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INYROZUCTION

iig the study of nutritlion hrg developed into o sci- \
ence, investigzators in the fileld hove estrblishead criterin‘\\\
to use in Jud;;ing the aleauncy of a dietery repgine. These
criteria are baged on the renlization thret the dlet nmust
furnish the food nutrients needed by the body for the
aaintenance of normel physliolo~lcal functlons., The nutri-
tionist, therefore, concelves the adequate diet na one thot
will pronota growth and develomnant in the youn~ rninal,
nreserve the "gli~racteriatics of youth" in the ndult, enAa
suovort 1ife, renroduction, ~n! lrctation over o neriod of
ting nornel for tha speclesa. I the proceagas pre not
gustained from one generntion to another the speclies is
threatened with extinction.

Ilany of the ilmvortont dlscoveries in the field of
nutrition followed attenpts of investlgators to formulate,
for exnerimentrl pnincls,dlets that net the ncid test of
adoquacy. Success did not come erally or imnedlintely.
Firat, the nutritionigt wrg forced to solve the nroblen of
the dletary factors involvecd in the msintenance of 1life
iteelf. Althoush this renresented the ecslest teslk of oll,
early triels met with fallure. Yot until the vitemins were

dlocoverad and inforiwstion wra develoned an to thoir



distribution in fool nnterinls, 317 it become pos-ible

to nrenare ratlong of purified fool nurients —hilch were
adequete for both growth and neintenrnce. Although the
story of the fooi nuirients easential for ontin-l ner-
forimcnce or these fuuctlons 1s gtill inconvlete, todny
exveritental oninsls fed certnln svnthetlce dlets noy he
brought to the reprodnctive perio? in o viporong strte of
nerlth. “hile this hns nade L8 nogotble to atnly the
dletpry fnctora involvad in renroiuchtlon rn! lrct-tion,
the chrracter of the fool nubtrients necesarvy for nornl
neriormirnce of these funciions 1s atil® obmcure., It 1is
eviient, however, that the narls of the bhoiy Tor reonro-
duction ond lectation rre more connlsy tiirn thoae for
growth onl meintancnce. to loubt, forther stun*tes will
lapad to £ clerrer nlcture of the role hiltch tha now
recoimizaol factoras vlay in the neainton:nece of ;00! "mtiri-
tlon osnd popagibly to the Llacovary of other Lmmortent
Hetirvy eaventinle,

It 1s no wonder thet our knowlaedgae of the nutrients
necded for reproductlon is innlecurte when we consider the
nony and varied physlolosicel vrocesses iuvolved in the
revroductive cycle, each of which moy be influenced by
Hletary prodelure. Lventsg In the normnl course of renro-

ductlon that mey be afiected relcote to the nroduction of



gern cells, mrintensnce of gex intereat, fertilizeotion of
the ovun, invlsntation of the zygote with estshlis’tient

of placentel functlon, develonnent of n-~nmory (lania,

davelonment of the fetusg, onil terminction of cest-tion.

In the preaent investigntlon, we have been orinarily
Intercste® in stuwiyin ' the relrtion of nutrition to the
noriasl gequence of events in ore;mnrncy. A gestetlon con
be termed successful only if nerturltios is uncveontful an?
results in the blrth of vigrorous live youn., “any Aspgroes
of H»rilerl pestational frilure lle between o aucceasful
nerfornencs snd comvlete digaster, For exennle, werkllings
nay be born which survive for only » ghort nerlol; or there
mey be birth of both living ant ‘lendl youn:, or bhirth of
dend1 young only, or finrlly r~a sonetines oceurs, birth of
no youn:s at all., "'e have decignoted such geatoatlons ng
nortisl frllures, ~mnd one in hich death of both mother ona
fetus ocmma n8 n comnlote foillure.

Javerrl factors nny cruse nrrtlel or comnlete esta-
tlonul frilure. CGynecologints raecognize thot on ocrine
dyafunction, infectious agenta, inepbility of the fennle to
adjust her metrbollism to mcet the desmrnds ol the fetua, ond
inproper diet nmey 211 affect the charccter of gestation.

The dletery panscts of the onroblem ere especlelly interest-
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inge It is knomm that diet affects ovulation ~nd conula-
tion. Information is linites, hovever, in regrrd to the
relation of dlet to fertilization -nd imnlantation. If
the ovun is not fertlilized or the zy;ote not imnlmnted in
the uterine wrll, nartiel gestationrl fallure 111 result.
Experinental evidence indicates thnt no serlous consecuen-
ces on the peneral health of the fennle follow. On the
other hand, frilure of the imnlanted ovun to -develon
nornally nay Joopnrsrdlza the 1ife of both —otiwmr rnl youn-.
Abnormnl developaent of the fetus orn be trecel
dlrectly or iniirectly to melnutrition of the mother. The
natemel dlet may be deficlent in some food nutrient, so
thet the devclopnent of the fetus 1o hantlecomped by the
lack of a neceasary bullqdling mnnterial. For cxemplo, lodine
gerves as an actual bullding stone for the synthesls of
thyroxine in the fetrl thyrold glanil, Vitenin © rl30 con-
trolg the formation of new tissue, bu! in ~mother woy. In
cortaln specles 1t in kno'm to be essentisl for rnpit nro-
liferntion of cells in the fetus. Or arnin, the -llet of
the mother nay be olightly deflcient in aome substonce like
vitanin A, which is essentinl for the npintansnce of a nor-
nel endometriun. Degenerctive changes in the maternal

portion of the placants or of the
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endonetriun, in meny instences, leesed to the denth of the
fetus following stervetion or absor-tion of »roiucts of
legeneration. These substanccs, fineclly, cpuse the death
of the fanrle,

The quality of the dlet also con%rols Tet~l developn-
nent Indirectly. If the maternnl iletary 1s lachings in
sone substence which 1s nacessary for ths normirl metrbo-
1isn of the mother, a brenkdorm iIn naterncl metabollam
npy occur ~thich prevents the fetus from receivin:: the food
natrients thet Lt needs.  For exaple, the In-estion of
excessive amounts of fat, ¥f follownd by the denoc~ition of
exceas fat In the liver, cnuses s deren enent of netnbolign,
The prescnce of fot in tiie liver cells then 1imits the
storrge of plycogan, sausing vartl-l storvetlion of the fetns,
A liver londed with frt 1a nlso inceHable of detoxifyine
metrbolic pnroducts in the normesl -ianner. Under such cir-
cunstrnces, the fetus recelves metsbolltes which nre
acturlly injurious to n roHidly develoning orranism. In
elther case, the fetus Alas bafore bilrth, or, 1 it Jocs
survive oerturition, succunbe within a fow drya,.

Our knowled;e of the rensons for She anont:meous
terinination of gesta®lon which norn:-1lly occurg is unfortun-
ately too s8li;ht to pernit enything more than snecnlation

on the subject, but we have reason to believe that the
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physiological processes controlling the birth mechanian
nay be affected, also by dletary factors. For exemple,
experinental evidonce indlcates that 1f the dlet 1ia
deficient 1n the essentirl fatty nclidls, normal terminntion
of pregnancy does not take place. Is it easler for the
Termale to give Dirth to live youn than to dend feti? If
it 15, then the factors alrendy described which result in
abnormal development of the fetl loadl indirectly to faila-
ure in parturition.

In the preceding paragropha, idaas have beon advanced
which indlcate that the quality of the dlet of the nnter-
nal organisn nay profoundly affect the courase pregnancy
will follow. The manner in wvhich a dletary regime exarts
this influence 1s onen to intereating question ond theory.
The gsolutlion of the many problema nugrnasted offers n wide
avenus of annrosch to the studly of the food nutrionts

necegsary for reproiuction and lanotation,
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REVIE T OF LITERATURE

GESTATIONAL FAILURES OCCURRING IN ANIFALS FID INADUODATR

NIET3

8 the knovledl;e of the factors essentinl for renro-
duetion an? 1lretetion hns inoracsed, certein tyneg of
gestatlonal frllures hrve becone pgseoeletad wwith definite
Aetpry deflclenclea, MNlgorders of progaaney trrcesble to
thils cnuse can be nreventedl by the nd1'itlon of the miasineg
foolatuf?, In nrny crseg, She aui-ntity of mitrien” nronqa
ent In the Wet weo alscunte Tor the m-intonrnece of the
alult orgenlan until the str~in of nregnoncy was edded.
tixamoles of instrnces vhere dlet heos played n gsvecific

part in the resulation of reovroduction ere described below,

A Partinl Deficlency of Vitamin A

llason, in 1935, described tynicel pestertlonel feilurans
in rats mointeined on o Alet low in vitonin A, Fostertions
extoniing ee lon;: pa 26 days oand reaultin: in the birth: of
both 1living ~nd dead youn;: were observed. The fenele at
narturition weg listless anl showod consldernble Alatress.
Hue to a 1oug of tone In the mugcles, ghe hoadl dAifflenlty in

doliverin;s thoe fetl. The nl-centno were



usunlly not exnelle?, Often the fenmerles Aled Turins or
after Herturltlon. Auftopuy of rninsls %“illed vhen denth
geernad lmninent showed a varisble nunbar of pnd ~onil
1lving youn in the uterng. Tho fetrsl membranas hed
collapsed rnd r2sorption of the fetil wrs vell adv-ncei,
Uterine Infection, often accoemneniad by loe~l or genernl
seritonitia, weg a conatent finiinc. ¥ieroacovic ex-min-
~tlon of sectlona raperad from the nterus, Totl, rnl
alaceantpe showad that the fetug at-rved to loath ag the
reaull of o decransed aunaly of o001 nutrlents Tollowin -
the infcetlion in the uSerine well -~nid thae Injury to the
vlacentp, ‘hen vitanin 4 wra cdded to th»2 diet, the gea-

totlonal performcnce wesg normal.

Lack of Vitamin 3-complex

In the human beln;:, the nolyneuriil~ of pro;mmmney han
long been considere? ¢ toxonla ~hich ghould be treated by
imme ate evacuntion of tha uterus (Thittield, '89; ~n1
Berlcrditz end Lufkin, 'C?). However, obaervations mnde by
Jtrauas and lMeNonnll ('723) and Talkert ('35) auprast thet
the condition mry be due to n dlatary deficiency. e
wolyneuritis wes invoriobly nraeceded nnd pccomnenied by
narniclonag vonitin;;, which mnde the nbsorption of nlequnte
amounta of the fool nutrienta innosaible. ’'"ha necuro-

logierl aymntoms of penerel



weakness, nu:bness, r~nd mugsculer pain in the legs aopearerd

sbout the third or fourth nonth of presmancy. As the con-
dition progressed, the miascles of the legs, arns, thorsx,
and abdomen beorme paralyzed. Often a slight nnemins wos
nresent. The nlecrogecopic changes in the nerves were sini-
ler to those found in beri-beri and alcoholic neuritis,
Strausa and ileMonnld ('33) concluded from their clinieal
gxnerlence with tha aimintstration of vitrmin 3 commounig
thet the polyneurltia of »racrnancy 1lg gimllar to beri-
berl ~nd nry be cleaae? ng o Ilet~ry deflolency lseasne,
Ross ('55) atates thrt in North Carolins the inecid~nce
of nellarra emons wonen cnl the eclrningln retio rre porrl-
191: The natlentsa who hed eclemntlco convulsions frequently
subglsted on p ‘llet deficient in vitenin G, vitemin A,

vitamin C, and vitamin D,

Laclk of Vitnmin ¥

Another typloal plcture of pesteoticnel frilure observe
ed iIn rats 1s one associnted with a deficlency of the
vitenin ¥ content of the dlet. Ivana nnd Burr, 1in 1927,
describod pestations which anparently nrorressed normrlly
until the sixteenth or seventeenth day after coltus. At
thls time the oropgnint female besrn to lose welpht prad-

ually and consistently
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until she returned %o a»nroxinntely her norinl non-=grovid
welcht., Autonay revesled throt thoe fetl were all dead an?
in verying steoges of resorntion. Mlcerosconic examinstion
of fetl at the gixteenth or meventeonth day of the
nresnoney reverled pbnornalitiocs of the yol sac mnd
nllsntols and inconnlete develonent of the hemonolatic
tinsu2s. The ratarded develonmant of the fetng rasulted
eventunrlly in desth and reasortilon. The gdtttlon of

vitanin & to the let nrevented the loss of the youn::,

Lack of lagentirl Unssoturated FPotty Acids

Zvena and nils co-workers ('34) state thot "norarl
reproduction without the essentipal unseturrted fatty oclas
is impossible” (n. 433). The moat common dersn;cenent of
geastation noted by these authorg, In roata fed a dlet
deficlent in linolelc ond Linolenlc aclis was o long
geatotiion nortod of 25 to 25 days. Labor offtoen lnste? for
24 hours, with the delivery of both living ~nd dend voung,
Elrhty ner cent of the youny were borm derd. The youns
born alive were wea'™ ~nd amnll (averpgn weight, 4.0 gm.)
ond dled asoon after birth. The foralna were grently wepke-
ened by orolonged labor ot narturition, nnd 6 »ner cent

Adled Anring labor., Abhout 20 ner cent of t':e fenrles
=)
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falled to ;;ive birth to 2 litter, »lthough they hedl
shorm avidence of imnlentnrtion. Autonsy of two pcninels
on the nineteanth onad trenty-third days of gestetion
revealed dand and necerated fetl. fThe cornors luten were
white snd chelky. The adlition of increcaod rnounts of
cod liver o0ll, corotene, and vit~min 7 had no ~oonrent
influsnce on the ‘'lsorder. However, the atl7ition of the
unanturated fatty epclis rllovinted the co i tion., In on
extonslon of the Invastipetion, llacder ('37) showed Shint

the intre-uteorine deeoth of the fetl wers e to stervation

following degenoration of the mrternrl deciiun.

Laclk of Caloclun

It has long been reco;nized theot the mrternal orpen-
1a:n will, Af necessaary, draw celclun fron her owm skaletnl
tissues to furnish the fetua with an elecucta supyly of
this eclenent. The nhyaloloe;-lcel adlustment thus nnde
betwoen the mothor and feotng mnles 1t Jiftficnlt to assry
the effect of o lowv-cnlcelunt Jdlet unon pestatlion nlona,
Howover, 1in 1911, Hart, 3teonbock, 'eCollum, enad lumphrey
found that if the ration of o»regnont covs wng limitat
entiraly to vhest-hny nnd wheat-graln nroductc, the cnlven
tere born prennturely ond lnverinbly were denrd. On the

othier hand, cowg feld a ratlon derlvad antirely from the
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corm plant were nble to vnroduce vigoroug live young.

IT colciun in the form of ilnorgenic goltsc was sdiled to
the dilet of ~hert products, thc cows were able Lo oroiuce
1iving; cnlves,

"pcomber ('27) hng further stulled the effect of low
celelwn Intrke dAuring pragnrney.  He fount thet 1L oregment
Terirle rats were fed o dlet low in aplcin, the intrr-
uterine nortelity of the young wog ineransed p< comrred -1
thet In the conrol proup. Although the number of cororn
lutes per oregnency wes nerrly identlcel for the two grounsa,
the fenrles on the low=calciun “let proiuced fewer live

younyg: thrn 144 the rata fod the pdrounte 1tiet.

Lo Of IO":i‘lne

As early as 1870, fermers in Michlien reslizold thnt
hey could pravent logges in <domestic anlnnls Aua to enlenic
soltor by the fecding: of a certrin crude srlt., In sone
arecs In Crnede, onormous numtera of youn:: srnlncls were lost
enchh Y=oy Que to thyroid dlsense. The youny were “orn wlthe
out helr end 1o many cases with p nerke? enlergaaent of tho
thyroid. The mrjority of the youn: wers Lorn dead., 'The
young bom pllve died very shortly. 9nith (17) as well as

Hart anl dteenbock ('19) denmonstreted thet the conditilon wags
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Alrectly reletod (o lack of 1oiine In the diazt of %he

—othaor.

Lack of Iron

If neno;lobin values niny be taen sg o nacsure of
vhygslolojierl well-bolng, the gqueatity of iron in the
dlet of the motler divectly efUecls the vigor of the
yorny: ot blrih. Alt ('33), for exemple, showed thsg
while the totrl boidy iron storng of the flret 1itler nroe
dvead by femrles on ¢ low-iron diet wors onlv all;htl-r
below noranl, the youn: of the sccend 1litter hre? only one-
fourth of the norm~1 Airon reserven. The concnnbtrrtiton of
henoglobin In tha bloo! of tha youns of th's litter wng
rlso deoreased. As milk hag o vory low lron content,
suckling; aninels must donend uonon thelr own rrnaervaa of
iron in lliin;: hiemoilobin, If the iron reservog of the
liver arec low ot dbirth, the youn ' 10y not be ~ble to
syatheslze henoplo’in ranldly enowh to davelon in a normanl

mannei’,

L.ack of Proteln

Very few experimonts hrve bien renorted in the litera-

turs dexling rith the effecta of eilther » deficlent quentity
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of proteln or a poor qurllity of »nrctein in the dlet unon
pregnency.  One of the asrlieast exnerlinents of this nature
wrg made by Hart, lslson, ond Pitz ('13). These investi-
cators fed vregcnant rats o -llet which they helleved
deficlent in lvsina, The youn; when born pooerre! normr-l.
Howvever, the dlet used contolned 0.5 to 3.0 »ner cent yeast.
In the vliew of recent work o1 the raculvements of lysine
for nnintenrnoe (Alcock, '36) an? the lycine content of
yeast (Csonke, '35), 1t geena probable thst the 1let wag
not deficlient in thisg ~mino nci.

segera ('27) found that 1f presnant rota were fed
elther a nitroen-fres Alet or a Alet contrining 10 par
cent gelatin as the sole gource of vrotaln, no young: —ers
born, However, 1f thoae ilots were not fel untll aftor
inolentetion had occurred, the fawrles wore able to oroluce
1ittera, The youn: in the 1littera, however, welphael less
at birth, snd contrined less totn)l nitropen an well oa lenn
nitroien per gren of boly welpht than did the youn: of

control rats fed an adequnte iiset.
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GESTATIONAI, FAILURIS CCCURRING IN ANIVAL3 FUD A
SUPTOSTNY ADTOITATE DIET

In 1933, the Arerlcan Co nlttee of tlatermanl elfaras
reportad thoet 30 por cent of the mnternsl deasths in this
comniry were due to thes go-crllel toxemnlng of nreimnancy.
MoTiroy ('538) found that about 20 per cent of the ntermal
deaths in England could be traced to eclomngia.  Although
ecloinnsla rnd the asuscclated toxenirs of prermency are
clogely related to gestetlonrl fallure in hunen belngs,
the gtlology of the condition 1s still obgeure.

In a stndy of causes of ‘dlsturbences of pregnoncy, it
gseeng nartinent to trece the sinllarities in patholo;:ical
Tindini’s agsoclated with gestationnl dlsturbances in non,
dorestic anlels, snd exverimentsrl anlnals {ed gunvosedly
adecurte dieta. In the canse of nmrn and the domestic rni-
nrlo, 1% 1s necesarry to asasu-e that a et -~hich vreventn
grosas ovidence of the deflclency ‘isergses In the non-
pregnent atete 1a adequrte in the knovm Aletary egsentirls,
loweve r, in the cnae of exmerinentel rni-pla the aleanrcy
of the dilet in the various fool mitrients ¢rm bha accurrntely

chackal,
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Potholosicel Flndings

From reports in the literature desling -ith the
nathologleal changes that occur in the Alaturbrnces of
preprnoney noted in the vnrlous specles, datr ey be
obtr-ined on the aynwtomnrtolosry, the verintlons in the
commosition of the bloocd and urine, end the microsconic
leslona obgervel iIn the varlous or;:rng. Some tynicel
nathologilcal finding's ~re describod below,

A wide range of symptonsg hrs hesn rencrted for the
toxemics of pregnancy, but the most common are hynar-
tenslon, vonmlting, aslbufinurin, rnd edenn (Crulckshank,
Hewitt, and Couver, '27; McIlroy, '38; DoLece, '13; nnid
Rowe, 132.) Individuel investl;:atora believe thot the
aphaprrance of one or nore of these symntons mey be pn
imnortent wermning of an ensuln;: toxenmic condition.
Si11nll and Yaok ('33) congiiered edena nlone to be pn un-
lmnortent agymntom, ns modarate erena occurs frequently in
normal presnent women, However, those ecuthors conaidasred
that the sirmultoneons nresence of edemn, hypertension,
and albumninuris indlcnted o toxemle condition. On the
other hand, Dleckmenn ('33) believed that the nnnearsnce

of albuminuria n»nd hyvertension, with or without edenp,
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wog tndicative of a toxenin.

lany subjective sy into's have be~n reported by
difverent inveatigetorag., Thess aymntonms inclule guch
oculnr dlsturbrnces as logss of nersvective and loss of
visuel aculty (Basden, '37; NeLee, '13, rnd Howe, '32).
In ad'itlion, the literrture contring mrny references to
¢ general feeling: of malsise In the toxlic wo rn. Sone
natlmte werz reported as feelin: letharsiec (Voo ont
Wix, '33); others, irritoble (Theobrl, '35). MNona of
theae subjectivo symntomag ronenrad to Lo definitely
gasoclaoted wlth the toxic condition, r~nil were »nrobaeblv
indicative of r penernl metabolic -ilsturbencee.

A chenpe in the energy metabolinm ey constitute n
symntom of develoning toxemle. Colvin ~nd Bertholomew
('39) found that netlents in enrly premmrncy with p ban 1
netnaholic rnte in the lower 1limltg of the normanl vrone
ghould be corefully wrtcoched for eviidence of toxenmin., In
thelr exnerilence, women who developed eclomnoln exhiblted
0. lov metabolic rate enrly in pregnnncy. The metabolioc
rote then rose sharply to abhove tho normnl level when the
gynptons of toxemis spoeared.

Hetabolic dlgturbonoes are reflectoed in the comrosition
of the blool and urine. A certroin -dilution of the blcod 1ig

norarlly assocleted with nregnoney (Liecktmann and Yegmer, '33).
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dewitronn In 1983 renorted that the Illutlon of the bHlood
we.s incrersed in ore-eclonmntlic crass. The dilution was
reflected In 2 lower concentration of hamoglobin, r
decracsed «uw ntity of agerun protein, end a lower ocli
volwie per cent. Strnder end Cedden ('54) bellieved that
the high uric acld content of the Llood In pre-eclinmtic
aid eclrapulc cases waas the oat lnportent chengs in the
counosition of the blood., The sane anthors (Codlen pnt
Stander '39) reported thit the il h level of urlc nold in
the blood was neintrined in cclrmmtic onbtlents notwith-
standing nornal excretion of tha acld. i-:>zienn (133)
felt that a lovered cerbon-110xiie combining: pover of the
blood wes an imnortent factor in the eclamotlc crses,
Another frirly congtont finitin: In the convulsive mntienta
weg o 1ov eolclun=»ohosvhorus ratlc  dus to » nieried
increrge in irnorgnonic nhosohnorug in the hlood,

Slepal and Uylle ('55) renorted thrt bloo? surr finla
in;is ¢re of intereat 1in nre-eclomvtlic ond eclaivtic
wablenta, In the protlents that they atudled, the vra-
scl.mpbic cases ghowen hyvoilycenle while the eclamptic
onea exhibiied hyperglycenin, The puthors believed the
hynerglycenie was probebly caused in nart by the convil-

along. Thege puthorlities eclso felt that o day by dny study
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of the concentretion of blood su,or in nre-eclemntlcs
showed that these natlents vere suf’ering from en
unstnble carbohydrete retebolisn. Leys en ifclora ('35),
however, found thot nelther hysoglycenis nor nyoer:-ly-
cenla wes a constant factor in eclninsir.

In cases of eclq-mnals, Boyi ('35) found & hich ratlo
of phosphiolinli tc total chwolesterol in the bloo: serum,
ler observatlonsg sre esonncinl'y Interestin. =han it is
considered thot a simltl~ar ratlio hes beam fount in the
bloo! serun of eollasticas. Bertholomew pant Kracke ('35)
ranvortel & level of totcsl cholegterol conallerebly rbove
the nornel volue in the blood of gelanntic ~nd nre-ecclenn-
tlc nstients,

A rise in blood guenidine which lnstel ~ga 101 na the
toxlc state oxisted heos been obgervel in vnatianta with
gevere ecleamnsis (And~s, Anlcg, and liyers '37).

The moat congtant chenge thet hrg been notedl in the
urine by nany inveatijators 1s an increrge in the albumin
content. As to the other conatituents, the ranorts in the
l1tercture are confllieting, due nrobably to ALfTeoroncen
in the classifleatlon ol the toxenmlas sond iIn the blochem-
1cal methods used in atudyin;; the disorder, Crukighonk,

Hewitt, end Couoer ('27) concluded thot in vre-sclemmtic
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cases the total nitrogen content of the urine was
deoreased due to a low excretion of urea. The signif-
lcoance of the presence of sugar in the urine has been
much debated. A slight galactosurla follows the
inltiastion of mommory develonment in normal patients.
MoIlroy ('38), however, is of the opinion that patients
showing glycosuria should be examined for toxemia
because the appesrance of sugar in the urine might indi-
cate liver damage. In a paper published in 1937, Savape
and Wyllie reported a mnarkedly lower excretion of estrin
in csses of pre-eclampsia. The avallable datn on the
composition of the urine in the toxemias of pregmancy are
unfortunately limited to pre-eclamptic csses. In
eclampsia, oliguria and anuria make 1t imposaible to
gsecure enough urine for chemiocal anslyses,

Hany obstetricians have studied the histo-nathology
of the liver, kidney, and placenta in the hope of eatob-
lishing the primary lenion in eclasmpsin. While thers
cpparently 1s alwoys some injurmhghepatic tisoue in such
cases, the types of leslons desoribed vary widely. Irving
('36) reported neorosis, hemorrhsge, and fatty degenera-
tion in all portions of the lobules. DeLee in 1913 noted
simllar changes in liversa obtained at necropsy. However,

after the examination of livers from ten cases of eclamnsina
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Bell ('26) oame to the conclusion that while a variety of
lesions were present, none could be considered typical of
the conditlon,

A atudy of the lesions pressnt in the kiineys of
eclamptlio patients has been comnlicated by the variable
anount of infection which may be pressnt. Bell (!'36) be-
lieved that a characteriastic lealon of the glomerull
occurred in eclampsin., The glomeruli avpeared enlarged
and the basement membrane of the canillaries seemed thiok-
ened. 8chwarz and Dorsett, as quoted by Murrey and Hrent
('38), reported similar lesions of the glomerular capil-
laries. Kellogg ('31) states that Hertig found lesions
similar to those desocribed above in the liver ~n1 kidneys
in a case of pre-eclamntic toxemia.

Lesions in the heart have not been widely stulled.

However, DeLee ('13) roported that he found degenerative

changes of a fatty nature in the cardiac muascle accomnanied

by necrosis and hemorrhage.

Young, according to Bartholomew and Colvin ('38),
firat assoclated the acute tyve of placental infarct with
the toxemias of pregnancy in 1914. Bartholomew and Colvin
in 1938 related rupture of the placental vessels and
thrombosis of the villous ceplllaries to eclammnsian. In

1936 Bartholomew and Kracke also desoribed the presence
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of large fot cells in the endothelium, vhich distorted
and narrowed the lumen of the amall placental arteries.

Detalls of the histo-nathology of the varlous orgens
reported in the literature will be discussed later,
In enimals other than man

During the last fifteen years, reports have annerred
in the llterature dealing with a dlaturbance of oreg-
nanoy which ocours spontaneously in sheep fed a
supposedly adequate dlet. The condition has been widely
studied both in various geotions of this country and in
England. By combining the reports of various investigo-
tors (M'Fadyean, '24; Flder and Uren, '35; Roderick and
Harshfield, '32; and Dimock, Healy, ond Eullurd, 138),
i1t 18 posaible to obtain a fairly complete plocture of the
condition. The majority of the cases ocourred in the
winter and spring months in ewes carrying more then one
lamb. The onset of the disesse was sudden; the affected
animals seemed normal to within a few hours before the
firet appearance of aymptoms. Frequently, peoor mugcular
ocodrdination end either extreme lethargy or extreme
irritebllity were the first symptoms noted. There avvear-
ed to be a progressive loss of visurl aculty leading
eventuzlly to total blindness. The affliocted snimals

H
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elther becsuse of hblindness or of some mental aberration
tended to walk in circles.

The animals had 1little or no apnetlite but sesemed to
ocrave water. In the early stages of the dlsease, the
onimels ground their teeth together. As the condition
progreased, respiration became very labored and rapid.

At the first onasst of the symptoms the animals tended to
leen agrinat any avallsbla supoort. The head wns aither
retracted or drouping., In the terminnl steges of the
disense the animels becrme prostrated nand pnssed into a
cona. OConvulsions occurred at irregular intervals.

Often the odor of acetone could be detected on the breath.

In the slck ewes there was seldom any snontancous
attenpt at parturition. However, i1f parturition, either
aponteneous or induced, ocourred, the sick animals
improved ranpldly. Even no, aporoximetely 90 per cent of
the slcok animals died (Bergman, '35).

Complete gestational fallures of unoxplained origin
have been desoribed in gulnea pig, rabblt, and rat colonies
maintained in verlious experimentol laboratories. Such
colonies were fed dlets belleved to be adequate, The
syndrome accompenrying complete gestational fallure in these
experimental animalas wes very similar to that desoribed in
sheep and in human beings. Smith, in 1913, described s

.M

rdaipiiineed

B DR AP SRE b e ik A S ia



PR TR

- 20 -

disturbance of nregnancy in femele guinea pigs which
resulted in death just before or after parturition.
This condition was observed only in the wintser months,
The chief symptom noted was extreme lethargy. When the
animels that dled before parturition were autopcled,
fully developed young were found in the uterua.

Greene ('37) studied very carefully a similar dis-
turbance which cccurred in pregnrnt rabbits. He believed
that syndromes comparable to those in pre-eclemptic and
eclanptio cases in human helngs occurred in pregnant does.
He also felt that desertion of o litter by the mother
might be the result of a mild asymptomatlic attack of tox-
emia. The picture presented by the toxic does was
amazlingly similar to that desoribed for the sick ewes.

In a typloal fatel attack, the onset of the symptoms was
sudden. On some occasions an animal was in anparently
excellent health not more than one-half hour before death.
An extreme lethnrgy and ooor muscular coordination were
usually the first symptoms noted. The halr became rough,
the eyes lustreless, and the ears cold, as the condition
progressed. In every case dysvnea, cyanosis, and acetone
breath were observed. Although anuria was the rule, the
animals snowed evidence of extreme thirst. The rabbits

frequently passed into a comatose state before death,
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either with or without convulsions.

Hartwell in 1927 descrlbed the death of pregnant rats
following the ingestion of a synthetic diet which was
thought to be adequate. The gravid fensles became coma-
tose toward the end of the gestotion period. Convulsions
ocourred frequently before death. Hartwell in desoribing
the condition of the animals wrote, "The mothers apparent-
ly died from internnl hemorrhage; their paws and tongue
were qulte white, thelr muscles very enaemic nnd the liver
appeared bloodless, The young seemed normel in all
respects." (p.1080)

In the Nutrition Laborntory of the Foods and Nutrition
Department at the Iowa State College, both partial and
complete gestationel failures have been observed in
animpls fed a supposedly adequate dlet. The diet used
was synthetio except for the source of protein, which was
dried, canned nutoolaved pork muscle, incorporated in the
dlet at a level equivelent to 16 per cent of protein,
Dyar ('38) found that it was impossible to rear three
generations of rats on the pork-containing diet, becsuse
no young were born to secondegeneration females. In the
first generation, only 45.0 per cent of the young born
alive survived until seven days after birth; in the

second generation, only 23.4 per cent survived. A compo-

|




rable percentage for animals in the stock colony as
reported by Earhart ('35) was 71l.4. The high mortality
of the young of females fed the pork diet probably was
due to a disturbance in gestation, which resulted in the
birth of weaklings. Similar results in animals fed the
pork-contalning dlet were noted later in successive years
by Wellman ('36), Wilcox ('37), and Walliker ('38).

Dyar, in 1935, also reported complete gestational
fallure in 33 per cent of the pregnant snimals fed the
pork-containing diet. In 1956, King reported a 10 per
cent mortality of pregnant femnles fed the basal pork dilet
and one of 70 per cent when 0.5 gm. of a liver extract was
added as a supplement. The following year none of the
rate fed the basal pork ration died, but 30 per cent of
the animals given the basal dlet supolemented with 0,6 gm.
of leoithin dally were lost (Wilcox, (37). For the year
1937-1938, Welllker reported that 10 per cent of the female
rats fed the basal pork ration and 20 per cent of those fed
the same pork dlet supplemented by 10 mg. of lipooalol died
at parturition.

Irreapective of the dlet fed, the symptoms vresented
by animals that died at parturition wers esasentinlly

uniform. The onget of the condition was sudden. The

I, Ei1 Lilly preparation
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aninals eppeared to be in perfect health until the twenty-
firast or twenty-second day of gestation. Often animals
which were apparently normsl ot 10 p.m. were found deat'at
8 a.m., and those in good condition at 8 a.m. were some-
times dead st noon. The presence of blood in the urine
was a waming of an approaching toxemic condition.
Although the majority of tﬁe anlimals thot died exhiblted
hematuria, not all the rats with bloody urine became
"toxle." The first symptom noted was that the snimrl wra
cold to the touch. As the condition progressed the hair
stood erect, the ears and feet became cold md pale. The
anlﬁal by this time was very limp. Freauently the silck
femnle shlvared violently and ground its teeth together.
In the majority of cames the hend was retracted. The glok
animals made no effort to eat, but tried to drink water.
A slck animal was unable to sunport her heal snd rested it
on a food ocup. Death was usually preceded by convulsions.
The naJority of the deaths occurred during convulsions,
The condition of toxlc sheep, rabbita, and rats stud-
led at autopsy presents certain similarities. Roderiock
and Harshfleld in 1932 reported that the pregnancy

disease in ewes was accompanied by abnormalities in the

I




liver. The organ often appeared enlarged, friable, and
pale yellow in color. Upon microscoplic examination, such
livers showed varying degrees of fatty degeneration and
fatty filtration. These findings were confirmed by Elder
and Uren 1n 1835. A similar condition of the liver has
been reported in guinea pige by Smith ('13), in rabbite
by Greene ('37), and in rats by King ('38).

In the sheep the lungs appeared normal, in contrast
to the marked edema and congestion of the lungs accompa-
nied by hydropericardium and hydrothorax observed in rats
and rabbits,.

If the sick ewes were autopsied soon after death, the
lambs were found alive (Roderick and Harshfield, '32).

On the other hand, the fetal rats or rabblits were usually,.

found dead, Arrespective of whether the female died or
was killed Just before death.

Judged from the symptoms exhibited by animals gsuffer-
ing from pregnancy disease, the condition is remarkably
similar in sheep, guinea pigs, rabbits, and rats. Also,
the disturbance seemas to be closely related to the
toxemias of pregnanoy which have been noted in human

beings.

peopy
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Theories of Etlology

Many theories have been advenced as to the cause of
the toxemias of pregnanoy, and numerous investigators
have attempted to reconstruct the sequence of physio-
loglical events which oulminates in a toxic condition.

Of the hypotheses suggested, no one explains all the
known phases of the disease. In general, it may be said
that all the symptoms noted appear to rise from some
fundomental blochemlcal disturbance. It is convenient,
even though many of the ideas overlap, to consider the
various theories regarding the etiology of toxic states

in two large olasses; 1.e., those dealing with defeots in
maternal metabolism, and those dealing with defects in the
placental metabolism and struoture.

If the outcome of pregnancy is to be successful, the
mother, as geatation progresses, must adjust her metabo-
lism to meet the incoreasing demands of the fetus. Some
workers feel that an inability of the maternal organism
to live in symbiosis with the fetus gives rise to
general metabolic disturbances, and that these are respon-
sible primarily for an ensuing toxic condition. Others,
however, do not ooncede this premise. In their minds,

the metabolic upsets represent secondary lesions following




infection, endocrine dysfunction, or dletary deficiency.
Unfortunately, 1t is impossible to separante completsly
the influence which these factors exert in disturbances
of gestation, but an attempt will be made to evaluate the
aignificance of each.

Maternal metabolic defects
Hetabollc upset as a primary cpouse-- With the onset

of pregnency, en adaptation of physlological functions
must ocour. If this adjustment 1s made with diffioculty,
deranpgements in the maternal metrbolism result. They may
be refleoted principally in disturbances of nrotein,
weater, nnd ocarbohydrate metabolism.

The theory that altered protein metabolism im
etlological agent in producing toxemia was advonced by
Strauss in 1936. He believed that the edema noted in
eclamptic patients was due to a hyponroteinemis which
resulted in a lowering of the ocolloid osmotic pressure of
the plasma proteins. The bases for considering hywopro-
teinemia as the chief cause of water retention in
pregnency may be sunmarized as followa: (1) the water
retontlion of pregnant women during the administration of
sodium splts 1s inversely proportional to the colloid
osmotic pressure exerted by the plasma proteins; (2)

pregnant women who do not exhibit edema but have a low
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concentration of proteins in the plasma lose weight
readlly when given a diet contalning 260 gm. of protein
and an adequate amount of calories dally; and (3) the
amount of welght lost is inverasely proportional to the
level of the osmotlic pressure of the nlasnea.

Others have propounded the theory that if a de-
ranged metgbolism is a causal factor in toxemias, the
blood and urine should reflect the condition. However,
in a study of the partition of nitrogen, Rowe, McManus,
and Riley ('34) found that the only marked deviation from
normal in the blood of eclamptic patients was a rise in
the urlic acid content.

The metabolism of ocarbohydrate by toxic patients has
also beon studlied in several laboratories. When the
relation between the level of blood sugar.and diabetioc
coma and convulsions is considered, the research into the
carbohydrate metabolism of toxemlc patients should yield
important data. However, results have been rather dis-
appointing. In 1838, Rowe, McManus, and Plummer conclud-
ed from studying olinical ocases of toxemia that the
changes in quantitative sugar content of blood or urine
were relatively unimportant. However, they felt that '
when sugar tolerance teats were used as the criteria,

marked changes in the metabolism of the toxic patients
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could be noted. These changes were apparent in a decreasg-
ed tolerance for galactose and levulose.

Titus and Dodds ('28) also suggested that the primary
faotor in eclampsia might be a disturbed carbohydrate
metabolism. There was, he believed, in cases of toxenia,
a deoreased intake or absorption of carbohydrate with a
congequent depletion of the hepatioc glycogen astores. The
liver thus deprived of the protective action of glycogen
was injured and falled to function normally. These
authorities believed that the convulsions noted in eclamp-
sia might be controlled by the administration of gluocoge.

Infeotlon as a primpry cauge-- The theory that renal

and vascular infeotions are the underlying causes of the
toxemias of pregnancy has been advanced by Peters and his
co-workers ('36, '37, and '38). Peters belleves that a
counterpart might be found for nearly every syndrome
desoribed as a toxemia of pregnancy in cases of chronic
pyelitis, hydronephrosis, and pyelonephritis uncompliocated
by pregnancy. He quoted ('38), for example, the casge
histories of three patients with ohronic pyelitis who
developed convulsive selzures at a time when they were
nelther pregnant nor in the terminal steges of the dlsease.
In an analysis of the data avallable at the New Haven

b




Hospital from 1922 to 1935 inclusive, Peters found that
13 per cent of the patients suffering from toxemia also
had pyelitis. At autopsy the presence of renal infection
was conflrmed in 11 cases out of the 25 studied. Peters
('36, p. 916) suggeste "... the role of pregnancy in the
etiology of toxemias may be mereiy to accelerate or
exaggerate the progress of a pathological condition which
is of itaelf capable of producing a similar plcture in
the non=-pregnant subjeot, evoking an acute explosion or
exacerbation of the dlsease."” 1In papers published in
1937 and 1938, Peters repcrted that 40 per cent of the 68
cases of eclampslia studied presonted a history of previous
renal or vascular disease. He reiterated in these papers
his belief that the symptoms of toxemia were those of
arterial and renal infection and were not due to henatic
and metabollic diaturbances. This view, however, has not
been widely accepted. Most investigators seem to fesl
that while infeotion is often present in the kidneys, it
i1s elther colnoldent with or subsequent to the initiation

of the toxemic condition.

Endoerine dysfunction as a primary csuse-- Patterson,

Hunt, and Nicodemus have advanced the intoresting theory
that hypothyroidism is the primary etiological agent in
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the toxemias of pregnancy. These investigatorc argued
as follows: There 1s known to be a marked hypercholeg-

teremia 1in pregnsncy which 1s exaggerated in the women

‘who develop eclampsia. When desioccated thyroid is

administered during pregnancy, the level of cholesterol
in the blood falls within the normal range for non-
pregnant women. However, if the administration of
thyroid is discontinued, the cholesterol ocontent of the
blood rises. Therefore, they suggest that the hypocho-
lestersmia of pregnency is due to sub-olinical hypo-
thyroidism. During pregnancy, any hypothyroidism
present becomes accentuated due to an increased metabo-
lism., If the maternal organism develops hypothyroldlsm
and subsequently hyperoholesteremia, the same condltions
will appear in the fetus. In this case, the excess
cholesterol in the fetal blood ie deposited in the walls
of the placental arteries, causing an endarteritis. The
condition may become so severe that the arterial lumen
is ococluded and placental infarction results. Toxins
then liberated by the degenerating placentanl tissues may

produce a toxic sotate in the mother.

Simultaneously, the hypercholesteremia in the mother

may injJure the renal epithelium. If the combination of
renal inJury and absorbed toxins from the placenta




becomes severe enough to cause anuris, the sequence of
events known as eclampsia will follow. If, after partur-
ition, the thyrold is able to maintain normal metabolism,
the level of blood cholesterol will fall, the choles-
terol depogits will be abgorbed and kidney function will
improve. Howsver, if the matermal hypothyroidism has been
severe enough to cause an sbsorption of a large amount of

fetal thyroxin, the maternal thyroid may not be able to

-maintain metabolism following parturition. Then the

blood choleaterol rises, accentuating the kidney damage.
If injury to the kidney is great enough, eclampsia may
result.

In support of this theory, Patterson ani his col-
leagues reported that pregnant rabbits subjected to
oomplete thyroldectony invarliably died with convulgsions a
few days before term. Tﬁe cholesterol content of the
fetal blood taken at sutopsy was 200 mg. per 100 oo, of
blood, as compared with a value of 80 mg. for the blood
of fetli from normal does. The thyrold glands of the feti
taken from the thyroldeotomized does showed hyperplasia
and evidence of hyperactivity. The maternal orgenism
under these circumstances was apparently using large

amounts of fetal thyroxin. The drain on the fetal thyroid

b
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in turn resulted in fetal hypothyroidism and hypercho-
lesterenia. Seotions of the placentse obtainsed in such
canes showed severe endarteritis of the placental
arteries.

Vorzimer and his collengues ('37) have taken the
view that in their exverience the mejority of women who
develovo a toxemic condition during oregnenc: have had a
constitutional habitus which in itself was indicative of
some endocrine dysfunotion. Among the charaocteriatiocs
which they considered important as presaging a toxemis
were obesity, abnormal distribution of hailr, "acromeg-
loid" changes in the fncies, a malse snd vrimitive type of
pelvis, and a low basal metabollc rate. One or more of
the above characteristics occurred in 98 ver cent of the
120 toxic patients studied by Vorzimer and his co-
workers, as compared with 15 per cent in the 100 normal
control ocases. Moreover, §0 per cent of the toxio
patients exhibited two or more of the cheracteristica.

A great deal of attention hns been paid to the role
of the posterior lobe of the pituitary in producing the
toxemias of pregnancy. Feuvet ('33) has shown thnt edema
and increased blood pressure could be induced in non-
pregnant animals by the injection of extracts of the NoOg=-
terlior lobe of the hypophysis. From these obgervations




he argued that the eclamptic syndrome might be produced
by a pathological hyverfunction of the vars nervoxa of
this gland. Anselmino, Hoffman, and Kennedy in 19032
reported that the intravenous injection of prenarations
of the post-nituitary to unanesthetized dogs resulted in
hyperglycemla, a lowered COo-combining power of the blood,
end an increase in the inorganic phosphorus in the blooA.
8imiler changes 1n the blood have been reported for
eclamptic women.

In addition, Anselmino, Hoffman, and Kennedy ('32)
found excessive amounts of antidiuretic and pressor prin-
cipals in the blcocod of women suffering from eclampsia.
These investigators agreed with Fauvet thnt there was
probably aAhyperfunotion of the posterlor lobe of the hypo-
physis, but added thet hyperfunotlion was accompanied by
some disturbance of the normel balanoce between the pitul-
tary snd thyroid glands. It is of interest to note at this
point that other investigators, suoh as Byrom and Wilaon
('34) and Hurwitz ond Bullock ('36), have been unable to
demongtrate unusunl amounts of pressor and diuretic prin-
ciples in the blood of eclamptic natients.

Greene ('37) observed extensive histologlcal changes
in the endoorine glands especially in pars intermedia of

the pitultary. He feels that these changes are closely
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connected in some way with the disorder of pregnancy in
rabbits,

Dietary deficlency as a vrimary cause-- In discuss-
ing the relation of dletary deficlencles to the toxemlas
of pregnancy, Theobald ('35) goes so far as to sey;
"Therse is no such thing as a toxemia of pregnancy if by
this term a toxin or toxina peculinr to pregnancy be
postulated, and the manifestations enumerated . . . ere
exproessions of dletetic deficlency or deficiency dlgense,®
p. 1031. Hoe believed calcium to be the most essentinl
substance in the diet, his pnremise being that a calocium-
poor dlet results in henatic dysfunction, so that the

liver can no longer detoxify substances absorbed from the

. bowel. The presence of toxic substances in the blood

stream then injures the whole body including the kidneys.
Theobald based his contention on extensive clinical ex-
perience in treating patients with a toxemia of pregnancy
by means of an adequate dliet well-fortified by caloium and
the vitamins,

Btrauss ('35) belleves that an adequate protein
intake 18 an important faotor in the nrevention or cure of
the toxemias of pregnancy. He treated 15 women suffering
from pre-eclampelia with a dlet rich in protein and the

vitamin B complex. Each of the women showed a loss in
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welght readily attributeble to a decrease in edema
together with a gradual decline in the toxic symptoms.
Five other women in a similar toxlc condition were given
a dlet of approximately equal caloric value but low in
vroteln. No loss in weight oocurred, and two of the
women became worsge during a neriod of two wee:s. He,
therefore, concluded that the immrovement in the first
group of women was due to an increasssd intake of protein.
The protein intake has a marked influence upon ths level
of protein in the blood. It 1s possibla that if the body
is losing protein because of renal injury, an exocess
anount of thla food nutrient must be ingested if the
blood protains are to be meintained at the normal level.
Harden, MoEllroy, and Huggins ('36) also have suggested
that eclampsla occurs Af the concentration of the blood
proteina 1s decreased.

Several investigations have pointed to the posaibil-
ity that the disturbance of prognancy noted in rats mey
have a dietary basis. The work of Hartwell ('27) sug~
gested that the quality of fat in the dlet might be an

important factor. Pregnant rats fed a dlet composed of

caseinogen, potato starch, marmite, salt mixture, butter,

end cod liver oil frequently died in convulsions near

term. However, rats fed a silmilar ration containing

o
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8lightly more caseinogen, less butter fat, and no cod
liver oll were able to produce five or six littersa.

In the laboratory at the Iowa State College, the
Teeling has grown that the disorder of pregnancy noted
in rats nnd belleved to be analogous to eclompsia in
wonen 18 due to a dletery deficlency. The evidence upon
which this hypothesis is basmed is described below. The
rats developling a toxic condition were maintained on a
besnl dlet containing 25 per cent of dried autoclaved
pork muscle. If the nork content of the diet wes in-
creased to 50 per cent, the number of fatslities was
deocreased. Then 1t was found that a diet identiocal to
the basal pork ration except that beef was subatituted
for the pork at the 50 per ocent level wag onpable of
supporting reproduction into the sixth generation.l

Attenpts have been made to identlfy the mlasing
factor by adding various supplements to the basal pork
ration., Of some 25 different materisls used as supple-
ments, only two besides the large emount of beef ocepused
en improvement in gestational performance. Rogosheski
in 1936 reported that when the basal pork ration was
fortified with 2 gm. of fresh liver daily, the reproduc-
tive performance of the females fed this diet was equal

1.Unpublished data in the fisa of the Nutrition Laboratory
at Iowa 8tate College ;
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to that of the animels in the stock colony.

The second substance which proved to be effective
was llpocelc, a fat-metabolizing hormone isolated from
the pancreas by Dragstedt and his co-workera (!'36). Only
4 mg. dally of this subsatance was required as a supnle-
nent to the baaal pork ration. Pregnant femsles on this
dlet gave a reproductive perform-nce equel to that of
the animals of the stock colony (Wilcox, '37).

In this connection 1t 1s also interesting to note
that certain substances such as choline chloride, leol-
‘thin, liver extract, and riboflavin actually aeemed to
inorease the incidence of the disorder.

Formation of toxioc substances in the placenta

Although occasional cases of toxemla ocour post-
partum, the majority improve rapidly following delivery.
It is neturel, therefore, that many theories of the etiol-
ogy of the toxemias of prepgnancy have centered around the
bellef that some toxlec substance 1s elahorsated in the
placenta. Young and Miller in 1921 were the first to
vresent such a theory. They found acute infarocts upon
histological examination of the placentae of patients
suffering from eclampsia. They attributed the formation
of these infarcts to a dlockege of the materncl blood



BTSN

R

i v e 914 b 0 W gt Ve % i o s

- 47 -

stresm. Bartholomew and Kracke ('32) described similar
acute nlacental infarcts in patients suffering from
eclampsin. The work of these lnst invastigators, however,
1ndicated that thrombosis or even rupture of the exposed
fetal arteries was the omuse of the infarcta. Bartholomew
and his co-workers belleved that the typical syndrome of
eclampsia was due to absorption of toxlc substancea such
ag guanadine or histamine from the infrrcted areas. This
theory was supported by the fact that non-nregnant guinea
pigs injected with an autolysate of human placental tissue
developed the clinical asyndrome of eelanpsia together with
the tyvicel hepctic and renel lesgions. Bartholomew and
Colvin ('38) agree with Patterson, Hunt end Nicodemus ('38)
that hypercholesteremia resulting in cholesterol deposits
in the arterial walls 18 a factor in the formation of the
infarcts. The view that the toxlc substance sbsorbed by
the maternal organism ig guanidine has been sunnorted by
the observation of Andes, Andes, and Meyera ('37) that the
concentration of guanidine 15 the blood of toxic natients
1s above the normal level. ‘

Smith and Smith ('35) have found excessive amountsg of
prolan accompanied by low estrin values in the sera of
women with eolempsia. Analyses of extracts of varilous

organs have led these authors to belleve that the placenta

g
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elaborates these hormones. Smith and Swmith, therefore,
suggest that the changes in the normal balance between
estrin and prolan may cause the changes noted in eclamp-
sla.

An interesting new hypothesis has been offered by

' Page ('39). He argues that if for any reasson the pla-

oenta falls to receive a sufficient blood sup-ly, it

might be able to increase the aystemlc blood pressure aond
80 inorease i1ts blood supnly. The placenta has no nerve
conneoctions by which this could be accomplished, so it is
necessary to conslder that the placenta elaborates a
pressor substance. Such a pressor substance, especlally
1f produced in large amounts, might be toxic to the mater-
nal organism.
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PURPOSE OF THE EXPERIMENT

In recent studles conducted in the Nutrition Lebora-
tory of the Foods and Nutrition Department of the Iowa
State College, it has bean obaerved that a supposedly
adequate dlet contalning dried autoclaved pork muscle as
the sole source of protein is incapcble of supportihg
normel gestation when fed to the female albino rat. Dyar
(*35) observed that 33 per cent of the rats fed the basal
pork ration designated as Pork I dled at parturition with
symptoms characteristic of eclampsia. The obaervations
first reported by Dyar have been confirmed again and
again (King, '36; Wilcox, '37, and Welliker, '38).
Factors responsible for the appearance of the syndrome
have been studied in the laboratory.

The quality of the dlet as a possible etiologiocal
egent in the production of the disorder was an espeoclelly
interesting basis for speculation. Upon Tirst analysis,
i1t seemed that the ration as formulated might be low in
vitamin E, vitemin A, or some factor of the vitamin B-
complex. However, experimental data oollected in the
laboratory supported the belief that the dlet contained
an adequete supply of the known vitamins, The possibile
ity that the proteins of.tha dried autoclaved pork
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nuscle were not well utilized in the animasl economy was
also eliminated (Stevenson, '38). 'Ye belleve, therefore,
thet the dlsease 1s not related to a deflclency of any of
the recognlzed dletary essentisls. Instezsd, evidence
points to the hypothesis that the diet as formulated is
deflclent in some unknovm diletary factor. For example,
Rogosheskl ('36) reported greatly improved gestationnl per-
formance in rats fed the basal pork dlet fortifled by 2 pgm.
of fresh liver daily. 9imilar results were revnorted by
Wileox ('37) when 4 mg. of lipoocalc were used as a dietnry
supnloment. The findings were so clenn-cut and decisive
that we could only conclude thet these substances contain
sone dietary factor or factors essentlal for normal gesta-
tional performancs-in the albino rat.

Relatively few revorts in the literature supggest that
a toxemlc-like condition similar to the one described by
Dyer ocan be produced expverimentally by dletsry menipulp-
tion. The importence of her findings and their poasible
significonce in clinical situstions 1s evident. Dyar end
her successors deasoribed only the gross externel asymptoms
of the disorder. It was imnmortant, therefore, to estab-
lish in detall the nature of the abnormal reproductive

performance noted in experimental cnimals and to determine
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whether any histologic and metabolic disturbances
ocourred that resembled the pathologic changes reported
as characteristic of toxemic pregnanclies in human be-
ings. The first objective of the research herein report-
ed was, therefore, a study of the general pathological
changes assoclated with gestational fallure in female
albino rats fed a diet containing dried, autoclaved pork
muscle. Thé deviations from normal were analyzed in
terms of the physiocal state of the animala, and the bio-
chemlical and histological changes in the tissues.
Although tre potency of certein dletary supplements (liver
and lipocaic) in preventing nutritive disaster had been
demonstrated in the laboratory, the possibllity existed
that the findings were merely fortuitous. For this
reagon the gsecond objective was to determine whether feed-
ing certain dletary addenda prevented the appearance of
the symptoms studied in the sick rats. This we believed
would oconstitute a true test of the efficacy of the
supplements added to the Pork I ration.
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GENERAL PLAN OF THF EXPERIMENT

g, g Guaapm——

The experiment herein described was planned primar-
11y to eatablish certain characteristics of the typical
disorder that occurs in pregnant rats receiving a
supnosedly adequate dlet contalning dried, autoclaved
pork muscle as the source of protein. To achleve this
purpose the gestational performance of rats fed the
pork=-containing diet known as Pork I was compared with
that of normal animals reared on the standard dlet
routinely fed the stock colony. Inasmuch as it seemed
possible that lesilons ocourring in the gravid animals
might be due in part to the strain of pregnancy, both
virgin and mated females were maintained on each experi-
mental diet for the sake of comparison. The value of
liver, lipoocaic, and liver extract as dietary supple-
ments was teated, The groups receiving these materials
were treated exnotly as were the rats in the control and
experimental series. The animals used in this experi-
ment may, therefore, be divided into three main groups
as follows:

1. Control group (Steenbock V)

2. Experimentsl group fed the basal pork ration

(Pork I)
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3. Experimental groups fed the basal pork ration
fortified with a supnlement
a. Fragh liver (Pork 7)
b. Lipocaic (Pork 39)
o. Liver extract (Pork I)

Further information concerning each experimental
group is given below. The control group consisted of
30 females fed the stock ration, 8teenbock V. One-=half
of the 30 animala were mated, the other half were kept as
virgins,

The first experimental group contsined 30 femnles.
They were fed the basal pork ration (Pork I). Fifteen
remélea~were mated with males from the astock colony. How-
evor, data collected in the loboratory showed an apparent
increase in both fetsl and matermal mortality when males
fed the basal pork ration were used for mating purposes
instead of males fed the stock diet. In view of these
observations, an additional group of 15 fomales grown on
the Pork I diet were mated with males also fed the Pork I
diet.

Fresh liver was choaen as a dietary supplement
because Rogosheski ('36) found that the dally addition of
2 gm. of fresh liver to the basal pork ration resulted in

a slightly better reproductive performance than was
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observed even in the stock colony. The Pork I ration
supplemented with fresh liver waa xnown as Pork 7. Only
two groups of five animals each, 1l.e., virgin rats, ang
femnles mated with males from the stock colony, were main-
tained on this diet.

The effect of lipocailc was tested because Tilcox in
1937 showed that the renroductive performance of female
rats recelving as 1little s8 4 mg. of lipocaic as a dally
supplement to the basal pork ration was equcl to that of
the females in the atock colony. The Pork I ration
fortified by lipocalc wns cpolled Pork 39. The sample of
1lipooesic used in the present study (1937-38) was obtained
from the E11 Lilly Oompany.1 This firm had prepared the
lipoocnic es a by-product in the manufacture of insulin.
Dr. Dragstedt found that this lipoonic wee approximately
one-half aa potent os that fed by Wilcox in 1936-37° in
preventing fatty livers in depancrertized dogs glven
insulin. Therefore, the 1937-38 livocailc was fed at the
10 mg. level in order to insure the nresence of an
adequatae amount of the protective substnance. Forty-Tive
animols distributed in the same wry as the femeles fed the
Pork I ration were maintained on the diet.

Dragstedt ('37) has indlcated that lipocalc 1s a

1. The material was obtalned through the courtesy of Dr.
L. Drogatedt.

2. Personal communication from Dr. L. Dragstedt to Dr.
P. P. Swanson
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pancreatic hormone. Therefors, 1t 1s possible that
gserious metabolic consequences nay follow the feeding of
an excessive dose of lipocaic.l This hypothesis was
tested by giving one group of animals in the lipoocaic
geries 500 mg. of the substonce dally as a supnlement to
the basal pork ration. This dietary group contained 30
animnls. It was not possible to obtain enough lipocaloc
to offer thia quantity of the supnlement to as large a
group of animals as was used in the other serles.

It seemed necessary to add a third group to the
lipoocaloc series because as the study progressed 1% he-
cane evident that the reproductive performance of the
animals fed 10 mg. of lipocaic would not equal that ‘
reported by Wilcox ('37). For this reason, the dally doa-
age was inocreased to 40 mg. 80 as to supnly an adeguate
amount of the active substeonce. The group of 30 animals
fed this modification of the diet were similar to the
group fed the Pork I dlet, with the excention that no
pregnant females mated with males fed tho same test were
inoluded.

" The effect of supplementing the Pork I ration with
liver extraot was studied becesuse King ('36) showed that

the incidence of the vreproductive falluros observed by

1.Pergonal communication from Dr. L. Dregstedt to Dr. P.P,.
S8wanson




Dyar ('35) was increased when 0.5 gm. of a water-soluble,
alcohol-aolﬁble extroct of liver was added to the bassl
dlet. The symptoms exhibited by the animals before death
gseened ldentlicel with those shovn by the females which
died on the Pork I ration (Dyar '35). It seemed ndvis-
able, therefors, tc cortoare the leslons proiuced on the
Porik T diet aupnlemented with the liver extvnct with those
present 'n the orgens of animals fed the Pork I ration.

A group of 456 animals was fed this dlet. The Pork I dlet
supplenented with liver extract was designeted na Pork 31.

To determline the effect of pregnoncy, per ge, it wea
negessary to obtain comparable observations on pregmant
and virgin enimels; therefore, each gravid female wes
paired with a virgin female. The palr was fed the same
dlet. The virgin aninmnl was killed when she had been fed
the experimental dlet the same numbsr of days ns the
pregnant member of the palr.

Previous investigations in the laborntory of the Foods
and Nutrition Department at the Iova Stnte College ghowed
that the average length of gestation in rats fed the Pork
I diet was 22.3 days ('Wilcox, '37; King, '36). In the
prasent study, the pregnant females were killed
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21.5 days after the initiation of pregnancy in order to
obtrin dnta concerning the condition of the animal just
prior to the birth of the litter. As the expsriment
callsd for the destruction of the animal, the second
gestation period was chosen for certein of the observa-
tlong maae. This choice was influenced by our belief
that the effect of dlet upon various organs would be more
nronounoed at this time then at the end of the first
pregnancy. The plan also afforde? opportunity to enl@rge
the study by observations on the progress of the first
pregnancy.

In order to study the revroductive performance in the
various experimental groups, data were obtained from three
gources. 3Jome observations were made while the animel wasa
allve, others were obtained at autopay, and still others
were from anclyses made of tlssues removed at autovsy.
These deta furnished information thet could be used in the
avgluation of geatstlonal behavior in pregnancies I and II.
Gestation I wes studied in regard to (1) the manner in
whioch pregnanoy progressed from the time of ovulation to
parturition, (2) the ocondition of the litter at birth, and
(3) the vitality of the litter.

The same indices could not be used in studying Gestation
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II since the mother was ki1lled. However, autopsy records
added new and pertinent information. QGestation II was
assessed as follows: (1) the manner in which opregnancy
progressed from the time of ovulation to parturition, (2)
intra-uterine development of feti, and (3) eize and
condition of feti and placentae.

Other data were collected to secure information
regerding the pathologlcrl changes associated with gesta-
tional failure. The items studied were (1) physioal vigor
and general condition of the enimals, (2).avnearsnce of
the visceral orgens, (3) woter consumption during prege-
nancy, (4) changes in body weight during pregnancy, (5)
welghts and molature content of certain internal orpgons,
(8) fat content of the liver, (7) histologiocal avpearance
of certain internal orgens, and (8) histologloal mppear-
anoce of feti and placentee.

In some instonces the anount of tiasue obtained from
one animal wes too small to be used for all the annlyses
denlred. Therefores, the females, both virgin &nd mated,
were arbitrarily divided into two lots. The orgona from
one lot of animals were used to determine the weights and
moisture oontent of the organs and the fat content of the
liver. The welghts of indilvidual fetl and placentae were

also obtained from this lot of animals. The organs, feti,
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eni nlaocentae of the second lot of females were used in
the preparation of histological sections. ‘'henever
rossible, the orgens of the femeles exhiblting aymptons
of toxemla were so dilvided that they could be ugsed for
the entire series of enclyses.

The genersl design of the exveriment is sumarized

in Pable I,
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TABLE XI. DISTRIBUTION OF ANIMAIS IN VARIOUS EXPERIMENTAL GROUPS AND USE MADE
~~~ OF ORGANS REMOVED AT AUTOPSY

Diet of females }Reproduc- Diet of males Number of animals used
tive status |used in mating -
For preparation |{For determinations
of histological |other than histo-
sections logical
Steenbock V (Con- | Mated | Steenbock V 5 10
trol ration) Virgin 5 10
Pork I (Basal Mated Steenbock V 5 10 .
ration) ' Pork I 5 10
l Virgin 5 10
Pork 7 (Pork I | Mated Steenbock V 5 -
! plus fresh liver) Virgin 5 -
! Pork S9A (Pork I | Mated Steenbock V 5 10
. plus 10 mg. Pork 39A S 10
: lipocaic) Virgin , [ 10
Pork S9B (Pork I Mated Steenbock V 7 8
plus 40 mg. virgin 7 8
lipocaic)
Pork 39C (Pork I Mated Steenbock V 5 5
: plus S00 mg. Pork 39C 5 5
| lipocaic) Virgin 5 5
| Pork 31 (Pork I | Mated Steenbock V 5 10
, plus liver extract) Pork Sl -] 10
| Virgin 8 10
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EXPERIMENTAL PROCEDURE

ANTMALS USED

Generg;

The animals used in the investigation herein deserib-
ed were albino rats (Mus Morvegiocus Albinus) of Wistar
stock, strain A, belonging to the stoock colony maintained
by the Foods and Nutrition Department of the Iowa State
College. These animals had béen inbred by brother sna
slster matings for 71 generationa. The group from which
the experimental ocnimals were teken represented the twenty-
first generation bred in the Iowa 8tate College laborrtory.
In this interval they had been reared on several modifica-
tlons bf a stock dlet composed of mixed grains, that was
originelly deaoribed‘by Steenbock in 1923. 1In 1932 the
formula of the diet, known as Steenboock V, was permanently
eatablished, and thereafter the components of the dlet

were kept as uniform as posslble from season to seanson, ang

from year to year (8wanson, Stevenson, and Nelson '38).

The number of young in the litters produced by the
stock colony females was reduced to eight on the fourth
day after birth. The youny were weaned when 28 days old.
Three or four young females were caged together from the
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time of weaning until they reanched sexual maturiﬁy, as
Judged by the opening of the vaglinel orifice. At this
time they were divided into the experimental groups
making up the experiment.

The uniformity of the stock animals in regard to
growth has been discussed by Timson ('32). 8She found
that average increments in weight made during specific
intervals by animals representing successive generations
over a period of four years were nearly identioal.

However; at the present time no information is
avallable conocerning the uniformity of successive genexr-
ations of animals in the colony in regard to reproduction.
Therefore, inasmuch as the study herein described deals
especially with gestatlional performeonce, it seemed wige
to investigate the uniformity of the colony in regard to
factors that are a measure of the progression of normsal
pregnancy. The variation in the implantation rer gent,
placental index, and fertility per cent of animals of
the stock colony representing the flve generatlions reared
from 1935 to 1938 was determined. (See page 103 for
definition of terms.) The mean values and stendard var-
lationa of the means for each generation are presented
in table IXI. An analysis of variance of the data (table 1,
in the appendix) showed no signifiocant difference between
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generations in regard to either implantation per cent,

placental index, or fertility per cent.

TABLE II., GESTATIOHAL PERFORMNANCE OF RATS COMPOSING
FIVE GENERATIONS OF THE STOCK COLONY

Generation | Implantation{Placental index | Fertility
per qcent per cent
Mean | s Mean 8 Mean | s
i8th .| 88,6 21.4 | 100.0| 0.0 88.6 | 21.4
19th 8l.7 | 24.9 97.6 | 10.8 79.4 | 65.4
20th | 83.3|24.1 | 97.9(10.2 | 8l.2]|24.7
21st 80.4 | 24.9 96.4 | 13.1 76.8 | 26.4
22nd 90.4|19.9 | 100.0| 0.0 90.4 | 19.9

Distribution of Animels Used in Experiment

The rats used in the present experiment were token
fron the Tirat, second, ond third litters produced by
femnles In the stock colony. Obhservations made in the
laboratory have led to the bellief that the young of the
aecbnd litter were the most vigorous. Recent data
collected by Graham ('39) show that if the hemoglobin
content of the blood is taken as an index of physiologicel
well-belng, the young representinzg the second litters are
superior to individuals naking up loter litters. For the
study herein described, an attempt was made to distribute
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the rats representing different litters as evenly as
possible among the experimental groups. The data
presented in table II1 show that with the exception of
the group fed the Pork 39 B dlet, approximately two-
thirds of the animnls in each group were derived fronm
the first litter. The other one-third were for the most
part representatives of theo second litter. Of the 235
rats used, only 7 were derived from the third litter. In
the group of rats fed the Pork 39 B diet, the relations
between the number of gnimals derived from the first and
second 1litters were Jjuat reversed, i.e., one-third from
the first litter and two-thirds from the second litter.
The deviation in the source of animals in this experi-
mental group wns due to the fact that the group wrs not
started until it became evident that the reproductive per-
Tormanoe of the animals fed the Pork 39 A diet would not
equal that reported by Wilcox ('37) for animals fed the
Pork I diet supvlemented by 4 mg. of lipoonic.




TABLE III.

SO0URCE OF EXPERIMENTAL ANIHALS IN RESPECT TO
PARITY OF MATERNAL RAT

Numnber |[Number |Number {Toteol
of rats|of rets|of rats|nun-
derived| derived]|derived| ber of
from fron fron rate
l1itter [litter |[litter |used
1 2 3
Steenbock V 20 10 0 30
\ Pork I (Basal ration) 31 14 0 45
Pork 7 (Pork I plus 7 3 0 10
fresh liver)
Pork 39A (Pork I plus 26 14 5 45
10 mg. lipocaic?
Pork 39B (Pork I plus 7 23 0
40 mg. lipoocalc
Pork 39C (Pork I plus 18 10 2 30
500 mg. lipoocaic)
: Pork 31 (Pork I plus 30 186 o] 45
| liver extraot)
TOTAL 139 89 7 236

Uniformity of Animals Used ln Exmeriment

Ty If the results obtained by the feeding of various

. dlets to experimental animals are to be compnared, the
" animals used must be as uniform as possible at the begin-
‘ning of the experiment. Also, it 1s important that the

animals use@ be vigorous and in good condition. Mason

ST
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and Ellison ('35), in regerd to this point, wrote "Util-
izatlon of inferior young has invariably led to atypioal
results, especielly iIn studies oconcerned with the male or
female rsproductive system." (p. 10 The following
characterlétios were used to check the uniformity of the
animsls used in the experiment herein described: (1) body
weight at weaning, (2) ape at sexunl maturity, (3) body
weight at sexual maturity, (4) body welght when atudy of
vaginal smears waa initliated, (5) age at initiation of
first pregnancy, (6) body weight at initiation of first
pregnancy.

As can be seen from table IV, the average valucs for
tpe characteristics described above were very uniform for
the animals composing the various experimental groups,
with the exception that the animals fed the Pork 39 B diet
were older and heavier at sexual maturity than the animala
in any othé} group. However, all the groups were unifornm
ir regard to age and body welight at initiastion of the
firast pregnancy. The variation in age and body weight at
sexual maturity shown by the group fed the Pork 39 B diet
was probably due to the fact that these anlimals were for
‘the most part derived from the second litter while most of
the animals in the other groups were taken from the first

litters.
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TABIE IV. AVERAGE UNIFORMITY OF ANIMAIS USED IN THE EXPFRIMENT1
Experimental groups No. of|Body Age at]! Body |Body Age at | Body weight
ani- |welght |sexual weight|weight [initi-| at initi-
mals |at matur- at when ation | ation of
time ity sexual|study of|of first
of matur-|vaginal | first | pregnancy
weaning ity smears |preg-
was 1n%- nancy
_ L t
= = & e T B &= &=
Steenbock V (Control
ration) S0 48.4 435.1 82.9 117.8 70.8 144.1
Pork I (Basal ration) (45 47.0 |435.2 | 86.7 113.0 |68.1 140.3
Pork 7 (Pork I plus
fresh liver) 10 48.5 |44.0 |84.4 114.2 |70.0 135.0
Pork 39A (Pork I plus
10 mg. lipocaic) 45 47.7 |46.9 |85.1 111.0 |76.6 141.8
Pork 39B (Pork I plus
40 mg. lipocaic) 30 S0.1 62.2 [110.8 118.0 72.3 © 138.4
Pork 39C (Pork I plus
500 ng e 1ip0°aic) S0 48,9 45.1 87.8 110.2 T74.7 139.4
Pork 31 (Pork I plus
liver extract) - 45 46.4 |44.2 | 84.5 113.4 |74.0 137.2

1 For data pertaining to the uniformity of the sub-groups used to obtain the
average values for the groups listed, see table 2 in the appendix
2 8tudy initiated when rats were 2 months old

L9~
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CAHE OF ANIMALS

At gexual maturity the female rats were housed
geparately in round wire-mesh cages with ralsed bottons.
Each cage was set in an enamel pan lined with a paper
towel. The ralsed floor of the cage and the size of the
wire mesh helped to prevent the animals eating their
exoreta., The paper towels were cheanged daily. Food and
water were presented to the rats ad libitum in glags jaers
wired to the aldes of the ocage. The food dishes and
water cups were washed and sterillzed three times each
week. The cages and pans were washed eand sterilized
weekly. The temperature of the laboratory was recorded
once dally. During the period from September, 1937, to
May, 1938, when the experiment was in progress, the tem-
perature was falirly uniform, ranglng from 76 to 80
degrees Fechrenhelt. An attempt was made to rsduce the
inoldence of lung infections in the animals by keeping
the air as free from dust as poasible (Molse and Smith,
'30). As alr is pulled into the room from the hall by
two large exhaust fans, duet from the hall finds its way

'1nto the laboratory. To prevent this iInfiltration of

dust, a filter made of two layers of cheese cloth was

tacked to the ventilator in the door opening into the
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hall. The oloth filter was changed weekly. The use of a
compound of paraffin oll and sawdust in sweeplng the
floor alaso helped to keep the dust out of the air.

The food of the rats recelving the various nork con-
taining dlets was weighed dally except Sunday, and the
amount of food consumed was recorded. A double portion
of food was offered to the rata on Saturday: A surplus
of food, i.e., 2 to 5 7. more than the animal was
expeoted to eat, was offdred daily. The uneaten food was
dlscarded wvhen the food oups were changed. By this care-
ful regulation of the amount of food offered, the devel-
opaent of rencldity in the food and excessive waste were
avolded. No record was kept of the food consumed by the
animals fed the mixed grain dlet (Steenbock V).

If accurate analyses of the fat and moilsture content
of the liver are to be made, the animal must be in the
post-absorntive state at the time of death. Also a
uniform metabolic state 1s desirable if histological mec-
tions of organe from different animals are to be compared.
The anlimals were therefore starved for 10 hours bafore
they were killed.

The amount of water consumed dally by the pregnant
fennles was recorded from the twelfth day of pregnanoy.
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until parturition or death. FEach pregnont aninel was
offered 100 cc. of dAlstilled water in a2 crystal water
fountaln twice dally. The water remsining in the foun-
tain was measured at aporoximately 8 A. M. and 6 P. M,
every day, and the amount consumed cnlculated "by
difference."

Each animal was weighed weekly. The pregnent
fenales were alao welghed daily from the twelf'th dny of
gestation until geven dnys after the birth of the litter.
In pddition, the gravid feneles were weilghed deily at
8 A. M., 12 noon, 4 P. M., 6 P. K., and 10 P. M. from
the eighteenth day of pregnancy until parturition. The
plan of frequent welghinges was ugsed for two ressons.
First, several investigators in the field of humen
medicine have discussed the relation between fluctuatlons
of body weilght in late pregnoncy and eclempnia (Siddell
end Mook, '33, '38; Strguss, '37). Second, with the
Trequent hondling early symptoms of a toxemic condition
were detected. The eighteenth day wns chosen for the
initiatlion of the study of the fluotuntiona in body
welght, as the rat fetus mekes 1ts maximum increase in
welght from the elghteénth to the twenty-first day of the
gestation period (Huber, '15).

The young were welghed separately as soon as possible

:
S eveimen s L o s i




after birth. 'The lungs of the young found dead at this
time were removed and placed in water. If the lungs
floated, 1t was believed that the fetus had dram air
into its lungs and thersfore had been born alive.
Conversely, if the lungs fanilled to float, the fetus was
Judged not to have brenthed after birth, and was recorded
as having been born dead (Webster!'30).

As a routine prooedure the litters were reduced to
8ix on the fourth day after birth. e felt that the
abllity of a female to rear six young was an adequate and
not unjust measure.of laotation performcnoce. Therefore,
if slx or more young were born, the mother rat was
expected to rear six rats. If less than slx young were
born, the femnle rat wnas given on opportunity to resr the
entire litter. If possible, three males and three femanles
wvere retained from each litter. Those animals whosae
weight most nearly approached the average weight of the
litter were saved. The entire litter was weighed dnlly as
o group until the young were weaned. In addition, the
males and femalos were welghed separately when four, seven,

14, 17, 19, 21, and 28 days old.
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BREEDING TECHNIQUE

Vaginal Smears

The rhythmiocnl changes ocourring in the oestrous
cyole of the female rat may be followed by histologioal
examinations of the veginal epithelium (Long and Evans,
'22). Samples for the study of the cellular chenges
were obtalned from the females by lightly touching the
surface of the vagina with a glass rod., The apecimen was
removed dally at the same hour. ‘Then the smear was taken
the rat was supported on its back in the left hand of the
teclniclan, the thumnb and index finger holding the head.
The tall was curled around the fifth finger of the right
hend, and at the same time a aterile glass rod was gently
inserted a short way into the vagina. As gsoon as the rod
was withdrawn from the vagina, the tip was touched to a
drop of distilled water on a clean glass slide. The
smear thus formed was examined under the 16 mm. objective
of a microscope. A substage light equipped with a blue
ground glasa fllter was used for illuminotion. The glass
rods were made of tubing 2 mm. in dlameter, cut n conven-
ient length and cerefully fire-polished on both ends. To
facllitate the analysis of the data obtained on oestrual

~ rhythm, the rats were welghed dally at the time the
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vaginal smear was taken.

Several precautlions were token to prevent infeotion
as a result of voginal examination, Immediately after
use the rods were placed in a strong soap solution.

They were then washed and inserted into thick-walled
glass test tubes containing about 6 cc. of distilled
water. The tubes, plugged with cotton, were sterilized
for 20 minutes in a pressure cocker at 15 pounds
pressure.

The olassification given by Long and Evans ('22)
was uged as a basis for the determination of the staoges
of the oestrous ocyocle. These authors have divided the
cycle into five dlstinot atages, i.e.!

8tege 1. Epithelial cells, the pro-ocestrous period

8toge 2. Epithelial and cornifled cells, the

osstrous period

8tage 3. lany cornified oells

'stage 4. Cornified cells and many leucocytes, the

metacestrous period

Btage 6. Leucooytes, epithelial and cornified cells,

the dloeatrous period

No vaginal smenrs were examined before the females
were eight weeks 0ld, becauae matings arong the rats fed

the Pork I diet are not fertile until the animals ore 65
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days old (Wilcox '37, King '36). After the onset of
pregnancy, the smears were examined carefully for the
presence of red blood cells. In the normal rat the
implantation of the embryo in the uterine wall between
the twelfth and fourteenth days of pregnency results in
the appearance of free blood in the vagina (Long and
Evang '22). The occurrence of free blood in the smeor
or on the rod before the twelfth day (}ason '37) indi-
éates gome abnormality in the establighment of the fetal-
naternal ayncytium. The study of the vaginal smears wnas

discontinued during lactation. Semnles of the vasinel

.contents were no' removed from the virgin females.

{ating of Animals

After the study of the vaginal smears was initiateqd,
one complete oestrous cycle was allowed to pass before the
Tfemales were mated. The ret wlll mate late in the pro-
oestrous period or in the oestrous period. Long and Evans
('22) have shown that the average length of the pro-
oestrous period is 12 hours, ond thot of the ocestrous ner-
1od is 12 hours. Therefore, to be certain that the male
would be present as the female came into heat, the animals
were, whenever nossible, mated when the females were in

the pro-oestrous period. If, however, this period
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was missed, the female was mated in stage 2, or the
oestrous perlod. If no veginal plug or sgperr wa:z “ound
by the time the female had passed into stage 3, the male
was removed. The vaglnal smeers were studied in the
morning. The veglnal contents of the femnles that were
mated were checked at 12 noon, 4 P.M., 6 P.M., ond 10
P.W, for the presence of sperm or plugs.

Brother males were used for the firast mating. In
cases where 1t was impossidle to use a brother rat,
male of the same age (& three days) as the female wos
used. Hales of proven fertility between three and six

months of age were used for the later matings.
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COLPOSITION AND PREPARATION OF DIETS

In the study herein reported, five diets were fed.
They were called Steenbock V, Pork I, Pork 7, Pork 39,
and Pork 31. The composition, character, and preparation

of each dlet are desoribed below.

Steenbock V Ration

The ration fed t; the stock colony of rats grown in
the laboratory as the source of experimental nnimals was
glven to one group of rata. This diet, Steenbock V, was
a mixed whole grain dlet based on one originally formu-
lated by Steenbock in 1923. The ration as fed in the
laboratory consisted of two partes, a basal portion and n
supvlementary portion.

The formula of the basal portion of the ration ia

shown below:

Yellow cornmeal ==wewcewma- 64.0 ¢m.
Crude casein - 6.0 "
Lingeed meal 16,0 ¢
Ground alfalfa er~———-=- -- 2.0 "
Sodiuwn chloride ~ewewweaw= 0,5 "
Calclium carbonate ——ewmcemwe Q0,6 *
Yeast -- 1.6
Irradiated yeast =—ew-=- - 0,5 ¥
Yheat germ me-svcoeencaea~ 10,0 "

100.0 *

The besal portion of the dlet was fortified with milk,
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lettuce, and meat. These supplements were prepared in
the following manner:

1. Dried whole milkl was used as the source of the
milk given to the rats. The dry preperation was liquified
by mixing 130 gm. of powder with 1 qt. of water for five
minutes in a Hobart mixer &t high aspeed. To each cuart
of milkx was added 1 tsp. of cod liver oil?, and 2 oc. of
a solutiond contalning small rmounts of iodine, mencnnese,
aluminuri, and copper. The milk wna fed dally anoccording to
the following gohedule:

a. Bach lactating female recelved 50 oc. per day:
b. Each pregnant female received 25 cc. per dny:
¢. Each male recelved 12.5 cc. per doy;
d. Each resting femrle received 12.5 oc. per day.
‘ 2. The 1ettuoe‘useq was ordinnarily obtained from the
Hemorial Union Cafeterie or the Institutional Ten Room.
It oconsisted malnly of discarded duteide leavesa -from head

lettuoe.  The leaven were washoed in cold water and the

I, X1im is powdered whole millk alstributod by the Borden
Co., New York, Sufficient dry Xlim for one yeor was
purchased onee each year. This milk repregented winter
milk from one dey's run in the factory.

2: Reflned Norweglion vitamin testod Cod Liver 011, U.4.P.,
imported by The Pearson~Ferguson Cc., ¥nusas Oilty, Ho.

3« The solution contained 0.08 gm. of potassium iodide,
0.516 gm. nmanganese sulfate, 0.098 gm, potassium alum-
inum sulfate, and 0.875 gm. of anhydrous copper sulfate
in 100 coc. of distilled water. '
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‘erushed or decayed portions carefully removed. 10 gm. of

lettuce welghed on a Chetillion ascales were given to each
rat three times ench week.

3. Raw beef round which had been freshly ground
through a clean meat grinder was obtained £rom a locel
narket. 5 gm. of tho meat measured with a calibrated
aluminun spoon were given to each rat three times every

week. The lettuce and meat were fed on slternate Arys.

Pork I Ratio
General formula

The basal pork ration known ns Pork I wes fed to one
group of experimental rets. The formula of the Alet wee
a8 follows:

Coanned pork mugcle (dried to one-

half 1tg original welght) 25 gn.
Cornstarch 63 ¢
Yeost B
Agor Agard 2
NaC14 -1
Salt mixture®-- 4 "
Butterfat- ——— 8 "
Cod liver o116 g2

1. Purchaaed in the loocal market in 280 1lu. lota.

2. Yeust foam tahlet powder purchased from Horthwestern
Yeasat Co,, Chicago, Ill.

3. Bacto-Agar purchasad from the Difco Laborntories, Inc.,
Detroit, Mich..

4. Purchased in local market.

5. Osborne, T. B., and Mendel, L. B., J. Blol. Chem., 3%,
223-299, 1919. _

6. Refined Norweglon vitamin tested cod liver oil, U,3,P.,

purchased from the Pearson-Ferguson Co., Kansas City, Mo.
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The dlet was synthetlic except for the source of
protein. To keep the protein in the dlet as uniform as
possible, lots of green skinned hams, verying in size
from 500 to 1000 pounds, were purchased at one time. The
é hams were boned, stripped of excess fat, and ground once
through the medium plate of the meat grinder. The
ground pork was packed into No. 2 enameled tin cana, one
pound of meat being weighed into each container. The
cans were then gealed nnd processed at 15 1b. pressure
for 66 minutes. At the end of this time, the cans were
carefully examined for leaks and cooled rapidly in cold
running water. They were stored at room temperature
until needed.

When the cans were opened for use, all the visible
fat was removed from the surfaces. The meat was dried
on metal trays covered with a plece of cheese cloth so
that the meat dAid not come directly in contact with the

metal. One thousand grams of meat were spread on each

AR S P e 0 gyt

tray and dried to one-half the original welght in a

current of warm ailr (85 to 96 degrecs Centigrade).

" ’d"v\ it

; Usually one to two hours were required for the drying pro-
: ceas.

The butterfat used in the diet was prepared from
butter purchased at the Iowa State College Dairy. Four

R .,‘,‘
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pounds of butter werc melted over a water bath and held
at the melting point for three hours without stirring.
At the end of this time the coagulated protein was skim-
med from the top of the melted butter and the liquid fat
decanted into a funnel equipped with a conper jJacket to
hold hot water. A plug of cotton was used as a filter,
The butterfat was cooled and stored in the icebox until
needed.

The dlet was mixed twice weekly in a Hobart eleotric
nixer at low speed (92 r.p.m.) The diet was then packed
into enameled tin cans and stored in the ice-box.

In view of the observations made by Whipnle ('34)
relating to the reproductive behavior of rats fed a diet
contnining ranoid fat, several precautions were tnken to
prevent the development of rancidity in the dlet. For
inagtance, the meat was proteoted from direot contaot
with metal during the drying process. Also, the dlet
was mixed frequently, in order that it might be kept fresh.
As a check on rancidity, samples of canned meat dried to
one-half the original weight, and of unopened cans of meat
were gent to the Natlional Live Stock and Meat Board for
analyses on the rancidity of the fat.l

The determinations of the peroxide values were made

on three samples of fat obtnined from the cans of meat;

1. The peracide determinations reworted in the table were
made through the courtesy of Dr. R. C. Newton, of
Swift and Company, Chicago, Illinois.




B o
P T NN .

-8l -

1.e., the fat extracted from the dried meat, the fat
scraped from the surface of the meat in the unopened cans,
and the fat extracted from the canned meat after the §1a-
ible fat had been removed (table V). Of the three kinds
of fat tested, only that scraped from the ton of the cans
of meat had a peroxide value sufficiently high (4.7 - 9.0)
to indicate that considerable oxidntion had occurrodl
(Lease 'and Steenbock, '39). However, if moderately rancid
lard haa a peroxide value of 30, even the visible fat in
the cans of meat was only slightly rancid. It should be
recalled also that -the visible fat was routinely renoved

before the meat was dried.

I, The determinatiomw of peroxlde values were made by the
Institute of Amerlcan Meat Packers through the court-
esy of W. Lee Lewls, Secretary of the Committee on
Nutrition.
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TABLEV .,

PEROXIDE

VALUES OF FAT OBTAINED FROM CANNED PORKL

Sample Fat extracted | Fat taken Fat extracted | Fat extracted
from sample from top of after drying after drying in
as received cans of in vacuum air oven with

cooked meat oven to 50% a current of 2
loss in welight | air at 180° F,.
ﬁ

Ay Pork 2.2 - -

(dried at Ames) , _ ‘ _
Pork - 603, 4.7, 5. 004, 008, 1.4 0'4, 1.4
(not dried)

C Pork - 8.4 5.6 5.6

2(not dried

Cz Pork - 9.0 340 3.0

(not ¢ried)

lreroxide values expressed as milli-equivalents of peroxide per 1000 gn. of fat.
2This procedure was equivalent to that used in the laboratory for drying the

meat,

SCanned 14 months before tests were made.

=28~
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Adequacy of the Pork I dlet

Judged by present day standards, the dlet as fome-
ulated should provide sufficient amounts of all known
dletary esaentlals. This wiew is supvorted by consider-
oble experimental evidence.

Gestational disturbences similar in some respects to
those reported by Dyer ('35) have been obaserved in
animels maintzined on a diet low in vitemin A (Mason !'35).
However, Dyar ('35) cshowed that 1 gm. of the Pork I dlet
fed dally as a supnlement to the basel A-Tree diet sunnlied
enough vitamin A to sunport normzl growth in rats previous-
ly devnleted of their stores of the vitnmin in question,
Dyar's data are reproduced in figure I. Neither aid the
femnle rats fel the Pork I ration show a persistent corni-
Tication of the vaginal epithellum. 8uch a change in the
charcoter of the vaginal epithelium.hrs been renorted by
Hason and Ellison ('36) as the firat evidence of an
inadeainte intake of vitanmin A,

Evana and Burr ('28) have shown that the vitamin B
complex 1s necessary for normal reproduction in the rat,
Each rat receiving the Fork I diet cunsumed anproximetely
0.5 gm. of yenst dnlly es calculated from the amount of

food eaten. Huasseman and Hetler ('31) as well as Evaneg
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FIG. I.

TO RATS DEPLETED OF BODY STORES OF VITAMIN A.

GROWTH INDUCED BY FEEDING 1 GRAM OF PORK I DIET

REPRODUCED FROM DYAR,

135)
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and Burr ('28) have shown that 0.5 gm. of yeast furnish
sufficlent vitamin B for growvth and reproduction. The
possiblility of o deflclency was tested, however. tYhen a
diet simller to Pork I but containing 15 per cent yeast
was fed to a group of 10 females, no improvement ococcurred
in the reproductive performance. In fact, one female dled
in pregnency with convulsions and other symptoms of toxemia. -

. It was not considered necessary to include e source of
vitamin C as such in the diet. Suden and Alley ('35)
report that the teeth of rata reared for three generations
on o scorbutic diet were histologleally normnnl. H8Jer
('26) has shovm that n disturbance in the normnl histology
of the teeth is the first indication of vitanin C defi-
clency in gulnea pigs. Foi thias reason rats are believed
not‘to require vitamin C in the diet.

The dlet contained 2 per cent cod liver oil, which had

a vitamin D potency of at least 85 lnterational unitg per
gme. of 011.2 Therefore, the rnts recelved apvroximately
17 internatlional unlts of vitamin D per day as Judged by
the food conpsumed. As 2.7 internationnl units have been
shown to be adequate for the prevention of rickets in rats,

the animela receiving the Pork I dlet

1. Unpublished data in the files of the Nutrition Labora-
tory of the Foods and Nutrition Department.

2, Cod liver oll contalns at least 85 U.3.P., unita of vita~-
min D, vhich 18 equivalent to one international unit of
vitomin D as defined and adopted by the Conference on
Vitamin 8tandards of the Permanent Commlssion on Blolog-
lcal Standardization of the League of Hatlons in June,
1931. (U.s8.P. XI, 261, 1936)
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probably received an ample supply of vitamin D.

The Pork I ration as formulated contained no specif-
lc gource of vitamin E. While the meat, cod liver oil,
end but ter fat probably provided an ample supply of this
feotor, 1t was possible that oxidation hed destroyed the
vitamin. However, in checking this point Dyar (135)
found that the addition of 10 drops of wheat germ oil
dally to the Pork I dlet falled to improve the renroduc-
tive performance of the femeales. ¥hen 10 drops of the
same vheat germ oll were fed to females malntnined on a
mixed grain dlet treated with ferric ohloride and ether
to destroy the vitamin E (Waddell and Steenbock, '32),
normmally developed litters were born. Moreover, when
females maintained on a ration so treated were tranaferred
to the Porx_I diet followlng positive mating, they were
able to produce normsl young.l (See figure 2.) Therefore,
the Pork I ration 1la beliaeved to contain an adequate
anount of vitamin E.

Gestational fallures simllar to those observed in
Temales fed the Pork I ration have been reported by Evans,
Lepkoveky, and Murphy ('34), in rats fod a diet deficient
in the unsaturated fatty acide. However, the Pork I diet
wvas thought to be adequate in the essential fatty aoids,

as lard, cod liver oil, and butter fat were all excellent

1T Unpubiished dota Ln the flles of the Nutrition Labor-
atory of the Foods and Nutrition Department.
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sources of unsaturated aclds. Jones ('31) showed that
the Pork I diet contained 24 per cent of fat.

Whipple ('34) found that slightly rancid fats in the
diet produced certaln abnormalities An reproduction in
rats. The fats she used had a peroxide value of 15 to
20. The fat extracted from the pork dried to one-hnlf
the original weight had a peroxide value of 1.2 to 2.2.1
Therefores, the adequacy of the Pork I dlet was probably
not affected by the rancidity of the fat. |

In evaluating the dlet, the possibility that the
protein was inadequate in quality for reproduction could
not be overlooked. However, Rogosheski ('36) found that
the addition of 1 gm. each of oystine, glyecine, and glu-
tamic acid to the Pork I ration failed to improve the
reproductive performance of the females. Then 1n 1838,
8tevenson demonstrated that the proteinas of the Porik I
ration were well utilized for maintenonce by the adult
male rat. B8he found that the blological value of the
dried, canned, autoclaved musole was as high as that re-
ported in the literature for raw pork. Of courso the fact
that the proteins of the dlet were adequate for mailnten-'

ance does not mean that they were also adequate for

I This range was recorded in a personsl oommunicatlon to
Dr. P. Mabhel Nelson and Dr. Pearl P, 8wanson from W,
Lee Lewis, Secretary of the Committee of the American
Institute of Meat Packers but not in analytical table
submitted.




|
]

- 89 -

reproduction. In this connection, Wilcox reported normal
reproductive performance in rats fed 4 mg. of lipocelc
dally as a supplement to the Pork I dlet. It does not
seem possible that 4 mg. of lipocalc contalned enough
protein or amino aclds as such to materianlly influence

the quallty or quentity of protein in the dilet.

Pork 7 Ration (Pork I plus Fresh Liver)

The diet known g8 Pork 7 wans fed to one groun of
rats and consisted of Pork I sup»lemented with 2 gm. of
fresh liver dally. The liver was purchased nt a local
narket twice esach week. The 2 gm.-portions were welghed
to within 25 mg. on a torsion balance. The weighed
pleces were stored on a watch gless in an electric refrig-
erator at a éemperature of -18 to =20 degrees Centigrade.
The liver was fed while still frozen and was usually

consumed by the animals before it hed a chance to thaw.

Pork 39 Ration (Pork I plus lLivocaic)

The basal pork ration, Pork I, supplemented with
lipocaic was known as Pork 39. The material was odded at
three different levels, i,6., 10 mg., 40 mg., and 500 mg.
The three dlets contalning lipocailo were fed to three

different groups of rata. To faclllitste the accurate
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neasurenent of small quentities like 10 mg. and 40 nog.,
the lipocalc was mixed with corn starch in such propor-
tions thrat 0.6 gn. of the mixture waos equivalent to
elther 10 mg. or 40 mg. of lipocailc. The doses of lipo-
calc ware neasured with a colibrated aluminum spoon and
fed in separate dishes. 9Hee teble 3 in the appendix
for the accuranoy of successive portions of the two
nixtures of corm starch and lipocalic measured with a
cnlibrated spoon.

The rats refused to eat 500 mg. of lipoocaic dally.
Therefore, the dally dose of the supplenent was nixed
with the Pork I dlet. The spoon uged to deliver the §00
ng. of lipoocalc was checked for acocuracy in the neassure-
ment (table 3 in the appendix). The lipocalc used in
1938-1939 was obtoined in two lots from the Eli Lilly Co.
through the courtesy of Dr. Lester Dragstedt. It was
prepared as o by-product in the manufacture of insulin.
The materlial was a fine, dry, gray powder with a char-
acteristic sour odor and bitter taste. It did not appenr -
to be at all hydroscopic. Portions of lipocalc large
enough to supply the supplement needed during ons weok
wore stored in glass jars with paraffined corks. These

Jars were kept in the electric refrigerator until needed.
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Pork 31 Rotion (Pork I plug & Liver Extract

The Pork I dlet supplemented by 500 mg. of a woter-
goluble, alcohol-soluble extrccet of liver was fed to one
experimental group of eonimals. The dry powder was
neasured with a calibrated aluminum spoon and mixed
direotly with the diet. The average results obtcined
fron ten weighings of the amount delivered by the spoon
at different times are showmn in table 3 in the anpendix.
Samplens from two lots of liver extrncot were fed.

‘The liver extractl was prepared at the ¥ilson
Laboratories by a method similar to that desoribed for

the preparation of Lilly Liver Extraot No. 343.2 As the
preparation was very hydroscoplce, it was stored in air-

tight tin cans in an electric refrigerator. Amounts
large enough to supply the sunplement needed during one
week were stored in the ice-box in covored half-nint
frult Jars ploced in a desicontor contailning anhydrous

calcium chloride.

1. Supplied through the courtesy of Dr. David Klein, of
the Wilson Laboratories, Chicago, Illinois.

2. The detalled preparation of this material 1s desoribed

on page 273 of the New nnd Non-offlcial Remedles,

published by the American Medloal Association, Chlcago,

1935.



LENGTH OF EXPERIMENT

The mated femnles were killed 21.5 days after the
inltiation of the second pregnancy. In every instance,
the animals mated between 6 P.M. and 8 A.M. The calocu-
lations for the time of death were as follows: If sperm
or a vaginal plug was found at 10 P.K. the time was
calculated from that hour. A four-hour error was possible
in this caloulation as mating might have occurred any
time after 6 P.M, However, if sperm or a vaginal plug
was found at 8 A.,M,, a more complicatod problem was
presented. In order to have as accurate a basis as
possible for the calculation, a time half-wny between
10 PoM. and 8 AM. was chosen; 1.6., 3 AM. The use
of this hour resulted in & possible error of five hours
in calculating the time of coitus. A leewny of three
hours in the time of death was allowed before or after
the hour that represented the exact lapsing of the 21.5
days. For example, females which mated by 10 P.M. could
be killed between 7 AM., and 1 P.M.; while the others
could be killed between 12 noon and 6 P.M. In actual
preactice the majority of the animals were killed at
oither 1 P.M. or 4 P.M,

The femanles that showed symptoms of a toxemic
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pregnancy were killed just as death seemed imminent.
The animals that died durlng a gestation period between
the intervals of observation were examined as soon as
possible after death.

Each virgin female was killed when it had been on
the dlet the same number of days as the pregnant female

for which 1t served as a control.

S
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AUTOPSY TECHNIQUE
Gross Obserwations

Just before the termination of the experiment, the
general physlcal condition of each animal was described
according to the outline shown in form 1 in the appendix,
In the autopsy procedure, a definite routine was followed.
The color and consistency of each organweres recorded as it
was removed., The lungs, the base of the tonguo, and the
inner and middle chambers of the ears were studied for
ovidence of infeotion. The stomach and intestines were
examined for ulcers and signs of hemorrhage. The rela=
tive amounts of fat in the suboutaneous, abdominal,
perirenanl, pericardial, and intermuscular depots were
recorded. Any abnormal condition in the uterus such as
hemorrhage or dead fetl was noted., The outline used for
recording the autopsy data is shovm in form 2 in the
appendix.

Technique Used in Removing Organs

Organs used for welpght, moisture,and fat analyses
The animal was first stunned by a blow on the head

and an incision extending from the anus to the diaphragm

was made on the ventral median line. The abdominal wall
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was then cut transversely from the edges of the incision
exposing the viscera. This cut was made in such a way
that a minimum loss of blood occurred.

The uterus of a pregnant anlmal was ligated at the
oviducts and the cervix. Different colored threads were
used for the ligatures of the left and right oviduects, so
that the position of the fetl in each horn could be
recorded. The uterus was cut just posterior to the cer-
vical ligature and removed together with the ovaries and
some fat. The removal was performod with care so that
there was a minimum loss of blood.

The liver was next removed by cutting the mesenteric
attachments and the blood vdssels. After the organ was
exclised 1t was blotted to remove any free blood present
6n the surface of the lobes, and freed of adhering fat.
The color and consistency of the organ were recorded at
this time.

The kidneys were removed by cutting the renal blood
vessels and the perirenal fat. They were freed of all
adhering fat and split longitudinally. The cut surface
was blotted; the color and consistency of the cortex,
medulla, and pelvis were noted., The spleen was removed
by cutting the mesenteric attachments and the blood

vessels at the hilum. After exclsion, it was cleaned

PR
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and blotted dry. The color and consistency of the organ
were observed.

After these organs had been removed, the medial
abdominal incision was extended anteriorly to the left of
the sternum through the dlaphragm and the ribs. This pro=
cedure exposed the heart which in the majority of cases
was st1ll beating. The vessels attached to the heart
were cut near the atria. The atria and the attached blood
vessols were removed carefully, leaving the atrio-
ventricular valves intact. The ventriclos were then
split longitudinally to remove any clots of blood present.
The out surface was blotted well,

At this point in the procedure the pancreas was
examined and any marked deviation from a normal appearance
waa noted., Next the stomach and intestines were removed
and placed in a jar of cold water. Later these organs
wore examined for ulcers and signs of hemorrhage.

The memmary glands on the left side of the rat were
then removed and freed of muscle and fat. A small
muscle between the layers of glandular tissue was so
diffioult to remove that it was routinely left in place,
and weighed with the mammary tissue.

The uterus after weighing was split from the cervix
to the oviducts. A diagram was made of the relative

L SN,



position of the feti in each horn of the uterus. BEach
fetus was freed of the ammiochorion and the umbilical
cord and drled on a paper towel. The cord was cut about
1/8 of an inch from the umbilicus in order to prevent
excessive bleeding from the cut vessels. The activity
of the fetus and relative development were recorded at
this time. Each placenta was freed from the cord and
rembranes and drled.

The same general procedure was followed for the
virgin animals except for the mammary glands, which
were 80 poorly develeped that they could not be removed.

Organs used for histological examination

In general the routine autopsy procedure desocribed
in the preceding seoction was followed in the removal of
organs and tiassues used for histological observation.
However, none of the organs were freed of fat. Except
in the ocase of the liver, the entire organ, just as it
was removed from the animal was placed in the fixative,
The pancreas and a portion of the duodenum were removed
with the spleen and "fixed", The uterus was tied off as
desoribed above and immersged in the fixative.
Since the entlire liver was too large to use for the

preparation of sectlions, a wedge-shaped slice extending
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from the free to the attached edge of the lobe wans cut
from the center of the large left lobe. The entire cnoudal
lobe was also taken for a samnle. Each of the samples

was cut into thirds before 1t was placed in the fixative.
DETERRINATION OF WEIGHTS AND MOISTURE CONTENT OF ORGANS

Immediately after exclesion, ezcch organ was placed in
a tared weighing bottle. The welghts of the heart,
kidney, spleen ond mamnary glands were obtalned to approx-
imately the fourth decimal plece on an rnelyticnl belance.
The organs were drisd in é Jeber eleotric alr oven at 105
degrees Centigrade until they renched constant welght.
The per cent of water in the fresh organs was then calcu-
lated.

In the oase of the liver, both fat and moisture deter-
minations were made on the same organ. Approximately 1 to
2 gm. of liver were used for the determination of molsture.

The remainder of thes organ wae used for fat anelysis.l

1. The molsture and fat analyses of the liver were made
by Hiss Ethelwyn Wilcox.
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The weights of both the intact and the stripped
uterus were obtained to the first decimal place on a trip
balance. The feti and placentne were placed in tared
weighing bottles 1mmedietely after they were removed from
the uterus. Eech placenta was placed in a welghing bottle
with the fetus to which it had been attached. The fetl
cnd placentae were weighed to approximately the fourth
decimel place on an analytical balence. The hottle con-
talning both the fetus ani the placentn wns weighed firat,
then the placenta was renoved from the welghing bottle
with forceps and the bottle plus the fetus re-welghed. The
weight of the placenta was therefore obtained "by difference.”
This procsdure minimized the error in the welghing of the
small placenta.

HISTOLOGICAL TECHNIQUE
Preparation of Sectionsl

The exclsed orgens to be used for histologlcal anal-
yels were always placed immedlately in the fixative. All
of the orgons used in this study were fixed in Zenker'a
golution®. This fixative consisted of two

1. Becker, E. R., and Roudabush, H. L.
1935, Brief directions in histological technique,
Colleglate Pregss Inc., Ames, Iowa

2. The use of Zenker's solution as o fixatlve was
recommended by Dr. L., 3. Stone of the Yale University
School of Mediocine.
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parts, A and B, which were combined just before use,
Solution A contained 5 gme of potassium dichromate, 10
gme. of merouric chloride, and 1 gm. of sodium sulfate in
100 oc. of solution, 95 cc. of this solution were mixed
thoroughly with 6 cc. of solution B, glacial acetic acid,.

To prevent the dilution of the fixative by the
ammiotic fluld a concentrated Zenker's solution® was
used to fix the feti and placentae. 3 occ. of the
ooncentrated Zenker's solution were injected into the
amniotio cavity of each fetus, The intact uterus was
then submerged in a large volume of Zenker's solution
of the usual strength.

The apleen, llver, pancreas, and pieces of liver
wore flxed for 12 hours. Kidneys and heart were removed
from the solution after 12 hours, split longitudinally
and replaced in fresh fixative for another 12 hours. The
fixative surrounding the uterus was replaced by a fresh
solution every 12 hours for two days (48 hours). The
uterus was then cut between each fetus and returned to

the fixative for another 12 hour perlod.

* The concentrated Zenker's golution contained 10 gm. of
potassium dichromate, 20 gm. of mercuric chloride, and
2 gm, of sodium sulfate in 100 co. of solution. 95 cCe
of thls solution were combined with 10 cc. glacial
acetic acid.

-l
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At the ond of the fixatlon period the organs were
washed in water and dehydrated in ethyl alcohol by
passing the tissue through solutions c¢f lncreasing
strength;. The uterus and accompanying fetl were kept
in each aloohol about three times as long as the other
organs, Cedar oil was used as the clearing agent.

The first organs studlied were imbedded in Altman's
imbedding mixture .2 However, for the majorlty of the
organs Tlssuomat purchased from the Figher Solontific
Company was used, Thls product which exhibited physical
properties which are very similar to those of Altman's
imbedding mixture was found to be very satisfactory.
The paraffin blocks were stored in the loebox until
they could be cut. The sectlons were &ll cut eight
microns thick with a Spencer rotary=type microtome.

Three to five serlal sections of each organ were
mounted on a slide. Five such slideos were made of each
organ. The sections on each slide were taken from flve
different portions or the organ. The sections were

floated with distilled water onto slides ocoated with

< The detailed procedure is given in the appendix,

2 Altman's lmbedding mixture contains 850 gm. of paraffin,

100 gn. of stearin, and 50 gm. of beeswax. The ingre-
dients are melted, theoroughly mixed and filltered.

———— . - - - mm— . o a———



e T ———————————————

- 102 -

thin film of lMeyer's albuminl and were flattened by
warming elther on a hot plate or above the flame of an
alcohol lamp. The slides were allowed to dry not more
than 18 to 36 hours before they were stained.

The sections were de-Zaonkerized in 70 per cent
lodinized alcohol before they were stained, All the
slides were stained in undiluted Delafield's hema-

- toxylin, deatained in 0,33% hydrochloric acid and

then "plued" in tan water. The sections were then
counterstained in ethyl eosin. Oum damar was used as

the mounting medium.

¥ Furonased from the Arthur H. Thomas Company.
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Microscopic Anglysis of Histological Sections

In enalyzing the hiastological seotions from any one
organ, a composite description was made of all the sec-
tions mounted on the five slides prepared from each organ.
Component parts of the organ were always examined in the
same order.  For example, in studying sections taken
from a kidney, the cortex was examined first, then the
medulla, and lastly the pelvie. In so far as it was

practicel, all sections from one organ, i.e., liver,

from every rat in all the experimental groups were de-
soribed before a different organ was studlied.
The following terms were used to desoribe conditions
noted in the mloroaoopiqistudy of the seotions:
Hyperemla, an inoreagsed amount of blood within the
blood vessels;
Hemorrhage, the presence of free blood outside of
the Plood vessels;
Thrombosis, the clotting of blood within the blood
vessels during life;
Infarct, sn area of neorosis resulting from the
sudden stoppage of blood in a blood veasel;
Edema, the presence of an excessive amount of fluid

in the tissues;

ic Runnells iio A.
1938. Animal pathology, Colleglate Press Inc., Ames, Ia,
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Hyaline degeneration, the formation of hyaline in a
cell or group of cells:;

Hyaline casts, collections of hyaline material in
the renal tubules or in the urine;

Cloudy swelling, a cellular degeneration character-
ized by swollen cells with granular cytoplasm
and indistinot nuclei:;

Fatty infiltration, the deposition of fat in one or,
at the moat, a fewv large globules within the
cells of the epithelium of the liver and in the
conneoctive tissue of other organs;

Fatty degeneration, a disturbance of fat metabolism
of the cells of the liver or kildney epithelium
resulting in the appearance of many small drop- ,
lets of fat normally held firmly by the cell 5
protoplasm;

Fat neorosis, the splitting of fat into fatty aclds
and glyocerol by the action of pancreatic
lipase;

Neorosis, the sudden local death of cells in the
living body.

et
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DATA COLLECTED FOR EVALUATION OF GESTATIONAL
PERFORMANCE

Gegtation 1

In studyling gestation, data were collected that serv-
ed as indices of the succeass of the functlon. They fell
into three main oclassss, 1.8&., those that described the
course of the gestation 1tself, those that desorihsed the
céndition of the litter born, and those that described the
vitallty of the 1litter and thereby reflected the success
of the gestation. The data collected for the gtudy of the
first gestation follow. Thelr aignificance in the evalu-
ation of renroduction is discussed in "Results."

A. For the gstudy of the avernge progression of

Gestation I
a. Fertility indexl i
b. Implontation ver centl
c. Plecental indexl
d. Implantation (Apnearance of erythrocyte
sign)

l. Time of occurrence

1. The imnlentation per oent 18 the ratio of the
ngmber of imnlantations ’
number of poslitive natings
the placental index is the ratio of the
number of suocessful perturitions = ang
number of implantations '
the fertllity index is the ratio of the

number of successful varturitions
number of positive matings.

R WU
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2. Peralstence in days

For the study of the condition of litter I at
birth

e. Total weight of live young in litter

b. Individusl welght of young

¢c. MNumber of young in litter

d; Per cent of young born dead
For the study of the everage vitallty of litter I

a. Per cent of young dying one to four days

after birth
b. Individunl weilght of young four days sfter
birth
c. Rearing performancel

d. Individual weight of young at weanning

Gestation II

Only a part of the data used to study gestetion I

could be obtained for the second pregnancy, as the femnles

were soorificed before parturition. However, the autopnsy

records furnished additionel information concerning the

condition of the feti, placento, bthe number of rosorntions,

and the number of corpora lutes, that was eapecially use-

ful in anslyzing the succeas of the gestetlon. The follow-

ing date were colleoted.

I,

The rearing performance is the ratio of

number of young reared
number of young that shauld have been reared.
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A. For the study of the average progression of
Gestation II

Be

b.

Implantation per cent
Implantation (Appearcnce of erythrocyte
slgn)

1. Time of occurrence

2. Persistence in dnys

B. For the study of the average development of fetil

in uterus
g. Total number of feti
b. Total welght of fetl
6. Fertilization per cent?
d. Per cent of Tetl resorbed per litter
e. Per cent of total litters resorbed

C. For the 8tﬁﬂy of the average condition of fetl

and placentae

8.
b.

G.

d.

Individual weight of feti

Indlviduel weight of placentae

Per cent of normally developed fetl dead at
gutopsy

Fetal~-placental index%

L. Those data were obtalned at autopsy.
The fertilization per cent has been defined herein as
the ratio of the number of feti and must be

2.

S

the number of corpora lutea

distinguished from "fiertility per cent", used in
evaluating the succeas of gestation I.

The fetal plocental index has been defined herein as
the ratlo of weight of placenta.

weight ol fetus i
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DATA COLLECTED FOR STUDY OF PATHOLOGICAL CHANGES
ASSOCIATED WITH GESTATIONAL FAILURE

One of the primary purposes of the investigation
herein reported was to determine what pathological chan-
ges were assoclated with gestational fallure. The
relative condition of rats dying of the pregnancy dis-
order and those surviving parturition in all experimental
groups was desoribed. Findings were compared with
gimilar data collected from a normal control group. In
the study, the physiocal condition of the rats was ana-
lyzed, and the visceral organs were described in regard
to external appearance, histo-pathology, size, water
content, ond, in the case of the liver, fat content.

The outline used in describing the physical vigor
and genersl condition of the animals is shown in form 1,
in the appendix. The females were welghed dally for the
study of changes in body weight during preznancy. The
outline used to collect data concerning the appearance of
the visceral orgens is shown in form 2 in the aopendix.
The amount of water consumed by the females was recorded
dally from the twelfth day of pregnancy until parturition
or death,

The relative welghts and water content of the liverl,

kidney, heart, spleen, and mammary glands removed from

——

L. The group of analyses on the liver was made by Misas
Ethelwyn Wilcox.
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rats representing all dletary groups were determined.
The organs used for the study of cellular changes
accompanying the pregnancy disorder were the liver, kide

ney, heart, spleen, pancreas, fetl, and placentae.
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RESULTS_AND DISCUSSION

Even before the experiment was completed and the data
were analyzed, ocertaln facts pertaining to the reproduc-
tive behavior of the animals fed the wvarious experimental
diets were obvious. For instance, the females fed the
Steenbock V dilet, designated as the controltration, never
developed the characteristic symptoms of the pregnancy
disorder. Also, the animpls maintained on this ration
were able to produce vigorous live young and to rear
these young successfully. It might be sald in passing
that the stoock colony belonging to the Nutrition Labora-
tory has been maintained for seven years on the Steenbook
V diet and no deaths due to pregnancy disorder have ever
ocourred.

The ocourrence of the typliocal pregnancy disorder
firat desoribed by Dyar ('356) in onimala fed the Pork I
ration wos agaln confirmed. Among the animals reored

especially for this study, 6.7 per cent and 13.3 per cent

- of the females in the two Pork I groups studied dled with

typical symptoms of the disturbance (table V). The
general symptomatology desoribed by Valliker (*38) was
again noted. The onset of the symptoms was always sudden,

e dd
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TABLE V. INCIDENCE OF PREGRANCY DISORTER IN FEMALES FED
VARIOUS EXPERIMENTAL DIETS

Experinental groups Per cent of |fennles dying
llated with | Hated with
males fed meles fed dlet
Steenbock V| of fenale
Steenbook V (Control diet) o 0
Pork I ‘Baaal dlet) 6.7 13.3
Pork 7 (Pork I plus fresh
1liver) o o]
Pork 39A (Pork I plus 10 ol 0
mge lipocalc)
Pork 398 (Pork I plus 40 mg. ol -
1ipocaloc)
Pork 390 (Pork I plus 500 10 20 i
m@. lipoocalc) i
Pork 31 (Pork I plus liver 20 13.3 :
extract) g

and no reliable subjective measurcment was found for
predicting the appearance of the syndrome. In some cases,
enimals appearing perfeotly normnel dled within fifteen
minutes. The majority of the females became 1ll on the
twenty~-first or twenty-second day of gestation, The dls-
order occurred during either the firast or the second \
littering, although other studies in the laboratory have
noted deaths at the third pregnancy.2 It was observed
elso that even the females that did not die at parturition

L. In other studies conducted in the laboratory at the

geme time, females dled in these experimental groups.
2, Unpublighed data in the files of the Nutrition
Laboraotry.
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were unable to rear their young successfully, many young
dying within four days after birth.

Fresh liver was the only supplement tested in the
present expveriment which prevented the appearnnce of the
symptons of the pregnancy disorder. These observations
confirmed the findings reported by Rogosheski upon the
effect of feeding fresh liver as a supplement to the
Pork I diet. The addition of lipocalc ond liver extract
to the Pork I dlet failed to prevent the apnearance of
the pregnency disecse.

The results obtoined with the use of lipooanlc were
indeed dlsappointing. As oan be seen from table V, no
rats dled in the experimental groups recelving the daily
addition of 10 mg. or 40 mg. of lipooalc to the diet.
However, deaths were noted in groups of animpals used in é
other expeoriments conducted simultaneously in the labor-
atory where lipocaloc was fed (Walllker, '38). When the
dosage of lipocaic was lnoressed to 500 mg. dally, 20 per
oent of the animals in one group dled. Not only were
many animals lost in the group fed the dlet containing
600 mg. of lipocailc, but also animals that survived par-
turition exhlbited poor rewnroductive performance in terms
of number of young alive the fourth day after birth. In

general, lncreasing the amount of lipooaic fed did not
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inprove the reproductive behavior of the females,

These findings are in direct contrast to results of
a study reported by Wilcox ('37) in which 4 ng. of lipo-
calc exerted a marked benefioclal effect upon the reproduc-
tive performance of the animals. Unfortunately the
lipocalc used by Walllker and the present investigator
- differed markedly from that fed by WIicox. The preporation
used in the laboratory in the yeor 1938 to 1937 (Wilcox,
'37) wns a white orystalline material isolated from ox
panorsas by Dr. Lester Drapstedt. The lipoocalc fed in this
study (1937 to 1938) was furnished by the Eli Lilly Company
through the courtesy of Dr. Dragstedt. It was prepared as
& by-product in the manufacture of insulin from fetel
panecreas. This materlal, vhich was a graylsh-yellow powder
with a psculiar odor and flavor, was found by Dr. Dragstedt
to be about one~half as effective as his originel prepara-
tlion in preventing fatty livers in depancreatized dogs
maintained with insulin.l No conclusions may be dravn as
to the effect of lipocalc upon reproduction until it is
poaslible to obtalin a uniform product.

The highest mortality of females (13.3 per cent and
20 per cent) ocourred in the two groups of animals fed
liver extrrct as a supplement to the Pork I diet. The
high incldence of the pregnancy disorder among this group

Y. TPeroonal communloation from Dr. Lester Dragstedt to
Dr. Peorl Swanson.

P et o
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of aningls confirmed the observebticn made by King ('386)
that the number of fernales dylng at parturition was
increzsed when liver extract was cdded to the bhasal wvork
dlet. A poor reproductlive behavlor was clso obsgeirved
among the animels fed this diet whose behavior at partur-
ition was apparently normal.

It should be noted that in every experimental group,
except the lot fed liver extract, the inclidence of
pregnancy disorder was lncreansed when the male used for
mating recelved the same dlet as dAid the fennle.

Although 100 per cent mortality of the femaeles at
parturitlion has never boen noted, the animnls surviving
were conslstently unable to rear all of thelr young. This !
fallure was due to a high death-rate among the young early

g P
MEREL L. .

in the lactatlon period. These observations made us
wonder whether or not the vitality of the young of the
pork-fed females was of auch low order that they were
unable to survive extra-uterine exlstence. If thiles wore
the oéee, the early loos of litters might e due to an
atyploal or sub-goute form of the pregnancy disorder. The
following seotion deals with an attempt to evaluate the
gestational performonce of the females comprising the
various experimental groups thot did not develop the preg-

nancy disorder but none the less falled to rear thelr young.
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EVALUATION OF 3UCCESS OF FIRST GESTATION

To add to the reliability of data collected on 4if-
ferences in gestational performance between the groups of
oniumnls studled, a set of data obtained from normsl ani-
mals was necessary for comparison. The experimental
group of animale fed the Steenbock V dlet was believed
normal. However, this group contained only fifteen aul-
ﬁals, and voriations in reproductive behavior have been
obgerved in small groups of these rats from year to year.
Therefore, it wes decided to use observations made on 217
females in the stock colony as a stonderd of normal geg-
tational performance. Five generations (the eighteenth f

through the twenty-second) of the stock colony were

represented in this standard group. Observations that are é
indicative of reproductive behavior, such as items per— |
taining to the progreassion of gestation, the conditlon and

vitallity of the litter, were tabulated for the first

pregnanocy. The individual items considered were the same

as those used in studying the experinental groups and are
listed in table VI.

Certain of the data seemed to indicate that the geasta-
tlonal performance of the animals used in the present , ;

experiment was abnormal, Therefore, 1t was necessary to

P i iun
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deviated from the normal picture as revresented by obser-
vations made on the stondard group. The general character
of the data 1ﬁtroduced many obstacles in working out a
plan of analysis and made 1t lmperative to test the sig-
nificance of differences in two ways.

In the first onalysis, the chi-square test was uséd
in evaluating items revorted on a perscentpge basis, which
did not show a normrl dlstribution. Due to this non-
normality, asome of the records were divided by counting
the number reported as 100 per cent and the number reported
as less then 100 per ocent. For the remaining records, the
number reported zs8 0 per cent and the number reported as
above 0 per cent were counted. The variablus examined are
Ziven below.

A. Inplantation per cent (100%:leas than 100%)

B. Plaoentol index (100%:less than 100%)

0. Fertility index (100%:less than 100%)

D. Dead young in littera (Of:more than 0%)

E. Young dying in litters before 4 days of life

(0%:more than 0%) | '

F. Rearing performance (0%:more than 0%)

Hot all varliables were included in the analyses
desoribed above. The remaining variables could be compared

directly with similar data from the standard series. The
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standard deviatlion from the mean for each item was calcu~
lated for the gtanderd group and was taken as an index of
the normal range for that item. Then for the atanderd
deviation for each variable thus obtained, gseveranl standard
errors of the mean based on the size of the different
experimental groups were calculated. Values were deter-
mined which glve the range within which 99 per cent of the
rneang of random samples drawn from the standard group might
be expected to fall (Fisher, '36). A meen value of an iten,
derived from an experimental group, which fell outside this
range was significantly different from the mean of the
standard group, and gbnormallty of function in reperd to
the item was inferred. ;
Some disoussion of the indlces used to evaluate gesta-

tional performance may be helpful. It 1s difficult to

R« SO

obtein acourate information of the progression of gostation
without killing the animals at intervals durling pregnanocy.
However, the items listed in table VI under "average
progression of gestation” do give some information on the
normal sequence of events from coltus to parturition. A
composite pilcoture of the succeas of fertilizatlion, implen-
tation, and parturition is obtained by the use of the
Tertility indéx. This figure measures only the relation

between number of positive matings and number of successful

- e — o —
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parturitions. However, by using the implantation per
cent and the placental inder, it 1s possible to determine
whether or not lack of fertility in any group of animals
is due to untoward occurrences before or after imnlantation.
The implantation per cent measures the relation batween
number of positive matings and number of implantations. It
ls expected that in normel animals o certain proportion of
positive matings are followed by imvlentation, =nd low val-
ues indicate an early break in renroductive processes. One
of the reasons for a faillure in implantction following the
appearance of aperm in the vaglna may be abnormal ova or
spermatozoa. However, 1f males of proved fertility are used
for mating, as was the case in sbout one-half of the present
experiments, fallure of implantatlion may be charged against
: the femanle alone. The dny of gesatation on which placenta-

s b

tion oocurs can be detedted by exemining the vaginal contents
for the presence of free blood. An early appenrance of the
érythrocyte gign has been demonstrated in abnormel condi-
tions. It is possible also that retarded imnlantation 1is
indicative of a dlsturbance in placental development. Undue

persistence of the red blood cells also may be.regerded ns

B D R B O T T T Y I Mmoo g i S

an atypical condition.
The placentgl index measures the relation between

number of implantations and number of parturitiona. For
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Instance, if the feti dle and aore resorbed before the end
of gestation, or if the birth mechanism in the femsle
falls to function, the placental index becomes zero.

The 1ehgth of the geatation period 1s also an index
of the normellty of pregnancy. Prolonged gestatlons have
been reported in sbnormal uterine conditions such os
follow the feeding of dlets low in vitamin A or in the
essentinl fatty scids.

With these considerations in mind, the averspge gesta-
tional performence of each experimental group wos ennlyzed
in relation to the behavior of the standord group using
the data presented in table VI. In this series, the
females had been mated with males fed the adequate control :
dlet.

In so far as the progression of gestation was concern-

=5 PP

ed, the observations made on the experimental group fed

the Steenbock V dlet were not, on the whole, significantly
different from those mnde on the standard groun (table VI).
They differed only in resvect to the day on which imvlant-

_atlon ocourred. Gestation proceeded normally in all other

experimental groups also, with the oxcoption of the animals
fed the Pork 31 dlet. In thls group, the reproductive
mechanlsm seemed to be stimulated. The enimols exhibited
an unusuelly high fertility, shown by the fact that every

e = e = - ———— o —




|

-119-

TABLE VI. DATA RELATING TO FIRST GESTATION CP FEMALES MATED WITH MALES FROM

Individual weight of young at weaning

Observations made during gestation and lactation Standard
group
' tee
(C
Yati
Average progression of gestation I ,
Proportion of fertility indices = 100 148217 14 ¢
Proportion of implantation per cents = 100 169:217 14;
“Proportion of placental indices = 100 210:217 15
Implantation (Appearance of erythrooyte sign)
Day of ococurrence 'in gestation 13.6 14.
Persistence in days 1.8 1,
Length of gestation in days 22,2 22,
Average oondition of 11ttor I at birth
Total weight of 1ive young in litters 43.3 38,
Individual weight of young 8.1 8,
Number of young in litter 8.6 7
, Proportion of total litters omtalning no dead young | 186:27 14
Average vitality of litter I
~ Proportion of total 1itters dying 1 to 4 days 291217 4
© after birth
Individual weight of young 4 days after birth 8.2 6.
Proportion of rearing performances = O ig:gl? 53:

1Tho data from which the averages were taken are shown in tables 4, 6, and €

2pata given by Rogosheski (!'36) included.
#8ignificant
##Highly significant







) WITH MALES FROM THE STOCK COLONYl

Standard Experimental groups
group
‘ tesnbock Pork I Pork 72 Pork 39A Pork 39B | Pork 39C | Pork 31
(Control (Basal | (Pork I (Pork I (Pork I (Pork I (Pork I
fation) dlet) + freah + 10 mg. | + 40 mg. | + 500 mg, | + 1liver
liver) 1lipocaic) | 1ipocaic)| lipocaic) | extract)
148:217 14:156 12:14 14117 10:16 11:15 9:0 14 ;0%
169:217 . 14:16 12:14 14:17 10:15 11:15 -, 930 140%
210:217 .15:0 14:0 17:0 16:0 1530 9:0 14:0
13.6 14,54 14,7%% 14.0 14 .4 14 .8%% 14,6 13,6
l.8 1.8 1.2 1.1 1.9 1.8 2.8 1.6
22,2 22.1 28.3 22.2 22, 22,3 22.8 22.3
43,35 38.1 39.4 35.1 51.0M | 30.5% |. 33.4 30.4##
8.6 706 7.7 7.2 6.9 8.5” 6.7 8;3”
18627 1431 10:3 1631 12:3 13:2 613 1331
291217 4114 3:11 9117% 11513 8;16%  4i8% 12114%%
8.2 8.3 5.8 6.0 5.8 5.2 6.0 3.8
3731217 8115 6:13%  103;17* 1115 13315 B9 12114%
49.58 50.0 43 .9 _51.1 40,0 38,9 47.1 48.5

ibles 4, 5, and 6 1n]tho appendix
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posltive nating resulted in implantation and in a litter.
In aidition, implantation in these sninals occurred
earlier than in the females of any other dietary groupn.

Apparently the dletary factors involved in the exper-
imental diets have little effect upon the outward evidenoce
of the normal progression of gestation. The fact that we
were unable to detect any differences does not indlcate,
however, that real differences did not exist. Observations
such as those discussed above are only orude measures of
the conditions that prevall dquring gestation.

The data perteining to the condition of the young at
birth contributed valuable information to our knowledge of
the normality of gestation. The amount of new live tissue
whioch the female is able to produce during gestation
reflects the degree of success of the funoction. Fetl low
in vigor may be able to live while in the uterus but are
often unable to survive after parturition. The total live
welght of the litter at birth is affected by three factors:
- 1.e., the number of young born, the per cent of youn;: born

dead, and the individual weight of the young.

Examination of the data presented in table VI shows
that in so far as the condition of the litter at birth was
concerned, there were no signifiocant dlfferences between

litters produced by animals fed the Steenbock V, the Pork I,

R
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or the Pork 7 diets and members of the standard group.

The animals fed the suvplenents of lipocelc produced
é smaller amount of new live tlssue than did the femeles
in the standard group. Differences were signifiocant only
in the groups fed the two lower levels of the materinl.

In the caoe of the animals fed the Pork 39B diet (40 mg.
lipocaic) both the mumber of young in the litter and the
individuel weight of the youns were smaller than the cor-
responding values in the standani set of danta. ‘then the
dosage of lipoocalc was inoreased to 500 mg., the individual
welght of the young was the only item that differed signif-
icantly from the stondard value. However, it nust be
remembered that as thls group 1s small, deviations from
normal muat be very large in order to be signifiocant.

The females consuming the Pork 31 dlet, in spite of
thelir high fertility, were unable to produce litters of
nomsal weight or size.

The inability of the young to survive during the first
few days of extra-uterins life may reflect conditions dur-
ing gestation. It is thought that the proportion of young
dying in the firat four days of 1life and the welghts of the
individual young at this time are indices of intra-uterine
development. Likewlse, rearing performance and welght of youg

at weaning also give some indlcation of the development of
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the young during gestation, because the gmount of milk
gsecreted 1s oaffected not only by the nutritionsl state of
the mother, but also by the vigor of the liﬂter.

Wfhen the rearing records of the various groups of rats
were compared, no significant difference was found between
the aninzls fed the Steenbock V diet and atendnrd set of
enlmals., In the litters vroduced by the females fed the
Pork I dlet and the standard group of rate, the difference
in the prowortion of total litters dylng before the fourth
doy of 1ife approached aignifioance, showing the pork
ration exerted some adverse influence. The rearing per-
rormanée of the Pork I group was significantly poorer than
that of the standard. In additlion, the weilghts of the
individual young both at four days snd at weaning weras
considerably lower then the corresponding welghts of young
in the standard groupi Thege items were not tested sta~
tiastiocally for signiflcance of the differences, because of
varliations in litter size.

The addltlon of fresh liver to the Pork I diet diad
not inprove the vitolity of the young born to females fed
the basal pork ration, as far as proportion of totol
litters dying before four days end rearing performance was
concerned, However, the weights of the young at four days

and 28 days after birth compared favorably with similar
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date for the youni of animels in the control group.

In the groups of animals fed lipocalec as a supple-
ment to the basal pork ration, the rearing verformance
viag poor, In addltion, with the exceptlon of the Pork
390 group, the young were below par in regard to the body
welght of the individual young at four Jdays and at weaning.

llelther was tho rearing performence of the females
recelving liver extract as a supplement to the basnl pork
diet normal., Also, the young at four days weighed only
3.8 gn. However, by the end of suckling period they were
as large as the youns in the stsndard group.

In genercl, it nmay be snid that the first gestation of
the experimentsl group of animpls recelving the Steenbock }
V dlet was as successful ns thet of the stendard series.

The rats fed the Pork I dlet exihilbited a better pestational

porformance than was expected from the results of othser

astudies in the laboratory (Dyar, '36; King, 136; Welliker,

'38). Of pll the supplements tested, only the addition of

fresh liver to the Pork I dlet improved the rearing perform-

ance of the females and nmointained the gestatlion near o

normal level. 3
1t is to be expected that if the diet of both parents

is deflclent, the young produced will be in a poorrr phys-

icel condition than 1f the diet of only one parent is



lacking in some dletary essential. Comparison of the data
presented in table VII with those in table VI shows that
the nutritive state of the male affects the condition of
the progeny. Whille matings between males and females main-
tained on the Pork I diet were very fertile, totel weight
of the litter, size of litter, and individunl weight of
young were pll significantly lower than the values revorted
for the standard group. It will be recalled that no sig-
nlflcance could be attached to differences in these items
when males of the stock colony were used for mating. The
differences in proportion of total litters dying before
four days and of rearing performances edquel to zero of
females belonging to the Pork I nnd standard groups, respec-
tively, were highly significant. The condition was more
acute than 1t was when males fed the 3teenbock diet were
used.

The females in only two of the experimontal groups
given lipocalc as a supplement to the Pork I ration were
moted with males fed the same diet as they themselves
received. In both groups the use of manles maintained on
the pork dlet plus lipocaic resulted in a poorer gestational
performance than was noted when the females were mated with
males from the stock colony. The bad effeot of the diet
of the males on the condition and vitality of the litter

o
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TABIE VII. DATA RELATING TO FIRST GESTATION OF FEMALES MATED WITH MALES FED THI

Observations made during gestation and lactation

Standard
p JI1 —
group Pork I
(Basal
ration)
Average progression of gestation I
Proportion of fortilif:j per cents = 100 148:217 13;:0%
Proportion of implantation per cents = 100 189:217 10:13
Proportion of placental indices = 100 2103217 13:0
Implantation (Appearance of erythrocytes) :
Day of occurrence in gestation 13.6 13.9
Persistence in days 1.8 1.8
Length of gestation in days 22,2 22,1
‘Average condition of litter I at birth
Total weight of live young in llitters 43.3 20,74
Individual weight of young 6.1 4.6%
Number in litter 8.6 6.8%
Proportion of total litters containing no dead yimng 186:87 130
Average vitality of litter I
Proportion of total litters dying 1 to 4 days 291217 8113**
after birth
Individual weight of young 4 days after birth 6.2 5.3
Proportion of rearing performance = 0O 37:217 11:13**
Individual weight of young at weaning 49,5 45.4

#8ignificant ' o
##Highly significant 'y







STATION OF FEMALES MATED WITH MALES FED THE SAME DIET

d lactation Standard Experimentdl groups
rou -
grovp Pork I Pork 29A Pork 390 Pork 31
(Basal (Pork I + (Pork I + (Pork I +
ration) 10 mg. 600 mg. liver
lipocais) lipocaioc) extract)
s = 100 148:217 | 13;:0% 12316 8:0 12114
ents = 100 169217 10:13 13:18 830 10:1¢
= 100 2103217 13:0 15:0 810 12110
hrooytes) ‘
n 13.6 135.9 16.2"* 14,2 13,9
1.8 1.8 1.7 8.0 2.1
22,2 22.1 g2,.2 22, 22.4
h
tters 43.3 29,78 | | 32,9% . 29,1 32.8
5,1 4.6% 4.5% 4,40 4.8
, 8.8 6.8%* 7.8 6.3 7.1
aining no dead young | 166:27 1310 12:3 610 10:1
g1 to 4 days 201217 8113 15116 416M 6111
s after birth 8.2 5.3 8.8 6.3 8.3
=0 373217 11:13"* | 1415 XY et 8310
aning 49,5 45.4 40,3 38.8 34.5
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was greater in the group fed the 500 mg. level of lipocalc
than in the group receiving 40 mg. of the supplement dnily.
It 1s difficult to explaln the effeot of using nales
fed the Pork 31 dlet upon the gestatlonal behavior of fe-
neles fed the same diet, especlally when heretofore the
feeding of the supplement to the female seemed to hove an
adverse influence upon the sucoess of pregnancy. It will
be recalled that if males fed the stock dlet were used
for mating, the litters born were small in size and light in
welght as compared with those of the atandard groun. The
reverse was true in this experiment when males fed the
same dlet were used for mating. Thia phase of the exner-

inment should be repeated.

L.
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EVALUATION OF SECOND GESTATION

The success of the first pregnancy cannot be regarded
as a true measure of the effect of dletary factors upon
gestational performance. It will be receclled that the
animals were not glven the various experimental dlets until
they were 40 to 50 days old, and that they were only 7C
days old at the initiation of the firat pregnancy (teble
IV). Therefore, during the first gestation period the
female had an opportunity to draw upon subatancss stored
in her body tissues during the time prior to the initiation
of the experiment when she received the adequate astock dlet.
%hen pregnancy is imposed at an early age, the female is
faced with the double problem of produoing a litter ond
oonmpleting her own growth. For this reason, the behavior
of the female in the first pregnancy is likely to be nore

erratic than in later gestation periods. Therefore, we

_think that data collected during the seoond gestation per-

lod yleld more pertinent information regarding the true
effect of the dletary regime upon the success of gestation
than do data relating to the first gestation. The

animals were killed Just prior to the termination of the
second geatation. The data wers enriched considerably by

examination of the uterine contents at autopsy.
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Unfortunately no autopsy dota simllar to those obtained
from the animala in the various sxperimentel groups were
avallable for the stendard group of rats. It was
necessary, therefore, to use information obtalned at
cutopsy from the experimsntal group fed the 8teenbock V
dlet as the standard. This group of animals was too small,
however, to permlt statlstical comparlsons of autopsy daste.
As in the gvudy of gestation I, the progreass or the
gecond gestation was analyzed (table VIII). ‘The fertility
per cent and placental index could not be caloculated as .
they depend upon the ocourrence of narturition. The
gestation records of the control group of Steenbock V ratas
aporoxinately duplicated thogse of the atondard group in

their second pregnancy. In general, the proportion of

Aawer o ;
COARELE e

sucoessful implantations and time of imnlantetion of the
fertilized ova were normal in all groups. However, in two
lots, i.e., Pork I and Pork 390, blood persisted in the
vegina for an unduly long time after implantation.

?he average intre-uterine development of the fetl in
the second gestation was studled next by means of data
obtained at autopsy. In the analysis the followling consid-
erations were kept in mind. The number of young bormn
gives no indlcation of the number or state of feti in the

uterus, as fetl in varlous stages of resorption may be
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TABLE VIII. DATA RELATING TO TE SECOND GESTATION OP FEMALES EATED WITH KALE

Standard

Observations made during gestation and at autopsy
prior to parturition . group N
e
diet)
Average progression of gestation II
Proportion of implantation per cent = 100 .170:217 15:0
Implantation (Appearance of erythrooyte sign)
D.y of ocourrence in gestation 13.9 14,0
Persistence in days l.2 1.3
Average intra-uterine development of fetl
Fumber of normally developed feti 11,3
Total ;eight of feti in gm. 55.%
Fertilization per cent2 87.7
Per cent of feti resorbed 15.4
Per cent of total litters resorbed 0.0
Average condition of feti and placentae
‘Individual weight of well-developed folt in gm. 5.0
Individual weight of placentae in gm, 0.4
Per cent of normally developed fetl dead at autopsy 0.0
. ‘Fetal-placental indexd 0.0

#381ignificant
##fighly significant

41’rho data from which the averages were taken ias shown in tables 4, § and .6 in
2The fertilization per cont is the ratio of the total number of feti

}

the total number ol corpora lutea

5'.!'!10 fntnl~pllcontal index 1: the ratio of the welght of placenta
, uIEE of %‘H







IS MATED WITH MALES FROM THE STOCK COLONYl

Standard

i Experimental groups
group
Steenbock | Pork I | Pork 7| Pork 39A | Pork 3B | Pork 39C |Pork 31
V (Control | (Basal | (Pork | (Pork I (Pork I (Pork . |[(Pork I
diet) ration) | I plus | plus 10 plus 40 plus 500 |plus
fresh | mg. lipo- | mg. lipo- | mg. lipo~ |liver
|1iver) | cale) # caic) caisc) extract)
170:217 '15 30 14316 14:17 11:16 11316 9:10 13:15
13.9 14.0 13.7 1‘.0 13.6 ' 1‘.8“ 14.0 13.4
1.2 loa ) 9.2“ 1.0 ’ 2.0 1.9 2.5' 1."
11,3 10.4 10.9 | 11,0 10.7 8.1 10.0
55,938 43 .48 48,99 39.76 39.87 - 20,74 34,79
1877 96,8 91.3 | 97.0 96.2 76,6 98.3
15.4 15 .4 12.4 43,7 47 .3 668 .5 17.4
0.0 0.0 0.0 0.0 8.7 40.0 0.0
6,08 - 4.11 . 4.79 3.28 3.89 2.37 3.48
0.481 0.383| 0.398 0,377 0.368 0.808 0.442
0.0 0.0 0.0 0.0 1.4 2.1 0.0
0.09846 : 0.0932l 0.08?1 0.11861 00,0948 0.224 0.107

)les 4, 5 and 6 in the appendix,

s of fetl

v of corpora lutea

wcenta
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present. However, it 1s possible at autopsy to deter-
mine the condition, total number, and weight of the feti.
Even in a normal pregnancy in rats fed en adequate diet,
a certailn number of resorptions occur due to crowding of
the fetl or fallure in the developmnent of adeguate
placentel circulation. An excesslve mortslity of the
fetl, however, 1ls closely connected with the nuritional
state of the female (Evens and Burr, '27). The per cent
of the total feti resorbsd is no more important than the
per cent of total litters resgorhad. If only half of the
fetl in o litter are resorbed, the remzining feti may
survive parturition and be reared. In such cases, the
gestation 1s not as great a fallure as if the entire litter
were regsorbed.

The actual fertility of sn animal is difficult to
measure from autopsy date, beccuse the number.of eribryos
implanted depends on the vitelity of the germ cells and
the establishment and maintenance of adequate placental
function. The number of corpora lutea present in the
ovaries represents the number of ova extruded at ovulation.
Normally a certaln number of ova do not develop into feti,
due elther to follure in fertlilization or to failure of
the zygote to implant. If the embryo is implanted, even
though 1t dies very shortly, the site of impleontation oan

A e - - e ——— ——— - o e
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be detected. The ratio of number of fetl (every embryo
implanted being counted as a fetus) to the number of
corpofa lutea is a measure of the success of fertilizp-
tion and implantation.

The data concerning the development of the feti in
the uterus are presented in table VIII. The anlmels fed
the basel pork rations produced fewer and smaller feti
than dld the Steenbock V females. The fertilization per
cent was increased in all but one group of animals fed
the varlous pork rationa. Thizs was the group receiving
500 mg. of lipocnic. Fertilization was esvecinlly high
in the group fed liver extract. i

The group of aninals fed fresh liver in addition to ;
the Pork I diet produced nearly as many and as lprge feti
as dld the Steenbock V females. The fresh liver wns the
only supplement which improved the gestational perform-
once of the females fed the basal pork ration. Indeed,
the addition of lipooaic or of liver extract seemed to
have a detrimental effect upon the number and weight of

[op—

fetl produced. It 1s significant that the ilnoreasing
doses of lipooaloc resulted in progressively poorsr uter-
ine contents., Not only were the fetl produced fewer in

number and lighter in welght in femeles fed the 500 mg.
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level of the supplement thon in the group recelving the
10 mg. level, but the fertilization per cent wns de-
creecgad. Normally developed fetl were found decd in the
uterus only in the groups fed the 40 mg. and 500 mg.
doses of lipocaic. In addition the relation between the
welght of the fetus and the weight of the pleocenta wes
abnornel in the group fed the high level of lipooalc.
The number of resorntlions in the rsts fed the control,
Pork I, Pork 7, and Pork 31 dlets were epproximately the
same. The addltion of lipocalo to the basal pork dlet
increcssd resorptions from aporoximately 15 to 863 per
cent. The relative number of feti resorbed increased as
the doae of 1lipocalo inoreased.

It was noted in the discussion relating to the suc-
cess of gestotion I that in any experimental group the
females mated wlith males fed the arme dlet exhibited a
poorer gestational performnnce than dild the females mated
with males from the stock colony. ‘hether these findings
held true 1n the second gestetion wos now investigated
(table IX). Analysis of the data therein presented shows
that the gestations in the basal control group reoeiving
the Pork I ration were poorer when males fed this dlet
were used for mating than when tested fertile males from

the gtock colony were used. There were fewer and smeller

Cad g
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TABLE IX, DATA RELATING TO SECOND GESTATION OF FEMALES

MATED WITH NMALES FED THE

Observations made during gestation end at autopsy Standard
prior to parturition group
V' (Oontx
ration)
Average progreseion of gestation II
Proportion of implantation per cent = 100 170:217 1610
Implantation (ippnnnqb of erythrocyte sign)
.Day of ococurrence in gestation 13.9 14,0
Persistence in days 1.2 - 1,3
Average intra-uterine development of feti
Total number of feti 11.3
‘Total weight of feti 55,93
Fertilisation per cent? 87,7
. Per cent of fetl resorbved 15.4
" Per cent of total 1itters resorbed 0.0
Avorng.-oondltion of feti and placentaé
Individual weight of voll-dovelopod fetl 5,08
Individual weight of phoontu 0.481
Per cent of normally developed roti dead at 0.0
autoply
Fetal-placental index3 0,0946

l'rho 1ndivid\u1 data from which these averages were obtainod is shown in t:ble 8 .
SFertilization per cent is the ratio of total number of feti

) number of corpora lutea

SPetal-placental index is wei of placenta
#81gni ricant "Kighlyai_&f% b rotus |

DS
t t“
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,“w;,g:»— .






KALES MATED WITH MALES FED THE SAME DIET1

Standard Experimental groups
group -
Steenbook Pork I Pork 39A Pork 39C Pork 31
V (Control (Basal (Poxk I + (Pork I + (Pork I +
ration) ration) 10 mg. . 800 mg. - 1iver
lipooaio) 1lipocaic) extract)
170:217 15630 12:14 12:156 8:9 12:14
13.9 14,0 14.5 15.8%* 15,34+ 14.0
1.2 1,3 2,400 2,1 2.1 3.4
11.3 9.7 10,1 7.8 10,7
56,93 31.38 58 .96 23.44 36479
87.7 98,9 02 .4 74.1 96,9
P 15.4 28.0 435.1 48,7 18,3
0.0 0.0 0.0 80.0 1.6
8,08 3.78 3.0 2.49 . 3,08
0.481 0,399 0,306 0.424 0,379
’0.0,, " 0.0 1.7 2.4 ooo
0,0046 | 0.108 0.102 0.170 0.124
obtalned 1s shown in table 8 in the appendix.
r of feti T
T of corpora lutea
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fé%i and more resorptions.

Comparison of the data obtained in the study of the
two gestations confirmed our early assumption that an
inadequate dletory regline does not exert os marked an
influence on the course of the first pregnanocy as it
does on the second. On thls basis, we oan conclude that
gestaﬁion 18 less successful in onimals fed the Pork I
diset than in similar cnimels maintpined on the Steenbock
V rotlion. Of the three supvlenments fed, only fresh
liver 1s cepable of supnorting normal gestation. The
addition of liver extrect or lipocailc to the basel pork ‘
dlet results in even poorer gestational performanceg than
was observed in eninals fed the unsuvpnlemented pork ration.
The influence of the substances 1s not the same. The
feeding of lipocalec strangely enough caused marked re-
sorption of the feti. The liver extr~ot, on the other hand,
retarded the developmnent.

PATHOLOGICAL CHANGES ASSOCIATED WITH GESTATIONAL FAILURE

st

It was pointed out in the preceding section of the

dlscussion that not only did a certaln per cent of animals

.fed the basal pork ration develop the pregnancy disorder,

but also that the females surviving, in the main, were ;

oo i e
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unable to rear their litters successfully. The following
part of the experiment was planned to describe in detril
the vathological condition of the animals that died. We
were also anxious to determine whether or not incivient
synmptoms of the pregnancy disorder could be detected by a
careful study of the animals that survived narturition.
It seemed possible that the post-narturlient death of the
young might bear some relation physlologically to the
conditions noted in the pregnancy disorder.

In studying the inocidence of pathological changes,
the experimental animals were divided into three groups.
The first of these groups consigsted of the females fed
the control dlet, and was used as the standard in evelu-
ating any condition obgserved. The second group included
all the animels fed the pork-containing diets that diad
not develop the pregnancy disorder. The third group con-
tained all rats that became acutely 111l and developed
typloal aymptoms of the dilsturbance. As was indicated in
the "general plan" of the experiment, certain indices were
chogen as basis of oomparison of the condition of the
three groups of animals. They were: general vhysical
condition of the onimals, water consumption, changes in
body welght in pregnanocy, welghts ond moisturs contents of

certain organs, fat content of organs, cellular changes in

il
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organsg, and cellular changes in fetl and placentae.

General Physical Condition of Animpls

The condition of rats as Judged by musculature,
sleskness, alertness, appearance of halr, and other char-’
acteristics of like nature 18 an index of the physlolog-
ical well-being of the animal. In anslyzing the physicel
condition of the rate in the present exveriment, en
attempt was made to detect incipient symptoms of the
pregnancy disorder. Differences in external anpesnronce
between healthy and obt¥lously sick animals were easlly
discerned, but it was difficult to distingulsh border-line
cases. A scoring system developed from data recorded in
form 1 (appendix) was used in Judging the state of health
of each rat not in a moribund state at the end of the
experiment, If the condition of the rat in terms of any
oharacteristlo was that usually observed 1n a normal,
healthy animal, it was rated + 4+ + + (numeriocal score, 4).
The scores obtained in this way were dompared with similer
ones secured from the normal control rate. Some of the
items studied contributed more information than others.
Therefore, the relative value of each item checked in the

subjJective rating was welghted. The rating scale used is

[T
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shown in table X. An animsl in perfect physical condi-
tion, if rated by this scale, would recelve g score of 62.
As can be seen from dats presented in table XI, all
groups of pregnant animels fed the vork-contalning diets,
with one exception, rated somewhet less than did the nor-
mal control group. This group, 1.e., the animals fed the
Pork I diet supplemented by fresh liver, sacored nearly as
high as the control group, The subjective rating oalso
indicated that opregnancy is associated with a somewhat
improved physiocal condition. Whether the difforences are !
real 1s problematic, however. ‘

All in all, these analyses revealed that when the Y

. pregnanoy disorder did not develop, 1t was imnossitle to

distinguish on the basis of physical oappearance alone,
between the animals maintained on the normal control diet
snd those fed the pork rations.

The onset of the dlsease, however, produced a marked
chenge in the condition of the rat. The plctures shown
in plates I, II, and III illustrate the difference in
external appeerance between the normal control animols
and the slck females. Plates II and III show the prozres-
slon of the disorder from the first appearance of the
symptoms to death during a convulsion. These symvutoms

were never observed in the pregnant females fed elther
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TABLE X. NUMERICAL VALUE ASSIGNED TO EACH CHARACTERISTIC

Characteristic Value assigned Highest
to each plus in possible
_ rating scale score
Condition. 2 8
Alertness 2 8
Fat 2 41
Absence of gauntness 1 4
Muscle tone, general 1 4
abdominal ) S 4
Hair, oreamy 1/4 1
fine 1/4 1
smooth | 1/4 1
thiok 1/4 1
Tall, clean 1/2 2
smooth 1/2 2
Respiration, normal 2 8
Gait, normal 1l 4
Visible mucous membranes,
pink 1 2l
Absence of exudates, nasal 1/2
oral | 1/2
anal 1/2
vaginal 1/2 2
Total 62

lxo value above two plus was given any rat in ths series.

B T
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TABLE XI.

DIETS AT END OF EXPERIMENT!

CERTAIN AVERAGE CHARACTERISTICS OF CONDITION OF FEMALES FED VARIQUS

Experimental Repro- |Score for|Rectal Appearance of liver2 Number
ductive|general |temper- of
status |physical |[ature Friable |Mottled stomach

appear- ulcers
ance
degrees
Steenbock V Pregnant| 49,1 96.9 1.6 2.3 1.2 0.0
(Contro:;. Virgin 46.6 - 0.9 1.6 0.7 0.0
ra

Pork I (Basal |[Mated 47.6 86,56 2,8 3.0 1.8 0.1

ration) Virgin 43.9 - 1,5 213 | 1,0 Q.8

Pork 7 (Pork

I plus fresh (Mated 48.8 97.1 2.2 1.8 2.8 0.6
liver) Virgin 49.1 - 1.7 2,1 0,8 0,0

Pork 39A (Pork ’ '

I plus 10 mg,. |Mated 46,4 96.9 2.4 S.0 1.9 0.5
lipocaic) Virgin 42,6 — 1.9 Sel 1.2 0.8
ork 39B (Pork

I plus 40 mg. |[Mated 45.4 97.1 2.7 3e3 1.4 0.7
lipocaic E Virgin 43.0 —e 1.9 2.6 1.4 1.4
Pork 39C (Pork

I plus 500 Mated 47.8 97.0 2.4 3.2 l.4 0.7
mg. lipocaic) ([Virgin 46,7 - 1.7 2.7 1.5 0.8
Pork 31 (Pork

I plus liver |Mated 45,8 96.6 2.6 2,9 2.8 0.4
extract) Virgin 45.0 - 1.7 2.4 l.4 0.5

lThe data for the individual animals from which the average values were ob-

tained 18 shown in table 9 in the appendix

2Rated on O to ++++ scale

-621=
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PLATE I. APPEARANCE IMMEDIATELY PRIOR TO PARTURITION OF
CONTROL RAT FED STEENBOCK V DIET

rrs
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PLATE II. APPEARANCE IMIMEDIATELY PRIOR TO PARTURITION OF
RAT FED PORK I RATION -- EARLY SYMPTONMS OF THE PREGNANCY
DISORDER

e . —————_—— - - ———————
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PLATE IXI. APPEARANCE IMIEDIATELY PRIOR TO PARTURITION OF
RAT FED PORK I RATION -~ LATE SYUPTONS AND CHAPACTERISTIC
POSITION AT DEATH .
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the Steenbock V ration or the Pork I dlet sunplemented
with fresh liver (Pork 7).
A detalled descoription of the sick rats is given

in table XII. FErect helr, white ears and paws, lethargy,
and cyanosls characterized these animala. In additlon,
the majority of the femnales showed dysnnen, hematurla,
and bloody nasal and vaginal exudates. Hany of the
onimale dled durling convulsive selzure. Irrvesnective of
the diet fed, the aymptoms exhiblted by the siok animalsa
were nractiocally ideontical., As far as can be Judped
from symntomatology, the pregnancy dlaorder noted in these
animals was the same as that reported by Dyar ('35) and
her succesaors (King, '36; Wilcox, '37; and Walliker, '38).

~ King ('36) reported that snlmals showing symptoms of
the pregnancy dlsorder were plways coid to the touch. To
obtain objJective data relating to this point, the rectal
temperatures of all pregnant females were taken Jjust be-
fore they were kllled.. It was found that the body temper-
atures for the nregnant animals that exhlibited no evidence
of a stormy parturition showed surprisingly little vari-
ation from the normal control group. The aversge value
for the entire aerieé of mated enimals wag 96.8 degrees

Fahrenheit (tnble XI). The average body temper-




-142-

TABLE XII. DESCRIPTION OF SICK FEMALES AT END OF EXPERIMENT
DIET DIET RAT | SEVERITY | OUTCOME MUSCLE TONE  |[CONDITIONRESPRATION  DE
OF OF OF OF OF
: GENERAL |ABDOMINAL NASA
- FEMALES MALES  INUMBER| TOXEMIA | TOXEMIA HAIR
Pori I Steenbock X} 21706']  Acute Fatal  |Very Poor|Wery Foor | Rough | Rapid | Bloodh
1 Slight,
21740  Acute Fatal S N
21842'| Aarte Fatal
zias! Acute |Sacrificed [Very Poor{Very Poor| Normal | Labored | Blood
‘ Copiou
22300 Acute Fatal Blesodh
Porkl zioes Acute Fotal Blood,
z1oe9 Acute |Sacrificed|Very Poor |Very Poor| Normal | Labored
Pork 39A (Pork l|Steenbock X[21708'| Acute Fatal Stight,
plus 10mg. Bloody
ipocalc) a2re4t Acute |Sacrificed [Vary PooriVery Poor| Rough | Labored } Bloody
| e e =
Pock 308 (Pork I[Steenbock X[ 21841' |  Acute Fatal  |Very Poor [Very Poor| Normal | Labored | 2301
plus 40maq. ) cod,
lipocaic) 2184%'| Acute |Sacrificed| Poor Poor | Rougn | Rapid ‘é%’o‘g‘;’
zio08'| Acute Fatal |Very Poor|Very Poor| Normatl | Labored %’:32;;3
t Copiout
2191 Acute |Sacrificed Bloody
zioes' | Acute Fatal | Normal | Normal |Normal | Normat %‘,’g;‘:,‘g
Pork 39C (Pork 1 |[Steenbock X | 21876 | Acute Fatal Bloody
plus 500 mg. ‘
lipocaic) Pork 39C |21621 | Acute |Sacrificed |Vary Poor|Vary Poor| Rough |Labored
21987 | Acute |Sacrificed Very Poor Very Poor | Rough | Labored
"| Pork 3 (Porkl [Steenbock X|21618 Acute Fatal Bloody
plus liver: ‘
extract) 2zoce| Acute |Sacrificed [Very Poor|Very Poor | Rough | Labored %?ggd“;
Pork 3I Z1901 Acute Fatal Very Poor [Very Poor| Rough | Labored %%’%Ui
(AL Acute Fatal Very Poor|Very Poor| Rough | Normal | Bloody
21940 Acute Fatal |Very Poor|vVery Poor | Rough | Norma! | Bloody
22147 | Acute Fatal

lAnimats not qrown for this experiment
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E TONE

L CONDITION[RESPIRATION DESCRIPTION OF EXUDATES RECTAL |CHARACTER |COLOR OF Loe
TEMPERA OF
OF IN OF EARS VISIBLE
. |ABDOMINAL NASAL | ORAL ANAL [VAGINAL | DEGREES MUCOUS
HAIR F URINE AND FEET (MEMBRANE
r|Very Poor| Rough | Rapid | Bloody | Bloody Bloody White Blue
Slight, .
- B;godg Bloody White Blue
- Normatl White Blue
Coplous, . .
r{Very Poor| Normal [ Labored | Bloody B " 223 Bloody White White
- Copious, :
Bloody Bloody White Blue
- Bloody | Bloody Bloody White Blue
*|Very Poor| Normal | Labored %‘l’g’cusl v 220 Bloody White Wwnrte
- Stight, ! Nh !
Bloody Bloody Bloody White Blue
~|Very Poor| Rough |Labored | Bloody Bloody QLe Bloody White Blue
. Stight, Copious, s
Very Poor| Normal | Labored | o) Iy Mucous 23.6 Bloody White Blue
, Copious, i
Poor | RPougn | Rapid Blo%dg Bloody White Blue
. Slight .
Very Poor| Norma! | Labored ut "g 912 Bloody White Blue
- Copious, .
Bloody Bloody Bloody White Blue
Normal | Norma! | Normal %?g‘ood'ﬁ‘ g{'ggg&g‘ White White
- Bloody Bloody Normal White White
*Mary Poor| Rough | lLabored Bloody Bloody White Wwhitae
Copious,
*Mery Poor | Rough |Labored b,jodg. .oz Bloody White Blue
Bloody Bloody Bloody White Blue
- Copious, .
Very Poor | Rough |Labored |30P ody 93,1 Bloody White Blue
Conr
|Very Poor| Rough |Labored | P"?‘”lg ’ Bloody Bloody White Blue
“[Very Poor| Rough | Normal | Bloody Bloody White Whita
‘{Very Poor | Rough | Normal | Bloody Bloody White White
. Bloody White Blue
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ature of the slck animals was 92.1 degrees Fahrenhelt.
The average normal figure was lower than that reported
by Horst ('33). She noted an average rectal tempern-
ture of 99.3 degrees Fahrenhelt for male rats oaged at
a temperature of 78.8 to 82,4 degrees Fohrenhelt. The
aninals in the Nutrition Laborztory were maintalned at
a temperature of 756 to 80 degrees Fahrenhelt. Donaldaon
(t24) has quoted data published by Bleren de Haan which
showl that the body temperature of the rnt incresses
with a rise in environmental temperature. The difference
in the temperature of the two laboratories probably
accounted for the lower rectal temperature noted in our
rats as companred to those studied by Horat. Unfortunately, {
no temperatures were teken of the virgin females, so data
are not available in regard to the effect of pregnency
per se on the rectal temperature of the albino rat.
The appearance of certain viaceral organs removsd at {
autopsy was also studied subjectively. The investigantors
(Roderick and Harshfleld, '32; and Green, '37) working on
the pregnanoy disorder in sheep ond rabbits found soft,
yellbw, friable livers, often very mottled, in animals
that dled. In view of these reports, the livers of all

the animals were exrmined snd scored on four points

P
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relating to a pathologlcel state: i.e., yellowness,
frisbillity, mottled condltion, and sponginess. Agein
a rating scale fronm "o to "four plus" was used., This
time, however, an cscending value lndlcated eon Iincrense
in the abnormel condition. The lower the score, the
better the condition of the liver. The acores describ-
ing the appearance of the livers of animals in the
experimental groups are shown in table XI.

The faot that pregnancy per ge exsrta a definite
influence on the condition of the liver is shown by the
faot that in every dietary group the livers of the nreg-
nent pninels scored higher then those of the virgins fed
the same dlet. Anong the mnted snimeln, the livers of
those fed the 8teenbook V dlet recelved the loweat scores.
In fact, the scores on the livers of the pregnant
onimals in the normel control group were no higher than
those of virgins in the other groups. The livers of the
virgin rats fed the Steenbock V dlet recelved the lowest
scores of any group studied. Ve think the conditions
observed in the group of animals fed an adequate 4let and
not subjected to the vhyslologloal strain of pregnancy
represent a normal ploture for the organ. The scores an
the livers of the virgln control rats fed the various diets

containing pork were all higher than those on the livers
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of the virgins in the normal control groun. Thus, it
seems possible thot even in virgin aninels the pork-
conteining dliets are not capable of melntaining as
healthy liver tissue 8 1s found in the cnimals fed the
Steenbock V dlet. From these dota we are led to the
bellef that the ingestion of the basal Pork I ration re-
sults in some injury to liver tissue which 1s accentunted
by pregnency. This idea 1s supported by objective
evidence presented in later gections.

No differences, Judged by gross observation, could
be detected in the kidney, spleen, or pancreas of the
normeal control rats and those of the animals fed the
various experimental dilets whose gestatlion wrs uneventful.
Other studies in the lcboratoryl have shown that stomach
ulcers may be produced in mple rats by the feeding of the
Pork I or Pork 7 dlets for 12 months., With one exception,
all the groups of animels fed the dlets containing pork
muscle nhpwed nome evidence of stomach ulcers. The condi-
tion wos not as severe as that noted in the male rats,
probably because the durction of this experiment wes less
than seven nmonths. But as wilth the male rats, not a

single animsl, virgin or mated, fed the Steenbock V dlet

- developed ulcersa.

Lung infection 1s common in rats over six months of

1. Unpublished data in the files of the Nutrition Labor-
atory.

L e o e ————c. N



o

- 145 -

age (Moise and Smith, '29). This condition nffects the
aninals so severely that when it occurs it 1s 4Aifficult
to distingulsh between the reaults related to dletary
deflciencles and those due to lung infectlon. However,
the results in this experiment are not colored by com-
rlications due to respiratory infection, since only five
of the 235 rats used in the study showed evidence of
even mild lung infectlion. Pus vockets at the base of the
tongue or in the middle ear are slso common autopsy
findings in adult rate. However, not one of the animals
in thls experinment had any signs of aural or lingual
infection.

The appesrance of the visceral organs of the indi-
vidua} qiok cnimals is deacribed in tgble XIII. \‘hether
or not the pregnancy disorder develops, yellow, friable
livers seema t0 be characteristic of the rats recelving
the diets containing dried, autoclaved pork muscle. The
average scores for the condition of the livers of the slok
onimals noted were within the range of those for animals in
the experimental groups other than the control group.

The kidneys in the rats that were acutely 11l were
swollen, very firm, end gorged with blood. The heart,

kit e+ -
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TABLE XIII. APPEARANCE OF YISCHRAL ORGANS OF SICK FEMALES
DIET DIET RAT ':AXNUD:”_ APPEARANCE OF LIVER' APPEARANCE | APPEARANCE | APPEARANCE m APPEARAN
oF orFr [TIME FROM] l CF OF oF oF -QOF
DEATH TO [YELLOW FRIABLE
FEMALE MALE NUMBER| AUTOPSY KIDNEYS PANCREAS HEART LUNGS |PLEURAL CA\
Pork § Steenbock X e -0 win e x e Mhn'."‘ Normal Corrtracted, Filled :lllod
1706 . w mal lcoronary vesee with with sero
9“32‘34 disternded blood k4
21740 30 Min. 3 4 3 Norrrat X} . ce )
eisaz | aur 1 a o Gonged with ve e
% wi ae (X}
blood
Stigh*
21881 13 Min, 4 3 1 4 L ¢ L Norrmat armount of
serous fu
Filled Fitled
L300 10 M -] 1 4 - LA L LR with W Sero.
blood *huid
Pork
toes tHr | 2 L3 a e ') X (X o
Stgh?
cote 3 Mr: 4 4 e . X o Normal P
serous Th
Fbr,:‘s'gh { PoreliSteenbock ¥ ertos =0 . a . :mlhnéh , ccnfror.#od.h rm m:i!hd
. wi Norrma e w serou
fpocaic) <% e reraed Blood ot
Surrounded No
eiT4) 1S Min. 4 3 4 ‘e by jelny-like Norrmat Norrmal | excess flui
MUCOUS
—_— —

Porik 398 (Pork | [3teenbock X Swollen, Filled Filled
plus 40 . ci843 O Hr t 4 4 gorged with Nortrat Norrat with with sercu
lipocaic blood blood )

e (X o e
Z169D 1S M. 3 4 coronary vesai X
eataraient
zon THr e 4 e (A L] ‘e s LN
e d
21908 13 Min. 4 a4 3 [ by Jaihy-live [X] X 'Y}
mucous
21841 19 Min. 3 e 4 [ X X (X} .
Pork 39C (Pork I[Steenbock ¥ ¢ . No
lus 300 Mg. TIs76 4 M ] t 1 Norrmat Normatl Norrmal Norrmal aucess flux
Rpocnlc) ) presant
’ Pork 39C - - . a e Swollt?,.h .o Con-'rmfod.h rt:’bhd '"F‘m.d
. qorged wi cOronary vasse w w serou
blood drstended blood fluid
clet) 1D Min. 4. ) L 4 ‘e [X] (X} (X} X
] ! [Steenbock X Swollen, Controcted, Filled Fitled
P:;:S\ {Porke L 3111 1He 4 4 j 4 wnh Norma! koronary vessely  with with serou
Mro:fs b distencied blood Pluid
No
21901 19 MIn, > i 4 | o L Normal LI flud
presant
e . .o c«ﬂrcchd‘h . . .:‘uhd
Troos 30OMiIn. o 3 coronary vesse with serau
cirstenced Ptuid
ke 31
Por 21959 3oMin 4 3 1 ‘o e ‘e bl L
21940 19 Min. < 4 s e ‘e (3] L L
ttldv?" CHr [ ) s . (X [X] ‘e ()
'Rated on O 10 4+ wcale
2Died on the ©Bth of pregnancy
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VISCERAL ORGANS OF SICK FEMALES

APPEARANCE Of LIVER' | APPEARANCE | APPEARANCE | APPEARANCE [APPETARANCE| APPEARANCE | APPEARANCE |APPEARANCEICHARACTER]
oM l or oF OF oF -OF or oF or
O IYELLOW [FRIASLE SPONGQY
sy KIDNEYS PANCREAS HEART LUNGS [PLEURALCAVITY UTERUS FETI 8LO0D

e 4 e a Mh&tﬁh ' Cortracted, F“\'lnhhd wn:llbd Do?:, Tr:!.dl!
. Norma! [coronary vessel aserous Very hyperemtc] we clot,
m dintended blood Taid daveloped| biulsh
X Hermorrhage
. -3 4 3 1 Norrmat LN L L L at bose of *¢ | bhueh
placentos
H a4 [o] 4 A ".vr;;fh . (X LR L b:slc attached . L
B L]
m +o ua-hc woll
Sighr Thin,
[N 4 s t 4 L e L] Norrmal armount of 1e L clotted
sarous flukd stowly
Fitled Fillad
.1 e s - .o . 9 with with serous LY L4 Blutsh
. blood Lhuid
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especlally in the animels that dled, was contrscted, and
the coronary vessels were greatly dlstended. The lungs
in such cases were filled with blood. Often the pleural
cavlity contained 3 to 5 cc. of fluld. In three canses the
pancreas was completely surroundsd by a2 mucous, seni-
solid substance. The materisl seemed to be comnletely
held within the veritoneal covering of the pancreas and
separated the lobulea of the gland aso that they floated
1ike leaves in the geni-liquid mass. The spleen avneared
normal to gross observation.

The uterus in the animals that were sacrificed when
moribund was usually much oolder than the rest of the
body. The blood vessels were alﬁays distended. Although

the fetl were invariably dead, in general they were so

At

they could have been dead very long. In four cases only
were the fetil soft and annarently disintegrating.
Hemorrhage was sometimes found at the base of the placen-
tae, and in other instances the amniotlic fluld seemed
tinged with blood. The placentae were very loosely attach-
ed to the uterine weall.

The blood of the animals that were destroyed as death

geemed imminent had a vneculiar bluish tinge, which

A
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grodually dlsappeared as the autonsy nrogressed., This
6bservation considered in conjunction with the Jdyspnea
and cyanosls strengthened the belief that the animals
suffered from enoxemin., The blood of normel rats clots
repldly ond often before an cutopsy is finished the shed
blood in the body cavities 1s coagulated. The blood of
the sick rats, however, wns thin and watery and often
failed to clot durlng the time consumed by the asutopsy
(15 to 35 minutes).

"Me stomachs of the rots thot dled were invarlably
filled wlth water, cs if one of the last acts of the
animal had been to drink. Stomach uloers were found in
only -three or the animalas that dled. No evidence of lung

infeaction waa found.

Variations in Water Conaumption

The data ooncerning the water consumption of the
animals at two-day intervals from the twelfth to the
twenty-first days of gestatlon are presentod in table XIV.
The water intake of the pregnant control rets and the non-
prognant rats fed the various pork-containing diets
lncreased slowly but rather steadily es gestatlion progress-
ed,

The sick rats, on the other hand, drank relatively

P—



TABLE X1V,

PERIOD BY PREGNANT RATS FED VARIOUS EXPERIMENTAYL DIETS1

AVERAGE CONSUMPTION OF WATER DURING TWO-DAY INTERVALS IN GESTAT ION

Experimental groups

Consumption of water during two-day intervals in

goestation period
12th=15th|14th-15th{16th=17th|18th-19th|20th-21st
_9_20 _c_c_o g_c_. gg- E_go
Steenbock V (Control ration) 14,4 14.5 16,5 16.7 17.1
Pork I (Basal ration) 14,4 17.2 17,0 18,0 17.6
Pork 7 (Pork I plus fresh '
liver) 17.2 17 .4 16.8 7.8 17.7
Pork 394 (Pork I plus 10 mg.
1ipocais) 14,6 13.9 15.8 15.3 15.8
Pork 39B (Pork I plus 40 mg. )
lipocaic) 13.4 17.2 18.0 19.8 20.8
Pork 39C (Pork I plus 500 mg.
lipocaic) 16.4 16.7 18.4 17.6 17.8
Pork 31 (Pork I plus liver :
extract 14,7 15.4 14,2 15.8 18.4
Sick rats 18.6 18,2 19.1 24.5 15.4

lPhe data for the individual animals from which the averages were obtained 1s
glven in table 11 in the appendix.

-6¥1-
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lorge cnmounts of water as early as the twelfth or
thirtesnth days of gestation, thelr fluld inteke increansing
rapldly until a peak wss reached at the elghteenth to
nineteenth day. The avercge water consumption then fell
markedly Just before the first appearance of the symptoms
of the dieorder, l.e., the twentleth and twenty-first days
of pregnancy. These data are difficult to explein. It

is posslble, however, that the water metabolism of the
aninels developing pregency disorder is disturbed as
early cs the twelfth day of vpregnancy. Also, the fall in
the wnter consumed at the twentleth day may coincide with

the beginning of water retontilon.

Variations in Unin in Body Veight

Many factors moy affect the actual gain in body
weight made by a pragnant female during the gestation
period. Of these, the nore imvnortant are (1) the body
wolpght and age of the female at inltlation of pregnancy,
(2) the mmount of food and water consumed, (3) the num-
ber of feti, and (4) the total weight of the feti. As yet
no satisfactory scheme has been found to correlate the
effect of these factors in such a way that the normal gein
in weight of a glven female ocan be estimated.

In order to determine 1if the alck femples made abnor-
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mal galnq in body welght during pregnnncy, the question
vas approached from three angles. In the first ocase,
aversges were obtrined relating to the body welght at

the initliation of pregnancy of 22 females showing symp-
toms of the dlsorder, and to the number of fetl in the
uterus of these females. Then, from rats fed the Steen-
hock V dlet a set of 22 normanl females wns vlcked in

such a way that the average values for the two character-
istics were nearly ldentlcnl with those determined for
the siok animals. The gains in welght made by the match-
ed groups during the gestation period ore shown in
figure ILI. Rates in gain in the two groups were nearly
the same until the twenty-firat day of pregnency. After
that time the gain in body weight of the slok femnles wes
enormous in relation to that mode by the normal group. §
Tﬁia comparison, however, &1d not take into anccount the |
posslblility that the fetl produced by the sick anlmnla

might be larger than those of the normel rats. Therefore, /

two groups of 10 rats each, paired as to average total
welght of fetl and average number of feti, were drawm from
the larger groups. The average dally increments in welght
of the two groups are shown in figure IZ, These curves
show'agaln that the sick rats made an excessive gain in

welght between the twenty-first snd twenty-second danys of

———————— < . ' ————— oo o > —— RN . PO - - S
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gestatlion.

5t111 a third method wos used to evalunte the sig-
nificance of the gains in weight. As a besis for this
method, it was argued that while the galns made by normol,
pregnant rates vory wldely, the proportion of the total
gain made in any given interval of time should be fairly
congtant. Therefore, the per cent of the totel gein in
body welght made by each rat betwsen the twenty-firast end
twenty~-second days of pregnancy in the two matched grouns
of 22 rats erch was calculated. The percentages obtained

are arranged below in numerical order.

i nd

-

AR

S8teenbock V Femanles 8ick Femnles
l.4 6.0
2’6 603
2.7 6.5
3.2 7.6
3.3 8.6
6.6 8.8
6.7 c.7
6.9 10.7
7.4 11.6
7.4 12.2
7.8 12.2
8.4 13,8
9.2 19.9

10.2 14.2
10.5 14.7
10.8 15.9
11,1 18.7
11.6 16.8
12.0 17.86
12.8 20.4
13.6 19.2
13.6 32.2



- 1565 -~

The relative gain in welght made in the last 24 hours of
gestatlion by the females derived from the stock colony
wes 8,1 per cent of the total increment, and by the sick
rats, 12.5 per cent. MNot only was the average per cent
gain for the group of siok rats higher then thet of
femnles fed the 8teenbock V dlet, dbut also the total range
covered by the velues wns grenter. The lowesat percentnge
galn of total welght in the last day by the morlbund
animals was 5.0, as compared with 1.4 per cent by the
control females. In addlition, while the greatest per cent
of the total gain in weight made by a stock female waos
13.6 per cent, one of the sick females gnined a third of
the total increase in pregnancy during the last 24 hours
of the gestatlon perlod.

Judging from the results obtalined by using these
three methods, we feel Juastified in concluding that the
rats developing symptoms of Eha pregnancy disorder make
oxcesslve gains in body welght between the twenty-first
and twenty-second days of pregnancy. These abnormal galns
in welght must be related to a Aisturbance in metabolism

resulting in water retention.

i
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Variations in the Fat Content of Liver

An exéeaaively large quentity of fat in the liver 1is
an index of a pathologlcal condition and may affect the
ability of the organ to function normally. If large
emounts of fat are devoslted in the hepatic cells, the
amount of glycogen stored therein is reduced. In preg-
nancy, a deflclency of liver glycogen leads to malnutri-
tion and partial starvation of the fetus and possibly to
hypoglycemia in the mother. If glycogen 1s not stored in
the hepatio cells, the gravid animal has no reserve
source of energy to csll upon during periods of increased
metabolism like labor. An excess of fat in the liver also
decreases the ability of that organ to detoxify injurlous
substancesa.

Groass observations made upon the livers of the sick
rats by previous investigators in the Nutrition. Laboratory
led to the bellef that yellow livers were a constant fac-
tor in the pregnanoy disorder. Therefore, the fat content
of the livers of virgin and pregnent rats fed the various
experimental dlets was determined quantitatively.

The amount of fat present in the livers of the virgin
rats 1s shown in table XV. The fat in the livers of
animals fed the pork dlets in general wos 2 to 5 per cent

eSO A e
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TABLE XV. AVERAGE PAT CONTERT OF LIVERS OBTAINED FROM
FEMALES FED VARIOUS EXPERIMENTAL DIETS1

ki

Experimental groups | Kumber of animals Percent fat in

used liver on 320
free banis

Virgin | Pregnant| Virgin | Pregnant
femnles | females | females | ferinles

St:o:t’)ock Vv (Control 9 10 £20.64 £2,04

die

Pork I (Basal ration) 9 16 26.01 39.41

Pork 7 (Pork I plus 0 4 - 28,382

fresh liver)

Pork 39A (Pork I plus| 11 19 23.81 38.24

10 mg. lipocaie)

Pork 398 (Pork I plus 7 8 23,81 38,851

40 mg. lipocaic)

Pork 39C (Pork I glm 3 10 22,41 34.26

600 ug. lipocaio

Pork 31 (Pork I plus 8 17 23.82 29.59

1iver extract)

Sick rats —- 19 - 31l.64

lThese data ars reproduced through the coirtesy of Miss

Ethelwyn Wilcox. The individual data from which the
averages were obtained are showa in table 13 in the ap-

L d

2These analyses wore made by Miss Marian Edwards. -
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higher then that in the livers of the control group.
However, the percentages reported for the livers of sim-
ilar animals fed the variocus nork-containing dlets
differed very little nmong themselves. It aeems that the
ingestion of the various pork diets produces a small but
consistent inorease in the amount of fot deposited in the
livers of the virgin rats.

While pregnency caused an increase of only about 1.5
per cent in the quantity of fat in the livers of the nor-
mal control animals, a striking inorease in this cellular
constituent occurred in the rats fed the Pork I dlet.
The inorement amounted to 14 per cent in rats that d4id not
dle. Livers of the gravid rates fed the basal pork ration :
contained approximately 80 per cent more fat than was
found in the organs taken from comparable vregnent rats
fed the Steenbock V dlet. Although the addition of fresh
lliver or liver extract resulted in a decreased amount of !'
fat in the hepatic cells, these aunplements fniled to ‘
protect the llver as comnletely from fat deposition as did
the Steenbook V diet. The quantity of liver fat in the
lipooalce~fed rats was similar to that in the livers of the
animals receiving the Pork I diet.

There was less fat present in the livers from animels

that exhibited the characteristic symptoms of the preg-
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nancy dlsorder than there was in the organs removed from
rats fed the Pork I diet. The livers of the sick rats
contained annroximately 32 ver cent of fot in contrast to
39 per cent in the livers of rats that survived parturi-
tion.

We can conclude from the data presented above that
the feeding of the various pork diets consistently result-
ed in a slight incrense in liver fat of virgin rats.
Pregnency greatly inoreased thls denosition of fat in the
pdrkffed animals. The average amount of fat in the livers
of rats dying of the pregneancy disorder was within the
range rfound in the animala fed the pork-containing dietas
that dld not develop the ocharzcterlstic symptoms of the
disturbance. The feeding of fresh liver or liver extr:zot
reduced the fat content of the liver, while the addition

of lipocalc had no apparent effect.

Variations in Welght and Holature Content of Organs

If experinental varlshles are reduced to a minimum,
comparative welghts and molsture contents of organs remov-

ed from test animals may reflect the influence of a

-gpecific adletary regime. In the experiment herein revort-

ed, certain organs, 1.e., liver, kidney, snleen, heart,

and in the case of the gravid animals, the mammary glond

5. v ——
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were studled. Unfortunately, with the exception of the
liver there are so few analyseslrepresented in the
various experimental groups that the results indicate
only trends. For this reason, no attempt has been made
to evaluate the effect of the various supplements. The
findings have besen discussed in three groups, ;43&,
those referring to (1) the normal control animals
receiving the adequate dlet, (2) the animals receiving
the varlous pork dlets that did not develop the disorder,
(3) the animals that were acutely ill. The number of
anglyses of the organs made in each group are shown in
table XVI,

8ince organ weight is known to be a function of body
weight (Donaldson '24), the ratio of organ weilght to body
welght is a more reliable measure of organ size than is
actual weight., The data on both the actuni welights and
the ratios of the various organ welghts to body size
obtained from virgin rats are preesnied in table XVII. In
general little difference was observed between the actual
or relative weights of specifio organs removed from virgin
enimals representing the control and pork-fed groups.

The effect of pregnancy upon the size and the rela-

tive welght of organs in normal rats was slight excevt in

1. A large number of these data were lost in the Margaret
Hall fire.

s it
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TABLE XVI. NUMBER OF ANALYSES MADE RELATING TO WEIGHT AND PERCENTAGE WATER

IN ORGANS

VIRGIN ANIMAIS

Group Analyses | Analyses | Analyses | Analyses | Analyses
made on made on made on made on made on
liver kidney spleen heart mammary

gland

Norsal control animals 9 I 6 6 6 -

Animals fed the 38 ; 28 28 28 -

various pork-contain-

ing diets

PREGNANT ANINALIS
Normal control animals 10 S 3 S 3
| Animals fed the 835 156 16 15 15

various porke-containe

ing diets that were

not sick
Animals fed the 19 12 12 12 12
various pork-contalne

ing diets that were

slck

e 2 -

=191~
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the case of the liver (table XVII). This organ was
approxinately 30 per cent larger in the normal pregnant
femaie than 1t was in the virgin animal. In the animals
that did not develop the pregnancy disorder, the vork-
containing dlets produced no additional effect upon the
slze of the liver. However, the occurrence of the prege
nenoy dilsorder caused an enlargemsnt of the 1liver, The
difference in the ratio of liver weight to body weight in
these rats was significant (signiflcance ratio,l 5.2)
when compared with the ratio for rats given the aame dlet
thet did not become sick, and approached significance
when conmpared with the normal controls.

The kidney, spleen, and heart of normmal rats consum-
ing pork in the dlet were like those of the control rats.
First examination sug;eated that the kidney eand spleen
were larger in the morlbund animals than in the rats that
were not toxic. However, upon gtetlstical anslysis, none
of the differences were found to be significant, although
the differences in the organ weight/ body weight ratios

referring to the kidney and spleen aporoached significance.

The difference in the ratio of liver welght to body welght

wes significant when the sick rats were compared with pork-

fed females whose gestation was normal (significance ratio,

7.3)s

1. This ratio 1s d/p.e.d, where d is the diflerence between

the means and p.e.d is the probable error of the mean

difference. If the value of the ratlio 1s equal to 3.0,
the difference in the two means may be consldered signif-

loant. (Sherman, '32, p. 572.)

G .
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TABLE XVII. AVERAGE WERIGHTS AND ORCAN WEIGBL TO BODY WEIGHT RATIO OP CERTAI

pork-containing dlets

_ __PREGN,
Liver Kidney
Group Weight of Organ |Weight of Organ Weigh
{resh organ ;eight/ {ruh organ ;o{‘.ght/ ?oah
n grams n grams o n gri
€ voiZns |10 8 weiaht &
‘Normal control animals ., 7.015 0.0376 | 1.473 0.0079 0.4'
Rats fed the various 6.791 0.0365 | 1.489 0,0076 0.3
pork-containing diets
that were not slck
Rats fed the various 6.8637 0.0422 1.809 0,0089 0.5:
pork-containing diets .
that. .were siock
VIRG:
Normal control animals 5,339 0,084 1.472 00,0077 0,3
Rats fed the various 5.216- 0.038] 1.492 0.0081: 03¢

* 1rne data from which the averages were taken 1s shown in tables 19 to 23,







X WEIGHT RATIO OF CERTAIN ORGANS REMOVED ‘FROII EXPERIMENTAL ANIMAIS1. .

PREG

Kidney Spleen Heart Namma land
ght of Organ Weight gt Organ Weight of Organ Weight o? & Organ
)sh. organ ;otght/ ’r.ruh organ ::d yt;hfz/ fresh organ gg‘ii gnt/ {ruh organ weight/

rama - bo n grams n grams n grams bo
8 weight weight & 'oight 8 ugm;
.« 473 0,0079 0.475 ,0.0019 o.872 0.0035 4,993 0.0188
.«489 0,0076 0,391 0.0020 0.694 0.0039 4,013 0.0163
.«809 0,0089 0.832 0.0034 0,724 0.0037 4,222 0.0172
VIRGIN ANIMALS

..4”2 0.00'77 00877 0.0& i 00'7“ 000037 - -
0‘98 000081 003‘6 0.002 00691 0.0033 hadand badend

n in tables 19 to 28.
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Although the variation in actual welight of the mammary
glands was great, the ratios of glandular weight to body
welght were very conastent in the three groups of aninmals
(tableXVII).

Prégnancy, in 1tself, aprarently had 1little or no
effect upon the amount of water present in the organs, with
the possalble excentlon of the spleen. The number of
animals in these groups was too small to test the sipgnif-
icance of the differences noted.

When the amount of moisture present in the various
organs obtained from the normel control group and the non-
noribund animals fed the pork dlet were compared, the
liver was the only organ in which the difference between
the mesns was slgnificant (significance ratio , 4.48).

Surprisingly enough, the livers of the pork-fed rats
that d1d not dle contalned less water than did those of
normal animals. This decrease noted in the rats ropresent- i
ing the various pork diets is explained, perhaps, by the
high fat content of their livera. The cells, overloaded
with fat, may be partially dehydrsted.

As was noted in the cnse of the unmated females, the
diet fed had no effect upon the amount of water retained
in the other organs of the pregnant rets. The wide

varlation in water content found in the memmary glands
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was probably due to variations in the fat content of
thlis organ. No fat asnalyses were made, so the molsture
content could not be reported on a fat-free basis.

Edena 18 considered by many obstetricians one of
the most constant symptoms of eclampsia. It 1s diffiocult
to detect this condition in the pregnant rat. Thorefore,
1t seemed that molature determinetions would yield per-
tinent information as to the relative hydration of the
animala. The molgture contents of the some organs
desorlibed above were determined for both virgin and mated
animgls in the various experimental groups. The dnta
obtained were again divided into three parts, 1i.e., those

pertaining to the normal control, and the siok and the
well pork rats.

The molsture contents of the various orgens removed
from the virgin rats are glven in table XVIXI. No
difference in the per cent of water preasent could be
detected in organs obtained from the virgin animols fed
the adequate diet and those receiving the diets contain-
ing pork muscle.

The liver, kidney, and spleeniof the slck rats showed
a marked inocrease in the per cent of water present when
they were compared with the same organs removed from other

gravid rats fed the same dlet. (Significence ratios, 7.3,




P

TABIE XVIII.
ANIMAIS

AVERAGE MOISTURE CONTENT OF ORGANS REMOVED FROM EXPERIMENTAL

VIRGIN AMINALS

pork-containing diets
that were sick

Molisture | Moisture | Holsture | Molisture | Moisture
content | content content content content
of liver | of kid- of spleen | of heart | of mammary
in pir ney in in per in per gland in
cent pexr cent | cent cent per cent
Normal control rats 68.9 78.9 76.2 77.6 -
Rats fed ths wvarious 68,3 78.4 78.1 77.6 -
pork-containing dlets .
Normal control rats 7063 773 80.1 78,2 71,2
Rats fed the various 67.2 78.2 77.6 7.1 58,1
pork-conta dlets
that were not sick |
Rats fed the various 70.8 82.9 82.2 .6 67.5

1Theae data are r.aprodubed through the courtesy of Miss Ethelwyn ¥Wilcox.

~991~
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13.05, 6.76, respectively.) It 1s interesting that in
the noribund the water content of liver has returned to

the normal value.

Cellular Chonges in Organs

Reports in the literature decling with the normsol
histology of the albino rat are very limited. It is aif-
ficult, also, to compare or compile published material
which 1s available, because factors in the experimental
procedure, such as the dlets fed, the histologlecal methods

used, and the oge, sex, and genetic history of the rats,
| varied wildely. Therefore, for the purnose of the exper-
iment herein descoribed, the microscoplc anatomy of the
organs taken from the virgin rats in the control group
fed the Steenboock V diet has been consldered the normal
piloture for the colony. As was steted in the portion of
the thesis dealing with the experimental procedure, the
histological technique used in preparing the tlasue
sections was very carefully controlled so that conparisons
made between organs obtained from different animels would
be valid.

Thereforse, when the virgin rats fed the Steenbock V
dlet are used as the standard, any deviations from normal

noted in the organs obtained from enimals in any other
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experimental group can be consldered as due to the effect
elther of the diet or of pregnancy; or to the influence
of both factors.

Pathology of the liver

Examination made on sectlons of liver ohtained from
the virgin rats fed the Steenbock V dlet showed large,
octegonal-shaped hepantic cells arranged in cords or rows
radiating from the intralobular vein (plate IV no. 1).

The nuclel were stnined dark blue. The cytoplasm was
falntly granuler, and the cell outlines were distinct.

The erythrocytes in the hepatic sinuses were stanined bright
red, and showed no hemolysis. There was no evidence of
any pathologiocnl changes beyond an occasional cell which
seemed slipghtly swollen and more granular than the others,
While the histological ploture presented by the sections

of liver taken from virgins fed the varlous pork-contcining
dlets was essentinlly normnl, slightly more evidence of
cloudy swelling was noted than in the normal liver tissue.
In the seotions representing the livers of virgin rats in
the Pork I and Pork 31 groups, a few cells were found that
showed fatty inflltration (plate IV, no. 3 and 7.) These
data lend support to the bellef that even in virgin

animals the pork-containing diets are uneble to maintain
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qulite as healthy liver tlssue as the Steenbock V dlet.
Pregnancy per se induced certain changes even in

the livers of rnts fed the Steenbock V diet (plate V,

‘no. 1 and 2.) In three of the five livers exemined

somec fetty infiltration was present. The degree of infil-
tration was so slight, however, that no more than three
cells contalning fat were found in any one field examined
with the 16 mm. objective. In a few areas the liver cells
geemed swollen and the cytoplasm was very grenular. The
cell outlines in such areas were indistinct nnd the nuclei
were stclned a pnle blue, Throughout the entire organ the
cells seemed more swollen than did those in the livers
from the virgin rats fed the same dlet. The relative
ﬁmount of oloudy swelling observed in the livers of virgin
and pregnant females was more narked in the rats fed the
Pork I than in the Steenbook control animels (nlate Vv, no.
3 and 4). |

In addition, even when no evidence of the pregnoncy
disorder developed, other cell chonges were noted in the
pork-fed rata. These were apparent in the livers of rats

fed the experimental dles contalning pork alone or pork

‘supplemented with lipocalc or liver extract. A histolog-

loal analysls of the livers from these rats indicated that

the hepatic cells were, in general, ocharacterized by
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fed Steenbock V diet. X 160.
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Seotion of liver of pregnant female (21458) fed the
Pork I dlet. X 160,
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moderate cloudy swelling, inilatinet coll outlines,
poorly staining nuclei, snd slight oty Infiltration
{plate VI, no. 4, 5, 5 anad ?).

The livers of the prowld rats fel the Pork I diet
Tortified with an addition of fresh liver (Pork 7)
vresonted much the geme ploture as did those of the
virgins in the normgl control group. The oell outlines
were evan nore distinot and nuoleld nore dseply atalne:l
than in the livera of the normnl conirol group of mated
aningls (plete YII, no. 2).

It 1g difficult to moke a rellable distinotion
betwoen the animals fed the Pork I, the Pork 39, or the
Pork 31 rations (plote VII, no. 3, 4, 2nd 7). The
degree of the changes apvearsd to be leas markad, howaver,
in the liver tissue of animals recelving the Pork 39 dlets
than i1n ths henatioc epithelium of grovid fenalos rogeive
ing elther the Pork I or the Fork 31 diet. Probnably the
livers of the Pork 31 group ahowed the ¢rentost chenge in
cell atructure of rny of the seriaen gtullea. 7Thls wnse
the only group in which fatty dsgeneration was obacrved.
In gix of the ten livers analyzed, sbout one-iwentleth of
the hepatic cells showsd a derangement of the fat metse
bolisn of ché cell as indicoted by the nresence of omall

droplets.of fat in the cytoplasm, l.e., Tfatly degensration.
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Sectlion from liver of normal pregnant control rat

(21504) fed Steenbock V dlet.

Section from liver of pregnent

X 160.

rat (21747) fed Pork

7 dlet. Three cells show fatty degenerstion. X 160.

Section from liver of pregnant
I dlet. X 160.

Section from liver of pregnant
39A dlet. X 160.

Seation from liver of pregnent
39B diet. X 160.

Section from liver of nregnant
39C dlet. X 160.

Seotion of liver from pregnant
31 diet. X 160.
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rot (21473) fed Pork
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PLATE VI. SECTIONS OF
LIVER FROM PREGIANT FEMALES
IN THE VARIOUS EXPERIMENTAL
GROUPS
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PLATE VII. SECTIONS OF LIVER FRC!I A PRWGNANT CONTROL
FEMALE AND THREE SICK RATS
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The slight derancement noted in the livers of the
rats fed the pork dlets became en acu%e abnornality in
the animnls developling the pregnancy disorder. MHarked
fatty degeneration accompanled by varying degrees of
fatty infiltration sppeared in the livers from all the
sick rats regardless of the partiocular pork dlet on
which the animals had been maintained (plate VII , no.
2, 3,and 4). Areas of Tooal necrosis were nlso preaent.
The pathologleel chanigies reusulted in an alitogt comnlete
loos of the characteristic liver gtrusturs, only the
vascular and biliary vessels renmeining unchonged.

\7e ocan conclude from these dnta that the ingestion
of the basal pork-containing diet results in gome injury
to the liver cells in virgin animals. The injury is in

g
v TN

turn accentuated by pregnancy. The lesions present in
the pregnent control group are plso aggravated in the
pork-fed rata. The liver supplement wns the only dietnry 3
addition that definitely prevente: the develooment of the
liver condition and kept the organ in as good condltion
ag 1t was in tho virgin rats fed the 3teeonbock V diet.

It 18 possible, therefore, that the fresh liver oontélns
gone dletary essentlal which 1s necessary directly or
indirectly for the maintenance of normal hepatic epithe-
llum. There 18 also evidence that the addition of
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lipocalc to the basal pork ration resulted in improvenent
in the condlition of the livar.

Complete gestational fallure in rats fed the basal
pork'ratioh 18 accomnanied by ncute fatty degeneration of
the liver cells and varying degrees of fatty infilltretion

and focal necrosia.

Patholopy of the kidneys

The kidneys of even the virgin rats fed the control
dlet (Steonbook V) showed some devirtlon from cell struc-
ture generally considered normal. In the proxinal tubules
the renhl epltheliun often was striated and had a teniency
to condense at the periphery of the cells. (plete VIII, no.
1). ‘he glomeruli appeared normal, the changes occurring
only in the tubular epitielium. The same conditions
prevailed in the sections of kldney representing virgin
rate fed the Pork.I dlet supplemented with fresh liver.
All other dlets conteaining pork induced greater pathologl-
cal changes in kldney structure than were observed in the
twvo groups of virgins elready described. Some of the
tubules in about one-helf of the sections of kidney
examined contained hysline material. There secemed to be
no difference in the amount of kldney damage irrespective

of whether the aninals were fed the unsupvlemented nork
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ration (Pork I) or this dist supplemented with either
liver extreoot (Pork 31) or lipoenic (Pork 39) (mlate VIII,
no. 2, 7 and 4).

Changes similar to those noted in the kidneys of the
virgin rats comsumning the Steenbock V dlet were noted in
the renzl tubules of gravid nninals fed the snne Alet.
The stratiflcation of the eplthelium ~nd *he condenantion
of tha cytonlamm had incrensed somewhet wlth the rep-
nancy. No signs of hyaline easts wore found (plate I¥, no.
1 and 2). The Alffersnces notel between the virgin ond
gravid animals naintained on the Btasnliock ¥V let wore
evan more aovparent in the rota fed the Pork I retion
(plete IX, no. 3 and 4).

The kldney donage spneared nore extensive in organs
taken from pre-parturient femsles in the other experinent-
al groups (rats fed Pork I, Pork 7, Pork 31) than in
ainllar rats in the control group (nlrte X). The chonges
obgsrved were mainly cloudy swelling, nmarked stratifica~
tlion and condensation of the cytoplasn and csome hyrline
degeneration. In some areas the charscterigtic stiructure
of the tubuler epithelium waa lost and the cells hed
pulled away from the besenent menbrens.

Agein 1t was difficult to dlstinguish botween orgens
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Seotion of kidney from normsl virgin control rat
(21651) fed Steenbock V diet X160.

Section of kidney from normal pregnant control rat
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SECTIONS OF KIDNEY FROM VIRGIN AND PREGUANT
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I dlet., X 160.
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removed from enimals fed the varlous nork-contalning
dilsts. However, fawer hyaline ccats were noted in the
gectiona from kidneys cof the meted females ingesting
the Pork I diet supnlemented with fresh liver (Pork 7)
then in eny other corfesponding group of enimple except
thone fed the control dilet {plate X, no. 2).

If pregnsncy dinerse develons, the denesge to the
kldney is grertly increased cnd mmch renal tissue is
destroyed., The first thing noted upon emnminestion of
the sections was extensive henmorrhage within the tubules.
(plate XI, no. 2, 3 and 4). The renal enitheliun was
completely destroyed. Large deeply-stained nucleil coula
be found, but the cytoplasm was so fragmented thot the
cell outlines were completely lost. The renal blood
vessels were congested. With the exception of the glorier-
uli the hemorrhege apparently oocurred throughout the
orgen. The glomerull showecd marked hyperemia, but other-
wise were normal. There.were no asigns of elther recent or
long stending renal infection. As fer as could be
determlined, no fetty degeneration of the renal epitholium
had occurred. The changes desoribed were found in greater
or less degree in the kidneys of every rat that showed
symptoms of the pregnancy dlsorder. The animals that were

alck for
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PLATE XI. SECTIONS OF KIDNEY FROM A PREGNANT CONTROL
FEMALE AND THREE 3ICK RATS
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several hours before they died showad more extensive
renal damege than did the rats that dled suddenly with-
out the apovearance of the charcoteristlc symntoms.
Thus, 1t seems that even rets fed an adequate dlet
sho% evldence of renal injury. The condition 1s agrra-
voeted by pregnancy and by the diet consumed during this
interval. If the pregnancy dlsorder develops, the kid-

ney tissue 1s almnost connletely deastroyed.

Patholosy of gvnleen, heoart, and pancrons

Xo differences could be detected betwveen splesna of
the virgin rats comprising any of the experimental grouns
and the normal control females. The seotions of apleen
obtained from the gravid femalos fed the various diets
likewlse showed no evidence of any pathological changes.
In addition, there were no discernible deviations from the
normal histology of this organ in the rats that suffered
from the pregnancy disorder. In passing, it sghould be
noted that in one of the sick rats (21937) some hemolysin
in the opleen was noted (plate 2, aprendix). As the
spleen presented no evidence of pathologiecal changes, nhotc-
mlcrographs are included of only the apleens from the vir-
glﬁ and pragnant females in two groups, l.e., the control

group fed the Steenbock V

cadg
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diet and the group recelving the Pork I ration (plete XIT,
no. 1, 2, 3 and 4). Typlcol photomicrographs of snleens
obtained from animals in eanch experimentesl group are
presented in plates 1 and 2 in the appendix.

Sections of heart muscle renoved from animels in the
verious experimental groups. likewise ylrlded no indica-
tlons of pathologlcel changes due slther to dlst or to
pregnoncy. The only abnormalitles noted in the hesrts of
the slchk aninmnlswere o marked hyneremic en? occnalonel
slight hemorrhage. As in the csge of the snleen, only
photomicrographs of heart muscle from the normal femecles
and those fed the bascl nork ration are presented (plate
XII, noi 5, 6, 7 and 8). Photomicrographs of cardinc
tiassue obtained from animnls in the other experimental
groups are shown in pletes 3 and 4 in the appendix.

Inesmuch as the addition of a poncreatlc extraot to
the basal pork ration had been shown ocapable of prevente
ing the pregnancy disorder (Wilocox, '37), 1t wns possible
that changes in the pancreas might be resvonsible for the
conditlion. The sections of the panoreas, therefore, were
examined with interest. However, results of the study of
this glend were diseppointing. In so far as could be
determined when hematoxylin and sosin were used for

staining, no difterence existed between the pancreass of

el
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Section of spleen of virgin rat (21551) fed Steenbock
V. dlet. X 160.

Section of spleen of pregnant rat (21504) fed Steen-
bock V dlet. X 160.

Seotion of spleen of virgin rat (21631) fed Pork I
dlet. X 160.

Seotion of spleen of pregnant rat (21458) fed Pork I
('U.Bt. x 1600

Section of heart of virgin rat (21651) fed Steenbock
V dalet. X 160.

Section of heart of pregnant ret (21504) fed Steen-
bock V dLet. X 160.

Seotion of heart of virgin rat (21631) fed Pork I
diet. X 160.

Section of heart of pregnant rat (21458) fed Pork I
diet. X 160.
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the normel virgin rats and those of snimsls in the other.
experinmental groups. FPhotomiorographs of sections from
the pancreas of animels fed the control diet, the basal
nork diet, snd the Pork I ration sunplemented with linp-
ccic sre preserited (plate XITI). The panorens of the
sick animals also appeared normal (plate XIII, no. 7),
with the excention of those rats in which the pancreas at
necropsy was found encloset In a Jelly-llke substence.
The acinl of such a pancoreas were oontragted and atalned
very deeply. The connective tissue supportin; the lob-
ules was broken. No evidence of fat necrosis was found,
however. The islets anpeared normal (plate XIII, no. 8).

Ve plan to study the islets more intensively in the futures.

eneral sumnary of ppthology of orions

From the data presented we can conclude that the
ingeation of the basal retion containing dried, anutoclaved
pork wmuscle as the sola source of nrotein results in some
injury to the renal end henatic evithelium during onreg-
nancy. The condition prevalling in the gravid animals 1s
apvarent in an inciplent stage in the virgin femeles. The
addition of fresh liver to the basal dlet mitigates the
effect of the pork ration upon the liver and kidneys and

prevents the incidence of the vregnancy disorder. There
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Section of panorear of virgin female (21551) fed the
Steenbock V dlet. X 1L60.

Seotlon of panoreas of normal pregnant control female
¢21504) fed the Steenbock V diet. X 160.

Section of pancreas of virgin female (21631) fed the
Pork I diet. X 160.

Section of pancreas of pregnant female (21458) fed the
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Pork 39A diet. X 160.

Seotlon of panoreas of prognant female (21476) fed the
Pork 39A diet. X 160.

Seotion of panoraus of elck female (21911) fed the
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aggsgiet. Pancreas surrounded by Jelly-like material.
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is slight evidence that lipocalc also exerts a benefi-
cial influence. The pregnancy disorder resulting in
complete geatational fellure is assoclated with definite
lesions in the liver and kidney. In the liver the nor-
mal structure 1las destroyed and the hepatic cells show

marked fatty degenerstion noccompanied by varying degrees

of fatty infiltration and necroslia. The principal lesion

in the kidneys is hemorrhege in the tubules and frogmen-
tation of the cytoplasm of the tubular enithelium.
Apparently no definite pathologleal changes in the
heart and spleen are assoclinted with the ingestion of the
pork-containing dlets or with the development of the
pregnancy disorder. The hyperemia rnd hemorrhage noted
in hearts removed from the moribund animels were probably
coused by the convulsions observed in these ratas. Changes
in the panoreas taken from the sick rats were found only
in ocases where the panoreas was surrounded by a Jelly-like

substonce,

Cellular Changes in Fetl ond Placentae

If the symptoms heretofore described are characteris-
tlc of a deranged pregnency, the fetl and placentre of the
anlmals acutely 111 might be expeocted to reflect the con-
dition. Also, examination of fetel and placental tissues
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might furmish reason why so many young of the pork~fed
femnles die in the first four days after birth. Again
the histology of the feti and placentce of females fed
the Steenbook V dlet was taken as the standard.

The viscerai organs of these fetl were well-
developed and could be readlly identified (plates XIV and
XV). Relatively speeking, the liver is by far the largest
organ in the body of the.fetua, occupying practically the
entire abdominal cavity. The ventral portibn of the fetal
livers in normeal rats showed a marked hyperemia. This
hyperemic condition in the liver was a constant finding
and probably was due partly to the effect of gravity. The
livers of the normel control rats also showed moderate
neorosis. However, as the intestinal loops nenrest the
necrotic areass in the liver showed some aplthelisl degen-
eration, we belleve that the hepatic necroasis is an arti-
féot‘due to slow penetration of the fixative into the
liver. This view is supported by Corey's (32) obaervation
that fetal degeneration begins in the liver and gastro-
inteatinal tract.

The placenta of the rat is discoidal, the maternnl
blood being separated from fetal blood by a lryer of endo-

thelinl cells and by the chorion. The placentae removed

from rats fed the adequate dlet were very vascular.
Practicelly every area
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PLATE XIV. SECTION OF FETUS FROM A
PREGNANT CONTROL FEMALE
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PLATE XV. SECTION OF FETUS FROM A SICK EAT
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not occupled by endothellium or supporting tissue was
filled with blood. The blood in both the fetus and the
nlacentae showed no signs of hemolysls. The cell out-

lines of the erythrocytes were distinct end the cells

- themselves were stalned a bright red (plate XVI, no. 1).

No deviations from the normal histology could be
detected in the fetl or placentae from the pork-fed rats
that did not suffer from the pregnency disorder {(plate
XVI). However, only one fetus and placenta from each
litter was studiei. It 1s possible that when all feti
developing in a pregnancy are studied, we may find changes
in some of the fetl or their accomprenylng placentae vhich
wlll explein the poor survival of the young. The changus
noted in the livers of fetl obtalned from rats fed the
pork-contnrining diet were essentlinlly the same as those
obgerved In fetl of the normal animals.

However, pathologleol changes noted in the feti and
plecentae from the rats that were acutely 1ll formed a
constant ond characteristic picture regerdless of the dlet
of the mother. Even upon gross obgervatlon ofter fixatlion
the placentae in such cases were much less vascular than
normal. Mioroscoplc obsarvation showed many of the silnuses
devold of blood. 8ome hemolysis of the fetal blood

ocourred in the placenta. Even in sress where the blood

-
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Section of a placenta of a normal pregnant control
rat (21504) fed Steenbock V diet. X 160.

Section of a placenta of pregnant rat (21747) fed
Pork 7 dlet. X 160.

Seotion of e placenta of pregnant rat (21458) fed
Pork I diet. X 160.

Section of a placenta of pregnant rat (21766) fed
Pork 39A diet., X 160.

Section of a placenta of pregnant rat (21795) fed
Pork 39B diet. X 160.

Beotion of a plecenta of pregnant rat (21421) fed
Pork 39C dlet. X 160.

Section of a placenta of pregnant rat (21473) fed
Pork 31 diet., X 160.
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PLATE XVI. SECTIONS OF
PLACENTAE FROM PREGNANT
FEMALES IN THE VARIOUS
EXPERIMENTAL GROUPS
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colls are otlll intact, the erythrocytes friled %o staln
In 2 normol fashion., There was no evliience, however, of
infercts or cndarteritis (nlete XVII, no. 1, 2 ond 3).
Inapection of the umbilicel veln in theose cnaes
alrays dAincloasd g lerpe thrombus in that veasel (vlate
¥VIYI, no. 1). The blood in the umbilicel veln, the
liver, ani the henrt uns heriolyzed as in the fetsl ciroun-
1ntion in the nlnrcente {plnte XVITI, no. 3). It was
difficult to obtrin mitch rellsble informatlion as to the
conlition of ths lLivers of fatl taken fron tho alek ratg,
28 7o wore in doubt ephout the couse of necrosin. ‘However,
in theae fetl the necrosla geemned nore sdvenced than wes
to be expected Tfrom the corresnondins deceanerntion of the
intestiincl epithellunm, Therefore, 1t seaenmoed posaible
that only a oortion of the necrosls weas due to poor none-
tration of the fixative. A marked leucocytosis was alsgo
noted in the liver. No sirns of infsotion were found in

the plsecantne, the fetl, or the uterine wall. As for ag

could be deternined, tha other struoturcs In the fetus waere

normal.

Thoe panaersl microsconle piloture of the fetl ant »nla-
centee obtained at autopsy from femnles that Aled lends to
the conclualon that soms hemolytic ogent 3g ot lenst

irdirectly responasiblse for the death of the feti..

-~
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Seotion of a placenta
from a normal rat
(21504) fed the Steen-
bock V dlet.

Bection of a placenta
from a slck rat
(21708) fed the Pork
I diet.

Section of a placenta
from a sick rat (21876)
fed the Pork 39A diet.

Seotion of a placenta
fron a sick rat (21618)
fed the Pork 31 diet.
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PLATE XVII. SECTIONS OF PLACENTAE FROM A PREGNANT CONTROL
FEMALE AND THREE SICK RATS
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4.

Sectlion of umbilical
cord showing artery
from fetus of sick
rat (21708) fed the
Pork I dlet.

Section showing thrombus
in umbillical veln from
fetus of sick rat
(21708) fed the Pork I
diet.

Section showing blood in

the umbilicel vein of

fetus from normmal rat

(%35:524) fed Steenbock V
et.

Section showing hemoly-
sis of blood in blood
vesgel from fetus of
sick rat (21708) fed
the Pork I dlet.
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PLATE XVIII. SECTIONS OF THE UMBILICAL BLCOD VESSELS FROM A
PREGNANT CONTROL RAT AND A SICK RAT '
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DISCUSS ION
CORRELATION AND DISCUSSION OF FINDINGS

The preceding sectiona have described two types of

gestational failure, 1l.e., partial and complete, occurring
in animals fed the basal pork ration known as Pork I. In
complete gestationsl fallure, the most noteworthy condi-
tlon is a fallure of the birth mechanism; in partial, a
high mortality of young in the first four days of life.
The findings of the present investigation permit a
clear definition of the syndrome of acute pregnancy dis-
order in rats. The symptoms are enumerated in table XIX
and nay be summarized briefly aes follows: The liver 1is
invariably affected, being large in size, yellow in color,
and frisble in consistency. Chemical analysis of the
organ reveals a significontly high content of fat, and
histological ana;yala, acute fatty degenerstion and infil-
tration. If the maternal ret is killed before death, the
feti are always found dead in the uterus. Observations
nade an seoctions of the feti and placentae suggest that
hemolysis of th; fetal blood and thrombosis of blood in
the umbilical veln are the primary factors in the death
of the feti. The "toxlc" animals exhlbit unusually large
gains in weight‘during the last twenty-four hours of

ik
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TABLE XIX. SUMMARY OF CHARACTERISTICS NOTED IN ANIMALS

FED THE PORK I DIET

(Con'd on next page)

Characteristic Normal | Animals fed | Animals fed
control | the Pork I | the Pork I
: animals | diet that diet that
: were sick were not sick
'f GENERAL CONSIDERATIONS |
General physical Good Poor Good ?
condition g
Percent total gain 8.1 12.56 - §
in weight made in ’
last 24 hours of
gestation
Water consumption
per day in gesta-
tion in co.
: From 12th-18th day 14-17 19-24 14-18
: From 20th~21st day 17=17 24«16 18-18
3 Gross appearance Dark red,|Yellow, Yellow, ﬁ
; not fri- |friable friable $
i able :
Size (organ wt/ 0.00376 | 0.00422** | 0,00366 i
Per cent molisture 70.3 70.8%% 67.2%
Per cent fat 22.0 31.6% 39, 7"
' Cellular changes Very Marked Moderate
slight fatty de- | cloudy
cloudy generation | swelling
swelling |and infll-
tration

#3ignificantly different from the normal control animals.
#%3ignificantly different from the "non-toxic" animals fed
Pork I.
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ARIMALS FED THE PORK I DIET
(Cont'd on next page)

SUMMARY OF CHARACTERISTICS NOTED IN

KIDNEY
(ross appearance Normal Swollen Normal
gorged with
blood
Size (organ wt./ 0.0079 0.0081 0.0076
bOdy 'to)
Per cent moisture | 78.2 82.,9"* 773
Cellular changes Cloudy |Hemorrhage | Moderate
swelling| complete cloud
of tubu-~{destruction| swell
lar epi-~| of tubular | of tubular
thelium |epithelium | epithelium
SPLEEN
Gross appearance Normal Normal Normal
Size (organ wt./ 0.0019 0.0034 0.0020
body wt.)
Per cent molsture | 80.1 82.2"* 77.6
Cellular chsnges None None None

#8ignificantly different from the normal control

animals,

#gignificantly different from the "non-toxic" ani-~

mals fed Pork I,

g



TABLE XIX CONT'D,
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ANIMALS FED THE PORK I DIE?T

SUMMARY OF CHARACTERISTICS NCTED IN

HEART
0ross appearsnce Normal Normal Normal
Size (organ wt./ 0.,00356 00,0037 0.0039
body wt.)
Per cent molature 78,2 77.8 7.1
Cellular dhangaa None - Hone None
PANCRFAS
Oross appearance Hommal Sometimes Rormal
surroumded
with Jelly-
14y mater=
1al
Cellular changes Rone Acini con= | None
tracted, con-
noective
tissue gone
FETI AED PLACERTAE
Gross appearance Velle Velledovel=| Welle-devel-
devel- oped, feti | oped, fetl
opod, doad alive
fotl
alive
Cellular changes None Hemolysis None
Slood,
o
thrant’ma
in tmbilie
cal vein

#3ignifricantly differont from the normal control animals.
#¥gsenificantly different from the "non-toxic" animals fed

Pork I

-~
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gestation. Changes in the =molsture content of the liver,

‘kidney, and spleon sui:'eat that so~e dtaturbance of water

belance takes place which may acoount for the large gains
in body welight.

It was noted earlier that, at least as for ns exter-
nal symptoms were concerned, the pregnancy dlsorder
ocourring in rats fed the basal pork 4dlet was clossly
related to "toxic" disturbances of pregnancy in huaan
beings, sheap end rabblta. It 4o interestin;; now, in the
1ight of the pathologionl chanpes desoribed in the pre-
ceding section, to agrin examine theo similarity of the
dlaturbances of pregnancy noted in Aifferent aninsla.

The onset of the dlsense is always sudlen. Lethargy,
losa of nuasocle tone, comp, and convulasiona are the nore
gommon findings. In the rabbit, sheep, end rot, dyspnen,
cyanogisg, and a narked decoreasse in body temperature ocour.
In genernl, the present gtudy emmhanizes the close prral-
lelisn in symptomatology in the Aifferent animals.

It 18 consliarably more ALfflcult to evaluote the
similarity of changes noted in huninn belingas and in the rat,
than to compare the changvs occurring in any other two
specien, Although the symptoms recorded for eclampsia in
man vary more widely than those given for the other ver-

tebrates, many observations have been made on eclemptic
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wonen that have aa yet not been rerorted in the studies
made on rats, sheep, or rabbits.

Welght changes have been carefully studied in human
patients with eclampsia. Siddall end Mack ('38) reported
that an exceasive gain in weight was not an indlcation of
approaching toxemia, and that such a galn was not an aid
in diagnosing a toxic condition. It was observed in the
present study that sick rats made greater galns in weight
during the last day of gestation than did matched ocontrol
rats fed an adequate dliet. These findings are not necese-
sarily in confllct with those of Siddall and Mack. It is
impossible to eliminate variations in inheritance, age,
body type, and previous history in studying human oases.
The animals used in this study, however, wore a homogene-
ous group in regard to these faotors. The uniformity
which can be obtained in properly controlled exverimental
animals may make it possible to solve the riddle presented
by eolampsia.

The variations in water consumption noted in the siock
animals are unexplainable until further data are avallable.
It will be recalled that while the water consumption of
these animals was high from the twelfth day to the nine-
teenth day of gestation, o sharp deoline in the water

consumption ooccurred in the last two days. When the rela-

i P
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tive hydration of the organs of these rats is considered,
1t geema possible that retention of water in the tissues
may account for the lack of thirst. Although we have as
yet no quantitative information on the volume of urine
excreted by the morlbund animals during the laot two days
of gestatlon, we do have e feeling that the oregnency
¢isgsorder cnuses markpd olismurig, if not anurla.

The changes in orgen weilghts which may occur in the

so~-oalled toxemlc pregnancles have not been studifed in

.animals other than the rat. In the experiment reported

herein, it was shown that the ratio of orgon weight to
body welght was significantly higher for the liver of sick
rats than for the same organ in animals in which no symp-
toms developed. Edemé has baen reported as a charsoteris-
tio symptom in human beings end sheep. Chenges in molst-
ure content of the liver, spleen, ond kidney of the sick
rats suggest that these animols also suffer from edema.
The inorease in organ weight noted ls probably due to
water retsntion,

Sheep are the only animals in which the fat content
of the liver has been studled quantitetively. Roderick,
Harshfield, and Merchant ('33) reported that the relative
quantity of fat in the liver of the toxic animals wns
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approximetely 60 per cent, the normal value being near

7 per cent. BSuch a marked change in liver fat has not
been noted consiatently in the sick rats. In the present
study, the average per cent of liver fat calculated on
the dry basls, for the rata that dled, was avproximately
31 as compared with 22 in the normal animels, and 39 in
non-moribund animals fed the Pork I diet. In more than
one-third of the cases the quantity of llver fat in the
sick rats was above 39 per cont.

Fatty dogeneration ani infiltration were consis-
tent mloroscoplc changes occurring in organs of the rats
suffering from the pregnancy disorder. The one feature
that invariably distinguished the livers of moribund nork-
fed rats from those of rats that survived was the fatty
degeneration and infiltration of the hepatic oells.'
Similar changes have been reported in the livers of human
belngs, rabbits, end sheep suffering from derangements of
gestation. Indeed, so constant has been this finding
that 1t seens to be the fundamental change in the distur-
bance.

Abnormalities of the kidney always accompanied the
pregnancy disorder. Changes believed to be characteristic

of eoclampsia have bsen reported in the glomerull of the

s SR



kidney by Bell ('28) =nd othera. However, no glomerular
changes wore noted in the kidnays of rats used in this
experinent. The marked cellular chen;es occurrad only in
the Stubular enitheliun. o evidonbe of fatty chensee in
the ranal eoithelium were observed in the siot rnta.
Bartholonew and Colvin ('38) belleve that plecentol
chenges in human belnss sufferinz from eclennzic are so
charactoristic that the dilassnosis of toxemia nay be nade
from expminntions of an'mown vlacentns. Thess authors
founl infarcts in the placanta which had anperently boen
cauged by an enlarteritis. ‘e cells in the vegsel wollg
showed eviionce of fatty infiltration. Patteraon,
Hicodemua, nnd Hunt (?38) dencribed aimilar changes in
the placentae of "toxic" radbhits. Tho chonyng noted 1In
tha placentae otf the sick rats, howsver, wero quite 1 f=-
ferent from those renorted for huzon dbeings and rabhita,
A marked decrease in vasculerity noccompnanied by homolyais
of the fetal blood and thrombosis of the blool in the
umbilical vein woero constant finadingo in the fetl nnd
placentae of the sick rata. No ochanges were ever seen in
olther tha uterine well or the placontee of the nick rats

that correcponded to conditions dauscriled by Haoszon ('35)

a8 characteristioc of vitemin A deficlency. 1hece nocative

findlngs conflira our bellef that a lack of vitamin A 1s

~
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not lnvolved in the disorder.

In sheep and in human beings, the incldence of the
dlisturbance 1s incressed in feneles carrying more than
one fetua. A simllar condition seems to prevall in the
reta. For example, tho sick females maintained on the
Pork I dlet had an average of 11.8 feti whose aversge
individual weight was 5.0 gm. as compored with 10.6 feti,
each welghing 4.1 pm. produced by non-moribund animels
fold the same dlet. The incidence of the pregnancy dis-
order may be assoclated with on unusunlly large production
of fetal tissue.

In spite of certain differences noted in the various
kinds of enimels, 1t 1s probable that the primary lesion
in stormy pregnenoles 18 the samo. If this 1s true, then
the production of s pregnancy disorder similar to eclamp-
sla in easily controlled experimental animale such as the
rat may ald in the solution of the complex problem of

toxemlc pregnencles ocourring in women.
THEORETICAL CONSIDERATIONS

The preceding study of the pregnancy digsorder indi-
cates that liver injury is the comrzon symptom in all
animala, fatty degeneration and inflltration o the cells

in the liver being the primary lesion observed in human

-
)
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belngs, . sheep, rabblts, and rats. If we atart with this
basic fact, it can be assumed that metabolic defects are
.ﬁound to follow. On the basis of ohservations made in

the orezent investigetion, we have develoned a hynothesis
that may explaln the sequence of events in the progression
of'pregnnncy digease. First, liver function is lowered by
Tatty .changea In the hepatic cells., As a rasult, metabo-
1ites normally detoxified in this organ vesa into the
systemic cilroulation unchnnged. The hemolysis noted in

‘ thé fetal blood of rets that dlie suggests the possibl ity
that some "toxic" substence is circuleting in the maternel
blood. In the early stagqs of Adyasfunction, the kidney is
able to excorete the "toxie" substance. Fventuplly, injury
to the kidney, however, raesults from the strain of attemnt-
ing to free the body of the deleterious substance. As
degeneration progresses in the liver, rensl injury likewise
advances, ralsing the threshold of exoretlion of the offend-
ing substance. The ooncentration of this material in the
blood finelly reaches a level 1ncompatiﬁle with life.

Whatever the "toxic" gubstance may be, it ia canable of

causing vesocular spasm end o general redistribution of blood

in the animals. The presgsence of a large concentratiocn of
the metabolite in the blood may cause lesions in the brain

and spinal cord, these lesiona in turn resulting in convul-

!
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slons, It must be recognized, however, that other factors
unay be causal ggents. For example, fat in the liver cells
nay have pushed out the glycogen, leaving the animal with
only muscle glycogen to draw on for extra glucose needed
in lgbor, thereby causing a hypoglycemia poasibly severe
enough 10 cause convulsions.

The accumulation of the "toxic" substance in the
maternnl blood stream finally causes the hemolysis of the
fetal blood noted in the placentae from sick rats, and
the formetion of a thrombosis in the umblligal veln.

Now that a seaquence of events has heen suggested that
would account in part for the symptoms noted 1n the sick
rats, 1t 1s interesting to cogltate whether or not there
is a substance produced in normal metaboliem, the accumu-
lation of which is capeble of producing the syndrome
desoribed.

Andes, Andes, and Myers ('37) have reported an

increase in the level of blood guenidine in eclamptic women.

This substence might well be the metabolite causing the
train of symptoms. HNuch has been written concerning the
relation hetween guanldine in the blood and liver disease.

The majority of evidence seems to indiocate that a rise in

blood guanidine ocours in most cases of liver demage (Andes,

Andes, and Myers '37). Several conditions have been shown
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to follow a rise in blood guonidine. Majlor ('25a, '26b,
'26a, '26b) for example, suggeated that guanidine is
capable of causing high blood pressurs by a contraction
of the arterioles. He found, however, 1f the guanidine
were injected slowly or if the injection were followed
by the administration of an hepatic extract, no rise in
blood pressure occurred. Apparently the liver extract
destroyed the gianidine or in some way counterccted its
effect. Would we, therefore, be juatified in assuming
that unless the liver is actively funotioning guanidine
1a not converted into creatine? |

In connection with gusnidine poisoning, Blatherwick,
Sayhan, end Hill ('27) have reported that the administra-
tion of guanidine compounds results in marked kidney
danege. These authors quote the following report on the

"pathology of the kidneya:s "In sections of the kidney

stained with henatoxylin rnd cosin there has been intense

damage of the cells lining the convoluted tubules. The

injury varies from slight swelling of the cell bodies to

complete destrucotion with granular debris in the lumina.

The lumina of asome of the convoluted tubules haove been }
oblitereted by the intense swelling. There 1s no noteo- %
worthy change of the glomoruli," (p. 683) It seems, there- |
Tore, that if liver domage occurs in animals fed the basal
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vork ration, 2 rise in blood guanidine exnlains the kid-
ney danage snd vasoular changos noted in the sick rats.

In support of our hypotheslis, we teated exverimentally
the preunlse that fatty degeneration in the liver 18 o
primaery fector in setting up the train of events occurring
in pregnancy disorder, To this end, two nllot exmeriments
were vlenned and executed in the laborstory. Phosphorus
polsoning 1s knovm to canuse fatty degeneration ond infil-
tration in the liver. Theraefore, in the first experiment,
nregnent females fed the Steenbock V and Pork I diets were
poisoned Wlth phosphorus on the eighteenth day of vreg-
nnnoy.l Symptoms similar to those observed in the expori-
mental rats developing the pregnancy dlsorder were observed
in six of the ten rats fed the Stecnbock V diet, ond in
eight of a similar group of ten rats recelviny Pork I. On
the twenty-first day of pregnancy the aninals were cold to
the touch and lethargic. Theilr halir was roughened and
thelr nose, ears, and naws, white. They nlso exhibited
dyspnea. However, none of the rots showed the 1impness
and hematuria noted so often in animals dylng at parturi-
tion. These rats, poilsoned with phosphorus, often dled in
convulsions. Upon autopsy, the livers were large, vefy
yellow, spongy, and friable. The kldneys were swollen, but

showed no signs of hemorrhesge. The fetl were well-developed

1. The phosphorus was injected sub-cutoneously in one dose
of 0.1 cc. of a 1 per cent soclution of yellow phosphorus in
swveet almond oll for each 100 gm. of body weight.
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and inveriably dead. The placentge were soft, aslightly
yellow, ecnd very friable. “Yhen calculated upon the
welght of the fresh liver, the per cent of fet in the
livers of rats fed the Sterndbock V given phosphorus

ranged from 8 to 11 per cent. These values conmpare {rvor-
ably with the quantity of fat vresent in the livers of
nornmel pregnant rats receiving the adequete dlet. A
section from the liver of one of the polsoned rats in

this group 1s shown in »late XIX. Every one of the
llvers of rots treated with phosphorus showed fatty degen-
eration and infiltration. Perl-portsl neorosis also
occurred in the livers of the polsoned rets. The faot
thot this type of neorosls was not observed in the siock
rets supports our bhelief thot a toxic substances dld not
cause the primary liver injury obaerved in rats dyinj of
the mxegnency disorder.

It seemed posaible, however, that the phosphorus in
itaelf had a detrimental effect on the animal beyond that
shown by the liver injury. Therefore, sn attenpt was made
in the second experiment to produce fatty livers by dliet-
ary means. Best ('36) and his colleagues have shown that
fatty livers may be produced in rats fed a diet contain
ing 40 per cent fat. A group of five female rats were

mointeined on a diet simllar to the one described by Best.



PLATE XIX. SECTION OF LIVER FRO!! PREGNANT FEVALE
RECEIVING THE STEENBOCK V RATION PLUS PHOSPHORUS
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However, the fertility of the animels fed this exocess-
ively high fat dlet was 30 low that up to date it has
been imposaible to induce pregnancy. However, another
attempt will be made to approach the study from this angle
in the future.

The preceding hypothesis has been built upon the
nremiase that a high content of fat in the liver is the
primary change in the rats fed the Pork I dlet. ‘hy of
two litter mates fed the game dlet and with avnroximately
the same fat content in the liver, one should develon
fatty degeneration of the hepatic cells and die at »nartur-
ition, while the other is able to give birth to a litter
in a normal fashion 1s still a puzzle. However, 1t may be
that when the hepstic cells are overloaded with fat, the
increase in metabolism assocliated with vreparation for par-
turition canuses degeneration of the cells so that the cell
protoplasm is no longer able to bind the lipids. Irreanec-
tive, though, of the mechanlism of fatty degeneration of the
cells, the high fat content of the liver, produced by
Teeding of the Pork I dlet, 1ls the vredisposing factor.

One of the maln purnoses of the study was to determine
whether the pathologlcal changes assoclatel with partial
gestatlional fallure were similar to those noted in the rats

thet dled with typlcsal symptoms of the pregnancy disorder.



- 224 -~

The lack of vitallity of the young was not as morked in
the present experiment =8 in others conducted in the
Nutrition Laboratory. For examnle, Gray ('36) reported
that 85 per cent of the live younz born to females fed
the pork dlet were dead before they ware four days old,
compared with 21 per cent of the young of the normnl
éontrol aninels. It wlll be recalled thet it was thourht
that the inabllity of the young of the pork-fed rats to
survive axtra-uterine existence was ocaused by a derange-
ment of the gestation process. If that were the case,
then those females fed the baaal pork diet that survived
parturltion were onrobebly suffering from an atynical form
of the pregnancy disorder. Any pathologiocal changes
found in tho rats that died might be pres:nt, therefore,
to a leosser degree in the other females fed the Pork I
diet. This did not prove to be true. A large quantity
of fat in the liver was the only conatent finding in both
groups of animals (table XIX).

Among the animals receiving the Pork I dlet that did
not die, the per cent of feti resorbed (15.4) was the
same a8 inthe animols fed the adequate control dlet. The
question arises ss to why the young of the females fed
the Pork I dlet dled bLefore they were four days old, while

the young of the rats glven the Steenbook V ration

tr
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survived. It is possible that this difference in the
nortallity of the young 1s related to the dlfference in
the fat contents of the livers of the two groups of
animals. Ageln ‘ie postulate: The products of cellular
degeneratlion absorbed by the maternal blood from resorb-
ing fetl are carried to the liver for detoxification.
The injurious materlals are complotely removed from the
blood by the liver in the case of the animals fed the
adequate dlet. However, slnce the livars of the animnls

recelving the Pork I dlet are overburdened with fat, the

detoxiflcatlon is reletively incompnlete, and injurious

subgtances nre allowed to pass into the general circule-
tion. These "toxilas" substances in turn.may injure the
Tetl, so that they are bormn in a morlbund stete and ile
very shortly. The characteristic symptoms of the preg-
nancy disorder fall to develop, in these cases, since the
snell quantity of live fetel tissue produced does not
cauge a great enough change in the metaboliam of the fe-
male preparatory to parturition to produce the character-
1stic degeneration of the henctic cells.

Or possaibly, the accumulation in the liver affects
the storsge of glycogen. Partlal stervatlon of the fetl
resultg and the young are born in a poorly nourlshed con-

dition, unable to withstand the rigors of extra-uterine

B %
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existence. In another studyl relating to the establishment
of the syndrome of pregnancy disorder; data have glready
been collected showing that s depletlion occurs in the
glycogen stores in livers of pork-fed ratas that are not
"toxic." The changes which may occur following the feeding

of the Pork I dlet are summarized in dlagram I.

1. Ph.D. research by Helen Farrankop, of the Foods and
Nutrition Department.

I
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DIAGRAN I. THEORETICAL REPRESENTATION OF SEQUENCE OF
EVENTS RESULTING IN ACUTE PREGNANCY DISORDER

Feeding of Pork I diet

f 1
Development of Accumulation
excessively large of fat in the
fetl and placentae liver
Unknown causes Fatty degener-

ation and ine
filtration of
hepatic ocells

Disturbancé “In carbo- Lowered liver
hydrate metabolism function
Resorption ¢ Incomplete Accumulation of
partial star- detoxification normal metabo-
vation of feti of products of lites in blood
resorbing fetl to high levels
Kidney injury
\
Injury to live Suppression of
fotl excretion
Y .

Convulsions Hypertefislon Edema Hemolysls Hemorrhage
g{ fetal 1in kidney
ood
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SUMMARY AND CONCLUSION:

The revorta of Dyar ('35) and of her successors
(Wilcox '37, Walliker '38) desling with the occurrence
of gestationel fallures, both partiasl and complete, in
rats fed the basal pork ration known o8 Pork I formed
the basis of the exporiment herein desoribed. In nartinsl
gestational fellure, the moat striking abnormality wes a
high mortality of the young during the first four days of
1ife; in the complete, a fallure of the birth mechanism
resulting in the death of both mother and feti. The Pork
I dlet, contalning 25 per cent of dried sutooclaved pork
nuscle, wes believed to be adequate in all known dletery
esgentials. Exocopt for the source of protein, the diet
wos synthetic. The chief purpose of the present gtudy wes
to establish the asyndrome connected with the partial and
complete gestotional frilures in animals fed the Pork I
ration. In addition, the effect of adding three supple-
ments, lipocalc, fresh liver, and liver extrrot, to the
basal pork diet was investigated.

The 236 animals used in the experiment were divided

into three experimental groups, l.e., (1) the control

group of rats fed the Steenbock V dlet which heas never been
known to produce complete gestationel fallure, (2) the
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group of rats receiving the bassl pork ration, end (3)
the group of animals recelving the Pork I ration supnle-
mented by fresh liver, lipocaic, or liver extract. 1In
order to determine whether pregnency per se exerted an
ef’ect upon any conditions present, pregnant and virgin
females were maintained 1n each experimental groun.
The exveriuental groups of pregnant aninals were further
subdivided on the baslis of the diet of the meales uged for
nating.

The data colleoted were used to evaluate the (eato-
tlonal performance of rate in the three experimental
groups and alseo to deaoribe the pathologlceal changes nscoc-
iated with gestational fallure. The femasles in the pnreg-
nant series were allowed to bsar and rxrcar one litter. They
weire then killed 21.5 days following the initlntion of the
second pregnency. The general physlcel conditlion of the
aningls and the annearance of certrin organs were describad
at the end of the experiment. The liver, kidney, heart,
spleen, fetl, placentae, and, in some cases, the prncreas
were removed at autopsy. The virgin animals in each group
were killed when they had received the dlet the same number
of days ecs8 the pregnant animsls in that group.

In the first part of the present study the gestational

nerformance of animals in the three experinental groups wes
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evaluated. Data collected on the progression of the

Tirst gestation perlod and the condition and vitelity

of the first litter were used in this anaclysis. In
addition, data pertaining to the second pregnancy, obtained
by observation on the progression of gestation, and the
condition of the uterine contents at autopsy were studied.
It was concluded that the second pregnency was a better
neasure of the effeot of dlet upon the gestetional ver-
formance of the female than was the first pregnancy.

Ten of the females fed the various pork-contoining
diets dled at parturition with typlcel symptoma of the vrage
nanecy disorder. In general, even among the esnimals that 414
not die, the feoding of the Pork I diet resulted in a poorer
geatatlonal performance thon that noted in animals fed the
adequate control ration. Geastatlonal fallures, both partial
and conplete, were more numerous in females mated with males
8la0 recelving the Pork I diet, than when males from the
stock colony were used for mating. Fresh liver was the ‘
only supplement added to the Pork I dlet that prevented the
appearance of the pregnancy disorder. The feeding of
llpocale markedly increassed the occurrence of resorptlons,
as meny as 86 per cent of the fetl being loat in rats fed
500 dg. of the supplement dally.

The second part of the investigation conslsted of a
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gstudy of the pathologilcsl changes assoclrted with gestao-
tional foilure. Changes from normal in the following
items wore considered: (1) general physicsl condition of
the cnimels, (2) gain in body weight during pregnancy,
(3) woter consumption in pregnancy, (4) fat content of
the liver, (5) weilght and rioisture content of orgens, and
(6) histology of organs, feti, ~nd placentee.

The general physical condition of the aninnls both
in regard to extermal epvearence oni condition of certain
visceral orgnns was rated subjectively. In addition, the
rectal temperature of the presment onimels wes token. The
galns made in body welght during gestation were atudled,
palring experimental animals with normal females from the
stook colony matched in reapect to body weight at the
initiation of pregnancy and number and weilght of fetli. The

‘nmount of water consumed by the pregnant animals wag

measured twice dally from the twelfth decy of pregnanoy until
parturition. “he average welght and molsture content of the
liver, kldney, spleen, hoart, and monmae were determined.
In addition, annlyses were made of the fat content of the
liver.l Higtologlcal sections were prepared of the liver,
kidney, heort, spleen, and penoreas, as well as of the fetl
and placentae. A standard mothod using Zenker's solution

for the flxative and haematoxylin and ethyl eosin as stains

Y. These data were 1ncluded through the courtesy of Miss
Ethelwyn Wilcox.
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wps followsed in the preparation of the sections.

The feeding of the pork dlet to the virglin snimels
increased the pelative auentity of fat in the liver end
induced cellular changes in the liver and the kidney.
Thege differencesa —were accentuntedi by pregnency. In the

normal control groupn, nres/mancy 1d not produce theae

~changes.

Between the "non-toxic" oregnent cnimels fed the
various pork-containing dlets and the normal control group,
the only conglstent differences noted wore in the llver.
tThe livers from the rats reoeivlng'pork muscle were higher
in fat and lower in moisture than in the normel control
animpls. In addition, on incresso in cloudy swelling in
the hepatic cells was observed upon histologiocal examing-
tion of the sectlons prepsred from livers of pork-fed rats.
Some degenerative changes were slso noted in tho kildneys
of these rats.

Deviations from normel were marked in the onimols de-
veloping the pregnancy disorder. In genersl, the symntoms
were gimilar to those Aescribed by Welliker ('38). The
slok enlmels make excesslve rains in body weight during the
last day of pregnency. Differences between the molisture

contents of the liver, kildney and snleen of these onimcls
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and of those not "toxic" suggested that the large gains
in body weilght were due to a disturbance in water bslance.
The 1liver was yellow in color, large in size, and friable
in consistenoy. The kidneys wers swollen and gorged with
blood. Both chemical and histologlcal analyses of the
liver revealed markad abnormalities in the orgen. The
quantity of fat was high end the hepatic cells showed
marked fatty degeneration and infiltration. The feti were
well-developed, but invariably dead. Hemolyais of fetal
blood and a thrombus in the umbilloal veln were constant
findings.

Finally, an attempt wns made to evaluate the signifi-
cance of the findings. In go doing, similaritles betreen
pregnancy disorder, eclampslia in wonmen, and disturbances
of gestation reported in rabbits oand sheep were indicanteq,
a theory developed exnlaining the train of events observed
in the pregnanoy disorder, nnd changes found in pnrtinl
gestational fallure correlated with those dbbserved in

complete gestational fallure.



- 234 -

LITERATURE CITED

Alcock, R. 8.
1936. The svnthesls of proteins in vivo
Phyaiocl. Rev., 16, 1-18

Alt, H. L. .
1938. Iron deficlency in pregnant rats
Aner, J. Dis. Child., 56, 975-984,

American Committee on Maternal Welfare

1935. The menagement of nreeclrmptic toxemia and
eclampsila
Jo Mero }‘edo ABS., ']_.9__%, 1703"'1705.

Andes, J. E., Andes, E. J., ond Heyers, V. C.

1937. Guanidine-like substences in blood. III. Blood
guanidine in normal pregnancy, toxemias of
pregnangy, and cirrhosis of the liver
J- Labo 011“. Hed., &3_, 9-180

Angelmino, K. J., Hoffman, Friedrick, and Kennedy, W. P.
1932. The relation of hyperfunction of the poaterior
lobe of the hypophysis to eclampsia and nephro-
pathy of pregnancy
Edin. Med., J., 39, 576-388,

Bartholomew, R. A., and Kracke, R. R.

1936. The probable role of the lypercholeaterenla of
pregnency in producing vascular changes in the
placente, predisposing to placental infarction
and eclanpsia
Amer., J. Obstet, Gynec., 31, 549-562.

Bartholomew, R. A., and Colvin, E. D,

1938. Diegnosis of the occurrence of toxemia of pregnancy
by examination of the unknown placenta
Amer. J. Ohstet. Gyneo., 38, 909-927.




SR

T AN

- 235 -

Basden, M. K.

1957. Toxaemia of pregnancy: its significence and
treatnent
J. State Hed., 45, 474-4835.

Bell, J. W,

1926. Postmortem findings in ten cases of toxemias
of pregnancy
Anmer. J. Obstet. Gynec., 12, 792-802.

Bergmaen, H. D.
1935. Nutritlonal disenses common to domestic animals
Iowa Veterinarian, 8, No. 1, 7, 26-32.

Berkwitz, N. J., and Lufkin, N. H.

1932. Toxic neuronitis of pregnency: A olinilcopath-
ological report
Jurg., Gymec., Obst., 54, 743-757.

Beat, C. H.,, Maweon, M.E.H., McHenry, E. ¥., and Ridout, J. H.

19368. The effect of diets low in choline
J. Physlol., 86, 315-322.

Blatherwick, N. R., Sahyun, Melville, and Hill, Elsie
1927. Bome effects of synthelin on metabolisn
J. Blol. Chem., 75, 671-683.

Boyd, BE. M.
1935, Blood lipids in eclampsin
Aner, J. Obatet. Gynec., J0, 323-332.

Byram, F. B., and Wilson, C.

1954. The alleged pitultary origin of the eclamptic and
preeclanptic toxaemies of pregnancy
Quart. J. Hed., 27, 361-368.

Cadden, J. F., and Stander, H. J.
19839, Uric acld metabolism in eclampsia
Amer. J. Obatet., Gynec., 37, 37-47.

e emr——————TA



e g

- 256 -

Colvin, E. D., and Bartholomew, R. A.

1839. Behavior of the baspsl metabolisn in the course of
developing toxemla of pregnancy: correlation with
cholesterol; placental infarcts and retinal
examination
Amer. J. Obstet. Gynec., 37, 584-604.

Corey, E. L.

1932. The maceration and resorption of fetusea in the
rat
Anat. Rec., 58, 195-198.

Crulokshenk, J. M., Hewitt, J., and Couper, K. L.
1927. The toxaemias of pregnency. A clinical and bio-
chemioel study
Gr. Brit. Med. Res. Council, Svecial Rpt.
Series Noi 117.

Csonke, F. A.
1935. Proteins of yeast (Saccharomycesa cerevisiel)
Jo BlOl. chemo’ l_o_%’ 703-715.

Del.ee, J. B.
1913. The principles and practice of obstetrics
W. B, Baunders Company, Philadelphia.

Dieckmann, W. J.

1933. Comperative studies of the blood in the nonconvulsgive
toxemias of pregnanoy
Amer. J. Obstet. Gyneo., 26, 543-5565.

Dleokmann, Y%, J., ond Wegner, C. R.
1932. Eclampsia without convulsions or coma
Amer., J. Obstet. Gynec., 23, 657-663.

Donaldson, H. H.
1924. The rat
Vilgtar Institute Memolrs, 6.



Dragatedt, L. R., Van Prohasks, John

1936. Observations on a substence in pancreas (a fat
metabolizing hormone) which permits survival and
nrevents liver changes in depancreatized dogs
Amer- JI P}IYSIOIQ, m_, 175"181.

Dyar, Elizabeth

1936. Meat in nutrition. VI. The relation of vitemin E
to reproductive abnormallties induced in the
albino rat by the feeding of a diet contalning
pork nuscle
Unpublished Theslas, Library, Iowa Stzte College,
Anes, Iowa

Earhart, 0. R,

1935. Stock colony studies. II. Reproductive performence
of the albino rat (atrain A, Tiatar stock) under
standard conditions
Unpublished Thesis, Library, Ioam Stote College
Ames, Iowa

Elder, Cecil, and Uren, A. 1,
1935. Pregnancy dissase in sheep
Ho. Agr.. Exp. Sta. Bul. 345.

Evans, H. M., and Burr, G. O,
1927. The antisterility vitemine fat soluble E
Univ. Qallf. Memoirs, 8.

Evans, H. K., and Burr, G. O.
1928. On the amount of vitamin B required during lactation
J. Blol. Chem., 78, 283-272.

Evans, H. M., Lepkovsky, Ssmuel, nnd Murphy, E. A.

1934. Vitel need of the body for certaln unsaturated fatty
aclds. V. Reproduction and lsctation upon diets con-
teining saturated fatty acids as their sole sour:e of
energy : '

J. Biol. Chem., 1068, 441-444,.



Yot o

T

- 238 -

Faouvet, E.
1955. Eclampsia, a hypophysezl disorder
Arch. f. Gynak. 165, 100-
Abstracted in Amer. J. Obstet. Gynec.:, 155, 360, 1936.

Fisher, R. A.
1936. 8tatistical methods for research workers
Boyd and Oliver, London.

Grahan, A. M.

1939. 8tock colony. IV. Pactors affecting concentration of
hemoglobin in the blood of the albino rat, 7istar
stock, strain A
gnpubliahed Thesia, Library, Iown State College, Ames,

owa.

Green, H. 8. N.

1937. Toxemia of pregnanc;y in the rabbit., I. Clinical
nenifestations and pathology
Je Exper. Med., _6_&. 809832,

Boyd, McEllroy, W. 8., and Huggins, R. R.
1955. frotaln stabilization in proeclompala and eclampsia
Anmer. J. Qbatet. Gynec., 30, 524-533.

garg, E. B., HeCollum, E. V., Steenbock, H., and Humphrey,
1§11: Phyralological effeot on growth and reproduoction of
rations balanced from restriocted souvcas
Wis. Agr. Exp. 8tn., Resenrch Bull., 17.

Hart, E. B., Nelson, V. E., and Pitz, V.

1918. Synthetic ocapaoity of the mormary gland. I. Can this
gland synthssize lysine?
Jc 3101. Chemo, ‘3§’ 291"‘307-




AT

e A

- 239 -

Hart, E. B., and 8teenbock, H.

1918. Thyrolid hyperplasia and the relation of iodine to
the hairleas pilg malady. 1 ‘
J. Blol. Chem., 33, 313-323.

Hartwell, G. A.
1927, Growth and rcproduction on synthetic diets. II
Biochem. J., 21, 1076-1086.

HojJer, A. J.

1926. A method for determining the anti-scorbutic verlue
of foodatuffs by means of histologlcal exanination
of the teeth of young gulnen nlge
Bl‘it. J. Exper. Pl?.th., Z, 556“‘569.

Huber, G. C.

1915. The development of the albino rat, mus norvegicus
albinus. L. From the pronuclear stage to the gtn:e
of mesodern anlage; end of Tirst day to the end of
the ninth day
J. Morvh., 26, 247-358.

Hurwltz, David, and Bullook, L. T.

1935. Fallure to find pressor and antidiuretic substances
in pvatlents with toxemla of vreginncey
Amer. J. lied, Sci. 189, 613-619.

‘ Hussemann, . L., ond Hetler, R. A.

1931. The vitemin B and G requirements of lactation
Jo nutl‘., é, 127-1400

Irving, F. C.
1936. The vascular gapect of eclampsia

Jones, L. J.

1931. The effect of certain constltuents of the diet on
hemoglobin formation in the rat
Unpublished Thesls, Library, Iow 3tote College,
Anes, Iowa

PR



PRSP

RSP

e ———EA

Kell 0P Fe Se

1931. Obaervations on toxenlec nsphritlc group cases
with speolnl reference to clagsificetion
Aner. J. Obgtet. Gynec., 2L, 275-279.

King, Helen

1236, Meat in nutrition. XI. Effeot of supplenentory
feeding of certaln liver fractions on the
reproductive nerfornence of the alhino rat fed
e diet coataining nork muscle
Unpublished Thasis, Library, Iowa State Collegs,
Aman, Iowa

Lease, =. J., and 3teenbock, H.
1939. "iet and rate of denletlion of hepotic vitanin 2
J« of liutr., 17, 85=00

Long, Je Ao, and Tivanas, H. I,

1922. The oestrous cycle in the rat and its asaoclated
phenonena
Unlve. Calif. liemolra, $.

Luikart, Rolf

1838. Avitaninogis re 1likely etiologlic fnotor in poly-
neuronitis complicating presnancy, with the
raport of o onse
sner. J. Ohstet, Uynec., 25, 01l0=915,

liagonber, Zonnld

1927. Eftsct of a Alet low in cnlciun on fertility,
proannancy cnd lactation in the rat
Je. Amer. Ked. Ass., 08, G-ll.

Heedeor, M. C.

1937. The effect of fat in sinplified diets on the re-
produotive orgona of the fomnlse e2lbino rat during
gestation
Anat. Rec., 7Q, 73=77,



- 241 -

iiajor, R. H.

1926a. The possible relationship between gusnidine and
high blood pressure
ADBI’. JO Medo SC., 1.70' 228-2320

MajJor, R. H.

1925b. The exoretion of guanidine hases on two cases of
arterial hypertension with reduction of blood
vressure
Pull. Johns Hopkins Hosp. 35, 357-360.

Hajor, R. H.

1926a. The effects of guanidine compounds on the blood
pressure when introduced slowly into the cirocula-
tlon and into the gastro-inteatinel traot
Bull. Johns Hopnkins Hosp. 39, 215-221.

Major, R. H.

1926b. 9tudies on the effect of hepatis extrast upon
experinental hypertenslion nroduced ir
by puonidine compoundsg
Bull. Johna Honkins Hosavn., 38, 222-231.

MO.BQH, K. EO

1936. Foetal death, prolonged gestation, and Aifficult
parturition in the rat rs a result of vitomin A
defiocienoy
AmGI‘. Jo An&t., §1, 303"549.

Eagon, K. E., and E1llison, k. T.

1936. The demonstration of oestrus in the vitamin A-
deficloent rat by supravital sgtudy of the vaginal
smears
Je.llutr., 10, 1-11.

Mays, C. R., end MoCord, V. M.
1935. A study of blood suger levels in eclaenmpsie
Amer. J. Obstet. Gynac., 29, 40565-414,



OO

e

e g

- 242 =

leIlroy, Loulse
1936. The toxaemlas of pregnancy
Willlem Wood ond Compeny, Baltimore

Holsge, T. 8., and Smith, A. H.

1929. Observations on the pathogenesis of pulmonary
supnaration in the a2lbino rat
Soc. Exper. Blol., Med. Proo., 26, 723-725.

Holse, T. 8,, and Smith, A. H,
1930. Atelectesis in the pathogenesis of abscess of lung
AI‘Oh. Veto ’!{edo, _%g_’ 92-101.

11'Fedyean, John

1924. Fotty infiltrstlon of the liver as o caugs of denth
in pregnant ewes
J. Comp. Path. Therap., 37, 287-293.

Kussey, R. D., and Hunt, A. B.

1938. The late toxemias of prognancy (so-called nephritio
toxeming of pragnanoyg
Int. Abstract Surger., 85, 550-561.

Poge, L. V.

1939. The relotion between hydatid molea, relotive
ischemla of the gravid uterus, andl the placentnl
origin of eclampsic
Am- Jo Obﬂtet. Gyrlec.’ .g.?-’ 291“2950

Petterson, V. B., Hunt, !. F., ond Nlicodemus, R. E.
1938, The etiology of eclampsia
Anmer. J. Clinical Path., 8, 120-1365.

Peters, J. P.
1937a. Nature of eclampsia
Yale J. Biol., Med., 9, 253-245,

b



ORI

T AR ey

Peters, J. P.
1937b. Toxemins of pregnancy
Yale J. Biol. Med., 9, 311-326.

Peters, J. P.
1338, fhe nature of the toxemies of pregnancy
J. Amer. Med. Assg., 110, 329-331.

Roderiock, L. M., and Harshfield, G. S.
1932. Pregnancy diseange of sheep
North Dakotzs Agr. Exp. Sta. Tech., Bul. 261.

Roderick, L. M., Harghfield, G. 3., and Merchant, W, R.
1953, Further demonstretion of the funotional pathology
of pregnancy dlsepse in ewes
Cornell Vet., 23, 348-353,.

RogoshGSkl. E. R.

1936. Meat in nutrition. IX. Effect of supplementary
feading of fresh liver and of an amino acld mixture
on the reproductive performence of the albino rat
fed a dlet containing pork muscle
Unputlished Thesis, Library, Iowa State College,
Ames, Iowa.

Ross, Robert A.

1936. The toxemlas of pregnancy and certain deflcienocy
dlnasses
Virginia M. Monthly 62, 424~
Abstrocted in  Amer. J. Obstet. Gyneo., 32, 363; 1936.

Rowe, A. W.

1932. The toxemias of pregnancy. I. Some observationa of
hepatic factor
J. Amer. Med. Ass., 99, 2083-2087.

Rowe, A. W., McManus, /1. A,; and Riley, G. A. :
1934. The toxemias of pregnancy. II. The nitrogen metabolism
J. Lab. Clin. Med., 19, 923-929.

e



v

- 244 -

Aowe, A. W., Mclanus, M. A., znd Plummer, A. J.

1936. The toxenlas of pregnancy. IV. The carbohydrate
metabollism
Amer. J. Obatet. Gyneo., 31, 856-866.

Savage, J. E., ond Wylie, H. B.

1937. A chemlical Test for pregnancy applied to the
determination of estrin in the uterus of normal
and toxemic patients in the lest trimester of
pregnancy
Amer. J. Obstet. Gynec., 33, 771-777.

Seegers, W. H.

1937. The effect of protein deficiency on the course of
pregnancy
Amer. J. Physalol., 119, 474-479.

31d4dall, R. W., and Mack, H. C.
1938. elght changos and toxemia of late oregnancy
Amer. J. Obgtet. Gynec., 38, 3380-386.

3iegel, I. A., and Vylle, H. B.
1933. Blood sugar findings in eclcempsia and preeclampsin
M‘er‘ J. Obateto Gyneo.’ 2_@.’ 129"37.

Shermen, H. C.
1932. Chemistry of foods and nuterition, 4th ed.
The Macmillan Company

Smith, G. E.

1917. Fetal athyrosis. A study of the lodlne require-
ments of the pregnant sow
Jc 81010 Chemo’ .2_9_, 215-225.

Smlth, G. V., and Smith, O. W,

1935. Evidence for the placental origin of the excessive
prolsen of late pregnancy toxemlrs and eclampsla
Surg., Gynec. Obst. 81, 175-183.



- 245 -

Smlth, Theobald

1913. Some baocteriologierl nnd environnental factors in
the pneumonia of lower animalg with aspecinl
refarence to the gulnes-plg
J. 'ieda ROS., L, 291"'3O40

3tander, H. J., ond Cadden, J. F.
1934. Blood chemistry in preeclrmpsia snd eclampala
)\mel‘. Jo A].Batet. Gyneco, g!é, 856“8‘710

Stcenbock, H.
1923. A satlolactory reation for stock rats

Stevenson, G. T,

1938, Heat in nutrition. XIIY. The dblologlorl vnlus of
cennoed sutoclaved pork muscle
Unpublished Thssla, Library, Iowa 3tate College,
Anes, Iown.

Strausa, W. B,

1936. Obaervationas on etiolopy of the toxemias of vreg-
nangy. Reletlonship of nutritional deficlency,
hypoproteinenla, and ecleveted venous nreassure to
water rotention in prermancy d
Am. Jo Hedo 803-0, ng, 811"8240 )

Strouss, M. B,

1937. Observations on the etiology of the toxemlas of
pregnoncy. II. Production of acute exacerhation of
toxenia by sodlum srltes in pregment women with
hyvoproteinemin
Amﬁl’. Jo Medo 801-, 194. 772"7830

Strauss, M. B., and HoDonald, . G.

1933. Polyneuritis of vregnancy. A dletary defleclency
d4isorder ‘
J. Amer. Med. Ass., 100, 1320-1323.




CoANgew S o

- 246 -

Suden, C. T., and Alley, O. E.

1935. Further evidence of unsusceptibility of the rat
to a dletary deflclency of vitamin C
Joc. Exp. Blol. Hed. Proc., 32, 755-~754.

8wonson, P, P,, Stevenson, ¢. T., and Nelson, P. I,
1938. A method of increaning vreciaslon in vitromin A

annay
Jd. Nutr. 15, 103-123.

Theobald, G. W.

1936. Tha distetlec dsficlency hynothesis of the toxenians
of pregnancy
Proc. Royrl Soc. Hed., 28, 13588-1399

Timson, G. II.

1932. A statistlical snalysis of the growth of rets in
the stock colony of the foods end nutrition
department of Iowa 3tnte Collegse during yaoars
1928-19351
Unpublished Theals, Librery, Iova 3tate Collegse
Ames, Towa

Titus, Peul, and Nodds, Paul

1928. The etlolo;le siymliflcence of lowered blood sugar
valuen in vomi*inr of nregmency
Amer, J. Ohatet. Gynec., 18, 90-96.

Vorzimer, J. J., Fighberg, A. l., Langrock, E. G., and

Reppeport, E. M.

1937. The endocrine basiag of tozemla of nresnancy
Af'lel". JO Bhat. G’yneco, 35 801"8130

Vaddell, J., ~nd 8teenback, H.
1931. Vltamin E in iron trented dry rotions
Jo nULI‘., é, 79-950




e

- 247 -

“I211liker, C. T.

1938. Meat in nutrition. XIV., Effect of sunplementary
feeding of two levels of ly-ocslc on the repro-
ductive performonce of the albino rot red a dlet
containing dried autoclaved vork musole

. Unpublished Thesls, Library, Iown State College,
Anmes, Iovn.

liebster, R. W,

1930. Legel medicline and toxicologny
Y. B. 8runders Compony, Philadelohin.

W“.llmen’ Ho Eo

1936. Meat in nutrition. X. EfTect of susnlenentory
feeding of oven-dried and of vacuum-dried 1lver
in the reonroductive ner{o rmaonce of tne albino rat
fed dlet contrining nork muscle
Unpublished Thesls, Library, Iovn Sinte College,
Amesn, Iowa

Whipople, D. V.

1934. 8tudies concerning thnrntrltional velue ¢f slightly
rancld fat
Aner. J. Hed. Jcl., 187, 864-866.

Whitfield, D. V.
1889, Peripheral neurlitis due to the vomiting of pregnancy
Lonocet, 1, 627-628.

Wlloox, Ethelwyn, B.

1937. Keat in nutrition. XII. Effeot of supnlementary
feeding of lecithin and lipoocaic on the reproductive
performence of the alblino rat fed a dlet containing
poric musole
Unvbublished Thegls, Libwrry, Iowa Strte Coll:uge,
Anes, Iowo.

Viood, J. E., and Nix, Harold
1938. Hynmertenslon in ths lote toxemlas of nrermency
J. Anmer. Med. Ass., 110, 332-336




D e e
B PR SRR

- 248 -

Young, James, and i{iller, D. A.

1921. The etlology of eclrmpsle and the preeolamptic
gstate
Brit. Med. J., 1, 486-490.




- 249 -

ACKNOWLEDGHENTS

I wish to tgke this opportunity to thank my committee
for their kindness and for their interest expressed in the
problem,

It is impossible for me to express adequately my
apprecliation to Dr. Pearl P. Swenson, under whose direction
the present investigntion was conducted. I am indebted to
her not only for help given freely in the research itgelf
and the preparation of the msnuscript, but also for the
mental stimulus of close assocliation.

I also wish to thoank Dr. P. linbel Nelson for haf un-
falling willingness to listen to my problems, and last but
not least for her chuokle which has brightened many a day.

Especially 4o I appreciate the assistanco of Dr. E. A.
Benbrook. Without his patient guldance the pathological
geotions cound have been neither prepared nor anclyzed.

I greatly apprecicte also the services of the workors
in the laboratory who have so generously given of their

time in furthering the project.

ESR TR ¥



o ST
FHT i o s . . A - e . . .

«260=-
APPENDIX

TR AN




N aYaem g

T A

«251~

INDEX TO PLATES

PIATE I. APPEARANCE IMMEDIATELY PRIOR TO PAR-
TURITION OF CONTROL RAT FiD STEENBOCK
V DIET ecemme ————

PLATE II. APPEARANCE IMMEDIATELY PRIOR TO PAR-
TURITION OF RAT FED PORK I RATIOH -
EARLY SYMPTOMS OF THE PREGNANCY DISORDER~-

FLATE IIX. APPEARANCE IMMEDIATELY PRIOR TO PAR-
TURITION OF RAT FED PORK I RATION - IATE
SYMPTOMS AND CHARACTERISTIC POSITION AT

PLATE IV. SECTIONS OF LIVER FROM VIRGIN FEMALES IN
THE VARIOUS EXPERIMERTAL GROUPS-=ew-- c————

PLATE V. SECTIONS OF LIVER FROM VIRGIN AND PREG-
NANT FEMALES ——————

PLATE VI. SECTIONS OF LIVER FROM PREGNANT FEMAIES
IN THE VARIQUS EXPERIMENTAL GROUPSwea-ceew

PLATE VIXI. SECTIORS OF LIVER FROM A PREGNANT
CONTROL FEMALE AND THREE SICK RATS~-eccew=

PLATE VIII. SECTIONS OF KIDREY FHROM VIROIN FEMALES
IN THE VARIOUS EXFERIMENTAL GROUPSwe-w=n«w

PLATE IX. SECTIONS OF KIDNEY FROM VIRGIN AND PREG-
NANT FEMAILESwwecramcnnrncneccnnrennecaaannas

PLATE X. SECTIONS OF KIDNEY FROM PREGNANT FEMALES
IN THE VARIOUS EXPERIMENTAL GROUPSeeww=wew

P1ATE XI. SECTIONS OF KIDNEY FROM A PREGNANT CON-
TROL FEMALE AND THREE SICK RATS-~ -

PLATE XII. SECTIORS. OF SPLLELR AND HEART FROK
VIRGIN AHND PREGNANT FEMALES

Page

140

140«

140b

170

73

176

178

83

185

187

190

194

cckid



=258

PLATE XIII. SECTIONS OF PANCREAS FROM VIRGIN AND
PREGNANT FEMALES FED STEENBOCK V, PORK
I AND PORK 38B DIETS--

JLATE XIV. SECTION OF FETUS FROM A NORMAL CONTROL
FEMALE

PLATE XV. SECTION OF FETUS FKOM A SICK RATwecceva=e
FLATE XVI. SECTIONRS OF PLACENTAE FROM PREONANT

FEMALES IN THE VARIOUS EXPERIMENTAL
GROUPS

FLATE XVII. SECTIONS OF PLACENTAE FROM PREGNANT
CONTROL FEMALE AND THREE SICK RATSeemwecwwma

FPLATE XVIII. SECTIONS OF THE UMBILICAL BLOOD VES-
SgLS FROM A PREGNANT CONTROL RAT AND A
SICK RAT

PLATE XIX. SECTION OF LIVER FROM PREGNANT FEMALE
RECEIVING THE STEENBOCK V RATION PLUS
PHOSPHORUS -~ ——-

197

201
203

206

208a

209a



RowYeew v

ELRET YA

~253=

TABLE OF CONTENTS OF APPENDIX

INDEX TO PLATES S0P 0 E00C00N000EONCERRSIOO0CE0S

PROCEDURE FOR THE PREPARATION OF THE HISTO-
mem SEGTIONS TSSOSOV IBEOVIOSNSSCESIOEDNOSS

FORM 1.

FORM 2.

TABLE 1.

TABLE 8.

TABLE 3.

TABLE 4.

TABLE 6.

TABLE 6.

TABLE 7.

CHARACTERISTICS NOTED IN DESCRIBING
CONDITION OF ANIMALS AT END OF
mmm LA AR R A R A RN NNRENENERENNNENEENENHN ]

CHARACTERISTICS NOTED IN DESCRIBING
CONDITION (F THE ORGANS AT AUTOPSY ..

ANALYSIS OF VARIANCE OF GESTATIONAL
PERFORMANCE OF RATS COMPOSING FIVE
GENERATIONS (F THE STOCK COLONY cccee

UNIFORMITY OF THE EXFERIMENTAL
ANMIS (XN R AR R NN NN ENNENNEN NNNNRENYNWNN N

ACCURACY OF SPOONS CALIBRATED TO
MEASURE 0,60 GM. OF VARIOUS
SUPPLWTS ([ IR NN NN RNENNNNENNNEENNNENXNN]

PROGRESSION OF GESTATION I IN INDI-
VIDUAL RATS MAKING UP THE VARIOUS
mmRMAIﬂ GROUPS (A A XN AN XN RENENNENREN ]

CONDITION COF LITTER I PRODUCED BY
INDIVIDUAL RATS MAKING UP THE
vARIOUs. Exmmul GROUPS ([ E X R N B NN N )

VITALITY OF LITTER I PRODUCED BY
INDIVIDUAL RATS MAKING UP THE
VARIOUS EXPERIMENTAL GROUPS ccecvccee

PROGRESSION OF GESTATION II IN
INDIVIDUAL RATS MAKING UP THE
VARIOUS EXPERIMENTAL GROUPS .ecccccee

Page
261

256

2569

260

261

262

266

266

273

280

286



ST =

o A

TABLE 8.

TABLE 9.

TABLE 10.

TABLE 11.

TABLE 12.

TABLE 13.

TABLE 14.

TABLE 16.

TABLE 16.

TABLE 17.

TABLE 18.

-264=-

INTRA-UTERIRE DEVELOPMENT OF FETI
OF FEMALES FED VARIOUS EXPERI-
MERTAL DIETS (Sick rats omitted)eecees

CERTAIN CHARACTERISTICS OF CON-
DITION OF INDIVIDUAL PREGRANT FE-
MALES AT END OF EXPERIMENT THAT WERE
FED VARIOUS DIETS (Rats developing
pregnancy disorder cmitted) cececececes

CERTAIN CHARACTERISTICS (F CONDITION
OF INDIVIDUAL VIRGIN FEMALES AT END
OF EXPERIMENT THAT WERE FED VARIOUS

DIETS ( E A B A A NS N R E NN ANEEE SN ENEENNRE NN ]

DAILY WATER CONSUMPTION OF INDI-
VIDUAL PREGNANT FEMALES FED VARIQUS
EXPERIMENTAL DIETS (Rats developing
prognancy disorder omitted) cccesceee

DAILY WATER CONSUMFTION COF INDI-
VIDUAL FREGNART FEMALES DEVELOPIRG
SYMPTOMS OF THE PREONANCY DISCRDER ..

PAT CONTENT OF LIVERS OF PREGNANT
FEMALES FED VARIOUS EXPERIMENTAL
DIETS (8101! rats onitted) ececesccee

FAT CONTENT OF LIVERS OF RATS EX-
HIBITING SYMPTOMS OF THE PREGNARCY
DIstm [ RN N N R NN N NN NN NN N NN NN NN N NN N ]

PAT CONTENT OF LIVERS FROM VIRGIN
RATS FED VARIOUS EXPERIMENTAL DIETS .

MOISTURE CONTENT OF CERTAIN ORGANS
OF PREGNANT FEMALES FED VARIOUS EX~
PERIMENTAL DIETS (Sick rats omitted)

MOISTURE CONTENT OF CERTAIN ORGANS
FROM FEMALES EXHIBITING SYMPTOMS OF
PREGNANC! DIstm SOOI OSTOCISEOCIOSTOOEOPNOONOPOTDS

MOISTURE CONTENT OF ORGANS OF VIRGIN
PEMALES FED VARIOUS EXPERIMENTAL

DIETS [ Z X RN SN RN E NN N EENENEE NN NN & XX NN N

Page

£39

293

299

309

310

313

314

316

320

321

—



TABIE 19.
TABLE 20.
TABLE 21.
TABL‘E 22,
TABLE 23.

PLATE 1.

PLATE 2.

PLATE 3.

FLATE 4.

-256=-

Page

WEIIHTS AND ORGAN WEIGHT TO BODY

WEIGHT RATIO OF LIVER AND KIDREY

OF PREGNANT FEMALES FED VARIOUS

DIETS (Sick rats Omitted) eesessessess U4

WEIGHTS AND ORGAN WEIGHT TO BADY

WEIGHT RATIO OF SPLEEN, HEART AND

MAMMARY GLANDS FROM PREGNART FEMALES

FED VARIOUS EXPERIMENTAL DIETS cscccee 528

WEIGHTS AND ORGAN WEIGHT TO BODY

WEIGHT RATIO F LIVER AND KIDNEYS

FROM RATS SUFFERING FROM PREGNANCY
DIstm ¢SO T OSSOSO POESTOIOSEBTOROEDPSBTLESETSD 330

WEIGHTS AND ORGAN WEIGHT TO BODY

WEIGHT RATIOS OF SPLEEN, HEART ARD
HAMMARY GLAND FROM RATS SUFFERING

FROM PREGNANC! DISORDm [N AR RN NENNE NN 331

WEIGHTS AND (RGAN WEIGHT TO BODY

VEIGHT RATICS FOR CERTAIR ORGANS F

VIRGIN FEMALES FED THE VARIOUS EX~-
mmT‘L DIE'I‘S o900 000cCeecstsPNoRROe 352

SECTIONS OF SPLEEN FROM PREGNANT
FENMALES IN THE VARIOUS EXPERIMENTAL
GROUPS [ F X XN N NN ENN RN NN NN SN NN NN N NN NN N 336

SECTIONS OF SPLEEN FRON A PREGNANT
CONTROL FEMALE AND THREE SICK RATS ,.. 338

SECTIONS (F HEART FROM PREGNANT
FEMALES IN THE VARIOUS EXPERIMENTAL
GROUPS OOV OOPOS OGO OO OGSISINPSIOIPDPOIBSROIOQOROASOIOEIORTS 340

SECTIONS OF HEART FROM A PREGNANT
CONTROL FEMALE AND THREE SIOK RATS ... 342



«266=

"PROCEDURE FOR THE PREPARATION OF THE HISTOLOGICAL SECTIONS

le Fix tissues in freshly mixed Zenker's solution
for 12 to 24 hours.®
2. Wash in running tap water for 12 to 24 hours.
3+ Dehydrate according to the following schedule:
A. 35¢ alcohol - 1 to 2 hours
Be 50% alcohol - 2 to 3 hours
C. 70% alcohol - 12 to 24 hours
D. 83% alcohol - 12 to 24 hours
E. 95% alcohol = 1 to 2 hours
F. Absolute alecohol, two changes -~ one half
hours each time
G. Equal parts of absolute alcohol and cedar
0ll - 2 to 3 hours
4. Clear in cedar oil for at least 24 hours.
6. Infiltrate according to the following schedule:
A. Equal parts of cedar oil and Tissuemat -
1 to 2 hours
Be Tissuemat = 4 hours
C. Fresh Tissuemat - 6 hours
De Fresh Tissuemat - 4 hours

* The time allowed to fix the tissues and for the other
operations depends in part on the size of the plece of
tissue used.
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6. BEmbed in fresh Tissuemat

7. After the sectlons have been cut and fixed on
the slides they should be allowed to dry for at least 12
hours but not more than 36 hours.

8¢ Remove the Tissuemat from the sections by
immorsing tho slides in Xylol I for 10 minutes and Xylol
II for 3 minutes.

9, Hydrate tho sections by passing the slides
through solutions of ethyl alcohol of decreasing concen-
trations according to the following schedule:

Ae. Abaolute alcohol = 3 minutes
B. 95% alcohol = 1 minute *
Ce 70% alcohol = 1 minute
D, Distilled water - 2 minutes
10, Stain the slides for 5 minutes in undiluted
Dilafield!s hematoxyline
1l, Immerse slides in tap wator for one minute,
12. Destain the sectlons in 0.33% hydrachloric acid
for two seconds,
13. "Blue" tho sections in alkaline tap water for

2 mimites,

# AC this polint the slides were immersed for 5 minutes
in 70% iodinized alcohol to remove any of the Zenker's
solution left In the tissues,



14, Wash the slides in two changes of distilled
wator 2 minutes each,

15. Dehydrate the sections by Immersing the slides
in sblutions of ethyl alcohol according to the following
sohedules

A. 70% alcohol = 2 minutes
B. 95§ alcohol = 2 mimtes

16, Counterstain the sectlions 1n a solution of
0.56% ethyl eosin in 95¢ alcohol,

17, Immerse the slides in absolute aloohol for 3
minutes,

- 18¢ Transfer the slides to xylol for five mimutes,

19, Place the cover slips using gum damar as the

mounting media,



FORM l. CHARACTERISTICS ROTED IN DESCRIBING CONDITION OF ANIMALS AT END OF

EXPERINERT
Rat No. Date Tail, clean amooth
Diet Hour Teeth, straight orange
Age in days Eyes, pink popping
¥No. of pregnancy Respiration
Day in gestation period Galt
Weight before starving Visible mucous membranes
pink cyanotic
Welght aftexr starving
Exudatea?
General conditionl nasal oral
condition alert )
anal vaginal
fat gaunt :
Hematuria
Muscle tone
general abdominal Rectal temperature
Halr Remarks
creamy smooth
thick

fins
1 In recording the degree to which anw)conditlon is present use a scale ranging

from minmus (=) to four plusses (eeee
2 Indicate character of exudate

=883~
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FORM 2. CHARACTERISTICS NOTED IN DESCRIBING THE CONDITION OF THE ORGANS AT

AUTOPSY
Rat No. Diet

AUTOPSY FINDINGS:d
Liver, yellow mottled

friable spongy

Kidneys:
Cortex, color friable

Medulla, color _friable
Pelvis, color friable

Pancreas, any gross abnormalities:

Corpora Lutea
No. in left ovary right

Colox

Fetal sites, no. of

Iive feti, no. of

Resorptions, no. of

Stomach ulcers, no. of
Condition of the lungs:
Infection Emphysema

Lobe 1.
2.
Se
4.
5.

Pus pockets:
Ear

Base of the tongue

=09g-

Remarks:

lyse a scale ranging from minus (-) to four plusses (+eee) insofar as possible
in recording the degree to which any condition 1s present.

i
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TABIE 1. ARALYSIS OF VARTARCE OF GESTATIONAL PERFORMANCE
OF RATS COHPOSING FIVE GEHERATIONS OF THE STOCK

COLORY

Implantation per cent

Source of variation Degrees Sum of Hean

Total 162 86 171,19
Between means of

Within generationsa 158 83 330,61 52741

froedon squares square

goenerations 4 2 840,68 710,17

F 2 710,17 / 527.41 = 1,36, 1% point for 4 and
162 df 1s 3,91, 5% point is 2.67

Placental Index

Total 162 12117
Botwoen means of

gonerations 4 316 79,00
Within generations 168 11801 74,69

F 2 79,00 / 74.69 = 1,06 1% point for 4 and

162 df 18 3.91, 5% point 1s 2,67

Fertility index

Total 162 90874
Betwoon means of

generations 4 4990 1248
Within groups 158 856884 544

1;-1248 / 22,20, 1% point for 4 and 182 af
8 3,91, -

5% point is 2,6

e e wb T



TABLE 2,

UNIFORMITY OF THE EXPERIMENTAL ANIMALS

Dietary| Reproduce Diet of | Body - at|Bod Bod e at
group tive status | males veight :g;ual veight weight when ﬁiti—
at tims|matur-fat sexe | study of ation
of ity ual met- vaginal of
weaning urity smears was |first
) _ initiated |[preg-
20 azzg foeud ERte %za
Steen- | Virgins (l)# | - 47 44 86 115 -
_bock V ' '
Virgins (2)#% - 49 46 84 114 -
Mgted (1) Steen- 48 42 80 117 70
bock V
Nated (2) Steen- 51 40 80 128 72
bock V
Pork 7 | Virgins (1) 48 48 80 116 -
Mated (2) Steen- 49 44 87 113 70
bock V

Bod
'e:!.y t
at -
1tiation
of first
preg-
nency |
mo

150
134

# Organs from animals numbered (1) were used for determination of the weights
of organs, etc, ’ '
s#¢ Orgens from animals mrbered (2) wore used to prepare histological sections.

=292~
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TABIE 2.

(Cont'd) URIPORNITY OF THE EXPERIMENTAL ANIMAIS

[ Pork I

Pork 39A

Pork S9B

Virgin (1)
Virgin (2)
Meted (1)

Hated (2)

Mated (1)
Mated (2)

Virgin (1)
Virgin (2)
Mated (1)
Mated (2)

Mated (1)
Mated (2)

Virgin (1)
virgin (2)
Mated (1)

Mated (2)

Steen-
bock V
Steen-
bock V
Pork I
Pork I

Steen-
bock V
Steen~
bock V
Pork 39A
Pork 39A

Steen-
bock V

Steen-
bock V

417
41
47
51

47
45

47
49
48

46
48
48
63
62
45
50

45
37
45

43

41
44

46
49
46
45

48
46

62
50
48

58

86
74
89

25

86
80

™
84
88
86

95
72

114
107
101

118

110
114

115

110

114
109

123
116
116

64
62

78
61

76
78
75

69
76

130
152
148

B8 B

148
142

132
145

e soricr st o T ""”“\“m&j}(,ﬁ
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TABIE 2. (Cont'd) UNIFPORMITY OP THE EXPERIMENTAL ANIMALS

oweon g 11

Pork 39C

Pork 31

virgin (1)
Virgin (2)
Mated (1)

Mated (2)

Mated (1)
Mated (2)

Virgin (1)
Virgin (2)
Mated (1)
Mated (2)

Mated (1)
Mated (2)

Steen-
bock V
Steen-
bock V
Pork 39C
Pork 39C

Steene
bock V
Steen-
bock V
pork 31
Pork 31

S7
45
S1

47

48
48

46
48
44
49

48
46

45
44
S50

48

41
44

43
44
435
41

46
47

88
82
95

92

82
88

85
85
83
73

88
89

107

108

120
116

110

114
109

80
70

80
68

69
73

8l
70

144
137

145
131

133
142

143
150

N . -
. N U A
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TABIE 3, ACCURACY OF SPCON3 CALIBRATED TO MRASURE 0.50 OH.
OF VARIOUS SUPPLEMERTS

Ae Spoon Hoe 1 used to messure supplement for Pork

394 dlet

Date Rumber of tests Average weight

L nade of supplement
Dal7=37 : 10 0‘2356
11437 10 0.5002
1222437 10 0,5038
2-14-37 10 0.5009
4437 10 . .0.5043
Average 0.5024

B, Spoon Ro. £ used to measure supploment for rork

388 dlet
10=19-37 10 0.5034
11w3=37 10 0.6039
12=-20=37 10 0.5034
221137 10 0.5032
4-8«37 10 0.5054
Average 0.5038
C. Spoon lNo. 3 used to measure supplement for Pork
39C AQlet
QulEud7 10 0.5038
11=7=37 10 0.5047
121637 . 10 0.5042
21737 10 ' 0.5047
4-11-37 10 0., 5050
Averago 0,5044
De Spoon No. 4 used to measure supplement for Pork
31 diet ‘
Dwl3=37 10 0.5033
11=14-37 10 0.5035
12-18-37 10 0.5032
2=16=37 10 0.35024
4=]La37 10 0.5018
Averago 0.5028

o bl e ke s ERCENSE
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TABIE 4. PROGRESSION OF GESTATION I IN INDIVIDUAL RATS MAKING UP THE VARIOUS
1 EXPERIMENTAL GROUPS
Diet of|Diet of|Rat Implane-| Placen=| Fertil- Implantation Length
females|males |number |tation |tal ity (Appearance of erythrocyte |of
pexr index |[per sign) gesta~-
cent cent tion
Day of ocoure|Persistence |in
rence in ges-|of erythro- |days
tation cytes in days
Steen- | Steen~ |21356 | 100 100 100 - - 21
bock V.| bock V,|21367 | 100 100 100 14 1l 22
21483 | 100 100 100 - - 22 &
21484 | 100 100 100 o - 22 o
21504 | 100 100 100 - - 23 ?
21606 | 100 100 100 - - 22
21539 | 100 100 100 14 1l 22
21558 | 100 100 100 14 1l 22
21579 | 100 100 100 16 1l 21
21745 | 100 100 100 13 3 22
21749 ! 100 100 100 - - 22
21836 | 100 100 100 14 2 22
21850 50 100 50 17 1l 24
21852 | 100 100 100 14 1l 23
22022 | 100 100 100 15 3 22
Pork 7 |Steen- |15306 | 100 100 100 156 1 22
bock V,[15376 | 100 100 100 - - 22
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TABIE 4, (CONT'D) PROGRESSION OF GESTATION I IN INDIVIDUAL RATS MAKING UP THE
VARIOUS EXPERIMENTAL GROUPS

Pork 7 | Steen- | 15296 | 100 100 100 15 1l 22
(Conttd) bock V.| 16382 100 100 100 - - 22
15390 50 100 80 - - 22

15402 | 100 100 100 - - 22

15378 | 100 100 100 13 2 22

156537 | 100 100 100 13 1l 22

15666 50 100 50 o= - 23

16420 | 100 100 100 - - 22

16650 | 100 100 100 14 1 22

1565659 50 100 80 -— - 22

21411 | 100 100 100 13 1 22

21508 | 100 100 100 16 1 21

21615 | 100 100 100 - - 23

21747 | 100 100 100 13 1l 22

21879 100 100 100 - - 24

Pork I |Steen- |21353 100 100 100 - - 22
bock V.| 21458 | 100 100 100 15 1 22

21510 80 100 50 - ) 21

21881 | 100 100 100 - - 23

21977 100 100 100 15 l 22

21359 | 100 100 100 14 2 21

214569 | 100 100 100 - - 22

21512 | 100 100 100 - - 23

21533 S0 100 850 13 1 22

21559 100 100 100 - - 23

21611 | 100 100 100 - - 22

=,92~




TABLE 4. (CONT'D) PROGRESSION OF GESTATION I IN INRDIVIDUAL RATS MAKING UP THE
VARIOUS EXFERIMENTAL GROUPS

Pork I |Steen~ {21695 | 100 100 100 156 1 23
(Cont'd] bock V.|21882 | 100 100 100 18 1 24
‘Pork I |Pork I |21405 100 100 100 13 l 22
21486 50 100 50 - - 22
21681 | 100 100 100 - - 23
22086 | 100 100 100 12 l 20
21406 50 100 850 14 2 22
21487 60 100 50 14 S 22
21471 | 100 100 100 - - 22
21535 | 100 100 100 15 1 22
21661 | 100 100 100 16 2 22
21583 | 100 100 100 - - 23
21786 | 100 100 100 14 2 22
22088 | 100 100 100 - - 23
22160 | 100 100 100 14 o 24
Pork Steen~ | 21450 §0 100 60 - - 24
SOA bock V.| 21528 50 100 80 - - 22
21625 | 100 100 100 15 2 22
21873 | 100 100 100 13 - 3 22
22003 | 100 100 100 14 1 22
21374 | 100 100 100 14 o 22
21452 100 100 100 - - 23
21529 80 100 50 - - 22

=892~
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TABLE 4. (CONT'D) PROGRESSION OF GESTATIOR I IN INDIVIDUAL RATS MAKING UP THE

VARIOUS EXPERIMENTAL GROUPS

Pork Steen- |21548 50 100 50
S9A bock V,.{21665 | 100 100 100
(Cont'a) 21626 | 100 100 100
21766 | 100 100 100
21874 50 100 50

21942 | 100 100 100
22004 | 100 100 100

Pork Pork 21427 | 100 100 100
39A S9A 21476 | 100 100 100
21638 | 100 100 100
21831 | 100 100 100
22104 | 100 100 100
21428 | 100 100 100

21477 | 100 100 100
21560 50 100 50
21606 50 100 &0
21639 | 100 100 100
21840 50 100 50
21932 | 100 100 100
21921 | 100 100 100
22108 | 100 100 100
22195 | 100 100 100
Pork Steen- | 21752 | 100 100 100

398  |bock V.| 21779 100 100 100

16
-
16
16
15
13

14
15
15

14
20
17
14

13

13
14

] ]
DWW ]

[ st ]
=1 IFEGYE

= L CA 1= DO 1

- b

22
22

22

22

22
22

2e

22
21
22
24
22

22

22
22

22
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PABIE 4. (CONT'D) PROGRESSION OF GESTATION I IN INDIVIDUAL RATS MAKING UP THE
VARIOUS EXPERIMERTAY GROUPS

Pork Steen- | 21865 | 100 100 100 .- .- 21
39B bock V.| 21884 | 100 100 100 16 2 24
(Cont'd) 22024 | 100 100 100 18 1 25
21764 | 100 100 100 -- - 22
21780 | 100 100 100 15 2 21
21796 50 100 50 15 1 22
£1803 50 100 50 14 1 22
21854 | 100 100 100 13 2 24
21854 50 100 50 15 1 22
21860 | 100 100 100 13 3 22
21866 | 100 100 100 -- -- 23 Ly
21885 50 100 50 18 2 21 3
22026 | 100 100 100 - - 23 ]
Pork Steen- | 21376 | 100 100 100 15 1 22
39C bock V.| 21454 | 100 100 100 20 1 22
21526 | 100 100 100 13 1 22
22020 | 100 100 100 11 6 21
21376 | 100 100 100 - - 22
21456 | 100 100 100 - - 22
21526 | 100 100 100 13 3 22
21877 | 100 100 100 16 1 22
Pork Pork 21419 | 100 100 100 15 2 23
39C 39C 21465 | 100 100 100 15 4 22
21936 | 100 100 100 13 1 22

S :‘ilﬁ



TABLE 4. (CONT'D) PROGRESSION OF GESTATION I IN INDIVIDUAL RATS MAKING UP THE
VARIOUS EXPERIMENTAL GROUPS

Pork [Pork |22144 | 100 100 100 -- .- 23
39C 390 21421 | 100 100 100 156 2 . 22
(Cont!'a) 21466 | 100 100 100 - - 23
21623 | 100 100 100 - - 22
22145 | 100 100 100 13 1 22
Pork 31 [Steen- [21460 | 100 100 100 -- - 22
bock V.[21585 | 100 100 100 14 1 22
21863 | 100 100 100 12 1 23
21462 | 100 100 100 .- - 22 .
; 21546 | 100 100 100 -- - 24 8
| 21567 | 100 100 100 14 1 22 b
21587 | 100 100 100 14 1 22
21692 | 100 100 100 -- - 22
21839 | 100 100 100 13 6 23
21902 | 100 100 100 14 1 24
22194 | 100 100 100 13 1 22
22006 | 100 100 100 14 1 22
21514 | 100 100 100 - - 21
22008 | 100 100 100 - - 22
Pork 31 {Pork 31{21408 | 100 100 100 13 1 22
21475 | 100 100 100 14 1 22
21641 | 100 100 100 15 1 22
21409 | 50 100 80 14 5 22
21474 | 100 100 100 14 2 23
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TABLE 4. (CONT!D) PROGRESSION OF GESTATION I IN INDIVIDUAL RATS MAKING UP THE
VARIOUS EXPERIMENTAL GROUPS

Pork 351 |Pork 31 (21531 03.3| 100 03D 13 S 22

: (Conttd) 21547 | 100 100 100 - - 22
) 21569 | 100 100 100 13 4 22

21642 | 100 100 100 14 1 23

21694 | 100 100 100 15 2 24

22148 | 100 100 100 - - 22

21870 | 100 100 100 14 1l -

~3L3~
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TABLE 5.

VARIOUS EXPERIMENTAL GROUPS

CONDITION OF LITTER I PRODUCED BY INDIVIDUAL RATS MAKING UP THE

Diet of|Diet of]| Rat Per cent|Total Total Number |Total |Number
females|msles | number| of young|weight | of live| weight |of live|weight |of
born in in grams|young |(in live
dead grams of live |in lite|{grams |young
of live young in|ter 4 |of in 1it-
young litter 4|days live ter at
in 11t- days af=-|after |young |weaning
ter at ter birth |(in lit-
birth birth ter at
weaning
Steen- |Steen- | 213566 0.0 41 9 43 6 204 4
bock V. |bock V.| 214835 0.0 41 8 23 6 236 5
21504 0.0 25 6 0o (o) 0 o
21745 0.0 43 9 38 6 268 -]
21850 0.0 4 1 o | 0 0 0
213567 0.0 40 7 42 6 262 5 -
21484 0.0 59 11 38 11 221 5
21506 0.0 58 12 36 7 275 6
215639 0.0 43 8 46 7 363 6
215568 0.0 40 7 o 0 o 0
-}-21579 0.0 39 8 38 -8 240 -
21749 0.0 40 9 26 4 213 5
21852 {100.0 7 0 o 0 0 0
21836 0.0 40 9 0 0 (o} (o
22022 0.0 53 10 35 9 562 6




e iR

PABLE 5. (CONT'D) CONDITION OF LITTER I PRODUCED BY INDIVIDUAL RATS MAKING
UP THE VARIOUS EXPERIMENTAL GROUFS

Pork I

Porx I

Steen-
bock V.

Pork I

21363
21458
21510
21977
21359
21459
21512
21533
21559
21611
21695
21978

21405
21486
21681
22086
21406
21487
21471
21535
21561
215683
21786
22088
22150

0.0
0.0
0.0
0.0
0.0
0.0
100.0
0.0
100,0
0.0
0.0
0.0

0.0
50.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

63
47
50
47
46
39

0
49

7
3l
20
36

o4
24
11
22
14
40
50
19
48
ol
62
14
27

10
10
10

9
10
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36

32
31
24

0
36

43
o
38
9
o
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260
106
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TABLE 5. (COH‘I"D) CONDITION OF LITTER I FRODUCED BY INDIVIDUAL RATS MAKING
UP THE VARIOUS EXPERIMENTAL GROUPS

Pork 7 |Steen~ |16378 | 0.0 36 6 0 0 0 0
bock V.[15589 | 0,0 42 5 18 3 163 3

16569 | 0.0 6 11 49 7 281 6
15666 | 0.0 44 14 0 0 0 0
16420 | 0.0 51 8 0 0 o 0
16650 | 0.0 31 6
15306 | 0.0 30 7 46 7 322 6
16376 | 16.7 26 8 59 7 318 6
15296 | 0.0 49 1 0 0 0 0
15382 | 0.0 63 9 0 0 0 0 .
15390 | 0.0 40 10 0 0 0 0 2
16402 | 0.0 62 6 0 0 0 0 3
21411 | 0.0 40 9 34 6 206 6 .
21508 | 0.0 24 5 28 5 266 5 «
21615 | 0.0 40 8 0 0 0 0
21747 | 0.0 4 8 39 6 309 6
21879 | 0.0 6 1 0 0 0 0

Pork 39| Steen~ | 21450 | 1l.1 39 8 0 0 0 0

A bock V.| 21628 | 0.0 52 10 33 5 166 4
21625 | 0.0 36 7 0 0 0 . 0
21873 | 30.0 35 7 0 0 0 0
22003 | 0.0 27 5 0 .0 0 0
21374 | 0.0 35 7 30 6 112 3
21452 | 0.0 11 3 0 o 0 0
216529 | 0.0 51 10 0 0 0 0




TABLE 5. (CONT'D) , CONDITION OF LITTER I PRODUCED BY INDIVIDUAL RATS MAKING
' UP THE VARICUS EXPERIMENTAL GROUPS i

Pork 39|Steen- |21548 | 0,0 51 12 0 0 0 -
A bock V.|21563 | 0.0 42 8 39 6 180
(Cont'a) 21626 | 0.0 17 3 0 0 0
21766 | 0.0 16 3 0 0 0
21874 | 0.0 33 8 0 0 0
21942 | 0.0 16 3 0 0 0
22004 | 83,3 4 1 0 0 0
Pork |Pork |21427 | 0.0 26 5 0 0 0
S9A 39A 21476 | 0,0 26 8 7 2 0
21638 | 0.0 38 8 0 0 0
21931 | 0.0 45 9 0 0 0
22104 | 0,0 39 3 0 0 0
21428 | 0.0 16 10 0 0 0
21477 | 0.0 45 8 40 6 121
21550 | 0.0 52 0 0 0 v
21605 | 11.1 36 7 0 0 0
21639 |100.0 0 4
21840 [ 0.0 25 6 0 0 0
21932 | 0.0 20 10 0 0 0
21921 | 26.0 28 7 0 0 0
22108 | 0.0 42 9 0 0 0
22195 | . 0.0 23 11 0 0 0
Pork |Steen- (21752 | 0.0 29 8 0 0 0
39B  |bock V.[21779 | 0.0 52 10 30 5 193
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TABIE 5. (CONT'!D) CONDITION OF LITTER I PRODUCED BY INDIVIDUAL RATS MAKING
UP THE VARIOUS EXPERIMENTAL GROUPS

Pork Steen~ |21865 0.0 36 8 25 4 163
39B bock V.{21884 | 75.0 S 1l 0 o o
(Cont!d)| 22024 0.0 7 e Y 0 0
21754 0.0 44 9 47 7 248
21780 0.0 48 10 o 0 o
21795 0.0 45 9 24 6 189
21803 0.0 45 9 22 5 36
21834 | 60.0 6 1 o o o
21064 0.0 36 7 2 1l o
21860 0.0 o6 7 26 6 223
218686 0.0 24 5 o o 0
218856 0.0 37 7 o 0 0
22026 0.0 11 o o 0 o
Pork Steen~ [21376 | 25.0 31 6 0 0 o
39C bock V.|21454 0.0 36 8 22 6 113
216256 0.0 41 8 38 6 297
22020 0.0 2 1- o o 0
21376 | 20,0 56 8 0 0 0
21456 0.0 S8 8 o 0 0
21526 0.0 11 11 o6 6 277
21877 0.0 30 6 48 6 255
Pork Pork 21419 0.0 27 7 o o o
39C 39C 214656 0.0 41 9 17 4 63
21936 0.0 21 6 o 0 0
22144 |100.0 o 0o o o o
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TABLE 6. (CORT'D) CONDITION OF LITTER I PRODUCED BY INDIVIDUAL RATS MAKING
UP THE VARIOUS EXPERIMENTAL GROUPS

Pork Pork 21421 0.0 25 6 23 4 79
39C S9C 21466 [100.0 0 0o o o 0
(Cont'a) 21625 0.0 35 7 o 0 0
22145 0.0 26 7 o 0 0
Pork 31 |Steen=- |21460 0,0 42 9 23 6 194
bock V.|215856 0.0 40 10 (o} o] 0
218635 | 16.7 7 2 o 0 o
21462 | 20,0 26 6 o 0 o
21546 0,0 10 2 0 0 0
21567 0.0 19 5
21587 0.0 54 11 0 0 o
21692 0.0 28 ] 0 o o
21839 0.0 26 S 0o 0 0
21202 0.0 7 2 o 0 o
22194 0.0 44 8 0 0 o
22006 0.0 48 11 o 0 0
21514 0.0 49 10
22008 0.0 27 6 0 o 0
Pork 31 |Pork 31|21408 0.0 49 10 28 6 80
21473 0.0 17 4 0 0 0
21641 | 10.0 42 10 0 o 0
21409 0.0 20 3] 0o 0o o
21474 0.0 o4 8 36 6 0
21531 0.0 58 12 41 6 211
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TABLE 6, (CONT'D) COXNDITION OF LITTER I PRODUCED BY IKDIVIDUAL RATS MAKING
UP THE VARIOUS EXPERIMENTAL GROUPS

Pork 31 |Pork 31 |21547 0.0 26 6 0 o 0
(Cont'd)| 21569 0.0 41 7 54 6 129
21642 0.0 27 16 o 0 o
21694 0.0 16 . 3 0 0 0
22148 0.0 11 4 o 0 o

(aFoJo ). Jo
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TABIE 6. VITALITY OF LITTER I PRODUCED BY INDIVIDUAL
RATS MAKING UP THE VARIOUS EXPERIMENTAL
GROUPS
Diet of|Diet of|Rat Rearing per=-| Per cent| Per cent
females|males |number|formance in | of young| of young
per centl dying 4 | dying 4-
days 28 days
after after
birth birth
Steen~- | Steen- | 21356 6647 0.0 3343
bock V.| book V.| 21483 8343 26.0 16.7
21504 0.0 10040 -
21746 100.0 333 0.0
21860 0.0 100.0 -
21357 83.3 28,6 0.0
21484 83.3 0.0 16.7
21608 100.0 41.6 0.0
21639 100.,0 12.5 0.0
215668 0.0 100.0 -
21579 83.3 0.0 16.7
21749 66.7 655.6 0.0
21852 | 0.0 - -
21836 0.0 100.0 -
22022 100.0 10.0 0.0
Pork I |Steen~- | 21353 16.7 20.0 16.7
bock V.| 21458 100.0 30.0 0.0
‘ 21610 100.0 33.3 0.0
21881 0.0 100.0 -
21977 60.0 3343 50.0
21369 0.0 100.0 -
21469 100.0 0.0 0.0
21633 100.0 30.0 0.0
215669 0.0 - -
21611 100.0 0.0 0.0
21696 0.0 60.0 100.0
21882 0.0 - -
21978 0.0 100.0 o

lNumber actually reared
umber shou Ve been rear
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TABLE 6, (CONT'D) VITALITY OF LITTER I PRODUCED BY
INDIVIDUAL RATS MAKING UP THE VARIOUS EX-
PERIMENTAL GROUPS

Pork I | Pork I |21406 0.0 100.0 —

21486 0.0 100.0 -
21581 0.0 100.0 -
22086 0.0 333 100.0
21406 0.0 100,0 -
21487 100.0 0.0 0.0
21471 0.0 100.0 -
21635 0.0 33,3 100,0
216561 100.0 0.0 0.0
21583 0.0 100.0 -
21786 0.0 63.7 100,0
22088 0.0 100,0 -—
22150 0.0 100.0 -

Pork 7 | Steen- {15306 273 0.0 100.0

bock V.| 15376 0.0 0.0 100,.0
16208 100.0 - 0.0
15382 100,0 - 0.0
15390 100.0 - 0.0
165402 100.0 - 0.0
16378 100.0 - 0.0
16539 40,0 0.0 60.0
16569 36.4 0.0 100.0
16666 100.0 - 0.0
16420 100.0 - 0.0
16650 69.2 100,0 0.0
21411 0.0 0.0 100.0
21608 0.0 0.0 100,0
21616 100 [ O ."- 0 [ 0
21747 0.0 0.0 100.0
21879 100.0 - 0.0
Pork Steen~ {21460 0.0 100.0 —
216256 0.0 100.0 -
21873 0.0 100.,0 -
22003 0.0 100,0 -
21374 50.0 14,3 50,0
21452 0.0 100.0 -
21529 50.0 30.0 50.0
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TABLE 6. (CONT'D) VITALITY OF LITTER I PRODUCED BY
INDIVIDUAL RATS MAKING UP THE VARIOUS EX-
PERIMERTAL GROUPS

Pork Steen~ | 21548 0.0 100.0 -
39A bock V.| 21663 8343 0.0 16,7
(Cont'd 21626 0.0 100.0 —
21766 0.0 100.0 -
21874 0.0 100.0 -
21942 | 0.0 100.0 -
22004 ‘ 0-0 100.0 ) -
Pork Pork 21427 0.0 100.0 -
39A 39A 21476 0.0 66.7 100.0
21638 0.0 100.0 -
21931 0.0 100.0 -
28104 0.0 100.0 -
21428 60.0 100,0 50.0
21477 i O. 0 10. 0 -ee
21660 0.0 100.0 -
21639 0.0 100.,0 -
21932 0.0 100.0 ——
21921 0.0 100.0 -
22108 0.0 100.0 -
22196 0.0 100.0 -
Pork Steen- | 21768 0.0 100.,0 —e
39B bock V.| 21779 83.3 60.0 0.0
218656 66.7 80.0 0.0
21884 0.0 100.,0 -
22024 0.0 100,0 -
21764 100.0 22.2 . 0.0
21780 0.0 100,0 -
21796 83.3 28,2 16.7
21803 18.7 44.4 80.0
21834 0.0 100.0 =
21854 0.0 " 86,7 100.0
21860 100.0 14.3 0.0
21866 0.0 100 .0 haded
21886 0.0 100.0 -
22026 0.0 100.0 -
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TABLE 6. (CONT'!D) VITALITY OF LITTER I PRODUCED BY
INDIVIDUAL RATS MAKING UP THE VARIOUS EX-
PERIMENTAL GROUPS

Pork Steen~ | 21376 0.0 100.0 -

39C bock V.| 21454 50,0 26.0 50,0

2156256 100.,0 26.0 0.0
22020 0.0 100.0 -
21376 0.0 100.0 -
21456 . 0.0 100.0 L
21526 100.0 9.1 0.0
21877 8343 0.0 16.7
Pork Pork 21419 0.0 100.0 -
39C 39C 21465 3363 55.6 50.0
22144 0.0 - -
21421 3343 20.0 §0.0
21466 0.0 - -
22145 0 ° 0 100 [} 0 bk
Pork 31| Steen- | 21460 66.7 333 33e3
book V.|216856 0.0 100.,0 -
21863 0.0 100.0 -
21462 0.0 100.0 -
21646 0.0 100.0 -
21667 0.0 100.0 -
21687 0.0 100.0 -
21692 0.0 100.0 -
21839 0 [] 0 100 [ ] O -
21902 0.0 100.0 -
22194 0.0 100.0 -
220086 0.0 100.0 -
21614 100.0 20.0 0.0
22008 0 .0 100 [ O hndnd
Pork 31| Pork 31| 21408 3363 10.0 §0.0
21473 0.0 100.0 -
21641 0.0 100.,0 -
21409 0.0 80.0 100.0
21474 6647 12,5 33
21631 100.0 16.7 0.0
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TABLE 6. (CONT'D) VITALITY OF LITTER I PRODUCED BY
INDIVIDUAL RATS MAKING UP THE VARIOUS EX-
PERIMENTAL GROUPS

Pork 31 |Pork 31215647 0.0 100.0 100.0

(Cont'q)| 21569 83.3 14,3 16.7
21642 0.0 100.0 100.0
21694 0.0 100.0 100.0
21870 0.0 - e
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TABLE 7. PROGRESSION OF GESTATION IXI IN INDIVIDUAL
RATS MAKING UP THE VARIOUS EXPERIMENTAL
GROUPS
-Diet of{Diet of|Rat Implan< Implantation
females |males |number|tation | (Appearance of eryth-
per rocyte sign)
cent
Day of oc=| Persistence
currence |of erythro-
in gesta- |cytes in
tion days
Steen~ [Steen- | 213566 | 100 13 1
bock V.|bock V.| 21483 | 100 - -
21604 | 100 - -
21745 | 100 14 2
21850 §0 17 1l
21367 | 100 16 1
21484 | 100 13 1
216504 | 100 16 1
21639 | 100 - -
215668 | 100 13 1
22022 | 100 13 3
21679 | 100 13 2
21749 | 100 - -
21862 | 100 14 1
21836 | 100 - -
Pork I |Steen- | 21365 | 100 16 1l
bock V.| 214568 { 100 - -
21510 | 100 13 5
21977 | 100 14 2
21369 | 100 16 2
21469 { 100 11 1l
21612 | 100 12 4
21633 | 100 16 1l
21669 { 100 - -
21611 | 100 14 2
21696 | 100 - -
21882 | 100 16 2
21978 | 100 - -
Pork I | Pork I | 21406 | 100 - -
21486 | 100 14 2
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TABLE 7. (CONT'D) PROGRESSION OF GESTATION II IN
INDIVIDUAL RATS MAKING UP THE VARIQUS KX~
PERIMENTAL GROUFPS

Pork I |Pork I |21681 100 11 2

(Cont'd) 22086 100 15 1

21406 | 100 16 1

21487 | 100 12 2

21471 | 100 15 2

21635 | 100 16 1

21661 | 100 13 8

21683 | 100 10 2

21786 30 13 e

22088 | 100 -— -

22160 | 100 10 S

Pork 7 |Steen=- | 21411 100 - -
bock V.| 21508 100 13 2

21616 | 100 - -

21747 | 100 ——a -

21879 | 100 16 2

Pork Steen- | 21450 | 100 10 1
39A bock V. 21628 100 15 2
21628 | 100 13 2

21873 | 100 13 i

22003 60 - -

21374 | 100 13 4

21462 | 100 13 1l

21629 | 100 156 1

21648 | 100 16 3

21663 | 100 16 4

21626 | 100 - -

21766 | 100 14 4

21874 | 100 13 3

21942 100 13 4

22004 | 100 16 1

Pork Pork 21427 | 100 14 b
39A 39A 21476 | 100 17 1
216838 | 100 16 1

21931 | 100 11 2

22104 100 156 2

i
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TABLE 7. (CONT'D) PROGRESSIOR OF GESTATION II
INDIVIDUAL RATS MAKIKRG UP THE VARIOUS
PERIMENTAL GROUPS

Pork Pork 21428 100 - -

39A 39A 21477 100 14 8

(Cont'da 215560 100 13 1l

21608 | 100 15 1l
21639 100 16 h
21840 | 100 14 1l
21932 | 100 15 3
21921 | 100 13 2
22108 100 17 1l
22196 100 - -
Pork Steen- | 21762 100 12 2
39B bock V.| 21779 100 15 3
21866 100 - -
21884 | 100 18 2
22024 | 100 14 2
21764 | 100 16 2
21780 | 100 16 1
21796 | 100 18 2
21803 | 100 16 1l
21834 | 100 13 e
21864 | 100 - -
21860 100 17 e
21866 100 —e -
218856 100 11 3
22026 100 14 1l
Pork Steen~ | 21376 100 14 2
390 bock V.| 21454 | 100 14 7
21626 | 100 13 2
22020 | 100 13 6
21376 100 14 1l
21466 | 100 15 1l
215626 100 16 3
21877 100 13 2
Pork Pork 21419 100 14 3
390 39C 21465 | 100 13 4
21936 | 100 19 1
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TABLE 7. (CONT!D) PROGRESSION OF GESTATION II IN
INDIVIDUAL RATS MAKING UP THE VARIOUS EX-
PERIMENTAL GROUPS

Pork Pork 22144 100 16 2

39C 39¢ 21421 | 100 13 1

(Cont'd) 21466 | 100 14 3

21623 | 100 19 1

221456 | 100 - -

Pork 31|Steen- |21460 | 100 13 2
bock V.|{21685 | 100 - -
21863 | 100 - -

21462 | 100 13 2

21646 | 100 16 1

21667 | 100 13 6

21687 | 100 16 1

21692 | 100 13 2

21839 | 100 13 4

21902 | 100 13 1

22194 | 100 - -

22006 | 100 - -

21614 | 100 16 1

Pork 31|Pork 31|21408 | 100 12 [
21423 | 100 14 1

21641 | 100 13 3

21409 | 100 11 6

21474 | 100 13 3

21631 | 100 16 2

21547 | 100 — -

21469 | 100 16 4

21642 | 100 - -

21694 | 100 16 5

22148 | 100 B 2

21870 | 100 e -
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TABLE 8, INTRA-UTERINE DEVELOPMENT OF FETI OF FEMALES FED VARIOUS EXPERIMENTAL

DIETS (Sick rats omitted)

Total wt,

Diet of | Diet of | Rat Total no.|Total wt.|No. nore|Per cent Fertili-
females | males number jof fetli |in gm. mal feti]of feti |of pla- |zation
resorbed |centae per cent
Steen- | Steen- | 21850 8 26.21 6 25,0 2.2 80.0
bock V. | bock V, | 213567 15 584,56 13 0.0 4.96 100.0
. 21484 5 2,77 1 80,0 0.90 100.0
21506 12 P 11 8.3 - 100.0
21639 15 49,78 12 7.9 5.16 100.0
21558 13 60.17 12 7.9 5.11 100,0
21579 15 oo 12 7.9 - 99.0 o
21606 11 S 9 18,3 - 98,0 @
21749 9 47,03 19 0.0 4.11 100.0 i
21836 12 56.61 12 0.0 4,73 75.0
22022 13 18,80 13 0.0 3.09 100.0
Pork I | Steen- | 21363 11 = 9 18,2 - 99.8
bock V. | 21468 10 ——— 9 10.0 - 100.0
21510 9 ——- 7 22,2 - 100.0
21977 7 P 6 14.3 - 100.0
21369 12 9 25.0 - 100.0
21459 13 44.14 12 7.9 4,12 100.0
21512 10 40,14 8 20.0 2.88 92.8
21696 12 38,43 10 16.7 4,13 84.4
215569 11 53,81 11 0.0 4,04 100.0
21633 11 35.61 9 18,2 3.67 99,8
21611 11 23.93 6 45,5 2,70 100,0
21882 11 30,59 g 18.2 3,63 78.6
21978 10 37.57 10 0.0 4,20 99.8
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TABLE 8, (CONT'D) INTRA-UTERINE DEVELOPMENT OF FETI OF FE!AEES PED VARIOUS
EXPERIMENTAL DIETS (Sick rats omitted)
Pork I [Pork I |21405 6 - 6 0.0 - 85.6
21486 10 —— 7 30.0 - 100,0
22086 7 ——- 7 0.0 - 100,0
21406 15 41,59 11 15.4 4.18 100.0
21487 14 —— 3 78.6 - 100.0
21471 6 o - 60,0 - 100.0
215656 8 29,88 7 12,5 3.21 100,0
21561 13 46,65 13 0.0 5.43 100.0
215683 12 44.41 12 0.0 4,36 100.0
21785 15 30,14 7 46,8 3.61 100.0
22088 10 36.71 9 10,0 4,23 99,6
22150 4 17.41 4 0.0 2.01 100.0
22192 9 10.11 S 66.7 1,02 100.0
Pork 39A|Steen- |21450 9 - 6 90.0 - 338
bock V. |21528 15 et 7 100.0 - 48,3
21625 10 ——- 7 100,0 - 30,0
21873 12 S 7 100.0 - 41.6
22003 9 17,89 4 90,0 1,61 65.4
21374 12 o371 9 92,3 3,60 333
21452 7 18.48 5] 100.0 1,99 18.3
21529 10 11,67 4 99,1 1.69 60,0
21648 12 27.55 11l 100.0 3.70 8.3
21563 11 11,54 3 100,0 1,31 72.8
21626 14 - 7 100.0 - 650.0
21756 13 24.16 6 100.0 2,07 61.6
21874 13 20,54 7 99,6 2.50 48,3
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TABLE 8, (CONT'D) INTRA-UTERINE DEVELOFMENT OF FETI OF FEMALES FED VARIOUS
EXPERIMENTAL DIETS (Sick rats omitted)
Pork 39A|Steen- (21942 10 o 7 84,5 - 30.0
(Cont'd) |bock V. [22004 11 70.0 4 100.0 0.0 64,3
Pork 39A |Pork 39A|21427 12 e 6 50,0 - 100.0
21426 11 coe 9 18.2 - 100.0
21638 16 35,03 9 40,0 3.66 100,0
21931 8 cow 7 12,5 - 89,9
22104 ] - S 40.0 - 100.0
21428 9 ——- 4 56,4 o 100.0
21429 12 - 11 8.3 - 100.0
21477 12 23.6 -] 68,2 2.10 99.9
215650 9 od.4 8 11,1 3«10 20.0
216056 10 20,92 6 40.0 2.62 773
21639 2 ——— 1 50.0 - 50.0
21840 12 24,55 7 40.1 2.65 98.9
21932 11 0.0 o 100.0 0.0 733
21921 9 0.0 Y 100,0 0.0 100.0
22108 10 3.07 1l 90.0 0.309 100.0
22196 14 30,11 ] 64.2 3,06 100.0
Pork 39B|Steen- |21752 6 - 6 0.0 - 100.0
bock V., |21779 14 D 8 42.8 - 93¢3
218656 9 7 22.2 —- 100,0
21884 6 . —— 4 0343 - 85.7
22024 1l ——— 0 100.0 - 99,3
21754 10 26.14 7 30.0 2.22 100.0
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TABLE 8.

{(CONT!D)

INTRA-UTERINE DEVELOFMENT (¥ FETI OF FENALES FED VARIOUS
EXPERIMENTAL DIETS (Sick rats omitted)

Pork 39B
(Cont'd)

Pork 390

Pork 39C

Steen-
bock V.

Steen-
bock V.

Pork 39C

21780
217956
21805
21854
21854
21860
21866
21885
22026

21375
21454
215629
22020
21576
21456
21526
21877

21419
21465
21936
22144
21421
21466
216235
22145

13
14
12
14
12
12
6
8
8

Soob

W)
HOOoN

] ol
QONIHNO®

53,67
12.19

30,08
~37.19

Sel8
26,44
12,35

28.61

20.74

0.0

0.0
18.61
0.0

10.17
13,19

33.44

VOoOOMMOOWU -dumHSm»mo

)
QOO LG

30.7
42,8
66.7
42.8
16.7
98,1

0.0
62.5
12,6

8.1
100.0
100.0

50.0
100.0

333
100.,0

22.2

50.0
6647
76.0
63.7
14,3
16.7
100.0
1060.0

0,39
2.14
5,08
4,67
0.40
2,35
1.14
2,97

2.51
0.0
0.0
1.9
0.0

1.57
2.11
O.49
0.0
0.0

100.0
100.0
92,3
100,0
100.0
100.0
100.0
77.9
80,0

100.0
0.0
90.0
100.0
66,7
120.0
100.0
22,9

46.1
83.3
100.0
100.0
70,0
100.0
46,1
54.5

~36c~

i S
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TABLE 9, OERTAIN CEARACTERISTICS OF CONDITION OF INDIVIDUAL PREGNANT FEMAIES AT
) END OF EXPERIMENT THAT WERE FED VARIOUS DIETS
(Rats developing pregnancy disorder omitted)

Diet of | Diet of | Rat Score for |[Rectal Score for appearance of Numbeyr
females | males number | general temper- liver of

physical |ature stomach

appearance | (deg.F.) | Yellow|Friable|Mottled|Spongy|ulcers
Steen- | Steen- | 213565 51 coae b 2 1 (o} 0
bock V | bock V¥V | 21367 47 7.1 2 2 1 2 o
21483 b2 96.9 S . 3 1 l 0
21484 38 1 1 b § ) § 0
21504 52 96.9 2 b 1 1 0
21506 80 96.9 2 3 1 1l 0
21539 54 96.8 1 2 1 1 0
21568 48  —— 1 3 "2 2 0
215679 52 964 2 3 2 ) § o
21746 50 cone »* 3 1l e 0
21749 52 97 o4 o 1 p 1 0
21836 50 9649 4 3 1 1 0
21850 54 o7 o4 1 4 2 3 0
218562 41 969 2 2 1l 1 0
22022 - D 2 2 1l 1l 0
Pork I |Steen- | 21353 45 97 o7 S 2 2 2 0
bock V | 21359 54 e 1 2 4 3 0
21458 47 967 2 2 2 2 o
21459 44 e 4 4 0 1 0
21510 45 98.1 2 3 1 b 0

#8cored less than 1

-262~-




TABIR 9. (Cont'd) CERTAIN CHARACTERISTICS OF CONDITION OF INDIVIDUAL PREGNANT

FEMALES FED VARIOUS DIETS AT END OF EXPERIMENT

Pork
39A

Steen=
bock V

Pork
S9A

21612
21633
21559
21611
21695
21882

21977

21928
21992

21374
21450
21452
21528
21529
21548
21563
21625
21626
21756

21875

21874

21942

22003
22004

21427
21428

51
80
51
S1
48
32
41
47
54

42
43
48
45
45
32
46
45
52
48
50
50
62

T4

47

52
54

9647
97 .8
96.5

9649 -

96,1
961
93.4
9649

971
90647
977
9649
97.1
97 4
97 o4
96.9

VY WVEDVDERNUANARARMERNN ANOUUNWLR

A AANARNNURERRGRRUERE AR BGR R
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QO 0000UHOOOOO OO0 O00OKMOOO
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TABLE 9,

(Contta)

CERTAIN CHARACTEZRISTICS OF COKDITIOR OF INDIVIDUAL PREGNANT
FEMALES FED VARIOUS DIETS AT EFD OF EXPERIMENT

Pork
39B

Steene
bock V

21476
21477
21560
21605
21638
21639
21840
21921
21931
21932
22104

22108

22195

21752
21754
21779
21780
21795
21803
21834
21854
21860
21866
21866
21884
218856

9647
9649
9649
97.1
9547
9649
9747
9647
96 o4

9647
9641
9746
0546
9749
9741

- 871

97 o4
97 o7
9742

ONLNVRPEANUNUNPDAK DRV UBRNNUNDN BN

WARAPRAPPBBEAWRPNDMKNRGA LGB ADD UL R NG

RPHOMFODEFRDARERE2ND HNBNADNOMEORMN

OCNVLAGANHRAVVKFE WUNHFRWUDRODFEOWKFO

MOOI OCOHOONORDO 00000000 RUROO
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TABLE 9. (Cont'a)

CERTAIN CHARACTERISTICS OF CONDITION OF INDIVIDUAL PREGNANT
FEMALES FED VARIOUS DIZTS AT END OF EXPERIMENT

Pork
39C

Pork
39C

Pork 31

Steen-
boock V

Pork
39C

Steen-

bock V

22024
22026

213756
21376
21454
21456
21525
21626
21877
22020

21419
21421
21465
21466
21623
21986
22144
22145

21460
21462
21514
21546
21567
21585

47
46

49
41
49
48
48
52
53
37

61
60
47
50
49
46
48
49

47
38
32
43
44
48

9743

98.2
9647
97 «8
97 o4
871
961

97.4
9648
745
9649
9743
96 04
9647

963
9642
97 o0
96.9
972
9648

WBOHQRAAD QRO RANDE ONMOHNDWNRANY oA

HERDeOA QRARDPANE NBFOVRP hn

FROQRBRWE HEHRBMRDN HREFEDODHRON O®G

HObeNHEk VDeHARDHKF HDODDDDDDND DD
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TABIE 9. {Conttd)

CERTAIN CBARACTERISTICS OF CONDITIOR OF IRDIVIDUAL PRESNANRT
FEMALES FED VARIOUS DIETS AT BRD OF EXPERIMENT

21587 52 98.0 1 2 1 4 0
21619 54 97,1 3 b 8 S 2 0
21692 47 973 2 3 2 3 0
21839 46 97 .4 S 2 3 .2 1l
21863 43 9741 4 4 2 3 1l
21902 53 ———— 3 3 S 2 2
22006 63 968 2 2 3 3 (¢}
22194 49 2 3 2 1 o
Pork 7 | Steene 21411 49 9746 2 2 1 1 0
bosk V 21508 48 0809 4 2 3 4 o
21615 51 97«3 3 2 4 3 1
21747 47 9649 1 ) 2 2 2
21879 49 8701 1 2 4 5 o
Pork I | Pork I 22150 46 6546 3 4 1l 3 1
21405 42 - 3 3 4 2 o]
21406 45 o 3 4 1 2 2
22471 50 e 3 4 2 2 0
21486 51 97.4 2 4 2 ) o
21487 47 98.7 S 2 1 1l 0
- 21535 48 96,47 3 4 2 2 0
21561 45 97 o3 4 4 3 2 -
21581 46 97.1 0 1l 1l 2 o
21583 61 9647 4 4 4 4 o
T T T ol PNt LSRR X 4 ¢ S
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TABLE 9. (Cont'd)

CERTAIN CHARACTERISTICS OF CONDITION OF INDIVIDUAL PREGNANT
FEMALES FED VARIOUS DIETS AT END OF EXPERIMENT

Pork I

Pork 31

Pork I

Pork 31

21785
22086
22088

21408
21409
21423
21473
21474
21531
21547
21569
21641
21642
21694
21870
22148

50
49
47

47
46
46
Sl
12
47
31
43
49
48
43
41
53

96492
92.9

07 ¢4
0364
9649
63
96.9
9644
97 .8
97 3

91.2

UHGAHEWHDDNDNDDE DL

QANAVNAFRHEHOFEG o

HNPWAODWRRPRWWBRGER HON

WVHDVAIDHAHDLO

OHOHOOOOKROOONdD 000
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TABIE 10.

CERTAIN CHARACTERISTICS OF CONDITION (F INDIVIDUAL VIRGIN FEMALES

AT END O EXPERIMERT THAT WERE FED VARIOUS DIETS

Diet of
females

Rat
number

Score for
general

physical
appearance

Score for appearance of liver

Yeollow

Friable

Mottled

Spongy

Number of
stomach
ulcers

Steen-
bock V.

Pork I

21402
21405
21468
21469
21479
21551
21575
21629
21677
21608
21609
21838
21903
21905
22055

21433
21447
21489
21490

49
47

GanE SLBOSRNELERLEN

HOMHMEHERDFOOOONO K

=N

HAQNHOANHFNDEROFGRND N

LOR RO R

HHEFEFDONDKFOOOOOOKK

(o X7 R Y o

OHOFHNDHOOOKHKHKHNM

VN

0000000000000 00

(o JeoYoNo)

#Score less than one
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TABLE 10, (CONT!D) CERTAIN CHARACTERISTICS OF CONDITIOR OF INDIVIDUAL VIRGIN
FEMALES AT END OF EXPERIMENT THAT WERE PED VARIOUS DIETS
Pork I 21552 38 1 2 3 o 4
(Cont'd) | 21573 43 2 S 1l 1l 0
21613 S0 » 2 p 2 0
21631 44 1 2 1l 2 5
21633 43 2 1l o 1l 1
21784 o4 L 4 1 * 1l 0
21858 47 2 1l 1l 1l o
21859 42 1 2 1 1 o
21917 43 2 2 1 1 o
22057 47 2 3 0 S 0
22059 41 1l 4 o 2 0
Pork 7 21441 1 1 e 1l o
21463 51 1 2 1 1 0o
21617 49 2 S o 1 0
21975 48 S S o 1 0
Pork 39A | 21436 49 2 4 0 1l 0
21495 49 1 3 1l 2 ¢
21497 47 2 ke 1 1l 0
21499 44 o 4 1 S o
21554 41 3 4 e 1 0
21572 46 b 2 1l 2 o
21645 48 ) 2 1l 1 2
21647 47 # 2 o 2 0

#Score less than one

=00g=~
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TABLE 10, (CONT'D) CERTAIN CHARACTERISTICS OF CONDITION OF INDIVIDUAL VIRGIN
FEMAIES AT END OF EXPERIMENT THAT WERE FED VARIOUS DIETS

Pork 39A | 21732 36 S S 2 1 0
(Cont'd) | 21734 42 e o 1l e 0
21806 S2 2 3 2 1 0
21919 39 2 3 2 e e
21964 36 e 3 1 3 1
22064 44 3 S 2 2 0
22065 40 4 4 1 4
Pork 39B | 21781 45 e 3 1l 1 o
21783 46 o 4 1l 1l 0
21787 43 2 S e 1 0
21797 62 2 4 3 7 0
218356 38 1 2 0 0 0
21861 43 2 S 1 0 e
21862 46 2 S 2 1l 0
21e67 44 2 S 2 1 S
21869 44 3 2 4 4 o
21894 27 1l 1l 0 0 )
21906 42 0 2 1 1 3
21907 46 1l o o 0 0
21923 40 2 2 1l 2 0
22082 46 e 4 1l 1 S
22083 43 3 0 S S 0
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TABIE 10, (CONT'D) CERTAIN CHARACTERISTICS OF CONDITION OF INDIVIDUAL VIRGIN
FEMALES AT END OF EXPERIMENT THAT WERE FED VARIOUS DIETS

Pork 39C | 21439 52 2 3 2 ] 0
21501 41 2 1 2 1 2
21502 40 o 1 1 2 0
21614 54 1l e 2 2 0
21622 49 2 2 1 1 2
21649 46 2 3 1 0 3
21651 49 S 4 2 2 0
21966 42 e 4 1l 1l 0
22062 47 1l 4 2 3 o

Pork 51 | 21429 40 4 1l o 1 e
21431 46 1l 1l 4 S 0
21492 45 2 1 1 2 1l
21493 47 S 4 2 1 o
21556 44 1 S 0 3 0
21570 42 1 S 0 1l 0
21627 47 1 3 4 1 e
21637 47 2 S 1l 2 1l
21649 43 3 e 1 S 0
21791 49 2 4 2 4 o
21793 46 1 e 1 2 o
21980 45 o 2 1 0 0

.aog-

e



TABIE | 11, DATIY WATER CONSUNPTION OF INDIVIDUAL PREGHANT FEMALES FED VARYOUS
EXPERIMERTAL DIETS
(Rats developing pregnancy disorder omitted)

Diet of | Dlet of|Rat Consumption of water from 12th to 21st day of gesta-
females | males |number | tion period
12th|13th|14th|15th| 16th|{17th| 18th |19th|20th|21st
_qgo 9_3_0 _9_0.0 .0_9_0 g_t_:_. g_c_. 29.0 9_9_. .c_c_o _0_20
8teen- | Steen- |21365 12 116 | 156 | X2 | 16 | 16 | 14 | 13 | 18 | 16
bock V| bock V|21357 13 | 14 | 14 | 11 | 15 | # 13 | 16 | 16 | 19
21483 16 | 16 | 17 | 10 | 24 | 17 | 22 | 17 | 14 | 13
21484 14 | 17 | » 13 | 14 | 14| 19 | 16 | 17 | 20
21504 13 |1 14| 14 |26 | 26 | 27 | 16 |19 | 17 | 17
21506 11 | 15 | 12 | 14| 14 | 18 | « 17 | 26 | 16
21539 16 | » 11 |18} 10 | 17 | 18 | 14 | 19 | 17
215568 17 1 11 116 | 14| 18 | 20| M4 |16 | 17 | 18
21679 18 | 10 | 17 | 16 | » 16 | 17 | 19 | 16 | 14
21745 1410|218 |18} 11|18 )18 |21 ] 19 | 17
21749 10114 | 14 |27 | 5 | 27T | 16 | 22 | 17 | 16
21836 9|16 |16 | 16 | 10 4120 |11 | & 19
21850 14 | 17 | 17 | = 10 | 17 | 19 | 27 | 16 | 17
218562 13 | 18 {14 | X2 | 24| 20| 18 | 16 | 13 | 16
22022 14 | 14| 16 |10 ]| 26 | 20 | 22 | 17 | 17 | 20

# Vater spilled so that accurate measurement was impossidle

i ek e hit
i b
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TABLIE 11, (CONT'D)

DATILY WATER CORSUMPTION OF INDIVIDUAL PREGNANT FEHAIES FED
VARIOUS EXPERIMENTAL DIETS

Pork I

Steen-
bock V

Pork I

| 21533 10 | 12 16| 19 | 14 | # 21 1 16 | 20 | 19
21569 9119 |20 16 |12 |19 | 19 | 19 | 21 | 18
21611 153 1 11 116 | 18 | 16 | 23 | 18 | 17 | 24 | 14
21695 14 |17 |19 14 |19 | 13 | 22 | & 16 | 20

21353 10 | 12 | # 19 |18 | 22 | 17 | 15 | 18 | 16
213598 8111 |18 |17 |16 | 15 | 18 | # 14 | 19
21458 16 | 14 |17 | 21 | 19 | 23 4 |18 | 2 20
21459 11 | 12 | 20| 18 (23 | 16 | 14 | 20 | 23 | 18
21510 17 | 16 | 21| 18 | 1B | # 2 | 21| 16 | 17
21512 16 | 17 | » 20 |19 |27 |30 | 19 | 19 | 16

21882 12 |16 |17 [ 21 |23 | 19 |16 | 18 | 14 | 21
21977 16 | 14 | 15| 19 | 18 9114|119 | 19 | 19
21978 11 | 13 7116 |14 ]| 17 | 26 | 18 | 16
22192 14 | 12 | 18 | + 19 | 16 | 19 | 22 | 10 | 16

21405 10 | 14 | 16| 18 |18 | 16 | 17 | 21 | 20 | 16

21406 12 |17 12116 |16 |19 | 14 | 16 | 19 | 17
21471 14 118 |17 | 20 | 14| 18 ]| 20 | 20| 17 | 18
21486 18 119 |20 16 |12 | 17 | 21 | 20| 16 | 20
21487 17 | 14 | 16| 14 | 2) | 14 | 16 | 24 | 19 | 16
21535 12 [ 19 |19 ]| 19 |19 | 16 | 17 | 19 | 1B | 19
21561 9 |23 |18 | 17 | 25|19 | 20| 23| 20 { 14
21581 14 | 18 |14 | 18 |18 | 20| 17 | 19 | 17 | 18
21583 16 | 16 | 16| 14 | 16| 18| 19 | 1B | 16 | 14
21785 1 | 17 | 19| 22 |19 | 212 | 16 | 17 | 20 | 19
22086 12 119 |20 29 20| 17| 14| 16| 19 | 20
22088 %g 17 |19 | 17 |21 | 22 | 21 | 12 | 18 | 19

22150 18 |16 | 24 |17 | 19| 22 | 20| 16 | 14

A%
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TABLE 11.(CONT'D) DAILY WATER CONSUMPTION OF INDIVIDUAL PREGNANT FEMAIES FED

VARIOUS EXPERIMKNTAL DIETS

Pork 7

Pork S9A

Steen-
bock Vv

Steen-
bock v

Pork
S9A

21411
21508
21615
21747
21879

21374
21450
21452
21528
215629
21548
21563
21685
21626
21766
21873
21874
21942
22003

21427
21428
21476
21477
21550
21605
21638

14
i8

19 .

16
17

16
19
18
14

7

*

16
12
10
11
14
16
17
10

16
*
17
18
.

‘14

19

18
14
21
16
i 19

14
17
. 19
| 16

19
18
17
16
14
17
11
' 19
!
i

| 14
i 8
¢ A7
| 9
14
16
12

p— = v ———

+

12
20
20
18
17

L

*

14
16
18
14
19
15
18
10
12
19
16
14

16
19
18
14
19
18
16

16
14
21

19
17
19

7
16

Phbbkbbk

19
17
16
19

17
19

16
11

14
18
16
20
21

16
14
12

7
19
21
19
18
19
20
16
18
11
18

14
16

9
10
11
16
19

17
18
13
17
14

19
20
14
+

18
16
19
16

18
17
14
19
17

17
19
18
18
16
%
20
16
17
16
10
17
20
7

20
19
17
14
20
13
11

20
2l
16
18
18

14
16
19
19
12

14

16
7
16

19
8
7

17

18

18

19

16

15

18

12

*

19
20
17
18

7

17

7
14
14
18
18
18

9
19
14
1z
10
18
12

17
20
14
13
17
14
19

20
16
29
17
14

20
21
18
17
16
16
19
20
14
16
19
12
14
18

16
18

*

14
13
19
17

-gog-
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TABIE 11. (CONT'D)

DAILY WATER CONSUMPTION OF IXDIVIDUAL PREGNANT FEMALES FED

VARIOUS EXPERIMENTAL DIETS

Pork 39A | Pork S9A
(Cont'd)

Pork 39B| Steen-
bock V

Pork 39C| Steen=-
bock V

21639 | 16 | 19 | 14 7
21840 | 17 | 17 | 190 | 12
21921 |14 | 18 | 18 | 19
21931 | 18 | 14 | 16 | 17
22104 | 19 | 20 | 14 6
22108 | 16 | 17 | 20 S
22195

21752 | 16 | 18 | 20 | 18
21754 |18 | « | 25 | 19
21779 |10 [ 16 | 18 | 17
21780 |12 | 14 | 21 | 20
21803 | 19 | 19 | 27 | 21
2183¢ | 6| 15 | 14 | 17
2185¢ |14 | 16 | 16 | 18
21860 | 17 | 20 | 19 | 14
21865 | 20 | # 7 |19
21866 | 16 | 16 | 18 | 17
21884 | 14 | 17 | 14 | 16
21885 |12 | 10 | 7 | 19
22024 |12 | 19| 9 | 18
22026 | 14 | 14 | 18 | 19

21375 | 16 | 14 7|7
21376 | = 16 | 25 | 19
21464 | 19 | 14 | 18
21456 | 14 | 17 | 19 | 14
215256 | 15| 18 | 22 | 16
21526 | 17 | 16 | 18 | 19
21877 9| 14|16 | 22

18
7
9

20

18

14

20
19
16
21
18
*
14
16
19
i8
4
19
18
16

20
23
18
20
7
19
21

17
14
19
20
10
14

18
19
20

%*

16
19
20
26
19
14
16
27
18
19

18
19
17
16
8
15
19

19

16

14
13
12
7

13
14
19
17
16
11

26
19
14
27
16
18
14
19
23
26
14
16
19
17

16
21
19
17
20
»

14

1l
16
19
18
14
12

23
20
17
19
18
14
19
16
14
17
21
16
24
19

16
19
10
21
18
17
19

13
19
18
*

15
16

21
18
19
22
19
16
19
17
13

7
20
19
17
20

18
14
21
19
16
19
20

-90¢g-
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PABLE 11.(CONT'D) DAILY WATER CONSUNFTION QF INDIVIDUAL PREGNANT FEMALES FED

VARIOUS EXPERIMENTAL DIETS

Poxrk 39C
{Conttd)

Pork 31

Pork 39C

Steen-
bock V

Pork 31

21419
21421
21465
21466
21623
21936
22144
22145

21460
21462
21514
21546
21567
21585
21587
21692
21839
21863
21902
22194
22006

21408
21409
21423
21474
21531

14
2l
19
17
15
14
19
17

12
16

7
14
17
18
17
19
16
12
14
19
18

18
12
14
£20
11

20
18
14
16
23
13
19
17

18
18
19
+*
14
15
17
19
20
18
28
19
4

14
13
17
19
17

18
14
19
*

21
24

o*bEE bubokobb

18
21
19
18
17
16
20
19

10
18
10
16
10

4
16

8
24
20
16
14
18

17
pr
18

6
14

14
19
*

23
19
20
16
.

16
20
21
14
16
18

*
16
18

16
19

18
20

bbb**

16
19
13
14
17
20
12
19

29
2

9
10
14
19
19
16

4
14
19
16
16

20
17
18
16
14

18
16
L

22
17
19
18
14

19
21
*

21
18
16
20
14
18
12
X7
20
+*

16
16
19
16
18

20
17
18
19

*

17
18
19

20
19
7
19
28
24
16
17
19
16
17
18
%

20
19
19
18
16

~L0g=
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' TABLI® 11, (CON®'D) DAILY WATER CONSUMPTION OF IKDIVIDUAL PREGNANT FEMALES FED

VARIOUS EXPERIMENTAL DIETS

Pork 31
(Cont'd)

Pork Sl

21547 | 18 | 16 5| #»

21569 | 10 | 16 7112
21641 | 12 110 | 11
21642 | 10 | 26 |18 | 18
21694 | # 19 | 18 | 16
21870 8 | # 14 5
28148 | 14 | 16 | 29 | 17

17
18
16
15
+*

16
17

14
8
17
L
18
19
18

19
&*

16
16
15
20
19

9
20
*
14
18
13
16

19
17
15
19
17
18
17

21
18
17
13
14
16
19
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TABLE 12, DAILY WATER CONSUMPTION OF INDIVIDUAL PREGNANT FEMALES DEVELOPING
SYMPTOMS OF THE PREGNANCY DISORDER

Rat number Consumptlon of water from 12th to 2last day of gestatiom period
12th | 15th | 14th | 16th | 16th | 17th | 18th | 19th | 20th | 21st
Ssce| cc.| cc.| ce. | eo.| cc. | ce. | ge. | ce.| eco.
21937 20 19 19 18 20 19 28 30 12 19
21621 14 18 * 16 18 17 17 19 16 16
21878 29 21 19 17 20 » 2 » »
21618 17 19 16 18 17 17 21 27 18 19
21901 18 17 21 14 21 18 19 26 14 17
22008 12 16 18 # 16 22 % 24. 17 18
22147 19 21 20 19 20 % % W #
21928 27 17 19 20 24 24 27 32 11 14
21929 14 18 17 16 20 21 16 30 16 )
21881 25 14 20 21 14 16 25 27 12 13

# Water spilled so that accurate measurement was impossible
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TABLE 13. FAT CONTENT OF LIVERS OF PREGNANT FEMALES

=310~

FED VARIOUS EXPERIMENTAL DIETS1
(Sick rats omitted)

Diet of females| Diet of males| Rat Fat content

number | of dry
liver in
per cent

Steenbock V. Steenbock V. 21357 24,98
21658 24,00
21579 20,76
21639 20,97
21484 19.20
21608 21.34
21836 23.57
21749 23.24
218560 ——
22022 20,28

Pork I Steenbock V. 21612 46.87
21559 47,51
216956 48.25
21359 38.66
214569 45,34
21533 38,52
21611 20,74
21882 36.74
21978 42,89

Pork I Pork I 21683 47.857
2156356 384,32
21661 46,33
21487 28.54
22150 26.44
21786 40,72

Pork 39A Steenbock V. 21563 29,26
21648 49,73
21452 37.29
21374

40,02

1These data are included through the courtesy of
¥iss Ethelwyn Wilcox
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TABIE 13. (CONT'D) FAT CONTENT COF LIVERS OF FREG-
NART FEMALES FED VARIOUS EXPERIMENTAL
DIETS (Sick rats omitted)

T . -

Pork 39A Steenbock V. 21626 45.96
(Cont'd) 215629 30.50
21942 30.94
21874 40,57
22003 34.48

Pork 39A Pork 39A 21428 47.42
21638 39.24
21560 47.97
21427 26.61
21477 33.21
21606 56.30
21921 36.56
21840 46.00
21932 26.62
22108 33.86

Pork 39B Steenbook V. | 21834 46,43
21764 40.6%7
21864 42.76
21860 31.89
218856 26.87
22028 36.67
21866 46.28

Pork 39C Steenbook V., | 21376 o4.76
21626 28,23
21877 34.96

Pork 39C Pork 39C 21419 39.06
21466 41.88
21623 26,66
221456 38.36

Pork 31 Steenbook V. 21614 34.01
21686 21,43

v

e —————
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TABLE 13. (CONT'D) FAT CONTENT (F LIVERS OF PREG-
NANT FEMALES FED VARIOUS EXPERIMENTAL
DIETS (Sick rats omitted)
Pork 31 Steenbock V. | 21462 31.66
(Cont?td) 21546 35.47
21567 30.48
21587 26,12
21839 33.47
21902 38.42
21619 24,18
Pork 31 Pork 31 21547 29.51
21694 38.36
21474 29,17
21870 26,79
21409 26.85
21641 28.44
21669 26.82
21531 24.10
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TABLE 14, FAT CONTENT OF LIVERS OF RATS EXHIBITING
SYMPTOMS OF THE PREGNANCY DISORDERL

Rat number Fat content of
dry liver in per cent
21937 29.18
21621 28.19
21876 26,26
21618 26,30
21901 26.16
22008 28,08
21928 44.34
21708 41.63
21843 25,53
21911 652,36
21708 46,73
21740 38,98
21842 650,56
21940 20,37
21939 26.16

lThese data are included through the courtesy of
Miss Ethelwyn Wilcox




-314-

TABLE 16. FAT CONTENT OF LIVERS FROM VIRGIN RATS
FED VARIOUS EXPERIMENTAL DIETS1

Diet of females Rat number Fat content of dry
liver in per cent
Steenbock V. 21469 23,27
21403 20.79
21479 22,46
21676 19,69
21665 20.28
21609 19.63
21903 20,31
21838 18,77
Pork I 215673 24,79
21433 23,76
21633 28,79
21784 26,42
21490 26,86
21662 26,60
22067 26,69
21917 20.08
22069 2l.14
Pork 39A 21499 25.22
21436 22,96
21572 20.L0
21496 26.77
21847 27.30
22086 30,58
21919 21.66
21732 22,50
21554 24,17
22064 24,79
219654 16.34
Pork 39B 21781 26.22
21836 24,01
22083 21.97
21862 24.42
21923 21,16

lThese data are included through the courtesy of
Miss Ethelwyn Wilcox
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TABLE 15. (CONT'D) FAT CONTENT OF LIVERS FROM
VIRGIN RATS FED VARIOUS EXPERIMENTAL

DIETS

Pork 39B
(Cont'd)

Pork 39C

Pork 31

21869
21787
21797
21907

21502
21614
21439
21651

21643
21429
21637
21493
21431
21793
21666
21670
21980

24.07
23.39
28,97
17.37

23.72
21.63
21.69
22.58

24.68
24.61
22.86
26.67
23.73
23,79
21,31
23.78
23.94
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TABLE 16, MOISTURE CONTENT OF CERTAIN ORGANS OF PREGNANT FEMALES FED VARIOUS
EXPERIMENTAL DIETS (Sick rats omitted)

Diet of | Diet of | Rat Viater con-|Water con-|Water con~|Water con-|Water cone
females | males number|tent of tent of tent of tent of tent of
liver in_|kidney in |spleen in |heart in |mammary
per centl |per cent |per cent |per cent |gland in
per cent
Steen" Stean. 21749 70.1 ‘7706 83.4 77.0 70.1
bock V. | bock V. | 21850 69.9 76,7 79.6 78.9 7.3
22022 705 77.5 T7eS 78.7 66,3
21357 70,3 - - - - .
21558 71.4 - - - - ]
21579 70.4 - - — - 5
21639 70.8 - - - - ]
21484 70.0 -- - - -
21506 69.9 - - -
21836 70.1 - - - -
Pork I | Steen- 21459 64.5 77.6 77.6 76.9 76.4
bock V. | 21611 68,7 . T77.7 77.8 71.9 74,1
21612 61.9 - - - -
21559 | . 66.0 - o - -
216956 63.1 7.4 75.2 74,7 76.6
21359 65.9 - - - -
21533 65.1 - - - -

lThese data are included through the courtesy of Miss Ethelwyn Wilcox
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TABLE 16, (CORT'D) MOISTURE CONTENT OF CERTAIN ORGANS OF PREGNANT FEMALES
FED VARIOUS EXPERIMERTAL DIETS (Sick rats omitted)
(Cont'd)|bock V. |21978 66.1 - - - -
Pork I |Pork I |22150 68,8 89,0 77.5 7.9 23.9
21583 63.1 783 7644 76.7 57.8
21561 62,0 76.4 74.1 76.7 32.4
21487 68,7 - - - -
21786 64.2 - -— - -
Pork 39A!Steen- |21942 66.8 79.4 83,7 78,1 567
bock V. |22003 68,3 78.6 77.4 79.2 33.8
21548 61,7 - - - o=
214562 65,8 - - - -
21374 66,0 - —- - -
21626 64,0 -- - - -
21629 69.4 - - - -
21874 65.4 - - - -
Pork 39A|Pork 39A|21932 69.4 77.6 78.4 76.1 60.5
21428 65.6 - - - -
21638 66,8 - - == -
21560 64.4 - - .- -
21427 69,0 - - - -
21477 65.5 - - - -
21605 63,0 - - - -
21921 66,9 - - - -
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TABIE 16. (CONT!D) MOISTURE CONTENT OF CERTAIN ORGANS OF PREGNANT FEMALES
FED VARIOUS EXPERIMENTAL DIETS (Sick rats omitted)
Pork 39A|Pork 39A|21840 63.9 - - . -
Pork 39B|Steen- |21854 66,5 77.8 74.3 77.8 64.7
bock V. |21866 62.9 77.8 76.8 77.2 763
21764 65.1 - - - -
21860 68,2 - - - -
218856 68.8 - - - -
22026 66 .1 - - - -
Pork 39C |[Steen- |21877 66.8 78.9 81.3 78.7 74.2
bock V. |21376 69.1 - - - -
21526 68,7 - - .- -
Pork 390 |Pork 39C|22145 | 66.2 76.6 80.3 7.1 39.7
21419 65.5 - - - -
21466 68.4 - - - -
21623 69.3 - —— - -
Pork 31 [Steen- |21546 68.9 736 76.1 77.9 74,3
bock V. |21514 69.9 - - - -
21462 | 70.1 - - -- -
21567 | 70.3 - -- - -
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TABLE 16. (CONT'D) MOISTURE CONTENT OF CERTAIN ORGANS OF PREGNANT FEMALES
FED VARIOUS EXPERIMENTAL DIETS (Sick rats omitted)

Pork 31 |Steen- 21587 71,8 - - - -

(Conttd)|boeck V. | 21839 70.6 - - - -

Pork 31 |Pork 31 | 22148 69.8 75.9 77.6 78.6 76.9
21547 702 -~ - - -
21694 70,2 - - - -
21474 69.2 - - - -
21870 75.8 - - - -
21409 71 . 4 - - - -
21641 70.8 - - - -
21569 69.3 - .- - -
21531 69 . 7 - -— - -
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TABLE 17. MWOISTURE CONTEMT OF CERTAIN ORCANS FROM FEMALES EXHIBITING SYMPTOMS
OF PREGNANCY DISORDER
Rat nuaber Vater con- VWater cone fater con- Viater con- Water cone
tent of tent of tent of tent of tent of
liver in kidneys in spleen in heart in nemmary
per centl per cent per cent per cent glands in
per cent
21937 72.5 €0.4 84,6 8.1 ‘674
21621 70.1 82.9 8147 776 79.6
21876 7308 - btnd - band
21618 733 81.3 83.2 74.3 T7.4
21901 1.7 82,4 81,3 T7.2 79.6
22008 743 - - - -
21928 713 83,2 87.2 765 76.7
21929 71.1 86.7 79,4 76,8 24.6
21741 71.5 - - - -
21708 69.9 83.4 8l1.2 77.6 54.7 .
21843 74.6 oe - - -
21911 66,7 - - - -
219656 67.4 - — - -
21841 71.0 81,9 8347 82,6 79.4
21708 6503 82,3 82,1 8l.7 7865
£1740 69.4 84,3 82.1 77.9 72,8
21842 66,6 - - - -
21940 725 79.4 77.4 78.4 27.8
21939 75.1 - - - .

‘lrhese date are included through the cairtesy of Miss Ethelwyn Vilcox
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TABLE 18,

MOISTURE CONTENT OF ORGANS OF VIRGIN FEMALES FED VARIOUS EXPERI-

MENTAL DIETS
Diet of females | Rat number | Water con- | Water con- | Water con- | Water con-
tent of tent of tent of tent of
liver in kidney in | spleen in | mammary
per cent per cent per cent gland in
per cent
Steenhock V. 21575 68,7 78.5 73.2 78.6
21609 69.6 83.0 74.3 77.8
21677 69.6 72.9 78.4 79.1
219035 69.1 7845 7946 7.0
21838 68.1 78,7 76.1 77.7
22055 bdd 78 ® 7 75 . 9 77 ° 5
21469 68.8 - - -
21403 69.0 - - -
21479 68.6 - - -
21566 69.1 - - -
Pork I 21917 69.7 79.4 77.2 77.0
22087 68.3 79.7 8l.3 7.4
22059 69.4 79.1 77.4 77.2
21575 69.4 - - e
21433 67.3 e - -
21633 68,7 - L ‘-
21490 69.5 - - -—

lThese data are included through the courtesy of Miss Ethelwyn Vilcox
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TABLE 18,

(CONT!'D) MOISTURE CONTERT OF ORGANS OF VIRGIN FEMALES FED VARIOUS
EXPERIMENTAL DIETS

Pork I (Cont'd)

Pork 38A

Pork 39B

216562

215564
21752
21919
21954
22064
220656
21409
21436
21572
214956
21647

21781
21787
21862
21869
21907
219235
21797
22085
21836
21797

69.7

59.0
68.1
6863
70.1
68.8
67.0
6843
69,2
69,5
68.8
68,3

68.6
69,6
69.1
70.1
69,7
69.4
68.9
68.6
68.9
68.9

779
77.4
76.7
77.4
78.2
7645

7843
76.9
775
7.4
78.1
7.2
77.9
77.9

76,8
80.3
8l.4
81,3
79.1
8l.2
P wew

76,3
72.3
77.2
76,7
75.2
76.1
74.5
74.9

776
7.4
76.6
78.4
76.3
78.9

78,9
7649
78.4
7649
.1
77.9
77.8
79.6
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TABLE 18. (CONT!D) MOISTURE CONTENT OF ORGANS OF VIRGIN FEMALES FED VARIOUS
EXPERIMENTAL DIETS

Pork 39C 215602 69.8 78.9 773 76.7
21661 68.6 76.7 80.4 78.2
21956 - T7.4 8l1.0 76.4
21614 €69.0 - - o=
21439 69.2 -- - -

Pork 31 21429 69,5 77.9 74.9 76,9
21431 69.4 78.4 77.8 78.4
21656 68.9 76.9 764 78,56
21570 69,7 77.8 77.6 78.4
216357 68.4 79.4 76.9 7943
21645 68.2 78.6 76.6 79.8
21799 69,2 79.4 76.4 79.9
21980 69.2 77.9 79.4 78.7
21499 68.9 - - -
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TABLE 19, WEIGHTS AND ORGAN WEIGHT TO BODY WEIGHT RATIO OF LIVER AND.KIDNE!

OF PREGNANT FEMALES FED VARIOUS EXPERIMENTAL DIETS
(Sick rats cmitted)

Diet of| Diet of| Rat Body Welght of| Weight of | Weight of | Weight of
females| males number| weightl| liver? 1liver/ kidney kidney,
E — =
Bte Eo gne.
Steen- | Steen- | 21367 171 6.0010 0.03509 - -
bock V.| bock V.| 21558 177 6.,7854 0.03833 - -
21579 174 6.9092 0.03970 - -
21639 178 6.75638 0.03894 -
21484 202 6.,9673 0.03449 - -
21606 180 6.23456 0.03463 - -
21836 178 6.893%7 0.03873 L -
21749 178 74713 0.04191 1.4700 0.008
21850 206 7.9684 0.03968 1.,4992 0.0079
22022 221 8.1699 0.03698 1.,46503 0.0071
Pork I | Steen- | 21512 171 6.6327 0.03878 - -
bock V.| 21559 184 7.2069 0.03916 —e -
21696 174 7.4601 0.04287 1.7146 0.0089
21369 166 7.3368 0.03817 - -

1Body weight at initiation of second pregnancy
27hese data are included through the courtesy of Miss Ethelwyn Wilcox
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TABLE 19, (CONT'D) WEIGHTS ARD ORGAN WEIGHT TO BODY WEIGHT RATIO OF LIVER
AND KIDNEY OF PREGNANT PENALES FPED VARIOUS EXPERIMENTAL DIETS
(Sick rats omitted)
Pork I Steen- | 21459 196 7 .225%7 0.03686 1,.7034 0.0086
(Cont'd)| bock V., | 215633 190 7.1430 0.03759 - -
21611 181 6.9881 0.05233 1.6471 0.,0091
21882 181 6.6937 0.03698 - -
21978 180 6.5105 0.03571 - -
Pork I Pork I 21683 169 5,.938b6 0.,03734 1,6961 00,0067
215356 191 6.6604 0.03687 - -
215661 201 7.5362 0.03749 1.7062 0.0085
21487 209 7.4820 0.03679 - e
22150 177 6,4941 0.03668 1.,4215 0.0074
217856 190 7.,4517 0.03921 - -
Pork 39A| Steen- 21563 184 6.8458 0.03720 - -
bock V. | 21548 178 9.4279 0.05396 - -
214562 157 6.0642 0.03862 - -
21374 169 6.4972 0.03844 - -
21626 165 8.4662 0.03219 - -
21529 197 . 7.0213 0.05664 - -
21942 164 5.9300 _0,03816 1.56671 C.0086
21874 192 7.7225 004022 -as -
22003 190 7.2451 0.03813 1.4870 0.0078
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TABLE 19, (CONT!D) WEIGHTS AND ORGAN WEIGHT TO BODY WEIGHT RATIO OF LIVER
AND KIDHEEY OF PREGNANT FEMALES FED VARIOUS EXPERIMENTAIL DIETS
(Sick rats omitted)
Pork 39A| Pork 3S9A| 21428 181 8,572 0.04736 s -
21638 168 68,6013 0.03929 - -
21550 187 7.6602 0.04096 - -
21427 180 6.1423 0.03412 - -
21477 194 7.2085 0.03716 - -
21605 186 7.7321 0.,0425%7 - -
21921 178 5.9000 0.033156 - -
21840 190 6.7694 0.03563 - -
21932 188 5.38656 0,029656 1.,3718 0.0073
22108 190 7.4606 0,03927 - -
Pork 39B|Steen- |21834 164 7.2044 0.03861 - -
bock V. | 21754 180 6.8125 0.03974 - -
21854 173 6.3993 0.03694 1.4819 0.0086
21860 173 6.4748 0.03761 L -
218856 180 6.3790 0.03601 - -
22026 186 6.5840 0.03811 - -
21866 198 6.3608 0.03611 1.3679 0.0069
Pork 39C|Steen~ |21375 146 6.9642 0.04919 - -
bock V. | 21526 214 7 .2438 0.03671 - -
21877 187 6.2425 0.0321 1.,3687 0.0073
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TABLE 19. (CONT!D) WEIGHTS AND ORGAN WEIGHT TO BODY WEIGHT RATIO OF LIVER
AND KIDNEY OF PREGNANT FEMALES FED VARIOUS EXPERIMENTAL DIETS
(Sick rats omitted)
Pork 39C|Pork 39C|21419 167 6.7310 0.03869 - -
21466 16l 6.2532 0.03971 — —
21623 176 5.7005 0.03611 - -
22146 186 7.4775 0.,03713 1.56700 0.0084
Pork 31 |Steen- [21514 200 6.9018 0,03451 - -
bock V.|21685 118 347362 0.02223 - -
21462 160 6.2362 0.03898 - -
21546 187 6.5969 0.,03628 1.7937 0.0096
21667 176 7.0176 0.03987 - -
21587 178 5.9665 0.03362 - -
21839 163 6.6275 0.04066 - -
219802 166 7.1456 0.03900 - -
21619 182 7.0996 0.03900 - -
Pork 31 |Pork 31 |21547 176 7 .6060 0.04321 - -
21694 161 6.8176 0.04234 - -
21474 178 6.7172 0.,03773 - -
21870 156 6.9997 0.04486 - -
21409 180 6.5775 0.03072 - -
21641 160 5.4217 0,03388 - -
21669 190 6.0633 0.03191 - -
21531 217 6.7767 0.03122 - -
22148 142 6.2832 0.,03217 1.3606 0.0084
VITTERITIISNT TR TN L T R L
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TABLE 20,

WEIGHTS AND ORGAN WEIGHT TO BOUY WEIGHT RATIO OF SPLEEN, HEART AND
MAMMARY GLANDS FROM FREGNANT FEMALES FED VARIOUS EXPERIMENTAL DIETS

Diet of |Rat |Body _| Weight of| Weight of| Welight of| Weight of|Weight of [Weight o‘l]
females |number| weightl spleen in| spleen/ haars,% in heaﬁ/ mamggry A
in grams body grams body glands in |glands/
grems woelight welight grams body
welght
Steen- 22022 221 0.5715 00,0026 0.5947 0.0027 5.0112 0.0227
bock V., |21749 178 0.3756 00,0021 0.7230 0.0040 4,9371 0.0277
21850 206 0.4791 0.0023 0.6971 0.0034 5.0304 0.0244
Pork I {22160 177 0.3222 00,0018 0.6791 00,0038 3.7981 0.0214
21459 196 0.2978 0.0015 0.7432 0.0038 4,8197 0.0213
21611 181 0.4161 0.,0023 0.5142 0.0028 3e¢1241 0.0173
216956 174 0.3761 04,0022 0.,614%7 0.,0036 5.6717 0.0326
21583 159 0.,3971 00,0026 0.8791 0.0033 4.,6211 0.,0291
21661 201 0.2781 00,0014 0.4961 0.0026 3.9167 0.0195
Pork 39A {21932 188 0.4271 0.0023 0.7143 0.,0038 3.0268 0.N161
22003 190 0,3399 0.0018 0.76561 0.0040 2.5258 00,0133
21942 164 0.5214 0.0032 0.,'7€21 0.0046 S.6129 0.0220
Pork 39B |21866 198 0.,3199 0.0016 0.6738 0.0034 4.1762 0.0211
21854 174 0.2945 0.0017 0.58561 0.0034 4,0279 00,0231

1Body weight at initiation of second pregnancy
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TABLE 20, (CONT'D) WEIGHTS AND ORGAN WEIGHT TO BODY WEIGHT RATIO OF SPLEEN,
HEART AND MAMMARY GLANDS FROM PREGNANT FEMALES FED VARIOUS EXPERIMENTAL
DIBETS
Pork 39C|21877 187 0.3792 0,0020 0.7641 0.0041 4.7996 0.,0257
22145 186 0,4205 0.0022 0.8621 0.0046 3.6794 0.0198
Pork 31 |22148 142 0.35380 0,0024 0,7224 0.0050 52974 0.0232
21546 187 0.3144 0.0017 0.7408 0.0040 3.7461 0.0200
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TABLE 21. WEIGHTS AND ORGAN WEIGHT TO BODY WEIGHT

RATIO P LIVER AND KIDNEYS FROM RATS
SUFFERING FROM PREGNANCY DISORDER

Rat number | Body Wt. of 1Wt. of [Wt, of | Wt. of
weight | liver |liver/ |kidneys| kidney/
in in body in body
‘grams | grams (wt. grams wt.

21937 136 5.8704 |0,04348{1.7649 | 0,0131
21621 112 4,7628 |0,04252)1.8761 | 0.0167
21876 165 4,7385 [0.,03067| == -
21618 166 6.2779 [0.03782( == -
21901 141 6.2698 0,04447| == -
22008 216 9.2821 [|0,04397| == -
21928 14 7.5862 [0,06478| == -
21929 143 -— - 1.8071 | 0.0187
21940 116 5.6293 {0.04852(1.8031 | 0.0166
21939 136 5.9921 [0,044065(1.8341 | 0.,0134
21843 164 8.,6608 |0,05213(1.7942 | 0,0194
21911 180 7.2916 |0,04566| == -
21740 176 8.5870 [0.04906]1.,94%75 | 0,01056
21966 1456 8.65683 |0,05969| == -
21881 186 -- - 1.9217 | 0.,0103
21841 193 7.7717 [|0.04026(1,7432 | 0,0080
21706 168 8.1676 [0.04866({1.7134 | 0.0101
21708 170 7.4493 J°'°4523 1,7891 | 0.0106
21741 171 6.8959 [0,06167| «= -
21908 112 - - 1.6932 | 0.,0151
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TABLE 22,

WEIGHTS AND ORGAN WEIGET TO BOCY WEIGHT RATIOS OF SPLEEN, HEART AND
MAMMARY GLAND FROM RATS SUFFERING'FROM PREGNANCY DISORDER

Wt, of

Wt, of

Wt. of

Rat number ?:dy weight{ Wt. of | Wt. g/ Wt. o;
grams spleen | sple heart heart mammaAry| memmary
in body in body gland glands/
grams wt, grems wt, in body
grams wt,
21621 112 065201 | 0,0046 | 0,7632 | 0,0068 | 3.7162 | 0.0316
21937 135 0.,4971 | 00,0031 | 0.8712 | 0.00656 | 4.9174 | 0,0219
21929 143 0.5421 | 0,0036 | 0,65641 | 0.0038 | 4,1762 | 0.,0290
.21esl 188 0.4749 | 0.0026 | 0.,7432 | 0.0047 | 4.3271 | 0.0232
21706 168 - 0.5341 | 0,0031 |0,6741 | 0.0048 | 3.7914 | 0,0226
21740 175 0.6149 | 0,0035 |0,6497 | 0,0049 | 3.8976 | 0,0222
21708 170 0.,6211 | 0,0036 10,7921 | 0.,0042 | 3.6129 | 0.,0212
21841 193 0.,6671 | 0,0020 |0.6421 | 0.0036 | 4.,7964 | 0,0248
21908 112 0.,5369 | 0,0038 |0.5324 | 0,0041 | 4.1012 | 0.0366
21940 116 0,5341 | 0,0046 [0.7426 | 0.0045 | 4.1793 | 0,0360
21618 166 0.5124 | 0,0030 |0.7431 | 0.0039 | 33,9271 | 0,0236
21901 141 0.5132 | 0,0032 |0.7421 | 0,0047 | 4.6721 | 0,0331
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TABLE 23,

WEIGHTS AND CORGAN WEIGHT TO BODY WEIGBT RATIOS FOR CERTAIN ORGANS OF

VIRGIN FEMAIES FED TEE VARIOUS EXPERIMENTAL DIETS

Diet of
females

Steen-
bock V.

Pork I

Rat
numbex

21479
21576
21609
21677
21838
21905
22066
21469
2155656

22069
22057
21917
21573
21433
21633
21784

Body
wt.

2.

190
170
192
184
190
212
193
174
176

185
206
188
178
181
200
184

at. of
liverl

e

5.7127
4,7098
5.9061

Wt. of
1liver/

b
w

0.03006
0.02770
0.03013

5,6811
6.1625

0,0203%7
0.,02906

4,8650
4.6280

65,1944
5.5166
4.8135
5.6961
4.9140
6.1940
6.,3250

0.02796
0.02629

0.02808
0.02601
0.02560
0.03200
0.02716
0,035097
0.03438

Wt. of
Kid-

neys

.

1.4974
1.4561
1,4654
1.5013
1.4933
1.,4795
1,4407

Wt, of
kid-
neys/
body
wt,

0.0078
0.0084
0.0076
0.0082
0.0078
0.0069
0.0074

Wt. of
spleen

0.4001
0.3963
0.356863
0.,3421
0.3642
0.,3941
0.3847

wt. ::/
sple
body

0.0021
0.,0023
0.0018
0.0018
0.0019
0.0018
0,0020

wWt, of
heart

0.6974
0.6781
0,7019
0.7416
0.6794
0,731
0.6976

Wt. of
heart/
body
wt,

0,0038
0,0040
0,0036
0,0040
0,0036
0.0034
0.,0036

1.4895
1.4069
1.6391

0.0080
0.0069
0.0082

0.3300
0.3491
0.2897

0.0018
0.,0017
0.00156

0.6703
0.4712
0.6331

0.0056
0.0023
0.0034

1These data are included through the courtesy of Miss Ethelwyn Wilcox
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TABLE 23.

(CONT!D) WEIGETS AND ORGAN WEIGHT TO BODY WEIGHT RATIOS FOR
ORGANS OFf VIRGIN FEMALES FED THE VARIOUS EXPERIMENTAL DIETS

CERTAIN

Pork I
(Cont'a)

Pork 39A

Pork 39B

21490
21552

21554
21732
21919
21954
22064
220656
21499
21436
21572
21495
21647

21781
21787
21862
21869
21907
21925
21797
22083
21836

199
169

182
178
192
172
180
178
168
213
182
182
188

188
218
194
220
202
196
222
207
178

5.63522
5.1239

4.5494
4.75980
4,8396
4.5672
4.8968
4.8091
4,7233
7.3917
5.1164
5.2748
4,1983

5.4723
5.8626
5.1308
6.1794
50,5337
4.8653
6.2622
5.9638
6.4904

0.,02830
0.03032

0.02499
0.02673
0.02520
0.02665
0,02720
0.,02701
0.0281%
0.,03740
0.,02811
0,02898
0.02233

0.,02961
0.02619
0.02864
0.02794
0.02979
0.02769
0.02641
0.,02469
0.03179

1.4576
1,4963
1.3423
1.5671
1.5661
1.6142

0.0080
0.0084
0.,0070
0.,0091
0.0090
0.0077

0,2074
0.3312
0.3487
0.4132
0.,3132
0.3121

- esae

0.,0016
0,0019
0.0018
0.,0024
0.0017
0.,0018

0.6892
0.5594
0,6730
0.5794
0.6865
0.6174

0.0038
0.0037
0.0035
0.0034
0.0034
0.,0038

1,7983
1.6416
1,7967
1,7819
1,7620
1.4781
1.4442
1.8174

0.0096
0.0075
0.00982
0.0066
0.0087
0.0074
0.0066
0.0087

0.4016
0.3162
0.3981
0.1948
00,3976
0.2961
0.2818
0.39635

0.0021
0.,0014
0.0021
0.0009
0.0019
0.0014
0.0013
0.0019

0.,6791
0.6451
0.7016
0.,3851
0.6872
0.6961
0.6161
0.6673

0.,0036
0.0029
0,0036
0.0017
0.0034
0,0031
0.0031
0.0032
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TABIE 23.

(CONT'D)
ORGANS (F VIRGIN FEMAIES FED THE

WEIGHTS AND ORGAN WEIGHT TO BODY WEIGHT RATIOS FOR CERTAIN

VARICUS EXPERIMENTAL DIETS

Pork 39C

Pork 31

21502
21651
21956

21429
21451
21566
21570
21637
21643
21793
21980
21493

166
166
178

201
180
214
198
164
196
194
190
177

4,5877

0.,02811

5.5282
5.06586
5.8421
5.,3708
4,4945
6.0922
6.0038
5.63528
5.0586

0.02694
0,02931
0,02729
0.,02712
0.02740
0,03102
0.03094
0.02964
0,02857

1.5672
1,3721
1.4761

1.7062
1.5976
1,5961
1,6245
1.7641
1.6961
1.7063
1,6979

0,0094
0.0083
0.0083

0.0084
0.,0088
0.,0074
0.,0082
00,0087
0.0086
0.0088
0.0089

0.3821
0.3741
0.3793

0.3469
0.,3761
0.5161
0.2998
0.,3641
0,2991
0.5014
0.,3164

0.0023
0.0022
0.0021

0.,0017
0,0021
0.00156
0,0015
0,0022
0.0015
0.0016
0,0017

0.7841
0,7943
0.7642

0,6999
0,7321
0.,6794
0,7410
0.7461
0.7651
0,.7642
0.7421

0.0047
0.0048
0.0043

0,0035
0.,0041
0.0032
0.0037
0.0045
0,0039
0,0039
0.0039
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l.

Lo

Se

4.

Se

6.

7.

Section from spleen of normal pregnant control rat
(21504) fed Steenbock V diet. X 160,

Section frem apleen of pregnant rat (21747) fed Pork
7 dlet. Three cells show fatty degeneration. X 160.

Section from spleen of pregnant rat (21458) fed Pork
I diet. X 160.

Section from spleen of pregnant rat (21766) fed Pork
SOA diet. X 160.

Section from spleen of pregnant rat (21795) fed Pork
39B dlet. X 160.

Section from spleen of pregnant rat (21421) fed Pork
39C dalet. X 160.

Section of spleen from pregnant rat (21473) fed Pork
31 diet. X 160.
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1.

2.

Se

4.

Section from spleen of
normal control rat
(21504) fed Steenbock
Vv diet.

Section from spleen of
sick rat (21708) fed
Pork I dlet.

Section from spleen of
alck rat (21937) fed
Pork 39B diet.

Section from spleen of
sick rat (21618) fed
Pork 31 diet.



D o ST

e

- 338 -

PLATE 2., SECTIONS OF SPLEEN FROM A PREGNANT CONTECL
FEMALE AND THREE S8ICK RATS
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Ao 7

1.

e

G.

be

6.

7.

Section from nancreas of normal pregnant control rat
(21504) fed Steenbock V diet. X 160.

Section from pancreas of pregnant rat (21747) fed Pork
7 dlet. Three cells show fatty degeneration. X 160.

Section from pancreas of pregnant rat (21458) fed Pork
I diet. X 160,

Section from pancross of pregnant rat (21756) fed Pork
39A dlet. X 160.

Section from panoreas of pregnant rat (281795) fed Pork

398 dlet. X 160.

Section from pancreas of prognant rat (21421) fed Pork
39C diet. X 160.

Section of pancreas from pregnant rat (21473) fed Pork
31 diet. X 160.
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1.

Je

4.

Cection from pancreas of
normal control rat
(21504) fed Steenbock

Vv dlet.

Section from panoreas of
aick rat (21708) fed
Pork I dlet.

Section from pancreas of
aick rat (21937) fed
Pork 38B diet.

Section fronm reas of
aick rat (21618) fod
Pork 31 diet. :

e
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PLATE 4, SECTIONS OF HEART FROM A PREGUANT CONTROL FENALE
AND THREE SICK RAT3 '
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