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ABSTRACT

AIM: To clarify the preventive effects of ONO-3144, a
free radical scavenger, on stroke-prone spontaneously
hypertensive rats { SHRSP} and free radicals related (o the
hypertensive  disorders. METHODS: Drugs with
powdered chow were administered orally to the rats from
2- o l4-month-old. Body weight, blood pressure,
rectal temperature, oxygen consumption rate, thyroid
hormones, lipids, platelet number, ocular fundus,
autopsy, and life span were investigated. RESULTS:
ONO-3144 did not affect the growth, blood pressure,
concentrations of thyroid hormones and lipids in the
blood, but decreased the rectal temperature and oxygen
consumption rate. ONO-3144 also prevented the platelet
number decrease. sclerotic change of retinal artery,
edematous and hypertrophic changes in parenchymal and
circulatory organs. Both the average life-span and the
longest life time of SHRSP given 40 mg/kg ONO-3144
were longer than those of normmotensive rats and no
administration hypertensive rats. CONCLUSION: The
oxidative free radicals closely relate 10 hypertension-
induced pathophysiological changes in SHRSP, and
ONO-3144 prevents the changes of those disorders, and
then brings longevity.
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INTRODUCTION

A free radical scavenger, 2-aminomethyl-4-tert-
butyl-6-propionylphenol  ( ONO-3144, Fig1). was
developed as a basic nonsteroidal anti-inflammatory drug
(NSAID) which had no effect on cyclooxygenase activity
during the process of prostaglandin synthesis ~* .
reports have shown that this compound has several
preferable effects such as inhibitions of TXA, synthesis,

Some

peroxide lipid production together with radical scavenging
action, and no ulcerative effect on the stomach besides
analgesic and antipyretic effects in comparison with usual
antiinflammatory drugs'*~*.  Meanwhile, undesirable
effects of radical groups such as peroxide lipids and
peroxyradicals produced in the course of life activity have
been clarified and come up to a topical subject for
maintaining a further human healthy life!®~ "
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Fig 1. Chemical structure of 2-aminomethyl-4-tert-
butyl-6-propionylphenol hydrochloride (ONO-3144) .

On the development of hypertension and related
disorders such as atherosclerosis, brain ischemia, and
heart attack, it is estimated that several types of free
radicals deeply relate w0 the onset of these disorders,  On
the present study, we designed to investigate the
preventive effects of ONO-3144 on the hypertensive
disorders of SHRSP and to confirm the elongation of life
span in ONO-3144 treated SHRSP.
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MATERIALS AND METHODS

Animals and medication  Four groups of
SHRSP") und one group of normotensive Wistar Kyoto
rals (WKY) aged 2 months, each group consisting of 8
male rats which were bred in our animal center, were
used. Rats were divided into the following 5 groups;
SHRSP-0; none of drug (comtrol group), SHRSP-10;
ONO-3144 10 mg-kg™'-d ', SHRSP-20:ONO-3144 20
mg-kg™'-d~', SHRSP-40; ONO-3144 40 mg- kg ™'~
d”'. and WKY-0: none of dug. ONO-3144 was
provided by courtesy of Ono Phammaceutical Co, Ltd
(Osaka, Japan). Drugs were administered orally to the
rats after mixed with powdered commertcial chow (SP,
Funahashi, Shizuoka, Japan) every day until the end of
the experiment al 14-month-old.  Since food intake
decreases with age owing to a decrease in demand,
quantities of given diet were regulated as follows. 80 g-
kg™'+d"!at 2 - 3-month-old, 70 g-kg~'+d™'at4-5-
month-old, 60 g+kg™'*d~" after 6-month-old.

Observation methods The measurements of
body weight and blood pressure taken by a tail cuff
oscillometric method! >’ were done in the afternoon every
week, and rectal temperatwre taken by a rectal
thermometer for rats, oxygen consumption rate taken by a
hand-made consumption meter, thyroid honmones,
thyroid stimulating hormone (TSH), total cholesterol and
triglyceride levels in the serum. and platelet number were
measured in the peripheral blood taken from the tail vein
at 6-month-old.  Photographs of ocular fundus were
taken with a fundus camera (RC-2, Kowa, Osaka.
Japan) at ages of 5. 6, 9, 11, and 12 months, and
analyzed under modified Scheie’s classifications!™
fhypenensive changes {H); 0 -1 scores, and sclerotic
changes (S): 0 — 4 scores|. On the rats with a
spontaneous death after 7-month-old and the rats which
were sacrificed at the end of experiment ( 14-month-old} ,
an autopsy was carried, and each macroscopic tissue
change was investigated.

Statistical analysis All values were presented as
% £ 5., and compared control and administered groups by
a paired or unpaired Student’s r test after confirming the
same distribution of the data between two groups followed
by the F-test, or Chi-square test. P < 0.05 was
considered to be statistically significant.

RESULTS

Growth rates of rats At the beginning of the

experiment, the rates of body weight increase of SHRSP-
20 and -40 were somewhat temporally declined compared
with that of the control group {SHRSP-0. 240 2+ 3 g,
SHRSP-10; 242 g + 4 g, SHRSP-20. 233 g £ | g,
SHRSP-40; 230 g + 5 g, WKY-0; 238 g+ 3 g at 12
weeks of age). However, each body weight’s loss and
gain recovered to the same level until 6-month-old, and
there was no difference between the values in the 4 groups
of SHRSP (data not shown) .

Systolic blood pressure changes Although the
systolic blood pressure (SBP) of WKY-0 changed within
100 - 120 mmHg, each group of SHRSP developed from
130 to 264 mmHg according to the aging, However,
there was no significant difference in the SBP among 4
groups of SHRSP.

Comparison of rectal temperatures Rectal
temperatures of 6-month-old SHRSP and WKY during
oral administration of ONO-3144 were determined. The
value of SHRSP-0 group was significantly higher than thal
of WKY-0 group  (37.9+0.1) T w (37.120.1) T,
Fig 2]. However, ONO-3144
decreased the temperatures at the doses of 10. 20. and {0
mgkg near to the value of WKY-0 (P < 0.05 ws
SHRSP-0 group, Fg 2).
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Fig 2. Rectal temperatures duting oral administration
of ONO-3144 in SHRSP and WKY. n=8. x ¢ s.
P < 0.05 vs SHRSP contro! group. *P<0.05 vs WKY
control group.

TSH and thyroid hormone levels Al t-month-
old, TSH and thyroid hormones levels in the seum taken
from the tail vein were measured.  Although triiodo-
thyronine (T3) level of WKY-0 was higher than that of
SHRSP-0 [ (0.6820.05) ug/L vs (0. b1 £0.02) g/
L:, there was no difference in the values of TSH and
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thyroxine [ T1) between both control groups of SHRSP
and WKY. The values of T3 and TSH were elevated by
treatmen( with ONO-3144 40 mg-kg™'+d~'in SHRSP.
T4 levels of SHRSP (40 - 47 pg/L) did not change at
any doses (data not shown) .

Oxygen consumption rate of each group
Oxygen consumption rate of SHRSP-0 measured at 6-
month-old during the administration of ONO-3144 was
significantly higher than that of WKY-0 [{1.41 £0.08)
Lehg™ ' *h~' s (1,05£0.07) L-kg~'-h™', Fig 3].
ONO-31-+ decreased the oxygen consumption of SHRSP
in a dose-dependent manner. and ONO-3144 40 mg -
kg™ '+d™'significantly decreased the oxygen consumption
to the same level of WKY-0.,
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Fig 3. Oxygen consumption rates during oral admini-
stration of ONO-3144 in SHRSP and WKY. =n = 8.
¥+s. "P<0.05 vs SHRSP control group. P<0.05
vs WKY control group.

Levels of serum total cholesterol and triglyc-
eride There was no significant difference in the levels
of serum total cholesterol [ {890 = 40), (990 £ 50),
810 + 200, (950 = 10), and (920 % 30) mg/L for
SHRSP-0, -10, 20, -40, and WKY-0, respectively !,
and in the levels of triglyceride among 5 groups (data not
shown}.

Platelet numbers in the tail venous blood
The platelet numbers in the tail venous bloed of SHRSP
group was decreased [ (51 +3) x 10* per pL] in com-
parison with that of WKY group | (59 + 3) x 10* per
uL.. On the other hand, ONO-3144 20 and 40 mg-
ke '-d"Vincreased the platelet numbers to [ (65 £2) x
10 per 12L] and [ {61 £2) x 10 per L], respectively.

Changes in retinal arteries of ocular fundus

In each SHRSP group, H scores which showed the

hypertensive change of the retinal antery were clevated
with uge, while the elevation was unaffected by ONO-
3144, There was no difference among 4 groups of
SHRSP during the experiment (Fig 4).  On the other
hand, the H scores of WKY-0 were scarcely changed
(Fig 4). The S scores which showed the sclerotic
change of the retinal artery of SHRSP also were elevated
with age, and the elevation was significantly depressed by
treatment with ONO-3144 (20 and 40 mg-kg™'-d™ ") at
41 and 48 weeks of age. However, the S scores of
WKY-0 with normal blood pressure were hardly changed
(Fig 4).
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Fig 4. Retinal arterial findings of hypertensive

changes (H: upper figure) and sclerotic changes (S:
lower figure) during oral administration of ONO-3144 in

SHRSP and WKY. n=8. &t s "P<0.05 vs
SHRSP control group.

Survival rates and average life-time Each
longest life-time of SHRSP-0, -10. -20, -}, and

WKY-0 groups was 53, 50, 64, over 68, and 68 weeks,
Average life-time of SHRSP-20
and -40 groups were elongated significantly in companison
with that of SHRSP-0 group (Fig 3).

Findings of autopsy An autopsy was carried out

respectively (Fig 5).
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Fig 5. Survival rates during oral administration of

ONO-3144, and average life-time in SHRSP and WKY.
SHRSP-0 and WKY-0: no administration, SHRSP-10,
-20, and -40; ONO-3144 10, 20, and 40 mg-kg™'-d "' in
due order. n = 8. b <0.05 vs SHRSP
control group.
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on dead rats after 7-month-old and sacrificed rats at
16-month-old 10 know the pathophysiological changes.
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softening and edema formation were 6.8 cases (75.0
B}, 1/8 cases (50.0 %), 378 cases (37.5 %), 2/8
cases {25.0 %), and (/8 cases (0 %) in SHRSP-0, -
10, -20, -40, and WKY-0 [ P <0.05 vs SHRSP-0),
respectively. The results showed that long-temn admini-
stration of ONO-3144 significantly inhibited the incidence
of brain lesion in SHRSP. The appearance rates of
mesenteric arterial aneurysms were 6/8 cases (75.0 %),
5/8 cases (62.5 %), 4/8 cases (3.0 % ). 378 cases
(62.5 %), and (/8 cases (0 %) in SHRSP-0. -10,
-20, 40, and WKY-0 ( P<0.05 ¢ SHRSP-0),
respectively. It indicated that the incidence of aneurysms
with hypertension and aging was inhibited by ONO-3144
20 mg-kg~!-d7",

ONO-3144 inhibited an increase of lissuc weight
caused by edematous changes in the brain and kidney,
and alse inhibited an increase of tissue weight caused by
hypertrophic changes of the heart and aorta (Fig 6). A
weight increase of adrenal glands was inhibited by the
administration of ONQO-3144 as follows: (30.3 + 1.7},
(48x4), (215£2.0), (24.2£2.2), and 134.6¢
1.9) mg in SHRSP-0, -10, -20, -40, and WKY-0
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Fig6. Tissue weights of the brain, heart, kidney, and aorta measured on the autopsy at the spontaneous death of

SHRST and WKY.

n=8. #+s. "P<0.05 vs SHRSP coniral group.
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1P <0.05 vi SHRSP-0), respectively.

DISCUSSION

ONO-3144, a new type of basic nonsteroidal anti-
inflammatory drugs ( NSAID ), possesses a scavenging
effect o cluich peroxyradicals which are produced on a
step of the conversion from PGG, to PGH,""**). On this
step. cytoprotective PGG, passively increases through the
feedback inhibition to the PGH, production. Throm-
boxane A, ( TXA,) production, with an inflammatory
action, is also declined through a prostacyclin ( PGly)
synthetase activation.  As a result, the anti-inflammatory
effects of ONO-3141 appear directly and indirectly
through these steps.

SHRSP strain, which is over 230 mmHg in systolic
hlood pressure with a shorter life-span in comparison with
normotensive Wistar rats (WKY ), is a suitable animal
model for studying on hypertensive disorders™’. It is
supposed to be worth to elucidate the implication of active
oxygen species such as peroxide free radicals, Oy and
OH:, in hypertension.

In this chronic experiments, every dose of ONO-
3144 never changed the blood pressure, but showed an
obvious prolongation of the average life-span of SHRSP
by 23 % and 45 % at the doses of 20 and 40 mg-kg™ '+
Although this drug did not inhibit
cyclooxygenase activity as common NSAID, it decreased
the value of a higher rectal temperature and a higher
oxygen consumption rate of SHRSP at the dose of 40 mg
kg~'+d"', po. comparing to that of normotensive rats.
ONO-3144 prevented a decrease of platelet number with
age and hypertension, and maintained it at a normal
Presumably, it suppressed the consumption of
platelets in the peripheral vascular beds through an
inhibition of aggregation caused by collagen or others.
These three effects of antipyreticaction, a decrease of
oxygen consumption rate, and anti-aggregative action
without cyclooxygenase inhibition suggest that they are
owing to the inhibition of TXA, production and
acceleration of PGl production at pathways of ther-
moregulation in the hypothalamus, and inhibition of
platelet aggregation in the peripheral vessels.

It was reported that ONO-3144 clearly prevenied
reoxygenation injury in perfused heart'2*%- | brain edema
due to regional ischemial® . and endotoxin-induced lung

d=, respectively.

level.

injury* through antioxidant action on scavenging specific

free radicals including O, and OH-. And then,
migration of eosinophils and neutrophils was inhibited,

and cell and mitochondrial membranes were maintained
intact in the injured lung.

In this experiment using ONO-3144, sclerotic scores
of the retinal arteries in the course of aging, edematous
and hypertrophic changes in the parenchymal and
circulatory organs such as brain, kidney, heart, and
aorta, and appearance of aneurysms of the superior
mesenteric  artery were  all significantly prevented.
Meanwhile, total cholesterol and triglyceride levels, and
thyroid hormone balance in the blood were not
significantly changed. It is well known that SHR and
SHRSP have disorders such as hyperthermia, higher
oxygen demand, and earlier senile phenomenon in
comparison with normotensive rats™ . As the resulis,
ONO-3144 prevented the sclerotic changes of major
organs, maintained their functions, and elongated the life
span. These indicate that at least oxidative free radicals
deeply relate to the development of hypertension-induced
pathophysiological changes in SHRSP, and ONO-3144
prevent those disorders. This drug showed a beneficial
result which mmght be able to achieve a desire for
longevity .
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Corrigendum

Acta Pharmacologica Sinica 2002 Feb; 23 (2). 105-106. InFig2, 3;

P <1}.05 should be P >0.05.



