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Summary. — 2,6-Bis(diethanolamino)-4,8-dipiperidinopyrimido- 
[5,4-d]-pyrimidine (dipyridamole) induced interferon production 
in vitro in explanted mouse peritoneal leukocytes and to a lower 
degree in non-lymphoidal cell cultures of mouse (L cells primary 
embryo fibroblasts) and human (diploid embryo lung fibroblasts) 
origin. Dipyridamole induced interferon also in mice after in­
travenous administration. Peak interferon levels in the blood 
(128 IU/ml) were attained at 49 hr after injection of 0.1 mg 
dipyridamole per kg body weight and at 24 and 12 hr after in­
jection of 0.6—1.8 and 16.7 mg/kg respectively. By its pH stability, 
thermostability and antigenic properties the interferon induced 
in mice, mouse peritoneal leukocytes and L cells corresponded to 
IFN-a and IFN-(3. This interferon-inducing capacity of dipyri­
damole may account for its broad-spectrum antiviral effect.

Key words: dipyridamole; interferon inducer-, interferon neutraliza­
tion test

Introduction

Tonew et al. (1977, 1978) and Tonew and Dzeguze (1977) described the 
antiviral effect of dipyridamole [2,6-bis(diethanolamino)-4,8-dipiperidino- 
pyrimido-[5,4-d]-pyrimidine], a well known and widely applied coronary- 
vasodilatator and antiaggregant (Persantin, Boehringer Ingelheim, FRG; 
Curantyl, Germed, GDR) (Simon, 1972). Dipyridamole displays a marked 
antiviral activity in vitro against a wide range of RNA- and DNA-containing 
viruses (Tonew et al., 1977; Tonew and Dzeguze, 1977; Oehring and Schmidt, 
1978), as well as a therapeutic effect in patients with recurrent herpes simplex 
(Gunther et al., 1977).

We tested the antiviral effect in vitro of dipyridamole against viruses 
belonging to seven taxonomic groups in agar diffusion plaque inhibition and 
one-step growth cycle experiments. Our results confirmed those of Tonew 
et al. about ah effect against pseudorabies, Newcastle disease, fowl plague

‘Presented at the Fourth International Symposium of Socialist Countries on Antiviral Substances, 
Szeged, June 23 — 25, 1980.
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and vaccinia viruses; an antiviral effect was also demonstrable against 
Semliki forest virus, vesicular stomatitis virus and poliovirus type 1 (Galabov 
et al., unpublished).

This unusually broad antiviral spectrum of dipyridamole brought us to 
the idea of testing the interferon-inducing activity of the substance. Such an 
investigation was also prompted by the fact that an analysis of the results, 
concerning the antiviral activity in vitro demonstrated that the effect 
exerted by the compound is considerably stronger when tests in cell cultures 
with liquid medium are used instead of plaque inhibition tests. It is known 
that interferon is adsorbed by the agar layer (Yershov, 1972) and that the 
agar-diffusion plaque-inhibition test is unsuitable for a direct quantitative 
assay of interferon.

We tested the interferon-inducing capacity of dipyridamole in vitro on 
three cellular models derived from mice — explanted mouse peritoneal 
leukocytes, L cells and primary cultures of mouse embryo fibroblasts, as well 
as in a cell culture of human origin — diploid embryo lung fibroblasts. Testing 
in vivo was carried out by intravenous administration of the substance in 
white mice.

Materials and Methods

Compounds. Dipyridamole was kindly supplied by Dr. E. Tonew, Central Institute of Micro­
biology and Experimental Therapy, Academy of Sciences of the GDR, Jena. From a stock 
solution of 100 mmol/1 in ethanol, working dilutions were prepared in maintenance medium (for 
in vitro experiments) and in physiological saline (for in vivo testing). A preparation of double- 
stranded replicative form of RNA from Escherichia coli í2 phage (f2-RNA) (kindly supplied by 
Dr. J. Doskočil, Institute of Organic Chemistry and Biochemistry, Czechoslovak Academy of 
Sciences, Prague) and poly rl. poly rC (Microbiological Associates, Bethesda, Maryland, U.S.A.) 
were used as reference interferon inducers.

Cell cultures. Mouse peritoneal leukocytes were prepared and cultures as described (Lackovič 
et al., 1967; Galabov and Galabov, 1973): 2.5 X 106 cells in 1 mi (per test tube) medium 199 
Difco, containing 10% heated calf serum; incubation was at 37 °C. Primary cell cultures of mouse 
embryo fibroblasts were grown in medium consisting of 0.25% lactalbumin hydrolysate in Hanks' 
saline with 15% calf serum. Human diploid embryo lung fibroblasts were prepared in the Cell 
Cultures Laboratory of our institute in growth medium MBE Eutroph plus 10% calf serum.

Specific anti-mouse-interferon serum globulin obtained from sheep, with a neutralization titre 
of 256 against 16 interferon units (IU), was a generous gift from Prof. L. Borecký and Dr. N. 
Fuchsberger (Institute of Virology, Slovak Academy of Sciences, Bratislava).

Interferon induction in vitro, a) In suspension cultures of mouse peritoneal leukocytes: the 
test compound was added immediately after seeding of the suspension of explanted cells. Sample 
for interferon assay were taken at the 20th hr of incubation. A control for spontaneous interferon 
production was run in parallel, b) In monolayer tube cultures of L cells, primary mouse embryo 
fibroblasts and human diploid lung fibroblasts. The scheme used permitted the simultaneous 
measurertient of the interferon-inducing activity and the antiviral effect of the test substance: 
a 4-hr treatment with the substance tested (contained in the culture medium — medium 199 
Difco with 10% heated calf serum); two washings with Hanks’ saline; addition of fresh main­
tenance medium (without the test substance) — medium 199 with 2% heated calf serum and 
24 hr incubation at 37 °C. After reading of cytotoxicity, the culture fluid was harvested for in­
terferon assay; the cells were washed with Hanks' saline and inoculated with 100 TCID50 of 
vesicular stomatitis virus (VSV), Indiana strain (multiplicity of infection-MOI = 0.001) and 
incubated at 37 °C. On the 48th hr after inoculation both the cytopathic effect (CPE, by the 
4-cross scale) and the infectious virus yield (by the dilution end-point or the plaque method) 
were recorded.
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Interferon induction in vivo. Dipyridamole was applied intravenously to female white mice of 
the randombred line H, weighing 2d—25 g. Each experimental group usually comprise 40 animals, 
out of which 8 each were bled on the 6th, 12th, 24th, 48th and 72nd hr. Animals injected with 
the solvent served as a control (placebo) group. The interferon titre was determined in pooled 
samples of the blood sera.

Interferon assay. The plaque-inhibition method was used (except for a limited number of 
experiments in which the CPE inhibition method was employed) on L or human diploid cells, 
challenged by VSV. The interferon assay of mouse sera was carried out by a micro-variant of the 
plaque-inhibition method with L-cell monolayers in scintillation vials. The cells were treated 
with 0.8 ml of the test serum sample (in appropriate dilutions) for 18 hr at 37 °C, then washed 
twice with Hanks' saline and after inoculation of the challenge virus (adsorption for 60 min 
at 37 °C) overlaid with 1 ml agar overlay (1% Bactoagar Difco in Eagle MM Difco containing 
10% heated calf serum and 1.65 mg/ml ХаНСОз). After 48 hr of incubation at 37° C, a second 
agar overlay (1.5% agar and 0.02% neutral red in physiological saline), 0.7 ml per vial, was 
added. The interferon titre was expressed in IU/ml, the reciprocal value of the highest dilution 
of the test sample, reducing twice the PFU number read in the control (untreated cells) or in­
hibiting the CPE in half of the tube cultures. In the titrations, reference mouse and human inter­
ferons (kindly supplied by prof. L. Borecký) were included.

Interferon identification tests, a) Contact test (proving the lack of virucidal effect); b) lack of 
antiviral specificity test; c) species specificity test; d) stability at pH 2.0 test (18 hr at 4°C); 
e) heat stability test;/) ether treatment (10 min at 4 °C); g) trypsin treatment: 100 pg crystalline 
trypsin Difco (1 : 250) was added to a 1-ml sample and incubated for 1 hr at 37 °C; the enzyme 
reaction was stopped with 200 pg of purified soybean inhibitor (Fluka); h) ribonuclease treatment; 
and i) deoxyribonuclease treatment (Galabov et al., 1973).

Interferon neutralization test. The method proposed by Fauconnier (personal communication, 
1969) was applied, using anti-mouse interferon serum globulin, and 4, 2 and 1 IU of both test 
and reference mouse interferon preparations. The mixtures (0.5 ml) of interferon samples with 
serial 2-fold dilutions of anti-interferon serum were incubated for 60 min at 37°C and then 24 hr 
at 4 °C. Interferon neutralization was checked by the plaque micromethod: L cells in scintillation 
vials were treated with the neutralization mixtures (0.5 ml) for 18 hr at 37° C and challenged by 
VSV in the plaque test (70-100 PFU per vial).

Results

Interferon-inducing activity of dipyridamole in vitro
In explanted mouse peritoneal leukocytes. Under the effect of the compound 

added to the cell culture immediately after seeding, marked interferon pro­
duction was observed after 20 hr of incubation at 37 °C (Table 1). The 
minimal interferon-inducing concentration (MinIFN-IC) was 3 p mo 1/1 and 
the maximal interferon titre (256 IU/ml) was attained at a concentration 
of 100 pmol/1 (optimal interferon-inducing concentration — OptIFN-IC), 
an effect equal to or stronger than that of f2-RNA (5 pg/ml).

In L cells. A clear-cut interferon-inducing activity of dipyridamole was 
observed in L-cell monolayer cultures (Table 2). The interferon production 
in “aging ’ cultures (96 hr after seeding) was higher as compared to “young” 
48-hr-cultures. In both cases MinIFN-IC was 10 pmol/1, but along with the 
higher interferon titres in “aging” cultures, the OptIFN-IC values were 
lower 30-300 pmol/1 (the OptIFN-IC for the 48-hr cultures was 1000 pmol/1).

The development of virus-resistant state in these cells, tested against VSV 
(MOI = 0.001), as a rule corresponded to the level of interferon production. 
The virus growth was markedly inhibited (under the effect of Si 10 pmol/1 of
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Tahle 1. Interferon-Inducing activity of dipyridamole in mouse peritoneal leukocytes in vitro

Dipyridamole Interferon titre (IU/ml) *

fxmol/1 Exp. 1 Exp. 2

1000 ND 128
300 ND 128
100 64 2: 256
30 16 8
10 8 8
3 < 8 8
1 < 8 < 8
0 < 8 < 8

f2-RNA (5 ug/ml) 64 128

* Determined after 20 hr of incubation at 37 °C. 
ND — not ilone.

dipyridamole in “aging” cells), as expressed by a sharp reduction of the 
degree of the CPE.

A cytotoxic effect of dipyridamole (for L cells) was only established at 
a concentration of 1000 gmol/l after treatment lasting as long as 24 hr, the 
degree of cytotoxic alterations having been very mild. The data obtained, 
showing a reduction of both interferon production and antiviral effect at this 
concentration (in “aging” cells), suggest the presence of a cytotoxic effect,

Tuhic 2. Iiitcrfcron-iuduciiiji aictiv if\ »f dipyridamole in I. cells

Dipyridamole
cone.

“Young” (48-hr) cell cultures “Aging” (96-h) cell cultures

Inter- Virus-resistant state assay* Inter- Virus-resistant state assay
pmol/l feron

titre
IU/ml

CPE** Infectious virus yield 
log ТСШ50 A log*** 

per ml

feron
titre

IU/ml
CPE Infectious virus yield 

log TCID50 A log 
per ml

1000 64 0.9 2.0 4.3 4 0.5 6.3 0.7
300 8 2.7 5.5 1.0 ^ 128 0.2 5.7 1.3
100 8 2.7 5.5 1.0 2> 128 1.2 5.7 1.3
30 8 3.1 5.5 1.0 128 0.2 5.5 1.5
10 8 3.2 5.5 1.0 4 0.8 5.7 1.3

3 < 2 2.1 5.5 1.0 < 4 1.4 6.7 0.3
1 < 2 3.2 5.5 1.0 < 4 1.6 6.7 0.3
0

Poly rl. poly rC
< 2 3.9 6.5 — < 4 3.6 7.0 —

10pg/ml 16 0.1 3.5 3.0 32 0.7 ND —

* In multicycle growth set-up (VSV MOI = 0.001): CPE and infectious virus yield were de­
termined 48 hr after inoculation (for details see “Materials and Methods”).

** Mean values in the 4-cross scale assessment of the CPE.
*** A log = difference between the infectious virus yields (log TCIDso/ml) in cells treated with 

dipyridamole or poly rl. poly rC and the control untreated cells.
ND = not done.
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Taille II. Iiiterrernn-indurimi aelivity of dipyridamole in primary eiiltiire* of mouse embryo
fibroblasts

Virus-resistant state assay (with VSV)
Dipyridamole
concentration

(xmol/1

Interferon —
titre

IU/ml

CPE Infectious virus yield

log TCIDôo/ml A log

1000 < 4 1.1 3.3 2г 4.2
300 m 2.9 6.0 ž: 1.5
100 4 * 3.0 6.0 2: 1.5
30 < 4 2.7 2: 6.5 ž 10
10 < 4 2.4 S: 7.5 0

3 < 4 4.0 2г 7.5 0
1 < 4 4.0 7.0 ä 0.5
0 < 4 3.7 ž 7.5 —

Explanations as in Table 2.

although “hidden”, even after a 4-hr treatment. No such phenomenon was 
observed in the 48-hr cultures. These results offer additional evidence for 
the major role of the interferon mechanism in the antiviral effect observed. 
The definitely stronger interferon-inducing effect in “aging” L-cell cultures 
is a well known phenomenon, observed in a number of cell cultures under 
the effect of various inducers (see Galabov et al., 1972; Stewart, 1979).

In mouse embryo fibroblasts. Dipyridamole stimulated interferon production 
also in this cell culture of mouse origin although to a much lesser extent 
(Table 3). MinIFN-IC was 100 gmol/1 and the maximal effect was only noted 
at 300 jj.mol/1 (only 16 IU/ml). A virus-resistant state was also demonstrated, 
expressed by the inhibition of the infectious VSV yield at concentrations of 
the substance 2: 100 jj.mol/1 with no marked reduction in the viral CPE 
observed.

Table 4. Interferon--induriiip activity of dipyridamole in human diploid embryo fibroblasts

Dipyridamole
concentration

p.mol/1

Interferon
titre

IU/ml

Virus-resistant state assay (with VSV)

CPE Infectious virus yield

PFU/ml % inhibition

600 < 4 CT 6.9 X 103 99.90
300 32 1.7 2.8 X 10» 59.42
100 16 2.4 3.5 x 106 49.28
30 4 2.9 4 x 106 42.00
10 4 2.8 4 X 10° 42.00

3 < 4 3.2 4 x 106 42.(HI
1 < 4 3.2 4.3 X 106 37.68
0 < 4 3.2 6.9 x 106 —

Explanations as in Table 2. 
CT = cytotoxic effect.
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Table 5. .Mouse serum interferon levolsin response to intravenous iujeelion of dipyridamole

Dipyridamole Interferon titre (IU/ml)* at various intervals after administration of the drug 
i.v. dose mg/kg-----------------------------------------------------------------------------------------------------------------------

weight 6 hr 12 hr 24 hr 48 hr 72 hr

50.0 ND 8 8(4) ND ND
16.7 ND 32 16 ND ND
5.5 ND 16 16 ND ND
1.8 ND 16 16 ND 8
0.6 < 4 8 32 16 16
0.2 ND ND <; 4 32 32
0.1 < 4 ^ 4 á 4 128 32
0.05 ND ND < 4 64 32
0.01 ND ND ND ND 16
0 (Placebo) < 4 < 4 < 4 < 4 4

* Interferon titres in pooled sera from groups of 8 
by a micro-variant of the plaque-inhibition method.

female white mice each were determined

ND = not done.

In human diploid embryo fibroblasts. “Aging” (96-hr) cultures were used 
for testing the dipyridamole effect. Interferon was produced but its titres 
did not exceed 16 — 32 IU/ml (Table 4). MinIFN-IC was lOg mol/1 and OptlFN- 
IC — 100—300 gmol/l. A twofold higher concentration (600 gmol/1) exerted 
a cytotoxic effect. The virus-resistant state assessed against VSV was not 
clearly expressed in this cell culture.

Interferon-inducing activity of dipyridamole in vivo
The compound was administered intravenously to adult white mice in 

single doses ranging from 0.01 to 60 mg/kg body weights, the maximal dose 
corresponding to 0.33 LD50 (150 mg/kg) as determined by Tonew et al.

Table 6. Sunn* characteristics of dipyridamole-induced interferon

Titre of interferon induced by dipyridamole in

Treatment L cells mouse peritoneal 
leukocytes

mouse
sera

Control m 32(16) ^ 128
pH 2.0 18 hr m 32 2: 128
56° C 30 min 8(4) 16 ^ 128

60 min 4 8 8
65° C 30 min 4 8(16) 4
75° C 30 min 4 < 4 ND
Trypsin < 4 < 4 < 4
Ether 16(8) 32 ND
Ribonuclease 16 32 ^ 128
Deoxyribonuclease 16 32 ^ 128

ND = not done.
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Table 7. .Neutralization ol‘ dipyridamole-induced mouse interferon by anti-interferon serum globulin

Interferon preparation IU per neutralization Dilution end-point of anti-inter-
test mixture feron serum globulin neutralizing

the interferon activity

Reference mouse 4 1 8192
interferon* 2 1 16384

i 1 > 65536
Dipyridamole-induced mouse 4 1 ž 32
interferon** 2 1 > 1024

1 1 > 1024

* NDV-induced in L cells.
** Serum samples from mice injected i.v. with dipyridamole.

(personal communication, 1978). The dose-response dependence and the 
kinetics of interferon production were studied in parallel.

Dipyridamole showed a marked interferon-inducing effect in mice (Table 
5). This effect was strongly dose-dependent. Maximal levels of interferon in the 
blood (128 IU/ml) were reached at a dose of 0.1 mg/kg, but this was attained 
at the 48th hr, followed by a 4-fold decrease by the 72nd hr. When di­
pyridamole was administered in a twice lower dose (0.05 mg/kg), peak inter­
feron levels were induced at the 48th — 72nd hr but the values observed 
were 4-fold lower. A dose 10-fold lower (0.01 mg/kg) induced “late” inter­
feron production as well, but the titre was very low (8 IU/ml). With 0.2 mg/ 
/kg, a dose twice higher than the optimal one, the effect was comparable to 
that obtained with 0.05 mg/kg.

When dipyridamole was applied in doses ranging from 0.6-1.8 mg/kg 
maximal interferon levels in the blood were attained earlier — as early as at 
the 24th hr, wTith a peak value of 32 IU/ml (0.6 mg/kg). Serum samples taken 
earlier or later contained less interferon. Under the action of relatively high 
dipyridamole doses (5.5 — 50 mg/kg) maximal interferon titres were reached 
as early as at the 12th hr (32 IU/ml with 16.7 mg/kg).

Some characteristics of dipyridamole-induced interferon
By a series of interferon identification tests we established (Table 6) 

that interferon induced by dipyridamole in explanted mouse peritoneal

Table It. The iiiterfcron-iiidueiiiji capacity of dipyridamole in various cell cultures

Cell
culture

MinIFN-IC
pmol/l

OptIFN-IC
ptmol/1

Highest interferon titre 
IU/ml

Mouse peritoneal 
leukocytes 3 100-1000 ^ 256
L cells 10 30- 300 > 128
Mouse embryo 
fibroblasts 100 300 16
Human diploid embryo 
fibroblasts 10 100- 300 32
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leukocytes and the found in the sera of mice (after intravenous administration 
of the substance) were identical, in the first place regarding their heat 
stability (resistant for 30 min at 56 °C, with a partial loss of activity after 
60 min at 56 °C and 30 min at 65 °C).

Interferon induced in L cells, like the one in mouse peritoneal leukocytes 
and the mouse serum interferon was stable at pH 2.0, but differed from them 
by its heat lability (inactivated within 30 min at 56 °C).

In all three cases we are dealing with the “classical” type I interferon 
(IFN-a and IFN-(J). This was confirmed by an interferon neutralization 
test with anti-interferon serum globulin (against mouse interferon). One and 
2 IU/ml of the mouse serum interferon samples (taken 12 or 24 hr after 
dipyridamole administration) were neutralized by the anti-interferon serum 
diluted 1 : 1024, and 4 IU/ml were neutralized by dilutions of 1: Si 32 (Ta­
ble 7).

Discussion

Our results indicate that dipyridamole, the antiviral activity of which was 
recently discovered, is actually an interferon inducer. This representative 
of pyrimido [5,4-d] pyrimidines may be included into the group of low-molecu­
lar-weight interferon inducers (Mayer and Krueger, 1970; Diederick et al., 
1972; Gláz et al., 1973; Hoffman et al., 1973; Siminoff et al., 1973; Soehner 
et al., 1974; Khaitovich and Lvovsky, 1975; Kern et al., 1976; Nichols et al., 
1976; Suzuki et al., 1977; Wierenga et al., 1980). Most of them induce in­
terferon production only in vivo and in lymphoid cell cultures. E. g., acranyl 
dihydrochloride and mepacrine dihydrochloride applied in maximal subtoxic 
concentration do not stimulate interferon production in cultures of human 
lung fibroblasts, but in lymphoblastoid cells they induce 35 and 90 IU/ml, 
respectively (Dennis et al., 1972). The first low-molecular-weight interferon 
inducer in non-lymphoid cells reported is S,2-aminoethylisothiouronium, 
inducing 32 IU/ml in human HSV-1 cells and minimal titres in L cells (Khaito­
vich and Lvovsky, 1975' Lvovsky et al., 1977). Degré and Gláz (1977) found 
that 2,7-bis-(2-diethylaminoethoxy)-fluorene-9-one dihydrochloride (tilorone 
hydrochloride) can induce interferon production in cultures of human embryo 
lung fibroblasts (60 IU/ml at a concentration of 25 gg/ml). This compound, 
applied in the same concentration, induces in human lymphoblastoid cells 
and in normal human leukocytes 90 and 20 IU/ml, respectively.

Obviously, dipyridamole should be added to this type of low-molecular- 
weight interferon inducers. It induces interferon both in vivo (in mice) and 
in vitro in cultured mouse peritoneal leukocytes, as well as in non-lymphoid 
cell cultures, derived from mice (L cells and primary embryo fibroblasts) 
and man (diploid embryo lung fibroblasts). Out of the four types of cell 
cultures tested, the interferon-inducing effect of dipyridamole was most 
clearly expressed in the explanted mouse peritoneal leukocytes (Table 8): 
the MinIFN-IC in them was 3 gmol/l; in L cells and in human diploid fibro­
blast it was more than threefold higher (10 umol/1); the lowest, almost in­
significant activity wras demonstrated in primary mouse embryo fibroblasts —
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— more than 33-fold higher MinIFN-IC (100 g.mol/1). A similar conclusion 
was reached on the basis of OptIFN-IC values and the interferon titres 
induced with the OptIFN-IC.

The kinetics of interferon production in mice under the effect of 
dipyridamole, applied intravenously, deserves particular interest in view 
of the somewhat unusual curve of blood interferon levels, strongly dependent 
on the inducer dose: an “early” peak at the 12th hr with 16.7 mg/kg, a peak 
at the 24th hr with 0.6-1.8 mg/kg, and at the 48th hr when 0.1 mg/kg were 
applied, the highest titres having been observed at this concentration (128 
IU/ml).

The data on the interferon induction in mice treated with tilorone, the 
pyrazolo[3,4-b] quinolines BL-20803 and BL-3849A, the arylpyrimidine 
derivative U-25, 166 or other low-molecular-weight interferon inducers 
(Krueger and Mayer, 1970; Rohovsky et al., 1970; Krueger et al., 1971; 
DeClercq and Merigan, 1971; Siminoff et al., 1973; Soehner et al., 1974:; 
Nichols et al., 1976; Kern et al., 1976; Stringfellow, 1977) stress the strong 
dependence of both the size of the inducer effect and the kinetics of inter­
feron production on the type of inducer and the way of its administration. 
Our results demonstrate that dipyridamole (applied intravenously) was 
inferior in its in vivo activity to the other inducers mentioned, but one must 
bear in mind that the intravenous way of administration is totally inefficient 
if tilorone is given to mice (Krueger et al., 1971). Moreover, the effective dose 
of dipyridamole is considerably lower than that of other low-molecular- 
weight inducers — only 0.1 mg/kg, and special mention deserves the extremely 
high selectivity index of this substance (2; 1500).

As to the type of interferon induced by dipyridamole, based on their 
characteristics, including pH stability, heat stability and antigenic properties, 
the serum interferon in mice and the interferon produced in mouse peritoneal 
cells and in L cells correspond to IFN-a and IFN-J3.

In conclusion, the present results suggest that the antiviral action of 
dipyridamole is due to its interferon-S-inducing capacity.

In connection with our study on the interferon-inducing activity of di­
pyridamole, a substance so far considered a virus inhibitor, we would like 
to stress some methodological considerations about the scheme of testing 
a given substance for antiviral activity. In fact, there are very few exam­
ples of low-molecular-weight interferon inducers with an in vitro effect in non- 
-lymphoid cell cultures. Nevertheless, if in the course of a wide-spectrum 
screening programme for antiviral activity in vitro, a substance applied 
in concentrations non-toxic for the cells, demonstrates an inhibitory effect 
towards viruses, representatives of several viral taxonomic groups (families), 
it may be suggested that the substance is an interferon inducer. To avoid 
leaving an interferon inducer undecected it is desirable that a test for in­
terferon-inducing capacity on a lymphoid cell culture sensitive to different 
types of interferon inducers, be included in the wide-spectrum antiviral 
screening test-system. A cell culture of this type was used in the present 
work, namely the explanted mouse peritoneal leukocytes in vitro.



146 GALABOV, A. S. & MASTIKOVA, M.

References

DeClercq, E., and Merigan, T. C. (1971): Bis-DEAE-fluorenone: mechanism of antiviral protection 
and stimulation of interferon production in the mouse. J. inject. Die. 123, 190—199.

Degré, M., and Gláz, E. T. (1977): Interferon induction in human cell cultures by small molecular 
inducers. Acta Pathol. Microbiol. Scand. 1185, 189 — 194.

Dennis, A. J., Wilson, H. E., Barker, A. D., and Rheins, M. S. (1972): Interferon induction in 
normal and leukemic human lymphocyte cultures by tilorone hydrochloride. Proc. Soc. exp. 
Biol. Med. 141, 782-786.

Diederich, J., Lodemann, E., and Wacker, A. (1972): New type of interferon inducer. Natur- 
wissenschajten 59, 172—173.

Galabov, A. S., and Galabov, S. M. (1973): Interferon induction by detoxicated bacterial en­
dotoxins. Acta virol. 17, 493 — 500.

Galabov, A., Savov, Z., and Vassileva, V. (1973): Interferon production in arbovirus-infected 
cell cultures of tortoise (Testudo graeca) kidney. Acta virol. 17, 1 — 10.

Gláz, E. T., Szolgay, E., Stoger, T., and Tálas, M. (1973): Antiviral activity and induction of 
interferon-like substance by quinacrine and acranil. Antimicrob. Agents Chemother. 3, 537 — 541.

Gunter, W., Waschke, S.-R., Meffert, H., El Bashir, M. H., Diezel, W., und Sônnichsen, N. (1977): 
Untersuchungen zum therapeutischen Einsatz von Dipyridamole bei Herpesvirus-Infektionen. 
Dtsch. 0esu.ndh.-We8. 32, 1955—1959.

Hoffman, W. W., Korst, J. J., Niblack, J. F., and Cronin, T. H. (1973): N,N-dioctadecyl-N’, 
N’-bis(2-hydroxyethyl) propanediamine: antiviral activity and interferon stimulation in 
mice. Antimicrob. Agents Chemother. 3, 498 — 502.

Kern, E. R., Hamilton, J. R., Overall, J. C. Jr., and Glasgow, L. A. (1976): Antiviral activity 
of BL-3849A, a low-molecular-weight oral interferon inducer. Antimicrob. Agents Chemother. 
10, 691-694.

Khaitovich, A. G., and Lvovsky, E. A. (1975): The dynamics of production and some properties 
of interferon-like inhibitors formed under the influence of AET and Cystaphos in vivo and in 
cell cultures (in Russian). Vop. Virus. 2, 183—186.

Krueger, R. F., and Mayer, G. D. (1970): Tilorone hydrochloride: an orally active antiviral agent. 
Science 169, 1213-1214.

Krueger, R. F., Mayer, G. D., Yoshimura, S., and Ludwig, K. A. (1971): In vivo evaluations of 
tilorone hydrochloride against Semliki forest virus. Antimicrob. Agents Chemother. 4, 486 — 
-490.

Lackovid, V., Borecký, L., Šikl, D., Masler, L., and Bauer, Š. (1967): The temperature requirement 
for interferon production in cells stimulated by Newcastle disease virus or microbial agents 
in vitro. Acta virol. 11, 500 — 505.

Lvovsky, E., Levy, H. B., Doherty, D. G., and Baron, S. (1977): Interferon induction by radio- 
protective mercaptoalkylamines and derived thiophosphates. Infect. Immun. 15, 191 — 21.

Mayer, G. D., and Krueger, R. F. (1970): Tilorone hydrochloride: mode of action. Science 169, 
1214-1215.

Nichols, F. R., Weed, S. D., and Underwood, G. E. (1976): Stimulation of murine interferon by 
a substituted pyrimidine. Antimicrob. Agents Chemother. 9, 433 — 446.

Oehring, H., and Schmidt, J. (1978): Zur antiviralen Wirkung von Dipyridamole auf Rhinoviren. 
Z. gee. Hyg. 6, 447 — 449.

Rohovsky, M. W., Newbeme, J. W., and Gibson, J. P. (1970): Effect of an oral interferon inducer 
on the hematopoietic and reticuloendothelial systems. Toxicol, appl. Pharmacol. 17, 556.

Siminoff, P., Bernard, A. M., Hursky, V. S., and Price, К. E. (1973): BL-20803, a new, 
low-molecular-weight interferon inducer. Antimicrob. Agents Chemother. 3, 742 — 751.

Simon, H. (1972): Herzwirksame Pharmaka-Wirkungsweise und klinische Anwendung. Urban 
und Schwarzenberg, Miinchen-Wien.

Soehner, R. L., Gambardella, M. M., and Hou, E. F. (1974): Oral induction of interferon by 
a low-molecular-weight compound. Proc. Soc. exp. Biol. Med. 145, 1114—1119.

Stewart II, W. E. (1979): The Interferon System. Springer-Verlag, Wien — New York, p. 81.
Stringfellow, D. A. (1977): Comparative interferon inducing and antiviral properties of 2-amino- 

-5-bromo-6-methyl-pyrimidinol (U-25, 166), tilorone hydrochloride and poly I. C. Antimicrob. 
Agents Chemother. 11,984 — 996.



DIPYRIDAMOLE AND INTERFERON INDUCTION 147

Suzuki, F., Saito, N., and Ishida, N. (1977): Effect of an interferon inducer, 9-methylstreptimidone, 
on influenza virus infection in mice. Ann. N. Y. Acad. Sci. 284, 667—675.

Tonew, M., and Dzeguze, D. (1977): Dipyridamole, an inhibitor of Mengovirus replication in FL 
and L cells. Chemotherapy 23, 149—158.

Tonew, M., Laass, W., Tonew, E., Franke, R., Goldner, H., and Zschiesche, W. (1978): Antiviral 
activity of dipyridamole derivatives. Acta virol. 22, 287 — 295.

Tonew, M., Tonew, E., and Mentel, R. (1977): The antiviral activity of dipyridamole. Acta 
virol. 21, 146—150.

Wierenga, W., Skulniek, H. I., Weed, S. D., and Stringfellow, D. A. (1980): Antiviral and in­
terferon induction structure-activity relationship profile of 6-aryl pyrimidines, pp. 1402 — 1404. 
In Curr. Chemother. and infect. Die., Proc. 11th Intern. Congr. Chemother. and 11th Inter. 
Conf. Antimicrob. Agents and Chemother., vol. 2, Boston 1979.

Yershov, F. I. (1972): Physico-chemical properties of interferons and the mechanism of their 
action, pp. 151 — 178. In M. K. Indulen (Ed.): Production and Action of Interferon (in Russian). 
Zinatne, Riga.


