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Abstract 

A relation between antiinflammatory action of tilorone and its interferon inducing activity was studied 
in rats. Tilorone (20-100 mg/kg, p.o.) was dose-dependently effective on both carrageenin oedema and 
passive Arthus, suggesting that the pharmacological property of the compound is different from non- 
steroidal antiinflammatory medicaments which were weak inhibitors of passive Arthus. The antiinflam- 
matory action of tilorone had a time-lag and priming with tilorone 24 hrs prior to inflammatory insult 
was required to demonstrate maximal efficacy. This time course change was similar to that of serum 
interferon level. In addition, a high correlation was observed between the antiinflammatory activity and 
the serum interferon level. However, the antiinflammatory action was scarcely affected even if the serum 
interferon level was remarkably lowered by treatment of an inhibitor of protein biosynthesis, cyclohex- 
imide. These findings suggested that the antiinflammatory action of tilorone could be dissociated from 
its interferon inducing activity. 

Introduction 

T!lorone, 2,7-bis (diethylaminoethoxy) fluoren-9- 
one hydrochloride is a broad spectrum antiviral 
agent with activity associated with interferon in- 
duction [1, 2]. It has also been reported to be effec- 
tive on both allergic [3-5] and non-allergic [3] in- 
flammations. Of interest is that the interferon in- 
ducer produces such antiinflammatory activities. 
However, its mode of antiinflammatory action is 
unclear now and any relations with interferon in- 
duction are not reported. This study has been car- 
ried out to reveal a relation between antiinflamma- 
tory action of tilorone and its interferon inducing 
activity in the rat. 
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Materials and methods 

Animals 

Wistar rats and Japanese white rabbits were pur- 
chased from Nihon SLC (Shizuoka, Japan) and 
subjected to investigation after housing for at least 
7 days. 

Reagents 

Tilorone (synthesized in this laboratory), ibupro- 
fen (Kaken), fenbufen (Sigma), sulindac (Sigma), 
indomethacin (Sigma) and prednisolone (Sigma) 
were used. These compounds were dissolved in dis- 
tilled water (tilorone) or suspended in 0.5% car- 
boxymethylcellulose sodium solution (compounds 
except for tilorone) and orally administered 
(10 ml/kg). 
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Antiserum preparation 

Rabbi t  ant i -ovalbumin serum was prepared in 
male rabbits weighing about  3 kg as previously 
reported [6]. The ant ibody titer of this antiserum 
was 1 : 16 000 as estimated by PCA in the guinea 
pig (4-hr latent period). 

Paw oedema 

Male rats weighing 120-180 g were used. Car- 
rageenin oedema was induced by subplanter injec- 
t ion of 0 .2ml  of 1% A-carrageenin (Picnin-A, 
Zushi Chemicals) in saline. In  passive Arthus, two 
hours after intravenous injection of 0.2 ml rabbit  
ant i -ovalbumin serum, one-tenth ml ovalbumin 
(0.25 mg/ml) in saline was injected into a sub- 
planter of a rat to induce oedema [7]. Oedema 
volume (ml) was measured 2 hrs (Arthus) or 3 hrs 
(carrageenin) after init iation of inf lammation us- 
ing plethysmometer (Ugo basile). 

Serum interferon titer 

Tilorone was administered orally to each rat 
weighing 120-160 g and serum was taken at an 
appropriate time. In rats with paw oedema, serum 
was taken just  after measurement  of paw oedema 
volume. Serum interferon titer was determined 
with cytopathic effect (CPE). Thus, vesicular 
stomatitis virus (VSV, Indiana  strain) was inocu- 
lated to the secondary cultured rat embryonic 
monolayer  cells pretreated with a serum to be 
tested, and 24 hrs later CPE was judged under mi- 
croscopic examination. Maximal serum dilution at 
which CPE was inhibited more than 50% was 
taken as the interferon titer [8]. 

Results 

Effects on carrageenin- and Arthus-induced 
paw oedemas 

Table 1 shows a time-course change of ant• 
matory effects of tilorone given orally 1, 6, 24, 72, 
and 120hrs before initiation of inflammations.  
Tilorone at 100 mg/kg produced overt inhibitory 
effects on both carrageenin and Arthus paw in- 
flammations. The maximal effects had a time-lag 
and priming with tolorone 24 hrs prior to the in- 
f lammatory insult produced a dose-dependent in- 

Table 1 
Time course of ant• effects of tilorone. 

Time interval 
(hrs) 

Inhibition (%) of tilorone 100 mg/kg (p_o.) 

Carrageenin Arthus 

1 11.2• -8.0• 5.7 
6 8.0• 30.4• 

24 43.8• 60.0• 3.7 
72 31.2• 24.6• 4.7 

1~ --2.3• 12.5• 3.7 

The mean swelling volume of control was 0.70 ml to 0.77 ml for 
carrageenin response and 0.43 ml to 0.56 ml for passive Arthus 
response. Each figure indicates the mean_+ SE of five animals. 

TaMe 2 
Effects of titorone and ant• agents on carrageenin 
and passive Arthus responses, 

Compound Dose Inhibition (%) 
(p.o.) (mg/kg) 

Carrageenin Arthus 

20 --1.7+3.2 16.5• 8.2 
Tilorone 50 36.9+6.2 47.4• 4.7 

100 57.8___ 3.6 54.7• 3.1 
lbuprofen 50 74.2_+ 1.2 13.5 • 6.9 
Fenbufen 50 68.5_+4.4 2.4• 7.6 
Sulindac 50 72.6 • 2.8 20.5 • 15.6 
Indomethacin 10 67.4_+3.2 21.6• 9.0 
Prednisolone 10 50.6_+4.6 58.4• 5.1 

Tilorone or other compounds were given orally 24 hrs or 1 hr 
before initiation of inflammations, respectively. The mean 
swelling volume of control was 0.66 ml to 0.81 ml for carrageenin 
response and 0.37 ml to 0.57 ml for passive Arthus response. 
Each figure indicates the mean • SE of five animals. 

hibition. The ID3o was about  55 mg/kg for the 
carrageenin oedema and about  35 mg/kg for the 
Arthus. On the other hand, of ant• 
medicaments given orally I hrs prior to the inflam- 
matory insults, prednisolone at 10 mg/kg showed 
inhibitory effects more than 50% against both car- 
rageenin and Arthus responses. Whereas non-  
steroidal ant• medicaments including 
ibuprofen and indomethacin at a dose of 10 mg/kg 
to 50 mg/kg showed the potent inhibit ion of about  
70% against carrageenin oedema but  were less ef- 
fective against passive Arthus (Table 2). 

Relation between antiinJTammatory action 
and serum interferon level 

A time course change of serum interferon level was 
studied in rats given orally with tilorone 100 mg/ 
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Table 3 
Effect o f  cycloheximide on  the an t i in f l ammatory  activities o f  t i lorone and  its interferon inducing activity 
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Compound Cyclo- Carrageenin Arthus 
(p.o.) heximide 

(s.c.) Swelling Inhibition IF a Swelling Inhibition IF a 
(ml) (%) level (ml) (%) level 

Cont ro l  - 0 . 8 4 + 0 . 0 2  - < 1 0  0 . 5 9 + 0 . 0 4  - < 1 0  
+ 0.60_+0.03 - < 1 0  0.46-t-0.02 - < 1 0  

Tilorone - 0.37_+0.06** 56_+7.0 410_+96 0.32-+0.03* 46___4.2 470-+82 
(100 mg/kg)  + 0.24_+0.05** 60-+8.6 < 1 0  0.26-+0.05* 43-+1.2 < 1 0  

Each  figure indicates the mean_+ SE of  four  to seven animaIs.  * p < 0.05, ** p < 0.01: significant relative to  cor responding  control  using 
Student ' s  t - tes t  IF":  interferon.  
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between an t i in f l ammatory  activity and  serum interfer- 

kg. The interferon level was assayed 2, 6, 8, 12, 24, 
48 and 72 hrs after administration of the com- 
pound. It had a similar time course change with 
antiinflammatory action and a maximal level was 
observed 24 hrs after administration. In addition, 
the serum interferon level was correlated with the 
dose as it was less than 10 at 10 mg/kg (n= 10), 
16 _+ 5 at 50 mg/kg (n = 5) and 980 + 140 at 100 rag/ 
kg (n = 12). Fig. 1 indicates a relation between an- 
tiinflammatory activity of tilorone and serum in- 
terferon level. Both parameters were individually 
determined 24 hrs after administration of tilorone 
(20 mg/kg to 100 mg/kg). The antiinflammatory 
activity was apparently correlated with the serum 
interferon level, indicating the correlation indices 
of 0.702 (2<0.001) for carrageenin oedema and 
0.559 @<0.001) for passive Arthus, respectively. 
However, the antiinflammatory action of tilorone 

(100 mg/kg) was almost unaffected even if the se- 
rum interferon level was remarkably lowered by 
subcutaneous injections (twice of just and 2 hrs 
after administration of tilorone) of an inhibitor of 
protein biosynthesis, cyeloheximide 1 mg/kg 
(Table 3). 

Discussion 

A relation between antiinftammatory action of a 
potent interferon inducer, tilorone and its inter- 
feron inducing activity has been studied in rats to 
reveal that the antiinflammatory action is closely 
correlated with the serum interferon level but se- 
rum interferon itself is not an antiinflammatory 
factor. 
Non-steroidal antiinflammatory medicaments in- 
cluding ibuprofen and indomethacin of which a 
principal activity is blocking of prostaglandin 
biosynthesis are known to be potent inhibitors of 
a non-allergic inflammation, carrageenin oedema, 
but weak inhibitors of allergic inflammations such 
as Arthus and delayed type hypersensitivity [9-  
14]. This was confirmed in a rat paw model of this 
paper as the non-steroids were much less effective 
on passive Arthus than on carrageenin oedema. 
Whereas tilorone was effective on the both inflam- 
mations with a specific time-lag as implied with a 
report of Megel et al. [3]. These results indicate 
that tilorone is an antiinflammatory agent which 
possess a different pharmacological property from 
the non-steroidal antiinflammatory medicaments 
and of interest is the mode of action. Megel et al. 
[3] have reported that an effect on complement 
activation system may contribute to the antiin- 
flammatory action of tilorone but it is not clear in 
detail. They also have reported that the effect 
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agains t  ca r rageen in  o e d e m a  was no t  inf luenced by 
adrena lec tomy,  wi th  regard  to the role  o f  the pi tu-  
i t a ry -adrena l  axis. We c o n f i r m e d  this ev idence  in 
ca r rageen in  and Ar thus  p a w  o e d e m a  mode ls  o f  
rats. M o r e o v e r ,  in this pape r  we have  s tudied 
a b o u t  a re la t ion  be tween  the a n t i i n f l a m m a t o r y  ac- 
t ion  and  the in te r fe ron  induc ing  act ivi ty  and  re- 
vealed  tha t  the a n t i i n f l a m m a t o r y  ac t ion  o f  t i lo rone  
shares a s imilar  t ime course  change  and  a s imilar  
dose- response  re la t ionsh ip  wi th  in te r fe ron  level. 
F u r t h e r  exper iments  d e m o n s t r a t e d  tha t  the se rum 
in te r fe ron  was apparen t ly  cor re la ted  in the indi-  
v idua l  ra t  g iven t i lo rone  wi th  the inh ib i to ry  per-  
cen tage  on  ca r rageen in  or  A r t h u s  p a w  oedema ,  
showing  a seeming re la t ionship  be tween  se rum in- 
te r fe ron  level and  a n t i i n f l a m m a t o r y  activi ty.  H o w -  
ever,  the serum in te r fe ron  i tself  is no t  cons idered  to 
be an  a n t i i n f l a m m a t o r y  fac to r  because  the ant i in-  
f l a m m a t o r y  ac t ion  was unaf fec ted  even  when  se- 
rum in te r fe ron  level was lowered  by t r ea tmen t  o f  
an  inh ib i to r  o f  p ro te in  biosynthesis ,  cyclohexi-  
mide.  These  f indings suggest  tha t  the an t i inf lam-  
m a t o r y  ac t ion  o f  t i lo rone  cou ld  be  dissocia ted  
f r o m  its in te r fe ron  inducing  activi ty.  
A l t h o u g h  the over t  m e c h a n i s m  of  an t i i n f l amma-  
tory  ac t ion  is unc lea r  now,  the results m e n t i o n e d  
above  w o u l d  have  a s ignif icance for  the cons ider -  
a t ion  o f  a n t i i n f l a m m a t o r y  m e c h a n i s m  o f  t i lorone.  
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