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Summary. — Dipyridamole proved to be active against influenza
viruses A/England 42/72, A/Bangkok 1/79 and A/fowl plague
(FPV). The antiviral activities assayed by various methods
varied from 90-99 per cent. No inhibition was found against
influenza virus B/Leningrad 235/74 in vitro. Three dipyridamole
derivatives were significantly activé in tissue cultures against
influenza virus A/England 42/72 and A/FPV. In white mice
infected with influenza virus A/England 42/72 dipyridamole
administered orally showed a protection rate of 62.5 per cent.
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Introduction

_In previous papers we reported about the inhibitory action of dipyridamole
and its derivatives against numerous non-enveloped and enveloped RNA
and DNA viruses as well as complete suppression of viral RNA synthesis
of Mengo virus (Tonew et al., 1977; Tonew and Dzeguze, 1977; Tonew and
Fahlbusch, 1977; Tonew and Léber, 1978; Tonew et al., 1978, 1979; Tonew,
1980). The action against other viruses in vitro was confirmed by Oehring
and Schmidt (1978) and Bankowski et al. (1980), and in clinical trials by
Ginther et al. (1977).

Materials and Methods

Viruses and cell cultures. Fowl plague virus (FPV), strain Weybridge (HavlNeql), and in-
fluenza viruses A/England 42/72 (H3N2), A/Bangkok 1/79 (H3N2), and B/Leningrad 235/74
were passaged in chick embryos. Chick embryo cells (CEC) were trypsinized and prepared as
described by Tonew and Tonew (1969). Madin Darby canine kidney cells (MDCK); for media and
cultivation see Gaush and Smith (1968). Chorioallantoic membrane (CAM) cultures were prepared
according to Horvath (1954).

Plaque assay and one-step growth cycle experiments were carried out as described by Tonew
and Tonew (1971). For the plaque assay, influenzavirus-infected MDCK cells were overlaid
with medium containing 10 pg/ml trypsin and 0.6 per cent agar Noble (Difco) into the overlay
medium; for the assay of the cytopathic effect (CPE), 5 per cent trypsin in the maintenance
medium was employed. The haemagglutinin was titrated according to Takatzuki and Tamura
(1971).
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Table 1. Action of dipyridamole on influenza virus strains in CAM cultures

Virus strains Doses pmol/l Decrease in virus titre (logio 1Ds50)
A/England 42/72 80 0.3
A/England 42/72 120 2.2
A /Bangkok 1/79 120 17
B/Leningrad 235/74 120 0.5

Mean values of 3 experiments.

Experiments in mice. White mice of an undefined strain sensitive to epidemic influenza virus
strains, weighing 18 —20 g, were intranasally infected with 10 LDs5o in 0.05 ml of influenza virus
A/England. The drug was administered by the oral route 2 hr before and 2, 24, 48 and 72 hr after
infection or two times daily for 4 days. The statistical evaluation was performed by the method
of Veckenstedt and Horn (1976).

Compounds used. Dipyridamole (AWD 565): 2,6-bis(dimethylamino)-4,8-dipiperidino-pyrimido-
(5,4-d)pyrimidine, mol. wt. = 504.62; AWD 568: 2,4,8-triopiperidino-6-diethanolamino-pyrimido-
(5,4-d) pyrimidine, mol. wt. = 484.63; AWD 628: 2,6-dipiperidino-4,8-bis-(N-methyl-N-ethanol-
amino-pyrimido(5,4-d) pyrimidine, mol. wt: 444.6; AWD 642: 2.6-bis(N-methyl-N-ethanolamino)-
-4,8-bis n-propanolamino)-pyrimido(5,4-d)pyrimidine, mol. wt. = 424.5. The substances
were kindly provided by Dr. H. Goldner, VEB Arzneimittelwerk, Dresden.

Results

Dipyridamole exerted a significant antiviral activity against influenza
viruses A/England 42/72 and A/Bangkok 1/79 in the CAM test, with 99 and
98 per cent inhibition, respectively (Table 1). No significant activity was
found against influenza virus B/Leningrad. Plaque reduction caused by
50 wmol/l dipyridamole amounted to 94 and 90 per cent, respectively, in
CEC and MDCK cells (Fig. 1). A good protective effect against FPV was
observed with dipyridamole derivatives AWD 566, 568 and 642: the inhibition

Table 2. Action of dipyridamele derivatives on the replication of influenza virus A/England
42/72 and FPV in CAM or CEC cuitures

Dose* Decrease in virus Per cent
Compound Virus strains ymol/l titre (logio) inhibition
AWD 566 A/England 42/72 46 0.5 IDs0 n.s.
A/FPV 138 4.0 TCIDso 99.99
AWD 568 A/England 42/72 31 0.5 ID3g n.s.
A/FPV 206 5.0 TCIDso > 99.99
AWD 628 A/England 42/72 22 0.7 IDs3¢ n.s,
AWD 642 A/England 42/72 94 2.0 IDs3g 99

Mean values of 3 experiments.

n.s. = not significant; *maximal tolerated dose

Influenzavirus A/England was assayed in CAM cultures. Titre in untreated control: 5.5 log IDs0.
}nﬂuolllzavirus A/FPV was assayed in CEC cultures; titre in untreated control: 7.83 log TCID35q/
0.2 ml.
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Fig. 1.
Effect of dipyridamole on influenza virus 2
reproduction

CEC andMDCK cell monolayers in De- 504
menter flaks were infected with FPV (@)
and influenzavirus A/England (Q). After R
1 hr adsorption at room temperature, the
virus was sucked off from the cell e
cultures and replaced with 6 ml overlay
medium as described in Materials and —
Methods. Three flaks were used for each
compound concentration. The titre re- -
duction was calculated in per cent of the

average plaque count of the virus control. 0 . : . :
Abscissa: concentration of dipyridamole

in pmol/l; ordinate: plaque reduction 0 6.25 125 25 50
in per cent of control

of infectious virus yield revealed in one-step growth cycle experiments in
FPV-infected CEC reached approximately 99 per cent (Table 2). The reduction
of haemagglutinin titre in the culture fluid was in accordance with these
findings (Table 3). With the exception of AWD 642, the other derivatives
showed no significant effect against influenza virus A/England 42/72.

In mice infected with virulent influenza virus A/England 42/72, dipyri-
damole showed a 62.5 per cent protection rate (Table 4).

Table 3. Haemagglutinin titres after treatment with dipyridamole of virus-infected MBCK and CEC

cultures
Cells Virus strains Dipyridamole concentra- Haemagglutinin
tion pmol/l titre

MDCK A/England 42/72 50 —
25 —

12.5 —

6.25 —

0 40

CEC A[FPV 50 —
25 =

12.5 o

6.25 10

0 160

Cells were infected at an input multiplicity of 20 PFU/cell and treated with the designated
dipyridamole concentrations. After 80 hr of incubation at 37° C, the cells were threefold frozen and
thawed, the supernatant was collected and assayed for haemagglutinins with 1 per cent chicken
erythrocytes. —: result negative.
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Table 4. Aection of dipyridamole on influenza virus A/England 42/72 infeetion in white mice
in eomparison to rimantadine-HCI

Dose No. of survivors*
of compound mg/kg Treated Control Protection

body rate (%)

weight !
Dipyridamole 30** 14 4 62.5
Rimantadine-HC1 40%* 18 4 87.5
Dipyridamole 30%** 14 4 62.5
Rimantadine-HCI a0%ee 16 4 75

* Out of 20 infected animals.
**The drug was administered per os 2 hr before infection and 2, 24, 48 and 72 hr after infection.
*#**The drug was administered 2 times daily after infection for 4 days.
Rimantadine-HCl was administered orally.

Discussion

Dipyridamole (persantin, curantyl) is a well known coronary vasodilatator
and antithrombotic drug as well as an excellent inhibitor of nucleoside trans-
port into cells (Scholtissek, 1968; Kessel and Hall, 1970; Kopitar, 1970;
Plagemann and Roth, 1969; Plagemann and Shea, 1971).

The present data demonstrated a significant antiviral activity of the drug
in vitro against the influenzaviruses A/England 42/72, A/Bangkok 1/79
and A/FPV, and in vivo in mice against influenzavirus A/England 42/72.

The plaque reduction and the one-step growth cycle experiments showed
a depression of plaque formation and infectious virus production of 90-99 per
cent as compared to controls. The derivatives AWD 566, 568 and 642 signifi-
cantly inhibited the reproduction of influenzavirus A/England 42/72 in the
CAM test.

The maximum inhibitory concentration of dipyridamole is tolerated very
well on oral administration. The timing of dipyridamole therapy against
a virulent strain of influenza virus is quite important. We have seen a good
efficacy when therapy was started with short time pretreatment by the drug
before virus inoculation. The effect of two daily oral doses of the drug after
virus infection for 4 days was not markedly different from that of pretreat-
ment. Moreover, dipyridamole potentiates the reactive hyperaemia of
coronary and peripheral blood circulation, thus increasing the oxygen
consumption (Miura et al., 1967; Schollmeyer and Jeschke, 1969), and in con-
sequence improves the common resistance.

References

Bankowski, A., Klimek, A., Korbecki, M., and Filezak, K. (1980): The effect of dipyridamole on
the multiplication of vaccinia virus in RK13 cells, p. 20. IVth Intern. Symp. of Socialist
Countries on Antiviral Substances, Abstracts, Szeged, June 1980.

Gaush, C. R., and Smith, T. EF. (1968): Replication and plaque assay of influenza virus in an
established line of canine kidney cells. Appl. Microbiol. 16, 588 — 594.



DIPYRIDAMOLE AND INFLUENZA VIRUS 129

Giinther, W., Waschke, S.-R., Meffert, H., El. Bashir, M. H., Diezel, W., and Sonnichsen, N.
(1977): Untersuchungen zum therapeutischen Einsatz von Dipyridamol bei Herpes-Virus-
-Infektionen. Disch. Gesundh.-Wes. 32, 1955 — 1959.

Horvath, A. (1954): A new sensitive method of the rolling drum type for influenza virus titration.
Acta Microbiol. Acad. Sci. hung. 1, 481 —494.

Kessel, D., and Hall, T. C. (1970): Effect of persantin on deoxyecytidine transport by murine
leukemia cells. Biochem. biophys. Acta (Amst.) 211, 88 —94.

Kopitar, Z. (1970): Der Einfluss von Serumprotein auf die Hemmung der Adenosin-Permeabilitét
von Menschen und Hunde-Erythrozytenmembranen durch 2,6-Bis-(didthylenamino)-4,8-
-dipiperidinopyrimido(5,4-d)pyrimidin. Arzneimittel-Forsch. 20, 253 — 255.

Miura, N., Tominaga, S., and Hashimoto, H. (1967): Potentiation of reactive hyperemia in the
coronary and femoral circulation by the selective use of 2,6-bis(diethanolamino)-4,8 dipi=
peridino-pyrimido(5,4-d)pyrimidine. Artzneimittel-Forsch. 17, 976 —979.

Oehring, H., and Schmidt, J. (1978): Zur antiviral Wirkung von Dipyridamol auf Rhinoviren.
Z. ges. Hyg. 24, 447 —449.

Plagemann, P. G. W., and Roth, M. F. (1969): Permeation as the rate limiting step in the phos-
phorylation of uridine and choline and their incorporation into macromolecules by Novikoff
hepatoma cells. Competitive inhibition by phenethyl alcohol, persantin, and acdenosine.
Biochemastry 8, 4782 —4789.

Plagemann, P. G. W., and Shea, M. A. (1971): Transport as the rate-limiting step in the in-
corporation of uridine into mengovirus ribonucleic acid in Novikoff rat hepatoma cells. J. Virol.
1, 137—143.

Schollmeyer, P. J., and Jeschke, D. (1969): Sauerstoffversorgung, Sauerstoffextraktion und
Substratextraktion des menschlichen Herzens unter dem Einfluss von 2,6-Bis (didthanolamino)
-4,8-dipiperidino-pyrimido(5,4-d)pyrimidin (Persantin). Kiin. Wschr. 47, 42—49.

Scholtissek, C. (1968): Studies on the uptake of nucleic acids precursors into cells in tissue cultures.
Biochem. biophys. Acta (Amst.) 158, 435—447.

Takatzuki, A., and Tamura, G. (1971): Tunicamycin, a new antibiotic. II. Some biological
properties of the antiviral activity of tunicamysin. J. Antibiotics 24, 224 —231.

Tonew, E. (1980): Enhancement of the antiviral activity of dipyridamole against vaccinia and
herpes simplex type 1 viruses by visible light. p. 19. IV. Intern. Symp. of Socialist Countries
on Antiviral Substances, Abstracts, Szeged, June 1980.

Tonew, E., and Tonew, M. (1969): Die Wirkung von Cycloheximid auf Abortus-Virus der Schafe,
Sindbis-Virus und andere Viren in Screening-Untersuchungen. Zbl. Bakt. I. Abt. Orig. 221,
437 —444.

Tonew, M., and Tonew, E. (1971): Antivirale Wirkung von Imidazolderivaten. I. Die Hemmung
der Vermehrung von Mengovirus in FL-Zellen. Arch. ges. Virusforch. 33, 319 —329.

Tonew, M., and Dzeguse, D. (1977): Dipyridamole, an inhibitor of mengovirus replication in FL
and L cells. Chemother. (Basel) 23, 149—158.

Tonew, E., and Falbusch, B. (1977): Effects of pyrimidine derivatives on RNA-dependent RNA
polymerase of mengovirus-infected Fogh and Lund cells. J. gen. Virol. 34, 37—43.

Tonew, E., and Léber, G. (1978): Antiviral pyrimidine derivatives: binding with biopolymers
and photosensitization. Acta virol. 22, 45— 51.

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

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

Tonew, E., Kittler, L., Hesse, G., and Schade, W. (1979): Enhancement of the antiviral activity
of pyrimidine derivatives against mengovirus by visible light. Zbl. Bakt. 1. Abt. Orig. 244,
417 —428.

Veckenstedt, A., and Horn, M. (1976): Testing of antiviral compounds against mengovirus
infection in mice. A 2-step procedure of in vivo screening. Z. allg. Mikrobiol. 16, 57—63.



