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v i t i i i i i  Hl ittfittlfeBiiit h t f i  to  <mlv 1 mjr. -ami* dav* f b i  i n l - T i

aayar to asit nowi bm vgtil to  a  # t# t#  o f  ohfonlc In u iltltrR  hy m 

d lo t wfcichwa* ■ f iTiî ;ifii|>itffi’*i# i a  fiHH rw ifpoof+ tho o o to ftto ft

nmt moot towo toot*. Hfi n»y% aaitainf ty  o  wS%ww$s ilidtSwlsiiiigre

SEItimdha ft* c tll ft nmr* awlwctwd £Oar JMHaoUHPV i hmwmr Sje ♦Alai.. W - W i P i i  W  ***# «M«ew«v **■ ¥***»

aiXKTlwanti prtM urily to ito iiii o f t to  w eir o f  ffapo  Klk, «nd 6adth (M )»

HUS' OOllOinCHro tROt wXTMmXXk m *mm m lETOwvIS 0vX)IU2JfcuXu£ OlXOOv IKBrOJOwO

I#  InaskOji and t t o t  I t  oXoo pvowiiieMift- Btoohll >thfott|h sSSi*ilsSSoii 

igppottto an i ImsroaiNKi food livtato*

f t  bo OJCpOOtOd tlftfct UMI IfrllfllHHf in  oooo Ofty

y i f l f j^  th» i t t f r f i  .to to to lto ii to  otoiflwtttoo p to  3to>*oo3cyj» -ydt ttoeeo to  

only ftoagor oxportoftfttei data avallabl* on ito  offoet* o f dtooato to -  

«&ltto*t o r ton h lto d . Hoot of tha tovoiftlgatiafi* whloh lam  toon m £* 

nyo oto* laitfpi^totol^sp f to jiwntl iQ j  d lfflouX t to  r*T< to t fjr i r t t l  i? trti1 ttty  

w idor t t o  dtponlA alo^'watioti y oatofOfy# and ojtoto s l l .  ©oatetoHLctory*

An n ng asapaKift^ o*jiot ( t o } jro )Hr yv> a a 1 an o n  v ooaoRoaey anoaiJt 

w ith  a  rto u c to  toaogtobto , to t  Jaetoon (8) a ta ta a  to s t  t t o  mom*to  o f  

cfcroale s ta rv a tio n  1# to to p tfv o  toll, to  1**1004•'• sxai a  dtoto"*'

a tlo a  to  hoa«gI»b to f whlto tosarftft (4?) rwpwrtii to u t t to  iw w lt*  m - to -  

a u to  iuw> i to to f to to i f

to #  xtot 0*1^ -Q^siit  s to p s  to  ayaial ft. anai'ltiFl^y

(48) t o t  BaiawJlot (46) fttoto that tto tft  to  to  toorwmaa to  t t o  tnm&mr « f  

:itod cNiita to  otoonto whloh f l im in i  ra'ftoftTnjrj Btowt
i

Ctol to i JftekxoK IBi found a zvdttfftioti to tho rtd to il nmm%.

fto  to c it jr  i f  tto  b to d  to  stoeiito Saotodtion ftaTlr> a to tto a  |e i& t 

Of iftfito ca i*  totoi; (49 ; a ta tto  treat tia i o looo cnttniaMi w sm  ft3Ja«tly to
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SSHtiS" IMM̂f' Oi* tfof fffifffMij pl(|y|rt̂ «̂jg»̂ m̂ .. *ff*oiO Of ’%lif t̂^il#l|

*r+ iw floet*4 1» th* org*2u*«ight« on* stneo fchowoighi o f ogshi of tho 

«i¥l<rr1iT .gjop** f;f>nyfcHaitm sn jflPf#1 of ib* trppifl notion of horwon*#.

I t f#&&«m tlrni inch m ight io t*  wcmXet oonetltuto *  «rit*rioii o f clumgo 

for roootorjr unci *ii4©orioo; ihorojijr*

fh* d&ffomiio* w ith 'Whioh tho -ppjjppfi TOijffQitT ’to- pfrfwoio :imiiS,4iSB 

1b jrcrom £*to ho* boon i&uawti by obbor woo&nnFtii* (5 6 ) found bhot

tboro vKi ip  fiootit thongo in  the pworon* mtgtiil o f tho bruin, *

iXijjhl b«*pp>i 0* in  tlsi weight of tho iiiror .optoon* S  "$81 Infroioo- ip  

tm . m ight *f th* t«»t**, phi p. m ight looo o f obmtt §&f in tho tfayonn.

I* *noth*r work, Jfcekoeit (8) «b*t«* that th* r*«ult8 *n tho 

m rioblo, ib4 bhnt thv pitPitPTy m y to s tto ii to  ineronio' in  wiighb 

to  335C. Otomrt (SO) fowid oi&y * %% ixmrmmm in  oOrOmi m ight in  m
' Z O O f e  . j A  J M if lB M M b . 1h M M I U * k  m  i l V r t i i  j g r w  ' j r f - f t l i  lifci 'd i t  - r k >  m iii -f3h  MB Mh • iV  S M 'h  ■ ■  i i f  M  * 0  * W  ’* 1' * *iii»or**ociJĵ g inwpmki or m> ooyo, wit eontiDoou ixiou itsiuog or y on* 

m ol* r*«*ltod iii m ight* 6^t and XlXf m̂ mwrnrnimmX rvapiillT i^r.

fh* m ight mmmm  o f orgoa* to  rooowory fr« t chronic inanition  

in  toon* rat* ho* « h »  him' tnrm tigatod. Stom rt |$ i)  fownd th* brmin 

jpd>*rw*it to  nowMilt tim kidiiojp woro iinrnil in  pî o|MEirtim to bogy weight,
'. V; c, ..,i* .. H, ■*£ , ^  r„ i-

tho too to* wo'rw at f if o t  mtinormY hot -ottninod n wpyt t  'm-ight. bofor* 

tho *<hat ho^r m ith t w**r rooolp*, tho l|w m  ̂ woo, m o l  or oboo* oftm
V  v f  : -;''■ .  '  ft. , .,  ' • "  '.-■' ,<  * V* .,' . .  - :■!" V.•;•■ •.. , '■' .ft ’>• (. 4-'. f:- . ,:y ..% ;•; , * y .*

g, wpihff't th*; thfsra.«« idioiEh m1bviM9xtM̂L woo ohovo

4r' W*iko, 'IpHI oftor on* itonth t ho iTKifiiiift * rolUiti'f*'

o*1 jtit l̂ ooo lPit oontihO** ’ t^’mil-toif jp  * rpypj rth^SoiB*1-

ohi^. Ilogording tho oploon, 4ockoon <*) otot• •  thot rofooding oftor in»  

onition rootoroo tho nnrwil woigbt with n troxiiiioiit
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o f  re^ lim en ta tio n *  ami dropping to  norm*! a f te r  £$m m itee* ley s a t  a l  (43) 

found th a t mem underfed fo r 24 week* need 86.5 ecu ©2 p*r minute par 

aqnara motor o f  body sarfaae- as compared w ith 122*2 ee* Of bte* prm- 

starved- c o n tro l. A fte r 12 weeks rccevery lisa b asa l oxygen conaawpiioii 

was a t i l l  conaldarably below tb s  eo n tro lf a f te r  23 w aste I t  Wm * li« h tly  

higher than  the oembrolj and a f te r  $1 weeks i t  waa m a rly  th e  same a s  

th e  c o n tro l, fhe d ec lin e  in  B .M .l. a« a  resn lb  o f a ta ry a tio n  mas 31f. 

fh* racovory was c lo se ly  datarmtmO by the c a lo rie  in ta k e . i s m  workmri 

Aid -siot fin d  a n  Increased m etabolic ra te  1m th e  I n i t i a l  stage o f re ­

covery a s  d id  IfcrguXla.

Benedict (46) point a oat that carbon dloxid* la  the ami product 

Of oatidation o f  a l l  carbonaceous m aterial, aside from those fragments 

of the protein molecule that are excreted In the txrtm* A measure o f  

-tbs carbon dioxide production furnishes, therefore, an estim ate o f  to ta l 

catabella* o f considerable value* Inaccuracies In the determination o f  

ether respiratory end: nitrogen factors are in  part compensated for tor 

the mire m carate determinations o f carbon d ioxide. I t  was with these  

re&eoas in  mind th at -the metabolic rates were calculated  from carbon 

dioxide determinations in  th ia  experiment.

It i s  the. purpose i f  th is  investigation  to  determine the e ffe c t  e f  

chronic inanition  on the re sp ira to ry  quotient and basal metabolic rataj 

and to determine 'the e l f  act e f  realim eittation open the recovery o f the 

normalL metabolic ra te, th e  only therapeutic supplement which was evaim- 

atad ixi' th is  respect during recovery in. Xa^pcrinent I  was the growth 

hormone.
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WOTj&OX* (fl)l OtatOO biOi tllO £0000 jjpBl.ll 1& tfOifbi noy OMsoodl 

tb* Of fOOd OOlSiliMKl '‘.dttH til, *%£wi * fOOb tb a t dU2?iit£ SO"OlioOnbOiiOft

tfc* © rota!** rotodno^wiofe onior*

0^b«r ob»«mr*iilon» ooa««riiing w ator a« t* b e li* t havo boon eonfiood 

to  th* o ia rra tio n  porlod  ito o if*  Aocordlng to  lonn&ierb (4k)* lorgo 

**oizi$t** 'Hi* nai*;r cm  la s t  during ijw u itio R i **0 .stsipvis^i «abjoot» 4riidc 

T o lr i i i  o f ini to rs  ite" OtntOo th a t in  f& ottii^ rrrt thnro  5,#  ##*1**̂ 

aidorobln ro to n tio a  o f th lo  iwitor by tho  bo4y. £0 conoludo* th a t ainao 

th»^« ay* no iM barlal ra rln ilo ii*  in  tb*  donaity  o f bho blood* ot&ior 

t i t—nin *oat in v t tb*  foiNif o f itiiirttifTiji' on i xobajnfna' oabar* iojr% m% 

nil (43) nloo foon* th* tlia u o *  o f ondorfod Mm to  boo©*# ln eroaslng ly  

hy&rntod* fhay  roporfc th a t w»t«r ln tak* nor* than  daublod in  soaii^ 

v ta rv a tto n . Tbl* nan *x$>l*lmd mm £m to  tHO a tto n p t to- imrmmmm i t*  

bulk in. bhn otonnoh o r  to  in*  oxoo*«1to diur*»t* which £». ty n ln a l o f

•MU™» oiOl* •

fh» atad i**  undo In  th i*  *xp*rln*nt to  d*t*r*in* tbo  Inflnonoo o f 

food on In a n itio n  mt>a rwoowwry front inM iitiw i war* aowrowdhod iisa tbo  

follow ing n p i « (1) b y  O otorninlng tKo o f f s e t o f  s ta rv a tio n  and rofood* 

in£ Oil tho  iwitsbolSo rm to, (2) by d*t*ntin tiig  ttm  « ffo c t o f  tonpormtnm 

on th* fo lly  w*lght n o tio n  4urimg s ta rv a tio n *  (3) by atttdjrlno tbo coturoo 

o f r ooovory  o f body wolght both a* to  th* am u m to f food conounod and 

tho tin *  i?iN|itSiNKty. a** | | )  ty  -d#b#ywrt.y*fyig tb* dogy** o f  tboofplioB  o f 

food n o to rio lo  in  undorfod mod no m al rmt$ by m ono of food*foco» ro t  too* 

ShsrO ooo n i  man t#  Imlleifini tbot. foodNfotioo 'm tlo o  tb n w

jin is t ’On. tn o  i^oojuMi o f  *000 oconraoy* it- so  cottooxtoojui^ ro r  .xnotonoo^ 

tfeot o  in  tb o  'OPtiHtjr of tb o  m oonti^o  oyiRtooi to  vonooo ttiMlblo

n n to fio l fsrasn inoootod food coxild c o & tiita ti to  body o o iih t fo ln*  fncb



14

* chwige t a a t  le a st suggested by Ficker (60) # who speaks o f 4b# in ­

creased perm eability of the e p ith e lia l lin la g  of the d igestive tract to  

mlcroorganlwsB • Brooke, Maria#* and lambert (69) employed food~£#ee# 

ra tio s to  datem&ne the e ffic ien cy  of d igestive frm tion s in  experim ental 

ob esity . Methods sim ila r 'to  those used %  th ese  workers were eispioyed 

in  th is  experiment.
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data obtfiin«<§ in  a  ##parat# *#rl#« o r aniwaln w ithout r#gard to  recovery 

therapy* ftm gradual pm&vmmtv& ohrngtatn th e  total* m€ and whit# coUL 

count and in  th# #p#o lfle g rav ity  o f  th* Wbol# blood which occurred during 

underfeeding ***d roeovary war# daiairwilnad by tiwwtng blood from th #  t a l l  

o f  th#  anim al a t  ?-day in tarvale*  Fr#gr#*#lv# change* In  th# b e ^ to c r i t ,

If# F* If# plan## jw^o&aiu# nod blood #i agar war* d#h#rw i»d by a a e rlfie in g  

10 animal# a t th #  and' o r  th#  und#rfaiding parlo*  and a t reloading in te rv a l*  

o f  £§* M r 30# and to  day#* and drawing th#  blood fo r  atudy frost th#  h e a rt 

w ith  a *h#parlril*«d» ayrlng#*
I * ' ' «•/*'

.t ■ ■■■ ^  • -

D aily food conaunptlcn waa doteneiced darin g  th #  ro faa iin g  parlod by 

p lacing  a  given q u an tity  la  tlid cag#* and w eigM ui th e  dry residue 24 hour# 

la ta r*

yoed-foce* ratio#  war# obtained by deteriaioing food Intake over a  

parlod o f 5 day# by weighing tha dry residue in  th a  eagaa o f 10 control 

rat# «nd o f  10 experimental rat# which hadbean underfed for 60 day#*

3?ha -dry weight o f  th# fa ia #  wa# determ ined by co llec tin g  and d ecsleatin g  

th#  focaa from hath  th a  co n tro l and esgsarlwenlal group# over th is  mam 

parlod .

Water aansaa^tion wa# determined by recording th# number o f time* 

a:aga h o itlaa  war# re filled *  Mu## war# juarbad on the b ottle#  #0 th a t  ra~ 

f i l l in g  represented a certa in  number o f  m illillta ra *

Th# animals war* weighed d ally  in  tf^ rlm e n t I  and meekly in  expert- 

want U . #11 weight* war* taken a t Us#: earn# tin #  each .day* Periodic 

weighing a t  regular in terval#  was naeaaaary during the ondorfaadlag period 

to  determine th# aoiiatant weight ration*,

fh# ho*m tocrii» war# determ ined fcy cen tr ifu g in g  fo r  on#, hour a t  

2500 W* t*  H* w ith  th a  blood in  a  wtnbwoy# tube* to ta l  whit* c a l l  and 

rad c # l l  cou rt#  w ere d#tarwinad by a l lo y in g  regu lar c l in ic a l  d ilu tio n
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TABLE %

E ffec ts ©f Chronic S tarvation  and H#eov»ry Therapy ©a th e  
to ta l  Iryfchrooytoa, T otal Leuoooytas, iteog lob ia*  H aaiatoorit.

Spool Tie G ravity o f th e  Blood, and Speoifio  G ravity o f  th e  i*lasB& o f tho  fiat

Exparl jRiOiital
group

Bad a a ll
wnabaf

Xhit* s a i l  
number 

(bo. /« u. / m i. )

Sana*
globin

_ i « L . ...

Hoitato*
o r i t
m ____

Spoolflo
'g rav ity
o f blood

S pecific  
g rav ity  
o f  p iasaa

normal co n tro l 
(60 graas}

6,875,000 S.866 84,0 52-67 1,0471 1.0160

tJadarfed 
90 days

8,587*000 6,*06 60,2 42-88 1,0807 1.0215

B*Goaplex 8,796,000 17,0X0 82.0 48-88 1,0600 1.0225

Tastostoron* 8,788,000 11.000 84,0 48*84 1*0010 1,0226

Groirfch hormcms 8,828,000 16,460 82.0 46*84 1.0880 1,0251

In su lin 8,202,000 18,570 78,0 44*86 1.0690 1.0226

S aline co n tro l 8,784,000 19,660 76,0 48*84 1,0800 1.0281

l|fr»nm 8,609,600 14,002 78,8 46*28 1,0894 1*0228

fiorsal o o a tro l 
(6 ao& thaold)

8,820,000 20,129 82,0 47*85 1*0690 1,0250
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TABUK

Sffacta o f  Chronio Starvation and Bccovary on tho Seoatoorit, S pecific  
Gravity, Kon-protaln Sitrogcn, Plaeuta Proto In , tu l Sugar o f tho Blood o f tha hat

Bacperloontal
group

Spool f lo  9©n*protein Plata* 
Heaatoorit gravity nitrogan protoin  

06) o f tiso d  (ag./lQQ 00} (g./lQQ oo^

Blood augar 
(mg */lGG oo *)

goa-fattlng

Koraal control 55-6?

41-69tfhdcrfcd 
90 daya

Bofod 10 day*

Hofod 20 day* 42-68

Rafod 50 day* 'i 45-87

hifad 60 day* ,46-85
* ?' i  * .? '■ "I V „ ' 4- ■■*>■

Sonwil control 47-65 
(6 nontho .old}

1.0*71

1.0607

1.0694

1.0590

75.7

56.9

58.4

45.2

8.77

4.55

6 .12

5.25

5.25  

|  ,6.40-

5.46

105.6

98.0

106.0

119*8

180.0

186.0

149.0
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TA8L2 6

A w ago Absolute Haights <&t tha Organs o f Rats which war* 
Chronically 3tanaai 006 than Rafed and Xnj*ot*d with therapeutic Supplement*

(Grams)

t?

m

Bxperim ental
group Im,

1 3
I

8
JS
£ I

m
1
S

*e 3  *4*r» # "•
«g* I  s

a

1f* t
I

lit
I*4

Underfed 10 daya .0028 *0100 1.381 >212 .110 .500 .164 .160 .041 .217 2.40

Refed 15 days

Salin# •o n e •0161 2*200 .705 1*052 1.217 1*010 .475 .417 .777 8.70

Cortex •o n e .6166 2.260 *714 1*148 1.256 .094 *405 .419 .908 10.22

"Orewth •o il# *0266 2,219 •644 *066 1.105 .726 .554 .027 *782 0.87

Vitam in Bf *0116 •0160 2.166 .727 1.161 1.212 .884 .457 .525 .861 11.28

■Utwp' *0111 *0165 2*186 *808 1*087 1.166 .846 .459 .450 •846 10.19

Rom al co n tro l .0110 *0266 2.401 1*155 1.104 1.554 1.200 .481 .570 1.025 11.65

A tsrage A bsolute Weight# of th e  Organ* of la ta  whioh ware 
C hronically  S taryed and th e#  Refed and in je c te d  i^ th c  T herapeutic Supplements 

i f  *../ {Perh«ista|e f& flfct ;oav body W eight) ’ * 0 f•v i * ... * :* '''■ '-»■ ^ T •'■»■" ' v ‘ ' ■' ' t -f', € . - - h. .■’* .i ’’ ?' . J- . . .... \  .. . .

Underfed 30 days .0048 .0172 2.620 .562 ,564 •669 .278 *286 .070 .370 4.10

Rated 55 days 
Salin* •0049 .0067 .960 A .296 .454 •520 .426 .199 .175 *887 3.66

Cortex .0047 .0065 .940 .287 .465 .610 •405 • 164 •169 •368 4.34

Growth •0049 .0105 .885 .552 .405 .460 ,303 .140 .262 .329 4.15

Vitamin 8^ •0044 .0062 .950 .281 •450 .470 .341 .178 am .388 4.56

Liyer .0045 ,0074 .965 .526 •438 .470 .341 .186 .182 *340 4.10

loraal oontrol .0047 .0070 ,818 .460 .386 .460 .410 .164 *147 .360 3.96



mtmjs 4

2*#r*g* Ihao lu t*  Weight* of' th* Orgaft* o f  in to  whioh 
C hronically  Stanrad and than R*f*d mud lo c a te d  w ith  fhorajjentia

(Grow*)
Suppl*a*nta

6*408
t*

I
a

Ia
Ifodarfad 90 443*'*884' ♦i994 .026 1.61 1.5*6 ■•911 .203 2.07 m m ♦20

&*fad €0 day* 
Growth i .020 .681 1.7* 1.064 .472 .679 10.00 .0101 .83

B-G**plax 1.282 .om 1.8* 1.569 .668 •776 15.70 .0106 1.11

fdataitaroxHrl.20* .0159 .178 1.69 .6*1 l .m ••vq*w# 1**11 .0086 •96

: iinii.ttiiii 1.284 .0148 .486 1.86 1.342 .67* •70* •0108 •98
, Salln* ; 1*298 •o iti .411 1.80 1.287 •686 *7*0 •0100 •as

MprmtX ««atfol 
{ikis weight)

Xaraal oontroi 
' (•***«£•)

•547

1.076• <.

.0080

.0201

♦I# '’

•109;?;-

1.54

% m

.186

1.504

.022

•ii§

•698

•962

2.66

turn

.0021

•0119

.*•

1.04

4**rag# Ab#©lx*t« Weight« of fcfc* Organ* of tat* whioh woro 
Chronically Starred and tfaaa Kafad and Injected with fh*rap«atl* Supplement*

(Fereehtag* weight on tody weight)

fnderfed 90 day* .802 .0170 .047* 2.540 .690 .0*7 .268 5.74 .0064 •562
avj.«cl w  owgr* 

Growth .0094 .1606 ■4.7*4 .428 •192 •284 4.18 .0048 .549

a-CowploJt .411 .0086 .1658 .698 .446 a ss .247 6.42 •0056 •164
Te»to«toroni4 .22* .OOB9 *mm . in .860 •is1 •266 4.56 :«©08* .381

.448 .0087 *1919 .688 .474 .205 .249 4.46 •0024 . . . .•wm

.482 .0082 .181ft .678 .460 .201 .272 4.62 .0057 .***
lortlalriodntrol
' 'f OOWkWOO0 WWWK'f • \

.680 .0160 .8840 2.622 .291 .0*9 .66* 4.96 ♦0080 .tts
ylWlKfl V̂lK̂fMpJ.

Werwal -wafe&rwt .484 .0067 .1187 •606 .469 .I ff■ 'V- .8*8■# .0941 .866



f  mm 0

T he E f f e c t  o f  I n f e c t i o n s  B e r in g  B e o o v e r y  o n  O rg a n  W e ig h t*  
o f  B a te  G h r o n ie a X ly  u n d e r f e d  f o r  5 0  D eye «uad t e f e d  f o r  5 5  -'Boy*

■ G o r t e a  W ac trao t ■; G ro w th  H orw ane V l t a a i n  M% : U s e r  B x t r a c t  _

B r a in n o  e f f e c t h o  e f f e c t . n o  e f f e c t n e ^ e f f e c t

S p le e n n o  e f f e c t * i g h i f i e e n t l y  
h y p e r g o n io

n o  e f f e c t -.no e f f e c t

K id n e y n o  e f f e c t • i g n i f i c a n t l y
fey p o g o n io

n o  e f f e c t m o f i e f f e e h

’" fo o t* * ' n o  e f f e c t • l i g h t l y
h y p o g e n lc

n o  e f f e c t n o  e f f e c t

S p l& id y jtti* n o  e f f e c t s i g n i f i c a n t l y
h y p o g o n ic

n o  e f f e c t n o  e f f e c t

Thyw us

■

n o  e f f e c t s l i g h t l y
h y p c r g o n io

n o  e f f e c t n o  e f f e c t

H e a r t n o  e f f e c t n o  e f f e c t n o  e f f e c t n o  e f f e c t

M lr e f h o  e f f e c t ■■'**©■ e f f e c t n o  e f f e c t ^i ~ V ft
n o  e f f e c t

S e s t l n a l
T o s i o l e a

n o  e f f e c t  .
■. . * ' , H :  **;. •' vV-TK -I; ■’** :■ .-

• *i£Ti %3f' ,n e  e f f e c t "
■? . &  r .

*#& 'e f f e c t' /  i- >■ ’»^  •?* J.

P i t u i t a r y n o  e f f e c t n o  e f f e c t ,r n o  e f f e c t
!; 'l J £

am ^U , n^ ,fnv,^ul,,,r.™a*

n o  e f f e c t

A d r e n a l n o  e f f e c t s i g n i f i c a n t l y  
h y p e r g o n io

m  e f f e c t • l i g h t l y
h y p e r g o n ie
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TABLE 6

fhe E ffect o f  Injections Daring Beoovery on Organ Weights 
o f Hats Chronically Starve* for $0 Day* and Befed for @0 Days

Organ Growth B-Complex Testosterone Insulin

Brain no e ffe c t no e ffe o t no e ffeo t no e ffe o t

Spleen no e ffe c t no e ffeo t no e ffeo t no e ffe c t

Sidney no e ffe c t no e ffeo t e lg n if ican tly  
hypergonio

no e ffeo t

Testes
*

no effeo t
' - £  .s- i

no e ffeo t e ign i f i  eantly 
hypogemio

no e ffeo t

Thyncae
:* i

■‘r

no e ffeo t no; e ffe o t /
j

*,= * 
sig n ifica n tly  
hypegonie

no e ffeo t

Heart no e ffe c t ; no o ff  cot no e ffe o t no e ffeo t

Diver no effeo t no e ffeo t no e ffe c t no e ffeo t

Seainal
vesicle*

no effeo t no effeo t sig n ifica n tly  
hypergonio

no e ffeo t

E ituitary no e ffeo t no e ffeo t no e ffe c t no e ffe c t

Adrenal sig n ifica n tly
hypergoale

no e ffeo t no e ffe c t no e ffeo t



mmm r

E ffect o f Tariou* period* o f Rafeediag and 
Heeowry ffcerapy <m the Metabolic Eate o f the Eat

(Calorie* par 24 hour* par aguar# .meter body«urfac*)

1Rxp#rim«nt&l ftafad fiafed Eofed
«re»p 10 day« , 20 days 50 daya

Saline control 1710 1875 1530

Growth hormone ism 1240 1150

Bafere rofoodlog^ the* a ret* had an average m etabolic rato 
o f 8X4 *» a ra*ult o f  a 30«d*y chronic atarvation parted.

2 .*£xparl9Mmtal Refed Refed Refed
group 2 week* 0 weeks $ week*

Saline control 1765 1652 1260

Growth hormone 1377 1417 1275

lyrlo 1512 1301

Inmalin 1685 1480 1370

Teatoaterone * 1402 i l l s . 1885

*  . .  .Bofor# rofaading, th**« fa ta  had an average metabolic .rato
o f 720 a* a resu lt Of a 90-day chronic *harvmtiea period*

fho average waiaboli© rata o f  fo ily -fe d  normal rata wa« 1102.
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ZMMM &

o f Keoowry Supplement* on the Length 
o f  the Fewer o f th t lo t  a fter  Chronic Starvation and Hecovery

r* 5, ■- >".'? •'*' *' ’*' ■ ;■ f ' :' f: ■: * i *' ■■ k"\ ? ■ -s

(Underfed for SO daya and rafad far S5 A»y») 

g3cporlai»ntal yroup - Length o f faaaar̂  am.

Ior*al a t 00 gra»* 1*79

Underfed z*tz
Vitaain B% 8.07

Orowth hormone S. 04

Cortex extract 5.07

Liver extraet 5*07

Saline control 9*9$

Momal eontroi 5*56

(TMderfed for 90 daya and refad far 60 daya) 

Bxperli**mtal grcmp length o f  famsr, .on*

normal a t 80 grama 1.70

Underfed 5*88

B~Co»plex 8.55

Groats hormone S. 20

testosterone 8.18

Inaulin 8.59

Saline control 8.58

Sor*al control 8*47
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Qraph 1

Change in the Red Call !•!ur.ber  and Specific G ravity  of the  Blood During 12 Weeks Underfeeding and 8 Weeks Recovery

Sp. Gr 
1.060

Experimental1*050
Normal control 

(same body weight)
R.B.C.

Millions

(Recovery)(Underfed)

Time in Weeks
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Graph 2

Alteration in the Total Leucocytes During 12 Weeks Underfeeding and 8 Weeks Recovery
(Average of 10 rate) I

Experimental

Normal control 
(same weight)

(Underfed) (Recovery)

8 9 10 11
Time in Weeks

12 Va>



Oran*
dry
food
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9

8

7

6
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Graph 3
Dally Constant Vhlght Rations Daring Chronic Starvation 

(Average of 60 rats)

12 16 20 24 28 32 3o 40
Tine in days

44 48 52 56 60 64 68 72 76 80
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Qraph 4
Conparlaon o f Body Weight During Recovery o f Rats Underfed for 30 and 90 Days

(Average o f 50 rata)

U nderfed  30 days

,  U nderfed  90 days

1 2 3 4
Tine in  Weeks

5
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Qraph 5
D ally Body Weight During Recovery o f Rat Qroupa Underfed for 30 Days

(Average of 10 ra ts)
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Recovery Treatment*
Vitamin Bi

—  Cortex ex trac t
f i h m u  Liver ex trac t

______ Grovrth hormone

_______  Saline con tro l

f u l ly  fed normal 
(same body freight)

10 15 20 
Time in  Days

25 30 35



Graph 6
Daily Body Weight During Recovery of Rat Groups Underfed for 90 Day*

(Average of 10 rata)
Grams

300

280

260

240

220

200

180

160

Recovery Treatment:
» »,-» # B-conplex

______  Insulin

120

100 Saline control

Growth hormone

Testosterone

Time in  Weeks



Graph 7

Dally Recovery Food Consumption of Starved Rate and of Normal Rate with the Same In itia l Weight
(Average of 10 rate)

Grams of 
dry food 
per day

/ —

Chronically Starved for 30 Days

Normal of Same In itia l Weight

3Days Refed
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Graph 8

Daily Recovery of Body Weight of Starved Rate and of Normal Rats with the Same I n i t ia l  Weight
(Average of 10 rate)

Chronically starved for 30 days 

Normal of same In itia l weight

Days Refed



Graph 9

The E f fe c t  o f Environm ental Temperature on the Weight of C hron ica lly  Underfed Rats

(Average o f  10 ra ts)
Grams 

gained 
or lo s t

>88

---------- Group 1 — 79°F» Ave. Temp.

_______Group 2 — Avo. Temp, as in d ic a te d

(Both groups fed  4 .5  grams food per day)

64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81
Days Underfed
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BIOOD

Tho Kffacfra o f Chroolc Starvation on tho Blood* Tha plnaaui protaln, 

and baoatboortb vabion of young taidarfad rats wara hlghor 

than .In nomal rata of tho mmm wolghi mod lawar than in  woroal rata o l 

tba aaa* agaf that thaas faaturoa o f tho 1̂ *0  ̂ oorxitntto bo

Inaraaaa with ago daring caloria ra str ic t ton* although a t a aKtch roduooi 

rata* Thasx raaults ara at w ia n c#  with t̂ ioi»o o f m rUir, frlo^ iao, 

and fhfepol (55) oho conatdorod tha blood o f uodsrfod rota a in ilar to  ihat 

.Of' rata o f tho *a»a waifcht,. bOt Mtarpratod tho blood Talooa « i t  flm otioa 

o f alto*

fba incraaaa in  tha rad o a ll e*mnt and tho opoelflo pradtgr. o f tha 

oxooo muring axKlorxoaoiog 3#. arxatTMio Ox an aiiapbiifo -.wooii-'

aniso o f which £a olthor a diroot stipulation  oforfthr© cyto 

o r  a iii& iSrap^^ *'oator -fcp«* t lp :’hioOd producing p* hdob saraaniratton .- 

Ixaoination o f o il tho blood data points to  * aodlTlcatton o f tha lo ttar  

ao tho log ica l Interpretation. ffio foot that tbo oa^rttaKsfto ©oanb and
y : J  ' •- A  > - "  ' v

tho  apooif lo  g ra r ity  o f th o  blood obtained $mm th o  t a i l  vaa increased  

d^ri«g  tialarfceding* whil* th a  haoatocrlt*  p ro tain^  and h*rwngTrtŴ »

Of tho  blood d ram  from tho  h e a rt were decreased! In d ica tes a red tstri* *  

tw tion  o f  tho  blood co n a titaan ta  to  tha o f f s e t  o f  a  p arip h am l ha»o- 

©one e n tra tio n  * f t  to  d i f f ic u l t  io  stew  of th ese  r e s u lts  to  understand 

tho •d ia ln iah o d  p e rip h e ra l c ircu la tio n *  pod "deceptive aneola* p o stu la ted  

bgr Jaeksen (8 ). th e  d iffe re n c e  between th e  ery th rocy te  eount hod' apoo ifio  

g ra r ity  o f  t h i  blood o f th o  ex p erieen ta l .ro ta  and th* n o real r a ta  baooooa 

loao  narked. a s  underfeeding in . eo n tim ed , showing th a t tho  adap tive
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m
protein  catabolism . The only other peacib le eauae Tor *mh m high JK«£«1W 

mould be that mentioned by %ay (7 3 ), *  r e la tiv e ly  s s a ll  availab le flu id  

in  comparison to  the nitrogen to  ha ©aerated* i t  i *  u a lllm ^  th a t the 

Xetbar explanation le  v a lid , however, aiade underfed animal* use copious 

amouiite o f w ater, and aoeordinf to  f«ya, e t  a l (43) have an exceeair*  

diuroala*
•■  ̂  ̂ \  -4 V >

I t  would have been surprising to  hsive f  ound a  low blood eoaar in  

animal* aw vivacioiae *e were th» underfed rate o f th ie  experiment, and 

no auch reduction 'in blaod sugar speared.*- $hi* mm&& i*  $m disagree** 

went w ith a sim ilar type o f starvation  conducted on adult human 'male* by 

le y s , a t e l  (43) in which a  progressive f a i l  In. blood auger' wan obM ivti*  

fhe age and maturity o f these human subject# a s contrasted w ith the yeamjI 

immature rate need In th is  experiment way account fo r  the d ifference In

The j& feeta o f 3$afceding on the Blood* fteeaN ey o f th e plasma pr#~ 

te tn , hewoglobin, and bewatocrit valu es ms# nearly complete a fter  40 day* 

refeeding. However, comparsbXe period# o f underfeeding and recovery em­

ployed by fey a , a t a l  (43) on admit nan d id  not re su lt In complete re­

covery o f  the oorpaecular volume and hessolilobin, but the normal plasma 

protein  value wee. nearly reatored. I t  way be th at reeovery o f the^tlood  

secure mere read ily  In  young then In  adultaniLmal*.

A aarked hydremia sim ilar to  th a t observed %r both Jfcosejistem (74) 

and daokeon (g> occurred during early  refcsd lag . fh le  recovery hydremia 

wee transien t and ie  interpreted me due to  the r e la tiv e ly  rapid regeneration  

©f the plasma* At the end of the 60**day law&eeding period the sp ec ific  

grav ity  o f  the blood wae nearly normal*

A fter 40 day** refeed lsg  the blood g.P .II. wae restored te  the- normal



vmnfrj tbafc tfco ph*m of p ltu itax^f fu n c tio n  asso c ia ted  with

profcain aa iab o lia tt had racoverod.

fb* to ta l  a ry tte o e y ta a , to ta l  laucocy tca, m& laneocjrte d if fe re n tia l  

a t tfaa a n d o f tha 6CW&y recovery parted*

^ba E r^ect ox lharap<m»lo Sapy»lii»iitJi an th e  Blood during R aoovnr, 

bo o o n sla ten tly  s ig n ific a n t b e n e fits  nere econ jte a n y  fa a tn ra  o f tb e
V . >  ' .v » . ‘ ;* c ’,

blood aa a  mwm%% Of th e  in je c tio n  caypleswmta employed dnrtng recovery*



rmnfrif lE30||f$

•ffa* |& f*et o f Chronic Starvation m Or^aa Wgight» > the o ffs e ts  o f 

chronic tn a n ilim  on the re la tiv e  organ weight* m dehemiaed by th ia  

*a33*ri*i*ni were fo r  th* most port the anno mo ihoa# found hgr Jackson ($ 4 ). 

fliers «nio m change in  th* average m ig h t o f  th* brain* mn iiierea** in  

th* m ig h t o f  tti* teste*  and p itu itary* and m decreaee in  th e m ig h t o f  

bit* thywu* mud oploon. Th* e ffec t*  on the spleen and lisps** ** sheen fej 

thorn* atudiea -on rat* or*' in  accord w ith those observed on children by 

Steffc* (7 5 ). Bi*agr**i**sii appears mg&rding only th* kidneys and liver*  

Jackson (5 t) recording a a lig h t increaea in  th* m ight* o f th*** organs* 

*yyt bM* experiment showing no * igm ificsnt, change in  th* iddoiys *#*. a  

decrease in  th* liver*  While th* d ifference in  re su lts  on kidney m ight*

'1* llk o ly  do* tO; ttO^*i*; o f  e*a$w?*d controls* th*t on the liv e r  1* *or*
' *■' 1 * ' * C  ̂ *'  ̂ ^

v  ■* * '•

d iff ic u lt  t*  explain* the reduced liv e r  m igh t*  o f th isex p erta en t do 

agree w ith those found by Stefko (75) in  underfed ch ildren . fh s m ig h t 

o f th* adrenal giA ^* in  th* -uikieyYed. rata am* in  nearly th* asm* ra tio  

to  th* tody m ig h t m* th at o f  ni irrail rat* o f  th* aaa* si»e* but i*  

creased and consequently in  accord with Stewart {$7} whan co*par*d w ith  

control* o f th* sane age. -Sine* th* re la tiv e  m igh t o f th* adrenal* d*~ 

creases w ith ag* in  nom al animals* th ia  la t te r  eomperleon 1* lo g ic a l, 

the re la tiv e  weight o f  the heart -1* a lso  reduced w ith body growth mo that 

when compared w ith con tro ls o f  'th* man* age there was no s ig n ifica n t 

change a* a re su lt o f starvation . On th* other hand, th* weight o f  th* 

heart wm* r e la tiv e ly  le a s  as a  r e se lt  o f underfeeding when compared w ith
i A M m S  .a ^M .^ 4. V fc  M  * S  - S . t l f c . l h .  M L  mSt f l W i e f  *  « .I  I ^ » l i  r  ■*! T  a m  Iw fc  . h  j S . L  ^nojsBai coutrojls ox tns ease am *. i^teuco ^75 j ewservsd a simila r  r*wuo

tio n  in  .heart s is#  in  children suffering. from chronic m alnutrition.
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glands daring cteronie cnderfeecfiiig map he atl^ibuted be th* look o f

Ik the reduced d a lly  ration . fh l»  explanation i s  proposed 

In view  o f the. work o f  -tan* (77) who- found that %  dofioioncy «aua*d a  

* * ta $  hyjw^rof&gr o f  both o f these organ*.

feeding m th# n«i*hts o f  ergi*** *orroborat* thow» o f St«*art (5 « ), 

w ith normal recovery o f tb® brain, kidney#, and tco to o . Thar* 1* a lso  

*grOe®*nb" on th e  re lmM&m recovery hypertrophy mt the thyneui and llwar* 

fh* retab it*  hypertrophy o f th* spleen in. recovery «* observed by ddekaen 

C®j# however, i#  not eonfiraad by th is  «3cporis»*it. $i«*gr*«*e&t m  till*  

point 1* probably ln »  to th* tremendous Individual variation  in  th e  

woight o f  th* sp leen , and resolu tion  would roqnira ropoating th* con­

d itio n  with groat nmbarg o f individual# in  both the «ucp»rljwmtal and 

control group*.

th* r*oev*ry o f th* r e la tiv e  weight* o f  th* p itu itary  and adrenal 

gland* a* reported by Jackson (59) in  prolonged refeeding wa* ob**rvod 

in  bht« experiment in  rata underfed fo r  3® day#, but m * not observed in  

those underfed .for f® days. I t  appear# therefore th a t tha extant to  

which the** two organa ar*: restored depeM i upea the length o f  th* under- 

.mta^ltion. period.

etlgaa o f the c&ierfed condition. yh* * ff* ct on the weight* o f the 

kidneys* brain, te a t* s , aealnal. veaicl® *, Ifvear, and heart appear" to  be 

com pletely rev ersib le , aim * these organs regain th e ir  absolute w eight, 

the effect©  on the body w eight, body growth, the- weight o f  the adrenal, 

glands, thy***#, sp leen, and p itu itary  are , oh- the other' hand, oniy

ta *  restilta  o f  *o~

■# I t  la  clear that these animal# are* not f lo e  fTdai 'the
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A i*si?**s* 1b the weight o f th* kidney* rw sSlied froa the l*rf*  

'in jection s of growth hereon* * -he :mm:msrm9mutm taken in  th is  experiisent 

end no published stu d ies o f a related  rn iw s wads it' p ossib le to  Interpret 

th in  e ffe c t * Ir view o f  th* resu lt*  i t  can mty be otat*d tJiot th* growth 

need ha* an *auti~renotrepic* a ction , This e f fe c t  o f th* 

grewfch hormm e» young rat# recovering from Inanition 1* .in contrast w ith  

tha kidney enlargeeeat pfetainea. w ith a crude p itu ita ry  extract an nsrwal 

anijwila fey Hall ani Waly* (17).
" 0  , /  . \ *  ' . V  ■■ ■■* 'it ,  j

Wo slg s ifled is i a ltera tio n  lit e ith er  th* heart or liv e r  appeared a# a  

r*#oXt a f  ^ # t h  horwogw- agn^iabrailoi*^ Other ̂ lfc*ifca|yvF*rfl>4̂ ^  have
\ t $  ^  . y  ^  'r j? % _ 7  7  f /   ̂ •? x  v •£  J  *  *

produced e ffec t*  ©n noxWsal «n^aitl«:̂ ^ c h  v iry  dn e ith er  •SMe'ef thee* «b~

tagged In th is  *aqp*ria*nt« For exagple, extract# used by %m and Fre*aan
7' J ; ’ ' *

(23) and by Elddl* and Folheeu# <22) produced a liv e r  hypertroplgr, w hile 

those aMployed fey S lieb er enstHeX* (1€) aad fey XaEoy *t a l  (11) resu lted  

lii llr a r  reduction* S ia lla r ly , ife ll and Selye (17) report an enlargeMent 

o f th# heart with th e ir  ex tra ct, w hile Iliafear and Hoi*' (10) found a  redue-* 

tio n  la  heart sia*  using Ivan*a ex tra ct. These disagreenente undoubtedly 

aria* free  d ifference# ip  the ex tra cts, net hods, and conditions employed.

While the growth feomen# in  heavy ioeee tended to  increase and restore  

th* eoraal w eight M the sp leen , i t  at the mm- t ie *  decreased tha weight* 

o f th e Mdneye, tea te a , and sew a ccesso ries, and produced an afefiernal hypers* 

trophy o f the .adrenal gland#, flies* resu lts smke I t  d iea r  that large awouafcs 

o f growth preparatioiiS are so t indicated in  recovery from ohronio i!WLnltion. 

Since lig h t In ject lone o f growth horeoB* restored the ttorwal weight o f the  

adrenal glands without producing undesirable a ltera tio n s in  other organs, 

i t  «ay fee that sm all amoants o f preparation# containing th e adrenofcropi© 

hormone would fee u sefu l in  e ffec tin g  an ea r lie r  c o r tic a l recovery*



The i f f e e t  o f Teatpgterons on grgan h eigh ts* the te s te s  were decreased 

in  weight a s a resu lt o f In A ction* o f testosteron e during recovery. th is  

• f le e t  urns probably mediated through the Inhibiting action  o f testosteron e  

on the gom dotropic function o f  the p itu itary  gland* fhe same Interpr»t»~ 

tio ti has boon proposed by Selye and Frledstan (79) and SH&y e t  a l. (34) fo r  

a sim ilar e f fe c t  o f testosteron e em normal animals* fh efe  la  a lso  ib *  

p o ss ib ility  that the depressing action  o f testosterone in jectio n s on th* 

te s te s  hqt hava boon due to  the o i l  v eh ic le  rather than to  the hormone i t -  

a o lf  * Cameron, Guthrie, and Caraichael (SO) found that d a lly  Injection*  

o f  .peanut o i l  fo r  17 or 18 day* caused te stic u la r  atrophy and a decrease 

In  rata o f growth In the rat*

Testosterone adminl s t  rat Ion produced a marked enlargement o f the  

seminal v e s ic le * $ and sin ce as sta ted  above the te sta e  tfcamaelve'a were 

in h ib ited  by testo steron e, i t  aunt be that the e ffe c t  wee due to  the stSasa- 

le tin g  action  o f the. hormone d irectly ’ on the seminal v e s ic le s  *

A marked atrophy o f the thymus occurred 1» rat* treated  with te sto ­

sterone during re feeding* This e ffe c t was to  be expected on the- b asis o f  

th e thyslo in volu tion  which occurs normally in  animals a fter  puberty* 

Korencbevaky e t a l  (35) obtained a sim ilar reduction o f the thymus in  

normal animals in jected  w ith testosteron e.

tab s receivlrig eappleiient* o f  testosterone during recovery exhibited

a sig n ifica n t increase in  the weight, o f  the Jddaeya#‘':;fh is action  has a lso
 ̂ / .- -r

been ebser*«d en npm al bnhesls .by jlorenobeirsky  ̂e t  al' (35) ,  Wad&sy (8 1 ), 

and Xuden e t a l  {&&)• the 5»chsni*» and sign ifican ce o f th is  e ffe c t  r e -  

mains obscure.

the use e f  testosterone during r e c o v e r y  was attended w ith no measursable 

advantages, while- presumably undesirable e ffe c ts  were abnormal lypertropby
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than doubled in  »a*d-*t*rvod »»n. Aceording bo Benedict (A6) ther* i s  a 

considerable retention  o f w tttr bjr the body, and sin ce  there ia  no mat t r ia l  

y*rl*tion  la  the d en sity  o f the blood other tissu e s  most have the power o f  

ebdorMng and retaining water, .leys e t MX (43) in terpret the increased  

water intake as dee to  ibe-anlawle* abbeiapt to  Xmmmm the fcolfc in  th e ir  

stomach or to  th e  excessive d iu resis ty p ica l o f startratio*. The various 

traatments used during rereading 414 not s ig n ifica n tly  a lta r  th* amount 

o f water eemnteed*

imereseia did not . develop in  any o f  the starved aniasals* feed*. upon 

raallaantatlon , was accepted w ith rigor* ho d eleteriou s o f fa ct a o f ingestion  

o f  large amounts o f  food an the f ir s t  day o f recovery were noted in  these 

r a ts , such as ware observed by Benedict (46) and Keys e t  a l  (43) on humans* 

the decreased food intake on the second day way in d icate sm s reaction  or 

I lln e ss  o f  the animals or vsay have been sJjeply an appetite reduction doe 

to  the Indulgence o f the f ir s t  day* fh e la tte r  i s  the wore lik e ly  explana- 

tio n  since i t  was observed that in  both normal and re fed rata there was a  

tendency fo r  food consumption to  alternate between high and low on successive  

day*,

fhe E ffect o f  jtefwading on food gemustptlon and Body Weight, fpea  

refeed lhg, th e  rata which had been starved exhibited a remarkably rapid rate  

o f  growth* fh l*  rapid growth o f animals whose bodies had been stunted by
■■ a"

suspended growth may be emphasised %  comparison with the growth rate found
a '-ji - '. • & ft f

by Bryan end fa ls e r  (S4) in  normal animals fed  a sp ec ia l growth ration* 

fh sse  workers.found that, nbrmal rats, fed  on Mendel** ■special grpw |h ,diet
:■ .v ,v . >  ■; v - £  ■ ■ > - ** *

raqnirad 33 days to  grdt from 60 to  3g$- grams* The chron ically  starved r e ts  

of th is  experiment required only 22 ami 30 days to  grow through th is  Id en ti- 

e e l range o f b o d y  weight' a fte r  being starved 30 end '90 'days- reapactively*
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gopee and laiy«*euakl (85) interpreted th is  increased growth rate o f under- 

fed  animals as indicating a stim ulating e ffe c t  o f etarvat ion on growth. 

Jaebsoa (8) sta tes that the rapid growth o f the body follow ing periods o f  

in an ition  way be due to  the embryonic condition to  which the c e l ls  are 

reduced* The extremely high Metabolic ratee found in  th is  experiment during 

recovery May w ell support th in  concept o f  embryonic c e l l  growth.

When refed , the rate which had been chronically starved showed a

greater e ffic ie n c y  In food u tilis a t io n  than normal animal*. Hesulta sim ilar
*

te  th is  have been obtained on mice by Thompson and Wendel (67) who concluded 

that the weight gained by stunted a lee  was greater in  proportion to  the food 

eaten thaw that gained by th e con tro ls. Thla food e ffic ie n c y  e ffe c t  way be 

due be a lag  e ffe c t  o f the reduced metabolism and increased in te stin a l ab­

ac rptien  which were incurred daring starvation . The reduced energy demand 

o f a Metabolic lag must have been vary b r ie f, however, because the data 

obtained in  th is  experiment Indicates that as soon a* growth mis resumed 

th em eiab ollc rate was increased to  values fa r  above nom a!. The Increased 

absorption o f  food in  the starved rata as shown by the food-faccs ra tio  

suggests e ith er  a decrease in  p e r is ta ls is  or an increase in  the perm eability 

o f the e p ith e lia l lin in g  o f th e .d igestive tr a c t , yet there remain* the 

question o f just how long th is  reduced p erieta l* !*  or enhanced perm eability  

p ersia ts once realim entatlon ie''bsipm.

The recovery o f the body weight In th is  «wp*s&m>»b was, o f course, 

aoaawhat to v i|i#  |b»ca^oi^of refe*di!|g%. dhp3b^|ed^ipM ^.i^
- ' ”  ’■ -i- .... »- /  > £  i  h '  S

increased the time required for weight recovery, however. Animals under­

fed  fo r  90 days required thxwe tim es as long a period to  reach a  weight;

75f o f th at o f normal rate o f the cams age as did animals underfed for only  

30 days, the mean weight o f rate starved fo r  30 days and refed for 35 dears 

'was 236 grams, w hile that of ra ts starved fo r  90 days and refed fo r  35 daya



m e 220 grame# In the

rate totoh. Jsed feeenheld 1st & e ia ie  « f chronic in an ition  fa r  © prolonged 

period reeefered considerably l i e s  1* *#■ *■*&* l^tsjb bad beer*
,  V  f < '  -,T ,<. - • - '  ' . 7 “

. . * ,  * ■  - *  * ; . -  v .  *  ;  . , : .  • c *  t  ;  ; „  . *  • * .

fo r  only © abort fctoe* I t my to© concluded, therefore* that w hile

.abort periede o f aaai^tiayajbio^ *tlw a«t*  growth, p to lto g e l starvation  

tends to  im llify  th is  e ffect*  toetoe# to# d ifferen ce to  growth rata fo llow -

a i^ fla c tio n  oiT tha dlfforanca  

to  tha age a f  tlia an toals, or whether i t  i s  a r#Ttoe#X©** o f  toBiaRiatttail 

tlasB a changes associated  w ito the w alnutrit lo r  ha* oot been datamtoad*

ffae I f f a c t  o f M wsr B x tract and Adiranal jgortax Ix tra e t to  food flto-.- 

aaap tton  awd Body W aliht gmrltije Sef ceding* S ince th a  food consumption o f 

raco rary  r a ta  in je c te d  w ith ad ren a l a o rta s  e x tra c t and w ith H ra r  a x tra o t 

was to e  aaaee o r  le s s  than ' th a t  o f sa lin e  c e n tra l r a te ,  I t  w aabbe concluded 

th a t  th a  altgtot w eight ton###?##' o f th e s e  two groapa ovar th a  ce ttiro la  wee 

indapandant ©f a p p e tite  and th e re fo re  dpa to  a growth fa c to r  to . th a  caee 

o f  each*

Tha gro-ath aetion  which wa# a lic tta d  toy tha liv a r  axtraet waa probably 

daa to  tha preeenee o f ajttwito I  .and $ both o f which aeoordtog to  Selcmen 

end aberrant (S i) and ^rahj« ajnd G riffith  (87) p lay an Important roXa t o  

tha phyaloXogteal ■ectoaaisn con tro llin g  tha w b llto a iito  o f food* Tha ap~ 

p etit#  sfctoslatiag a ffe c t o f lir o r  extract as postulated by Johnaan and 

PaXawr (41) 'via *»t observed to  thaw# antaala.

'pit#' treated  with adrenal carter artract, daring refeedtng gained 'weight 

■are rapidly than untreated control#* This action  wm® mrfcecl a n til the 25th 

d * r * ito #  to tok  to e  carve e f  e ffe c t  tooppad-:toieRiif^ to d to a tto i that ’toe  

antoala beeawe refractofjr to. the extract a fter  about I f
'  f  t  *

Treateent w ith liv e r  extract dsring recovery pr^dttcad a 

to to h  toe- greater than th e edwfcrpXe. th e a ffe c t , though a lig h t, m e awnl* 

feeted  throngtoomt the en tire refeedtog period*
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ofe*#rv*£ in  th* a s im l*  -of th is  gremp daring pok ing and, secondly amm 
« f th* organa (kidneys* thym s,. liv a r , and fsaart) o f th* rate r©e*iviag 

Tlt*min* in  both •3q>*ri*»i1tts war* dM sw w d in  «3^©3ntf waight mmr tbo**

Of Its* uaMna in jected  control**

In uaiRg ewXX d a ily  m*ppl*W3&« o f mXl © fth #  prineipal v itw in * , JC*ys 

*t *1 (43) found no t^rcnraaent in  appetite* w tabeli©  rate* or w ig h t la  

huwn *a.Xe adults recovering fra*  w«&~staEWtdjQzu Thare -was actu a lly  * 

re la tiv *  retardation in  overcoming aw*!*; and * Blight bat hfc>n*iatarrt 

decrease in  w ig h t gain.*- i$i£ ahio*f* a f-^ w iii* «  th i*  cas* w y

b*du* to  th* fa ct tteat prophylatiti* siom&m* war* *^lojrad in  ftn obr^oualy 

th*r*paufcic »itt)(ati*i3i* In th is, ■ G©n»o*tioa ;li®rriO (89) poin ts that% eight
S.s _.;; ’.‘j. . .. Vj«Vj|* ’■-■■ ,■ ■" ■’ ■" '■; ■ /  ' '  £ j, ,-Jj •{' “4 r ■■$ ’i  ■ ' '“Sr

w osvary way W  th© fon ttlon  of th* s|uw n£i^;o f  v ltd ita  -#* 'nine*' ;itr:i|pt*'gR©-* 

dac*d hr increasing th* £***£*$? s©ure»*bgr ***nnt* considerably abor*
I •’ -' . J ' /

th®** n*e*»*ary to  cwr* ©r protect ©g*in*t/|Hs>i3m *ta^i** fh* p o sitiv e
*■■-'■ -o': C /’

B**ult* obtained with £ YitaaEin?? in  tM e waperiwiffc w ith rat* r«coY*ring

frees oh^onds* in an ition  1* in^oubtedly da© to  th* largo awounia which w*r*

fho BffOet o f -0rimth Wmabm on Food Oonsuwption and Bodr golitht 

lUfae&lng* Th* growth herswm* th large awtmtw cameed th* Sleedwty rat© 

to- w *  *§pn*id*rably. l o t *  fo&4 than tha control** l* t : th© a h iw ls  receiving  

th* hor»on* maintalmd m body w ig h t gain **p*l to th *  controls* I t  i*  clear* 

th*rofore, that th© growth herwit* in  th*' large ^ en tities*  in h ib it*  **f©tXt* 

th e aaee tin© oew crve* w ig h t*  Xn ■ terse* o f - tho- f* * i -and

Oushing (1 6 ), and f**X and- ga^kina (19 ), and io h a ifa r  anti 1mm (13) th is  

w ig h t o«a**rring action  o f th* growth preparation i»  'Mm to  it *  protain  

apariiig a ction .

The d*cr*aa* in  *pp*tit* which acocmpaniad both -aaail and &arg« do**# 

o f growth honaon* i*  d if f ic u lt  to  *xpl*in in  wiww o f the opposite r*m ilt*
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expected on the b a sis o f the reduced ap p etite . ?M s resu lt la  Interpreted  

ms dan to  p itu ita ry  in h ib itio n . Swob an in terp retatlou  is- supported by 

the fa ct that tha weimfeolto rata was depressed by the growth horssone in jec*  

lio n s .

'fha B-ffaot. o f  Insu lin  on jgbpd Consumption and Body h eigh t !3urlag :le~ 

feed in g.  The action  o f inawlin in  increasing tha weight gain in  the rata 

recovering fro* inanition  i s  to  ba associated  w ith tha increased, food con* 

s t a t io n .  Barns and itaolay (3#) and- Maclay at- a l (39) report -a .hyperalviaan** 

t  at ion in  normal rat* upon the adm iniairation o f In su lin , #.xx! jan and

Ostronfidoff (40) s ta te  that in su lin  etiieu la les tha appetite SM mn-diabmtiea 

and that I t s  action  oh th e vagus increases* stomach a c id ity  asm stmmcU 
capacity , th e appetite stim ulating e ffe c t  did not appear ixi th is  eacpsriaenl 

u n til the traitbmr o f u n its in jected  had been Increased over th a t in it ia l ly  

employed.

The K ffeet o f Testosterone on Food >0pasttapfetofe‘ and Body Weight- Itariog
‘ i .. ■; ‘v> ■

Refmedlng. While the testosteron e _injeetisn»i had l i t t l e  or no e ffe c t on 

food consumption, there was a decrease .in body weight gain . This resu lt i s
i If , ? ' < ■'■* . „• - ; - . .V *, '» - - ... >. A , ,

in  disagreement w ith thS ,gr#ator?i than n o ra il %#lghb curve obt%fesd' ty  Shay 

e t a l  (34) on young »ale ra ts  trea ted  mi th  one wg* testosterone three tin es
: y i '

weekly, and with the appetite ''at iwmlat lug action  obtained by Corenchoreky 

a t .a l (3?) fr o * ’te*fclmglmr extracts fro* human urine. Tha work o f ^anstron 

e t a l  (80) ©pons the question- o f  -whether the decrease .In' growth, rate in  

th is  experiment was - due to-, the-m otion of the borsesne i t s e l f  or i© the o i l  

veh ic le  in  which the horssone was prepared and ssx&mted. the e ffe c t  was 

probably -due to  p itu ita ry  In h ib ition . Such an inherprefemt ion i s  not only  

supported by the other ewideneee o f  p it u it a r y  in h ib ition  In th is  cKperinent 

wherever testosterone, was employed but- a lso  b y  wmtk on normal and castrate  

r a ts  by Embenatein and Solomon ( f t )  and. 3elye and Vriadman (79)* Hewewer,



i»  dealing with rmry sn a il ataounts ©1 testosteron e (5© ganaas) in  castrated  

ra t* , aubanstein and Soloison 0 6 }  speak o f a "probably sign ifican t*  growth 

o f f s e t  attributed  to  an Inherent growth sttn a la tln g  q u ality  which strik e*  

a p ec ifio a lly  at tha accessory *ex organs and asare Honarelly at other eoaatic  

tissu e*  fbeaa workers aloe mention a p ossib le atljsulatlng a ffe c t  o f te e to -  

afeerona on the growth function o f  the p itu ita ry , there reaelna tha* th e  

p o ss ib ility  th a t sa a lier  doses o f  testosteron e than thee* anployed In th is  

experlawnt eigh t fa c ilita te  yeccvaisy free  in an ition .

âifiOyw

the bones Ih^tfce rate continued to  grow1 throughout the period e f  chronic
e’* • •

efearratlon, although a t m radubad ra te . This continued -growth e f  the akel- 

at on during th e suppression c f  body weight gain.,by caSjerle raa trietlon  la  

%d£ ^p|eaW*iit -flSiir :Sh«fewe& %neWa |rt*d%«l o f  t  >#lnt*ra# Swlth, and

Handel |$&) and with the Tinriieir o f Ifeygsilie (51) .

Span refawdln*, th# /%*** o f  - the chhehlcelly starred rata did not r e -  

gain nom al e ls e . Thie resu lt coafiree a sim ilar observation m de by Jackson 

..and Stewart (9 1 ). I t  appears that chronic starvation produces a fundaaental 

irravercable change in  tha reehaniisai o f bona growth resu ltin g  iai a degree 

o f parwanesit sk e le ta l dwarfing.

done o f the therapeutic supplements employed daring recovery in  th ie  

in vestigation  produced any consistent increase in  bene growth. The bene 

growth isrwftoting properties found by B ell and Cuthbertson (12) in  a crude 

a lk a lin e extract o f the anterior p itu itary  was not observed in  the eowfteretal 

growth hormone employed in  th is  experiment.

aKTABOLiG mm
The Kffact o f Chronic Starvation on Metabolic Hate.- The- ex p la i^ ie is  

fo r  the decreased, watabolian in  chronic Inanition  amet l i e ,  in  part* in
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S ill ie s *  and len d a ll (99) sbseysed that the tbyreld  harmxm. appears to  

b« i s  yronetiiag Metabolic a e tiT ity  shea there i s  a  thianin*

ffce sa lo r ie  ira#tricii«» enployed in  th ie  experiment in  bring!** young 

rat* to  a  *tat# o f  chronic inanition  ee* *u3eo*s>ania4 by a propartioim l r#~  

• te fe tfe n  o f  « l« r o l»  « *  «$*»£»»< Th. o f  t t tu fc w

contain**, in  th# d a ily  istifoi* ttKriag th* underfeeding -gsricd ea* »@2 n i l l i -  

gr*M#o fh i*  con stitu ted , a^dr&lng to  % *iffiih  and la r r i*  (100), only  

about on* fourth o f  th# mhkimm d a lly  requlreneais aesesaary for i^r**& 

icrowth. Since ether iwreeblgatera tore obtained a rM*mtio« ^  aetab olic  

rat# wltfe v itan in  d eficien cy  without ca lo ric  r e e tr ie ii0% ;%h# depressed

netaboli** la  the underfed rata o f th ie  experinent le  attributed  to  the

sp e c ific  d eficien cy  o f  th ie  s&taidtt* the e f fe c t  belies' nedlahed through 

Star p itu itary  and thyroid glands.

One Might hate expected l i t t l e  a ltera tio n  in  Smrjĝr tranafom atioae 

In ehronio in an ition  sine# tM c type o f food r e str ic tio n  I s  purely quantl-

t a ils # , A narfced or p ersisten t decrease in  the resp iratory quotient

was not anticipatadj because although fa t* , carbohydrate*,  and proteins 

m*m not̂  fed to  th e ir  cornel anotm ts, they per* availab le $& balanced pro*
c:' 'V **• ■' .
^  • * /  * g *

pcrtioris. Prolonged underfeeding a t  constant m ig h t ration* had pro*

su*ably b ^ m afed  a l l  food store* , sin ce wlthholdtngj tbs ^ration a  few
i > ■?• * i- r  ̂ f -T .t ^  \ '* .. *’’% T ?■■ ^

hOttrc beySnd the fixed  f#«ding i ie e  invariably reevtlted in  deatb. I t

n a M  seen therefore than: an a n isa i without food store* an i on *n all

daily ' ra tio n s, ssuM ’ito  * ib i^ lia ia * ‘ a l l  three fo o d stu ffs, thus r e la t in g

.£»/# nom al or m a rly  normal JM|* fetch* homerer, was not tfee ease 'in. th*
V i

preli«inary re*olt*  obtained in  tM #  in y estlg a tlo n . ffc# resp iratory

•*so$i*«bi of' the*# sem l-fed ra t*  sere  low, ty p ic a lly  fa stin g  * ,



6?

The esplaim tiois, however, a r ises £rm m e n tire ly  d ifferen t quarter than 

do#s th# low fu  1*. o f fa stin g  and acute starvation . The prlneip il. cause 

1* not in  th# oxidation o f body proteins and stored fa t s , because, o i  

th ese, th# animal# find l i t t l e  or none, but rather in  th# in a b ility  to  

caddis# carbohydrate# * Bonn and Chamber# p i }  found an alm ost complete 

suppression o f th# a b ility  to o x id ise  ingested  glucose in  dog# a fter  a
' .  ' V  *■ ^  . i  5 -

threw-week feat*  the associated  hypea^lyeemia and glycosuria ware only

p a r tia lly  reduced by in su lin  *o that th# e f fe c t  um#t be in  the auger**
■> *  .» * ■■.. * .
~  *  ... - ; ;  V ' ^  f  ^  %  t  v .

oxldl*ing mechanic* o f ih e  tieettes' tb sf »#!##»*, _ Chambers (26) u£>ted .that
„ -.  ̂ T , ’ * ' > ■* -*

a# the aaibunt o f carbohydrate in  the d ie t  ie  decreased there 1# a dimin­

ished u tilisa tio n *  Marra#*i {29) observed that re str ic tio n  o f food in-** 

take decreased absorption o f glucose*

Th# B ffect o f lnviroitts»ntal Temperature on the Metabolic Hate o f th# 

bnfed Bata* the weight lo#a .&f underfed ra te exposed to  cold environ** 

mental temperature# ae compared to  the weight gain o f underfed rata held  

a t constant optimum temperature i#  explained in. term# o f the e ffe c t  on 

m etabolic rate* The basal metabolima.of the- rat ie  increased according, 

to  Terroin# and Trsutamn (101) and Benedict and MacXaod (102) w ith a f a l l  

in  eneisfcnmental temperature* I t  would be expected then that w ithin  the 

lim it#  o f the M cM netic temperature mage* th# body and feed  resource# 

o f the rat# would be mm quickly exhausted by a fa s t  the lower the test** 

psrature. Maiih (M l) .refer# to  th is  in terpretation  in. the work o f Morst, 

Mendel and Benedict, who starred rat# a t temperature o f 26°0 * and 1S%« 

and found 'that the ra ts  a t the former temperature liv e d  an tb s afsrage 

fo r  1&| days end lo s t  49 percent of' th e ir  in i t ia l  w eight, w h ile .rats a t  

the lower temperature liv ed  only 11 day# and lo s t  44 percent o f th e ir  

in i t ia l  weight*
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fhe E ffect o f Growth loraons and Testosterone <m the Iftstabolie Rate

til# growth hormone Injection© during recovery 1# la  agreement wttli the 

re su lts  obtained on normal animals with sim ilar growth extracts? matt by 

U tlb tr  ant Oole (10) «M  by T ati m t Cushing (IS) • fist conclusion e f  

XIM le, t t  a l  (92) th a t nost ’'growth* preparations has# a high e a lo r l-  

genic action  ta t  to  the presence of thyisrotrepie hcriicmc and prolaot^ssj 

th a t tha growth promoting action of growth ex trac ts is> due to  the presence 

o f tha as hormones; and th a t such throws doubt upon, tha existence of a 

separate "growth*1 hormone In tha an te rio r p te ilta ry  i s  pot confirmed by 

th is  expsrtaent in  which the growth preparation meed reduced iwitabolle 

rats*  The conclusion i s  also questioned by tha work of Haihwr and tkflm  

(10) and by Tsai and Cushing (16) who as ex trac ts reduced metabolism 

w hile promoting growth*

Injection* o f testosterone resu lted  In m reduction o f metabolic 

rate to  about the saws exten t as did the growth hormone * The action  la  

the cuss o f both, horaoms i s  p itu ita ry  inhibition# lixperlaoatal and 

c lin ic a l experience hare estab lished  the princip le th at a hormone supple­

ment w il l  in h ib it the gland which produces the hormone* While th is  *x- 

planation does not su ffic e  for  the testo steron e, i t  i s  m vertheleoo true 

that the sex hormone had an in h ib itory  action  on the. p itu itary# th at 

such p itu ita ry  depression occurred -with testosteron e therapy in  th is  

experiment I s  supported by the reduced weight o f the te s ta s  and the de­

creased body weight gain*

. the, fg e t  th a t th f testosteron e and growth hompu# did fo% maintain
:'s "■'■ * V ’ \ r v > , ”* ./ *.jr «.■

th e il8 depreising e f fe c t  on th e  -cetab cllc r ite  througlisrut reebwery IS 

probably beoaua© th e animals became refractory to th e ir  action  a fte r

jhu The reduction o f  the m etabolic .rate a s * re su lt o fmmmm*



prolonged injeoti&fU %$>* ./Sppisre mere v a lid  for the grw th

hormone, an ex tra ct, tham far testosteron e, a sy n th etic . I t  aay be that

tî hyir i t s e l f  recovered in  ;ittr  secretory capacity so an to
t . .. » ■  ... .  - ^ ^

counteract th e e f fe c le  o f  Ih s growth hormone and testosterone so far' as 

metabolism was ooscern fd .;:

MOarALITIKS

The m ajority o f m o rta lities occurred In the early  experiments before 

I t  was learned that i t  wee necessary to adapt the animal# to  e*»l~»tarvationt 

by adjusting the amount o f feed  to  tha d a lly  weight change. I t  wan eoon 

observed th at the animala varied in  th e ir  a b ility  to  withstand under- 

n u tritio n , and that ra te o f the ease sex , s tr a in , w eight, and age would 

not a l l  survive Id en tica l ca lo r ic  r e s tr ic tio n , th ie  d ifferen ce tended 

to  disappear as the period o f underfeeding was prolonged, .so that la te r  

a l l  rate were maintained on about the sane amount o f food* M ortalities 

which nearly always occurred a t the beginning o f starvation  in  the early  

experiment* were elim inated e n tire ly  In the f in a l complete stud ies by 

d a ily  food-body weight adjustm ents.

there were a lso  many m orta lities before I t  was learned that r e ts  In 

a sta te  o f chronic Inanition were very eeaattlve to  cold* heaths which 

Invariably f  o llow eda cold  night were elim inated In the f in a l experiments 

by keeping the animal room a t a therm ostatically controlled  optimum 

temperature*

C aloric re str ic tio n  beyond &*$m* duration resu lted  In .reduced 

white blood c e l l  numbers* th is  leueopenia probably made the ra ts sen si­

t iv e  to  b acteria , and may account fo r  the predi spe s i t  Ion to  pneumonia, 

the reduction In to ta l leu cocytes, together w ith the increased perm eability

of' the in te s t in a l w a ll to  coliform  bacteria o ffe rs  an :ej^M nation .for tb s



w ild efferen t urinary infl&wwatiima which were observed in  the west o f  

tha ra ts a fte r  prolonged underfeeding.
-4 . \

f  bm on* » o r t« lity  which occurred during recovery was due to eon p li- 

cation #■ which refloated  symptoms tn .reap iim iien  and the .blood, Autopsy 

revealed norwal oreana exeept that the stomach end' were empty,

transparent, end f i l le d  w ith ga«i Before dyings the r e t  struggled w ith  

breathing, and bronchial sounds were evident.' fhe extreme he»o~€cmean- 

bration found in  the blood way indicate a spontaneous atrophy o f the 

.adrenal corteg e* the cane# o f death*

fhe sickness o f one rat during refeoding appears to  have been due to  

a tran sitory  recession  In the blood regeneration* the behavior and pro­

gress o f the rat was ty p ica l u n til the 21st day o f  recovery, a t which 

tie *  feed  was refused and the eyws became very p a le . Examination o f 

the blood revealed an extreme hem o-dllution, mmrmm abnorm alities o f  

the erythrocytes, and many normoblaste* th is  blood picture Is  ty p ica l 

o f  that which i s  c la s s if ie d  c lin ic a lly  as Mediterranean anemia. a fte r  

f iv e  days o f almost complete anorexia, the anisael regained ap petite and 

subsequently recovered a  nearly normal weight and blood p ictu re.



S tilittlT

fws .Jsiualrod m is  mts-î  JIO toys ato  siat fO ̂ grows: ss igbi*jp' Wirt brosgtit 

le  ,||- a tat# o f thrpffjg toaaitloit by a  a&sQtiaio toM ttot.

w P X £ lll»  r s i i l O l *  y o o y  S S H F #  « » • *  TBXwm WaOm g r O R p S  © *  O S O  wmTm JMjmu%OQ.p
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average values tending tom  decrease in  lymphocytes*

Chronic starvation  in  these young rata did not s ig n ific a n tly  m iter

the blood cu g a f, but tb efe mime in  the *iitr©~
*  ?\. ' t -*  < *

A fter 60 days* rereading, the blood Iiad recovered norma 1 or nearly  

normal values fo r  the rod and white c e l l  count, leucocyte d iffe r e n tia l,
V  1 v > •

hem atocrit, hemoglobin, plmana protein , sp ec ific  g r a v it y , pod K.P.H*

Ho changes appeared and no measurable b en efits were seen in  any 

feature o f the blood, as a re su lt o f  the treatment a administered during 

recovery*

Chronic starvation  decreased the r e la tiv e  w eights o f the liv e r , 

thymus, heart,, seminal v e s ic le s , wad spleen; increased the re la tiv e  

w eights of the adrenal glands, t e s te s , and p itu itary} and produced no 

change in  the average weight o f the brain and kidneys*

Itefceding resu lted  in  the restoration  o f the normal w eights o f  the 

brain, h eart, kidneys, seminal v e s ic le s , and te s te s , and a r e la tiv e  hyper­

trophy o f the thymus and liv e r , fhe splean, p itu ita ry , and adrenals 

fa ile d  to  recover a weight in  normal proportion to  the body. However,

In  rata underfed fo r  only 30 days, the adrenal glands end p itu itary  were 

fu lly  recovered: a fte r  35 days1 refeed in g.

large in jectio n s o f the growth hormone during recovery produced an 

enlargement o f the spleen and adrenal glands, and a decrease in  the weight 

# f  the te s te s , seminal v e s ic le s , .and kidneys# Small Injection®-' o f growth 

hormone were without e f f e c t , except for  .an' increase In the weight o f th e  

adrenals.

the adm inistration o f testosterone during refolding decreased the  

weight o f the te s te s  mud thymus, and Increased the weight o f the kidneys
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