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A Comparison of the Efficacy of Endogenous, Exogenous, and 
Combined Endogenous-Exogenous Interferon in the 

Treatment of Mice Infected with 
Encephalomyocarditis Virus (33529) 

I. GRESSER, I>. FONTAINE-BROUTY- BOY^, C. BOURALI, A N D  >I. T .  THOMAS 
Laboratory of Viral Oncology, Znstittct de  Recherche5 Scientifiques stir le Cancer, 

94-Villejuif, France 

I t  was recently stated “since interferon per 
se (i.e., exogenous interferon) shows little 
promise as a prophylactic or therapeutic 
agent, interest has shifted to a search for 
acceptable inducers by which the body might 
be stimulated to make its own interferon” 
(i.e., endogenous interferon) ( 1 ) .  This view 
appears to be shared by many investigators 
interested in the therapeutic applications of 
interferon (2-5).  We have been impressed, 
however, by the efficacy of exogenous inter- 
feron in delaying the evolution of murine 
leukemia (6-8) and in protecting mice in- 
fected with encephalomyocarditis (EMC) vi- 
rus (9 ) .  The present paper reports the results 
of investigations designed to compare the 
efficacy of endogenous, exogenous, and com- 
bined endogenous-exogenous interferon in 
the treatment of mice preinfected with EMC 
virus. 

Methods and Materials. Viruses. Encephal- 
omyocarditis (EMC) virus was obtained 
from Dr. J. Huppert and propagated in mo- 
nolayer cultures of L cells. One month old 
male mice (Institut de Cancer I.C. strain) 
were inoculated intraperitoneally (i.p.) with 
0.2 ml of a given viral dilution. Inoculated 
mice were examined twice daily and kept for 
3 weeks. The lethal dose (LDSo) of E&lC 
virus inoculated in each experiment was de- 
termined by simultaneous titration. 

Newcastle Disease virus (NDV) (Karzon- 
Kan. Leavenworth 48, laboratory strain) was 
propagated in the allantois of 10-day-old 
embryonated eggs and titered by standard 
plaque assay methods utilizing secondary cul- 
tures of chick embryo fibroblasts. Titers were 
expressed in plaque forming units (pfu) . 

Cell culture. Mouse and chick embryo 
fibroblasts and mouse L cells were prepared 

by standard techniques and maintained in 
modified Eagle’s basal medium supplemented 
with S-lOY, heat inactivated calf serum. 

Induction of endogenous interferon ( a )  
Xewcastle disease virus (0.2 ml containing 5 
x lo7 - 4 x lo8 pfu) was inoculated in- 
travenously (i.v.) according to the technique 
of Baron and Buckler (10). To test for the 
presence of interferon in the serum, mice 
were bled 5 hr after inoculation of NDV. 
Sera were diluted 1:s in phosphate buffered 
saline (PBS) and maintained a t  pH 2 a t  4’ 
for 4 days prior to interferon assay. On no 
occasion was residual infectious NDV detect- 
ed in the serum after this treatment. 

( b )  Statolon (an extract of the mold Peni- 
cillium stoloniferunz) was obtained through 
the courtesy of Dr. W. J. Kleinschmidt and 
prepared as previously described ( 1 1 ) . Twen- 
ty five mg of statolon (9.55% active statolon) 
in 0.5 ml was inoculated intraperitoneally. 
Mice were bled 1 1  hr after inoculation of 
statolon to test for the presence of serum 
interferon. 

(c) Complexed polyinosink and polycyti- 
dylic acids [ po ly ( I )  poly(C)] were obtained 
through the courtesy of Dr. A. M. Michelson 
and inoculated i.v. (5.6 or 8 pug in 0.2 ml) 
(the concentration of each preparation was 
determined by spectrophotometry ) . To deter- 
mine the presence of interferon in the serum, 
mice were bled 2 hr after inoculation (12) .  

Preparation o f exogenous interferon. Mouse 
brain interferon was prepared by techniques 
described by Finter ( 13) with modifications 
as previously reported ( 14). After centrifuga- 
tion and treatment a t  pH 2 interferon was 
concentrated 1 0-fold )by pressure dialysis and 
centrifuged a t  80,OOOg for 1 hr. It was shown 
that these interferon preparations fulfilled the 
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TABLE 1. Prcscncc of Interferon in Serum of Mice Inoeulatccl Daily with NDV, St.atolon, or 
Poly(1) poIy(C). 

~~ ~~~ 

In te r fe ron  titer“ 

Expt. Day: 1 2 3 4 5 6 

15 <20 
Statolon (25 mg/day) 120 NTb NT N T  NT NT 

I1 NDV ( 5  X lO‘pfu/day) 1280 640 100 65 NT NT 

POIP(1) poly(C) (8  I*g/day) 640 1 GO 40 40 NT NT 

Titers are expressed a s  the reciprocal of the dilution (sce LLMetl iods and Mater ia ls”) .  Each 
value represents tlic avcragc of the  scriiiii interferon t i ters  of 3 inice sacrificed each d a y .  Mice 
wvre bled 5 h r  after i.v. iiioculatioii of NDV, 1 Z h r  a f t e r  i.p. iiiociilatioii of stntololi, :11lt1 2 lir 

I NDV (2  X 108pfu/day) 1200 230 120 120 

Poly(1) *poly(C) (5.G pg/day) 110 110 15 25 30 20 

Statolon (25 mg/day) 160 80 20 <10 NT N T  

:iftcr i.v. inoculation of poly(1) poly(C). 
NT = not  tested. 

basic criteria for interferon (15, 16). 
In  the experiments described below mice 

were inoculated twice daily (09:30 and 
17:OO hr) i.p. with 0.2 ml of the interferon 
preparation. 

Assay of interferon. Interferon was assayed 
by inhibition of cytopathic effect (CPE) of 
vesicular stomatitis virus (VSV) in monolay- 
er cultures of L cells in plastic Disposo- 
trays1 A standard reference mouse brain in- 
terferon was included in each test and its 
titer (1  : 1600/0.2 ml) rarely varied by more 
than one dilution in the different assays. Ten- 
fold concentrated mouse brain interferon 
preparations usually titered 1 : 8000-1 : 16,- 
000/0.2 ml. (The same interferon prepara- 
tions titered 1 :48,000-1:96,000/2 ml when 
tested in simultaneous 50% plaque reduction 
assays utilizing L cells and VSV) . 

Statistical analysis. The experimental re- 
sults were analyzed by Mr. Philippe Lazar 
and Mrs. Suzanne Gukgukn of the Unit6 de 
Recherche S tatistique de 1’Ins t i tu t National 
de la Santk et de la Recherche Mkdicale. The 
different groups of mice were compared by 
standard tests, analysis of variance and t 
test, based on the inverse of the survival of 
infected mice. 

Results. Induction of endogenous inter- 
feron b y  X D V ,  statolon, and poly(r) .poly  
( C ) .  Prior to undertaking experiments on the 

1 Ilisposo-trays FH-48 Gateway Intcrnationnl, 
___ 

Los Angeles, California. 

therapeutic effects of endogenous and ex- 
ogenous interferon, the interferon response to 
a single or repeated daily inoculation of 
NDV, (5 X lo7 or 2 X los pfu), statolon (25 
mg), and poly(I)*poly(C) (5.6 or 8 pg) was 
determined. Considerable amounts of inter- 
feron were observed after a single inoculation 
of a given inducer (Table I),  but as has 
been previously reported by others ( 17-19), 
less interferon was detected after daily reino- 
culation of inducer. Appropriate controls 
demonstrated ,that this interferon resulted 
from reinoculation of inducer and was not 
due to the presence of residual interferon 
from inoculation of inducer on the preceding 
day. The kinetics of the appearance of serum 
interferon in mice receiving 1 or 3 injections 
of NDV are illustrated in Table 11. I t  is 
apparent that even on the fourth day, in the 
period of relative resistance .to reinduction of 
interferon, considerable amounts of interferon 
may be produced since a relatively constant 
serum interferon level was maintained a t  
least between hours 3 and 15  after inocula- 
tion. Other preliminary experiments demon- 
strated that the interferon response of mice 
to a single or repeated i.v. inoculation of 
NDV was not significantly modified either by 
preinfection of mice with EhlC virus or by 
pretreatment of mice with exogenous inter- 
feron. 

Comparison of the ef icacy of endogenous, 
exogenous, and combined endogenous-ex- 
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TABI,E I T .  Coiiipnrisoii of the Rilletics of Illduction of Seruni Interferon aftcr 1 or 3 1 1 1 + j t ~ -  
tioils of NDV. 
_______~ 

No. of Titer of interferon"; hours after inoculation of NDV 
Day of injections 

injection of NDVb 0 1 3 6 9 12 15 24 

First 1 < l o d  160 2560 5120 10,240 2560 640 160 
< 10 40 1280 5120 5120 1280 640 80 

Fourth 3" <lO <10 80 16@ 80 160 40 < l 0  
<lO < l O  40 80 40 80 20 < l O  

a Two mice from each group were sacrificcd a t  the hours indicated and their serum was as- 
sayed for interferon. 

A dose of 4 X los  pfu of NDV inoculatrtl i.v. cnch clay. 

Titer expressed as the reciprocal of the dilution. 
" NDV inoculated on days 1, 2, and 4. 

ogenous interferon (Expts. 1-111). To com- 
pare the therapeutic efficacy of endogenous, 
exogenous, and combined endogenous-ex- 
ogenous interferon, mice were inoculated with 
40-80 LD50 of EMC virus, and treatment 
was initiated 3 hrs thereafter. Endogenous 
interferon was induced either by a single or 
by daily repeated inoculations of NDV (5 X 
lo7 - 4 X I@ pfu), statoIon (25 mg) or poly 
( I )  *poly(C) (5.6 or 8 pg) .  Exogenous in- 
terferon was administered twice daily. 

The results of 3 experiments (Table 111) 
may be summarized as follows: (i)  All of the 
various treatments increased the survival of 
viral infected mice, expressed either as an 
overall increase in the number of mice sur- 
viving viral infection a t  21 days or as a delay 
in the day of death (harmonic mean sur- 
vival) compared to control viral infected 
mice. (ii) No significant difference was ob- 
served between the different groups of mice 
treated with NDV, statolon, or poly (I)*po- 
ly(C).  (iii) The repeated daily injection of 
an inducer did not add significantly to the 
protective effect observed after a single injec- 
tion. (iv) Treatment with exogenous inter- 
feron proved more effective than treatment 
with inducers of endogenous interferon, re- 
gardless of the inducer utilized. Thus, the 
number of mice surviving infection after en- 
dogenous interferon treatment ranged from 
0/25 ( 0 9 , )  to 4/20 (20yI)  (harmonic mean 
survival 4.9-9.4 days) whereas the nuinlwr o f  
mice surviving infection after exogenous in- 
terferon treatment ranges from 7/19 (37741) 

to 15/18 (83 PI ) (harmonic survival 12.4-36.0 
days). ( v )  No significant difference could be 
demonstrated between exogenous interferon 
and combined endogenous-exogenous inter- 
feron. The number of surviving mice in this 
latter group was 14/25 (56%) and 13/19 
( 68 c/o ) (harmonic mean survival 19.8-2 8.9 
days). 

Further comparison of the eficacy of ex- 
ogenous interferon and endogenous-ex- 
ogenous interferon (Expt. IV).  Since the use 
of potent interferon preparations in Expts. I 
and I1 may have masked 'the added benefit 
resulting from daily injections of NDV (com- 
bi ned endogenous-exogenous treatment ) viral 
infected mice were treated either with vary- 
ing amounts of interferon alone or together 
with daily injections of NDV. 

As shown in Table IV a significant protec- 
tive effect was observed in mice inoculated 
with 2000 or more units of interferon per 
day. Treatment of mice with exogenous inter- 
feron and daily inoculation of NDV 
(combined endogenous-exogenous interferon) 
resulted in a greater degree of protection a t  
each dilution of interferon. Furthermore in 
this experiment, repeated daily inoculation of 
NDV alone proved as effective (4/20 mice 
surviving harmonic mean survival 9.3 days) 
as inoculation of 8000 or 32,000 units of 
interferon (6/20 and 5/19 mice surviving; 
harmonic mean survival 7 and 10.1 days, re- 
spectively). 

Eficacy of a combined endogenous-ex- 
ogenous in.terfcron treatment initiated 18 or 
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TABLE IV. Treat.iiieiit of EMC Viral Infected Mice with Varying Amounts of Exogenous 
Interferon Alone or Together with Repeated Inoculation of NDV (Expt. 4) .= 

Interferon inoculated (units/day) 

0 500 2000 8000 32,000 

Iiiterferoii alone O / W  4.0' 0/19 4.4 1/19 5.7 6/20 7.0 3/19 10.1 
Interferon + KDV 4/20 9.3 4/80 9.5 12/20 23.3 6/19 13.9 8/18 19.1 

* All mice were inoculated i.p. with 50 LD, EMC! virus. Dilutions of interferon (as indicated) 
or dilutions of interferon and NDV (4 x lo* pfu) were inoculated 3 hr thereafter and daily for 
5 days. 

* Number of mice surviviiig at 21 days/number of mice inoculated. 
Harmonic mean survival (days). 

24 hr after inoculation of EMC virus (Expts. 
V, VI). In the preceding experiments, rela- 
tively large doses of EMC virus (40-80 
LD;,,) were inoculated in order to emphasize 
the differences between the various thera- 
peutic regimens. I t  is Lkely however, that 
under natural conditions the animal or hu- 
man host is infected with much smaller viral 
inocula. I t  was considered of interest there- 
fore to inoculate mice with small doses of 
EMC virus and to delay initiation of inter- 
feron therapy for 18 or 24 hr. For these ex- 
periments only the combined endogenous- 
exogenous interferon treatment was tested 
since this therapy had proven as effective 
(Expts. I and 11) or more effective (Expt. 
I V )  than exogenous interferon alone. 

Table V shows that this combined inter- 
feron treatment increased the number of mice 
surviving viral infection with 8 and 2.5 LDs0 
from 7/25 (28%) and 9/25 (36%) to 13/25 
(52%) and 14/25 (56%) (in both experi- 
ments p = 0.05). 

Discussion. The purpose of these experi- 
ments was to compare the therapeutic effica- 
cy of endogenous, exogenous, and combined 
endogenous-exogenous interferon in the treat- 

- ment of mice infected with EMC virus. To 
accentuate the differences between these 
therapeutic regimens, mice were inoculated 
i.p. with relatively large doses of EMC virus 
(4&80 LDSo) and treatment was begun 3 hr 
thereafter. Newcastle Disease virus, statolon, 
and complexed polyinosinic and polycytidylic 
acids were chosen as inducers of endogenous 
interferon, since all have been shown by 
others to afford some degree of protection in 

in vivo experiments (12, 20, 21, 22). In  our 
experiments, these inducers were all equally 
effective in increasing the survival of viral 
infected mice. Daily reinoculation of an in- 
ducer did not add significantly to the protec- 
tive eff x t  observed after a single injection 
(Table 111). 

Although many investigators have assumed 
that the induction of endogenous interferon 
would prove more effective than exogenous 
interferon (1-S), repeated administration of 
potent interferon preparations was clearly 
more effective than endogenous interferon in 
3 experiments (Table 111) and equally effec- 
tive in a fourth experiment (Table I V ) .  Con- 
sidering the results of these 4 experiments 
together, 0-20oJo of mice survived viral infec- 
tion after treatment with any one of the 
interferon inducers, whereas 26433% of mice 
survived after treatment with exogenous in- 
terferon. Endogenous interferon treatment 
proved more effective than exogenous inter- 
feron only when relatively weak preparations 
of the latter were employed (Expt. IV, Table 
IV) .  Thus the efficacy of exogenous inter- 
feron in our experiments was probably due to 
the high titer of the concentrated prepara- 
tions utilized and to the continuation of 
treatment after viral infection (9). It is im- 
portant however to emphasize that under diff - 
erent experimental conditions [ i.e., different 
strains of mice, different viruses, or addition 
of DEAE to poly(I)*poly(C) (23)] en- 
dogenous interferon therapy might have 
proven more effective. 

The kinetics of the appareance of serum 
interferon after repeated inoculation of NDV 
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TABLE V. The Efficacy of a Co~lbirleci Eiiclogciious-Exogeiious Interf eroii Treatment h i t ia tTed  
18 o r  24 H r  after Tiioculation of EMC Virus. 

Expt. : V V I  

sf ter inoculation of virus +I8 + 24 

EMC (LD,, i.p.) : 8 2.5 

Treatment initiated (+ hours) 

No. of mice Harnionic 
surviving”/no. mean sur- surviving”/no. mean sur- 
No. of mice Harmonic 

inoculated vival (days) inoculated vival (days) 

Virus control 7/25 7.4 9/25 8.0 
NDV a i d  exogenoush interferon 13/25 13.0 14/25 13.9 

No. of inice surviving 21 days. 
KDV (4  X 10” pfu) iiioculatcd 18 or 2-k hr after viral inoculation and also on the followiiig 

day. Iiiterfcron: 80,000 units inoculated 18 or 24 hr af te r  viral inoculation and daily for  11 
days. 

(Table 11) demonstrated that a significant 
interferon level2 was maintained for a t  least 
12 hr (and probably longer). Since ex- 
ogenous mouse interferon disappears rapidly 
from the circulation (24-26) the total 
amount of interferon produced, even during 
this period of resistance to interferon induc- 
tion, must have been considerable. We are 
unable at present to explain why repeated 
inoculation of an inducer such as NDV did 
not therefore prove more effective or a t  least 
as effective as exogenous interferon. [ Previ- 
ous experiments (9, 14) demonstrated that 
there was no significant difference in vivo 
between exogenous NDV induced interferon 
(either L cell or serum/spleen) and ex- 
ogenous mouse brain interferon of compara- 
ble titer]. Two possibilities may be consid- 
ered: ( a )  repeated inoculation of NDV may 
induce the formation of a factor(s) which 
inhibits interferon activity (27). This fac- 
tor(s) may have been eliminated from ex- 
ogenous interferon in the course of prepara- 
tion. (b )  the total amount of interferon pro- 
duced after repeated inoculation of an in- 
ducer may have been considerable but the 
concentration a t  any given time may have 
been below a necessary threshold. This thresh- 

2 The serum interferon level was “low” compared 
to the level observed after the initial inoculation 
of NDV, but comparable to the serum levels 
observed after inoculation of concentrated exogenous 
interferon (24) .  

old may have been attained immediately 
after inoculation of potent interferon prepa- 
rations. These possibilities are currently 
being investigated. 

From the limited number of experiments 
undertaken, i t  was not possible to determine 
whether treatment with combined en- 
dogenous-exogenous interferon was more 
effective than exogenous interferon alone. No 
significant difference between these 2 regi- 
mens was detected in 2 experiments (Expts. I 
and 11, Table 111), whereas in a third exper- 
iment (Expt. IV, Table IV) combined treat- 
ment proved superior. The therapeutic value 
of endogenous-exogenous interferon was illus- 
trated by Expts. V and VI (Table V) in 
which a significant increase in the number of 
mice surviving infection (and a delay in 
death) was observed even when treatment 
was initiated 18 or 24 hr after viral inocula- 
tion (2.5 or 8 LD50)3. These results seem of 
some practical interest to us, since there are a 
number of instances in clinical medicine 
when the time of exposure to a given virus is 
known and antiviral therapy could be insti- 
tuted shortly thereafter.* 

3 The cycle of EMC viral multiplication in mono- 
layer cell cultures is approximately 8 hr (28, 29) and 
it is probably of comparable duration in V ~ V O  

(30)  * 
* N o t e  Added in Proof: See also experiments of 

N. B.  Finter in “Interferon” (Ciba Foundation) 
p. 204. Churchill, London (1967). 
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Srrmnzary. The efficacy of endogenous, ex- 
ogenous, and combined endogenous-ex- 
ogenous interferon was compared in the treat- 
ment of mice preinfected with 40-80 LDZo of 
EMC virus. The different interferon in- 
ducers, Newcastle Disease virus, statolon, and 
poly (I)  p l y  (C) proved equally effective 
in increasing the survival of viral infected 
mice. Daily reinoculation of an inducer 
afforded no significant added protection. Ad- 
ministration of potent interferon preparations 
proved more effective than any of the inter- 
feron inducers in 3 experiments and equally 
effective in a fourth experiment. In 2 experi- 
ments no significant difference was observed 
between the therapeutic efficacy of combined 
endogenous-exogenous interferon and exoge- 
nous interferon alone, whereas in a third ex- 
periment the combined treatment proved more 
effective. A combined interferon treatment 
initiated 18 or 24 hr after inoculation of 2.5 
or 8 LD50 of EMC virus still afforded a signi- 
ficant degree of protection. 
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