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TABLE I. 
Lactate, Pyruvate: and Xcid-Soluble Phosphates in  Monkey Brain. 

Phospho- Adenosine Adenosine 
Animal Lac.t.ate Pyruvate Inorg. P creatine Tri-PO, Di-P04 

NO. Cb” Cx Cb CX Cb Cs Cb 0% Ch c*x Cb @x Treatment 

1 1.68t 1.80 0.171 0.367 3.65 3.93 1.70 1.33 1.40 1.68 1.74 1.27 Control 

2 1.14 1.41 0.Oi8 0.083 4.2O -I.i1 1 . 2 i  1.1.3 1.51 1.43 1.76 1.91 30% CO2,.70% 0 2  
for  3 mm. 

3 5.32 5-40 0,WJ 0.269 6.:32 3.t:; 0.47 1.1’3 1.14 1.18 1.73 1.65 10 see. electric 
shock 

55 see. seizure 

4 1.71 1.9.7 0.163 0.168 4.44 1.62 0.62 0.54 1.09 1.34 1.33 1.11 30% CO2,.70% 0 2  
for 3 min. 

10 sec. electric 
shock 

55 see. lag period 
No seizure 

- -- - - - - - __ . - _ _  - . - _- - - - - - - - - - - - ___ - - - _- - - - - - - 

* “Cb” arid “Cx) ’  designate cerebellar and cerebra 1 vortex, respectively. 
t All wlues expressed a s  mM/1000 g (wet wt) tissue. 

compound, the changes are too small, consid- 
ering the precision of the methods of analysis, 
to allow conclusions to be drawn without 
more extensive studies on a larger series of 
animals. Such a study on monkeys is, a t  
present, beyond our means. 

The brains of normal monkeys 
and those treated with carbon dioxide and 

Summary. 

electric shock were fixed with liquid air and 
analysed for lactate, pyruvate, and acid- 
soluble phosphates. The levels of these con- 
stituents and their change under the above 
conditions were shown to be of the same 
magnitude and in the same direction as those 
found in similarly treated dogs, cats, and rats. 
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A low environmental temperature for frogs 
and: new-born rats is accompanied by de- 
creased body temperature and oxidative me- 
tabolism, and relatively low radiosensitivi- 
ty.1-3 Jn the mouse, when the temperature 

~ __l___l______ .-. -- - -d 
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regulating mechanism is functioning normal- 
ly, a cold environment produces onsly a slight 
depression of body temperature, and oxygen 
consumption is elevzted.4*5 This increase in 
oxidative metabolism has been attributed to 
increased ‘thyroid a~t ivi ty .8 ,~ Since thyroid 

4 Turner, 31. L., Am. J .  PhySiOl., 1948, 1552, 197. 
;i Harrington, L. P., Am. J .  Fhysiol., 1940, lm, 

6 Hurvt, V., arid T’urner, C. W., Am. J .  PhySiol., 

TDempsey, R. W., and Astwood, E. B., Endoc- 

123. 

1947, 150, 686. 
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feeding has been shown to increase the inci- 
dence of death following roentgen irradiation 
in mice,s experiments were carried out to de- 
termine whether or not a coEd environment 
would. produce the same effect. 

Male mice of N.I.H. stock were received 
at weaning, divided into treatment groups in 
whisch each litter was represented as equally 
as possible, and placed on a diet of Furim 
pellets. Three weeks later they were irradi- 
ated in groups of 10 made up of approxi- 
mately equal numbers from each treatment 
group. The experiments were terminated 4 
weeks after irradiation, 98.7% of the ob- 
served deaths having occurred between 4 days 
and 3 weeks. 

From one experiment to another we have 
been unable to dluplicate mortality for a given 
radiation dose, due possibly to genetic hetero- 
geneity of the stock, possibly to fluctuatlions 
in3 X-ray output. Within. an experiment these 
variations should have been largely neutral- 
ized by the equal distribution of litters and 
treatments into radiation groups. Only rela- 
tive montality figures are comparable between 
experiments, and only balanced experiments 
can be summed. 

Irradliationl factors were: 170 Kv, 20 ma, 
added filtration 0.55 mrn of aluminum and 
0.25 mm of copper, focal distance 50 a, and 
dose rate 56 r to 64 r per minute. Total 
doses were 5 0 0  r in the first experiments, 470 
r in. the last 2 experilments. Cold and hot 
rooms, thermostatically controlled, were 
maintained between the limits 9 to 11°C and 
29 to 30°C. The 30" temperature was chosen 
because, according to Harrington: heat pro- 
duction is minimal at an environmental tem- 
perature of 301" to 33°C. 

Paraffin sections of formalin+fixed tissues 
were sta6ned with azure eosinate? Frozen 
sections were stained for fat  with oil red 0 
by the method of ljillie and Ashburn.lo With 
this method libtle or no fat is extracted' from 

SBlount, H. C., Jr., and Smith, W. W., Scimce, 

9 Lillie, R. D., Histopathologic Technic, 1949, 

10 Lillie, R. D., and Ashburn, L. L ,  Arch. Path., 

1949, 109, 83. 

Blakiston Co., Philadelphia, Pa. 

1943, 36, 432. 

the tissue by the staining solution. 
In the first 6 experiments a total of 2 0 0  

mice kept a t  301" and 256 at lo", irradiated 
with 500 r, were aged together in groups of 
10 on sawdust. At each temperature approxi- 
mately half of the mice were acclimatized for 
2 weeks prior 'to imadiation and half were 
placed at the tmperature i m d i a t e l y  after 
irradiation, where they remained throughout 
the observation period. In  the 30" environ- 
ment 46% of those acclimatized dried compared 
with, 63% of k t h . 0 ~  not acclimatized. At lo", 
52 % of those acclimatized died cornpared with 
71% of those not acclimatized. The x2 values 
of the totals do not indicate significant dif- 
ferences between the temperature groups (2.7 
for acclimatized and 1.8 for non-acclimatized 
<mrice). Acclimatization at  either temperature 
favored survival x2 = 5.4 for 30°, 8.3 for 
10'). The results of the individual experi- 
ments were very *erratic, however, and thus af- 
ford little confidence in the x2 values of the 
totals. 

In  this group of experiments survivors at 
either temperature gained weight during the 
last 2 weeks loif observation. hucocyte counts 
made on the first and fourth days after 
irradiation showed no diff er4ence attributable 
to temperature. Of the non-irradiated con- 
trols kept at  these temperatures 2 out of 79 
at  10" and 1 out of 50 at 30" died firom 
undetermined causes, while the others made 
satisfactory gains in weight. 

Histopathologic changes in the bone mar- 
row,. spleen, l p p h  nodes, thymus, and testis 
were essentially similar It0 those recorded in 
the 1iterature,l1J2 of ten varied markedly 
among mice rewiving the same treatment, and 
the sevepity of the changes did not consistent- 
ly favor any one treatment group. 

I n  the last 3 experiments the mice were 
caged singly in suspended mesh cages without 
sawdust from, the time of irradiation (Table 
I ) .  Ten: non-irradiated controls so caged in 
thIe 10" environment survived the observation 
period uf 4 weeks without apparent ill ef- 

IlBrecher, G., Endicott, K. M., Gump, H., and 

12 Henshaw, P. S., J .  Nut.  Cancer Ircst., 1944, 

- 

Brawner, H. P., Blood, 1948, 3, 1259. 

4, 485. 
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TABLE I. 
Incidence of Death Following Irradiation of Mice Caged Singly at 10" and 30°C. 

30°C 100C ~2 corrected 
I --7 

I b' I >r 7 
Exp. Dose Acclimatized Xot awl.  ,lvclimatizt.d S(Jt awl. Scclimatization Temperature 
No. r Dead Alive l k n c l  -4Iive Dead Alive Dead Alive a t  30' a t  10" Accl. Not ad. 

7 500 8 1 2  I[; 4 14; 4 20 0 5.10 2.50" 5.10 2.50" 
-~ _ -  . - -- 

40 c/;j 8070 100% 

8 470 - - 1 B  44 - - 41 19 - - - 19.24 
2 i %  68% 

38 76 60% 

39.370 69.3% 

9 470 - - 23 37 - - 36 24 - - - 4.80 

Totals 35 85 97 43 24.18 

~ _ _ _ _  - - - -_ - - - -- - 
* These values are inesac.t because l00$4 of the non-acclimatized mice at 10" died. 

fects. Rectal temperatures were determined 
by an oral clinical thermometer with the bulb 
completely inserted into the rectum while 
the mmse was restrained by a wire jacket. 
Mice at  the end of 4 weeks in the 30" en- 
vironment had an average temperatwe of 
38.4"C, 1.2" higher than those in the 
10" en,vironment. 

In  these experiments, where the mice were 
unable to huddle together, 69% in the 10" 
room died compared with 39'3'0 in the 30" 
room. The %:! values for individual experi- 
ments are relatively homogeneous, and the 
value 24.18 for the )totals indicates a high 
degree of probability that the results were not 
due to chance alone. In thne one experiment 
where acclimatization effect was studied ac- 
climatization again appeared to favor sur- 
vival. 

The detrimental effect of the cold environ- 
ment was clearly demonstrable when the mice 
were not allowed to huddle together. The 
conclusion that resistance ,to lethal X-ray ef- 
fects is lowered in a cold environment, when 
the oxidative metabolism of ,mice is elevated, 
is in, harmony with results from feeding desiic- 
cat& thyroid. There are, however, other 
physiological variables, such as the disltribu- 
t b n  of blood between peripheral and visceral 
circulation: which may or may not alter the 
resistance of the organism to irradiation. 

In  gross examination of the mice thalt died 
following irradiation a uniformly pale or mot- 
tled liver was frequently observed in those 
from the 30" environment. Where 10 mice 

were caged together, 48 out of 64 at 30" 
showed this conditilon in contrast to 7 out of 
76 mice at  10". Among the mice caged sing- 
ly, 31 out of 41 had pale or mottled livers at 
death in contrast to 6 out of 107 mice of the 
10" groups. There was no apparent difference 
in this respect between acclimatized and non- 
acclimatized mice. The liver was examined 
microscopically in mice caged singly that died 
7 to 14 days after irradiation. From 27 such 
mice a t  30", 19 showed marked and 4 showed 
moderate fatty changes, while from 30 such 
mice at  loo no livers showed marked and% 4 
showed moderate changes. Among control 
mice caged 10 together only one out of the 
10 kept 2 weeks at  30" showed moderate fatty 
changes, and none at  10" showed such 
changes. 

The higher incidence of pale, fatty livers 
in mice that died in the 30" environment was 
not obviously dependent upon the occurrence 
of hemorrhage as grolssly observed, or upon 
differences in hemoglobin concentrationl as de- 
termined on 22 mice l l  days after irradiation 
(at  30", mean hemoglobin 10.3 g per 100 
ml; a t  lo", 10.5 g per 1001 ml). Since the 
change occurred chiefly in the groups having 
the lower incidence of death i t  is apparently 
not associated with low resistance to irradia- 
tion. The many non-specific factors that 
could conceivably be responsible for the fatty 
changes do not permit the conclusion that 
irradiation had more than an indirect effect 
in its induction. 

Summary. The net effect of a sufficiently 
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cold environment is to lower the resistance of 
mice to the lethal action of X-rays. 

Subjection to a 10" or 30°C environment 
for 2 weeks prior to irradiation favors sur- 
vival of irradisated mice maintained in those 
environ~ments. 

Mice kept in a 30" environment ,that die 
following irradiation frequently show fatty 
changes in the liver. 

Received June 28, 1949. P.X.E.B.M., 1949, 71. 
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Because of the observation that nitro- 
acridines showed a marked inhibition of 
agents of the psittacosis-lymphogranuloma 
group1S2 while chloro-substituted and certain 
other acridines were ineffective; it seemed 
desirable to investigate the activity of nitro- 
compounds other than acridines. Substances 
containing a benzene or furan ring were se- 
lected for investigation because certain struc- 
tural features in nitroacridine are also pres- 
ent in the latter, simpler compounds. While 
these studies were in progress other publica- 
tions #have described activity of two com- 
pounds containing a nitro9henyl gmup 
against viruses of the psittacusis group or 
rickettsiae. One of .these is chlorampheniml 
(ch10rornycetin)~t~ and the other a nitro i u ~  

alogue of D.D.T., 1,1, l-tridoro-2, 243is 
(para-nitrcphenyl) ethane which was found 
to show some effectiveness against murine 
typhus in mice! 

Material and methods. The source of the 
strains of the viruses of lymphogranuloma 

"Fellow of the American Bureau for Medical 
Aid to Uhina, Inc. 
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venereum, meningopneumonitis, cat pneumo- 
nitis, and mouse pneumonitis is given in a 
previous pub1ication.I E'xperiments in mice 16 
to 18 grams in weight were done with mouse 
lung passage of these viruses inoculated by 
the intranasal route. Titrations were done 
and the infecting doseadjusted so that control 
mice in each experiment when killed on the 
6th day had pulmonary lesions giving a score 
between 30 and 60.t Drugs were given by 
the intraperitoneal route as single daily doses 
starting 2 hours after the virus. Control mice 
received saline in traper i toneally. 

The experiments in chick embryos were 
done with yolk sac passages of ithe four viruses 
inoculated either into the yolk sac or the allan- 
taic sac. The technic of the experiments using 
inoculation into the yolk sac with about 10 
LDsO was identical with that previously de- 
scri1bed.l In the other series of experiments 
10 to 100 IDso (50% infectious doses) were 
inoculated into the allantoic sac of 1 l-day-old 
chick embryos and a single dose of drug in- 
oculated after the virus either into the allan- 
toic sac or into the yolk sac. Control em- 
bryos received saline. The embryos were sac- 
rificed on the 5th day after inoculation and 
the degree of viral multiplication in the 
allan toic sac determined by inoculating allan- 
toic fluids from individual treated and control 
eggs into mice by the intranasal route. Fluids 

t A lesion score of 100 represents death with 
complete pulmonary consolidation. In surviving 
mice 80 represents on the average 4+ consolida- 
tion; 60, 3+; 40, 2+;  and 20, I+. 




