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similar effect ; however, marked inhibition 

could be demonstrated only when the drug 
was administered in amounts which killed a 
large per cent of the mice. A-Methopterin 
appears to exhibit a more favorable thera- 
peutic index. I t  has been outstanding in its 
effect among numerous compounds which 
might interfere with the utilization of folic 
acid or possibly with the synthesis of nucleic 
acid. In fact, it has been the most effective 
compound of over 700 miscellaneous com- 
pounds that have been screened. I t  is there- 
fore advanced as a compound worthy of fur- 
ther experimental study and for clinical trial 
in various types of cancer. 

Summary. The compound 4-Amin0-N~~- 
methyl pteroylglutamic acid, has shown the 
ability to inhibit the growth of the trans- 
plantable mouse Sarcoma 180 when adminis- 
tered intraperitoneally in concentrations of 
1.5 mgjkg each day for 7 days. At this 
dosage very few mice died from drug tox- 
icity. The inhibition is most apparent when 
the compound is administered early in the 
development of the tumor. 
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Beneficial Effects of Liver  on Growth  a n d  Survival  i n  the I m m a t u r e  
Hyperthyroid Mouse.* 

B.  H. ERSHOFF. 
Eniory W .  [rlitirston LnboratoriPs, Lon Angelrs ,  n n t l  I)rp'ortincnt of  Biochemistry (ind Nutrition, 

Universi ty  of SolLtliem California, Los  Angeles. 

Available data indicate that desiccated 
whole liver will prolong survival and counter- 
act the growth retardation of immature rats 
fed massive doses of thyroactive materials.1-5 

* This paper reports research undertaken in P O  

operation with the Quartrrm:ister Food and ('on 
tainer Institute for the Armed Forws, :ind lias 
heen assignrd number 241 in tlir serirs of pqiws 
approved for publication. Thr riews or conclu- 
sions contained in this report arc thosr of tlie 
author. Thcy arc not to l w  cwnstrucd :IS i i rwb-  

sarily rcflecting the views or indorsrmtwt of thc 
Department of thc Army. Coniriiuiii~:ition S o .  204 
from the Department of Bioehcniistry and Nutri- 
tion, University of Southern California. 
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The protective factor is distinct from any of 
the known nutrients and is retained in the 
water-insoluble fraction of The 
present experiment was undertaken to deter- 
mine the effects of liver and liver fractions on 
growth and survival in the immature hyper- 
thyroid mouse. 

MFB ... 1947, 64, 500. 

I t .  h., .T. SuXrifiou, 1947, 34, 431. 
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1 Ershoff, R. H., I'xoc. SOC. EXP. BIOL. AND 

2 Retheil, J. J., JViebrlliaus, V. I)., and Lardy, 

:{ Erslioff, R. H., Arch. Riockem., 1947, 13, 365. 
4 l.:ruhoff, B. H., E x p .  X e d .  Surg., 1948, 6 ,  438. 
-7 Ershoff, B. H., and McWilliams, H. B., 

Sm.mce, 1948, 108, 632. 
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Procedure and results. One hundred and 
eighty-seven male mice of the Webster strain 
were selected for the present experiment a t  
21 to 23 days of age and an average weight of 
10.7 g. The basal ration employed consisted 
of sucrose 53%, casein+ 30%, cottonseed oil 
lo%, Sure’s Salt Mixture No. 1“ 5%, and 
cellulose: 2 % .  To each kg of the above diet 
were added the following synthetic vitamins: 
thiamine hydrochloride 20 mg, riboflavin 20 
mg, pyridoxine hydrochloride 20 mg, nicotinic 
acid 60 mg, calcium pantothenate 60 mg, 
biotin 4 mg, folic acid 10 mg, p-aminobenzoic 
acid 2 0 0  mg, inositol 400 mg, 2-methyl- 
naphthoquinone 10 mg, and choline chloride 
2 g. Each mouse also received once weekly 
a vitamin A-I) concentrate$ containing 2 5  
U.S.P. units of vitamin A and 2.5 U.S.P. units 
of vitamin D together with 1.5 mg of a-to- 
copherol acetate. The following supplements 
were incorporated in the basal ration in place 
of an equal amount of sucrose: (1) 100/0 
yeast:i ( 2 )  10% whole liver powder7 (3) 
10% extracted liver residue,** consisting of 
the coagulated, water-insoluble material re- 
maining after the removal of the extractable 
water-soluble substances and (4) 2% of Wil- 
son’s liver concentrate 1-20,tt containing the 
water-extractable material of raw liver. Each 
of the above diets was in turn supplemented 
with U.S.P. desiccated thyroid,:: thyroxin,$$ 

- 
t Vitamin Test Casein, Gcneral Biorhcmicals, 

6 Sure, B., 8. Nqitrition, 1941, 22, 449. 
t Ruffex, Fisher Scientific &., St. Louis, Mo. 
4 Sopco Fish Oil Cancentratc, assaying 800,000 

1T.R.P. units of vitamin A and 80,000 1J.S.P. units 
of vitamin D per g. 

j l  Brewers’ Typo Yeast No. 200, Bnheuscr-Buseh, 
Inc., St. Louis, Mo. 

%Whole Dried Liver Powder, Arinour and Co., 
Chicago, Ill. 

** Extracted Liyer Residue, Wilson Labora- 
tories, Chicago, Ill. 

t t I i vc r  Coneentratc Powder 1-20, Wilson Labo- 
ratories, Chicago, Ill. 

4 $ Thyroid Powder, U.S.P., Armour and Co., 
Chicago, Ill. 

$6  Thyroxin (Synthetic &yst.), Rochc-Organon, 
h e . ,  Nutlcy, N. J. The material was dissolved in  
.1 N XaOH, adjusted to pH of 8.0, and diluted t o  
R rolurne containing 50 rng in 12.5 w. 

Inc., Chagrin Falls, Ohio. 

or iodinated casein,IIII added in place of an 
equal amount of sucrose. These were incor- 
porated in the above rations at the following 
levels: thyroid, 0.5% ; thyroxin, 50 mg/kg of 
diet, a d  iodinated casein, 0.2%. Animals 
were placed in metal cages with raised screen 
bottoms to prevent access to feces and were 
fed tht: above diets ad lib. Feeding was con- 
tinued for 15 days or until death, whichever 
occurred sooner. Animals that died or lost 
weight during the first 5 days of feeding were 
discarded and not included in the tabulation 
of data. Results are summarized in Table I. 

The findings indicate the response of the 
immature mouse is similar to that of the rat 
when fed massive doses of thyroactive ma- 
terials. The addition of desiccated thyroid, 
thyroxin or iodinated casein to the basal ration 
resulted in a marked retardation of growth 
which was completely counteracted by the 
administration of whole liver powder or ex- 
tracted liver residue. Liver concentrate 1-20 
failed to promote growth in animals fed 
desiccated thyroid or iodinated casein; it did 
exert a growth-promoting effect, however, in 
animals fed thyroxin. Yeast was ineffective 
in promoting growth on any of the diets em- 
ployed. Data on survival correspond to those 
obtained in the rat. Less than 50% of the 
mice fed the basal ration supplemented with 
desiccated thyroid, thyroxin or iodinated 
casein survived the experimental period of 15 
days. The incidence of survival was signifi- 
cantly increased on diets containing whole 
liver powder or extracted liver residue. Yeast 
and liver concentrate 1-20 were considerably 
less active than whole liver or extracted liver 
residue in prolonging survival in the hyper- 
thyroid mouse. 

In the present experiment whole liver pow- 
der prolonged survival and counteracted the 
growth retardation of immature mice fed 
massive doses of desiccated thyroid, thyroxin, 
or iodinalted casein. The protective factor(s) 
was apparently distinct from any of the 
known nutrients and was retained in the 
water-insoluble extracted liver residue. Boss- 
hardt et al.7 have recently found that the 

1 )  1 )  Protamone, Cerophyl Laboratories, Kansas 
city, Mo. 
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rr.wr,l: T. 
Coinparatire Effcrts of Lijrr and Ye;ist on Grou-th ant1 Surriral  of Immature Nice Fed Massive Doses 

of Thyro:ictire Substnnres. 

Suppleinent to Thyroaetive No. of Initial 
basal ration supplement aninials body wt, g 

0 

0 

10% yeast 

10% whole liver powder 

10% est. lircr residue 

1% liver vonr .  1-20 

0 

lo%,  \-east 

10% whole l iwr powlcr 
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1% liver cone. 1-20 

0 

10% yeast 
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1% li r r r  conc. 1-50 

12 10.6 

15 10.6 
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14 10.5 

15 10.4 

15 10.5 

1 2  10.9 

10 11.0 

I ?  10.7 

9 11.1 

8 11.1 

11 1 0 . i  

9 10.8 

11 10.8 

1 2  10.G 

12 10.9 

Gain in  body wt on 
following days of exp. 
I \ % 

15th, g survinng* 
~ 

l o t h ,  g 

100.0 

6.7 

60.0 

92.9 

100.0 

40.0 

33.3 

60.0 

91.7 

88.9 

75.0 

45.5 

66.7 

81.8 

91.7 

50.0 

b:iscd. 
’ Eqieriniental period 15 days. 

growth retardation of immature mice fed 
massive doses of iodinated casein (protamone) 
could be counteracted by the administration 
of Wilson‘s liver concentrate 1-20 and other 
water-soluble extracts of liver rich in “animal 
protein factor” or vitamin B12. Under con- 
ditions of the present experiment, Wilson‘s 
liver concentrate 1-20 contained virtually no 
activity in regard to either growth or survival 
for immature mice fed massive doses of 
iodinated casein or desiccated thyroid. I t  did 
exert a growth-promoting effect, however, in 
immature mice fed thyroxin, although gain in 
7 Bosshardt, D. K., Paul, W. ,J,, O’Dohcrty, I<., 

Huff, J. W., and Barnes, R. H., J .  Nutritton, 1949, 

- 

37, 21. 

body weight was less than that obtained with 
extracted liver residue. The cause of this 
discrepancy is not readily apparent. Yeast 
appears to be less beneficial to the hyperthy- 
roid mouse than to the hyperthyroid rat. 
Previous findings indicate that yeast is as 
effective as whole liver powder in prolonging 
survival of immature rats fed massive doses 
of desiccated thyroid;3 such does not appear 
to be the case for the immature thyroid-fed 
mouse. 

Recent findings by Bosshardt et a1.: 
Register et a1.,8 and Nichol et a1.,9 indicate 
that requirements for vitamin BIZ are in- 
creased in the hyperthyroid animal. Since 
liver concentrate 1-20 (which contains vita- 
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min Blz) failed to counteract the growth re- 
tardation of immature mice fed massive doses 
of desiccated thyroid, thyroxin or iodinated 
casein while extracted liver residue was as po- 
tent as whole liver powder in this regard, it  
appears that extracted liver residue contains 
one or more factors other than vitamin B12 
which are also required in increased amounts 
by the hyperthyroid mouse. These findings 
are in agreement with those previously re- 
ported for the rat.4 When animals on purified 
rations are made hyperthyroid, a multiple 
dietary deficiency may be precipitated. 
Whether the first limiting factor will be a de- 
ficiency of vitamin BIZ, of the antithyrotoxic 
factor(s) of extracted liver residue or of still 

other nutrients appears to depend on such 
factors as the pre-test dietary regime, the 
composition of the diet employed, bacterial 
synthesis or strain and species differences in 
nutritional requirements. 

Summary, Whole liver powder prolonged 
survival and counteracted the growth retarda- 
tion of immature mice fed massive doses of 
desiccated thyroid, thyroxin or iodinated 
casein. The protective factor(s) was retained 
in the water-insoluble fraction of liver. 

8 Ikgistcr, U. D., Ruegamrr, W. R., and Elveh- 
jcm, C. A., J. Biol. Chent., 1949, 177, 129. 

'3 Nichol, C. A., Dietrich, L. S., Cravens, W. W., 
and Blvehjeni, C. A., PKw. Sor. EXP. HIaL. AND 
Mm., 1949, 70, 40. 
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An Evaluation of Respiratory Depression by Alveolar Gas Changes During 
Pentothal Sodium Anesthesia." 

RICHARD AMENT,~ MITZI SUSKIND, AND HERMANN RAHN. 
Prom the Department of Physiology and Vi ta l  Ecowmics,  University of Bockester, School of 

Medicin? and Deztistry, Rochester, S. P. 

Recent studies of intravenous anesthetic 
agents, notably pentothal sodium, have placed 
renewed emphasis on quantitative analyses of 
physiological changes occurring during anes- 
thesia. The work of Gruber,l Gruhzit, DOX, 
Rowe and Dodd,? Beecher and BIoyer,3t4 
Moyer;j and most recently McCann,G contain 
pneumographic tracings which illustrate the 
characteristic respiratory patterns produced 
by intravenous anesthetic agents. Beecher 

"Work done under contract with the Air 
Materiel Command, Wright Ficld. 

t Presrnt address : Jlepartment of Anesthcsia, 
Bcllerue Hospital, New York. 

1 Gruber, C. M., J. Pharm. and E x p .  Therap., 
1937, 60, 143. 

2 Gruhzit, 0. &I., Dox, A. W., Rowe, L. SV., and 
Dodd, M. C., J. Pharm. and Exp.  l 'kerup.,  1937, 
60, 135. 

and Moyer4 have correlated these qualitative 
studies with minute volume determinations 
and intermittent blood levels of oxygen and 
carbon dioxide. Etsten and Himwich7s8 in- 
tensively investigated the reflex responses 
under pentothal anesthesia and have set forth 
criteria for determining the stages of pentothal 
anesthesia. Previous studies have employed 

3Beecher, H. K., and Yoyer, C. A,, J. Clim. 

4Moyer, C. A.. and Bcccher, H. K., J. Clin. 

5 Moyer, C. A., J. Thoracic Stirg. ,  1941, 11, 131. 
6 McCann, J. C., Current Bes. tn Aneslh.-Anal., 

7 Himwich, H. E., and Etsten, B., J. Xerc. and 

8 Etsten, B., and Himwieh, H. E., Anesthesiol- 

Invest., 1941, 20, 549. 

Invest., 1942, 81, 429. 

1947, 26, 89. 

Mental Dkeme ,  1946, 104, 407. 

ogy, 1946, 7, 536. 




