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Effect of Cortisone Acetate on Experimental Rocky Mountain Spotted 
Fever in the Guinea Pig. (20223) 

JERRY K, AIKAWA* AXD GEORGE T. HARRELL. 
(With the technical assistance of U'illiam Brooks. 1 

From the Departrtcerrt of Internal Medicine, the Bowman Gray School of Medicine of Wake Forest 
College, Winston-Salem, Y. C .  

In  certain diseases, the administration of 
cortisone may relieve many of the symptoms 
and suppress the signs of illness. In spite 
of this apparent beneficial effect, cortisone 
therapy may be harmful in diseases such as 
pneumonia or tuberculosis, since it often ac- 
celerates the spread of the infection(l,2). I t  
has been suggested, however, that in the 
therapy of Rocky Mountain spotted fever and 
typhoid fever: this hormone may be a valuable 
adjunct to chloramphenicol(3,4). Because of 
the intracellular position of rickettsiae as op- 
posed to the extracellular location of most 
bacteria. one might expect a different re- 
sponse to cortisone in animals or subjects in- 
fected with the former microorganisms. The 
hormone might alter the rate of spread from 
the site of inoculation, the rate of growth with- 
in cells,, or the response of the host cells. 

The present study was undertaken in an 
effort to determine the effects of two different 
dosage schedules of cortisone acetate adminis- 
tered to guinea pigs with experimental spotted 
fever. 

iTIaterial and methods. A total of 91 guinea 
pigs were used. The Bitter Root strain of 
R .  rickettsii was passed serially by intraperi- 
toneal injections. Whole bacteriologically 
sterile, citrated blood obtained by cardiac 
puncture, or a splenic emulsion in sterile 
physiologic saline solution was used as pas- 
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sage material. The animals from which pas- 
sage material was obtained were sacrificed on 
either the fourth or fifth day of fever. Daily 
determinations of the body weight and the 
rectal temperature were made on all animals. 
Complement fixation tests were performed by 
a standard method(5). The significance of 
the difference in the mortality rate between 
the test and control groups was tested by the 
chi-square method ( 6 ) .  

Plan of the Experiment. Exp. 1 was de- 
signed to determine whether the daily ad- 
ministration of a dose of cortisone acetate 
comparable to a clinically therapeutic dose in 
human beings would influence the course of 
the infection. Five sets of observations were 
made upon 51 male animals. Each set of 
animals was given a different preparation of 
rickettsiae. I n  each set, the animals were di- 
vided into test and control groups of com- 
parable body weight. All animals in the 2 
groups were inoculated with the same volume 
of material containing the rickettsiae. Start- 
ing on the day of infection, each animal in 
the test group was given daily subcutaneous 
injections of 1 mg of cortisone acetate ( a 
dose which is comparable to 150 mg for a 
70 Kg man) for 1 7  days. The control group 
was not given cortisone. A11 observations 
were continued for 1 7  days after infection. 
Exp. 2,  performed several months after com- 
pletion of Exp. 1 ,  was designed to determine 
whether the administration of a large dose 
of cortisone acetate for 5 consecutive days at 
the peak of the clinical illness would alter the 
mortality rate or the degree of fever. Forty 
guinea pigs were divided equally into 2 sets, 
which were studied one month apart. The 20 
guinea pigs in each set were observed simul- 
taneously and were given aliquots of a single 
inoculum of rickettsiae. Ten animals in each 
set were not given cortisone; the remaining 
10 received 5 daily intramuscular injections of 
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TABLE I. Effect of Cortisone Acetate, 1 mg Daily, 
on Mortality Rate iii Guinea Pigs with Spotted 

Fever (Exp. 1). 

Severity of Total No. 
infection animals Survivals Deaths 

Control group { R.  rickettsii only) 
Mild, no fatality 3 3 0 
Moderate 1 5 4 11 
Severe, fataliity 8 1 ‘I 

Total 26 8 18 

Mild, no fatality 3 3 0 
Moderafte 14 8 6 
Severe, fatality 8 0 8 

Total 2.5 11 14 

cortisone acetate, 25 mg, starting on the morn- 
ing of the fourth day of infection. 

Results. Exp. 1. Sixty-nine per cent of the 
control animals infected with spotted fever 
and 56% of the test animals also given corti- 
sone acetate died; the difference in the overall 
fatality rate was not significant. However, 
when the 5 sets of animals were arbitrarily 
divided into 3 groups, depending upon the 
severity of the infection, there was a sugges- 
tion that the administration of cortisone ace- 
tate did have a beneficial effect (Table I). 
All of the six animals with “mild” infections 
survived. None developed fever (rectal tem- 
perature of 104°F or greater). Complement- 
fixing antibody to spotted fever antigen was 
found in all animals on the twenty-second day 
of infection. This set of animals was given 
the original lyophilized material, which subse- 
quently increased in virulence upon serial pas- 
sage in guinea pigs. All but one of the 16 
animals with infections classified as “severe” 
succumbed. There was no significant differ- 
ence between the test and control groups as 
to the duration or height of fever or the day 
of death. In the 29 animals classified as hav- 
ing “moderately severe” infections, 43% of 
those given cortisone acetate and 73% of the 
control guinea pigs succumbed. The difference 
in the mortality rates in the two groups was 
statistically significant (P = 0.01 to 0.02). 
The mean duration of fever in the test group 
was 5.5 days, as compared with a mean of 
4.1 days in the control group. In  the test 
group, the average day of death was 11.5 days 

rate over 90% 

Test group (R. rickettsii and cortisone) 

rate over 90% 

after inoculation; in the control group, 10.4 
days. In general, the changes in body weight 
in the two groups paralleled each other. 

Exp. 2. Eighty per cent of the animals in 
each group died during the period of observa- 
tion. Only 6 of the 16 deaths in the test 
group occurred while the animals were re- 
ceiving cortisone acetate, whereas 14 deaths 
occurred during the same period in the control 
group (Table 11). Thus, most of the fatali- 
ties in the test group occurred after cortisone 
was discontinued. The mortality rate in 
the test group during the first 8 days of in- 
fection was significantly lower than that in 
the control (P = less than 0.01). The mean 
day of death in the infected animals not given 
cortisone acetate was 8.1 days; that in the 
test group which received the hormone was 
9.9 days. A striking difference was noted 
clinically in the physical appearance of the 
test and control animals within 48 hours after 
the institution of cortisone therapy in the test 
group. Those given the drug were much live- 
lier and showed less ruffling of the coat than 
those not receiving cortisone. 

The mean daily decrease in body weight 
in the 2 groups was practically the same during 
the first 8 days. An abrupt fall in the mean 
daily rectal temperature occurred in the con- 
trol group between the sixth and seventh days 
of infection, and all except 2 of the animals 
were dead by the ninth day. In the group 
given cortisone acetate, the highest mean 
temperature of 104.7OF was found on the 
fourth day of infection; it subsequently de- 
creased gradually until the thirteenth day of 
infection. 

Comment. Although the daily administra- 
tion of 1 mg of cortisone acetate did not sig- 
nificantly alter the overall mortality rate in 
guinea pigs infected with R .  rickettsiae, analy- 
sis of the results according to the severity of 
the disease suggested that the hormone may 
be of value if the infection is of moderate 
severity. The justification for such an arbi- 
trary classification lies in the fact that the 
efficacy of a therapeutic agent which does 
not directly inhibit the growth of an infecting 
organism may not be apparent, either in the 
presence of a minimal infection without syste- 
mic reactions or in the presence of an over- 
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TABLE 11. Effect of Cortisone Acetate. 25 m g  Daily, 011 Period of Survival in Guinea Pigs 

Total - Yeriod of survival (days after infection) 7 

deaths 6 i 8 9 10 I1 19 13 14 15 16 17 

Infected with R .  rickettsii (Experiment 2) .  50 animals in each group. 

____--___ ~ _______- 
Test 

(Giren R.  r i c t e t  tsii : ind cortisone) 1 6 1 2 3 5 3 1 2  1 1 

Control 
(Given R. r i d P f t s i i )  - c  1 f i  1 4 1  1 

whelming infection. In  the presence of a 
moderately severe infection, when there is 
sufficient time for the body's defense mechan- 
isms to be mobilized, any beneficial effect 
which the drug possesses may become evident. 
It has been observed that in guinea pigs with 
fatal infections of R.  rickettsii, the tempera- 
ture drops rather precipitously to subnormal 
values about 12 hours prior to death. The 
longer mean duration of fever in the group 
given cortisone acetate and classified as hav- 
ing moderately severe infections has there- 
fore been attributed to a reduction in toxemia 
resulting from the administration of cortisone. 
The longer period of survival in the cortisone- 
treated animals is also compatible with this 
interpretation. 

The observations in Exp. 2 appear to con- 
firm the impression that cortisone acetate has 
a beneficial effect on the course of moderately 
severe cases of Rocky Mountain spotted fever. 
No deaths occurred in either group prior to 
the fourth day of infection, a t  which time the 
administration of large doses of cortisone ace- 
tate was begun in the test group. During the 
period of drug therapy. the number of deaths 
in the treated group was significantly smaller 
than that in lthe control group. In addition, 
the clinical appearance and behavior of the 
treated animals was less in keeping with a 
severe illness. Following discontinuation of 
cortisone, the number of deaths in the test 
group was greater than that in the control 
group, so that the overall mortality rate was 
identical. It appears, therefore, that the 
beneficial effects of cortisone acetate were 
transitory. 

It is not possible from the present study to 
determine the exact mechanism of the pro- 
tective effect apparently afforded by cortisone 
acetate in guinea pigs infected with R .  rick- 

ettsii. There is no evidence to suggest that 
it may be due to a suppression of the growth 
of rickettsiae in the infected animals, and 
it has been previously observed that cortisone 
acetate does not affect the rate of growth of 
R .  rickettsii in the yolk sac of embryonated 
chick eggs ( 7 ) . 

Summary. 1. The effect of 2 different dosage 
schedules of cortisone acetate on guinea pigs 
infected with Rocky Mountain spotted fever 
of varying degrees of severity has been investi- 
gated. The overall mortality rate in 25 
animals given daily intramuscular injections 
of 1 mg of the drug, starting on the day each 
received, by intraperitoneal injection, an in- 
oculum of rickettsiae, did not differ signifi- 
cantly from the mortality rate in infected 
guinea pigs which received no treatment. The 
severity of the infection induced by different 
preparations of rickettsiae varied considera- 
bly; when this factor was taken into consid- 
eration, it appeared that cortisone acetate in 
doses comparable to those employed in human 
beings reduced the mortality rate in those 
animals with moderately severe infections. 
2. In  another group of 20 animals which re- 
ceived daily intramuscular injections of 2 5 
mg of cortisone acetate for 5 days at  the peak 
of the illness (fourth through the eighth day 
of infection) the overall mortality rate was 
identical with that in 20 infected animals not 
given the hormone. During the period of 
administration of this relatively huge dose 
of cortisone acetate, however, the fatality 
rate was significantly lower than that in the 
untreated animals. 
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Adipokinetic Activity of Oxycel-Purified Corticotropin.' (20224) 
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The administration of crude extracts of an- 
terior pituitary to mice, rats, and guinea pigs 
was found by Best and Campbell( 1,2) to pro- 
duce a rapid increase in the quantity of lipid 
in the liver and a decrease in carcass fat. It 
was subsequently shown that the source of 
the lipid which accumulated in the liver under 
these circumstances was the fat storage depots 
(3,4) and that the increment of hepatic lipid 
was composed largely of glycerides ( 5 )  ; it was 
concluded that pituitary extracts promoted the 
mobilization of depot fat to the liver. Since 
only a fraction (20-50 per cent) of the fat dis- 
appearing from ithe depots could be accounted 
for in the liver(2,5), the utilization as well as 
the migration of fat appeared to have been 
enhanced. The descriptive term adipokinin 
has been applied to the pituitary principle re- 
sponsible for this metabolic effect(6). A 
number of studies have shown that pituitary 
extracts rich in one or another of the well- 
defined anterior pituitary principles (gonado- 
tropins, corticotropin, thyrotropin, growth hor- 
mone) may produce various effects on fat me- 
tabolism of experimental animals, and it has 
sometimes been implied that one of these might 
be the pituitary factor causing these effects. 

*This study was supported in part by a grant 
from the W,orcester District 'Chapter of the Mass. 
Heart Assn. The author is indebted to Dr. E. B. 
Astwood f,or ,many helpful suggestions. The hog 
anterior pituitary powder and crude corticotropin 
were supplied through the 'courtesy of Dr. David 
Klein of the Wilson Laboratories, #Chicago, and 
the Anmouir Growth Hormone was generously sup- 
plied by Dr. Sanford L. Steelman of the Amour 
Laboratories, IChicago. 

Fatty liver and lipemia have been induced by 
thyrotropic preparations( 7-9), and pronounced 
adipokine~c activity has been reported in 
preparations rich in growth hormone ( 10,ll) 
and prolactin ( 12 1. Payne ( 13 ) , studying a 
variety of crude and partially purified pituitary 
extracts, found no correlation between adipo- 
kinetic activity and that of any one of the well- 
characterized hormones, and concluded that 
the fat-metabolizing factor was a distinct 
principle. 

In the present study estimates were made 
of the adipokinetic activity of some of the ex- 
tracts obtained in the course of fractionation 
of hog anterior pituitary according to the 
procedures devised in this laboratory for the 
extraction and purification of corticotropin and 
growth hormone ( 14- 18). The results indicate 
that a fraction potent in adipokinin is obtained. 
by these methods and lend support to the idea 
that the fat-mobilizing prindple is a factor 
distinct from other pituitary hormones. 

Experimental. Assays were performed by 
a modification of the method of Campbell( 19). 
Female mice of the Swiss Webster strain (ob- 
tained from Taconic Farms and local dealers) 
varying in weight from 18 to 24 g were used; 
in most experiments, mice of nearly uniform 
weight were selected. The animals were de- 
prived of access to food one hour before pitui- 
tary extracts were to be administered, and 
after injection they were kept in cages contain- 
ing water but no food. In the earlier experi- 
ments the test materials were injected sub- 
cutaneously in 0.5 cc volume at  pH 4 and the 
mice were killed seven hours later; in later 
experiments, particularly when potent extracts 


