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suggests that antibody formation does not 
proceed, with the disease. 

Summary. Different fractions of  plasma 
proteins were determined by paper electro- 
phoresis in 16 patients suffering from cholera, 
in 11 cases of tetanus, 10 cases of menin- 
gitis. 10 cases of small pox and 22 normal 
subjects. Total protein was lower than nor- 
mal in all diseases studied except tetanus. 
-4lbumin was lower and fibrinogen was higher 
in all diseases as compared to normal values. 
Of the globulins. cholera cases had low U ,  in- 
creased ,3 and normal ./-globulins. ,+globulin 
contained PI and p2 fractions not seen in nor- 
mal persons. In patients suffering from small 
pox U- and p-globulin fractions were normal 
but 7-globulin fraction which increased. con- 
tained -il- and -p-fractions. In patients suf- 
fering from meningitis and tetanus all the 
globulin fractions increased but in meningitis 
these increased values were not statistically 
significant. The implication of these changes 
has been discussed. 

We are grateful to Dr. A. K. Datta Gupta, Super- 
intendent, and to Dr. -4. Mandal, Physician of S i l -  
ratan Sircar Medical Collepc Hospitals, Calcutta. for 

kind permission to use patients of the hospital. 

1. Weimer, H. E., and Mohsin, J. R., Ann. R e v .  

2 .  Satoskar, R. S., Lewis, R. A., and Gaitonde, 

3 .  Benditt, E. P., and Walker, S. A., Am. J .  Med., 

1. Ropes, M.  W., J. Clin. Invest., 1954, ~ 3 3 ,  311. 
5 .  Esser, H., Heinzler, F., and Wild, H., Klin. 

6. Blix, G., Tiselius, A., and Svensson, H., J .  Biol. 

7 .  Cullen, G. E., and Van Slyke, D. D., ibid., 1920, 

S .  Tayeau, F., Bull. SOC. Chim. Biol., 1944, v26, 

9. Sterling, IS., J .  Clin. Invest., 1949, v28, 1057. 
10. Brante, G., Scand. J .  Clin. and Lab. Invest., 

11. Tiselius, .4., and Kabat, E. A., J .  Exp .  Med., 

12 .  Ehrich, W. E., and Harris, T. N., Science, 

13 .  Dougherty, T. F., Chase, J. H., and Wente, A., 

14. Seibert, F. B., Pfaff, M. L., and Seibert, M. V., 

Tuberc., 1952, v68, 594. 

R. B., J. Lab. & Clin. Med., 1954, v44, 349. 

1918, v4, 663. 

IVorhschr., 1953, v31, 321. 

C ~ Y I I I . ,  1951, 17137, 485. 

v41, ,557. 

295. 

19.52. v4, 293. 

19.<9, v69, 119. 

1945. v101, 28. 

P K ~ ( ' .  SOC. EXP. BIOL. AND MED., 1944, v57, 295. 

-1rrh. Biochenz., 1948, v18, 279. 

Kcceived January 11, 1957. P.S.E.B.M., 1957, v94. 

Cortisone and Mortality in Mouse Typhoid. I. Effect of Hormone D'osage 
and Time of Injection." (22984) 
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Dr.pnrtmmt.s of Grtzctic-s a n d  Zoology, Zowa State College, Ames. 

The effect of cortisone on progress of bac- 
terial infections remains a controversial issue. 
Some studies have indicated that this hor- 
mone lowers resistance ( 1.2) . Other esperi- 
ments have demonstrated that cortisone, in 
small quantities, will increase natural resis- 
tance to infection (3,4). This disagreement 
is of interest in regard to the Salmonella dis- 
eases, inasmuch as cortisone has been recom- 

':'This work supported in part by grant to I l r .  
John W. Gowen from Kockeicllcr Foundation. 
Journal Paper No. 3089 of Iowa Agr. Esp. Station. 
Ames. 
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mended as an adjunct in treatment( 5) .  The 
following data summarize a study of the ef- 
fects of cortisone on mortality of 4 strains of 
mice genetically differentiated for resistance 
to Salmonella typhimurium. 

Materials and methods. Four inbred mouse 
strains from our Laboratory were used in this 
study: S, Z. K, and BALB/Gw, indicated as 
Ka. Each strain has been inbred by over 30 
generations of brother-sister matings and, as a 
result, has become a distinct biotype with 
characteristic level of resistance to mouse ty- 
phoid. The wide range in resistance of these 
4 strains may be seen in Table I. All mice 
were 5j/2-65 months old. Bacterial inocuZa- 
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TABLE I. Natural Resistance of Female Mice of 
4 Strains to Intraperitoneal Inoculation of 2 X l o 6  
Typhoid Bacteria (Salmonella typhimurium llCy.* 

Strain inoculated Survived % survived 
Total 

S 1232 1173 95.2 
K 534 337 63.1 
Z 1440 616 42.8 
Ba 897 2 .2 

*These data for mice from 100 to 400 days of 
age have accumulated over a period of years as 
part of results f roni numerous investigations. 

tions. Mice were infected by intraperitoneal 
injection of approximately 200,000 bacteria 
of 11C strain of S. typhimurium. This 11C 
culture has been maintained by mass trans- 
fers on nutrient agar slants and has shown 
consistent virulence for 26 years. Eighteen 
hour cultures were suspended in 0.85% saline 
with 0.05 peptone. Suspensions were brought 
to standard density by appropriate dilutions 
within the linear portion of the calibration 
curve on a Lumetron photoelectric colori- 
meter. Each calibration was checked by 
plate count. The mean bacterial count in 26 
inoculations was estimated to be 1.96 t 0.04 
hundred thousand cells. Hormones. Proges- 
terone (Progestone Schering) and desoxy- 
corticosterone acetate ( Cortate Schering) 
were used as crystalline suspensions in sesame 
oil. Control animals received an equal vol- 
ume of Plain Sesame Oil (Schering). Corti- 
sone acetate (Cortone Merck) was used as 
suspension in saline. Control animals in the 
cortisone experiments received an equal vol- 
ume of Aqueous Vehicle No. 1 (Merck) . Each 
injection was given in single subcutaneous 
dose. This injection preceded typhoid inocu- 
lation by 24 hours, unless otherwise noted. 
In all experiments, hormone-treated animals 
and their litter-mate controls were confined 
in the same cage; identification was by pedi- 
gree numbers. 

Results. As little as 0.25 mg of cortisone 
reduced resistance of a mouse to S. typhimur- 
ium. When this quantity was given to males 
of the BA4LB/Gw strain, their mean survival 
time was reduced from 5.6 I+ 0.1 to 4.9 t 

$ The authors wish to acknowledge generous sup- 
plies of hormones furnished by Merck and Co., Rah- 
way, N. J., aad by Scihering Corp., Bloomfield, N. J. 

0.1 days. This difference is significant (P< 
0.01). The observations on these 148 corti- 
sone-treated mice and their litter-mate con- 
trols are presented in Table 11. In  a similar 
experiment on 56 litter-mate pairs of mice, 
a single injection of 0.01 mg of cortisone had 
no significant effect on resistance. 

Injections 6f 2 
other physiologically active steroids had no 
effect upon typhoid resistance. Varying quan- 
tities of progesterone and desoxycorticas- 
terone acetate were injected 24 hours before 
typhoid inoculation. Each hormone dose was 
given to 10 mice and their mortality was then 
compared with that of their 10 litter-mate 
controls. In  doses of 0.1 mg and 1.0 mg, 
these 2 steroids did not significantly prolong 
survival of male mice of the BALB/Gw 
strain. In  quantities of 1, 5, and 10 mg, 
neither hormone lowered typhoid resistance of 
male 2 mice, a strain possessing intermediate 
resistance to typhoid infection. This indi- 
cates that massive doses of some steroid hor- 
mones do not lower resistance unless, like cor- 
tisone, they have a specific action in mouse 
typhoid. 

Large doses of cortisone. In  the following 
experiments the doses of cortisone ranged 
from 1 to 5 mg. Previous investigations had 
established that single doses to 5 mg were not 
toxic to normal mice(6,7). In  our study, a 
5 mg dose of cortisone had no significant ef- 
fect on body weights of 6 mature male S mice 
when compared with their 6 litter-mate con- 
trols. Nevertheless, when smaller amounts 
(from 1 to 4 mg) were injected into S mice 

Other steroid hormones. 

TABLE 11. Distribution of Deaths of Control and 
Cortisone-Treated Mice." 

~~ ~~ 

Day of infection 
Exp. 3 4 5 6 7 8 9 Total 

A Control 0 3 36 30 4 0 0 63 
Treated 0 12  34 16 1 0 0 63 

B Control 0 4 17 12 3 1 1 38 
Treated 3 19 12 3 1 0 0 38 

C Control 0 8 14  16 6 2 1 47 
Treated 1 17 15 12 2 0 0 47 

~ 

* Mice were males of the Ba strain. Each treated 
mouse received 0.25 mg cortisone acetate one day 
before inoculation of S. typhimurium. Records for 
male Ba mice, tested over the same period as for 
females in Table I, show zero survival for 622 in- 
dividuals. 
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which were inoculated with S. typhiinurium, 
their resistance was markedly decreased. Mice 
of the S strain have a high resistance to ty- 
phoid. The effects of increasing doses of cor- 
tisone on mortality in mouse typhoid may be 
seen in Fig. 1. Twenty-one days after ty- 

(IS) B O  FEMALES 
I M t  CORTISONE 

7 6 5 4 3 2  I 0 1  2 3 9 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

DAY OF CORTISONE INJECTION 

FIG.  2. Effwt of siligle sulwiit. cortisone j i i j .  
given a t  mryiiig t i i i i w  lwforc. o r  iiftcv iiiocnlatioli 
with S. t gph iwuv i / i  ) i t .  Eqwrinicmts o i i  4 1 1 1 0 1 1 ~ 1  
straiiis (Ba, K, Z, iiii(1 S 1 a r c  i1lustr:itcvl. Su- 
inerals iii parentheses indiwtc~ So. of niiw usc(1 :it 
each cortisone inj. represeiitwl IJ,V dot or squarc.. 
Syua.res indicate that one o r  1110re iiiice survived 
IneTond arbitrarily assigiictl day - of - death valuv 
(30th day of inj.). SoMd h e ,  cortisone inj. pre- 
ceded typhoid inoculation. Dotted line, cortisone 

followed typhoid inoculation. 

phoid inoculation, none of the mice given 4 
mg of cortisone had survived; 8% of those 
given 2 mg survived; 93% given 1 mg, and 
100% receiving no cortisone had survived. 
Time of cortisone injection. Cortisone had 

the greatest effect in reducing survival when 
administered within 2 days before or after 
typhoid inoculation. This may be seen in 
Fig. 2 .  In this experiment, equal numbers of 
mice were assigned a t  random to groups all 
of which were inoculated with S. typhimurium 
on the same day, but which received a single 
dose of cortisone either before or after ty- 
phoid inoculation. When cortisone was given 
after typhoid inoculation, there were 2 ways 
of calculating mean day-of-death-values. 
Length of survival could be measured from 
1) time of typhoid inoculation, or 2 )  from 
time of cortisone injection. The former 
method was chosen for graphic presentation 
of data in Fig. 2 .  Because experiments on the 
4 strains were done at different times, strain 
comparisons are not valid for this experiment. 
However, it is evident that each replication of 
this experiment, though on a different strain! 
is consistent: single injections of cortisone 
had the greatest effect in decreasing resistance 
when given within 2 days of typhoid inocula- 
tion. 

Discussion. Other workers have shown 
that adrenal extracts have protected adrenal- 
ec tomized animals from Salmonella endo- 
tosins(8).d Therefore, it is possible that the 
unfavorable action of cortisone on mouse ty- 
phoid resistance might be attributed to use 
of unphysiological doses. Robinson (3 )  has 
demonstrated that there is an optimal dose of 
cortisone which protects rats in DipZococcus 
pncmzoniae infections, while greater amounts 
of hormone decrease their resistance. Never- 
theless. one might expect that cortisone, when 
given in dosage which protects adrenalecto- 
inized mice from toxins, would increase resis- 
tance to infection. This is not the case. De- 
launay and Lebrun found that 2 mg of 
cortisone protected adrenalectomized mice 
from Salmonella endotoxins. Yet in our 
study, less than 1 mg was effective in decreas- 

9 Preliminary report by Delaunay and Lebrun in 
Compt. Rend. Acad, Sci., 1951, v233, 1698. 



TEMPERATURE EFFECT WITH CORTISONE 479 

ing resistance to infection. Because these 
small doses were shown to be non-toxic to the 
normal animal, it would seem that cortisone 
has some specific detrimental effect in mouse 
typhoid. 

Summary. Cortisone, administered in sin- 
gle injections ranging from 0.25 to 5 mg, 
markedly decreased resistance of mice to S. 
typhimurium. Cortisone had the greatest ef- 
fect on resistance when administered within 
2 days before or after typhoid inoculation. 
Subcutaneous injections of two other ster- 
oids, progesterone and deso’xycorticosterone 
acetate, in dosage range of 0.1 to 10 mg, had 
no effect on mortality in mouse typhoid. 
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In an investigation of effects of cortisone3 
on mice infected with Salmonella typhi- 
murium, i t  was observed that during the hot 
summer months cortisone treatment was more 
effective in reducing survival. To determine 
the effect of environmental temperature on 
cortisone treatment, the following experiments 
were completed under conditions of controlled 
room temperature. 

Procedure. Two mouse strains were used: 
an innately resistant strain (RI), and a strain 
(Z) of intermediate resistance to S .  typhi- 
murium. Of 280 untreated female RI mice, 
100 to 400 days old, 77.9% survived a single 

*This work was supported in part by grant to 
Dr. John W. Gowen from Rockefeller Foundation. 
Journal Paper No. 3090 of the Iowa Agr. Exp. Sta- 
tion, Ames. 

t Present address: San Francisco State College, 
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$The authors wish to acknowledge generous sup- 
plies of cortisone furnished by Merck and Co., 
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dose of 200,000 11C S. typhimurium, whereas 
only 42.8% of 1440 Z females survived the 
same inocula. Evidence that this disease re- 
sistance is innate and not acquired has been 
reviewed by Gowen ( 1 ) . Hormone-treated 
mice, 5% to 7 months old, were given a single 
subcutaneous injection of cortisone acetate 
(Cortone, Merck) in saline with suspending 
agents ( polyoxyethylene sorbitan monooleate 
and sodium carboxymethylcellulose) and ben- 
zyl alcohol as preservative. Control animals 
received an equal volume of Aqueous Vehicle 
No. 1 (Merck). Cortisone and aqueous ve- 
hicle injections were given 24 hours before 
typhoid inoculation. All mice were inocu- 
lated with 2X105 viable cells of 11C strain of 
S. typhimurium. Throughout each 3 week 
experiment, cortisone-treated mice and their 
litter-mate controls were confined in the same 
cage ; identification was by pedigree numbers. 
This investigation was conducted during the 
summer and an air conditioning unit was used 
to attain “moderate” temperature of 2 1 O to 


