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Repeated injections of the synthetic dou- 
ble-stranded RNA polyriboinosinic acid-pol- 
yribocytidylic acid [poly (I)  *poly (C) ] in 
mice lead to a decreased interferon produc- 
tion (1, 2 ) .  Hyporeactivity to interferon pro- 
duction has also been noted following re- 
peated administration of a natural double- 
stranded RNA extracted from Penicillium 
mycophages (3 ) .  As interferon production by 
double-stranded RNA seems to be linked to 
its protection against virus infections (4) and 
its in vivo toxicity ( 5 ) ,  studies were under- 
taken to determine whether hyporeactivity to 
interferon production was associated with 
hyporeactivity to antiviral protection and hy- 
poreactivity to toxicity. These studies were 
performed in mice with both synthetic [poly 
(I)  Dpoly (C) ] and natural (mycophage) 
double-stranded (ds) RNAs. 

Materials and Methods. Animals. Young 
(20 day old) female NMRI mice, weighing 
10-12 g, were used in all experiments. They 
were housed in an air-conditioned room at  
25”. 

Poly ( I )*poly  (C) was prepared as de- 
scribed previously (6). The individual homo- 
polynucleotides were purchased from P-L 
Biochemicals, Inc., Milwaukee, WI. Poly 
(I)*poly (C) was stored frozen in aliquots of 
1 mg/ml at  -ZOO. 

Double-stranded mycophage R N A  (BRL- 
5907) was generously provided by Dr. D. N. 
Planterose, Beecham Research Laboratories, 
Betchworth, England. The mycophage RNA 
was stored frozen in aliquots of 5 mg/ml a t  
-20’. Immediately before use samples of 
poly (I)=poly (C) and mycophage RNA were 
thawed and diluted in phosphate buffered 

“Aangesteld Navorser” of the Belgian “Nationaal 
Fonds voor Wetenschappelijk Onderzoek.” 

saline to the appropriate concentration. 
Interferon production. Serum interferon 

titers were measured with a plaque reduction 
technique in mouse L 929 cell monolayers 
using bovine vesicular stomatitis virus (VSV, 
Indiana strain) as the challenge virus. 

Antivira2 protection. Antiviral protection 
was evaluated with the intranasal VSV assay. 
Mice were inoculated intranasally with lo5 
PFU (plaque forming units, measured in L 
929 cells) of VSV, according to previously 
described procedures (4, 7). Most animals 
died between Days 5 and 9 after virus chal- 
lenge. Mice surviving 15 days after virus 
challenge without visible signs of illness were 
counted as survivors. 

Toxicity. Toxicity measurements were 
based on lethality of poly (I)*poly (C) and 
mycophage ds-RNA in mice treated with lead 
acetate [ Pb (OOC-CHB) 23. Lead acetate has 
been used previously to sensitize mice to the 
lethal effects of poly (I)-poly (C) (8). 
Deaths due to poly (I)*poly (C) or myco- 
phage ds-RNA in lead acetate-treated mice 
all occurred within 48 hr after their injection. 

Statistical significance of the mortality 
data obtained in the antiviral protection and 
toxicity experiments was assessed by the X 2  
test with Yates’ correction; X 2  was com- 
puted for the final numbers of mice that died 
or survived. 

Results. With both poly (I)=poly (C) and 
mycophage ds-RNA two different treatment 
schedules were used to induce an hyporeac- 
tive state: (a) a first injection of Ithe com- 
pound, followed by a second dose 4 days 
later, and (b) three repeated injections of the 
compound, on day 0, 1,  and 2, followed by a 
fourth dose on day 4. All injections were 
given intravenously. The dosage levels of 
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poly (1)vpoly (C) and mycophage ds-RNA 
used in the interferon production and antivi- 
ral protection experiments (10 pg/mouse) 
were far below the toxic doses LLDSO: 250 
pg/mouse for both poly (I)*poly (C) and 
mycophage ds-RNA] . 

Prior injection of poly (I)*poly (C) on 
Day 0 did not cause a reduction in the inter- 
feron response to a second stimulus of poly 
(I)-poly (C) on Day 4, did not affect the 
protective effect of this second dose against 
intranasal VSV challenge, and failed to re- 
duce the mortality of a second dose of poly 
(I) *poly (C) in lead acetate-treated mice 
(Table I: treatment regimen No. 2 compared 
to No. 5) .  

Prior injection of mycophage ds-RNA, 
however, brought about an appreciable reduc- 
tion in the interferon response to a second 
stimulus of the phage RNA 4 days later 
(Table 11: treatment regimen No. 2 compared 
to No. 5 )  ; the protective activity against VSV 
infection and the mortality in lead acetate- 
treated mice) were diminished in parallel. 

Although a single injection of poly (I) *poly 
(C) on Day 0 did not induce hyporespon- 
siveness to a second dose on Day 4, three 
repeated doses of poly (1)~poly (C) adminis- 
tered on Days 0, 1 and 2 led to a marked 
reduction of the interferon inducing capacity 
of a fourth dose of poly (I)*poly (C) on Day 
4 (Table I: treatment regimen No. 4 com- 
pared to No. 5 ) ;  antiviral protection and 
toxicity were lost in parallel. 

Three repeated injections of mycophage 
ds-RNA exerted an even greater depressing 
effect on the interferon response of a fourth 
dose of mycophage ds-RNA on Day 4 (Table 
11: treatment regimen No. 4, compared to 
No. 5 ) ;  the mortality was markedly dimin- 
ished, but antiviral protection was not, appar- 
ently because the treatment regimen used to 
induce the hyporeactive state (No. 3, Table 
11) was still effective against VSV inoculated 
2 days after the last of the three injections. 

Discussion. Circulating interferon induced 
by poly (I)  p l y  (C) in mice has been quan- 
titatively correlated to the degree of resis- 
tance against VSV inoculated intranasally 
shortly after intravenous injection of the pol- 

ynucleotide (4) : exogenous interferon admin- 
istered in amounts which closely mimicked 
the levels of interferon induced endogenously 
by poly (I)*poly (C) gave essentially the 
same protection as poly (I)-poly (C) itself. 

Recent reports, however, tend to de- 
emphasize the role of circulating interferon 
levels in the protective effects of double- 
stranded RNA and other interferon inducers 
against virus infection. Thus, Sharpe, Birch 
and Planterose (3) found that during the 
hyporeactive state of interferon production 
animals were well protected by mycophage 
ds-RNA against encephalomywardi tis virus 
challenge. Merigan et al. (9) and Pindak et 
a,?. (10) found that the amounts of circulat- 
ing interferon induced with a variety of inter- 
feron inducers including poly (I)  *poly (C) , 
endotoxin, statolon and p y a n  copolymer 
were not proportional to the degree of protec- 
tion afforded by these compounds against 
Mengo virus or MM virus infection in mice. 
Furthermore, Campbell and Buera ( 11) 
noted differences in the protective effects of 
different sources of interferon against Mengo 
virus infection in mice, poly (I)*poly (C)-in- 
duced interferon being as effective as poly 
(I) *poly (C) itself, but significantly more 
effective than Mengo virus-induced interferon. 
I t  should be pointed out, however, that in 
most experiments, mentioned in these studies 
(3, 9, lo) ,  both the interferon inducer and 
the virus were given by the intraperitoneal 
route. Local, noninterferon mediated effects 
may have been operating in these conditions: 
e.g., direct inactivation of the virus within the 
peritoneal cavity, increased phagocytosis of 
the virus by activated peritoneal macrophages. 

The role of interferon in the resistance in- 
duced by double-stranded RNA to virus in- 
fections has been reevaluated in the present 
study. Hyporeactivity to interferon produc- 
tion was generated by two different treatment 
schedules: (a) two injections of the double- 
stranded RNA, 4 days apart, and (b) repeat- 
ed injections of the double-stranded RNA on 
Days 0, 1, 2 and 4. With both treatment 
schedules, hyporeactivity to interferon pro- 
duction closely paralleled hyporeactivity to 
antiviral protection and hyporeactivity to 
toxicity. Mice given two injections of myco- 



cu
 R 

T
A

B
L

E
 I

. 
H

yp
or

ea
c.

tiv
ity

 to
 I

nt
er

fe
ro

n 
Pr

od
uc

tio
n,

 A
nt

iv
ir

al
 P

ro
te

ct
io

n 
an

d 
T

ox
ic

ity
 F

ol
lo

w
in

g 
R

ep
ea

te
d 

In
je

ct
io

ns
 o

f 
Po

ly
 (

I)
*P

ol
y 

(C
).

 

T
re

at
m

en
t 

N
o.

 
re

gi
m

en
 

T
ox

ic
it

y'
 

x 
C

ir
cu

la
tin

g 
Pr

ot
ec

ti
on

 a
ga

in
st

. i
nt

ra
na

sa
l V

SV
 c

ha
lle

ng
eb

 

st
at

is
ti

ca
l 

4 
St

at
is

ti
ca

l s
ig

ni
fi

ca
nc

e 
0

 
pr

od
uc

tio
n"

 
Pe

rc
en

ta
ge

 
si

gn
if

ic
an

ce
 

w 
in

te
rf

er
on

 

(u
n

it
44

 m
l s

er
um

) 
Pe

rc
en

ta
ge

 s
ur

vi
va

l 
Po

 
Pd

 
m

or
ta

li
ty

 
P6
 

M
 2
 

PO
lY

 (
I)

*P
O

lY
 (C
) 

in
je

ct
ed

' o
n 

da
y:

 
0,

 -9 
-)
 

-, 
-
 

09
 -, 

-, 
-9

 
4 

1 2 3 
0,
19
2,
 -, 
-
 

4 
0,
19
2,
 -9 

4 
5 6 

C
on

 t r
 ol

 
-, 

-9
 

-9
 

-¶ 
4 

24
00
 

24
00
 

32
0 

32
0 

32
00
 

<3
0 

20
 

N
S
 

<.
02
5 

-
 

55
 

<.
02

5 
N
S
 

90
 

10
 

N
S
 

<.
00

5 
-
 

25
 

NS
 

<.
07
5 

35
 

85
 

60
 

<.
Ol
 

-
 

15
 

-
 

-
 

-
 

w * 5 M
 

U
 

w 

O
M

ea
su

re
d 

4 
hr

 a
ft

er
 l

as
t 

iq
je

ct
io

n 
of

 p
ol

y 
(I

)*
po

ly
 (

C
).

 T
en

 m
ic

e 
pe

r 
gr

ou
p.

 
lo

6 
PF

U
/m

ou
se

; 
ad

m
in

is
te

re
d 

on
 D

ay
 4
 f
or
 a

ll
 t

re
at

m
en

t 
re

gi
m

en
s 

[4
 h

r 
af

te
r 

in
je

ct
io

n 
of

 p
ol

y 
(I

)*
po

ly
 (C

) 
fo

r 
tr

ea
tm

en
t 

re
gi

m
en

 N
os

. 
2,
 4

 
an

d 
51

. 
T

w
en

ty
 m

ic
e 

pe
r 

gr
ou

p.
 

C
om

pa
re

d 
to

 t
he

 c
on

tr
ol

 g
ro

up
. 
NS
 =

 no
ns

ig
ni

fi
ca

nt
. 

'A
s 

co
m

pa
re

d 
to

 t
re

at
m

en
t 

re
gi

m
en

 N
o.

 5
. 

3 
"O

nl
y 

re
co

rd
ed

 w
ith

 t
re

at
m

en
t 

re
gi

m
en

 N
os

. 
2,

 4
 a

nd
 5

. 
Po

ly
 (

I)
-p

ol
y 

(0
) 

w
as

 i
nj

ec
te

d 
at

 3
0 

pg
/m

ou
se

 
on

 D
ay

 4
, 

si
m

ul
t.a

ne
ou

sl
y 

w
ith

 a
n 

in
tr

a-
 

ve
no

us
 i

nj
ec

ti
on

 o
f 

P
b 

(0
0C

rC
H

8)
s 
(1
 m

g/
m

ou
se

). 
T

w
en

ty
 m

ic
e 

pe
r 

gr
ou

p.
 

In
tr

av
en

ou
sl

y;
 1

0 
pg

/m
ou

ee
, 

un
le

ss
 s

ta
te

d 
ot

he
rw

is
e 

(s
ee

 e
).

 



T
A

B
L

E
 1

1.
 H

yp
or

ea
ct

iv
it

y 
to

 I
nt

er
fe

ro
n 

Pr
od

uc
tio

n,
 

A
nt

iv
ir

al
 P

ro
te

ct
io

n 
an
d 

T
ox

ic
ity

 F
ol

lo
w

in
g 

R
ep

ea
te

d 
In

je
ct

io
ns

 o
f 

M
yc

op
ha

ge
 d

s-
R

N
A

. 

T
ox

ic
ity

" 
x 

C
ir

cu
la

tin
g 

Pr
ot

ec
ti

on
 a

ga
in

st
 in

tr
an

as
al

 V
SV

 c
ha

lle
ng

eb
 

St
at

is
ti

ca
l 

2 
St

at
is

ti
ca

l s
ig

ni
fi

ca
nc

e 
0

 
T

re
at

m
en

t 
pr

od
uc

tio
n"

 
Pe

rc
en

ta
ge

 
si

gn
if

ic
an

ce
 

w =! 

in
te

rf
er

on
 

M
 

9
 

n
 

N
O

. 
re

gi
m

en
 

(u
ni

ts
/4

 m
l s

er
um

) 
Pe

rc
en

ta
ge

 s
ur

vi
va

l 
P"
 

Pd
 

m
or

ta
li

ty
 

Pa
 

M
yc

op
ha

ge
 d

s-
R

N
A

 
in

je
ct

ed
' 

on
 d

ay
. . 

. 
2 e H

 
1

 
0, 
-, 

-, 
-, 
-
 

32
00

 
15

 
N

S
 

<.
OO
l 

-
 

-
 

80
0 

45
 

<.
lo

 
.0

5 
55

 
<.

20
 

0
 

0, 
-7 

-7 
-9

 
4 

28
0 

70
 

<.
00

2 
N

S
 

-
 

-
 

tj
 

3 
0
,
L
 2,

 -9 
-
 

-
-
-
 

42
00

 
80

 
<.
OO
l 

-
 

80
 

-
 

t? ? 
5 

7 
, 

9
-9

4
 

6 
C

on
tr

ol
 

<
 30 

2 4 
0,

1,
2,

 -7 
4 

40
 

65
 

<.
00

5 
N

S
 

40
 

.0
25

 
0

 s v!
 

cj
 w 9
 3 M
 

U
 

w 

-
 

-
 

-
 

-
 

15
 

"M
ea

su
re

d 
4
 h

r 
af

te
r 

la
st

 i
nj

ec
ti

on
 o

f 
m

yc
op

ha
ge

 d
s-

R
N

A
. 

T
en

 m
ic

e 
pe

r 
gr

ou
p.

 

" C
om

pa
re

d 
to
 t

he
 c

on
tr

ol
 g

ro
up

. 
N

S 
=

 no
ns

ig
ni

fi
ca

nt
. 

'A
s 

co
m

pa
re

d 
to

 t
re

at
m

en
t 

re
gi

m
en

 N
o.

 5
. 

lo
s 

PF
U

/m
ou

se
; 

ad
m

in
is

te
re

d 
on

 d
ay

 4
 f

or
 a

ll
 t

re
at

m
en

t 
re

gi
m

en
s 
[4
 h

r 
af

te
r 

in
je

ct
io

n 
of

 m
yc

op
ha

ge
 d

s-
R

N
A

 f
or

 t
re

at
m

en
t 

re
gi

m
en

s 
N

os
. 

2,
 

4 
an

d 
51

. 
T

w
en

ty
 m

ic
e 

pe
r 

gr
ou

p.
 

z 
"O

nl
y 

re
co

rd
ed

 w
ith

 t
re

at
m

en
t 

re
gi

m
en

s 
N

os
. 

2,
 4

 a
nd

 5
. 

M
yc

op
ha

ge
 d

s-
R

N
A

 w
as

 i
nj

ec
te

d 
at

 3
0 

pg
/m

ou
se

 
on

 d
ay

 4
, 

si
m

ul
ta

ne
ou

sl
y 

w
it

h 
an

 i
nt

ra
- 

1 
In

tr
av

en
ou

sl
y ;

 1
0 

pg
/m

ou
se

, 
un

le
ss

 s
ta

te
d 

ot
he

rw
is

e 
(s

ee
 e

) . 
ve

no
us

 i
nj

ec
ti

on
 o

f 
P

b
 (

O
O

C
-C

H
,),

 
(1

 m
g/

m
ou

se
). 

T
w

en
ty

 m
ic

e 
pe

r 
gr

ou
p.

 



344 HYPOREACTIVITY TO DOUBLE-STRANDED RNA 

phage ds-RNA, on Days 0 and 4 respectively, 
showed a marked hyporeactivity to all three 
parameters; in contrast, mice given two in- 
jections of poly (I)*poly (C), 4 days 
apart, failed to develop hyporeactivity. Three 
repeated doses of p l y  (I)*poly (c)  (10 
pg/mouse) were required to install hypore- 
s p d v e n e s s  with poly ( 1 ) p l y  (C). Again 
hyporeactivity to interferon production oc- 
curred in parallel to hyporeactivity to antivi- 
ral protection and toxicity. Repeated doses of 
mycophage ds-RNA on Days 0, 1 and 2 
caused a marked hyporesponsiveness to inter- 
feron production and toxicity of a fourth dose 
on Day 4; hyporeactivity to antiviral pro- 
tection could not be fully assessed in these 
conditions, because the treatment regimen 
used to induce hyporeactivity was still effec- 
tive against VSV inoculated 2 days after the 
last injection of the RNA (Table 11: treat- 
ment regimen No. 3). 

Both similarities and differences were ob- 
served in the patterns of interferon produc- 
tion, antiviral protection and toxicity of poly 
(I) *poly (C) and mycophage ds-RNA. Single 
doses of poly (I)*poly (C) and mycophage 
ds-RNA did not differ significantly in antivi- 
ral protection or interferon production (both 
measured 4 hr after injection of the RNA), 
or in toxicity. Mycophage ds-RNA might 
have been slightly superior in induction of 
interferon and resistance to virus infection. 
However, striking differences were noted fol- 
lowing repeated injections of the nucleic acid. 
Hyporeactivity to interferon production was 
more pronounced with mycophage ds-RNA 
than with poly (I)*poly (C) (compare treat- 
ment regimens No. 4 of Tables I and 11; 
compare also treatment regimens No. 2 ) .  In 
addition, the protective effect of mycophage 
ds-RNA against VSV challenge persisted for 
a longer time than the protective effect of 
poly ( I )  *poly (C) (compare treatment regi- 
mens No. 3 of Tables I and 11). 

The longer duration of the protective effect 
of the mycophage ds-RNA compared to poly 
(I) *poly (C) may reflect quantitative differ- 
ences in the influence of these compounds on 
host defense mechanisms, e.g., a more pro- 
longed interferon production. A more pro- 

longed interferon response may also account 
for the significantly greater duration of an- 
tiviral protection of the intact rnycophage as 
compared to its free ds-RNA, noted in other 
studies ( 1 2 ) .  It may be concluded, therefore, 
that the persistence of the protective effect 
of mycophage ds-RNA, observed with treat- 
ment regimens Nos. 3 and 4 (Table 11), is 
related to the amounts of interferon produced 
in response to the injections of ds-RNA 
administered on days 0, 1 and 2, and not to 
the amounts of interferon produced in re- 
sponse to the fourth dose given on Day 4. 

Summary. Mice given repeated injections 
of either synthetic [poly (I)-poly (C)] or 
natural (mycophage) double-stranded (ds) 
RNA developed a marked hyporeactivimty in 
their interferon response to these agents. Two 
different treatment schedules were used to 
induce hyporeactivity : (a) repeated injec- 
tions of poly ( 1 ) p l y  (C) or mycophage 
ds-RNA on Days 0, 1, 2 and 4 and (b) two 
injections of either ds-RNA on days 0 and 4. 
During the hyporesponsive period mice were 
significantly less protected against intranasal 
vesicular stomatitis virus (VSV) challenge, 
but markedly more tolerant to the lethal 
effects of the double-stranded RNA. How- 
ever, repeated injections of the myco- 
phage ds-RNA on Days 0, 1, 2 and 4 brought 
about a significant decrease of interferon 
production and toxicity, but no loss of pro- 
tection against VSV challenge. In  all other 
sys tems, h yporeac tivi ty to inter f won produc- 
tion closely paralleled hyporeactivity to an- 
tiviral protection and hyporeactivity to toxic- 
ity. The findings presented herein tend to 
reinforce the interpretation that, in well- 
defined conditions, 'these three parameters of 
the biological activity of double-stranded 
RNA are interrelated. 
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