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Inhibitory activities of Dipyridamole (DPM, 2,6-bis(diethanolamino)-4,8-dipiperidinopyrimido(5,4-d)pyrimidine)
against xanthine oxidase (XO), carbonic anhydorase (CA) and monoamine oxidase (MAQ) were studied, in vitro. DPM
did not inhibit XO and CA, but it strongly inhibited MAO. The type of inhibition by DPM against MAO with respect to

benzylamine as a substrate was uncompetitive.
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Introduction

Dipyridamole (DPM)? is 2,6-bis(diethanolamino)-4,8-
dipiperidinopyrimido(5,4-d)pyrimidine, and it has been
clinically used as a coronary vasodilator, an inhibitor of
platelet aggregation,” and a drug for the decrease of
urinary protein.> Some examples of the effect of DPM
on enzymes so far reported are inhibition on adenosine
deaminase® and cyclic adenosine 3’,5’-monophosphate
phosphodiesterase,*® and stimulation of adenylate cy-
clase.*® We took the interest in the effects of DPM on
other enzymes. In this paper we report the inhibitory effects
of DPM on xanthine oxidase (XO, EC 1.2.3.2), carbonic
anhydrase (CA, EC 4.2.1.1) and monoamine oxidase
(MAO, EC 1.4.34).

Materials and Methods

Materials DPM was offered by Boehringer Ingelheim Co., Ltd.
Xanthine oxidase from cow’s milk was obtained from Boehringer
Mannheim Co., Ltd. Carbonic anhydrase from bovine erythrocytes and
monoamine oxidase from bovine plasma were obtained from Sigma
Chemical Company. Xanthine was obtained from ICN Pharmaceuticals
Inc. Tween 80 was obtained from Wako Pure Chemical Industries Ltd.
Benzylamine and p-nitrophenyl acetate were obtained from Tokyo Kasei
Kogyo Co., Ltd. Potassium dihydrogenphosphate, disodium hydrogen-
phosphate and 2-amino-2-hydroxymethyl-1,3-propanediol were obtained
from Kanto Chemical Co., Inc.

Substrates The substrate of XO, 0.15mM xanthine in water, the
substrate of CA, 1.5mM p-nitrophenyl acetate (p-nitrophenyl acetate
(136.0 mg) to be dissolved in acetone (10.0 ml) and to be added to water to
500ml), and the substrate of MAO, 10mMm benzylamine sulfate (be-
nzylamine (0.54 g) to be dissolved in 2N H,SO, (2.5ml), and to be added
to water to 500 ml) were prepared immediately before use.

Enzyme Solutions Enzyme solution of XO containing about 0.07 units
per ml in 1/15M phosphate buffer (pH 7.5), enzyme solution of CA
containing about 200 units per ml in 15 mM Tris—sulfate buffer (pH 7.6),
and enzyme solution of MAO containing about 0.02 units per ml in 0.2M
potassium phosphate buffer (pH 7.4), were prepared immediately before
use.

Test Solution DPM was dissolved inethanol and Tween 80, and
diluted with water to give final concentrations of 29 (w/v) for ethanol and
1% (w/v) for Tween 80 in the test solution. At these concentrations of
ethanol and Tween 80, enzyme activities were little affected.

Assay of Enzyme Activities The spectrophotometric measurements
were carried out with a Hitachi U-1100 spectrophotometer. A blank was
prepared in the same way as the assay of each enzyme activity, but the
enzyme solution was added to the assay mixture after adding 1 N HCIL

a) XO The XO activities with xanthine as a substrate were measured
spectrophotometrically by the method previously described” and with the
following modification. The test solution (1.0 mi), 1/15m phosphate buffer
(pH 7.5) (2.9ml) and enzyme solution of XO (0.1 ml) were mixed and
preincubated at 37 °C for 15min. After this, the substrate of XO (2.0ml)
was added to the assay mixture, and the whole was incubated at 37 °C for
30min. Then, 1N HCI (1.0ml) was added to stop the reaction. The

absorbance of the reaction mixture was measured spectrophotometrically
at 290 nm. ' :

b) CA The CA activities with p-nitrophenyl acetate as a substrate were
measured spectrophotometrically by the method of Umemura et al.® with
the following modification. The test solution (1.0ml), 15 mm Tris—sulfate
buffer (pH 7.6) (2.9 ml) and the enzyme solution of CA (0.1 ml) were mixed
and preincubated at 37°C for 15min. After this, the substrate of CA
(2.0ml) was added to the assay mixture, and the whole was incubated at
37°C for 40 min. Then, 1N HCI (1.0 ml) was added to stop the reaction.
The absorbance of the reaction mixture was measured spectrophotometri-
cally at 348 nm.

¢) MAO The MAO activities with benzylamine sulfate as a substrate
were measured spectrophotometrically by the method previously de-
scribed” and with the following modification. The test solution (1.0 ml),
0.2 M potassium phosphate buffer (pH 7.4) (3.9 ml) and enzyme solution of
MAO (0.1 ml) were mixed, and preincubated at 37°C for 15min. After
this, the substrate of MAO (1.0 ml) was added to the assay mixture, and
the whole was incubated at 37 °C for 120 min. Then, 1 N HCI (1.0 ml) was
added to stop the reaction. The absorbance of the reaction mixture was
measured spectrophotometrically at 250 nm.

Calculation of the Enzyme Activity a) XO'? unit/mg=A44,49,m x ml
reaction mixture (7.0ml)/12.3 x mg enzyme x min (30 min). The molar
absorption coefficient for uric acid had been determined in our labora-
tories to be 12.3 x 10°.

b) CA'" unit/mg=A4A43,5,,xml reaction mixture (7.0ml)x 1000/
5.4 x mg enzyme x min (40min). The molar absorption coefficient for
p-nitrophenol had been determined in our laboratories to be 5.4 x 103,

¢) MAO'® unit/g=A44,50,m X ml reaction mixture (7.0ml)/12.5xg
enzyme x min (120min). The molar absorption coefficient for benz-
aldehyde had been determined in our laboratories to be 12.5x 10%.

Estimation of Enzyme Inhibitory Activity Enzyme inhibitory activity
was expressed as the percentage of enzyme inhibition in the above assay
system, calculated as (1 — B/A4) x 100, where 4 is the activity of the enzyme
without test material and B is the activity of the enzyme with test material.

Lineweaver—Burk Plots The Lineweaver-Burk plots!® for MAO with
benzylamine as a substrate were taken under our assay conditions in the
absence and in the presence of DPM.

Monitor of DPM by Thin Layer Chromatography (TLC) Silica gel 60 F, 4,
(Merck) was employed for TLC, and solvent systems were CHCl,:
MeOH=4:1 (v/v) (Rf value of DPM was 0.65), and benzene:
acetone=1:1 (v/v) (Rf value of DPM was 0.55). DPM was monitored
from the assay mixture.

Results and Discussion

Inhibitory activities of DPM on XO, CA and MAO in
vitro to be compared with active compounds in our labora-
tories, are shown in Table I. XO was not inhibited by DPM
under concentrations less than 2.0 x 10~*M. DPM which
was monitored by TLC, was not changed by XO in our
assay condition. On the other hand, Aoyagi et al.'® re-
ported that DPM inhibited the process to produce methyl-
guanidine from creatinine, and they suggested that DPM
might be acting as the radical scavenger for active oxygen,
hydroxy radical (-OH). It is known that XO produces the
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TasLe 1. Enzyme Inhibitory Activity of Dipyridamole and Related Kinetic analysis of inhibition of MAO by DPM is shown by
Compounds Lineweaver—Burk plots’® in Fig. 1. The substrate is ben-
zylamine sulfate. MAO is inhibited uncompetitively in our

1Cs0 (M) assay condition. K; value is 1.1 x 107>M. DPM does not
X0 CA MAO pass through the blood brain barrier,'® so it might not
work as a psychotropic drug, but further study for the
Dipyridamol >20x107* >2.0x10™* 1.0x10™°*  mechanism of MAO inhibition by DPM in vivo should be
Luteolin” 59x1077 - — done.

Gallagyldilactone® — 2.2x1077 —
Ethyl p-methoxycinnamate® — — 6.8x1073

Compounds

References and Notes
1) This forms part VII of “Studies of Enzyme Inhibitors,” Part VI, N.

Mitsui, T. Noro, M. Kuroyanagi, T. Miyase, K. Umehara, and A.
Vo Ueno, Chem. Pharm. Bull., 31, 363 (1989). '

107! 2) K. Thomae, Brit. Patent 807826 (1959) [Chem. Abstr., 53, 12318b

(um™1) 7 ‘ (1959)).

3) R. Kadatz, Arzneim.-Forsch, 9, 39 (1959).

4) a) L. C. Best, M. B. McGuire, P. B. B. Jones, T. K. Holland, T. J.

54 Martin, F. E. Preston, D. S. Segal, and R. G. G. Russell, Thrombosis

Research, 16, 367 (1979); b) Y. Katano and S. Imai, Prostagl. Leucot.

4 Med., 10, 179 (1983); S. M. Rajah, M. J. Crow, A. F. Penny, R.

3 Ahmad, and D. A. Watson, Br. J. Clin. Pharmacol., 4, 129 (1977).
5) S. Tomura, S. Sakurai, Y. Senda, R. Kuriyama, T. Ita, and J.
2 Takeuchi, Yakuri To Chiryo, 11, 4433 (1983).

6) R.D.Bunag, C. R. Douglas, S. Imai, and R. M. Berne, Cir. Res 15,

/1 83 (1964).
. . —t 7) T. Noro, Y. Oda, T. Miyase, A. Ueno, and S. Fukushima, Chem.
10 -8 —6—4-2 0 2 4 6 8 10 12 14 U/Is] Pharm. Bull., 31, 3984 (1983).
X10% (m7Y) 8) K. Umemura, T. Noro, K. Noro, T. Miyase, M. Kuroyanagi, K.
Fig. 1. Inhibitory Effects of DPM on MAO Umehara, and A. Ueno, .Abstracfts of Papers, the 107th Annual
Lineweaver-Burk plots in the absence (OM, ---x---) and in the presence Meeting of the Pharmaceutical Socity of Japan, Kyoto, April 1987, p.
(2.0 x 1075M, ---O---) of DPM with benzylamine as the substrate. v: uM substrate 304.

9) T. Noro, T. Miyase, M. Kuroyanagi, A. Ueno, and S. Fukushima,
Chem. Pharm. Bull., 31, 2708 (1983).

10) H. M. Kalckar, J. Biol. Chem., 167, 429 (1947).

active oxygen, super oxide anion radical (-O,~) in the 11) McD.J. Armstrong, D. V. Meyers, J. A. Verpoorte, and J. T. Edsall,

metabollzed/g enzyme/min. s: substrate.

reaction system.'> However, in our experiment, DPM did J. Biol. Chem., 241, 5137 (1966). .
not act as the radncal scavenger for the active oxygen by 12) ﬁ.g\;;.)Tabor, H. Tabor, and S. H. Rosenthal, J. Biol. Chem., 208, 645
XO. o . . 13) H. Lineweaver and D. Burk, J. Am. Chem. Soc., 56, 658 (1934); M.
CA was not inhibited by DPM under concentrations less Dixon and E. C. Weff, “Enzymes,” 3rd ed., Longman Group Ltd.,
than 2.0 x 10~* M, and DPM which was monitored on TLC, London, 1979, p. 341.
was not changed by CA in our assay condition, too. 14) K. Aoyagi, S. Nagase, M. Narita, and S. Tojo, Kidney International,
ik 32, 5-229 (1987).
MAQ was strongly inhibited by DPM, and ICso (the |5 " Sakurai, Y. Ogawa, T. Miura, and T. Ogiso, Yakugaku Zassh,
concentration of 50 percent inhibition) was 1.0 x 105 M. 108, 150 (1988).
On the other hand, DPM which was monitored on TLC, 16) S. Kobayashi, T. Yoshida, A. Nagakura, S. Kyui, K. Oiwa, R.
did not show any change by MAO in our assay condition. Matsumura, and H. Kohei, J. Toxicol. Sci., 5, 339 (1980).

NII-Electronic Library Service





