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The forsgoing constitutes the theoretical basis for the therepeutic
use of hormenes In gensral and of pituitary extracts in partioulsar, ss
an aid to recovery from fmanities, A comsercial growth hormans extracted
from the piluitary was exployed in this experimsnt during recovery be—

cause ¢ (1} 1t was the only available pitultary preparat
phvaiolsogienl sotion was claimed by the memifscturers, (2} it was knewn

was free frow side effscts, end (4) it bas been fourd %o oxhibit protein

conssrving astion sccoriing to reports by Frater (24), Gasbler and Bartlett
That there are cther shdoorime related effects of fnanition for-

which ‘sther hormone supplements might prove beneficial is brought out im

several investigations. An adrénsl cortex relstienship to the depressed
carbehydrate absorption amd metibolism typical of underfeeding has been
shown by Chambers (25}, Althseser and Stockholm (27), Bant and Chawbers
(28), Warasal (29), and Long, Katsin, and Pry (30). foskins aud Freeman
(31), fartssn (32), and Siopson, Dennison, and Korenchevaky (33) kave re-
ported sppetite and growth stimulsting properties for the adrenal corti-
cal hormonts. These effectw, together with the atrvophy ef the adrenal
glands in chronic inenitior ap already shewn, constitute ssple Justifi-
sation for the smpirical use of a certical extraet in this sxperiment on

.&sagnaa?gsgﬁg;ﬁugﬁug :
showa. The tanava eu the testes Bﬂ-. sax igasann in this eonnection
soggents wwnu »uugﬁemn ot fugnfndg iwmg n&& - ﬁgﬁbw contri-
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vitasin B, supplesint here ancunted to enly 1 mge per day. The animels
of this experisent wars brought to & state of ohronic imanition by &
dist which was Insdequate in &1l respescts, consequently $he conditien
¥itamin B, snd B eonplex were selected far recovery therspy im this
axperiment prisarily because of the work ef Sure, Kik, and Swith (44),
te food intake, snd that it also produces growth through stimmlaticn of
sppetite and inureased feod inteks.

It would be éxpected tbat the bloetd compesition would in some way
reflect the altered mstabsliss in starvation snd recevery, yet there is
only moager axperimental dats availabls on the sffects of chrenis i
snislon en the ¥lodd. Most of the imvestigations which have been made
are oid, unsystematic, Cragmentary, dificult to classify with certainty
wnder Lhe nb.mm starvation cwemry. wﬁ above all cmdiutw.

Regarding snsmis;, ot (45) a-wma AL Swaond
with a reduced hemoglobin, bus Jucksen (8) states mtmmnr
¢hronie muwtampum Mtvw edistribution and & Aimin-
wtion in hewmeglebin, while Iaxarus (4'7) raperts that the results on au-

Congerning the red oell comnd there % squal confusion. Kissmritsky
(48) and Bemedist (46) state that there is an increass in the muaber ef
red cells in chronic inanivion which decrease upon refeeding, while Mimet
(45) and Jacksom (8) found & reduetion in the red oell count.

The density sf the blood in chrenic inaniiion marks sanother peink
of varianoe. Lust: (49) states shat the dlood changes tmt slightly in




1n water aontens; and Bessdict (46) wippoits is heme W o
&E#ﬁﬁgaglggggggqagg

Jackasn (8) reports that ,ruluiﬁu ﬁgu&h’gﬂﬁmﬂggg
sausing & Dlood hydremis. The sonfusion veaches n  climax. with Kiepar—
y (48); Who nobed & Gomcentratien of Abw bleod.

ms mde by Willer, Priedsan, snd Beuei (55), who fed restrieted diets
of warying fat content 4o young rats for & period ef 12 weeks and fownd
that the plamm pretsin, bemsglobin, sné hemtocrit yaluss corresponded



s

wish shose of norsal rats of the same sise rather than the same age.

The ohly systematie study which has desn dons concsrning the bleod
in obwenic imamitien and regovery is the unpublivhed work of Xeys et al
(43) on semi-starved advlt human msles. It wax found that a soderate

wg& E. tc-r' ﬁ_.a 3.7 3,095 ﬁ..

12 weeks resovery uw 5 “ed7 m 398 1276

Tha bloosd gna»&nwg ¥ in E,ww- axpariment on white yats ie
noTE gwﬁ:au&t ég aw.& .imggawﬂ study shove or 5%%
vious stuiies. it fncluded cbssrvations not enly en ‘the red and white
oe)) count, hemstosrit, hemoglobin, plasea protein, and bloed suger, taut
alse the specific gravity of the bleed; the leuceeyte differential,
specifie gravity of the plases, and the hlood N. P. ¥.

¥o etudy has bean made on the blood In young growing animals during




Sinde mny of the significest physiological effects of Tow
mmmﬂmMammuMsmmmermmm
sndeerine glands constitute an Index of the trople action af Normones,
1t follows that such weight data wnld eonistitute & ariterion of change

The difference with whioh the organa respont to shrenie inamdtion
in young rats bas besn shown by other workers. \ (56) found that
there was no significant ehangs in the average weight of the bryain, &
alight. inerease in the weight of the liver asd splesn, & 343 inereass in
the weight of the teutes; and & weight less of abous 90F in vhe thywus.
In another werky Jecksor (8) states that the results on the splesa are
vartabis, and Shat the pitultiry may eontime ts inereass in wight up
w0 395, Stewart (57) feund snly & 55 Snerease in adrems) weight in an
underfesding period ef 16 days, btut sontinned underfeeding of 3 and 10
weeks resulted in welghts 60F and 1% above neymal respestively.

The weight reaponss f organs to resovery from ohronié inanivien
in young rats bas also Leen iovestijated. Stswart (38) fownd the: brain
fwtwrned £0.: erwal, the Kidneys:w roparts ’
the testss uﬁ* ai: t:tm m but attained & normal weight befors
thu ;m«k. Wnimmmm, the ﬁmmmm or shove after
& weeksj the tiywus, Aioigh submormed. at- 2-veski

_Vnu 508-70% above
mmln am, and sfter one moath the adrenile showed & relative
weight M’bﬁ‘k mw«am resulted in & normel weight relatien-
ship. Regarding the spleen, Jacksen (8) states that refesding after in-
anition restores the sorsal weight with a transient over-compensstory
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of re-elimentation, and dropping to normal after five weeks. Koy» et &l (43)
forind that men underfed for 24 wesks used 96.5 oc. 0, par simte per
square moter of body sarfase as compares with 122.2 ce. of the pre—
atarved control. After 12 weeks recevery tha basal exygen consmmption
was still censidarably below the control; after 20 weeks it was slightly
higher than the conbrol; and after 32 weeks it was nearly the same as
the control. %The decline in B.MJX. s a resuli of starvation was 32%.
sd by the ealorie intske. These workers
did not find an inereassd metabolic rate in the initial stape of re-
csvery as did Meorgulis.

Benedict (46) points out that carton diexide is the snd produst
of oxidatien of a1l carbonacecus materisl, aside from those fragnents
of the protein moleculs that are exereted in the urine, A messure of
4he carbon dloxids predwetiion furnishes, therefore, an sstimate of 4otal
catabelism of considerable value. Inmecuracies fin yhe dstermination of

The recovery was closely dete

sther respiratery and nitregen factors are in part compensated for dy
the mare accurate determinations of carbon dioxide. It was with these
reasons in mind that the wetabolic rates were caloulated from earbon
dloxide deturminations in this experisent.

It is the purpone of this investigation to detarmine the effech ef
chronic inanition on the vespirstory guotient and basal metabolic rate;
anéd to determine the effect of realimsntation upon the recovery of she
normal wetabolic rate. Yhe only tharapeutic supplement which was evale-
atdd in this respests during recovery in Experiment I waa the growth

hormens.

e m ammimmmt to the effest
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" Morgalis (53.} states that the gress gain mnwzt my sxocted
the quantity of foad codsused dub to the'fact that during re-alime
the organism retsins-much mﬁr.

Obbar oksarvations conserning water mstabelime have heen sonfined
te the starvation paried itself. to Benedist (46), large
anormous velumes of water. He states that in fasting men there is cen—
siderable retention of this water by the body. ¥e concludss that singe
there are no materisl varistions in the density of tbe blood, otlmr
&1 (43) also found the tissues of underfed men te become increasing
irated. They report that water intake more than deubled in semi-~
Wik 4n the stomach or to the exsessive diuresis which is typleal of
food on inanition and resovery from insmition were approsched in the
on the daily weight ration durdng starvation, (3) by studying the course
of rewovery of body weight both sas to the smcunt of food aonsumed and
the time required, and (4) by determining the degres of abeorption ef
food materials in underfed and normsl rats Ly means of feod-fecas ravios.

Thare was reason te believe that food-feoes ratics would Shrow
ight on the predlam of foed economy. It is conceivable, for instanes,
thet a change in the ability of the digestive system t0 resove umbdls
material fyom ingested fsod could contribute to body weight gain. Such




& changa is at least suggested Ly Fioker (68), who speaks of ths in~-
creased permoabiiity of the epithelial lining of the digestive tract to
microorganisms. Brooks, Marine, and lambert (69) employed food-feces
ratios to determine the efficiency of digestive functions in experimental
obesity. Methods mmws thosne a&&ﬁ by thess workers weres employed
in.this expariment.
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w
dats obtained in a separate sarier of animmle without regard to recovery
therapy. 7he gradual progressiva changes in the total red and white cell
count and in the speoific gravity of the whole bicod wiieh ocourred during
vnderfesding and recovery were determined by drswing blood Irom the tail
of the animal at 7-day intervale. PFrogresaive changes in the hematocrit,
. P. ¥. plamm protein, and blood sugar were determined by sacrificing
10 animals ot the end of the underfesding perfod and at refesding intervals
of 18, 20, 30, and 60 days, ang drawing the blood for stully from the heart
with & *h;smhﬂuat L L

paily fw& cmwb‘im was detersiced during the refeeding period by
placing & given quantity iwm the chges and weighing the dry residus 24 hours
ater.

Food~feces ratios were obtained by deternining food intake over a
period of 5 days by welghing the dry residus in the cuges of 18 control
rats and of 10 sxperimental rats which had been underfud for 60 days.
™he 4ry weight of the feces wae determined by collesting and dessiesting
the foees from bBoth the contrel and sxparimenisl groups over this same
period.

¥ater sensusption was detersioed by recording thw musher of timss
cage bobtles were refilled. Lises ware marked on ihe bottles so that re~
repranentied a certein nuxber of x1Ililiters.

The animals were saighed daily in Experiwent T and weekly in experi~
ment YI. ALl weights wers taken st the xame tize sach day. Periodie
weighing at regulsr intervals was nsceszary during the endsrifcsdisng period
to detwrmine the constant weight ration..

™he bematocorits were determinod by certrifuging for ene hour at
2580 R. P. M. with the blood in & Wintrops tubs. Total white aell and
red cell counts were determined by sxploying regular elinieal dilutien
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The numbars in the tables and points on the geaph incremsnis re-~
validity of the aversges was deteraimed by pletting the range and mean

considered in She dissussion.

e results of sll determinations msde on the blood arve summarised
4n Yables 1 and 2,

Progressive changes in the red and white oell sount and the speci-
fis gravity ef the blood during chronie stervaiien and recovery sre

weing starvation are shown in Sreph 3.

The Body weight during the resovery of rate underfed for 30 and

Average body weights of ithe animal groups receiving sxperimantal
therapeutic tresiment during resovary from inanition are shown in éraphe
S and b.

‘Food consurption and body weight of untreated rats recoveriag from
Graphs 7 and 8.

Alterstions in the metabolis rate after perfods of ‘chromie starva~
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The relationship between the weight of the dry food consumed and
the weight of the dried feces ias expressed in the dats mrranged bolow:
Experimental Average weight of Average weight of Food-feces

I 5 dry feces per day _ food par day nibic
Starved ?uhul 45 ue u_.a»a.mm
Normal §.20 gue 17.1 gm. 1.0 5 0.34
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It is clear from these ngﬁ that the chronically starved rats removed

wmore material from aws wnﬂ- aaﬁ %ﬂ& $than did the ncai:w ratee.



TABLE 1

Effects of Chronic Starvation and Recovery Therapy on the
~ Tetal Erythrooytes, Total leucooytes, Hemeglobin, Hematoorit,
Speaific Gravity of the Blood, and Specific Gravity of the Plasma of the Rat

Red oell Whites cell  Hemo~ Hemato- Specific Specifis
Expsrimenteal Dumber oumber globin  orit gravity gravity
_greup {no./ou./Em.) (novfou./mm.) (X} (%) of blood of plasma
¥ormal sontrol 5,875,000 9,856 56.0  53-67 1.0471 1.0180
(60 graxs)
Underfed 8,557,000 5,405 68.3 4258 1.0607 1.0218
80 days
B-Complex 8,796,000 17,010 B2.0  45-65 1.0600 1.0225
Testosterons 8,788,000 11,800 84.0 46-5¢  1.0610 1.0228
growth hormone 8,628,000 15,450 82,0 A6~54 1.0680 1.02351
Insulin 8,202,000 12,370 75,0  44-56 1.0690 1.0226
8aline control 8,754,000 15,580 76,0 £6-b4 1.0600 1.0231
Moan 8,609,600 14,002 78.8 4656  1.0694 1.0228
¥ormml control 8,920,000 20,129 B2.0  47T-55  1.05%0  1.02%

{6 months 0ld)
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TABLE 2

Effects of Chronio Starvetion snd Recovery on the Hematoorit, Specifia
Gravity, Kon-protein Nitrogen, Plasma Protein, and Sugar of the Blood of the Mat

_ Bpaaiﬁu kmprcéein Plasan Blood sugar
Bxperimentsl Hematoorit gravity  nitrogen protein (mg./100 oo.)
group (%) ____of blood (mg./100 ac) g_/ma oy Fasting Won-fasting

Xormal ocontrol 53-67 1,0471 377
(60 gramns)

Tnderfed 41«69 1.0607 5.7 4.65 103.6
90 days

Refed 20 dsys 42-68 58,9 5.28 88.0 130.0

Refed 50 days 4357 5.28 105.0 135.0

(Refed 60 days| . A5-56  1.0894, 384 ° (6.0,
" Normel eontrol 4753 1.0550 5.2 .48 118.6 149.0

{6 montho .ol&)

¥t



TABLE 5

Average kb:olu‘é& Weights of the Organs of Rats which were

Chronically Starved and then Refed and Injeotsd with Therapeutic Supplenents

{Grame) _

-
5
g r o - B <8
Experimental ‘g ] & ?, 5 b} % 53 g % ?
group p 4 % A ° > 23 $ 4
- a AL .. ok & =
Rofed 35 days
8aline JOL16 L0163 2.205 ,705 1,052 1.257 1,010 475 417 777 8.7
Cortex 0118 ,0168 2,268 734 1.148 1,266 .9%4 .405 .419 .908 10.22
“Growth 016 0246 2.219 .844 066 1,103 JTE6 334 L827  LT82 9,87
Vitamin By .0114 ,0160 2.385 L727 1,163 1.212 .884 L4657 .525 .861 11.28
Liver 0112 .0185 2.386 ,808 1,087 1.185 ,.B46 .459 450  .B46 10.19
¥ormsl control .0139 ,0206 ‘S.QG;S 1,386 1.184 1.;5{ 1.200. 481 570 1.025 11.85
Average Absolute Weights of the Grgans of Rats whioh were
Chroniocally stmoé and thex Refed and Injected with. mupontio supplmnts
(?amcntazl n&fght on ba&x 'night) ' :
Underfed 30 days .0048 .‘81?2 2.‘626, 5563- .55& .;863{ 2785 L2686 L0070 .370 4.10
Refed 35 days "
Saline 0049 .0D67 L9600 i .286 «AS6 520 L4256 .189 L1756 . 327 B.68
Cortex L0047 0063 860 .297 L4685 . Bl0 L4065 .164 .189 .3683 4.14
Growth 0048 L0108 .953  .352 L4056  .460 L3083 140 .262 3290 4.15
vitmn ﬂl 20044 n@@ea 0959 .281 480 470 .541, o1 TH .22{3 «383 ‘l¢36
Liver L0046 .0074 965 ,825 .438 470 341 .185 .182 ,340 4.l10
Normel control .004T .0070 8156 <480 «S98 «480 «410 164 147 +360 5,98



TANLE 4

Aversge Absolute Weights of the Organs of Rats which were
Chronically Starvsd and then Rzm a§d Injested with Therspeutie Supplements

vesiele

§
.- §
o

et | s, = ; 5

Underfed 90 days +354 0094 028 1,41 1,828 .015 208 z.m 0080 .20

Refed 60 days
Growth 3.026 L0226 <381 1,72 1054 472 679 2000 0101 L83
B-Gemplex  1.282 0173 476 1.82  1.569 .668. .T78 13.70 0108 1.1
Aestestercne 1,262 0159 172 169  LOFL 1.1Z2 609 11:16 0085 .95
455 185 1342 JSTE (702 12.6@ 0108 .98
W11 1.80  1.287 648 .TZ6 u.ae 0100 .99
a8 1u 58 082 899 z.hgﬁ;_ 0021 .28

t_u.mz sontrol 1.076 .0201 .509 1.80 1.504 520 .062 12,60 .010 1.06
{sswe-age)

Average Absolute Weights of the Organs of Rate wkilsh were
Ghronioslly Starved and then Refed snd Injected with Therapeatis Supplements
(Fbmmg- mi;‘m; on W nicht}

Wnderfed %0 days 805 .O1T0 .OSTZ 2.660 600 027 865 SiTE .cOB6  .362
Befed 60 days
Growth ABL L0006 (1506 .26 428 192 (204 4.18 L0045 349
SComplex 411 L00B6 L1536 LE93 448 185 (247  4.42 L0036 354
Yestosterone 532 L0069 0728 LTA3 L350 581 .26 4.56 0082 .38)
Tasulin A48 L0057 L1639 L6547 208 L2490 4,48 (00M4 M6
Saline AB2 0062 L1610 673  .480 201 273 4,62 L0057 M3
Normalradntrol 660 0150 . .5380- ZiB2Z 291 .09 662 .95 L0039  .523
{uane woight) :

Nermel esutrol  «AB6. (0067 11T  .605 L4590 .17 328 4.2 L0041  .365
{same asu} E S



TABLE &
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The Effect of In;ao%ians During Recovery on Orgau Weights
of Rats Chronically Underfed for 30 Days and Refed for 56 ‘Bays

Cortex Extract

.

O

'Vfﬁwzan

no effect

‘ne affect

| vitemin 3 |

. no sffeot

Liver Rxtrast

ne. wffect

Spleen

uigairmmt}.y

i hypsrgnmie

no sffect

‘nd effeot

Kidney

no effect

| stgnificantly
| typogento

no sffeot

no:: of f.ﬂt

“Postes.

no effect

elightly
‘hypogenic

' ne effect

oo effect

ﬂpiﬁiﬁwﬂ

no effect

significently
hypogonie

no sffest

no sffect

Thymus

no offact

slightly
hkypergonlo

ne effect

po effect

Heart

no effest

no effect

no offect

no affeot

Liver

no effect

' no. effeot’

no sffeot

Seminal

m ’fawﬁé

tx;niﬁmtly'

| ne ntfwf;

vesioles |, . hypoganin ¢ : PR S
g . o g £ .
o EN N i AR ot

Pituitary

o sffeot

s ttfcgt .

. o effect

Adrenal

no #ffect

cignificantly
hypergenio

no affect

slightly

hypergonis
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PABLE 8

The Effect of Injections During Recovery on Organ Weights
of Rats Chroniocally Btarved for 90 Days and Refed for 60 Days

| B-Complex Testosterone ‘ Insulin

Brain no ‘effeot no sffeet no effect no effeot

Spleen ne effect " no sffeot no offect no effeoct

Kidney no effect no effeot significantly ne effect

hypergonic :

Testes no effeot “ro"effect |  eignificantly no effeot
A hypogonio

Thynue " 'do effect | noieffeot | significantly | no effect
hypogonia

Heart no effect { ‘no effect . no effect no effact

liver no effect no effect no effect no offect

Seminal no effect no effect signifioantly | no effect
vesiocles v hypergonie

Pituitary ’ no effest no effeot no effect no effect

Adrenal significantly po effeot ne effect no effeot

hypergonic




TABLE 7

~ Bffect of Various Periods of Refseding and
Regovery Therapy on the Metabolic Rate of the Rat

(Calories per 24 hours per sguare meter body surface)

lgxperimental Refed Refed Refed
grouvp 10 days | 20 days 5 duys

8aline control 1710 1378 1330

@Growth hormone 1895 12¢0 1150

1
Before refeeding, theme rats had an average metabolic rate
of 814 as s reault at:t se-w ohronioc starvation period.:

; Zgxperimental Refed Refed Refed
;raup 2 woeks 5 weeks 8 weeke
Saline control 1765 1552 1280
Growth: homm 1377 1417 1276
anemmx 1720 16512 1501
Insalin 1836 1450 1370

, Testosterome 1402 1675, / 1868

£

2
Bafore refesding, these mtt had an averaze metabolic rate
of 720 a# s result of a 90-day ohrenie starvation period.

The aversgs metabolio rate of fully-fed mormsl rats was 1162,
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TABLE 8
!éﬁcﬁ'hf ﬁaﬁmﬁry‘sagplm” iments on the Length
of the Pemur of the Rat after Chronlic Starvation and Recowvery

.
- e 5 W R - iy
~ B ) £ A 3. ;- B
oo E ki sl o vodF Y Fo

{tnderfed for %0 days and refed fer 35 days)
_Experimental grovp - . length of femur, om.
Hormal at 80 grams 1.79

Underfed 2.12
Vitamin 8 8.07
Growth hormone 3.04
Cortex extract .07
Liver sxtract 3.07
Saline control 2.98
Norsal eontrel S.28

{tnderfed for 90 days snd refed for 60 days)
‘Experimental group Ilsngth of fesur, om.

Horxal st 80 graxs 1.78
Underfed 2.68
B-Camplex 3.32
Orowth hormene 8.20
Testosterone 3.18
Insulin S.29
Saline gontrol $.28
Norsal contrel 5.47
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Change in the Red Cell Nurbter and Specific Gravity of the Blood During 12 Weeks Underfeeding and & Weeks Recovery
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Graph 2

Alteration in the Total leucocytes During 12 Weeks Underfeeding and 8 Weeks Recovery

(Average of 10 rats) !
W.B.C. '
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Graph 3
Daily Constant Weight Rations During Chronic Starvation
(Average of 60 rats)
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Comparison of Body Weight During Recovery of Rats Underfed for 30 and 90 Days

(Average of 50 rats)

Grams
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Graph 5

Daily Body Weight During Recovery of Rat Groups Underfed for 30 Days

Grams (Average of 10 rats)
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Graph 6
Daily Body Weight During Recovery of Rat Groups Underfed for 90 Days

(Average of 10 rats)
Grams
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Grsph 7

Daily Recovery Food Consumption of Starved Rats and of Normal Rats with the Same Initial Weight

(Average of 10 rats)
Grams of

-

Chronically Starved for 30 Days

~==~=Normal of Same Initial Weight
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Graph 8

Daily Recovery of Body Weight of Starved Rats and of Normal Rats with the Same Initial Weight
(Average of 10 rats)
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Graph 9

The Effect of Environmental Temperature on the Weight of Chronically Underfed Rats
(Average of 10 rats)
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S 67°
- -=—==Croup 2 == Ave. Temp. as indicated >
5
(Both groups fed 4.5 grams food per day)
64 65 66 67 68 69 70 71 72 7 % 75 76 7 789 80 81

Days Underfed




The Rffects of Chronic Starvation on the ¥loocd.. The plasma protein,
than in normal rats of the same weight and lewsr than in norm
the same age; Indicating that these features of the blood eontimis to
inerease with sge during caleria restriction, altbeugh a% & mich reduowd
rate. Thess results are at variance with those of Miller, Prie
and Deusi (55) who dered L
of rats of the same weight, snd interpreted the blosd walues as a fanstlon

The increass {n the red e:lll umt.maﬁ e m&m
bloed during underfesding is évidencs of ax ‘séiaptive functics, the meek~
andam ﬂi‘ uhich M a&tm ' 1 Mt nmm.m m:

sl rata of

Examination ef m m bmwu pcm: tea mﬁﬁmuon 8f the latter
as the legicsl intsrpretation. !hn M that ttn erythrooyt

the speeifis gravity of the \slané omimd from the uu wae increamsd
during underfoeding, while the hematecrit, plasms protein;, and bemogisbin
of the blood drswn from the heart wers decreased; indicates a mﬁ*-
tution of the bleod constituents to the sffest of & peripheral hemo-
congentration. It is 4ifficult in view of thess results to w
the *disinished peripheral circulation” and ®deceptive anemia® postulsted
by Juekson (8). The diffsrence batween tie e :

lese marked xs underfeeding is contimed, showing that the adaptive
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Xaelimarkts (50) finding of & transient deerease in :
slight Increass in lymphocytes and Sﬁgmﬁkw reported by Minot (45)

and the decreass in grarulooytes reported by W.avemm and Adams (59)

and Wright and Skegza {54) were not cbserved in the young underfed rats
of this investigatlion.

It would be expected that acute starvation would fneroase the bloed:
N.P.N. becausa of the ultimate citabolism of body proteins as s seures
of snexrgy. There remaing the question, howaver, of the sffest of a semi-
starvation in which esough food was previded te meet all energy demands
except: growth. Yhe axcessive protein setabolism indicated by the high
N.P.N. in these underfad rats wns not due exciusively to the metabolism
of body proteins since enough earbohydrates and fats were permitted in
s dally ration to prevent progressive weight less by ntilisation of hody
tiasces for smergy.

Sehaffer snd Ise {13) conclude that the growth horsons Socreases
WoP.Ne and $s therufere & stimulant of protein anabelise. Teel and Gush~
ing (26) and Tesl and Watkins {19) found & similar redustion im N.P.N.
a$ & remlt of injection of an sxtrast of hs anterior pituilary.
{R4) reported a decrease in nitrogen sxcretion after hypophysectomy. I
is clear from the work of thase men that the pituitary gland and more
specifically, the growth horscne, has a profound #ffect on nitrogen wmetab-
olism. Since, as Hulinos and Pomerants (2) bave shown, elronic mmimutritien
crestens 4 eondition of pseudo-lypophysectomy 1t ﬂyﬂ «i that the high N.P.N.
in the wnderfed rets ef this experisent. is: .ﬁnaa«uw .%.ﬁasﬁo as & ro~
mlt of & funstional aﬁaﬁﬁww@ of the %&.ﬁg mu wa g« Rumg clasr
4n this g.x Qw. others ﬁggﬁ the ﬁwwﬁg nnmn.wwwoau .._ﬁma,wﬁud &!..
pressed in inanition, actually stimulate proftein amabelimm or sersly inhipis




&7

protein extabolism. The only other pessible cause for such a high ¥.P.N.
would be that mentionsd by Bray (73), a relatively s=all availsbls finid
in comparison to the altregen to be excreted. It is unlikely that the
Iatter explanation s valid, howsver, sinte underfed snimals use copious
ameunts of water, and aceording to :m, at al (43) have an excessive
dinresis.

I woula m"bmm ; Ang to have found a ow Wm& %n
snixzals as vivacions as were ths underfed smats of this experisent, axd
no such reduction in bleod suger appeared. This result is in dismgree~
wont with s sinilar typs of starvatlon conducted on adult homan males by
Keym, st a) {43) in which & progressive fall in blood sugar was obssrved.
The xge and meturity of thase human subjects as eontrasted with the young
izmature rats used in this sxperiment may account for the differsnce in

results.

The Mffects of Refesding om the Blood. Recovery of the plame pro—
tetn, hemoglobin, and hexatocrit valuss was nearly cemplate after 60 days
refasding. lowsver, cosparable pariods of underfeeding and recovery am-
ploysd by Keys, st al (43) on adult men did not wesult in cemplete re-
covery of the corpuscular volume and hemoplobin, but the normal plasse
protein valus was nearly réstored. It wey be thab reeovery of the,dleod
sccurs mere readily 1o young than in adult anfuals. N

A marked hydremis similar to that amm by both Romenstarn (74)
and Jaockweni {8) occurred during early refoeding. This recovery hydremis
was transient and is interpreted as dus to ihe relstively rapid regereration
of she plammu. At the end of the 60-day refesding pericd the spesific
gravity of thé blocd was nearly normal,

After 60 days' refweding the blood K.P.K. was restored to the norms}




range, indieating that the phase of pituitary funstion sssociated with
protein metabolism had fully recoverad,

The %otal erythroeytes; total leucoeytes, and leucocyte differential
wers nermal at the end of the 60-day reccvery period.

Zhe Bffoct of Therspeusio Wﬁl on the Blood B‘uﬂn; Recovery.
No_sonsiistently significant benafits m ma: ;tn w fca&m of the

blood as & remsls of the injection mpma uplcm durs.ng TECOVITY.
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The Rffest of Chronic Starvation on Orgen Weights. The effeots of
chronie inanition on the relative organ weights as determined hy this
eaxperiment were for the most part the sswe as those found by Jackson ($6).
Thars was no change in the average weight of $he brein, an inorease in
the weight of the tostes and pituitary, and a decresse in the weight of
the thymus and splsen. 7The effsets on the splesn and Alymas as shewn by
those studies on rate are in sccord with those ebesrved on children by
Stefko (75). Disagresment appears regarding only the kidneys and liver,
Jucksen (56) recording a alight increass in thw weights of these organs,
«nd this experiment showing ho sigmificant change in the Xidneys and &
decrease in the liver. While the differsnce in resalts on kidney weights
ey Imly ‘dus to: Lhe’ u;w— o;t mm éaﬁtrola, ‘that. «n the Liver is more
difzicult %s explain. m reduced liver m&ghta ax‘ tkia ,axperiment do
agree with thoss found by Stefko (75) in underfed children. The weight
of the adrenal glinds in the Wwf& rats was in mearly the same ratis
t0 the body weight as that nxﬂmm‘rmintﬁm«m sige, but is in-
creased and consequently in accord with Stewart (57) when compared with
controls of the sume sge. Since the relative weight of the adranais de-
croases with age in normal animals, this latter eomparison is logical.
The relative waight of the lwart is alse reduced with body grewth so thmt
when compared with controls of the saxe ages there was no significant
changs sz & Yesult of starvation. On the other hand, the weight of the
heart was relstively less as a result of unierfeeding when compared with
normel controls of the saxe sise. Stafko (75) ebserved s similar redus~
tion in beart sise in childrsn suffering from chronic sainutrition.
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glands during chrowie wderfeading may be attributed te the lack of
vitumin By in the redueed daily ration. ZThis explanxtien is proposed
in view of she work of Sure (77) who found that B defiolency eansed &
rarked hypertrophy of hoth of these orgsns.

The Bffocts of Rofeeding on Organ Weights, The resnlis of re-
fasding on the weights of organs eorreborate thoss of Stewart (58),
with normal recovery ef the btrain, kidneys, st testes. There is alse
agreesent. on the relative recovery hypertrophy of the thymus and itver.
The relative hypartrophy ¢f the spleen in recovery as chssrved by Jacksen
{(8), however, is not confirmed by this cxperimont. Bisagreement on this

peint ¢ provably due to the tremsndeus individual varistion ia the

weight of the spleen, and resclution would require repesting the com~
dision with great mmbers of individuals in both the wxperimental and
eontrol groups.

The recavery of the relative weights of the pituitary and adrenal
giands as reperted by Jacksen (59) 1n prolenged refeeding was shierved
in this experiment im rate underfed for 30 days, but was not cbuerved 1n
thoso wnderfad for $@ ma. It appears thmfm that the extent %e
whigh these two organs are restored: dtptnls apea thi length of the undex—
mirition mria&-
mat, cz tgh ai'fcsta of am:m mnzmm on muﬁg mjg rats
ars mara%ic It 1e clear that t!mm mi.ulu are’ not fres fitw the
stigsa of tha underfsd awgi}?ti&sn. a'hc -fr«& sﬁ@} the weights of the

kidneys, brain, testes, seminal vesicles, liver, and heart appear 1o be
completely reversidle, since {(hese organs regain thelr absclube woaight.
The effectc on the dboly weight, body growth, the weight of the adrenal
flands, thymus, splesn, and pitultary are, on the other band, only



artially reverailbile sinés the recovery of there valuss wais either lack-
ing entirely er only relstive to the partially recovared body weight.
the weight ef the adrensl glands was effected by both small and large
injestions of growth hormone during recovery. This was probably die
to traces of sdrsnotyropic horwone which were known to be presont in the
paration employed. Friedgeod (14) and Ball and Selys (17) obtained
similar results with growth extrasts on normal sanimals. The hypogoals
sffeck on tha adrensls cbtained by Zlieber and Cole {10) with Fvans'
growth preparation may have been dus t¢ the very long period ever whish
injections wares mde.

Large injectiona of growth hormone during recovery yroduced en—
Iargewent of the splean, ZThis result ia interpreted as indicating &
*splenotropic” action on the part of the growth hormons wased. Friedgood
(14) also neted an ingreass in the weight of the spleen in normal gaines
pige treated with an alkaline pituitary extract. However, using a
in the spleen of young pigeens.

The growth hormons in large doses deersased the weight of the
tenten and sex accessories. This «ffect is interpreted az due te the
inhibiting sotion on the pituitary gland of the growth hormons in general,
and of the sdrsnocorticotripic hormons in partienlar. It is axiomatie
that hoymons supplements imhibit the gland which norma)ly produced the
hormons; and Xoneff (83) has recently shown that the adrenocoriieotropie
hormons inhidits the anterior pituitary. RKorsnchevsky (20) obtained a
sinilar redustion in Lestes and sex ascessories in normal animals with
an slkaline pitultary extract.
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A dscrease in the weight of the kidneyz resulted from the large
‘injections of growth hormone. No seasursments tskea in this experiment
and no peblished etudies of a relnted nature wade it possible to interpret

thin éffect. In view ef i} results it can only be stated that the growsh
.ii—f;prtp&meim used has an *mamwtmpmﬂ action. This effect of the

mﬁh hormane en young rats “ 5 eovering from inanition is fin‘c‘j a%rut with

the ¥idney enlargesent ob%nim with a crude pltuitary mﬁrm% m nerssl

anﬁnh by Hall mm {1’?}. .
gf K ‘;n, s g ‘

p ji-uw:a@im. ey .:p:stmitm yrmmtmm have
Wiﬂ.nh viry on nit}ur siéi 9!' those ob~
A LE7 .,cmpl., extracts used by m mﬁ Fresnan
(23) and by Riddle nw ﬁmw: *(2&) pmﬁmté a liver hypartrophy, while
thess employed by nicbcr and: sﬂa (19) sma by IsRoy et al (X ) reosulted
in liver reduction. $imilarly, MHall and Selye (17) repert an enlargement
of the heart with their extraet, while Klisber and Oole (10) found & reduc—
tion in heart size using Evan's extract. These disagreoments widoudbtedly
arise frem differences in the extracts, methods, and conditions employed.
$hile the growth hormens in heavy dosen tended to incrsass and restore
the normal weight of the splesn; it ab the same time decresed the weights
2 the kidneys, testes, and sex accessories, and produced an abnersal hyper—
trophy of the adrenal glands. Thase results meke it clear thet large amounts
of growth preparations ave mot indicated In recovery from ghrenic inantisfon.
Since light injections of growih hormone restered the normal weight of the
adrenal glands without producing undesirable alterations in other organs,
it may be that swmall amounts of preparations containing the adrenchropic
hormone would be useful in effecting sn earlier eortical recovery.
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the Effect of Testosverons on Organ Weighis. The testes were decrsamed
in weight ss & result of injections of tt#w&mmm during recovery. This
effect was probably medizted through the inhibiving action of testostsrone
on the gonsdotropic fuunotion of the pituitary gland. The same interpreta-
t4on has been propossd by Selys and Friedwan (79) and Shey et al (34) for
s sinilar effect of testosterons on normal animxls, JThere is also the
posaibility that the depressing action of testosterone injections on the
testes may have been due to the ¢il vehicle rather than to the hormone it—
self. Camsron, Guthrie, and Carmichael (80) found that daily imjections
of peamat oil for 17 or 18 days cauzed testicular atrophy and a decressse
in rate of growth in the rat,.

Tentosterone administration producsd & marked enlargiment of the
seminkl vesicles; and since as stated shove the testes themselves were
Inhiibited by testosierons, it must be that Lthe effect was due to the stimu-
lating action of the hormone direcily on the sexinal vesicles.

A marked atrophy of the thysis ocourred in rats Sreated with testo-
sterene during refesding. 'This effect was to be expacted on the basis of
the thymic involution which occurs normally in animals affer pubsrty.
Korenchavaky et al (35) obtained a similar reduction of the thymus in
norsal animals Lnjected with testestérone.

Rats rece hing mpplamn’ts of testosterons during recovery exhidited
& significant increase in the weight of the mmys.min sction lme also

Been observed on normal &Ma i,y mmmm*k'f et a1 (35), Nackay (81),
m&a Taden st al (#2). Tiw mhanim and significance ér this effect rTo~
pains obscurd.

The use of testosterons during recovary was attended with no measureabls
advantages, while pressmebly undesirable sffects wers abnorsal hypertrophy
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than dombled in semi-starved sen. According to Benedist (46) there iz a
corisiderahle retsntion of water by the bedy, and since there iu L raterial
variation in the denaity of the blood other tissuss must have islu powor of
gbaarﬁm and reteining water. Keys et al (43) interprat the increased
water intake as dus to the amizals’ attempt to Increase the tulk in their
stomach or te the excessive diuresis typical of starvation. THe various
Lreatments used during refesding did net signifiecantly alter thi 'Immm

of water consumed.

Anorexia did not develop in any of the starved animals; food, upon
realiventation, was accapted with wigor. No deletericus sffects of ingestion
of large smounts of food en the first day of recovery were notad in these
rats, such as were observed by BDenedict (46) and Keys et al (43) on humans.
The decrwased food intake on the zesond day may indicate sows reaction or
illuess of the animals or smuy lwve been simply an appetite reduction due
to the indulgence of the first day. The labter is the more likely explana-
tion since it was ebsarved that in both norsal and refed rats thers was a
tendency for food consumption to slternate bstwesn high and low on successive

The Effect of Refseding on ¥eod Senmmuuption and ¥edy ¥eight. Upen
refesiirg, the rats which had besn starved exhibited s remarkably rapid rate
of growth. This rapid gz-cm.h of mmu whose bodies had Ysen stunted by

suspended grewth nsy be u;ﬁpkaiud by camrim with the growth rate found
by Mﬁ and Gainsar (84) :in mml anim‘lw :ﬁaﬁ & spacisl growth ratien.
These me i‘am:é ‘&hiat mm& m: z:u% on. Sﬁmﬂo}.m mahl W?k diet
required 38 days t6 grow from 60 to 200 grams. $he chronidslly starved rats
of thies experixent mﬁim only 22 mﬁ 30 daye to grow through this identi-
esl range of body *uigh’a after ‘being xtssrma 30 and 90 days respectively.
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Xopea and Latysxeuski (85) interpreted this increased growth rate of under~
fod animals as indicating a stimulating effect of starvation on growth.
Jackson (8) states that the rapid growth of the body following perieds of
inanition may be due to the ewbryonic condition te which the cslls are
reduced. The sxtremsly high metabolic rates found in this experiment during
recovery may wsll suppert this concept of embryonic cell greowth.

When refod, the rats which had been chronically starved showed a
grester effictancy in food utilisation than norsal snimals. Resuits sim{lar
49 this have been obtained on mice by Thompson and Nendel ié‘?*) who concluded
that the weight gained by stunted mice was greater in proportion.to the food
eaten than that gained by the combrols. This food efficlency effect may be
dus to & Jag effect of the redzced metabolism and incraased intestinal abe
sorptisn which were incurred during starvation. The reduced energy demand
of a metadolic lag sust have been very brief, however, becauss the data
sbtatned in this experisent indicates that as soon as grmrth was resumed
the metabolic rate was increased to values far above normal. The incresased
absorption of food in the starved rats asz shown by the food-feces ratio
suggests either a decrease in peristalais or an increass in the perseabilivy
of the spithelial lining of the digestive tract, yet there remains ths
question of Just how long m:s reduged peristaliis or enhanced permeabllity
persists once mﬂinntmion ia’ bn‘mm

&m recovery of {'.ha hoay migm, in this experiment was, of coursse,
mmt. m,portiauz tzo t"&n dmizionr‘af Mnding, MIonsoﬁ S.mnitm
momn& ?.he am mqui.raé fur m:kgh*b mwwy, hamar. Anﬁ.uh ander-
fad for 90 days required %mnﬂms £ long & perted to resch & weight
758 of that of mml rats oftfhn came age ow did animals underfed for only
30 days. The nean weight of rats starved for 30 days and refed for 35 days
was 236 grams, whils that of rats starved fer 90 days and refed for 35 days
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of mmm the

Waﬂ fﬁ!" aalsr a amrt. um.

Tt may bq wmlum, :_%7?

toaas to millify this .f:m T, growth r
ing short and long perteds of mﬁmm in e #amum of tm wrm.

Wtian u:! Body 'g.ght “‘g hfudi'ﬂﬁ- if.nee the twd co ssion of
‘Tecovery rats injected with adrenal cortex extract and with nnr ‘axtraot
was the mume or lews than that of saline contrel rats, it mt hc aoncluded

that the alight weight incroase of these two groups over the eamrola e
independent of appetite and thersfore die to & growth factor in the case
of each.

The growth action m&ch s elicited by the liver extract m provably
das to the presente of vitamin ¥ and 8 beth of which ncmrﬂing ‘im Solomen
and @usrrant (86) and @mm and @riffith (87) play an importans role in
the physieclogieal ﬂma‘!&m suntrolling the wilization of foed. The ep~
potite stimlating effect of liver extract as postulated by Jotmsen and
Palmer (41) was not obssrved in thess animals.

 aats trawted with adrenal ecriex extract during refesding gainod weight
were rapidly than unireated controle. This action was marked uneil the 25th
day after which the curve of effect dropped :h;rﬁ.lm mxcmm that the
animals hmm refractory to the sxtract after about ﬁﬁ injections.
fl‘x“’éatueut with liver extract during reeevery prodiced s weizht gein
which was greater than the comtrols. %The effect, though #light, was meni~
fested thronghout the entire refeeding pericd.
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not observed in the animsls of this growp Suring posting srd, secondly, some
of the orgens (kidneys; thysus, liver, sand hwart) of the rute receiving
vitasins in both expsriments ware incressed in absolute weight over those
of the saline injested controls.

In ueing smell daily supplemsnts of all of the principsl vitamins, Keys
ot &% (43) found mo inpranmnt f.n appetite, metabolio: rate, or weight in
humats sals qus recoversing {rom semi-sharvation. There was actually I
relative vetardation in overcoming sussis and a olight wut &m’xﬂsm
decrease in waight gain. ',!%ha a*&micg ui‘ g&nitin mnl%g ﬁ.;i f:h&s cATe mey

be. dus to the fact that mghymu: donages were nnplmd In an cbvimly
thompmtﬁ@ 51%&&&5.0@. JIn th;la maxawat»ﬁwn %m'iﬁ (8‘?) WMS’ m mt might

maaiﬂ': my' ba tha mas.m gas the qmmﬁgy of vit&n %, ninca i:t. mu m—»
d‘ww& by incressing the dessge ,gf JI;_ senreu by mm: considerably above
et agﬁa&t pnimnriti:. The positive
results obtained with B viizaszins in thds 0mrim‘h w&th rays recovering

thau neceskary to. cure or

Lrem okronie imanition is undoubtedly due to the large amounts which were
smployed.
X‘!:m @Mn&«. of Srowth iiamm on Food Gensumpbion aad maz tts. (ht DPuris

. ’ﬂw growth Mmmu am Jarge amounty canged tahp mmry ety
d than the controls. Yeb the animals receiving

Lo uangons. ,
%huhamm mmmm; w&aﬁt #ain equel 4o the controls. It is ¢lear,
ﬁ?ﬂmﬂaﬂ, that the Wktwmm 4n the large quantities inhibibs sppetite
mnm the same Lime camamam&;m. In teres of the werk of Tesl and
Gﬁsh!a%g (16), and Tes) and Walkins (19), and Schaffer and Ies (13) this
weight comserving sction of the growth preparation is dus to its protein
sparing action.

The decreass in appetite whichk accompanisd both small and large doses
of growth hormens is difficelt to explain in view of the opposite remilts
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sxpacted on the basis of the reduced appatite. Thiw yesult iz interpreted
a= dup to pltultary inhibition. Sueh sn interpretation is sapported by
the fact that the metabolic rate was depresssd by the growth hormene injege
tions.

The Effect of Insulin on Food Consumption gnd Body Welght During Ke—

feeding. The action of insulin in inocreasing the weight gain in the rats
recovering from inanition is to be asecciabed with the incressed focd con-
sumption. Barns and ¥ackay (38) and MacKay ot al (39) veport a iyperalisen—
tation in morsal rats upon the adminisbration of Lnwulin, and Bogdst jan and
Ostrowideff (40) state thet insulin stisulabes the appebite in non-dizbetics
and that its achien on the vagus increases stomach acidity sad stowmsch
capascity. “The appetite stimulating effect did not appesr in this expsriment
antil the musber of units injected had been increassd over that initially
enployad.

The Effect of ‘!'ut.aa!mram on Foaé Garmmgtina and Body Keight Turing

ssding. While the tcateutfamm Weétimm‘ had 3.3.&111& or no effect on
food commtim, “bh!ro m = ﬂmmaa in bo&;f welght g:iz;. ‘rhis rexult ig
in éiugrﬂmm miizh SM gﬁ&#arf sm mml ‘Miggh‘e m sbbq&na& by Sha?
ot al (34) on young male rats trested ﬁ%h one mg. testoatarone three times
weekly, and with the appﬁt%anmw;ng action ﬁbtt:zx;md by Korenchovsky
ot al (35) from testlenlar

‘extracts from humen urine. The werk of Cameren
et al {BO) opons the guestion of whether the decrease in gmﬁh rate in
this experiment was. dus o the sotion of the hormons itself or te ihe oil
vehicle in which the horsone was prepared and marketed. The effect was
probably due to pituitary inhibition. Such an interpretation is not only
supported by the other evidenees of pituitary Inhibition in this gxperiment
whargver testosterons was enployed bub also by work on normal and castrate
rats by Hubsansteln and Solomen (99) and 3elye and ¥riedman {'??L However,



&4
in dealing with very small awounts of bestosterone (50 gawmas) in castraved
effuct attrituted to an inherent growth stimulating quality which strikes
izﬂm at the scoessory sax srgans and avre goherally at other somatic

timsne. Thess workers alse mantion s possibile stimulating effect of testo-
sberone on the growth function ef the pituitary. Thers remains thus the
possibility that sumller doses of tesiostercne bhan thoss smployed in this
exporiment mixdt faciliiate recovery frem inmnitisn.

SEEIRTAL GROWTH
The bones in- tho rats de‘ntimu 4o grow througheut the yericd of chronie
starvation, aumm ata ol 4ed rate. This conbinued growhh ef the skel-
ing She wppraum ,of bedy mrs.ghﬁ fain by cate
«*m wmiuﬁ quf Enw wﬁm vsaaﬁ;m» eg «aam; {é@ ),, *Iim-m, Smith, amd
,ﬁswécl {&6) and wmz tmz w’laas&cal raview of Norgulis (51).
Ypon refeeding, the ‘bem of ¥he nhm;,tcauy starved rats did not re-

¥ie restiristion is

aton ;

gein rormal size. This rcmlt canfmg & similer abservation made by Jackson
and $tewart (91). It appearn that chronic starvebion prodaces a fundamental
irreversable change in the mechanims of bone growth reselting im & degree
of permanent skelstal dwarfing.

¥orw of the therspsutic supplements employed during recovery in this
investigation produwesd any censistent incresse in bone growtk. The bens
growth promoting properties fouad by Bell and Cuthbertson (12) in & crude
alkaline extract of ths anterfor pituitary was not obzerved in the commercial
growth hormone employed 4n this experiment.

IETABGLIC RATE
The Effect of Chronic Starvetion on Nstabolic Rate. The explanatien

for the decreassd mstabolism in ohronic imanitieon mast lie, in part, in
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Willtams and Kendall (99) observed that the thyreid horméne sppears %o
‘be less effective im promoting mstabolic sctivity when there is a thfamine
defieieney.

m éaloric w:ﬁr&ati&a upls:yed in this experiment in bri - young
rats to a state of chronic fnanition was sccompanied by a propertionsl re-
_striction of minerals and vitamins. Yhe amount of thiamine (vitamin B, )
contained in the daily mﬁzm ¢uring the underfesding mriaé ms <02 mE114-
grans. This constituted, am;wélm so Griffish and Yarsts (300) -onl;

metabolisn in the underfed Fats of this experins ; ws the
specific deficiency of this witumin, the effect Weing mediated throwgh
the pituitary amd thyroid glands
One might have axpected 1itsle alteration in ensrgy transforsations

in ehronic nanition since this type of food restriction is purely quanti-
jative. & marked or persistent decrease in the respiratory gquotient

was not antinipated; ’!:oauu nl‘tlwng!x fats; earbohydrates, sad preteins
were not fed in their mml mzm, tm;v' wm available in balanced pro-

2

pamiom. ?a'nlonm msdor:!'an&m at cammt weight retions had pre-
houre uymi vhe Zized feed f o mmw mmit.d Sn destw. I
would seem therefors than sn animal without xm stores and on swall
datly rations, wuld be metabilising all thres feodstuffs, thus resulting

in m mml or nearly nermal R.N. #uch, howsver, was not the case in the
mu-amry results obtained in ikis investigation. The vespiratery

gquotients of these semi~fod rats wire Jow, typieally fasting R. Q.'a.
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The explanation, howsver, arises from an entirely different quarter than
does the low K. Q. of fasting and acute starvation. The principsl cause
is not in the oxidation of body proteins and stored feis, becsuse, of
these, the aniwala had 1iitle or none, bud rather in the faabilizy to
oxidizse carbohydrates. Dann snd Chambers (28) found an almnst complete
suppression of the ablility to oxidise ingested glucose in doge after a
three~week fast. The im&m« hy:mrgmm and ;;Mamia were only
mm.zy reduced by m:unn #2 that the effect mat b in the m:w-
amum mm«m tax‘ hhn tisma ttw;m}mw. smm {26“) wm mw

as the mﬁ of mbohydmte in the aiut im decreased th&m 3s & dimin-
1shed utilisation. w:xe{ag} .observed that restriction of food in-
take docreased shmorption mt glucose.

The Effect of Bavironmenial Tempsrature on the Metsbolic Rate of the
nfed Rats. The weight loss of underfed rats exposed to cold environ-
montal texpporaturess as comparad to the weight gain of underfed rats held
&t constant opiimis temperature Is explained in terms of the sffect on

asetabollic rate. YThe basal metabolism of the rat fe inoreaced according
t0 Terroine and Trautman (101} and Benediet and Msclsod {102) with a fall
in snvironpental tempersturs. It would be axpeacted then that within the
limits of the blokinetic temperature range; the body and food resources
of the rats would be more Quickly exhansted by a fast the lower the tim~
psraturs. Hash (103) refers to this interpretation in the work of Horst,
Hendel and Benediot, who starved rats at temperature of 26°C. and 16°%.
and found that the rats at the former temperature lived on the a¥erage
for 16% days snd lost 49 percent of their initial weight, while rats at
ths lower tesperature lived only 11 days and lost 44 percent of their
initial weight.
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The Effect of Srowith Jormone and Testosterons on the Notabolic Rate
During Refesding. The reduction of the metabolic rate as a result of
the growth hormone injectionns during recovery is in agresseat with the

resulis obtained on normal animnls with sinmilar growth sxiracts used by
Klaiber and Coles (10) and by Tesd an? Cusahing {16). The conclusion of
Riddle, ot a) (92) that most “growil® preparations have a high ealori-
genic action due to the presence of thyrectropic horssne and prolacting
that the growth promoting action of grewth sxtracts is due to the presence
of these hormonez; and thas such tlurows doubt upon the uxistence of &
separate "growth* horamne in the anterior pimitary 15 not confirmed by
this experiment in which the growth preparation ured reduced msotabolic
rate. The goncliusion ig alse guastioned by the work of ¥lsiber and Cole
(10) and by Tesl and Cashing (16) whose extracts reduced motabolism
while promoting growth.

Injections of testosterone resulted in a reduction of metabolie
rate to about the same extont ac did the growth hormons. The action in
the cose of both hormones is pituitary inhibition. Bxperimontal and
clinieal experience have establisked the principle ¢hat a hormone supple~
mant will Inhibit the gland which produces the horaons. Whille this ex-
plarabion doss not suffice for the tegiosterone, it i revertheless irue
that the sex horwone had an inhibitory actisn on the pituitary. That
such pituitery depression cccurred with tesbostersne thorapy fm this
sxperizent 18 supported by ‘k!a zedused weight of the testes and the de~
ereuned hody w:&ghﬁ gain. | )

‘l‘ha i’;mt tha‘b tu wstaswram and zrm%x "mmna MQ zot muiatain
theis ﬁcmﬁ‘img aﬂ:wt. on *t‘ha uubwlic rita %mugtxmﬁ rsmézw in
probably M&WG ths anizals became ﬂm«tmy to thelir zction afier
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prolonged injectish. This explanaiisn appears more velid for the growth
hormone, s&n extract, than fer testostercns, a synthetic. It may be that
thn yita#.m gm i.f.ﬁa}f racovema :m iiur mntary e;mity 50 as W
" counteract the ﬁffactt of e growsh normene aiid testosterone 80 far as
metabolise waa acmez'mm ¢

WATALITIES

The majority of mortalities occurred in the early experiments baefors
it was learned that it wes necessary to adapt the animals to semi-starvation
by adjusting the amount of food to the daily weight change. Tt was sosn
observed that the snimals varied in thoir ability to withstand ander—
mtrition, and that rata of the same sex, strain, weight, and age would
not: all survive identical caloric restriction. This differwnce tended
to disappesr as the period of underfesding was prolonged, so that later
all rate were maintained on about the ssme awount of food. MNortalities
which nearly always occurred at the beginning of starvation in the early
sxperisents were eliminated entirely in the final complete studies by
daily food~body weight adjustments.

There were also many mortalitiss before it was learned that rats in
a state of chrenic inanition were very sensitive to cold. DIeaths which
invarisbly followed a cold night were sliminated in the £inal experiments
by kesping the animsl room at & thermostatically controlled optimum
toxperaturs.

Caloric restriction beyond 30 days' duration resulted in reduced
white blood cell nusbers. Thia leusopenis probably made the rats sensi-
tive to bacteria, and may sccount for the predispesition 46 pnoumonia.
The reduction in total leucocytes, Logether with the inoreased psrmeability
of the intestinsl wall %o colifors bacteria offers an explanation for the
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nild efferent urinary inflawsations which were cohaerved in the most of
the rats after pmlangsﬁ unéerfcedﬁ.ug.

The one mortality mich omurrﬁﬁ during recovery was dus to compli-
catians which mﬂwwd ayaptoms in r&aymnnn and the. blm&. aimt.aga‘sy
m;als& nam1 m'gam Wﬁ %hat ths stomach and in%atims were m;gty,
transparent, and filled with gas. Befors dying, the rat struggled with
bresthing, and bronchisl mmt wamwiﬁmt +» The extrene hamo-concen~
tration found in the bmed nay Mﬁinh & apontanecus atrophy of the
sdrensl cortex as the csuse of death.

The sickness of one rat during refsoding appears to have baen due %o
& transitory recession in the blood regensratien, The behavior and pro-~
gress of the rat was typical until the 21st day of recovery, at which
tims food was refused and ths eyeos become very pale. Examination ef
the blsed revealed an extreme hemo-dilution, mumorous sbmormalities of
the erythrosytes, and many normoblasts. %his bloed pictare is typical
of that which is classified clinically as Mediterranean anemia. After
five dayn of alwost complete anorexia, the animal regained appetite and
subsoquently recorversd a nearly normal welght and blood piocture,



SUMGRY
Twe mundred male rass; 30 days old snd 50 grams weight, were brought
o & state of chronic imamition by a gualitatively adeguate sonstan

ek with & dittmut wupplement. of hormons, vitimin, ate. Two dﬂtm
poriods of starvaiion snd recovery were studied. Obwervations wers made
oxn the blood, food consumplion, weight gain, organ weights

raie, mmmmu&ummmmu, umﬁum
Cully fed oonirels. Food-feces ratics were detersined on normal snd
wadarfed rata. 7The effsct during chronic wtarwvation of varistiens in
srwivensental Sssperature on thw body weight was alss obaerved. All re-
#olts were axpressed as as aversge of ten animals.

The plamms mtﬁ.n, hnszlnbi:n, and mm:m sontinued 4e increans
during caloric mmuim, »0 M at 'hhﬁ and of & 90~day starvation
Wmnvﬂmqm mmmmmmlmuammm
mhnatmuﬁnmmlﬁuermamm.

e Pa
RS

“svarvation. rcmm ina mmmr, mﬁtﬁm&m of the
m«m.mmammmmammmtm
m«:muﬂmmmm&mnyarw»mmm:uwutm.
sxeopt. that which followed in the path of changes ia the red cell nusbwrs.
4 Bloed hydremis ocourred slmost iwmediately upon reslimentation, how-
gravity. This effect was temporary and in sarly recovery ilw density of
A gradusl reduction 4n total leucooytes sppeared during starvatien,
with the percentage of leuccoyte types showing considersble variation asd
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average values tending to s décrease in lymphocytes.
Chronic atervation in these young rats did not significantly alter

the blood isugar, but there ma * mw ;S.mmamin the m ’fam nitro-

After 60 daya® refeeding, the blood ‘had recovared normal or nesrly
normal valuss for the re&and i;hsma m’u nonnt, lsucocyte differontial,
hematocrit, hemoglobin, p‘usim protein, specific gravity, and W.P.N.

No changes appeared and no measurable benefits were sean in any
feature of ths blood as a result of the treatments administored during
TECOVETY .

Chronic starvetion deoreased the relative waights of the liver,
thymus, heart, seminsl vesicles, and spleen; incireassd the relative
weights of the adrenal glands, testes, and pituitary; snd produced no
change in the average weight of the brain and kidneys.

Refeading resulted in the restoration of the normal weights of the
train, heart, kidneys, seminsl vesicles, and testes, and a relative hyper-
trophy of the thymus and iiver. The splesn, pituitary, and adrensls
failed to vrecover a weight in normal proportion to the body. However,
in rats underfed for only 30 days, the adrenal glands and pitultary were
fully recovered after 35 days! refesding.

Iarge injectlionsa of the grewth hormone during recovery produced an
enlargemint of the spleen and adwusil glands, and a decrense in the weight
of the testes, seminal vesicles, and kidneys, Small injections of growth
hormone were without effect, except £6r an increase in the weight of the
adrenals,

The administration of testogterons during refeeding decressed the
woight of the testes and thysus, snd incrseased the weight of the kidneys
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