
7 50 CORTISONE IN EXPERIMENTAL BACTERIAL INTOXICATIONS 

3. Isherwood, F. A., Biochem. J. ,  1946, v40, 688. 
4. Marvel, C. S., and Rands, R. D., J .  Am. Chem. 

5. Donaldson, K . ,  Tulane, V., and Marshall, L. M., 

6. Markus, R. L., drch. Biochent., 1950, v29, 159. 
7. Friedberg, F., and Marshall, L. M., PROC. SOC. 

8. Winnick, T., J .  Biol. Chenz., 1942, v142, 451. 
9. .411en, M. B., and Ruben, S., J .  Ant. Chem. SOC., 

Sot., 1950, v72, 2642. 

Anal. Chem., in press. 

EXP. BIOL. AND MED., 1950, v74, 446. 

1942, v61, 948. 

10. Wood, H. G., Cold Spring Harbor Symposia 

11. Dent, E., Science, 1947, v105, 335. 
12. Waelsch, H., and Miller, H. K., J .  Biol. Chem.. 

13. Carroll, W. R., Stacy, G. W., and Du Vig- 

11. Waelsch, H. and Borek, E., J .  Am. Chem. Sot., 

on Quantitative Biology, 1948, v13, 201. 

1942, v145, 1. 

ncaud, V., J .  Riol. Chem., 1949, v180, 375. 

1939, v61, 2252. 

Received July 30, 1951. P.S.E.B.M., 1951, v78. 

Effect of Cortisone and ACTH on Adrenals in Experimental Diphtheria, 
Shiga, and Meningococcus Intoxication. ( 19206) 

RODERICK MURRAY AND SARA E. BRANHAM. 
Froitt the Laboratory of Biologics Control, National Microbiological Institute, IVational Institutes 

of Health, Public Health Service, Bethesda, M d .  

Involvement of the adrenal glands is a 
pronounced feature of the intoxication pro- 
duced in animals by a number of bacterial 
toxins and in the course of many bacterial 
infections. 

The possible sparing of the adrenals by 
cortisone was studied in the case of the toxin 
of Shigella dysenteriae (Shiga) and virulent 
meningococcus infection in mice, and in 
guinea pigs given a fatal dose of diphtheria 
toxin. Because of the interrelationship of 
ascorbic acid and adrenocortical function, ex- 
periments were conducted in which cortisone 
and ascorbic acid were both administered to 
the same animal even though mice are known 
to have the ability, not possessed by guinea 
pigs, to produce their own ascorbic acid. I n  
addition the effect of ACTH was studied in 
guinea pigs receiving 1 MLD of diphtheria 
toxin. 

Methods. The cortisone used was the dry 
acetate or free alcohol which was prepared 
for use by dissolving a weighed amount in the 
smallest quantity of acetone required to effect 
complete solution and then quickly bringing 
up to full volume with physiological saline 
solution so that the required dose was con- 
tained in 0.5 ml. -4 drop of “Tween 80” per 
100 ml helped stabilize the suspension. The 
ACTH solution was freshly prepared prior to 

injection by dissolving a weighed amount of 
the dried powder in sufficient physiological 
saline solution so that the required dose was 
contained in 0.5 ml. Weights of ACTH are 
expressed in terms of Armour Standard No. 
L.4-1A. The animals used in these experi- 
ments were guinea pigs weighing 240-280 g 
and pure line CFW strain white mice weigh- 
ing 16-20 g. All guinea pigs were weighed 
daily. ,411 animals were autopsied at  death 
or after sacrifice. 

Eflect of cortisone and ACTH on guinea 
pigs given 1 M L D  of diphtheria toxin. The 
hemorrhagic appearance of the adrenals has 
long been cited as the most conspicuous find- 
ing in guinea pigs dying from diphtheria toxin. 
The course of intoxication following the ad- 
ministration of 1 MLD of diphtheria toxin has 
been closely observed in this laboratory for a 
great many years, an experience which pro- 
vided a background for the detection of any 
deviation from the expected course which 
could be attributed to cortisone, cortisone plus 
ascorbic acid, or ACTH. I n  3 experiments 
all guinea pigs were given 1 MLD of diph- 
theria toxin subcutaneously. In Exp. 1 and 2 
ACTH was given twice daily (0.17 mg) or 
cortisone daily (0.34 mg) for 15 days, or until 
death. In Exp. 1 the initial dose was given 
subcutaneously at  the same time as the toxin. 
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In Exp. 2 the kCTH and cortisone injections 
were begun on the day prior to toxin adminis- 
tration. The guinea pigs in these first 2 ex- 
periments were in groups of 8, a similar num- 
ber receiving the toxin only, as controls. In 
the 3rd experiment, which included 56 guinea 
pigs, ACTH was omitted, the daily dose of 
cortisone increased from 0.34 to 1.54 mg, and 
2 5  mg ascorbic acid given daily to half of the 
animals in each group. All animals were ex- 
amined for subcutaneous edema, local ne- 
crosis, ascites, and weakness. ,4t autopsy the 
presence and degree of subcutaneous edema, 
subcutaneous hemorrhage, pleural and abdom- 
inal fluid, and congestion of the adrenals were 
noted. The term congestion is used in prefer- 
ence to hemorrhage because the histological 
appearance of the adrenals of both guinea 
pigs and mice is that of congestion of the ves- 
sels rather than hemorrhage( 1). No marked 
differences were noted between any of the 3 
experiments, either before death or at autopsy, 
although animals receiving cortisone had an 
average death time of 6 days as against 8.5 
days for the controls. The course of action 
of the diphtheria toxin was unaffected. ,411 
animals showed the following signs of diph- 
theria intoxication: Loss of weight, loss of 
appetite, local edema and necrosis, increase 
in pleural and peritoneal fluid, and congested 
adrenals, with no demonstrable difference in 
degree between control groups and corres- 
ponding treated groups. 

Etfect of cortisone on Shiga intoxication in 
mice. I n  recent studies on the effects of the 
toxins of Shigella dysenteriae (Shiga) in 
monkeys( Z), the most conspicuous finding 
was that of hemorrhage: petechial hemor- 
rhages in the skin, hemorrhage into lymph 
nodes in many regions, and especially hemor- 
rhages into adrenals and into heart muscle. 
It seemed worth while to determine whether 
or not Shiga toxin produced similar hemor- 
rhages in mice, and if cortisone might have 
any effect upon their occurrence. A prelim- 
inary experiment was done with 120 mice, 
1/3 of which were treated with cortisone and 
1/3 with cortisone plus ascorbic acid. All 
received Shiga toxin intravenously. 

In mice receiving Shiga toxin there is a 

minimum asymptomatic period of a t  least 18 
hours, often extending to 4 or even 6 days. 
The signs of intoxication are those of an 
ascending spastic paralysis(3). The mice in 
the present experiments were observed for 7 
days after injection of the toxin. Neither 
cortisone, ascorbic acid, nor combination of 
the 2 appreciably lengthened the life of the 
mice. Ten mice died within 48 hours and 
were autopsied. Of these, 2 had received cor- 
tisone, 4 were controls that received toxin 
only, and 4 had received toxin and ascorbic 
acid. Three of the 10 had intensely red 
adrenals; 2 of these were controls and one had 
received toxin and ascorbic acid. 

In a second similar experiment, 2 groups of 
30 mice each were used, One group was given 
0.5 mg cortisone on each day of the study. 
The other group received no cortisone. On the 
second day both groups were given varying 
doses of Shiga toxin intravenously. All mice 
dying in this experiment were autopsied. All 
those surviving the 7 day period of observa- 
tion were killed and examined. The time of 
death seemed uninfluenced by administration 
of cortisone, but fewer of the cortisone-treated 
mice showed congested adrenals than those 
receiving toxin alone. This difference, while 
not great, seemed definite and this point was 
then examined further in 3 more extensive 
experiments, summarized together in Table I. 

Those surviving 7 days were sacrificed. All 
mice were autopsied and the adrenals exam- 
ined. Many adrenals were bright red, corres- 
ponding in appearance to those of the guinea 
pigs dying from the effects of diphtheria toxin. 
The appearance of the adrenals was recorded 
according to intensity of congestion as red, 
pink, or pale. The results indicated that cor- 
tisone did appear to exert a sparing effect on 
the adrenals as judged by the degree of con- 
gestion observed. More than twice as many 
untreated animals showed marked congestion 
as compared with those receiving cortisone. 

Eflect of cortisone on meningococcus toxirt 
and injection in mice. Massive hemorrhage 
into the adrenals is the most conspicuous find- 
ing at  autopsy in patients dying with the 
Waterhouse-Friderichsen syndrome, Until 
fai.rly recently such overwhelming meningo- 
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coccus infections. with the accompanying in- 
toxication, were considered invariably fatal. 
Kithin the last few years. a number of recov- 
eries have been reported (4- 12 ) . These have 
been attributed to combination therapy with 
sulfonamides, antibiotics, large amounts of 
fluid given intravenously, and whole cortical 
extract.* The possibility of producing a fatal 
intoxication in ,mice and of studying the effect 
of cortisone upon such a condition was inves- 
tigated. JIeningococcus "endotosin" was pre- 
pared from a heavy suspension of 18 hour agar 
growth of a mouse-virulent Group I meningo- 
coccus (S IH 1027).  Titration by intraperi- 
toneal injection into mice showed the LL).-,o 
to be 0.5 ml. Mice dying from this amount 
of toxin showed general hyperemia and vary- 
ing degrees of injection of the axillary and in- 
guinal blood vessels. The adrenals were 
bright red. Injection of larger amounts of 
the tosin was followed by conspicuous hemor- 
rhage into the lymphatic tissue of the intes- 
tinal walls. 

This meningococcus "endotoxin!' was un- 
reliable. Either the intoxication seemed to be 
overwhelming or else it was not constantly 
fatal . Production of men ingococcus infection 
in mice promised a more consistent picture. 
This same strain of meningococcus (XIH 
1027) was suspended in 3% mucin and 

* Since this paper went to press, two clinical 
reports oi the successful treatment of Waterhouse- 
Friderichsen syndrome with cortisone have appeared; 
Nelson, J .  and Goldstein, N., J.A.M.A.,.1951, v146, 
1193; Sewman. I,. R., Ibid., v146, 1229. 

- _ _ _  ~ _ - 

titrated by intraperitoneal injection into mice. 
The LDSo was found to be approximately 20 
organisms. The mice that died in this titra- 
tion all showed bright red adrenals, much 
hyperemia, injection of blood vessels, and 
usually hemorrhage into the axillary and in- 
guinal lymph nodes, a picture closely paral- 
leling that produced by the "endotoxin." The 
appearance of the adrenals was similar to that 
in mice receiving fatal doses of Shiga toxin. 
In  a histological study of the adrenals of mice 
infected with meningococci, Rum1 and Bohn- 
hoff( 13) found depletion of fat, engorgement 
of blood vessels and inflammatory cell in- 
filtration. 

In  the experiment summarized in the upper 
portion of Table 11, there was an apparent 
tendency for the adrenals to be less involved, 
as judged by the degree of congestion, in those 
animals to which cortisone was given. This 
experiment was repeated, using another strain 
of a different serological group of meningo- 
coccus ( S I H  2103) Group 11. Titration in 
5 %  mucin indicated an LD50 of 2-10 bacteria. 
Results are shown in the lower portion of 
Table 11. Strain M H  2103 affected the ad- 
renals less than did strain NIH 1027, but here 
again some sparing action seems to have taken 
place in the mice receiving the cortisone. The 
excess of ascorbic acid seems to have been 
witahout effect in either case. 

With both of these strains excessive doses 
of culture were used. Possibly a .more ob- 
vious sparing action may have been evident 
had smaller inocula been given. 4 further 



CORTISONE IN EXPERIMENTAL BACTERIAL INTOXICATIONS 7 53 

TABLE 11. Effect of Cortisone and Ascorbic Acid on Mice Recciriiig Varjiiig Doses of 

7- Appearance of adrenals ~-\ 
No. Dmtlis -Red- ,--Pink- -Pal- 

Iiioculum (LDXn) mice CAt Ct O t  C.9 C 0 CA C 0 C'A C! 0 

Meniiigocoeei in Mutin." 

Exp. 1 
(XIH 1057) 100000 

10000 
Total 
ci'c 

Exp. 1 
(SIT1 "303) 10000 

1000 
I00 

Total 
(A 

30 1 0 1 0 9  1 0 3  8 6 5  1 4 2  
30 10 9 1 0  0 0 8  2 6 1  8 4 1  
60 20 19 19 1 0 11 10 12 6 9 8 3 

100 95 95 3 0 55 50 60 30 45 40 15 

30 1 0 1 0 9  1 3 8  2 0 0  7 7 2  
3 0 1 0 1 0 8 3 3 6 0 2 1 7 6 3  
2 9 1 0 1 0 8  2 4 8 2 3 1 6 3 0  
89 30 30 55 6 9 22 4 5 2 20 16 3 

100 100 86 20 30 76 13 16 7 67 33 17 
* Exp. 1-3 groups 20 mice each. 1 group received 1 mg ascorbic acid and .5 mg rortisone 

dnjly. 1 group receivcd .5 mg cortisonc daily. 1 group rcvxivcd neither cortisone nor ascorbic 
acid. On 3rd day all mice given from 1000 to 100000 LDZo of 5 lir culture of me~~ingocoecus 
K I H  1027 (I) in 1 nil of 370 niucin intriqcr. Exp. 2-3 groups of 30 mire each. Cortisone and  
ascorbic acid giwn a s  in Exp. 1. On 3rd day all mice given from 100 t o  10000 LDso of 5 11r 
culture of ineningococcus KIH 2103 (11) in 1 cc of 5y0 mucin intraper. All animals autopsied. 

t C, cortisone; A, tlveorbic acid; 0, micc rwch-ing neither ascorbic acid nor cortisonc. 

series of experiments designed to demonstrate 
more fully the tendencies indicated above was 

pended in mucin, as judged by the degree of 
congestion. 

next carried Out using I strains, NIH The authors wish to acknowledge their indebted- 
1027 and NrH 1966. These were arranged n e s  to Mr. Jacob E. Lieberman, Office of the 
in the same manner except that ascorbic acid Director, Xational Institutes of Health, for his 
was not administered. The infecting meningo- helpful advice and suggestions. 
cocci were suspended in 3% mucin and the 
doses varied from 5 LDSo to loo00 LDoo. Of 
60 treated animals receiving strain KIH 1966 
the numbers showing red, pink, and pale ad- 
renals were 20, 31, and 9, while for 60 re- 
ceiving no treatment the figures were 38, 18, 
and 4. In  the case of 30 treated and 30 un- 
treated animals receiving strain XIH 1027 the 
corresponding figures were 12, 9, 9, and 20, 
6, 4. Thus fewer animals receiving cortisone 
showed congestion of the adrenals as com- 
pared with corresponding animals receiving 
the same dose of organisms but no cortisone. 
Cortisone did not affect the mortality. 

Conclusions. (1) Neither ACTH, cortisone, 
nor cortisone in conjunction with ascorbic 
acid appeared to have any effect on the out- 
ward course of intoxication of guinea pigs 
given lethal doses of diphtheria toxin. ( 2 )  
Neither cortisone nor cortisone in conjunction 
with ascorbic acid affected the mortality of 
mice receiving fatal doses of either Shiga toxin 
or meningococci suspended in mucin. (3) 
Cortisone appeared to exert a protective ac- 
tion on the adrenals of mice receiving fatal 
doses of Shiga toxin and meningococci sus- 
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