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Randomized, Double-Blind,
Placebo-Controlled Study of Sup-
plemental Vitamin E on Attenua-
tion of the Development of Nitrate

Tolerance
4 F5 Hideki WATANABE, MD
|t BB Masaaki KAKIHANA, MD*!
KEFE EfEx Sadanori OHTSUKA, MD*?
2T HER*? Yasuro SUGISHITA, MD, FICC*?

Abstract

The attenuation of intracellular production of cyclic guanosine monophosphate (cGMP) has been
known as a mechanism of nitrate tolerance. A recent in vitro study have shown an increase in
superoxide levels and a reduced activation of guanylate cyclase in tolerant vessels. We investigated
the preventive effect of an antioxidant, vitamin E, on the development of nitrate tolerance.

In this double-blind, placebo-controlled study, 24 normal volunteers and 24 patients with
ischemic heart disease (IHD patients) were randomized to receive either vitamin E(200 mg t.i.d.;
vitamin E group)or placebo (placebo group). Vasodilator response to nitroglycerin was assessed
with forearm plethysmography by measuring the change in the forearm blood flow before and 5 min
after sublingual administration of 0.3 mg nitroglycerin, and at the same time, blood samples were
taken from veins to measure the platelet cGMP level. Measurements of the forearm blood flow and
blood sampling were obtained serially at baseline (day 0), 3 days after taking vitamin E or placebo
alone(day 3), and 3 days after application of a 10 mg/24 hr nitroglycerin tape concomitantly with
oral vitamin E or placebo (day 6).

The response of forearm blood flow (%FBF)and cGMP (%cGMP) after sublingual nitroglycerin
on day O(%FBF : normal volunteers 32+ 12% vs 31+£11%, IHD patients 35+15% vs 34+15%;
%cGMP : normal volunteers 38+ 10% vs 35+ 11%, IHD patients 37+11% vs 38+ 12% ; vitamin E
group vs placebo group)and day 3(%FBF : normal volunteers 33+9% vs 32+12%, IHD patients
35+12% vs 33+ 13%, %cGMP : normal volunteers 38 +10% vs 37+ 11%, IHD patients 36 +14% vs
371+ 10%, vitamin E group vs placebo group) were not different between the two groups. On day 6,
%FBF and %cGMP in the placebo group were significantly lower compared with day 0, and there
were significant differences in them between the two groups (%FBF : normal volunteers 30+ 12% vs
17+9%, p<0.01; IHD patients 28+ 14% vs 171+8%, p<0.01; %cGMP : normal volunteers 35+
11% vs 8+5%, p<0.01; IHD patients 38+ 10% vs 121+4%, p<0.01, vitamin E group vs placebo
group).

In conclusion, the combination therapy with vitamin E is potentially a useful method to prevent
the development of nitrate tolerance.
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WREZERBFBCLIBELA TV IEATS
35, oL, ZOFRREZEIC L 2MEDHER S HE
NTw3'-) EBREREOERFIZ, £ oEF1EE
LTw3 eEZ onY, MEERERTOENEY, FK
BT8H9, guanylate cyclase DFHERE?, nitroglycerin D%
BEFEREDEZONTWS, Bill, HBEMMEE
superoxide B DM DB D RE N, T D
superoxide %3 nitroglycerin » & —B{LEFEDEL %
fEE L, cyclic guanosine monophosphate (cGMP) ZE4
ZETI®ZIETHEEELZ EEXLNATWS,
¥z endothelin iZ & 2 MERFERIGDHR b T ENT
w39 Y I E RIEEEOTIBRERFITHY, 20
BRUC & D {ELEE Y REH (low-density lipoprotein :
LDL) DBR{EFRISRENT VB, 2 I THRFRT
Ik, MIBEAIE Y 2 > E I X 2 iEEREEmT M 0 FRH%hER
ZREERA L BOEGRBEE W TR L.

;] i\
1.3 =8

BERA 24 51 (B 184, 64, & 19-38
&% & HE [ 009 B (ischemic heart disease) 3% 24 #
(BHE196, S, Fhp45-T4RERNRE LT,
BERACIDMRE BREOBRERR, WRES
JLMEROFERIZ RV, B EREBEBETE,
18 B S REFREER O isosorbide dinitrate(ISDN; = b
o —)V-R, 20mg, 1 H 2 [A]) %, 16 Hll#5 Ca EHZE 2R
AL Tz, REFREERA O ISDN i, HFe0 72 BT
Ok U7z, DRI RGE L7z, BEL R Table

Selected abbreviations and acronyms

c¢GMP=cyclic guanosine monophosphate

1 DT,

2, RO ban

WRIZRDO 31 5% D, ZHZHN DT nitroglyc-
erin F T HI# T ORI & [1/MR cGMP O K& %
a7z, 348i%, 1) baseline(OBHH), 2) ¥ 3~
E200mg 2 1 H3E (2R, EYIVER, 124 F
7277 2R (77 2R, 124)) 2B CRA 3 B
(3H H), 3) nitroglycerin 77— 10 mg/day(s V &
O— VT —NEEYIVEEXERR SR ROMAES3
H#& G HE) » oI TV S,

0 HE TIZ, nitroglycerin 0.3 mg D EFETHIB L Uf5
SR & & [/MR cGMP O#IES, BEBRA
BIURMEMREBBEZhZhI VS AIEY S v
EZ7:R377 2R 2RATHFCHFT21To72.3
H# G HH), 72721 nitroglycerin 0.3 mg OF T#i
B LU 53R CHIBMIE & /MR cGMP Dl E %

Day 0 Day 3 Day 6
Placebo
Vitamin E
(200mg t.l.d.) by *
Sublingual NTG 1 f *
(0.3mg)

* Plethysmography & blood sampling

Fig.1 Study protocol
NTG =nitroglycerin.

Table 1 Clinical characteristics of the subjects

Normal volunteers

Patients with ischemic heart disease

Placebo group
(n=12)

Vitamin E group

Vitamin E group
(n=12)

Placebo group

(n=12) (n=12)

Age(yr) 36+8
Sex(M/F) 9/3
Number of smokers (%) 5(42)
Mean blood pressure (mmHg) 11015
Pulse rate(beat/min) 72+4
Total cholesterol (mg/d/) 184+16

3246 619 60+8
9/3 10/2 9/3
4(33) 8(67) 9(75)
114+16 13114 134+18
68+4 7846 72+8
183+15 206+12 208+16

Data are number of subjects or mean=SD.

M=male ; F=female.
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{To7z. B nitroglycerin 7 — 7 E¥ SV E £721&
77eREHALI3HEEZGOG HE) I, RKOHE%
{To7. Fig.1ic7abraviERLl, 2OFaban
X, EREMSHERE, AERXRZOERZERT, 270
NREHSBEFC LB 7+—AFarver 25
7z,

3. Nitroglycerin (2 & 3 LR GO THE

Nitroglycerin iZ & % Il 53R Kt % FH 3 % 72
2, 7VvFRAES T 7 4 —% B CHIBEMFAE (m//
min/100 m/, HilE) ZHE L7z, A v A ¥ 77—V I3HET
BEOR»S 5emicB &, BIRERIEIA 712X D 40
mmHg TER L. FAOERZENHT 2120, FH
iV, WEHEMETH 71 L 2 EEE1To
7z, HIBEMSEI 3EHEL, ZDOFHE L,

4, IM/J4R cGMP JITE DX

R X S mmol/! @ ethylenediamine tetraacetic acid
(EDTA) & cGMP phosphodiesterase fH & 3 (103
mol// 2-O-propoxyphenyl-8-azapurin-6-one dissolved
in 1% triethanolamine) % & A 72HEHER TTTW, 12125
iZ, 200 g T 20 D L5 HE & 0 ZIM/IMR e &
% /MR IS 5B L 72, % IVIMRIMER 13381 2,500 g
T 10 DR DF OB L 28R 2@ VIERL, FEIIEE
E L7, WEEY I modified Tyrode ¥R IC i X ¥,

Normal volunteers

5 p<0.05
| —
g 4,
&
E *
3l
g
€
€ 2t
E
1]
Day 0 Day 3 Day 6

Vitamin E group
QO Before sublingual nitroglycerin
@ After sublingual nitroglycerin

o YA BN /THRREMIETEs 175

—T0C°CTHRERFEL 122,

5, I/vK cGMP RIE

Ve¥e I /NR B E 1 ml 24 72 D 0.5ml O trichloro-
acetic acid (TCA) 2112, 2,500 g T 20 53 D& L5
B %1TW, TCA B —F VT U7z, U ERIE
¥ (radioimmunoassay) & v b [Yamasa Shoyu & (%
)12 AT, cGMP QHIE 2175 72, ¥R pmol/
10°M/MREL TR L7z, Z DBIFED intra-assay error &
interassay error X Z N T 34%8 L ' 11.9%ThH-
7z,

6. WREHEEMT

BRI R 3 V5 + ¥ RE TR L, [/IMR cGMP
VAVIG T R E TR L. SRIERMTOL
#13 ANOVA ®E B X U Bonferroni #5E THET L,
nitroglycerin T TR H L CEERA & Bl ER
B O H#K I Student D 1 RE TTo 72, p<0.05 %
bo THEEEZDHEE L.

& F

1, AUbmRE

Nitroglycerin & T #i# O RiBLMITE DZ AL % Fig. 2
IZRY.

Nitroglycerin T TR ORIBMITR X, BERALE

IHD patients
5 p<0.05
[

E 4]
L]
E *

3
g
€
E 2
€

1|

Day 0 Day 3 Day 6

Placebo group
[0 Before sublingual nitroglycerin
B After sublingual nitroglycerin

Fig.2 Forearm blood flow before and after sublingual nitroglycerin
Data are mean*SD. *p<0.05 vs day 0 and day 3.

IHD =ischemic heart disease.
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%
60

Normal volunteers

NS NS p<0.01
= Iy 7o 1 == 3l

501

40

30

20

10

Day 0 Day 3

Day 6
M Vitamin E group

IHD patients
NS p<0.01
17 =t
*
Day 0 Day 3 Day 6

(] Placebo group

Fig.3 Percent increase of the forearm blood flow after sublingual nitroglycerin
Data are mean=®SD. *p<0.05 vs day 0 and day 3.

Abbreviation as in Fig. 2.

mEMEREEDVWIND, 0HE(EY S Y EFEE
O BEEERA 2.60+0.58 > 3.43+0.68 m//min, REIfl
MR BB 2.4040.48 — 3.24+0.56 m//min; 75
L REICB T 2EERA 2.64+£0.67 — 3.46+0.62 m//
min ; FE MM R BB 2.46+0.64 —> 3.29+0.69 m//
min) B L UP3IHE(ESY S VEBIB T 2@ RA
2.61£0.54 — 3.47+0.72 m//min ; F Ifil {00 56 BB B35
2.51+0.48 — 3.38+0.51 m//min; 77 ¥ KRBT B F
DR 2.604+0.66 — 3.43+0.74 m//min, [ MO
PR 2.5410.52 > 3.38+0.61 m//min) & b HEIC
HmL 7.

6 HHIZ B F 3 nitroglycerin F FE O MR IE, 0
HEBLU3IHBLHELT, 77 RETERE
TLTHE D fEERKA258+£0.64— 3.02+0.75m//
min, FE MO BB 2.46+0.72 - 2.89+£0.73 ml/
min, p<0.05), E¥ I E#TIX OHEBLU3H
HLEBEZ2R DR ok (EBH KA 2611070 >
3.39+0.84 m//min, FE MO R BB 2.54+£0.72 -
3.26+0.79 m//min) . %7z, nitroglycerin & F#& DM
B3, EYIVEBBSSILABLIVEBRICKTH
72 (p<0.05) .

Nitroglycerin & T O i g ML 5 & O B /=R % Fig. 3
IR,

BERAL L UCEMEMEREEE TS, 0HE
E3HETIREY SV ERLE TS v RETORMNE
KEEBEEX»RDE»r->7-(0HHEH: S VEMHIEE
OB EE A 325 12%, HE MO R 351 15% ;

77 R BT AEERA 31£11%, Rl ER
B 34+15%, 3HEH: ©¥ 3 v EFCBIT2@ER
A 33+9%, MMM OEEERE 35£12%, 77 2 REC
B BEE KA 32E12%, HE MO KB BE 33+
13%) .

6 HEICB I 2NEIZ, 0 HEB X '3 HE L R
77 RRETHRIET U BERA 171£9% ; Bt
MEBEE 17+8%, p<0.05), ¥ I~ EFTIHET
U % o 7o (8 B 30212%, FBEIME.LEBBRE
28+£14%). Z L CE Y S >~ EFHOBINEN TS & R
IDEBIKTH-72(p<0.01),

2, IR cGMP L~

Nitroglycerin & T g O M/MR cGMP L X)L DZ
{t.% Fig. 4 1T7R .

M/MR cGMP L ~vid, BERAOHE: ©4 3
> E#0.584+0.04 - 0.80+0.05; 7 7 ¥ K F0.63+
0.05— 0.85+0.06 pmol/10°PLT ; 3HH: ¥ IV E
#£0.59+0.05 - 0.81+0.06 pmol/10°PLT ; 7 7 & &
#£0.61+0.04 — 0.84+0.06 pmol/10°PLT) & R& I M4 0>
HEREZHOHHE: ©4 2 v EF0.35£0.03 > 048+
0.04 pmol/10°PLT ; 7 7 % R #£0.39+£0.05 — 0.54 +
0.04 pmol/10°PLT ; 3HH: £% 3 > E #0.38+0.06
— 0.52+0.04 pmol/10°PLT ; 7 7 % R £ 0.38+0.05
— 0.5240.06 pmol/10°PLT) DWW ¥ N b 0 HEB L U
JHETEREZ L, nitroglycerin T N ICHEML 72
¥ RBFELEY I VEHBTREEREEZE2RD
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Normal volunteers

1.2
8 1.0} pc0.0s
I
4 08/
)
% 0.6} [D/r
E *
Q04| [

p<0.05
0.2
0.0
Day 0 Day 3 Day 6

Vitamin E group
O Befor sublingual nitroglycerin
@ After sublingual nitroglycerin

o YA X /THEREMETE 177

IHD patients

1.2
% 1.0}
L]
2 08|
°© p<0.05
L 06! —
[<]
E
2 04| d‘{/‘ M {/*

*
0.2} s '
p<0.05
0.0
Day 0 Day 3 Day 6

Placebo group

[0 Before sublingual nitroglycerin
I After sublingual nitroglycerin

Fig.4 Platelet cGMP level before and after sublingual nitroglycerin
Data are mean*+SEM. *p<0.05 vs day 0 and day 3.

Abbreviation as in Fig. 2.

BipoTz,

6 HE TOM/ME cGMP LV ~uvik, E¥ERA LB
CMEBBEEVTRY, PSRBT, 0HEB IV
3 HE & AT, nitroglycerin T T a7 (BEKA 0.49+
0.04 pmol/10°PLT, p<0.05; Mt EBEE 022+
0.03 pmol/10°PLT, p<0.05), B & UETH(BERA
0.53+0.05 pmol/10°PLT, p<0.05; B EREE
0.25+0.04 pmol/10°PLT, p<0.05) THEWCEE T
bHotz, ¥72, EFIVERIVLABRRETLTL
72 (p<0.05). —ATEZ S v EBTIZ(BERA 0.62
+0.04 — 0.8440.05 pmol/10°PLT ; RRIN{E (- BB B ¥
0.37+0.04 — 0.51+0.06 pmol/10°PLT), 0 HEB X U
SHELEEER XL, MIMR cGMP RS hTw
7z,

SEIOFERTIX, Bt E B EBE O M/IMR cGMP
VARV, @TOHIEH TRERAOHEL VBHET
H -1 (p<0.05).

Nitroglycerin & T £ @ Il /MK cGMP @ 35 i X %
Fig. 5 IR,

BERAL I UROLEMEERETAD, 0HE
L3HBTREY I VEBL 7S RETOMMEK
KEEZRDL»-7(O0HB: Y9I VEBHIBITS
BERA 38+ 10%, BRI EEBRBEITL%; 77
ERBEICB T BEERA 35+11%, EMMEBERE
38+12%, 3HH: 9 S VEBHCBI2BERA
I8L10%, MMM OEBEE 6+14%; 77 ¢ KRB
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B ABERAI IS EOHEOEBERE L
10%) .

6 HHI B 3L Z, 0 HEB L U3 HE LN
77 RETHERCETL (BERA 8+5% M
EEBE 12+4%, p<0.05), EY I EHETIHETL
o te (BEFERA 35+ 11%, Bt KB EE 38+
10%). ZLTCEY 2 EFHEOBEMERT7 v RELD
BFEWXCKTH-7z(p<0.01).

% =

AWFFE T, nitroglycerin DR RS Z2{T> T3
HARE o @ nitroglycerin & T2 X 2 RS E & M0/
]’ cGMP EL DXL ERATL, 77 ¥ RETIRZ DO
MBMETLTWBDINL, E2 I v EBTIIMERS
NTWiZE%®RLE., ZOBRIZ, HBLRHTHS
% 3V E RHEREMNEZ FHAUETHS L 2R
BLTW»3,

1, WHBEEMHEOE

HEREMMEOR R IF S AT IS S hi e,
BRERBXIOHEREBRODSL I L ERESZT
Ripole kI THBYW, LL, 0 104F%, WMEE
MEOEEESE/ S, ZOHRKIC LY, Bkl
KB R0LALIEEE D nitroglycerin 17 & 2 I ESHE D
[BRLZZZENHLNIZ > TEIY FHERIEM
HOBFIZZ S ORFHEELTWE LEZ SR TY
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%
Normal volunteers

60
NS NS p<0.01
=t ) =

50t

401

30}

20}

10}

Day 0 Day 3 Day 6

B Vitamin E group

%

IHD patients
60
NS p<0.01
\ I =r=1

Day 0 Day 3 Day 6
(] Placebo group

Fig.5 Percent increase of platelet cGMP level after sublingual nitroglycerin
Data are mean=®=SD. *p<0.05 vs day 0 and day 3.

Abbreviation as in Fig. 2.

L4119 2 U CHERR BRI M 13 nitroglycerin X3 % [l
EREHEDETICEZHDEFEZL SN TS0, fi#g
DR £ L, 1)guanylate cyclase O iEE?,
2) phosphodiesterase #& M D FTHE, 3) HFZA sulfhydryl
HEOEEY?, 4)nitroglycerin DZEHLD FEED D 4 D H3
BIEZINTEY, Minzel 593 Z ZIZ superoxide IZ
& 2 MEERKIGOET 2B L Tw 3 Bl 5 13,
7 v ¥4 5 v ¥ > (angiotensin) I1 D E LT & 3
superoxide DEEATTE X L, Z N3 nitroglycerin
HXRO—BLER I & 2 MENRKIGEZEEL TW»3
Z L ®RLI?Y. O superoxide &, nitroglycerin 2> 5
—BLERZHH T 2 BRICEMA L, cGMP ELZK
T&E, WMEBEMERIERITIOEFEZSND.
Fr OWIFETIE, PiRRLHITH % E S £ > E »¥ nitro-
glycerin IZ & % cGMP EADIE T2 FFHL, IMEHLR
RIGE#ERF LTz, D&D, ZOFBE»S, HEEOR
AR 512 & U superoxide 3 NNASHE L HE R 14 1 B 5
LTWw3 ZepHflans,

2. THEAEMMEICEITHES I E DR

v¥ 3 v E L, EEZAREOREEERLAITH
5 g, €4 % v EXEHINERDO R TFHEE
#FFDO Z 2%, Cambridge Heart Antioxidant Study
(CHAOS) T#es S 117229, Miwa 5290%, [MEEEHEME:
PMERECTERICMTEEY S VEMETLTWS
ZEERRELTWS, B, £ I VEREMIZLY

FHEIND 7V —F Y H NI & BB EE & R
L2, MU/MROBEENGHIER 2/ L B I N T
W3 B2 DHIBIRD Tk, BRSO T -
PR MBE S & > E TRENTZDIZ, T DWFFEHIRA]
Thd. KWgeix, £ 3> EOBREEHIRERD
ZRFHCERTH BT TR, W X 3EE
52 T 3 R BRI BB T ORI O Fih I
YEHRATHEIEERLTNS,

3. HEEEMMETEAICEEYT 2 Zh E TOMRE

THPR SRR I R SE DGR ORI L 2 572 0,
ZOTFHCEL TIEHRES K OWFEN L3N TE .
T YK T vy AR (angiotensin - converting
enzyme : ACE) [HEHE I THBEEM MO FHRIR *HF 3
3 EePHREIN®, 20— T, ACE HEEIC X
BENRD ol E DIRE D B 53 THEREM T
PreBlds s DHEC L Z2ECEFHHAT S Z LI
HETHZH, 74Ty N EEENHT 272
Iz, AR ED ACEHER.2LELT 200
Ly, D& I I NiE, EHEOD enalapril 23
TEEEEE D FH 2 AEEIC T 2 2 LR E N, %
7z, WHEELZRAL T3 EETIE, ERMEEDHE
MBAD S, 202 EDMITERROBWFTIDORATH
3 EDWEDD B UL, FIREOHHD, MHEE
FEMHE 2 PR SR b o TedRE D D 5330, BE L Z
ElF, IhE TOHRETIE, BN cGMP EL %
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HLTWERHDONRWIETHS. Licdd->T, EEE
ERED 5 IC 817 3 ACE JHEZECHIREOF M
PRET 5701, BRBEHRELELTATHSS.

4, HROBRR

B 1R IL, HEREREOES IV EWCL ST
SR EPEERA LB GEBEE TR L. I/
] cGMP V~OVHMEE LA L R, BBl RERE
TRERBCEETH-7:. LorL, ZOBFIIOVLT
X, MEETOREERVELR S0, SEOWE
TRRET Lo,

F21Z, 1k, #MEAN cGMP E4£ % /MR cGMP
THET L7z, RGBT 5 cGMP EEA % in vivo
THRETT 5 Z L, RIS AkIZ v, Nitroglye-
erin |3 IM/MR D A guanylate cyclase 2iEMHALL,
mMAREEOMEB RO IO T
3% /R IZET M guanylate cyclase BWERIC S
BLTWBZEbHISNT B ZDTd, /MR

R

o Y|A SO/ TR TR 179

BEERAIIC cGMP 2T 2 DICERATH S LH X
7z, Bz iE, BRI M/IME cGMP ASREBR R4 o 7P
DOEFELLTERATHE Z L 2HmEL,

FE3w, RaZ, MESM/IMRTO superoxide ® £
¥ I Y E VAV ERRIERRR» o7z, L L, Miinzel
SOHEEME D LWCFEZ DL, EFIVERES
superoxide DIMEZNERD, TDOEBERMETHoiz L
Ezohd.

8 412, KRFFETIL, cross-tolerance R fDHIER(LHI
DRI ODVTERETE Aoz, ZhdiZDnT
BERBPIRBBHETHS 5.

& ]

B2k, FiBBEFIE Y 3 >~ E OBRSEMER 4O
FHicERTH S Z LRI, HBERETEHCS
3 HBEHIOEREE2HS 2T 3 E i 2HHESN
BThH3.

e

#HKIA cyclic guanosine monophosphate (cGMP) D E4£ DE T HEEBEMMEOEFDO—DOTH %
e T WS, BT, in vitro TOWEIZ BV TIHHEIEZ 1) % superoxide DIFHMIZ & %
guanylate cyclase iFEHEDET W RE Nz, 22T, BLRBZHBREFITH 3 EY I >~ E OMEREMNE
DOFPshR IO SR L7-.

ZEHER - 77eRa vy ru—VEERT, BERA 246l B GRBEE 24 AR,
fEEIZE Y 2 EQ00mg ¥ 3[El/day, ¥ IV ER) 272375 R(F7eRE) ZRAZ ¥
Nitroglycerin 2 X3 % & RK G, nitroglycerin 0.3 mg FE TR & SAHKT, FVFRAES T
74— X AHIEMRE O TRE L, FRFZIVIMIA cGMP VL 28I L 7z, BibimiiE o
HI%E & ML baseline(0 HE), ¥4 I Y E 2 Wid 77 2 REMHIES 3 H# (3 HHE), nitroglycerin
7 —7 10 mg/day DFEEREATICE Y S Y E £ 77 v R 20K S 3 Bk (6 HE) TiTo 7. Hi
PR S n=R (BFBF) & cGMP #I=E (%cGMP) i3, ¥ S VEHL 77 v R REOHKIZBWTO
HE (%FBF : #ERATIZ 32£12% vs 31+11%, BMHEGEEBETIE3515% vs 34E£15%;
%cGMP : EHRATIZ 38+10% vs 35+11%, B RBEBETIZ 37£11% vs 38+ 12%) B X U3
HE (%FBF : @¥ERKRATIZ33+9% vs 32+12%, B GEBBETIEZISE12% vs 33+13%;
%cGMP : BH A TiZ 38+ 10% vs 37+ 11%, B IEBEE Tid 36+ 14% vs 37+10%) T 2 B
WEEERRD -7, 6 HETO%FBF %GMP i3, 77 L AETERETLTBY, EY
IV EMTRERINT W (%FBF : BERATIE 30£12% vs 1719%, p<0.01 ; R EER
FE T3 28+ 14% vs 17+8%, p<0.01; %cGMP : BERKATIL 3511 vs 8£5, p<0.01; BEHIHELE
BT 38410 vs 1214, p<0.01),

v¥ v EDEBRIZ, WMEEMEOFHCERATHS I EBNRENT.
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BIIREE L 2 248 & U CRIE T 2 R REIRE G
MBI IR MRSE X R ESOBEE 2L 72158
HZREREET 3. IS FEHEBORRIAET
EERBRERE &0, B CIEREL A2 0]
BBBCAARTH 2H, BEE CEBHREEESR
RN ZRERIRZ L, R OEMZHIcER
THIEDH, BRRISE T, FEHI AV VI
NI BERNE/ ZJu—FVFEERAWIEZA LI T Y
A EEEEL, BEEEREBIVEOR L LIEENZ
Bk LCHE L. L, BREESOBESRZHILEK
REET, FLORERNESRZHEOMESEINT
VW5, SEEALE, BEHRFELITE CTER L T
B S A4 > ke, EERICKBINRIEEED 5 I3BE
EE2EHELEIvIERELT, REYYF IS
74— & BEHEELOA A=YV 7 BT, F
WAGERIEIC NS 28 L WERZEOMFE ERA .

xR & Fik

1, KENAREEREDESRIL

4 300 g D Wistar 7 v b () i FRBEZ 21T, 34
WIRDH A R 74 ¥ — % KEREIK & D S AEIRE T
BAT 2 LEBFCHBEL, EXKSRE2AED T A

Radioimmunoimaging of Aortic Dis-
section and Acute Bowel Infarction
With Radioiodinated Murine Anti-

smooth Muscle Myosin Antibody
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Y—ZLHFTEELENLO VA Y—RBELT, B
ERREIURIME B - il 2 FERI U 72, AR 28861, /-
725 I KERERAR & D technetium-99m (*™Tc) THER; L
TR S A Y Ui D 5 WIRFEHENTE 74
Mbq ZEEL, | BE% B X U° 6 BRI, BT i
¥—HAEmaEEa ) A—F -z ri—naY
A= —REBELIRZHER TIINVI I H A
7 GCA-901A iz & D, IE | planar 8 8 & UFsingle
photon emission computed tomography (SPECT) %
IELI:, RToy b 2EEL, EF#E 1g47200D
"mTc DA V> b ZBIE L TEEND & BT L.

2, EEEDEGRIL

7 v MCRRBEE 0 B, IBRIREEIIR 2 Rt
U, 2 R8I AR ISR L 725tk 74 Mbq 280, |
Rt & U 6 BEfItRIC, SRIBEY > F 7T 7 4 —DA
A=Y 7 L NS FR ORI £1T - 7.

& S

ERARHE TR, KREIREREET S L CIBEREELIC
BT, FIFEHIRE ORI ZERS, 6 REKRIC X
DVEFRDOOoN REYVF IS 74—-TR
planar %, SPECT f&& b2 6 BRI T, KENIRAEHE
i, PREEELLHSHARR I & 17z (Fig. 1-KED).
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Fig. 1 Immunoscintigram with technetium-99m
(**mTc)-SM-MAD at 6 hours postinjection of
the tracer showing anterior whole-body
images of rats with abdominal aortic dissec-
tion (4) or intestinal infarction (B)

Selective accumulation of *M™Tc-anti-SM-MADb is
clearly observed in the region of the aortic dissec-
tion (arrow in A)or infarcted intestine(arrows in

B).
RK =right kidney; LK=left kidney; Bl=blad-
der.
e ZWIBEHE CH o 7. PLIWEH S 4 ¥ Pk E AV
" i M5 2 VIR EEHSEORES > F 7 5 7 4 —131R
VRS Ay v X 208y v F 777 4 — BREBEBOH L LEGZIEE U TERICHERS &

&Y, EERRBIIRGEEE S & OIBHEZE DR RAER AL Fzohiz.
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Zv MUOBENBERETVICEITS
FFERIBERF &S L Ut nREE

c-Met DFEIFDIRET
E¥Y¥ =H
mwH B
BH T
G LU
L =R

JFF#0 fa 38 58 B F (hepatocyte growth factor : HGF)
X, BEFMROMEREIRFELCRESA,
SHUBRDZ v M X D Bl s hiz, 208K, <
DORFIIAAKTE - BFE - MEHFEEREZEO > L2
RENT, LEHEEROAMEHCB VT, BRMKS
DHGF B8 ERLTWw3 I EBYUKEICBLTHSL »
ZaNie, ZORBEHEENERCEL TIITET
Holz. £ITIDHGF OLHEECBIT 2188 %
BT 2701, 7v MUBRMFERE TV EB
THGF L ZDRBEMETH 5 c-Met DREERET L
7z.

M HGF I H#ER% | LY ERL, 38
M R & B 3.4+0.4ng/m/ 2R L 72. 8 ug @ poly
(A) +RNA % Fv>7z Northern blot #:1Z & 2 0T D
HGF mRNA $8i%, BIEKIC B> T 24 - 48 Brffise
KRI3EEERL, R0FRHBEBVLTHFESES
ARL7z. —F cmetmRNA b HGF T LT LR %
R U7z, HGF BFYIRRE T VI 8T, FFLSF MR
EBWTHZDORAB LR T L BHoNTn3
ZITZDETNVTHE - I - It - I T D HGF
mRNA EREREF L. 338, 2hsDEREEIC
BT HEHENE 12 BT HGF mRNA EEBEE
fEE 757253, c-met mRNA REIWZE(LIZRD Shle
Motz ZDIT 55, HGF O LRz EEOREE N
LTIRIGEECER L TWwaOTREZL, Bk 3
ERRBRTOBE 2/HOI L NTREIN:, BlelEs
Hifkskic & 2 RERAIIC LD, BOFERIEET-

Enhanced Expression of Hepatocyte
Growth Factor/c-Met by Myocardial
Ischemia and Reperfusion in a Rat
Model

Koh ONO, MD
Akira MATSUMORI, MD
Tetsuo SHIOI, MD
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70T D HGF PEAEMART X S N EZHIRE & B~ 2~
077 —YThHY, c-Met BHMITIZMEAN KK T
Holz. % T TRANCBIF 3 HGF 13, MEN KK,
7T 7—YhSEEEN, F—b T4 R
7 74 YR IENEMBICIER L TV 3 ATREME ISR
Ehie. £7:, ZREHTY HGFEEB RT3 2 ¢
&0, IR 774 VHIZBERALS 30D
Ezohiz,

HGF #& L F 00 LEN CRIMBERTIC D 4D
Sh7zZ Eid, ZOEOIO A TE K ELERIBOEE*
A3 5. HGF O 5 LIz 13 IL-6 response element
& nuclear factor-IL-6 DSBS U, HGF KB ixxt
TOREMYA M4 v OBSEBEZ NS, BRI
INE TOHER S VI SUHKETORSIC X > THRIT
BEROBICZEMEBIZB W TEEEY A A4 VD
HBEPERHC LR T2 2 LRI TW S,

—%, MIFIROEFVICBWT, YIRBOBE
oo h, ERERICH T HGF B4 2 {ET
AF & L Tinjurin LFFIEN 3 10-20kDa D - BRI
BEZBEAVEBEINTHS, ZOEFVIEIBVLTI
injurin DFLEIZ DWW TRET 21T> TEWR WA, 20D
HFOFELESH HGF & c-met DHEBRFERICER2E L
TWAHREENEZ SN 3,

VarEJ vkt HGF BNEARNCMESTE/ER
EROILEBRENTBY, BRXOBER»S, LEHE
Z DK i HGF »EIRIMITE 2 TR T 2 72 D& E
EHSOTWR ZLRBENS, Fiz~/) Uk b

B#LEE : Circulation 1997 ; 95: 2552—2558
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REETNVICBOWTIMEHREZRET 5 Z EHHS
nTWw3s, HGF iz~ ViEESHmETH27:

b MERNBEIIRE MR EEEER
BB T7roxT7 oo oy ERER
DFIATTHE

XA K
THAEEF
ER ER
KT EE*
Anton E. Becker*?
HAHEFRH*
HaE &K
o E
BiE EB
KR RE

B ;]

mEEV = - 7o V47 0y U RIBMEFEHD
Tk - R RLE LT, BIRBEMLOERICES LT
W3 Z W in vitro PEIMEERRTHER I TV S,
L»L, t bEBIROBIIRELERCS T 2 MERL
=V - TUYEAT Y ROBESIEBESH TR,
ZZT5EEL I, b P EBROFEAE - BEAK
ERicBFsv=y 7o9F 7y Y ROKRE R
SEMITBLHIZ, t MK SR BT (per-

cutaneous transluminal coronary angioplasty : PTCA)
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ZDARY) VEBEDEC b MEFEDREALELL
TWBIENEZ OGNS,

Upregulation of Angiotensin-
Converting Enzyme During the Heal-
ing Process After Injury at the Site of
Percutaneous Transluminal Coronary
Angioplasty in Humans
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BORIGHEENECAONE T VYT T vy VB
B (angiotensin converting enzyme : ACE) DFIRIC
DWW, HEHBCERCERE L7,

;] *

t b PTCA BREEIRAL 37 AL (28 FRH) D & B
fRIZDOWTHET L7z, PTCAE{TX VT TS5 H-
195 BTHY, BB WTFELTED 5 HEAHN®D ACE
PEERDRAIZ o >7. ACE 2 LSAB %Iz &

D, it b ACEFUE(RY) Z7u—F) ZHW0{To 7.
BRE—EE8RB L UBEECBWT, ot ACE

153k . Circulation 1997 ; 96 : 3328—3337
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Pitk(®/ 70— : 9B9) L DK, 8 X U ACE &
HDHIE £ PT-PCR IZ & 2 mRNA OBH 2T, &
OHEDERMEZTEA L 7z,

AR 53 X TR B4R (1A4), B a-actin Fitk
(HHF35, CGA7), ¥i~v 7 a7 v — Uitk (HAMSS,
EBMI11), FiANE#IEHT{E (von Willebrand factor) %
WREL, FERBKOEEMEDHEFE L LT, HLA-DR
DREREEIT o7z, 72 ACE BHMIE OISR
R DRE DTz 12, ACE/1A4, ACE/EBMII, 1A4/
EBMI11 OHRE_ERAE S Hf¥ TiTo/. & MEIREE
{EEOERE—E TRV L LD, MR EEEEE
EBFOBIRELEIC XY, BEELE 77— 27 BR
HGOHl,; 1-5,8), HEESZ7—7BREEOASH; S
H-19% H), FEGEH06H; SH-175A)D 3 E
WHELT.

BIHEREE 77 — 7 B L PREEH IOV T,
FENBEANOFEBHMEIC B 5 ACE BiHfiaog
A (il ACE Hik B E B/ i e MR 4Bt m
%) % MacSCOPE Ver 2.2 % F W L7z,

B &

1, BBt 5— BB

PTCA %2 BUADEFITIX, FENEILFEICF
WHMR TEER I TEY, FENERNOFEETHR
2 ACE DRENBD SN, LHrLEHS, PTCA#
5» AROERITIE, FENBANIC ACE DFIRIZFTED &
nizd -7z (Fig. 1),

2, WEMTS—IREE

PTCA % 2% AU DERI T, FrEMNBEIRICER
L7z HAL-DR BHEDEBMEOR w707 7 -V
—HL T, ACE DRERBRSHD sShiz. FrENEA
WEEHRELSFED SN BERITIE, Zh s DFEE
Mz ACE B3FH L Tz,

(%) — %—

T — sk
o 301
g —k
E 201 - —’

v/

<

0J é

4) @ @ ® O
<2 3-6 7< <2 3-6
Months after PTCA
Injury extending Injury limited to
into the media the fibrous plaque

Fig.1 Morphometric analysis of ACE expression
in the neointima
ACE/SMC, ACE positive cell area expressed as
a percentage of 1A4 positive SMC area.
*p<0.05.
(n) =number of analyzed sample; SMC=
smooth muscle cell.

3. PEREER

PTCA % 2» ALINOER TIX, FEABEARDE:
LR T 5 % iR Mfd i HLA-DR B 1% % 7=
L, ACEDEERBESZDONIZ. LHrLuss,
PTCA % 3-6 » BORESIC B W Tk, TR EE
THERINLFENEONERIC IHEENE 2R
7z, TD XD FFATIX, FENBKEAIC ACE DFRIZ
FREZDHNT, BENKIC ACE DEBELNRBD SN
7= (Fig. 1).

&

HBEESEA TN TV 3 RHIC ACEDEE
RENTDO SN, BESKT LT BRHEED>H
BWI LR, ACERBT ¥I45 »y Il OFEGH
Bt - WREER 2 AL T, £ b PTCA BFENER
RZBOWTEERBRE2EHSTHWE I L2 RBRT 3,

S
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BEFEAICL 20HENMREORE
BT 2R B avIsERT
EERIRICL 2.0 FREDR

E Y N
B2 5 H
£H #E
i
HE HKX
7 HE R

EREEN

EELHEE B 2 NRERERFOBESMER
2h, ZOUHREENOIGHASHEFIhTWS, 2
non>5H, Bty 3 v 7B 70(heat shock protein
70 : HSP70) 23 M EFEE <X 3 2 REHR 275
TR, BELORETHSLIZENTERLD, %
DFEHFFEL LT, FEROBMEY 3 v 7 PENETV
AVF4Ya= I RETIE, FKROBH - & - HH
REWEAZ EDOHRT, BKICHICEUREND 572,
FRINORRDHSPIOFHEFE TR, FHR
HSP70 ASA O NARMERER F b ERFICEHE S D 12
%, HSP70 BH OHRESROIEHICIEITEL TH-
e, —H, BRiZIn g CHRETH - 72083 5
in vivo BIEFHAELERFFEL, ZOEMEEZHREL T
x7-. &E, a3 in vivo BEFEAEZIGHAL,
HSP70 D EEHRBE LB MMEEZR EL S 20 %
BEt L7z,

FiEEHER

DERER I TOME LR U723 v MLDE
#fkic, & b HSP70 @ complementary DNA (cDNA)
%&%e 1 ml/ O hemagglutinating virus of Japan (HVJ)-
liposome 2 HEA L, FREERT v + OEEMCHEL
7-(HE). BEFEE& %\ HVI-liposome ¥ % [FEl#k
WHEALCR, £ {ELED N, EER 42°C, 20
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In Vivo Gene Transfection With Heat
Shock Protein 70 Enhances Myocar-
dial Tolerance to Ischemia-
Reperfusion Injury in Rat
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DFOBMEA NV AREZ T SEEDFH 4B (BREE D 13
) 2ER L7z, HEE, SEEEBMEE 4 HEIC, SEIR
Bty 2 v 7 24 RSO ERH U, IT ORI g
L7z,

HSP70 DRIR & FHli 3 27, 2BEOE/ 70—
+ W HT4E % B> 7z Western blot & ShESHE T %
fTo7z(BEESH). E LD HSPIO KDARIET 3E/
7 a—F Vi % vz Western blot Tl, HEWCD
#, HSP70 DHAS hix BERBRBMEES LI, B L
Zv FOWH D HSPT0 K RIGT €/ 7 a—F i
f& % F\>7> Western blot Tl&, N, CEICH L S#E
THRED HSPI0 OFH % H7:05, HEETR SEHLD
YEXEEOERSER S L. REHBRETE,
H LM A K HSPTO BEERBRL Tw3 2
EHRER I hie.

Langendorff #FZEE # AV, BB (37°C, 304),
FEGR (37°C, 60 43) REETxd 3 5 i itk % ARARF A 1 FTAH L
7o (BEESH). BMMFEHETED left ventricular devel-
oped pressure, maximum dP/dt, minimum dP/dt [H]
B/EZ, SECRCHE, NHCLLERCRFTH-
7o, HEETIE SEL D b HEREH» SEICRIFR
EE%ZRLT.

SEMFREERII HEE, SHTRCH, NHLIVLR
¥FTC, creatine phosphokinase & HE, SETIX
CE, NEXDDhbdoT,

$#8#k3E: J Clin Invest 1997 ; 99: 1645—1650
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Fios M E L.
3) DLEDBRIZ, BECHE L HSPT0 O.LEHHR
1) HVJ-liposome DEBARIEA L% BV 72 in vivo ER AT 5 L L b2, HSP70 DEBEEFHEA 2IE
BEFEAKZLY, 7 v MLEEIC HSPT0 b EERER AU LERERDTRER 2 RR T2 b DTH B L&
L7, Zohiz,
2) HSP70 OEEFRE L 72 LE Tk, BMEERE

F o »
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