Competitive Antagonism of Leukocytic Pyrogen by Sodium Salicylate
and Acetaminophen! (36849)

WESLEY G. CLARK AND BarRBARA A. COLDWELL

Department of Pharmacology, The University of Texas Southwestern Medical School
at Dallas, Texas 75235

The antipyretic action of non-narcotic an-
algesics is commonly attributed to their
ability to “reset the thermostat” back toward
normal after the setting has been elevated
by a pyrogen (1). This concept implies that
the antipyretics act on the thermostat per se
independently of the pyrogen. Such an action
is perhaps most likely with agents such as
pyrazolones and para-aminophenol deriva-
tives when they are given in doses large
enough to cause hypothermia in afebrile ani-
mals (2). However, in the case of salicylates,
which lower body temperature only in
febrile states (3-5), an action to antagonize
the pyrogen at a receptor site seems more
likely, with the set point lowering being sec-
‘ondary to the diminished effectiveness of the
pyrogen. A number of authors (6-8) have
suggested a competitive antagonism between
the antipyretic and pyrogen, but there have
been no reports of experiments specifically
designed to examine the type of inhibition.
Salicylates and acetaminophen given periph-
erally or centrally inhibit leukocytic pyrogen
(LP)-induced fever (7-13). Since too fre-
quent administration of salicylate peripheral-
ly can lead to cumulation in the cat (14),
we have examined the effect of centrally ad-
ministered sodium salicylate and acetamino-
phen on the log dose-response curves to LP.
The results are compatible with competitive
antagonism of this pyrogen by both antipy-
relics in the doses used.

Methods. Adult mongrel cats were used.
Procedures for care and feeding of the ani-
mals, for recording body temperature chroni-
cally from the retroperitoneal space, for mak-
ing iv or lateral cerebral ventricular injec-

1 Supported by U.S. Public Health Service Research
Grant NS 08618.

tions, for collection of LP from blood leu-
kocytes, for sterilization of glassware, and for
otherwise avoiding contamination have been
described previously (12, 15). Ambient tem-
perature was maintained at 22 * 1.5°. Injec-
tions of the antipyretics in saline solution or
of saline solution alone were given intraven-
tricularly at 9:30 AM = 5 min in a volume of
0.10 ml. LP was injected iv 30 min later and
was flushed in with 1.0 ml of saline solution.
The average of temperature readings at 9:00,
9:15, and 9:30 aM was used as the base line
from which changes were measured. Instead
of plotting responses on graph paper and de-
termining the area between the curve and the
base line with a planimeter as was done
previously (13) to obtain a “thermal re-
sponse index” (TRI), individual responses at
approximately 3-min intervals were tabu-
lated, and the comparable area was deter-
mined with a calculator such that 1 unit of
TRI is equivalent to a 1° change lasting for
1 hr. TRI’s were determined for the time
period between LP injection and recovery of
body temperature to base line. Maximum ele-
vation in temperature above the base line was
also determined for each response.

Preliminary injections of LP were given to
each animal to determine a volume which
produced fevers lying at approximately the
midpoint of the linear portion of the log
dose—response curve as determined from a
previous study (12). This optimal volume of
extract was then arbitrarily considered to
equal 2 units of LP for that cat. Five cats
were used for each study. In a randomized,
cross-over order at daily intervals, each cat
was given doses of 1, 2, and 4 units of LP iv
preceded by saline solution intraventricularly
and 2, 4, and 8 units of LP preceded by a
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Fic. 1. Antipyretic effect of 1.00 mg of sodium salicylate determined in a cross-over study using
5 cats. The left and right panels indicate thermal response indexes and peak responses, respectively.
The positions of the lines were determined by the method of least squares. Mean values and 95%

confidence limits are also shown.

dose of antipyretic estimated to reduce the
potency of LP approximately 50% (13). An-
tipyretic ‘was flushed from the ventricular
cannula in the afternoon. The data was eval-
uated by analysis of variance, and potency
ratios were determined according to Finney
(16).

Results. Two assays were done with sodi-
um salicylate and one with acetaminophen.
In the initial assay, which is not illustrated,
0.50 mg of sodium salicylate caused a paral-
lel shift to the right of the log dose-response
curve to LP and reduced the potency of LP
approximately one-third (Table I). Results
of assays using 1.00 mg of sodium salicylate
and 0.50 mg of acetaminophen are shown in
Figs. 1 and 2, respectively, and in Table I.
The corresponding analyses of variance are
given in Table II. As shown, similar results
were obtained with either TRI or maximum
temperature increase as the dependent varia-
ble. In each of the three assays highly signifi-

cant regressions were obtained, but there
were no significant deviations from linearity
or parallelism.

Discussion. A number of recent reports (4,
8-11, 13) have documented inhibition by
centrally administered salicylates and aceta-
minophen of fever induction by LP, an en-
dogenous product thought to be the ultimate
cause of a wide variety of fevers through a
central action. The parallel shift to the right
of the log dose-response curve to LP pro-

TABLE 1. Potency Ratios.

Antipyretic Dose (mg) TRI Peak
Sodium 0.50 0.67¢ 0.63
salieylate (0.46-0.96) (0.47-0.84)
1.00 0.41 0.33
(0.30-0.57)  (0.25-0.46)
Aceta- 0.50 0.46 0.41
minophen (0.31-0.66)  (0.34-0.51)

@ Ratio (95% econfidence limits).
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F1c. 2. Antipyretic effect of 0.50 mg of acetaminophen. The data are expressed as in Fig. 1.

duced by pretreatment with sodium salicylate
and acetaminophen in the present experi-
ments may indicate that their antipyretic
effects were due to competitive antagonism of
LP at receptor sites within the central ner-
vous system, most likely in the preoptic/an-
terior hypothalamus and midbrain where lo-

cal administration of salicylates has been re-
ported to antagonize LP (8, 11). Since the
structures of these antipyretics are so dissimi-
lar from that of LP, which is a small protein
(17), it is more likely that the antagonism
was a case of allosteric inhibition giving the
appearance kinetically of competitive antago-

TABLE II. Analyses of Variance of Assays of Antipyretic Activity of Sodium Salicylate and Aceta-
minophen.

Sodium salieylate, 1.00 mg Acetaminophen, 0.50 mg

TRI Peak TRI Peak
Source of
variation af MS ¥ MS ¥ MS F MS F
Error 20 0.1178 0.0395 0.1118 0.0190
Between cats 4 0.2858 2.42 0.1597 4.04>  0.0170 <1 0.0627 3.30¢
Between doses 5 1.3672  11.60* 0.6171  15.61* 0.9888 8.84¢  0.5473 28.77¢
Regression 1 6.4158  54.45¢ 2.7390  69.29° 4.7890  42.82* 2.5985  136.58¢
Parallelism 1 0.1767 1.50 0.0176 <1 0.0633 <1 0.0506 2.66
Preparations 1 0.1763 1.50 0.3245 8.21°¢  0.0295 <1 0.0730 3.84
Linearity 2 0.0336 <1 0.0021 <1 0.0311 <1 0.0069 <1
“p < .001.
bp < .025.
°p < .01
ip < .05,
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nism (18) than that nearly identical attach-
ments to the same receptors were involved.
Although 0.50 mg doses of acetaminophen
produced small but statistically significant re-
ductions in the body temperatures of afebrile
animals (13), there was no indication from
the shift of the dose-response curve in this
study of an action other than antagonism of
the pyrogen. Acetaminophen appeared to be
somewhat more potent than sodium salic-
ylate. Previously, however, a 0.25 mg dose
of sodium salicylate produced statistically
significant antipyresis against LP while the
same dose of acetaminophen did not (13).
Thus when given intraventricularly these two
antipyretics must be very nearly equal in
potency in the cat.

Summary. Bioassays of the pyrogenic ac-
tivity of LP in the presence and absence of
antipyretics were performed in cats. Sodium
salicylate (0.50 and 1.00 mg) and acetamino-
phen (0.50 mg) given intraventricularly 30
min before iv injection of LP produced paral-
lel shifts to the right of the log dose-response
curve to LP. Such shifts are compatible with
the hypothesis that these agents compete
with LP for receptor sites within the central
nervous system.
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