IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1930

Reproduction and lactation on simplified diets

Milton Wight Taylor
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd

b Part of the Agriculture Commons, and the Animal Sciences Commons

Recommended Citation

Taylor, Milton Wight, "Reproduction and lactation on simplified diets" (1930). Retrospective Theses and Dissertations. 1468S.
https://lib.dr.iastate.edu/rtd /14685

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14685&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14685&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14685&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14685&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14685&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14685&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1076?utm_source=lib.dr.iastate.edu%2Frtd%2F14685&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/76?utm_source=lib.dr.iastate.edu%2Frtd%2F14685&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/14685?utm_source=lib.dr.iastate.edu%2Frtd%2F14685&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu




INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of

computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper

alignment can adversely affect reproduction.

" In the unlikely event that the author did not send UMI a complete manuscript

and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and continuing

from left to right in equal sections with small overlaps.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Mi 48106-1346 USA
800-521-0600

®

UMI




e 4% a1 e o A ¢ TR R e A A A e R A e S A MR L




e e v e e e e Bl e 1 T

NOTE TO USERS

This reproduction is the best copy available.







REPRODUCTION AND LAGTATION ON SIMPLIFIED DIETS

Milton Wight Taylor

3 A Thesls submitted to the Graduate Faculty
A for the Degree of

DOCTOR OF PHILOSOPHY

Major Subject
Physiological and Nutritional Chemistry

Approved

Signature was redacted for privacy.
In charge of Major work

Signature was redacted for privacy.

Head of Major Department

Signature was redacted for privacy.

Dean of Graduate College

Iowa State 001lege
1930




UMI Number: DP14554

®

UMI

UMI Microform DP14554

Copyright 2006 by ProQuest Information and Learning Company.

Al rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, M1 48106-1346




ACKNOWLEDGMENT

I wish to thank Professor V. E.

and kind assistance in this work,

TV 3bba-

Nelson for his counsel
Gy




-‘.5 -
TABLE OF CONTENTS

' IETRODUGTION e o ¢ @& @0 o C - [ ] '. L] [ ] * o LJ [ 4 L N J . ¢ @
PrOteins L J * o . . * & ] ¥ o * e L4  J L L » [ L L

Carbohydrates o« o o o ¢ o o o o o ¢ v o © 5 o o o

MINEIXBlE . 2 o o o « ¢ o # ¢ 0 ¢ 2 o o o s 6 o o .

VALAMING & o 4 v v e v heeh e e e e ey
Vitamin A . & 5 v v 6 v o 0 6 o b v w0 o s

Vitemins B and @ « o o o ¢ ¢ « o ¢ ¢ ¢ o o &
Vitamin C o ¢ s o o ¢ o ¢ ¢ ¢ o o o ¢ o o o

Vitamin D 4 46 o ¢ o o o o o s ¢ 0 e o o o o
VItamIN B 4 4 4 4 4 b e 4 a b e e e e .

| Other VALAMING o . o v o 2 v v o s v o ...
'STATEMENT OF THE PROBLEM v v 4 4 o o v o o o o o o o4
REVIFY OF LITERATURE « o o v o v o o o o o o o v oo .
SOURCE AND PREPARATION OF MATERIALS USED . . . . . . .
EXPERIMENTAL o o o o ¢ o« o » o 6 6 o o s o s » s o o «
General . ¢ 4 . 4 o s 0 o o .‘; e ¢ o s o 8 o o o
’E;periments on Reproduction , , . . ; e« o o & o

Reproduction on dieté containing cod liver
01l or butter fat and yeast or wheat germ,

The effeet of petroleum ether and of miner-
al o1l on reproduction « v o« o ¢ o 5 o . .

Reproduction on dliets containing molasses
orhoney.«...'.............

Effect of inorgeniec subsfances on reproduc-

tion [ 4 - ® [ 4 . LJ L] e o L J - L J L4 - L] - ] L 4 -

Vitamin E requirements of the male and fe-

maleoo.c.o.»oooco\ootoooc

Page
. 5
. 7
. 9
. 9
. 10
. 11
. 1314
. 14
« 15
. 16
. 18
. 20
. 22
. 42
. 47
. 47
. 49
o« 49%
.« 52
. o7
. 61
. 63




Effect of ferric chloride in the diet

Experiments on Lactation

ILactation on diets contalning wheat germ,
wheat germ oil and molasses

* L [ . [ ] L] L 4

ILactation on dlets containing various grains

DISCUSSION OF RESUIPS
SUMMARY o o o o o o o
CONCIUSIONS . . o . »
BIBLIOGRAPHY , ., . . .

TABLES & o o o o o o

L] L ] L] L] »

(4

-

[

L 4 Ld ® [

L L [ ] [ ]

L ] * . L J

*

Page

67
73

73
76
83
06
98
29
111




REPRODUCPION AND LACTATION OR SIMPLIFIED DIETS

IRTRODUCTION

The first comcern of the first living organism was to
fesd itself in order that it 'migitt contime to live, 8ince
this time, during all the course of evolution, hunger has re-
mained the most dominant instinet. To it may be ascribed,
di:'ectly or mﬁectly,: practically all other changes which
have takenm place,

In the beginning, when food was relatively scarce, the
desire of the qrganim was simply to pibcure food, whatever
réoa ‘mght be aveilable, Then, as other orgsnisms arose snd
food became more abundant, the desire for food was 'enlarged
to include the preference of certain foods over others, Other
desires also arose, but all ive'x'e 30 modified that food might
still be evailable, If, for example, the organism desired
warmeyr surrdundings,‘but food became scarce with the rise in
temperature, then a compromise was necessary; the organism
established itself 1n cooler sﬁrroundings than 1t might desire
| 4n order that it might still obtain food, As the orgenism
evolved into more cbmplex organisms, the procésé of living be-
csme 'eorre.spondingly_’ more complex, Under these conditions,
it becomes Increasingly difficult to attribute any singlé act
solely to the desire for food, Pinally, if one considers 1ife
under present conditions, it 1s impossible to trace all the




relationships between the desire for food snd the many other
deaires and actions, | |
Kowever, though we cannot at the present time amtlyze
our. -’a'v.efry sction with respect to the desire for food, that
fact does not decrease the importanee of food, or of under-
-'standing the effects of dlet, Until the last’ twanty or thirty
years, food hns been aomething vihieh must be procured and
which vmen procured, must be m&c&e palatable. nthough many
dietaz-y noeds were filled unconsciously through a natural _
craving :ror certain food, or & fortunnte choice of foods, 1it-
tle m lmom of their re}.ative values. Even when the chem-
1en1 nature of foods was discovered, the situation was not
materially hnproved People wera lulled 3.nto a false senae
of aawity by the thought th.at they were getting the proper
.amount of rats, c&rbehydrates, prote:l.ns, minerals, »--and c&la
'ofi‘evia'-. Diseasaa which were causad by faulty di.eta were not
recognizaﬂ as- such and, in most eaﬂas, no cure waa known.
'mm advent. of the use of small Iaboratory amimals, such
as the rat a.nd guinea. pig, by means of which the values of
varions foods might be quickly and- easily tes’ced was tha
gx-eatest single -tep in the discovery of the importance and
the complexity of a proper diet Tt may be said that this
uingle step 1ntroduced a new era in mtrition. In the- period‘
sinco 1900, more was discovered abcmt dlet and its relation
ta health than had besn discoverad in all the previaus years.
-Before this time, a dlet was. eonsidered sufficient 17 11; con-
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tained the. pro-per anmount ot.protein, carbohydrate, fat, and
various minerals N althongh some distinction was made among
d:ltferent protoins and certain minerals were considered nore
1mportant than others,

When the first comparatively crude experiments indicated
that some unknown substance was necessary for life, mutrition-
.'1 investigation received s great stimilus, HMFuch research
was 'begun on this new work and discoveries were made rapidl'y.
At the present time it 1s recognized that, in addition to pro-
tein, fat, carbohydrate, and minerals, a complete dlet must
include various accessory foodstuffs known es vitamins, .Sin-c.e
pmctically all of these substances are necessary in any com~
plete diet it may be worth while to discuss each of them
briefly.

The proteins are a class of substances which consist in
the main, of combinations of mlpha amino acids or their deri-
vatives, Some,. such as mucin, also contain earbohydrate- mole~
cules ; some, such as the nucleo proteins; contain purine
| bases, Others may contaln small amounts of p‘hosphoms, iron,
copper, iodine, or zinc, Because cf the complexity of the
protein molecule, relatively little is kmown regarding its
structure,

Protein is essential in the diet of all animals and can-
not be réplaeed by any ‘othe‘;:.t* substance, It is the most h;-_
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portant constituent of all cells and is mecesaary for the life
of the cell, In all cellular metabollism, ¢ell proteins are
broken down, These proteins must be replaced eventually from
the dlet, - The amount of protein in the diet mey vary rather
widely, ' If the proftein is a good one, as low as nine percent
in the dlet may be adequate, However, over 1ong-periodé of
time higher levels of protein give more satisfactory results,
Some evidence hgs been submitted'(94) te show that dietary
regimes véry high in protein may csuse damage to the kidneys,
This appears to depend upon the particular protein whichnié
used (92),

It was discovered in the earlier nutritional experiments
that?ndt all proteins were of equal value, However, the exact
nature,of‘tha defliciency was not apparent for some time, slnce
most of the experimental dlets contained unsuspected sources
of proteins or of amino acids, Osborne snd ﬁendel; whb~ﬁere
among,thevmgst prominent of the workers along this line, per-
sisted in the use of ”Proteiﬁ-tree milk® as & source of
minerals end, though they did not reslize it, of vitamin B,
This "Protein-free milk" was found to be of considerable value
'.1n-duppleﬁénting certain proteins which wers tested.

‘Summarizing, the nutritive valus of a‘protein’depends up-
~on-ths-amodnﬁ‘and kind of amino acids present, The more near-
1y thﬁ proﬁein ccrrespbnds-in composition to the protein of
the animal tissus, ihe more nearly adequate it is, '




Larbohydrates and fats are comparatively unimportant from
the dletary standpoint, Primsrily, they are quick sources of
energy. 'In.\bra_ct:; cally all dlets, fats are present because
they contalin the necessary fat-soluble vitamiﬁs and are read-
11y available, Carbohydrates are‘ present me#ely to meke up
the bulk of the dieil, ,

he emount of cerbohydrate or fat in the dlet may be
varied widely with no apparent detrimental effedt (67,79), The
whole dist, except the minimum necessities of minersals, pro-
tein, and vitamins, mey consist of carbohydrate or of fat,
Both fat and carbohydrate may be omitted from the diet, their
pﬁées being teken by protein, |

There s some ovidence to show that very small amounts
of fat may. be hecessar;y. Burr (7) has shown that,; on diets |
extremely deficlent in fakt, rats develop a peenliar disease,
characterized by leslions of the skin and caudal necrosls; and
eventﬁallyr they die, This disease may be prevented or cured
by the inclﬁsion of small emounts of fat or of certain fatty
acids in the diet,

. Most of the natural f;qnds are deficlent in many minerals,
Byen a combination of mtural foods seldom furnished the z/',ight
proportions of gll the minerals which are needed, Synthetic
dlets, containing higﬁly purified constituents, are much more
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deficient in minerals than are the natursl foods, - It is
‘necessary, therefore, thet synthetlc diets be supplemented by
mirerals, For this purpose a mixture of pure salts, contelin-
‘ing =211 the known essential elements in about the correct
‘amounts, is used, 7In all cases where the effects of minerals
are not to be stundied, such & salt mixture is added to the
dlet,

‘Analysis of an animal body shows the presence of = great
many inorgenic lons, Some of these: Na, X, €Ca, Mg, Cl1, S04,
and POy, are present in considerable quantitioé; These ele~-
ments have seversl important functionslsunh<as meintalning
osmotic pressure and muscle irrltadbility, bullding skeletal
structures, alding in the processes of metabollsm, and many
‘others, Other elements, such as Fe, I, and Cu, are'present
in much smaller amounts but are nonme the less essentlal, Still
-others, such as Al, 81, Zn, As and many others, are present
only in traces and may or may not have definite~ph331010g1ca1
fuanctions, Most of the minerals which occur in the body in
$races are also found in foodstuffs, It remsins to be prov-
ed whether thase,hngQS'bf'minarals play some definite role

‘-Or:whether they are present merely aa'impurities;~

The vitamine are best definsd as accessory food substances,
probably organic in‘natnre, whidh ars synthesized by plants.
but not by snimals, and which have s physiclogical function
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out of proportion to the smount required by the inimal. Since
their chemleal mature and their mode of action are largely
unknown, they are designated by the letters of the alphabet,
At present, vitemins A, B, C, D, E, and G are vecognized,
However, 1t is highly probeble that others wlll be discovered,

Vitamin A, ¥itamin A was discovered glmost simultansous-
1y by NeGollum and Davis (81) and by Osborne and Mendel (95).
They observed that eertsain faLta and olls po‘aaessbd”vg remark~
able power of stimulating the growth of rats while other fats
did not, 7This could not be explained ou the basls of the
glycerides present, |

Vitemin A is classified é's; a growth prometing substance,
though it is not clear how this is effscted, It is probable
that the action is brought sbout through the ability of wit-
emin A to maintain the integrity of the epithelial tissues,
At any rate, def'icienéy of vitamin A canses a keratinization
| of the epithelial tissuss, the most noticeable of which is
the | keratinimtion taking plases in the cornea of the eye and
krown as xerophthalmia, Vitamin A 1s alse thought to play
some pert in the sbility of the body to resist disease. This
is very largely conjecture, however,

The chemical nature of vitamin A remains to ’bé discover-
ed. It s not improbable that it is related to the sterols,
roi- the most coneentrated pr;apar#tiona of vitamin A consist
almost entirely of sterols. The early view of Stesnbock (104)
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that vitamin A was in some way related to c¢arotin was not con-
firmed by other workers, However, recent work done by Euler
and co-workers (21,22) shows clearly that, though carotin is
not the same as the vitamin A of liver oils, it may teke the
place of witamin A in the diet, Moors (87) has shown that
rats, fed an excess of carotin, transform the latter into the
colerless vitamih A of liver oils, In which form it is stored
in the liver, Morton (personal communieation), employing
spectrographtc methods, has shown t.hat the vitamin A of but-
ter fat consists partly of carotin and partly of the color-
less form of the vitamin, | |

¥itamin A is non-saponifisble snd 1is found in the non-
saponifiable fraction of oils, It is oxlidized readilly, hence
all efforts to concentrate it are carried out best in en in-
ort atmoaphere, The heat stabllity of vitamin A is high pro-
viding oxygen is not present, On this aeccount, Drmond- snd
Coward {(18) have had considerable success in the concentra-
tion of the vitamin by fractional distillation, However, in
some recent work, Drummond and Baker {17) found tha‘t the vit-
amin A in more concentrated jmeparations was tiestroyed by

heat, so that this methoed was inadequate,

Vitamins B and @, Within the last five years that sub-
stance which we have knewn ss vitemin B has been divided into
two factors known under the various names of By and By, B and
F, Band @, ¥ and 6, end B and P-P, In this paper they will
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be referred to by the nomenclature which has been made stand~
ard in this country, namely vitamins B and @,

Vitemin B studies are complicated by two facts, First,
mich of the work done on the effects of vitamin B deficiency
are now known to have been due to the combined deficiencies
of vitamins B and G, Second, many of the effects of vitsmin
B deflciency can be reproduced bj starvetion and vitamin B 1s
known to have s profound effect on the appetite,

Lack of vitamin B csuses a disesse of the nerves known as
beri-beri or polyneuritis, This 1s specific for vitamin B,
| Laek of this vitamin also csuses atrophy of the endocrine
glands .with the exception of the adrensls, It 1s not correct
’cb say that vitamin B is not a growth promoting vitamin,
Through 1ts effect on the appetite, it ususlly csuses a ces-
sation of growth, |

Although the exact chemical nature of vitamin B is not
imown, it is definitely established that it is s nitrogenous
| base, probably a c¢yclie mitrogen compound, At least, many of
its chemiesl properties indicate this, Vitemin B posseaéot

a mumbexr of interesting chemieal charscterlistics, It is solu~
| bie in water and in di%lute acids, aleohols, and a-détone. it
i=s readily sbsorbed from ita equeous solution at a pH depend~
ing upon the sdsorbent, and released when the pH is changed,
It is precipitated as an insoluble éomplex with such compounds
es phosphotungstic acid, tennic acid, picric acid, snd others,
It also maj be precipitated as a salt of a noble metal, A11
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these reactions are useful in the concentration of the vita-
Vitamln B is destroyed by heating, the esse of destruc-
tion depending upon the pH at which it is heated, In aeid
gsolution it is stable, but in alkallne solubtion it is destroy-
ed quickly, It is also susceptible to oxldationm,

' Yitamin G, Vitemin @ is the fraction of the vitemin B
| complex which is the more heat stable, The property first
 @scribed to it wes that of promoting growth, However, this
effect, similar to that csused by vitamin B dseficiency, 1s
due indirectly to the effect on the appetite rather than to
any direct effect om growth, The true function of vitemin G,
as shown by Goldberger and aasociatea, seems to be the pre-
vention of a disesse lmown as pellsgra, This function has
been observed in the case of rats, dogs, and humsn beings,
There may ‘be other functions which have been uzmoticed as yet,
Vitamin 6 is probably similar in composition and atme-
ture to vitamin B, At eny rate, the solubilities, the adsorp-
tion properties, and the behavior toviard various preciplitat-
| ing reagents are very nearly the same, Both vitamins B and @
are’ destréyed 'by long hesting or by heat and alkalies, These
latter facts, snd the fact that the distribution: of the two
vitamine in nature is nesrly the same, may account for their

h‘_aﬁh‘g b'ean' considered as only one substance,

Vitamin ¢, The occurrence and treatment of scurvy 'ag |
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noticed long before anyone thought of attributing it to the
sbsence of & vitamin-like substance, The fallure to recognize
geurvy as a vitamln deficiency dlsease, even though the idea
of vitamins had been accepted, may be ascribed to the lack of
$echnic in producing experimental scurvy and to the lack of

an apprecietion of the differences in susceptibility of various
gpecles of animals,

Prosent knowledge indicates that vitamin C 1s required
by men, monkey and guinea pig only, Repeated experiments on
rats have shown that ;v.itami-n ¢ does not supplement or take
the place of any of the other vitamins and that it is not re-
quired by rats, For this reason, since this paper 1s con-
cérned entirely with experiments performed on rats, vitamin €

will not be discussed at length,

) vzmin Vitamin D, Since the work in this paper is not concerned
with vitemin D, it will be discussed very brieﬂy.' Bic‘kat‘-s,
_ the disoase ogcurring in the ahsence of vitamin D can be
produced in experimental animsls only when the ratio of cale.
clun to phosphorus 1n the dlet is definitely wrong, All the
: data of this paper were obtained on rations containing an
adaqus.te salt mixture xhich maintained the calecium to phos-
phorus. ratio at approximately »the correct wvalue, Hence, the»
'interprétation of the results eannot be influenced by any
poasibility of rickets,

Vitemin B is generally assumed to be concerned with the
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formation of bone and, __ﬁossibly, teeth, However, the mechanism
probably 1s not a direct one. It is thought that vitamin D
may influence calcium and phosphorus asasimilation by its ef-
fect on'the pH in the intestine, Several investigators have
shown that in severe rickets the feces are alkaline, but on
administration of vitamin D, they become acid v’eiy guickly,
'j!its;min D may act through its effect on the ealcium snd phos-
phorus concentration of the blood, In ecases of rickets,
bloed phosphorus is very low while the calcium remhlns at |
nearly normal levels.. Sincs phosphorus is concerned in the
metabolism of nearly all body tissues, it is to be .expecf.ed
that rickets will be sccompanied by sbnormal metabolism in
tisim_e's other than bone,

' Ghemically, vitamin D is o substance which is formed
from ergosterol by the action of ultra-violet light, It may
ba that vitamin P and ergosterol are teutomeric lsomers, |
However, when ergosterocl hag been transformed into vitemin D,
14t 1s no ‘longer possible to orystallize it or, in any other
way, to separate 1t from the unchanged ergostercl, ~ For this

reason the propertles of thé pure vitamin are little known. .

Vitemin E. ‘The function of vitamin E 1s to prevent
sterility in both the male end the female animal, - Thus far,
rate are the only animals ﬁhic’}l_ij have been used te demonstrate
this rnnc..tion, The symptoms of ﬁhe deficiency differ in the
two mexes, In the casa_-of the female, although ovulation -é.e—
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ours normally and the foetl sre implanted and begin to develop,
the placentsl function falls before parturition, causing the |
death and resorption of the foeti, This condition may be cured
at any time by smell amounts of vitemin E in the dlet, 1In the
male, it leads to destruction of the germ ecells and eventusal-

1y of the entire seminiferous epithelium, producing permanent

 aterility, Sterility in the male or fallure of the female to
produce young may occur for reasons other than the deflclency
of vitﬁmin E, 1In nons of these cases are the symptoms, par-
ticularly those exhibited by the femmle, the same as those

caused by lack of vitamin E, Evans and Bishop (28), who first
definitely announced a spscific vitamin for reproduction, fol-
lowed the oestrus cycle wery carefully by histologieal methods,
'.l‘hey also point out that the curative dose ia effeciive when
given as late as the fifth or sixth day af pregnancy.

Vitamin E 13 fat soluble, It is found in a lsrge number

' of natural foods, eapeclally in the seeds and the green leaves

of plants, The grains, such as corn, oats, and whest, are
good. sources, It is found more in the germ than in the endo=
sperm, wheat germ ‘oil being the most potent .sourc-e" lméwn. It
1s distributed lthrough pearly all the tissues of the animal
'bady, i:he msele end the fat gontaining more than the viscera,

| Hilk fat 1s a relatively poor source though it may vary wide-
1 1y, depending on the diet of the cow, According to Evans and
§ Bishop (35), ¢od liver oil, which is rich in vitamins A and D,

is notably deficient in E, However, Nelson and co-workers "
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{91) submit data which show that one brand of cod liver oil
18 a good sourcs of the reproductive factor,

Relatively 1ittle i3 known sbout the chemiecal composi-
tion of vitamin E since the most concentrated prepsrations so
far obtained seem to contalin vitamin E only as an impurity.

. According to Evana (41), vitaemin E i3 soluble in methyl and
ethyl alcchols, ether, pentane, benzene, acetone, ethyl
acetate, and in fats, Cold pentane is a particularly valuable
| solvent for use in concentreting the vitamin, It is not soluble
. in water, nor in dilute acids or alkalies, The vitamin is
very steble to hest, light, oxidation, sapenification snd many
ordinary chemlcal reae¢tions, It may be distilled in steam or
' in yacuc. Prolonged treatmentvbj most of the above processes
| destroys the vitamin slawly, Ordinary oxidation affects 1t
only slightly but either it 1s destroyed during thes oxidation
 of fats which are present in the ration, or the oxldation

| products of the fats render it inecapable of exerting its usual

action,

'ther vitamink. It 13 not only poasiblé but probable“~

| that other vitamins exist, Bezasonoff (6) suggests that vit-
amin C may consist of two seperate factors, Williams end
Waterman (141) believe that the vitamin B complex may contain
at least thres different vitamins, Evans and Burr, (44,45,46)
working on very highly purifiesd mutrients, find that growth

i not normal unless the diet ia'supp1emented with some n&tu:al
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food, ‘ﬁecay, Bing, and D:Lil'ey'f (80) find that youhg trout re-
quire éomething besides all the known dietery factors. This

aubstance, present in raw liver, they call factor H. Several
investigators have suggested that there may be a speeific
v.ttamin concerned with lactation. The fact thet these new
factors have already been :suggestgd and the pogsibility that
a.the'rs‘ may follow raise the ‘question of the proper limitations
; ofithe‘vitamin field, )
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STATEMENT OF THE PROBLEM

Men is essentlally a selfish animsl, Most of his works
are done with a view toward increasing his future wealth, hap-
piness, or comfort; and so it is in experimental work in
nutrition, Being in a position to choose which foods he will
eat and which not, man wishes to eat those foods which will
best insure good health and longevity. However, he cannot
test on himself the effeets of the varlous foods, for in that
 way he would be susceptible to dangers as well as benefits
“and many of the results would benefit him little, For this
reason the experiments are performed on smaller snimals, so
i fhbt the whole 1life span may be studled in two or three yeﬁrs.
Hany of the results obtained are valueless or difficﬁlt to
1nterpret;-h fow geen to havéra definite application and value,
These latter results are then appllied to the problems of human
'nntrition;

. This paper deals with some of the dietary factors con-
¢erned in the reproductlion and lactation of rats, It is well
known ihat the process of reproduction and the subsequent
feeding of the young involves a severs strain on the mother,
probably the most se?ere'st?ain,of any normal function, Both
before and after birth, the tissues of the young are formed
gt;tha.expénse of the tissues 6£'the mother, The only way in
whi@h the mother can be protected from this depletion is by
rnrn;Shing her with a diet whieh is not only adequsate, but-'

which contains a conzidorable'excess\or-eertain factors, That
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is, the diet must be very high in quality though not nsees-
sarily so in quantity, It was part of the purpose of this
work to discover some of the dietery factors which seemed to
be the /most mportaxit to the mother and the suckling young.

When a machine becomes too complissted or unwieldy, it
cesses to be of great value, Similarly, if the science of
rutrition becomes encumbered with innumerable new factors,
sach one regponsidble for some minor bodily function, then it
becomes too complex a toocl and people, not uﬁ‘dersténding all
the detmils, will hesitate to use it.,  With this in mind,
many of the known dletary factors were tested to see if some
of the fectors other than vitemin E might not supplement ow
take the place of vitamin E, The experiments to be described
were performed on rats, but it 1s believed that meny of the
results obitained are d:u-ectiy applicable to the mutrition of
human beings, MNany of the results are also applicable to the
- mabrition of farm animals,
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REVIEW OF LITERATURE

It is not possible to review in this paper all the lit-
erature pertaining to nntrition;' Hence, only those references
will be noted which have a direct bearing on the general sub-
jects of reproduction and of lactation, For a more complets
discussion and bibliography of the various aspects of nutri-
tional chemistry, the reader is referred to "The Newer Know-
ledgs of Nutrition"™, revised edition, by E, V, McCollum and
Bina Simmonds,

The failure of rats to reproduce normally when fed purl-
fied diets was noticed by several investigators before o
specific reproductive vitamin was proposed, These investiga-
tors attempted to explain their results in terms of the diet-
ary factors which at that time were known to be essential,

~ MeGollum and Davis (1915)(82) in a study of the mineral
requirements of the rat found that reproduction was not normal
| on & dlet of whole milk powder 10, caseln 15, butter fat 5,
egar-agar 2, dextrin 53, sucrose 15, and various additions of
inorganic materlals, They were certain that this wasmot due
i to the inorganic material but did not know how else to explain
it. ‘

Reynolds and Macomber (1921)(97,98) stated that decreas-
ing the content of the dist in vitamin 4, in protein, and in
calcinﬁ égused_markadly decreased fertility in rats, Prior
to this time, Mattill and Conklin (1920)(77) made a study of
whole milk diets end ceme to the conclusion that whole milk




was lacking elther qugntitétivgly or qnalitatively'in some
factor which was essential for reproduction. They ascribed it
first to the quality of the milk proteins and then to sn in-
sufficienx amount of vitamin B, since they were able to lm-
prove raproduction greatly by the addition of one percent of
yoast, However, they were not wholly satisfied with either
of these explanations,

In 1922»23 Evans and Bishop (28,30,31,32,33, 34 »35) pub-
liShsd the first of their extensive data to prove the exist-
ence of a specific dletary factor which was neeessary for re-
production, They first cbserved the reproductive‘behaviOr of
a iarge number of normal rats on a diet of ﬁatnral foodstuffs,
They‘d$39rved all phazes of the cestrus cycle, conception,
Amplentation, and the period of gestation, wusing histologieal
msthoas‘very.largely. Then they observed rats on diets of
purified foodstuffs, using as their bassl ration the follow-
ing: ecsasein 18, cornstarch 54, lard 15, butter fat 9, salts
(Mccolium) 4, and Brewer's yeast (Harris) 6.4 - 0,6 gram per
rat per day. On this diet they found that growth was normal,
but that the females were all sterile, Closer examination
' révealed thet the oestrus cycle was normal, conception #nd in-
ﬁlantation proceeded as usual, but that at the sixteenth or
seventeenth aayvbf ths.gestatioh period,.thé’foéti’diedland-
iara-reaofbed.»'fhey fcuhd that égéll smounts of lettuce fed
daliy to femeles that had had one or two resorptlions would
ﬁring abbux»a complete recovery of fertility., Though theyi
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were sure that thair basalsration_ccntaiﬁed all the'knawn
dletary factors in sufficient amounts, they decided to make
thorough tests before announcing a new vitamin,

They found that increasing the amount or quality of pro-
tein, carbohydrate, and vitamins 4, B, C, and D did nét,bring
better results, Therefore, they felt justified in making the
statement thst & new dietary factor, present in natursl but
notv in Qurified foodstuffs, was necessary for reproduction,
When the lard in the basal dlet was replaced by en equal’
weight of butier fat, meking a total of 24 percent in the
diet, reproduction was partially successful, From this they
concluded that butter fat contained a small amount of the re-
préauotive-factor. They also concluded that, since butter
fat could partially overcoms sterility, it would seem that
the inorganic salts in the dlet could not be a factor, Factor

X, as: they called it, was present in wheat, wheatvgerm, let~
| tuce, meat, and oats, |

The work thus far haé been concerned entirely with
sterility in the female. Evans (1925)(24,40) now investigated
the effect of rations containing no vitamin.E; as8-it was<ndw'
| called, on the male rat end found that steriiity was produced.
Be found four stages in the:development of this sterllity,
First, there is e normal amount of sperm but loss of fertil-
'izipgﬂngerg ‘The sex responses are normal, Second, there is
a.compiaﬁéiloas of sperm, Third, there is loss of the power

to form the vaginel plug, Fourth, there i1s complete loss of
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all sex interest, After passing the first stage, male steril-
4ty cannot be cured, MNason (69,70,71) made a careful study of
thls same guestion at about thé same time and corroberated
Evansf results, He reported that, whlle growth was better
than normal, male rats invariably became sterile, With young
rats this usually oceurred in €0 to 150 days, The sterllity,
as proved by matings with normel females, checked with the
amount of cellular degeneration as shown histologically, He
alse found that the fresh weight of the testes was & good in-
dex of the reproductlive capacity; as the rats became sterile,
the teates became much smeller and lighter,

‘Bvans and co-workers (1924, 1925, 1926, 1927)(37,38,39,
41)'made an extensive study of vitamin E, They found that the
vitamin was stored in the tissues of the body for'a period of
gseveral months and that 1t was transmitted by the mother to

the yonng; They also investigated its physical and chemicel
| properties and found it to be stable, |

¥attill and Stone (1923)(78}), working on milk rations,
found that such ratlons were insufficient in:protein end in
vitamins for reproduction, When vitamin E was announ#ed, they
| sald that it was the only pessible explanation of their re-
sulta, Mattill, German end Clayton (1924)(75), still working
on milk dlets, found that the addition of two to five percent
of mucleoproteins did not aild in reproduction, nor did a
1argé:inérease in the percentage of yeast fed, On additioﬁ

of five»ar ten percent wheat germ to the-ration,‘practicaliy




a1l the females gave birth to young, though very fow were
raised, Diets high in fat required more of the reproductive
factor than dlets low in fat, Another paper by Mattill and
Clayton {1926)(78) repeated much of the previous work and
stated that "....;yeast certainly does not provide any signif-
icant smount of vitamin E,"

Sure {1923)(105) was worling on milk and milk powder
diets alsoc. | Ho found thet, while they gave normal growth, re-
production was wery poor. Even when young were born the
mothers failed to raise them, His ration contained 9,6% of .
milk proteins, 7% of butter fat, and an alcoholie extract of
15 grsms of ether -extrai;ted wheat germ, In a later paper
.(192:5-)(106) in which he deseribed the use of a ration of -
;kimed milk powder 50; ferric citrate 9,.2‘, cod liver oil 2,
and sgar-sagar 2, he reported ths same results, . He concluded
thet success in reproduction wgé not due to préte.ins or to
vitamins A, B, or D, but to some unknown factor vhich was to
| be “.frouz'zd in Bleofgia velvet bean pod meal, yellow corn, and.
rolled oats. BHe also found ,ferti-lity to be good on & ration
of. skimmed milk pewder 35, sémts (#32) 1, cod liver oil 2, .and
| polished rice 61.9; and he concluded that "Success with fer-
£411%Y.,...mmst be ascribed to some new factor .mA:lpolished
rice that ;ls essential for. reproduction,™ Izi his third paper
on this subject, Sure ( 1924-25)(107) demonstrated that vite-
nin E was present in the ethereal extracts of yellow corn,

wheat germ, and hemp seed, .About one kllogrsm of ,maberialv
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‘Was extracted in a large Soxhlet extractor with anhydrous -
ethyl ether until the ether had siphoned six to olght times.
The extracted material, which still contained about 0.4 per-
gent fat, would not support reproduction, The ethereal ex-
tracts gave good reproduction, but very few young '\‘;ﬁere ralsed
until the vitamin B content of the ration was increased
greatly, |
~ Anderegg (1924)(1), also working on milk powdérs,. foand
that 50 percent of whole milk powder as the sole source of
protein and vitemins gave normal growth and reproduction, al-
though the mortality of the young was high, Anderegg and Kel-
son (1925)(1926)({2,3) supplemented a skimmed milk powder diet
so that it conformed in composition to a whole milk powder
dlet, However, they were unable to duplicate the results re-
ceived on the whole milk powder diet, Addition of yeast or
wheat germ gave some reproducfion' in the first generation,
Paniels end Hubton (1925)(12,13), working on the nutri-
| tive properties of milk and milk powders, secured good re-
production by supplementing whole milk with ferric citrate,
iodine, end ash of soy bean, lettuce, or yeast, Analysis of
{ the ash showed the presence of aluminum and s'ilicbn.’ They |
then discovered that a supplement of equal parts ¢f NaF,
KA1(304)pe 12850, HnS0ge580, snd Nag310z in a whole milk diet
86 that each rat reseived 1,5 miiligx-ams of each salt per da'y
gave excellent reproduction, They concluded that the deﬁciency
mf»‘mnk}"diets was entirely inoi'ganic{ Pao (1927) (135) fcn#d
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tﬁat buttér‘:at gave falrly good results on reprodﬁction pro-
vided very little lard was present in the diet, 4Ash of soy
besn was slightly benefieial as regards reproduction but not
as regards lactation, Lettuce was very beneficial in lacta-
tion,

Sure (1226)(108) reported somewhat similer results on
skimmed milk dlets, saying that he found two types of steril-
ity. The first type appears in first goneration femeles and
1s characterized by resorption of the foetus.' The second type
appears in the second generation and can be overcome by the
addition to the diet of small amounts of KAX(SO4)g-12Hg0, WeF,
MnSO4«SH,0, and Fap3103. |

| Beveral other investigators confirmed the results of
Evans and of Sure, Kemnedy (1926)(65) showed the reproduc-
tive factor to be present in the ether extract of rclled oats,
She alsc found that a deficisncy of calcium, or sn excessively
high percent of protein, would induce sterility even though
| vitamin E were present, R
Killer and Yates (1924)}(85) extrected corﬁ'wiﬁn'cold
acidifled water and found that it did not support reproduc§'
| tion, Unextracted corn, wheat-germ,‘and green kale contained
the reproductive factor, |

Bogan and Harshew (1924)(59) were slow inﬁaécépting the
necessity for a specific reproauctive faetor, belleving that
! propér relationship of the other factors was all thet was

necessary,. In & leter pape:ﬁ(1926)(69) théy.accepted the
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views of Evans and Bishop, They found no evidence that steril-
| 1ty was due to enemia, or that vitamin E had any direct ro-
lation to the formation of hemoglobin. I;rior to this, Hart,
Steenbock and co-workers {1925) had attempted to show that
natural foodstuffs pley & part in iron assimilation and that
3?; this effect might be the reason that natural foods gave bet-
ter reproduction,

¥elson and co~-workers (1928){90) 1nvestigated the amount
{ of vitemin B negessary for growth and reproduction., Their
work indiceted that a much greater emount of vitemin B was re-
quired for reproduction than was réqu‘ire& qu 'gmt,ﬂ:h..  Willer
(1927)(84), investlgating the same problem, declded that the
amount of vitemin B required for growth and for reproduction
was about -the same. A later psper by Guest, Eelso’ﬁ, and &S~
soclates (55) confirmed t'he views of Mlller as regarés the |
amount of vitemin B for grouth and reproduction,

Felson and. co-workers {1927, 1928)(83,91) got reaults
| which were quite the opposite of those obialned by many other
investigators who sald that cod liver oil was notably deficient
in vitemin E, They obtained very good reproduction en a ra~
| f-’ion in which cod liver oil and yeast were the soié ‘gources of
vliltamins’.: BEvidently, this was due to the particulér cod liver
011 used by Nelson, since Sure (1927)(113), using & different
brand of oil, got very poor resﬁlts on reproduction, In an-
other paper, Sure {1927)(115) found thet butter fat contained
much more vitamin E than did cod liver oil, He also stateé




that eontimous fertility was the only satisfactory criterion
of vitamin E, However, vitamin E could be stered from the
stock ration for oniy one gestation, ¥Nelson (1926?)(90‘): had
been able to cbtain six generations of rats on a diet of case~
in 18, salts 3,7, butter faf_:, 5, yeast 5, and dextrin 68,3,

Anderson (1926)(4) examined the eoffect of vitemin E on
fat and.nit‘roge‘n metabolism, He found no difference which
could account for the offect on fertility, Hartwell (1926,
1927)(57,58) could find 1ittle correlation between vitemin E
and growth, Hogan and Harshaw {1926)(60) end Hogan, BHunter
end Shrewsbury (1927){61) confirmed these zées,izlt‘s. Similarly,
Grijns (1925){52) found no relation betwesn growth and fer-
t1lity, However, Hason {1929)(71) thinks that there mey be
twe. factors present ln vitamin E, one necessary for growth
and one necessery for fertility, Evans (1928)(26) had also
found that, on long time experi‘ments s Tats ree’eivihg vitamin
E exhibited uniformly improved growth and vigor over those re-
eeiving no vitamin E,

Some work has been done on the relations of vitamins A
and B to sterility, Evans end Bishop (1922 and 1928)(29,25)
found thet rats begame steri’ie on diets lew in vitﬁm.tn A,
This was due to ovarian rather than to uterins disorders,
The axia'afiaxi follicles failed to mature, so that no fertili-
mtiaxi and implentation occurred, Parkes smd Drummond { 1926)
{96) observed the _'aterility»of rats on vitamin A deficient
diets ‘but were uneble to find any histologicel Aexplnnatiozﬁ,
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Sure (1928)(123) observed a dietary’sterility in rﬁts receiv-
ing very little vitamin A but an abundance of E, This steril-
ity wes characterized by resorption of the foetus during ges-
tation, |

| Cowerd (1929)(10) in an investigastion of the oestrus
cycle, showed that it was impossible to use the vaginal smear
method to dlagnose pregnancy in rats on vitemin A deficient
-diets, xaéon (1830)(72) found that lack of vitamin A caused
'testicu1§r degeneration, the severity of the change being
proportional to the duration and severity of the eye trouble,
Diets contelning wheat germ oll caused less severe changes,.
due, probably to the presence of traces of vitamin A,

’ Parkes and Drummond {1925)(95) reported that, when male
rats were fed a diet totally deficient in vitamin B degenera—
tion of the testes and sterility ensued in a~ahort*t;pe. On
less deficlent diets these results were postponed either
temperarily or permanently; |

Mattill (1927)(73) and Evans {1928)(27) also investigated
the effect of vitamin B defilclency on malé rats, They found
no testlculer degeneration or loss of potency in rats fed a
diet conteining an sbundance of vitemin E, but no vitamin B,
On the other hand, Harrian and Parkes (1928)(68) using the
two fractions of vitamin B, found that extreme abrOphy of the
testes occurred in pilgeons fed a diet deficient in the anti-
nenritic By, ?itamin.ag or G did not seem to be necessary
for plgeons. | |
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Cunningham and Osborn (1929){(11), in a pmzminary re-
port, stated that hot air and infra-red rays can producte
sterility in male rats,

- Simmonds, Becker and McCollum (1927)(101) attempted to
ghow thaf inorganic iron, particularly in the form of ferrous
sulphate, could not be assimilated by the animal, However,
Af wheat germ o1l were added to the diet, the ferrous sulphate
proved satlisfactory a&s a source of iron, Organic lron, such
as ferric cltrate, could be assimlilated, They Suggested that
vitamin E might play some pai't in iron assimilation, and that
death of the foetus might be due to & e¢risis in iron assimi-
lation, dJones (1927){64) showsd very conclusively that the
pé.or results obtailned when ferrous sulphate was included in
the diet were dume to the catalytic destruction of the vitamin
A by the ferrous sulphete, and not to the fact that it was
' not mssimilated, Estill and McCollum (1927)(20) confirmed the
results of Jones, 1In a later paper, Estill end MeCollum an-
nounced the isolstion from cod liver oil of a substance which
1rhibited the destruction of vitamin A by ferrous sulphate,
This substance they suggested might be vitamin E, However,
Simmonds, Becker and NoCollum (1928){102), in a general paper
on the distribution of vitamin E, withdrew their contention
| that vitamin E was necessary for iron sssimilation and that
wheat germ oil protected against the effects of ferrous sul-
phate becsuse of its vitamin E content, Mattill (1927)(74)
was inclined to belleve McCollum?s first contention, He .
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ghowed that the oxidation which accompanied the beginning and
developmsnt of rancidity in fats tended to destroy vitemins A
and E, The presence of hydroxyl groups, as messured by the
acetyl value of the fat, delayed this actlon and wheé't germ
oll had & high acetyl value.. However, Daniels and Jé‘rdan
(1928){15) believed that the effectiveness of wheat germ oil
in preventing sterlility was due to the jréneﬁea of some sub-
stence (vitamin ) and not to a retardation of oxidation of
vitemin A, Evans and Burr (1927){42) found that the size of
the curative dosage of vitamin E depended upon the amount and
kin& of fat present in the dlet, In a second paper (43) they
proposed the presence of an anti-vitamin E in certain fats,
The smount of this anti-vitamin Increased with raneldity,
Fridericia (1925)(50) found that certasin fats seemed to in-
sctivate the vitamin A in a ration, Lard rendered at fairly
high temperatures was one ¢f thess, HNelson and co-workers
(1926)(90) obaerved xerophthalmia in rats fed a diet contain-
ing five percent of butter fat and 19 percent of lard,
Waddell and Steenbock {1928){137) reported the selective
destruction of vitamin E in a ration composed of natursl food~
stuffs by the sddition of ferric chloride in ether solution
to make one percent of ferric chloride in the ration; Vitamin
A was not destroyed aa shown by feedling experi—mgx;ta. They
stated "All of the animals on the warious rations grew well
and sppeared normal end vigorous®, %This seemed to indicate
that vitamin A was held in a different way from vitamin E, or
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that the latter 1s psoullarly sensitive to the action of fer-
ric -éhloride. Goettseh '(-1930)(51) employed a similar ration
end found that it caused extreme distrophy of the voluntary
maclé's.

| A number of investigators have suggested the possible
exiaténce of a lactation prémoting factor, Evans (1924)(23)
:and thet lactation was not complete on many diets of purl-
fied foodstuffs, Fresh leaves, wheat germ in large amounts,v
ogg yolk, meat and some vegétnble olls caused great 1mprpvé~
ment, Sure {1925, 1926)(108,109), investigating various vege-
table and fruit oils, found them to be divided roughly into
three classes, Wheat, cottonseed, yellow corn, and palm olls
p"emtted normal lactation snd prevented sterility, Peach
i:er‘nel, 80y bean, peamt and ol}ive oils seemed to promote
lactation but had no effect on sterility, Wheat gern oil seem-
ed to contain two factors, One was heat stable and promoted
fertility; the other was easily destroyed by heat and promot~
ed lactation, Grijns (1926)(53,54) belleved that there were
at least two reproductive vitamins, one of which affected
laetation only, This latter was probably an aldbumin prodticer.
Sure (1927)(112) found that the reproduetivo factor of cotton-
aeed ol]l was concentrated in the unsaponifiable material and
that this material gave good reproduction when mcorporated
into a skimmed milk pewdcr diet to the extent of 0,0175 per-
éent., ﬁice this emount was bsneficlal to lsctation, 1In 5.-
mmch iater paper, Sure {1929)(126) expressed scms doubt as
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to the exmct role of wheat oil in iactai;ioh. He | suggested
that the wheaﬁ oil 'might act partly' to pi-event the oxidation
of vitamin’ A and partly to supply vitemin A, Sure also stated
that it was still possible that wheat 0.11 contained a fat s=olu-
ble hctation factor, |

" Guest, Nelson, Parks and Fulmer (1926)(55 ) investigated
various grains as sources of vitamin B for growth, repi'odue?
tion #nd lactation, Wheat, rye, barley, yellow corn smd white
corn gave good growth and reproduction, but very few young |
iére reared even on the highest levels of f.hé grains, They |
decided that the amount of vitamin B necessary for laéfai;iéh
was much greater than that required for growth and reproduc-
tion, Smith and Hendricks (1926)(103) found that rolled oats
&s a source of vitamin B did not give good growth until it
was supplemented with brewer's yeast which had been auto-
elaved at 15 pounds pressure for six hours,

In 1927 it became géheruily admitted that vitemin B con-
sisted of at .Iaast two factors, One ‘wé.s haai: hbi‘le; the
other was relatively héat sta'ble.,‘ The first prevented poly-
nsutitis or 'beri.-'beri; the second was thought{ to be growth
p’éomoting‘ and later was found to prevent peiiagra. Phe var-
lous facts concerning thé_se discoveries are well summerized
in an editorial review by Sherman (1928){99), A great deal
of 1nvestigat"ion has been done 6n these two factors , only #.
part of which will be quoted here,

‘Shermsn and Axtmsyer (1927){100), in snnouncing work on
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the two factors of vitemin B, sald that wheat was richer in
the antineurdtic vitemin B than in the anti pellsgric vitemin
G, M1k they found to be richer in ¢ than in B, Hunt (1928)
(63) found that wheat and corn contained sbout the same amount
of vitamin B and of vitamin G, but that vitemin B was present
in larger smounts, Flfteen percent of wheat supplied enough

of the antineuritic vitamin for growth if supplemented with

autoclaved yeast, a good source of vitemin G, Aykroyd and

Roscoé ( 1929)(5) showed that vheat .and corn were low in vita-
min 8, White corn contained slightly more than yellow corn,
The .germ of wheat and corn contained slightly more':» vitamin &
than the endosperm, Williams and Waterman (1927)(140) had
previously stated that young rets required both of the vita-
min ‘B factors, Bigéons seemed to requie vitemin B, but not
vitamin G, and also a third factor, possibly vitsmin E, GChick
and Roscoe (1928)(9) found that young rats required vitamin G
and suggested & method of testing for it, using & concentrete
a8 the souvce of vitemin B,

The amounts of vitamins B and & required for lactation

_have been investigated thoroughly, Miller (1927)(84) decided

that the amount of the vitemin B complex required for lacta-
tion was no greater than that required for growth and repro-
duction, However, Sure (1927)(116) found that the lactating

: ‘mother used thse vitemin B complex very inefficiently and that

& large sxcess of it must de furnished in the mother's diet




young. On the other hand, Sure (1928)(118) found that vita-
nins A and D were used very econdmicany and that énly the
minimum smounts needed to be furnished to the mother,

Vogt {1928){136) found thet the vitamin requirements of
the mursing young are very great, As partial evidence he
ghowed that the vitamin content of the colostrum was much
- greater than that of ordinery milk, The young, when born,
are fortified by a vitamin reserve obtained from the mother,
Sure (1928)(119,120) in a series of papers, again showed that
the mursing young require a large emount of the vitsmin B
complex and that the lasctating mother secretes it very inef-
ficlently, The growth of young could be greatly stimulated
by direct feeding of vitamin B concentrates, Sure (121)
stated that much infant mortality may be due to an insuffie-
fency of the vitemin B complex. e L

Williems, Waterman and Gurin {1929){142) point out some
danger in the use of the separate factors of the vitamin B
| complex, While vitamin G is the more heat stable factor, it
is destroyed to some extent by sutoclaving, If aﬂteclafving
i3 esrried out so that all the vitamin B is destroyed, then
considerable vitamin G is destroyed alse, If conditions are
such that vitamin @ 1s not destroyed, then considerable vita-
min B remains unchanged, 3Increasing the pH in auvtoclaving
causes & more rapid destruction of both vitamins, The writers
believed that many results had been lnfluenced by these Facts,

‘ Hevertheless, since no better method has been discovered, ‘the
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results obtained when sutoclaved yeast is the source of vita-
min G must be used, . | |
Evans end Burr (1928)(48), using separate sources of vita-
mins B and ‘G, found that about five times as mmch vitamin B
was required for lactation as for growth, Vitamin G was found
to be unimportant, Sure (1928)(125) disagreed with Evens, He
found that rice polishings, which contain more vitemin B than
@, mst be supplemented with autoclaved yeast before adequate |
lactation is secured, About fhree times as much vitamin B
and vitamin G were required for lactation as were "fequired
for growth, In a second paper, Sure (1928)(122) found that
-“vitavosa“ » & commercial eonc‘éntrate conteining moatly vita-
min B, was entirely inadequate for lactation unless supple-
mented with autoclaved ysast, In a third paﬁer. {129) he
found that diets containing emough vitsmin B to protect edult
mice from beri-berl would not protect their nmursing young,
Daniels, Jordan and Hutton (1928)(16), working .on-milk‘diets,-
decided that the poor growth of the suckling young was due
not to & deficiency in the seeretion of vitamin B in the milk,
but to the low calorific value of the diet or to a distaste
| for food so that too 1ittle was eaten by the mother, Daniels,
Hutton and Marks (1930){(14) reiterated thet food consumption
by the mother on a milk diet plays an importent part in the
well being of the suckling young._ The antineuritic vitamin
: probably was not the limiting factor,
Sure and co-workers (1929, 1930){127,128,129,133) are
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making s considereble study of the effects of uncomplicated
vitamin B deficiency on ths nuréing young, To date , they have
found that the mursing young of mothers on such a dietary
rogime develop marked hypoglucemie before any loss of weight
becomes apparent, aphydremie, snd & marked disturbance of the
hemstopoetic function, VWhen vitamin B was fed there was s
repid ineresse in blood sugar end s regeneration of blood,
This might be the mechanism whieh controls food consumption
in case of vitamin B deflclency, Vitamin B def‘lciéncy was
found to have no effect on the alkeline reserve of the blood
‘of mursing rats, When liver glycogen was eiamined, en extreme-
lyxmgrke.d decrease was noted in the case of those young 'whoae_"
mo_.ther received no vitamin B,  Sure considered this the most
marked of any change he had observed on vitécmi-n B -deficiency,
Iack of the vlitamin B complex caused a fatty mebamorphosis of
the livers of mursing young, This was probebly due to fatty
infiltration, ¥Uncompllicated vitamin B def’i.cieﬁcy c'aus.éd no
such change. | ‘ }

Evens snd Burr (1928){47) ennounced a peculia:é die’f:ary, |
dis.eas.e of the suekling young, If young were béﬁn’ to e motharj
| on & vitamin E deficient diet, the young grew very well antil
two or three days before weaning, At this timé the young
very suddenly became paralyiad and most of tfxem died, A few
su:vived-—aithoughl they showed signs of theparalysis all their
liveg--and were sble to reproduce normal young, provi&eci vit-
am:ln E was included in their dlet, This d:l.éeéab of the young
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did not oceur on diets eontaining vitamin E,

Waltner (1920){139) investigated the effects of iroﬁ. on
blood, growth, fertility, and lactation, Reduced iren had a
harmful effect on fertility and on lactation, but both of
these affects might be cured by vitamin D, The work of Hart
{1920)(56) and of Waddell, Steenbock snd Hart (1929)(138) had
assigned the function of iron assimilation to the presence
of copper in the diet, Evvard, Nelson and Sewell {1928)(49)
had shown that very small smounts of copper as copper sulphate
were beneficial to the growth of rats and swine, Sure (1928)
(132) found that copper had no supplementary value to a vita-
min B concentrate in lactation studies,

 ,Nelson, Heller and Fulmer (1025){88) discovered that
erude oane molasses was a good source of vitamin B, Beot
molasses contained some vitamin B and sorghum & very small
smount, The erude cane molasses gave mich better reprodue-
- tive x?eaults than did yeast., Hoyle (1920)(62) found no vit-
|amins A, B, D, C, or G in West Indien or English honey, Kifer
and Munsell (1929)(66) obtained identical results except that
they did not attempt to differentiate between vitamins B and
|6

The action of minersl oil on the fat soluble vitsmins
has been tested by certaln investigatos, Burrows and Farr
{1927)(8) found that mineral oil in large amounts (24 percent
of the diet') was very toxic to rats, In smaller amounts (2,6
percent of the diet ) it geomed to prevent the action of vite-
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min A, as some of the animals showed incipient mréphthalmia.
Dutcher, Bly, and Honeywell (1927){19) reported that even
smaller amounts of mineral oil prevented the action of vita-
min A when only @ limited emount of the latter was present
in thé diet, However, the caleifylng power of cod liver oil
was not appreciably affected by minersl oil, Hawk (1929), in
8 paper presented st the jolnt meeting of -the ‘American Ghem-
ieal Soclety, showed that mineral oil did lower the calcify-
ing power of cod 1liver oil, Dutcher {1929 - personsl com--
,municition)- corroborated this—. Moness and Christiansen (1929)
(86) fed a vitamin A coneanfr‘a’i:e from cod 1m5 oii dissolved
in miveral o6il end in olive oil se that the total volume ep-
proximated that of the cod liver 011 from which the vitamin A
cencentrate was obtained, They could detect mo differences
on the twe diets. The only explanntion offered is that the
mneral oll used by ‘Dutcher and Burrows differed from that |
which they used,
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~ SOURCE AND PREPARATION OF MATERIALS USED

:'.:Eh'ere have been many instances when apparent diserep-
ancies in results have been traced to slightly different
sources of the same kind of material or to slightly different
methods of treatment of materials, For this reason, the
s.durcaa and the treatment of all the important materials used
1h the experiments discussed in this paper will be descri‘bed._

| gasein, Commereisl casein, obtained from Wilkens-Ander-
son Company, was washed for two weeks with distilled water
acldified with acetic acid, The water was drained off eaich
day and replaced with fresh water. Toward the end of the two
‘vojeks period the acetlie acid was omitted, After the finmsl
washihg,, the casein was dried in shallow pans over steam hot
glétes and then reground, This method has a‘liays gi’ven’ a
product which is low in ash and practiscally vitamin froe,

Dextrin, Cornstarch, obtained from the ‘Penick and Ford
Company, was molstened with 10;.5 Apercent' eltric acid solution
and autoclaved for three hours at 15 pounds pressure. The re-
suiting product, which was only partially dex#ripiked and
which dried easily, was dried in shallow pans ’oie'r a steam

hot plate and then ground,

Mineral Mixture, A modification of McCollum's salt mix-
turs #1’85 was used in all ofv' the experiments, The modifics-

tion consisted only of the addition of two grams ofcrystal-




lized potassium iodide to every three and one-half kilograms
of salt mixture, In preparing the salt mixture, the sodium
chloride and the sodlium, potassium and ealcium phosphates were
thoroughly drled at a temperature of 130° to 140°¢, The fer-
ric citrate and the potassium lodide were added to the other
four salts and the mixture ground very fine, fThese salts were
then thoroughly mixed with the powdered calcium iuctate and
anhydrous | magnesium sulphate, |

 Yeast, Exeept when otherwiae atated, the yeast used in
all experiments was a dried product obtained from the Fleisch-
mann Company.

Autoclaved Yeast, Distilled water was added to dried

yeast uni;il & thick paste resulted, This paste ua@ autoclaved
for five hours at 15 pounds pressure., It was then dried over

a steam hot plate and ground,

Wheet Germ. The wheat germ was a very clean product ob-
tained from Washburn ani Crosbdby,

Extracted Wheat Germ, Excbpt in special cases which will

be zientioned. in the experimental dats, wheat germ was extract-
ed for 48 to 60 hours with anhydrous di-ethyl ether in a large
contimous extragtor, The ether siphoned sbout every hour,
The extracted product eonfain'e}d. less than 0,3% of ethsr solu-
ble material, In a few cases_,l‘ the extraction was performed

using petroleum ether, boiling point 40° to 60°c, , as a solvent,
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Wheat Germ 0il, Except when otherwise specified, the

wheat germ oll was obtalned according o the alorementioned
process using diethyl ether as the solvent, The ether solu-
tion of oil wae filtered through & large pleated filter paper
to remove the finely-divided wheat germ which had besn carried
over by the ether, Moat of the ether was removed from the
01l by ordinary distillation; the remsinder was removed by al-
lowing the oll to stand in an open beaker beslde a steam hoi:
plant over night or until no odor of ether could be detected,
The gmount of the 0il obtained varied with different lots of
wheat germ, Usually sbout 10 pereent of the f»'ge_:"m» was other
soluble, The oll was kept in an ice chest in giésé stoppered
bottles, |

Putter Fat. A high grade of butter, obtained at the col-

lege cresmery, was melted at & low temperature and the super-
natant fat filtered through a soft filter paper or & piecs of
cotton vwoo.l in a hot water funnel to remove any suspended
curd. It was prepared fresh st least every two weeks, Ra-
tions containing butter fat were 'prepaxﬂed fresh éﬁ-éry two or

three woeks,

Cod Idver 0il., Squibbts cod liver oil was used in all

experiments, It was usually :_t;‘ed each day by mixing the re-
quired amount into a fresh lot of ration, The cod liver oil

was kept in the ice chest except when in use,
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Nolasses, Seversl kinds of molasses were used in the

various experiments, They were as follows:

(1) Two samples of crude cane or black strap molas-
ses, obtained from €, U, Snyder and Company, Mobile,
Alabama,

(2) Straight beet molasses, This molasses is that
which is obtained after the first extraction of sugar,
| {3) Steffen molasses, This molasses 1s obtained |
from the straight beet molaszses after treating the lat-
ter with lime to preclpltate more sugar, The excess

. 1ime is removed by the addition of earbon dioxide,

(4) Barium residue molasses, Steffen molasses is
treated with barium hydroxide %o precipitate a third
lot of sugar., The barium hydroxide 1s removed by the
additidn ef carbon dloxide, "

Three samples of best molasses were received from the

Great Western Suger Compeny, Fort Collins, Colorado,

(5) Sorghum molasses, This was & refined product
obtained from the retall market,

{8) Refined cane molasses, This was obfained from
the retall market, |

Honey, This was purchased from the retall market,

Experimental Animsls, Eats were used in all the experi-




ments, They wére obteined from the breeding colony in our
laboratory, This stock colony was meintained on & dlet of
natursl foodstuffs and the animals have always been healthy
and vigorous, It is the practlce to wean the youﬁg rats at
the end of one month, Before the end of one week from the
time of wesning, sll rats of 50 to 60 grams are started on the
various experiments, In a few cases, which w:!.li be spec:‘r.al-‘
1y noted, normal adult rats were taken from the breeding

stock and placed on experiment,

Cages, The cages, 12 by 10 by 24 inches in dimensioms,
were of galvanized iron sereen on & wood freme with & remov-
eble iron pan for the bottom, Wood shavings were used for
beddlng,




EXPERIMENTAL

Rats were ussd as the experimental animels in all of the
‘experiments to be discussed in this paper, The rats ~ all
healthy and vigorous animals — were takem from the stock
diet of natural foodstuffs when they were between roux" and
five weeké of age and welghing between fifty and sixty érams.
Usually six rats, two males snd fur females, were placed on
each of the dlets to be testad, In some cases, larger num-
bers of animals woere used, These were kept in comaapquingu
1y .largef cages. The animals were observed every day, partly
for their general experimental behavior and pertly to see
that they had an adequate supply of food and distilled water,
At the beginning of each experiment, the animals were weighed
ﬁéekly; later they were weighed every two weeks and finally,
when the curve of growth was definitely established, they
wore welghed only once a month." The c¢ages were cleaned and
fresh shavings supplied at about ten day intervals, depende-
‘ing somewhat upon the number orl rats in any one cage, |

| 'Qhe experimental work is concerned with two general sub-
Jects: first, the influence of variocus substences on repro-
duetion snd second, the influence of various substances on
lactation, In both types of e'xbefriments, the females were
‘put into individual cages as soon a8 they showed advenced
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signs of pregnancy, The number of young born and their welght
were recorded, Where reproduction slone was to be studied,
these wer‘el the only data recorded, The mumber of litters and
the number of young obtalned from the rats on a certain diet
were teken s an index of the emount of vitemin E present in
that diet.

- The ability of a dlet to promote lactation was studied
by allowing the mother to raise her young, In most cases ,
the size 'of the litter retalned was limited to eight young.
When fewer than eight young were born, all of the ’11tter were .
retained by the mother, In a few cases, more than eight young
were retained, In mo case did the litter contaiﬁ fewer then
f"i‘ve‘ of more than ten young, The young on the experimental
diets w_er§ weighed when they were thirty days of sge, The
rmmber of young weaned and their weaning weight were used as
the criteria of the mother's sbility to secrete milk adequate-~
ly. .
} The composition of the rations used are shown in the ap-
pended tables, A ration of casein 18, salt mixture (MeCol-
lumts #185) 3,7, butter fat 5, Fleischmann's yeast 12 and
dextrin 61,3 was employed as the basal or control diet, This
diet has been found to give gaad :growth over long periods of
time, Previous work in thia;l‘ laboratory {90) has shown that
12 pei'cent of yeast is nearly optimum for repreduction from
the standpoint of vitamins B end @, Yeast is also free from
any apprecisble smount of vitsmin E, Sure (1927)(115) has
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found butter fat to contaln varying but démonstrabie smounts
of vitemin E However, the results obtained on this control
ration showed no fertility except the initisl fertility normal-
1y shown by aninmals which have been transferrsd from a diet of
natural foodstuffs, MNost of the experimental rations consist
of modifications of this basal ration and the reproductive
results on the variocus rations are compared with the results
obtained at about the same time on the basal ration, This
ﬁﬁsal ration is designated ration 25,

Reproduction on diets containing g0d liver oil or butienr i?ét

and yeast or wheat germ,

On ration 25, the basal ration, four females and two

males showed better than normal growth for eight months, Fe-

production, however, was not normal, One female hed one 1it-
ter, two females had two litters each end one female had
three iittata s making a total of elght litters, or forty young.
'rheftoliowing year, a second lot of four females and two males
were fed the baaal ratlion for six and one-half months, = Three
temaies had one litter each and one female ha& two’"li_ttérs,‘a
total of five litters, or thirty young, In both ‘experiments,
no 111:1;6_1*3 were born during the last two months, indicating
that reproduction was anded.:‘ While there was some fepr(:duc-

tion on this ration, there was not enough to indieate thagﬁ |
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the butter fat contained any significant amount of _'vitamin' K,
the fertility of the first four or five moz_zths being due to
the reserve of vitamin E in ﬁhs tissues of the animsls,

Rations 28 and 29, eontaining three s.nd five percent of
wheat germ oil, respectively, in place of an equsl amount of
dextrin of ration 25, might be called the pesitive control
diets, That 1s, these rations contsined an sdequate supply
ci‘- vitamin E so that th§ reproductive performance of rats fed
these rations should be normsl, The results bear out this
contention, On ration 28, four females had a total of twenty-
nine litters, or twe hundred and forty young, All the snimals
in this lot were fertils until about the eigﬁteéntﬁ month on
the disft';-. ' Ration 29 was discontinued at the end of thirteen
months, further data being considered unnecessary, During
that time, four females geve birth to seventeen 11tt§rs » OT
one hundrad and twenty-seveﬁ young,

Rutilon 31 contained twelve percent of wheat germ, ex-
tracted with anhydrous diethyl ether, in place of the yeast of
the bassl diet, The .eﬁd;racted germ contained less than three-
tenths 'éeroent of ether soluble material, If vitamin E is
entirely fat soluble, this ration should have been deficient
in't.h:tt vitamin, %his derfydiency was confirmed by the ro-
sults, which were poorer than those obtained on the basal diet,
Four females, one of which dled and wes replaced, gave birth
to & total of only three litters of fourteen young, Growth

on this ration was normal during the seven and one-half months
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that the experiment was runm,

Ration 32 was the same as ration 31 except that it con-
taired cod liver o1l (Squibb's) in place of dbutter fat, The
results obtained on this ration are somewhat obscured by the
high mortality of the femsles. One female had one litter and
died just before the birth of the second litter, Another fe-
male had two litters and then died in pregnancy., A third fe-
male had two 1litters successfully, but dled while giving
birth to the third. The one remaining female was on the ration
for elghteen months and gave birth to ten litters with a total
of seventy-seven young, A second lot of twoc meles and four
females, one of which dled and was réplaced, was on this diet
for nine months. During this time, the females gave birth to
fifteen litters, or one hnnﬂred and five young,

Iﬁ order to test ration 32 thoreoughly, severai generations
were raised; Each generation was carried for asbout five
months or until the succeeding generation was well-established.
Two males and two females orvthe second generation produced
seven litters, or forty-two young, during seven and one-half
months on the diet, In the third genmeration, two males and
four'females produced eight litters in five months, From the
fourth generation, consisting of three meles and seven females,
.elevenAlitters, or a total'of ninety-five young, were obtained
in four months, This experiment was terminated et 2 time when
the Pifth generation was about two months old. Reproduction
had béen entirely normal in the first four generations and




further data were considered unnecessary,

The remaining experiments in this group are not expecial-
1y significant, Ratlions 34 and 35 contained three percent of
wheat germ oll, a potent source of vitamin E, land reproduction
was normal on these dlets. Rations 36 snd 37 contained twelve
percent of unextracted wheat germ -~ also a good source of
vitamin E - and reproduction was likewise normsl on these two
dlets, The dute are given in the tables, The results on
ration 36, containing five percent of butter fat and twelve
percent of wheat germ, are noteworthy, Three femeles were con-
t-inuéd on this diet for twenty-six months in which time they
gave birth to a total of thirty-elght litters, or twe hundred
and siﬁ:ty—six young., Each of the three females was fertile at
the end of twenty-six months, This indicates the possible
length of fertility of the female rat,

The affect of petroloum ether and of mineral oil on repro-
duction, |

Petroleum ether, bolling point 40° to 60°C., has been
used a great deal in this 1éboratorj as a solvent in fat ex-
tractiona. It was declded to compare the wheat germ oll ex-
tracted by mesns of anhydrous dlethyl ether with that ex-
tracted by means of petroieﬁm ether, |

Both samples of 0ll were prepared by the usuel method,
using a large contlnuous extractor, Several differences were

noted, Petroleum ether was not as efficlent a solvent as dl-
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ethyl ether, Using the same samiale of wheat germ, dlethyl
ether extracted 2.5 percent"-of fat, while petroleum ether ex-
tracted only 8,7 percent, Thls may have been due tco the slower
rete of extraction caused by the higher bolling point and con-
sequently lower rate of distillation of the petroleum ether,
Iﬁ was alsoc noticed that the odor of petroleum ether did not
completely leave the wheat germ oil, even though the latter
was heated for some time, This probably was due to a small
amount of 2 high boiling point fraction of the petro’lewix ether,
There was also some difference in the character of the two oils,
That extracted by means of 'petroleum ether was lightes in color
and slightly less viscous, |

The results obtained when wheat germ oil, extracted by
means of mﬁxydrous diethyl ether, was incorporated in the ra-
tion have been deseribed, Reproduction is normsl, When
three end five percent of wheat germ oil, extracted with pe-.
troleun ether, (ﬁations 26 and 27 respectively) were substitut-
ed for en equal smount of dextrin in the basal diet, declded-
1y different results were obtained. On ration:26, four fe-
males had one 1litter sach with a total of thirty young, Growth
wes norzixal throughout the six months of the experiment. On
ration 27, four females produced six litters, or thirty-two
young, in eight months, éﬁow’th was practically normal,

Thé. difference in the two sets of results was striking
and an sttempt was made to diécover the c¢ause, S3ince petrol-

eun ether extracted léss fat from wheat germ than did diethyl
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other, it was thought that vitamin E might be concentrated in
that fraction of the fat which was rosdily soluble in diethyl
ether, but difficultly soluble in petroleum ethsr,

' o test this suppositilon, . three kinds of whest germ oil
were prepared, The first was prepared according- to the fol-
lowing method, About one kilograu of wheat germ was put into
a five 1iterialloon flask, covered with petroleurxi"ether and
allowed to stand for three to five hours, At the end of this -
time the ether was drained off as completely as possible,
Fresh petroleum ether was added and dreined off; this process
was carried out three times, ..,’The ether solution of fet was |
filtered to remove finely divided wheat germ and the ether re-
moved by distillation, This method of extraciion removed
sbout eighty-five percent of the fat from the wheat germ.‘ In
ration 42, noc attempt was made to remove the last traces of
petroleum ether, In ration 43, it was removed by heating the
o0il for several hours in an open vessel at a temperature of
about 120°C. on an eleetric hot plate, In ration 51, it was
removed by heating at a tempersture of about -70°C, under ré—
duced pressure,

Another kind of wheat germ oll was obtained by extract-
ing with anbydrous diethyl ether the wheat germ from which
the fat had been .par‘tiallj removed by the aforementioned ex-
traction with petroleum ether., This oil differed merkedly
from that cbtained in the petroleﬁm ether extraction, being

mich darker in color and very nearly solid, The actions of
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these various wheat gsrm olls were compared with that of the
ordinary cil obtained by extraction of the whole wheat germ

f with snhydrous diethyl ether,

{ Ration 42 contsined three percent of wheat germ oil ob-
tained by pertial extraction with petroleum ether, This oil
st1ll contained a trace of the solvent, most of which had been
. removed by dlstillation using stesm as a source of heat.' Re~-

| production ou this dlet was very poor, Four females éave

f birth to a totael of only three litters, or seventeen young,

? during six snd one-hslf months on the diet, Growth was nor-

? mal, -

Ration 43 was identical to ration 42 except that the

- wheat germ oll was heated until no trace of solvent could be

| detected. The reproductive results were entirely different

on the two rations, Sixtesn litters, a total of one hundred

. and twenty-four young, were obtained from three temaies. Three
 other females on this ration died without having given birth
to any young,

In order to be sure of the efiect of small amounts of
petroleum ether in the diet, 0,5 percent of petﬁoleum ether
was added to a diet of caseln 18, sélt mixture 3,7, butter 5,
jeastilz,‘wheat gern oil {extracted with diethyl ether) 3,
and dextrin £8,3, This rétién was allowed to stand exposed
to the alr for about twe hours, when very little odor of ether
eould be detected, This was known as ration 45, Reproduc-
tion on this ration was negligible, two females each havilng
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cne litter, The lack of reproduction may have been due to the
inactivation of the vitamin & in the ration rather than to any
effect on the vitamin E, for growth was below the normel rate
and three of the six animals showed symptoms suggestive of
xerophthalnia,

Belleving that purified dlets, having a low content of
fiber, might cause constipation or simlilspr troubles in rats,
it was declded to observe the effect that mineral oll might
have on reproduction, Hence, ration 44, consisting of the
basal diet with one percent of dextrin replsced by mireral
oii (Fujol), was fed o two meles and four females, Durihg
the_firét six weeks of the experiment, three animals, t@o
males and one female, died and were replaced, Growth was
about normal or slightly below, No sign of pregnahcy was seen
at any time during the six and one-half months the experiment
was being carried on,

In'ordbr to determine whether there was any concentration
of vitamin E in that fraction of wheat germ oil which was more
easily soluble in diethyl ether tham in petroleum ether, low
levels of these oils were tested, Ration 50 contained one per-
cent of the whole wheat germ oil extracted by means of diethyl
ether; ration 53 contained-o.evbercent of the same oil; Ra-
tion 51 contsined one parcént of the wheat germ oill secured by
partisl extraction with petroleum ether, Ratlon 52 contalned
one percent of the whole whest germ oll obteined on extracting
with dlethyl ether the whest germ which had been pertially
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sxtracted wilth petroleum ether; ration 54 contained 0,2 per-
cent of this same oll,

, The results obtained on these five rations indicated no
difference in concentration of the vitamin in eny of the frac-
. tions of the oll, The four femsles of retion 50 produced a
tbtai of twenty-one litters, or one hundred and seventy-foug
young, in ten months, Those of ration 51 produced sizteen

| litters, or one hundred and nine young, in eleven months on
the diet, On ration 52, four females produced a total of
seventeen litters, or one hundred and forty-seven young in ten
months,  On ration 53, four females, one of which dled after
producing only two litters, produced s total of twentj-three
litfers, or one hundred and fifty-seven young in twelve months
on the diet, Two of the females on ration 54 dled, having
produced only one litter each, Another female had no young,
Two ot'hef_ females on this diet produced a total of tnii-i;een
litters, or one hundred and‘five young in eleven months, Thae
most significent thing sbout these last five experiments is
the smail»amcunt of wheat germ oil neeesaary?fc meintain fer-

tility,

Reproduction on dlets containing molasses or honez

¥elszon, Heller and Fulmer (1e25)(88) observed that re-
production was more nearly normal on a dlet containing crude
cane molasses as a source of vitamin B than on diets contain-

ing yeast as a source of vitamin B, It was decided to inves-
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tigate more thoroughly the vitamin E content of various kinds
of molasses,

Ration 59 contained three percent of eérude c¢ane molsasses,
Four females, three of which died, produced a total of four-
teen litters, or ninety-ome young, in eleven months on the
. diet. On ration 60, containing flve percent of crude cane
: molasses, four feumales gave. birth to a total of twenty?four
litters, or one hundred and sixty-five young, in the same
'period of time, On ration 75, containing one percent of molas-
ses, one female had one litter of five young, while the other
three females had no young.

The three kinds of beet molasses tested gave about the
same amounts of reproduction, The data is given in the tables.
In practically every case, more young were born than were pro-
duced on the control diet, but not nearly as many as were pro-
duced on thé diets containing crude cane molasses, On diet
66, containing five percent of Steffen wolasses, no young
were born, although the animals appeared to be normal,

‘Ration 70, contalning five percent sorghum, geve very
good reproductive results, Four females, two of which dled
and one of vhich was spperently sterile, gave birth to a total
_of thirteen litters, or seventy-one young.; The three percent
" level of sorghum {ration 69) gave wholly different'results,
four females producing a total of only two litters,

Rations 71 and 72, containing three and five percent, re-

spectively, of honey, gave practically negative resulis on re-
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‘production, Only‘one of the eight females on the two diets
had young and that female had but one litter of flve young,

About one year 1ater,'a second sample of crude cans molas-
ses, known as sample #2, was tested, Although this sample ep-
peared to Pe of exaetly the same composition as the first
sanple, it gave entirely different results, Six females on
ration 84, contaihing three percent of this second sample of
molasses, had no young, On the five percent level (ration 85)
six femsles had but two litters, or seveﬁ young, in seven
months, ' Doubling the percentages of molasses present during
the last month of the experiment caused no change.

Refined cane molasses (ration 86) was‘tested-ét the same
time and alse found to give entirely negative results. Six
females on this retlon had no young,

- Since vitamin E is fsat soluble, it was declded to test
for it in the fat of the first sample of crude cane molasses,
It was found necessary to dry the molasses ln order to extract
the fat, The drying process was carried out by mixing five
hundred grams of molasses with three times that weight of
dextrin and drying this mass in shallow pans over a steam hot
plabe. About two days of drying brought the mixbure to such
& state that it could be ground easily. This finely divided
mixture of dried molasses and dexitrin was extracted with an-
hydrous diethyl ethér in a continuous extractor for two days.
The molasses contained about 0,3 percent of fat, calculated

on the wet Dasis,
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Ration 76 contained an amount of the mi;ture 6r dried
molasses and dextrin equivalent to five percent of the orig-
inal molasses in the raticn, The purpese of this experiment
was to determine if the drying process had destroyed the vit-
amin E present in the molasses, Reproduction on the ration
was very poor, Three of the females had no young, whils the
fourth female had one litter of four young.

Ration 82 contained the fat extracted from molesses in an
{ samount equivalent to five percent of molasses., The fat was
dissolved in ether, mlxed wlth & weighed amount of dextrin,
and the ether allowed to evaporate completely. Thls ﬁethad
facilitated the preparation of the ration, Since the dried
and unextracted molasses had not given reproduction, the fat
from this molasses should not have done so. This was found
téfbé the case, One of the eight females gave birth to =
litter of seven young; the other females were appafently
sterile.. |

‘Ration 83 contained dried and ether extramcted molasses
eqﬁivaient'to five percent of the original molasses. This
dlet also should not have given reproduction, Hoﬁever, the
| elght femeles on this dfet gave birth to thirteen litters.
Twelve litters, or eighty-sight young, came from.only three-
of the females, Of the reﬁéining five femeles, one dled in

pregnancy and the others died apparently sterlle,
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EBffect of 1norganic substances on reproduction,

Evans and Bishop (1927)(41) have reported that the ash
of wheat germ, or of wheat gérm oll, was ineffective in cur-
ing or preventing sterility of rats, BHowever, i1t was decided
- to test the effect of the ash of wheat germ oll when used
| with our basal ration,

Two kinds of ash were used, The first, .which is desig-
nated as ash of wheat germ oil No,1, was obtalned by ashing
. the 011 in porcelain crucibles, The ashing procesé was not
| carried to completion, some carbon being unburned, because
the heat necessary to oxidize tha carbon eaused the ash to
‘melt and fuse with the porcelain, The second kind of ash,
designated ss ash of wheat germ oll ¥o,2, was obtained by '
ashing the oil in pletinum dishes, This ash was very nearly
white in color. Since muck of this latter ash became fused,
it was considered advisable to grind it in an agste moftar.

‘Ratlon 47 contained the ash of wheat germ oil ¥No,1l,
| equivalent to three percent of wheat germ oll, Reproduction
was very successful, One femsle dled at the birth of her
first litter; the other three femsles had six, sii; and seven
| 11tters of young, respectively, with a total of one lundred
and three young. From the young of ration 47 a second gene~
ratlon of two males and two females was started The fact
that both of the original males on this ration died and were
replaced was not considered sigﬁificant at the time, Tﬁeh
second generation grew normally end each of the females had
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two litters, After thls they apparently becéma sterile, A
third generation of four males:andvthree females was started
before the second generation ceased to reproduée. No young
were obtained from these rats during five months on the diet,

In order to be sure that the ash of wheat gorm oil was
responsible for reproduction, another group of aninals, con-
slsting of four males snd eight females, was fed ration 47,
Two similar groups of twelve animals each were fed ration 77
which contsined ash No,2 in place of ash No,l, The results
obtained on these animsls were entirely negative, Two femsles
died in pregnancy, one female haed a litter of two young, the
eﬁhers hed no young, Another group of four males and.eigh£'
fémales (ot #78) was fed the basal diet, None of the females
on this diet produced young. - |

Before the preceding eiperiments had been completed,

sﬁiﬁl another group of animals were started on ration 47 and
a similar group on ration 25, the basal diet, There were
flfteen malss and thirty—five females in each of these groups,
Fone of the animels on either.of the diets reproduced, This
indicated very clearly that the ash of wheat germ 0il did not
meintain fertility,

" When it was thought that vitamin E might be fbund among,
the mineral constituents, 1t was declded to feed the ash of
tne crude Gene molasses which had given good reproduction,
Ration 81 contained.ash of this molasses equivalent to five -
pércéﬁf-of.molasses. The 1nérficiancy of this ash to maintain
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fertility is shown by the fact that no young were obtained from
the group of four males and eight females,

v1tam1n E requirements of the male and femsle, }

The extraordinsry laeck of fértility on 80 many diets and
in so many snimals led to a great deal of specui#tioﬁ. It was
_dacidéd to'test as meny as possible of these animals to see
vhﬁthsr‘tha meles or the females or both sexes were sterile,
The following mwethod iaa,used. Part of the male rats on any
one dlet were placed with normal fgmales from the breeding
stock, 1If amy of the females became pregnant or gave birth
to young after a normal period of time, then at least one of
the males under observation was still fertile. The rest of
the msles and some of the femsles on this same diet were fed
the ration of natural foodstuffs which 1s fed to the breeding
stock, Thelr reproductive behavior was likewise noticed,
Formal males from the breeding stock were put in with the re-
- malnder of the females on this diet end their reproductive
behavior observed, A very large mumber of rsts from rations
25, 47, 77, 81, 82, 84, 85, and 86 were tested in thils man-
ner., In the cese of rations 47, 77, and 81,‘the'ash which
hnd been included in the dlet was omltted, the animals re-
ceiving the basal diet for the duration of the experiment.

Twenty—one meles from eleven different groups of animals
were allowed to run with normal females from the breeding

~stock for sixty deys. Previous to ﬁhis time, the malesiad




- 84 -

been on the experimentsl diets for seven months, At the end
of that peried none of the femsles had shown any sign of
pregnancy.

Thirteen males and twenty-elght females from these same
retions were fed the stock dlet of netursl foodstuffs for
sixty days. No pregnancies were observed during this time,
indicating that these males were also sterile,

About one hundred females {rom these groups were allowed
to run with normal males from the breeding stock for periods
of one hundred to three hundred days, The majority of these
females were still able to give birth to young, some of them
producing-as many as oight litters, These results follow in
datail, | |

Two females which had been on the basal diet for seven
months were with normal males from the breeding stock for one
hindred days. In that time, each femsle gave birth to three
1itters of young, About twenty-five females, which had been
on the baéal diets for periéds varying from seven to twelve
months, were with normal males for periods verying from three
hundred to one hundred and fifty days, These females pro- .
duced u totalfbf sixty-seven litters, One of the females
had eight litters, snother six, two had five litters ecach,
severalyhad'four, three, twé,forrone, dependling largely upon
the length of time they were with the normel males, Five of-
ﬁﬁ@afemales did not reproduge‘and all of the femsles becamshz

sterile after they had been on the synthetie dlet for a tobtal
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of sixteen monfhs.

Forty Ifemales which had been on dlets containing the ash
of wheoat germ oil were tested with normal males with vory
slmilar resultis, Three females produced four litters in a
period of one hundred days, Thres other females had no young
in ah equal period of time, Five females, one of which died
Soon after the start of the experiment, produced twenty-one
litters, or one hunéred and forty young, in seven months,
TWo‘females of the second generaitlon had four litters each in
siz months, Pwo fémales of the third generation produced -
fi?e litters in six months, The thirty-five females which -
were in the group of £ifty animals were with normal males for
periods varying from three hundred to one hundred and fifty
days, During that time, they produced & total of thirty-nine
1it§ers of young, One of the females had six lithters, several
had four litters each, Six of the females had no young and
all of the femsles ceased to reproduce by the end of the
fifteenth month on the experimental diet,

Since rats are coprophagous by nature, it was thought
that the femeles on these diets might have obtalned vitamin E
" from the feces of the males which had been on a dlet of'ﬁatural
féodsturfs. Ihvofder'to test'this theory, some of the femsles
Irom the large groups on rations 25 and 47 were placed With -
normal males in cages having screen bottoms, These cages al-
1owed the feces to drop through so that they were not avail-
aﬁié to ihé rats, nihe femeles of ration 25 were tested in
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this manner, They produced nine litters of young in ons hun-
dred days, Similarly, six females from ration 47 produced

.~ three litters in one mundred days; |

Elght femeles or ration Bl, containing the ash of crude

j cane mﬁlaSSes, dld not reproduce during the first seven months
; that they were on tﬁe experimental diet, When four of these

f females were placed with normal males, they prodﬁced elght

1 litters of young in one hundred days, 'Although thé'experiﬁent
| was.onded.aiter that time, reproduction apparentlé‘was'ndt :

. ended.

" Ration 82, containing the ether exiract of erude czane

| moclasses, likewlse gave no reproduction, After beiné on the
experimental diet for seven mbnths, four of the eight females
- were placed with normal males for one hundred‘and‘thirty

days, Although two of the females died, eigﬁt litters of

| young were produced befors the experiment was ended, One fe-
male gave birth to five litters,

. Six femeles on rstion 84; containing three percent of
the second ssmple of crude cane‘molasses, nad no young during
Bevén'months. At the end of this time, four of the females
were placed with normal msles for one hundred and sixty-five
days, Although two of the females died soon after the‘begin#
ning of the experiment, a total of thirteen 1litters of young
were produced, Oneo female had six litters and another had
five,

‘f~0n-ﬁhe five percent lavel of thlis same molasses (ratinh
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85) seven females had a total of only twe litters in seven
months, Four of the females were with normsl males for one
hundred and sixty-five days and produced twenty-two litters
of young,

Six females on ratlon 86, containing five percent of re-
fined cane molasses, did not reproduce in seven months, When
two of these females were with normal males for one hundred
days, they.pfoduced eight llitters of young.

Summarizing this group of data, a total of seventy-three
females which had been fed the basal diet or modifications of
the basel diet produced a total of only nine litters of young
in about seven months, When these females were ellowed to
mate with normsl rets from the breeding stock during periods
varying from three to ten months, a total of two hundred and
eight litters were produced,

Effect of forriec chloride in the diet,

Waddell and Steenbock (1928)(137) reported the complete
destruction of vitamin E in a ration composed of natural and
varled foodstuffs by the addition of ferric chloride in ether
solution to make one percent of ferric chloride in the diet,
It was decided to investigate the effect of some diets, to
which ferric chloride had been added, in order to determine
whether the males or the femeles became sterile first,

Ration 97 consisted of casein 1B, salt mixture 3,7, cod
liver oil 5, wheat germ 12, dextrin 60,3, and ferric chloride
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(hydrated) 1, The ferric chloride was ground very fine and
mixed thoroughly with part of the dextrin before being added
to the rest of the ration, The results obtained on this ex-
periment were rather astonishing, 8ix of the fourteen
animels on this diet died before the end of six weeks showing
distinet signs of xerophthalmia, The weight of the other
animals remsined practically constant,

) “The results were so different from those reported by Wed-
dell and ‘Steenboclk that a further investigation was made, An-
.cthervgroupvof'rats'were fed ration 97, using a different sam-
ple of ferric chloride. Six of the twelve animals died with-
in six weeks, exhibiting typical signs of xerophthélmia.

A second group of twelve animals were fed a diet identi-
cal to the one just mentioned except that a different method
of mixing the ferrlc chloride in the ration was used, The
ferric chloride was dissolved in dlethyl ether, the addition
of a small amount of water being necessary to cause complete

-solution, and the ether solution of ferric chloride was mix-
ed with the rest of the ration, The ration was allowed to
stand for twenty-~four hours 1ﬁ order to evaporate the ether,
The animals on this ration greéw much better than the ones on
‘the two preceeding ratlons, but their growth was still de-
cidedly below normal, Five males on this diet gained en aver-
sge of one hundred and sixteen grams in five months, while
‘seven femsles gained an average of seventy-one grams.

A third group of animels was used to test for any pos-




- 69 -

sible deleterious effects of the diethyl ether, The ration
was the same as that used in the previous experiment except

. that pure ether, contalning no ferric chloride, was added and
; allowed to evaporate, The ether‘apparently did no harm, Five
f males galned an average of two hundred snd seventeen grams in
five months, while seven females gained an average of one hun-
i dred and forty grams, These females also produced a total of
i thirteen litters of young,

| .. Since Waddell and Steenbock had reported good growth on
their diets containing ferric chloride, it was decided to in-
 vestigate the effect on.grqwth 6f a diet exactly like one
used by Waddelllapd Steenbock, Ratlon 110, consisting of
five parfs,of a basal mixture (crude casein 5, yellow corn

| 71,5, linseed o1l meal 15, alfelfa meal 2, butter fat 5, bone
ash 1, and sodium chloride 0,5) and one part of whole milk
powder, was chosen as being representative, ,

‘Growth on this diet was very good. Eight rets, four males
and four females, gained an average of one hundred smd thirty-
one grams in eleven wecks, Three females each gave birth to
ons litter of young., _

: Ration'loslwas the same as ration 110 except that enough
ferric chloride in ether solution was added to make one per-
canﬁlof the diet. The result obtained on this diet was en-
tirely different, Two of the females gained very little and
eventually died; the rest of the animals geined an average of

sixty grams in eleven weeks, There was no reproduction,
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A method was now devised to show whether the actual in-
gestion of the ferric chloride, or the effect of the ferric
chloride on some substance (vitemin A) present in the ration,
was. the reason for such peoor growth, One hundred grams of cod
liver 01l were mixed with twenty grams of ferric chloride dis-
solved in diethyl ether.and this mixture poured over two kilo-
grems of dextrin in an open dish, These weights gave about
the same proportions as were normally present in a ration,

The ether was allowed to evaporate and the mixture left ex-
posed to the air for three to four days, At the end of that
time, the cod liver oll snd most of the ferric chloride were
extracted from the mixture of dextrin, cod liver oil and fer-
ric chloride by means of diethyl ethef in a continuous ex-
tractor, The sther solution of fat and ferric chloride was
washed in & large separatory funnel, first with distilled
water acidified with hydrochloric acid and then with distilled
water, untll the wash water gave no test for iron; using the

- ferrocyanlde and the thlocyanate tests, The cod liver oil was
somewhat darker in color than the original end had slightly
more odor, Anslysis showed the presence of 0,2 percent iron,

. Ration 105 contained caseiln 18, salt mixture 3,7, ether
extracted wheat germ 12, dextrin 61,3 and cod liver oil
(treated with ferric chloride as previously described) 5,

The cod liver oil was mixed in the ration dally, Growth on
thls ratlion was poor, Eight rats, four males and four femsmles,

gained an average of thirty-eight grems in eleven weeks, To-




ward the end of this peried, the welght of the rats became
nearly constant,

Ration 106 was identical with ration 105 except for part
of the treatment of the cod liver oil, The cod Iiver oil re-
ceived the same treatment throughout as thet in ration 105 ex-
cépt that fhe forric chloride was omitted, The process ap-
‘parently caused little change in the oil, The eight rats,
vfoﬁf meles and four femsles, gained an average of one hundred
and twénty»one grams, There was no reproduction,

‘Ration 107 contained casein 18, salt mixture 3.7, ex-
tracted wheat germ 12, dextrin 58.3, butter fat 5 end wheat
germ oil 3, The wheat germ oil was treated with ferric chlor-
idé accdr&ing to the previounsly deseribed process, Sixty
grams of wheat germ oll were substituted for the one hundred
'gfamS‘of cod liver 011.. The rats on this ration grew very
poorly; in fact, some of them did not even maintein their
initiel welght, Four of the elght animals died before the end
- of two months, -

In contrast to the results obtained on ration 107 are
those obtained on ration 108 which contained wheat germ oil
receiving an identical treatment except that no ferric chlor-
ide was used, fThe eight rats on this diet gained sn average
of one hundred snd twenty-two grams.in eleven weeks,
 Evans (24,40) and Mason (69,70,71) haVe shown that the
testes of males rats fed & diet deficient in vitamin E undergo

a'rather rapld and severe cellular degeneration, Mason also




reported that the slize of the testes decresses a great deal,
Mason (72) found that deflciency of vitamin A also causes de-
generation, It was decided to exemine histologically the
testes of the animrls on the diets contalning ferrie chloride,

The testes of two animals from rations 97, 105, and 109
were fixed, lmbedded, mounted on slides end stained with
Delefleld's hematoxylin end eosin, For purposes of compari-
son, slmllar slides were made from normal rets, from rats on
the basal dlet end from rats on diets containing high percent-
ages of fat which were known to induce sterility., All these
rats were of very nearly the same age,

The testes of the rats on ration 97‘seemedvvery nearly
normal, One rat had some tubules which had degenerated almost
completely and in which no sperm were seen, The rest of the
tubules appeared practicelly noﬁmal. There was no definite
decrease in the size of the testes of anlimals on thisldiet..

The teates of rats on ration 105 had degenerated a great
- deal, One testis had a few tubules which contained sperm,
the 6ﬁher testis showed none et all, These testes were small,

The testes of rats fed ration 109 were also below the
normal size, The histological pictures were quite contra-
dlctory., In the case of one rat, the testes appeared very
nearly normal and contained ﬁany sperm, In the case of the
other rat, there was a great deal of degeneration and practi-
cally no sperm were seen,

The testes of rats fed the basal ration showed some de-
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generatlon, In one case, there was a little degeneration, tut
most of the tubules appeared prectically normal, In the other
case, sbout forty percent of the tubules appeared normsl, the
. rest had greatly degenerated and contalned no sperm, -

The testes of rats fed a diet of caseln 18, salt mixbture
4, yeast 12, lard 15, butter fat 9, and dextrin 42 showed al~
most complete degeneration, - In the case of one rat, about
; five percent of the tubules were somewhat normal and contained
| sperm, N

On & similar dlet in which the percentage of lard was in-
croased to twenty-two and the nine percent of butter fat was
replaéed by two percent of cod liver oil, there was much less
degeneration of the testes, In the case of one male, sbout
elighty percent of the tubules were nearly normal, The testes
of the -other animal showed about seventy percent degeneration,

but the rest of the tubules contained sperm,

Lactation on diets containing wheat germ, wheat germ oil end

molasses,

Sure (108,109) found that some vegetable 0ils seemed to
have the property of pfomoting léctation. Wheat germioil was
one of these, Since the effect of wheat germ oil on repro-
duction was being studied; additional data were obtained on
the ability of the mothers to rear their young on various
diets.




- On twoe groups of‘rats fed the basal diet (ration 25), re-
sults on lactation were very different, In.one case, eight
litters, or a total of forty young, were allowed to remain
with the mothers. Twenty-eight of these were wesned at an
age of thirty days, their average weight being thirty-one
grams, In the other group only one young from five litters,
ér_thirty young, was reared, HMost of the young died in the
first five~days aftér birﬁh. The number of yoﬁng in = litter
varied from four to seven,

When three percent of wheat germ o1l (extracted by means
of diethyl ether) was addad 'to this diet, lactation was
greatly improved, ~ Twenty-nine litters, or two hundred and
forty young, were a11owed to remain with the mbther. Only
fqrﬁy.ohe of these young died, a mortality of seventeen per-
ceﬁt.v The young which were weaned averaged thifty-eight grams
in weight. The number of young in a litter varied from five
to'tén.

_Ration 29, containing five percent of wheat germ oll,
‘should haﬁe givén bettef-results. However, 1t did not, The
percent of mortality was twenty-elght and the young averaged
thirty-three grams in weight when weaned,

- Data on ration 31, eontaining extracted wheat germ as a
source of vitamin B, could not be obtained since the amnimsls
on that dlet d4id not reproduce., When cod liver oil was sub-
stituted for the butter fat (ration 32), many young were ob-
tained snd lactation was studied, With one group of animals,
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fifteen litters, or one hundred snd fifteen young, remained
with the female, Thirty-eight young, or thirty-three percent,
died, In contrast to the results obtained on the basal diet,
. most of the young died between the sixteenth and twenty-first;
 days of their 1ife, Prior to this time, they had appeared
normsl snd vigorous, Ancther lot of animels on this seme diet
gave better lactation, Eight litters, or fifty-three young,
. were allowed to remain with the mothers, Fifty-one of these
young were weaned, & mortality of four percent, The aversge
weight of the young from both lots of anlmals was thirty-five
grams, |

Ration 34 contained filve pereent of butter fat, twelve
percent of .extraci;ed wheat germ and three percent of wheat
germ oll, Nine litters produced fifty-four young, of which
Pifteen died, This was a mortality of twenty-seven percent.
The young weaned averaged only twenty~three grams in weight,
When the bubter fat was replaced by cod liver o0il, {ration
.35) fewer young were weaned, but the average welght of the
young waa' much higher, From fifteen litters, or one hundred
and twenty-four young, only forty-six were weaned, a mortasl-
| 1ty of sixty-three percent, The average weight of the young
weaned was forty-four grems, Death of the young occurred
between the sixteenth and the twenty~first day.

Ration 36 contaimed five percent of butter fat and
twelve percent of wheat germ, Thirty-nine litters, or two
hundred and sixty-five young, remained with the mothers, One
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hundred and fifty-five young were weaned, a mortality of forty-
two pereent, The average weight of the young was thirty-five
grams, As usuwal, when cod liver 0il was substituted for but-
ter fat (ration 37), the mortality of the young was higher

and the average weight of the young weaned was higher, Ninety-
eight of the one hundred and forty-one young which were al-
lowed to remsin with the mothers, died, Most of the young
died between the sixteenth and twenty-first days, The mortal-
ity was seventy percent, The average welght of the young
weaned was forty grams,

The first sample of crude cane molasses, which gave good
results on reproduction, was tested for 1its sbility to pro-
mote lactation, On ration 59, containing three percent of
molasses, fifty-one young were allowed to remain with the
mothers, Twenty-three of these young died, a mortality of
forty-five percent, MNost of these young died very soon after
birth. The average welght of the young weaned was thirty-

- seven grams,

Ratlon 60, contalning five percent of molesses, gave bet-
ter results, Only five of the forty-seven young died, a2 mor-
tallty of eleven percent, and the average weight of the young
weaned was forty-six grams, These are the best results ob-

tained on any-of the highly purified diets,

Lectation on diets contalrping various grains, ‘
Guest, Nelson, Parks end Fulmer (55) found that, while
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reproduction was good on dlets contalning whest, rye, barley,
yellow‘corh, or white corn as sources of vitamin B, very few
of the young were reared. They concluded that the fallure of
lactation probably was due to a deficlency of vitamin B, It
was:decided to meke further tests on the lasctation promoting
properties of these grains snd of oats, The tests were made
on adult animals taken from the breeding. stock, rather than
on animals which had been raised on the experimental diets,
In eveéy case, the number of young in a litter varied from
six to eight., The results thus obtalned were found to check
with-thoae.dbtained by Guest and assoclates,

Retion 90 contained seventy-three and three-teﬁths per-
cent of white corn as a source of vitemins B and G, Lacta-
tion, a3 evidenced by the ability of the mothers to rear their
young, wss very poor, Seven litters contained & total of
forty-six young. Only nine were wesned, a mortelity of
eightyvpercent. The average weightfof the weaned young was
_ twenty4ona,grams. The mothers had been on,the experimental
diet for at least one month before the young were born, How-
ever, when pregnant females, which had been fed the stock
ration of natural foodstuffs, were fed the experimental ration
beginning on the day that the young were born, much better re-
sults were obtained From four litters, or twenty-six young,
twenty-two were weaned, There was a mortality of only fifteen
percent, The average weight of the young was thirty—five

grams, Evidently some substance essentlal for lactatién, .
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which was not present in white corm in sufficient amounts, was
stored by these animals long enough to ensble them to rear one
litter of young,

| Ratlon 91,,’ containing -seventy-three percent of yellow
corn, ‘gb.ve even poorer results. Six litters, or forty young,
- were born, but none were reared, These females had been on
the experimental diet for at least one month prior to the birth
of the young, Wﬁen femsles were changed from the stock diet
to ration 91 the day their young were born, results were very
1ittle improved, the mortality being ninety-four percent,

- Ration 92, containing se'venty;-thr.eev- :_oercent of barley,
gave sbout the same results as white corn, From seven litters,
or forty-five young, twelve young were weaned, a mortality of
seventy~three percent, The average weight of the young was
thirty-five grams, These females were on experiment one month’
b'efax?e the birth of the young., Four litters, containing
thirty~three young, were raised by femsles taken directly from
. the stock diet, Twenty-six of these young were weansed, a mor-
tality'of twenty~-one percent. The average weight was thirty-
‘seven grams,

Results obtained on ration 93, containing hulled oats as
‘a source of vitamins, were very much better, Out of the fifty-
‘eight young retained by thé .mbthers s, fifty-one were weaned,
The average weight of the weaned young was thirty-eight grems,
The mothers had heen on the ‘experimentlfor one month prior to

the birth of the young.
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Lactation on ration 94, containing se?eﬁfy-three percent
of rye, wes rather poor, Seven litters produced a total of
forty-four young., Seventeen young were weaned, a mortality
of fifty-seven percent, The average weight of the young was
only twenty-three grams, The mothers were on'tﬁé'experiment»
al retion one month before the birth of the young,

The mortality of the young en vation 95, contalning
.seventY—three percent of wheat, was fifty-seven percent.'
Twenty-nine young were weaned out of & total of sixty-nine
young from eleven litters, The average wsight of the young
weaned was forty-five grams. The Qothers were on experiment
for one month before birth of the young. When the females
were taken directly from the stock diet at the time of the
birth of the young, nineteen young were reared out of a total
of twenty-three, 8 mortality of seventeen perecent, The aver-
‘age‘weight of the young was forty-two grams,-

Ration 96 contained seventy-three percent of a mixbture
- of equal parts of white corn, yellow corn, harley, oats, rye,
and wheat; or about twelve percent of esch grain, From nine
litters, or a total of sixty-one young, which were born from
mothers on this diet, forty were weaned, a mortality of
thirty-five percent,  The average welight of these young was
thirty-five grams, The mpfhers were on the experlmental ra-
tion for one month prior to the birth of the young.

Better results were obtalned when the mothers had been

taken directly from the stock dlet, From four litters, or'a
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total of twenty-slx young, twenty~-one were weaned, a mortality
of nineteen pereent., The average weight 6f these young was
forty-four grems, - -

Several investigators have shown that the grains are rich
in vitamin B but not in vitamin G, It has also been shown
that young rats require a large amount of both 6f these fac-
tors, Therefore, it was dgcided te supplement the rations
conteining the varlous gralns with yeast, a very good source
~of vitem!n @, The yeest was fed at a ten percent level, re-
placing an equivalent amouﬁt of the grain which was presant.'
These ratlons are designated as rations 90A, 914, 924, and so
forth, and correspond'to}rations 90, 91, 92, and so forth.

Yeast was found to have a very high supplemgntary yslue
~in -these dlets, On ration 904, thirty-two young were reared
out of thiriy-four“young from five litters, The average
welght qffthe,young was forty-five grams, Mortality on ra-
‘tlon 91 was one hundred percent, On ration 914, fifty-seven
- young were'weaned out of sixty-five young from ten litters,
‘a mortality of only twelve percent, The everage weight of
'the weaned young was fifty-tﬁo grams, On retion 924, the
”-mcr£a1ity of the young was reduced to fifteen percent, while
thevavérage weight of the young was raised to forty-seven
grams, On ration 944, the mortality wes reduced from Fifty-
seven.té seven percent and the a&erage welight of the youngv
increased from twenty-three to thirty grams. On ratlon 954,

the mortality wes decreased from fifty-seven percent to Pour
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percent and the welight of the young increased from forty-five
to fifty-one grams, On'éation 96A, the mortality decresased
g8lightly to twenty-three percent and the weight of the weaned
young was raised from thirty-five to fifty-one grams,

The least conclusive results were obtained on the ration
containing hulled oasts, The addition of ten percent of yeast
to ration 93 caused an increase in the mortality from twelve
to twenty-five percent, while the average welight of the young
increased from thirty-eight to forty-seven grams, However,
since the results obtained on the cats ration were very good,
it was hardly to be expected that yeast could have much sup=-
plementary value,

If, as seemed probable, vitamin & was the limiting fac-
tor in these dlets, then auteclaved yeast should have prac-
tically the same supplementary value as the untreated yeast,
This was found to be the case, On ration 90B, containing
ten percent of autoclaved yeast, nineteen young were weaned

-out of a total of twenty-seven, a mortallty of thirty percent,
The average weight of these young was forty-three grams,

On ration 91B, thirty-five young were weaned from a tobtal
of thirty-seven, a mortality of six percent, The average
welght of these young was fifty-eight grams, These results
probably were lnfluenced hj ihe fact that four of the five
females tested were taken directly from the stock diet,

‘Somewhat similar results were'qbtained on rations 92B

end 93B, On the former ration, fifteen young were weaned out
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of a total of twenty, a mortality of twenty-five percent,

These young averaged forty-three grems in weight, On ration
938, fourteen out=of.f1f£aen young were weaned, s mortallty

of seven percent, The average weight of these young was forty-
four grems,

The behavior of the young which.died seemed to be char-
acteristic.of~th§se_rgtions. The young grew well for about
ihe first two weeks, sometimes longer, and appeared sleek
and healthy, At the end of this time, they died within a
period of one or two days, Autopsy showed that the stomach
and intestines alﬁays were empty at the time of death,




DISCUSSIOR QF RESULTS

Sure {107), Evans and Bishop (35,34), and meny other
workers have demonstrated‘that vitamin E is presént in wheat
germ oil and not in the extracted wheat germ, Evans and
Bishop {28) concludedvthat_therg was a small amount of vitanmin
E in butter fat., Sure (115) stated that butter fet contalned
varying but demonstrable amounts of vitamin E, According to
Evans and Blshop {28), cod liver oil was notably dsficlent in
vitemin E, Surs (113) corroborated this. However, Nelson
and sssociates (89,91)'obtained very good reproduction through
geveral genérations on & ration in which cod liver oil and
yeast were the only sources of vitamins,

Very little needs to be sald aboub the effect of cod
liver oilﬁ»wheat-germ and wheat germ 0il on reproduction as
shown in the data of thiS‘éaper. It seems undeniably true
that the particular kind of cod liver oil used in these ex-

periments is a good source of vitamin E, Sure (107) reported
| that the extracfed wheat germ used in his experiments con-
tained 0.4 percent of fat and'thaf this amount was not suf-
ficient to maintain the Pertility of the experimental animals,
The extracted wheat germ used in these experiments contained
about 0,3 percent of residual fet. Hence, it 1s reasonable
to believe that this sample of extracted‘wheat germ contalined
less vitamin E than did #he'éémple used by Sure,

The results obtained on ration 31, in which butter fat

and extracted whea} gebm‘were the only sources of vitamins,
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prove fairly conclusively that this germ contained very lit-
tle vitamin E That the maintenance of fertility was not due
to the greatly increased smount of vitemins A or D present in
cod 1iver oil has been ﬁroved by Sure and by Evans and Bishop.
The braﬁds of cod liver oil used by them, which did not give
rebfodﬁction; were.biblogically tested and shown to be rich
soufceé of vitamins A and D, The only possible conclusion

1s that the brand of cod liver oil used in this laboratory is
& good source cf vitamin E,

Wheat germ 0il is a potent source of vitamin E, This was
demonstrated.by the reproduction obtained when various per-
‘cents of 1t were 1neorporated into a ration in which butter
f§t and yeasi were the ohiy'othar sources of vitamins, Prac-
i;icailjzioml reproduction was obtained on the 5, 3, 1, and
0.2 peféent levels of wheat germ oil, Just what the minimum
level of wheat germ 0il ror normal reproduction is probably
depends upon the kind of ration into which it is incorporated
and the particular sample of some of the other ingredients of
the ration, sudh as the butter fat,

When ‘wheat genm oil extracted by means of petroleum
ether, failed to give reproductien, an explanation was sought,
.Although it had been noticed that the odor of the petroleum
vether was not entirely diasipated from the oil even after
heating to about 75°G. for several hours, little significance
was attached to this fact, It wes suggested that the odor

and aﬁ_accompanying taste might cause the ration to be un--
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palatable, Howévaf,‘no.m§rked difference in food'consumption
was noticed (although records were not kept) and the growth
of the ahimﬁlé wés normal, The possibility of a concentration
of vitamin E in a fraction of the wheat germ oil which was
difficultly soluble in petroleum ether was disproved when no
appreoiable difference could be detected in the reprodnction
of the anxmals which were receiving the various fractions of
the wheat gern oil.

While the results obtained on ration 45, to which 0;5
percent of petroleum ether was added, do not prove that the
effect of the petroleum ether was to-inactivate or render un-
available the vitamin E of wheat germ‘oil, they do prove that
a Smalllamouﬁt of petreleum ether in the diet may have a
great effect, Burrows and FArr'(8) and Putcher, Ely and
Honeywell (19) have shown that the presence of mineral oil
in the diet prevents the assimilation of limited amounts of
vitamin A, Hewk has reported that mineral oil also linmits
-~ the calcifying power of cod 1iver 0il, It would be ;ogical
to assume that petroleum ether, since it has the same chemil-
cal nature as mineral oll, would have a similar aetion.

It was observed that the rets on the diet containing pe-
troleum ether (ration 45) suffered from an eye trouble and
did not grow at a normal rate, In~othervwords, 0.5 percent
of petroleum ether (mudh of which eVaporated) was able to
1nactivate or in some maenner render unavailable the vitamin A

in ten times as much butter fat, It is impossible to say '
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whether the petroleum ether had any effect on the vitamin E

of the ration, since the deficiency of vitamin A would be
sufficient in litself to prevent reproduction, However, it is

| very probeble that the vitemin E and the vitemin A might be

similariy affected, Ratlons 26, 27 and 42 contained wheat gem

oll which contained e trace of petroleum ether, The rate of

. growth of rats fed these diets was normal over fairly long

fperiodS“of'time; Although some of the vitamin A may have been

 rendered unavailable, the diets contained sufficient amounts
for normal growth; We may conclude, therefore, that more vit-

iamin.A is required for reproduction than is required for nor-
mal growth, or that vitamin B is very easily destroyed or
rendered unavailsble by the action of small emounts of petro-

_leum‘ether;

Mineral oil has the same action a&s petroleum ether, though
the former doss not seem to act in quite as low concentra-
tions as does the petroleum ether, Ratlon 44 consisted of the
basal diet with one percent of dextrin replaced by minerzl 911.
Growth on- this dlet was nearly as good as on the basal diet,
but no young were horn, Since each of four females on the
| basal diet produced one litter of young, while the four fe-
males on ration 44 had no young in the same period of time,
it appears that mineral oilliﬁ some way prevents reproducfion.

One sample of crude cane molasses appeared to be a good
source of vitamin E, At any rate, when three or five per-

eent of this molasses was incorporated into the basal diet in
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place of an equal amount of dextrin (rations 59 and 60), very
good reproduction was obtained, ‘At the end of eleven months —
at which time these experiments were ended —. all of the fa-
males which remeined were fertile, Three kinds of best molas-
8es and refined sorghum also contained appreciable amounts of
vitamin E, though not as much as the first sample of crude
cane~molasses; Thers seemed %o be considerable variability

in the behavior of the animals on raticns 63 to 70 (inclusive),
which contained different kinds of molasses, Several of the
females died in pregnancy or in parturition; However, more
reproductlon occurred; and fertility was maintained for a
longer period on these dlets than wes the ecase in rats fed

the basal diet. Therefore, we feel justified in saylng that
the three kinds of beet molasses and sorghum contained vita-
min E, Honey, on the other hand, gave no reproduction and ap-
parently contained no vitemin E,

The attempt to secure reproduction with the fat from
‘crude cane molasses as a source of vitamin E was disappoint-~
ing, As a preliminary step, it was necessary to dry the
moiﬁsses.‘ The dried molasses was found to have no power to
prevent stérility, The fat which was extracted from this
dried molassss likewise had no anti-sterility properties;
However, the dried snd fat-free molasses gave fairly good re-
production, the females remaining fertile for eleven months,
These contradicting results are difficult to explain, One

hesitates to luvolve a toxicity factor, although it is pos-’
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s%ble that the drying process had cqused the formation of soms
substgﬁcé which promoted sterility and which was extracted by
the ether, The most probable.exﬁlanétién is based on results
which were 1§ter oﬁiained on many‘of the same rats, It was
. found that the males on many of these synthetic diets became
:permanenfiy-sterile near the beginning of the expériment,
whiié the females remained fertile for a much longer pébiod of
| time., It is possible that one or more of the males on the
dlet coitaining the extracted molasses (ration 83) remained
fertile for some time, The reprodﬁction observed on this diet
. would then bevdue‘to the fertllity of one or more males,
| At the sane time that the afdrementioned experiments were
5e1ﬁg carried out, & second sample of crude cane molasses and
a sample of refined cane molasses were being tested, The ef-
fect of thé<ash of wheat gern oilvand of the ash of molasses
- on rep:oduction was also being tested, using a large number
of animals, Eor purposes of campérison, 2 large number of
;animais'wére«fed the basal ration (number 25), These animels
 weré,on the'synthetic diets for seven months or longer and
‘none of them reproduced, In seeking an explanation of this
.sterility, 1t was discovered that all the males on these var-
_ious.diets.(fations 25, 47, 77 80, 81, 82, 84, 85, and 86)
were. permanently sterils, but that the females, when mated
with.normal males, remained fertlle for several months

~If the sterility of the males is the direct cause of the

total lack of reproduction on this group of rations, it is
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difficult to explain why the females are able to remain fer-
tile for so much longer periods, It seems hardly possible
that enough vitamin E could be supplied to the female}thiough
the feces of the males which had béén on é diet of fxatural
féods. It was found that reproduction occurred when the
animﬁls were in a cage with a screen bottom which prevented
access to the feces, It was mlso found thet reproduction oc-
curred even though the males had béen away from the stoek
diét for eight months, This i1s an extremely long time for the
males to store vitamin E in their tissues, especially since
, they must constantly eliminate enmough to maintain the fertilal
ity of the femsles in that cage, It should also be remembered
that onlyjé small‘percentage of the.feces are eaten, as they
are thrown out when the cages‘are cleaﬁed. Therefore, it
seems highly improbable that the reﬁeated instances of long
fertility of females on synthetiec diets was>&ue to vitamin E
 which was ellminated by,the'male.v There 1z, of course, the
.pogsibiiity_that the groupé of males used In thess experi~
ments_weré in.some way physicaliy'nnfit. However, this pos-
sibility seems very'remote wheh one considers the large num-
ber of animels used, .1t does seem probable that.the vitamin
E requirement of the male and the female are quite different,
Eiﬁher the male requires # mﬁch 1arge amount éf vitam;n B than
does the female, of the male requires a different factor —
posSibly some'fracticn of what ﬁe now kmow s vitamin Ef

Tha results obteined on ﬁhe first grdup of rats which -




wore fod ration 47, containing the ash of wheat germ oil,
probably were due to the fertility of one or both of the males
present, Both of the originél males of this group dled and
were replaced by young males. For some reason, at least one
of‘the latter aniﬁals remained fertile for about seven months,
during ﬁhich time a large mumber of litters were born. It ié
poésible that the samplé of butter fat used at that time was
unusually rich in vitamin E,

Waddell snd Steenbock1(137), in reporting the destruc-
tion of vitamin E but not of vitamin A by ferrie chloride,
stated "All of the animals on the various retions grew well
and apﬁeéred'ﬁorﬁal and vigorous", The work done 1n.this lab-
or#tory'does not confifm the work of Waddell and Steenbock,

On none of fhe rations containing ferric chloride did growth
even’apbroachithe hqrmal rate, This wes true of s case in
which the ration was identical to one used by Waddell and
Steenbock, Some nf the animals died with symptoms of vitamin
A deficlency after being on the dlet sbout six wesks.

'-There aée two possiﬁle eiblanations to account for the
diécrepanéies'between the results obtained in the two labora-
tories, Flrst, the samples of ferric chloride used may not
have been éxactly the same, Second, the age &t which the
animaia weré'started-on'thé expér1menté1 diets'may have csused
different results, Waddell and Steenbock used enimals which
were two months old and had been on a stock dlet during that

time, The animals used in this laboratory were from four %o




five weeks old end ccnsequently had a much smaller vitemin re-
serve in their tlssues,

The most astonishing of the results obtained when ferric
chloride was used was that secured on ration 107, This ration
contained three percent of wheat germ oil which had been treat-
ed with ferric chloride and then}washed neerly free from the
ferric chloride, Analysis showed the presence of 0,3 percent
of ircn in the wheat germ oil, This gives a concentration of
0,04 percent of ferric chloride hexahydraté in the ration,
Yot the rats fed this diet grew wvery poorly and showed decided
signs of vltemin A deficiency, Seversl reasons have been sug-
gested to mccount for these results, First, the ferric chlor-
ide or some of the degradation products formsd from the fat
by the action of the ferric chloride may aet to destroy the
vitamin A present in the ration., Second, the ferric chloride
may destroy fhe vitemin E completely, and very small amounts
of vitamin E may be necessary for growth and well being,

- Third, the ferric chloride may have caused the formation of
toxic substances, The author favors the theory that the fer-
ric chlofide causes the formation of oxidative catelysts or
of péroxidés which, in turn, causes the destruction of the
vitamin A, . | | |

Histologiesal exémination of the testes of male rats
which were on these diets showed that degeneration was taking
place, This may have been due to the deficlency of vitamin A
1n the rations; Rats on dletas known to produce sterlility




- 92 -

showed more testiculer degeneration than did the rdats on diets
‘containing ferric chloride.

| Evans (23), Surs (108,109}, and Grijns (53,54) have sug-
gested that there may be a specifie vitamin necessary for lac-
tation, Sure stated rather Spééifically that wheat germ oil
was one of the oils which prevented sterility and promoted
lactation, The results obtained in this laboratory do not
indicate very clearly that wheat germ oll may have such func-
tion, To be sure, on rations 28 and‘zg whiech contained
three and five percent, respectively, of wheat germ ¢il, a
higher percentage of the young were weaned and thg average
welght of the young on weanlng was higher than was the case
on the basal diet, However, these results did not’show any
unusual success with lactation. |

The results obtalned on lactation when wheaf germ was

substituted for the yeast of the basal diet did not indicate
the presence of a lactation promoting factor in wheat germ
oil. In faét,.slightly better results were obtsined on a ra-
tion contalning no wheat germ oil than on rations containing
it, ‘The mortality of the young from two groups of mothers on
ration 52 was twenty-four percent, while the mortalities on
rations 35 and 57 were sixty-three and seventy percent, re-
spectively. The composition of these diets was the same ex-
cept that ration 32 contained twelve percent of extracted
}wheat germ, ratioﬁ 35 contained twelve percent of extracted

wheat germ and threé percent of wheat germ oil, and ration 37
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contained twelve.pereent of unextracted wheat germ, The aver-
age weaning ﬁeightAof the young'shnwed some variation, On ra-
tion 32 it waS'ﬁhirhy-rive grams; on ration 35, forty-four
grams; and on ratién}ﬁ?, forty grams, Although the weaning
ﬁeight‘df'the young increased as the amount of wheat germ oil
in the ration increased, the mortality of the young was much
higﬁér on the rations containing wheat germ o0il, These re-
suits'canihardly be 1nterpreted to mean that wﬁeat germ oil
has any great effect on laectation. ‘

Some difference was noted between the 1a0tation secured
on . diets in Which the source of vitamin A was butter fat or
‘cod liver oil {rations 54, 35, 36, and 37). Rations 34 and
36, containing butter fat, gave a fairly low percent mortal-
ity; buﬁ.the~wéight-of the weaned young was low, The cérres-
pording c¢od liver oil rations caused s higher mortality,vbut
those young which were weaned were mch lerger snd healﬁhier.

| Molasses, previcusly shown by Nelson and associates to
be a good source of vitamin B, as been shown in this paper to
be verj beneficial in lactatlon, This result may be due to
the presence of a lactation promoting factor or it may bedue
to an addifion to the vitaminsg B and G content of the ration,

Various investigatérs ﬁave shoﬁn that graihs are much
richer in vitamin B then in vitamin G, Sure (119,120) hes
shown that the nuréing young of the rat requi*es rather large
amounts of both vitamin B and vitamin ¢ and that the 1actating
mother uses these vitemins very inefficlently, The ve;y poor
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.lgqtation obtained on,diets 90 to 96, which contelned the var-
;qﬁs g:ains_ag a source of’vitamins,é and G, were probably due
to anhinsufficieney'of vitamin G, Thié is proved by the fact
vthat the addition of yeast caused a very marked increase in
the ability of the mothers to rear their young, The percent
mortality of the ‘young was greatly lowered and the weaning
weight was greatly 1ncr¢ased on the dlets containing yeast,
The fact that sutoclaved yeast — which is = good‘soufce of
vitamin G but npt,of vitamin B - had a simlilar supplementary
value to these diets was even more conclusive»proof that the
only deficiency of these grain rations was vitamin G, The
fect that autoclaved yeast was not quite the same in value asg
ths untreated yeast was probably due to the partial destruc-
tion of the vitamin G in the sutoclaving process, Williams,
Waterman-and Gurin (142) have reported that such destruction
might occur. | |

Whatever the factor may have been that was required to
‘ 1nsnre proper lactation, 1t camnot have been stored by the
@oﬁhers fbr any‘iength of time, When the mqthers were taken
frq@ the stock dlet and plééed on the experimental dlets the
day the joung were born,‘most_of the,young‘were successfully
reared However, When ‘the mothers had been on the experiment-
al diet for one month or more,'the diets were not adequate for
1aetation. rhe.young of all the mothers on these diets grew
very well fof fhe first two weeks, During this time, no dif-

ference was apparent in any of the young, If yeast was added
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at ﬁhis‘time — but not before -~ the. young continued to grow
normelly, - If no yeast was added, most of the animals died
suddenly, Vogt {136) found that the vitamin requirements of
the nnrsing young were very great, but that they were forti-
fiead by a vitamin reserve-taken from the mother when they,were
borh.‘ The sudden death in the case of so meny of the young
is believed to mark the depletion of their vitamin G reserve,

| If vitamin G 1s the chief deficiency of these rations
and if the deatﬁ of thé suckling young is due entirely to this
deficiency, then the various mortalities may be used as an in-
diéation of the relative enounts of vitamiﬁ G which are présent
in these grainé. The results indicate that yellow corn is ,
'ﬁery}deficient in this vitemin; white corn, barley and rye con-
tain a small-amount; wheat contains a lerger amount, and oats

st111 more,
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Reproduction was horﬁal’dn diétécontaining,five percent
of cod 11verf011 and-twelve percent of extracted wheat germ,
Vbry little reproduction was obtained on diets contain-
ing a source of vitemin E (wheat germ 0il) and smaell amounts
opretroleum ether, Mineral oil {Nujol) also prevented repro-
duction, |
One sample of e¢rude cane molasses gave very gcod results
in reproduction, Three kinds of beet molasses and sorghum
gave more reproducfioh than was obtained on the bassgl diet,
Diets conﬁaining‘honey did not give reproduction. A second
sample of crude cane molasses and a sample of refined cane
molasses did not glve reproduction. The esh of wheat germ
01l and the ash of crude cane molasses mawxinefficient in pre-
venting sterility.
. On severel synthetic diets the mele rats became permanent-
ly sterile soon arter the beginning of the experiment, Fe-
| male rats on the same dlets were able to produce young over a
long period of time.
~ Animals fed diets containing one percent of ferric chlor-
ide or diets containing cod liver oil or wheat germ oll which
had been treated with ferric chloride, did not grow normally.
Some of the animals exhibited signs of vitamin A deficiency. _
| Lactation on diets containing wheat germ oil was not ap-
preciably better than on diets containing no wheat germ. 011

Ths ftrst sample of crude cane molasses had a beneficial of-
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feet on lactation, Rations contalning yellow corn, white corn,
‘barley, rye and wheat as sourees of vitamins B and ¢ do not
give normal lactation, The deficiency in these grains is cor-
reéted by the sddition of yeast or of autoclaved yeast., Oats
gs & source of vitamins B and G gave fairly good lactation,




- 08 «
CONCLUSIONS

1, Squibb's Cod Liver 0il 1s a good source of vitamin E,

2, Small emounts of petroleum ether and of minersl oil may
prevent reproduction by inactivéting or rendsring unavailable
the vitamin A and the vitamin E of a diet, |

3. Some samples of crude cane molasses are good sources of
vitamin E, Three kinds of beet molasses and sorghum contain-
ed a small amount of vitamin E,

4, Vitamin E is not contained in the mineral constltuents
of wheat germ oil or crude cane molasses, | |
S¢ Bale rats require either a larger amount of vitamin E
than do the females, or a different vitamin -~ possibly soms

£ractian.of}What we ndw know as vitamin E,

6. Ferrlec chlorlde prevents growth and reproductibn by
destroying the vitamin A and possibly thé vitamin E which are
_présent in the diet.

T Evidence is not sufficlent to show that wheat germ oil
contains a vitamin which is necessary for lactation,

8, Crude cans molasses ts beneficial to lactation,

9. !éllow corn, White corn, barley, rye and wheat do not

eontain sufficient vitamin @ for lactation.
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the afore mentioned extrection
ly extracted with petroleum ether

y extracted with petroleum ether

1 was that oll obtailned by
011 #2 was o1l #1 which had been heatsd to 120°C to remove petroleum ether

01l #3 was the ordinary wheat germ oil
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Table VI

Reproduction on diets containing

cod liver oll or butter fat and yeast or wheat germ

: tNO. OF:NO- of‘: — 3 n —

Ration;No. of: males: fe~ :No. of:No. of ;TotaIQCurve ;Months
Number: fe- : males : males:litters:young: of : on
: males: 38ied : died : :born :growth: die.t

25 4 2 o 0 .8 | 40 N 8
254 4 2 0 0 5 0 § 6k
28 4 2 1 0 29 - 240 N 18
29 4 2 1 0 17 127 N 13
31 4 g2 2 1 3 14 N 73
32 4 2 3 0 18 149 N 18
32A 5 . 2 1 0 15 105 N 9
3g2) 2 2 0 3 7 42 W | 74
323) 4 2 1 o 8 48 N 5
32(8) v 3 2 0 11 95 N 3=5
54 4 2 2 1 9 54 ¥ 7
35 4 3 0 1 16 120 W 11
36 4 3 1 2 42 27" N 26
37 4 2 1l 0 16 141 N
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Table VII

Effect of petroleum ether and mineral oil on reproduction

T . : tNo, of: T : : :
Ration:No. of:No. of: <fe- :No. of:No. of :Total:Curve :Months
Number: fe- imales :males :males :litters:young: of : on

smales ¢ : died :digd : tborn :growth: dilet

42 4 2 0 . s} 3 7 N 6%

43 "‘ 6 2 4 1 16 124 X 103

44 5 4 1 2 0 0 - 63

45 4 2 2 2 2 8 - 61
46 5] 2 2 0 .12 91 N 10
80 4 2 1l - 21 174 N 10
51 4 2 1 0 16 ‘ 109 X 11
52 4 2 1 0 17 147 N 10
53 4 2 2 0 23 157 i 12
54 5 2 2 1l . 186 123 ] 11
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Table VIII
Reproductlon on dilets containing
varlous kinds of molasses
: : tfo, of: : : : :
- Ration:No. of:No, of: fe~ :No. of:No, of :Total:Curve :Months
Number: fe- :males :males : males:litters:young: of T on
: males: : died : dled : ¢ born:growth: dlet
59 4 2 3 1 14 91 W§ 11
60 4 3 1l 2 24 165 N 11
63 4 3 3 0 9 68 N 84
64 4 2 1 0 8 43 N 8%
65 4 2 2 1 7 37 N 8%
66 4 2 1 0 0 0 N 8%
67 4 2 1 1 3 11 N 83
68 4 2 1 0 8 51 N 8%
69 4 2 1 0 2 13 N 8%
70 4 2 2 0 713 71 N 8%
71 4 2 0 0 0 o 8%
72 4 2 3 0 1 5 N 8
75 4 2 o 0 1 5 N 8%
76 4 2 2 0 1 4 ¥ 7%
g2 8 4 11 1 7 N 7
83 8 4 5 | 0 13 96 N 3
84 6 3 0 0 0 ‘0 N 7
85 6 4 0 1 2 7 N 7
86 6 3 0 0 0 0O N 7
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Table EX

Reproductlion on diets containing

molasses, ash of molasses snd ash of wheat germ oil

with

spoecial refererce te length of fertility of the female

bor :males:

Na. ¢ Noe.:Months

-
g

:
[~
L
o

:malogimalestmaleaslit=: diet
- +dled :died :ters:

Yomales placec
with normal males
. O Y TINO O
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t 40

of : on :
fo- :Ho.0f: lit=
ma.le.a:d.ggs « ters
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0 7 :: 3 100 4
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0 7 :: 4 100 B
0 7 2 4 130
0 7 i 4 165 12
2 7 :: 4 168 21
o 7 2 10 7
O 712 :: 5«22 300~ 67

3 150
0 7-12 :: 5«26 300~ 30
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Table X
Lactation on diets containing

wheat germ, wheat germ o0ll and molasses

Ration:No. of :No. of:No. of: Percent :No. of.Average
RNumber: Litters-Ybung Young :Mortality:Young :weaning

sdled :weaned :welght
25 8 40 14 35 26 31
254 5 30 29 o7 1 28
28 29 240 41 17 199 38
29 17 127 34 28 93 33
31 3 14 14 100 0
32 15 = 115 28 33 ™ 35
32A 8 53 2 4 51 35
34 9 54 - 15 o 39 23
35 15 124 78 63 - 46 44
36 39 265 110 42 155 35
37 16 141 98 70 . 43 40
59 8 51 23 45 28 37
60 7 47 5 11 42 46

83 7 42 5 12 37 51
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Table XI

Lactation on diets contalning various grains

2 : :No. of: tNo. ol :Average
Ratlon:No. of :No. of:Young : Percent :Young :weaning
- Rumber:Litters:Young : died :Nortality:weaned:weight

90 7 46 37 80 9 21
Q044 4 26 4 15 22 35
90A 5 34 2 6 - 32 45
90B 4 27 8 30 19 43
91 '6 40 40 100 0 -
91 5 32 20 o4 2 30
91A 10 65 8 12 57 . 52
91B 5 37 2 6 35 58
92 b 45 33 73 12 35
Q2% 4 33 K 21 26 37
92A 7 46 7 15 39 47
92B 3 20 5 25 15 43
93% 8 58 7 12 51 38
934 .6 44 11 25 33 47
93B 2 15 1 7 14 44
943 7 44 2 57 7 23
94K 4 28 2 7 26 30
953 11 69 40 57 29 45
954 3 23 4 17 19 42
O5A 9 59 2 4 57 51
96% 9 -6l 21 35 . 40 35
o6k 4 26 5 19 21 - 44
96A 6 40 o 23 31 51

% The mothers had been on the experimental diet for
at least one month prior te the birth of the young.

#%* The mothers were taken from the sbtock dlet and
placed on the experimental diet the day the young
were born.
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