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NInCXUCTICN

A numver of factors othcr than inacejuate cietary intake can cause
malnutrition, inclucding conditions that interfere with absorption or
utilization of rutrients, or thosz that increase their requirement,
destruction or excretion. M"lrese 'coniiticning factors! as Jolliffe
terms them have one point in common: they increase voay regyuircements
for specific nutrients or precipitate nutritional deficiencies on diets

)

thiat would othLerwise bz adegyuate were such factors not operative.®
(Ersiioff, 1945). & general group of factors (stress factors) which in-
crease body reguiremants for esszntial nutrients irclucde pliysical exer-
tion, fever, drugs, toxins, abnormal envirommental conditions, presmancy
and lactation,

In rccent years considerable inforrmation has accumulated concerning
tne vitamin reguiremerts of animals suvjected to stress broughit about by
marked changes in hormone levels within the body. It is a matter of some
importance whether marked chianges in the level of any particular hormone
cause a concomitant incrzase or czcrease in the need for various dietary
nutrients, Such an effect of a particular hormone‘mi;ht conceivably ce
of aid in (1) kelping to elucidat: a possible interrclaticnship bLetwcen
the hormone and the dietary nutrient in normal metabolic processes,

(2) differzntiating vetwcen the ill effects caused directly by excessive

amcunts ov deficiencies of certain hormones and thiose duec to an accompany-

ing increase or decreass in reguirement of dictary nutrients and



(3) establisuing tue level of hormone secretion at widch supplementation
of a particular nutrient is required.

The most extensive investigaticns concerning the relation vetwesn
enaocrine secretions and diestary needs have veen concerned with the
thyroid. nyperthyrcidism has been suown to increase the need for calories,
certain vitamins such as &, thiamin, rivoflavin, pyridoxine, niacin, folic
acid, ascorbic acid and minerals. hypothyroidism presumaoly decreases
the need for these nutriznts. Hyperthyroidism has alsc been shown recently
to increase the need for vitamin By,. It has further been demonstratec
that marked variations in estrogzen or cortiscne levels in tue body can
alsc increase tne requirement for vitamin By, and possibly other dictary
growtli factors in rats, Supplementation of tne ciets with vitamin By,
ana antibiotics partially or completely prevented manifestation of dietary
deficiencies induced by hormonal changes.

'ie present experiment was undertaken to detzrmine whether or not
the reguirement for vitamin By, coulda bte altered under tne stimulus to
growth induced vy administration of anterior pituitary growth horrorne,
It has already veen shown that growth hormone increases the rsquirements
for vitamin A (Lrshoff and Deuel,19L5; Margitay-secht and wallner, 1937)
and pantothenic acid in rats (Lotspeich, 1950) . It was postulated that if
vitamin By, were reguirea for optimal growth, then the additicnal stimulus
to growth incurred oy the aministration of growth hormone would result in
an increased need for this vitamin. Such an incrcased neec, it was believed,
would be indicated by the precipitation of the symptoms of a vitamin By,

ceficiency, the most owvious of whicii would be retarcation of growth rate.



The actuel data obtainec in itlie experimsnts reported here incicate that
growth hormone may not incrcase the neea for vitamin By, and may even

reduce reguirements for this vitamin under certain experimental conditions.



and Tl U8 SICLOGTCH L we2CTS CF Gl TH HLGHRS



KLVIS! OF 3IOLCGIC.L BFF.CTS OF GnClIH HCiiCila

~

I. Zffects on Body Grewil: and Protein Metabelism.

As early as 1512 Cushinz reported tunat removel of the anterior
pituitary in growing animals stopped growth and precipitatzd a loss in
vody weigut, Later, numercus repcrts indicated that rsplacement therapy,
eitner by injection of the extract (svans and Long, 1922; Fracnkel-Conrat
et al., 19LC; Marx, Simpson, Keinhardt and svans, 1yL2) or by cdaily im-
plantation of wuole pituitary (Smitn, 1923, 1927, 1¥3C) resulted in a re-
sunption of growth,

The acministration of anterier pituitary extract or implantation
into normal animals was shown to result in gigantism in young animals
(Putnam et al., 192€; Smith, 1923, 1927, 1930). Similar treatment of adult
animals gave results wildch were sgecies devencent. In dozs but 1ot in rats
acrcmegaly occurred. Lowever, in botnk species a marked visceromezaly
occurred (Putnam et al,, 192¢).

Cne early report (sryan and Gaiser, 1932) incicated that the ultimate
body size of rats following anterior pituitary "growili Lormone" injection
was not largsr than could be obtained oy proper dietary means, The changes
in body composition of ajdimals after treatment with pituitary extracts
causing accelerated growth have been studied by scveral werkers (Dowas,
16305 wadelin, 1932; bGierring and kislscen, 1Y¥32; Lee anc Schafer, 193L) .

Lee ana Schafer (193L, 1v3%) nadz tuc rather important finding that on a

given yguantity of ti:ie same focd, animals truatea with antorior pituitary
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extract grew faster in weight than untrezted centrols. Their data indi-
catec that (1) treated animals on an ac licitum diet consumed 10 to 15
percent mcre food than the non-treatsc contrels, and (2) tie treated
animals gained more weiglht tnan the untreated, even if pair-ted.

Ihe interpretation vy these autunors tnat the antericr pituitary growth
hermone stimulated true growth was susstantiatec by Brues! work in 1Y30.
His cata shwwz¢ a more rapiui liver regoneration aftsr partial nepatectom
in rats ingjected with anterior pituitary than occurreu in untrezated control
animals. Tre liver oi the injzcted rats ccntained more watcr, asn and
protein tiian dia the liver of tie cortrols. It was also found that all
visceral orwvarns grow more rapicly following hermere injectiors than aid
the bouy as a wuole,

In contrast to the results obtaired by the above mentioned workers,
Kleiver and Cole reperted (193%) that tiey did not find any significant
differznce in tue ash:, fat or protein ccntent of injectcd ana control rats,
Since true growth is generally interpretad as accumulation of protein, it
was reascnanle to expect that an important function of growth hormone
would oc the retention of nitrogen, which in turn increaszd tne protein
content of tue vody tissues.,

Barly reports (Teel anc Watkins, 1929; Gaebler, 1933; harriscn and
Long, 19L0) have indicated tuat yrowth promoting pituitary extracts caused
a reduction in voth tre vloud non-protein nitrogen and urinary nitrogen.
Later work (marx, Magzy, et al,, 19L2; Fraenkel-Conrat et al., 19L2) with
vartially purified grewih Lormone have confirmed tlese results. In 1937

douchin succeeded in re.ucing tne alkali soluble protein cemponents of the
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liver following tne injection of anterior pituitary extract and supgested
Ttne existerce ol a protein mctasolizing hormone distincet from the lacto-
zenic, tuyrotropic, carovohydrate metaoolizing, fat metabolizing ana
zonacotropic hormones.

Tr:e administration of anterior pituitary extract to dogs was repertzc
tc have a sparing effect cn protezin, i.e., tliere was a dzcrease in protein
catabolism (uidirsky and Swadish, 1930). It was also wemcnstrated trat if
tie extract were administerzd to dugs suseguently eviscerated, ar. in-
crzase in tnz rate of non-protein nitrogen accumulation resulied in these
degs as compared to tue untreatsd evisceratzc augs. 7This was interprcted
as incicating vhat the exiract increased the rate of protein metabolism
in muscles, out that the effect was not apparent in the presence of the
aodeminal viscera, 'The sawme workers revorted that in the absence of the
pancreas, the anterior pituitary increased rather inan depressed the rate
cf nitrog:en metavolism, It was postulatzcd that a dual action of such
extracts on protein resultzd in (1) dirsct stimulation of protsin catavolism
in tiie muscles and (2) an incircct stirulation of protein anzbolism,
throuzhh stimulation of tiie pzancreas,

Gaculer and rnebtinson (19L2) reported tnat anterior pituitary sxtract
could induce nitrogen retocnticn in a cog lacking tiyroid, pancreas and
poth adrenals, An earlicr report bty Gacovler and Bartlett (1939) inaicatec
that the administration of anterior pituitary extract to normal dogs caused
an increass in urine volune, witer intuzke, tody wel. it and oxy jen corsunp-

n phegocate ard nitre sen excrztion in tue urine was also
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In a review Scskin (19i:1) concluded that the arterior pituitary
extract accelerates protein catabolism and gluconevgenesis from protein
oy the liver, out that in the presence of the pancress the effacts of the
anterior pituitary are masked Ly the opposing action of insulin.

Harrison and Lorg (19L0) demonstrated that anterior pituitary ex-
tract reduced urine nitrogen excreticn, non-protein nitrogen of the btlood
and bleod sugar, altbough ketonuria was increased, In addition, these
workers made the important finding that the above effccts persisted even

Ler adrenalsctomy,

Li ana Zvans (1947) in a review stated that although their early
experiments ware performed witn crude or partially purified preparations,
it appeared likely thiat tie growth promoting action of the pitultsry was

3

accompanizd by either an increase of protein awnabolism, or a dscrease o

Hy

prctzin catezcolism, or botn. The work of Fraenkel-Conrat et al., (1942)
cemonstirated a aecrease in liver arpginase content in rats stimulated with
a purifisd growth hormone preparation and seemed to incicatz that protcin
catavulism had indesd been inhioited, Gacbler et al, (l9h9) studied the
elfect of growth hormone upon several erzyme systems, including liver and

kidney D-amino acia cxidase and muscle succinic acid dehydrogznase. Thelr
data indicatzd thiat, with respect to these particular enzyme systems, tue
concentration of the enzyme in the respective tissue was constant, They
concluded that this indicated synthesis in direct proportion to tissue
arewth,

ihe effects of growth hormone upon body growth in general and nitro;en

retention with accompan;inz protein syntuesis in particular Lave veen

summarized by Li (1940) as followss



(a) retertion of urinary nitrogan

(o) lowsring ot uvlood amino acid conceniration

(¢) 2levation of tue protein content ard a decr=ass in the fat
content in the carcass and tlymus

(d) elevation of the tlood alkaline phosplLatase ana inorgznic
phosphate levels

(2) elevation of the rivenucleic acid content of the liver

=

(£) entancement of amino acid urtake into rrotein in the skeslstal

grodtll hormone performs these protzin anabolic

f&l

Irrough whniat mechanisms

functions is as yet unknown.

Ii. wfiecis on Carbonhydrate iletavolism,
1y

The mechanisms vy which growth hofmone stimulates carbohiydrate meta-
polism are asyet unknown; tiat such stimulation docs occur can scarcely
be doutted., The work of Mirsky and Swadish (193¢) bLas already been cited
as inaicating a possible relationship vetween growih Lormone and pancreatic

activity,

alloxan and nmaintained on a constant fuod intake, a sisnificant nitrogen
retention and gain in weizlit wers cobtained upon injcction of pure growth
rowtns Lormone and the diavetopznic factor

hormone. Morz evidence that

g
in antzerior pituitary extracts may ve the same has vwven provide-d by
noussay and Leloir (1937).

In a very recent report vy haben and Lestermeyer (1952) evidence

is offerzd that the ciavetosenic factor of tne pituitary is not isentical



Wwitn growtn hormone, The authors assert that yrowth hormone prepared
from a glacial acetic acid sxiract was egyual in growth promoting effccts
to other purified extracts, but did nct producc diapetes. kussell (193¢,

19L2) after having done a consicderablez ancunt of work on tlie effects of

(&
o

growth hormone on carbolydrate metabolism, concluded that growth hormone

agninistered to rats is concerned not orly with the preservation of body

o
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during fasting, but alsc witn the cisposition of this sub-
stancz when fed, In a later report, Illinsworth and husscll (1951) re-
ported that a single intraperitouneal injection of rewtii normone in
adult fasted rats caus=c¢ an increascd accumulation of gljycogen in the

gastrocnermius, heart and diaphragn muscles,

III. bifects on ths Skesletal Systen,

The influerce of the pituitary on the grewth of the skeleton has
been known for some time (Dott and Fraser, 1923; handelsman anc Gordon,
193C) out the specific effects of growth lhormone on the epiphyseal

cartilage of nypopliysectomized animals have been described more recently

—

)
0]

ct

Freud et al., 1939; iay et al., 19L1). Kibrick et al., (1941) concluasd
that these effects were as fellows: Maypophysectomy rapicly initiates a
loss in tiie dimensions of tue epiphyseal plate, despite tue fact tuat
crowth of tue cartilage and bone may continue for a shert time in tie
syoung animals after removal of tie pituitary. This loss in tuickness
reflects the initial disturbarce of the equilibrium that rorrally exists
bLetwsen chondrogenesis and ostecenesis, administration of pituitary

growtil hormone rapidly restores the dimensicns of the cartilaye plate ty
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stimulating, first, chondrorenasis anc then osteogenssis until an egui-
lioriws is reestablisuned M

Becks et al., (19L9) have shown Lhat acministration of srowth hormore
to Lypopliysectomized rats, even alter postoperative intervals of a year
or longer, was ablce to reawcken chondrogenic and ostsogenic processes
in the epipuyseal cartilage of the tibia to an extent comparakble to that
scen in normal, jyoung, growing rats,.

In early studies cencerning the relation beitwsen the groWth promoting
effects of anterior pituitzry ana the thyroid, Evans, Simpson and Fencharz
(1939) concluded that the growtin effect oblainsd with anterior pituitary

extracts were not aependent upon the thyrcid tut that they were greater if

the thyroid were prossnt. karx, Shmpson and bBvans (1942) reportea that
purified tiyroproiein did nct itself possess a growth stimulating action,
although it did exert a true syncergism with growtih promoting pituitary
extracts in Lypophysectomized rats, Such synergism is not meciated by the
tiyroid since it occurs even in the absence of the thyroid gland.

More recently, a ereat deal of information has oeen gained concerning
the possible mecnanisms involved in the action oi growih tormone and of
thyroxin on vone growtl and differentiation. HMost of the work in this
arza has been done with rats tlgyro-parathyroicectomized at birth. Several
rcports (Salwon, 193¢a, 193tb; Scow and Simpson, 19L5) indicate that such
animals exiiivit a marked retardation in growth and maturation., Later,
several workers (Scow and marx, 19L5; Becks.et al., 19LC) showed that tue
administration of growtii hormone caused an increase in rate of growtu,

both in body weigiit and length, without an increase in the rate of
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maturation, apparerntly tne growth hormone is essential for growth, i.e.,
increased aimensions, but is not avle to siimulate the process of dif-

erzntiation or maturation in the thyro-paratuyroidectomizea animal, Tue
thyroid was found to be nzcessary for the latter process.

It was suggested by Scow et al, (1949) tuat tie mechanism by which
thyroxin therapy corrects the retardec growth in thyro-paratigyroidectonized
arirmals was to restere in part at least the production of growth hormons
by the pituitary. ‘Tue non-cndocrine viscera of suchh injected animals were
ma&intained in propcrtion to body weight with the excoption of brain and
eyevall, Tlie endocrine and reproductive viscera aeveloped only in the
rats receiving thyroxine,

Further eviadence by Koneff et al. (1949) of the histological changes
in the pituitary of thyro-parathyroidectomizcd animals tended to support
the theory that tihyroxin tiierapy caused the release of endogenous growth
hormone. It was founa that thyroxin administration alone was responsible
for restoration of tlie acidophiles, tne putative source of growtn normone,
Histological evidence for the changes in individual bones also indicated
that thyroicectomy markedly retarus skeletal growth and differentiation,
and that growth Lormone stimulates growtn witnout ¢ifferentiation, (zecks
et al., 195C) . Thyroxin alone was demonstrated to stimulate growti and

Fala)
L

differentiation. There was no augmentation of either of these eflzcis wuen

both hormcnes wzre administered togetner,
These relationsnips vetween the effect of growtn hormore and of

tiyroxin have veen summarizec by Aslirg et al, (1951) as follows: "it

appears, that, in rats, growil: hormone is a polent stimulus to skeletal



12

growtly, but has little elffect on maturation, while tlyroxin directly
advances maturation but stimulates growth only slightly. By administering
these hormones concurrently in properly balancea dosages, a normal balance
vbetween growth anc differentiation may ve estaplisued, The necessity of
toth hormones for this balance is best shown vy studying their actions in
thyroidectomized-liypoplysectomized rats

Growth normone has also been stiown to be independent of tue thymus
gland, although thymus Lypertrorhydoes occur in thue intact animal upon
the injection of growth hormone (nuinhardt, iarx and Evans, 1941), This
may simply oe due to an increase in protein anavolism causing an increase
in tiymus protein., Cne other action attributed to growil hormone may be
mentionea, and that is the so-called "renoiropic eifect", It was reported
by Selye and ¢ensen (1946) that crude extracts of the anterior pituitary
caused pronounced enlarzsment of the kidneys, and that this renotrepic
effect was greatly enhanced by tne simultaneous administration cf thyroxinec.
The increase in size of the kicneys was much grzater than could be expected
from the growih hormone content of the extract, although other anterior
pituitary preparations failed to exhibit any significant renotropic
notency. Kochakian (1949) reportea that androgens markecdly increase the
size of the kidney, wuile purified growth hormone does so only slightly,
It seems possible that the crude extract used by Selye and Jersen (19L.)
contained sufficient gonadotropuic hormone to cause stimulation of androzen

production, whici in turn elicitea the increase in kidnesy size.
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VITi I Byp VI

In 19LG Smith, kickes et al. (1946a) anrounced the isclation of tie
anti-anemia factor in the scmi-pure staite and gave it tae name vitamin B,
or erythrotin, Vitamin B, was found by Shorb (19L{) to be iuentical

witii one of the two unidentifisd growth factors required by Lactobacillus

lactis Dorner, and both of these unidentified factors were present in re-
fined liver extracts,

The supssguernt woerk on the actions of vitamin By, may ue most con-
veniently diviced into several categories, Cne main line of stucy lLas
ocen the effects of vitamin By, in the treatment of pernicious ansmia,

4 second has been concerned with the effects ot vitamin By, on tody growth
and its specific role in metabolic processes, and a third has dealt with

the relaticn vetween vitamin 8y, and various endocrine secretions,

I. Effects of Vitamin 3,, on trythrcpoesis,
12 ]

Thie work dealing with the effects of vitamin 38,5 in the treatment
of pernicious anemia is primarily of a clinical nature, but many cf the
findings have contributed to tne elucidation of its functions in various

metabolic processss,

response when injected intramuscularly into patients witl sddisonian
pernicious anemia in doses as small as 3 pg (West, 19L¢) , althoush the

7
actual amount reyuired to produce a maximum reticulocytosis ressponse was
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o to 10 po (rall and Campbell, 194&; Ungley 194la, 1948b). 4n aversge
maintenance dose was 10 ug every two weeks (Ungley, 1949). Vitamin Bya
was also stown to be effective in nutritional mscrocylic ancwia anc
tropical sprie  (Patel 19LL; Spies, Suarez et al., 1949). Vitamin By,

prepared from S, grissus cultures (Dunlop and Wilson, 1949, Hiller and

Hoorhouse, 1949) and vitamin bq .y, prepared from S. aurcofaciens cultures

(Lichitwan et al., 19L9) were apparently as effective in pernicious anemia
as vitamin 3,5 prepared from liver extracts,

In a later report (Hausmann, 194L9) it was indicated that vitamin By,
existed in certain substances in the form of conjugates, inactive in
pernicious anemia until they had besn digested with hogs! stomacu mucosa
or with paucreatic enzyme extract. It was further suggested that these
conjurates mizht be identical with Castle's "extrinsic factor" (Castle
1929; Castle et al., 1930; and Watson anc Castle, 1945). Ternoerg and
Bakin (1949) sihowed that tne active principle in gastric juice long desig-
nated as the "intrinsic facter" was in reality a protein which combinec
with vitamin B,, (extrinsic factor) to form a complex which was resistant
to the aestructive clanges wrought upon 8;, itself by tne digestive
processes, It has been suggestad that these interrelationships favored
suvstitution of the term erythrotin for vitamin b,,, apoer;tihecin for
intrinsic factor, and erythein for the complex. Beerstecher and Edmonds
(1952) have offered evidence for the existence of an apoerytuein precursor
in the gastric mucosa and suggested that it was provaoly icentical with
the intrinsic factcr.,

The availability of Co®0 labeled-vitamin B;, has been of consiceravle

aia in thz study of thz cdistrivution of this suwstance under virious
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experimental conditions. wWelch et al, (1952) using radioazctive By have
suoan tihat the intrinsic factor is involved in tue removal of vitamin 5,5
from the gastrointestinal tract.

Lang and Chow (1952) Lave stucied the effect of age on retention of
Co®® laveled-vitamin 5y, and have found that ia rats excretion is greater
in young animals tnan in oldzr oncs. Tie rate of disapvecrance of Co®°
laceled-vitarin 8,5, from vairious organs of the rat ias also bzen studied
(Harte, Chow, Barrows, 1952) . Following tire auministration oif a single
dcse of Co®Y laveled-vitamin By, more racicactivity was locatsd in tie

kianziys than elscwner2 after the first aay, but this amcunt tenced teo

)

cecrease snarply with time., Lesser absolute amounts out muchi bigher con-
centrations of activity were found in the pancrzas, The amounts of
activity in the liver remainci essentially constant, or even increased
with time. They conclucea that the vitamin in livcr must be associated
witu the protein moiety, since the total amount of racioactivity ramained
constant but the concerntration rcse when the liver plycogen was mebilized

as a rasult of caloric deprivation,

II. Vitanin 34 and Sony Growbic,
13 J

The effects of vitamin 2,5 on thc growth of animals have vecn widely
stucied in ths past few years., Cary et al, (17L4) and Lartman (19LL)
dzscrited a "facter X", tie absenca of wunich resulicd in a decline in the
srowth rate cof rats, a dscline tiat bicame more markea when ing protein

The factor appeared to be sirmilar to

ct
=
W
]
',_I..
&
=
4]
W
1]
()
o
.

content of the cie
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the so-called animal protein factor (APF), which increased the hatcnability
193%) and the growth rate of chicks main-
taired on an all vegataole protein ration (Harmond, 19LL). It was alsc

imilar to a factor in cow manure that stimulateu the srowth of chicks
(ubin and Bird, 194c; Bird et al., 19Lc).

Crystalline vitamin £y, was founu to zxhibit animal protein facter

activit, for chnicks fea soy tean meal as lihe sole source of protein; it
was as effactive as the cow manure factor in stimulating the growin of

al
L.,

l3

chicks (Ctt et al., 19Lt; Lillie, Denton and Bird, 194¢; Lillie
19L9). It also increascc the growth rats of rats on a factor X-depleted

diet, showing tnat vitzmin By, plays a furdamental role in the utilization
of protein (nar ruman, Dryden and Cary, 1549) .

Some evidence has accumulatod irdicating that vitamin 3,5 is concuernea

in tae

w

with transrethylation. In the first place, on a dict complet
known vitamirs, the growth of chicks was imnroved by supplemontation with
citoline cor petaine; subseyusnt addition of a liver paste conlaining little
ciioline was even mer2 cffeclive and further supplementation witl chiolins
or betains then Lay little effect (Gillis and lorris, 19LY). Crystalline
vitamin =, 5 has also be2en shown to increase the growti rats ¢f chicks on

a diet low in choline, kenal injury in rats cue to a low chcline and
methionins intske was minimizsd by the addition of vitamin 35, toc the

1

ciet, angd the gain in weight was alsc increasca, bubt not when auzynate

o
arounts of cholire were fed (Schawfler, Salmon and Strength, 1549) .

It ias Geen shown (#emmztt, Joralemon and Halpern, 1932) that rats

on a "lavile metuyl free" Lwmoc,stcline diet containing folic acid are
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asle to maintain normwal livers, and that without 5y, such animals ccasz

to grow and fetly livers result, sats fed diets containing 1t casein
siowad siens of an acute cheline deficiency in ten duys, and the accition
of vitamin By, ana felic acid reduced trz liver fat ana prevented kidney
damage (Fischor and Hall, 1952).

Vitauin 3,5, had a marxed lipotropic effcct when injcected into rats
fed a bdgn fat dizt (Orill and wcCormick, 1919) . The administration of

vitamin By, to rats prezciding acute carvon tetrachloride intoxication

w

prevented liver irjury (Povper et al., 19L9).

i)

Several investigators reported that vitamin 5,5 plzsyed a role in

nitrocgen retenticn and presumabtly in protein metabolism, It was reportec

b

that the circulating tlood of chicks receiving 50 pg of vitawin B;, per
kilogram of feed cortained less non-protzin nitrovsn and less of each of
seven amino acids than cic the blood of vituwiin Bpg=deficicrt ciiicks,

In addivion, the birds fed tie supvlement crew more rapidly and utiliz:d
tre fend more efficicntly than did the By,-ceficient controls. The autiors
coricluded that vitamin By, arpears te function ir metacvolism oy enhznecing

the utilization of circulating amiro acids fer building f'ixed tissucs

(Charkey ct al., 1950) . Vitanin 33 ,-dcficient chicks were loss avle

D}
O
=

witlstana tie texde efflzct force fzd glycine (Stern et al., 19:1) .

©

Such an effect would tenu to supwort the theory tiiat vitzmin B, , cnhiances
tne utilization of amino acids.
rore recent work (Cliow anc tarrows, 195C) on rats rais=d on a coru

soy vean diet indicatea that the grouwth rate but rot the efficiency cf

nitrogzen utiiization was increzaseo by the acditicn of vitumin 255, These



auittors corcluces that vitz.in £y oes not ennance tie viclozic valus of

iz or fat

30y cean protszins, cub way pla, an imgirtant rols in
metabolisn,

‘12 carcass corpusiticn of rats f2d on a cern-soy clet has also ueen
investivatel (Line and Cliow, 1752) and tie rosalts indicale a low fat,
nign water end nermal rrobein content, woile iz sulfideyl content of
tha cleod cells wzs low, cu2 yprimarily to a lowsrea glutaibdconz content,

The adninistration of vilzmin 3, corrected thesz avrormalities, It was

Turther domonstrated that a Ligh carbohydrate dieb, couplec with thz ir-

ecticn of slucuss coula alsu cause a decrezase in the glutztiiionsz contont

of tune rea vleod cells., The autiors suggcsted tihat the ol

carvchyurate diet could be cue to an incroaszed utilization or rzjuiromont

O

£ oviterdin 255, The fact that 3p,-deficient rats nad smaller carbolydrate

rzscrves, and that intraverous injections of jluccse wers poorly ubilizod

C v

Ly tesc animals was ofizred as support fcr this theory,

IIT. Intorrclaticns petlweon Vitamin 5,5 ant bnoecrine Soerations.

Scveral raporis nave o.cen concorncd with the ralation sctbaeen Ule

level of various erncocrine socreticns and vitamin By, metavoliss,  ials
f2d raticns containing thyroid-zctive raterials requirsd a factcr pressob
liver, fish soluplus an’ tomatoszs fcr sroush (Letheil and Lardy, 194
The facter was present in anti-pernicicus ancemia active fractions, ovut
whereas petheil and Lardy \l,;,) wrerson (19LY) and weites (13.C1) founa
vitarin 8y, to be active, krghoff (194r) found it to be incflzctive.

4

stent resulis nave :n oobtainee wren attorpts were wa 2 to use

)
(&l
e

Incensi



gyrertiyroid rats for thie assay of vitamin Z,,. The assay was vased on
tie assunption that bypertnyroidism inuuced in rats by fesdin: lodinated
cascin caused a depletion off vitamin 45 bouy stores., nowsvir, it has
veen clairec that the tast is rnot specific for vitemin By,.

Liver extracis active in pernicious anemia faziled to stimulabe the
4

grovwth of tryroloxic clidcks, and crucz livar extracts discarced from

anti-pernicious arnemia fracticns were biphly active (wicuol, Rrodbles,

16L9) . Vitzwdin by, roplaced thc anisal protein fzcicr of inject-

¢ livsr preparations waen testoed on thyrotoxdce chicks (hichiol,

(=5
(@]
—

Districh, et al,, 1y.7). In normal cricks, raximum srowth was not oo-

tained until oilier suonlerents were aaded (Stokstad et al., 1509).
i 3

zlso siwun Lo pe less effective than 1:20 liver

w

Vitamin 54,5 wa
powder in count.oracting the crowll depression inducec Ly feeding toxic
levels of iccinatec cassin to normal male and to oopuorectemizea female

rats (hatts et al., 1551) . Little diffcrerces in response to these twe
supplements were noted in similarly fed normal females and castrate
malas.

kL rapid depletion of tue liver stcres of vitamin 3B, , was rervorted
to te acconrlished by a cizt containing sulflasuxidines and locdiratec caszin,
but free of cuacline and vitamin 3,5 (Travers ard Cerscedo, 1992). The
zrowtl. of these rate was stimulatec by the aidition of vitarnin 3,5, and of
cheline, Vitamin 2,5, was found to bz without effect il choline wer:
presznt in an adeguate amourt, and ciwline coulu prevent to a lar. e
exlent the deplation of the liver stores of vitamin By,.

veites and 3hay (1751) nave saown that vitamin Sy, is acle to over-

core the grewtn retarding effects of dlethylstiloestrel arna thyroprotein

>



wren given inciviaually or in combination to young rats, The vitamin in-
crzased the food consumption bub did not alter the avility of either of
tne two hormones to depress tiie testes waight or the ability of diethyl-
stilbestrel to increase the weight of the sswinal vesicles. Tlhese
autiors also statec that vitamin 5,, did not alter the turnover of thyro-
protein in the rat, since the increasz in the vasal metabolism of rats
given tiyroprotein was wnaffected by the administration of vitamin Bi,.

It las also veen shown that deciczated wiole liver or yeast can overcome

o)
16}

tiie inhibiticn of ovarisn cdevelopment in immature rats fed huge doses of
alpha-estracicl (Ershoif and Deuel, 19463 Ersuoff and mciilliams, 154¢).

Meites (1y50a) has studicd the effects of vitemin By, on thiouracil
action in rats, ke concluded that vitamin 3,5 can overcome the growtl-
retaraing acuion of thicuracil in female rats, even tuoush the thiouracil
depressed thyroid activity, as measured oy tue uptake of racioactive I'3%,
ne ovelieved that these findings suggested that vitamin By, dees not re-
guire thie meciation or the tlyroid to exert its anavolic effects on
growth, Litby and rieites (1952) stucied the effects of vitamin By, and
penicillin on thiouracil action in chicks and fcunc that these two sup-
stances partially or completcly counteracteu the grewth depression and
reduction of appetite causced by ti:iouracil administration to young chicks.
ieituer the vitamin nor the antibiotic had any effect on the scvere
inhitition of como growth induced vy thiouracil. In a study on the eifects
of vitamin By, on normal thyroid function, reites (1970v) fouad that when
the vitamin was incluied in the diet of normal or thyrcprotein-treated

rats, the growth ratcs of itnese animals was increased. ne found, however,
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that there was no significant effect on thyroid weiehit or uptake of
racioactive 1131, and concluded tuat vitamin By, does not aller normal
tiyrcid activity in rats.,

The effects of vitamin 8y, on the survival and growtih rates of joung
rats svojected to tuyro-paratiyroicectony has besn studied (ncites, 1952).
Such animals supplied with 50 or 200 pg vitamin By, per kilogram of dict
showed an increase in survival and growth rates over similarly treated
animzls which aic not receive vitamin By, in the aiet.

Wwells and Kendall (19L0) and Ingcle (19.0) have demonstrated that
laree coses of cortisone warc able to inhibit voth body and Lair growth
in rats, and that tnese effects have veen partially attributed to the
recuction in the availaoility of protein (&ngel; Hoberman, 19:0) . “inter,
Silcer and Stoerk (l9b0) reported that large doses of cortisone reduced
normal food intake in rats. In 1991, Heites reported that viteamin o4,
and aureomycin were aole to counteract the inhibition of body, hair anc
thynius growth induced by injecting immature rats with large doses of

vcin ana a combina-

cortisonz, Vitamin by, was more effective than aureomy
tion of the two was wore effective than either gziven alere., The actions
of the vitamin and the antiviotic in overcoming the effects of the aduin-
isterew cortiscne wz=re accoumpanied by an increased food consumntion and a
sreater efficiency in convzrting food into body weisht gains,

ved that a deficiency of a particular

m

While it is generally oeli
norrmone decreases the reed for various vitamins, there are several reports
which incicate the reverse may be true, that is thiat low hormonal levels

may actually increase the nced for certain nutricnts, As alrzady noted
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extreme hypothyroicism as well as extreme hyperthyroiuism appears to in-
crease the need for vitamin B,,. Dwmm and walli (19L€) lave reportzsd that
in rats subjectec to adreralectomy, pantothenic acid increased survival

ana rasistance to various stresses., leites (unpublisned obscervation) has
also found that vitamin By, and aureomycin increase survival time and body
welent in adrepalcctomized rats on a vitamin 8, ,-deficient diet, Shaw

and Gresp (19L9) hLave demonstrated tuat in rats subject=d to nypophysectomy,
survival and growtn rate have been enhanced by puriiied diets adejuate in
all known nutrients and apparently rich in vitamin B,,.

To summarize the actions of vitamin B, ,, it has besn demonstrated
conclusively that tne vitamin is identical with the antipernicious anemia
facter and exerts a powerful stimulus to erythropoesis. Abuncant evioence
is also availaple tuhat vitamin By, is a powerful stimulus to growth in
immature animals, and is doubtless icentical with the so-callec "animal
protein factcr"., Though tue mechianisms by which the vitamin exerts its
influence on body metabolism are as yet not fully known, numerous repcrts
indicate tnat it acts favorably on protein synthesis. In addition, scveral
reports nhave indicated a possible role in fat metabolism, rinally, con-
siderable work carrieu on by Heites and others seems to indicate that
vitamin By, can ccunteract some of the undesirable effects accompanying the

admirnistration of large Juantities of hormones.
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pArenlBNT I, nelation Between dntcrior Pitultary Growth rnormone ana
Vitamin By, in tire Grewth-Flatcaued Female hat,

PaOCEDUe

forty female albino rats of tine Carworth strain, weishing 230 grams
were placed on tne following vitamin Byg-deficient diet (Zucker and Zucker,

19-0) for three wecks:

Yellow corn meal Co (oy weisht)
Ground wheat 255
Linsced o0il meal 105
Soyvean oil meal 2%
Alfalfa leaf meal (&2
srzwers yeast 3
Soaium cnlorice 1%
During tuis period it was deternined that tune animals had reacued a " rowtn

platcau" and were gzaining only tlirece grams per week, At the end of this
depletion period the animals were divided into five groups of eizut arnimals
eacihi and were placed in individual cages.

Tne experimental diels consisted or the basal vitamin B, , deficient

b4

diet supplemented with crystalline vitamin B1," in amounts ranging from
100 to 200 pg per kilogram of diet. Animals receiving growth hormone were

injected subcutaneously each day with 1 mg. anterior pituitary growth

lormone . Cn the 2¢ti day of the experiment, .Qléy (by weizht)

b~ - . . - . 1 . ~ o N
® Crystalline vitamin £,, was surnlied tirough tihe kindness of Herck
and Company, Inc., hahway, New Jersey.

3¢ -

The growth hormone was furnisned by the kindnecss of Dr. I. Ii.
Buncing of Armour Laboratvories, Chicapo, Illincis. Une gram of
tiiis crude pituitary preparation -3 has an activity equivalent
o approximately LO0p of pituitary growth Lormons standard 22 Ku-2
and tnis material is contaminatzd to the extent of approximately
Tp with tlyroid stimulating lhicrmone in terms of the naw U, S, P.
Standard.
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Protamone” was adasd to the dicts of the animals receiving growth hormone.,
Body weight and food intake were mzasursd every two days.

i#fter LO days all animals were sacrificed and the kidneys, tigmus,
svlean, adrenals and ovaries removed and weighed to the nearest tenth of
a milligram on a heller-Smith valance,

The following formula was used to calculate the standard error of the

mean (S. E.) in this and the other two experimentss

£d?
Il( r_«—lS

[

nuSULTSe

Figure 1 shows tne average body weight plotted against time in days.
Taole I shows the average bocy weignts at the beginning of the exporiment,
at 20 days, and at the terminetion of the experiment, Tavle I alsc shows
the averape daily food intake and the focd intake per gram gain in vody
Wweizhit. The animals on the vitamin 3,, deficient dict (group 1) gaincd
as much as those receiving 200 pg of vitamin By, per kilogram of food
(group 2) ard were somewnat more efficiert in utilizing their food. hats
receiving growth hormone alone (group 3) or with vitamin B1z 1in the diet
(groups L and 5) gained approximately 20 grams more weight and were more
efficient in utilizing tneir food tnan animals on the vitamin By, deficient
diet and not receiving growti hormone (group 1).

Table II shows tlie weighits of the tissues per hundred gram btody weignt.
The weights of all organs from animals receiving growth hormone and thjyro-
protein are larver tuan thoss from animals eitlier on the vitamin 2,, deficient

diet or on the diet sucplemented with vitamin by,.

% An iodinated casein product containing thyrcexine, manufactured by
Ceropiyl Lavorstcries, Ransas City, inissouri.
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1 = Coutrols.
2 - 200 i&. vit. Byo/kg. diet.
3 = 1 m2. growvth hormone,

¢ 9.016 pct. Protamone added to diets

3.4 and R,
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b - 100 4g. vit. Bip/ke. diet + 1 mg erowth hormone/day,
| - 200 hg. vit. Bjo/kz. diet ¢ 1 mg growth horzone/day.

5 10 15 20 25 30 35 40
DAYS
Figure 1

Effect of vitamin Bio and/or growth hormone cn the body
of mature female rats,

welight
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ViSLe 1
EFFaCT OF VIT.Z.Ii Byp Aww/Oit Galilo nOwiOMS ON sCuY WoIGHT
ianD FCCD InTike IN THo Gik0.TH PLATaatbD FAIALE R

average rooc inlake

Group Treatment hverace Body “t. (Gm.) (Giiy)
Gricinal &t 20 bays rinal Daily Ter Gram Gal
in Body L.t.
1 Controls 2ec X3 okt L oesy re 1T 22.4
2 200 pg. Vit,
By por Kg. 220 23 2o yooanh it 1Lha 36.1
Diet '
3 1 mg. growth
lormone per zee 3 2t9 9 276 X 15.7 13.0
day
L 10C p- Vit,
Byg per kg, of N . .
diet + 1 mg 29 L 2tb 29 27e I 15.3 13.0
growbtlhh hiormone
per day
5 200 pg Vit,
Bys per Kg. of N
Dict + 1 mg. 2y T L 2t r L 2716 15.5 13.3

Growtin ilormons
er day
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C&" WO Td-FLATB VLY ML 1S
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o3 , * P % ot o .Y q R
1 16.19% .65 ey te 60Cr3.0 195.,013.1 17.5L%2 1
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2 17.4Lo* 63.9%1.6 15020 2149531 15 .00 5
3 23.55%1.6 73.LZ7 cLo¥3.0 - 23L.5%5.5 20507
) Yo S - V4 ¢ +4 r ¢ +o
U 22,7231 .1 (D 728 ¢ $1023.6 )1\_)0 20,1222 .7
23.52%.7 757501 £603.0 2ey.eie 3 30.3¢ .2
mecan,

Star.dard error oi th
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Fifty mals aleino rats ol tuie Carwortin strain and approximately

twenty one cays cf age were fed for two weeks on the vitamin 3, ,—d=ficient

diet ussd in mxperiment I, At the end of this depletion period the animals
were aivided into six groups of eizht each and placed on the experimental

c¢iets consisting of tle basal vitamin By s-ceficient diet suppleomented witl

N
=3
[
O

crystalline viilamin by, in amcunts ranging from 20 to LO Jg per ki
of dizt., £11 animals in each group were marked by ear siits so that an
indivisual record of weirnt sains and losses could be maintainzd, Zody
welpnt and foed intake wzeres measurad evary two days. Drinking wetsr was
available at all time £11 animals wzre hboused in a temperature controlled
S odai, + 70
room maintainea at 75 £,
mach of tie animals which rzceived growth liormone was injectzd sub-

cutancously eachi day with 1 myz. antericor pituitary zrowtin hormone, Tnis

was increaszd to 2 me por dzy on the 13th day of the expariment and to

=
(o8
o

b m> per day on the 2hith day ol the experiment.

: V
S 0

Growtin hormone prevaration rno, C-5-15 was supplied tirougin the

kincness ol Dr. wobert I, Zates or &, k., Syuiob and Sons, Lew

srunswick, kew Jdersey, This preparation causes a 15 zram gain
in body weignht in 2 weeks in hy,pophysectomized rats welchins
apout 100 rrams when injectad subcutaneously at rats of 0.1 mg
psr day. It contains less than 1s Prolactin anc rfon, anc miy
contain small amounts of tuyrotrupin and Li.
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results of this cxperinent are shouwn in
throush VII, 7Tzgle IIT shows L

4.154:

uIle

vera;
th2 aaily feoa intake anu foocd irtake per
can va

w lavles III
averaze initial zand final Lody welghits,
tak Zram in in vody woicht, 1t
seen that the animals on tue vitamin oy y-ceficient dizt (group 1)
gained less weisht and were la ersficient in tie utilizaticn of thcir
focd than any otlier grecup of animals, The two sroups of animals r=ceivins
vitamin By, in thie aist (groups 2 and 3) waincd approximatsly the same
amount of weizut ana were avout equally efficicent in the utilizaticn of
thieir food, &hats recz2ivin
oparently gainsc as wuch as tue
wzra slishitl;

zrowbh rormonz put no vitamin By, (group L)

controls (;roup 1) ate a litile mo
more efficient in foca utilization than animals on tue
ViToarnin Bl:)‘-defib.:erit uiet

(zroup 1)

nats recelving growth hormone and
ther 20 or 4O pg of vitamin 324, ver kilosram of aict (groups S and &)
gained more weishit and utilizea tlcid

lzir food mor
recoivac t

vitanin only (groups 2 and 3)
'avle IV shows the

11T

ficiently tran aaimals
receivinz the Lormone alone (group L) but no mere than the amimals wihici:
millicrams or g

w2iznts of various orsans ex
aifferernce

thie welgnts or

£an ssad as eiticer
grams per nundred gram vody weicht
in )

tastes reg

spparently thiere was no
the adrenal, tiymus, kidney, liver, splecen or
=cardless of tnc alet or wnetrer growth normone was adrinistereca,
Taple V sucds the avera:e Co®0 labelzd-vitamin By 5 content of various
tissues. The urine of animzls on the vitamin By ,-deficien
onlalinze less racicactive amin b
vitanin 3y, in the diet (

ot (rroup 1)
vitamin by, thae dic that ol animals re
cups 2 and 3) and
and growth

W

v:08e

iving
normone (croups 5 ana )

~cceivine

coih vitamin



rhe vlood, kidney, liver ans muscle tissucs from anirals on the
vitamin 5, ;=deiicisnt cdiet (preup 1) contained mors racicactivity than
dic similar tissues from animals receivine vitamin By, in the diet (eroups
2 arc 3). Ther2 was nc apparent difference in tii2 spleen content.

Tie amcunt of ravicactive oy, in the urine [rom animals on the vitamin
Bys=deficient cict and receiving yrowth Lorpone (group L) was less than
that in any otuer group. The urine of animals receiving Loth vitamin By,
and growth Lormone (zroups Y and ¢) contaired mere racicactive Byz tian
tiat from arnimals on the ge:icicnt diz=t (group 1) vut less than tuzt frorm
rats receiving vitamin 8,5, in the ciet but not receiving growih hormone
(crours 2 ang 3).

The vleod, kidny, liver, spleen ard muscle tissues from animals
receiving votic vitamin by, ana growiu hormone (groups 5 end &) contained
avout the szme azmount ol raciozctive vy, as ti:e tissues from auimals re-
celving By, but not receiving growth hormone (zroups 2 and 3).

Taoles VI and VII srow the vercent roisture and percent ash respective-
ly or the various tissues and it will vz noted that tiie values for all
croups were very similar,

In general, it can ve seon that the rats on the dericient diet (group 1)
rctoined wore racicactive vitamin 2,5 in the tissues than tne rats which

receivec elthner vitamin 2,5 alene or witu srowbh tormone,
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Controls

Controls, hypox.

Hypox. ¢ 200 ug. vit. Blelkg. diet

Hypox. + 0.00%% aureo.

Hypox. + 0.005% auren. + 200 g, vit. Bla/kg. diet
hoPaE. N\j-ld‘i’

1
2
3
L
]
4

320

300+ /\/\“\\
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BODY WEIGHT (GRAMS)
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220+
200
180
e
3
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4 4 + 4
120K IMG. 2MG. 4MG 8 MG
1 1 L 1 1 I 1 1 i
10 20 30 40 o)
DAYS
Figure 3

Lffect of vitanin B o Sureanyein and anterior ritultary extract
alcne o} in canbination on the growth of
hypophysectanized rets.,
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bHeSTS OF V_Ll-,.um Byo £i0/On @Ovt'd 000 Olie O4 sCDY '*J_,Lu“l'
LD rCCD ILT=Ku O 10LiG vai n1'S

Group Treatmznt Lvzira~e Hoov Wi, (Gm.)  iverare Food Inizake (Um.)
Uriginal ipal baily Per uran Gain
in Body Wb,
1 Controls 6C2.0 113 * 10.7 L.6
2 20 pe Vit
312 per kg. Sei3s 21715 1L.3 3.2
Diet
3 LO pg Vit. .\ ,
Bya per Kg. colls LIV EY 13.4 3.5
Diet
L Growtii
Hormona O N 17427 11.6 L.00
5 20 pg Vit. _ ,
Byo per kg, Cet3.0 201t 13.5 3.3
Diet + Growtill
iormone
& L0 pg Vit, N
392 per Kg. tes.e 2115 13.5 3.2

Diet + Growth

normone

= Standard error of the mean.
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EFFECT OF VITANMIN By, AiD/0i GnOoTH HOeONs ON Thc OnGAN weT&HIS
OF LUUNu k-Lb 118

Group Adrenal

Ko,

kz/100 gm

Thymus
lig/100 gn

Kidney
riz/100 gm

Liver
Gm/LCO g

Splezn
nz /100 e

Testes
Gm /100 em

Body t, Socy wt. Body ¥'t, Sody wt, sody Wb, Bocy Wi,
1 13.555%  13u.0%0% go7.sr3r Llserae® heg2fst 1.stlodt
2 12.3%.3 152.1%12.3 £32.2%(7 L.10%.001 2&5.020  1.31.0%
3 13.3%.¢ 109,725,502 .6X36 3,483,001 320,17 1.LY .05
L 15.0%1. 133.0%15.L  ©29.5%k¢ L.1sr.ocl 286.1%c 1.3%.005
5 14.9%.9 166.6%6.3 732,681 3.72%.61 L6630l 1.11.02
6 15.9%1.5  13.11L.9 712.7X6  3.6035%.01 33h.ofLh 1.3%.035

F A3 .
Stancard error of tlie mean.
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EFFECT OF VITAMIN By, AND/OR GaOwTH HOWIUNE ON THE Co®° LiSHLED-VITAMIR

By COWIENT OF TISSULnS FhOM YOUNG vinlb RATS

Group Urine® Blood ™™ Kidney ~" Liver Spleer™™  Muscle™”
1 55.9 0 .0 it 1401t 273.01.03# 2hl . 7ho0 o 91.1:.03#
2 9.0 50.5%6.5  1.20%.15 104.6X26.3 269.2X20,6 53.712.¢
3 2.3 55.8%11.5 1.1X.0t 117.3%0.6 259.5%18.2 2.8111.0
L 30.7 sh.eth.h 1.5%.21 - 1bh.oree.3 225,679 70.0%4.1
50 LT 50.0%7.6 1.0f.02  132.7 .1 1bLL.7¥16c.0 64.2%10.L
6  58.6 6b.3%.6  1.aloL 130.7117.3 278.1222.0 15¢.9%15.4L

Counts per sec. per ml., original volume.
Counts per sec. per gm. ashed wt,
Counts per sec per mg. ashed wt.
Standard error of mean.
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BEFECT OF VITAuIN By, ALU/Clt GONTd HOmMONL O Taw PorCuhl MOISTUE
OF TISSUWLS Fuli fCULG iIE haTS

Greur Kianey Liver Spleen Muscle
1 70,006 ¢9.07.0 77 Lo 76.E80

2 15.07 69.01 17.01 73.05

3 Th .ol oLy 10,83 73.E2

L 75.t9 72.0¢ 7C¢.94 77.25

5 76.0C 70.95 10,16 T0.Lo

6 77.69 73.71 19.70 76.L9
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OF TISOULS Fitm LCULG odTS

Group Kidney Liver Splecn ruscle

1 1.7 1.5L% 1.0C55 1.3

2 1.5¢ 1.73 1.77 1.32

3 1.6k 1.59 1.c0 1.37

N 1.Ly 1.82 1.96 1.37

5 1.35 1.70 1.90 1.34

6 1.31 1.70 1.92 1.4h
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nelation Betwe

en Vitamin 3, , and Anterior Piltuitary

Yoraco 1y Ui o, T O
Lyuvrace 1 uile -[J"Jlu 0TS aly

- T
sccvomizad mat.,

FriOCLDUiins

Tuirty hypoplysectomized and 10

Dawley strain wzre divided into five

vitamin 8,z deficient dicts

Cerelosec

£1lcohol washed cassin
Corn oil

Salt Mixture no, 2
Cod liver oil
Chioline

Calciwm pantotlienate
Iiiacin

rinoflavin

Thiarin

Pyridoxine

normal immature rats or the Sprarzue-

groups and placed on tue following

R 2 TS
9} \;‘AHO .

el

S\ S\

100 .0 mum,

2.0
1.0
G5

0.2
0.2

2, Methyl 1, L Kaphthoguinonc0.0L
The auimals were housed in special cages in which cotton batting was
placed to provide extra warmiii,

Tie experimental ciets ccnsisted of the basal semi-synthietic diet to
which was added 200 ug of crystalline vitamin 5,, and/or 0,005, aurcomycin,
Tiie hiypecphyszctomized animals were injected suvcutanzously c2ily witih 1 g

*
whole anterior pituitary extract Zfor 25 days and the desc was then in-
cr=asea to 2 mg. per day until tihe 31lst cday of the experiment. Lt thds
time the dose was furtuer increassd to U mg. per day for five days, after
which time it was increased W O mgz. per day until the experiment was

torminated on the L9th day. body weisht and fooa consunption were mzasured

every WO Gays.

S‘l‘p}ulie\.l L‘!:]'- AI‘;.’.OL‘LI‘

(Lf
e
[}
&
s
]

% whnole tovine pltultary extract, fre.
Laporatories, Cliica.jo, IlllnDlS.
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Tuz results of tiis experiment ave seen in Fivore 3 ant Tacle VIII,
Figure 3 siows the bogy woicht in maas plottee agairst Live in dsrs.
It will vc notza that all .rou.s of lcoplysseterized animzls grcw at a
greatly retorced rate whon comgar.d with tie intact controls, In addition,
it can Le s=en tual lypupiyscctonized aniimals receiving either vitamin
B4z, aurscn,cin or a coavination of tue two not crly failed to gzain more
tian animals on tne vitamin b, p~dcficient ciet, bubt actuzlly gainuc
siightly less.

Table VILI shicws the averaze initial body woeilrut, the averaze daily

S+
1

food intale and the averace food intaks per =ram jain in bedy weighit, It
is agparent that the intact contrcl animals wers much more efficient in
converting their food into vody weight cains than tue hiypoplysectomized
anirals.
hyvpoptysectonized animals on the vitamin By s~deficient diet were nore
[w}

efticient in foou utilization than were rats receiving either vitamin K,

aursomycin, or a combination of the two,



40

1 = Controlse / 2
e - 20 . vit., B . /kg. diet
- 9 - 40 ug. vit. )lglkg. diet -]
4 - Growth hormond S
% - 20 ug. vit. B)o/xg. dlet + growth hormone
200 o - 40 ug. vit. B ;/kg. diet + growth hormone 3
D - Groewth hermene mn-/dil‘
"
Py
~180 |
(7]
p- 2
< -
@
e
160} '
-
b o
o =
w
% 140}
>
o
o L
@
1201
100} 'y '
2 MG. 4 MG.
4 e 12 16 20 24 28
DAYS
Figure 2

Effect cf vitemin 5y, and/or growth Lormcne on the tody weight
of immeture male rats,
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58 AYTLRIOh PITUTV AT EX0ACT O £VaniCs
, OF YOLRG hYPOFhYSJSlOﬂIZuD RRUN

Group ‘Ireatmernt tverare Sody Wt (Gm,) Averace rﬂcd Intaka (Gm.)
Initial Final TFer La, rer Gr Gain ia
Body Wwt.
RN L3 -~ P
1  Controls, 225t 31053 12.6 £.5
Inta
. T oty ‘;lf- h 0
2 Controls, lee_ 3 16122 7.C .
hyoox.
3 i1tyrox.,, .
“or 1 ‘ Iy’ -+ . Tl
200 uz Vit, 1252 13721 Lo 10,7
Dlg//}\:z) Ulz
+ 0
L Hypox. .
N g +i oy .
0.0C5% Aureo, 12174 12823 .0 9.L
+ a0t
5 i,pox.,
200 ug Vit,
B/t Dict 120323 13012 L5 1L.7
].2/1/.‘ 1< Y= 30— i .
+ 0,005,
Aureo,
+ 5 b LT
= Standare error of the nmean.,
SOl el = ks nnlirior pitvitars cxtroct,



SUlousIul

In these thre: czperimencs an attznpt was mads to study the relation
vetween vitamin By, and anterior pituilery growti hormone., In the first
experiment, growth-platcaved fomale rats wers us:d since it is the stencard

animzal used for tlc assay of growll: hormenz, Urnfortunately these aninals

d zooa Ledy stores of vitamin By, and herce: it was impossicle

$5)
T3
0
'y
@
ct
}.—J
Q(‘
m

mere 1s little dount thal the growlh

hermone was elfcctive in thoe rats as can oe scen Irom the incruase in body

-
2,
[¢¥]

selghit and orsazn walrhts of animals recoelving erowth nermore over these of
rats not receiving growth hormene, The datz from this experiment, thesn,

srowtn-platcauen animals stimulated with

(O]

indicate that maturce female,
srowtin hormone will continue to grow even in the avsence of vitamin by, in

the diet, prazsumacl; drawing upen adeguate bedy stores of tle vitamin fcre

tldis continued growth. heiister et 2l, (1vhy) have shown that a vitamin

Bypz-ceficizncy coulu not reavil; ve dinduced in mature ratis.
In the second cxperinent young male rats worz uswd in order to insare

attaining a ceficiency ol vitamin by, in tue animels., animals of thds

o

strain and age have been vs2d corsistently in thds lacceratory fcer vitanin

Dyn-cueficiercrstudics. Yhese animals on a vitanin Byp-ceficiont diet

srew at a reterced rate, gained less welght and were less efliciont in

utilizing tleir fesc than similar animals fod a ciet suppleccentoed wilh

ic resudus of this experirent incicate trat youngz rats on

—

vitanin 5y,. T

v

cizt, injected with {rowlls Lormone, caiied avout

ct
[

a vitanin By ,-¢sficien
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tiie sawe amount of weicshit as uninjected animals on a vitamin Sya-deficient
aiet, This is rather difficult to interpret, since if the zrowth horrone
were exsrting a real stimulus to zsrowbh in these animals, such a stimulus
shiould have constitulzd a stress which would causz the animals to lose
weizht in the abserce of an esscntial growth factor. Such a hypoihesis
seems logical when one considers the anacvolic effect of growth hormons on
protein syntiesis and tine many reperts indicating that vitsmin by, is
also involved in protein metabolism,

1t.e possibility that the animels were not completely deficient in
vitemin 3,55 must not be overlookea., Yhere are several possitilities which
arise, The ciet misht concelvivly contain enough vitamin By, for such
animals to continue to srow at a rcduced rate or tie voly stores ¢f the
animels may have been sufrficizntly zooa to Luffer the extra reguirsment
incurred by the injection of the growth hormone, In adaition it is guite
pessible that the growin nomrone was not exerting an eiffective stimuwius
ta growth in these immaturz animals, since tliey were already scecroting
optimal amounts of this hormone., Such an effect has been reported vrevious-
ly (Evan, 1942). Tre latler possivility seems most plausivle in the light
of the data showing no effect of growth Lormone on the orsan weighits, per-
cent ash and percent moisture in tlie tissues of animals as comparcd to
controls not receiving growth lLormone, A general visceromszaly is one
of the effects invariacly rnoted with growth hormone injccticns.

The fact that rats receiving both growtih hcrmone and vitamin By, grew
no more than those receiving only vitamin 84, further suszesis that tle

growlh hormone was not effective, although it is also possible that tle



arimals rscziving only vitamin oy, were alrcacy growing at a maximum rate.
In ary case, the amounts of growth hormene used in tids excerimert did
rot appesar to argravate a csficiency of vitamin 345,

The information concerninyg the distrivution of raciocactive vitemin oy,

after a single suvcutarecus injection or this coumpound seemed to incicate

ct

that animals maintained on a vitamin By,-cdeficient diet retained more of
tnis sucstance. Thus it was shown that animals on a vitamin B;,-deficient
diet excreted less of the injected vitamin in the urine anu retainz=d more
in the various tissues. The fact that animals receiving no vitamin By,

vut zztting growtl bormons excreted less of the injscted radicactive
vitamin than those on the deficient dist sugiests that tne growlh hormone
mignt have caused an increased retention ol the vitamin., This sugzests
then, that gsrcwth hormone may actually have a sparing ratiher than a deplet-
ing effezct on vitamin By, rejuircments of the wvody.

In the third experiment young hypopuysectemizea rats were use2a, and
the growth curve and data on vody weight indicate the inability of vitamin
anc/or aurcom;cin to increase tiie rate of growth of such animals. In
fact, tue data indicatle that animals on the ceficient diet actually gained
more and were more eificient in tue utilization of their food than were
rats which were furnishied either or both of the supplements. This latter
effect may ccncuivably Le duc to the larze coss of vitamin By, used which
may nhave induced a vitamin iswcalarce and increased the need for one or
several of the otuier B conplex vitamins. In any case, lle important co-
servaticn remains tuat vitamin 3,5, thoujli a potent greowti. stimulus, was

ineffective in the a.scrce of the Lyvpopliysis.
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It is apparent that furtier work must ce dene to eluciuate ithe inber-
relaticonship cetlween growil hormone and vitamin 3;,. The main difficulty
which nhas presented itsclf thus far is the inabilit, to create a vitamin
By aeficiency and to szcure an effective stimulus to growth by growth
hormone administration in thes sawe experimental animal., Thus in the ex-
periments descrited it was possible to owvtain a vitamin By, deficiency in

immature animels bul growtll hormune was ineffzctive a

w

far as body growth
is concerned. On thie other hand, wiien mature animals were used the effects
of growth hormone were reacily apparent out it was impossible to create a
deficiency of vitamin b;,. 4 possible sclution to tids problem may be

tiie use of young rats from a colony wiich has veen raised on a vitamin

By z-deficient diet for s:veral generations,

Furtiber work must alsc ve done to determine whether growih hormone
may not actually cecrszase rather than incrzasc the reguirenents for vitamin
312 for body growth, On the whole, the experimenis which Lave been
dsscrived sugzest that this 1s entirsly plausitle. If thiis latter idea
can be borne out by further experiments, the growth hormone will then have
been shiown to be uniyuely different from other hormoneg)most ot which

agzravate a ceficiency of vitamin Byp.
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The eflfects cf yrowth bormone on rats receiving ciets supplarented or

deficient in vitamin By, were stuaied, 4ll animals were placed on a

vitamin B, p~-deficient dict for a preliminary depletion period of

approximately one merin., 3Zody and crgan weights, food intake, and

efficiency of foua utilization were measured, Co€0 laveled-vitamin By,

was administered in one experiment to study the effect of growth hormone
)

upon the metabolism of tids comvound in rats feu diets either adeguate

or deficient in vitamin B, ,.

In the first experiment, the effccts of vitazmin 33, and growtih hormone
alone or in comvination on the growth of mature female rats of the
Carworth strain wcre stucied, It was shown that animals on tune vitamin
By p-deficient diet gained as much as those receiving <00 pg of vitamin
Byp per kilogram of diet. hats receiving growtn hormone alone gained
more than the foregoing animals, while tune acdition of vitamin by, did
not result in any further increment in grewth, The organ weichts of

all animals receiving growth hcrmone were about the same regarcless of
whether or not vitamin 8,, was given)and were significantly greater than
orzans from animals not receiving growth Lormone. It was conclucea that
in the growth-plateaued fomale rats, growth hormone is able to cause
continued g¢rowth in the avsence of dietery vitamin B,,, due presumably

to the presence of adegyuate body steres c¢f this vitamin.,






Ly

3. In the second experiment immaturs male rats of the Carworth sirain were
used, Tie results ci this stud; showad that youns animals on a vitamin
Bip=-delicient diet grew at a slowsr rate, gained less total welight and
were less efficient in the utilization of ingested food than wsre

1imals on a diet suprlemented with vitamin 3,,. It was further
demonstrated that the acministration of growtli hormone to such rats,
i.e., animals either ceficient or supplemented with vitamin by, railea
to cause an ircrease in growth rate or weight gained above tiat of
animals not injected with growil hormone., The resulis of the wecrk with
racicactive vitamin B, seemsc to indicate a greater retention of tnis
compound in the tissues from aninals on a diet deficient in vitarnin By,
than in those on a vitamin b, ,-adequate dist. Urowth hormone also
appeared to increase rctention of raciocactive vitawin By,. It was con-
cludea that the zrowth hormone did rot exert an effective stimulus in
tihesz rats in so far as body wzight was concerned but that it may have

altersd the metavelism of vitamin By,.

L. In a third experiment young hypophysectomized rats on diets either
deficient or adeguats in vitamin By, and/or aurecmycin were injected
with whele antericr pituitery estract. The arnterior pituitary extract

4

induced more weizht gain on the deficient diet than in animals given
vitamin By, alone or witih aurcorycin. This effect may have vcen

attributable tec the larpge dose of vitamin By, used in this experiment
(200 Pg per kilo:sram of diet), sirce this may Lavs created a vitamin

imbalance, It was acmonsiratcd, however, that vitamin 2,5, toouph a power-

ful growtn stimulus, was incffective in tue auscnce of tue hypcphysis.



Y. It is corncluacd thats (a) growth Lormone administered to growth-
plateavsd fumale razts on a vitamin 3,,-deficient diet will cause re-
newed and continued grewtli, (o) ia the immature animal the effects of
growth hormone on tuc reguircments of vitemin £y, are nct apparent
from data on vody and organ weights, although thlie possibility rsmains
that tiis hormone does influence the metabolism of vitamin by, as sug-
gested by the districution of injected Co60 labeled-vitamin 3, and
(c) vitamin 8,2 alone and/or aureomycin supplied to hypoplysectomized
rats failea to causec an increase in bedy weigh§)showing that the

iypopiysis is essential for tie growtn acticn of thes: suostarces.
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