8th, 16th, and 24th weeks. At the 24th week, the aortic IMT of the APCs group was

statistically significantly smaller than that of the control group (Fig. 2D).

3.3 Evaluation of aortic atherosclerosis

The representative photographs of Sudan IV staimning in each group are shown in Figure 3A.



In the APCs group, the ratio of the plaque area was significantly lower than in the other two

groups (Fig. 3B). Also, there was no significant difference between the baseline group and the

control group. The representative findings of HE staining, oil red staming, and Masson's

trichrome staming are shown i Figures 3 C, D, E. Both plaque thickness and lipid accumulation

were reduced on the APCs group, while conversely collagen deposition was increased in the

APCs group.

3.4 Immunohistochemistry

The microscopic findings for each staining in each group and the semi-quantitative analysis of
their staining intensity are shown in Figures 4, 5, 6.
Nitrotyrosine, a specific marker for protein modification by nitric oxide-derived oxidants: at the
atherosclerotic plaque, the positive-staining cells diffusely seen in the baseline group and the
control group were significantly reduced in the APCs group (Fig. 4A). At the non-atherosclerotic
region, the staining of the endothelial cells was significantly weaker in the APCs group as
compared to the other two groups (Fig. 4B).
8-OHdG, a marker of oxidative stress to DNA: at the atherosclerotic plaque, the
positive-staining cells diffusely seen in the baseline group significantly reduced in the APCs
group (Fig. 4C). At the non-atherosclerotic region, the staining of the endothelial cells was

significantly intense in the baseline group as compared to the other two groups (Fig. 4D).

10



Macrophage staining by its specific antibody, RAM11: Positively-stained cells were diffusely
seen at the atheroma plaque in the baseline and control groups, and their intensity and area
significantly decreased in the APCs group (Fig. 4E).

Myosin IIB, non-muscle myosin heavy chain and a marker of synthetic phenotypes of SMC:
Positively stained cells were diffusely seen at the atheroma plaque in the baseline and control
groups, and were significantly decreased in the APCs group (Fig. 4F).

ox-LDL and LOX-1: The positive expression of LOX-1 and ox-LDL could not be detected in all
three groups (Fig. 4G, H).

ABCALI: At the atheroma plaque, the positively-stained cells were seen locally in the baseline
and APCs groups, and were significantly decreased in the control group (Fig. 41). At the
non-atherosclerotic region, the staining of the endothelial cells was significantly intense in the
APCs group as compared to the other two groups (Fig. 47).

ABCGI: At the atheroma plaque, the positively stained cells were seen locally i the baseline
and the APCs groups, while they could hardly be detected in the control group (Fig. 4K). At the
non-atheromatous part, the staining of the endothelial cells was significantly weak in the control

group compared to the other two groups (Fig. 4L).

3.5 Western blotting and RT-PCR

In western blotting, compared to the baseline group the protein expression of ABCALI in the

11



control group was reduced almost completely to an undetectable level, while it was significantly
preserved in the APCs group (Fig. SA). Meanwhile, the protein expression of ABCG1 and
LOX-1 were undetectable or at a slightly detectable level in all three groups (Fig. SA).

In RT-PCR, consistent with the results of western blotting, the 4BC47 mRNA expression of
the APCs group was significantly higher than that of the other two groups (Fig. 5B). The
significant differences of ABCGI and LOX-1 mRNA were not seen among all three groups (Fig.

5B).

4. Discussion

In the present study, the lipid accumulation area as evaluated by Sudan IV staming, and the
aortic IMT as evaluated by ultrasonography showed no significant differences between the
baseline group and the control group, which suggests that atheroma once-developed is not easily
regressed by providing a normal diet for a short period, such as 8 to 16 weeks. A recent
experimental study using rabbit iliac artery revealed that IMT and the plaque area did not show a
reduction until 16 weeks of a normal chow diet following eight weeks of an atherogenic diet, but
showed significant reduction at 50 and 64 weeks [25]. Francis et al. investigated the progression
and regression of aortic atherosclerotic lesions after prolonged withdrawal following four weeks

of cholesterol feeding and indicated that plaque growth reached a plateau eight weeks after

12



cholesterol withdrawal, followed by a gradual decrease without a statistical difference until 28

weeks after cholesterol withdrawal [26]. Therefore, these results support our results, that

atheroma is not easily regressed during a short period.

On the other hand, in the present study, APCs administration brought about a decrease in the

lipid accumulation area and a reduction in the aortic IMT, which was accompanied by reduced

infiltration of macrophage and synthetic phenotype SMCs at the atheroma plaque as evaluated

by immunohistochemistry. These findings could indicate that APCs have the therapeutic efficacy

to induce atherosclerotic plaque regression. This effect is considered caused not only by a

cholesterol-lowering effect but also the other mechanisms, since these changes were

significantly observed compared to the control group with the same serum LDL-C level as the

APCs treatment group.

APCs 1s main component of apple polyphenols, an oligomer of epicatechin, and features

strong radical scavenging activity due to its many hydroxyl groups [9,18]. The anti-oxidative

stress capacity of APCs could be one of the mechanisms that regress atherosclerosis. Oxidative

stress has been indicated to be an essential and initiating factor for atherosclerosis by injuring

endothelial cells, oxidizing atherogenic lipoproteins and proteins, and advancing the

inflammatory process [27,28]. In the present study, d-ROM, the marker of serum oxidative stress,

was changed 1n association with the changes of serum LDL-C, which is compatible with

previous studies [29,30]. Also, in the present study, -ROM was decreased to baseline level after

13



the reduction of serum LDL-C in all groups, which resulted in no significant difference in the

d-ROM value between the control group and the APCs group. However, immunohistochemical

staming for nitrotyrosine and 8-OHdG, which are markers of local oxidative stress [31,32], were

remarkably seen at the plaque and the endothelium in the baseline group and were preserved

with some decreases in the control group, which suggested that local oxidative stress is

maintained under normalized serum LDL-C. On the other hand, their staining was significantly

decreased in the APCs group, which suggests that APCs could act as an antioxidant for the

arterial wall, resulting in demonstrating an anti-atherosclerotic effect.

As with the other mechanisms, inhibition of ox-LLDL and LOX-1 had been expected, since the

procyanidins in APCs are indicated to be potent inhibitors of LOX-1 [33]. Ox-LDL is known to

trigger up-regulation of LOX-1, and ox-I.LDL and LOX-1 are easily combined, resulting in

increased local ROS, which play an important role in the progress of atherosclerosis [34].

However, in the present study the mhibitory effect of APCs on ox-LLDL and LOX-1 could not be

assessed, since their staining was not observed even in the baseline and control groups.

Torzewski et al. have indicated that a significant reduction of ox-L.DL at the plaque 1s induced by

six months of a normal diet following six months of an atherogenic diet [35]. The present results

suggest that ox-LDL might be decreased with down-regulation of LOX-1 in the situation of

nomal serum LDL-C for 8 to 16 weeks, which should be clarified in the future. Also, the

mnhibitory effect of APCs on ox-LLDL and LOX-1 should be evaluated during a period with high

14



serum LDIL-C.

Another effect of APCs associated with regression of atherosclerosis is its capacity to activate
ABCAL [36,37]. In foam cells, several macrophage transporters facilitate the efflux of lipids
including ABCA1 and ABCG1 [38]. ABCA1 presence promotes cholesterol efflux to lipid-poor
apolipoprotein A1 to form nascent HDL, and ABCGI promotes it to mature HDL particles
[38,39]. Procyanidin mainly up-regulates ABCA1 at the mRNA and protein level, independent
of ABCGI [40]. Both ABCA1 and ABCGI exist not only in foam cells and macrophages at the
plaque, but also in endothelial cells [41]. In the present study, increased immunohistochemical
staming of ABCA1 was observed at the atheroma and endothelial cells in the APCs group and at
the atheroma in the baseline group, which was supported by western blotting. However, the
RT-PCR study showed up-regulation of 4BCA1 only in the APCs group. The expression of
ABCAL i1s up-regulated by the accumulation of cellular cholesterol through activation of liver X
receptors (LXRs) under a high serum LDL-C level [38,42.43]. On the other hand, in the
situation of a normal serum LDL-C level after a normal diet, up-regulation of ABCA1 mRNA
expression could be discontinued while its protemn expression could remain with a gradual
decrease, which may be a cause of the discrepancy between mRINA and protein expression of
ABCAL as seen in the baseline group. Also, both its mRNA and protem expression significantly
decreased in the control group, while their expression increased again in the APCs group. APCs

administration could up-regulate ABCA1 mRNA and protein under the situation of a normal

15



serum LDL-C level, which may be the important factor regressing the atherosclerosis in the
present study. In addition, it has recently been suggested that atheroprotective effect of HDL
depends on HDL functionality rather than HDL quantity [44]. APCs administration may
enhance HDL quality independently of HDL quantity, since cholesterol effhux via ABCALI is
closely associated with HDL quality [45]. This hypothesis should be nvestigated in the next
step.

The present study has suggested that APCs might have therapeutic capacity to regress
already-developed atherosclerosis through mechanisms other than the cholesterol-lowering
effect. The efficacy of antioxidant agents for atherosclerosis regression has not been proved in
human, but APCs could be a candidate, since no observed adverse effect level for APCs has

been greater than 200 mg/kg in an experimental study using rats [10].

5. Limitations

The present study has several limitations and problems to be solved mn the future before APCs
1s chinically applicable. First, atherosclerosis obtained in the present study was not so progressive
as atherosclerosis of human, since atherosclerosis was induced only by atherogenic diet n the
present study. The most established atherosclerotic model in rabbits involves both balloon
denudation and diet [46]. The anti-atherosclerotic efficacy of APCs should be examined using

atherosclerotic model with balloon denudation and diet. Second, the present study focused only

16



on ABCAland ABCGI as a cholesterol efflux mechanism. The other mechanisms such as

scavenger receptor class B type I (SR-BI) - mediated cholesterol efflux should be mvestigated at

the next step. The detail molecular mechanism by which APCs promotes the ABCA1 expression

should also be clarified, since ABCA1 is known to be regulated by upstream transcriptional

factors such as LXRs and sterol regulatory element binding proteins (SREBPs). In addition,

several doses of APCs should also be tested i the next study, since only one dose was evaluated

in the present study. Also, an additive or synergistic effect by combined use with statin could be

expected and should be nvestigated in order to develop a treatment for ACVD.

6. Conclusions

The present study revealed that APCs administration causes a regression of atherosclerosis in

a rabbit model. Its anti-atherosclerotic efficacy is independent of a cholesterol-lowering effect.

APCs might hold promise as an anti-atherosclerotic agent, although the detail mechanisms of its

efficacy should be clarified i future.
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Table 1  Serial changes of serum lipids profiles and d-ROMs

Evaluation period
0 week 4 week 8 week 12 week 16 week 20 week 24 week

TC (mg/dL)

Baseline Group 23.0£1.4 461.1+122.7° 540.1=112.7% 105.7+33.6* 30.7£7.9°°

Control Group 32.6x4.3 455.4+88.4° 792.1£215.4% 188.4+82.6% 41.0£17.95¢ 27.316.55¢ 22.2+1.8¢¢

AP Group 24.443.5 373.0+64.52 653.6+158.5% 71.8+14.78 26.8+7.5%¢ 18.6+3.8%¢ 15.6+1.9%¢
LDL-C (mg/dL)

Baseline Group 3.920.7 201.1+55.2° 230.1£52.5° 41.3+13.8° 7.3+2.99f

Control Group 6.4£2.4 206.1+77.92 325.6x123.12 94.0+35.52 14.3+5.4¢5¢ 8.0+3.0%¢ 3.4+1.3¢¢

AP Group 3.640.4 158.4427.92 231.8+55.12 24.4+4.2° 5.80£1.5%¢ 3441010 2.840.6%¢
HDL-C (mg/dL)

Baseline Group 11.7+0.9 263+2.2° 26.6+3.6° 23.3+25° 16.943.1°°

Control Group 14.6£2.6 28.9+3.22 21.0£3.5 21.6x3.72 16.4£2.0¢ 14.5+1.7¢ 11.0£14¢

AP Group 14.243.2 22.0+4.4 226536 18.8+2.4 17.0+3.8 12.6£2.6 10.6£1.7 ¢
TG (mg/dL)

Baseline Group 40.9£10.8 26.6+9.8 25.7+6.7 48.3+12.8 47.115.2

Control Group 62.3+323 31.3£14.9 39.2+12.5 74.7+40.8 203+29¢ 20.6+22°¢ 45.6+16.2

AP Group 49.0+17.0 20.6+6.1 36.8+16.9 53.4+36.1 17.243.1 23.6+28 35.0+8.2
d-ROM;s (U.CARR)

Baseline Group 186.3x18.5 288.4+25.4 203.4423.2

Control Group 205.2+33.6 255.424.4 239.472.8 171.5£11.7 162.9+9.2

AP Group 185.049.7 267.4422.6 174.8+11.4 168.0£12.8 165.8£11.0

Results expressed as mean + SEM. TC: Total Cholesterol. LDL-C: low-density lipoprotein cholesterol. HDL-C: high-density lipoprotein cholesterol, TG: Triglyceride, d-ROMs:

colorimetric determination of the reactive oxygen metabolites. * p<0.05, ®p<0.01 vs. 0 week. ¢ p<0.05, p<0.01 vs. 4 week. *p<0.05, Tp<0.01 vs. 8 week.



Legends

Fig.1. Experimental Design

Male Japanese White rabbits of three groups were fed an atherogenic diet (0.3%cholesterol) for

eight weeks to create atheroma, followed by a normal diet for eight weeks. The baseline group

was sacrificed at the end of the 16th week. The control group was fed a normal diet for another

eight weeks and sacrificed at the end of the 24th week. Meanwhile, the apple procyanidins

(APCs) group was given a normal diet and APCs (50 mg/kg) for eight weeks and sacrificed at

the end of the 24th week.

Blood sampling was performed every 4 weeks and ultrasonography of the aorta was performed

every 8 weeks (arrows).

The double hines indicate time to sacrifice.

APCs: Apple procyanidins.

Fig. 2. Serial changes of aortic IMT

The representative serial ultrasonographic images of the baseline group (A), the control group

(B), and the APCs group (C) are shown. Increased IMT (white arrows) was often seen at the 8th

and 16th week m all groups.

D: Quantitative evaluation of aortic IMT. All results were expressed as mean = SEM. *p <0.05,



%% <0.01.

IMT: intima-media thickness.

Fig.3 Histological evaluation of aortic atherosclerosis

A: Representative findings of the thoracic aorta with Sudan IV staining.

B: Quantitative measurement of the lipid accumulation area of Sudan IV staining.

All results were expressed as mean = SEM. *p <0.05, **p <0.01.

C: Representative findings of cross-section stained with hematoxylin/eosin.

D: Representative findings of cross-section stained with oil red.

E: Representative findings of cross-section stained with Masson's trichrome staining.

Fig. 4. Immunohistochemistry

A: Immunohistochemistry of nitrotyrosine at the atheroma plaque and its stamning intensity

SCore.

B: Immunohistochemistry of nitrotyrosine at the endothelmum and its staining intensity score.

C: Immunohistochemistry of 8-OHdG at the atheroma plaque and its staining intensity score.

D: Immunohistochemistry of 8-OHdAG at the endothelium and its staining intensity score.

E: Immunohistochemistry of macrophages (RAM 11) at the atheroma plaque and its staining

intensity score.



F: Immunohistochemistry of myosin IIB at the atheroma plaque and its staining intensity score.

G: Immunohistochemistry of ox-LDL at the atheroma plaque and its staining intensity score.

H: Immunohistochemistry of LOX-1 at the atheroma plaque and its staining intensity score.

I: Immunohistochemistry of ABCA1 at the atheroma plaque and its staining intensity score.

J: Immunohistochemistry of ABCAL at the endothelium and its staining intensity score.

K: Immunohistochemistry of ABCGI at the atheroma plaque and its staming intensity score.

L: Immunohistochemistry of ABCGI at the endothelium and its staining intensity score.

All results were expressed as mean = SEM. * p<0.05, ** p<0.01.

8-OHdg: 8-hydroxyguanosine; Ox-LDL: oxidized low-density lipoprotein; LOX-1: lectin-like

oxidized LDL receptor-1; ABCA1: ATP-binding cassette transporter subfamily A member 1;

ABCG1: ATP-binding cassette transporter subfamily G member 1.

Fig.S. Western blotting and real-time RT-PCR

A: The results of westem blotting of ABCA1, ABCGI and LOX-1 in each group.

B: Relative expression of ABCA1, ABCGI and LOX-1 mRNA in each group measured by

real-time PCR.

All results are expressed as mean + SEM. *P<0.05, **P<0.01.
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Fig. 2 Serial changes of aortic IMT
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Fig. 3 Histological evaluation of aortic atherosclerosis
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Fig. 4 Immunohistochemistry
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Fig. 4
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Fig. 4
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Fig. 5 Western blotting and real-time RT-PCR
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