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Hypothermia in the Mouse as a Bio-Assay of Endotoxin Protection Factor 
in Impure Penicillin.* 

WILLIAM H. ANDERSON+ AND ROLF BRODERSEN.~ (Introduced by c. Phillip Miller.) 
Front the Department of Yedicine,  Cnicersity of Chicago. 

In  seeking an improved method of bio- 
assay of the endotoxin protection factor of 
impure penicillin,'-* it was found, as reported 
by Beck5 and Zahl and Hutner? that mice 
given bacterial endotoxins were unable to 
maintain their body temperature. In addi- 
tion, we found that this hypothermia was 
less marked in animals treated with impure 
penicillin and that the degree of hypothermia 
wa.s a function of the amount of impure peni- 
cillin administered. 

Young adult (20 g) mice were 
kept in a constant temperature room a t  24°C 
for at least 2 days before and during the 
entire time of each experiment. At the time 
the endotoxin was given the mice were placed 
in individual compartments which prevented 
them from huddling together and permitted 
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lowships of the National hst i tute  of Health, 
U. S. Public IIealth Servicc, aiid (in part) by the 
-4. B. Kuppenhcimrr Foundatioii and the Douglas 
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the course of an individual mouse to be fol- 
lowed throughout the experiment. 

0.5 ml of impure penicillin, containing 
10,000 units of crystalline penicillin per ml, 
was given intraperitoneally a t  20, 18 and 2 
hours before the injection of the endotoxin. 

The endotoxin, prepared from Salmonella 
acrtrycke as previously described7 was admin- 
istered intraperitoneally as an endotoxin- 
saline mixture, the total volume of fluid being 
1.0 ml in all cases. 

TABLE I. 
Metliod of Median Calculation. 

Protected miec 
r \ 

Hr after cndotoxin 22 hr 26 hr 28 hr 30 hr 

37.1 37.6 38.0 38.2 
36.9 37.5 37.7 37.7 
36.7 37.4 37.5 37.7 
38.3 37.0 37.4 37.3 
36.9 36.8 37.2 37.8 
35.6 36.6 36.8 36.7 
3B.3* 35.8* 36.0' 36.6' 
34.4' 35.7' 35.8* 36.3' 
34.3* 35.2' 35.7' 36.0" 
33.3) 35.0* 35.6' 35.8' 
30.9' 32.3' 34.1' 34.7' 
30.7' 31.3' 32.8, 32.1' 

Jledian temp. 35.4 36.2 3G.4 36.7 

Unprotected mice - 
32.8 33.3 34.6 
32.3 32.7 33.2 
29.4 31.3 30.6 
27.9 27.4 27.5 
27.9 27.1 26.9 
27.4 26.5 26.5 
26.9' 26.4' 26.4' 
26.5' 26.3' 26.3' 
26.0* 25.3' 26.1' 
25.8* 25.2' 25.2' 
25.7' Dead' Dead* 
25.6) Dead' Dead' 

Median temp. 27.1 26.5 26.5 

35.0 ' 
33.4 
26.6 
26.5 
26.4 
26.1 
25.9' 
25.9' 
25.5' 

Dead' 
Dead' 
Dead' 
26.0 

Nice with body temperature below the median 
of tllC group. 

7Boor, A. K., P m .  SOC. Em. BIOL. AND MED., 

8Nielsen, E. T., A c t a  Medioa Scand. S e p p l e  
1942, 80, 168. 
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The rectal temperatures were determined 
by the use of a cupper-constantan thermo- 
couple and a galvanometer. One junction was 
inserted a distance of 3 cm into the mouse’s 
rectum and the precautions advised by Niel- 
sens regarding its position were observed. The 
other junction was placed in a constant tem- 
perature water bath. 
As a routine schedule, 4 temperature de- 

terminations were made a t  approximately 21, 
24, 27 and 3 0  hours after the endotoxin was 
injected. Less than 4 determinations in- 
creased the standard error. Twelve animals 
in each group were found to be sufficient for 
a fairly quantitative result, giving a standard 
error of about 0.8”C for the average of 4 
determinations. This meant that a difference 
of approximately 3°C between the two groups 
of mice was significant. 

The median temperature of each group of 
mice was chosen for the final calculation rather 
than the mean temperature because the loss of 
a mouse by death raised the mean temperature 
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FIG. 1. 

Median temperatures of mice injected with 
endotoxin. 

Note the two phusae of hypothermia after the 
injection of  the endotoxin; the impure penicillin 
protects against the later more important phase 
of hypothermia. 

NORMAL 
36 

35 

FIG. 2. 
Median temperatures of mice injected with 

endotoxin. 
Comparison of the median temperature of 

treated (impuro ponicillin) and control mice in- 
jected with endotoxin; and normals receiving no 
injection. 

of the group. The dead mice were, therefore, 
listed at  the bottom of their respective groups 
when the medians were determined and a 
more satisfactory computation resulted. This 
was felt to be a justifiable procedure since 
among 457 mice which died (of a total of 
about 1,500) 88% were animals with temper- 
atures previously below and only 12% at or 
above the median. A sample experiment and 
calculation is given in Table I. 

Experimentat. Fig. 1 presents the results 
of a typical experiment. Two groups of mice 
were used: one protected by impure penicillin, 
the other untreated. Both groups were given 
0.05 ml of the endotoxin intraperitoneally. 

The results of an experiment using the 
routine procedure described under “methods” 
are shown in Fig. 2 ;  the data appear in 
Table I. The temperatures of normal un- 
treated mice kept under the same conditions 
and determined at  the same time are also 
shown in this figure. 
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endotoxin. 

Differences between protected and unpro- 
tected groups of mice as shown in Fig. 1 and 
2 have been found in 25 separate experiments, 
using 1,140 mice in which temperatures were 
taken at  least 4 times. 

K e  have found a rough correlation between 
the degree of protection of a given substance 
computed by the LDjo and the anti-hypother- 
mic effect. In order to investigate the cor- 
relation between the two types of experiments, 
the protective activity was destroyed by oxida- 
tion with hydrogen peroxide. The LDz0 of 
the endotoxin in mice treated with oxidized 
impurity was 0.065 ml; in mice protected with 
unoxidized material the LDso was 0.35 ml. 
The results of the two subsances in a tempera- 
ture experiment are shown in Fig. 3. 

The impure penicillin did not protect 
against the hypothermic effects of alpha 
naphthyl-thio-urea or crystalline insulin. 

In  order to obtain some quantitative re- 
sults, an experiment consisting of 18 groups 
of 1 2  animals each was performed. The re- 
sults can be seen in Fig. 4. This graph shows 

that the method can be used for a quantita- 
tive assay of the protective material; how- 
ever, only a narrow range of the concentra- 
tion of the protective material can be meas- 
ured with one dose of endotoxin. In actual 
practice it was more economical of materials 
to use a constant dose of endotoxin and various 
dilutions of the protective factor. The curve 
shown in Fig. 5 plots the averages of 4 me- 
dian temperatures of 4 groups of mice treated 
with varying concentrations of impure peni- 
cillin and injected with a standard dose of 
endotoxin. 

Discussion. The greatest error in the 
method is the biological variation in the mice 
which necessitates the use of 12  animals in 
each group. The method also requires that 
the mice be kept in a constant temperature 
room and preferably in compartment cages 
to keep them separated from one another. I t  
has the advantage of greater economy of mice 
and materials than a satisfactory determina- 
tion of LDjo and is much more quantitative 
than the latter. 

.Autopsies, including microscopic examina- 
tion. failed to disclose any significant trauma 
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Mrdian temperatures of mice injccted with 
endotoxin. 

'l'liis figure slio\\-s t h r  effert of varying doses of 
i t  * 4  ;iiid;iril ~ ~ w ~ ~ r ; r a t t i ( i i i  of inq~urr  penicillin. Each 
Iwitit CII tlie (~UI'ICS represcnts the average of 4 
titrdi:in teuil)(~r:iturr determinations between 20 
:lilt1 30 liours after thc administration of endo- 
toxin. 
. I'cnirillin and salinc trmtcd controls. 
_ _ -  Treated with one part impure penicillin and ~. 

3 parts watcr. --- Impure pcnicillin diluted with an equal vol- 
ume. of water. 

--a*- Inipurc penicillin undiluted. 
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AVERAGES OF FOUR 
MEDIAN TEMPERATURES 

20-30 HOURS AFTER 
ENDOTOXIN 

26 5 114 112 1 
CONCENTRATIOPI r)F PPOTECTIVE SUBSTANCE 

FIG. 5. 
Effect of varying doses of impure penicillin. 
One can distinguish bctmccn the protective ef- 

fect of penicillin and saline, impure penicillin 
diluted to  1/4, and impure penicillin diluted to 
by using 0.1 ml of endotoxin, as was done in this 
experiment. I n  order to distinguish half strength 
from undiluted matcrial, one must dilute further. 

from the insertion of the junction into the 
mouse. 

Hypothermia may be regarded as the physi- 
ological response of the mouse to the endotox- 
in, comparable to fever in most other animals. 
That it is not merely an ante-mortem phe- 
nomenon is evidenced by the fact that less 
than one-third of the mice die in an experi- 
ment. I n  some instances mice have recovered 
after their temperatures have been as low as 
26°C for 8 to 12 hours. 

Summary and Conclusions. The endotoxin 
of Salmonella aertrycke injected intraperi- 
toneally into mice caused a marked fall in 
body temperature. A certain phase of this 
hypothermia could be prevented to a signifi- 
cant degree by previous administration of im- 
pure penicillin. This phemomenon has been 
utilized for the quantitative assay of impure 
penicillin. 

-4 correlation was demonstrated between 
the antilethal and the anti-hypothermic action 
of the impure penicillin against bacterial en- 
dotoxin in mice. 

We are grateful t o  Dr. John F. Perkins of the 
Departmcnt of Physiology, University of Chicago, 
for the use of the thermocouple and galvanometer. 
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Effect of Nicotinic Acid Monoethylamide on the Liver of the Young Rat. 

FRED G .  BRAZDA AND ROLAND A. COULSON. 
From the Department of Bwchembtry, Louisicliia State Uniqersity School of Medicine, 

New Orleans, La. 

It has been reported by Brazda and Coul- tuted on the amide nitrogen whereas nicotina- 
son1 that a diet containing 1% coramine mide is unsubstituted it was decided to de- 
(nikethamide) produces a rapid and signifi- termine the effect produced by nicotinic acid 
cant increase in the liver weight-body weight monoethylamide in which the amide nitrogen 
ratio of young rats. Nicotinamide, under is only monosubstituted. This communica- 
similar conditions, produces no significant in- tion reports the results obtained by use of 
crease? Inasmuch as coramine is disubsti- this compound in the diet. 

IBrazda, Fred G., and Godson, R. A., PROC. Experimental. The Procedure emPloY4 
was the same as that used in the study of the 

2 Godson, R.. A., and Brazda, Fred G., PROC. effect of c0ramine.l The nicotinic acid mon- 
oethylamide was mixed into the basic diet 
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