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Abstract 
Tilorone, a synthetic inducer of Interferon found 

earlier to inhibit multiplication of  Mycobaeter/um/e.prae in 
the foot pad of  the mouse while it enhanced Infections of 
mice by M. lepraenmr/um and At'. mr/nuns, has been shown 
to exert a dual effect on M. leprae infection of the mouse. 
When administered continuously, incorporated into the 
mouse diet in a concentration of 0.015 il per 100 g diet, the 
drug was usually immunosuppressive, permitting enhanced 
multiplication of the organisms. When administered in a 
J-fold larger concentration beginn~ B during the la 8 phase or 
early during logarithmic multiplication, tilorone was anti- 
microbial; however, when administered in the larger con- 
eentration beginning after logarithmic multiplication had 
been well established, the drug was immtmosuppressive. The 
antlmieroblal action of tilorone against M. leprae appears to 
be a direct action that is weak and slow in onset. The 
mechanism of  the immunosuppressive aetinn remains to be 
elucidated. 

Introduction 
Tilorone (2,7-bis[2-diethylaminoethoxy]flu- 

orene-9-one dihydrochloride) is a synthetic in- 
ducer of interferon that also exerts immuno- 
suppressive effects. In an earlier report [1], we 
described enhancement of infections by Myco- 
bacterium lepraemurium and M. marinum in 
BALB/c mice administered tilorone, whereas, in 
mice of the same strain administered tilorone in 
the same dosage, multiplication of M. leprae was 
inhibited. Because the mice infected by M. leprae 
were undoubtedly immunosuppressed to the same 
degree that were those infected by M. 
lepraemurium and M. marinum, we concluded 
that tilorone exerted a direct, antimicrobial effect 
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on M. leprae, that outweighed the immuno- 
suppression. 

More recently, we have carried out experi- 
ments in tilorone-treated CBA mice, in which 
multiplication of M. leprae was sometimes 
inhibited and sometimes enhanced. This paper 
represents a preliminary report of this work. 

Materials and methods 
Tilorone was generously supplied by Merreil-Dow 

Pharmaceuticals, Inc., Cincinnati, OH, USA. M. leprae of 
the strain employed in the earlier experiments I l l  were 
supplied by the Leprosy Research Unit, Public Health 
Service Hospital, San Francisco, CA, USA, and carried 
subsequently in serial mouse-passage. The mice were 
locally-bred male weanlings of the CBA/CaHN strain. 

Inoculation of mice with M. leprae in both hind foot 
pads and harvest and enumeration of acid-fast bacilli (AFB) 
from the infected tissues were performed at intervals by 
established methods [2, 3]. Each harvest was performed 
from a pool of four foot pads. Tilorone was incorporated 
into the ground mouse pellets by means of a liquid-solid 
twin-shell blender (Patterson-Kelly Co., East Stroudsburg, 
PA, USA). 

Statistical analysis of mouse-foot-pad harvest data 
was performed by multiplying together the exact probability 
[4] of each observed arrangement of results, in the manner 
recommended by SHEPARD [5]. If the numbers of AFB 
recovered in single harvests from tilorone-trcated mice 
exceeded (or were smaUcr than) all of the numbers of AFB 
recovered in four simultaneous harvests from untreated 
control mice at two consecutive intervals, the probability 
that the difference of the results in treated mice from those in 
control mice had occurred by chance is smaller than 0.05 
(p = 0.2 x 0.2 = 0.04). 

Results 
In the first experiment, groups of 15 mice 

were inoculated, each mouse in both hind foot 
pads, with 10 3.7 M. leprae per foot pad. Begin- 
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Figure 1 
LOgl0 number ofM. leprae per foot pad as a function of time 
after inoculation. Tilorone was administered in a con- 
centration of 0.05 g per 100 g during the period represented 
by the solid line drawn parallel to the abscissa. The closed 
circles represent the results of harvests of M. leprae from 
tilorone-treated mice. 

ning 60 days after inoculation, tilorone was 
administered to two groups of mice in a con- 
centration of 0.05 g per 100 g mouse meal, 
whereas four groups of mice were held as 
untreated controls. As shown in Fig. 1, five 
harvests of M. leprae performed from control 
mice 103 days after inoculation yielded 105.85- 
106"~5 AFB per foot pad. A harvest of M. leprae 
performed on the same day from the tilorone- 
treated mice yielded 106.50 AFB per foot pad. No 
further increase of the number of M. leprae in 
control mice was found as the result of harvests 
performed 142 and 195 days after inoculation. 
On the other hand, multiplication of M. leprae in 
tilorone-treated mice reached a maximum of 
107"~s AFB per foot pad, the mean of two 
harvests performed on day 142. Two harvests of 
M. leprae from tilorone-treated mice 195 days 
after inoculation yielded a mean of 106.57 AFB 
per foot pad. Because the yields of harvests from 

tilorone-treated mice performed on days 142 and 
195 were greater than the yields of all of five 
control harvests on each of the two days, it may 
be concluded that the infection in tilorone-treated 
mice was enhanced (p = 0.167 x 0.048 x 0.048 
= 0.0038). 

It appeared difficult to reconcile the en- 
hanced multiplication of M. leprae demonstrated 
in this experiment with the inhibition of 
multiplication observed in the earlier experiment 
[1 ]. In addition to the fact that BALB/c mice had 
been employed in the first experiment, whereas 
CBA mice were employed in the present study, 
tilorone had been administered in the same 
concentration but by different treatment 
schedules in the two experiments. In the earlier 
experiment, administration of tilorone was begun 
either on the day of inoculation, or 70 days later, 
at which time the M. leprae had multiplied to the 
level of only 104.6 per foot pad. In the present 
experiment, as shown in Fig. 1 by the growth 
curve of M. leprae in control mice, multiplication 
of M. leprae had achieved the level of 105 per foot 
pad on day 60, when the administration of 
tilorone was begun. 

Therefore, a second experiment was per- 
formed, like the first in all respects, except that 
administration of tilorone was begun either on the 
day of inoculation or 60 days later; drug- 
administration was stopped on day 159 to the 
mice beginning treatment on the day of 
inoculation. In addition, tilorone was ad- 
ministered to one group of mice in a con- 
centration of 0.015 g per 100 g mouse meal, 
beginning on day 60. 

As may be observed in Fig. 2, multiplica- 
tion of M. leprae was inhibited in both groups of 
mice administered tilorone in the concentration of 
0.05 g per 100 g. Harvests of M. leprae 
performed on days 155 and 188 from the mice 
beginning treatment on the day of inoculation 
yielded, respectively, 104.43 and 105.29 AFB per 
foot pad. These results are lower than those of all 
four of the harvests from control mice performed 
on those days, which yielded, respectively, 10 s'9~- 
104"2~ and 105"s6---106.~ AFB per foot pad. On 
day 215, a harvest from tilorone-treated mice 
yielded 10 T M  AFB per foot pad, a value lower 
than all but one of the five control harvests 
performed at the same time (these yielded 
105"49-106'3s AFB per foot pad). In contrast to 
the results of the preceding experiment, tilorone 
treatment of the mice in this experiment inhibited 
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the multiplication of M. leprae (p = 0.2 x 0.2 x 
0.33 =0.0132). 

In the mice administered tilorone in the 
larger concentration beginning 60 days after 
inoculation, M. leprae had multiplied to I04.9s per 
foot pad on day 155, and to 10 s'32 per foot pad on 
day 188; both of these yields are smaller than all 
of the corresponding results from control mice (p 
= 0.2 x 0.2 x 0.04). By 215 days after 
inoculation, despite continued administration of 
tilorone, M. leprae had multiplied to a level of 
106"~2 per foot pad, a value indistinguishable from 
the corresponding control values. Similarly, 
tilorone administered in a concentration of 0.015 
g per 100 g meal continuously from day 60 had 
no effect. 

Again, it appeared difficult to reconcile the 
results of this experiment with those of the two 
preceding experiments. That the drug exerted an 
antimicrobial effect appeared to exclude a dif- 
ference between mouse strains as the source of 
the discrepant results obtained from the first two 
experiments. On the other hand, scrutiny of the 
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Figure 2 
Log~o number ofM. leprae per foot pad as a function of time 
after inoculation. Tilorone was administered in a con- 
centration of 0.05 g per 100 g during the period represented 
by the solid line drawn parallel to the abscissa, and in a 
concentration of 0.05 (0 )  or 0.015 (A) g per 100 g during 
the period represented by the broken line that parallels the 
abscissa. 

growth curve of M. leprae in the control mice of 
this experiment (Fig. 2) shows that growth of the 
organisms was slower in this than in the pre- 
ceding experiments (Fig. 1 and Ref. [1]). By day 
60, multiplication of M. leprae had reached only 
to the level of about 104.2 per foot pad, and 
multiplication to the level of l0 s per foot pad 
occurred only after day 100. Thus, it appeared 
that, in terms of the state of the organisms at the 
time of beginning administration of tilorone, there 
was little difference between the two schedules of 
drug-administration in this experiment; when 
drug administration was begun on the day of 
inoculation, the organisms were in lag phase, 
whereas by day 60, they were probably very early 
in the phase of logarithmic multiplication. 

A third experiment was carried out to 
examine in greater detail the influence of tilorone 
concentration and timing. Except in two respects, 
this experiment was identical to the two previous 
experiments. Administration of tilorone in two 
concentrations---0.05 and 0.015 g per 100 
g--was begun on the day of inoculation, and to 

7.0 

6.5 f ~.~ .~  

�9 6 ~ " ~  oo.t ~ so 8 -"-..~'.~ 

Q: / /  a ~  
El 5.5 o- n /o 

/ 

4.5 Control 

o . . . . . .  ._/ ,.s[ 
ip  oeG~o*e*oe*e eo eeeeooooe~ 

3.01 c d . . . . . . .  , 

t 
I i I 

0 50 100 150 
TIME AFTER INOCULATION 

( DAYS ) 

Figure 3 
Log~0 number ofM. leprae per foot pad as a function of time 
after inoculation. Tilorone was administered in a con- 
centration of 0.05 ( 0 )  or 0.015 (&) g per 100 g for the 
periods represented by the lines drawn parallel to the 
abscissa. 
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additional groups of mice 45 days later. Ad- 
ministration of tilorone to yet additional groups of 
mice was delayed until the results of early 
harvests showed that logarithmic multiplication 
of M. leprae was well established. When two 
harvests from control mice on day 53 yielded 
values of l& "s3 and 10 T M  AFB per foot pad (see 
Fig. 3), it was decided to begin tilorone ad- 
ministration on day 60. 

Subsequent control harvests revealed that 
multiplication of the organisms reached a maxi- 
mum, 105-7L10 T M  AFB per foot pad, about 100 
days after inoculation. Later harvests from both 
control and treated mice revealed that tilorone, 
administered in the larger concentration from the 
day of inoculation, had inhibited multiplication of 
M. leprae (p = 0.04), whereas, administered in 
the smaller concentration by this schedule, the 
drug was without effect. When administration of 
tilorone was begun 45 days after inoculation, the 
larger concentration produced no effect, whereas 
the smaller concentration was immunosuppres- 
sive (p = 0.04). Both concentrations of the drug 
produced enhancement of the infection when 
administration was begun 60 days after 
inoculation (p = 0.04 in each case). 

Discussion 
Infection with M. leprae of the hind foot pad 

of the immunologically normal mouse is 
characterized by an apparent lag phase of 
variable duration, depending upon the proportion 
of viable organisms in the standard inoculum 
(103"7--104.0 AFB per foot pad) [2]. Thereafter, 
logarithmic multiplication proceeds, with an 
apparent doubling time of 11-12 days [6], until a 
maximum of 106"~ AFB per foot pad is 
reached [2]. The number of M. leprae per foot 
pad changes only slightly after the maximum of 
multiplication had been attained [2]. 

On the other hand, in mice immunosup- 
pressed to a degree that threatens survival in a 
conventional environment, as by adult thymec- 
tomy followed by whole-body irradiation [7] and 
in congenitally athymic mice [8], the maximum of 
multiplication may be raised by as much as 100- 
to 1000-fold. This and other evidence suggests 
that multiplication of M. leprae in the foot pad of 
the immunologically normal mouse is limited by a 
cell-mediated immune response. Thus, multiplica- 
tion of M. leprae in some tilorone-treated mice to 
levels not ordinarily encountered in normal mice 

may be attributed to an immunosuppressive effect 
of the drug. That the tilorone-treated mice 
appeared healthy, and that no unusual mortality 
was observed suggests the operation of a dif- 
ferent mechanism of immunosuppression. 

A problem encountered in work on M. 
leprae-infection of mice is that one cannot 
measure the quality of a given inoculum except by 
inoculating mice. In general, the proportion of 
viable organisms can be optimized by harvesting 
them from passage mice at the time that 
multiplication is maximal or shortly before this 
time. Once multiplication has reached its maxi- 
mum, the proportion of viable M. Ieprae de- 
creases exponentially [9]. However, the behaviour 
even of a given 'fast' [10] strain of M. leprae, 
which has been carried through many passages 
and employed in many similar experiments, 
cannot always be predicted. This fact, which 
appears to explain the variation of the bacterial 
growth curve in untreated mice from experiment 
to experiment, led to the unexpected observations 
reported in this paper. 

Administered to mice in the smaller con- 
centration (0.015 g per 100 g meal), tilorone 
appeared incapable of exerting an antimicrobial 
effect against M. leprae. However, when the drug 
was administered in a 3-fold larger concen- 
tration, the antimicrobial effect was observed 
when administration was begun early enough 
during logarithmic multiplication. These obser- 
vations suggest that tilorone exerts only a weak 
antimicrobial effect that is slow in onset. When 
administration of the drug is begun in mid- 
logarithmic multiplication, not enough time re- 
mains for the drug to exert an observable 
antimicrobial effect. The usual maximum of 
multiplication would ordinarily be reached within 
3.3 to 4.3 doublings (5-7) weeks after M. leprae 
had multiplied to the level of 10 ~ per foot pad. So 
slow an onset of an antimicrobial effect may 
appear unlikely; however, a delay of onset 
equivalent to 3 to 5 doublings (5-9 weeks) was 
occasionally recognized when BALB/c mice 
infected by this strain of M. leprae were treated 
with dapsone in small but effective concen- 
trations [ 11 ]. Thus, when tilorone administration 
is begun late, the antimicrobial effect might be 
recognized only by failure of multiplication of the 
organisms to be enhanced. 

It thus appears that which of the two effects 
of tilorone on multiplication ofM. lepae in mice is 
predominant is determined by the concentration 
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in which the drug is administered, and by the 
timing of its administration. The immuno- 
suppressive effect of tilorone which results in 
enhanced multiplication of the organisms is 
exerted by both concentrations of the drug. And 
because this effect is exerted on the host, it should 
be present, although perhaps not measurable, 
whatever the timing of drug administration. 

The antimicrobial effect, weak though it is, is 
of some interest. Earlier work with another 
inducer of interferon - polyinosinic-polycytidylic 
acid - suggested that the activity of that 
compound in inhibiting multiplication of M. 
leprae was independent of the induction of 
interferon [12]. On the other hand, COLLINS [13] 
has reported minimal inhibitory concentrations, 
measured in vitro, of tilorone for BCG (1.2 x 
10 -4 M), Listeria monocytogenes (5.3 x 10 -4 M), 
and Salmonella enteritidis (1.06 • 10 -3 M). And 
work in progress in our laboratory has identified 
strains of several cultivable mycobacterial species 
against which the minimal inhibitory concen- 
tration of tilorone is smaller than 10 -4 M, 
Although the antimicrobial potency of tilorone 
against M. leprae is too small for the drug to be 
useful, several analogues, also provided by 
Merrell-Dow Pharmaceuticals, Inc., are presently 
being screened against M. leprae in mice, in the 
hope that one or more might be shown to be more 
potent than tilorone, and to provide the in- 
formation necessary for analysis of structure- 
activity relationships. 

The immunosuppressive effect of tilorone is 
perhaps of greater interest. There has ac- 
cumulated a large literature on the mechanism of 
immunosuppression by tilorone (see Refs [1] and 
[14] for reviews). Two recent papers appear of 
particular interest. As the result of a study of the 
enhancement by tilorone of several intracellular 
infections of mice, COLLINS [15] concluded that 
the drug interfered with the production or 
deployment of activated macrophages. On the 
other hand, LEVlNE and his coworkers [16] 
attributed the immunosuppressive effects of 
tilorone on the development of experimental 
allergic encephalomyelitis in the rat primarily to 
selective depletion of T-lymphocytes from peri- 
pheral lymphoid tissue, to impairment of the 
ability of effector lymphocytes to transfer the 
process, and to alteration or destruction of the 
non-specific reactive cells that comprise the 
perivascular inflammatory infiltrates character- 
istic of this process. These workers were unable to 

find evidence of a mechanism involving activation 
of suppressor cells. 

Studies of the mechanism of the immuno- 
suppressive effect of tilorone on M. leprae 
infection of the mouse are in progress. 
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