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Abstract

The leaf of Quercus stenophylla MAKINO (Fagaceae) has been traditionally used for treat-
ments of urolithic and hypertensive diseases in Japan, especially in Tokushima Prefecture.
We studied the inhibitory effects of the various fractions extracted from the leaf of Q.
stenophylla on angiotensin converting enzyme activity. Since the methanol extract was
shown to exhibit an inhibitory effect on angiotensin converting enzyme, the active substance
was further fractionated by silica gel column chromatography after treatment with chloro-

form. The crystallized active principle was identified as (+)-catechin.

Not only authentic

(+)-catechin but also its stero-isomer, {—)-epicatechin were shown to be the strong inhibitor
of angiotensin converting enzyme and they act as competitive inhibitors for the enzyme.

Key words ACE activity, (+)-catechin, Quercus stenophyila MAKINO
Abbreviation ACE, angiotensin converting enzyme

Introduction

The leaf of Quercus stenophylla MAKINO (Fa-
gaceae) (Japanese name . Urajirogashi) has been
used for treatment of urolithic and hypertensive
diseases.

Recently, Nishioka et «l. isolated various
tannins such as ellagitannins containing a sali-
droside (p-hydroxyphenethyl alcohol 1-O-8-D-
glucoside) and proto-quercitol gallates efc. from
the bark of Q. stenophyila MAKINO. "
biological activities of these tannins are remained

However,

to be elucidated. The present experiments were
designed to clarify biological activities of the
tannins and their related compounds, especially
focusing on hypertension.

Renin is well known to be released in blood
stream from kidney and converted angioten-

sinogen to angiotensin I, which is then hydrolyzed
to angiotensin II by angiotensin converting en-
zyme (ACE)?) It is well known that angiotensin
II has hypertensive activity. Recently, some
inhibitors of iz vitro ACE activity such as capto-
pril (SQ 14,225) and nonapeptide (SQ 20,881) have
been widely used for the treatment of hyperten-
sion”"”

In this study, we attempted the isolation of
substances inhibiting ACE activity from the leaf

of Q. stenophylia.
Materials and Methods

Materials © A Hippuryl-L-Histidyl-L-Leucine
(Hip-His-Leu) was obtained from Sigma Co. and
used as a substrate for angiotensin converting
enzyme (ACE). 25 mm Hip-His-Leu was dis-
solved in 100 mM phosphate buffer containing 300
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mM NaCl (PBS, pH 8.3).
dissolved in PBS (pH 8.3). Column chromtogra-
phy was carried out using silica gel 60 (Wako
Chemical Co.) as the absorbent.
were reagent grade.

Test compounds were

Other chemicals

Preparations of angiotensin converting enzyme
(ACE) . ACE were isolated from the rat lung
by the methods of Takada et @/ " ACE were dis-
solved in PBS (pH 8.3).

Measurement of inhibitory effects on ACE
activity . A mixture of 2.5 mM Hip-His-Leu (0.15
ml) and ACE solution (0.1 ml ; ACE activity : 2.64
units/mg protein, 1 unit : 1 #zmoles/hippuric acid/
min/ml reaction mixture) were incubated with or
without indicated amounts of test compounds at
37°C for 30 min in a final volume of 0.35ml. The
reaction was stopped by adding 1 N HCI (0.25 ml)
and the mixture was extracted with ethyl acetate
(2.0 ml). The ethyl acetate phase (1.0 ml) was
evaporated, and the residue was dissolved in
water (2.0 ml). And then, the free hippuric acid
was determined by .ultraviolet (UV) absorption at
280 nm for detection.

Isolation of the inhibitory substances from the
leaf of Q. stenophylla on ACE activity . The leaf
(500 g) of Q. stenophylla MAKINO collected in
Tokushima Prefecture of Japan was extracted
with methanol (1 1x2) at 37°C for 3 hrs, and then
the methanol solutions were concentrated iz
The meth-
anol extracts were suspended in water, the sus-

vacuo to give the methanol extracts.

pensions were extracted with chloroform and
divided into two fractions, chloroform-insoluble

and chloroform-soluble fractions, respectively.
The chloroform-insoluble fraction was chromato-
graphed on a silica gel column with acetone -
methanol-water (6 : 2 1 1, v/v) and further re-
chromatographed on a silica gel column to frac-
tionate an inhibiotry substance.

Results

Isolation of ACE inhibitory substances from the
leaf of Quercus stenophylla

The leaf of Q. stenophylla was extracted with
methanol and the resulting extract was concen-
trated iz vacuo. The residue was then suspended
in water and extracted with chloroform, divided
into two fractions, chloroform-insoluble and chlo-
roform-soluble fractions. The preparation pro-
cedure was outlined in Fig. 1.

As shown in Fig. 2, both the methanol
extracts and chloroform-insoluble fractions were
found to inhibit the ACE activity.

Furthermore, the chloroform insoluble frac-
tion was chromatographed on a silica gel column
with acetone-methanol-water (6 12 :1, v/v) as
the eluants. The active fraction was rechro-
matographed on a slica gel column to give an
inhibitory substance on ACE activity (Fig. 3).
The inhibitory substance was obtained as a color-
less crystalline powder having mp. 171—174 and
(«)D?+17.1 (c=1.01, ethanol) by recrystallization
from a mixture of methanol and chloroform. The
infrared (IR) and proton nuclear magnetic reso-
nance ({H-NMR) spectra of the inhibitory sub-

The leaf of Quercus stemophylla Maxino (500 g)

extracted with methanol (3 1X2)
at 37C for 3 hr

The methanol extract (76 g)

suspended in water (300 ml)

extracted with chloroform (50 mlX5)

Chloroform insoluble fraction

Chloroform soluble fraction

Fig. 1 The preparations of various fractions of the leaf of Q. stenophylia.
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Fig. 2 Inhibitory effects of the various fractions of the leaf of Q. stenophylla on ACE activity.

Values are means for 2 experiments.

® methanol extracts; ©, chloroform insoluble

fraction ; ¢, chloroform soluble fraction ; R.V., reaction volume.
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Fig. 3 Isolation of inhibitory substances from the leaf of Q. stenophylla.
The chloroform insoluble extracts (2 g) were chromatographed on a silica gel column (¢
1.5 cm X80 c¢m) with acetone-methanol-water (6 : 2 . 1) as the eluant.

stance are identical with those of authentic sam-
ple of (+)-catechin. Furthermore, the melting
point was not depressed on admixture with the
authentic sample of (+)-catechin. And the inhib-
itory substance was identified as (+)-catechin.
(+)-Catechin showed of the dose-dependent in-
hibition for ACE activity (Fig. 4).

Effects of (+ )-catechin and (—)-epicatechin on
ACE activity

As the inhibitory substance isolated from the
leaf of Q. stenophylla on ACE activity was identi-
cal with (+)-catechin, (—)-epicatechin, a stero-
isomer of (+)-catechin was subjected to examina-
tion of an inhibitory action on ACE activity. It
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Fig. 4 Inhibitory effects of (+)-catechin and
(—)-epicatechin on ACE activity.
Values are means for 2 experiments.
o, (+)-catechin ; ®, (—)-epicatechin . R.V,, re-
action volume.

was found that (—)-epicatechin also strongly in-
hibited the ACE activity. For characterization of
the mechanism of inhibition of ACE by (+)-cate-
chin and (—)-epicatechin, the enzyme activity was
assayed at various concentrations of Hippuryl-
L-Histidyl-L-Leucine (His-His-Leu) as a sub-
strate in the presence and absence of (+)-catechin
or (—)-epicatechin. A Lineweaver-Burk plot of
the data in Fig. 5 shows that (+)-catechin and
(—)- epicatechin inhibited ACE activity com-
petitively. The Vo value of the ACE for Hip-
His-Leu (substrate) was 8.1 X 107*M. The 50%
inhibitory concentration (ICs,) values of (+)-cate-
chin and (-)-epicatechin for ACE activity were
1.55x107*M and 2.16 X 107*M, respectively.

Discussion

The renin-angiotensin system is one of the

-1

11V (gmole Hippuric Acid/min/RV.)

/= 1 [

( 1.0 20
1/(Hip -His -Leu), mM""

Fig. 5 Lineweaver-Burk plot of ACE with Hip-
His-Leu as substrate in the presence or ab-
sence of (+)-catechin and (—)-epicatechin.

e Hip-His-Leu alone ; o, (+)-catechin (15
ug/reaction volume) ; ¢, (—)-epicatechin (15
ug/reaction volume).

major homeostatic mechanisms regulating arte-
rial pressure and salt and water balance 12
The renal enzyme renin, reacting with a substrate
present in blood, forms firstly an inactive deca-
peptide, angiotensin I ; angiotentin I is then con-
verted to the active octapeptide, angiotensin II
by angiotensin converting enzyme (ACE)?> It is
well known that angiotensin II has a hyperten-
sive activity. It has been reported that the nona-
peptide SQ 20,881, Glu-Trp-Pro-Arg-Pro-Gln-
Ile-Pro-Pro is shown to be a specific and potent
inhibitor of angiotensin converting enzyme in vitro
and in vivo.” Ondetti ef al'” found that angiotensin
converting enzyme, like carboxypeptidase A, was
a zinc-containing metalloprotein. Moreover,
they suggested that the active site of angiotensin
converting enzyme would be similar to that car-
boxypeptidase A. And they hypothesized that

the active site of this enzyme might have a group
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capable of interacting with the COOH-terminal
amide bond of the substrate, probably through
hydrogen bonding, and the zinc ion must be suit-
ably located at the active site of this enzyme to
polarize the carbonyl groups of the scissile amide
bonds making it more sussceptible to hydrolytic
cleavage. For the mechanisms of an angiotensin
converting enzyme inhibitor, SQ 14,225 (capto-
pril), Ondetti et al v suggested that the interac-
tion of the carboxyl group with the zinc atom of
this enzyme plays an important role in determin-
ing the inhibitory potency.

Okuda et al'” reported that three tannins
such as geraniin, punicalin and punicalagin, and a
related compound (—)-epigallocatechin gallate
interacted with the heavy metal ions such as Fe®*,
Cu®*, Pb**, Cr®* and Hg?*.
were found that (+)-catechin isolated from the
leaf of Q. stenophylla and (—)-epicatechin were
competitive inhibitor for angiotensin converting

The present studies

enzyme activity. These results suggest that (+)-
catechin and (—)-epicatechin might be interacted
with the zinc atom in angiotensin converting
enzyme, and they might cause the competitive
inhibitions for angiotensin converting enzyme in
cosequence. Furthermore, it is found that the
inhibitory effects of (+)-catechin on angiotensin
converting enzyme activity are stronger than
those of (—)-epicatechin. These results suggest
that the difference of inhibitory actions of (+)-
catechin and (—)-epicatechin on angiotensin con-
verting enzyme may be due to stero-configura-
tion of these compounds.

It was thus of great interest that (+)-catechin
was firstly isolated from the leaf of Q. stenophylia
or medicinal plants as the inhibitory substances
on angiotensin converting enzyme, and flavan-3-
ol such as (+)-catechin and (—)-epicatechin were
structurally different from the well-known angio-
tensin converting enzyme inhibitor, such as, nona-
peptide SQ 20,881 and captopril SQ 14,225.

Experiments are further needed to examine
their clinical significances in the treatment of hy-
pertension.
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