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Abstract 
Tilorone hydroehloride, an interferon inducer in small 

laboratory animals, was demonstrated to elicit formation of 
maerophage migration affecting and microbial growth 
inhibitory cytokines after perorul drug administration to 
mice. Serum kinetics of  the migration inhibitory cytokine 
resembled those of interferon, exhibiting a peak after about 
24 h, whereas the bactericidal eytokine showed a steady 
increase up to 48 h after drug treatment. Both the factors 
were found to have molecular weights of 10,000-30,000 
daltons as determined by Sephadex G-200 chromatography, 
to be stable at pH 2 and at 56~ for 30 rain, sensitive to 
chymntrypsin and resistant to RNase digestion. The mig- 
ration enhancing serum activity could not finally be 
characterized so far. The physlcoehemlcal data are discussed 
in comparison to those of lymphocyte-derived cytokines. It is 
suggested that eytokine production may be, at least partially, 
responsible for the immunological effects of  tilorone and 
possibly contribute to its antiviral action. 

A number of reports have described contem- 
porary formation of interferon and soluble 
mediators involved in cell-mediated immunity, 
e.g., following nonspecific stimulation of 
lymphocytes by plant lectins [111, specific anti- 
genic stimulation of sensitized lymphocytes [1] 
and, more recently, viral infection of non- 
lymphoid cells [13]. These finding, among others, 
have given rise to the suggestion that interferon 
may be reckoned among the immunological 
effector and regulatory molecules designated as 
lymphokines or, more recently, as cytokines [5]. 

Since synthetic interferonogens of different 
molecular weight have gained increasing interest 
in the last decade [8], it seemed useful and, from a 
theoretical point of view, also pertinent to 

~) In part presented at the lOth International Congress of 
Chemotherapy in Zfirich, September 18-23, 1977. 

investigate their potency to induce, beside inter- 
feron, cytokine formation. The data presented in 
this paper demonstrate that tilorone hydro- 
chloride, a well-known low molecular weight 
interferon inducer in small laboratory animals 
[23], is capable of eliciting formation in the 
mouse of lymphokine-like factors affecting mig- 
ration and bactericidal capacity of macrophages. 

Materials and methods 
(a) Animals 

Male ABD2FI mice, weighing 20-22 g and 4-5 
weeks of age, from the SPF breeding stock of the Central 
Institute for Microbiology and Experimental Therapy, Jena, 
were used throughout all experiments. The animals were 
housed in plastic cages and allowed free access to standard 
food pellets and tap water. 

(b) Chemicals 
Tilorone hydrochloride [2.7-bis-2-(diethylamino)- 

ethoxy-fluoren-9-one dihydrochloride] was synthesized and 
kindly provided by Dr W. Schulze (Dept. of Organic 
Chemistry, Central Institute for Microbiology and Ex- 
perimental Therapy, Jena). It was dissolved in sterile 
physiological saline, and 0.2 ml/mouse containing appropri- 
ate drug doses were administered perorally. 

(r Experimental procedure 
For studying the kinetics of serum cytokines, groups 

of mice were divided into 5 each, injected with tilorone 
hydrochloride (for doses see Figs. 1-3) and killed by 
bleeding from the distal aorta at appropriate times. In- 
dividual sera of each group were pooled and stored at 
- 2 0 ~  until use. Since all the cytokines tested proved heat- 
stable, the sera were inactivated in later experiments at 
+56~ for 30 min and filtered through G5 glass filters (VEB 
Schott & Gen., Jena) before storage. Control sera were 
treated in the same way. 

(d) Preparation of lymphocyte culture supernatants 
Lymphocyte culture supernatants were prepared 

according to FRmDRICH et al. [15]. In short, mouse spleen 
cell suspensions were obtained as described previously [31] 
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Figure 1 
Kinetics of serum interferon, macrophage migration affect- 
ing and microbial growth inhibitory activities following 
peroral administration of 250 mg/kg of tilorone (represen- 
tative example out of four experiments). Abscissa: Time in h. 
o - - - e  interferon activity; �9 �9 macrophage migration 
affecting activities; �9 . . . . .  �9 microbial growth inhibitory 
activity. 
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Figure 2 
Macrophage migration affecting serum activities at different 
times after peroral administration of 62.5 (empty columns), 
125 (hatched columns), and 250 mg/kg (black columns) of 
tilorone (representative example out of three experiments). 

and cultivated in Eagle's minimal essential medium (MEM) 
(Institute for Immune Preparates and Media, Berlin- 
Weissensee) with 28 mM HEPES buffer, containing 20/zg 
insoluble Con A/ml (Pharmacia, Uppsala). Demeter flasks, 
containing 107 spleen cells/ml in 7.5 ml of medium were 
used. Cultures were maintained at 37~ for 24 h, centri- 
fuged at 3000 x g for 35 rain, and the cell-free supernatants 
were kept at --20~ until use. Control cultures were 
prepared in the same way without Con A. 

100  

�9 s 8 0  

.g 
- 60 

~ GO 
.s 

2 0  

Figure 3 
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Microbial growth inhibitory serum activities after peroral 
administration of tilorone (representative example out of 
three experiments). Symbols as in legend to Figure 2. 

(e) Interferon assay 
Interferon titres were determined by the plaque- 

reduction method using a continuous mouse L cell line, clone 
L-MK [22], and Mengo virus as the challenge virus. 
Monolayers grown in Eagle's MEM with 10% calf serum in 
Demeter flasks were preincubated for about 13 h at 37~ 
using 3 ml of geometrical serial dilutions of the test sera in 
Eagle's MEM, rinsed two times with phosphate-buffered 
saline (PBS) and challenged with 50-100 PFU of Mengo 
virus. Interferon titres were expressed as the reciprocal of the 
dilution of test samples which reduced viral plaques to 50% 
of appropriate controls, preincubated with normal sera. 

(f) Maerophage migration assay 
Migration affecting activities were determined by 

means of the capillary tube technique [7]. Since previous 
experiments had proved the species-nonspecificity of the 
migration affecting activity, guinea pig macrophages served 
as indicator cells. Guinea pigs weighing 300-400 g were 
injected intraperitoneally with 20 ml of sterile liquid paraffin. 
5 days later, peritoneal exudate cells, which usually 
contained >90% of macrophages, were harvested by 
peritoneal lavage with Eagle's MEM containing 5 units/ml of 
heparin, washed 3-4 times, suspended in Eagle's MEM 
supplemented with 15% inactivated guinea pig serum, and 
adjusted to 4-5 x 107 cells/ml. The capillaries (inner 
diameter 0.9 mm) were filled with the cell suspension, 
centrifuged and cut as usual, and placed into the migration 
chambers which were filled with the above medium 
containing the test samples. When not otherwise stated, 
1 : 10 dilutions of the latter were used. After incubation for 
24 h at 37~ migration areas were traced on white paper by 
means of projection and determined by planimetry. Mig- 
ration inhibition (MI) was calculated according to the 
following formula: 

migration area (experimental) 
MI (%) = 1 0 0 -  �9 100 

migration area (control) 

Calculations of the MI were based on at least quadruplicate 
parallel determinations of each sample. 

(g) Assay of macrophage bactericidal activity 
Bacterial effects were determined using syngeneic 

mouse peritoneal macrophages and an intracellularly grow- 
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ing streptomycin-resistant strain of Corynebacterium 
murium kutseheri ($8507) as challenge bacterium. The 
bacteria were grown on brain-heart-infusion broth (Difco, 
Baltimore) supplemented wi[h 10% inactivated horse serum 
and 100 units streptomycin/ml. For obtaining maerophages, 
mice were injected intraperitoneally with 2 ml of 3% 
thioglycoUate medium. 4-5 days later, peritoneal exudate 
cells were harvested by peritoneal lavage wffh Hanks' 
solution containing 5 units heparin/ml, washed two times in 
Parker medium supplemented with 5% rat serum, seeded 
into Petri dishes of 4 cm diameter (4-5 x 106 cells/dish) and 
provided with culture medium (Parker medium with 5% 
inactivated rat serum, 28 mM HEPES buffer, 0.1% human 
serum albumin and 100 units/ml of penicillin and strep- 
tomycin, adjusted to pH 7.2-7.4). Peritoneal macrophages, 
amounting to 80--95% of the exudate cells, were allowed to 
adhere for 3 h at 37~ rinsed two times with physiological 
saline and provided with fresh culture medium. After 
incubation at 37~ for 1-2 days, the monolayers were 
rinsed with physiological saline, 6-8 • 10 ~ bacteria were 
added, allowed to adsorb for 30 rain, and the cultures were 
then incubated for 4 h at 37~ in the above culture medium 
(without penicillin) containing the test samples. When not 
otherwise stated, 1:40 dilutions of the latter were used. 
Thereafter, macrophages were scraped off, counted and 
lysed in aqua dest. Numbers of bacteria/viable maerophage 
were determined by plating on bovine heart agar with 5% 
inactivated horse serum. Bactericidal activity (BA) was 
calculated according to the following formula: 

bacteria/macrophage (experimental) 
BA (%) = 100 - 100 

bacteria/macrophage (control) 

Calculations of the BA were based on at least duplicate 
parallel determinations of each sample. 

(h) Fractionatlon of sera of tilorone-treated mice 
Fractionation was performed by means of column 

chromatography on Sephadex G-200 (Pharmacia, Uppsala). 
The columns (1.5 • 90 era) were equilibrated with 0.01 M 
phosphate buffer at pH 7.4 supplemented with 1.0 mM CaC12 
and 0.5 mM MgCI z. 1 ml of the respective sera were applied 
to each column and eluted at a flow rate of 6-8 ml/h. 
Simultaneous absorbancy readings were performed at 280 
nm using a spectrophotometer Uvicord II (LKB, Uppsala). 
The eluates were pooled into appropriate fractions, and each 
of them was concentrated to 1/10 of the original volume and 
dialysed against PBS before testing. The following markers 
(Serva, Heidelberg) were used for column calibration: bovine 
serum albumin (Kav = 0.476), chymotrypsinogen A (Kay = 
0.573), and cytochrome C (Kav= 0.667). Unless otherwise 
stated, all fractionation steps were performed at 4~ 

(i) Procedures used for characterization of eytokines 
Protease sensitivity was tested using water-insoluble 

chymotrypsin [21] prepared according to CUATRECASAS 
and ANFINSEN [6] by coupling to Sepharose 4B (Phar- 
macia, Uppsala). Aliquots (0.8 ml)of concentrated cytokize- 
containing fractions adjusted to pH 8.6 were mixed up with 
2.7 mg of the insoluble enzyme (equivalent to 10 #g of 
soluble chymotrypsin) and incubated on a rotary shaker for 
20 h at room temperature. Subsequently, the enzyme was 

removed by centrifugation, the samples were dialysed 
against PBS (pH 7.2) and assayed for cytokine activities. 
Control aliquots were handled in the same way except for 
addition of chymotrypsin. Likewise, RNase digestion was 
performed for 1 h at 37~ and pH 7.2, using ribonuclease A 
(Serva, Heidelberg) at a final concentration of 50 /~g/ml. 
Stability of cytokines at pH 2 was proved by dialysing 
appropriate fractions for 24 h against 0.1 M citrate buffer. 
The samples were readjusted to pH 7.2 by dialysing against 
PBS. For characterization of the macrophage surface 
receptor for migration inhibitory activity, 0.1 M a'-L-fucose 
(Arcochemie, Berlin) was added to samples of crude sera, 
appropriate fractions or concanavalin A-stimulated 
lymphocyte culture supernatants before assay according to 
REMOLD [26]. 

Resul ts  
(a) Cytokine activities in normal sera 

Unt r ea t ed  m ouse  sera, unde r  the exper imen-  
tal  condi t ions  employed ,  lacked any  signif icant  
in ter feron activity,  exhibi t ing titres of  < 4 0  
uni t s /ml .  Likewise,  with one  except ion (MI = 
- -37 .0%),  migra t ion  of  m ac rophages  was  on ly  
insignif icant ly  affected as compared  to m e d i u m  
controls .  The  M I  b y  8 n o r m a l  sera r anged  f rom 
8.6 to - - 14 . 2% with an  average of  1.2 + 3 .99% 
(mean  and  s t anda rd  error  o f  mean) .  Somet imes ,  
sera s tored for more  t h a n  4 weeks d e m o n s t r a t e d  
str iking migra t ion  enhanc ing  act ivi ty which was  
unre la ted  to the  t ime of  storage. Such samples  
and  the co r r e spond ing  t i lorone- t reated spec imens  
were excluded f rom further  studies. M a c r o p h a g e  
B A  of  3 n o r m a l  m o u s e  se ra  was found  to  range  
f rom 18.0 to - 3 . 1 %  with an  average of  9.9 + 
9 .31%. N o  changes  were observed dur ing  s torage 
up  to 4 weeks unde r  the condi t ions  out l ined  
above.  

(b) Kinetics of  eytokines  in sera o f  tilorone- 
treated mice (Fig. 1) 

250 m g /kg  o f  t i lorone,  which  are c o m m o n l y  
regarded as the  op t imal  in te r fe ronogenic  dose [9], 
led to se rum in ter feron fo rm a t ion  detectable  8 h 
after adminis t ra t ion .  Peak  titres were observed 
after 1 6 - 2 4  h, followed by  a rapid  decline up  to 
48 h after adminis t ra t ion .  In  cont ras t ,  the 
m a c r o p h a g e  migra t ion  assay  revealed significant  
enhanc ing  se rum activities a l ready after 4 h ,  
which  were fol lowed b y  the  a p p e a r a n c e  o f  
migra t ion  inh ib i tory  activities with a peak be- 
tween 1 6 - 2 4  h and  were still detectable  48 h after 
t i lorone adminis t ra t ion .  Bactericidal  se rum ac- 
tivities, on  the o ther  hand ,  were first demons t r ab l e  
after 8 h and  showed a s teady  increase  up to 48 h 
after t i lorone adminis t ra t ion .  
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(c) Dose-response relationships of tilorone- 
induced cytokines (Figs. 2 and 3) 

In order to reveal a possible dose- 
dependence of the induction of cytokines, dose- 
response relationships were followed 4-16 h after 
drug administration. No unequivocal relationship 
could be observed in the case of both migration 
affecting and bactericidal activities. However, it 
seems that maximal migration inhibitory and 
bactericidal effects 8 and 16h after ad- 
ministration of tilorone are already obtained with 
doses of 125 mg/kg, and that higher doses fail to 
evoke a further increase. 

(d) Separation of eytokines from tilorone- 
stimulated sera (Fig. 4) 

Fractionation studies on Sephadex G-200 
were performed with sera obtained 16 h after 
administration of 125 mg/kg of tilorone. Such 
sera exhibited significant interferon, macrophage 
migration inhibitory and bactericidal activities 
(Figs. 2 and 3). All the factors were found non- 
dialysable after extensive dialysis of the sera 
against PBS for 24-48 h. Absorbancy measure- 
ments at 280 nm after gel chromatography 
revealed two major protein peaks attributable to 
the bulk of high molecular weight globulins and 
albumin. Accordingly, the eluates were pooled 
into seven fractions before being assayed for 
cytokine activities: fractions I and II containing 
material which eluted before albumin; fractions 
III and IV containing material eluting with 
albumin; fractions V-VII eluting after the al- 
bumin peak. Significant interferon activity was 
found merely in fractions I-III, pointing to a 
molecular weight of interferon of >65,000 dal- 
tons. In contrast, migration inhibitory activity 
eluted with fractions VI and VII which finding 
indicates a molecular weight of the size of 
chymotrypsinogen A and cytochrome C (30,000- 
10,000 daltons). Results obtained as to the 
occurrence of migration enhancing activity in 
16h-sera were inconsistent. Several samples 
exhibited enhancing activity in fractions III or 
III-V, whereas others failed to show any activity 
at all. Macrophage bactericidal activity, on the 
other hand, was constantly found in fractions VI= 
VII and, less vigorously, fraction I. Herefrom, the 
occurrence of two factors with molecular weights 
of 30,000-10,000 and > 100,000 daltons, respec- 
tively, may be concluded. 

(e) Characterization of cytokines from tUorone- 
treated mice (Tables 1 and 2) 

In order to further characterize the 
cytokines found in sera of tilorone-treated mice, 
some properties such as heat stability, sensitivity 
to pH 2, chymotrypsin and RNase and, in the 
case of the migration inhibitory cytokine, inter- 
ference with a-L-fucose were studied. As 
comprehensible, migration inhibitory and both 
the low and high molecular weight bactericidal 
cytokines were stable at 56~ for 30 rain, 
resistant at pH 2, sensitive to digestion with 
chymotrypsin and resistant to RNase. In- 
terestingly, heat treatment as well as exposure to 
pH 2 and RNase digestion seem to enhance the 
activity of the bactericidal cytokine(s). In con- 
trast to lymphocyte-derived mouse MIF, induced 
in vitro by Con A, the activity of crude sera or 
fraction VI containing the enriched migration 
inhibitory cytokine was not abolished by addition 
of 0.1 M Ct-L-fUcose. The experiments demon- 
strated even an increase of the inhibitory effects. 
Data not shown here confirmed the already 
known properties of tilorone-induced interferon 
[23] as stability at 56~ for 30 min and pH 2 and 
sensitivity to chymotrypsin digestion. 

Discussion 
Among synthetic compounds, poly I :C, a 

high molecular weight interferon inducer and 
weak mitogen, was shown to elicit contemporary 
formation of MIF, interferon and colony- 
stimulating factor (CSF) by L-cells in vitro [29]. 
The results presented above demonstrate that 
tilorone, a synthetic low molecular weight inter- 
feron inducer, is capable of inducing in vivo 
formation of soluble serum factors which 
influence certain macrophage functions. In accor- 
dance with previous data on tilorone [9], serum 
interferon exhibited a peak 16-24 h after drug 
administration followed by a rapid decline. The 
kinetics of migration inhibitory activity closely 
corresponded to those of interferon except for a 
preceding transient peak of migration enhancing 
activity after 4 h. Since migration enhancing 
activity, separable from the inhibitory activity by 
gel chromatography, was found to be still present 
in 16 h-sera (see below), it has to be suggested 
that the kinetic curve of migration affecting 
activities results from superposition of two 
independently inducible factors, a migration 
enhancing and a migration inhibitory factor. An 
analogous finding could be obtained analysing the 
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Table 1 

Data for characterization of the tilorone-induced migration inhibitory and bactericidal cytokines? 

Test material Treatment MI (%) BA (%) 

1,m.w. b h .m.w,  b 

T . - se rum c - 23.4 a 
T.-serum 56~ for 30 min 28.8 a 
Fraction VI - 21.5 d 
Fraction VI pH 2 27.8 a 
Fraction VI - 21.5 a 
Fraction VI chymotrypsin 9.3 
T.-serum - 21.5 d 
T.-serum RNase 20.0 a 
Con A-SN - 34.1 a 
Con A-SN 0.1 M a'-L-fucose e 17.7 
C.-serum f - 0 
C.-serum 0.1 M Ct-L-fUcose e -- 1.3 
T.-serum - 21.6 d 
T.-serum 0.1 M a-L-fucose ~ 32.0 a 
Fraction VI - 21.9a 
Fraction VI 0.1 M g-L-fucose e 49.8 a 

25.6 a 
53.1 a 

39.2 a 20.5 d 
60.0 a 47.3 a 

39.2 a 
19.2 

25.6 a 
39.6 d 

a All d a t a  are  m e a n  values  of  two  separa te  experiments .  
1.m.w. = low molecular weight, h.m.w. = high molecular weight. 

r Serum from tilorone-treated mice. 
a Significant at P < 0.01 by Student's t-test as compared with control sera (performed with the absolute experimental 
data). 
e Added during macrophage migration assay. 
f Control serum from normal mice. 

macrophage  migrat ion affecting propert ies  o f  
PPD- induced  human  lymphocyte  culture super- 
natants  [30]. Macrophage  BA, on the other hand, 
behaved differently and showed a cont inuous 
increase up to 48 h after drug adminis t ra t ion 
when the experiments were terminated.  

Studies performed to character ize  ti lorone- 
induced serum interferon confirmed previous da ta  
as stabili ty at  56~  for 30 min, resistance at p H  
2, and sensitivity to chymot ryps in  [23]. The 
molecular  weight as determined by  Sephadex G-  
200 ch roma tog raphy  was found to be >65 ,000  
daltons. Accord ing  to the results presented in 
Table 1 and Figure 4, the t i lorone-induced 
migrat ion inhibitory cytokine represents  a low 
molecular  weight protein of  about  10 ,000-30,000 
daltons which, like interferon, is stable at p H  2. In 
contrast ,  mitogen-induced mouse M I F  has been 
found to possess  a molecular  weight between 
48 ,000-67 ,000  dal tons [21]. Differences were 
also noticed as to the binding of  the cytokine to 
guinea pig macrophages .  Accord ing  to REMOLD 
[26], Con A- induced guinea pig M I F  can be 
prevented f rom binding to guinea pig macro-  

phages by  Cf-L-fucose. Compet i t ion with an a'-L- 
fucose-containing receptor  on the surface mem- 
brane was suggested to be responsible for the 
effect observed.  This finding was found to apply  
in the present  series of  studies also for Con A-  
induced mouse MIF .  However ,  a-L-fUcose not  
only failed to interfere with the act ion of  t i lorone- 
induced migrat ion inhibi tory tac tor  on guinea pig 
macrophages  but  even led to intensification of  the 
inhibitory effect. The reason for the latter 
phenomenon is yet  obscure.  The propert ies  of  the 
t i lorone-induced low molecular  weight bac-  
tericidal factor  were identical with those of  the 
migrat ion inhibi tory factor  of  the same source,  
but  differed in certain parameters  from the 
lymphocyte-der ived mouse bacter ic idal  lympho-  
kine inducible with mycobacter ia .  The latter 
was found to exhibit a molecular  weight of  
20 ,000-35 ,000  dal tons  and to be unstable  at  p H  
2 when e labora ted  in vitro [2, 3]. A n  analogous 
mouse factor  p roduced  in vivo showed a 
molecular  weight o f  about  65,000 dal tons [28]. 
F o r  compar ison,  all the propert ies  of  the above 
factors  were summar ized  in Table 2. Elution o f  
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Figure 4 
Gel filtration on Sephadex G-200 of a serum sample 
obtained 16 h after peroral administration of 125 mg/kg of 
tilorone and inactivated at 56~ for 30 min (representative 
example out of four experiments). A: Elution profile (for 
details see 'Materials and Methods'). B: Serum interferon 
(empty columns), macrophage migration affecting (hatched 
columns) and microbial growth inhibitory activities (black 
columns) of fractions pooled as indicated at the bottom and 
concentrated to ~0 of the original volume. Final test dilutions 
in the macrophage migration and bactericidal assays 1 : 10. 

the serum migration enhancing activity induced 
by tilorone was found to be inconsistent. The 
preliminary results outlined above point to a 
possible molecular weight of 30,000-70,000 
daltons, which is lower than that suggested for 
the migration enhancing lymphokine elaborated 
in sensitized human lymphocyte cultures by PPD 
[30]. 

In general, the molecular weights of 
cytokines have been found to most critically 
depend on factors such as inductive mechanism, 
cellular source and animal species [12, 27]. The 
reason why the molecular weights of the titorone- 
induced cytokines are relatively low is unknown. 
However, since tilorone has been shown to 
stimulate macrophage functions such as 
phagocytic activity [25], it may be suggested that 
the above cytokines are produced by macro- 
phages which are known, on principle, to be 
capable of producing such substances. The 
apparently unimpaired capacity of nude mice to 
form interferon [17] and migration inhibitory 
cytokine (unpublished results) following tilorone 
treatment is in favour of that assumption. 

No attemPts were made to further enlighten 
the appearance of macrophage migration enhanc- 
ing activity in normal mouse sera. Naturally 
occurring substances, which inhibit or enhance 
macrophage functions, were found in foetal calf 
serum [14]. Their physicochemical properties 
could not be clearly defined. However, the 
appearance of the activities only after a certain 
time of storage of the sera in the tilorone-mouse 

Table 2 

Comparison of properties of lymphocyte-derived and tilorone-induced mouse cytokines. 

Migration inhibitory cytokines Bactericidal cytokines 

Con A Tilorone Antigen a Tilorone 

Molecular weight 48-67,000 b 10-30,000 20-35,000 c 10-30,000 
Heat stability d stable b stable stable e stable 
pH 2 unstable b stable unstable e stable 
Chymotrypsin sensitive b sensitive sensitive ~ sensitive 
RNase resistant b resistant resistant ~ resistant 
C~-L-fucose competition no competition 

a Mycobacterium tuberculosis. 
b According to [21]. 
c According to [3]. 
d 56oc for 30 rain. 
e According to [2]. 
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system rather points to the possibility that 
proteolytic cleavage products possessing macro- 
phage affecting properties are formed. 

Tilorone has been found to exert antiviral 
effects [20] as well as to influence a number of 
humoral and cell-mediated immune responses 
[10, 24, 31]. Although the former effect is 
generally assumed to be linked to its interferon- 
ogenic properties, examples of only poor or 
lacking correlation between serum interferon level 
and antiviral activity have been reported [18]. 
The mode of the immunological action of 
tilorone, on the other hand, is only poorly 
understood. Macrophage activation [25] as well as 
cytostatic effects due to inhibition of RNA 
synthesis [4] and formed interferon which is 
known to exert immunosuppressive and cytostatic 
effects [16], have been accounted for stimulation 
of humoral and depression of cell-mediated 
immunity, respectively. Induction of cytokine 
synthesis as demonstrated in the present paper 
may represent another possible mechanism which 
is responsible for or at least contributes to the 
immunological effects of  tilorone. In this context, 
it is of interest to note that tilorone was observed 
to decrease the resistance of mice to another 
intracellularly growing bacterium, Listeria mono- 
cytogenes [19]. The paradox between these 
findings and the tilorone-induced appearance of a 
bactericidal serum cytokine remains to be solved. 
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