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The antiallergic drug disodium cromoglycate and its non-antiallergic analogue dicoumarol, inhibit the enzymatic
activity of phosphodiesterase with K; values of 0.8 - 107 M and 1.6 - 107° M, respectively. It seems that the
dichromone group is responsible for this inhibition, independently of its antiallergic effect.
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INTRODUCTION

Disodium cromoglycate (DSCG) blocks liberation of histamine,!~7 a vasoactive substance
liberated in allergy. The drug neither inhibits IgE binding to these cells nor interaction
between binding IgE and a specific antigen, but suppresses secretory response to this
interaction, raising intracellular concentration of cAMP3 It has been suggested that
cromoglycate increases intracellular level of 3’,5'-cyclic guanosine monophosphate (cGMP)
by inhibition of suitable phosphodiesterase (PDE) or stimulation of guanylate cyclase.’
The increase of cyclic nucleotide levels may activate a natural mechanism to stop histamine
liberation, based on phosphorylation of a membrane protein by a cyclic nucleotide-sensitive
protein kinase.”~ 1!

The blockage of the liberation of allergic mediators in the presence of cromoglycate may
be due to the increase in cyclic nucleotide levels, as a result of inhibition of PDE activity.
We have examined the possible blockage of the liberation of mediators through inhibition
of PDE by studying PDE activity in the presence of the antiallergic drug cromoglycate
and in the presence of other dichromones and chromones which do not possess antiallergic
activity.

MATERIALS AND METHODS

cAMP-dependent phosphodiesterase from bovine heart (EC 3.1.4.17; P 0395) was obtained
from Sigma Chemical Co. (St. Louis, MO, USA).

*Correspondence.
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Disodium cromoglycate was obtained from Fisons Limited (Loughorough, England);
2H-1-benzopyran-4-one (coumarin), and 3,3-methylene bis (4-hydroxy-coumarin) (di-
coumarol) from Janssen Chimica (Beerse, Belgium); 4H-pyran-one and benzoic acid from
Aldrich Chemie (Steinheim, Germany).

PDE activity was measured using a method based on the procedure described by
Butcher,!? which utilizes the 5’-nucleotidase of Crotalus atrox venom as a means for
hydrolyzing (equation (2)) the phosphodiesterase reaction (equation (1)) product, 5'-AMP,
with the subsequent measurement of phosphate (P;).

cAMP + H,0 = 5'-AMP L
5'-AMP + H,0 = Adenosine + P; )

The release of P; was quantified by the method of Fiske and SubbaRow.!3 All
measurements were made at 30°C and pH 7.5.

The assay medium used for the first reaction (equation (1)) was as follows: 0.30 mL
cAMP (1.2 - 1073 M) in Tris HCI buffer pH 7.4, 0.15 mL MgSOy (1.2 - 103 M) in Tris
HCl buffer pH 7.4, 0.15 mL Tris HCI buffer pH 7.4, 0.30 mL PDE (2 or 4 - 102 U/mL)
in saline solution (0.9%) or 0.15 mL of compound (0.8 - 10~° M) and 0.15 mL of PDE
(8 - 1072 U/mL).

For the second reaction (equation (2)), the mixture was incubated for 30 min at
30°C, adding 0.1 mL of 5'-nucleotidase (0.1%) after the first 20 min. After mixing with
trichloroacetic acid (20%), samples were centrifuged. Finally, blank and test samples were
prepared to carry out spectroscopic measurements at 660 nm (Aggp), using calibration curves
to convert Aggp to P; concentrations. For this, the £ value, previously calculated, was used.
(e660pm = 1.2- 1074 M~ ecm™).

The inhibition of PDE activity by DSCG and dicoumarol was determined by a
Lineweaver-Burk plot (Figure 1) using different substrate concentrations, from 0.2 to
10- 1073 M. K,, and Viax values were calculated from the straight line without inhibitor.
At the origin of coordinates 1/[S] became zero and the Lineweaver-Burk equation was
transformed into equation (3);

1 1y 1
v—o—(”z)‘v;; ®)

where vi is the ordinate value in the straight line with inhibitor when 1/[.S] = 0 and [I] the
inhibitor concentration, 4 - 10~1° M from which K; values were obtained.

RESULTS AND DISCUSSION

As can be seen from Table 1, DSCG and dicoumarol produce an inhibition of 15-30%,
depending on protein concentration. Subsequent kinetic studies showed that cromoglycate
and dicoumarol inhibited significantly phosphodiesterase activity, having K values,
0.8-10° M and 1.6 - 10~° M, respectively.
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FIGURE 1 Lineweaver-Burk plot of bovine heart c¢AMP-dependent phosphodiesterase (4102 U/mL): (@) in the
absence of inhibitor, (W) in the presence of sodium cromoglycate (DSCG) (4-107'° M) and () in the presence of

dicoumarol (4-10~'° M).
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TABLE 1
Effect of disodium cromoglycate (DSCG), dicoumarol (DICUM), coumarin (CUM), 4-pyranone (4-PYR)
and benzoic acid (BENZ) on the enzymatic activity of phosphodiesterase (PDE).

System Drug (M) Activity Measurement % Inhibition
Aso (P) M)

PDE* — 0.025 0.21-1073 —
PDE® — 0.023 0.19-1073 —
PDE*-DSCG 4.101 0.0175 0.14-1073 33.33
PDE*-DSCG 2-10~10 0.019 0.16:1073 15.79
PDE*-DICUM 410710 0.020 0.17-1073 19.05
PDE*-CUM 4.10~1° 0.024 0.20-1073 4.76
PDE*-PIR 4.1071¢ 0.0265 0.22-10~3 —
PDE:-BENZ 410710 0.023 0.19-103 9.52

[PDE]* =4.10-2 U/mL. [PDE}]* =2-10-2 U/mL.

Benzoic acid weakly inhibits PDE activity (<10%) while pyranone is not an inhibitor.
As an acidic group is present in the DSCG molecule but not in dicoumarol, (Figure 2) the
greater inhibition of phosphodiesterase activity by DSCG may be due to a COOH-protein
interaction.

The two dichromones examined inhibit the enzymatic activity of phosphodiesterase.
However only DSCG has antiallergic activity. This suggests that, inhibition of phospho-
diesterase activity by dicoumarol might not be sufficiently strong to prevent an allergic
reaction. Another reason could be that PDE inhibition is not a major involvement in the mode
of action of DSCG. To support this latter suggestion, we have observed experimentally that
cromoglycate inhibits alkaline phosphatase (ALP) activity.'* This enzyme is also involved
in mast cell secretion being inhibited by DSCG but not by dicoumarol. Consequently, it is
possible that the antiallergic effect of cromoglycate may be more related to the inhibition
of ALP, than to the inhibition of PDE.
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