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?ABLE IV. Effect of Intrareiious Tnjwtion of Different Substaneels on Blood Sugar of Rabbits. 

Blood sugar (mg/100 cc blood) 
c--I€r after inj. of substances- 

Wt, g Treat iiieiit 0 % 1 1 % 2 3  

1500 Inj .  with 0.2 mg dihydroergotamine 124 - 115 - 94 99 
11500 J i j .  with 210 fig epinephrine 1 3 6  175 221 240 - - 
1500 Inj .  with 0.2 rng dihydroergotamine follosred by 88 88 95 97 815 63 

iqj. 'of 10 pg epine4phrinc ?h hr  and 1% hr 
after inj. of dihydrocrgotamine 

2000 Same as above 813 95 93 104 90 63 
1100 Inj. with 0.2 mg dihydrotergotamine followed yz 96 107 89 - 84 

hr later by inj. of deh-ydroascorbic acid (1.1 g) 

oxidation of glutathione and reduction of de- 
hydroascorbic acid to ascorbic acid in the 
body. Persistent hyperglycemia and glyco- 
suria could not be observed in any one of the 
rabbits injected with dehydroascorbic acid. 
The rabbits also did not show persistent dia- 
betic type of glucose tolerance curve. No his- 
tological changes could be observed in the 
pancreas. All these findings indicate that de- 
hydroascorbic acid is not diabetogenic in 
rabbits. 

Summary. Intravenous injections of de- 
hydroascorbic acid in rabbits in the dose 
1 g/kg or 1.5 g/kg could not produce either 
persistent hyperglycemia or persistent diabetic 
type of glucose tolerance curve. Rabbits so 
treated neither excreted sugar in the urine nor 
showed any histological changes in the pan- 
creas, suprarenal and pituitary, All these 
findings indicated that unlike rats dehydro- 
ascorbic acid is not diabetogenic in rabbits. 
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IJnidentified Factors Capable of Reducing Stress in Iodinated Protein-Fed 
Rats." (20288) 

D. V. TAPPAN, R. E. BOLDT, AND C. A. ELVEHJEM. 
From the Department of Biochemistry, University of Wisconsin, Madison, Wisc. 

Liver preparations have been shown capa- 
ble of partially relieving the stress produced 
in animals by a considerable number of ex- 

perimental conditions. These studies have 
been summarized recently by Ershoff (1 ) . The 
deleterious effects resulting from the adminis- 

___ tration of thyroid-active materials may be 
*published with approval of the DirKtor of the controlled under certain circumstances by 

Yeast(2) and by several semi-purified protein 
materials(3,4) as well as by liver fractions 
when fed in conjunction with diets consisting 
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of highly refined ingredients. The use of an 
assay for vit. B12 activity employing hyper- 
thyroid rats in this laboratory( 5,6) directed 
our attention toward a study of the differ- 
ences in response of rats to vit. B12 when re- 
ceiving highly purified and crude diets con- 
taining iodinated protein or other thyroid 
stimulants. Several investigators have ob- 
served that vit. BI2 reduces the toxic effects 
of thyroactive materials when administered to 
animals receiving diets containing such crude 
constituents as yellow corn meal, soybean 
meal, cottonseed meal or dextrin ( 7-9) while 
the vitamin produces only slight beneficial 
effects when the animals receive purified diets 
(10,l l) .  I t  is also significant that relief from 
other stress circumstances is given by vit. B12 
when crude (12,13) but not when highly puri- 
fied diets are employed( 13). Work reported 
earlier ( 15)  has demonstrated that either corn 
or soybean meal added to an otherwise puri- 
fied diet in place of appropriate amounts of 
protein and carbohydrate makes possible a 
very significant response to vit. B12. Further 
studies directed toward elucidating the reasons 
for the dissimilar responses of hyperthyroid 
animals to the two types of diets indicated 
that differences in production of vit. B12 or 
vit. BlZf could not account for the observed 
variations( 16,17). 

In  experiments preliminary to the present 
work in which levels of iodinated casein as 
high as 0.5% were employed, two facts be- 
came evident: a )  Survival time of either adult 
or young rats was a more accurate measure 
of protection against such toxic amounts of 
this stress agent than growth or maintenance 
of body weight; and b) Certain diets contain- 
ing crude constituents, notably pork or beef 
and high levels of corn and soybean meal, 
were capable of increasing the survival time 
of the animals even in the presence of ade- 
quate amounts of vit. B12, While not the 
most refined measurement, survival data have 
yielded useful information concerning the 
protection afforded by the various dietary 
regimens while other indices were being evalu- 
ated. Studies arising from these observations 
are reported herein. 

In  the experiments to be de- 
scribed, male weanling albino rats of the 

Procedure. 

Sprague-Dawley strain with a weight range 
of 40-50 g were divided into identical groups 
and housed in individual suspended, mesh- 
bottomed cages. Food and water were sup- 
plied ad libitum and weights of the animals 
were recorded weekly. The basal rations em- 
ployed contained 20-24% casein,t 0.3% 
cystine, 4% salts IV(lS) ,  5 %  corn oil, 01.15- 
0.5 70 iodinated casein,$ vitamins and sucrose 
to 100%. The water soluble vitamins were 
employed at  5 times the levels described previ- 
ously( 16) with the exception of riboflavin 
used here at  25  and vit. BIZ at  0.1 mg/kg. 
Fat soluble vitamins were administered as 4 
drops weekly of a 1:1 haliver oil-corn oil 
combination containing 1 mg menadione and 
2.5 mg a-tocopherol per ml of mixed oil. Ex- 
cept in cases which will be noted individually, 
the protein and fat levels of the supplemented 
diets were kept constant with those of the 
basals by appropriate reduction in the casein 
and corn oil levels. The cystine content of 
the various diets was reduced in proportion 
to the reduction in the casein level. Although 
several investigators (3,10,11) studying pro- 
tection against the toxic effects of iodinated 
protein or thyroid material have added supple- 
ments a t  the expense of the carbohydrate of 
the diet, in view of the reports of protection 
afforded by increased levels of protein( 19) or 
fat(20,21), such a practice was deemed in- 
appropriate until adequate studies on the 
effects of these nutrients had been conducted. 
The corn-soybean diet employed in the first 
study reported in Table I contained equal 
quantities of yellow corn meal and soybean 
meal replacing the entire amounts of casein 
and sucrose of the basal diet. Ground whole 
pork was included in the third ration in this 
experiment a t  the expense of the casein and 
sucrose in an amount sufficient to produce a 
21% protein level (N x 6.25). The meat was 
prepared according to previously reported 
methods(22). 

Resuh and discussion. The preliminary 
findings indicating a high level of protection 
by the corn-soybean and pork containing 

t Vitamin test casein, General Biochemicals, Cha- 

$ Protamone, iCerolphyl Laboratories, Kansas C5ty, 
grin Falls, Ohio. 

Mo. 
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TABLE I. Influence of a Variety of Natural rations is highly significant (p  while 
Materials on Growth and Survival of Rats Receiv- 
ing Toxic T , ~ V C I ~  of lodinated protein ( 6  ~ i ~ ~ l ~  even more protection is afforded by the corn- 

per Group). soybean mixture, Later work has indicated 
that the fat level of the ration containing 
whole pork (1 5 % )  can account for only part 

Since meat may be separated into several 

Avg growth 
per wk hvg  survival 

Expa uietsemPloYed ( 3  wk)” (days) t of the protection given by this diet. 
~ -~ ~~ - 
1. 0.4v0 protamone 

20 % casein basal 
21% pork protein 
Corn-soyblean 

Ether extract of pork 
Alcohol ” ” ” 

Water ” 9 )  9 1  

F’xtracted residue 
Dried whole pork 
20% casein basal 

45 % ground whole 

45 7% coolied fresh eggs 
45 Yo haddock 
33.3% milk powder 
20% alfalfa leaf meal 
20 7’ barley malt 
207c crude casein 

2. 0.5% protamone 

3. 0.5% protarnone 

wheat 

23 26.4 -+ 4.1: 
32 38.0 58.2(1) 
30 56.2 r+_ 3.48(4) 

25 22.2 r+_ 2.1 
285” 20.5 * 1.6 
26* 19.8 r+_ 1.3 
26 40.8 & 6.9(2)  
3 1  43.0 -i 4.9(1) 
24 20.5 1.1 

22 18.2 +_ 1.7 

22 14.3 -i 0.3 
22 23.0 -+ 3.6 
15 14.0 -+ 1.2 
24 39.7 -e 5.Ci(l) 
19  17.7 1.7 
2 4  17.8 -+ 2.2 

fractions by simple procedures, in the next 
experiment an attempt was made to remove 
the protective activity from the major bulk 
of pork muscle. For this study the pork was 
dried, extracted with ethyl ether, then ex- 
tracted with 957. ethanol and finally ex- 
tracted with water. As a positive control 
dried whole pork was fed at  a protein level 
comparable with the casein basal, and the 
various fractions were fed at  levels compar- 
able to their content in the whole pork ration. 
In  each case the nitrogen level was increased 
to that of the basal with additional casein. 
The data indicate that little if any of the 
protective activity was removed by the ex- 

15% yeast 23  29.3 7.0(1)  traction procedures. This observation agrees 
Basal + 1 0  yo cellulose 20 15.8 r+_ 1.2 
20% casein basal 16 1 4 , 0 + 0 . 6  with the work of Ershoff(l0) and Graham 

et nl. (3,23) in which the “antithyrotoxic” 
alfalfa leaf 28 42,8 ~ 6.4(1) properties of liver and beef muscle have been 

Corn meal-soybean 27 19.5 * 1.6 found to remain in the extracted residue. 
In  the last two studies reported in Table I 

20 % corn meal 23 23.4 +_ 0.7 
20% soybeanmeal 27 24.8 3- 2.8 a variety of materials have been assayed for 
19.8% haddock (dried) 23 21.0 -+ 1.2 their ability to prolong the life of rats receiv- 
2070 yeast 30 35-3 -t- 2.6 ing large amounts of iodinated casein. The 
20% eggs (dried) 29 25.3 3. 1.8 
20% mholeliver (dried) 31.7 2.1 most active materials found, listed in approxi- 
5% liver concentrate$ 25 25.7 2 3.2 mate order of decreasing potency, are mam- 
19-3% PIork (dried 25 49.7 -I 4-7(1) malian muscle, alfalfa leaf meal, yeast and 

found whole egg protein to be active in main- 
215* -I taining growth and survival in their assay, 

the two trials reported here indicate a rather 
low content of the anti-stress activity for this 
material. Both the eggs and the hXhhck 
were dried before incorporation into the ra- 
tions for Exp. 4 since it seemed possible 
that their high moisture content in the previ- 
ous experiment might make the protamone 
more available or more toxic to the animals. 
While the eggs increased somewhat in ac- 
tivity when dried, neither material can be con- 
sidered to be highly protective. Whole wheat, 
milk powder, crude casein, corn or soybean 
meal, when they constitute only 20% of the 
diet, or liver concentrate? NF powder, are 

4. 0.5% protamone 

meal (10%+10%) 

and defatted) 

and defatted) 
19.2% mutton (dried 29 45.5 2 6.6 whole liver. Although G K h m  et  al-(3) 

20’30 casein basal 

* 2 wk growth reporteid in eases where fewer 
than half of animals survived 3 wk. 

t Experiments terminated a t  end of 60 days. 
For those animals surviving entire experiment, 60 
days has been used in  the calculations of average 
survival. No. i n  parentheses indicate No. of ani- 
mals surviving for 60 day period. 

2 Stand. error otf mean, I””’, where d =  

deviation from mean and n = No. of observations. 
v n(n-1) 

$ N F  Powder, Wilson Laboratories. 

diets are substantiated by the results of exp. 
1. The difference between the survival of 
the animals receiving the basal and the pork 
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+ 

I 

4 c .- 

also poor sources of the protective factor (s) . 
Cellulose added to the basal diet also gave 
insignificant protection, indicating that the 
bulk content of the crude diets does not ac- 
count for the protective action. 

To ascertain whether our survival assay 
could be correlated with the growth assays of 
other investigators, the experiment employing 
0.15% protarnone shown in Table I1 was 
initiated. IVith this relatively low level of 
protamone, the growth data correspond very 
closely to the degree of protection by pork 
and alfalfa as measured by the survival assays 
(Table I). Growth data have frequently not 
correlated closely with survival data in the 
experiments employing 0.4-0.5% protamone. 
Also shown in Table I1 are the weights of 
several organs for normal rats and for ani- 
mals receiving both 0.5 and 0.15% iodinated 
protein. Under both conditions the thymus 
is atrophied in the basal groups but is main- 
tained at  almost the normal size in the pro- 
tected animals. In  these studies the spleens 
of the protected animals are larger than those 
of the unprotected animals, while the adrenals 
of the rats receiving 0.15% protamone are hy- 
pertrophied less in the groups receiving alfalfa 
and pork than in the basal group. The kid- 
neys of all the groups receiving iodinated 
casein are enlarged but are consistently re- 
duced in size by the protective substances. 
Contrary to the findings of Ershoff(l0) and 
Meites ( 13). no significant reduction in size 
of the testes is observed in the rats receiving 
iodinated casein. Differences in diet and 
susceptibility of the animals may account for 
the discrepancies. The seminal vesicles are 
partially restored to normal in some of the 
protected groups. 

According to the descriptions by Selye (24 )  
of the manifestations of general stress, the 
thymuses, spleens, adrenals, kidneys, and 
seminal vesicles of the rats show protection 
by some or all of the active materials against 
the stress induced by iodinated casein admin- 
istration. The presence of vit. B12 in our 
diets may prevent the hypertrophy of the 
spleens in unprotected hyperthyroid animals 
as reported by Graham, et aL(23) .  The pre- 
vention of such hypertrophy by vit. BIZ ob- 
served by these workers supports such a pro- 
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posal. In view of the results of these studies, 
it is suggested that the presence of anti-stress 
factors in crude diets makes possible the pre- 
viously considered vit. BIZ response in hyper- 
thyroid or otherwise stressed animals while 
similar animals receiving purified diets are 
deficient in both vit. B12 and these unchar- 
acterized factors and therefore cannot respond 
to vit. BIZ alone. 

Summary. 1. A variety of natural products 
have been examined by means of a rat-sur- 
viva1 assay for their ability to relieve the 
stress induced by iodinated casein adminis- 
tration. Mammalian muscle and alfalfa have 
been found to be excellent sources of the pro- 
tective material (s) being measured, with liver 
and yeast also containing significant amounts. 
2 .  Materials most active in the survival assay 
have been demonstrated to reduce thymus and 
seminal vesicle atrophy and kidney enlarge- 
ment. When low levels of iodinated protein 
are employed, the adrenals are also partially 
restored to normal by the protective sub- 
stances. Under the conditions employed, the 
spleens are significantly larger in the protected 
than the unprotected animals and the testes 
are not reduced in size by the thyroprotein ad- 
ministration. 

We are indebted to Merck and Co., Rahway, N. J., 
for some of the crystalline vitamins and to Abbott 
Laboratories, N. C'hicago, Ill., for haliver oil. 
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