
Acta virologica 39: 125 - 130, 1995 125 

INCREASED EFFECTS OF TOPICALLY APPLIED INTERFERON ON HER­
PES SIMPLEX VIRUS-INDUCED LESIONS BY CAFFEINE 

V VONKA 1 ,  P. PETROVSKÁ 2 ,  L. BORECKÝ 3 ,  Z. ROTH" 

'Department of Experimental Virology, Institute of Haematology and BloodTransfusion, U nemocnice 1,128 20 Praha 10; department of 
Dermatovenearology, Third Faculty of Medicine, Charles University, Prague; 'Institute ofVirology, Slovak Academy of Sciences, 

Bratislava, Slovak Republic; 4Department of Biostatistics, Institute of Hygiene and Epidemiology, Prague, Czech Republic 

Received March 28, 1995 

Summary.  - Caffeine (Cf, 0.15 - 0.6 mg/ml) and human leukocyte interferon (IFN, >5 x 102IU/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 simultaneously 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 104IU/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 patients 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 Cf alone 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 H T  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 

Recur ren t  H S V  lesions cont inue  t o  represent  a m a j o r  

heal th problem.  I n  the  pas t  bo th  peroral  a n d  topical  treat­

ments  including a variety o f  substances have been  util ized 

with  varying success. Topical applicat ion o f  solutions o r  

o inments  s eems  t o  b e  increasingly appeal ing because  it al­

lows the  u s e  o f  h igh  local concentrat ion o f  such  substances 

which  canno t  b e  achieved b y  systemic administration. T h e  

state o f  t he  a r t  h a s  been  reviewed b y  Spruance  a n d  Freeman 

(1990).  

Abbreviations: Cf  = caffeine; HSV-1 = herpes simplex virus 
type 1;HT = healing time; IFN = interferon; MOI = multiplicity 
of infection; p.i. = post infection; ST = spreading time 

I n  the  present  s tudy w e  ut i l ized observat ions m a d e  w h e n  

s tudying t h e  in vitro sys tems o f  H S V  latency established in  

h u m a n  e m b r y o  l u n g  ce l l s  b y  t r e a t m e n t  w i t h  (E) -5- (2 ' -

bromovinyl ) -2 ' -deoxyur id ine  a n d  h u m a n  l eukocy te  I F N  

(Wighdahl  et al., 1982). I n  these  experiments ,  w e  h a v e  rec­

ognized a n u m b e r  o f  fac tors  wh ich  h a v e  e i ther  faci l i tated 

o r  blocked the  reactivation o f  t he  v i rus  (Vonka  et al., 1985). 

I n  a n  extension o f  these  experiments  w e  subsequent ly  ob­

served that  t h e  reactivation w a s  eff ic ient ly  b locked  b y  C f  a t  

a concentrat ion tha t  w a s  non-inhibi tory t o  H S V  replicat ion 

(Vonka V ,  unpublished data). T h e s e  f ind ings  have  s t imu­

lated fu r ther  investigation t o  de te rmine  the  capaci ty  o f  C f  

t o  potentiate t he  action o f  var ious  substances  w i t h  antiviral 

effect .  I n  this  pape r  w e  repor t  o n  t h e  abili ty o f  C f  t o  en­

hance  the  inhibitory effects  o f  h u m a n  I F N  o n  H S V  replica­
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tion both in vitro and  in vivo. The latter study was  conducted 
as  a single-ccnter, randomised, double-blind, placebo-con­

trolled trial with a topical application o f  o inments  o r  solu­

t ions containing IFN and/or  Cf .  

Materials  and Methods  

Tissue cultures. Human diploid embryo lung (LEP) cells were 
cultivated and maintained as described previously (Kutinová et 
at.. 1973). Vero cells were obtained from Dr. J. Rajčáni, Institute 
of Virology, Bratislava, and the spontaneously immortalized 
aneuploid human keratinocyteHaCaT cells (Bonkamp era/., 1988) 
were kindly provided by Dr. N.E. Fusenig, Heidelberg. In our labo­
ratory, they were cultivated in the same medium as LEP cells. 

Virus. HSV-1 strain KOS was the same as in previous experi­
ments (Holý et al., 1973). Virus stocks were prepared in Vero cells. 

Drugs. Human leukocyte IFN was prepared at the Institute of 
Virology, Bratislava, as described by Cantcll and Hirvoncn (1977). 
The activity of the semipurified IFN preparation was assayed in 
antiviral tests by the CPE inhibition method using primary human 
lung fibroblasts and vesicular stomatitis virus. In the present study, 
the IFN batches B-84-10 and CH-88-1,2,3 with the specific activ­
ity of 10'' IU/mg of protein were used. The lyophilizcd preparation 
was kept at 4 "C. For tissue culture experiments, it was dissolved 
in water, diluted 1:10 in tissue culture media, aliquotcd and kept 
at -70 'C until use. Cf (SPOFA, Czechoslovakia) was dissolved in 
PBS. The stock solution (30 mg/ml) was sterilized by filtration, 
aliquotcd and stored at -20 'C. After thawing it was heated before 
use to ensure complete dissolution of the drug. 

Growth experiments. The effects of both Cf and IFN on HSV 
growth were tested in LEP and HaCaT cells. In various experi­
ments cultures were infected at multiplicity of infection (MOI) 
ranging from 5.0 to 0.00001 PFU per cell, incubated for I hr at 
room temperature and washed. Drug-free medium or medium con­
taining varying concentrations of one or both drugs was then added. 
In the first series of experiments the drug(s) was(were) present 
only post infection (p.i.), in the second series cultures were, moreo­
ver, prctreatcd with drug(s) for 22 - 24 hrs before infection. At 
intervals samples were withdrawn and placed at -70 'C. After all 
samples had been collected, their virus titer (log PFU/ml) was 
determined by titration in Vero cells. 

Patients. A total of 115 patients were enrolled in the study. All 
of them had been suffcrring for 2 to 12 years from frequent herpetic 
lesions (3 to 12 recrudescences per year) and had been followed 
for this disease for prolonged periods of time. All had given in­
formed consent to be included in the study and were confirmed to 
be otherwise in good health at the enrollment. Forty-five were 
males, 70 females; age range vtfas 1 5 - 5 5  years; average age was 
35 years. In 85 patients the lesions were localized above the waist 
(AW-lcsions), nearly entirely in the facial area; in 30, below the 
waist (BW-lcsions), predominantly in the genital area. No attempts 
were made to isolate and type the associated viruses. However, 
a recent virological investigation done within the frame of a study 
on HSV vaccine in a group of 42 patients originating from the 
same population had revealed that all but one of the AW lesions 

were associated with HSV-1 and all BW lesions with HSV-2 
(Kutinová et al., 1988). It is reasonable to assume that the situa­
tion in the present patients was similar. 

Oinments and solutions. For the preparation of oinments, the 
hydrophilic oinmentbaseAmbiderman (SPOFA, Czechoslovakia) 
was used. It was mixed with reconstituted IFN solution to give the 
final concentration of 5 x 104 IU/g. The final concentration of Cf 
was 50 mg/g. Four oinments were prepared: oinment A did not 
contain any drug and served as placebo, oinment B contained Cf 
only, oinment C contained IFN only, and oinment D contained 
both drugs. Analogous solutions of Cf and/or IFN in PBS were 
prepared and initially used in a portion of the patients with genital 
lesions. The drug concentrations were the same as in the oinments. 
Both the oinments and the solutions were kept at +4 'C  and dark. 
They were used for up to 4 months after preparation. 

Design of the study. The patients were divided into four groups: 
A, B, C, D. Group A (control) consisted of 45 subjects: 33 pa­
tients with AW lesions and 12 with BW lesions. They were treated 
with placebo (oinment or solution A). Group B included 20 pa­
tients: 15 with AW and 5 with BW lesions. These patients were 
treated with Cf only (oinment or solution B). Group C, 25 pa­
tients, 20 with AW and 5 with BW lesions, were treated with IFN 
only (oinment or solution C). Group D, 25 patients, 17 with AW 
and 8 with BW lesions, were treated with a mixture of Cf and IFN 
(oinment or solution D).The patients had been allocated randomly 
and they were not aware that some of them were treated with pla­
cebo. 

The oinments (or, in a few patients, the solutions) were ap­
plied topically within 24 hrs of the onset of first prodromal symp­
toms or, exceptionally, next day when the papules or vesicles were 
already present.The patients were instructed to apply their respec­
tive preparations 5 to 8 times a day until complete healing. They 
were instructed how to follow and record the course of their dis­
ease on a special questionnaire on a daily basis. The patients were 
seen by the physician on the day of the first signs of the recur­
rence and thereafter at least twice a week. On these occasions they 
were interviewed, the size and stage of the lesions were examined 
and the patients' records were checked. In principle, two param­
eters of the rcccurent disease were followed and recorded: HT, i.e. 
the interval (in days) between onset of prodromes and epithelization 
of all lesions (thus this parameter combines the phase of lesion 
development and lesion resolution) and, separately, ST, i.e. the 
interval (in days) between onset of prodroms and appearance of 
the last new lesions. The patients were not being given any con­
comitant antiviral therapy. 

Statistical methods. The HT and ST, respectively, reported by 
each subject before and on the treatment were analyzed to deter­
mine the significance of the effects observed. The data from the 
period prior to treatment (control period) served as control for 
evaluating the treatment effects. Since in the control period the 
statistical distribution of both the variables followed showed posi­
tive assymetry towards longer times, the lognormal statistical den­
sity model seemed appropriate and was used for the analysis. In 
the presentation of results the logarithmic means and their confi­
dence intervals were transformed to the original metrics, thus form­
ing the respective geometric means and their confidence inter­
vals.The results of analyses of data from the control periods showed 
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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 5) present the relative shortenings of HT and ST, 
respectively, in terms of geometric means and their 95% confi­
dence limits. 

Results  

In vitro study 

C f  exhibi ted a sl ight  inhibi tory e f fec t  on  H S V  replica­

t ion  a t  doses  equa l  t o  o r  exceeding 0 .15  mg/ml .  This  inhi­

bi t ion man i fes ted  i tself  b y  a delay o f  cytopathic changes,  

reduced  p l aque  s ize  a n d  reduced  infect ious v i rus  p roduc­

t ion.  A s  shown  in  Table 1, these  ef fec ts  were  dependent  o n  

the  C f  concentrat ion.  A t  concentrat ions exceeding 1 m g / m l  

the  toxicity o f  t he  d r u g  f o r  L E P  cells w a s  apparent.  Fo r  this  

reason, m o s t  in vitro tests  were  carr ied o u t  w i th  C f  doses  

Table 1. HSV-1 replication in  L E P  cells in t h e  presence of Cf 

C f  log T C D  /ml at intervals (hrs) p.i. 

(mg/ml) 0 2 4  48  72 

0 2.0 4.3 6.6 7.0 

0.15 3.6 6.6 6.8 

0.3 3.7 

O
 

vd 

O
 

VO 

0.6 3.3 5.3 6.0 

1.2 2.0 3.0 2.0 

MOI 0.05 TCID /cell, drug present p.i. 

Cf = caffeine. 

Table 2 .  HSV-1 replication in L E P  cells in t h e  presence of I F N  

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

(IU) 0 2 4  48  72 

0 2.0 4.6 7.3 7.6 

5 x 10!  3.3 5.9 6.6 

103 2.9 5.5 5.8 

2.5 x 103 2.3 5.3 5.3 

MOI 0.005 TCIDS0/cell, drug present p.i. 
IFN = interferon. 

Table 3 .  Combined  effects of I F N  a n d  C f  on t he  growth of HSV-1 in 

L E P  ceils 

Exp. MOI  IFN C f  Time o f  Control Reduction o f  

No.  (TCID50/ (IU/ml) (mg/ml) harvest virus virus titer 

cell) (hrs p.i.) titer in the presence of 

(log TCDS0/ml) C f  IFN Cf+IFN 

1* 0.0001 1.2x103 0.3 4 8  6.5 1.0 1.4 2.4 

0.1 2 0  7.1 0.6 0.8 1.2 

2 0.03 1.0x101 0.3 48  7.7 1.7 2.0 3.2 

3 0.005 5.0x103 0.3 4 8  6.5 0.7 1.2 3.2 

4 0.0001 2.5x103 0.15 4 8  7.5 0.2 1.2 2.6 

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. 

no t  exceeding 0 .6  mg/ml .  T h e  e f fec t  o f  I F N  varied, depend­

ing  o n  its concentrat ion a n d  t h e  M O I ,  b u t  it  a l so  var ied f r o m  

experiment  t o  experiment,  presumably  be ing  inf luenced b y  

the  physiological state o f  t he  cells a n d  possibly s o m e  other  

experimental  variables. Resul ts  o f  a typical  exper iment  a r e  

shown in  Table 2 .  O n  the  bas is  o f  th is  a n d  s imilar  tests  i t  

was  decided tha t  I F N  wou ld  b e  u s e d  a t  concentrat ions o f  

1 0 3 -  104 IU/ml  in combinat ion  exper iments .  

I n  examining the  combined  effec ts  o f  I F N  a n d  C f ,  differ­

ent  experimental  approaches  w e r e  used .  Initially, t he  sub­

stances, whether  a lone  o r  in  mixture ,  w e r e  a d d e d  only a f t e r  

infection. I n  subsequent  series o f  experiments,  cultures were  

pretreated f o r  2 4  h r s  w i th  either I F N  o r  C f  o r  both ,  a n d  then  

infected;  a f te r  t he  infect ion the  s a m e  concentrat ions o f  t he  

drugs  as  u s e d  f o r  t h e  pretreatment  w e r e  incorpora ted  into 

the  maintenance medium.  It  was  this last modif ica t ion  which  

gave the  m o s t  consistent  da ta  i n  repea ted  tests.  I n  all ex­

periments ,  cultures untreated wi th  ei ther d r u g  w e r e  u s e d  as  

controls. Resul ts  o f  several exper iments  each  o f  wh ich  is  

a representative o f  a larger series o f  exper iments  are  s u m ­

marized in  Table 3 .  In  al l  o f  t h e m  the  combined  ef fec ts  o f  

t he  two  substances exceeded those o f  either substance alone; 

however, these  ef fec ts  varied markedly  f r o m  tes t  t o  test.  I n  

s o m e  o f  t h e m  the  combined  effects  corresponded t o  t h e  s u m  

o f  the  two effec ts  (experiments  N o .  1 a n d  2);  in  o thers  (ex­

per iments  N o .  3 a n d  4 )  t he  combined  ef fec ts  w e r e  m o r e  

pronounced suggest ing synergistic action.  Extensive  e f fo r t s  

t o  clar i fy this variation have  fa i l ed  thus  far.  
Exper iments  in  w h i c h  L E P  cel l s  w e r e  subs t i tu ted  b y  

H a C a T  cells y ie lded similar  resul ts  (data  n o t  shown) .  

Clinical study 

In  spite o f  t he  unclar i f ied  na ture  o f  Cf- IFN-HSV-cel l  in­

teractions, t he  observat ion that  t h e  combined  e f f ec t  o f  t he  

two  drugs  in vitro exceeded t h e  e f f ec t  o f  e i ther  o f  them,  
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when applied alone and the innocuity o f  the two substances 
stimulated a clinical study. 

A f t e r  it had been checked that oinments or solutions con­

ta ining 2 0  - 100 m g / g  o f  C f  did no t  irritate human  skin, 

f o u r  o inmen t s  a n d  solut ions  conta in ing  p e r  g r a m  ei ther  

5 0  m g o f C f ,  o r  5 x 104 IU o f  IFN, o r  both,  or  placebo were  

prepared a n d  appl ied in patients suf fer ing  f r o m  recurrent  

herpet ic  lesions (see Materials  a n d  Methods) .  T h e  results 

a r e  summar ized  inTables 4 and  5. Whi le  placebo produced 

only negligible e f fec t s  on  ei ther  I I T  (Table 4 )  o r  S T  (Ta­

ble 5) ,  t rea tments  wi th  the  o ther  preparat ions favourably 

inf luenced o n e  o r  bo th  o f  t h e  disease parameters  fol lowed.  

In general ,  the  ef fec ts  o n  H T  were  m o r e  pronounced than  

those  o n  ST, which  is in l ine wi th  earlier observat ions indi­

cat ing that  antiviral d r u g  t rea tment  inf luenced lesion reso­

lution more  markedly than lesion development  (Spruance  

et al., 1990). A t  the  concentrat ions used, I F N  w a s  m o r e  e f ­

f ic ient  than C f .  However, the  m o s t  m a r k e d  w a s  t h e  c o m ­

bined ef fec t  o f  bo th  the  substances.  Ei ther  t reatment  pro­

vided highly s ignif icant  e f fec ts  o n  H T  (p<0.001);  the  e f ­

fects  o f  the  combinat ion s ignif icant ly exceeded  those pro­

d u c e d  by C f  ( p < 0 . 0 1 )  o r  by  I F N  a l o n e  (p<0 .05 ) .  I t  is 

Table 4 .  Effect  of t rea tment  with C f ,  IFN and  thei r  combination on healing of herpetic lesions 

Group Treatment No. of Geometric mean Ratio of geometric No. of patients Significance 

patients before 

treatment 

(A) 

on 

treatment 

(B) 

means (A/B) 

(95% confidence interval) 

affected (%)" 

A Placcbo 4 5  13.17 

(7-9 days) 

12.61 

(7-18 days) 0.96 (0.87-1.05) 
2 

(4.4) N S  

1) C f  2 0  11.42 

(7-16 days) 

6.25 

(3-10 days) 0.55 (0.47-0.63) 
15 

(75.0) p<0.01 

C IFN 25 12.44 

(10-13 days) 

4.78 

(3-8 days) 0.38 (0.33-0.44) 

22 

(88.0) p<0.001 

D Cf+1FN 25 12.54 

(7-16 days) 

3.18 

(1-5 days) 0.25 (0.22-0.29) 

25 

(100.0) p<0.001 

"Shortening of H T  by at least 4 days. 
Cf = caffeine; IFN = interferon; NS = non-significant. 

Table 5 .  Inf luence of t rea tment  with C f ,  IFN and  their  combination on spreading of herpet ic  lesions 

Group Treatment No. of Geometric mean Ratio of geometric No. of patients Significance 

patients before 

treatment 
(A) 

on 

treatment 
(B) 

means (A/B) 

(95% confidence interval) 

affected (%) '  

A Placebo 4 5  2.86 
(1-6 days) 

2.53 

(1-5 days) 0.88 (0.78-1.01) 

6 

(13-3) NS 

li  C f 20 2.70 

(2-4 days) 

2.13 

(1-3 days) 0.79 (0.65 0.96) 
3 

(15.0) N S  

C IFN 2 5  2.79 

(2-4 days) 

1.64 

(1-3 days) 0.59 (0.50 0.70) 
10 

(40.0) p<0.01 

I) Cf+1FN 25 3.20 

(2-6 days) 
1.38 

(1-3 days) 0.43 (0.36-0.51) 
15 

(60.0) p<0.01 

"Shortening of S T  by at least 2 clays. 
Cf  = caffcine; INF = interferon; NS = non-significant. 
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remarkable that b y  combined treatment all patients w e r e  f a ­

vourably affected.  

I n  t h e  case  o f  ST, C f  a lone  w a s  wi thout  effect ,  a n d  I F N  

alone o r  i n  combina t ion  wi th  C f  reduced  this  parameter  sig­

ni f icant ly  (p<0.01  and  p O . O O l ,  respectively). Again ,  C f  

potentiated the  e f fec t  o f  I F N  (p<0.05).  Whi l e  a favourable  

e f fec t  o f  I F N  a lone  could  b e  observed in  about  4 0 %  o f  p a ­

tients, 6 0 %  o f  t h e m  responded  to  t reatment  wi th  bo th  drugs.  

Variations associated w i t h  d r u g  application fo rm ,  lesion 

site o r  t h e  a g e  o r  sex  o f  t he  pat ients  we re  n o t  observed.  N o  

untoward react ions  we re  reported.  

d u e  t o  the  f ac t  tha t  t h e  u se  o f  a vaccine  represented  a v e r y  

substantial departure f r o m  the  previous  r eg imen  o f  treat­

m e n t  b a s e d  o n  the  u s e  o f  var ious  oinments ,  solutions o r  

peroral  drugs.  I t  seems that  psychoneuroendocrine pathways 

which m a y  influence many  physiological funct ions a n d  even­

tually inf luence the  course  o f  herpet ic  disease,  we re  con­

siderably less activated b y  t h e  present  t reatment .  

References  

Discussion 

T h e  presen t  da ta  indicate tha t  C f ,  which  is a rather weak  

inhibitor o f  H S V  replicat ion (Yamasaki andTagaya ,  1980; 

Shiraki a n d  R a p p ,  1988) enhanced  the  inhibitory e f fec t  o f  

I F N  w h e n  a d d e d  simultaneously wi th  i t  t o  virus-infected 

cultures. F r o m  t h e  results  obtained, it  is n o t  possible t o  de­

c ide  whether  this  combined  e f fec t  w a s  d u e  t o  t he  s u m m a ­

t ion o f  t w o  independent  effects  o r  t o  modula t ion  o f  t he  I F N  

ef fec t  b y  C f  o r  vice versa. Because  o f  t h e  complexi ty o f  t he  

biological e f fec ts  o f  both  C f  (Timson,  1977; Sivak et al., 

1980)  a n d  I F N  ( S e n  1984;  B o r e c k ý ,  1989; Taylor and 
Grossberg, 1990) it i s  d i f f icul t  to propose a reasonable e x ­

planat ion o f  t h e  co-operative actions. W h i l e  H S V  h a s  of ten  

been  f o u n d  a s  modera te ly  sensitive t o  I F N  (Stewart,  1975), 

i t  should b e  recal led tha t  d i f ferent  mechan i sms  o f  t he  in­

hibi tory e f f ec t  o f  I F N  o n  this  v i rus  replication have been  

considered (Mi t tnach te /  al., 1988; Chat ter jee  et al., 1985). 

T h e  mechanisms operative  in vivo are probably even more  

complex,  because  o f  t h e  possible involvement  o f  systemic 

ant i -HSV i m m u n e  react ions curtai l ing the  infection, local 

immunomodula to ry  ef fec ts  o f  I F N  a n d  drug-metabolizing 

enzymes.  Irrespective o f  t he  na ture  o f  t h e  various ef fec ts  it  

appears that  t he  d rugs  u s e d  favourably inf luenced the  course 
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