
240 PROTEIN AND ANTIBODY 

of vitamin B,-pyridoxal, pyridoxamine, pyri- 
do;ine and pyridoxic acid-were measured in 
normal human urine and in the urine of human 
subjects each f,ed one of the 3 forms of the 
vitamin. 

The chief product found, regardless of the 
form fed, was pyridoxic acid. Pyridoxal gave 
rise to significantly higher amounts of this 
product than did pyridoxine or pyridoxamine. 
No evidence could be obtained showing the 
conversion of pyridoxal or pyridoxamine to 
pyridoxine. When pyridoxal or pyridoxine was 
fed, the chief form in which the vitamin oc- 
curred in the urine was the form fed. However, 
when pyridoxamine was fed both pyridoxal 
and pyridoxamine were excreted in approxi- 
mately equal amounts. Ingestion of pyridox- 
ine also greatly increased the amount of 

pyridoxal and pyridoxamine excreted. 
The excretion of all products was very 

rapid. The largest amounts of each of the 
compounds were found in samples collected 
2 and 5 hours after ingestion of the dose. nLe 
levels of pyridoxic acid returned to normal 
values after 1 2  'hours, while the vitamin IeveIs 
had returned to normal within 8 hours. The 
amount of the dose recovered varied with the 
form fed. The highest recovery, 70%, was 
obtained when pyridoxal was fed; 4576 of 
the pyridoxine was recovered, while only 3 1 % 
of the pyridoxamine could be recovered. To- 
gether with published data which indicate 
that complete absorption of large doses of 
vitamin B, occurs, these findings suggest that 
a large proportion of the vitamin Be was con- 
verted to products still unknown. 
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Loss of Body Protein and Antibody Production by Rats on LOW 
Protein Diets.* 

E. P. BENDITT, R. W. WISSLER, R. L. WOOLRIDGE, D. A. ROWLEY, AND C. H. STEFFEE. 
(Introduced by Paul R. Cannon.) 

l+om the Deptrrtirtt~iit of P(i tk( i l (~ ,y! j ,  [ - r i iwr .q i t~  of Chicago, Chicago. 

Previous studies in this laboratory have 
demonstrated that prolonged severe deficiency 
of protein without other dietary restriction 
results in a reduced capacity of the rat to 
produce antibodies to sheep erythrocytes: 
Friedlander's ,bacillub,2 pneumococci," and 

*The rcseareh which this papcr srports waH 
undertaken in cooperation with the Navy Drpart- 
ment, Office of Naval Research. The vicws or 
conclusions contained in this raport arr those of 
thc authors. They are not to  1JC wi1strurtl :is 
necessarily reflecting the v i ew or jiidoiscnwilt of 
the War Department. 

The work has been aided, also, by tlic Kational 
Livestock and Ayeat Board and the Douglas Smith 
Foundation f o r  Medical Research of The TJniver- 
sity of Chicago. 
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most recently a parasitic nernat~de.~ Con- 
comitant with the reduction of antibody pro- 
duction there was shown to be a reduction in 
the capacity to form leukocytes of both the 
granulocytic and lymphmytic series.j Asso- 
ciated with these phenomena there is a reduc- 
tion in the resistance of animals to infection 
with virulent organisms? Furthermore this 
reduction in resistance was shown to be due 
largely to the inability of the animals to 
fabricate antibodies since the depleted animals, 
when passively immunized, survive the in- 
fection as well as the normally nourished con- 
trols. Having established the fact that pro- 
tein depletion of long duration reduces the 
rate of antibody formation and the resistance 
to infection it then becomes of interest to. 
investigate Pilie rate of decay of the antibody 
forming capacity with time under conditions 

4 Woolridge, R. I,., unpublished observations. 
SAsirvadham, M., J .  Infect. Did., 1948, 83, 87. 
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of dietary protein deficiency and to attempt 
to relate this process to the loss of protein 
from various body compartments. 

The subjects of 
the experiments were young adult ma!e albino 
rats (Sprague-Dawley). On arrival at  the 
laboratory the animals were housed 7 to a 
cage and fed Wayne Dog Chow until they had 
reached a weight between 200 and 220 g. 
They were then started on the low protein re- 
gime. The detailed composition of the IQW 
protein diet (3E) has been described else- 
where.6 The ration used in the present experi- 
ment contained corn oil as the fat. The con- 
tent of all dietary essentials in this diet is 
sufficient to support normal growth when an 
adequate protein supplement is added. For 
the first 30 days of the depletion period the 
animals were offered 15 g of the ration each 
day. After 30 days the quantity was increased 
to 20 g per animal per day. Diet consump- 
tion is practically complete with this diet until 
more than 25% of the body weight has been 
lost after which diet intake slowly falls. The 
most depleted animals in this experiment nev- 
er ate less than 72% (14.4 g) of their diet 
'on the average. 

In this study groups of 5 rats having com- 
parable weights prior to depletion were selec- 
ted from larger lots which had been on the 
depletion regime for 0, 17, 32, 43, 56, and 100 
days. At the start of the final period of the 
experiment the animals were placed in individ- 
ual cages and fed the same low protein diet 
for the last 11 days. On the day they were 
placed in the individual cages each animal 
was given by tail vein an injection of one ml 
of a 0.25% suspension of 5 times washed 
sheep's erythrocytes, and one ml of a heat 
killed vaccine of Friedlander's bacillus con- 
taining 1.6 billion organisms per milliliter. Six 
days after the injection of antigen, blood 
volumes, hematwnts, hemoglobins, serum pro- 
tein concentrations and agglutinin and hemo- 
lysin titers were determined.' Five days fol- 
lowing this the animals were sacrificed. The 

6 Wisslcr, R. W., Woolridgo, R.  L., Steffee, C. 
€I., and Cannon, I?. R., J .  Immuml., 1946, 52, 267. 

TBenditt, E. P., Straube, R. L., and Humphreys, 
E. >I., PROO. SW. Exp. BIOL. &m Nm., 1946, 62, 
189. 
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carcasses and livers were analyzed for fat, 
water and protein by methods which have been 
described? Sections were made of the livers 
and these in conjunction with the detailed 
liver analyses are the subject of another re- 
port? 

Observations. The observations are sum- 
marized in Table I. In Fig. 1 are plotted the 

RELli“E fNLSScF Lc6sOF Bow PROTEIN AND MllBoDY 
FR@JUNGCAWIIY BY RATSCNALO#PIMIEIN DIET. 
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data for carcass protein, liver protein, total 
circulating serum protein, and the antibody 
titers (agghtinins and hemolysins). They are 
plotted on a semilogarithmic scale with time 
on the linear axis. Such a chart allows one 
to compare the relative rates of decline of 
these various factors by comparing the slopes 
of the curves. 

To a reasonable first approximation the 
loss of protein from the carcass, liver, serum 
and erythrocytes occurs at a constant per- 
centage rate. The same is true for the loss 
of the capacity to form antibody. The daily 
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and Wissler, R. W., Arch. Path., in press. 
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percentage rates of decline as estimated from 
these curves are: Carcass, 0.3; total Circu- 
lating serum protein 0.6; liver protein, 0.7; 
rates of antibody production, antibacteria1 
agglutinins), 3.7; and (anti-sheep erythrocyte 
hemolysin), 3.0. The rate of loss of hemo- 
globin is approximately the same as for serum 
protein. Liver and plasma proteins decline 
a t  approximately equal rates, and approxi- 
mately twice as fast as the carcass protein. 
The antibody forming capacity declines 10-13 
times as fast as the carcass protein content. 

Statistical analysis shows that the decrease 
in hemolysin titer is not significant until after 
30 days following initiation of the low protein 
diet. The agglutinin titers appear to be just 
significantly diminished (p < .05) by the 
17th day of the depletion regime. 

Discussion. Recently Metcoff and co-work- 
ersl” have questioned the role of dietary pro- 
tein deficiency in impairment of antibody for- 
mation. These investigators injected young 
rats with S.  typhimurium 6 days after initia- 
tion of the low protein diet. As might be ex- 
pected, they could find no difference in anti- 
body titers up to 28 days from the start of the 
protein deficiency. On the 28th day they 
injected typhoid “0” antigen and 14 days 
later removed blood for titers in an attempt 
to demonstrate an “anmest ic”  response. 
From their experience these authors conclude 
“that dietary protein deficiency does not seri- 
ously impair the mechanism for protective an- 
tibody formation in the rat.” 

The present observations demonstrate clear- 
ly that severe restriction of the dietary pro- 
tein intake, despite the presence of an ade- 
quate supply of other essential nutrients 
causes marked impairment of antibody produc- 
tion. Further they demonstrate that the ca- 
pacity to form antibody decreases with time 
on the low protein diet but the decrease does 
not become appreciable with some antigens 
until several weeks or more have elapsed. 
Whipple and his co-workers‘l early recognized 
that many weeks of protein depletion were 

IOMeteoff, J., Darling, D. B., Seanlon, M. H., 
and Stare, F. J., J. Lab. and C l h .  Ned., 1948, 33, 
47. 

IlMaddcn, S. C., and Whipple, G. H., Physiol. 
Rev., 1940, a0, 194. 
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necessary to exhaust the “protein reserves” of 
their animals and reduce the rate of plasma 
protein fabrication significantly. 

Since antibody formation appears to be in- 
fluenced by dietary protein intake it seems 
likely in general that anything which inter- 
feres substantially with protein metabolism 
such as caloric inadequacys for a sufficient 
length of time will also impair antibody for- 
mation. 

One further point is apparent in the data 
of this experiment. The protein content of 
any body compartment is an insensitive indi- 
cator of the rate of turnover or fabrication of 
protein in the compartment. In Fig. 1 it 
can be seen that when the total circulating 
serum protein fell to about 50% of its 
initial value the rate of antibody production 
has fallen to 1% or less of its initial value. 
From previous experimentsI2 we know that 
the circulating quantity of that portion of the 
globulin containing the antibody is reduced 
only to an equal or lesser extent than the total 

12 Benditt, E. P., unpublished observations. 

protein, i.e. 50% or less. Practically this 
means that the measurement of such quanti- 
ties as serum protein concentration, total cir- 
culating serum protein or any one of its com- 
ponents may give little if any insight into 
the rate of production or turnover of the pro- 
tein. 

Summary. The present experiment investi- 
gated the rate of loss of the capacity to pro- 
duce antibody in comparisorm with the rate 
of loss of protein from body compartments 
including carcass, liver and plasma. Young 
adult male albino rats were tested at intervals 
from 0 to 100 days after initiation of the low 
protein diet for agglutinin and hemolysin pro- 
duction. Blood volumes, hemoglobin, serum 
protein, liver and carcw protein were deter- 
mined. It was found that all protein c m -  
partments and the rate of antibody produc- 
tion fell at approximately linear percentage 
rates per day, the antibody production falling 
much faster than the rest. Statistically signifi- 
cant depression of the antibody titers was not 
reached till the 30th day with hemolysins and 
the 17th day with the agglutinins. 
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Chemotherapy of Triclromonas foetus Infections in Rabbits.* 

BANNER BILL MORGAN, LOUISE LOMBARD, AND ALAN E.  PIERCE.^ 
From the Department of Veterinary Science, University of Wiscomin, &tadisom, Wis. 

No satisfactory therapeutic agent has been 
established for the successful treatment of 
bovine trichomoniasis. In vivo studies in, 
laboratory animals of the trichomonacidal 

* Published with the approval of the director of 
the Wisconsin Agricultural Experiment Station. 
Project 622-V; Trichomoniasia and othcr repro- 
ductive diseases of cattle. Supported in part by a 
grant from the Eli Lilly and Co., Indianapolis, 
Indiana. Special thanks are duo to Dr. Tom F. 
Reutnor and Mr. L. L. Lemanski, formcrly of the 
Department of Veterinary Science, University of 
Wisconsin, for their aid in this work. 

t WelIoome Research Fellow of the Animal 
Health Trust (from the Ministry of Agricultnro 
and Fisheries Laboratories, Weybridge, England). 

properties of various chemicals may offer use- 
ful information for future treatment trials in 
cattle. The purpose of this paper is to pre- 
sent the results of a study on the effect of 
58 compounds on Trickomonas foetus in the 
vagina of rabbits. The majority of the com- 
pounds were selected from 350 chemicals pre- 
viously tested in vitro by Morgan and Camp- 
bell? 

Witt,e2 apparently was the first to success- 
fully infect rabbits with T.  foetus by vaginal 

1 Morgm, B. B., and Campbell, €I. M., dm.  J .  
Tet. Rss., 1946, 7, 45. 

2 Witte, J., Arch. wiss. prakt. Tierhailk., 1933, 
66,333. 
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