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Abstract--RMl 9563DA inhibited the classical complement pathway in ral serum in vitro with an I50 of 51 
t~g/ml in diluted serum and 750/ag/ml in undiluted serum. Tilorone was much less active than RMI 9563DA 
in diluted serum and was inactive in undiluted serum. No complement inhibition could be detected in vivo 
following a near lethal dose of RMI 9563DA (25 mg/kg i.v.). Thus, complement inhibition is not the 
mechanism by which these compounds exert their anti-inflammatory activity. Both compounds increase 
serum hemolytic complement activity 24 h after administration to rats. With RMI 9563DA, this effect is 
entirely due to the local irritancy produced by s.c. administration of the compound. Tilorone, however, has a 
specific effect on complement synthesis which may be related to its ability to induce interferon. 

RMI 9563DA, bis(3-diethylaminopropyl) fluor- 
anthene-3,9-dicarboxylate dihydrochloride, and 
tilorone, 2,7-bisl2-(diethylamine)] fluoren-9-one 
dihydrochloride, (Fig. 1) are two compounds from 
an extensive series of  bis-basic substituted polycyclic 
aromatic compounds synthesized in the course of a 
search for an orally active interferon inducer 
(Krueger & Mayer, 1970; Mayer & Krueger, 1970; 
Levin, 1979). Many of these compounds share a wide 
range of biological properties including: photoinacti- 
vation of  viruses, inhibition of reverse transcriptase, 
broad spectrum anti-viral activity, interferon induc- 
tion, inhibition of delayed hypersensitivity responses, 
enhancement of humoral immune responses and 
anti-inflammatory activity (Levin, 1979). However, 
tilorone and RMI 9563DA also have interesting 
effects on the complement system. 

RM1 9563DA was shown to inhibit the classical 
complement pathway in guinea pig serum in vitro by 
inhibition of  CI esterase (Megel, Raychaudhuri, 
Bayer & Beaver, 1978). However, in vivo, this com- 
pound increased the hemolytic activity of serum com- 
plement (Megel et al., 1978). It was suggested that, in 

view of the in vitro activity of RMI 9563DA, the pro- 
bable mechanism by which RMI 9563DA increased 
complement levels in vivo was by inhibition of com- 
plement catabolism without affecting synthesis 
(Megel et al., 1978). However, tilorone, although it 
has no effect on complement in vitro, also increased 
serum complement in vivo (Megel, Raychaudhuri, 
Shemano, Beaver & Thomas, 1975). 

The present report describes further studies on the 
interaction of RMI 9563DA and tilorone with the 
complement system in vitro and in vivo. The applica- 
tion of a technique for measuring complement acti- 
vity in undiluted serum (Doherty, 1981) has shed new 
light onto the mechanisms of action of these two 
compounds. 

EXPERIMENTAL PROCEDURES 

Materials  

Male Sprague Dawley rats were obtained from 
Charles River Laboratories (Wilmington, Mass.), 
weighed 200-350 g at the time of  use and were fed 
standard laboratory diet and tap water ad libitum. 

RMI 9563DA 
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Fig. 1. The chemical structure of tilorone and RMI 
9563DA. 
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Tilorone and RMI 9563DA were synthesized in our 
own laboratories by published methods (Albrecht 
et al., 1978 Andrews et al., 1979). Other drugs were 
obtained from the following sources: Indomethacin 
and hydrocortisone, Merck, Sharpe and Dome, 
Rahway, N J, U.S.A.; mepacrine (dihydrochloride); 
and chloroquine (diphosphate) Sigma Chemical Co., 
St. Louis, MO, U.S.A.; Poly IC, Biopolymers Inc. 
Dover, N J, U.S.A.; croton oil N.F., Magnus, Mabee 
& Reynard Inc., New York, NY, U.S.A. 

Complement assay 

This has been described in detail previously 
(Doherty, 1981). Briefly, it involves measuring the 
time required for an aliquot of serum to lyse 50°70 of 
a suspension of sensitized sheep red blood cells (t ½). 
For studies using diluted serum, 5-100 tal of serum 
was diluted in 1.5 ml buffer. For studies using un- 
diluted serum, 1.5 ml serum was buffered with 0.075 
ml of 40 mm Tris HCI pH 7.4. 

Ceruloplasmin assay 

The method used was modified from that of 
Sunderman and Nomoto (1970). Twenty-five micro- 
liters of serum was added to 2 ml of 0.1 M sodium 
acetate buffer pH 5.2 and allowed to equilibrate to 
37°C. The reaction was started by addition of I ml of 
0.5o7o w/v p-phenylene diamine (Sigma Chemical 
Co.) in acetate buffer pH 5.2. The p-phenylene 
diamine solution was decolorized with activated 
charcoal immediately before use. After 30 minutes 
incubation at 37°C, the reaction was stopped by 
addition of 0.05 ml of 1.5 M sodium azide and the 
absorbance measured at 530 nm. 

Plasma inflammation units (P. I. U.) 

This assay measures the increase in turbidity pro- 
duced by heating diluted plasma to 56°C for 30 min 
(Glenn & Kooyers, 1966). This turbidity bears an un- 
certain relationship to the fibrinogen content of the 
plasma and the assay resembles that developed by 
Stirland (1956) for the determination of fibrinogen. 

Twenty microliters of heparinized plasma was di- 
luted in 4 ml 0.9070 NaC1 and the turbidity measured 
usin~ a fluorometer with both activation and 
emission wavelengths set to 545 nm. The samples 
were then incubated for 30 min in a water bath at 
56°C and turbidity measured again. The increase in 
turbidity was calculated from the difference between 
the two readings. 

Experimental protocols 

Compounds were dosed twice 24 h apart and the 
rats bled 24 h later. Blood was collected from the 
inferior vena cava of ether anesthetized rats into a 
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plastic syringe and transferred to an empty centrifuge 
tube for the collection of serum, or a tube containing 
heparin (50 U/ml blood) for collection of plasma. All 
assays were performed on the day the samples were 
collected. 

Compounds were administered, dissolved or sus- 
pended, in water at 5 ml/kg. Croton oil was also ad- 
ministered at 5 ml/kg. 

RESULTS 

In vitro effect o f  RMI 9563DA and tilorone on the 
classical pathway o f  complement activation 

In dilute serum (40/al serum plus 1.5 buffer), RMI 
9563DA showed a concentration-related inhibitory 
effect on complement activity with 50% inhibition 
being achieved at 51/ag/ml (150). In undiluted serum 
(1.5 ml serum plus 0.075 ml buffer), inhibition was 
also seen but the compound was much less potent, 
with an I50 of 750 tag/ml (Fig. 2). Tilorone was a 
much weaker inhibitor, even in dilute serum, the 
highest concentration tested, 1000 /ag/ml produced 
only 47°7o inhibition. In undiluted serum, no inhibi- 
tion at all could be detected with tilorone. 
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Fig. 2. In vitro inhibition of the classical complement 
pathway by RMI 9563DA in diluted (C)) and undiluted (0) 

rat serum. 

Acute effects o f  intravenous RMI 9563DA on 
complement in vivo 

Preliminary studies were carried out to determine 
the maximum dose of RMI 9563DA which could be 
given i.v. Fifty milligrams per kilogram i.v. caused 
death within minutes of the injection but animals 
given 25 mg/kg i.v. survived until sacrificed 1 h later 
despite transient toxic effects (decreased spontaneous 
motor activity, respiratory depression). Serum was 
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Fig. 3. Groups of rats (6 in the control group, 3 in all 
other groups) were administered twice, 24 h apart: croton 
oil--5 ml/kg, s.c., RMI 9563DA--50 mg/kg, s.c. and tilo- 
rone--100 mg/kg, p.o. and 100 mg/kg s.c. Twenty-four 
hours after the second dose, serum was collected, pooled 
within groups and complement activity determined either 

undiluted or diluted. 

collected one hour after i.v. injection o f  either saline 
or  RMI 9563DA at 25 m g / k g  and complement  
assayed without dilution. No significant difference 
was detected (controls 100-~_8.2%; RMI 9563DA, 
81.0-~--10.2°70, means_+S.E.M., 6 rats per group). 

Increase in complement activity produced by 
RMI 9563DA and tilorone in vivo 

Groups of  rats were dosed with croton oil s.c., 
RMI 9563DA s.c., t i lorone p.o. and t i lorone s.c. and 
serum complement  activity assayed both with and 
without dilution. To enable all the assays to be 
carried out,  the sera within each group were pooled 
before assay. All treatments increased complement  
activity in both assays. (Fig. 3). Tilorone was the 
most effective agent when administered by either the 
oral or subcutaneous route. RMI 9563DA was not 
administered orally since it is not active by this route 
(Megel et al., 1978; Levin, 1979). 

At  autopsy, it was noted that croton oil and RMI 
9563DA produced extensive tissue damage at the site 
of  injection. Ti lorone produced edema at the site o f  
subcutaneous injection but minimal tissue damage. 
Lymph nodes of  the t i lorone and RMI 9563DA 
treated rats showed the characteristic color of  the 
compounds - -p ink  in the case of  t i lorone and yellow 
in the case o f  RMI 9563DA. 

Since the elevation in complement  activity could be 
seen when the sera were diluted, this assay was used 
for further studies. In fact, it is difficult to obtain 
accurate estimates of  very active sera using the " u n -  
di luted" method because the gradient o f  the line 
relating t-V2 to the amount  of  complement  present 
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Fig. 4. Groups of rats (6 in control group, 4 in all other 
groups) were administered twice, 24 h apart: tilorone--100 
mg/kg p.o., mepacrine--100 mg/kg p.o., chloroquine-- 
100 mg/kg p.o., hydrocortisone--30 mg/kg p.o. and indo- 
methacin--3 mg/kg p.o. Twenty-four hours after the last 
dose, serum was collected and complement activity deter- 
mined using diluted serum. Sera were assayed individually. 
* Significantly different from control (P< 0.05) by analysis 

of variance. 
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Fig. 5. Groups of rats (6 in control group, 4 in all other 
groups) were administered twice, 24 h apart: tilorone--100 
mg/kg p.o., mepacrine--500 mg/kg p.o., chloroquine-- 
500 mg/kg p.o. and Poly IC--5 mg/kg i.p. Controls re- 
ceived water orally. Twenty-four hours after the last dose, 
serum was collected and complement activity determined in 

diluted serum. Sera were assayed individually. 
* Significantly different from control (P<0.05) by analysis 

of variance. 

approaches zero (see Fig. 2 of  Doheny ,  1981). As 
shown in Figs. 4, 5 and 6, the effect o f  t i lorone is 
quite reproducible. Indomethacin (3 mg /kg  p.o.),  
hydrocort isone (30 m g / k g  p.o.),  mepracine (I00 and 
500 m g / k g  p.o.) and chloroquine (I00 and 500 
m g / k g  p.o.)  had no significant effect on complement  
under these conditions (Figs. 4 and 5). Poly IC, how- 
ever, did elevate complement  levels significantly at 5 
m g / k g  i.p. (Fig. 5). 

It was noted at autopsy that lymph nodes from 
mepacrine-treated rats were markedly yellow. 
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Fig. 6. Groups of rats (6 in the control group, 4 in all 
other groups) were administered twice, 24 h apart: croton 
oil--5 ml/kg s.c., RMI 9563DA--50 mg/kg s.c., tilorone 
--100 mg/kg p.o. and 100 mg/kg s.c. Twenty-four hours 
after the last dose, serum and plasma samples were col- 
lected. The plasma was used for determination of P.I.U. 
and serum for assay of complement activity (diluted) and 
ceruloplasmin activity. Samples were assayed individually. 
* Significantly different from control (P< 0.05) by analysis 

of variance. 

Correlation o f  effects on complement with cerulo- 
plasmin and P.L U. 

As can be seen in Fig. 6, croton oil, RMI 9563DA, 
tilorone p.o. and tilorone s.c., all elevated comple- 
ment levels, tilorone being the most effective. In the 
same serum samples, croton oil and RMI 9563DA 
produced marked increases in ceruloplasmin while 
tilorone had no effect. Similarly, in heparinized 
plasma collected from the same animals, RMI 
9563DA and croton oil produced a massive increase 
in PIU while tilorone had no effect. 

DISCUSSION 

The data presented here confirm the previously 
reported inhibitory effect of RMI 9563DA on com- 
plement in vitro (Megel et aL, 1978). However, it has 
now been shown that this activity is much reduced in 
undiluted serum, presumably due to protein binding. 
This phenomenon has been noted with other comple- 
ment inhibitors (Doherty, 1981; Pangburn, Kahler & 
Mtiller-Eberhard, 1980). The in vivo data demon- 
strate that serum levels of RMI 9563DA never 
achieve the levels required for inhibition of comple- 
ment, even at very high doses. Thus, the anti-inflam- 
matory properties of RMI 9563DA cannot be attri- 
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buted to inhibition of complement. Tilorone was 
even tess effective than RMI 9563DA in vitro as an 
inhibitor of complement. These results demonstrate 
the value of being able to assay serum complement 
activity without dilution (Doherty, 1981; Brockman 
& Bauman, 1979). 

However, the previously reported increase in 
serum complement activity observed after adminis- 
tration of these compounds to rats was also con- 
firmed (Megel et al., 1975; Megel et al., 1978). As 
was found earlier, tilorone was considerably more 
effective than RMI 9563DA (Compare Fig. 2 of 
Megel et al., 1975 with Table 13 of Megel et al., 
1978). The increase in serum complement activity 
could be detected when the sera were assayed diluted 
or undiluted. In diluted serum, the effects of endo- 
genous complement inhibitors are largely diluted out 
(Doherty, 1981) so that increased activity under these 
conditions indicates that there are more of the com- 
plement proteins present. In undiluted serum, the 
endogenous complement inhibitors are present in 
normal physiological concentrations and markedly 
suppress the activity of the complement components 
present (Cooper, Policy & MtiUer-Eberhard, 1971). 
Thus, the increased complement activity seen when 
the sera were assayed without dilution indicates that 
there had not been an increase in the levels of endo- 
genous inhibitors sufficient to counteract the effects 
of increased amounts of complement components. 

Tissue injury is known to increase complement 
levels (Doherty and Robinson, 1976; Billingham & 
Gordon, 1976). Therefore, the irritant croton oil was 
studied and found to be equi-effective with RMI 
9563DA in increasing serum complement activity. 
Tilorone, however, was more effective at increasing 
complement levels than either of the two irritants, 
even when given orally. This route produces no 
detectable irritation in the gastrointestinal tract 
(personal communication, J. P. Gibson). Therefore, 
although the activity of RMI 9563DA may be attri- 
butable to its irritancy that is not true for tilorone. 

In a further attempt to study the relationship be- 
tween local tissue injury and complement levels in 
serum, a comparison was made between effects on 
complement and effects on two other plasma pro- 
teins. It has been widely shown that following tissue 
injury, considerable increases take place in the rates 
of synthesis and plasma concentrations of certain 
proteins, the overall pattern of changes being termed 
the "acute phase response" (Koj, 1974). The changes 
which occur are not specific for any particular type 
of injury but do appear to correlate with the severity 
of the injury (Glenn & Kooyers, 1966; Koj, 1974). 
Ceruloplasmin and fibrinogen are two such proteins 
which are easily measured, ceruloplasmin by virtue 
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o f  its enzymatic activity and fibrinogen due to its sen- 
sitivity to heat denaturation.  The plasma-inflamma- 
tion units established by Glenn & Kooyers (1971) are, 
in fact, largely a measure o f  fibrinogen concentra- 
tion. These two parameters demonstrated that the 
acute phase response to croton oil and RMI 9563DA 
was similar in magnitude and suggest that the eleva- 
tion of  complement levels in serum produced by RMI 
9563DA is part of  a non-specific acute phase res- 
ponse to local tissue injury. This mechanism cannot 
be involved in the activity o f  ti lorone since no 
elevation of  P . I .U.  or ceruloplasmin was seen with 
this compound.  

Indomethacin and hydrocortisone,  like RMI 
9563DA and tilorone, have marked anti- inflamma- 
tory activity. However ,  these compounds  did not 
increase serum complement activity. Mepacrine and 
chloroquine (Lttllmann, LOllmann-Rauch & Wasser- 
mann,  1975), like t i lorone (Hook,  Williams, Brunzie 
& Wright, 1974; Wacker,  Lodemann,  Gaur & 
Diederich, 1972) accumulate to very high levels in 
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tissues. However,  these compounds,  even at very 
high doses, did not affect complement  levels. Mepa- 
crine (Mayer, 1980) and RMI 9563DA (Levin, 1979) 
are weak interferon inducers, unlike t i lorone (Mayer, 
1980) and Poly IC (Hilleman et al., 1971) which are 
highly potent.  Since Poly IC and tilorone produced 
marked increases in complement  levels which could 
not be attributed to local tissue injury, it is possible 
that this phenomenon is linked to induction of  inter- 
feron in some way. Since t i lorone induces interferon 
and other lymphokines (Zschiesche, Fahlbusch, 
Schumann & Tonew, 1978) and lymphokines have 
been shown to increase the rate of  synthesis of  com- 
plement components  by macrophages (Littmann & 
Ruddy, 1977), the ability of  ti lorone to elevate serum 
complement levels could be an indirect lymphokine 
mediated phenomenon.  
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