REZHTHEC L DMENRNLET 7 — 7 {BESR
BRI TIE S 2T A DORESIT BT S Hf5e

R4 FH @R R R MR &
A 2R SC S R PR AN HEE DT JE 5 3

TR 1 S AT - HEFEHEE

Y19 (2007)4%F 4A4

EEITEE DI EZEF



H /S

I. #fhatsEsE
BEZNFEIZLDMENTRE Y 7 — 7 IRFRERRSHE S AT LOBEICET DHE — 1
WL EFEF

11. SSHEFEmRE
1. EYWPET, SPECTIZ L AAEATIZEE 3 AAF5E 6
MEH RE

2. BWIPET, SPECTIZ & A A4  EREE R OFMESLIZ B4 B HFFE 8
FA F
I11. W R oTTIZEd 5 —&EFR 10

IV. BHERROTITY - BRI 11




B4 BB AT R B MBI e (F3FRI5T

i
Yt

E R ATHEE JEHE 26)

TRAEHT T

LA MENREET T — 7 BRI X T LAOMEIZET D H5E

IEANERRSE BT

AL, IMFRZEO DRI ZE & o - BIIRAE (LR RO R & 72 DR
BETT— 0%  BEST7—7 LEMLTEBILTHVAT AZHBEL,
BRERELELZRBETLOTHD, Thbb, 77 —7 DREEMEI
BRESOENRELSLEELTEY, 7/ LUV TOREL DT /37 Bkke
TEMEFEEINTWAESD, b0 EEZENFEZ AV THEEB
kT nzbicky, EXRLOBEHRHES AT LAEEBET LI L LT
%, AEE T, [FIFDG-PET & W\ CIEEEN R OB FIREDMRET & 1T
W, RIEIZL Y TS5 - EEAOBIRNERE A IEBEMNIES T LN T

BESER)FIEIC
EEREE N EET
MERE
x5 LEFRLE,
SrERTSEE
- EEH RE
EIRERRKTE 2%
- HA F

ES RIS v ¥ —H2ET =&
A. BFERE®

BT, Bk RIS TATF I X
777 E—EEREE LT, [AFRY v
vRe—Al WEBEZEHTEY, BPETIE
—FHFALUEORENRRIAENTNWS, ZOE)
PREE(LIREICRO GNARLEETS T — 7%,
WE, MR, MENIEDOHZEL WS —HEONR
RBASIEEIL, LAFE - IMEEREDREK
LB, Lo T, REET T — 7 2RI
LIBREITO ZENINEOERBOTHDD
WEETHD, £, BRICLATT—7DFE
EALRIZIZBEAERH D, 51T, BrxDT
F—ZIZOWTBHTALERHD EBZ DN
B0, FOBREBENREE=F—THIEDNE
EThD, BE. BIRE(LOBREDHROEE L
LChAfEEEENANSGN TSR, 2L,

LFLb T 7= ORERERTHOTIIRL,

T lerOT T =TI OWTEMET A Z i
TERV, AR, COXIBRREET T —
sk, BEST—7r ERBILTHEHBLTHA
FLEBEEL, IBEERRIELRETLOT
H5,

TRk 18 SR IL, BIRTE(LIGRIECH L e T
a—LERW, ZICEB 7T — 7 ZEDOE
&% ['*FIFDG-PET % A\ CTEEIATEED . EhAR
WLETLEMW THD WHHL v X 2T
e L7,

B. #Fst5HE
1. B4 - fF
;IIEIREE (L ET VB TH DS WHHL ¥
P UCEHW, T FIZIZ 10 » Al E Tl
BHEE G5, B, ERREHO=aY br—
NELT.ZD10 #» D 73 F—[L% sodium
pentobarbital #-5-12 & U ERk L BIAROAHHEFEA
ZER L7, thov X% 4 [LFD2D 207
=TG5, — 2D T N—TZE 1% T a7
a— L EETlE—H 130g. 6 » AfE 27,
O —oDIN—TIT@ERE—H 130g. 6
iy ARG Z 7= AR LB RAT o 7o, 3ERIR 501,
1,3,6 » A2 E, M+ LDL,HDL, 8= L X
T o—/VIBE . triglyceride B E ZHIE L7,

2.CT & PET IZ & A H &1L
MEEOEENC L2 EL R, P
< L BH[PFIFDG %5 6 BERRI N DR & LT,
["|FIFDG(37 7> 185 MBq)% F##iRL ¥ A—F
2% 5 L, ['|FIFDG #5 180 &b 15 4o
PET {8 21T\, Z D%, iohexol ZEH AL L
THWEE CT O®mBEz2{To7-, MEEE b, 38

1E 5



FEEAT (10 » A | EAES 1,3,6 » A%
{ZPET, CT#®RB% L7-, Ho7-EEOREIR
(ZBE D pEdk A X ﬁ%%%%@mttoﬁ
standard uptake value (SUV) T L 7=,

SUV= (80381 O F ST EEIR B (kBg/mL)) / { (&
H U= REKB) / (UHFXDEEE) |

3. ['*FIFDG D KEIRER BT 2 e
AT E 6 » AT D CT, PET G £1T
SRRy X 2B L, [*FIFDG (370

MBq)% H#ARL 0 R—F A5 Lz, &5 3 FF

%Iz b AL EZ — L OBERSIZE > T

ZEI S, PLP & (75 mM L(+)-lysine

hydrochloride, 4% paraformaldehyde % &2 37.5

mM DY RNy 7 7 —(pH 7.4)) 12 &V EGRE

ExtTo7, IEES. MEHMRKEIIREZImY EHL, H

FHOO RIS MR- S 2 RV 2%, 10 mm D

INFIZ I, EEEER, EHICPLP BRICK

DREEREEE LoDl EEE y U X —

BIFE L7z, Thb DRI differential uptake

ratio (DUR) T L 7=,

DUR= { (@M oiE#Bg) / (BRI

FoES() |/ { (EEH LB ERE®B) /
(THFDOMRER) |

4. KREWARAEGE O FREEELEE

BE - MgEE L-mE N E T T 4 T
A L70B, 4um OEEYIR ZER LTz, £
NZNOEMLIZI T 2 ERE % Azan-Mallory
Yk~ 0T 7 — VIR A HEGET
H2 RAM-11 #Hifkz AW Elzim L7,
FEIEYLE ORI, BORIED D~ ¥
Uiz kndeg L, AEOEmEER L OmE
Wr 1% Azan-Mallory e % HE L7280 A 2 AW
THIE L=, E£7-. RAM-11 {ZTHEICRE -
OB OEERAAZ LIZLY, w707
7= O EEFR L,

5. #ataE

B ERKRE LR L EIZIE Mann-Whitney
U-test &, BEPNELERIZIT paired t-test AV THT o

e

(fHEEE ~DBELE)

@%%ﬁﬁ@ﬁ@ﬂk%%i@ljﬁﬁmf
v o —EREMEESDOEREZIT TTL,
FEFTICTERZITOEBMICEREE ARV E
5 ERE L7,

C. MEHSR

1. K& - P AEEEE
Table 1 IZfFE, MP oL AT @ —/LRE,

triglyceride JEEDEZ =7, KEIZDOWTIL,
B - BN LEIRDONARD o7, HDL,
LDL, ffl\:? L AT 1 —/b triglyceride {22\ T ¥
gy hr— LRt E o T a— LR ERORICE
ﬁ'tﬁ?‘é T T, B L AT —IONT
X, WAL Y 6 AOBEEIMNICEDPRD
IS, Ta T a— LB 3,6 » AEIZBND
TIEFEEEIIRD N 2T,

Table 1. Effect of probucol treatments on body
weight, plasma levels of total, LDL, HDL cholesterol

and tuglycendes in WHHL rabbits.

T2:230 0 ATE16T  629= 184 5261600 e02s2ie STz,

Data are presented as the mean = SD.

*P<0.05 vs. corresponding value at month 0 (paired t-test).

No significant difference was seen in all parameters between the probucel and control groups
(Mann-Whitney U-test).
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[18FIFDG uptake {SUV)

Months of intervention
Figure 1. Course of [®*FIFDG uptake (SUV) over the
treatment period in WHHL rabbit thoracic aorta determined
by PET.
The solid lines and open symbols represent data from each
control rabbit (n=4) and the dotted lines and closed symbols
represent data from each probucol treated rabbit (n=4).
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Figure 3. Sequential effect of probucol on ['*F]JFDG
uptake in WHHL rabbit thoracic aorta. The data were
obtained using PET. Each bar represents the
summarized results for 4 rabbits per group.
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Figure 4. ["®*F]JFDG uptake by aortic segments
from WHHLMI rabbits in each group after 6
months of intervention. ["*F]FDG uptake was
measured using a gamma counter.
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Figure 5. Photomicrographs of atherosclerotic lesions in
thoracic aortas of pretreatment control 10-month-old
WHHL (A, D), control (B, E), and probucol-treated (C,
F) WHHLMI rabbits after 6 months of intervention.
Azan-Mallory staining (A, B, (€] and
immunohistochemical staining with anti-macrophage
monoclonal antibody RAM-11 (D, E, F) are shown.
Macrophages can be seen (arrowheads) in each stained
serial section from pretreatment control and control
rabbits (A and D, B and E). Bars = 100 um.
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Figure 6. Effect of 6-month probucol treatment on
macrophage number (A) and intima to whole cross
section area ratio (B).
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(PET) for monitoring the therapeutic effect of
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Application of '8F-FDG PET for Monitoring the
Therapeutic Effect of Antiitnflammatory Drugs on
Stabilization of Vulnerable Atherosclerotic

Plaques

Mikako Ogawa!-?, Yasuhiro Magata!, Takashi Kato®, Kentaro Hatano?, Seigo Ishino?, Takahiro Mukai®, Masashi Shiomi?,

Kengo to?, and Hideo Saji’

Laboratory of Genome Bio-Photonics Photon Medical Research Center, Hamamatsu Universiry School of Medicine, Hamamatsu,
Japan: *Department of Brain Science and Molecular hnaging. National Institute for Longeviry Sciences. National Center for Geriarrics
and Gerontology, Obu, Japan; *Department of Patho-Functional Bioanalysis, Graduate School of Pharmaceutical Sciences, Kvoto
University, Kyoto, Japan: *Department of Chemo-Pharmaceutical Sciences, Graduate School of Pharmaceutical Sciences, Kvushu
Universiry, Fukuoka, Japan; and *Insiituie for Experimental Animals, Kobe University School of Medicine, Kobe. Japan

The rupture of atherosclerotic vuinerable plaques and subse-
quent formation of thrombi are the main factors responsibie
for myocardial and cerebral infarctions. Because macrophage
infiltration plays an essential role in plaque rupturing, pharma-
cologic therapy that reduces macrophage infiltration is required
to stabilize the vulnerable plaques. The monitoring of therapeutic
effect is important in assessing the therapeutic effects of drugs
for individual patients. We previously reported that '8F-FDG
accumulates in macrophage-rich plaques. The present study
was undertaken to investigate the usefulness of 18F-FDG PET
for monitoring therapies that target vascuiar inflammation.
Methods: Myocardial infarction-prone Watanabe heritable
hyperlipidemic rabbits were used in this study. The antioxidant
probucol was included in the diet fed to 4 rabbits starting at
10 mo of age (probucol group). In a control study, 4 rabbits re-
ceived standard rabbit chow {(control group). '8F-FDG PET ex-
periments were performed on both groups before the study
and at 1, 3, and 6 mo after treatment. After the last imaging ses-
sion, the rabbits were sacrificed at 3 h after injection of 18F-FDG,
and the aortas were removed. The accumulated radioactivity
was then measured, and the number of macrophages was deter-
mined by examination of stained sections. Results: At the age of
10 mo, before the treatment, the aorta could be imaged by '8F-
FDG PET in all rabbits. The aorta could not be imaged after 6
mo of probucol treatment, whereas intense radioactivity was ob-
served in the control rabbits throughout the investigation. The
standardized uptake values (SUVs) of the aorta were decreased
significantly in the probucol group after 3 mo of intervention as
compared with the pretreatment period. The SUVs of the control
group were increased gradually at 6 mo. Radioactivity in the
aorta was significantly lower in the probucol group than that in
the control group. Macrophages were already present at the be-
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ginning of the study, and probucol treatment for 6 mo resulted in
a significant reduction of macrophage infiltration. Conclusion:
18F-FDG PET was able to image the reduction of inflammation
by probucol. "F-FDG PET should be useful for evaluating the
therapeutic effect of drugs clinically and for the development of
new drugs that can stabilize vulnerable plaques. 8F-FDG PET
should be useful for evaluating the therapeutic effect of drugs
clinically and for the development of new drugs that can reduce
inflammation of vuinerable plagues.

Key Words: "®F-FDG PET, atherosclerosis; vulnerable piaque;
therapeutic effect; probucol

J Nucl Med 2006; 47:1845~-1850

The rupture of atherosclerotic plaque and ensuing
thrombus formation are primarily responsible for myocar-
dial and cerebral infarctions (/-3). Atherosclerotic plaques
are classified into 2 types, stable and vulnerable, with the
latter having a high risk of rupture. Thus, the detection of
atherosclerotic plaques prone to rupture is clinically impor-
tant for risk stratification and to provide early treatment.
Inflammation plays an essential role in plaque rupturing,
and macrophage infiltration is characteristic of the vulner-
able plaques (4). Recently, we and another group have shown
that 18F-FDG accumulates in macrophage-rich plaques, and
ISE.FDG PET has been suggested to be useful for the se-
lective detection of vulnerable plaques (5-7).

Many drugs have been tested for their ability to stabilize
plaque (§), and macrophages are one of the targets of these
pharmacologic therapies (9). However, because drug effects
vary among individuals, monitoring the therapeutic effect is
important for selecting the appropriate drug for individual
patients. The present study was undertaken to investigate
the usefulness of '"8F-FDG PET for monitoring therapies
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that target vascular inflammation. We used probucol in
Watanabe heritable hyperlipidemic rabbits with myocardiat
infarction (WHHLM]I rabbits) (/0)—a widely used animal
model of atherosclerosis (//./2)—because probucol is an
antioxidant known to reduce the extent of macrophage
infiltration in atherosclerotic lesions in these rabbits (/3).
The atherosclerotic plague of WHHLMI rabbits does not
rupture but its pathologic characteristics have been reported
to resemble those of the human lesion (/0,74,15).

MATERIALS AND METHODS

Animals and Diets

Pure probucol powder was kindly supplied by Daiichi Phar-
maceutical Co. Ltd. WHHLMI rabbits bred at Kobe University
were used in this study. The animals were fed standard rabbit
chow (type RC4; Oriental Yeast Co., Ltd.) until the age of 10 mo.
One rabbit was killed under anesthesia with sodium pentobarbital,
and the aorta was removed at the beginning of the experiment to
be used as a pretreatment control to investigate atherosclerotic
lesions of the aorta. Other rabbits were divided into 2 groups. Four
rabbits were fed chow (130 g/d) containing 1% (w/w) probucol for
6 mo (probucol group). We chose this dose according to previ-
ously published methods (/6--19), although this dose is about 20
times higher than the recommended human dose. Four rabbits in
the control group were given standard rabbit chow (130 g/d} for
6 mo. Water was available ad libitum for all rabbits. Before drug
treatment and at 1., 3, and 6 mo after drug administration, body
weight and plasma levels of total. low-density lipoprotein (LDL).
and high-density lipoprotein (HDL) cholesterol and triglycerides
were evaluated. The Animal Care and Use Committee of the
Hamamatsu University School of Medicine approved all experi-
ments.

PET and CT

The animals were fasted for at least 6 h before receiving '8F-
FDG. Before the imaging study. the individual body shape was
taken with urethane hardening foam to maintain the stercotactic
position. F-FDG PET and CT experiments were performed at
10 mo of age and after 1. 3. and 6 mo of intervention in both groups
according to a previously reported method with slight modifica-
tion (5). Bricfly, the rabbits were anesthetized and '"F-FDG (37~
185 MBg) was injected into a marginal ear vein. PET was per-
formed for 15 min at 180 min after injection of '*F-FDG using an
ECAT EXACT HR PET scanner (Siemens AG). We chose this
time point according to the method of Tawakol et al. (6). After the
PET study. a CT angiogram was acquired with an X-force CT
scanner (Toshiba Medical Corp.) using iohexol as a contrast agent.
PET images were calibrated to the injected dose of F-FDG. For
measurement of radioactivity in the thoracic aorta, 4 circular
regions of interests (ROIs) (3 mm? for each ROI) were drawn on
the aorta. The analysis was undertaken with no knowledge of the
animal group. The standardized vptake value (SUV) was calcu-
lated by dividing the tissue concentration (kBg/ml) by the in-
jected dose per gram of body weight (kBg/g).

18F-FDG Biodistribution Study

The biodistribution study was performed on the day after the
CTand PET study, 6 mo after probucol administration. The rabbits
were anesthetized and 'SF-FDG (370 MBq) was injected into a
marginal ear vein. Three hours after the BE_FDG injection, the
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animals were sacrificed with an overdose of sodium pentobarbital.
Perfusion fixation was then performed using PLP solution (75 mmol/L.
L-(+)-lysine hydrochloride and 4% paraformaldehyde in 37.5
mmol/L. phosphate buffer. pH 7.4). The thoracic and abdominal
aortas were subsequently removed, cut into 10-mm segments. and
weighed. The segments were immediately postfixed in PLP solu-
tion, and radioactivity was measured with a well-type y-counter
(COBRA; Packard Co. Ltd.). The results are expressed as the
differential uptake ratio (DUR):

tissue activity {Bq)/tissue weight (kg)

DUR = — o : - : T
injected RI activity { Bq)/animal body weight {kg}

Histology

Each arterial segment was embedded in paraffin after the radio-
activity was measured. Consecutive 4-pun-thick sections were
prepared from each segment and the sections were subjected to
immunohistochemical staining or azan-Mallory staining. Immu-
nohistochemistry was performed according to the method reported
by Tsukada et al. using the rabbit macrophage-specific monoclo-
nal antibody RAM-11 (Dako Corp.) (20). T hese slices were also
costained with hematoxylin for identification of the nucleus. The
pumber of macrophages was determined by counting the nuclei of
RAM-11-positive cells in cach slice. The intima and whole area
were measured on an azan-Mallory-stained consecutive cross-
section of RAM-11 staining.

Statistical Analysis

Data are presented as the mean * SD. Statistical analysis was
performed using the Mann-Whitney U test or paired 7 test for
comparisons between or within groups. respectively. Statistical
significance was established at P << (.05.

RESULTS

Body Weight and Lipid Profile

Body weight, plasma levels of cholesterols, and plasma
levels of triglycerides in the probucol and control groups
are given in Table . During the experiments, there was no
statistically significant difference in body weight between
or within the groups. No significant difference was seen in the
plasma concentrations of total, LDL., and HDL cholesterol or
triglycerides between the probucol and controf groups. Total
plasma cholesterol levels decreased over the 6 mo of inter-
vention in both groups compared with the levels at the
beginning of the study, although the differences were not
significant at 3 and 6 mo in the probucol group.

PET Study

Figure 1 shows the CT. PET, and superimposed images
of CT and PET of the WHHIMI rabbits. The arrows indi-
cate the position of the aorta. At the age of 10 mo, the aorta
could be imaged in all rabbits. In the probucol group, the
aorta was not imaged after 6 mo of treatment. In contrast,
intense radioactivily was observed in control rabbits through-
out the 6-mo investigation. The time course of '8F-FDG
uptake over the treatment period of the thoracic aortas in
individual rabbits is shown in Figure 2. The SUVs decreased
in all probucol-treated rabbits after 3 mo of drug treatment,
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TABLE 1
Effect of Probucol Treatments on Body Weight and on Plasma Levels of Total, LDL, and HDL Cholesterol and
Triglycerides in WHHLMI Rabbits

0 mo (10 mo old) 1 mo 3 mo 6 mo
Parameter Probucol Control Probucol Control Probucol Control Probucol Control
Body weight (kg) 37+x02 38x01 38x02 39+x02 40x02 40+x03 389+02 40=x03
Total cholesterol (mg/dL) 965 + 138 967 + 153 694 = 71* 741 =£73* 781 =48 716 = 98" 685 + 220 660 = 36"
LDL (mg/dL) 675 = 160 630 = 167 509 = 88 614 =97 587 =67 529 =+ 85 483 = 185" 488 = 50
HDL (mg/dL) 18+ 3 14 =3 163 14 +3 18 & 2 14+ 6 11 3% 122

Triglycerides (mg/dL) 453 = 147 366 = 183 721 = 241 447 = 167 629 = 154 526 = 160" 602 = 216 572 = 401

*P < 0.05 vs. corresponding value at month 0 (paired ¢ test).
Data are presented as mean =+ SD. No significant difference was seen in all parameters between probucol and control groups (Mann-

Whitney U test).

Accumulation of '8F-FDG in Aortic Segments

DURs in the removed aortic segments after 6 mo of
intervention are summarized in Figure 4. '"8F-FDG uptake
in the thoracic aorta was significantly lower in the probucol-
treated group than that in the control group. Uptake in the
abdominal aorta was also lower in the probucol group than

whereas the SUVs remained constant or increased in con-
trol rabbits. SUVs for the 4 rabbits in each group are shown
in Figure 3. The SUVs decreased significantly in the probucol
group after 3 mo of treatment compared with the pretreat-
ment period and the control group. The SUVs of the control
group increased gradually with time.

Baseline

6 months

B

Baseline

6 months

/f dorsal 1 dorsal II suv
< caudal rostral |eﬂ<—1—>right
ventral ventral 5

FIGURE 1. Typical PET, CT, and superimposed PET/CT images in sagittal (I) and coronal (ll) planes for probucol-treated (A) or
control (B) WHHLMI rabbits before intervention (baseline) and after 6 mo of intervention. Green arrows and pink arrowheads

indicate aortas and kidneys, respectively.
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[*8FIFDG uptake {SUV)

Months of intervention

FIGURE 2. Course of '8F-FDG uptake (SUV) over treatment
period in WHHLMI rabbit thoracic aorta determined by PET.
Sclid lines and open symbols represent data from each control
rabbit (n = 4); dashed lines and closed symbols represent data
from each probucol-treated rabbit (n = 4).

that in the control group, although the difference was not
significant.

Histologic Analysis

Typical images of azan-Mallory-stained and immuno-
histochemically stained slices are shown in Figure 5. As
expected. macrophages were already found at the beginning
of the study—that is, at the age of 10 mo. Probucol treatment
for 6 mo resulted in a reduction of macrophage infiltration.
The number of infiltrated macrophages in the thoracic and
abdominal aortas was significantly lower in the probucol-
treated group than that in the control group at the end of the

- [ Control group
B8 Probucol group
*P < (.05 vs. 0 month
1P < 0.05 vs. controf

09, T

08+

07 ¢

]

06+

05+

04+

["®FIFDG uptake (SUV)

03+

0.2

3 months & months

0 month 1 month

FIGURE 3. Sequential effect of probucol on "8F-FDG uptake
in WHHLMI rabbit thoracic aorta. Data were obtained using
PET. Each bar represents summed results for 4 rabbits per

group.
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—~ *P < 0.05
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Py
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&
&
£
™ 0.6 =
@

¢
Thoracic Abdominal
aorta aorta
FIGURE 4. '®F-FDG uptake by aortic segments from WHHLM!

rabbits in each group after 6 mo of intervention. '8F-FDG
uptake was measured using a y-counter.

6-mo investigation (Fig. 6A). Intimal thickening was al-
fected negligibly by probucol treatment (Fig. 6B).

The relationship between BF-FDG uptake and macro-
phage number in the thoracic segments is plotted in Figure
7. The segments from probucol-treated rabbits showed
lower '8F-FDG uptake and macrophage infiltration than
that of the control group.

DISCUSSION

Macrophage infiltration has been identified as one of the
leading causes of plaque disruption. We have recently
shown that '8F-FDG PET can detect macrophage-rich
plaques (5). Once a vulnerable plaque is detected, a se-
quential follow-up of that plaque is important to ensure the
effectiveness of drug therapy for the prevention of myo-
cardial and cerebral infarctions. Lipid-lowering therapy
does not always lead to stabilization of vulnerable plaques.
Some statins can reduce plasma cholesterol, but they do not
decrease macrophage infiltration (27,22). Thus, monitoring
plasma lipids alone is not sufficient for determining the
therapeutic effect of drugs.

In this study, we aimed to investigate whether "*F-FDG
PET can be used to monitor the effectiveness of therapies
that target vascular inflammation. The lipid-lowering effect
of probucol is moderate, and probucol did not decrease
plasma cholesterol in some animal studies (/3,23); how-
ever, probucol can reduce macrophage-rich, fatty-streak
lesions even in advanced atherosclerosis (/3). Thus, pro-
bucol was selected as a model therapeutic drug, because it
is known to decrease macrophage infiltration, which can be
imaged by 3F-FDG PET. Although no difference in plasma
cholesterol levels was shown between the probucol group
and the control group in our investigation, macrophage

No. 11 = November 2006
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infiltration was decreased in the probucol-treated rabbits, in
agreement with the earlier study (/3).

Ten-month-old WHHLMI rabbits, which have estab-
lished atherosclerotic lesions with macrophage infiltration,
were used in this study. The aorta could be imaged at the
beginning of the study by '8F-FDG PET. The accumulation
of radioactivity decreased over the course of probucol treat-
ment and we were able to monitor the therapeutic outcome
using 'F-FDG PET. These results were supported by the
measurement of radioactivity in aortic segments with a well-
type y-counter. No difference in blood glucose level was
observed between groups during the PET studies through-
out the experimental period. Our previous report showed
that macrophages are responsible for '®F-FDG accumula-
tion in atherosclerotic lesions but not intimal thickening (5).
Because the ratio of the intima to the whole cross-section
area was unaffected by probucol treatment, the decrease in
IBE_FDG uptake likely resulted from the decrease in the

O Control group

FIGURE 5. Photomicrographs of athero-
sclerotic lesions in thoracic aortas of
pretreatment control 10-mo-old WHHLMI
rabbits (A and D), control WHHLMI rab-
bits (B and E), and probucol-treated
WHHLMI rabbits (C and F) after 6 mo of
intervention. Azan-Mallory staining (A-C)
and immunohistochemical staining with
antimacrophage monoclonal antibody
RAM-11 (D-F) are shown. Macrophages
can be seen (arrowheads) in each stained
serial section from pretreatment control
rabbits (A and D) and control rabbits (B
and E). Bars = 100 pm.

number of infiltrated macrophages. Thus, '®F-FDG PET
enabled us to image the reduction of inflammation that is
responsible for plaque rapture.

Monitoring of coronary plaques is important for the
prevention of cardiovascular disease. Because coronary
plaques are small and the spatial resolution of PET is low,
it may be difficult to detect these small plaques. However,
Johnson et al. recently demonstrated the usefulness of
99mTc-annexin V SPECT for identifying plaque apoptosis
in coronary vessels of swine (24). Therefore, '*F-FDG PET
would be available for evaluation of the drug effect in
reducing inflammation on coronary plaque.

CONCLUSION

This study has shown the usefulness of 'F-FDG PET
for monitoring the reduction of inflammation in plaque.
Because the stabilization of vulnerable plaques is important
for atherosclerosis therapy, clinical application of this

*P <
2000 - P<0.05 o 08 B Probucol group
o ®
£ 1500 | @ 06F
= o
& 5 ©
[0) o)
2 1000 - S 04}
= =
ol T 2
9 ~
é 500 g 0.2F
. E FIGURE 6. Effect of 6-mo probucol
- 0 treatment on
Thoracic Abdominal Thoracic Abdominal Hd Fatioo it ma?ropll::alge numbert.(A)
o e i = a io of intima to whole cross-section
area (B).
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FIGURE 7. Correlation between '8F-FDG uptake and macro-
phage (Md¢) number in thoracic aortic segments from WHHLMI
rabbits.

imaging system would be efficient for assessing the ther-
apeutic effect of drugs. In addition, this method would also
be useful for developing new drugs that can reduce inflam-
mation in atherosclerotic plague independently of lowering
the level of cholesterol.
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