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' HYPERCOAGULABILITY

Virchow’s triad in thrombosis. Endothelial integrity is the single most
important factor. Note that injury to endothelial cells can affect local blood flow and/or
coagulability; abnormal blood flow (stasis or turbulence), in turn, can cause
endothelial injury. The factors may act independently or may combine to cause

thrombus formation. (Fig.5-12)
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Development of ACE Inhibitors

Utility of pharmacological enquiry on poisons

 1960s Bradykinin potentiating factors or
peptides (BPF, BPP) in the venom of pit viper

1968 BPFs synthesized inhibit both kininase Il and
ACE

« 1970 Both enzymes are the same enzyme,
dipeptidyl carboxypeptidase

* Teprotide (BPF9a) I.v. lowered blood pressure
consistently. BPF5a was most potent in vitro. Three
a.a. Ty-Ala-Pro, Phe-Ala-Pro were active.

* Crystal structure of carboxypeptidase (zinc-
containing) similarity
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(ACE. dipeptidyl carboxidase I, kininase II.
i inE N R Mo MR R <75 5%)
<ACE>

Al

NH2—Asp—Arg—Val-Tyr-lle-His—Pro—-Phe—[-His—Leu—-COOH

A Il (active)
NH2—Asp—Arg—Val-Tyr-lle-His—Pro—FPhe-COOH

Enzyme inhibitor Try-Ala-Pro, Phe-Ala-Pro

< ACE =kininase II>

Bradykinin (active)
NH2—-Arg— Pro— Pro—Gly—Phe—Ser—Pro—[-Phe—-Arg-COOH
Inactive peptides



Product inhibition by that generated by enzyme

catalysis

1) -COO- group on the C-terminal proline

2) amide carboxyl between a.a.

3) hydrophobic interactions (with methyl groop)

4) Zn?* in enzyme interaction with -SH, -COOH, -POOH-
groups

1977 Captoprill
Enalapril (prodrug) -- (hydrolysis) = enalaprilat
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ACEI & lisinopril
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LCZ696. consisting of valsartan and sacubitril in 1:1 molar ratio,
dual-acting angiotensin receptor-neprilysin mhibitor (ARNi)
for hypertension and heart faihure.
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sacubitril + valsartan
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—Nitroglycerin

—B-adrenoceptor blockers (BB #T L)
—Ca?* channels & Ca antagonists
—Nicorandil (N-K hybrid)

—Others
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Characteristic distribution
of pain in angina pectoris

i@ D
AP AL & AR

Time is myocardium } »
and time IS outcomes. aé"l

Gibson CM: Circulation 104:1632-4, 2001.




$I0ME angina pectoris )43 %8 (p.133)

TERDE

3 Stable (typical) angina
7 8 1% (71 15%)

o AREMER (BHY)  Vasospastic angina
T YA EEE  Prinzmetal (variant) angina

*m/ N B 3R microvascular angina
AL ERIDE Unstable angina
PR ZER] Preinfarction (crescendo)

A E %3 acute coronary syndrome
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50% FAZE
& &
Spasm tone 4
& &

99% obstruction 75% obstruction 30% obstruction
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Rest angina  Exercise- No angina
Induced angina



)Y AR LB IEICNE

JkEbHJTEO)spasm (B¥E) I2KD

(plague 75— MifE)

° 1*::3 HH'HE
—EE- ME - DR E 2B R

o BUEMNIYRTIT7HI3—

s KFUEBEFTRIE, TRERBIF, =72

LAZEARTERELH S

» ST-segment elevation «— &5 2% [4 kg M




/1 i = R DME

B EARERERE

=1 e MO REBEDORIEMR; STEFED IEIDE
EmENEERIX RWNVEEIARICEITAEIAREIEEEBAREE L E DR E N HEENIRE
B EESEEEMELGE OB EEIIREE . M/NOEEEZED3DDFEN—E A —
IN—YTLTWET, BN ERDEIIFAREOLTEIZEZLRET A ELHMMONT
WET . EERELT. MERNKROEBHOEZL(TTHL MEYETY S PME R
DIFMILTEDEENERLES LTS ESNTLVET,

TEFILA)OBEARNEAICLSEEEFRABRPIC DREAOEIHIRICEELE
fEMNRHoNGEWICLEDLLY . BRAREELELROMENEIR. EmELERZELE. L
IR ELEREE 7L O i i 0D B 5 - RREERORT RAVRO SN BRI /i &
PRIMEELFZETILTLET http://www.med.tohoku.ac.jp/uploads/161011pr.pdf &Y




Ef
f
JIELH; :
/ﬁ%g
t;{; 1
4”-%’“
5
)2
>

B2

|I-

a
@
MAEfE

M
£ 2

—7
D,
B HE
T

N
F
H3
¥ 1%




Pulmonary
artery

Artery blocked by
thrombus on fissured
atherosclerotic plaque

Zone of perfusion
(area at risk)

next



Myocardium

O hr

2 hr 24 hr

Obstructed
coronary art.

f

Endocardium PR :: .
area Zone of ' Zone of
at riSk Nnecrosis Y NECrosis

picardium

Progression of myocardial necrosis after coronary artery

occlusion.

Necrosis begins in a small zone of the myocardium beneath the
endocardial surface (subendocardium) in the center of the
Ischemic zone.

This entire region of myocardium (dashed outline) depends on

the occluded vessel for perfusion and is the area at risk. (Fig. 13-
6 in Robbins)



2R E xR Eacute coronary syndromelZxtL T

« CCU=Coronary care unit: @& EEHAEE

« PCI(Percutaneous Coronary Intervention) 73
T—T I AWK ODMERNSEE

« PTCA(Percutaneous Transluminal Coronary
Angioplastyif% 2 #% & 7 B AR 2 B fifT) 4% 22 &1 AL
ZN\IV—2DFNT—TILTHRERT B

« PTCR (Percutaneous Transluminal Coronary
Revascularization#% [Z % & md Bk 4% 75 f# &%
&) I EIARN Mz Z BfET D

* tissue plasminogen activator (rt-PA) ,
urokinase




PTCA (#% FZ 895 B A2 R fifT)

NIL—=2 D T—TIVERBEARICAN,. To5—0%EHE 8@REMNAS
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INA 7\ bypassFfiT
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Balloon angioplasty, the expanded balloon pressing
against a stenotic site in an artery.
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NILV—=2DhT—TIVEBEIRICAN, To5—0%TiE @HREMA 5

_EIZF O TMERNBEFYLESES.

E 1RRRE

25 EXEHRERE 2 FAEBOEINREZRE

INA 7\ bypassFfiT
—— ——

Balloon angioplasty, the expanded balloon pressing
against a stenotic site in an artery.
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k2 )LER ERtreadmill test
FRTEFERABEDE

MM EED
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Lead V4 at rest (top) and after 4.5 min of exercise (bottom).

]

T

/L/P\_J.

Q

|

N

“ 1 sec

1 mV

NN

N

There Is 0.3 mV of horizontal ST-segment depression,
Indicating a positive test for ischemia.

|

| | |

R/ AN
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Acute ischemia causes a current of injury

FE IR IDEE
predominant
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myocardial infarctign
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injury) h



Acute ischemia causes ST changes
Subendocardium
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current Concepts: Causes of ST-Segment Elevation

Many conditions other than acute myocardial infarction cause elevation of
ST segments on an electrocardiogram. This review explains the conditions
that may mimic acute myocardial infarction electrocardiographically.
Because decisions about reperfusion therapy must be made quickly for
patients with myocardial infarction, it is important to recognize and
differentiate other causes of ST-segment elevation.

Wang et al. NEJM 349 (22): 2128, 2003



}jjéi_[lfll'l‘il Dﬁ% 20200904
Ischemic cardiac diseases

BB [Ca?t] CUNHE/thiE




MEFFHT7I=AMRUEREF p.51

Kv Cav TRPC

& B N/

SRE

\ RhoA (+)
\
/ pCI-17(P)
\ “ \

T[C32+]i< : ca’t fG/lak Ca FEZH 1

IP3R




p50 ° DN

+4L3E: X ACa>*+hHNET AN CaE&
Catgfn :
+3Z= e
az ;)"‘A l HWVED 2V r—Cay
MLCK _ ¥ MLCK _ MLCK-(P)
(&%) T(TEE) o l| T (AEME)
o\ | ﬁDP A %F—t
i ’?—-"'< =
SRl C IHTA LC\/
PKC s )
q, - i ¥ 1l v Rho K
PCI-17-(P) ——> (277 4—4 < ' GXF—t
e |
ANE=Y ——> POFotiAd S —s POF—34

P
'PKC —
| HIVTFRE

pivE=> - (P

oth 7%

=2, ll‘l'

> |-



”_ﬂl%ﬁ - Eﬂjﬁ% 4 Ca2+ + Calmodulin
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Calmodulin -Ca 4

MLCK é-). MLCK— MLCK- (P)
(ac[l[ive) (inactive) ﬂ\ (inactive)
I ADP :
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I AR

—Nitroglycerin
—B-adrenoceptor blockers (B #3)




Correction of the imbalance

Increasing oxygen delivery
(by increasing coronary flow)
nitrates (nitroglycerin)
vasodilators (Ca antagonists, KCOSs)
coronary bypass grafts or angioplasty (PTCA)
percutaneous transcatheter coronary angioplasty*

decreasing oxygen demand
(by decreasing cardiac work)
B-blockes
nitrates (nitroglycerin)
vasodilators (Ca antagonists, KCOs **)

*against atherosclerosis and thrombus formation
=Protection from ischemic injury (K, channel open)
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HEAREER; Fura-2 &  asonist
90 mM KCI TXA,

Nitroglycerin

Nitroglycerin

Fc

10 min’

Yanagisawa et al. 1989
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Sir W. James Black (Scottish doctor,
Pharmacologist) (14 June 1924 — 22 March 2010)

BARRNEE

i e Methoxamine t
1988F/—A~N)LE Nifedipine _
V. FRIREE
Propranolol, Cimetidine 1911.3.2 1931.11.14

1990.3.14



Development of adrenergic 3 blockers (Dr. Black)
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Effects of metoprolol on the heart rate
& normalized ischemic time
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B_b I OCke I'S fRH & Bradycardic agents:

lvabradine, zatebradine
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: metoprolol. atenolol

14,3 D labetalol, carvesilol
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—Ca?* channels & Ca antagonists
—Nicorandil (N-K hybrid)




CafEhiZE

Ca antagonists (German-Japan, *60s-70s)
Ca?* channel blockers (USA-UK, *80s-905s)
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7 Bk 1 Coronary resistance

Nifedipine

mi  MmiRE—28
(B

15ml/min 50mli/min
EHmE (BE V)
150mmHg 130mmHg

Wi (R=V/)
150/15=10 130/50=2.6
(#31/4)

Nitroglycerin
mFEE—o8  BEE—78

50ml/min 15mi/min

150mmHg 100mmHg

150/50=3.0 100/15=6.7
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DHP % CalEiZFE N M E Z#E IR M vascular selectivity

Test potential (+10 mV)
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Effect of methoxyverapamil (D600,
PAAZ%) on Ca?* current

D600 Control
| ™ D600
L
H"-'"
2 0.5
nA k=
Y
0l ,
0 o 20 30
Control 5
Use-dependent block Open channel block

Lidocaine on Na* channel
Cf. chemical structures of both (Print 8)
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Effect of DHP% (nitrendipine,
nifedipine) on Ca?* current
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Treatment of vasospastic angina
Attack 1min

-y

Control Ys

Diltiazem

Propranolol ¥» = 1 A\
cofer § Y 'y i
Yok k ] i A : .
100/78

i
e S

BPF 122/84

Yasue H et al. Circulation 1979,59:938-48
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nitroglycerin, nifedipine. verapamil-diltiazem
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—Nicorandil (N-K hybrid)
—Others
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Coronary 60

blood flow 4

(ml/min) O
20

Blood
pressure 100
(mmHQ) 0

Heart rateZOO

(beats/min) 150

FM “Am—_k—

b

I Ehaemumnen 0

5 min

1 1T 7T ¢

————— - a t——— N

- @ e ®
0:03 O-l 03
Nicorandil(i.v. mg/kg)

Modified from Taira N et al. Clin Exp Pharmacol Physiol 1979; 6:301-316.

l. V.. Intfravenous injection



Nicorandil (SG-75): coronary resistance |

Intraduodenal administration of nicorandil (3mg/kg)
= Intravenous injection (0.3mg/kg)

Coronary resistance 4.5 = 1.5

Coronary sinus outflow (ml/min) 21.6 (3.0) 40.4 (5.0)t
Mean blood pressure (mmHg) 89 (6) 53 (8)f
Coronary resistance (mmHg min/m]l) 4.5 (0.8) 1.5 (0.4)%
Coronary a.v. O, difference (vol.%) 12.1 (0.04) 6.9 (0.9)f
Myocardial O, consumption 4.1 (0.7 4.4 (0.8)
(ml/min per 100 g)
Heart rate (beats/min) 180 (15) 170 (3)f
AV Conduction time (ms) 100 (2) 98 (1)

1 : P<0.05, SEM in parentheses, n=5.

a.v.: arterio-venous: AV: atrioventricular

Taira N, Satoh K, Yanagisawa T et al. Clin Exp Pharmacol Physiol 1979;6:301-16.



Nicorandil (SG-75): coronary resistance |

Intraduodenal administration of nicorandil (3mg/kg)
= Intravenous injection (0.3mg/kg)

Basal value Value after SG-75%

Coronary sinus outflow (ml/min) 21.6 (3.0) 40.4 (5.0)t
Mean blood pressure (mmHg) 89 (6) 53 (8)f
Coronary resistance (mmHg min/m]l) 4.5 (0.8) 1.5 (0.4)%
Coronary a.v. O, difference (vol.%) 12.1 (0.04) 6.9 (0.9)f
Myocardial O, consumption 4.1 (0.7 4.4 (0.8)
(ml/min per 100 g)
Heart rate (beats/min) 180 (15) 170 (3)f
AV Conduction time (ms) 100 (2) 98 (1)

1 : P<0.05, SEM in parentheses, n=5.

a.v.: arterio-venous: AV: atrioventricular

Taira N, Satoh K, Yanagisawa T et al. Clin Exp Pharmacol Physiol 1979;6:301-16.



Nifedipine vs. nicorandil on AV conduction time

& = {rE R (Ca?* channel |2k 7F)
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Blood flow (ml/min) N
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O P _//r i'
: 5 min |‘
Tensmn (2) | ‘\,
N
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OL = 0.01 ® 1
Nicorandil (mg) =
NicorandilDREEE
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http://ir.library.tohoku.ac.jp/re/bitstream/10097/40205/1/
YANAGISAWA-Teruyuki-01-09-0012.pdf
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Impact Of Nicorandil in Angina

I- 1
2

H : Dargie et al. 2001 AHA

 Lancet 359: 1269-1275, 2002
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Why nicorandil? Kagpe; Preconditioning
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Coll Cardiol 2000; 35: 345, Eur Heart J 1999; 20: 51) o
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IONA (Impact Of Nicorandil in Angina)
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