
43 4 NUTRITION STUDIES IN THE COLD 

~ 1 7 8 ,  197. and Obst., 1956, v103, 38. 
8. ___ , ibid., 1951, ~ 1 8 9 ,  187. 
9. Saunders, J. F., Drill, V. .4., PROC. SOC. ESP. 1951, v76, 5%. 

10. Osborne, J .  C., KoLvaleFvjki, K., Szcrg. G y n .  

11. Layton, L. L., PROC. SOC. EXP. BIOL. AND MED., 

HIOL. AND MED., 1957, v91, 646. 
Rcceived December 16, 1957. P.S.E.B.M., 1958, ~ 9 7 .  

Nutrition Studies in the Cold. 11. Curative Effect of Cold on Fat Fatty 
Livers.* (23766) 

C. R. TREADWELL, D. F. FLICK. A N D  GEORGE V. VAHOUNY 
Departiiient o i  Riochprtiistry, Medical School, George Washington University, Washington, D.C. 

The comparative response of rats main- 
tained at  25"  and at  1" to variations in pro- 
tein and fat content of the diet has been de- 
scribed recently(1). Diets of a low protein 
or high fat content produced elevated levels 
of liver fat a t  25" while at  1" the liver fa t  was 
within the normal range at  all protein and fat 
levels which were employed. I t  has been 
demonstrated that in addition to the preven- 
tive effects of supplementary choline and me- 
thionine in hypolipotropic diets, these lipo- 
tropic factors have a curative effect on fat 
fatty livers, i .e.,  will decrease an elevated level 
of liver fat due to previous ingestion of a hy- 
polipotropic diet ( 3 ) .  

I t  became of interest to determine if cold 
also had a curative effect on fat  fatty livers' 
as well as the preventive effect described re- 
cently ( 1 ) .  The data presented below clearly 
demonstrate that cold exhibits both of these 
characteristic effects of the other lipotropic 
factors. 

Methods. Young male rats (50-80 g )  of 
the Carworth strain were used. The care of 
the animals and the general esperimental con- 
ditions were the same as described earlier ( 1 ) .  
Three diets (Table 1 )  which in our earlier 

*This research was supported in part by 1- S 
-4ir Force under Contract, monitored by .Alaskan Air 
Cr mmand, Arctic Aeromedical Laboratory, Seattle. 
Wash. 

t Several types of fatty livers have beeq distin- 
guished, principally on mode of dietary producticn. 
Fat fatty liver is produced h!. ingestion of a tlict 
consisting of purified protein, carbohydrate, salts, 
vitamins, and  some easily available form of neutral 
fat. 'Phis type of diet supplemented with sufficient 
cholesterol produces the cholesterol fatty liver(2). 

experiments produced fatty livers a t  25" 
were used. Choline and inositol were omitted 
from the vitamin mixture so that the lipo- 
tropic factors of the diets were supplied en- 
tirely by the methionine of the dietary casein. 
At the end of the appropriate periods, as de- 
scribed below, the animals were sacrificed and 
the livers were removed, weighed, and ana- 
lyzed for total lipids essentially as described 
by Dury and Treadwell( 4). Twenty-two or 
23 rats were placed on each of the 3 diets for 
2 1 days a t  25". At the end of this first pe- 
riod 7 rats on each diet were sacrificed. Those 
remaining on each diet were divided into 2 
groups and maintained on the same diet for 
an additionaI 28 days: during this second pe- 
riod, one group was continued a t  2 5 O ,  the 
other group was kept a t  1". At the end of 
this 28-day period all rats were sacrificed and 
the livers analyzed for total lipids. This ex- 
perimental design provided an evaluation of 
the curative effect of cold (level of liver lipids 
after 21 days a t  25"  compared with that 
after additional 28 days a t  1") and confirma- 
tion of our earlier results on the preventive 

'L'-ll31,E I. Espcrintcntal Diets. 

Diets, g/lOO g 
( 'o~isti tut*~its S o .  1 S o .  2 NO. 8 

c*;isc4ii i  3 1 0  
Salt, inisture t 5 5 
(lelln flour 2 2 
St:lrcll 33 31 
suc~rosc~ 33 30 
Vitanijii i i i i s :  2 2 
1,;) IYI 18 18 
Cod liver oil 2 2 

20 
5 
2 
16 
15 
2 

38 
2 

* Vitamin-free casein. 
t Hubbell, Mendel, and  Wakemail( 5 ) .  
$ For  composition see Treadwell et aZ.(l). 
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TABLE 11. Curative and Preventive Effects of Cold. 

Liver, g/100 g body wt  

Wt Total lipids 

100 -.4 .It  6.8 k .5 -1.2 t .3 6.2 2 .4 .80 2 .13 

Diet No. of YO Wt change Food intake Protein effi- 7 

No. rats survival per day, g per day, g ciency ratio* 

First period-25", 21 days 

9 9  1.6 2 .2 5.9 2 .4 .97 2 .22 1.5 k .2 9.0 * .6 
99  2.0 * .1 7.0 .3 1.64 k .19 4.0 2 .4 9.8 2 .7 

Second period-25", 28 days 

1.1 -1- .2 8.4 2 .G 1.3 k .4 
3.6 '-c .2 11.7 & .3 

Second period-lo, 28 days 

1 7 
2 7 
8 7 

1 7 
2 7 
8 7 

1 9 
2 8 113 
8 8 100 2.6 2 .2 15.2 & .5 

100 .9 2 .1 7.1 2 .4 2.4 * .3 8.1 2 .G 2.10 2 .30 
9 9  6.6 2 .4 1.50 2 .16 
9 9  1.5 -e .O 5.3 .4 .98 2 .18 

78 1.2 k .1 12.7 -e .5 1.8 f .1 4.8 2 .2 .46 & .05 
1.5 k .2 15.0 -+ .5 1.0 2 .1 4.3 .3 .53 .+- .14 

.8 & .2 4.7 -t- .1 -49 t .06 
-_  

* g change in wt/g protein ingested. 

effect of cold (level of liver lipids a t  1" com- 
pared with that a t  25" after additional 28 
days). 

Results. The data are summarized in Ta- 
ble 11. Individual values are the averages 
for the number of animals indicated. At  25" 
the survival was 100% for all 3 dietary groups 
and for both periods; a t  lo,  during the second 
period, there was a decreased survival on the 
low protein diets 1 and 2. The loss in weight 
and negative protein efficiency ratio on Diet 
1 a t  25", the greater weight gain on Diets 1 
and 2 at lo ,  and the lower liver weights at 
1" are all in agreement with our earlier find- 
ings ( 1).  The animals on Diets 1 and 2 which 
were maintained for the additional 28 days at 
25" exhibited increased levels of liver lipids 
over those sacrificed at  the end of the first 
period. On Diet 8 at  25" the liver lipids 
were decreased slightly a t  the end of the sec- 
ond period in comparison to the level after 
21 days. In this group the food intake in- 
creased and the growth rate and protein ef- 
ficiency ratio decreased during the second pe- 
riod so that more protein was probably avail- 
able for lipotropic action which would ac- 
count for the slight decrease in liver lipids. 
Comparison of the dietary groups maintained 
a t  25" and at  1" during the second period 
shows that the cold prevented the increase in 
liver lipids which occurred at 25". With all 3 
diets the levels of the liver lipids were lower 
after the additional 28 days a t  1" than they 
were after the initial 21 days at 25". This 
finding demonstrates that cold has a curative 

t Mean 2 stand. error. 

effect on the fat fatty liver as well as a pre- 
ventive one. This curative effect of cold has 
not been reported previously. It is now ap- 
parent that cold exhibits both of the charac- 
teristic effects (preventive and curative) of 
the lipotropic factors choline and methionine. 
As suggested previously ( 1 ) and confirmed by 
the present data, using the level of liver lipids 
as a criterion, the rat at 1" has an increased 
capacity for metabolizing fat even when there 
is an inadequate supply of dietary liptropic 
factors. Cold appears to decrease the dietary 
requirement for lipotropic factors. Possible 
explanations for this effect of cold have been 
discussed earlier ( 1 ) . 

Summ~ry .  1) Three groups of young male 
rats received one of 3 different choline and 
inositol-free hypolipotropic diets for 2 1 days 
at 25". Seven rats of each group were then 
sacrificed. The remainder were continued on 
the same diet but divided into two sub- 
groups; one was maintained a t  lo, the other 
a t  25" for an additional 28 days. The livers 
of all animals were analyzed for total lipids. 
2 )  Data on food intake, growth rate, protein 
efficiency ratio, and liver weight confirmed 
earlier findings. The levels of liver lipids 
after 28 days at 1 " were lower in the 3 dietary 
groups than in either the comparable groups 
at  25" after the initial 2 1  days or after the 
following 28 days. The results demonstrate 
that cold has a curative effect on the fat fatty 
liver and confirm earlier observations on the 
preventive effect of cold. 
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Host Resistance in Hemorrhagic Shock. XIV. Induction of Shwartznian 
Reaction by Shock Plasina and Tissues.* (23767) 

The plasma of an animal in hemorrhayic 
shock contains a tosin which is not present 
in  normal I’lasnia ( 1 1 .  (‘ertain I)rol)erties of 
this tosin. shared with hacterial endotosins. 
are: 1. -4bilitj- to reduce the phagocFtic ac- 
ti v i t y of nor 111 a 1 1, hag oc j. t es a 11 t 1 111 a c r 01 )hag res 
in elitro( 2 ) . 2 .  Induction oi .*tlight of leuko- 
cytes.“ i.c. granulocytopenia with segrega tic )n 
of granulocytes. primarilj- in capillaries oi the 
lung. liver. and spleen( 3 ) .  3. I’roduction o i  
a characteristic febrile reaction in  trained ral)- 
bits, with development of resistance to the 
pyrogen following repeated da il  j. ad m i n is t r:i - 
tion( 4 ) .  4. 1)evelopmcnt in such resistant 
animals of tolerance of prolonged hemorrhagic 
shock, with recovery folloning a transfusion 
which is not curative in non-resistant animals 
( 4 ) .  The presence of this tosin in shock 
plasma is not simply an incidental abnormal- 
ity, for it has been shown to he responsible f o r  
the failure of animals in  prolongecl shock ( 0 
hours) to reslwnd to transfusion: and it is 
capable of converting re\-ersible shock. i n  
which transfusion of normal I)lasma leads to 
full recovery, into a state of shock which is 
not responsive to any therapy( 1 ) . The the- 
sis that  this toxin is of bacterial origin stems 
from two observations: 1 . Denionstration. 
already referred to. that resistance to hemor- 
rhagic shock, induced by making animal re- 

*Aided ,by a grant from Natl. Heart Inst. N.I.H.! 
Bethesda, Md:, and conltract wi,th Ofice of Surgeon 
General, CT. S. Army. 
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sistant to a known bacterial endotoxin, is also 
induced by the toxin in shock plasma(4).  2 .  
I.‘intling that broad-spectrum non-absorbable 
antibiotics. administered orally so as to 
nearly sterilize the gastro-intestinal tract, pre- 
\rent prolonged shock from becoming irrevers- 
ihle to transfusion, and render blood in pro- 
longed shock free of the toxin( 1 : 5 ) .  Two fur- 
ther lines of investigation into the properties 
oi this tosin are presented in this paper to 
1)rovide additional evidence that the circulat- 
ing toxin in shock is similar to! or identical 
ivith. bacterial endotoxin. The  first is the 
demonstration that the plasma and tissues of 
the shocked mima1 elicit a generalized 
Shwartzman reaction under conditions that 
may be considered virtually specific for endo- 
toxin ( 6 ) .  while normal plasma and tissues, 
under identical test conditions, fail to do so. 
The  second is the observation that this activ- 
it!. of shock plasma and tissues resides within 
a polysaccharide fraction extractable with tri- 
chloroacetic acid. in the manner employed by 
Hoivin and llesrobeanu ( 7 )  for the isolation 
and purification of bacterial endotoxins. 

Mc?hod. Hemorrhagic shock was induced 
in dogs and rabbits, which were exsanguinated 
after the shock was shown to be irreversible 
to transfusion ( 5 ) .  

The blood from rabbits was drawn with 
sterile precautions into a heparinized syringe, 
and centrifuged in a refrigerated sterile con- 
tainer. Ten ml of the plasma was then in- 
jected intravenously into young ( 1  kg) rab- 


