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Summary. — Caffeine (Cf, 0.15 ~ 0.6 mg/ml) and human leukocyte interferon (IFN, »5 x 10? IU/ml) par-
tially inhibited the replication of herpes simplex virus type 1 (HSV-1) in human diploid LEP cells and HaCaT
cells, When the two drugs were applied simultancously the inhibitory effects exceeded those achieved with
either substance alone. In the subsequent clinical trial, which was conducted as a one-center, randomised, and
placebo-controlled study, the same substances included in either oinment or solution were used for topical
treatment of recurrent herpetic lesions. Of 115 patients taken into the study 20 were treated with Cf only
(50 mg/g of oinment or solution), 25 with IFN only (5 x 10*TU/g), 25 with mixture of Cf and IFN (same
concentrations) and 45 with placebo. Both the healing time (HT, period between the prodromes and
reepithelization) and the spreading time (ST,period between the prodromes and the appearance of the last new
lesion) were recorded in each patient. While the placebo effects were negligible, the other treatments tended to
abort the lesions. HT was shortened by at least 4 days in 75% of paticnts treated with Cf alone, in 88% of those
treated with IFN alone, and in all patients treated with their mixture. The effects on ST were less marked; in the
case of Cfalone they were negligible. A shortening of ST by at least 2 days was recorded in 40% and 60% of
patients treated with IFN alone and the drug mixture, respectively. Statistical analysis confirmed that both in
terms of HT and ST the disease was more significantly alleviated by the mixture of Cf and IFN than by either

drug alone.
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Introduction

Recurrent HSV lesions continue to represent a major
health problem. In the past both peroral and topical treat-
ments including a variety of substances have been utilized
with varying success. Topical application of solutions or
oinments scems to be increasingly appealing because it al-
lows the use of high local concentration of such substances
which cannot be achieved by systemic administration. The
state of the art has been reviewed by Spruance and Freeman
(1990).

Abbreviations: Cf = caffeine; HSV-1 = herpes simplex virus

of infection; p.i. = post infection; ST = spreading time

In the present study we utilized observations made when
studying the in vitro systems of HSV latency established in
human embryo lung cells by treatment with (E)-5-(2'-
bromovinyl)-2'-deoxyuridine and human leukocyte IFN
(Wighdahl e a/., 1982). In these experiments, we have rec-
ognized a number of factors which have either facilitated
or blocked the reactivation of the virus (Vonka et al., 1985).
In an extension of these experiments we subsequently ob-
served that the reactivation was efficiently blocked by Cfat
a concentration that was non-inhibitory to HSV replication
(Vonka V., unpublished data). These findings have stimu-
lated further investigation to determine the capacity of Cf
to potentiate the action of various substances with antiviral
effect. In this paper we report on the ability of Cf to en-
hance the inhibitory effects of human IFN on HSV replica-
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no significant differences between the groups (A-D) for both vari-
ables; the assumption of homogeneity of the individual patient
groups complied with the results of statistical tests (F = 1.000 for
the first variable and F = 2.046 for the second variable, both with

3 and 111 degrees of freedom). For the evaluation of treatment

effects the data collected on treatment were related to those of the
control period. In accordance with the statistical model, the differ-
ences in transformed variables between the treatment and control
periods were used; this amounted to using the logarithms of the
ratios between treatment and control variables. These new vari-
ables analyzed by simple one-way analysis of variance in addition
to which the multiple Scheffé’s range test (Scheffé, 1959) was
adopted for pairwise comparison of means. The results (in
Tables 4 and 3) present the relative shortenings of HT and ST,
respectively, in terms of geometric means and their 95% confi-
dence limits.

Results
In vitro study

Cf exhibited a slight inhibitory effect on HSV replica-
tion at doses equal to or exceeding 0.15 mg/ml. This inhi-
bition manifested itself by a delay of cytopathic changes,
reduced plaque size and reduced infectious virus produc-
tiort. As shown in Table 1, these effects were dependent on
the Cf concentration. At concentrations exceeding 1 mg/ml
the toxicity of the drug for LEP cells was apparent. For this
reason, most in vitro tests were carried out with Cf doses

Table 1. HSV-1 replication in LEP cells in the presence of Cf

Cf log TCD,/ml at intervals (hrs) p.i.
(mg/ml) 0 24 48 72
0 2.0 4.3 6.6 7.0
0.15 3.6 6.6 6.8
0.3 3.7 6.0 6.0
0.6 3.3 5.3 6.0
1.2 2.0 3.0 2.0

MOT (.05 TCID, Jeell, drug present p.i.
Cf = caffeine.

Table 2. HSV-1 replication in LEP cells in the presence of IFN

IFN log TCD,, at intervals (hrs) p.i.

(§10)] 0 24 48 72
0 2.0 4.6 7.3 7.6
5% 0% 3.3 5.9 6.6
10° 2.9 5.5 5.8
2.5 x 109 2.3 53 53

MOI 0.005 TCID, /eell, drug present p.i.
IFN = interferon.

Table 3. Combined effects of IFN and Cf on the growth of HSV-1 in
LEP cells

Exp. MOI 1FN Cf  Time of Control Reduction of
No. (TCID,/ (IU/ml) (mg/ml) harvest  virus virus titer
cell) (hrs p.i.)  titer in the presence of
(log TCD,/ml) Cf IFNCH+IFN
I*0.0001 1.2x10° 03 48 6.5 1.0 1.4 24
0.1 20 7.1 0.6 08 1.2
2 0.03 1.0x10* 0.3 48 7.7 1.7 20 3.2
3 0.005  5.0x10° 0.3 48 6.5 0.7 12 32
4 0.0001 2.5x10° Q.15 48 7.5 02 12 26
0.6 2.4 4.3

In Exp. No. 1 the drugs were added only after virus infection, in other
experiments they were present both before and after infection.
Cf = caffeine; IFN = interferon.

not exceeding 0.6 mg/ml. The effect of IFN varied, depend-
ing on its concentration and the MOI, but it also varied from
experiment to experiment, presumably being influenced by
the physiological state of the cells and possibly some other
experimental variables. Results of a typical experiment are
shown in Table 2. On the basis of this and similar tests it
was decided that IFN would be used at concentrations of
10% ~ 10*TU/m] in combination experiments.

In examining the combined effects of IFN and Cf, differ-
ent experimental approaches were used. Initially, the sub-
stances, whether alone or in mixture, were added only after
infection. In subsequent series of experiments, cultures were
pretreated for 24 hrs with either IFN or Cfor both, and then
infected; after the infection the same concentrations of the
drugs as used for the pretreatment were incorporated into
the maintenance medium. It was this last modification which
gave the most consistent data in repeated tests. In all ex-
periments, cultures untreated with either drug were used as
controls. Results of several experiments each of which is
a representative of a larger series of experiments are sum-
marized in Table 3. In all of them the combined effects of
the two substances exceeded those of either substance alone;
however, these effects varied markedly from test to test. In
some of them the combined effects corresponded to the sum
of the two effects (experiments No. 1 and 2); in others (ex-
periments No. 3 and 4) the combined effects were more
pronounced suggesting synergistic action. Extensive efforts
to clarify this variation have failed thus far.

Experiments in which LEP cells were substituted by
HaCaT cells yielded similar results (data not shown).

Clinical study
In spite of the unclarified nature of Cf-JFN-HSV-cell in-

teractions, the observation that the combined effect of the
two drugs in vitre exceeded the effect of either of them,
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remarkable that by combined treatment all patients were fa-
vourably affected.

In the case of ST, Cf alone was without effect, and 1FN
alone or in combination with Cfreduced this parameter sig-
nificantly (p<0.01 and
potentiated the effect of TFN (p<0.05). While a favourable
effect of IFN alone could be observed in about 40% of pa-
tients, 60% of them responded to treatment with both drugs.

Variations associated with drug application form, lesion
site or the age or sex of the patients were not observed, No
untoward reactions were reported.

Discussion

The present data indicate that Cf, which is a rather weak
inhibitor of HSV replication (Yamasaki and Tagaya, 1980;

Shiraki and Rapp, 1988) enhanced the inhibitory effect of

IFN when added simultancously with it to virus-infected
cultures. From the results obtained, it 1s not possible to de-
cide whether this combined effect was due to the summa-
tion of two independent effects or to modulation of the JFN
effect by Cf or vice versa. Because of the complexity of the
biological effects of both Cf (Timson, 1977; Sivak et al.,
1980) and IFN (Sen 1984; Borecky, 1989; Taylor and
Grossberg, 1990) it is difficult to propose a reasonable ex-
planation of the co-operative actions. While HSV has often
been found as moderately sensitive to IFN (Stewart, 1975),
it should be recalled that different mechanisms of the in-
hibitory effeet of IFN on this virus replication have been
considered (Mittnacht ef al., 1988; Chatterjec ef al., 1985).

The mechanisms operative in vivo are probably even more
complex, because of the possible involvement of systemic
anti-HSV immune reactions curtailing the infection, local
immunomodulatory effects of IFN and drug-metabolizing

enzymes. Irrespective of the nature of the various effects it

appears that the drugs used favourably influenced the course
of the disease in patients suffering from recurrent herpes
simplex lesions. Although the topical application of either
Clor IFN alone did reduce the severity of herpetic lesions,
the effects were more marked when the two substances were
applied simultaneously. The treatment was well tolerated,
and no side-cffects were observed. The present data thus
confirm the beneficial effects of topical application of IFN
on herpes simplex lesions reported by Sacks er al. (1991)
for IFN and by Movshovitz et al. (1986) and Glezerman et
al. (1988) for IFN B, and indicate, in addition, that this fa-
vourable effect can be further enhanced by the simultane-
ous application of Cf, a cheap and innocuous drug.

In a recent study with subunit HSV vaccine in patients
suffering from recurrent herpetic lesions we observed
a marked placebo effect (Kutinova e al., 1988). This was
virtually absent in the present study. The difference may be

p<0.001, respectively). Again, Cf

due to the fact that the use of a vaccine represented a very
substantial departure from the previous regimen of treat-
ment based on the use of various oinments, solutions or
peroral drugs. It seems that psychoneuroendocrine pathways
which may influence many physiological functions and even-
tually influence the course of herpetic disease, were con-
siderably less activated by the present treatment.
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