IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1949

Utilization of e%g protein by well nourished and

undernourished rats

Bibha Mukhopadhay
Towa State College

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

b Part of the Dietetics and Clinical Nutrition Commons, Human and Clinical Nutrition
Commons, and the Medical Nutrition Commons

Recommended Citation

Mukhopadhay, Bibha, "Utilization of egg protein by well nourished and undernourished rats " (1949). Retrospective Theses and
Dissertations. 13599.
https://lib.dr.iastate.edu/rtd/13599

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

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

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13599&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13599&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13599&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13599&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13599&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13599&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/662?utm_source=lib.dr.iastate.edu%2Frtd%2F13599&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/97?utm_source=lib.dr.iastate.edu%2Frtd%2F13599&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/97?utm_source=lib.dr.iastate.edu%2Frtd%2F13599&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/675?utm_source=lib.dr.iastate.edu%2Frtd%2F13599&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/13599?utm_source=lib.dr.iastate.edu%2Frtd%2F13599&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

NOTE TO USERS

This reproduction is the best copy available.

®

UMI






UTILIZATION CF EGG PROTEIN BY VWELL NOURISHED

AND UNDERNOURISHED RATS

by
Bibhe Mukhopadhay

. A Dissertation Submitted to the
Graduate Paoulty in Pertial Fulfillment of
ihe hequirements for the legree of
DOCTOR OF PHILOSOPHY

¥ajor Subjeet: Watrition

Approveds

"o
LI I Y

Signature was redacted for privacy.

' In Charge of Major Work .. ® -

Signature was redacted for privacy.

Head of Yajyor @partment ~/

Signature was redacted for privacy.
Deah of Graduste College

Iows State College

1948



UMI Number: DP12287

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP12287
Copyright 2005 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

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



1i.

TABLE OF CONTENTS

BACKGROURD AND PURP(OSE OF THE FXPERIVERT sossassssesosssns
EE?;EW QF LITER&TUEE Y Ty L I s T R R N T Py R
cﬂﬂﬂﬁ?ﬁi of Protein Metabollam cesesssrssscassescarass
leasurement of the Hutritive Value of Protein .essvese
Utilization of Proboin serssesrescssavssssssasrsencorasan
THE SYNTHES IS OF THE COMPONENTS OF THE BLOOD STREAM covess
mﬁﬁzﬂﬁﬁm ?%%Em BURECERDAFESREESE B ESEERPIES B LA LB RN
GONeral FloN sesssesssrsnsnsssasassesrssstbscsnsnsassns

wgwm ﬁmﬁ BRSPS EREECEBEIERRPE R EFE LSS ARGV ERESAL20 SN

The Pasai y&t?ﬁg@ﬂ Low THet seceessncncssescssnransans
Egreoontaining Dlets cessescveonsssscscsnncsssssonenes
Positive Control Fetion sesesscscvenssnccsscrvsssscess

mmlg i}F }sz V“U‘QQ*#'*&ODQO'ts“ﬂ‘*'ﬂ‘ﬂ'ﬂll‘fﬁ"‘."'..‘

w&mmm mm FEAF SR L EREESSERNE NSRS R BERE PSR ERRETON

E@aariﬁhiﬂﬂ B Y LT L L T I I T T Y Ty o
Preperation of Animals for Experiment sseessesccescnss
Series Ar nndernourishod sscesssssssssnsssscnnsosn
Beries B well nourished s.ssssvessssvscecscsnones
Sevies Ct oonbrol wecssssssssnsnsasssnsvennsseraes

QITBQGEE %ﬁL&ﬂGK ?EQEKXQQE DEEERRP SV DI SR IR ERRNEC RSN EREREN
COLLECTION UF SAEPLES FUR ANALYRIE susecsscssenisssssncssne
UPING s rsuoetssosssssver satsssssnessetssassnisedsnnsnss
‘Feoes R Y T T e N e )]

OPZONE o s saeststsrtstsssstsntsssnasasesatsnatssersnes

Blood BAFENAOIGIRNIESARRBERET OGRS IO E ARG RER B SR IR ELRON RS S

T 9099

ssmmwg

24
24
27

a7
29

38
38
37
a7
59
41

41

43



iii.

ANALYTICAL PROCEDURES sesesscesssnssrnsscvcsnsasessnsonnensen
Ritrogen in Urine, Faces and LAVOY sevnsenssnsssosnnsacan

Coneentration of ﬁemﬁglahin APEBIADEESEIRSRBRCS S RO ERBE N TS
Emmeretion of the Rod Blood (ells ssessnescssnsvesrcecses
Blond VolUmME eees rsstsssecsrsnasssssassstossvisssassnsasess
Concentration of Serum Protein .sessvssssrsssssssnsrannee
Llocholsether Soluble SubsStances sessseseesescsscrrnsvans

waws BEBLERPEEER I EEA RS FE AR A EP A SR E R R TSI R EEFE LSRRG EIEN
B{)m w]gzm BREBENAS UGS R PR R BB EE RIS RS S SRS EER RGBS PET OB S
“I?ngg BAE“%'?"@E "Q“‘O*i’!i‘ﬁ!"'»ﬂ'QQ’l{*il‘l'*lﬁl...ii\ﬂ!l..‘

Gﬁﬂﬁ@ﬁs i% Qﬁﬁ&aﬁ BHESRDEB R AR S ELERERER S ER GRS FSIB AR EEVEREN SIS ETS

m?@r FERREEAREF IR EIRE R RS EC ARSI TR RS EPR R B AR EI RSB ETRTE

-
Adrensl Glands sussisesssssvssssnestsssssssusstassnenanss

Cﬁ&ﬁﬁgﬁ Ig ELGGD REBESREEP I BARLER VSR RN RE RS GRS E R ER ARSI R S PPN
Borun Proboing cessssesssrsenssstssessassssstansenssssess
Blﬁw ,i?alma CRBESEBEFEERBCE RS EFERR RN LSS EEEER B RRERDIGEN
E&ythroqytaa PR e S T T T T T TR T

E‘ﬁﬂglﬁbiﬂ B T Ll R T Y P

Em{j%sxgﬁ SRESBRABCEDP BB G A BIERBEIIRGF S O SSECORE AR IRB GRS B e B s e N

ﬂﬁﬁﬁﬁﬁf ﬁgﬁ ngCLUSZG§S P T Y R e A R NS SR R RS s
LITEE&?%RE QETES BRESERARSEERES AT E IR e LB LB ARSI RS2 4RSS0 N

ﬂcwﬂﬁmm&?ﬁm BEBBRESE G SR AT RS ST ORI LS RED LS TR A s e BT EERE

g .
ﬁ}i}i&ﬁum BB RR I C AR NFATAEPLAB I NS 2B S AREFES ARSI ERE AR LR ELSTRRE

45
45
45
46
47

51

69

6%
78

82
82
83
88
88
89
94
95
102

103



Table
Table
Table

Table

Table

Table

Table

Table

Table

1.

M

3.

4.

B

6.

Ta

8.

L

Table 10.

Table 1l.

Table 12,

ive

LIST OF TABLES

Experimental groups ssscsesssssessccassancessnss
Composition of low-nitrogen and egg diets senses

The percentages of protein and molsture present
in the experimental Aiets cessssesrsssscsssanses

Average food intelres during the experimental

pariad L T Y T

Hitrogen recovered from cages sprinkled with
aliguots of standard ammonium sulfate solution..

Aversge body weights at varicus experimental
intervals of rats in Series A, the underw
nourished aﬁimaiﬁ~‘4*.§ng..¢‘¢¢;»’4;n,.-~*’.a¢ua

Avsrage body weights at various experimental
intervals of rate in Series B and C, the well
nourished and the control anlmals seesessresnoss

Nitrogen balances of rats fed varying amounts of

55

66

ogg protein in Series A, the under-nourished rats 60

Fitrogen balancss of rats fed varying amounts of

egg protein in Series B and C, the well-nourished

and cmtrol TAES sesevsssarsonssvessrrassrnssasas

Exoretion of nitrogen in urine by undernourished
and well nourished rEt8 .cecsssssssesssescrssnses

Average weights of fresh, moisture-~free, and
water free~fat free liver in rats of Series A,
the under-nourished animals, sypressed in terms
of a 300=gram rAt cseccscesocsssssnnsnscsnssreanss

Average weights of fresh, molsture~free and

moisture Lree~fat free iivers in rats of series
B and €, the well nourished and control snimsls,
expressed in terms of & J00=gram rat seceessosssn

61

67

70



Vs

Poge
%able 13. Average quantities of fat and nitrogen in
0 liveys of reta in serises A, the undernocurished
mmlﬂ ’D-’*l!*"*‘C‘Qt‘*'“l*“%ﬁ.*“."t"."Q# ?6

Table 14 ‘Ayerage guantities of fat and nitrogen in livers
of rats in series B and (, the well nourished and
the aﬂﬂ‘kre}. &nimls BERTEREREAECCR IR ECRR R AR RS 76

Table 15, ﬁversge weights of the a&mna}, glands of rats
oomprising the three experimental s6ries sseses 79

Table 16. Charsoteristics of blood in rats of series A,
the underpcurished snimals :nc;ttaw;ugtgpnancﬂu 80

Table X7+ Charscteristic of blood in rats of Series B and
: €, the well nourished and control animals ..... 81

Table 18, Mutritive valus of azg proteing casessssacencoe 92



Table
Table
Table
Table
Teble
fTa.‘bla

Table

Table

Table

Table

As

B,

‘Qu

9"

e

F‘ .

Q’ .

d.

I..
- fat and moisture in Series A, the undere

.

LIST OF APPENDIX TABLES

Body weights et werious experimental intervals
of rats in Series A, the under-nourished

- animals B T T R N T YT

Body welghts at various experimental intervals

- of rats in Serles B, the well=nourished

- anlrals BESABCCESERERRES A RR AR BT E R ISR S S E RPN

Body weights at various experimental inmtervals
of rats in Series C, the positive and
nagative animals cecesnssssnsssrsssssnenserses

FWitrogen balences of rats fed warylng emounts
of egg protein in Series A, the under~

- pourished 80lnals sesrssnssesessrresrssneonren

Nitrogen balances of rets fed warylng amounts
of egg protein in Series B, the wellwnourished

- rats EESHEBERBEERSEARE BB ENEAS SRR S LSS S RESAE SN0 ¥

Nitrogen balances of rats fed varying amounts
of egg protein in Series C, the positive
eonhrol animBlE seresenarvesssnansocnnrrnsenns

Average food intake and food introgen absorbed
in Berieg A, the under=nourished snimels secve

Awverage food intake and food introgen absorbed
in Series B, the wellwnourished animels s.sves

Weights of fresh liver, liver nitrogen, liver
nourished aninals sessscsnsssessonsercerennrne
Heights of fresh liver, liver nitrogen, liver

fat and moisture in Series B, the welle
gourizhed ANIMALE seesvsoscsssenvssssnsanssent

104

108

112

113

117

122

124

128

126

129



vil.

fage

Table K. Weights of fresh liver, liver nitrogen, liver
s fat and moisture in Series C, the positive
» and negeative control animels cecssessssrcnvens 13
Table L, ﬁhamwsristiea of blood in rats of Series B .
the under-nourished animels sssesssresrsrsenes 132

Table M. Charscteristios of blood in ra%s of Series B,
the wellenourished animels ceenssssccesnsssnans 157

Table K, Charaocteristio of blood in rats of Series C,
- the positive and negative control animels .... 140



Figure l.

Figure 3;

Pigore 3.
Figure 4.
Figure 5.
Figure 3.
Figure 7.
Fzgm Ba

Figure 9.

wviii.

LIST OF FICURES

Regression of the number of the erythrocytes
per omm. of rat blood oo turbidimetric

!Bﬁdiﬂgﬁ S P T T TR R TR TS T T e

Hitrogen balance curve of rats fed warying
gquentities of nitrogen in their dlets servssncs

Betio of quantity of nitrogen execreted in the
urine of rats to the gquaniity of food nitrogen

BUBOTDOT ssversrersttosrssesrstnnscsbssnnnsnses

Belstionship betuwsen guantity of feoml nitrogen
exereted by well nourished rats and quentity of
food nitrogen ingested (Bésshardt and Barmes

19&3} REEEBAIRBEEFEIRESREEA RS S AT R A ER R DRI NI R

Relationship between weight of livers of rats
and the quantity of food nitrogen retained ....

Relaticnships bebtween the guantity of nitrogen
deposited in livers of rats and the quantity of
food nitrogen 1ebained cicsvervsssrvencosssvens

Relationship between gquantity of fat in the
livers of retz and quantity of food nitrogen

.
YRERINGT snesssarsusrsrsansssarsbtsrsnsnsssntad

Relationship of blood volume and of quentity of
total ciroulating hemoglebin to quantity of
Pood aﬁﬁrsgan refalined sssercsrenssnssorrrersen

Relatlonshlip of mumber of erythrocytes in the
blood to guantity of food nitrogen reteined ...

Page

48

62

66

73

74

77

87



*gueg. ale
ewlzue enssry Jo syred guenxodwy #ﬁaegmmﬁ og1e SUTeR0Sy *63%[ JO
pesruiooss useq swy GUTTOUD DPum eurjwete Yeuruoiulwini? eqTT sejrrOQEjew
Jo erseyguls oyg uy swerqoad eyy Jo efod eyl *uorjoejur 3suivds
BIOTIA9Y 58 SAJOB JBY3 SOTPOQIUL JO WOTFEOTIQEJ SY3 UF posn edw sujeqoad
wpelaen *oqe Teamonty *efvydlouey fRoocyE Jo 8300330 oul Jequoo wsiuwiio
oyy Furdrey uy sxJemyng eIy 30v fun gessesex essyy *sureqoxd wwserd
pus sutesosd JeAll Jo wroJ oyl ul ursjoesd Jo sealesel eriawr juendod
Uy upeguiew Asyy *0ge *surqorlowsy *fsursjoxd wueeyd exjy suregoad
TeuoIgouny opJiceds Jo syseyuis oyy JoJ pepesu alw Ayl *eJIT ©°%
1eIjuesse sesescold JO GOMEUSUTVW Y3 UT pus Ymoad Jo ejes Twulou ¥
Jo gaoddns eyy uy jueqaodur Apjueurwsexd exw Lsyy *Apoq Teurwe eyy Jo
uoTaTIRNT oyy PuruTeRUTEM WY eToX petses easy suwieqoxd Arsyeyq
*39Tp 8yl JO SIUSTRIZSUOL UTeR0Jd #u3 Jo souejaodut eyy oy
pivded uy jeedegzuy pemeued u ueeq sy edeyy * sdued wey W] eyUZ UTBIL
*391p oun Jo sgusuoduwoo Jolwm eyl Aq peferd efos ayy ATXBeTo MOUY JSVEN o
fosodand eyyy usyrduooow oy +Lrddns poog emny JO uoTIWFTTTIN snoyorpal
380W Y} 203W3TEse0sU @TqUITRAB PooJ Jo se3fruwnb pestuil Lfuo yiia
PILoM oyg 40 suoigeu Auw wy suosded peglepun Jo BOIFRRILIIqeYes Lpeedg
*uoTRILsn Jo sepdiourad opseq oy Furuxssucs sdperrouy eapsuoyesd

=00 eJ0W Jo pesu juedaun sy sxsyy *segoyeq Jaacu ge sdeuxed YLepoy

JNTRTYAICE THL 40 ES0J8Nd QNY ONRUNOVH

‘.ﬁ‘



pus upuwgTa ouy ‘seeafoad ywuorywonpe uz s Arqeqoxy CSUTWEIIA pus
STBLOULL fSUTAOLC 848 POOJ SO WE JUNLOTJOP oq 03 3de ad® ULvH eyl
Ul 39Y3 SJUOTIGNU SYY *SeTIO0TS 00GE O3 0002 Jo syusuerinbes Teultou

asuTeBe AT Tep ETIOTED (ODOT BOATEDOX wipur utT uosied sPereaw ey
+ardoed wommoo Jo yowex eyg puodeq qnq Jotsedns LTTBUCTITIING BI%
qeyy epdoed uwipul eyy o3 spoog 3563%us 03 A[T0J 81 31 “LACIIWF [TIA
Ayddns poog eysz jo Aownbeps euy *seaocdduy UCISIPHOD OTUOUCDE SUYY 8¥
qwy3 pegoedxs e1 41 *Joger Jo eofmeyoxe ySnoays Jo EPIIF UMO STY WOAF
Jeu3Te TeTqU[IBAB eNTBA DPOOF 380w BUY} YSTUANY 880yl *pooJ sty Xof sdoxo
uredd eyy uodn quepusdep AveBawy sy ey *moy Areumerzxe ‘ePsioaw 6yy uo
‘81 TenpTATPUT 843 Jo Jesod Bupewppand eyl *sesswel eyl Jo pIepueie

Sursyy eyy esywax puw Agxeaod pue 03 ST wipuy UF ysey Jwmesesd eyy
*uo pyerens? o
uo I BIoue? wWoxy 90WX OUY JO eoUsnUTaUd eyl puwfevuvsmesutea fymoad
‘ygreey dedoad a0y ezenbepe Lpddns pooy » Fuipanoes Jo suorgwopyduon
@3 O3 POPPY BABY Ulpu] W] SeVUBQANGSlp puv sedueye [eopyriod eyy puw
fangueo sTYR UT RiGs PIJIOM OMG SY] *jueEow 8143 38 poog Jo eFeJoys
~praon ¥ Ayrecraowsd ey axey; cepdosd Joy xoy uotgragnu sgenbepw

u® sanves oy soy s1 Avpoy wipur ur werqoxd juejsoduy qeow eyp
*1%03 SLY3 pARMO3 POJOSILp 64® PIOJ ROTIJAYNU eY3 Ul sUojwdigsea
~uf Suey TucigeuUNy Jo sukeq Wy WIe0Jd eyy JO enIBA SATFLAGNM eyg
%aﬁ%ﬁﬁ?ﬁeﬁﬁﬁmﬁmﬁﬁwwﬁaZé Aﬁ%.ﬂ&ﬁmﬁa
JOTTIN *oUTQQON~3T8UDRqOY) Jeyjows Ul Anpws #3311 Jo oq Aem joedesd euo
uyp juelsiiie Arswedsxe uiezosd y *suotiouny enclawa eseyy soddns

03 4371199 41943 03 pasded Ul JOJJIp 391p eyl Jo sutegoad eyl

*2



uopgonpodd Bujdeancoue s7 Apieywijded guenmiiesod ang *Langueo ST
Futanp woravindod uwwmy eyl JeQLEl JOQUNU UT POSYSIOUT 8WY YOTUR XOO03e
~8ATT Jo sgwro fyuo euy st Arinogs *eoanos uresexd w sw eamny ydtaq
8 wwﬁw sdeyded sgjovpoad Axgynod *eipur Jo erdoed eyz Jo queuwedjnbes

upegoad eyl ITT3e6w UL pesnh € FYITW SPOOI FUUNS SJOPIOUCD U0 Uy

*(L¥6T ‘°T% 30
fuwenTTiy) eERUT OTIOTES WY UoTjonpes Juwes xed MITy v £q pejuesesdex sy
T0A0] TEOT3TAO STU3 9YS UMOUs eAwy oFeTT0) €393 VMO SYZ 38 UOTHIAT]
sOTuoUCey SWOH oYl Jo AXO3RJIOGB] UCTFTIGNU oYy UL sIexdoy *enssiy
JO uoTyeOTAqeF eys J0J uiejodd pejesul Jo WOTIVITLIAN Y SI0TIASGI
| {SAST TUOTATIO WIWRISo B MOTSQ OBIWT OTIOTEO 8Y3 JO UOTAOTIFEES
39 gH6T ut osdegg puw eBprayoon *431pmeg Lq pejwagguonep sus 31
*POJOpT SU00 6q 48NM °EqeTp UBTPUT Uy
880 BYJ VR JO L ¥8 TADT §1 poog euy Jo enyva Aldeue syy ueym pegsedui
upegodd Jo 3ijeuaq [Ing ednoes o3 Apoq eyy jo £3371q8 eys ‘osyy
savel oyy groyFnosyy
eTqQuiTeAs qou 8T sty ‘swesule oFsr09s proo puw s IIsRO ﬁew&gng&a Jo
JGeBY 03 enp ng  *ysjJ Jo serfddns [wuoIsWO0C 307 Bes oy JBAU SVeLY
*3800 OATITQIYOAd pUR UCIFNQTAFETP 3.»%&?& fuo tgonpodd MoT 03 emp
STOUITBA® J0U 6% N[TW puw uel oXIT uUitejoxd Jo s60anog JUSTLL0Ny
.awﬁwaum 49013 ® feules squesesd *IeASHOY
fqueuestnbes uregoad eys Jo vﬁ&wﬁm‘mﬁ 8YL *o%e0 Jo.m&wwﬁﬂm @_ﬁ@ #Baend
*geodusul YT SYENLF dueyo JOo 80738 TABA ,c&aa_ pus “seed ‘suseq feeojugod
fajoxdeo ‘yowupds ‘oguuosy sowaﬁg, 838 yons sojqugeldes ﬁnﬁw OTqETTIRAS

WOIJ POUTERGC O Ued SUeTIINU Oyl «§euw eq uwo swerqoxd ywIeut:m

‘g



4,

and commercialization of egz and egg products. It is highly probable
that egg powder will become & common commedity in the near future.

There are indications in the literaturs that protein-depleted and
well nourished animals utilize thelr supply of dietary protein in
different manners. Allison and his coworkers (1946) have shm that
the retention of protein is greater in depleted than in well nourished
animals. They suggest that there ls a different type of intermsl
supplementation in the depleted than in well nourished animels,

¥hat the requirements of these undernocurished people for protein
mey be comstitubes a vital problem. It beccmes a matter of some
practiocal importance as well of seiarrt;ifia and nationel intersst to
the Indian people to detsrmine whether different proportions of protein
with an adequate calorie intels are associated with differcnces in
the distribution of total protein within the body of well nourished
and depleted animals.

These were the considerations which inspired me to undertske the
present problem. The problem deals with the utilization of protein
by albine rats representing two different plenes of mutrition.
Dofatted dehydrated egy powder has furnished the protein in rations that
heve been fed to wellenourished and under nourished rets. The response
of the rets to daily doses of egg proteins ranging from very smell to
high amounts hes besn observed. It ie hoped that these expariments
may throw some light on the mutrition problems of the proteinedeficient

population of our country.



5.

BEVIEW OF LITERATURE
Conoepts of Protein Metsbolism

A review of vg&ug matebolism is .www story of amino acids, singly
and in various combimatlons, as they enter into, and become s part of,
the chemical matrix of living tissue (Allison, 1848).

Before the early twentleth century, few attempis had been made to
develop a comprehensive theory of probtein metabolism, Then certain faots
_53 established largely through the efforts of Folin, He developed
the analytiocal methods w,roﬁnag for testing theories of protein metabe
olism and saw experimental possibilities that proved helpful in devel-
oping new eonocepts. He drew vertain deduotions as to the nature of
protein mebtabolism, He soncluded that there were two kinds of catabw
olism, one variable or exogenous, whioh was dependsnt upon the protein
ingested, and the other constant or endogenous, the result of the daily
“wear and tear” of the protein structures of the organism. The metabolioc
processes resulting in these constant end products he assumed to be
indispenssble for the contimuation of life, and, therefore, "to represent
the lowest level of vwﬁ.omau metabolism achieveble” (Folin, 1905).

Food protein was drewn upon to replace these lomsses, snd any excess
wes either discarded or stored, Beyond this, no synthesis am.. protein
in the body was assumed, the structural units of the body being consldered

static., Although at first Folin did not recognize the possibility of
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storage, later he explained the lag in establishment of a constant lewvel
of nitrogen exoretion afver a marked chenge in diet by & depletion of
storehouges of amino acids that existed in musole and other tissues
(Folin and Denis, 1912).

Ths ooncept of a conetant "endogenous” nitrogen metabolism was
ohallenged soon after Faliagreakanted ifl‘:. Osborne and Mendel were among
the first to question Folin. They suggested that the "endogenous”
metabolism postulated by Folin might represent s requirement for specifio
emino seids for the synthesis of enzymes or homones or for other proe
teln or noneprotein metabolites, In their opinion, the entire protein
moleaule might undergo degradation only to liberats apecifiv enmino acids.
Osborne and iendel's proposal (1915a=b) that the minimum requirement for
protein might best be met not by a protein mest like body protein, but
by one rich in the speolifie amino acids neaded for the synthesis of new
tissue cr of a specific hormone, entyme, etcs, took na significance in
the light of later discoveries. Mitchell end Hamilten (1929), in com=
menting on this theory, said that if 1% was true, theoretically, the
endogencus metabolism could be depressed below that characteristis of
e period of low nitrogen feeding by feeding complete proteins.

Henry C. Sherman, one of the leading nutritionlsts of the early
twentleth cenvury, teov, believed that the catabolism of tissue could
be deoressed by dietery means, lie was awsre that t;ha nitrogen of mixe
tures of aminc moids incomplete in regard to maintenance requirements
may have & fauvcrable effect on nitrogen belence. He proposed (1920)

thet hydrolysis of proteins constituted the initial step in protein
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metabolism, and that hydrolysis might be checked or even reversed by

the inocreased concentration of emino ecids that follows the digestion
and absorption of protein. A mixture of amino seids would check hydrole
ysis in a measure commensurate with its cempletensss bscause any one
anino acid could be effective only st the point at which it wes liberated

from the "oatebolizing protein molecule®., Sherman's soncept eliminated

the possibility of a constant timsue Eagwww»wau and made it dependent
on the quantity, as well as on the quality,of the protein in the diet.
As ﬁ&a went on, mors w@m mere evidence ascummlated thet s dynamioe
rether then a static state charascterized protein metabolism. In 19835,
Borsook and Keighley presented a theory of "a contimuing nitrogen metabe
olism” which they defined as "the nitrogen metabolized on any ons day
that was slready present in the tissue” (1935)., It was thus distinet
from exogenous nitrogen, and bore no relation to the endogenous or
"wear and tear” metebolism postulated by Folin. In a man in nitrogen
aquilibrium, the continuing metabolisnm constitutes more than onse~halfl
the total urinary nitrogen and is a ga@wow,.sw.@gﬁgm dietary history.
Borsook and Yeighley interpreted the sxtent of the contimuing metabolism,
topether with the constancy of amino acids in the tissues, as indicating
that, in the adult, synthetioc processes involving amino aocids constantly
ogeur. Their theory was mainly based upon sxporimental work, which
showed that the exeretion of sulfur in e period when & oconstant diet
wes fod wes far in excess of the so-omnlled "endogenous” sulfur excretion
resulting from the administration of a low sulfur diet during the

nicrogen balance period.



Be

Whipple and his group ,@rking et the University of Rochester,early
made s definite sontribution te the understanding of vrotein metabolism.
Thelir work started in 1219.. Hadden and vhipple made an interesting report
in 1940. By means of & special technique, known as plasmephoresis, it
was possible for them to produce acubte hypoproteinemis in the dog in
two to six weeks.

ladden and Whipple demonstrated the existence of the reserve stores
of protein in the body sufficient in quantity te reform at least 40 to
60 per sent of the originsl circulating mass of plasma, With its stores
of protein éaplet%d » the hypoproteinemie dop exhibited considerable
ability in regenerating plasma proteins and hemoglobing from proteins
derived from varlous dietary sources., ladden and Vhipple found that
the greatest stimulation in the production of plasme protein and of
hemoglobln occurred when the concentration of plasme protein was just
ebove that typical of edema. »

Thipple and his emr&:aﬁ evaluated the plasme«protein rebuilding
capaoity of various foods by determining the amount of plesme protein
over and above the basal outpub thet was produced by the feeding of the
test food, The work of this group {Robscheib-Hobbins, Willer, and
Whipple, 1943) showed also that nroteins valuabls for p}.am protein
regeneration were not- aawsmrily sffective in the bullding of homo=
globin., Reserve probein stores, however, were drawn upon for the
production of the latter as well as for the former. This cbservation
supports the sarlier ides of Ushorne and Mendel that body tissues are

broken down not for the whole protein moleoule but for specific anmino
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acids, in this omse, different amino acids being needed for the formation
of plasma protein than for hemoglobin, The work of Vhipple and his
coclleapues shows olearly the dymamic reletionship thet exists between
food proteins, plasme proteins, reserve proteins in the liver and
tissue proteins, and demonstrates the fluidity of body processes,
Ghether sueh fiuidity oould be traced in svaluating the role of egg
protein seemad worthy of trial, |
Direot proof of the dynamic nature of protein metabolism rests
largely on studies reported by Schoenheimer and his associates (1942).
The oourse of nitrogen mﬁhelim‘m followed with the use of isotopic
olements. They showsd (1042) that dietary emino soids may enter
direotly without transformation into tissue structure, or that by trans-
amination resctions their nitrogen may be transferred to deaminated
molecules to form new amino aolds. For example, the feeding of one
hfbcnéé emino acid resulted in the gmsazmo af isotopic nitrogen in
" all amino scids isolated from the tissues, except lysine. Thus,
Schoenheimer and hisz cowworkers concluded that automatic and non-
interruptible processes of synthesis and of degradation ocourred, and
that amino acids liberated by the opening of peptide bonds mixed freely
with ethera‘ to form & metebolic pool of constituents whose origin is

indistingnisheble,
Heasurenent of the Mutritive Value of FProtein

Thomas (1909) was first to use the nitrogen balance technique for

the estimation of the nutritional value of proteins, He based his method



10.

upon the faot that protein is the only considerable source of dietary
nitrogen. The food nitrogen in the body cen be followed by the deter-
minstion of the nitrogen In the food, urine ai;d fecee of the animal under
observation. Thomas introduced the term "biologiocal walue” which he
defined as “the mamber of parts of body nitrogen replacesbls by 100

parts of nitrogen of the food a-mtm"“}’

The method of Thomas for determining biologiosl walue was developed
and improved by Mitchell (1524b), working at the University of Illimois.
He introduesd two sssumptions in the development of his method.

The first had to do with the postulation that the exeretion of
nitrogen in the feces in the nitrogen~feeding periocd wes equiwslent to
that in the previocus metebolism period whsn no pm%iﬁ food was fed plus
the nitrogen derived from any ’uaéig&s‘&sﬁ food,.

His second sssumption in hie interpretation of the significence of
the urinary nitrogen in the two metabolism periods of the test is
based on the idea that the cmtabolism of ni*bromm body substances
thet oocars during the feeding of nitrogen-free diets continues at a
sonstant level when protein feeding is resumed. The use of this
essumption in the galoulation of biological wvalue originated in the
osongept of endogenous metabolism propossed by ?gli;; in 1906.

Date questioning the existence of a constant independent endogenous

metabolism have been obtained by workers at the Iowe State College labe

1as trenslated by Martin and Robimson (1922).
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remain constant during the two experimental periods, the two aﬁgn_

would not be identieal., They predictsd further that if such were to ocour
there would be an inverse relationship between the guantity of urimary
nitrogen nﬁ&d&& and the quantity of food nivrogen sbsorbed in the protein
fesding period. It is interesting, in view of this prediction, that in

experiments at the Iowa State College laboratory (Willman et al. 1945)

the exoretion of urinary nitrogen wee depressed in the second 0xw3.r
imental period when egg proteins were fed after an interval of nitrogen
deprivation. 4llison, inderson and Seeley (1945) later demonstrated the

phenomencn in metebolic studles with depleted dogs when egg proteins

sarved as the test wwé@awa.. On the besis of these results, they sug~
gested that k be callsd "nitrogen balance index” rether than w,wcuamwgm
velue.

A new %&gma has been developed also at the lowa State Lollege for
the evaluation of the nutritional value of proteins. liarshall (1943)
first showed that ingestion of the egg-ocontaining diet by the rat gave
rise to an unexpected decrsase in the exeretion of urinary nitrogen as
compared to that charscteristio of the sxcretion in the lowenitrogen
feeding period. To determine whether or not nitrogen balance was directly
proportional to the quantity of distery protein, egg weas incorporated
intc the proteinefres dist at different levels. It was found that the
relationship between ths gquantities of nitrogen fed and the nitrogen

balances was w‘muﬁgﬁaw Therefore, the difference in the nitrogen balances

uﬁuﬁ%wwwwua datas Files~ Food and Nutrition Section, lowe Agri-
czltural Experiment m@pﬁaﬁw Projeot 799.
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utilization was proportional to protein wga over the ranges of
protein intake studied,

Similar results with rets as the test animels have been reported
from the Nutrition laboratory of the Iowe State College (Swanson 1946,

Swanson et awa. wmﬁq? These workers showed that a 50 per cent reduction

in the energy walue of the dist inereesed nitrogen eatebolism in
nitrogen~deplated animels, and decreased the utilization of egg proteins
when they were added to the diet. inother ,ﬁmma_aw of protein utiligation
~ is of extreme importance in Peeding undernourished groups of people
living on limited food suppliss, This problem relates to the effect
that varving quantities of fat in the diet may hsve on protein metabolism.
Swanson end coeworkers (1847) fed protein-free diets to rats that cone
tained 0, 5, 10, 15 and 20 per cent of fat. These diets were fed in
isoonloric quantities each day. When the rations conteining 20 per

cent of fat and no fat, respectively, were fed in quantities that met
the calorie requirements of the animals, the rete of nitropen catabolism
wes nearly identieal in both groups. Exoretion of nitrogen in the urine
was the basis of eveluation, Vhen, however, the calorie inteles of

the enimals were reduced to one-fourth of the normal ingestion, the

rats fod the lowefat diet broke down nearly twice as much body tissue

as the rats given the 20 per cent fat diet. It was further demonstrated
that methionine may replacs fat in the diet. These investigators added
40 milligrams of methionine daily to the low-fat diet and again reduced

the eslorie intake to 25 per cent of the normal. Instead of exoreting



ig,

818 mge of nitrogen in the urine as the rets did in the first exper-
iment, they now excreted only 577 mg., nearly the exaot quantity (544
mg.) exoreted when the high~fat diet was fed at one-fourth the nommal
ealorie intake.

Sechwimmer in 1947 reported studies on the response of humsn beinge
which the wm of Swanson had spearheaded. IHe found that subjects fed
& dist supplying 900 onlories and 6.0 grems nitrogen and 180 grass of
fat (30 per cent by weight) exoreted decrensed quantities of nitrogen
in the urine and maintained niirogen balance, Sohwimmer writes "it
becomes evident that the nitrogen=sparing effect of 30 per cent fat
was not due to incrsased oalories, but rather to something intrimsic

in the higher fat intake per se."”
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By means of a standardized anemic dog, Medden et al. (1940)
evaluated the relative potencies c¢f the proteins and amino selds of
various reoés for plasma protein produection. The sddition of easein
to the ration caused the formation of large gquantities of plusma
protein, equal to 33 per cent of the protein fed, This equaled the
potency of liver g:mtnin (17 to 33 per cent) and approached values
for plasma protein itself when given by mouth {40 per cent), Zein

“had ne effect upon plasma protein regeneration but when it was supple-
mented with cystine; tryptophens; lysine, and glycine, vhere was &
doubling of the basal plesma protein production snd a retention of
the Ped-protein nitrogen. Supplementery threonine 41d not modify the
above resotion. Liver protein supplomented with oystine, leucine;
glutamie acid; and glyeine in the bmsal dist yielded double the amount
of new-formed plasme protein produced by the feeding of liver alone.
Whipple (1938) showed that liver, kidmey and beef heart furnished vale
uable bullding stones for the construction of hemoglobin, whereas
beef serum; egy white and casein were only moderately effeoctive. The
pataxicy of certain amino aeids, for example, phenylalanine and
histidines in producing & regenerstion of hemoglobly wes hizh when used
as the s?}.a supplement of the basal diet.

Robsoheit<Robbins, Miller and Whipple (1943) showed that invariably
more hemoglobin was produced than plasma protein when dogs were rendered
both hypoproteinemic and anemics Ihey mentioned that under all cirw

cumstances on ell diets tested this was found to be true, A4 possible
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explanation lies in the faot that i:he‘ normal hemoglcbin concentration
;"m sbout three times as much as the conecentration of plasma protein,.
'I’he%x when there is a éafiéiemy in both proteins the production flow

of protein-building fectors favors hemogloblin, much of the glcbin for
hemoglobin comes from pmm; s seems obvious that plesma protein can
contribute to the building of hemoglobin and vice versa whenever needed.

It hes been shown by Holman and cowworkers (1933) that dogs
rendered anemic and receiving sugar and iron by nouth and plasma protein
by veln ocan supply all body protein reguirements and maintain nitrogen
equilibrium under the stress of .smargemy. Wihen the plasma protein wes
feod by mouth under identioal conditions, ths; same goneral reactions
ccourred only the excretion of urinarv nitrogen wes a little higher,
They ﬁhaﬁghh that these differences mighﬁ ’W due to deaminization of
the protein fed by éﬁath. The seme thing was cbserved when hemoglobin
was megtad into the anemic dog. All thea# observations add up to the
concept that a remarieble fluidity must exist bebtween blood protein and
tissue protein ér érgm proteins without any wastage of nitrogen.

Fink, et al. (1944) used heavy nitrogen to label protein to study
the protein exchange in the body. They found that in normal dogs there
was at first e rapid disappearance of the labelled plasme from the
oirouls tion, %han a slower 6isapmmmm} as time went on. This outflow
wes balanced by a simulteneous inflow of plasms proteins from the tissues.
This kmay indicate that the plasma proteins ere normelly in constant and
rapid exchangs vti’éfa 8 mobile pool s}f body proteins .
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¥adden, ‘nderscn, Donoven and Thipple studied (1945) the normal
and ebnormal physiology of the utilization of the essential amino aoids,
in particular ss iﬁ wﬁa related to the produetion of new plasma proteins,
They thought that the depletion of the normal levels of plasma proteins
‘in the ciroulating blood by means of plasmaphercsis put e strain upon
the bedy and stimulated the normal demandes for plasma pfotein productions
The‘vigeruus new production of plasma protein may be for the diversion
of protein-building materials from the tissues.

Wiesch, ot al. (1987) investigated the influence of a protein-
deficlient diet on the mnber of erythroeytes in the blood of dogs. They
found efter a certain interval of time that the number of erythrocytes
and the caﬁmmr@im of hemoglobin were gradually reduced. Ths volume
ocgupled by,thé red oslls decreased alsoc.

In 1944 Carmmon and his group wﬁf&iﬂg &t the niversity of "hicage
publishad an im@crtanﬁ paper oun protein defiéieﬂey and the inecidence of
surgical infections They called attention to the fact that in surgiecal
cases, patients often lost sufficient serum proteins tq lead 4o severe
depletion of the reserve body protein. Such a lose could ccour if the
diet were deficient in protein or if the body was unable to absorb or

utilize protein.
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Table l. Experimental groups

Approximate Ho. of rats

Series Diet Group quantity of in ench

protein oronn
Undernourished IH-low plus egg Al 1.5 18
Amd 25 8
Amd 5.0 16
Ak S4B &
Al 445 <]
Amb 6.8 12
A= 8.5 11
Aw8 10.0 19
A 12.0 18
A=~30 14.0 15
A1l 18.0 19
A=12 260 15
Well nourished [Nelow plus egg Bwl 1.5 10
B=2 340 10
Bwd 35 10
Bud 6.5 1o
Bub 845 10
Ewd 10.0 10
Bw? 12.0 10
B 18,0 10
Bm 2640 11
Control Steenbogk IVII Cel 23.6 21
Nitrogen=low Cu2 0 15
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The Basal Mitrogen Low Diet

The bassl altrogen~low diet fed throughout the expsriment was a
synthetic ration consisting of dextrin, butter fat, lard, Usborne and
Hendel salts, sodium ah}.eriés, and ruffex. Ite aémgitian 18 shown
in Table 2.

This ration eontained approximetely 0.07 per cent of nitrogen. It
was supplemented with a m&xﬁ;m of vitamins made up from materials which
were syuthetic except for Rice Bran Polish, factor II vhich was used
28 a souras cf um*a»wgnimi factors. In sddition, cod liver oil and
alpha tocophercl were supplied.
| The components of the mixture and the guantity of each vitamin
supplied daily by the mixture are shomn belows

Thianin® 40 moge
Riboflavin 60 mog.
P‘yrideagiml 1 40 nogs

Hieotinie moid B0 megs
falei \t% pantathgm*bsl 100 mog.

Biotim 1.9 mg.
iﬁmitcll 1
peaminoe benzoleg acid 1#3 B
Ascorbig acidd 1 mze
Cholinel 5 uge
Rige bran psliah,

Faobor ‘fT 100 pic

Lutritional Biochemiocals Coey Cleveland.
Zjerck and Co., Rahway, Neds
SBorden Coes Frosoripbion Products Div., Hew York.
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Teble 2. Composition of low-nitrogen and egg diets

Approximate .
per cent Dextrin® Egg . Butter Lerd® Salts® Ruffex® Sodium _ Total
of protein pcmﬁarb at® ) chloride® ;
fai ﬁ& Efe = B BB Efte Bt g
.0 73 o 10 10 4 2 1 100
Y 145 71 20 10 10 4 2 1 100
248 88«7 3.3 10 10 4 2 1 100
3.0 68 = 4.0 10 10 4 2 1 100
3.5 68.4 4.8 10 1o 4 2 1 100
&5 87.1 5.9 10 10 4 2 1 100
Y B8 84.4 8.6 10 10 4 2 1 100
10.0 59.8 13.2 10 10 4 2 1 100
12,0 65740 15.9 10 10 4 2 1 100
14.0 6446 1B8.4 10 1o 4 2 i 100
18.0 8le? 2141 10 10 4 b4 1 100
/1840 49.1 23.9 10 10 4 2 1 100
25.0 30,8 33.2 10 10 4 2 1 100

®Purchesed from Fisher Scientific Co,

b-ﬁehydmmﬂ defatted whole egg powder given by the National Poultry
Association to the Buresu of Biologiocal Hesearch at utgers University
for use in & gollaborative assay.

®Purchased on the loocal market as butter and prepared in the Nutrition
Laboratory. : k

d ‘
Armour or Swift's lard, purchased on the loeal market,
®osborne and Mendel (1919).

fmmsm from Bimer and Anend, Hew York; also terned Fisher
Cealluration.

Epatcer Therlonl Co.
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The riee bran polish, Factor II, choline and biotin wers dissolved in %50
per cent alochol, dried on dextrin, then mixed with additional dextrin so
thet 500 mg. of the mizture contributed the sbove quantities of the re-
spective vitanins (Kuehl, 1949). Alpha~tocopheroll was dissolved in
Hesson o0il in such proportions thet 50 mg. of the solution provided daily
for each reat 0,75 mg. of alphawtooopherol. v

The vitamin mimrm were nffamé to the animels in a uepa.mte cupe
Pifby mg. of Squibbs medicizal cod liver oil? was dropped on the top of the
vitamin mix&um. These vitamin mixtures mm, in general, lmmediately
eaten, If this was not the case, no food wes given until the supplement

wee completely taken.
Egg~oontaining Liets

g The egg~conbaining dlets given to the test rakts were prepared so
a8 to be isoconloric with the nitrogenslow diet. The defatted dried egg
powder was substituted for dextrin in the basel nitrogen-low diet in the
proportions reguired by the annlyzed nitrogen content of the egg powder.
Since kit wms i@mﬂm to investigete the response of both the underw
nourished and the well nourished animals to the egg-containing diets in
a single year, a sufficlent quantity of all diets i‘cr series A wae pree
pared and fed during 1947, and for series B in 1548, The diets Qaro gtored

in a deep freeze unit unbtil needed, and then refrigerated during the ex=

lgrtritional Biochemlcsls Cos, Cleveland,

2&&415311 Drug Store, Ames, Iowa.
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perimental period. The diets were formuleted according to the same plan
in both series. The vitanmin supplement previcusly described was given
to these groups alse. |

Samples of the egg powder were snalyzed in 1948 and 1949, The egg
powder on the basis of the 1048 and 1049 snalyses combained 75.1 and
76.6 per cent of protein, respectively.

The composition of all diets is indicated in Teble 2,
Positive Conmtrol Ration

The positive control enimals were fed a ration known in the labore
atory es the Steenbook XZVII diet. This ration iz used for the meintenance
of the stock colemy. The proportious of the various ingredients present

is as followss

Zm.
Yellow eommil B6O
Caselin, %eahaiaala 50
Linseed meal® 160
Alfalfs lesf meal® 20
Sodium chloride® 8
Caloium earbonate 5
Yeast, brewere' (Pabst)’ g 95
Yeust, bmgum’ {Pabst 4rradiated) 5
Theat germ’ 100
K1im10 163

1183

lprom Animel Husbandry Dept., lowa State College.

2B5F == Casein Coe of Americe, Div, of Borden Co., Bainbridge, N.Y.

Simes Grain and Cosl Co. |
47 a0k Rebbit" brend, Denver alfalfa M and P Co.,
54mes Service Store

kers Chemieal Co.

Lexington, Nebraska,

"Pabst, Code Ry, Pabst Sales Co., General Offices, 221 W, laSalle St.,

Chiongo.

Lot Type A, Gold Hedal, General iills, Inc.

305 0rden Co., Prescription Products Div., New York.
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The trece aiamha mm mixed wlth caleium carbonete in proportions to
supply to sach ret approximately 20 mog. of potassium iadm, 70 mog.

of mangansse sulfete, 26 meg. of potessium alumimm sulfete, 102 meg. of
copper sulfate per day, Fifty mg. Squibb's ood liver oil was offered in
8 mggiomf oup daily. In eddition, 5 gm. of fresh ground besf end 10

gme of fresh cerrct were fed three times each week,
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ANALYSIS OF DIRTS

The KjeldehlwGunning prmo&ure was used in all dc‘&srmimhiom of
nitrogen. Weighed portions of the nitrogen-low, the egzwoontaining diets,
and of the vitamin mﬁ.mfa were %ransférreé quantitatively to Kjeldahl _
flasks. The dlets were digested for two hours with 35 ml; of concentrated
sulfuric aoid, 16 gm. of potessium sulfete, and 0.7 gm. of mercurioc oxide.
The sanples were allowed to cool, and diluted with 200 ml, of tap water.
Experimentation by the present investigetor had shown that period of
time to be sdequate for somplete vaigeatmn of ocarbonsceous partiocles of
the diet. An excess of concemtrated sodium hydroxide sbove the amount
needed to neutralize the sulfurie acid to prevent bumping was added
with a small quantity of gramular gino during the distillation process.

The ammonis thus relessed was distilled into a knm amount of 0.1N
hydrochloric acid. The hydrochloric seid that was not neutrslized by
ammonia was titrated with standard sodium hydroxide solution, approx=
imetely O.1H, with the use of & methylene blue-methyl red indiocator.

The Steenbock XVII diet eontains larger proportions of cellulose
and carbonaceous particles. To save time and to seoure complete digestion,
the diet was hydrelized partislly before suelysis. In this procedurs,

. five grams of Steenbock XVII diet wes mixed with 60 mls of 20 per ocent
hydro=chloric aecid, diluted with 200 ml. of distilled water, and auto=

slaved under 15 lb. pressure for one hour. After hydrolysis 20 ml,
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Table 3« The percentages of protein and moisture present
in the experimental diets ,

Approximate Series A ; Series B
per cent - Protein  Holsture Protein Holsture
proteind,h % ' 5 %
4} EEE -0 6.0 O 5.0
1.5 1.7 a8 ‘ 1.6 5.3
5«16 3.1 5*3 5:2 8 3
3.8 3.8 5.2 35 5.8
4.5 AR 446 i 5#1 . . -
845 6a7 Bad . 8.9 5.l
805 8¢9 gul ' ?3!5 5;1
53068 . 6.3 . Bl 2.8 ; 5.1
12.0 - R ' 8.0 : 12.1 5.0
12,0 14.0 - - -
25.0 25.7 4ed 25.4 4.4

BPacgtor 6425 x N.

b}?ratein results are on wet basis.



EXPERIMENTAL ANIMALS
. Des gription

'aﬁymimﬁnly six=-month old mmle albino rate of Wistar stodk,
strain A, inbred by brother end sister mating for about 97 generations
were used for all units of the experiment. They were fed the stock
diet from the time of mmg.unm’i they were used for experiment.

The adult rats were chosen as test animals sc that the utilizetion
of the proteins would be limited tc body maintenance ounly.

All animals were in cood physioal condition at the beginning of the
axperinent as judpged by their general aprearance, alartness, muscle tone,
and freedom from respiratory infection. Particular care was taken to
distribute the rats among the experimental groups so that age, weight,
and litter mpra&snﬁutim were a8 uniform as peaaibia. At the initiation
of the experiment, the weights of the m*kab mm spproximately 300«350 gm.

The composition of the stook diet used in ﬁha Animal Research Labe
oratory of the F@eﬁs and Nutrition Section has remained nearly the same
since 1932 and kthe quality of the components of the ration has been kept
as uniforn es possible. It is designated "Steenbook Va" diet, and is
gimilar in aompﬁsitim to the Steenbock XVII diet used for the positive
emtrol rets, sxoept that the ¥lim was reconstituted and fortified with

trace elements and cod liver oil. It was offered separately in the
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proportion of 12,5 ml. per rat per day instead of bheing incorporated
in the basael ration. To one quart of distilled wabter, 130 gm. of Klim,
2 ml. of & solution of trace alamntal, and 1 tsp. of sod liver oil®

are sdded, and mixed for five mimtes in the Hobart mixer at high speed.
Preparation of Animals for Expsriment

The rats were housed individually for two or three days before
taking them from the r#guiar stoek ration.

The data obtained in this laborstory in 1947 suggested that the
‘animals possessed larger protein reserves then wes expected, Therefore,
in 1948 to make the animals as uniform as possible, thoy were starved

for 34 hours immediately prior to the initiation of the experiment.

Series Az undernmourished

Preliminary studyv showed that the food consumption of animals
ingeating a low nitrogen diet tended to decline gradually. Therefore,
‘the lowsnitrogen diet was offered ad 1ibitum to the members of all
groups for three wesks. During the last seven days of this interval,
the daily food inmtske was ocarefully recorded. In the smubsequent period,
the food inmtake was limited daily to one-sewenth of the total quantity

consumed in the preceding week.

lprepared by dissolving 0.08 gm. of potsssium alumimum sulfate and
0+4078 gms of mzhydrous copper sulfate in 100 ml. of distilled water,
and added to milk in the propertion of 1:500.
221 and D feeding oil, from Pearson Fergusen CUo., 5t. Louis, Yo,
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feries B: well nourished

It nad been shown in fable 4 that the ingestion of eggw-ocontaining
mwag; expeeded that of the nitrogenelow diet if both zn,u.a offered ad
w?wg.w This differsnce in food comsumpiion might fluctuate the result
of the experiment to & great extent., It was necessarv to offer the
certain smount of food which gave the seme calories to all the rats.
Thirteen gm. was the average food consumption of nitrogen~low diet

during the seven~day ad libitum periocd. After the sevenwday ad libitum

period the wellesnourished rats were fed 13 gm. of the egg~containing

diet for 34 days.

Seriss C: sontrol

All the members of this series were fed ad libitum for seven days to

provide some preliminary informstion regarding appetite and food cone
sumption hebits., GSubseguently the dlet was offered daily, was onee-

seventh of the total smount consumed during the ad libitum feeding.

All the animals in each series were weighed and fed at & regular
hour throughout the experiment. Food ?ﬂu wers weirhed on & Torsion

balance and the food intske recorded daily except on Sunday.
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Inble 4; Averege food intakes during the experimental perioed

Analyzed  T=dsy aversge Food intake

Series Group per oent of food intake during during balance

; agg protein ad libitum feeding period

’@ﬁ ﬁa
Underencurished Ae 1 1.7 12,1 11.7
A= 2 L2 127 12.7
Ao 3 8.0 1342 12.9
a= 4 3.8 / 1.7 ' 11.7
i § 4.8 1340 12,3
B 8 6.7 2.20? 12;2
.ﬁ.ﬂ ? 8'§ 14.3 14&2
A:‘ 9 12«!5 13«3 121?
A=10 14.0 13.8 13.7
=1l 18.3 15.4 1541
, A=12 26,7 13.6 1341
Well=nourished Be 1 1.6 13.7 11.8
. . B~ & 5;3 15&2 mta
Be 3 3.5 18.2 y 12.5
Be 4 649 15,3 11.6
Bw § B.3 15.8 11,8
Bw & 9.9 18,7 12.2
Bw 7 12,1 16.9 12.0
Be 8 1842 15.8 1l.8
?‘* 9 2504 15.5 11»4

Control ,

Positive Ce 1 2346 14.5 13,7
Hegative o Cw 2 0.7 13.4 11.6
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. NITROGEN BALANCE TECHNIQUE

The classic method developed by Witshell (1924) for studying

' the mutritional value of proteins was modified in this investigation
for the determination of protein utilization. The duration of the
entire experiment was 34 days for the well nourished, under nourished,
and negative contrel groups., This ineluded for the ﬁﬂmﬁgozwwwwmm
snimals, an interval of twenty-one days in which they consumed the low-
nitrogen diet; and H.w days in which they »bman«am the respective protein
diets. During the first sewven days of these periods, collections of
prine and feces were mede. 4 quantitative record was kept of the

amount of food econsumed by eamch w.w.w,,.

The well nourished animnls gamwﬁﬁ the egg-containing diet from
 the very begiunlng to the end of wwm experimental pericd. The first
25 days of this interval wes termed the preliminary period and no
gwwgawgm were made during this time. They ,aows made, however, from
the 26th to the 35rd days. |

The negative aoﬁgw group animals ingested the nitrogen-low diet
throughout the experimental period, and balance _,waug were made from
the 26th to the 55rd days. The positive combrol group wes fed the test
diet only for 15 mm.w,u because it was only slightly different from the
regular stock ration, and the metabolism tests were run from the 8th
through the 15th day.
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Collestions of metabolic materianls were made for seven days. The
animals were starved at 10:00 p.m. on the night before the balance study
started. At %33 aum. on the first day of the collsotion period, each
enimal was changed into an individual wiés:-nwshed aage which rested on
& pyrex plate mntainiag nine acxﬁ»tﬂntea nitragonnfree filter papers.
4t the end of each test, tiw rats were transferred into regular cages
at 8:00 va‘m. In order to differentiste olearly between the fecal
material excreted as a result of the ingestﬁfm of the different test
diets, the diets were colored red with ferric oxide (0.1 gm. per 100 gm.
of diet). The red food was offered on the first day of the balance
period, and collection started at the first uppa#mnm of red feces.

Red food al#a was fed the day after the balance test ended, and fecal
colleotions were terminated as soon as the x'ed feces were exoreted.

After the balance test was completed, blood snalyses were mmde.
Then the experiment m concluded with the extirpatim of tissues for

snelyses of moisture, fat and nitrogen,
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provided cne sample for the moisture and fat determinations and one
for the nitmgbu analysis, The adrenal glands from each animal were
placed in & small bottle and weighed,

Table 5. Nitrogen recovered from cages sprinkled with
aliguots of standard ammonium sulfate solution

Cage unumber  Total nitrogen Theoretical guantity Recovery of

in aliquot of nitrogen present nitrogen
(mg. ) (mg. ) {per cent)
1 375,76 , ; |
37876 376432 89.9
378456
2 381 .36 376.32 101.0
, 378,56
8 57576 | 376432 100,2
Average 100.3

The same procedure that wae used in preparing fecal meterisl
for enalysis wes used in preparing the livers for nitrogen analysis.
The larger weighed portion of the liver was autoclaved in 50 ml. of
20 per cent hydrochloric acid for two hours at 15 lb. pressure and

then made up to & volume of 100 ml. A 10 ml. sample was used for analysis.
Blocd

The rats were starved for 10 hours preceding the time of bleeding,
for the purpose of eliminating the wariable effect of food consumption

on the composition of bloed.
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Samples of blood to be used in routine deberminations in this
study were obiained from the tail vein of the rat. The rat was firmly,
but carefully wrapped in seversl soft towels, with the nose and the
tail free. The teil was immersed in moderately werm water (40-50° ¢.)
for about one minute to meke their veins prominent and inoreease the
rate of blecd circulation. The talls wers dried snd coabted with
vaseline to keep the blood as & drop. Then a disgonsl incision wes
made with & sharp lancet and four or five drops of the blood were
ellowed to flow freely ontc a wax spot plate containing e very small
amount of heparin, The blood was stirred with a small glass rod to
prevent clotting, Pressure was applied to the ineision to etop bleeding
and the tails were bandaged with cotbon and ocollodion to prevent further
loss of blood.

For the blood wolume determination, the rats were anaasthgtizoé in
en "ether chember”, a large dessicator equipped with cotton padding
on the under side of the cover wiich was soeked with ether. The animal
remained in this chamber until the only wvisible sign of life was a
very faint heart beat or until the animal appeared to be in e deep sleep.
This procedure reguires approximately two or three minutes,

On removal from the chamber, the tai1 9£ the animal was ilmmersed
in a vessel of warm water, and a plece of cobton saturated with a
solution of 50 per oemt aleochol and 50 per cent xylene was rubbed on
the tail to dilate the tail vein where the dye was injsoted, OSemples
of blood were withdrawn as befors, and the intensity of the color in

the plasma determined.



- ARALYTICAJL, PROCEDURES
Werogen in Urine, 'Faeaa and liver

The Kjeldahl-Gunning procedure wes used in ell determinations of
nitrogen.

Fifty ml, aliquots of the urine extracts were digested in a
Kjeldshl flask with 20 ml, concenbrated sulfuric seld, 10 gm. of
potessium sulfate, and 0.7 gm. of mercuric oxide for one and one=
fourth hours. 7

Aliguots, 25 ml. in size, of the thoroughly mixed feecal digest
were measured with a pipette of large bore and digested with 20 ml.
of sulfuric eeid, 15 gm. of potassium sulfate, and 0.7 gn. of mer-
curie oxide for a periocd of one and one~half hours. The remaining

procedure was the same as for the analysis of the diet.
- Conoentration of Hemoglobin

The econcentration of hemoglebin in the bloed of animals in the
varions experimental groups was determined by the acid~hemetin wethod
of Cohen and Smith (1918) as wodified by Lxton (1837). 7he principle
of the technique involwed the conversion of hemoglobin to acid-hematin
by hydrochloric seid, and the comparison of colorimetric readings
of the bleod with those of a standard. ‘

From a fresly flowing drop, 0.02 ml. of blood was measured with

a U.8,B.8. bloed pipette and mixed with 10 nl. of 0.1W hydrochlorie
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gold. Afber an intervel of one«half hour, the eolor of the socide
hematin sclution read in a Klett-Summerson photoelestric solorimeter
was compared against the Klett aocid-hematin standard, a solution with a
ocolor squivalent to that of 14.4 gm. hemoglobin in this dilution. The
concentration of hemoglobin of the blood was computed from a hemoglobin

faotor determined from the reading of the standard as follows:

14,4 = factor.
ocolorimeter reading of stendard ~

The readings observed for the samples of blood were thea multiplied
by the faotor. 48 the slanduird was set up on the basis of 5 ml, of
hydrochlorie aold and 0,02 ml. of blood, hence, the resultes were

mlﬁiplud by two to indloate the gm. per cent of hemoglobin present.
Emumeration of the Red Blood Cells

A rapid method for ﬂ;e routine enumeration of the number of
erythrooytes present in the blood hes besn devised in which the estima~
tion of the number of cells present is based on the ciatemiua‘&ion. of the
turbidity of e carefully diluted sample of blocd (Blum, 1945). This
mothod was chosen for use in the present siudy. Blum rueommn&t the
use ,vaf Gower's aﬁlutiém as the diluting fluid. He has found that the
red ecsl] suspensions preparsd with it ere uniform snd change very
slowly on standing.

The composition of Gower's solution is as follows:
Sodium sulfete 12,5 gne

hoetie acid 35,3 nl.
Dietilled wator 2000 »l,
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The blood wes gﬁp from a freely~flowing drop obtained from the
tail vein of the unsnesthetized rat into & 20 om. blood pipettes The
blood was transferred into & tube containing 15 ml. of Gower's solution
and the pipette rinsed by sudcing the liguid back and forth several
times., The tube was stoppered snd shaken well. The solution was
transferred to an appropriabte tubse and the turbidity determined in
the KletteSummerson photocolorimeter. The green filter (540 m/u) wes
used, The samples were read within an hour afber the ﬁ.@.@m;&wow of
the sample.

The turbidity measurement was trunslated to its equivalence in
aumber of red ocells by means of a celibration curve. in the formulation
o“a_ this curve, five dilutions of several samples of rat's blood were
prepared. The turbidity of esoh dilution wes determined, The rnumber
of red cells in the original samples of blood was determined by the

regular technique, and the mmber in each diluted ssuple thereby
' counted. The turbidity of each sample was correlated with the actual
gwww of erythrooytes present and the reference curve drawa, a8 shown

Bleod Volume

Evans (T~1824) blue dye was used in the determination of bleod
volume, A ealibrated tuberculin syringe fitted with a 34 inch, 24=
geuge needle wms used to inject one mg. (0.30 ml. of a 0.333 per cent

solution) of the dye into the ceudal vein of the tail of an anesthetized
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animal., The needls was held in place for 15 seconds with slipght
pressure of the fingers and then withdraswn. Fressure was maintained

- for ebout one minute or until the bleeding ceased, Four minutes later

- the animal was egain enssthetized and then one minute § rls seconds later
the animal wes bled from a different tail wein. The blood was #elhamd
direotly into & 0.1 ml. bloocd asugar pipette. This blood sample was
introduced immediately into 2.0 ml. of s speeial diluting fluid, mixed
thoroughly, and centrifuged for 10 minutes at 1500 rep.m. in the
standard centrifuge. '

The spesial diluting fluid was made as followss it was composed
of 2.0 gms of purified beef plasms salbumin dissolved in 100 ml. of 0.86
per cent sodium chloride scolution containing 0.06 per cent of ammonium
oxalate and 0.04 per cent of pqtaaaim oxalate. ‘Ehii seolution was
gentrifuged for 15 minutes at 4000 re.p.n. in the standard sentifuge.

The ﬂe‘mn'beé supernate was pale yellow and clear, and could be kept for
24 hours in the refrigerator.

4 gtandard solution for the colorimetric comparison was prepared.
Three-tenths ml. of the w1824 solution was injected from the tuber-
oulin syringe with needle attmched, into 10.0 ml. of the albumin diluent.
One-tenth mi. of this solution wes then introduced into 2.0 ml. of
diluent in a colorimeter tube, This and the blank, {the control blood
from rats treated in the same way as the dye~stained sample) wers read
in the KletteSummerson photoslectric colorimeter with s 620 m/y filter

along with the unknown samples.
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Congentration of Serunm Probtein

Blood was taken from the hearts of the rats for the estimtion of
the prc*béﬁ:n pontent of the seﬁm. The 'asamtmtién of the protein in
the undiluted serum was wessured with a la lotte densiometer according
to the falling drop method of Barbour snd Hamilton (1926).

Tk‘m“ ées&niqua‘ as dewsloped by these workers has es its basis the
finding that the specific gravity of plasms is almost direotly propore
- tionml to its protein sontent, the relation between plasme protein and
apwifie gravity being expressed as the eguation of a straight line.

p = 343 (G « 1.,0070)
where P = gm. of total protein/100 ml. plasma
“ and ¢ = the specifiic gravity.
The method depends on the fact that the specific gravity of the pla;am
‘dotarmims the rate et which & drop of plesms wlll fall in a solution
non~misceible with it.

in the present investigation, xBB mixture No. 3' wes used as the
non-miseible fluid, The falling time of a carefully measured drop of
serum was compared with that of a drop of standard potassium sulfate of
a known specifie gravity. Standard no., 1 with a specific gravity of
1.0149 at 20°%C. was used. 4 precision timer recorded the number of
seconds elapsing as the drop fell between t wo gradations on the tube
sontaining the none-misoible fluid, and a thermometer revealed the
temperature of the waterbath surrounding the fluid, The spparent

density difference between the standard, or the serum, and the none
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RESULYS

This thesis is wﬁﬁﬁweﬁgw% soncerned with & comparison of the
manner in which standardised under-nourished snd well-nourished rats
utilize the protein of their ration when it is incorporated @a.gwa in
quantities renging from spproximetely 1.5 to 25 per cent of the ration
by weight., HResponse hes been ewaluated in terms of changes in body
weight induced by feeding the test ratiocns, by retention of dietary
nitrogen, by the blood picture, and by the size and composition of

certain orgens, particularly the liver.
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BODY WeIGHT

The balance test in the experiment was seven days long. The under«
noarished rats reached this experimentsl interwal with body stores of
protein more or less depleted &f’&&? living on the nitrogen~free dist
for 21 days; the well-nourished with theorestically normal stores de=-
pleted only by & 2d4-hour starvation period. ¥or example, apalysis
in later sections will show that the total nitrogen im liver per 300
gme rat in the wellenourished zroup was 319 mp. in eontreast to 218 ng.
in the negative control group that had lived on the nitrogen<low diet
for 34 days. The grums per cent of protein in the serum in the blood
of the two groups were 7.2 and 6.7 respectively.

inalysis of changes in aversgs body weights during the balance
test of the animals in the warious subgroups in sach series gives the
first oclue in respect to %:iw way under-nourished emd well-nourished
animals utilize the supply of e-gg protein in their diets, In Tsbles 8
and 7 are shown the &sﬁ degoribing the average response of the animals
in each series to graded protein intakes. It ney be recalled that food
sonsunption was held at as constant a level as possible in the various
experimental units.

In the under-nourished group, l.6 per cent of distary protein
'#mnnﬁy was not quite enocugh toa vert the loss in body weight;

2.8 per cent stopped catabolism and permitted mmintensnce of body weight.
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Teble 6. Average body welights at wvarious experimental
intervels of rats in Serles A, the under-
nourished anlmals

. ; Weight At bew At end of At end Chenge in
Tumber Group Protein of food gimming of depletion of balance wt. in

of rats in diet oconsumed experiment period period balance
‘ - — period
2 £ £m. [N F &le
18 A=l 1.5 70.5 307 2567 - 260 -7
8 A2 2.8 76.4 299 248 248 o
16 A=3 3.0 77.7 %02 251 253 2
6 CAwg 3.8 7046 291 242 246 #35
6 =B 4e6 7848 278 239 242 +3
12 A8 8.7 7348 - 502 257 27 $13
n =7 8.8 78,8 s07 281 281 420
19 A8 10.3 71.1 307 262 287 $25
1 a8 12,8 788 311 260 280 $20
15 A=10 14.8 7649 312 266 291 $25
19 A=11 18,0 7543 318 269 308 $34

15 Awl2 2547 784 302 256 270 +1é
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Table 7« Aversge body weights at warious experimental
intervals of rats iz Series B and C, the well
nourished and the control enimals

“Weight At begin- After 24 At end of Change in
Number OGroup Protein of food 1ning of  hours of balance wte in

of rats in diet oonsumed experiment starvation period balance
i | period

& gme £ne [N [N Eme,

10 Bl 1.8 82.2 318 %05 274 -51
1 B=2 3.2 8645 347 328 314 «14
10 Bw3 3.5 8842 529 329 308 -21
10 Ped 6.9 81.7 321 313 328 #15
10 Beb 8.3 84.8 325 315 330 $15
10 B 10.0‘ G4eb 365 534 343 49
10 Be7  12.1 84.0 322 303 325 422
10 B=8  18.2 £0.9 324 315 328 $13
11 Bad  25.4 7944 308 297 305 +8

21 Ce1 Steembook XVIIs
25.6 94,4 339 350 $28 -2

15 Gu2 Hitrogenwlows
0.7 82.8 364 356 291 -G8




98807 oYy pood epww uBY) OJOE PUB amﬁanﬁﬁ yong jueaesd og pomess
jetp ey ur uregoxd Jo qued axod g*g fyuswrredxe quesasd oyl uy *JGAONMOY
*pefIEldY q [IIA Jo dogs [TTA Jey3ye judTem Ul =ess0] ‘IIused B Sy
*exo0Jeq pip 31 #¢ ATYstas] v enssyy Apoq STy puedxs 30U [IIA pue puly ST
Jo exeguy urejord mor ¥ o3 jenlps TIIA TwaTuw ey3 ‘ewiy B JejJe YUY
poguIgsuouep easy LIDFRIOGEY OUY UT HyueutIndxe ISUYH SUMOD UONoAq
gun enmsty Apoq ‘arnges » gy s‘urejoad Jo sgunows egwnbepw pepracad
UOTHBX SUZ LOYn S8 0384 SULES oYj 48 UO Juesm %ﬁw&sﬁ% *ualoagiu Lpoq amﬂw
pedepuvnbe Arjueswdds Jugareved O} pOWOLENOOW UGSH pBY 3T UWYL mﬁﬁa.
zed g*¢ puw ‘zep €9*T) uwrensoad ssey yste FuruTEIUCO q6Tp B Wo peduyd
98I oYY 98U} SMOYS 4 oTgey 0% admexsrey cupegoad Lregety jo mcmaut
POPBIS POALEOSI B3VI POUSTINOU~TTOM USHM JUSISIITP sUm eanjoid syy ,
*ue0
aed pegz 09 g7 WOXI POSWSIOUT FEM 96Ip °ul ur wresoxd eun ueum *wd BT
09 ¥¢ uwoay peddoap sured geys eqoum 03 *JeAemoy *Purqgsersaur 8T 3Y
*oxwaur utejoxd ur odwex sTUL JO STEAST JBMOT SY3 38
jeu eJe uedoaltu Jo seso3s Apoq Jo ucygerdep Teigasd Jengse quitem Apoqg
Jo 353&»3:& 403 spesu medosatu eyy eyl Jwedds pyrnom 37 *Jeplo eumws
oyy Lrdweu Jo exem uiegoxd jo jueo xed gt 03 9% FururLyUOs 40T JO
wotgsedut eyl woxy Fuigrnses sured ‘yeaemoy curejoad e Jo quen xed gy
peutsijuos 46Tp oY} veum epww wﬁ.w_.cn JUSWBIOUT TNWIXBE oyl YpotIed Awpw,
U3 SUTANP SUTES pood AXe4 Up pegoeljed sea utejoad Aswjerp TWHOIIIDPE
faegjeexey; *adooxd eyy Jo spyites eFurean oy ur suyed gydirs posnwo

WOTRVIX Oy} Jo jued Xed 9% 049 p*e moxy Furumx ﬁwsﬂg«w SururTeanos #eTd

*L8



58,

sustained in the previous 24~houre-starvation period, Gains in general
thereaflter were somewhat less than those mede by the animals partially
depleted of bodily stores of mitrogen. Ihe lesser need for distary
protein by the wellenourished animsls is indicated in this analymis.

The inolusion of egr proteins in the ration seemed Lo lead %o
somewhat larger Lm:mman‘im in body weight in the T-day test period
than did econtinued feeding of the Steenbook XVII diet,



§9.

HITROGEN BALANCE

The two series of animals, the undernourished and the well
nmriahsﬁ,ixtiii@é the nitrogen furnished in their rations differently.
Nitrogen balance curves showed nitrogen retention at two distinot
levels. The sxpérimntal date are shown in Tables 8 and 93 the nitrogen
balence curves in Figure 2.

The under-nourished animel seemed té rotein nitrogen in direct
properbion to the guantity present in its diet until the ration
contained 6.7 per cent of egg protein by weight (inteke of nitrogen
in the ?-n;hy period, 775 mg.)s. Then the rate of retention drupped.

v’&’;hem the ration nrovided 3181 mg, of nitrogen (25.7 per cent of protein),
820 mg, were retained by these animals on the average. This was sbout
1;39 mg .« more than the well nourished rats retained at approximetely

the same level of protein inteke. IThis difference in favor of the
under-nourished rets showed up when a8ll sxperimentsl diete were fed.

Tt ia also very inberesting that the reis whose tissues had been
depleted partially of their body stores of nitrogen attained nitrogen
equilibrivm at an inteke of nitrogen considersably lower than that re-
quired by the mlhmﬁurﬁ;&mﬁ rets, l.0., 325 vs. 576 mg, of nitrogen,
The author believes that this shows how eagerly the body utilizes
dietary nitrogen Tor repletion of body stores, igain, the well nourished
rates had not learned how to be economioal of their tissue stores when

food nitrogen is limited and they metabolize nitrogen gquite lavishly.
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Pigure 2. Nitrogen belance curve of rats fed varying quantities of

nitrogen in their diets.,
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They, therefore, required more food nitrogen than the depleted snimals
to sstablish nitrogen equilibrium.

Tt is inberesting to speeulate on the resson for the differences
cbserved in the retention of nitrogen by the two groups of rats.

Comparison of the date relating to the excretion of nitrogenin
the feces in Taebles 8 and 9 showed that the under-nourished rats
excreted considersbly less W in theliy feces than 4id the well nourished
rets, For exsmple, when the dlets contalned sbout 6.7 per cent of
protein, the normal rats excreted 259 mg., the under-nourished 208 mg.
Yhen dlet contained sbout 10.2 per cent of protein, the respective
Pigures were 278 mg. and 145 mg. It may be that the situation in
protein metabolism is similar to that in iron metebolism. Cantarow and
Trumper (1945) write:

There is evidence that, in experimental enimals at least,
the normal organism absorbs iron oanly in proportion to its
needs, the guantity sbsorbed being determined by the

magnitude of the body reserwes of this element. it would
appear that the intestinal mucoea is the tlssue responsible
for ite smoceptance or rejection, belng perhaps conditioned
by the iron eontent of the blood, anemis animals absorbing
and utilizing irom very efficiently.

Then also it should be recalled that as early as 1943, darshall,
working in this laboratory, showed thet the ineclusion of smell quantities
of egg proteins in the dlets of depleted rets were body-sparing and
reduced the guantity of urinary nitrogen o two-thirds that excreted

in the previous balance periocd when the rats lived on a protein~free

ration. Therefore, the gquantities of nitrogen excreted by the warious
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CHANGES 1IN GRGANS

The question as Lo whether ﬁi%‘:mgen equilibriom represents an
adequate state of nutfitien‘ interested the suthor very mumch. Does
it measure optiml stores of nitrogen in the liver and the blood?
In the next seotion, the éﬁmtity of nitrogen deposited as stores of
labile 1llver nitrogen was studied in the snimels making the two
sxpearimental mris# N |

idver

The weipghts and the respective moisture contents of the livers

of the rats in the various oxperimental groups are shown in Tebles 11
and 12,

The sverage moisture conbents of the orgen in the animals showed
some variation bebweon experimental groups sud bebwesn series. lsduc-
ing the protein in the dlets of ﬁ%xé well nourished rat both in respect
to kind and quantity, caused an inoveass in the amoﬁm of waber present
in the 1liver (71.1 per cent in the rats fed l.5 per cent of egg
proteing 68.8 per cent in the normal ccntrols fed Steenbock XVII diet).
- Incremsing the amount of protein in the ration induced cigh&dmtioa 8o
that rats fed diets containing 8.3 per cent or more of protein seemed
to have livers of néml water content.

Feeding egg protein to the undernourished rats seemed conducive

%o the maintenance of a high moisture content of the liver. The



04

Table 1l. Average weights of fresh, moisture~free, and water
free=fat free liver in rats of Series A, the under-
nourished animals, expressed in terms of a SQ00wgram rat

Hoisture~ Molisture free-

Famber Diet Group Fresh free fat free Total Yoisture

of rats JAiver = liver liver molsture
4 2.6 A-2 T+5 2.2 1.710 5.3 71.3
’f‘? 3&9‘ :‘%.-3 ?03 3 '} ‘ 1!33 - 5.2 ?1 :,Q
8 8.8 A=d 8,7 2.8 1.97 €.2 1.3
5 4.8 A=5 8.4 2.4 1.04 8.0 70.6
7 8.7 A=B Te6 2.3 1.84 5.3 70.1
8 Bab  AwT7 Tl 223 1.88 6.1 703
7 10.3 A-8 7.9 2.9 2447 6.1 710
€ 12,3 4=~8 10,2 2.8 2.40 T4 7243
8 14.8 A=10 8.9 2.6 2428 6.3 708
8 18,0 a=11l 8.9 2.8 2420 5.6 7140
8 2547 A=12 7.8 2.3 1.80 546 71.0

Table 12, Average weights of fresh, moisture~free and meisture
free«fat free livers in rats of geries B and O, the
wall nourished and control animels, expressed in
berms of & 300egram rat

Koisture~ HNoisture free~ ~
Number Diet Group Fresh free fat frue Total Hoisture

of rats , liver _ liver liver moisture
10 1.8  Bel 7.9 2.5 2.00 5ot 71.1
10 B.2  be@ 7.7 2.3 1.78 5.4 69,7
10 3.5 B=3 7B 2al 1.72 Sed 20,8
10 8.8 Bed Tub 243 1.84 5.l 69.6
10 He35 M Tel 2.1 1.62 . Bel 68.7
10 10,0 Bef 7.4 2.8 180 5.1 88,7
10 12,1  Be?7 1.5 2.4 1.90 5.1 88.7
11 25,4 B=8 7.5 2.3 1,91 5.2 88,8
21 Steembock C=l 8.0 2.6 2.20 5ot 68.8
XVIX

18 Nitrogenw-low
ﬁ-z ?03 313 1‘85 5 01 53;?
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iwrags value for all groups was 71,5 per cent. The values for the
individual groups in the series fluctuated areund this value. It
is possible that oontinued maintensnce on the warious egp diets would
lead to a reduction in the moisture contents of the livers of the rats
~ in this series.
The livers of the Mmmrﬁah@'& mimid fed the various protein
diets inoreased in size aa the quntity of nitrogen in the ration ine
cressed. The dry fat~free tissue weighed on the average 1.65 gm. in
the m@t&w eonkrol m‘bg in the positive contral 2,20 gn. VWhen the
diet fed the depleted rats contained 1;5 gei cont of protein, the tissus
weighed _1.7@1,. ‘The date showed a definite trend toward an increase
in welight with'tﬁe dietary inorements of protein eo that 2 normal weight
(245 gme) was aharae@k&rifstié when the diet eammd 18 per cent of
protein, ’ ;
On the other hand, for the most part the dry fat-free weights of
the organ in the rats of the various groups 9? well nourished rate
~were olose to 1.80 gm. in weight. The livers cof f;hésa groups, therefore,
were z@l in relation to those of the Steenbook XVII controls. The
deta make one wonder whether smaller stores of hepatio xiitragan suffice
when the dietary protsin is of high value. Alsc the data may indicate
that building hepatioc tissue is not a physiocloziosl necessity in these
rats.
The bai&um curves in Figure 2 showed vmt ru%nkima of nitrogen
were much higher in the wnderncurished than in the well nourished groups,
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Tab:le 13. Aversge quantities of fat and nitrogen in livers of
rete in series 4, the undernourished aunimsls
Protein Total fat Total nitrogen hatios
Bumbey in Group Total per 300 gn. Total per 30U gm. total fat
of rats  diet fat Dbody wh. nitrogen body wh. to total
, nitrogen
8 1.5 Awl 430 504 187 108 2.5
4 2.6 42 425 480 189 218 2.2
7 3.0 AnB 399 474 211 231 2.1
6 8.6 And 431 534 280 273 1.9
5 4.8 A 383 458 206 246 1.9
T 67 b8 421 460 286 314 1.5
8- 8.6 AwT 317 516 291 280 1.1
7 10.3 4«8 410 430 200 303 1.4
8 12,3 49 301 399 277 2982 1.4
8 14.8 A»10 334 340 228 291 1.2
8 18,0 A=1l 543 - 358 304 308 1.1
8 25.7 A=12 382 405 277 294 1.4
Table 14. Aversge gquantitlies of fat and nitrogen in livers of
rats in series B and C, the well nourished and the
control animals
Protein Totel fat Total nitrogen Batio:
fumber in Group Tobtal per 300 gn, Toial per 300 gm. total fat
of yats diet fat body wt. nitrogen bLody wt. to total
; , , nitrogen
i0 1.8 Bel 442 500 201 222 2.0
10 - 3.2 B2 528 5185 248 248 2.1
10 3.5 B3  4%6 480 283 2582 2.0
kol 649 B-4 508 458 266 254 1.8
10 8.8 B«5 501 483 258 244 2.0
9 10.0 B« 5864 501 279 258 2.0
10 12.1 B~7 B24 498 267 253 2.0
io 18.2 B8 463 4352 276 2569 1.7
1) 25.4 Bug 386 350 a1 291 a3
20 Steenbook C=l 453 - 399 342 319 1.3
: XVIT
13 Wtrogene Cw2  Bl0 543 206 218 245

iow
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Figure 7. Relationship between quantity of fat in the livers of rats
and quantity of food nitrogen restained,
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T8,
Adyrensal Grlamig

The direct rek tion of the intensity of nitrogen metabolism to
the size of the adrenal gland hes been discussed by Long (1942).

The average size of the gland in the rats ﬂci‘ the mérml centrol
series (C~l) was 43.5 mg. per 300 gm. rat; tha.i of the #warely
dopleted negative control rat, 33.68 mg. The data recorded in Jeble 15
show that the adrenal gland inoreased in weight as the ém’bsin content

of the diets increased, The data were very comparable in hoth series,
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CHATGES IW BLOOD

Data relating to the characteristics of the blood in the varicus

groups of experimental snirels are tabulated in Tablee 16 and 17.
Serum Proteins

The average concentration of proteins in the serum of the blood
in the negative control rat was 6.7 gm. per cent; in the positive
control, 7.2 gm. per cent, All well nourished rats maintained
ocncentrations equiwelent to this or slightly better, The well
nourished rats wore forced to meke considerable physiolosical ade
justment when their Jiets were chenged from Steenbock XVII at the
beginning of the experiment to the diets containing minimal amounts
of protein. The deta indiocabe that in these groups of animals, body
TeS6IVeS ﬁem gufficient to support & normal concentration of proteins
in the serum.

The pioture in the underncurished group of animals was interesting.
The effscts on the concentration of serum proteins of realimenting the
undernourished rat were quite striking. When the rations furnished
protein equivalent to 1.5 4o 4.6 per cent of the diet, the reletive
eoncentrations of protein in the sera 4id znot ghift from the walue
characteristic of the animal receiving no protein in its diet (6.7 gm.

per cent). Thereafter, with each increment in distary protein, the
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-

concentyation of gerum proteins in the blood inevenzed until the diet
provided 12,3 per cent of protein, Then the guantity of serum
proteins in the blood dropped.

This sitwation seems to bear & relation tc the chenges diet
produced in the concentration of lver nitrogen (Figure 6}; In the
first four groups of animals described above in which the concentrations
of serum probeins in the blood remained relatively constant, a conw
timous repletion of hepatic nitrogen occurred, This response seemed
to have, therefore, a priority wlue over the manufacture of serum

proteins,
Blood Volume

The feeding of egg diets to well nourished rats seemed to induce
the formation of an inoreased wvolume of blood. Dete from group bo
group were not too consistent, however., The curve that the suthor
believes represents the rslation between volume of blood and nitrogen
balance is shown in Figure 8.

The positive control rats showing a positive balance of 390 mg.
of nitrogen had & blood volume of 16.2 ml, ver 300 gm, rat; the
negative contrels, 17.4 nl., per 300 mg. rat. | The author has found
from the present and cther studies she has conducted that the average
blood volume of 43 normal rets is 16.3 ml. per 300 gm. rat. Depleted
rats fed the 1.5 per cent protein diet had a negative balance of 224

mg. per 300 gm. rat and & blood volume 21.85 ml. Thus 1t sppears
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DISCUSSION

The analyses hersin presented indioate a,waﬁ.&. that animals,
either well nourished or undernmourished in respect to protein,utilize
their dietary protein in different ways. Nitrogen equilibrium is
achieved at & m»mﬁwﬁwaﬁﬁ@ a&wwwwn. intake of nitrogen by the underw
‘mourished thaen by the well nourished rats. The greater retentions
of nitrogen exhibited by the undernourished rate at all levels of
protein intake confirm the findings of Allison, Sesley, Rrown and
Ferguson (1946). These workers suggest that there is a different type
of internal supplementation in the depleted and normal animals. They
observed regular shifts in body wwxwmn_wg the retention of nitrogen
as the protein stores of d&m animal were altered. Some evidence of
such shifts m@u be discernible in the data presented herein in respect
to blood volume,

Results from the present inmvestigation also show the effect of
different quentities of protein intake on the distribution of total
protein within the body. In the undernourished snimals, the quantity
of nitrogen in the liver is directly referable to the nitrogen balance
until positive balances of 200-300 my. are attained. Then the nitrogen
concentration is meintained at & fairly constant lewvel even though
the balance may reach 1000 mg. Again the undernourished rats deposit

nitrogen in the liver in larger quantities than the well nourished.
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mitritional problems of India. Also the way in which generous amounts
of high quality protein will £111 tissue stores with protein is of
aigaiﬁm«a; Buch stores are of great advantage to the individual
in being able to develop & reslstanve to infection and emergencies
ﬁwﬁ my arise through aceident, fumine, eteo. Their importance in
the maintensnee of hselth is recognized.
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SUMMARY AND CONCIUSIONS

The investigation 3@@&& herein is e study of the utilization
well nourished and undernourished u.wﬁ make of their supplies of
mwa‘«ﬂﬁw protein. Diets whose protein content ranged from 1.5 to
2547 per cent of the dlet by welight were used in the experiment.
These rations were fed for a m&nwa% of 34 daye to one series of rats
that had been vemoved direetly from the stock colony. They were
a%m.mwaa also for 1l days to an undernocurished group of animals that
had been prepared for the experiment by maintenance on nitrogen~low
diet for 21 days.

Hitrogen utilization wms evaluated in terms of wasmam in w_aa%
welight, nitrogen balance, changes in the composition of orgens, and
changes in the blood stream.

The prineipsl findings have been sumparized in the Disoussion.
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APPENDEX
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Table A. Body weights at various experimental intervels of
rats in Series 4, the under-nourished animals

At begimning At end of At end of Change in

Rat mumber Ege of depletion balance weight in
protein experiment period period balance
pariod
per cent e £l gme
444722 1.5 304 252 246 - §
44848 1.5 305 251 245 -8
44858 1.5 312 254 247 - 7
44968 1.5 274 239 233 - &
45038 1.5 298 246 257 -9
44788 1.5 342 294 287 -7
45290 1.8 356 2908 280 - 8
45913 1.5 312 246 236 «10
45948 1.6 302 258 260 -8
468052 18 818 254 244 -10
46087 1.8 264 266 2568 -8
48126 1.6 278 226 216 =10
46127 1.5 338 288 280 -8
48238 1.5 2z 278 269 -8
46267 1.5 310 288 260 -8
48340 1.6 340 303 298 -8
46346 : 1.5 328 289 284 -5
46396 1.5 296 248 240 - 8
Average 307 257 280 -7
44723 2.8 290 2861 280 -1l
44848 2.6 284 258 258 0
44887 2.6 244 213 212 -1
44798 2.6 334 301 307 +6
44564 2.6 254 225 224 - ]
45034 2.8 254 228 2285 -3
Average 299 248 248 0
45891 3.0 842 2856 280 -8
45941 3.0 288 244 245 +* 2
45962 3.0 292 248 249 +1
48039 3.0 278 230 230 0
46088 3.0 304 248 248 - 1
461285 3.0 310 270 274 4
Average 08 261 253 2
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Table A mngawuﬂaﬁ

At begiming 4t end of At end of Chenge in
Rat mumber Bge of depletion balanoe weight in

protein experiment period period balance
- ‘ period
per o ﬁnmw . B EBe

44724 3.6 298 264 ‘261 - 3§
44545 3.6 256 229 229 4]
44858 3.6 286 240 249 $ 8
44551 3.6 268 232 230 -2
44980 3.6 249 : 208 220 $12
44891 3.6 20 279 v 283 ¥4
Average , 251 242 - 345 43
44729 4,6 294 270 277 $ 7
44844 4.8 284 248 249 1
44863 4.6 252 223 221 -2
44950 4.6 280 &45 251 $+6
44981 4.6 244 218 246 % 7
456026 4.6 252 2381 232 $1
Average 278 2389 242 &3
44733 87 334 285 27¢ - B
44816 BaT7 350 281 - 284 $3
44865 67 830 288 - 3178 +12
44048 i 284 234 - 348 $18
449885 GaT 2902 244 - 248 4
45014 6.7 282 243 263 40
45900 6.7 254 - 252 274 +22
45940 6.7 264 208 224 418
45863 8,7 318 278 296 #18
48032 64T 286 238 - 250 412
48089 847 - 322 284 - 300 +16
46210 . 6.7 324 278 292 $20

Average 302 257 270

%
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Table A. {(eontinued)

At begiming AE end of AL emd of  Change in

Hat mumber Ege of depletion bhalance weight in
protein experiment period period balance
, ; , period
per cent F < B -

45014 8.6 268 236 246 $20
44765 8.8 517 268 283 15
44812 8.6 256 209 218 9
44881 848 aoe 268 268 . +4
44031 5.6 528 230 283 +13
46180 L ] 316 274 294 $20
46262 846 212 280 324 +44
48269 B.6 264 - - -
463353 88 318 378 310 435
46342 848 532 286 328 +40
46438 846 310 278 02 426
Average 07 261 288 422
44092 10.3 824 27 500 . 428
45012 10.3 814 260 274 +14
44778 1.3 368 302 321 +18
44811 10.3 250 261 286 +20
44883 1043 276 238 285 #17
. 46215 30«3 280 246 260 did
48261 10.3 322 270 288 +i8
468282 10.3 354 304 342 +38
46332 10.3 344 2038 334 +41
46339 10.5 242 282 08 410
46302 105 366 - 303 326 +23
46410 10.8 328 281 254 +13
4643? 10.3 288 253 21 $28
45902 30.5 66 218 280 +32
a&sa& 10,3 308 260 284 34
459568 10.3 393 252 288 438
468023 10.3 342 284 320 436
46083 10.3 298 258 281 +26
46102 10.3 310 262 292 +30

Average 307 262 237 25
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Table A. ‘eontimued)

A%t Degimming At end of A% end of  ‘hange in

Ret number g of depletion balance weight in
protein experiment period pericd balance
: — period
per cent £ Ze e

44930 12.3 314 270 286 +18
44994 12,8 515 288 278 48
45010 12.3 280 250 231 1
44782 12.3 346 268 298 20
44810 12,3 308 264 233 319
468038 i2.3 318 278 297 $19
45923 12.3 380 278 297 419
- 48977 12.3 288 281 $13
46028 12.3 304 258 261 + 8
468088 12.3 282 235 265 +30
46110 12,3 324 263 281 +18
46216 12,5 - 300 281 208 +25
48260 12,3 314 272 290 418
48283 12.3 522 276 804 ¥28
483827 12,3 320 274 304 450
46369 12.3 508 259 278 +18
46381 12.8 356 808 336 $28
48412 12.3 254 254 2718 $24
48430 1243 $08 . 284 292 +38
Average 811 27 290 20
45906 14,8 I 289 313 424
45920 14,8 358 303 321 $18
45878 14.8 480 254 247 $13
48024 14.8 336 28% 308 22
48104 - Ja8 254 260 283 423
46086 14.8 316 213 831 - 418
46217 14.8 310 257 232 ~25
48259 14.8 20 274 288 414
48288 14.8 330 278 326 $47
463268 14,8 536 293 ‘350 +37
48348 14.8 s82 311 348 %87
46370 14.8 300 253 284 $81
46415 14.8 582 316 S48 $33
46428 14.8 332 a87 306 #19
46441 14.8 830 283 318 ¥4l

Aversage 312 266 291 +25
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Table 4. {(conoluded)

; At begimning AG end of AL end of  Change in
mm,w,gaﬂ wmm. e,.m mamwaawnﬁggg ﬂawmwwwﬁ

protein experiment period period balance
- ; S _peried
par gant Elie .&u £e
18.0 224 278 - 299 +20
18.0 266 230 237 + 7
12.0 288 222 245 #28
18.0 278 226 - 249 $23
18.0 320 274 298 +24
18.0 358 250 356 45
1840 65 308 436 $28
18.0 282 240 A $32
18.0 . 300 248 282 $34
18.0 322 276 - 310 +34
12.0 203 252 280 23
12,0 356 205 202 -1
18,0 32¢ 283 312 $19
12.0 34 298¢ &16 M7
18.0 288 466 256 420
12.0 360 290 zle +28
12.0 300 283 - 288 23
- 1C.0 310 278 282 7
180 224 265 27% 2
318 269 503 &34
2547 318 263 271 48
2547 298 248 268 +20
2847 286 286 278 #16
2547 304 247 266 418
2647 250 267 - 281 -18
BB T 316 258 - 860 - 414
2847 310 287 . 282 15
28,7 318 27 500 $24
25.7 294 264 - 284 320
2547 372 334 356 322
&5+7 328 2832 302 ¥320
2547 352 805 512 $ 7
28.7 378 &7 884 $27
857 502 289 278 +18
26.7 ez 313 312 - 1

322 274 284 414
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Table B. Body welights at various experimental interwals of
rats in Series B, the wellw-ncurished animal

Ak begiming Afber 4%t end of Change in
Ret mumber Egg of 24 hrs. balance weight in bal-
protein experiment  stervation period ance pericd
per cent  gum, . £
47186 1.8 346 330 207 -33
47192 1.6 316 298 268 -30
47302 1.6 318 502 259 e
47318 1.6 512 288 268 =30
47350 1.8 340 322 287 =35
47513 1.8 330 308 279 =29
47585 18 330 510 271 =59
47591 1.8 380 312 273 -39
478383 1.8 802 284 268 ~18
47656 1.8 306 282 272 -~10
Average * 518 408 274 -3
47518 342 348 562 320 -12
47525 3.2 354 342 328 -14
47540 8.2 382 846 314 -52
47680 3.2 354 340 331 -9
47638 8.2 350 z24 313 15
47251 342 356 512 309 -3
47256 3.8 362 &8 317 =11
47369 S.2 358 528 307 =21
47181 3.2 340 316 308 «10
47376 342 820 304 290 -1l4
Avarage 547 328 314 -14
47488 3.6 326 316 206 «20
47564 B4 340 524 310 =14
47681 3.5 338 326 308 ~16
47588 BaB 526 310 315 %8
47586 3.5 330 314 301 ~13
47170 5.5 354 348 347 +1
47208 3.5 542 322 281 =31
47328 S8 556 328 280 -8
47248 S5 350 330 316 -ld

47318 5.5 844 316 307 - g

Average 329 - 329 308 =21



81t £%¢ 1511 8¢ e3uaeay
gar £¥8 oze o%e 0°01 6IhLY
8% e gee 9o 0*o1 eeeLY
LTt g%e 828 osg 0*01 eL2LY
L2% 198 yz¢ e 0*01 SvaLY
1) T8¢ gs88 o) o* o1 LTy
21¢ oy 828 oge 0°0t POOLY

g - 0% 2%¢ 09g 0* 01 2CLY
L% 892 258 290 0°01 eL8LY
LI~ 4+ 0%2 ZLe 0" 01 9sLY

Z - ove 295 98¢ 0*01 SeTLY
STH 82¢e s1g a2¢ eduaeay
¢ 44 oo 2ee 8 ecoLYy

0 218 218 w0y g0 86CL%
ozd %8 p2g e ¢*n 088LY
o1+ 43 81e 8g¢ g*g 998LY
1% Tig 008 gIg £*s g88LY

£ ¢ 818 21e oge g i BERLY
61% gve 928 9%% '8 9V8LY
2ot 89¢ 98 092 g*s 862L%
e 3 108 808 ze8 ¢*g . 69zLY
L+ 818 218 L 2 g*g 1LY
s14 azs 218 -3+ a3uxeay
1% $08 262 214 6*9 BLELY
AL 628 218 244 8*9 VLY
pes 91¢ 262 e 69 9CoLY

AR 4 oze L 41 92¢ 8*9 TISLE

AR 2 azg 288 08g 8*9 2LELY
I ee 820 o%e 6°9 PEOLY
2% 198 o1g 8¢ 6*9 SOoLY
L4 e yze 0sg 6*9 L88LY
202 818 02 zee 8*9 2oLy
sT4 168 2oe zag 8*9 818LY

g i g Tueo aeq
poiaed ecus potded  MOL3BAABGSE FUSULAOUKS W} P304d
=18q U} jydies  eousyuq *8ly $g Jo 88z  aequnu 3wy

uy edusyy Jo pue 3v

aeazv  Supuuydeq vy

(pormauos) *g erqey

*ort



8 808 883 91g sFuresy

g = 218 g1s ggg o*se LIBLY
6 4 618 otg 2¢e 02 88149
o2+ oee 018 ose o*eg B2ELY
4 80% 862 oz 0*g2 yoeLY
¥4 a6g 862 008 0*s2 29eL%
8¢ o1e 200 z2e 0*s2 LOSLY
L= 648 968 vo¢ 0* 62 186L%
L% Leg UBZ ¥6% 058 820LY
8T+ 418 208 ¥22 0*s2 909L%
ot 208 962 818 o*sz 896,y
T - 8.2 092 ooe (50l <13 0g8LY
eTH ge 8T1¢ L -1 oBvxeay
ot 80¢ 262 808 A<} 1 L2OLY
1t g2e gie ¥eg 281 £09.LY
Ti% 818 208 ¥ig 2*s1 2L8LY
P14 888 pee e 281 - BYSLY
aT+ g1e 008 918 iad 18 ye0LY
T ooe 218 298¢ z2*ot LoZLY
e 4 188 e 8ag 2*8t 282L%
12 4 1%e zee 8%¢ 2*e1 BEZLY
oTH 62¢ o1e %o 25T 262.%
L4 gae 088 098 z* S. 89TLY
gg+ g2¢ 208 228 afuaeay
P24 o0ze 962 e et LLSLY
ot 623g 208 »ze 1*21 88CLY
424 98¢ 808 81¢ °21 898L%
gzt gge . 808 ges 1*2t BOSLY
184 138 062 g1g ™2t SIVLY
=4 108 082 008 1*21 - PRULY
- 908 o1¢ gze 1%t oToLY
spd 688 91g 95e 121 884LY
6 4 618 o1g 2s¢ 1*21 8LSLY
g2+ 4986 208 228 1°&t 894LY
. euWg L] “urd YT ROT™
Potded eouw POTIO0  UOTHGAIUAS  QUAHTIGOED  U16q0J0
=19q uy quitem  eouwwreq “gan Y 30 2%y  Jequnu gey
~ug ofuwyr  Jo pue 3y 1033y  Surmwyfeq 3y V

(popnIowon) g eTqE

Tt



112,

Table C. Body weights at variocus experimental intervals of rats
in Series (, the positive and negative animals

At beginning  After A% end of  Ghange in
Bat nmmber of 24 hrs. balance weight in bale-
experiment starvstion  peried anes pericd

c@t .&i ﬁé
Steenbock XVII diet

47124 361 381 566 5
47163 362 354 3435 -11
47168 S22 332 334 +12
47185 38 3358 333 - 5
47193 3% 538 . 329 -7
47204 388 362 347 w18
47230 368 368 360 -8
47662 538 320 328 + 8
47664 542 . 320 351 $11
47677 326 510 e15 $+9
47729 © 314 280 333 ¥58
47754 334 320 3% 3
47685 318 300 289 -1l
47855 280 286 279 13
47661 324 %08 318 #12
47676 k5 . 02 so7 85
47656 308 296 307 $+11
47692 362 342 354 +12
47726 332 3i6 328 +10
47753 08 280 308 #18
Awvorags 339 30 328 - g

47526 858 542 293 -49
47543 376 360 211 ~49
47548 s82 366 311 ~56
47595 376 362 304 58
47156 362 546 288 =60
47171 360 350 286 54
47184 852 546 292 =54
47221 548 830 285 ~45
47238 350 340 270 70
47250 ‘ 576 568 295 -73
47257 378 370 308 ~87
47266 342 354 273 -61
47317 - 348 538 278 -85

Average 364 358 291 =55
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Table G. Average food intake and food nitrogen absorbed
in Series A, the under-nourished snimals

“Protein  Food ~Feoal nit |
in nitrogen At end of At end of  Egg Food
diet consumed depletion repletion aiirogen nitrogen
. Jperiod period in feces sbsorbed
per cent P mEe BE. g ng.
1.5 83 = 181 : 142 - 163
2.8 208 161 172 11 287
8.0 414 207 209 2 412
3.6 385 152 164 12 378
4.6 521 is8 87 ; 8 512
6.7 778 184 208 24 749
8.6 g2z 187 189 22 8300
10.3 890 168 145 - 990
12.3 1410 19} 280 89 1321
14.8 1660 180 288 108 1558
18.0 2148 173 255 82 2068

25,7 3181 200 388 198 2988
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Table H, Average food intake and food nitrogen absorbed
in Series B, the wellesnourished animels

e

Protein Food T Pegel mitrogen ____ Egg Food
in nitrogen Ketabolic Nitrogen after nitrogen nltrogen
diet gonsumed nitrogen end of balance 1in feces  absorbed

peyiod
per gent nE. nEe Bg.
1.6 227 180 180 10 217
3.2 450 180 215 38 415
345 510 180 218 38 472
6.9 918 180 260 80 838
8.3 1187 180 274 94 1053
10.0 1353 180 279 89 1258
12,1 1841 180 2 81 1650
18.2 2578 180 328 148 2230

2644 3839 180 354 174 3065
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Teble I. Weights of fresh liver, liver nitrogen, liver fat
and meisture in Series 4, the under-nourished animals

Bgg~ o o Sdver
Bat protein Body Fresh ; Per cent
numbey pexr cent weight  weight Witrogen Fat molsture
s e ngs Bge Ene.
46913 1.5 227 B8 150 302 71.8
45949 1.5 238 6.2 168 475 €8.56
46268 1.5 286 8.0 180 418 T8.5
46340 1.5 290 Ted 1gg 525 T0.9
44722 1.5 250 8.4 187 424 7343
44849 1.8 242 5ed 159 82 0.7
44856 1.5 245 8.8 173 413 7340
44963 i 1 217 8.5 148 542 T2
Average 248 643 167 430 T1.0
447233 2.6 2863 £.6 189 425 7148
44848 2,8 258 6.0 170 420 Tl
44887 2.6 212 6.0 169 380 700
44798 2.6 307 Teb 227 478 7148
Aversage 260 6.6 18 425 7.2
45891 3.0 278 54 228 400 70.8
46941 3.0 245 8.0 211 631 67.8
45962 3.0 246 8.5 210 441 70.3
- 48038 8.0 212 B4l 180 298 Ti.7
461285 5.0 270 6.8 288 501 T1.2
- 46188 3.0 486 7«6 235 399 718
46274 8.0 226 847 201 283 72.1
Average 273 8.7 211 395 71.0
44724 8.6 268 Tl 230 489 T1.6
44845 3.8 238 7.5 210 400 71.5
44858 3.6 258 5.9 220 434 T1.3
44951 3.6 230 7.8 225 - 3.7
44880 5,6 ar7 6.6 215 401 69.1

Average 242 7.0 220 431 718
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Table I, {oontinued)
Bgg= — Liver
Rat protein Body Fresh Fer cent
number per ceunt weight weight Uitrogen Fab moisture
.&a .ﬁa ﬁ.ﬁ ﬁﬂ ﬁt
44729 4.6 286 Btk 220 588 0.0
44844 446 250 77 192 334 70.68
44863 4.8 225 Tod 208 241 708
44950 4.8 257 Bad 208 380 70,8
440281 4.6 230 Gl 208 - TQsT
Average 251 Tl 206 583 706
46082 6.7 252 8.2 258 458 69.6
46210 6.7 294 T2 320 685 68.1
44755 8.7 309 8,8 227 513 T1e2
44816 8.7 295 Tl 244 324 7244
44888 8.7 202 T2 208 484 T0 .6
44948 6.7 248 8.1 203 313 72.8
44985 647 281 T0 208 389 Tie2
Average ww@ 740 288 421 701
45014 B.6 281 Td 206 - 0.2
44812 - mgm wm@ , 8.2 197 - 0.7
44891 2.8 287 Tub 238 - T3.0
459285 B.6 313 Teh 292 317 80,2
45964 8.6 280 T4 282 317 68.6
Average 301 Tek 291 317 7043
44992 10.3 313 8.1 280 - Ti.2
W&@HN M@ t& Nmm @é% Ng - ..wH G,O
44778 10,53 885 0.8 wwm - T0.8
44811 10.8 30% 7.0 288 - T0.2
45985 10.3 288 8.7 253 400 71.8
45088 10.3 284 T0 287 582 700
462158 10,3 266 8.0 3§36 438 Te40
Average 285 7.6 290 410 7140
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Averege

Teble I. {(conoluded)
Ege=- — . Liver v
Rat protein Bedy fresh Per cent
number per cent  weight  weight Nitrogen JFat moisture
2. BB M« B 2

44930 12,3 297 5.5 220 - ?’1.‘7
44782 12.3 287 86 300 - ?0,9
46218 12.3 284 1048 280 &89 Tded
48260 1243 296 3‘@*9 274 402 728
Average 295 10.1 277 391 72.6
45906 14.8 385 8,8 342 351 68,8
45920 14.8 330 8.9 350 361 70,2
45978 14.8 245 God 287 309 69.4
46024 14.8 310 T8 330 301 68.6
46104 14.8 320 9.4 340 348 68,7
46096 1448 244 T2 £84 309 69.8
46288 14..8 300 S8 249 301 T30
48288 14.8 380 10.6 275 331 T1.0
Average 3086 9.0 285 334 70.8
44897 18.0 5135 8.7 364 - 72,5
44928 18.0 230 8.7 304 - T1.0
449956 18.0 26e T2 3249 - 700
W 18 &*3 25’3 5 ;’9 331 - ?Q &5
48030 18.0 280 - Ts1 318 418  68.9
46091 18.0 288 Tl 504 398 Tie2
%333 18 ;9 2% N ?1&3 g?ﬂ 293 ?2&9
46289 18.0 308 10.% 318 380 70.4
Average 296 Tl 304 343 T1.0
45911 2547 290 Ta? 311 404  6B.6
48019 2547 275 G.9 268 - 708
468022 357 288 Ted 258 457 G348
48087 2547 282 BaT 40 574 70,0
45961 85,7 228 8.4 232 388 T34l
48080 1.9 280 B2 ang 554 65,8
46317 8.7 288 Tel 237 289 T1.2
46388 25,7 263 77 278 307 71.8
283 Te6  BT7 382 71.0




Table Jeo

l23%a.

Weights of freah liver, liver nitrogen,
liver fat and moisture in Series B,
the well=nourished animsls

Egg= liver B
Hat protein Body Fresh - Per cent
number per cent  weight  weight Nitrogen Fat moisture
) e ﬂv g BE. B
47186 1.6 286 7.4 a1z 485 7443
47192 1.6 252 8.0 182 430 70,5
47302 1.6 242 8.8 187 373 73.3
47318 1.6 250 B0 196 374 707
47330 1.6 276 5.8 228 851 Tied
47513 1.8 274 840 202 468 0ok
47583 1.6 270 T 208 497 Tled
47691 16 268 Tek 211 478 6848
47833 1.6 262 740 180 451 7044
47656 1.6 269 7.8 186 807 70.8
Average 268 T0 201 442 Tlel
47518 32 288 6.9 214.9 513 68.6
47585 8.2 504 T4 225.6 459 69,8
47640 5.2 290 T2 227.2 433 70.9
47880 3.2 294 Tl 236.3 443 70,9
47636 3.2 272 7.0 248.0 423 70.7
47251 3.2 210 8. 264.2 653 69.8
47256 8.2 320 848 264.2 641 68,4
47369 3.2 314 8.2 27943 899 69.3
47191 5.2 s20 8.2 267.4 568 88,9
47876 3.2 308 R - 530 89.2
Average 300 TuT 248..4 526 6947
47483 3.5 326 8.9 a3 431 69,7
47564 3.5 288 £.8 208 417 7046
47581 3.5 316 - B4 219 515 70.9
47589 3.8 $12 7.8 257 574 68,7
47596 3.5 302 8.8 240 440 89.5
47170 3.5 202 Fal 241 452 71.9
47206 8.5 298 7.7 279 513 £9.9
47229 3.5 #00 6.9 258 - -
47245 5.5 296 746 259 486 7645
47816 8.5 288 749 267 562 6844
Aversge 3038 748 243 488 0.8
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Table J« (contimued)

‘ Eggs I.S.mr

Rat protein  Body “Fresh Por cent
mmber  per oent  weight = weight Nitrogen _Fat__motsture

' ERe T i A B Bl
47819 6o 318 . 8.0 266 460 69 9
47653 6.9 306 - 208 - -
47687 6.9 300 - TR 238 481 ?Q.S
47606 6.9 318 748 264 661 68.8
47634 6.9 296 6.9 262 - 486 8846
47278 6.9 344 8.3 28% 608 88.6
47811 8.9 . 310 8.0 278 508 69.4
47336 6.9 340 8.0 299 528 69,8
47344 649 820 7.9 272 503 69.3
47878 - B.8 . 838 8.0 280 418 89,3
47194 . 8.8 304 7.6 270 629 66.1
47289 8.8 314 8.0 243 687 68.5
47295 8.3 348 8.5 290 586 68.4
47348 8,8 328 % 252 4185 68,7
47339 843 - 302 - Gk 201 478 -
475885 88 308 8.3 250 532 6940
47666 8.3 326 748 290 437 70.0
47590 843 834 8.7 293 5387 6943
47598 Bed 508 78 284 483 68.9
47635 8e3 300 6.8 234 417 69.4
Average 517 . T8 258 501 68,7
47433 10.0 3354 . B.2 266 568 6841
47541 10.0 334 o 7.8 271 679 87,2
47673 10.0 533 - B3 274 593 69.2
47682 10.0 330 - - - -
47604 10.0 324 T+B 280 587 68.5
47237 10.0 336 Beb 278 500 69.7
47248 10.0 314 8.0 286 482 69.4
47273 10.0 346 B8 295 580 67.9
47883 0.0 326 8.8 285 453 6944
47419 10.0 552 8.8 aes 581 68,8
Aversge 331 842 279 564 68.7
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Table J. {concluded)
Egg= , — Lj_wg B
Rat protein Body ¥resh Par cent
mmber per cent  weight woight WNitrogen Fat __moisture
m. e mg  mg. g
47568 12,1 818 8.4 263 542 6947
47679 12.1 32z 8.2 267 605 68.4
47588 12.1 526 8.8 291 533 68.5
47610 12,1 316 T8 287 536 67,8
47626 12,1 506 7.4 262 482 68.8
47418 12.1 330 9.0 291 594 88,7
- 47308 2.1 300 T8 252 338 70.%
47568 iza 334 7.8 288 487 88.7
47338 12,1 304 8.5 273 513 69.2
47377 12.1 302 T8 271 626 6649
~ Average 316 7.9 267 524 68,7
47169 18.2 344 7.8 285 - 504 88,8
472528 18.2 318 Tl 276 380 69,8
47258 18.2 532 7.1 228 383 69,4
47282 18.2 324 6.9 468 440 -
47287 18.2 324 748 313 477 69.2
47554 18.2 316 8.6 279 489 700
47588 18,2 338 8.8 253 857 B88.6
47572 18,2 310 748 208 439 68,8
47603 18.2 318 .3 287 455 6943
47627 - 18.2 298 T8 261 488 68.2
Average 321 748 276 463 68.9
47620 25.0 288 Ta2 270 - 358 69.4
47566 25.0 298 6.9 251 482 68.0
476086 25.0 208 7.0 2n 339 69,0
47626 25.0 $o8 Ted 267 - 378 69.4
47531 28,0 304 8.9 272 353 65.4
47667 25.0 274 7.0 258 - 362 69.4
47362 25,0 300 7«6 288 395 69.3
473854 25.0 308 8.4 297 454 - 68.9
47228 - 25,0 278 Tel 872 412 68,9
47186 2540 274 T«b a7 366 67.9
47417 25.0 302 T8 a1 402 6844
Aversge 2985 ok 271 385 68.8
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Table K. Weights of fresh liver, liver nitrogen, liver fat
and moisture in Series C, the positive and
negative ocontrol animals '

' , Liver
Bat , Frosh Per cent
number Mt Hitrogen Fat moisture
£Be BB B DR £
Steenbook ZVII
47124 562 9.0 381 825 88.5
47162 382 8.2 , %?3 498 83.0
47168 340 - - -
47185 338 8.6 ‘55& 508 6843
47198 320 8.0 313 588 £8.3
47304 532 Se3 354 512 6846
47250 360 f.4 386 - 89.2
47662 356 8.7 354 422 6042
47664 %20 8.0 - 434 68.0
&7677 320 78 a65 372 683
47728 308 T+6 321 408 68.8
477154 325 8.8 304 418 69..7
47888 316 9.3 3587 624 89,0
47858 281 T8 301 363 69.3
47661 276 T8 295 433 68.3
47676 310 Be7 3456 441 68.8
47686 0 - 5.2 822 308 70.0
47698 - 44 8s1 33  B83 86,0
‘4TTI6 - 320 9.1 347 436 100
47768 308 St 356 458 £9.8
Average 322 8.8 342 453 88,8
Nitrogen low diet
47585 278 8.5 408 T1l.2
47543 272 8.0 332 483 T0.9
47548 - 380 647 137 496 58.0
475986 270 6.0 208 481 T1.2
47156 280 4.8 206 27 71.2
47172 284 8.7 212 453 70.0
47184 292 6.8 316 611 T0.6
47221 284 8.0 208 372 T1a8
47238 264 6.0 il 513 0.7
4T250 27 6.9 201 618 89.2
47257 291 T2 206 584 69,8
47268 254 8.9 224 6527 70.1
47317 290 Tud 287 817 69458

Aversge 281 6.8 206 510  69.7
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Table L. Charmoteristios of blood in rats of Series B,
the under-pourished animals

Egg ‘ Serum ‘ Erythrocytes
Bat probein  Body protein Blood  Hemoglobin per omm.
mumber per cent weizht oconcen- volume Conoen= Total = of
’ , “hratim tration weight  blood
g g ol g% gme  millions
44742 18 280 B - 157 - -
44849 © 1ab 242 a8 - 14.8 - -
44856 © LB 245 BB - 17.2 - -
44963 1.8 217 6.8 - 17.0 - -
45880 1.5 284 - 18.4 - - -
&5949 1.5 240 748 13.8 - - -
46082 S O -1 238 T - 13,7 Zah -
46087 1.5 249 T8 16.8 - - -
46126 1.5 204 7.0 1€.6 - - -
461287 1.6 - 274 - - 1445 - B2
46238 1.5 = 288 - 23.3 17.3 4.0 a7
46368 1.5 280 - 17.8 18.7 2.8 8.1
46340 1.6 488 8.2 2148 4.8 3.2 T+9
48348 B - 272 e 18,8 15.4 2.9 7.8
48398 2@ 1.5 232 - 168.1 18,0 2.4 746
Average 247 6.8 17.8 15.8 2.8 8.1
45851 3.0 278 78 87.3 - - -
45941 S0 - 248 B0 - - - -
45982 5.0 245 To3 - 1d.l1 - Ted
48039 - 340 212 76 18.9 - - -
W 3.0 - - - - b -
48126 - B0 c 270 T2 © . 15,6 - Sa4
46132 - 3.0 280 - 18.9 15.8 2.9 L% §
468155 - 3.0 282 8,1 25.8 16,2 4,2 Ba8
46268 3.0 £98 - - 15 % - 5.7
46274 3.0 230 T8 28.8 16.5 3.8 Bed
46305 3.0 R78 - 2840 1544 ﬁ*% B2
48373 3.0 286 8.8 - 15.4 - 8.1
46387 8.0 266 641 20.0 15.1 Sel T.6
483598 3.0 232 - 17.8 14.9 2.7 8.1
46439 3.0 300 - 20.4 15.2 3.1 8.2

Average 260 68 2240 15.1 5.3 8.2
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Table L. (continued)

Egge Serum ' Erythrooytes
Rat ~protein  Body protein Blood Hemoglobin per am.
pumber  per cent welight ooncen~ volume Conoen~ Totel of
' tmﬁim ' _kration weipght blood
%ﬂ : '@.ﬁ% E%};Q %% &/& mil :j. ong
%736 Sma 333 ?nl - 1409 - bad
44845 3.6 236 B4 -~ 6.4 - -
44868 3.8 258 T B8 - 15.8 - -
44951 3.8 230 GuB - 18.4 - -
44580 T BB 217 6.6 - 15.4 - -
Averare 242 8.6 - 18,1 - -
44 728 Qgﬁ : 3&6 ?w? b &ﬁ » 3» - -
44844 4.8 . 258 6.7 - 17.8 - -
44863 4.8 - 226 T T - 174 - -
44950 4ul 257 70 -~ 1545 - -
%881:. 446 280 6.4 - 14.8 - -
Aversge 251 731 = 18,3 - -
44733 6.7 308 7.0 - 15.2 - -
44818 6.7  d88 7.2 - 167 - -
44865 = 8.7 302 Geb - 14.3 - -
44948 8.7 = 248 B.7 - 18.8 - -
%gas 8.7 = 281 8.8 - 15,5 - -
459% 3Q ? ' 235 6 &5 14!‘* - o -
45963 6.7 296 ‘5.8 17.3 - - -
48210 6.7 294 - - 1541 2.9 -
Average BT T8 17.5 | 1B.8 " Ba9 -
45014 B.6 = 261 8«9 - 16,0 - -
44765 8.6 296 5.8 - 16.8 - -
44813 8.6 = 220 B.6 - 1?,6 - -
45901 7,8 - 543 4.3 14.6 - -~ -
45925 8.6 313 8.3 26.1 - - -
' 4&5%‘1 805 333 - 3’3* ? 3‘5& *‘ 2 - ? -
46031 8.6 528 8.3 20.5 - - -
46070 B.6 283 6.0 17.0 - - -
46317 B.6 278 T+4 208 @ = - -

Average 288 7.6 18,5 15,7 2,7

]
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Table L. (ocontinued)

Egpe K Serum Erythrooytes

Bat protein  Body protein Plood Hemoglobin per omm,
nurber per ocent weight oonecen~ wolume Concen= O o&ww of
v tration __bration weight blood
e - g mls E mﬁu millions
45806 14.8 826 54 17.5 - - -
4582G 14.8 § ) - - - oy -
45878 14,8 245 - 8.1 16483 2.3 7.8
ga&& Hm“ﬁ.m @H@ , &0@ WW&N e b -
46104 14.8 820 - “18..7 15.9 8.1 7.8
48098 14,8 244 6.3 18,3 - - -
48217 14.8 258 B.5 18.2 18.2 5.3 1l.2
46255 - 14.8 $00 Tod T E0.4 H@‘P 5.1 8.9
46288 i4.8 B30 5.8 N ¥ :W 16.1 2.9 11.2
45326 14.8 852 6.8 21.8 158 8.5 10.8
46348 148 60 - Ba6 218 14.8 5.2 Do
48370 14.8 290 ek 20+4 18.2 w»u. 95
46415 14.8 350 - - 16.2 9.8
46429 14.8 - 6.4 18.2 15.8 m;@ 10.1
46441 14.8 832 , - - 14.5 - 2.3
Average 308 7.8  18.0 15.5 3.0 9.0
44897 8.0 818 7. - 1646 = ~
44825 A0 230 T+ - 17.3 - -
44595 8.0 266 Tuld ’ - 15,7 = = -
45009 Mm Me, 268 6.8 - wﬁ.w - -
45914 18,0 544 - , - - - -
46018 18,0 270 C - T - - C e -
46030 8.0 &80 - 1842 15.T 2.8 -
36081 18.0 318 5.3 18.6 - - -
46112 18.0 288 To8 218 - C - -
48232 i8.0 286 - 15.8 18.6 2.3 10,2
462851 1840 Wﬂw& - 15,1 15.% 2.3 8.9
48289 18,0 808 - 178 1542 2.7 2.4
gm.m.& Nm Qmw N.N& e W.wﬁm Nmaw X N#Q mﬁ.ﬂ
46325 18.0 308 - 17.5 16.0 2.8 S48
46416 18,0 274 - 17.8 1B.8 2.8 9.5
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Table 1. (concluded)

Egge Serum Erythrosytes
Hat protein Body protein  Blood Hemoglobin ~  per omm,
number per cent weight concen~ volume Congen~ ITotal of
trabion tration weight  blood
e gage  mle e e millions

45911 2547 280 % 14.4 - - -

46019 25,7 275 8.8 17.3 - - -

468022 B8.7 guz T8 - 18,2 e -

468097 8847 288 7.7 16.6 15.8 2,68 840
45961 25.T %29 840 16.0 - ‘ - B4b
46080 26.7 280 7.8 15.9 - - -

46241 26.7 282 6.7 14.4 6.2 2.3 8.9
4628 T 28.7 298 - - 1-&.5 " 79
4658? 256.7 42 - 1444 15*? 2,3 9.1
46368 285.T 298 7.2 13.1 15.1 2.0 Bel
46380 28.7 296 - 20,0 168.8 3.4 1P |
45417 354? 530 - lﬁts 1&#9 2.8 Bad
46424 28,7 264 - 15,8 15,6 =~ 2.5 8.7
46442 285.7 204 - 14.4 16.1 23 848

Avorage ‘ 488 TR 16.7 15.8 2.6 Bad
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Table M. Characteristics of blood in rate of Series B,
the wellenocurished animals

“Fee~ Serun krythrogytes
Rat protein Body protein  Blood Hemoglobin per omm.
number per cent weight concens volume Concenw Total of
: tration tration welight blood,
. gneh mi. gt gm.  millioms
47188 1.6 280 G0 - 187 1546 248 il.1
47192 1.6 ag @ - 15.0 16,8 28 10.6
473028 1.6 250 8.0 Sad 1.8 - 8.8
47318 146 - 260 - 1444 6.4 2.4 Sed
47330 1.6 280 @ T.2 15.4 18.4 2.5 T3
47513 1.6 276 6.7 - 17.2 - 0.8
47583 1.8 268 T8 117.8 18,1 3.3 9.8
47591 1.6 270 T4 21.0 14.9 3.1 Bed
47633 1.8 268 7ot 188 158 2.8 846
47686 1.6 270 6.7 18.1 1640 2.7 Bed
47251 $a2 300 Te2 16458 17,2 248 B.6
47258 8.2 308 8.4 18.7 15.9 2.7 8.6
47369 3.2 - 302 7.0 16.8 13.38 2.2 9.0
47191 3.2 300 7.9 - 16.1 - 8.4
47376 - 3.2 280 7.7 15.6 17.8 248 B4
4?53.3 é,ﬁ 315 ?t‘& fd 1& '8 - «3
47525 .2 322 1.1 14.5 16,5 R 3 10.6
47540 Sed - 316 T8 16,1 15,5 8 843
47580 B2 324 T3 14.3 16,48 Zed S8
47636 - B2 310 7.8 1342 16.8 248 -
47170 3.5 . 540 Sel - 17.2 14.8 2,6 9.9
472086 &5 296 a2 16.5 17.8 340 ek
472428 © 3.5 » 318 B Ll 15 1 - Gk
47245 T Seb - 316 9.1 169 16.8 248 S8
47316 " BB 302 8.1 1649 16.5 248 B8
47483 3.5 288 0 - - 1846 - 10.56
47564 3.5 302 Bed 1544 18.4 245 8.8
47581 8.5 302 B.4 15,3 17.0 2.6 S.1
4%96 3»5 330 190‘3: - }-?ul - -

Average 309 840 16.1 16.8 2.7 945
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Table M. (eontinued)

Egee » Serum ’ “Erythrooytes
Rat protein  Body  protein Blood Hemoglohin per omme
mmber  per cent ngh‘b concen~ volume Concen~ Tetal of
_tration ' tration weight blood
e gmek mle B e millions
47272 6.9 320 Ted 17.7 18.8 248 946
47311 8.9 320 8.3 | 17.2 17.3 340 ek
47336 6.9 S 308 T.T - 15.8 - 8.6
47344 g.8 820 1.3 177 15,3 2.7 8.5
47519 8.2 - 346 748 22.3 15.7 3.2 9.8
47363 6.9 ale 746 16,6 16.1 BT 9.0
47587 6.2 542 6.8 21.8 1546 3e8 G4
‘@?5@5 6 ¢9 533 ?-3 l?aa? lﬁ 16 303 -
) 47684 G.8 536 Ted - 4.8 - -
47194 843 310 8.9 16,2 17.8 2.8 9.1
47259 8.3 326 Guk 15& 15.7 2.7 Ged
47295 Be3 360 S8 16.5 - Ged
47346 8.3 346 8.4 1?&5 17.8 3.1 ot
47339 Bed 306 8.4 16.0 17.6 2.8 945
475385 8.8 308 Gal 16,0 16.0 2.8 9e3
47566 8.3 334 Tsl 16.6 18.4 27 9.4
47580 8.5 340 7.8 16.4 18.4 2.7 8.0
47598 843 814 = 8.T 16.0 18.4 2.6 9.0
47635 843 308 8.2 - 16.2 - -
Average - 324 8.6 168.5 16,7 248 Fad
47237 10.0 342 T 2640 16.5 4.8 D48
47248 1040 542 T+5 50.8 17.2 aﬁ Se2
47368 10.0 336 T 22.8 16.5 3*? 10.0
47419 10.0 354 7.8 21.6 14.7 3.2 940
47433 10,0 332 Te? 2642 1847 44 945
47541 10.0 316 T8 23,0 15,7 3.6 9.0
47573 10.0 342 Tsd 28,8 15.7 4.4 9.2
47582 10.0 824 Ta? - 16.5 - Sed
47504 10.0 336 Tl 2748 L5468 ded Ted

Averags 334 Ta6 25.4 16.1 4e2 9.1
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Table M. (concluded)

Egg~ ‘ Serum . Erybhrocytes
Rt protein  Body protein Blood Hemoglobin per cmm,
mmber  per cent weight oconcen» volume Concen~ Total of

Jkration . tration weight blood

e grak ml. g gn. millions

47418 12,1 322 % 16,7 14.7 2.8 846
47308 12,1 gz Bl 16,2 17.1 2.9 9.0
47338 2.1 322 T4 16.5 16.5 2.7 8.1
47377 12.1 812 - 16.6 15.3 2.4 8.3
47658 12. 842 7.8 18.0 16 .4 2.6 9.8
47579 12.1 308 7.9 16.2 17.0 2.8 9.8
47588 12.1 - 382 T8 18,7 14.8 2.3 8.6
47610 12.1 - 302 746 18.4 16.5 2.7 9.8
%?628 1241 ’3500 ?;6 - - el -

Average , 318 7.7 16.3 16.2 2.4 8.5
47189 18.0 $60 - 18.5 i7.2 $el 10.0
47252 18,0 b2z - 17.7 16.6 2.9 0.3
47253 1840 346 8.8 - 16.8 - 0.4
47282 18.0 326 B.8 18.2 16.4 3.0 G4
47287 18.0 328 B.4 18.2 15.5 2.8 P&
&?5341 13 ﬁﬁ 31& gﬂg ggcé 18&1 3%? 11‘4
47559 18.0 - 328 B9 2245 16.2 3.7 8.4
47572 18,0 308 Ted 18.9 i6.4 3.1 BaT
47603 8.0 312 Ttk 20.4 16.5 B.4 8.8
47627 18.0 300  T.3 - 16.8 - 841
Average ' 324 8.0 19.6 18.7 3.2 9.4
47354 - 25.0 304 T.7 20.9 17.1 8.6 9.5
47223 256.0 520 8.5 21.3 17.3 3.7 8.5
47188 25.0 I3 +:4 - - i8.5 - 8.5
47417 25.0 306 Te7 20.9 i8.8 3.2 8.9
47520 250 276 6.5 21.2 16.8 3.6 GeB
47565 25.0 302 6.7 20.8 18.6 8.8 8.4
47606 25.0 814 Ted 23.3 17.0 4.0 8.1
478 31 25 wﬁ 333 ?.5 had lg «0 - » BeT
476687 25.0 306 8.9 23.5 17.3 4.0 8.8

Average 508 Ta5 R1.7 17.1 8.7 8.8
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Table H. Charecteristic of blood in rats of Series ¢,
the positive and negatiwe ocontrol animals

_ Serum Hemoglobin Erythrocytes
Ret - Body protein Blood Concem= Total per omm. of
mmbeyr  welght ooncentration volume tration weight = blood
2. B . mle Enes  gme millions
Steenbock AVIL diet

47124 354 Ta8 19.8 17.4 2 3.4 9.2
47135 562 7.6 20.5 16,8 3.4 8.8
47162 338 : 7.0 - 16.3 - 8.4
47168 338 7.0 15.8 18,9 2.5 8.3
47185 318 8.9 18.0 15,9 2.5 7.9
47193 328 7.1 15.8 16.0 2.5 T8
47204 346 7.1 21.0 16.3 dek 9.0
47662 328 648 16.4 15.8 2.6 9.1
47664 B28 6.8 16.4 16.8 L6 9.1
47677 826 7.4 - 15.6 - 9.2
47729 330 8.9 i 15.8 - 9.3
44754 528 T2 16.4 18,7 2.6 9.0
47685 284 6.8 16.1 5.8 2.8 8.5
47661 316 Ts1 i8.0 15.2 2.4 8.3
47676 302 7.0 17.0 16.7 2e7 8.2
47666 308 T8 - - 5.4 - 8.4
47726 324 7.0 i16.4 18.5 2.8 -

@??53 312 - 18.% 16 ’& 2.5 -

Average 326 7.8 17.2 15.9 2.8 8.2

Hitrogen low diet

47156 . 268 6.6 14.9 1648 243 94

47171 268 6.6 13.6 16,8 2.3 8.6
47184 276 8.5 1841 16.0 2.6 9.2
47221 268 : 6.8 - 18.2 - 9.1
47236 258 : 6.7 13.0 18.2 2.0 B.9
47250 280 6.7 18.8 15.8 2.9 B.9
47317 - 256 6.6 15645 15.8 2.8 Bed
47526 286 6.6 bl 1&.3 - B45
47548 &S00 6,7 18.4 16.2 3.0 8.0
47596 296 6.7 . 16.3 16.0 2.8 -

Average 282 8.7 6.4 16,1 2.8 8.9
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