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1. Consideraple cata are available wiich indicate
tuat tae Tanctions of tie exncdocrineg s;sten are lerc-ely de-
perident ugon tae nuvritional stzte of tie eniuel. Yne ob-
Jects of tihie present experiuents were to deteri.ine the ef-
fects of inanition upon uwe:iiary crowta snd lsctation in
thae rat, snd to see if tae acuinistration of Liorimones could
overccoume t.ue decreese 1n lectational perforuasnce s a re-
sult of underrieedin: .

2. wXperinent 1. "The effects of z2drniristerins
2royta noruone, ta,roxine, enterior pituitary »nowder, oy-
tocin, prolectin, anyarocortisone acetate; 2nd oxytocin,
prolactin, end nydrocortisone acetate in cowbinztion, on
lactational performance of underfed rats were studied
A total of 10> ueture, female Usrworta rats of the CF.T
sTrzin were brea. On wie «th dey sostrartuwa the litters
vere reduced to ei_ nt nuos oer daa, snd tae food intale
of the da..s was reduced to 1/2 noraal consw.ntion. The

Qz.1s were injectea wally with a perticular hormone or nor-

wones Ifrow the 4tn to 17ta days zostrertuw. All injections



o

were ivean subcutaniously cnce daily, except oxytocin whica
vas glven Iour tines daily. The deus @na iitters were
welened cdaily, =nd the lactational resronse was uzasured
by tne daily litter zrowth rate. since tae pupgs receilved
only .iili durin~ tahls period, tails was used 25 a neasure
of wilx procduction. On tine lota day postpartun the daas
were sacrificed and tae pituitary, tayuwus, tayroid, adre-
nals, ovaries, cnd uteri were rexoved, triuimed of extrane-
ous tissue end weighed.

mach groupy of wotner rats wes treated as follows:

l. Controls, saline; acd libitwi Ifed.

2. Controls, ssline; 1/2 feed.

». bovine anterior pituitary, 15 nz; 1/2 feed.
4, Bovine anterior pituitary, 25 ug; 1/2 feed.
5. Growta norwmone, 1 wmz; 1/2 feed.

6. Tayroxine, 10 muz/100 za B..Wt.; 1/2 feed.

7. dyarocortisone acetzate, 0.5 u7; 1/2 feed.
o)

9. Prolectin, 1 ug; 1/2 feed (20 I.U./xz3).
10. OUxytocim, 1 L.U.; 1/2 feed.
1l. sdjdrocortisone zcetate, 1 az; prolzcitin 1l ng; end oxy-
tocin 1 I.U.; 1/2 feed.
3. The 1/2 fed control zroup gained about helf
&s dgauca es the full-fed controlsy, ©2 »m 2s compzred to 186
gi. kone of the aormones injected into the 1/2 fed lactat-

ing rats producea any sisnificent chanze in litter weicht
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sains durin: the entire period of lzctation (4tk-13th days
postpartwiu) or durin: the early part of lactztion (6-10tha
days postpartws). However, uuring the leter part of lszc-
tation (1lth-18th days postperitum), prolactin, the hisher

-

dose of nycrocortisone acetszte =nd oxytocin procduced a sli ht
bﬁt si-nificant incre=se in litter weizsht c¢ains. hen pro-
lactin, oxytocin, end L ycdrocortisorne escatete were injected

in cowbination, the response was avout tane seme as when

e

cacn of these nor..ones wes given separately.

4. Daws recelvinz [ rowtn normone and the airher
dose o anterior pituit=ziy cowuer lost less welsnt then the
1/2 fed controle; 35 :a =nd %34 z.a 2s coupsred to 60

tile

no beneficicsl e¢ffesect in-

(W
i

a0viever, Tiiese noriones produc

sofar &s increzsins i:ilk procduction was concerned. dydro-
cortisornie ecetate, wilicu sizowed sowe teneficicl efrfect cin

litter wel 4t -2ins during vae l=ter part of locinticn,
ceused sn o0 s 10ss of pody welznt cy the Ga.s. Yhere
secueld to ve no correlation vevween .othner's velirant ond
vae asount of wdiin produced.

2. Cn en absolute welisnt tesis all the endocrine
or;ans of tae 1/2 fed rou.s were decreazsza in weirat. On

gl Or_su-oody weli—uat retlio tasy remelined atout the soue,

Tay.aus alc: decreascu in cel at.  Adulnisivrstvion of nydro-

cortisoune ccetate cecreased tiue wel:iat c¢f the adrenzls end

Tay.dus on voti =n ccosolute end relative tody wel ot besis.

K%

X
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ent 2. Qae efizscts of unisricedins uvon
were studied. ..ature, Ieoanle CUsrvorta
gin vere diviizsd irto threse srours of

gl nt rats ezci. wroup 1 w2s fed sd libilitua 2nd crouss
11l =nd I1I received 1/2 fez2d 2nd no feed for 14 days. At

the ter.iin=tion of

and tiae risat inzuin=l wre.uiery p=zd

tae experinent, the rats were szcrificsd
vas rewovea end prepared

for gross wcunting. The -2leads were reted for develovuent
accordiu. to the followiii; scale:

rew ducts;

£ S
ety

or no end duds

I. Loderste cuct developnient; woderate numker of
end buds
1II. sunmerous ducts with uzsny trincies; any end
buds
1V. Luaerous ducts with weny trenches; with mocder-
ate lobulo-alveolar (L-4) crovta
The ¢ituitary, tay.uus, ovariss, uteri, snd adrenals were
reloved, cleened end wel-hed.
Te wumiary zlends froan the full-fed controls had

ai aver:ss
aversgsed 2.2.

50,
cevelopent.

8. (n

tayaas, uteri, zna
as & result of the

ze reting of 1.2.

glands frou

en absolute

tlends frou the 1/2 fed group

the zroup ziven no food svaraced
‘ P 3 ¢

wita tiarese rets exbuibviting uioderate lobvulo-salveolar

welsht besis, the vituitery,

ovaries were all ascreased congideradly
voricus degrzes of incnition. ne
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edrenals, aowsver, 1lncieased over tasir crizinesl vel ‘ht
carinzs tiae period of couslete food withcrawel. On an orsen-
cody wel at retio tae weir nts of the ovaries ens uteri re-
wsinea zoout thae szwe, and the pitultery increosszd.

9. axueriuent 4. The effect c¢f underfeedin~ on
waacary involution was studizsd. lature, femsle Carvorth

r=ts 0f the Cri strain were vtred. Cn tiane 4ta dey postpartuas

O]

the litters were reawoved and tie ..otier rats were divided
into two sroups of ei.at rats esch. Thne experiientz2l ani-
wzls were Ted 1/3% tae food consunsa by the zd libituu fed
controls. QCu tuae 15T dzy postysritum tone ¢=uis were ssgcri-
ficed and the right in_uinel asrwzry :l=nd was rewoved for
aistclosical exawlnestion,

10. 4s coupared wita the full-fz=d controls, under-
feealin: wvatorced wairiary involution as Jjudged nistolosically.
Thne ¢larndas rroa the underied ..roup sacwed better waintenance
of alveoler structure anc¢ in some zress secretory uztericl
wes preseat.

11. 4+t is concluded vaet:

8. 112 decrezse in wilk production of undarfed

sucsled lactzting rets cennot be overco.e

oy the edministration of Loraiozes. This

stisusus is avle to .ieintein The szcretion
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of ©T'1032 hor.ones necessar,
ducticin &t a recr optiunesl level.
vnderfeeding can induce :fiiuary aevelon.aent
in the wature cyclinz r=t, &nd retzrd in-
volution of the vostyartu: vlznd. It is
taou ht thast cevzre uniericedinz con pro-
Lotz the szecietion of ACWH &nd wrol=sctin

Ifrow thae cnterior Jituitery in z.uaounts ade-

w0

quate <o indacz taz obkszrved effect

.
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froon 2n 83 livitum f2d rate v ¢ ¢ v 6 6 e e o . o 40

2. ractomicre ra. i of ery lend fron = rot
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3. Faovowicre rash ¢f a asni.zry tlond fream oa ret
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4, raotoulecrorrera of a coatrol memiaary ~l-ond fron
a rzt c¢d lititus fed for 10 <a3rs =2fter ta2 youn:
“L:.?’\fe bC ;'{’l I'e;..OV ;’,’i [ [ . . . [ L) [ . . . . . ] . [ 1‘3
2. JToaotouaicro rz;1 of 2 n=izry z1:a3 fron = rot
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I‘ ‘. \’36‘. L] L] L] L] . L] . . L] L] L] L] L] . L] . L] L] L] . L] 4‘3



SULNEERY
\/--

I.0CLLC

It is weil kxnown Thzat nutrition plsys an Iinvortant
role in tae functionzl inte_raticn of body orzens. Furthsr-
wore, thne erdccriiie systean is not aivorced from nutritional
influeznces., 2ae fuictions ol tae anterior pituitiry .1#n3
wod 1ts taroet or:iins are peartislliy dependent upon proucr
rutrition. Yaus, inesaition or lacx of wuecuate specific
cwletzry comstisuents, suca 2s vitauains or oroteins lesds
to a redauction in cctivity ol wost encdocrine [lends. Lwalinos
end roucrzntz (1941l) teinew the condition associatzd vith
inenition "psculoaypopayseciowny ™ beczuse of its rese blance

N

TO0 Tae condition walch noraslly follows sur;icsl renoval

¢ the pitultary glend.

- - 0o
TSse 0L &

O]
c
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—
v
=
I
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Sub=-scr..al wutrition ce_ .resse
nuuver of wntericr .itultai, norucres. Yae Lriasry cause
of cucocrine ypoefuaction durint wolanutrition is considered
e be ¢ di.dumilsaca level of circulotin: aywopirysenl horuon2s,
retaer then & reivactory state of the tosr.et or-ons., Th

ter et or_cus réeedlliy reswoond to zouinistretion of eatzrior

< <

|—*)

plvuitery mor.acnces (wisioff, 1¢52). Lae reduction in en-

Gocrine iuuction lcaus to a nu.wver of endocrine disturbances
such as growta depression, reduced thyroid ectivity =nd

reprocuctive felilures. ..any of taese disturtances nove

"/

vzen overco.ie by tae aluwinistration of hor.aoncs (srsacff,



1952). Nelsoxn (1S9Y) aszs s..osn thst prermancy con be Lein-
talnea ecven waen tae diet 1is couinletely lzeliin: in protzin
ty tae acinistr:ticn of estroz:n =ni
aestriciions ol food intoxe, el or other nu-
triznts in lectetin: cnilicls resualts in a2 deczeesse iz 0ilk
sroduction (tcece, 1529). It is ¥nowa t:zt the .2intenance
of .ails Jroduction =21s0 deuents uson szvercal hior.ucase, por-
ticularl, prolzctin, 4vld, =znd oxytecin (L eite@z, 1938).
Cihe oI tle ri.acrs on

) [ . - NP o - - ;T = -~
ore, was to detziiinz tvo ast extent, 1l eny

U]

in L1l production in rats chich results fro.o underfeedinz
is due tco reduced cudocriae function, wnd vwietier tae fall

in .alik yiclds cen be overco.e ty z2aiinilstretion of nornonsz

Aa10tazr es.zsct of ths resletion of nutrition to Lizu-
wary function walca wos of interest to investi zte wes teose
on repgorts of dzsvelos..zcnt of Synecousstie in cironilcelly

undernourisied wen (weys, et al., 1950). _u.usrous rsoorts

incicete tast the alld-rsdrerzl cortics=l :iechenis. duringz

U )
D
[N

caronic ireaition or zcute starvetion is not cdepre:

(Zoutieil et al., 1948; <ui.ky, 1948; L'An~zlo et al., 19485,

-+

It eppgers tast durin: veriods of ssvere food rasiricition

tane pitultery is =ble to respond with syntiesis end relecse

[¢})

of ACrd. Srebnil et =1., (1361) aave a2lso sho'm th=t tae
situitary, even in the couplete atvssnce of protein, can

respond to taz sti.alus of overicsctouy wita lncreased syn-

(\_,

onzdciroLins.
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The release of ACILA from the entzrior »ituitzry can

\

te induced ity @ nuwiber of fzctors otaer thszn stress, includ-
i, tane sucklin. stiwulus; nwilerous daru-s suci es serctonin,
chlorcprouazine and rese rklne; aarenalectony; end 3thyroxine
ad.ainistration (Lieites et al., 1962). aese foctors have
elso been sihcwn to produce paysiolo.rical wenifestations in
the rat wilch have teen 1nu;_y*eted 25 being indicative of
increased secrefion of prolactin rrom tihe anterior pitui-
tary. Taus, &ll these factors inauce pseuvopre nancy or
lactation in the rat (.eites et al., 1962). Since both
ACLH and prolectin are relessed toretiaer under 12ny con-
ditions, it is possitle that inanitiocn could induce secre-
tion of wvota these nmormones Irowm tae anterior pituitary.
Food restriction Liss been reported to retard n=.a-
nary .rowti in rats and wice (Syies et 2l., 1343; Jhite,
1Y44). UYrentin and Turner (1241) :nd .istwood (18%7) nave
saown thet the weamaery auct system is much less sensitive
to estro.en curin; inenitiozn. In tnese exvzriments the
ae.ree oI inenition was not severe and the eliperiuents were

oI suort dursgtioa. wsince only lon> ,ericds of caronic in-

d’

enition or saoriter perioas of comulete starvetion increase
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tae secrestion or »lLWi, 1t w28
effects orf siuilar de:irees of inznitiocn upon wasiii=ry -rovta
ncé ianvoluticn. It was considerecd nossivle tust the result-

ant vise in ACJH euad srolactin secretion 21 nt incienmse

N et v A - Q ey -~ N e . - .
wuidz2ry Jrovta exd revara ue.onfry involution.



oince reyrouuctive Iunction 1s pri.csrily controlled
by Tz eanwccrine syste.l, and prriiculorl, by the onsdo-

trogic end _cnauzl Loriones, 1t is necessary To consiser

in d2tail thae relatioa oi sconsczl function To nutrition.

f- B

N
3
Oy

The relationsilp vetween The function of the oz
nutrition nas receclved a reet czal of attention, ¢nd sous
prozress uas peen .ade tovarcs eluciiatlnj the iechaonisus

involvea.

iciesncies Dvens i

Hy

in2nition =nd nutrition=l a1

Bishop (192¢) deumonstrzted in the fewale rat thet under-

S

(%

adin: results ia atropuy of the ovaries, folliculsasr

.

atresia and railure to cvulatz. They were tane first to
ciipnasize tast & dist waica is aleguate for body zrovwhl
wgy te .rossly deficient for nor.al regroduction. Cvarian
nypofunction wita resultant uterire stroniy =2rd anzstrcus
va.inal s.ears hcve vbeen observed by nuiasrous worlcrs cur-
in: insnition (Zrsiaoff, 1952). Siuwilar cnan~es have been

ovsesrved in tane wmale. Atroply and hyporfunction of ths tes-

t

tes aave been repestedly observad (uriax iz-nition (Jockson,

19255 @uiwbd,, 1925). Qe .2le zccessory sex or ~ne (sros-

(N

tat

[¢¥]

enl seuainal vesicles) are particulzrly censitive to

tronay of

restrictions of czloric intzke, resultin: in

)
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oI protein 1or nor.izl reprocuctive Zuunction in ta: r=t.
Dbeiow tne oo~ c2s2in level, 272l cestin =nd re-sorption con-

. ) -~

sisteatl; cccurred in the a=jority ol tihe =anl.mls. Lenro-
auctive failurs on the pxotein woor diet wias casracterized
b, si.ns of sex wnor.uone incdejuzcies, =s suovm ty the earl;
loss of the cestrous cycle in uibtred rats .sintained on e

.

siuilar diet. Lor.uz2l reproductive cerfor.a~nces in peir-
fod controls eliirated ceoloric restriction »nd other diet-
gry dericiencizss a2s causes for reproductive failure.

3
It

iapzairzd gonaaszl Iunctions n2ve slso been observed
on diets deficient in s ecific 2mino acids. Gonadzl d=na-e
.as been reoorted in rats fed dists cerficient in phznyla-
l=nine, lzucins, aistidine, and try.topasn (srsaoff, 1952).
But the effezcts orscrved a.pzar to be due, 2% least in vart,
to Iactors otaer tasn 1ns2niticn since testiculzr atronay
of paenylalaninz, lzucine, <nd 2ilstidine uaficisnt rats

was wuore sever2 than thzt of pair-fod controls (Llz2un et

a

2l., 1946). It is possible that tae gonzdal injury observed
on diets gerficieat in essentiszl z.uino scids .2y be due to
direct tissue injury or decrezsed sz=nsitivity of tarset
orzz.as to pitultary sti.ulsticn. Lt a=2s been deionstrsoted
nat groteiln syntuiesls occurs ownl, 1f all <he esszntizl
auino zciés zre prescnt (ueiszr, 1950). dence, a ‘efici-
cncy of zny one of tiae essential =2.ino =cilds ..ay cause =n
ani..el to 30 into neziotive nitrocexn belanc:.. CGuae ::1-ht

=

expect then, that e deficienc, in eny one of the esesenti=sl



amino @cids, if suliiclently vrolonzd, would result in

weny of the typicel cffects of gusntitetive protein defici-

gnc,. oietasr tae gonacal injury zs a result of feedins

4

ential zrirno =2cid is char-

'_J
a3

U

alets aeficlient in & sin le es:

acteristic of tite ceficlent euino ecia or is due to cnersl

)

<L
19

L

lupeirea protein wetabolisw, recains to ke irnvestiy d.

N

(i

peficiencies of - vitz.dns Zeve been shown to elicit
simller elfects on gforneazl function &s reduced food intsle.
Ueleyed sexuczl waturity, zaestrus end atreply of the ovaries

and uteri or testls and scecouldsry SsX or.2ns nove been ob-

v

gserved 1in eni.als ceficient in thisiine, rinoflavin, pyri-
doxine, pantotasanic e£cid, viotin and vite..in 319 (Ershoff,

, L
)

1952). Since in ..ost ceses focd intslze was reduced in th=

[¢)]

e

p

eniawels, 1% 1s notv clcar to aet cusent the results wcre
duge TO 2avnitlion s Glstincet frow the vitaulin doficienc).
Loore znd pacaels (193L) ce.onstrated tast 2lthou a2 ths

seconawyy sk -lends of taz zle rot ~tropaied whaen rats

e fed o taila.ine-.clicient Jdics, ovroply 2lso occurr=a

in rets fea a ccumolets izt but restricted in celoriz intolka

rets.

i
@
i
}—J
(6]

<

atrovuay ol thz testis ond se dincl vesicles znd de-
oenerative cacn _¢s5 1n viae semeniferous tubules neve been
reported zs & result of vitanin £ end A deficiency (icson,

1933; Lutwai-.ann, 19%2). However, Je.zle rats delicient
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fed protein usficient diests (Sawmuels, 12,03 iestasa, 19970,
PYne nisa sensitivity oI tae ronacs o
tration oI groteln cweiici=nt r2ts was dz.onstrated vy Srzinik
¢t al. (1953). Lhey szowed tiet the protein deficient rets
reguired the sa.e zucuat of Fs.i Jor rolliculer rzi.o=zirtent
as ay.opn,sectomnized rets, and su0ved zrestar sensitivity
to ICud.

of rre ncucy tarcuzhout
youns (selson, 1959). welseon =nd ovaas (1S54) fed protein-
free diets to preunsnt 1ets ond . ave those hormones which
were saorn to Leinteln pregn?ﬁCJ i1 hypopayescicuiznei-ovar-

iectcnized rats (Lyons, 1i43). rre-nsucy wes meintsined

w

in 30 .er ceat of tiae rets ;ivea esvrone, in 70 per cent

cI tue rzts gilven .ro. ¢sterore, znd in 100 per c=nt of tze

cnicals jiven a coubination of estrone a2nd proicsterone.
Lrill and Burreil (1944) shoved tact ths adainis-

tration of iconeadairoplc extrects to thizanine aeficient rots

orzial Tuunction in votn tane wole =2na fencsle,

selson ¢t al. (1y57, revorted siudilszsr effects vita vitemin

H

B -ueflicient rats. ©“ne Ieediny of »pyridoxine, Bl’ or 56
aeficient diets to pre_nsnt rats resultad in o 2i-h inci-

sorytions. .2lson (1957, 1959) wes zble to wunin-
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11
can be restored by sd..inisterin oysiclo icel levels of
cornzuotrovwin.  amowever, 1t sec.s that J,sfurction of thae

sltuitary is not tis cauze of Testliz injury or resorntion

durirn:; ;estation in s-deficient rats, since sonzdotreoric

]

aoruores vwere ineflfective in reozirin: thie testis injury

of w-deficient rets. Licdocrire thaerszyy Les =zlso proved

}J
<
[
<l
}'l
<
=
(@]
}_J
(@]
i
]
(@]
15

ineffective in preventin_ tis rcoroductid
!

occurs 1in vitsuin Z-deficient faiinle raots (Lutweli-_.ann
b

1958).

rituitery function. .ulinos znd rowerantz (1941)

-~

presented a series of oovservotions coucernins the effects
of inanition upon tae =2ndocrire st=tus of the rat. Fron
taelr observstions they ccocncluded taat insnition leacs to
a paysiolo_iczl stete scuewaat couparsble to that wiica

nor.unily Icllows surigicel recovael of tae pitaivary. Theg

%

~

ter.ed tais coxdition "pseucoliyvopaysectony.” Data heve
besn cccuwaulestin. on te effescts of nutritional deficiszncies
uson tie exndocrire systen Ior scue tie prior to thzse ob-
szrvetions, wut for tae first ti e the euparsis wos nlaced
n tiae pitui
Since tas ornads and eccessory ortins retsin an-
garantly rnoruszi sensitivity To :sonsdatropic stiulstion
unaer conoiticiis of 1nsnition and cietsry deficicencies,
it spcered that anypooiyseal _onadiotropins wicre csecreted

in insufficiznt swounts to wzintsia noruzl endocrize



12

Ifunction ty tas . cneas. In orasr to zrzin infor.=tion on
the functional state of tioe pituitery, the ituiteriss fro:
nutritionally cericient ani.ucls were zsszyed by 2 nu.ber

cf workers. ..zson and 4olfe (1270) iwclsnted wituitarics
Iroa chrounicelly stervec raets ianto livizture re.ale rats

snd fowid tnat tane resultinzg incre=2se in overisn and uter-
ine wvel _ ht wes sizanilficantly less tanen Iroa pituiteries
cbtaeinad Irom litterumates fed tae saue diet =4 lititwa,
Similar results vere reported vy siiansr (1239). Later
vorkers ro.nd &itiaer nc chinze or an incresse in pituiter
zonzdotropin content. .adaock and Heller (1%47,, after
starvini rets for 12 days, reported tiizt tie pituitarics
were wore potent tazn taose frou norusl rats even thoush
the weirat of tae anterior pituitary aad fallsn stout 405.
fenalai (194Y), ewuployin: hypopaysectoaized youns feuzles
rzts as 8ssay aniuals, snowed taat tie ovaries of aniials
injected wita pituitsaries of underfed rats were four times
as lér5c as taose obiained frcu aniiizls injected with pitu-

iteries of noruzl rats. oiwuiizgr findinTs hav

()

tean recvorted
vy ..eites end heed (1949). Injectins tae ecuivalent of
cne pituitary into iuueture Tfeuwsle rats they found tact
tne sonadotroplc content of tne piftuitery Irom those rats
on restricted aists vies equivelent to the controls fed &4
libitua.

studies wita alets weficizat in 2 peiticulzsr nutri-

ent nave scown siwiler results uzlson (1259) assayed ths
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pituitsriss from rats vwiose diets warz dz2plzteld i protein

for cone uwonta, znd fouud incieasca Fod with no Zzacrssse
in .¢3d activity per _.lsnd. Zloesszy ol pitultories from

reaale rats subjected to vitauia =

i,

~—

increescs ia rFéa activity ver zleand (Jooten =t el., 13955
1t s ocars thot irenition and csrtain viteain or
Lrotein caficiencizss ere 0ot ezssocizted wita = decrensed

ny.0pa, =2al content of _cnzdotreopins. Cua tae contrzry,

.- . B . -

dellcizency snowed creater

the pituitsry content is wore 1ikzly to be incresmsed. Tais,

%

Toetuer wita tiane res.oonse of nuvricens-deficient r=ts to

low levels of injecited zonadotiovins, stronzly su~gest that

the Sonadal inscezcuacizs ol deficient rats resudt frou o

onadotropins.  Yae in-

[

decreascu secreiion of ltuitory
creus.ca zoaguotropic potency im undericd rats .2y result

fro.n:

2. A dsc.zccsed retve of uor.aonz syataesis ith 1l

it=d or nc resle:=se, rasulting in =sceow.ulstion

Pa K . -5y =,
0L tae ioracrne.

T:0u 1 Gota on uor.cne content of a zlsnd .2y serve

es 1ndic.tors ol iunction under =c.ae conditicns, such daote

\')

Srionis ¢t al. (lsol) uave reported sli at incresses in



pitultery counteit of Fod i1 rets Cn

witoout = astéctable rise zn bleod levels.

s~utrition zxnd Thyecild Punction

A decrease in tayroid ectivity nes tsen cenonstrztad
aurin: periods of fooo rzstriction. ALtropny, iavolution
cnG dese.eration ol the toyrold g1l-ond hevs besn cescrikbad
in the reot durirn incnition (L.ulincs zad roacrantz, 1940;
stenians, 1940). 1n chronically undernourisied uzn the
baszl wetavolic rete is low (keys, 1950). L.eites and .ol-
terink (1-550) saowsd tuzt the aiouut of 1131
Tue tayrolid wes redaccd in groporticn to tac scverity of

food restriciion. D'4An 2lo (1951) deonstrated a reduction

in tayrotropic level in tiae dlood of scutely sturved rots

Lurin: icanition Steunras (1940) coheerved tiat under-
nourisiazd ulnea pigs weres 10 Tioes Liore senslitive to thay-
10Tropic uoruone tasn noruzl .ulaea pi s, Yae tuyroid ra-
sponds o6 thyrovroglc aoraone aCuministrstion, suzsestin«

)

Ttaet tue condition hses o _itultery oricin. It cpozcors that

thyrotrosin is respomsible, ot

exis to ..ild underrecains .ias been stuadied by Pirves et al.



(1460). 'nesy observed that tarse-Fourtas of nor.2l food

(N}
o

intexe siriificesntly decre-sed thyrotrcpic Lornone without

en effect on bvody weil at.

Jutrition =nd gronta frootin: Fancticn

1 en i.nazture cniazl 1
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aizt, srownta as repressuted by skeletal zlon atiocn and s2in
in vody wel_at iz reduczd. L1 et =l. (1%49) found tiz=t

tae ocdoainistrstion of 54 to sucih snicals results in ore
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Sreovnis et al. (1959) asszyed pituitariss of pro-

tein uerlicient rz2ts for srostia norwone sctivity to det:sr.dine

{

vietiler Srowta srrest was due 1o ceciemsed synthesis of
orowhn Lor.Cnc. aAll acseace ol alietory

TR
Xl

(X

€S reauced tae sro-tih normone content of thas pituitaries

ct
(@]

onz=nalf ror..al z.cunt per uy of tissuc. Tazre ves &

Le
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sizz of pituitery ccidopails.
cut Ifeilure of _rowin acrnone syntaesis in ths &b

dieteary groteln .ay not be the only ceause of rowta retzrde-
tion; lack of zwmino zcius es bullding tloclis =2nd the inabil-
ity of the sueleton to resnond to jrowia norraone .12y 21s0

wrotedln ceficicnt rats.

A

ce a fector in .rowth arrest in
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icel cxeaainziion, tle wirsnal uloeritrosa, durin inanition
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sroups end nct yrotein L=r s2.

Lvicence tor sctivaticn of thz pituiter
system a2s8 boeen relorited for enliizls foed diets ceficient
n ascorbic acid, wentotaenic scida, thle.ine, cnhnolire, and
pyricoxine (Urshosf, 1952). If tae Jeficiency is sufrfici-
ently prolonzed, Lowever, & stuts of adrensl corticsl in-
sulriciency occurs, possibly due to sdrenal corticazl erthsus-
tion. “ais res onse 1s a carrscierisilie .znifzstation of

non-sczcific stresscs wnd typicel of the zemersl acantion

syrnavous (welye, 1946).

A

sutrition snd Laaaaery Gro-tal end Leocs=ticon

w21y orowta.  3dyces et si. (1.43) fouud thst

the ..eumnary ~lsnds o rats fed Tuwe of its nor.usl inteke
spovea less wevelow.ent tazn centrols.  iaite (1944) re orted
siuilzz zifects, usingy virzin fe.szle .icz,., Jowever, this
leck of -rovwty was believed to ve due 1o cess:ticrn of es=-
1rous cycleg, since .ice fed tae szime sub-cxloric ciet,
cut kegt 1m coatinuous cstious oy & subcutzicously inplsnt:d
peilet of aleta, tetilbesvrol, sucwel considersdole =anry
cevelouznt.

~cr.elly rz2ts ou unrestricisd clets respond to es-
tresen trecteent ith s.einery srowtn.  Jhen rets were picc:d
cn & resiricied diet :snd wsere iajzcted with 5 m: estrone
welly for 14 ceys, wailcu Lori.ally slicited -ood wmioisry

.rosta, Asteood et al. (1937) founld tazt tacre was 2 lecik
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of .rowta. Treatin zad Yurner (1:41) revorted similar of-
tects on tune resyonsivencss c¢f tazs wele wousc woaiary glesnad
to estrosen durin. iancnition. as the ool inter:z woeg de-

cr

@

csed 1O onég-2:c1i nor.cl conswaiption, the aaount of es-
trediol reguired to rrocduce a mini.un cerrze of duct ro-t.
~as propcrticnally increosed. Lac) <ilizinel these results
s cus to ti: inmalrect ection o tuiz wawinry tlond by toae

sltultary; the pituitery belin_ olo icelly le2uressed

(n

durin: zasnition and tlicrefore i1t rezoounced to estroven

wita a s.allsr cutput of thae :situiltsyy .aa.Lio-ealce factor.

situltories of 1:2ts 2aiter various desre.s of 1ncnaition,

gnd found tiat srelsctin wes rzducew below thist of the IZulli-
fed contzols., Ca toe Uesis of horuone couceatrztion nzr

@ 0 plitulter), Tiere wos only a sliat cecre=ssz.

ATropiy of tite trezzts 1z co.. .01 in undarnourishizd

wowen, wut a cowmslacrartle nuwater ol scliisrs dzvelon:d on

pota uncersled and wolnourisicc. distolo icel exacinesticn

ol tae _l=znos saowsd ayperplesia of tie cuctz, and in soue
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trie diszascd liver to insctivote ecstro-:2as wes The couse
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suet

tae resuwuption of i edey et w=2s taou:nt to be due
to en iapalirwent of enlocrirze fuaction, .1ita an incre=ase
r2n production. Conclusive cvidence of sctusl liv

iassiraeat ead increascd

(]

stroen l.ovels was not evident.

locteticrn., dYaeres azs been virtualliy no vorx con-
J
cerning tae nusritici eadocrine interrzlsticnrs durinT l=c-

tation. Yals cz2xn ve .ortly expleinzd by the difiiculty

ct

in owscsurin: oili srocuction in ra
It is well cstaoiplisnece taiot a cecreszse in food in-
talke or czloric int=.e durins loctetion 1esults ian a2 reduc

tion inm wila yield. oLnelson (1659) sihowed thet lactutional

perforiancsz, a3 judoed ty wel 2t of tac youn.: =t wveaning,

cecreased nroportionstely vwitiha pro ressive restriction of
an opti.el lzcietlion ulet. olciliar resalts 2ave been re-
sorted in tae cow (weece, 1953).
Tae precowinent recle of protein in rejulatino ilXk
production £=s lon; been novn. .ei_s (1%22) review of

tas literzture, cltaiou i ii.dited to deiry covs, suove

ot

3
ot
!

taz gusatity of ailg yield dewvended upon the yual

vl o
u;’ o1

protein supzlizd. .uzller snd Cox (1946) sacwad thot this

wes elso true for tae lzctating r=t. slson end Zvans (19
found tuct tae weaning wei ht of younr rets inciecsed Lro-

cressively 1th increassad cssela lavels. e cessin re-

guilre.izas Jor opti..el lactation s vewred to te detiesn Z4
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=nd 50 per cent (20-25 per cent protein).

rviets ceficieant iz souiul, potzssiu., Or thiamine
(Felson snd wvans, 19ol) Lave severe effects on lszctation.
any ol taese Gefilciencles bezilnnin: et parturation rzsulted

in 1low weenlng el uts ol the joun:., Avorese dsily food

intelke
4d ik A Vo

v

5 also warizdly; Gecreescd. uether these defici-
ericiecs ueve a cirect effect on lectation or zn indirect

frou restriction in csloric end nrotein
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bxoeriasnt I. nifects of Horinonal Administration Uoon il
rrocuction in Underled nats

Procedure. One hundared five nature, female Carworta
rats of tae C¥4 strain were bred. Once presnancy was es—
tablisned by palvatstion of the avdo.izn, the ra2ts were ploced
in individual cages. Taese cavtes were desined to nske
tas waws' 1I00d inaccessible o the youns tarouzaout the
exXperiental weriod, end viae youlis's food intaze consisted
only of wil« fro.x tiae wotasr. Tas anl.usls vere kept in an

2ir ccaditiomed 100w &% a tzuperztures of 74+ 1° ¥, Dhe

rets were fcu a caslc laborstory ration, a~nd vatsr was 21-

Lostomztue, Tz 1itters vers raduced

2y "

to el nt sups por cai, wind tie rood intolks of the drus wios

: N ~ o0 . e R S NP NP A A - P

Lol pro_resdzu, Tue atunt 0of foo0d comsuncsd per day increess
R - 4 . 3 [, -yt . - -
rro. vae 4t to tiue 1l.ta doy sost_crtus, the doas

aAcr.aone or aoraciées.  Cua tae 1ot dny posIoariuw., tas onos

5 N ST N 1 oyt ag . 13t L
Wole SnCLllilCou. wile OVoIries, Uvell,
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tnyroic, end glitaitary wers res.oved, clzzned, on? wel e
to the necrest 0.1 2 on a xcller-3:ita bel-nce.
‘e sroups vere trectea £s follovs:
l. <Jintrcls, salinz; T¢u =4 lititun.
2. Jontocls, szline; L/2 Teed.
. EBovine wnterior gituitary; (A.r.) Lowier, 15
dily g 1/2 Ieed,
4, crovine anterior Jituitsrs powier, 25 un; 1/2

fead.

0. Ta,roxine, 10 uz/130 zu —.at.; 1/2 feed.

-

11, Hyirocortisone szcetate, 1 wzy proloctlio:, 1 117

A ej.o

i,
0]

and oxytocin, 1 1.U.; 1/2

ct

5]

4ll injectiors viere _.iven subcutsnecusly once ¢=21ly,

¢

eXce,.t Ior oxjytocin wnlen was piven =2t unifore intervels
Iour ti.es a=ily. il solutions were ..acdz2 up to the re-

quired concentrzticn o, dilutin: witn ovhrziolo iczl seline.

It 1s aifricult

. .. . e
0 izasuars accurstvel

ct

of wuilk producsd in s..zll lzboratory =ni.zls sucl as tle

ret, end it wes nscessary to 2uplo; indirzct incdices. In

1s onLy e relative index oi lactationzl periorzsnce, since
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ol thae 1/2 Ted condrol wroun (rous 2) _-winsd =.out 1/2
s Lucll 2s the oG linitu. fed coantrols (~roun 1).
aversoe litter wel ot —Telas curin: wvh2 o0-10 doy

-18 a2, or eatire exyeriwent:il period Zor the 1/2 f:z4
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4) end suyronine (or
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e telly to rets Low uo codlocTosoretic gifect.  Conkino-

ticus oL DY with prcolzectin «nd cortisone 1a nyponiyscecto-
wilzgel rots w.ore 1o ore offcctive tToen Tne 1l:4tzrx t..0 07—

wones clone (L.eites, 1Y59). Siuilsr results :re ovtiinad

Tae _zou,.s walcl rzceiveu orolcesin (rouw 9), i
a1 hier dose of o, urocortisone (zroup &) and oxytoein (zroup
10), saowed no si:nificant increases over the 1/2 fed con-
trols curin. the ©6-10 duoy period or tae entire exrnerinzntal
seriod. dovever, 2 sli it dbut si-nificz=at increazze ovar
tae 1/2 fed controls cccurred in these
11-13 Gz perioc. Tae litters ol these _roups ~zinsd ~bout
23,5 wore Curin thais period tasn the 1/2 fed ceontrols.

vhe rets _ivin grol=ctlia, ayarocortiscuz ecetste, end ouy-
tocin in co.piastion (zreouy 11) saow2d The soue trend ze
waen tazse aordones were lven individu=slly., Yaus, tizse

nordones did not e__ezr TO hnave zny sinere dctice effcets
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1ncresssa, ana vis

(

indicated 1ncrezs:zd al0Wd1 zdre
dirdistretion of aydrocortison

viel ot of tae

aecreascd tae L%
en zozolute and relstive <ol

sltuitary inaibition o sCT1
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2nd thywus on both
retio, indicetine
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Teole . ZiTects o Lacr.nol cv woi.docrine Cr
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60“— ’. ,’04—1.&Av l)_\).t;: 330’; —730; 220
10 //:_.,A.;u'/_LU\)
t_)u’.Sc.‘.}o-‘lrto (10) IO.:L +;.b +lou i‘l.
Te—=l7aricortisone LoU.1 32.0 4% .5 2,
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Grou, wsuuler

Taoroid Lt

and /100 27/120 2/10
Trezt.uent o 3iSeZeunte . y.e bodt, Lo s, Tl
fdil—f&d klO) i5o/ iﬁoo :004 iJog iu.z f@.l
C.——CORtIOlS £)eD 1305 llo7 6.1 lo.o 502
dslf-red (10) £2.9  +i.4 40.3  +0.2  +41.1  +2.1
30-_3030 fOWder 2609 307 13.6 7.2 903 4.?
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L a3y deriy (10)
0.=-=1a,roxine
10 Us.a3/100
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Q.5 .iz dally ()
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1 a2 daily (2)

Ye==rrolactin
1 ug daily (192)

10.=-Lx,tocin 1 1.U.
4 x daily (10)

13.2 Se
+0.9 +90.
315 16.5
+0.3 +0.0




Bxverinent 2. woirTect of Underfeediny ynen iaviery Growth

4

rrocedurs., .zturse, fe.nle Serworta rots of the

Crid strain were aivided into the followin~r -rouwns of eizat
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Figure 1. Gross mount of a mammary gland from a rat fed
ad libitum for 14 days. 7X

Pigure 2. Gross mount of a mammary gland from a rat half-
fed for 14 days. 7X

Figure 3. Gross mount of a mammnary gland from a rat starved
for 14 days. 7X
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Figure 4. llammary gland from a rat fed ad libitum for 10
days after young have been removed. 140X.
Stained with hematoxylin and eosin.

Figure 5. Mammary gland from a rat one-third fed for 10
days after young have been removed. 140X.
Stained with hematoxylin and eosin.
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the gbility to weailantoin pre_ n=ucy in ceficient rests ty the
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adzinistration of estro- en =nd grojestercne (Lelson, 19.09),

dere, s in z2ilk vroduction, we heve a coavnlex rrocess of

cevelop.znt (in this czse z2a eabryo), whici is controlled

QO

by nutrition-l =znd eundocrinre fzctors. Tet, even in the
case wners protein vwa2s couyletely oultted from the cdiet,
pre.nancy vas mainteired by thae edizinistrstion of hormones,
would this =psly so lectztion, walcn is 2150 a hormone de-
gsencdent .rocess?

In Bxpericent 1, the si.inistration of horiaones

to underied lectatin: rats failed to heave any effect on

—

reriod of lsctetion.

litter wei-nt sz2ins durin. Tae entire

(o]
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dowever, the taree aormonss, prolsctin, oxytocin, and ay

cortisone, wuich I12ve ween siaovwir to Le zost essentizl fo

3

a1lk zrocuction, esci denoustrated 2 sli-at ebility to in-
crezse unilk yields cdurin; the later jazrt of lsctaticn (11-
18%h days postrertua). These results su~ est thst the de-
crezse in ila production from underfeedins wes due nriinr-
il to lowered food intske and not to reduced endocrine

Iunction.

Sreonix et al.

-

n protein-ceficiznt rats .reatly lacrecsed pitultery 37

'..J.

zne ICo4 content, ralsed the circulatin: levels of P31 and

erousat sbout castration chan es in the pituitsry. These
woruwnolo ical =nd gaysiolo icsl cuones showr thet the pitui-

tzry gloncd, even in the cowx:late svsernce o0f »rotein, ratoined
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its cagacity to rescond to tie stimulus orf overiectcuy witna
increzsed syntnesis snd relecse ¢of -onedotropins., Yhe siress
stiuulus rssulting Iron sever: inenition si.llerly =zipcars

10 act uyon tae gitulitasy to czuse for . 2tion =nd litersticn
of avinu (welye, 1946). 41t se2.s thea tast ths functicnal
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§0.:8 8Tiwuli itz tas syat.aeslis cuad relewse of noruones

Tae sucaling stiwlus uuriny locvation ass been
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tae pltultory Sland rzaspondeu to tha sti.uius of suciiling

ita the producivion ol prolsctin, ALY I, 2ad cxytocin at
ootinzal or nezr optizl levels for wilix grcduction. Tnsz
cli ut Jositive erfects of zaminisssrin: taese tiree hor-
wonss aurin, the leter .art of lactzticn could possibly
agve tesn due to the decrezce in the stren:th end duration
of the sucklingy stiuulus =235 result of the itslnouris:ied con-
dition ol tiae puys ziad da.is.
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(cedtzs 2t 204, 1922,, o8 indicat:d by irnitiztion of nem-

factors, incluiin: strzss, to sroiote tiae rele-se of A0T1

Taou_.a tze wdrencls sre beliceved to be of szcondesry

lwgortance ia az..aory crovwta, it 1s reconized thast they
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eCrete severel sterolds wilch czan influsnc: wamaary -ro-ti.
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auwiaistrztion of AUWL mnd lucccorticoids induced ~ro~th
1>n4d 1n intzct end ovazriccto.iired rots

pwriused vita sstro-za.  Lie incresse L o.gooiery  rowta iich

incressed secCletlon 0L aACYa. e eddaitionnl secretion of
vroloetin in resgons: to distzry stress 1o indicetz2d by
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thzt the sucilin: stiaulus 1s eble to waintzin the se-
cretion of taose aormones necessary ror aili procuction
at a near optiwsal level.

in Experiuent 2, tas erfects of underfesdin~ ugon nein-
wary srowuta were studied. ..ature, feuale rats recaivead
half-feed or no food for 14 cays. Hdesli-feeding induced
walnly duct end end bud develooiiznt; cowpnlete food with-
¢rawal inaucad siuiler develor.ent witna some rats show-
in_ .0dergtve lobulo-alveolar srowti.

van oan sosclute wel-nt btasis, all the encocrine orgens

aecrezsed in weil 2t durin.: tae p:ricds of underfeedinn,

2}

except for the curensls, whilch increzced taeir vel - at
during the period oL coaplete Tood witharzwal,

0 wicvericent 3, tae effects of undesrfeedin: on ..o.uary
iuvelution were stalied. (m Ta2 411 do) postiortus
1i6ters rro.r wotazr rots ere reoved onl tho Lothers

P L . ~ * R DT T I B RS I S o Yok
wele LU 1/5 tae Iood Coiidu..clU Ou s X710 Lo CChn-

’ N e mA s vy Ao a7 <2 S 4 P R A & . - ~ 4 - -
AS cCiparen wita Lu.l-Teo coatrels, uwtlderfcedin: ratoross
wlua&ly 1nvoiution =s jud-ed alszvolo ie=ll . Uas sl-onts

1004 tae Wiusricd _YOuy £ 10 cu D2TTer weinteusice of

elvecleay stricTare £4Jd 10 3C.z =reas szcretory oterisl
€€ preeznt.

it ds tlicu at Tact severs Uo.orleeding cri Ur0.0%s thl

cecrovion of LCid zad prol-cein Zre . the smtericor _itu-
itery 1o ceounts wlicucte To ZnZuce .aci..onry wevelo, o:n

cnd retord 1uvolation ol the posvuvartun 1l
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