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INTRODUCTION

During recent years many research workers have been interested
in factors causing high mortality in baby pigse The resulis of many
experiments in which both adult end young swine were fed rations
containing only materials of plant origin have suggested that this
high mortality might be due, at least in part, to dietary factors.
The recent discovery that vitamin 312 is one of the factors
present in certain materials of animal origin whieh would increase
the growth of microorgenisms, laboratory snimals, end chicks stimu-
lated mueh intensive investigation regarding the effect of this
vitamin in improving the performance of swine fed an all-plant
rations

It has been established that the nutritional requirement of
the rat closely parallels that of swine, Because of the shorter
reproductive g¢ycle of rats and the rapid growth of their young,
the rat has been used extensively as a laboratory animal in study-
ing the nutritional deficiences of swine rations.

In the studies reported in this thesie, the rat was used as
the pilot laboratory enimal. The information resulting from these
nj:udiea will be useful in designing studies with swine relative
.to the nutritional adequacy of all=-plant rations. To simplify the
presentation of the findings of the different experiments, this
thesis has been divided into four parts. Part I contains the data
of the reproduction and lactation performence of rate fed all-plant
rations. Part II presents the results of depletion-repletion stu=
dies of adult rats fed all-plant rations supplemented with

various nutrients. The growth studies of young rats fed an all-






PART X
REPRODUCTION STUDIES WITH RATS
INTRCDUCTION

Extensive studies during recent years have repeatedly demon—
strated that ratione composed wholly or prinecipally of corn and soy=
bean meal supplemented with minerals and known vitemins were deficient
for normal reproduction and lactation of rats. Ross et al (1942),
Van landinghem and Lyon (1947), Zucker et al (1948), have all
reported varying degrees of failure on such diets. Oary end Hartman
(1943-1947) have found a partially purified ration conteining highly
extracted casein to be inadequate for normal reproduction. Recently
they have stated that the supplementation of these diets with vitamin
Bys permite essentially normal performance. In contrast to these
studies, Schultze (1950) has recently reported that he obtained
essentially normal growth of young from rats fed purified rations
containing isclated soybean protein supplemented with all known
vitamins except vitamin Bype Ross, et al (1948) and Yatts, et al
(1949) have reported essentially normal reproduction and lactation
of rats fed rations containing com and soybean meal supplemented
with minerals and all known vitemins except vitemin Bjpe Cestation
failures and high mortality of young have not been consistently

observed when rations of this type were employed.
EXPERIMENTAL

As Assay Techniquess

Female rats of the Sprague-Dawley strain were used during the



entire investigation. The rats were housed in large screen-bottom
cages. wWater and the various rations were supplied ad 1ibitum.

At time of breeding, the males were placed with the females and
rotated daily to reduce the effect of possible male sterility. At
parturition the females were placed in individual cages provided with
sugar cane bagasse as litter. Frequent observations permitted a
fairly accurate assessment of the number born. Mortality data in=-
eluded both those born dead and those dying during the first 46
hours. After the first 48 hours, litters having more than six young
were reduced to six, Pemales being selected preferentially. The
young were weaned at 21 days of age. lWeanling rats were selected
for subsequent reproduction studies on the basis of weaning weight,
litter, and ration. The ycmng ntn were fed the various axpaari—
mental ratiom similar to thone aupplied the mother during gestation
and lactation, and were bred at approximately 90 days of age, when
they weighed about 200 grams. In some instances rats were maintained
for three successive generations on the same ration. '

The rations used in this study eppear in Table I. BSupplements
when added were at the expense of the entire ration. The soybean
meal (Staley) used during the entire study was a high quality expeller
produets The casein was the aleohol extracted product of General Bio~
chemicals, Inc. The By, Supplement 1 (Merck) was a mixture of crude
vitamin 312 concentrate, charcoal, and soybean flour, which, accord-
ing to the manufecturer, had an activity roughly four timees thet of
figh solubles. The 312 Supplement 3 (Merck) was a Fuller's earth
absorbate, which, according to the manufacturer, had an activity of

12.5 milligrams of vitamin 312 per pound by the LLD assay. The APF



Supplement (lLederle) was a by=product of the mamufacture of aureomycin.
The anti-pernicious anemia liver extract solution (Lederle) contained,
by manufacturer's assay, 15 USP injectible units per ml.

B. Frectionation Techniquest

Repeated extraction of 1:20 liver powder (Wilson) with 70 percent
ethanol yielded two fractions, the 70 percent ethanol soluble fraction
end the residue. The material soluble in 70 percent ethanol was con-
centrated in vacuo to a thick syrup and repeatedly extracted with 95
percent ethanol yielding e soluble fraction end an insoluble frac~-
tion. Fractions of a high quality alfalfe leaf meal were prepared in
essentially the same manner as liver. The 95 percent ethanol soluble
and insoluble fractions of the material vhich was soluble in 70 per—

cent alecohol were tested.
RESULTS AND DISCUSSICH

In the early phascs of this study various netural products and
fractions were tested for activity in improving reproduction and lac=
tation on corn-soybean meal rations. The results of one typical ex~
periment are presented in Table II. There were nc regorptions and
toxemias observed, such as had been noted by Ross et al (1942).
Ration 2 permitted the poorest performence during the first reproduc=—
tive cycle in the number of wviesble young at 48 hours, number of young
weaned, and weaning weight. Various fractions of liver, APA liver ex-
tract (Lederle), and Pish solubles were all essentimlly equally active
in supplementing the ration. Analysis of variance (Snedecor, 1946)

of the data showed that the differences in weaning weights observed



TABLE X

COMPOSITION OF RATIONS USED IN STUDIES ON
REPROIUCTION OF RATS AND GROWTH OF YOUNG

70 WEANING
Ration Component Ration 2 Ration 3 Ration 4 Ration 5
Ground yellow corn 68485 7545 8340 5540
Expeller soybean oil meal 25,00 25.0 45.0
Vitemin test casein 1540
Alfalfe leaf meal 5400
NaCl 0.65
0ac05 0450
Salt mixture® 240 2.0 2.0
dl Methionine 0.2 0.2 0.2
Vitemin mizture™* -_— -_— -—

* Hegsted, J. Biol. Chem. 138:450 (1941)

** Bapal rations were supplemented with a water soluble vitemin mix-
ture which supplied in erystalline form the following amounts of
the various vitamins per kilogram of rations: Thiamin HCl 4 mg.,
riboflavin 6 mg., pyridoxine HOl 3 mge., calecium pantothenate 20 mg.,
niacin 20 mg., choline chloride 1 gm., folic acid 1 mge, i.nosi.t.o.l
20 mgey p-'-minobanmia' acid 20 mg. Two drops of a mixture of alpha

tocopherol and haliver oil were administered wekiy;



TABLE II

EFFECT OF VARIOUS FRAGTIONS OF 1320 LIVER POWDER (WILSON), APA
LIVER EXTRACT (LEDERLE) AND OTHER SUPPLEMENTS ON REPRODUCTION
OF RATS AND THE GROWTH OF THE YOUNG
70 WBANING

Young weaned Average

Number livability of those given Weaning

Experi- of at 48 hrs. to raise Weight
ment Ration Litters*

percent percent grems
First Reproductive Cycle
1 FRation 2 6 & 56 275

Ration 2 # 2% 1120
liver powder 7 97 &5 3645

Ration 2 # Ethanol
insoluble fraction

= 2% 7 96 83 3646

Ration 2 # Ethanol
soluble fraction
= 2% 6 ok 72 3540

Ration 2 # APA liver :
extract = Ou4 mle i
per weelk 7 96 . &5 3645

2 Pation 2 £ 2% Fish
solubles 5 93 86 5748

Second Reproductive Cycle

1A Ration 2 5 88 78 3449
Ration 2 # 2% 1120
Liver powder 5 82 96 3841

Ration 2 # Ethanol in-
soluble fraction = 2% 6 o4 100 39.7

Ration 2 # Ethanol so-
luble fraction = 2% 2 100 100 3740

Ration 2 # APA Liver
extract = 0.4 ml/nk. 4 88 91 57.8
* Number of litters denotes the number of the females that actually
produced litters and does not include those that failed to breed.



were all highly significant when compared to the basal fed lote Al=-
though the females were maintained on the same ration for the second
reproductive cycle, the differences were leas strikinge. Statistical
significance was not attained, although, in general, there was a
tendency for the resulte to be in the same direction.

Since it has repeatedly been suggested that alfalfa contained a
material which was beneficial for pregnant and lactating .som;, studies
were made with rats to test alfalfa leaf meal and fractions therefrom.
Because ration 2 contained alfalfa, another ration (ration 3) was used
in this study. This ration permitted normal gestation, good livabi-
lity of young to 48 hours, and wesning of a high percentage of those
given to raise (Table III). The addition of elfalfa leaf meal wae
definitely detrimental in terms of weaning weight. Frections of
alfelfa had no effect on weaning weight, whereas, as previously ob=-
gerved, 1:20 liver powder gave a significant response.

The failure to experience high early mortality in the young rats
in the previous experiment made it seem desirsble to use a ration com~
pounded of materials of more definite composition. As a result,
ration 4 was formulated using vitamin-test casein as the source of
protein. The results of two replications in which various supplements
to this basal ration were tested appear in Table IV. The animals
used in Experiment 6 were rats from the local stock colony maintained
since weaning on the respective rations. The rats used in Experiment 7I
were young from Experiment 6 fed from weening the same rations fed their
mothers. Again livability of young to 48 hours was pood in all lots
and a high percentage of those given to raise was weaned. Liver powder
(Wilson) and By, Supplement 1 (terck) significantly improved the wean—

ing weights of the youngz on these rations over those of the lot fed



TABLE III

EFFECT OF VARIOUS FRAOTIONS OF ALFALFA LEAF MEAL ON REFRODUCTION
OF RATS AND THE GROWTH OF THE YOUNG T0 WEANING

Wumber  livability Young Weaned Average
of at 4€ hre. of those  Yeaning

Litters* given Weight
Ration to raise
Percent Percent gramns
Ration 3 6 94 8 3740

Ration 3 # 155 Alfalfa
leaf meal 4 % 95 27.1

Ration 3 # 95% Ethanol
inscluble fraction of
the 70% ethanol soluble
fraction equivalent to
15% alfalfa leaf meal &4 91 82 394

Ration 3 ¥ 95% Ethanol

soluble fraction of

70% ethenol soluble

fraction equivalent to

15% alfalfa leaf meal 3 97 89 38.1

Ration 3 # 2% 1:20 Liver
powder 6 100 100 42,9

* Number of litters denotes the number of the females that actually
produced litters and does not include those that failed to breed.



TABLE IV

EFFECT OF VARIOUS SUPPLEMENTS ON THE REFRODUCTION OF
RATS AID THE GROWTH OF THE YOUNG -T0 WEANING

10

Number livability Young weaned Average

of at 48 hrs. of those Weaning
Ixperi= Litters* given Weight
ment Ration 1o raise
Fercent Percent grams
6,7 Ration 4 12 92 : 100 343
Ration 4 # 0.5% Herck's
By, Supplement 1 12 91 93 42,0
Ration 4 # 2.0% Wilson's
1:20 liver powder 15 o7 98 43,2
Ration 4 # Alfalfa caro-
tene concentrate 8 96 96 38.0
8,9 Ration 3 15 95 95 3845
Ration 3 # 0.5% Merck's
By, Supplement 3 14 9 99 41.0
Ration 3 # 2.0% wWileon's
1:20 liver powder 18 95 97 40 .4
10,11 Ration 3 11 68 21 5373
Ration 3 £ 0.5% Merck's
Byp Supplement 3 10 7 97 o4
12 Ration 3 7 85 o4 370
Ration 3 ¥ 0.5% Lederle's
APF Supplement 88 100 44,0
Ration 3 # 50 ppm exy-
stalline By, il 92 100 3840
Ration 3 ¥ 0.57% Lederle's
APF # 50 ppm erystalline
Byo 5 92 100 42.0
13,14 Ration 5 12 5 95 350
Ration 5 # 0.5% Merck's
ByoSupplement 3 s ¢ 86 100 40.2

* Number of litters denotes the number of females that actually produced
litters and does not include those that failed to breed.
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the basal ration. The lack of reproductive failuree in these two
experiments may have been due to the presence of an unidentified
factor in the incompletely extracted casein (Cary et al 1943-1947).
dince numerous workers have suggested that casein contained the
unknown factor and that plant materials such as soybean meal were not
active in this respect, further experiments were conducted using
ration.’. Table IV summarizes the results of the different experi=-
ments using this ration. The animals used in Experiment 8 were the
young from Experiment 7 that bad been maintained on the experimental
rations since weaninge. The rats used in Experiment 9 were young
from Experiment 8 and received the same ration as their mothers.
The results of Experiments & and 9 showed that no differences existed
among the lots as to viability of the young up to 48 hours or number
weaned of those given to raise. As had been noted previouely, the
rats fed 1:20 liver powder (Wilson) or By Supplement 3 (Merck)
weaned slipghtly heavier young than did those on the basal ration.
These differences did not prove to be statistically sigmificant.
Experimente 10 and 11 were further replications of two of the
rations used in Experiments & and 9« The rats used in Experiment 10
vere the young from Experiment 9 and represented the third successive
goneration on their respective rations. The rats used in Experiment
11 were young from the stock colony which had been placed on the
experimental rations at weaning. The results of these two experiments
are essentially the game as those of Experiments 8 and 9. The higher
mortelity prior to 48 hours in Experiments 10 and 11 wae thought to be
cauged, at least in part, by a high ineidence of respiratory infection

among the mother rats during these experiments. No differences were



found to exist between the supplement fed lots and the basal, and the
higher early mortality wes not conesidered to be due to ration. In the
four experiments in which 312 Supplement 7 was fed, the females re~-
ceiving this supplement weaned young that averaged 2.1 grams heavier
than those from the basal fed lots. This difference was not large
enough for eignificance when tested by analysis of variance

(Snedecor, 1946).

A study of the results of Experiment 12 shows that the livabi=
1lity up to 48 hours end number raised to weaning did not differ greatly
among the lotse The supplementetion of the basal diet with erystal-
line 312 produced only slightly heavier weanling rats. ihen AFF
Supplement (lLederle) was added to the basal diet, significant improve-
ment in wesning weights was noted. The addition of both crystalline
312 and the APF Supplement to the basal ration did not improve the
wesning weights over those of the basal ration supplemented with only
the APF supplement.

Since level of protein hes been related to vitamin Byp require-
ment, ration 5 was formulated and used in two experiments. The results
of Experiments 13 and 14 are found in Teble IV. The early mortality
was slightly higher in the basal fed lots but the number weaned was
essentially the same. The addition of By, Supplement 7 to the basal
ration significantly improved the weaning weightes of the young when
these were compared to the basal fed lots.

At no time during the course of this entife investigation has it
been possible to demonstrate a high mortality of young during the
first 48 hours or prior to weaninge These results are at variance
with those of numerous workers, (Ross, 1942), (Zucker, 1948),

(Hartman, 1949). Schultze (1950) has recently reported that he could
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secure satisfactory weight gains from the first generation of rats
fed purified rations containing soybean protein. However, somewhat
sualler gains were experienced when the second generation was fed
these rations.

It has been our experience that the weaning weight of young from
females fed rations presumably low in "animal protein factor" is con-
sistently less than that observed when the ration is fortified with
certain natural and fermentation by-product conceantratese.

Humeroues explanations have been advanced in an atiempt to
rationalize the differences obsarv;d by us during the last three
yeapre and those found by Ross (1942) previously and by other workers.
There are certain facts that mey account for at least some of the
differences. First, during these studies generous supplementation
with all kmown dietary nutrients (including choline and folie acid)
was practiceds The results of previous studies may have been influenced
by a lack of some then-unknown factor. It has recently been shown by
Schaefer and others (1950) that the dietary requirements of vitamin
312’ choline, and folic acid are interrelated and that one may not be
established without considering the concentration of each of the others.
Secondly, ecare was used in all these studies to employ only a high-
quality expeller-type soybean meal from a single source (Staley and 0os,
Decatur, Illinois). The variation that is known to occur in natursl
feeds with respect to other nutrients probably extends to the factor
that is necessary for successful reproduction and lactations It may
be that larper amounts of this factor were consistently present in the
high=quality meals used in thie studys The fact that intestinal
synthesis might, under certain conditions, supply adequate amounts of
the factor must be recognized. Hartman and his amssociates (1949) have
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proposed that the factor is synthesized in adequate amounts when ex-
cessively high levels of riboflavin are fed.

SUMMARY

The reproduction and lactation performance of rats fed diets
compoged prineipally of corn and goybean meal supplemented with known
minerals and viteamins execept vitemin 312 has been essentially normal.
Resorptions, toxemia deaths, or excessive mortality during the first
48 hours after birth, during the nursing, or after weaning have not
been emis@th observed. The weaning weights of young from females
fed supplements of natural and fermentation by-product concentrates
containing vitamin 512 and perhaps other unknown factors has been
consiatently superior to those of young from females fed unsupple-
mented rations. Liver powder (¥ilson's 1:20), concentrates of vitemin
Byp (Merck No. 1 and 3), a fermentation by-product (lederle APF Supple-
ment) and an injectable anti-pernicious enemia extract have all been
found to stimulate the growth of nursing rats. The factor involved
in thies stimvlation appears to be soluble in 70 percent ethanol and

less soluble in 95 percent ethanol.
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PART II
DEPLETION-REPLETION STUDIES WITH RATS
INTRODUC TION

With the isolation and orystallization of vitamin 312 and its
subsequent identification as part of the 'animal protein factor' com=
plex, many investigators initiated experiments to study the physiolo-
gical function of this vitamine The early observations of HeGinnis
(1948) that chicks maintained on a diet deficient in this vitemin had
high non-protein nitrogen blood leveles suggested that this vitamin
might be functioning in the metabolism of proteine Zucker (1948)
also observed that rats maintained on a diet containing isoleted
plant proteins showed high blood urea values whereas the rats fed
the same diet supplemented with e source of vitemin 312 had considera—
bly lower values. Charkey et al (1950) in studying the amino acid
motabolism of chicks on vitamin Bn-doﬁoiant diets found that the
amino acid levels of the deficient chicks were higher than those of
chicks fed the vitamin. These workers concluded that vitamin By,
appeared to function in metabolism by enhancing the utilization of
cireulating amino acids for building fixed tissuese

Studies with rations containing various levels of protein have
indicated that the vitamin '12 requirement of an animal may be related
to the amount of protein in the rations The results obtained by
Hartman and his associated (1949) in studies of the reproductive
performance of rats fed increasingly high levels of protein would
indicate that, as the level of protein is increased, the need for a

factor, which was later identified as vitamin 312’ increased. The
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young of rats fed the high levels of protein (63 percent) showed
mueh more puvere sympltomes of the deficiency than those Ifrom. raks Ted

lower 1{.%"618 of proteim ( 10 pereent and 25 percent) = 8imilar cbgerve-
ticng were made by Rubin snd Bird (1947) with chicks Zed re Hiong come

£,

22 eorn and poybesn meal. Thost work lerd observed that

the vitesin “12 needs of the chick inerc ased 0.8 the level of protein

= >

The recent werk of Cumha and others (1"25&} would indicate that
vitenin B,, and other u:ﬁ;.dcr ified nusbers of the ’,aﬁﬂmalgpm"&szjm

foctor _eoﬁ?‘)lcx? f‘umﬁim‘z' in lowering the praf‘w:n} neods of the pigs
’i.‘i"cse‘ yorierg consluded thab ef:iu.e.m wviilization of protein by the
pirs in thelr oxpoerism \,;ﬁ, could be obtained only when a sourco af.ﬁze
"a;x;‘mal- protedn -Mnotor couplex' vas pregent in the ration. A muher
of sorkers have obgerved inereased c;-“"w cicngy o tr.lzznuaa of fecd

9,

when & gource of the a.m. mel protein :gasj’cor. ,cc::mplﬁx‘ wag acded to the

Lo {Bubin ond i

- The -experinento 10 be discussed lt:*'e were plomned with a tmc’z-‘rv :

The firet objective uns

on the uﬁilimtimz of the protein from a_;cem—s-ayb—ean
meal .mtica by mature é@“f leted ra “Be If vitamin Bm-rg}mvei o e
necenanyry fox zsmgmr u=ﬁil,i&af,1s;w of ihe protein, i% was. vlwkmd o

develop mn assey procedure for vitanin By, using the information
, et - ?

o,

obtained from this suuz*y.
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The teehuique developed :;»y Uissler end his ascosistes (1@46)

for stedying the regonerstion of protein tissue b}' maff:.ure male n&tfés;,;

depleted by effe c%.u.ng a loss of 30U percent of tbeif 'hbﬂy ’c:z,:b%.,

uged. :‘:Z’ézcse workers hév-e found that rabs fed o ra‘ﬁi_e# extresely low
im protein would lose both c.ércass and 1z;v'er gzrotemj without any
apprem ablo chango 11» the water or fatb content. of tie carcass {Benditt

‘et gl, 19&9} . This uac’fmique has been ;pro*ga.sed as a method ¢f gtudy-

the quality af prc'&:e:.n of var:.cua supplenents. It eppeared that this

be suitable o deﬁemine ’t:ac ﬂff'ecj'; éi“vi‘hamim Biz
sﬁpplement@wn on the .:az;nthesis of bedy protein. b_

Ration 1 {dopletion) ané ration 2 (rcplctmn) fad duriﬁg this
atudy are ghowa in Table‘—h» ‘Ration 1 wes ﬁ;i:wd and sf{éareé-" in an elesw
tn ~refrizerater-at-opproximately 5 degrecs Genﬁgréde; : E@ﬂz rations
were- fed ad- 1ibitim. Mature female rats weighing >»&§;pm:~:ima%ely 200
grams were fed ration 1 until they had lost approxiuately ;’;ﬁi} percent
~of “thelx body wexgnu. A% that time "bhey were fed m‘bwn 2 and the rate
at which logt tissue uag x-*-ep‘l&’tca& HAS z&wawmd. At the end of the de‘f‘

pletion phase the rate were allotted on the basis of deopleted weight

ané-weicht logs go that the differences smong zroups in this respect
wag mininal.
'”"“' crystalline vitanin 312 uged in thege studies vag ebtained
frow Herel and Compeny. The :12’ Supplevent 3 wap a Eyvproe’;wcjt ol the
mamufacture of streptonyein with an activity cqui relont to 12..5 mi11g

grens of vitemin By, por pound,. mecording to the mmumotzrer‘n BEOaY

N

The APP Jupplement (Lewrle} was the residue from the-manufacmmﬂf '

’\5}

aurcomyeine The aoi;x,rb%cm meal uscd in these ptudies was o high gquality
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TABLE I

RATIONS FED IN DEPLETION-REFLETION STUDIES

Ration 1 Ration 2
Ingredient
(Depletion ration) (Repletion ration)

percent percent
Purified wood pulp . 540 -
Carrots (fresh ground) 3040 -
Corn oil 4.0 -
Mineral mixture* 4,0 2.0
Vitemin mixture** # ¢
Starch 440 -
Soybean meal - 25.0
Ground yellow corn - 7240
dl=methionine - 0.2

* The mineral mixture was that of Hegeted et al (1941).

** Bach kilogram of ration was supplemented with the following
emounts of each of the water soluble vitamines Thiamin HOL 4 mg.,
riboflavin 6 mge., niacin 20 mge, pyridoxine HOl J mge, caleium
pantothenate 20 mge, choline chloride 1 gm., folic acid 1 mgs,
inositol 20 mg., p-amincbenzoic acid 20 mge. In addition the rats

roceived 2 dropes weekly of a mixture of haliver oil and mixed
tocopherclse.
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RESULTS AXD

DIB0ussIcN

The resulis of the growth of the depleted rats in Dxperiment 1
are presented in tebular form in Table II and graphically in Pigure 1l
1% will be roted that the rats fed ration 2 supplemented with Ela
Supplement 3 and with the liver consentrate powder rogained their

EN

logt weiai, at a slightly fester rate than the rats f%‘ the une

supplemented ration 2 These differences wersc not aﬁm gtically simi-
Pieant when subjected to the analysis of covariesnce of Snedecor (1946).

It would aﬁpe&r from these datae that the supplenentation of ration 2

with sources of the animal protein Pfactor complex or with vitawin

812 dic¢ not significantly incresse the rale at which the depletod

rats fﬁgalne& thelir lost welighte.

Cryostalline vitenin Ble‘wae avsilable whea &xperlmpﬂt 2 uapg
initiabed and wae included ap one of the supplements. The APF Supple~
ment 5 of LGLQT1G Iaborotories was also fed in this eynerzmenu‘

The results of Experiwont 2 are preseanted in.ﬁﬁble III and Fipure
2+ I% will be observed that the supplementation of ration 2 with
erysatolline vitomin 312 Peiled 1o improve the rate a%h which the rats
rezained their lost welshie The addiiion of Lederle's l?@ Supplenent
g, the combination of Lederle's APF Supplemcut § and vitamin B]z* and
Blg-Smppleﬁeﬂt 3 to ration 2 improved the rate at Uhich the ratg re-
gained the lost weights Respiratory disorders wore observed in the
group fed the ecombination of By, Supplenent A ané‘?itamin Bya whiah
wag considered responoible for the poor performanse of this grovp.
Sovariance analysis of the depleted weight and the ukree, Five, and
soven day weight gaius sbowed that vo ﬁigniiicant.élf?ereraes gxipted

among the different groups as to repletion of weight loss.



TABIE II

A SUMMARY CF THE CHOWT RESULTS OF LDIFBRI

2

Runber
o rats

Supplement o
ration 2 inidial

wolght

Average

iverage Perceat of loss regained

. gGepleted ot
welght 6 days 8 days 10 days

R Eraus
Hone 6 247

0.5% By, Supplement

5 (uerek) 250

RS}

2.0% liver concen-
trate powdey _
(tileon) & 265

. grams

70 56 % 8%

173 61 91 161

185 &6 % ol
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Percent of Weight Less Regained

25

100 L

plus By, Supplement 3

- Ration 2 plus 1:20 liver
concentrate powder

Onel e
ARSI -\ SIEGA 63SHRY 8RS SRS [ bsat [SEERCE, GRS
Days on Repletion Ration :

:.Figure l. Growth Rates of Depleted Rats in Experiment l.




TABLE III

A SUMMARY OF THE GROWTH RESULTS OF EXPERIMENT 2

Supplement to Number Average Average Pergent of lou regained
ration 2 of rats initial depleted
weight  weight 3 days 5 dwa 7 days

None 5 204 154 50 72
Vitamin By, (25 megme

per kilﬂal%ltiﬂn) 4 207 140 48 70
1/ APF Supplement 5

(Lederle) > 216 153 52 79
1% APF Supplement 5

(Lederle) and

vitamin By, (25 megns

per kilo ration) 5 209 47 52 73 102

045% Supplement

(ngmck) 5 199 145 59 81 106

0.5% Supplement 3
(Merck) and vitamin

mo(ﬁ me gms per
ration) 4 212 155 47 72 81
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11008 |

. Percent of %‘Ieight..Lo-ss_Regained |

e

| vit Bys

/- Ration 2 plus B
Supplement 3 plus
vitemin By, |

e (R s

» Ratio, 2.p1uszPF.3upp1emant plus

|

‘Figure
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sroteins of all zroups incressed aboud 4.0 gram perveent during the re-

sletion period but appregiable differences in the level of plasma pro-

groups wes not ohserved. The hemorlobin valves inereased

giirbtlﬂ during the repletion period for all groups but differences

dally the same trend

amony the various croups were aot found. Usse

was ohserved reletive to blood urea valueg.
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welsht, i1t would arvear thot the supplementotion of raidon 2 with either

o

vitamin Blz or sourcss of this factor did nol materially affect the
rate at ghich protein tissue wasm reogeneratod by the depleted rote. The

ration fed durinyg tho repletion vhase of this study

amounte of methionine, choline, and folic acid and
been: responsible for feillure of the rets in fhis siudy to resvond to
vitamian Byne Schasfor et al (] 50) have roeenhly ﬁaiiwed vt that an
intorrelationship exists belween the rat's reovirement of these
mririents sad vitemia Byoe It is poseible that ration 2 ca;tained

" =

metihionine, choline and folie celd in such swowmis that the reguive~

i?'

sent of vitemin Pip was too small to be detected by the o gﬁvrigxgﬁai

nrosedure employed. It is slmo nossible that vitonmin Elg‘ia 1oh
reguired for the repeneration of tissuc wnder sush condiitions. The

4

recent work of Chow and Barrove {19%0) has

—

@

did not improve the efficiency of wubilization of poyhean proteine by
vitamin Bip-defliclent rats when it wae incorporsted intw rations of

é¢ifferent calorie values. These vorkers concluded thet vitamin Byp

if3

id not enhance the bicluzicel value of soybean yrotewa but that it

[



TABLE IV

& B T EL 50 ATAL A0
RATS
Supplement o ration 2 . Flaema proteins “Bemoglobin o -Urea

Initial®* Final**  Initial* Fiael®™ ?ﬁn&lﬁﬁil}

gram - percent gran bﬁ??cﬁt mwm‘per901t

Hone 66 10.3 128 136 27

mo ratdda) T 61 k228 1B 235

18 APF’S&pplem@nt‘ﬁ o v »
{Lederle) \ Ea2 10.0 12,2 13.8 - 3248

1% APF SBupplement 5
(Le&erle) and vitamin
(25 wezme per kilo
rad 10n) 6.5 1040 12,5 150 9.3

G5% Bl Bupplemont 3 _ - ; |
(Merck? o 648 10.1 12,2 157 2B.5
3;1'5,:* : )le;.ieq‘;; 5
(uerc& and vibamin Bl2
{25 megms per kile P o , .
ration) | 6aT 10.3 12.4 138 26,3

Initial valuves determined on blood samples talten alb the end of
thc depletion poriod.

** Final valves detornined on blood sasples telien at the end of ceven
days on the repletion rations.

(l)IﬁLtlu; values Tor ures werc detcrmimed on blood somples from
one-haly of the raté and averaged 21.1 pilligram porcent.



way play an important role in earbohydrate or fat metabaliam. It
should be mentioned, however, that the rste at which the depleted
rats regained 103‘%3 welght in the study reperted herem waa not
affected by supplemezxm‘gimi with vitamin 312 whereas Choxz; and Barrows
mu obgerve more repid gaine with ouch supplementation.

Additionsl evidence that vitamin B, , mey not be invelved in the

12
utilization end synihesis of protein has been prosented by the work of
Vars and bhis associates (1990). Using a technigue which involved the
70 verseat hepatectomy of rats snd o subsequent ghudy of the liver pro=-
tein regeneration, these workers found no. diflferenc o8 betwéém the
vitamin ng*d");?w;m% rats snd those fed the vitemin in respect o
nitrogen haizmc-e, foud intake, weishi reﬁoratina, and 131‘*;6# protein
rozeneraticn. These results would tend to substentiate the results

of t@ depletiop—~repletion trials prasented here. It would appear
that yitamin 8‘12 ig not invelved in the uiilization of protein by

the rats

SUMMATR

The effect of vitemin 312 and poosibly other factors of the
Poninal protein factor' complex on the rato at which mature femsle
depleted rata rogained loet weight has been studied.  The depletion
technigque invelved the feeding of a 1Qy protein ration to mature
Pepale rats until they had lost shout 30 pereent of ﬁwir bhody weight.
The éuppl emsatation of an all-plant ration with sither orysislline
vitamin 312’ antibiotic Termentation by-preducis, or cowbinations of
these materials effected ne significant éiifferem@s‘jin the rate at which

the depleted rate regained lost woisht. There were no warked éiffer~

enices in the bleoed hemoglobin, ures, and pleoms protein values of any of the
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wiﬂﬂ].’r" Ra wt’ R La m’-.ridgﬂ’ 0. He S“fr‘a’ Jrq’ and F. Re. Cannon.
1946, The relationship of the protein-reserves to antibody-
production. II« The influence of protein repletion upon the pro-
duction of antibody in hypoproteinemic adult white rats. Jours
Immunole 521267«

Zueker, Le May Te F. Zucker, V. Baboock, and P. Hollister. 1948.
Zoopherin: A nutritional factor for rats associated with animal
protein sources. Arch. Biochem. 16:115.
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PART III
GROWTH STUDIES WITH RATS FED ALL~PLANT RATICHS
Section A. Crowth Studies with Female VWeanling Rats

It has been established by numerous investigators that rations
composed primarily of corn and plant proteins supplemented with minerals
and all lmown vitemins except vitamin 312 would not support maximum
growth of chicks. Uhen rations of this type were supplemented with
materials of animal origin, considerably better growth could he ob-
tained. Excellent reviews of the work that led to the identification
of vitamin Byo, and studies of other new nutrients have been prepared
by woods (1948, 1949). Schweigert (1949) has reviewed the many factors
that have been proposed as members of the "animal protein factor" com=
plex and their possible relation to vitamin 312‘ From the meny studies
that have been conducted it would seem that vitamin 312 is necessary
for optimum growth of chicks fed rations composed only of feeds of
plant origine

The studies of Jaffe and Elvehjem (1948) would indicate that the
rat requires essentially the same nutrients as the chick for maximum
growths The basal ration fed by these workers contained 45 percent
soybean meal and frections prepared from liver promoted greater growth
than did the basal ration alone. Rubin and Bird (1949) found that
chickes fed rations containing 70 percent soybean meal had a greater
requirenent for the "cow manure factor" than those fed lower levels of
soybean meal. These workers (1949) later found that the "cow manure
factor® was identicel with vitamin B, . Hartman and his associates

12
(1949) found that purified rations containing high levels of exhaus—



tively eftracted eaa&‘:m and yeagd romlied in.poor re fzraﬁuc tive pepfor~
manee-of rate- fmd 4in poor growth of their youngt.-- ~Inis deleterious

&

cffeot could be correeted by the addidion of supp 15::;3&:%3 ‘Lb_ sontained

I TAL P OUEDURE

5

In the following studics the weanling robs veed as the enperimens

b

el snimals were of the 3

ware allotbod on ihe bosis of

ratlon. - during e growth cxperimeate the rate wore housed in indivi-
dual cages. Thoe rations werc fed ad libitum.  Supplenents whon added

were aft the cxponge of the enilire 1‘a:t,1c:>m The compenition of the

ratione are given in Tablo .

several supplesents were used during the covrsc of these gtudiee.

e 531,3 Supplement 1 wag prepared by

" reported _,,12 «.wt,;&u ag. four times greater B

csondenged Fich sclubles. - The Myer powder wag the 1820
o am e o AT e ey A e T T ey & oy s, 15 N =
Cbrote pouder monufzctured by Wllson snd Jompunys  The B‘I’?" Pupplenent 5

e % s A - A Ty
“wag & producth prepared by

menufacturerts oo ondained oo sctivity sguivhalent do 12.8 nilli-

gramg of vitamin 2512. PET DOURC

plied by Herclk nud Sompany 48 &
‘of the mimiture contuined one willigram of vi*cmingm, -
The rumen contents bected in these studics were obtained from

2

the rumen of %Hwo steers that had boen Dl fed corn, oor “}mm silage,

and  coetiongeed meal. The composite samnle from tho .x;;@ gLecrs wag



TABLE I

RATIONS FED IN GROWTH STUDIES VITH WEANLING FEMALE RATS

Tngredient Fation  Ration Ration Ration Fation Tation
percent pﬁr%ant perzmt. perzant porZent percent

Soybean meal 25 - 25 e 25 45
Vitamin—-test casein - - - 15 - -
Heat and bone scraps - 25 - - - -
Ground yellow corn 68 70 ¥ i) 83 63 )
Alfalfa leaf meal 5 5 - - - -
Mineral mixture* 2 2 2 2 2 2
Vitemin mixture®* ¢ ¢ # # 4 #
dl=methicnine 0.2 0.2 0.2 0.2 0.2 0.2

* DMineral mixture was that of Hegsted et al (1941)

*% The water soluble vitemin mixture supplied per kilogram of ration the
following amounts of the various vitemine: Thiemin HOl 4 mg., ribo-
flavin 6 mge, pyridoxine HOl 3 mg., calcium pantothenate 20 mg.,
niacin 20 mge, choline chloride 1 gm., folic acid 1 mg., inositol 20
mgey, and p-aminobenzoic acid 20 mg. Two drops of a mixture of alpha
tocophercl and cod liver oil were administered weekly.



frozen soon afier 1t wae obteined end rc:z_;amca f‘zﬁqz’en until it was

-6t room tempera-

ugede Jvm Fr oF. 1o nee tﬂe sample wes: anu,zea. to Ao
ture and immediat oly mixed with-the rest of we;:}r‘ 53 S

vhich indivi-

i{"ﬁehgmﬁf‘t}: studies wers 0‘6 ive wects dvmﬂ;wﬂ duri

dusl weelkly weis

A pumary of the resulis of the growth studies is presented in

atad with

Table II. Heanling rets fod ration 1 and rabiouw 2 smgﬁ-‘gles
rumen -contents grev olightly faster than those fed the unsupplenonted
mﬁio-n, but me difference was not ctetiotically -ai_grziﬁ»emzﬁ.v Betardo~
tion of ‘G}}icﬁi growth bas been rmerﬁe& by Hichol end hie associatos
(1949} when assaying dried wumen conbents for the pregence of vitemin -
312. Houwever, these workers found @ze,t one of _tfhe s’gﬁpleﬁ tested ocon—

" bained some vitamin By, achiviiy and. mm goncluded thad rumen eontenta
12

were variable sovracs of i his vitoamine

- o “urt: er refine the experimentol ration, alfalfe leaf weal woas

am;;%cé Prom radion 5. A rather extonsive eludy has failed to show
thatb a@ppiememtary govrees of vitamin 31 or-other factc:rs preasont in
1:20 liver concentrate powder inereased growth of fenzle weanling rois
Ted raﬁi@n J« . Gryotalline vitssin By, when added 0 ration 3 prodvoed
slightly greater gains thenm ¢id the unsupplemented ratien 2. This
difference was not statistically sismificant. The baaal ration wmey

hove boen aum wate for growih op the yowrig may have hud adeguste stores
&£ d = >4

sof vitemin ?312 shen placed on experiment. However, those fed ration 3

bega naintoined #

5"\;

were produced by feuale rats that he

thres successive generntions. on the all-plent ratione - 1% is Ezc:xaszbls

tumt. t, ¢ syabhesis of the factor by & nicroorgenisne in the inbestine



SUMMARY

OF THE RESULTS OF GROWIN STUDIES WITH PEMALE VB

TABLE II

FED ALL~PLAHT RATIONS

AELIE

WG RATS

56

Experiment Ration Supplement to Fotion Tumber of 5 wedks
fed rats main
~ graus
1 1. Xone R 87
1 4 percent ruh,en eow&eaté 7 95
2 2 Tone : 6 9%
2 & perecent rumen contents B @6
3 3 Yonmo 15 103
o 3 l.fm Supplement 3 S15 . 101
3 2.0% 11% liver powder % 104
4 5  None | 10 101
3 0.5% 5.12 Supplement 3 10 101
3 Vitamin By (25 megue./lrile) 10 111
% 05% B %upplemﬁt 3and .
v:rt,aam o (25 mﬂg:@s JJikile) . 10 103
5 4  None 7 100
’ 4 2.0% Liver pouder -8 104
4 0.5% Bio Supplement 1 8 104
: 5 4.0;9 Rumen contents i 93
& % Hone 10 109
i1 .0§a 1:20 Liver powder 10 163
4 0.5% Byp Supplement 1 10 104
1 % Fone 0 01
3 .5% Byo Bupplement 3 10 &g
5 Tone 10 68
5 G 5%, Byp Sup‘)lez:en* 5 pis] 92
6 lone 10 @
6 10 a7

0598 Byo Bupplement 3




was sufficient to meet the reguirements of the growing rat. Hartmen
ad hia amz@éiatea {1049) have postulated that such synthesis does teke
place especially when bi j} levela of riboflavin aore feds The amount of
riboflavin fed in those siudice was axluquaw hut not sxcessive.. Dopro=
phagy mfighi: also have been a Cfaclor in these trials denpite the wire=
bottened cazes veed to -houne the roto. Sohaeder and his agaociates
{1950} bave propesed that an inberrelatienship emm*hs ‘hety Heen the reguire=-
ment of the rabt fof chol;m, folic aslid, .m@"az;i@niﬁa, “and vitemin —-312.--,
Ration 5 comtained choline, folic acid, and wethionine in avounts con=~
sidered adequate by wost workera. ﬁ%ﬁse nutrieatg way have reduced the
equirement of the growing rat for vitamin Byy to the extemt thet this
ageay procedure was ﬁa% aufPiciently soasitive o show 8 uéua for the
vitomine. Cne fmot that may partially oxplsin the apperent lack of a
need for vitamia '1312,. in '-thesé studicn »ié. the faet that ali’ Q»‘f’ theoe

Ty

groyth trialg were condueted with Tomele rate and th @ir reguircment

for waximum growth way be considerably lcsﬂ than that ¢f tho faster

growing maless
- Ration 4; containing vitemin~tesl cegein as the svuree of supple=~

]

sendnbion of ra tlaa

@

wentary protein, wao Ted éuring other trisle. -Dupple
4 with seurees of vitamin ;‘3}{2 did not incresse the rave of growthe. The
growth rates of the rate fod both ration 4 and the vitemin By, SUDple
mexted ratlon were ideubieal with thope of the ratc fed reation 3.
varﬁmm et 8l {1949)have. sugzested that casein, and CV@R vitanin-toat
croeiv, . caﬁtaizw significant anounte of vi%&iﬁiﬂ, Byps. This way explain
why the rats grey at ne faster rate when sources. of ’bhifs vitenin were

o

added bo ration 4. In view of the fact thet the roto grew no fapter

when fed retion & than when fed rotion 3, it would appear thet ration 3



emenhed

1

&

L
A GE

b
L

ﬁ}‘
-

iong

w2
S,

<

2

ek

S
i

)

o
L

PO G




s

#,

(1950} and Vars et al {1950) that vitamin Byp 1B nﬁt functioning

directly in the whilization of protein, It is yasﬂible that rations

containiang hiszh levels of soybesn mweal have amin@ asgide in improper

fe)

retice for meximum growth.  Almquinst (1949) has &embnatrated that the
retio of some of the essentiel amino acids to each aﬁha Amportont
for optinum growih performance of chicks. It mﬁy;bﬁ that an imbalance
of amine acids increases the reguirement for vitamin sz, dince the
methionine requirement ig related to %ho presence af'vitamin 312 in

the ration, 1t mey be that th@:raquirememt.far-viﬁ&miu Bignia ineressed
when the level of mothionine in the raticon is increased. It would seen
that reassonably adequeate evidence is aveilable that vitamin Bla;ia
functioning in trenemethylation reactions (3chaefer et al, 1950} and
méthionine ie one souree in the body of "labile nmothyl groups' (Feller
_?:f_a, _ﬁ;}; 19?’9)& It oy ht b&« sugZoen ted that the incrosacd re@uirgmmt

for viﬁﬁmin»ﬁzg with the higher levelg af‘preﬁcim'iﬂ due 0 the in-
creased apovnt of methionine in the ratisn and the proper utilizaiion
cf thia«methianine~ahave a gerbain diotary level io comtingent on the
pregence of increased amovnis ol vitamin Bygs. IF thﬁ.rggmiremenﬁ for
vitamin 812 inereases with inereseing levelo of prohein or of any one
of the espeontial amino seidey, it i possible that the level of either
of these fooctors in rabion 3 is suesh that the reguirement f for the

vitamin is ninimal.

- 8ul

RY

s

Growth studies with fepale weanling ratle fed verious rations supplew
menbed with sources of vitamin EE? indieated that the addition of this
vitamin to these rations was of ao value in imprmviag,ﬁhe‘gxowthvr&ﬁew

Pumen sontends, when fed at the 4 percent level with a gorn-goybesan



meal ration, ¢id not improve the growth rate. Incressing the amount

of soybean weal in the raticn resulied in decressed gaing of the rvats

fed {nese rations. Supplemcnbation of the ralions conbal

iy

- with 5 source

ST 1@?@19‘(3& percent and 45 percent) of seyhﬁ 4
of vitewin 812 improved the gaing of the rats fed ¢ ve@ﬁ;r&ti@n&»over
the corresponding unsupplesented rations. -The gaiﬁs raau1ting from
gueh supplementation did not execeed those of the rate Ped ithe wmsupple~
nented 25 percent goybean moal redtion. It would appear thet vitamin
Byz wes pot required by the rats fed the ration containing 25 percent

# the

poybean moeal or that it wos synthesized by the micreflora o

gagtrointostinal tract in suf guentities %o promote nesy
maximen growihe
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Section Bs The Bffect of Ometration of Mole snd Femele Rats on Their

Respense bo Vitemin 3312

Jertain observations on the growth of rats fod purified rations
augreated tlaere yas o difference betueen the responge of mele and fomale
rats to vitamin '3512. Unpublished resulte of HaeVicar and Bolene{1950)
indicated that the addition of witamin “12 o @ pum ed ration effected
& grea’wﬁ growth in male than in fennle rabe. - The addition of liver
o this purified ration promobed a growih responce with both sores.
These differmces were observed when rats were fod @ ration containing
soybean protoin with or withovt the nddition of omall amounts of proto-
mones  Carrick (1948) obaerved a difference betyeen the response of
male and femsle ehicks vhen Pod a ration soplaining ~_éoné@ms-eﬁ figh
solubles. Kale chicks grew at a faster rate yhen the bagal ration

A T

was supplemented with fieh golubles while fomale chicks did not show

A Ty o 2

any improvement in rate of gain vhen fod -theoe rations. Erghof

(2

(1649) reported that fomale rato Ped massive doges of desgicaled thy-
roid feiled to show any improvement in robte of growth when vitemin
Byn wes addod to the ¥oiiocn« The addition of liver soncomtrebe 4o
the ration overcame the growl: deprossing effecte of the thyroid gub-
gtance. His lster werk showed that the grouth ézeprésming effect of
thyroid 'subs“banc.é could bhe partially overcome by the -vim»luzaian. of
cervain vc~e‘c.ablc fata in the ration (19w,a) and oempletely overcome
by the adminictration of chorionic gonadobrepin (1950}. . Recently

Brehos? (1950a) hep found tihal male rats respondct to vitanin 812

g

supplen aentation in the pane memmer 65 did the Pfemales. Under the
conditions of the cxperimente reporied by Ershoffy wiﬁamin»%llgdié .

not complebely overcome the growth depressing offects of dessicated
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hyr d while liver eoncentrates COhB18u613 zaunuer v etod this condition.

Register ot al (1?%9) have suggesbed an improved agsay procedvre.
for the determination Qf}%he grouth factor-prase@t-in,liver.@xﬁraﬁﬁs'
wﬁieh‘makes‘usevef the growth depressing e xﬁbctﬂ of protonone aﬁminla-
tration snd the ability-ei‘vit&min.Blg~tnquercqme thi$~grﬂwﬁh»de~
pr.égssiam Bothiel and .L&-rciy (19%9) :f:‘eund tha:ﬂther» wrm@zth ﬁe@%r*asﬁing
effecta of pro uomme eould be cwermme i:m f;he admmwuratmn of
either vitamin Bl? oy liver concentra tc. Thene ;cxtura paatulafeé
that vitamin,ﬁiziia the Pactor necessery fbr prcgaragrthh a;'ra£a
fed protomonts

- A rat growth aseay for vitamin By, wao proposed bj Frog %'EE.Eé'.
(1949} whieh net only contained protomons as a mgtabeliﬁ»sﬁimmiaﬂt=
but algo sulfaguanidine ag en-inhibilory agent of baﬂteriél~9§a%h@~
iz in the intesiine. These workers Lsed rackho aqf‘ both pexes in
&%ﬁ%@@ﬁ%@%mpmnmﬁ&mﬁmﬂwmwbmmwtmr&
3§onﬁeraf‘the males snd the femaleo. TPQ" concluéee that precau~

biong-other than equal p&xrmw ae to gsex did mob ‘appear to be
necessary or é@sirahle,

- These conflicting resulbs- woulﬂ-aean-ﬁggﬁarramt fﬁrﬁhér iﬁr
veatigetions on scx hormomel efects and vitamin By, aduinintra~
tione With this in mind tbe studies Lo be reporited here uefe ini-
tinted. Iﬁ_ﬁhcae gtudies rota of both ﬂ@zes,_eaatrgtéé ond un-
castreted, were fod a purified rotion geficlont in Vit&ﬁiﬂ Bjﬁ
for ten days and then fed rations that contained ﬂ@&ll apounbe of

protomone in addition to the various supplemenis.
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RXPERIE L PROGEY

Sz:mgue-“ St 1:3‘. ;Jemhnb ra’aé were used im this é‘tudy:f Thirty of
'bhe.maié rats wvere anaesthetized emd the t@smcles roasveds Eightéen
of ’&he female rats were anaesthetizsd tmé‘ both” ava vl‘lbs rewyed. Thi_,rﬁv*
unoasirated rats of each mex z»}am? kept as e.fmtmls;:‘ __;?;.11 the rats were
Pod z’»aﬁica 1, m wn in Table I3y % without pmt&mo f’gr ﬁmi vas  Ab
whe end of ‘i:"sa ten day period the mﬁa uere allotted into zroups
acgording to vex, ,Ti.l“"ﬁ, zmd gl durl be¥d *Lho ghasn éngdiz ion ye"lﬁd.

The rations fed during the oot period are givea in Table 1Ifs The

ot

corn starch vas o commereial prodvets The goybean sodium proieinnte
was the product of Archor Daniel ¥Midlands Companys  The liver powder
wag. the l 0 liver concentrate powder of ¥ilson and Companys The

erystalline vitapin }312 was gupplied by MHerck aund @G’QPE&}” a8 a -iaﬁx-

ture with comzon salt and one gram contained ome milligram of vitemin

233;»,,,, The rate were housed in individual cages and weighed weekly.

Tl

The ret—ml‘ta of m_s study s;r:a:- sunpariged fn D bw I¥ Un aaat,rated

male rate fed ration 2 (bo.sal ration plus va.%.mm Bm) made greater

& A

gains than those fed mt.icn 1 (basel ration). This d.;.:. forenco was

»

ptistically significant. Shtadiotical snalysis

wwed thal th ‘e un~

a:n-

8
cantrated ala, rote Pod ration 5 (basal ration plus 1,: 20 liver son~
eﬂntmte,:gm%;:ﬁerz} 'Eﬁaﬁ& sig;m;m mtly sreater gein 8 sd,}iéﬁ those fed

either r‘aii@ﬁ 1 or ration 2.5 Jastrabe & ;ale rats fed reticon € or 3
wado »greaﬁerdgéiné than. tha-‘é.é fod | ration 1 and the éiifferemes Were

sigpificant. The eactrate males Ted ration 3 ka.mc:\ slightly more than

those fed the vitm&rin'ﬁlg supplenented rabtion. T? is d:ifi‘efeﬂce WRs



TABLE IIT

RBation - Ioldion . Falion

in_@redimif ‘ 1l 2. .. .3
' {bagal) ‘ o

Qorn };‘baz‘;eifz'
Sodivm probeinote
Corn oil

Hinoral wix uure*
g1~ﬂeth1 nine
Vitemin mizture®*

Protomons

Liver conceontrate powder {Wilson)

Vitomdin By

pereent pereent percemt

65.80  68.80 - £8.80

2175 2175 19475
5.00 500 . 5.0
400 %00 4,00
0.20  0.80  0.80
e

0«25 027 0«25
- Ow2Bmzmse -

*  The min crﬂl mizture was ths

% Tho witonin- m»;tvrc R fm

the waber soluble vitant
6 myz, riboflavin 12 m;
Bgey pyridoxine 01 &
eeid 5.0 mz., incsitol 1
glandsyrdization period.,
various vitaming wore ¢

i au“p}:.l ;
mins por kilogrem. of rations.

' f.-niaca.ﬁ *’«t@ .mxt'., eal&ium ;&:z%&nm ta 50

whe- ”'ollov i %a:otm‘i:ﬁ -0

Thsy - c“clwc cxlsr‘me 2 g Lu*im’
s ong~half of the -shove amounts ei’ the
PRI £48 &u{..x.*{}léw uO ‘.«nC
vitaming Lhe rats received tuice weakly
cod 1=ver cil aed alpha mn,ckacrol. ‘

OI‘ noluble

y 2 drops of & mixture of

5

Uh@



~Puo wecks sain. o

Ration Uncastrated Castrated — Uncasirated CJastrated
' males  meles .~ Pomales ~ femsles
| groxg. - grems - gramg graus

Ration 1 (basal ration) 46.7 (1))1 4740 (16)-. &3;&'(10} 42.0 (6)

Ration 2 (ration 1 plus

25 mepne vitasin

Byo per kilo of ‘ N ' - 4

rafion) 57,7 (1005 @0.0 (10)5% 65.0 (10)** Ghk (6)**
Ration 3 (ration 1 plus

24 1120 1;ver

conaentrat S

powder) 6542 (13)**5 6! (183** 6L.g (lﬂ}** T1.3 (6)**
1  Humbers in pareatheses are the rumber of rates fed uxﬂt rat&on.

ndicates thet the gaing were a1¢=1" signifiec ﬂnt atnul cally
whon compared to thoge of the rats 1ed the basal rati@ne

o]

The a;ffarsﬂcc betwaeq *‘e galas of L%e uucaatrat@& males fed
raficn J and those of the unca‘;raﬁea moles ol rolion 2 uns
Sﬁ&918u70u11J 3&~n1§1cuat. ' :



not atatisth l@&llﬁ»@iﬁﬁi,icaﬂt altho

as thaﬁ;g the vncastrated males fed carresgona g rht‘ohsl

)

Tuneastrabed femsle rets fed the basal ration au'glaaeatad with

eithé.'viy amin 312 fra%ieﬁ 2) or liver cancentraie powdor (ration
3) made greater saine than those fed 4he basal ration (raﬁian l)Q
The différea@es were statigtically éign’f cents The liver consentyvate
powéer 5uaaleucataa ration did met asupport greater gsine than the ra-
tion supplemented with vitewin 812 as wos the case wivz the molegs
There was no Aifferonce in the respoaspo of the coatr&ta fenalep and
wmeagtrated females to vitemin BZQ supplenentation. The caaﬁrate fe-
males, hﬁﬁever; fed the basal radion supplemented with liver coneen—
trate powder gpined at a faster rabe than did the vncasiroied Taseles
Ted %his'raﬁionm Thie growth regponse of the casitrate Pemalen was
sreater than that of either the mncastrated fenales or that of the cag-
+rate Pewales fed the basal rabion supplemented with vitemin Bype The
castrate fennles sad the uncaaﬁrauea maleog fed the basal ration supple~
memteé with liver concentrete powder pained atb esceztlal ¥ the gome rates
In both cases | those fed the liver eoncentrate vowder supplenmented ra-
tion gained faster than those fed the ration conltalining witamin Blﬁ'

- It would appear from this data that the mele sox hormone might
act gynergistically with some {eetor present in llver goncentrate
powder that ip not identical with vitanin 312. The pregenece of th
fomaloe sex hormone, on the othor hend, seems to sct antasonistically
with this wnknows faetor pince casghrate fﬁmalasvfeé the liver con—
centrate powder ration gained faster than uucasur&teﬂ Temeles fed the
aamé ration. The castrote males fed the liver conce ﬁurqte poydelr ra-~

tion gained #ligbtly less than tho wncagitraited oneg. _aﬂlﬁ nay have

heen due to the removal of the influence of the male mﬁrﬂ@ne. There



does not appear to be a marked difference in the responae of the

eastrabﬁ mmle reks snd the wmeastrated fomales o any of the roibions

fed.
It would appear that the liver concentrate powder used in this
ghudy ®mey have contained a factor{s) othor then vitamin BXE whiieh

L3

was instrumental in overseming the erw*h depressing offects of proto-

,,,,, * '

mone andsiniotration. This hae been suzgested by Ershof? (1949) s o

»

r@ﬁu7t of mente with byperthyroid ratss The growth response of

the vacasirated wales was comparable to that obiained by Ershof? (19%0a),
but the prowth reésponse of the uncastroted females was not identieal

with the fesults reported by this worker (1949).. The results of the
stuéy'régérﬁéd in this peper ave not wholly in sgreement with those of
Fromt (1949) since this worker proposcd that no pr eaquﬁina were

necessary rogarding the use of rats of opposiie sores in studien of

this kind other than egual pairing ap to peX.
SUPMARY
A growth experiment was conducted on both v castrated and can~

trated male ondé Pomale rats. Vitamin 512 and liver concontrabe pow-

der atinulated growth of male and female (caubratea aau Uncastraﬁga)

o3

veanling rats fed & purified ratlon contalnling protemons. YVitamina

Bys was oalv partielly effeciive in overcomiung the growih depressing

freets of protomone adwinisiration in male rets and in castrate

fomale rata. The addition of vitanin Byo o the ration fed 1o cag~
trate neales and to vncastrated females scemed to be as effectiveo in

propoting 5rou@n 5 was the addition of the liver concentrate Dovder.

W

fastration of male rate sppears to inhibit to some exbtent the growth
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STUDIES WITH PIGS FROY S80WS PED ALL-PLANT RATIONS

IRTROIUCTION

In recent years the attention of meny investigators hao been
-d%recteg to' the factors cavsing excessive losses of baby pigse Hany
lﬂVEStiﬁauﬁfs have sug esﬁed that these lopses are dus to 1myroner

nodri t¢01 ang esyeci 11j related o the ration of tﬂﬂ “rQWQant and

2 &

cﬁaulﬂg sowe Some evidence LS alse avallable ‘o ¢Ad1caua that in~
fectiovs microorzmmisms are involved, but effortn o isolate infec~

ticuve agente have nob been top fruitfule

5

Y

adsen and his associaites (I044) reporied n disturbance in baby

kR

& that resulied in

Py 1 mortelity and sugzested that Lt night be of

{M

dietary oripgin. The\affecﬁeé pigze developed syoptons eoon after birth
characterized by diarrhea. Autopsy revealeé depenerative changes iﬁ
the kidney which uaually showed rether exteasive accummlation of uric
aeid precipitais. OChanges in the blood of the affected pigs were
characterized by grestly elevated urea~nitrogzen and urie acid leveia.
Hypoglycemia was also present but not a consistent sywptom of the dis
turbanee. Inenition was suggested as a pessible cause since withold-
ing food from apparently healthy pigs produced a eondition similar to

that observed in the alfocted pigs.

& natoerally ccevrring diseanse in pigs char&eﬁerizsé»maiﬁly by a

hypoglycenia was reported by Morrill in Illinm (1“&63 This worker
was able %o produce & eondition in baby plgs gimilar W the naturally

peeurring one by festing the baby pigse. Altbough hypoglycemin was Te=

ported as the charsciteristic symplom, the uren aud uric aecid levels of
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the blood of the clinicel coses of the disease and ﬁﬁe fasted pigs
were greﬁtky.elevatedf A eondition of similar‘naﬁu§é:has-been-ob~
sef?ed by Green et al (1949). Thesc workers fed onﬂ—éeek~old pigs
reccﬁétituteé fat~froe glvienilk diets supyle@a@t&é with mnrcrﬂle ard
vitﬁéin:ﬁ; -These diels appeared o be toxic to the ézgz_l The toxie
gsffectg .ere manifested by high mortality with both gross and smicro-
geopic ev ii.zsaﬂceas o c‘».egenemf,;ve enopges in the ?*mﬂev, liver, and

2 3 )

adreaal glands. The characterlistic chenze in the bleod of the affeoted

S

pige was a greally slevaied urea nlufﬁ?*“ level. The sddition of dex-

trin ascentuated the apparent loxic effects of the recompditnnted fat~

free gicimmilk dicbtee. The addition of a cowbination of debydrated

-
1 &

cerenl gress and yeast scenmed to allevialo the <ppar="t teric effeels
of thoge diots.

Sehultze (19%0) reporied that exeesslvc mortality oceurred in the

a

young from vats fed purificd rations eontalning isolated soybesn pro-

tein. fhe injeciion a"v;tauun dyo into the nowborn rats prevenbed

»

he oeourreace of this syndrome which this worker designated as "scute
urenia of the anevbomn®. The eondition in the alfecied rots wonsz

eharasterigzed by greatly elevabted bleod ures valves. Schulise suppested

P

-

thet the condil

condition cstablighed
ki aﬁ vibamdin Blgw%afimiamt rationg per ge ¢o nol necesszrily cause the

acu e uremiae. Zucker et al (1248} found thad rales fed purified diets

£

containing plant proteins produced younr

The young rate from these foemales hed greetly slovated blood ures values.

L]

B I < Blalite)) . P B S S LR, 1o A oy - [P G X L& E
HeGinnig (1949) obscrved that chicks fod an all-plant ration had hig

& =

he vations were supplomented with

=2 ey -
uoqrtaetu\g GaLRTTo;



a source of the animal protein Lfeotor.
Toyle and Futchings (1)£6} 1501;0@& an lﬂfﬁ@uiﬂhﬁ sgout causing
ciiﬂié&l‘ﬁnfséath01Qgi¢al features ﬁ; zasiro Lt@lie g which resulted
in heavy déaﬁh »Qﬁﬁ@f‘iﬂ baby pige. It was,fbun&‘%a'affesﬁmeiéer
wiae,_but‘less severely then baby pigs. The distux
prouptly following pen exposure, and alge following j
' 1

tration of the triturated gaoitrointesbtinal iract end contents of the

affected‘pigs. fxpoped pigs showed gymptoms of the disease within

£9
40 hovrs aer ogposure snd ususlly died within oix dayse. Changes in

bloed constitueats were not reported in this work.

Blool gempleg were obdained from pigs one, ftwo and three woeks

%

s

age produccd by sowa that were fod an all-plent ration. Oxalste was

roteln~Irec {iltrates were obtained by the

y 0471 ‘e pr@ﬁﬁinwfr@e filﬁraﬁe wag
uvged fbr the determination of urea by the method of Archibeld (1“%

sugar by the method of Dolin wed ' (Hawk, l”ﬂfh),'ag@.nmnwpraﬁeiﬁ

nessloriznaiion. Hemoglobin was delg Qii 168 by e modified

agid hematin nethods. In come cages hematoeriit de uGrL+n&¢lﬂﬁ8 wETO

made ugiang the Yinthrebe hemstocrit tube and centrifuglang atl QGOv f v T8

Bleod aamples were obtained from seven tyvical pigs inm n herd

e

. 2,

with & gpontanecusly ccourring disturbunce whoge synplomp were

?1m&1"" e thesce obperved in pigs with artifiecally induced gasbroen—

A

beritis.  The pige wore aboul four wecks old whe

g toe Tivst gyvmptows
of the disease were nobed. The blood samples were chiaincd five days

laters
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A preparation was obtained from Dr. L. T+ Doyle of Furdue Univer=
sity thab wes very achbive in producing & gastroenteritis in younsz diges

In otudying the bleood picture of pigs infected wilth Thie disease two

pregasnt gsows were obtained. Alter ferrowing, the pigs from both

litters were allowed te run together, he sows being kepl separateds

In order to get infornation on the transmissible mature of the infog=

i-ul‘a

tious agent, one litber wes exposecd sl five days o_? age by per os

admini Borc,,uwn of the preparation of Doyle aad c.?fe other litter allowed

o i with theme Blood samples were takea {ronm 3.1 sige prior bo the
"

exposure of one lithter snd on the third, sevenlh, -sud elghth day afher

gxposure. Urea, anon-protein nibrogen, snd ¢

ar &6 berpinations were
made on the prodein-free filtrates of these seamples. Hematoerit de-

terminetbions wore made on the oxalated blood. - The pi wers oboerved

Trequenily and rectal femperatures wevc takan.

I ovder o shudy the

©
it]
0
fris
o
v
£
C
!
E..L.
i

ig iludectious azent on older

Pige, twe wmore 1ibters were handled as desoribod s_bavc: meeph thnd

vRs exposed by per ps admlaisiration of the

preparation ab three wochks of age. Dicod samples were obtained Trom

all pigs just prior to the exposure of one litter and on the third,
TN AT g o 2 TS PR i - e ; T Py
Tifsh, and asventh days aftor g8 were observed fre-

guently during the course of the disoascs

e}
&y

The resvlis of the blood amly of the pige from souws fod an

-

all=plamt ration are given in Table I. The levels 67 the variowns eon-

the range of norwal velucs repueried for pign of

ond ducker ob al (1948)

in rats Jca @11«131&10 rations was not observed in these pip:s.. e

AL



TABLE I

LAVELS OF OSROAIN WITROSES CONSTITURNTS

I 2B BLOOD OF PICS FROY 80YS FiD AN ALL~PLAHT RATION

Age of pigs Yrea Hon~protein Suzar  Hemoglobin  Hematlocrit

& -
nitrogen - nitrogen

T I St S S

One {(B)* | 69 349 109 10.7 34
To (&) 15,5 52.3 . . 128 7-,1‘ . 2h
faree (3) 8.0 459 108 5.8 20

* tumber in parentheses indicatoe the mumber of volues from which ithe
average value was calculated. ’ ‘

1EVELS OF CERTAIY NITROGEN GONSTITUMITS AND SUGAR IN 7Ti5 BLOOD

S5

OF PISS APFEOTED VITH A& NATURALLY OOCURRING DISTURBANCE

Age of the pigs - Days after Urea Hon~protein Bugayr
at exposure . = exXposure nitrogen nitrozen

days. mgho . wmgho o wgh

28 (% . 5 oo 76-2 : 92

¥ Twmber in pareatheses indiceten the number of velues from which
the average wea enleulateds - T
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pige from ubich the blood samples were obtained were vigorous and
healthy at the time they were bled.

The aver ze velues of the various nitrogen coustituents and
:sﬁ ar da the bloed of the pipgs alflocted with & naﬁurally ocourring

dink «rbaﬁc& are Qragcﬁﬁed in ?«bl 1. The

Pmﬁ%ﬁ.¢ﬂmoav]m%.wecumhmer%ﬁp

There wag & ten~

week=0ld pIga from the gows Fed the all-plent ration.

dency for the bleod sugar valuen to he lowar than those ef the three-~
wesk-0ld pigg. Two of % moot severely affected pipgs had blood

sugar va 13&3 of B2 and 75 miliigram,peraenﬁ respeetively. The sows

Ty
£

5 ey
“g‘i..b

affocte

B

n this herd o were being fed & good commercial ration,
and 1t would uot ecem llkejg that this retion was deficient in fa

tors nece&aéfy for proper Iactzﬁionw At the Lime the blood sawmpleg
were obtained from these affected pigs, 15 plzs Duilééfﬁﬂ»had died.
Bany others yore sgverely sffccted.

The averages of ceriain blood conatituents ez‘uqe pilge aPtifis
callyvez§csad te the infective sgeat of Ioyle are given in Table ITI.
Thore wers ning ﬁi“a in esch litbtor st thoe begianing of the ntudy.
Gne iiﬁiefvmas exposed st Pive dayp of age by orallaéminiﬁtraﬁisn of
the Toyle prepervatien snd the othor lither was allowed to run with
then. Biace doth litiers shoved sympbome of the disezso in 48 houws,

1 ey

the fipures in Table IIT are ﬁhe‘avsragas af all the pige of botl

[}

littors. Rectal temperatures failed to show the presence of Pever at
any time during the course of the disturbance. It will be noted thet
the distvrbonce was charscherized by an immediate rice in blood vres

nitrogen end. qon—n?o tein nitrogon. There wes no marked ebange in the

bleod puzar valuco alﬁhaugh there wag a tendsney for the values o
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TABLE IIX

el it T
LEVELS F QUERTATN NITROGES

OF PIOS ARTIPIOALLY HXPOSED T0 AW IHTFEOTIOUS CANTROENTERITIS

Age of the pigs Dlaoys afler Urog Hon=protein Bugar Hematoerii
alt exposure expogure nitrogen  nitrogen
Iy {
5deys 0 (1% 6.7 B 15T
| 308 e ths 13 2
7 (13) 51,0 116.3 116 23
E(TD 25,5 67k 105 21
21 days . 0 (10) 128 3pk 127
3(18) 378 6 13
5% 31.6 4647 114
7(D 25.1 47.2 111

* Number in parentheases indicates the nunber of valusa From which the
averags was taleulated.
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decrease as the time aficr exposure incrcased. The groestest nortality

)

oceurred on the Fifdh, aixth, and seventh days after expesure. ring

W

this poviod of time 1l of the 18 pizs died. All the pigs alive at

the end of eirhi daye after exposurce vere sacrifilced and autaouneda

07 %the sever alive at this time, two were very woalk and 1% is doubt~

ful if they would have survived another daye Tor all pragtical pur-—
poses, thizteen of 4he pigs did not survive ghl“ infection. In all

5

for d@adh extreme—

5%
o=

vigs were bled within 2% hours be

ly hizh urea nitrogea and non-protein nitrogea blood values were
observed. In some cases the bleod suger values wore below the normel
ranze, bul there wae no consigteney in this respect. There 4id netd

appear to be any hemoconcentration resuliing fropm the sevsre diarrvhes

A,

as evidenced by a study of the hemotosrit values given in Table IIT.

Mutopsy of the severely affected pigs reveelad an extensive accumu~-

the kidney. The ghenpges in

I

ceipitate in the pelvis of

“"5

Istion of

&

the kidney sad in thc blood of these pirg are zililar to thone ob-

perved by Hadsen gt al (1944) and Green

]

ble tha? *He changen reavluea frowm lneni

severely affected that they 4id not nurse as of

and vowited freguently.

In the gtudy of the c¢ffect of this infoclious a&G&L on tﬁ?b
weck~0ld pizs esseatially the asme resulis were nateé as had been

-

oboerved with the younger vigs. the older pigs sceweu to be DoTe

=

-

resistant to the infectious agent, however, and a greater number éf'
those e:pdsed feéovered¢ The hizhest bleod levaia.éffgreﬁ‘ﬁiiﬁcgen
and a01~BVQhri zlii Fac i w@re-fﬁuﬁé aboul three fayo after eRLosure.
Cnly fnree o the older pigs diédtdurﬁug the perlied of obﬁcrqu~ )

survivers appeared ag thouph they had recovered from the

B
£5,
£
&)
8



effoets of the disease.

Posentially the same pattern was evident in the cccurrence of the
syoptons of this disturbance in the pigs of the two ages studied.
Dierrbes and vomiting were evident within 48 hours after oxpogure to
theiiafectioua agents The blood urea nitrogen and non~protein nitro-

sen levels ineressed rapidly after expesure, reac“lnr peak values

bebreen the third end soventh days alter exposures. In the pigs bled

just prior to death the blood ures nitrogen amd non-protein niiroczen

3 0

values reached the oxtremely high values of 151 to 177 willigrame
percent for urea nitrogen and 224 4o 308 nillisrams perceat for nor—

&

prctaxn nitrogon.

BUH

AARY

The levels of wvres nityogen, non~protein nitrogen, and sugery in
the blood of pigs from sous fed all-plent rations have beem deternined.
These values did not differ from thoee given as normel f@r pigs of

8 and the blood changes of

the ares studied. The patinlogical cheng
pigs artificelly exposed to an infestious gmstroenteritic azent have
beon studied. Yidney degeneretion was found In csaes ghowing aynp-
tomg of the diseages Blood ures nitrogen and nen-protein nitrogen
values roge rapi 1J after exposurcs Blood sugar was nod affested in
the same wagnitude« HMortality of the piss exposed to the infectiouvs
azeat et five days of age was very high but thé uxpcaurc of plgs

three weeks of aga did not resulit in as high morialitye. Anslypes of
the—bluoé.of pign effected with a spomtancovely ccourring disturbance
showed essentially the same ehanges as those noted for the srtificslly

infected pigs cf‘%he same agte
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