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Abstract: Angiotensin converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs) are one of the renin angio-
tensin system (RAS) inhibitors widely used for the treatment of hypertension. Recently, Blood Pressure Lowering Treatment Trialists’
Collaboration (BPLTTC) meta-analysis showed that ACEIs had the blood pressure independent beneficial effects on coronary heart
events. In this review, we summarized our current knowledge about ACEIls especially imidapril and re-evaluated ACEIs among other
RAS inhibitors (RASIs) because ACEIs have wide ranges of beneficial effects in addition to the ACE inhibition which other RASIs do
not have such as the up-regulation of bradykinin level, substance P level, the inhibition of matrix metalloproteinase (MMP) activity and
stabilization of coronary plaque.
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Introduction

The renin angiotensin system (RAS) is a key regulator
in maintenance of blood pressure.! In a broad sense,
there are four major types of drugs to block the RAS,
beta blockers, renin inhibitor, angiotensin II receptor
blockers (ARBs) and angiotensin-converting enzyme
inhibitors (ACElIs). Beta-blockers reduce renin
release from juxtaglomerular apparatus,? renin inhibi-
tor directly inhibits the activity of renin,>* ARBs com-
petitively block the binding of angiotensin II to their
receptors and ACEIs inhibit the enzymatic activity of
angiotensin converting enzyme (ACE).>®

In 1985, Taguma Y et al first reported that ACEIs
reduced urinary protein excretion in diabetic patients
with nephropathy.’ After this report, many clinical
studies have shown that ACEls preserve renal func-
tion in diabetic nephropathy.”!*1> Now, ACEIs are
recognized as drugs which demonstrate organ protec-
tive actions mediated by not only ACE inhibition but
also other various mechanisms.

This review summarizes our current knowledge
about ACEIs, especially imidapril in respect to which
it has been reported that the aspiration pneumonia
and the cardiovascular disease protective effects are
especially strong among ACEIs,"*'® how ACEIs pro-
vide beneficial effects for the management of non-
diabetic and hypertensive type 2 diabetes.

Mechanism of Action, Metabolism

and Pharmacokinetic Profile

Imidapril is one of the ACEI which inhibits the conversion
of angiotensin I to angiotensin II. Furthermore, ACEIs
including imidapril are thought to regulate many path-
ways such as kininogen/bradykinin/prostaglandin path-
way and MMP2/9 pathway.'"!® These lead to marked
peripheral vasodilation and the stability of coronary
plaque (Fig. 1).

Furthermore, it is well known that ACE degrades
substance P, a neurotransmitter of the swallowing
reflex, and its action is potentiated by ACEIs.'*?
These lead to improvement of the swallowing reflex
in older patients with aspiration pneumonia.

Imidapril is mainly hydrolysed to the active metab-
olite, imidaprilat and other inactive metabolites such
as M2, M3 and M4 (Fig. 2).?! It has been reported
that imidaprilat up-regulated cellular retinol binding
protein 1 (CRBP1) gene expression, transcriptional
activity of peroxisome proliferator-activated receptor
gamma (PPARY)/retinoid X receptor alpha (RXR)
heterodimer partner and their many targets genes in
adipocytes.”>?* ACElIs increased the serum bradyki-
nin level and this increase accelerated the transloca-
tion of GLUT4 to the cell membrane in myocytes
(Supplementary Fig. 1).»° This lead to a suppressive
effect of insulin resistance.
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Figure 1. Schematic presentation of mode of action of ACEls. ACEls inhibit many molecules such as ACE, MMP2/9 and bradykinin inactivation pathway.
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Figure 2. Postulated metabolic pathways of imidapril. Imidapril is converted into metabolically active metabolite, imidaprilat and inactive metabolites such
as M2, M3 and M4.

About 70% of Imidapril is absorbed following oral
administration and reaches maximum inhibition of
ACE activity within 4 hours (Fig. 3). These results
indicate that imidapril not only inhibits ACE activity
but also influences a wide range of pathways.

Pressure Lowering Treatment Trialists’ Collaboration
(BPLTTC) analysis evaluated the blood pressure-de-
pendent and independent effects between ACEIs and
ARBs. This analysis showed that there are similar
blood pressure (BP) dependent effects between ACEIls
and ARBs about coronary heart disease, stroke and
heart failure. Although BP- independent organ protec-
tive effects were recognized only in ACEIs treatment,
the effects were not recognized in ARBs treatment
(Fig. 4)."® These results, therefore, suggest that the

Clinical Studies

Many comparative clinical studies between ACEIs
and ARBs were conducted on coronary heart disease,
stroke and heart failure. In recent meta-analysis, Blood
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Figure 3. Schematic representation of the inhibition rate of ACE activity by imidapril (Phase | clinical study). Phase | clinical study of imidapril enrolled
6 healthy Japanese men. Men with renal disease, heart disease, liver disease, gastrointestinal disease and drug allergy were all excluded. Ten mg/day

of imidapril were taken orally by 6 men, blood samples were collected at the indicated time points and ACE inhibition rate were determined by Kasahara
method at SRL (Tokyo).#

Note: Data are expressed as mean + S.D.
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Figure 4. BPLTTC meta-analysis. Relationship between blood pressure lowering effects and the reduction of coronary heart disease in trials of ACEls
and ARBs. Red circles represent the trials of ACEls and black circles represent the trials of ARBs with the area of each circle inversely proportional to the
variance of the log odds ratio.

Abbreviations: AASK, African American Study of Kidney Disease and Hypertension; ABCD, Appropriate Blood Pressure Control in Diabetes; ALLHAT, Anti-
hypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial; ANBP-2, Second Australian National Blood Pressure Study; CAMELOT, Comparison
of Amlodipine vs. Enalapril to Limit Occurrences of Thrombosis; CAPPP, Captopril Prevention Project; CHARM, Candesartan in Heart Failure-Assessment of
Reduction in Mortality and Morbidity; DIABHYCAR, type 2 Diabetes, Hypertension, Cardiovascular Events and Ramipril study; EUROPA, European Trial on
Reduction of Cardiac Events with Perindopril in Stable Coronary Artery Disease; HOPE, Heart Outcomes Prevention Evaluation; IDNT, Irbesartan Diabetic
Nephropathy Trial; JMIC-B, Japan Multicenter Investigation for Cardiovascular Disease-B; LIFE, Losartan Intervention for Endpoint Reduction in Hypertension;
PART-2, Prevention of Atherosclerosis with Ramipril Trial; PEACE, Prevention of Events with Angiotensin Converting Enzyme Inhibition; PROGRESS, Perindopril
Protection against Recurrent Stroke Study; RENAAL, Reduction of Endpoints in NIDDM with the Angiotensin Il Antagonist Losartan; SCAT, Simvastatin/Enalapril
Coronary Atherosclerosis Trial; SCOPE, Study on Cognition and Prognosis in the Elderly; STOP-Hypertens 2, Swedish Trial in Old Patients with Hypertension 2;
UKPDS, UK Prospective Diabetes Study; Val-HeFT, Valsartan Heart Failure Trial; VALUE, Valsartan Antihypertensive Long-term Use Evaluation.

prevention of coronary heart diseases may depend on Another clinical study is Japan IDDM study (Japanese
not only the blood pressure lowering effects but also trial of ACE inhibitors on renal protection of nephropa-
the choice of antihypertensive agents. thy against IDDMs).?* Japan IDDM study showed that
Shiga Plasminogen Activator in Coronary Circula- imidapril prevented the increase of urinary protein excre-
tion (SPAIC) study showed that imidapril increased tion in micro- and macroalbuminuric type 1 diabetic
the coronary release of tissue plasminogen activator patients (Fig. 6). Several lines of evidence showed that
(t-PA) in adult women but not in men (Fig. 5).2¢ Coro- imidapril was one of the most effective anti-albuminuric
nary t-PA is considered to be an important defensive and anti-atherogenic drugs among ACEIs in the treat-
factor against coronary thrombosis, therefore cardio- ment of hypertensive type 2 diabetic patients.
vascular protective effects of imidapril may be due
in part to the increase of coronary t-PA release. Safety
Fibrinolysis and insulin sensitivity in imidapril Now ACEIs are widely used for the treatment of
and candesartan (FISIC study) showed that hypertension and heart failure around the world.
imidapril increased plasmat-PAactivity. Furthermore, However, some side effects to note have now been
imidapril increased glucose infusion rate, which is reported. For example, angioedema, dizziness, head-
considered to be an index of insulin sensitivity.*’ ache, general fatigue, hypotension, gastrointestinal (GI)
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Figure 5. SPAIC study. SPAIC study enrolled a total of 140 patients with
suspected coronary artery disease and hypertension (systolic blood pres-
sure = 140 mmHg or diastolic blood pressure = 90 mmHg at the time
of the recruitment into the study). Patients with the previous medication
of anti-hypertensive agents, hormone replacement therapy, myocardial
infarction, unstable angina pectoris, congestive heart failure, cardiomyo-
pathy, severe valvular heart disease, premenopausal women, secondary
hypertension, poor compliance, and significant coronary stenosis were
all excluded. Eventually, 33 patients (21 men and 17 women) in the imi-
dapril group (5 mg/day) and 40 patients (23 men and 17 women) in non-
ACEls group completed the study protocol. Net coronary t-PA release
was determined by the coronary angiography. Net t-PA release in male
and female imidapril and non-ACEls groups (all patients). P < 0.05 vs.
other groups.

Note: Data are expressed as mean + SEM.

symptoms, rash, cough, taste disorder and arrhythmia,
etc (Supplementary Table 1).2-°

For imidapril there are some reports on its safety.
Dews I and Vandenburg M reported that 46% of
patients in the imidapril group and 53% of patients in
hydrochlorothiazide group showed at least one adverse
event in the multicenter, randomized, double-blind
study compared oral administration of once-daily imi-
dapril 5-20 mg with hydrochlorothiazide 12.5-50 mg
in elderly patients for 24 weeks. The most frequent
adverse events were cough (8%). Furthermore, three
patients receiving imidapril died, two were possibly
related with imidapril treatment, one was an unrelated
case in this study.*® Another group reported that 20.7%
of patients in the imidapril group and 46.4% in cap-
topril group showed some adverse events in 12-week,
double blind, parallel-group, comparative trial. Again,
the most frequent adverse events were cough (13.8%)
in imidapril group, 35.7% in captopril group.*!

Efficacy
Patients with mild to moderate essential hypertension
received placebo or imidapril 2.5 mg, 5 mg, 10 mg or
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Figure 6. Changes in urinary albumin excretion from the baseline in the placebo group and the group treated with imidapril. JAPAN-IDDM study enrolled
83 patients who had developed type | diabetes mellitus before the age of 20, which was confirmed by lower serum levels and/or urinary excretion of
C peptide. Patients with poor glycemic control with a HbA, _level greater than 10%, serum creatinine concentration greater than 2 mg/dl and other renal,
endocrine, cardiac, liver, gastrointestinal, or connective tissue diseases were all excluded. Eventually 53 patients (27 placebo and 26 imidapril (5 mg/day))

completed the study.
Note: Data are expressed as mean + S.D.
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20 mg in a 2 week study (n = 91), or imidapril 5 mg,
10 mg, 20 mg or 40 mg in the 4 week study (n = 162).
Compared with placebo, oral administration of 10 mg,
20 mgand 40 mg/ day of imidapril significantly reduced
blood pressure without significant difference between
these doses. The 2.5 mg of imidapril treatment showed
no significant blood pressure lowering effect, and the
5 mg of imidapril treatment showed an intermediate
blood pressure lowering effect.**

In a long term extension study of 82 patients with
mild to moderate hypertension treated with imidapril
over one year, 49 patients (90.7%) on monotherapy
(imidapril only) and 20 (76.9%) on combined therapy
(imidapril plus thiazide diuretics) improved the
reduction in blood pressure from 170/100 mmHg to
150/ 90 mmHg (Fig. 7 and Supplementary Fig. 2).%

In a multicenter, randomized, double blind and par-
allel group study, 161 patients with 95-115 mmHg
of seated DBP were treated with placebo (n = 55) or
imidapril 5-20 mg/day and were titrated at 2 week
intervals for the first 4 weeks of the study if the DBP
remained > 90 mmHg. After 8 weeks administration
of placebo or imidapril, 33% of patients with placebo
and 49% patients with imidapril attained a DBP of
90 mmHg. Thirty eight percent of patients with pla-
cebo and 61% patients with imidapril were classified as

200 —
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responders (P < 0.01 vs placebo).* Another multicenter,
randomized, double blind and parallel group study,
the Iberian Multicenter Imidapril Study on Hyperten-
sion (IMISH), reported that both 60 patients with the
mean SBP and DBP, 155.7 mmHg and 96.7 mmHg
respectively treated with imidapril up to 20 mg/day and
62 patients with the mean SBP and DBP, 158.4 mmHg
and 98.3 mmHg respectively treated with candesartan
up to 16 mg/ day achieved same blood pressure lowering
effect and response rate after 12 weeks administration.*

From the evidence of BPLTTC and major clinical
trials, other physicians recommended that combina-
tion therapy such as ACEI and diuretics was effective
in the treatment of Caucasians and Asians populations
with hypertension. On the other hand, they preferred
to avoid the treatment of ACEI and B-blocker combi-
nation for patients with uncomplicated hypertension
and keeping as a second choice for the situation that
other combinations were not effective or not well tol-
erated because the actions of 2 drugs in lowering BP
are not fully independent nor fully additive. Further-
more, they also preferred to avoid the ACEI and ARB
combination therapy because ONTARGET clearly
indicated that this combination had no advantage in
preventing hard outcome and disadvantages in the
greater renal adverse events.*

:P<0.01
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Figure 7. Efficacy of imidapril on essential hypertension in the long-term treatment (1 year). This study was designed as a multicenter, open-label clinical
study. The patients subjected to this study were judged by physicians- in charged that showed favourable hypotensive effect and no problem in safety in
the former phase Il clinical study. Finally, 54 patients of mild to moderate essential hypertension were subjected to this study (31 men and 23 women).
From 2.5 mg/day to 20 mg/day of imidapril were taken orally corresponding to blood pressure control and blood pressure was measured at the indicated

time points.

Notes: **P < 0.01 compared with 0 week. Data are expressed as mean + S.D.
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Patient preference

For many patients with hypertension, the uses of many
antihypertensive agents have been decided by not only
the efficacy but also patient’s preference. Because
some antihypertensive drugs have been associated
with adverse events such as cough, which have been
linked to no adherence, dissatisfaction with treatment,
and side effect that ruins the quality of life, the clini-
cal effects of these drugs should be further evaluated
including the patient’s preference to decide the likeli-
hood of long-term acceptability. To continue a long-
term treatment with ACEI successfully, the physician
should fully explain the effects of their efficacy for the
treatment of heart failure, diabetes, high coronary dis-
ease risk, post myocardial infarction, recurrent stroke
prevention, chronic kidney disease, the necessity of the
ACEI administration, and the side effect such as cough,
and receive informed consent from the patients.

Conclusions

ACETIs, especially imidapril is as effective as other
RAS inhibitors such as beta-blockers and ARBS in
blood pressure reduction. Moreover, ACEI possesses
more beneficial effects on the reduction of major
coronary heart events than other RASIs and has supe-
riority for these diseases.
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Angiotensin converting enzyme inhibitors are not equivalent to angiotensin |l receptor blockers
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Supplementary Figure 1. Metabolic effect of imidapril. In adipocytes, imidaprilat activates the CRBP1 gene expression, which in turn increases the
PPARY/RXRua transcriptional activity. ACEls including imidapril up-regulates the serum bradykinin levels and accelerates the translocation of GLUT4 in
myocytes. These pathways may lead to the improvement of insulin resistance.
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Supplementary Figure 2. Efficacy of imidapril combined with thiazide diuretics on essential hypertension in the long-term treatment (1 year). This study
was as designed as a multicenter, open-label clinical study. The patients subjected to this study were judged by physicians- in charged that showed favour-
able hypotensive effect and no problem in safety in the former phase Il clinical study. Finally, 26 patients of mild to moderate essential hypertension were
subjected to this study (15 men and 11 women). From 2.5 mg/day to 20 mg/day of imidapril were taken orally corresponding to blood pressure control and
blood pressure was measured at the indicated time points. In this combined study, the same kinds, methods and doses of thiazide diuretics were orally
taken as possible during this study.

Notes: **P < 0.01 compared with 0 week. Data are expressed as mean + S.D.
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Supplementary Table 1. Side effects between ACEls.

Drug capt. enal. lisi. enal. capt. enal. quin. capt. capt. lisi. lisi. quin.
No. of patients 4849 2203 1165 11710 13295 12543 2010 30515 67698 4676 10289 2512
Angioedema 0.08 0.03 0.21 0.02 0.04 0.08
Dizziness 5.0 6.3 0.9 7.4 0.8 3.9 4.6 1.6 1.1 1.0 2.3 2.1
Headache 29 3.6 0.3 8.4 0.6 2.5 2.1 1.8 0.8 1.2 2.1 2.5
General fatigue 2.7 51 0.8 6.7 1.6 1.9 0.9 0.8 1.7 1.6
hypotension 2.3 2.4 0.3 2.0 0.3 29 1.2 0.3 0.4

Gl symptom 3.1 3.5 0.6 54 1.1 4.5 1.6 1.0 1.1 0.7 1.1 1.3
Rash 6.0 1.3 0.3 0.5 0.8 3.0 1.1 0.8 04 0.7
Muscle spasm 0.6 1.3 3.4 0.8

Cough 0.7 1.4 1.0 1.0 0.2 29 1.8 0.8 0.3 4.7 4.0 9.7
proteinuria 0.6 14

Taste disorder 3.1 0.3 0.3 0.2 0.5 0.9 0.3 0.1
Leukopenia 0.04 0.06

impotent 0.5 0.5

Renal function | 0.4 0.7 0.1

Arrythmia 0.3 1.5 0.3 1.5 0.4 0.3 0.5 0.3 0.6
Anginal pain 0.3

Drowsiness 1.8

Abbreviations: Capt, captopril; enal, enalapril; lisi, lisinopril; quin, quinapril; and X, not reported.
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