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Evolution of Ca Antagonists
Cal CiU m antag OniStS (CA) Eirst Generation : conventional
- verapamil, diltiazem, nifedipine,
* 1980CEHREl ELZTIHZ AE PP —— -
- = econ eneration : modified release
oF =0 B =
* 11X XIZ= & 52 otLt -~ felodipine isradipine, nicardipine, nitrendipine
. __)‘_éEd %I» %X}9| 1/3 -1/4 }\l,SCE)?_ —- verapamil SR, nifedipine XL, felodipine ER,
diltiazem CD, isradipine CR
- SHEQ 2 WY, BF, gREFHN 22 U
— Metabolic neutrality: &g, XI& - "
Third Generation : intrinsically long-acting
- 280 HCh <8, 8%, 23
e 4 _ 1. Long plasma half life 2. Long-receptor half life
- AEMNAE S BEREIIQ ESEY Amlodipine Lercanidipine, Lacidipine
Cilnidipine. Efonidipine
1AItd:  mulitiple dosing due to their short half-life
2HI0H; once-a-day agents characterized by a delayed or modified release
mechanism.
3AICH: inherently long-acting agents, The long-receptor half-life agents.
characteristically have a great degree of lipophilicity
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DEA XZ0 OI=2E=CAER Classification of Ca Channel
2 A EECECE] FEEETE]
ESR PR BT Novel New chemical | 5 3 gy — Toee Lboe | Nope | Puee
formulations entities Nifedipine - + - -
(lla) (llb) H 1AICH | Verapamil - + - -
Nifedipine Nifedipine Benidipine Amlodipine Mibefradil + — . -
Nicardipine SR/GITS Isradipine Lacidipine Manidipine - ++ - -
Felodipine ER Manidipine Lercanidipine Nilvadi = - =
i idi pine -
Dhhydropyriding Nicardipine SR | Milvadipine Cilnidipine A 2HT
(artery > cardiac) NiFR6aibi EfoRIGi5] Barnidipine - 4 - =
imodipine onidipine Benidipine _ F _
Nisodipine Amlodipine + =
i . Nitrendipine Ginldiphe _ e ey
Benzothiazepine | oivom | Dittiazem SR A ang |2cidne - - - -
(artery = cardiac) ) Lercarnidipi — o - N
Phenylakalamine ne
Vi il Vi il SR Gall il
(artery<cardiac) S erapam’ SRaRST Efonidipine ++ -+ - -
Phenylakalamine B/ 2FNY, B/ LFNY, | BF 220 [ 55,250
=
/Benzimidazolyl | Mibefradil ENES EAE !;IEP, - g ] E
(artery>cardiac) - s
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New classification of Ca antagoni
StS(TARGET-BASED)

a2y Effect on heart
Classification of Rl = 52 Alua Disease
Non-selective i
Vs | owwen | 4 | W LW |
erapami
Vasoselective
L-type CCB Nifedipine ++ * ~ * Hypertension
Hypertension
L- & N-type Cilnidipine | * * ~ v (Angina pectoris)
CCB Ntype Ca Decrease in
channel sympathetic activity
Hypertension
L- & T-type Angina pectoris
dual CCB Efonidipine ++ * Organ protection
“Htype Ca (Cardiac &
channel Renal protection)

Product Information

1. Component : Efonidipine HCI (3¢ Dihydropyridines
Ca?* channel antagonist)

2. Reimbursement Price : 471/T,314/T (40mg, 20mg
Round coated tablet)

3. Mechanism
a. L-Type Ca channel Blocking : Vasodilation

b. T-Type Ca channel Blocking : Decrease in High
Heart rate

Product Information

5. Indication : Essential Hypertension, Angina pectoris,
Renal Hypertension

6. Features

Sustained anti-hypertensive effect
Good efficacy on Angina pectoris
Decrease high heart rate

Renal protection

oo T w

CV protection effect in hypertension with DM

Chemistry

Phosphonic acid is introduced into the structure

The first product NO,
in the world

H3C 0 o O
N\
P COOCHCHoN
SO
H;
HsC” N~ “CHj
H + HCl+ €,H5OH

Efonidipine hydrochloride (FINTE)

NO, cl
H3C00C COOCH; H,C00C COOC,Hs
H, e N HaC

CHy N “CH,0CH,CH,NH,
H H
Nifedipine Amlodipine

Why does FINTE show
slow-in-onset & long-lasting?
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Cytosol Ca** channel

15t step Temporary Storage in phospholipid bilayer

2nd step Slow & Lasting Supply & Bound for DHP site
3rd step Long-lasting Inhibition of Ca2* influx

Mechanism of action

L-type Ca?* channel il T-type Ca** channel

Vascular smooth muscle Pacemaker cell

Conventional
Ca?* antagonists

Rate control

Vasodilation

5307



(2= Z2e

b

M (Efonidipine) ]

Indication

Hypertension
Renoparenchymal hypertension

Orally 20-40 mg/once or twice daily doses
The dosage may be increased up to 60 mg/day
if hypotensive effects are insufficient.

Angina pectoris

Orally 40 mg/once a day

Influences of FINTE on circadian

rhythm of BP & HR
(Essential hypertensive patients)

Onceaday «-n Twiceaday «7
e

gl

120 1 v
100. s
wU FII;JTE FINTE

B & 4 8 8101E1a1B 18208 S & 4 & 810121a16182022
Clock hour lock nour

1 1 1
& 8101 6 52 4 & 810121418182027
Clack hour Glock hour

1 1

62 o1 1a1e IR0
Clook hour

before Meansu, Peiredtiset

after +:p<AO8 ww:p<0O1

Relation with HR and mortality
in patients with hypertension

Heart rate at the same time {)Oint
on exercise tolerance tes

s P &S

Precedent other  pynpp 40mg/day

= 200 Ca2* antagonist
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enidipine

o 1507 Nefidipine CR paired t-test
0.8 Manidipine E -
BE Felodipine Compared pith

B means during treatment of
E 2 1004
b1 g precedent Ca?* antagonist
=2 sy (18) (1) *p<005,**p <001

* * *
(16) (15) (13) P eank S

Rl T T

% 4 0 4 8 12(week
Shimizu M et al : Ther Res 22, 883 (2001)

After switching from precedent other Ca®" antagonists to FINTE,

the heart rate had been stably decreased for 12 weeks.

The Framingham Study Efonidipine (FINTE) » Nifedipine L

= (OMalem—zom - Female n-2493) Observation 13137 Observation 1313
. = - : ¥ p<0.05 NS
= 50 o = coronary Heart D Treatment 1255 —1 Treatment 129,
5 o L] Cardiovasculer Disea 100 110 120 130 140 150 110 120 130 140 150
£40 7 40— [l All cause =
e | meansanmn Il o e Nisoldipine Nifedipine CR 2
j %’ 2 Observation 132.7 Observation 126. 2
2 20w S 20 ] NS
2 2 Treatment 132.9 Treatment ]25 7
210 2 10
E ) 100 110 120 130 140 150 100 110 120 130 140 150
g0 8 ipine 9
59 <65 65~ 75~84 85r(bpm) & O <65 65~74 75~84 85+(bpm) Amlodipine Nitrendipine ¥
Heart Rate Heart Rate Observation 130A4J Observation 129Alj
. B = NS. N
Gillman MW et al.: Am Heart J 125, 1148(1993) I reatment 1278 Treatment 1317
Mortality rate increased by high heart rate LA e il e A
1)Clinical Report 30,311-344 (1996) 2) Jpn Pharmacol Ther 25,195-225 (1997) 3).J Clin Therap Med 4,1989-2016 (1988)
4)J Clin Therap Med 65.275-288 (1988) 5) Clinical Report 45,145-164 (1992)
Rate control by FINTE — e

TP S BT I e T T T e T Clinical Efficacy of Efonidipine Hydrochloride, a T-type

Calcium Channel Inhibitor, on Sympathetic Activities

Examination Using Spectral Analysis of Heart Rate/Blood
Pressure Variabilities and '23]-Metai ylguanidine

Myocardial Scintigraphy ——

Kznjl Harada, MD; Masahiro Nomura, MD; Akiyoshi Nishikado, MD;
Kouzoh Uchara, MD; Yutaka Nakaya, MD*; Susumu Ito, MD

ia related 1o their hypotensive effects. Efonidipine hydro-
mrninmuuyenemn'uypc-:n-uk,muummumumye-ul-mwmmny
theii heart rate and nervous function was investigated. Using
an electrocardiogram and a tonometric blood pressure measurement. autonomic nervous activity was evaluated
nnnglpmlluulynldi_\md:ymﬂkblmdp—nvmlny Three protocols were used: (1) a single
was orally 10 healthy subjects with resting heart rate values of

‘more (high-HR ‘MMMwlmunuanmlﬁsmﬂm

(mukmxm i ide_ was newly untreated patients
lﬁgraA—weekllulmenl lnd(!l
wﬁmm_mmsmmwmummmummum 0m
inhibitor for | month or more h-u in AUIONOMIC NETVOUS
e hydro de decreased the
ients with a hij

v init T 76dob N
ﬂ"mmummmmummmm'ﬁ:md-u&wuam
nists 10 its increases in heart rate and has effects on

the autonomic nervous system. It be useful for treating by ion and angina and may also have
2 cardiac protective function. (t’%'!m.mm-lﬂrw_&’—
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Efonidipine

Afferent e | Efferent

(L&T- T-type)
type)
Well-balanced
. vasodilation
Normalized
pressure
Traditional ACE inhibitors

A II antagonists ‘
Efferent a.o| 2%

Ca antagonists

Afferenta.o| 8%
(L-type)

Bowman’capsile f[f«—Tubule

Effects of FINTE and other Ca?* an

tagonists in

renal afferent and efferent microvessels

(Hydronephrosis rats)
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Saruta T et al.. Kidney Int 49,
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Current Status of Calcium Antagonists
in Japan

Takao Saruta, Mp

Calcium antagonists comprise the most popular drug  hypertensive effect and possess characteristics unique to
class for treatment of hypertension in Japan. More than  the class. Efonidipine dilates the efferent as well as the
half of Japanese clinicians use calcium antagonists as  afferent arterioles of the glomerulus; therefore, it ap-
initial drug treatment for mild-to-moderate hypertension  pears fo have a more pronounced renoprotective effect
and, despite recent controversies, their use continues to  than other calcium anfagonists. Ciimidipine 75 @ dual-

increase. Nearly a fourth of dlnicians use angiotensin-  FrarneT GrTogoRT GG o serpheral mow-
converting enzyme ACE) inhibitors, and 9% use (e  ionoT Netype- and vaseolor Tiype-caleiom channels- T
ceptor blockers. There are 12 dihydropyridine calium  Je5resses the pressor response fo acute cold stress but
antagonists and 1 benzothiazepine agent in clinical use. 4 oo o a Che Jia by h herg N
Amlodipine is the most widely used agent in the dloss.  ¢190g by Excerpta Medica, Inc.

ond in Jo- Am J Cardiol 1998;82:32R-34R
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efiect of efonidipine was similar to that of the DHPs used before the switch to
. and refiex tachycardia was X
Conclusiow: In this study of a small sample of patients with mild to severe

DHPs. Moreover, flex occurred with
traditional DHPs. (Curr Ther Res Clin Exp. 2003:64:707-714) Copyright © 2003
Excerpta Medica, Inc.

Rey words: hypertension, elonidipine, T-type calcium channel, heart rate,
calctum channel blocker, reflex tachycardia.

INTRODUCTION

Lowering Treatmeat to Heart Attack Trial' (ALLHAT) showed that CCB
Teduces the complications

In recent years, dihydropyridines (DHPS), a type of CCB, have commonly
prescribed for the treatment of orls. DHPs
them the Sapan. Al DHPs
act maialy on L4ype calcium channels of vessels, which respond quickly, and
50 may cardiac by tone.~8
Tachy-

cardia is a strong marker of an autonomic abnormality. It accelerates sympa-
thetictoneand decreases vagal activity. Tachycardia, especiallyin the long term,®
has been associated with an Increased risk for morbidity and mortality

or n

tion."" On the other hand, because block the calchum
channels smooth muscle cells, they have Httle negative
effect. In arap
nd long-acting DHPs
Mo action.
T4ype calclum channels 1n the sinoatrial node attenuate elevated HR by
Barticpating a cardiac peciag n the sincarrial node calls, Thersiors. L and T-
type OCBs (eg. rably
thereby reducing refiex tachycardia. Mibetradil, which does not alfect L-type

hannel

TABLE | Efficacy and Adverse Effects of Calcium Anfogonists in Japan

[Results Before Marketing)
Incidence of  Flushing Headache sive
Agent AEs, o {%) % %} m
Niledipine L {n = 822) 137 {16.7} 105 1.6 75-80
Nicordipine LA [n = 624) 60 (9.6) 1.8 2.4 70-75
Nirendipine [n = 1.434) 173 (12.1) 46 32 70-75
Nisoldipine n = 919} 143 (15.4) 7 4 70-75
Nivodipine {n = 1,104) 140 (12.7) 58 32 70-75
Manidipine {n = B65) 90 (10.4) 2.7 1.5 70-75
Barnidipine [0 = 865) 122{14.3} 34 2.1 75-80
Benidipine {n = 897) 60 6.7) 13 14 75-80
Amlodipine (n = 1,103) 45 (5.9) 12 04 75-80
_Iﬁ;&l’Ll 49 (7) 18 13 Z5-80
Ciinidipine {n = 764] 76 9.7] a5 3.7 75-80
Felodipine [n = 820) 137 (16.2) 57 56 75-80
Aranidipine {n = 703} 81{11.5) 24 4.1 75-80
Nifedipine CR {n = 704) 84 (12) 46 a1 80-85
Diliozem R (n = 3,577) 74 (2.1) 0.1 0.4 65-70
AEs = odverse effech.
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Effect of Efonidipine and

ACE

Inhibitors on Proteinuria in Human
Hypertension With Renal Impairment

Koichi Hayashi, Hiroo Kumagai, and Takao Saruta

Background: Although several lines of recent studies
fail to demonstrate the beneficial action of calcium antag-
onists, a novel dihydropyridine efonidipine, which pos-
sesses dilatory action of both afferent and efferent arte-
rioles and, therefore, shares the renal microvascular action
with angiotensin converting enzyme (ACE) inhibitors, is
reported to exhibit renal protection in experimental ani-
mals.

Methods: The present study evaluated the effect of
cfonidipine and ACE inhibitors on blood pressure (BP)
and proteinuria. Sixty-eight hypertensive patients with re-
nal impairment (serum creatinine, > 1.5 mg/dL) or chronic
renal parenchymal disease were randomly assigned to
efonidipine or ACE inhibitor treatment. Of the 68 patients,
23 were treated with efonidipine and 20 with ACE inhib-
itors; these patients were analyzed for the 48-week study.

Results: Both efonidipine and ACE inhibi uced
a similar degree of reductions in BP (efonidipine, from
161 * 2/93 *+ 2 10 142 = 5/82 * 2 mm Hg; ACE
inhibitor, from 163 = 3/95 * 2 10 141 * 5/83 * 2 mm

Hg), and maintained creatinine clearance for 48 weeks.
Proteinuria tended to decrease in both groups, and a sig-
nificant reduction was observed in proteinuric patients
(>1 g/day) (efonidipine, from 2.7 * 0.3 10 2.1 = 0.3
g/day; ACE inhibitor, from 3.0 * 0.4 to 2.0 * 0.5 g/day).
Of interest, efonidipine decreased proteinuria in protein-
uric patients who failed to manifest decreases in systemic
BP. Finally, the incidence of adverse effects, including
hyperkalemia and cough. was less in_the efonidipine-
treated group.

Conclusions: Both efonidipine and ACE inhibitors
preserved renal function in hypertensive patients with re-
nal impairment. The antiproteinuric effect was apparent in
patients with greater proteinuria. The beneficial action of
cfonidipine, along with fewer side effects. may favor the

use of this agent in the treatment of hypertension with
renal_impairment. Am J Hypertens 2003;16:116-122

© 2003 American Journal of Hypertension, Ltd.

Key Words: Efonidipine, ACE inhibitors, renal dis-
ease, proteinuria, hypertension.

<RIGINAL ARTICLE

Effects of efonidipine on platelet and
monocyte activation markers in
hypertensive patients with and without
type 2 diabetes mellitus

S Nomura, S Kanazawa and S Fukuhara
First Department of Internal Medicine, Kansai Medical University, Osaka, Japan

we the levels of platelet acti-  hypertensive patients, and they were significantly

vation markers, soluble cell adhesion molecules, and higher in the hypertensive patients with diabetes. After
soluble selectins between hypertensive patients with treatment with efonidipine, the levels of PDMPs, CD62P-,
2 ammu .nd eomml subjects. Bind-  CD63-, PAC-1-, and annexin V-positive platelets, sICAM-

without type
;: I 1, sVCAN-1, sP-selectin. and sE-sslectin all decrassed
mw-wmmmummmmw .unme-mymmpm
nificantly between the hypertensive patients and con- ugantmwm-mm
trols, but platelet expression of activation markers  with diabetes. fi that_adminis-
[cuszpcnsa.nm and annexin V) was higher n the  iration of afonidipine fo I sion ts with dia-
hvpertensive Platelet-deri\ microparticle betes ma the devels cai asc

IlP)unimonoey‘-d-dwd m—su-(nnup) ‘complications caused by cell adhesion molecuies or
..els higher in the and
puuam than in the controls. Soluble ICAM-1, VCAM-1, (2002) 16, 539-547.

Jounal of Human
P-selectin. and E-selectin levels were also higher in the doi:10.1038/sj.jhh. 1001447

Action site of major DHPCCBs

and Ca*'

channel

@ L-type Ca** channel @ T-type Ca** channel

Sino-atrial nodal cell
(Suppression in heart rate)

Cardiac myocyte
(Decrease in contractility)

DHPCCB: dihydropyridine Ca** channel blocker

Traditional
DHPCCBs

Afferent artery

Efferent artery

(Decrease in glomerular prcssurc)

Main Adverse Effect

Palpitation 1.3%

Heat 1.1%

Hot Flushing 0.8%

Brady Cardia 0.1%

Good Indications

for 3rd

Generation CCB (esp. Finte)

HT with Stable or Unstable Angina‘

HT with Asthma or COPD

HT with PAD or Dementia

HT with Nephropathy

HT with CHF

diuretics

B
blockers

ARB

a
blockers

ACE inhibitors
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