Thus, both the incidence of restraint
erosions and the change in behavioral
arousal during restraint appear to be
strongly influenced by the rats’ body
temperature. On the other hand, it is
possible that these behavioral character-
istics are secondary to the presence of
painful gastric erosions rather than to hy-
pothermia, per se.

To further evaluate the relation be-
tween erosion pathogenesis and body
temperature we determined whether the
extent of the fall in body temperature
was correlated with the amount of mu-
cosa eroded during restraint. Specifical-
ly, we predicted that, for each rat, body
temperature at the end of the restraint
period would correlate inversely with the
total length (in millimeters) of its gastric
erosions. We reviewed lesion length and
temperature data on 322 restrained rats
studied in various experiments in our
laboratory. We found a correlation of
r = —.795 (P < .001). This finding fur-
ther supports the proposition that ther-
moregulatory failure is a critical variable
in restrain erosion pathogenesis.

Although our data show that a specific
set of behavioral responses (increased
““arousal’’ during restraint) characterizes
rats that are susceptible to gastric ero-
sions, they fail to show that these behav-
iors affect the probability of erosion pro-
duction. Instead, the findings demon-
strate a relation between impaired
thermoregulation and erosion produc-
tion, and suggest that the behavioral
changes during restraint are also, but in-
dependently, a consequence of these
body temperature changes.

Our data provide a model for the study
of how specific risk factors relate to
pathophysiologic changes. The data
show that a risk factor—early maternal
separation—affects a system that is im-
portant in gastric erosion pathogenesis—
body temperature regulation. However,
the effect on the thermoregulatory sys-
tem was elicited only under a special
condition, namely restraint.

SIGURD H. ACKERMAN
MyRON A. HOFER
HERBERT WEINER
Department of Psychiatry,
Montefiore Hospital and
Medical Center, Bronx, New York 10467
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Prostaglandin Restoration of the Interferon Response

of Hyporeactive Animals

Abstract. Virus-infected animals and those bearing various types of malignancies
progressively lose their ability to respond to interferon inducers. The interferon re-
sponse of virus-infected animals could be restored to normal levels when inducers
were administered with certain prostaglandins. This suggests that prostaglandins
may enhance the therapeutic efficacy of interferon inducers as antiviral and anti-

neoplastic agents.

Interferon is an antiviral substance
produced by animal cells in response to
an invading virus or other suitable stimu-
lus. The interferon produced then dif-
fuses to other cells, organs, and tissues
and establishes an intracellular state that
inhibits virus replication. Since its dis-
covery in 1957 (1) considerable effort has
been directed toward developing meth-
ods of using the interferon system as a
means of treating viral and neoplastic
diseases. Recent clinical trials suggest
that interferon may have a beneficial ef-
fect on a number of viral infections and
neoplastic processes (2). One approach
being taken toward the utilization of this
substance has been the development of
agents capable of stimulating the host’s
own cells to produce interferon. A varie-
ty of compounds are now known to be
effective interferon inducers, and several
are currently being evaluated in man.
However, one obstacle to the develop-
ment of these agents has been that ani-
mals progressively lose their ability to
respond to inducers as a consequence of
certain viral infections and various neo-
plastic processes (3). This reduced abili-
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ty to respond could limit the therapeutic
effectiveness of such compounds.

It was reported (¢) that mice infected
with encephalomyocarditis (EMC) virus
developed a suppressed ability to re-
spond to interferon inducers and that
peritoneal cells collected from these ani-
mals and induced in vitro were also
hyporeactive. Both systems were there-
fore available for evaluating the effect of
various substances on both the develop-
ment and maintenance of hyporeactivity.
Since prostaglandins have been impli-
cated in regulation of various cellular
processes the effect of this group of
agents on the ability of normal and hypo-
reactive cells and animals to produce in-
terferon in response to inducers was in-
vestigated.

In initial studies mice were injected in-
traperitoneally with a 100 percent lethal
inoculum of EMC virus [1000 plaque
forming units (PFU)]. Ninety-six hours
later peritoneal cells were collected from
normal and EMC virus-infected mice.
Cells were suspended at 1 x 108 cells per
milliliter in minimum essential medium
(MEM, Microbiological Associates) con-
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taining S percent fetal calf serum (Reheis
Chemical), 100 units of penicillin and 50
ug of streptomycin per milliliter. Sus-
pended cells (1 ml) were added to 35-mm
plastic petri dishes (Falcon). Cells then
were challenged with 0.1 ml of MEM
alone, 1 X 107 PFU of Newcastle dis-
ease virus, or 3 X 107 PFU of Chikun-
gunya virus. One-half hour after the ad-
dition of inducers, plates in duplicate re-
ceived the prostaglandins (PG) E,, F,,,
or A, (5) at concentrations of 5 to 0.5 ug/
ml (Table 1). Plates were returned to
37°C for 18 hours at which time growth
medium was collected and after being
held at a pH of 2.0 for 4 days at 4°C was
assayed for interferon on murine Loy
cells by using a vesicular stomatitis virus
plaque reduction assay (6).

The results indicated that each of the
prostaglandins enhanced the ability of
hyporeactive cells to produce interferon
(to near normal levels) in response to
both inducers but had little if any effect
on the ability of normal cells to respond.
In cases where there was an effect the
response of normal cells was slightly
suppressed by prostaglandins. In sub-
sequent studies the response of hypo-
reactive cells was found to be enhanced
by other prostaglandins including PGE.,
PGF,,, and PGA, at concentrations
varying from 2 to 0.05 wg/ml, depending
upon the prostaglandin and time of addi-
tion with regard to inducer. Prostaglan-
dins were able to enhance the interferon
response of hyporeactive cells when
added from 2 hours before to 4 hours af-
ter inducer.

The effect of prostaglandins on the re-
sponse of the intact animal was then in-
vestigated. Mice were injected intra-
peritoneally with a 100 percent lethal in-
oculum of EMC virus (1000 PFU) or
Semliki forest virus (SFV, 100 PFU)
and their serum interferon response to
four different inducers administered with
or without prostaglandins was investi-
gated (Table 2). Ninety-six hours after
infection the mice were challenged with
Newcastle disease virus (1 X 107 PFU,
injected intraperitoneally), polyribo-
inosinic  acid - polyribocytidylic acid
[poly() - poly(C)], (100 ug, intraperitone-
ally), tilorone hydrochloride (250 mg/kg,
postorbitally) or 2-amino-5-bromo-6-
methyl-4-pyrimidinol (ABMP, 1000 mg/
kg, postorbitally) (7). Prostaglandin E,,
F,., or A, was injected intraperitoneally
30 minutes after inducer at a dose of 1.0
mg/kg. Mice were bled by cardiac punc-
ture 4 hours after they received poly(I) -
poly(C), 6 hours after they received
Newcastle disease virus or ABMP, and
24 hours after tilorone administration.
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Serum was collected and assayed for
interferon. The results (Table 2) indicate
that the response of hyporeactive, virus-
infected mice was enhanced when in-
ducers were administered in conjunction
with prostaglandins. The response of
normal mice, however, was slightly sup-
pressed or unaffected by prostaglandins.
In subsequent studies the response of

hyporeactive, virus-infected mice was en-
hanced when the same inducers were in-
jected intraperitoneally with other pros-
taglandins including PGE,, PGF,,, and
PGA,; at concentrations ranging from 2
to 0.05 mg/kg. In addition, prostaglandins
had an enhancing effect when admin-
istered from 4 hours before to 4 hours
after inducer depending upon the in-

Table 1. Effect of prostaglandins on the ability of peritoneal cells from normal or hyporeactive
(EMC virus-infected) mice to respond to interferon inducers in vitro. Prostaglandins were add-
ed to cells 30 minutes after inducer (Newcastle disease virus, NDV, or Chikungunya virus, CV).
Growth medium was collected 24 hours after the addition of inducer and was assayed for inter-

feron.

Peritoneal cells

Concentration

of prostaglandin Hyporeactive Normal
(ug/ml)
NDV Ccv NDV (6\"

Prostaglandin E,
S 750* 150 1100 1130
2 2100 1200 1300 1200
1 3200 1150 1700 1500
0.5 1500 1300 1800 1200

Prostaglandin F
S 1300 910 1800 1150
2 950 800 1900 1100
1 450 560 1440 1200
0.5 380 720 1990 1100

Prostaglandin A,
5 2000 820 1500 950
2 1500 930 2100 1300
1 2700 780 1360 1200
0.5 240 1100 1700 1300

Placebo (phosphate buffered saline)
250 = 90 <50 2000 = 150 1400 = 180

*Interferon response (expressed in units per milliliter) =1 standard deviation. Each value represents the mean

of three separate experiments.

Table 2. Enhancement of the serum interferon response of hyporeactive (SFV or EMC virus
infected) but not normal mice when inducers were administered with prostaglandins. Inducers
were administered 96 hours after EMC or Semliki forest virus (SFV) was injected. Prostaglan-
dins (1 mg/kg) were injected intraperitoneally 30 minutes after the inducers.

Inducer
Pros- Poly(I)-poly(C) Tilorone ABMP NDV
taglan-
din PBS Inter- Per- Inter- Per- Inter- Per- Inter-  LeF
feron cent- feron cent- feron cent- feron-  Cent-
age age age age
Normal mice
E, <50* 1200 521 6000 130 2200 92 2400 130
Fi <50 1920 83 4500 98 2400 100 1600 89
A, <50 1650 71 4600 100 2800 120 1900 105
PBS <50 2300 4600 2400 1800
Mice infected with EMC
E, 100 2200 440 4500 1500 8100 2300 1300 650
Fio 120 3500 700 1600 530 2100 600 1800 900
A, 110 3000 600 1100 370 1200 340 1250 620
PBS 75 500 300 350 200
Mice infected with Semliki forest virus
E, 500 1200 170 1400 480 1200 270 1300 500
Fi, 390 1250 180 2000 690 900 200 400 150
1 420 2000 280 1650 570 1100 240 750 290
PBS 350 700 290 450 260

*Serum interferon response (units per milliliter). Each value represents the mean of two separate experi-
ments. Serum was collected 4 hours after poly(I) - poly(C) or phosphate buffered saline (PBS), 6 hours after

Newcastle disease virus (NDV) or ABMP, and 24 hours after tilorone administration.

treated control.

fPercentage of PBS
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ducer and concentration of prostaglandin
used.

The results presented here indicate
that the state of hyporeactivity that de-
velops in virus-infected mice is revers-
ible and that by judicious selection of in-
ducers and prostaglandins the response
of hyporeactive mice could be restored
to near normal levels. These results are
significant in that they not only suggest
that the therapeutic efficacy of inducers
may be significantly enhanced by
coadministration with prostaglandins but
that the state of hyporeactivity that de-
velops in virus infections or neoplastic
diseases is probably mediated by a spe-
cific cellular event that is influenced in
some fashion by prostaglandins. The
possibility that the effect seen was due to
modulation of cyclic nucleotide levels
was considered. However, direct addi-
tion of dibutyryl adenosine 3’,5'-mono-
phosphate, isoproterenol, theophylline,
carbachol, or dibutyryl guanosine 3',5'-
monophosphate had no significant effect
upon the responsiveness of cells from

EMC- or SFV-infected mice or on the re- -

sponse of the intact animals themselves
(8). These results suggest that prosta-
glandins restored the cellular interferon
response through an unidentified process
not involving cyclic nucleotides.

In further studies (8), mice infected
with influenza A, or Friend leukemia vi-
ruses (8) developed an infection-induced
state of hyporeactivity, and the inter-
feron response of these animals was en-
hanced or restored by coadministration
of prostaglandins with inducers. These
results indicate that the restoration was a
fairly general phenomenon. It was not
restricted by the inducer or prostaglan-
din used, and the interferon response of
mice infected with any of four viruses
was enhanced. Enhancement was selec-
tive, however, in that the response of
normal cells was generally not affected
although hyporeactive cells were. At
present, the mechanism by which hypo-
reactive cells are rendered more respon-
sive is not fully understood, although it
does not appear to be linked to overt ma-
nipulation of cellular macromolecular
synthesis or increased uptake of inducer
@®).
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Atmospheric Dust: Climatological Consequences

Idso and Brazel (/) conclude from var-
ious radiation measurements for a range
of dust-loading events at Phoenix, Ari-
zona, that a buildup of anthropogenically
produced tropospheric aerosols must in-
exorably tend to warm the planet’s sur-
face. We question the conclusion for
several reasons.

Some of the results raise the question
of measurement error. For the dust
event of 22 February 1977, figure 1C in
(1) shows that the dust loading, as in-
dicated by the ratio of diffuse to normal-
incidence solar radiation, rose sharply at
1100 hours, remained high until 1300
hours, and did not return to the unper-
turbed level until 1400 hours. The in-
frared radiation from the sky (figure 1B)
rose sharply at the same time, 1100
hours, but fell sharply to the unperturbed
level by 1200 hours. On 15 April 1977,
the infrared radiation from the sky
lagged behind the dust loading.

Idso and Brazel’s raw data do not im-
ply a warming effect, at least in two of
the three cases presented (22 February
and 15 April). On those dates increased
dust levels gave rise to a change in net
all-wave radiation (darkened circles of
figure 1) such that the net incoming radi-
ation (incoming visible minus outgoing
infrared) was reduced. This represents a
local cooling effect at the ground—re-
duced incoming solar radiation more
than outweighed the change in infrared
radiation. The inference of a climatologi-
cal warming rests on the argument that
infrared changes are felt over the entire
area (4mR?) of the earth’s surface,
whereas the solar radiation, being ef-
fectively unidirectional, falls normally on
the cross-sectional area (wR?). This
might be correct if the measurements
were all taken with the sun in the zenith
(that is, zenith angle 8 = 0°). They were
in fact taken at zenith angles between 40°
and 70°. Since incoming normal flux is
proportional to cos 6, in the flat atmo-
sphere approximation, measured solar
radiation should be divided by 4 cos 6 to
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obtain an approximation for a global av-
erage.

A second critical aspect is the location
on figure 2 in (1) of the point representing
the present state of the atmosphere. It
does not have to be moved far to the
right to make it fall in a region where the
curve of figure 2 is falling rather than ris-
ing, implying cooling with increasing
dust. Idso and Brazel chose an initial
point corresponding to clear conditions
in Phoenix, but is this realistic for a real
world that is about 50 percent cloud-cov-
ered, 80 percent ocean, and has a haze
level that receives sizable contributions
from sea salt, terpenes, and sulfates? In
other words, the earth, in its entirety,
may actually have an average diffuse/di-
rect value nearer to 0.1, say, in which
case addition of aerosols, according to
Idso and Brazel’s curve, would lead to
cooling on a global scale.
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With respect to the first question
raised by Herman et al., the net solar
and net all-wave radiation data of figure
1, A and B, were acquired at a site 4 km
distant from the site of the diffuse and
normal-incidence solar radiation mea-
surements of figure 1C, and this spatial
separation could conceivably create dis-
crepancies. However, we see no discrep-
ancy on 11 January or on 15 April. On 22
February there is an apparent discrepancy,
but on closer examination we see that it is
due to a faulty delineation of the dust
event in the solar and all-wave radiation
data. That is, in comparing all 3 days, it is
evident that in our report the net solar and
net all-wave radiation traces for 22 Feb-
ruary are too flat over the midday period.
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