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Previous findings in vitro have shown that (i)
moderate to high concentrations of interferon
(IF) can induce a strong antiviral state after a
brief (minutes) contact with the cells (3), and (ii)
L cells induced with Newcastle disease virus
(NDV) and then resuspended at cell concentrations approaching those existing in the body
develop a strong antiviral state in less than 1 h
(5). These data raise the possibility that in vivo
the IF produced by an induced cell and secreted
into the small extracellular space may reach
concentrations high enough to induce rapidly
the antiviral state.
These concentrations have been theoretically
estimated by assuming that: (i) a single cell
releases its IF over a period of 6 h; (ii) the halflife of IF in the extracellular fluid is similar to
the rapid turnover phase in the serum (10 min);
(iii) the volume of extracellular space surrounding a cell in a solid tissue varies from 12 to 120
,um3; and (iv) IF production in vivo may cover
the same range as in cell cultures (0.005 to 0.05
unit/cell). The resulting estimates are reported
in Table 1. It can be seen that an estimated
concentration of 3,000 to 30,000,000 units/ml
may occur in the extracellular space of an Fproducing cell (3).
To verify this estimation, experiments were
carried out using micropore chambers incorporated into the subcutaneous tissues of rats to
collect the IF released in the extracellular fluid
at various intervals of time after induction by
virus.

(A preliminary report of this work was given
at the 9th International Immunobiological Symposium, Zagreb, Yugoslavia, October 1975.)

MATERIALS AND METHODS
Seven to 10 days before induction of IF, micropore
chambers (diameter, 13 mm; capacity, 150 to 200 jl;
porosity, 45 gm) were implanted in the subcutaneous
tissues of female Sprague-Dawley rats (200-g average
weight) as previously described (6). During this period
of time the host's fibroblasts layer the external face of
the membranes. The cells, however, are unable to pass
through the membranes, but the fluid bathing the cells
can diffuse through and be collected by aspiration
through a polyethylene catheter attached to the chamber. Immediately before induction the fluid in the
chambers was collected (zero time), and then 0.1 ml of
suspension of NDV (B1 strain) containing 109 egg
infectious doses/ml was placed in the chambers. At
pre-established times thereafter the fluid contained in
the chambers was collected, diluted 1:100, and titrated
for IF activity after inactivation of residual NDV by
pH 2 treatment for 5 days and addition of antibody to
NDV. At least three rats were used for each point.
Fluids collected from each animal before administration of NDV or collected after application of uninfected allantoic fluid were used as controls.
IF titrations were performed in rat embryo fibroblast cultures as a single-cycle hemagglutination yield
reduction assay, using Sindbis virus as the challenge
virus as previously described (4). A threefold reduction
with respect to the control virus yield was considered
significant. The antiviral activity found in the samples
was shown to be IF mediated in accordance with the
current criteria (pH 2 stability, activity against heter55
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Experiments were carried out to study the kinetics of local interferon production
in the subcutaneous tissues of rats stimulated with Newcastle disease virus.
Specifically, the interferon produced and released in the extracellular fluids was
collected at various intervals of time in micropore chambers implanted into the
subcutaneous tissue of rats. Interferon was detected at moderate titers 1 h after
induction, and it was present at high titer at 2 h. The interferon levels remained
remarkably high in the samples collected after 3, 5, and 24 h, and in some rats it
was still detectable after 48 and 72 h. Since control experiments showed that it
requires 2 to 3 h for interferon to penetrate the chambers, it may be concluded
that high concentrations of interferon are present in the extracellular fluid within
1 h of induction. The evaluation of the kinetics of production and of the
concentrations attained in the extracellular fluid suggests that in a solid tissue a
cell infected by a potent interferon inducer may produce interferon early enough
and in sufficient quantity to protect neighboring cells before the production of
progeny virions.
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ologous viruses, inactivity on heterologous cells, blocking by actinomycin D).

TABLE 1. Estimated range of concentrations of IF
in the intercellular space surrounding a producing
cella
IF (units)

produced
by 2 x 105
cells

104

Estimated
concn of IF
(units/ml) in
the intercellular
space/cell

Vol of intercellular
space/cell

IF yield/cell
(units)

(wmn)

12
107.5
120
106.5
102
0.0005
12
105.5
120
104.5
10
0.00005
12
104.5
120
103.5
a
Values have been calculated with the following
formula and rounded off to the nearest half-log1o: (IF
yield per culture + number of cells) + intercellular
volume per cell x fraction of 24-h production time
represented by 10-min IF yield.

0.05

DISCUSSION
This study shows that the IF system is activated extremely early in the virus-induced subcutaneous tissues of rats. Earlier studies showed
(2, 10) that rats injected intravenously with
NDV produce IF, detectable in the plasma and
in spleen extracts, as early as 1 to 2 h after the
induction, but titers were, respectively, 50 and
<10 units/ml after 1 h and did not exceed 100
units after 2 h. Maximum levels in plasma and
spleen extracts were not observed until 6 h postinduction and did not exceed 100 and 10,000
units/ml, respectively. Similar kinetics also occur in mice and rabbits induced intravenously
with the same inducer (1, 7). Also, rat cells
stimulated in culture with Chikungunya virus
do not produce detectable IF until 5 h after the
induction (4). In the present experiments 100
and 10,000 to 100,000 reference units of IF were
detected in the fluid collected from the chambers
1 and 2 h, respectively, after application of NDV.
However, the data on the rate of diffusion of IF

TABLE 2. IF appearance in micropore chambers implanted subcutaneously in rats stimulated locally with

NDV0

IF titer (logio units/ml) at time (h) after stimulation with NDV
Rat no.
0

2

3

5

24

ND
5.4
ND
4.8
4.9
ND
ND
5.3
ND
4.8
ND
ND
4.2
ND
4.0
2.0
3.0
4.0
4.0
4.0
<2.0
2.0
3.5
ND
4.0
3.5
<2.0
2.0
4.0
ND
3.0
4.5
a
Each value indicates the IF titer in individual rats. ND, Not determined.
1
2
3
4
5
6

<2.0
<2.0
<2.0
<2.0

1

48

72

ND
2.2
<2.0
3.0
3.0
3.5

<2.0
<2.0
<2.0
2.7
2.5
2.0
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RESULTS
The results of a representative experiment are
reported in Table 2. It may be seen that 100
units of IF per ml was detected in two out of
three rats tested 1 h after induction, and it was
present, in titers up to 200,000 units/ml, in all
the rats tested 2 h after induction. The IF levels
remained remarkably high in the 3-, 5-, and 24h samples and in some rats were still detectable
after 48 and 72 h.
Previous studies of diffusion rates of fluid into
chambers under analogous conditions (6, 9) established that the rate is low. A preliminary
confirmation under the present experimental
conditions was carried out using equilibrating
molecule. 24Na-labeled saline was injected intravenously, and at various intervals of time the
amount of radioactivity in the plasma and in the
chamber fluid was determined. An equilibrium
was reached only 2 to 3 h after the injection. It
may then be inferred that in the studies in rats
the IF detected in the chambers at each of the

early times represents only a fraction of the
amount actually produced. To test this hypothesis the diffusion rate of IF was measured in
vitro in chambers filled with Eagle medium supplemented with fetal bovine serum and immersed in the same medium containing 3,000
reference units of IF per ml. After the indicated
times of incubation at 370C (with frequent,
gentle shaking), the IF titer was determined in
duplicate chambers and the surrounding fluid.
The results are reported in Fig. 1. It can be seen
that after 2 h the IF concentration within the
chambers was only 1% of the external concentration and an equilibrium was established only
between 2 and 3 h of incubation. Since it requires
2 to 3 h for IF to penetrate the chambers fully,
the detection of high concentrations of IF in the
chambers implanted into the subcutaneous tissue of rats 2 to 3 h after induction (Table 2)
indicates that the rats stimulated with NDV
actually had produced these very large amounts
of IF within 1 h after the induction.
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reasonable evidence that under certain conditions in a solid tissue, a cell infected by a potent
IF inducer may produce sufficient IF sufficiently
early to protect neighboring cells (and perhaps
itself) before the production and release of progeny virions. Although less potent viral inducers
require study, the findings reported here may
provide an explanation for the occurrence of at
least some of the abortive or self-limiting viral
infections in nature.
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FIG. 1. Rate of diffusion of IF into micropore
chambers from surrounding fluid.
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