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Herpes simplex virus (HSV) encephalitis 
is probably the most common cause of fatal, 
sporadic encephalitis in the United States 
( 1 ) .  In  light of recent advances in ability to 
stimulate interferon (see below), it is clearly 
important to determine the effect of potent 
interferon inducers on HSV encephalitis. 

In  a previous report ( 2 ) ,  an early, homolo- 
gous interference effect was demonstrated in 
HSV encephalitis of mice after a subcuta- 
neous infection with HSV. Since subcutaneous 
HSV infection also was found to afford pro- 
tection against encephalomyocarditis virus 
(EMCV) encephalitis, it was concluded that 
both the homologous and heterologous inter- 
ference effects could be due to interferon 
(Catalano, MOOSY, and Sell, unpublished). 

A variety of synthetic substances have 
been shown experimentally to induce inter- 
feron. These synthetic inducers include pyran 
copolymer (3, 4),  cyclohexamide ( S ) ,  and 
RNA polynucleotides (6, 7) .  Polyinosinic. 
polycytidylic ribonucleic acid (InCn ) has 
shown to be among the most active of the 
latter substances and induces interferon both 
in vivo and in vitro. Recently, InCn has 
been shown to eradicate established HSV ker- 
atoconjunctivitis in the rabbit (8) .  For these 
reasons, a study was undertaken to determine 
whether this material could afford protection 
in mice with experimental HSV encephalitis. 

In addition, interferon-produced protec- 
tion against encephalitis caused by an inter- 
feron-sensitive virus, EMCV (9, l o ) ,  was 
compared to the protection afforded against 
encephalitis due to the relatively interferon- 
resistant HSV ( 11-13). 

1Address: Building 7 ,  Room 202, National Insti- 
tutes of Health, Bethesda, Maryland 20014. 

Materials and Methods. Specific pathogen 
free male C3H/NIH mice (16-20 g) were 
used for all experiments. Stocks of a Type I 
HSV (strain VR3)2 were grown in primary 
rabbit kidney (PRK) cell monolayers in 
32-02 glass bottles, and the virus was titered 
in roller tissue culture tubes containing PRK 
cells (Microbiological Associates, Bethesda, 
Maryland). Stocks of EMCV (r+ 
were grown and titered in primary mouse 
embryo cell monolayers in 32-02 glass bottles 
and tissue culture tubes, respectively. End- 
points were determined on Day 5 and were 
calculated by the Reed-Muench method 
(14).  The stocks of HSV and EMCV con- 
tained 107ag and 107.6 TCID5,/1.O ml, re- 
spec tively . 

Double-stranded polyinosinic*polycytidylic 
ribonucleic acid duplexes were prepared as 
described previously (7 ,  8) ; the final concen- 
tration of this material was 1.0 mgJ1.0 ml. 
The diluent solution served as the control 
material and consisted of 0.01 M phos- 
phate-buffered saline (PBS) at  pH 7.2 con- 
taining 5 X lov3  M MgCl. 

The number of mice used in each group is 
detailed under figure legends. Mice were 
treated with either 200 pg (0.2 ml) InCn or 
0.2 ml PBS given intraperitoneally. Pretreated 
animals were challenged intracerebrally ( ic) 
18-20 hr later under light ether anesthesia. 
For all ic inoculations, volumes of 0.03 ml 
and 0.02 ml were used for EMCV and HSV, 
respectively. Subsequently, the mice were 

2Kindly supplied by Dr. Andre J.  Nahmias, De- 
partment of .  Pediatrics, Emory University, Atlanta, 
Georgia. 

3 Kindly supplied by Dr. K. K. Takemoto, Nation- 
al Institutes of Health, Bethesda, Maryland. 
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TABLE I. Amount of Interferon (in units") Assayed 
in Serum and Brain After a Single Intraperitoneal 

Injection of 200 pg of In Cn in C3H Mice. 

Hours after Serumb Brainb 
treatment (units/ml) (units/g tissue) 

0 < 100 <lo 
4 <loo <lo 
8 <loo <lo 

25 <loo <lo 

In Cn 2 1000 1000 
4 1000 1000 
8 5000 1000 

25 800 5000 

Controls 

.z Unit of interferon is the reciprocal of the highest 
dilution of the sample which inhibits the single- 
cycle yield of vesicular stomatitis virus by 0.5 log,, 
in primary mouse embryo cell cultures. 

given 0.1-ml doses of either I n C n  (100 pg) 
or PBS lthree times per week for a total of 5 
doses. Animals were observed for at  least 2 1  
days after the ic injection of virus. Deaths 
due to ic inoculation trauma or I n C n  toxici- 
ty were rare and considered nonspecific and 
discarded. 

A unit of interferon was determined as the 
reciprocal of the highest dilution of the sam- 
ple which inhibited the single cycle yield of 
vesicular stomatitis virus (Indiana strain) by 
0.5 loglo in primary mouse embryo cell cul- 
tures (15). 

Statistical analysis was performed using 
the chi-square method or Fisher's exact 
(F.E.) test when appropriate. Protection was 
defined as control mortality minus experi- 
mental mortality, divided by control mortal- 
ity. 

Results. Table I shows the time course of 
the interferon response in serum and brain 
after the intraperitoneal administration of a 
single dose of 200 pg of InCn. The maximum 
interferon response appeared earlier in the 
serum than in the brain. Since intracerebral 
virus challenge was at  18-20 hr after the first 
dose of InCn, the challenge occurred at  
near maximal levels of brain interferon. 

Results presented in Figs. 1 and 2 rep- 
resent the combined data from two experi- 
ments. The results of each experiment were 
sufficiently similar so that data could be 

bPool of eight mice. 
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FIG. 1. EMCV. Day of death versus mortality 
and approximate number of TCIDW in ic inoculum. 
Open symbols indicate PBS-treated controls ; closed 
symbols are animals treated with In*Cn. Note that 
there are different ordinate scales in order to portray 
differences a t  different mortality levels. Numbers in 
parentheses show number of dead animals at  Day 10 
over total number of animals used in that group. 

pooled to obtain larger populations for statis- 
tical analysis. Since very few deaths occurred 
after Day 10, none of which altered the 
statistical results, data are presented only for 
the first 10 days (after ic infection) in each 
group. 

EMCV. Figure 1 illustrates that a clear-cut 
protective effect was achieved by intraperi- 
toneal treatment with I n C n  against ic infec- 
tion with EMCV. For 1000 TCID50 and 100 
TCID50 of EMCV the p values were .003 
( x 2  = 8.50) and .05 (F.E. = .047) respec- 
tively. At 300 TCID50, with the number of 
animals used, results approached significance 
(F.E. = .l89). The calculated percent protec- 
tion for 1000, 300, and 100 TCID50 was 
40.1%) 50.7%, and 76.3%, respectively. 
Thus it is felt that the mortality found for the 
300 TCID50 group was in accord with the 
other dosages, even though statistical signif i- 
cance was not found because fewer animals 
were used in this group 

HSV. Results are presented in Fig. 2. Sig- 
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FIG. 2 .  HSV. Day of death versus mortality and 
approximate number of TCIDw in i,c inoculum. Open 
symbols indicate PBS-treated animals ; closed symbols 
are animals treated with In-Cn. Numbers in parenthe- 
ses show number of dead animals a t  Day 10 over 
total number of animals used in tha,t group. 

nificant decrease in mortality ( x 2  = 15.27, $J 
= .002) was achieved only against 1 TCID50 
of HSV, the percent protection being 
64.2%. As can be seen, however, there is a 
full 1-day delay in onset of death and subse- 
quent delay of mortality at  100 and 10 
TCIDSO. Furthermore, at the times when 
PBS controls had reached 100% mortality in 
the latter two groups, a significant number of 
InCn treated animals were surviving ( p  
. O l ) .  Although the data are not presented, 
this was also true for animals treated with 
InCn and challenged with 10,000, 1,000, and 
300 TCID5o of HSV given ic. However, all 
of these animals also eventually died. 

In  an additional experiment, animals were 
pretreated with only 100 Fg of In-Cn, then 
given 50 pg InCn three times a week for a 
total of five doses. No protection (9 dead out 
of 20 animals treated vs 23 dead out of 40 

though statistical significance was not achiev- 
ed with the number of animals used, the 
small amount of protection attained as com- 
pared with Fig. 1, probably represents an 
effect of the lower dose of InCn. 

Figure 3 summarizes the percent protec- 
tion observed in mice receiving the standard 
treatment with I n C n  as a function of (1) the 
number of LD50 contained in the ic inocu- 
lum and ( 2 )  as a function of mortality in 
controls. Each point represents the sum of 
two experiments, including the results from 
Figs. 1 and 2 plus two additional experi- 
ments. As can be seen, equal protection was 
observed for both EMCV and HSV when the 
lethality of the ic challenge was low. Protec- 
tion against HSV encephalitis fell off rapidly 
between 4-8 LD50 and disappeared at 10 
LD50. Although the protective effect of 
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FIG. 3 .  Protection afforded by I n C n  as (a) func- 
tion of the LDso of the ic inoculum or (b) a function 
of the percentage of mortality in controls. One 1 LDso 
of EMCV represents approximately 300 TCIDm; 1 
LDm of HSV (VRI) is about 1 TCID, of her- 

controls) was attained at  1 TCIDSO. Al- pesvirus. 
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I n C n  against EMCV also fell, 41% protec- 
tion was still evident a t  8 LD50. 

Discussion. As has been pointed out in the 
introduction, previous information has gener- 
ally regarded HSV as relatively resistant Ito 
interferon. The present findings show that 
HSV, in comparison with the known inter- 
feron-sensitive EMCV, appears to be more 
resistant to interferon induced by InCn,  but 
this may be related to the lethal magnitude 
of the challenge dose as considered below. 
Our data demonstrate that if a sufficiently 
small dose of HSV is given, induction of 
interferon in vivo can protect against herpes 
encephalitis. This confirms the previous work 
with interferon and ocular infection in ani- 
mals with HSV (8, 10, 16). It would also 
appear that the early homologous and hetero- 
logous interference effects (2) of a subcu- 
taneous HSV infection in mice, followed by 
ic challenge with HSV and EMCV, could 
possibly be due to interferon elicited by the 
subcutaneous infection. In  particular, inter- 
feron-mediated interference would account 
for the early and short-lived nature of the 
protection. Further studies are needed, how- 
ever, to establish this interpretation. 

Although EMCV has been felt to be very 
sensitive to interferon, the data illustrate that 
a t  about 1 LD50 (approximately 300 
TCIDSO), 60% protection was achieved with 
I n C n  treatment, whereas such treatment and 
challenge ic with 1 LD50 (1 TCID50) of 
HSV resulted in 70% protection. The 
present findings raise the possibility that 
sufficiently low doses of interferon-sensitive 
and resistant viruses will manifest the same 
levels of protection in animals treated with 
high titered interferon or potent interferon 
inducers. 

Summary. The interferon sensitivities of 
intracerebrally administered HSV (VR3 
strain) and EMCV (r+ strain) were deter- 
mined in mice with a potent inducer of circu- 
lating interferon, polyinosinic*polycytidylic 
ribonucleic acid (In-Cn) . With the treatment 
as described, delay in mortality occurred at  
most challenge doses of HSV and EMCV. 
Significant delay in mortality and increased 
survival was obtained with 1000 and 100 
TCIDBo of EMCV, whereas, significant pro- 
tection was achieved for only 1 TCIDB0 of 

HSV with mortality decreasing to about 
12-20% as compared to 52-58% in the con- 
trols. The data show that sufficient interferon 
can be induced in the mouse with InCn to 
significantly alter intracerebral infection with 
HSV and EMCV. The protective effect of 
I n C n  against intracerebral infection of mice 
with HSV and EMCV was equal only when 
the challenge dose of each was sufficiently 
low. The protective effect against HSV was 
lost with increasing virus doses of virus 
whereas the protective effect against EMCV 
decreased only slightly with increasing virus 
dose. 

We acknowledge the technical assistance of Mr. 
Melvin Hess. The manuscript was typed by Mrs. 
Cynthia Hawley. 
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