
488 LIVER AND SWIMMING CAPACITY 

routes were effective. As already indicated 
we now believe that it was the SalmoneZla in- 
fection in our stock mice rather than the auto- 
lyzed brain diluent which was responsible for 
the apparent enhancing effect of the latter 
which we previously reported ( 6 ) .  

When the present studies were nearly com- 
pleted, the paper by Findlay and Howard(8) 
appeared in which they reported similar find- 
ings in mice injected with diphtheria toxoid 
or pertussis vaccine plus diphtheria toxoid 
following intracerebral inoculation with the 
Lansing strain of poliomyelitis virus. Their 
experiments differed from ours! however, in 
that all of the vaccines were given intraven- 
ously rather than intraperitoneally. They 
also reported that T..4.B. vaccine given intra- 
venously had a similar effect. 

Summary. Swiss mice infected intracere- 
brally with the Lansing strain of poliomyelitis 

8. Findlay, G. M., and Howard, E. M., J .  Path. 
and Bact., 1950, v62, 371. 

-_ - 

virus show a significantly decreased incuba- 
tion period before onset of paralysis following 
intraperitoneal inoculation with pertussis vac- 
cine, pertussis-diphtheria toxoid or diphtheria 
toxoid alone, The results obtained were based 
on a series of 20 experiments carried out by 
2 technicians working independently and in- 
volving over 650 mice. Similar results were 
also obtained in 6 out of 7 other experiments 
in which infected mice were injected intra- 
venously with Salmonella typhimurium vac- 
cine. Evidence is presented that Salmonella 
typhimurium is apparently responsible for the 
previously reported enhancing effect of auto- 
lyzed brain tissue diluent. 

We have found that 30,000 
units of procaine penicillin G in peanut oil 
given intraperitoneally at the same intervals 
as the pertussis vaccine had no significant 
effect on the incubation period before onset 
of paralysis. 

.Jddcndum. 
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Beneficial Effect of Liver Feeding on Swimming Capacity of Rats in 
Cold Water.+ (18824) 

BEN JAMIN H. ERSHOFF. 
Front the Emory W .  Thurston Laboratories, Los Angeles, Calif. 

Considerable data are available indicating 
that in addition to the known nutrients sub- 
stances are present in our diet which may be 
required in increased amounts during condi- 
tions of stress. Such factors are apparently 
dispensable under normal conditions, or their 
requirements are so small they may readily 
be met by amounts present in the diet or 
through the synthetic activity of the intestinal 
flora or the animals’ own tissues. Certain 
drugs or other ‘‘stress factors” may, however: 

*This paper reports research undertaken in co- 
operation with the Quartermaster Food and Con- 
tainer Institute for the -4rmed Forces, has been 
assigned number 341 in the series of papers approved 
ior publication. The v i e w  or conclusions contained 
in this report are those of the author. They are 
not to be construed as necessarily reflecting the 

increase requirements for these substances to 
such an extent that deficiencies occur, mani- 
fested by retarded growth or tissue pathology, 
and preventable by the administration in ap- 
propriate amounts of the missing nutrient 
(1 ,2 ) .  Whole liver is a potent source of such 
unknuwn nutrients. In the present communi- 
cation data are presented which indicate that 
whole liver contains a factor, apparently dis- 
tinct from any of the known B vitamins, 
which significantly increased the capacity of 
rats to withstand the stress of swimming in 
cold water. 

Procedure. The basal ration employed in 
the present experiment consisted of sucrose, 

1 .  Ershoff. B. H.. Physiol. Rev., 1948, v28, 107. 
I. Ershoff. B. H., Nutrition Fronts in Public 

Health. 1951. The National Vitamin Foundation, 
views or indorsement of the Department of the Army. Inc.. New York. 
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61%; casein,+ 24%; salt mixture,$ 5 % ;  
cottonseed oil (Wesson), lo%, and the fol- 
lowing synthetic vitamins per kg of diet: 
thiamine hydrochloride, 2.0 mg ; riboflavin, 
20 mg; pyridoxine hydrochloride, 20 mg; cal- 
cium pantothenate, 60 mg; nicotinic acid, 60 
mg; ascorbic acid, 200 mg; 2-methyl-naphtho- 
quinone, 10 mg; and choline chloride, 2 g. T o  
each kg of dliet were also added 8000 U.S.P. 
units of vit. AO and 800 U.S.P. units of vit. 
D.li The vitamins were added in place of an 
equal amount of sucrose. Each rat also re- 
ceived once weekly a supplement of 4.5 mg 
alphatocopherol acetate. In addition to the 
basal ration the following diets were also em- 
ployed: (1) basal ration plus the following 
additional vitamin supplements per kg of 
diet: thiamine hydrochloride, 2 0  mg; ribo- 
flavin, 20 mg; pyridoxine hydrochloride, 2 0  
mg; calcium pantothenate, 60 mg; nicotinic 
acid, 60 mg; biotlin, 5 mg; folic acid, 10 mg; 
p-aminobenzoic acid, 400 mg; inositol, 800 
mg ; and vit. BIZ, 150 pg; and (2)  basal ration 
plus 10% whole liver powder.7 The vitamin 
supplements and the whole liver powder were 
added in place of an equal amount of sucrose. 
Sixty female rats of the Long-Evans strain 
were selected for the present experiment at 
22 to 25 days of age and an average weight 
of 44.2 g. Animals were kept in metal cages 
with raised screen bottoms to prevent access 
to feces and were fed the above diets ad lib. 
(20 animals per group). Diets were made up 
weekly and stored under refrigeration when 
not in use. Animals were fed on alternate 
days. All food not consumed 48 hours 
after feeding was discarded. These measures 
were employed to minimize oxidative changes 
in the diet. After 12 weeks of feeding the 
following body weights were obtained for rats 
in the various dietary groups: Basal ration, 
215.4 t 6.8 g;** basal ration plus B vita- 

? Vitamin Test Casein, General Biochemicals, 

4 Hubbel, Mendel and Wakeman Salt Mixture, 

P MYVA-DRY Powder, Distillation Products, 

11 HY-DEE Powder, Standard Brands, New York. 
TI Desiccated Liver, Armour 8 Co., Chicago. Ill. 

__-_ - 

Chagrin Falls, 0. 

General Biochemicals, Chagrin Falls, 0. 

Rochester, N. Y .  

mins, 228.8 & 9.0 g;** and basal ration plus 
10% whole liver, 247.7 t 6.9 g.** Subsequent 
to this period swimming tests were conducted 
on all animals. The procedure employed was as 
follows: Rats were placed in a barrel approxi- 
mately 33 inches in height and 28 inches in 
maximum diameter, with smooth vertical 
sides, and filled to a depth of 18 inches with 
water. Tests were conducted at a water tem- 
perature of both 36°C and 20°C. Eight rats 
from each dietary group were tested at  the 
higher temperature; the remainder ( 12 ani- 
mals per group) at the lower. Measurements 
were made of the length of time that rats 
would swim before remaining submerged for 
a period of 15 seconds. 

The selmtion of the end point was based on 
preliminary studmies in which it was observed 
that rats almost never remained submerged 
below the surface of the water for more than 
5 seconds and almost never for more than 10 
seconds of their own accord. As the end point 
of a swim was approached, the rat would sub- 
merge for periods of 5 !to 10 seconds with in- 
creasing frequency and could reach the sur- 
face only with obvious difficulty. Of 30 rats 
tested only 2 rose to the surface after remain- 
ing submerged for a period of 15 seconds: 
and these swam for less than 50 seconds be- 
fore submerging again, a t  which time they 
drowned. Rats remaining below the surface 
for more than 15 seconds almost invariably 
drowned. 

ResuEts. No significant difference was ob- 
served in the swimming performance of rats 
on the various dietary regimes at a water 
temperature of 3~6°C. All of the rats in each 
dietary group survived a test period of 120 
minutes a t  the end of which they were still 
swimming. When tests were conducted at a 
water temperature of 20°C, however, a signifi- 
cant difference was observed between the 
various dietary groups. Rats which had been 
fed the basal ration swam an average of 13.3 

*:$ Including standard error of the mean calculated 

as follows: / ’? j / T  where “d” is the devia- 

tion from the mean and “n” is the number of obser- 
vations. 

v n  
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minutes (range 5 to 29 minutes) ; those which 
received the basal ration plus B vitamin diet 
swam 13.4 minutes (range 10 to 23 minutes); 
only 3 of 12 rats tested in the liver group, 
however, swam for less than 2 hours (63, 83 
and 87 minutes) : all other rats in this group 
were still swimming at  the end of 120 minutes 
at  which time the test was discontinued, 

S o  data are avaiIable to indicate what fac- 
tors were responsible for the improved swim- 
ming performance of rats on the liver ration 
at  a water temperature of 20°C. Differences 
in the rate or degree of heat loss between the 
various groups while swimming in water at a 
temperature of 20'C did not appear to be re- 
sponsible for the diverse effects. In this series 
the body temperature of rats (as determined 
rectally in a subsequent experiment) rapidly 
fell from an initial value of 37"-37.5"C to 
23'-25'C. The rate of fall was approxi- 
mately 1'C per minute for rats fed the basal 
ration or the basal ration plus vitamin diet 
and somewhat less (about 0.6--0.7'C per 
minute) for rats in the liver group. -After 30 
minutes, however. the body temperature of 
rats fed the liver-containing diet was as low 
or lower than that of rats in other groups: 
nevertheless. these animals continued to swim 
for a prolonged period of time. -4t a water 
temperature of 36 C no significant changes in 
body temperature occurred on any of the diets 
employed. 

Swimming tests were repeated on the 4th 
and 7th day after the initial test on all rats 
under conditions similar to those first em- 
ployed. S o  improvement resulted in succes- 
sive tests in the swimming performance of rats 
in the 20-C series on either the basal ration or 
basal ration plus B vitamin diet. The average 
swimming time of rats in these groups for the 
2nd and 3rd test did not differ by more than 
3 minutes from that obtained in the initial 
test. Similarly no significant differences oc- 
curred in other groups between the first and 
subsequent tests. 

Swimming tests were also conducted with 
rats similar in age and weight to those em- 
ployed above but which had been raised from 
weaning on a natural food ration.++ At a 
water temperature of 36°C all rats tested (6 

animals) swam for 120 minutes a t  which time 
the test was discontinued. .4t a water tem- 
perature of 20"C, the average swimming time 
of 8 rats was 24.7 minutes (range 15 to 39 
minutes). The average swimming time of 
rats fed the natural food ration was approxi- 
mately twice as long a t  a water temperature 
of 20'C as that of comparable animals fed the 
basal ration or basal ration plus B vitamin 
diet: it was still significantly less, however, 
than that of rats fed the liver-containing ra- 
tion. It would appear, therefore, that such 
protective factors as may have been present in 
the natural food ration were not present in 
sufficient amounts for an optimal effect. 

Experiments similar to the above were also 
conducted with young rats. Forty-eight fe- 
male rats of the LongEvans strain were se- 
lected at  21 to 23 days of age and an average 
body weight of 42.4 g and were fed ad lib. the 
3 experimental diets employed above ( 16 ani- 
mals per group). -4fter 24 days of feeding 
the average body weight of rats in the various 
groups was as follows: Basal ration, 138.1 g; 
basal ration plus €3 vitamins, 146.4 g; and 
basal ration plus whole liver, 149.2 g. Swim- 
ming tests were conducted at  this time on all 
rats. -At a water temperature of 36'C, all 
rats tested ( 6  animals in each dietary yroup) 
swam for 120 minutes at which time the test 
was discontinued. +it a water temperature of 
20iC, rats fed the basal ration swam an aver- 
age of 9.5 minutes (range 6 to 13 minutes); 
those on the basal ration plus B vitamin diet 
an average of 10.7 minutes (range 7 to 15 
minutes) : and those on the liver-containing 
ration an average of 37.4 minutes (range 9 to 
135 minutes) (10 rats per group). The bene- 
ficial effect of liver on the swimming capacity 
of rats at a water temperature of 20°C was 
thus evident in young animals as well as 
adults. Three of the rats in the liver group, 
however. swam for less than 15 minutes and 
did not differ significantly in swimming ca- 
pacity from animals on the 'basal ration or 
basal plus B vitamin diet. I t  would appear, 
therefore, that more than 24 days of feeding 
is required, under conditions of the present 

~ ~~ 

t t  Purina Laboratory Chow, RaIston Purina Co., 
St. Louis, Mo. 
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experiment, for liver to exert its optimal effect. 
Subsequent experiments were conducted in 

a n  effort to determine whether the greater 
swimming capacity of rats on the liver ration 
at a water temperature of 20°C was due to an 
increased production of adrenal cortical hor- 
mone(s). Eighteen female rats of the Long- 
Evans strain were selected at  23 to 25 days of 
age and fed ad lib. the basal ration plus B 
vitamin diet employed above. After 12 weeks 
of feeding the animals were divided into 3 
groups m d  swimming tests were conducted at  
a water temperature of 20°C (6 animals per 
group). Each rat in group I received an in- 
traperitoneal injection of 5 mg ACTHS: 30 
minutes before the test; each rat in group I1 
received an intraperitoneal injection of 5 mg 
cortisone acetateSO seven minutes before the 
test; rats in group I11 served as untreated 
controls. KO significant difference was ob- 
served in the swimming performance of rats in 
the various groups. The average swimming 
time of animals in group I was 11.8 minutes; 
in groups 11, 11.4 minutes; and in group 111, 
12.6 minutes. I t  would appear, therefore, 
that an increased production of ACTH or 

$ $  ACTHAR, -4rmour and Co., Chicago, Ill. The 
material employed was diluted with saline solution to 
a concentration equivalent to 5 mg of the standard 
LA-1-A per cc. 

0 S Saline Suspension of Cortone Acetate, Merck 
and Co., Rahway, N. J. Each cc contained 25 mg 
of cortisone acetate. 

cortisone in response to stress was not the 
cause of the greater swimming capacity of 
rats fed the liver-containing diet at a water 
temperature of 20°C. 

Discussion. Findings indicate that imma- 
ture rats raised to maturity on a purified ra- 
tion containing 10% whole liver powder swam 
for a significantly longer time at a water tem- 
perature of 20°C than rats fed a similar ration 
in which the B vitamins were provided in syn- 
thetic form, The beneficial effect of liver was 
apparently not due to its content of known B 
vitamins. Available data do not indicate, 
however, whether its protective effect was due 
to an unident)ified factor or to its content of 
known nutrients. In  view of the fact that 
military personnel and others may on occasion 
be forced to spend prolonged periods of time 
in water a t  a itemperature of 20°C or below, 
it would appear that the identification of a 
factor which might be employed to increase 
resistance to this form of stress may have con- 
siderable practical value. 

Summary. Immature rats raised to matur- 
ity on a purified ration containing 10% whole 
liver powder swam for a significantly longer 
period at  a water temperature of 20°C than 
rats fed a similar ration containhg the B vita- 
mins in synthetic form. The protective factor 
in liver was distinct from any of the known 
B vitamins. 
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Effect of ACTH on Whole Blood Coagulability." (18825) 

JOHN L. FAHEY. (Introduced by G .  W. Thorn.) 
From Medical Clinics, Peter Bent Brigham Hospital, and Department of MedkiW, 

Harvard Medical School. 

Administration of A'CTH in sufficient dos- 
age induces numerous metabolic changes. Re- 
ports of the effeat of this hormone on the 

*The author is indebted to Drs. Albert E. Renold 
and Peter H. Forsham for continued interest in this 
study, and to Dr. H. Cluxton, of the Armour 
Laboratories, Chicago, Ill., for the ACTH used in 
this work. 

coagulation time of whole blood, however, 
have been conflicting. Cosgriff et al. conclude 
that ACTH shortens the clotting time, in- 
duces hypercoagulability and a state condu- 
cive to thromboembolic complications ( 1). 
Smith et al., on the other hand, reported a 

1. Cosgriff, S .  W., Diefenbach, A. F., and Vogt, W., 
Am. J .  Med., 1950, v9, 7 5 2 .  


