
DIETARY PROTEIN LEVELS 

in yeast. Moreover, proteose-peptone and 
Edamiine S, both of which are requirements 
for growth and maintenance of kappa of 
stock 51,  may be substituted for each other 
without loss of lambda in stock 299. 

The complexity of the growth require- 
ments of killers as they differ from sensitives 
and the differences in these requirements be- 
tween !stocks serves as an indication of the in- 
tricate relationships between these remark- 
able particles and the cells of the host. More 
detailed analysis of nutritional requirements 
of the killers is presently being undertaken, 
to develop a chemically-defined medium. In 
this way, greater insight into the nature of 
the particles themselves as well as identity 
of the factors responsible for their mainte- 
nance may be obtained. 

Two killer stocks of Parame- 
cium aurelia, 51 and 299, have been culti- 
vated axenically in a medium consisting of 
vitamins, a salt mixture, stigmasterol, pro- 
teose-peptone, an enzymatic digest of lactal- 
bumic and the nondialysable fraction of a 
hot wa,ter extract of yeast. All components 
are necessary for growth of the ciliates and 
for maintenance of the kappa character. Dif- 
ferences in nutritional requirements of the 
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two stocks have been noted. As far as is 
known, this is the first instance of cultiva- 
tion of a kappa-bearing strain of Paramecium 
in bacteria-free medium. 

Since this paper was submitted for publication, 
stocks 138 and 139 of P.  aurelia, containing respec- 
tively p and 7r particles, have been placed in axenic 
culture (medium No. 8 as given in Table 11). The 
oiganisms have been maintained in tube culture for 
two months without loss of particles. 
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Influence of Dietary Protein Levels on Ascorbic Acid Status of the Rat." 
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There appears to be no report regarding the 
influence of dietary protein on biosynthesis of 
ascorbic acid in the rat. Prompted by a 
chance observation that rats receiving a high 
protein diet excreted relatively large amounts 
of ascorbic acid in urine, we investigated the 
influence of dietary protein on the Vit. C 
status of the rat. In the first instance, the 

't A preliminary report of this work was presented 
at the Symposium on Proteins held at this Institute 

t Present address: Dept. of Animal Nutrition, 
A u ~ .  14-16, 1960. 

Univ. of Illinois, Urbana. 

effect of variations in dietary protein levels 
was examined. 

Materials and nzrthods. Adult male albino 
raits (Wistar strain) with body weights in 
the range 180-200 g were employed in all ex- 
periments. Animals were distributed accord- 
ing to the randomized block design folr the 
various test treatments. Diets fed had the 
following composition: Protein ( Polson's lac- 
tic casein)-according to choice; fat (refined 
peanut oil)-10% ; vitaminized starch-1% ; 
sa,lt mixture:-2% ; and corn starch-to 100. 

$ HubbelI, Mendel and Wakeman mixture. 
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The vitaminized starch contained thiamine 
hydrochloride 40 mg, riboflavin 80 mg. niacin 
100 mg. pyridoxine hydrochloride 40 mg, cal- 
cium pantothenate 100 mg and folic acid 5 
mg per 100 g. The rats were given necessary 
amounts of diluted shark liver oil twice a 
week to provide the requirements of Yit. A 
and D. 

Cages with wide mesh wire bottoms which 
were well covered with resistant paint were 
used to house the animals individually. LTrine 
was collected in brown glass bottles contain- 
ing 10% trichloracetic acid (TCA) over 3- 
day periods. Collecting funnels and bottoms 
of cages were rinsed with 10% TCA solution 
a t  least thrice a day during the collection pe- 
riod. 'C'rine collections were made up to 
known volume and aliquots used for estima- 
tion of total \'it. C (ascorbic acid. dehydro- 
ascorbic acid and diketogulonic acid ) accord- 
ing to the dinitrophenylhydrazine (DNPH ) 
method of Roe and Keuther( 1 ) .  The same 
procedure was employed for estimation of as- 
corbic acid in tissues and blood. 

To ensure that the above photometric pro- 
cedure did not include an appreciable propor- 
tion of chromogenic derivatives other than 
those related to ascorbic acid, DNPH deriva- 
tives were prepared ( 2 )  from the urine as well 
as the tissues of test animals (especially in 
the case of those giving high excretions) and 
their chromatographic behaviour and absorp- 
tion spectra studied. On paper chromato- 
grams developed with a number of solvents 
the derivatives from urine as well as the tis- 
sues gave only a sinqle pink coloured band or 
spot identical in position and absorption 
characteristics with the derivative prepared 

T A R I X  T. Urinary Ascorbic Acid Excretioii of 
1Z:its Tr:insfrrred from Stock Ration t o  Synthetic 
(';isciii 1)icts. Six rats in  each group. Period of 

feeding, 3 weeks. 

(,& caseiii Avg urinary ascorbic 
Groiip in diet acid excretion, mg/day 

r 10  1.18 1 
L L  3 0 
111 30 
TV 50 2.87 J 

St:itistic:il signific+uiice I T I  * I N 111""" 
I1 hi I11 N.S. I1 ry I V  .'* 

I11 N I V  * 

Diff'eyerices significant at: *5%, *.%lyo and 
" **O.lyo lcvcl. K.S., not significant. 

from standard L-ascorbic acid (Merck) . 
Also, the derivatives in 12.5 hl sulphuric acid 
solution gave absorption spectra identical 
with that of the standard derivative under 
similar conditions (in the range 310-600 mp, 
determined with the Beckman spectropho- 
tometer, Model DU) . 

Reszdts. Effect of protein quantity. Stock 
rats were transferred to diets containing 10, 
20, 30 and 5OYo casein. After being fed these 
rations for 3 weeks their urinary ascorbic acid 
excretion was measured (Table I). There 
was a progressive increase in excretion oQ as- 
corbic acid as protein content of the diet in- 
creased: rats on the 50% casein diet excreted 
more than twice as much ascorbic acid in the 
urine as rats on the loo/, protein ration. 

Effect of protein depletion-repletion. Rats 
were fed a protein-free diet for 2 weeks and 
urinary ascorbic acid excretions were meas- 
ured. They were then distributed into appro- 
priate groups and fed diets containing 10, 30 
and 50% casein for 2 weeks and their urinary 
excretion and tissue levels of the vitamin were 

TABLE 11. TJrinary Excretion and Tissue Iirvels of Ascorbic Acid in  Rats Maintained for 2 
Weeks on Protein-free Diet nncl Re-fed C:iseiri Diets for 2 Weeks. Five rats in each group. 

~ _ _ _  
- I Proteiii-free diet .-I8 2 . 1 2  (4 t1.f.) - 

I11 " 30% " " 2.44 k . 3 0  4.46 } 2 . 1 5  153.0 ( 2 6 . 9  1.40 } 2 . 0 7  

Statistical significance T NII +$ I r  - III*X* 11 - III** I1 N 111""" 

3.06 1 114.8 1 .78 7 
I V  " 50% " " 2.92 (8 d.f.) 4.82 J (8 d.f.) 189.0 J (8 d.f.) 1.42 J (7d.f.) 

___ 

I1 Iv I V  *** 
IT1 N IV  N.S. 

I1 N I V  *** I1 N I V  *** 
I11 Yy I V  N.R. 

I1 Re-fed l O . / b  casein diet 1.38 

lI N 111" 
I1 w I V  ** I11 hi I V  **  

I11 N IV  N.S. 

Differences significant a t :  *5%, ""1% and ***0.1% level. N.S., not significant. 
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determined. Again, progressive increase in 
urinary excretions of ascorbic acid with in- 
crease in protein content of the diet was evi- 
dent (Table 11). Significant changes in liver, 
adrenal and blood ascorbic acid levels paral- 
lelling urinary excretions were also observed,, 

Effect of sulfaguanidine. In view of the 
findings of Schwartz and Williams (3-5) and 
Schwartz et al. (6) ,  that ingestion of antibac- 
terial agents like aminopterin and sulfasuxi- 
dine along with the diets markedly reduces 
the liver level and urinary excretion of ascor- 
bic acid in the rat, the effect of including 2% 
sulfaguanidine in the low (10%) as well as 
in the high protein (50%) diets was examined 
(Table 111). In the low protein group there 
was a marked decrease in urinary excretion 
of rats receiving the sulpha drug a t  the end 
of 5 weeks. These rats were sacrificed for 
tissue Vit. C determination. In the high pro- 
tein group, on the contrary, there was no sig- 
nificant difference in urinary excretion as be- 
tween rats fed the sulpha drug and the corre- 
sponding controls. Therefore, they were con- 
tinued on the same diet for 10 weeks when 
urinary ascorbic acid excretion was again de- 
termined. As even on prolonged feeding the 
sulfa drug did not affect urinary excretion, 
these animals were then sacrificed for tissue 
analysis. In subsequent experiments similar 
results have been obtained with sulfasuxidine. 

Discussion. The evidence presented indi- 
cates that changes in protein content of the 
diet markedly influence urinary excretion and 
tissue levels of ascorbic acid in rats during 
short-term feeding. Since the increased ex- 
cretion on high protein diets is not accom- 
panied by any decrease in tissue levels but, 
on the contrary, by an increase, i t  is justifi- 
a.ble to infer that increase in amount of pro- 
tein in the diet favorably influences the b h -  
synthesis of the vitamin presumably by in- 
creasing the liver content oif the enzymes in- 
volved in Vit. C biogenesis olr by increased 
provision of essential precursors. The former 
appears plausible in view of the well known 
dependence of liver cytoplasmic proteins upon 
the plane of protein nutrition in the rat. 

As contrasted with short-term experiments, 
prolonged feeding (over 3 weeks) levels off 
the differences in urinary excretioin and tissue 
content of the vitamin between rats receiv- 
ing high and low protein diets. This may in- 
volve an adaptive process. 

The adverse effects of the sulfa drug in 
animals receiving low protein diets appear to 
implicate the intestinal microflora in biosyn- 
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thesis of Vit. C in the rat. The  protective ef- 
fect of high levels of dietary protein may be 
interpreted as  the ef€ect of excess protein 
per se on the biosynthetic mechanisms or on 
the precursors or indirectly on the microflora. 
Further experiments are in progress to test 
these hypotheses. 

LVe are grateful to Dr. V. Subrahmanyan, Director 
of the Institute, for his kind encouragement and keen 
interest in the work and to Mr. A. N. Sankaran for 
statistical evaluation of the data. 
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C'onsiderable epidemiological and experi- tolerated doses, in which survival in the Pre- 
marin group is significantly higher than in the mental evidence suggests that estrogens may 

be antiatherogenic( 1-1 1 ) . However, only 2 controls. 
clinical trials of the effect of estrogens on sur- 
vival in men with myocardial infarction have 
been reported. Oliver and Boyd ( 1 2 )  failed 
to observe any effect of ethinyl estradiol on 
survival but Stamler, Pick and Katz in an 
interim report ( 13) found suggestive evidence 
that mixed, conjugated estrogens ( Remarin ) 
increased survival. The latter used doses 
causing manifest feminization and the results 
lacked statistical significance. 

This paper reports results of a continuing 
study of Premarin in men using small, well 

*Aided by grants from Albert and Mary Lasker 
Foundation and by grants from S a t .  Heart Inst. \Ye 
are indebted to Dr. John J. Jewell, Ayerst Labora- 
tories, for Premarin (mixed, conjugated equine estro- 
gens, NND). Analyses utilized the facilities of the 
Western Data Processing Center with the valued ad- 
vice of Dr. W. J. Dixon. Clinicians participating in 
these studies were Drs. R. ,4lexander, R. Anderson, 
J. Bernstein, E. Chesne, R. Cohen, K. Coskey. I ) .  
Feinstein, I .  Gordon, W. Grant. M. Haet, G. Irwin. 
H. Karpman, A. Katz, M. Laks, J .  Lewis, F. Mc- 
Broom, I. Miller, F. Mintz, H. Rubenstein, S. Stone, 
L. Tecimer, J. Walker, A. White, S. Wirtschafter, M. 
Wyman and D. Young. 

Material and methods.  Clinical material 
consists of men who had recovered from a 
myocardial infarction in the Los Angeles 
('ounty General Hospital or the Cedars of 
Lebanon Hospital, who were ambulatory, co- 
operative and considered able to attend our 
clinics regularly, who were willing to take es- 
trogen if prescribed, who had no requirement 
for hormone therapy (other than insulin or 
thyroid), and who were free of concomitant 
illness threatening survival. Acceptability 
was determined during the first few visits to 
the clinic, which was staffed entirely by proj- 
ect personnel. Upon acceptance, patients 
were randomly allocated to control or treat- 
ment with Premarin or one of 2 other estro- 
gens (results with these being reported else- 
where( 14) ) .  In  those receiving Premarin, 
dosage was regulated solely by tolerance of 
the individual and in most cases was 1.25 to 
2.5 mg daily. These doses usually gave rise, 
after some months, to minor breast changes 
that were not objectionable to the patient. I n  
the event of objectionable side effects, dosage 
was reduced to the point of ready tolerance. 


