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Preface

Ihe abbreviati.ons used in this thesis ere defined-

ín rlns'brrrctions tr¡ authorst ín Biochem.J. Q-g7j) I4år'
l-2O. Non-stand-ard abbrev'íations are define,l in the text,

The foliowing enzynles are qu,oted- j.n the text:-

It

I

al"close reductase
aspartai e arnino tran.sf er.'a.s e

ATP-citrate l;¡ir,se

diaphorase

fru.c'Lokinalse

glu,.co se 6*phospha.tase

glucose 6*1:rhosphate
cì,ehyd"rogenäsie

hexohi,ir^ase

hex,¡ se d.ii:Ìrospha'case

Jacta-i;e d.ebyclro genase

nal-ate dehydrogenase (tlal.¡+)

ma1.a'be d.ehycì.roeìe.nas Éi (i,Tfi)F+ )

phoeph-ofnrctokinase

pho spho enoln¡rsqvat e
èarbõxykirrasb ( crl ¡

pho ei:ho gli"r. c o s e i r: om r: f iac e

Fyr:-u r¡a'b e c a. r:ìror:;r'-l- p.s e

pyr.rvr-rt e ]cj"ne.. s e

sorbj"tol äehycirogelt¿ìse

EC

EC

EC

EC

ET

EC

tit

ïtG

EO

ET

lrc
n^il v

1l rr

EG

f .inl-.21
2 u 6 ,7-.L

4-.1" 3.6

1.6.4 
" 3

2,'l .7- 
" 
4

3"J."3.9

1. J. .1 .4ç)

2"7,'L.f.

3"1.3.1-1

J- 
")_ .)- " 2'l

1"J-.i-._3?

.1" "J. .i " 
82

2.',| ,,!,5f)
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Su-ruriary

(1) T]:e devel.opnient of g1.u-coneoç;enic activity i-n the feta.I
and postnai;al larnb has been j-nvestigated both ¡Jl*YffÏg,
and. iI- vivo 

"

(Z) lileasure:'ent of the activitj.es of the key ew'yTlres of
gluconeqgenesís in ]íver homogenates fro¡n fe'oal- arrd'

postrratal larcbs r:evealeO 'lha'i; al-l. enzyÍles were ac-bive

befoi:=e bir'tþ. Tþe actÍvi-by of the ew'Y'fies glucose 6-

p¡ospla,tase, hexose diphospha-i:ase o phosp)roenoip¡in¡'va"i;c

Oe'"rboxykinæ.se ( soluble ) ancl ir¡¡ruvate car'i:r;r:yl-¿rse

incy.eased vríth g;esta,tíona1 ege. TTie pa:"ticul-¿r-i;e

pb.osphoeh.trlplr¡uvate carboxyltinase d.id. not show thís pa-btc:i:

of Prenati-1l- iievelopn:ent' :l'ctivity rivas: ili'.-tÞ ea'r-''y ir¡'

g;estar-tÍ-on erncf ¡err-ained. consj¡a.nt u.nti} bi.rtþ" ¡\f-her'

birth the e'ctivities of all-l en.z,Wnes incrcas;ed ""ü vai-ue;s

in e>:cess of the actj-vitíes 5re*.su:led- in lj.veï hotio¿:lenates

fv'om a,du--l-'b,gJ*i.eep'

(3) The .'¿cti¡¡j.ty of tbe gluconeo¿;enic pathwa'¡r was å'sËesseri'

j-n the chrorrically cannulated. fetal lanrb ÐÀ!-g*'
Cla.rrnrlae v,¡ere surgically ;otaced. in tire u¡nbj'lj'eal- vein

r,,nd. a,r"tery' or the fernora.l vci¡ anc ¿,r'le31.¡ of t]:e fe'¡af-

l_a:nb" Àf.ter a periocl of recovery, non:al-J-;¡ fj.i'e ca..\¡st

5A ¡:Li of IU-l4C]1acta.'be, a I'i:nourn g.l-u"corlÊo¿::e11j-c su'[rs'b:''ai;':,

was ¿rd¡nin.istered agi a single intrave1loll$ Ínjeet:Lcn
tO the fer,a.'} larnb. (;nnve¡'s:iOrl to g-i'ucOSe V'¡âìfi 1rì1ei¿st:'r-'*ú

in e, series of bloort sa.mpl-e,'; 'i;ake:r af-ber Í-njec'b'i on of

isotope,

No gtr-pcose fo:rnat:i.çln frcm la+tate Wåsl ri'e'l;ec-'çeii -in a"it¡r

blood sår:inie ind.j-cating that g1-u.coneogei:Íc acti'vi-ty
is mirri¡ü¿Ll. in tìre feta.I J.ariib .*f^*b.?#' Iü-iriitation or-

frrt-ctose :frcrr Ieetai;e d'id :oo'b crccil.lÏ'o

ïaralre{;ers of lact¡¿te r,etanctisr by th¿r t'lvine fe'bu-s 1¡iere

c¿¿lCula.'uea from "r;þe specific radic¿rcti vi-'i;y C:-sai:peatT'ôíiQtj

curve c¡f bloocl ]actate ì:y nrrlti-conrparuir'en-i;a1 Írne')-¡rsis "

(4 )

(5)



(6)

v

Th.e irre'versj"ble ioss of tractate froril the fe:tus was

O.O7z¡ t O"OC' rru:ic-L/tr¿,r/rrrir:, 'bhi: lactate pool l\'as I.6€:1 J

O.OBO nmol/)cg anrl the l-ac'ba-be space was 65Í, of 'bhe

bod-y lveight 
"

TIn contrest, the gluconeogenic pathway vuas ac'uive in tire
postnatal leml¡. Rapid conversion of lactate to glucose
fol-l-owed, the intravenou-s injection of þO pr0i tU-l Cllacta'be
The Írreversible lo-<s of -La"cta.'be fronr the postrratal Lanrl¡

lÀIã.s O,O/t2 * O"CO3 mmoty'kg¡/rain, lvhich is siEgrifica-trtly
l-owerthair the irreve::sib1e -l-css of lac'bate frorr 'bhe

fetus ( l<0.05)" The l-ac-bate pocl of -blre postna.terl

l.arrb, O.5r1'¿ * 0.059 tntno3/kg a,ircl the spacer 3Lf,, of the
bod"¡' riveight, were aiso significantly less i..ltanthose

1:ara:.rleter:s of the :fletus. 35f B'i. of ttre l40*labr:11ed-

l-ae'bate \r/ÊJs incorl-.orated i.¡-lto the glrtcose poo-!- o:[]

-bhc pos-bn.a. ural. l.a-rnb.

!ll:e metai:olis:n of Iu'-14c]fnrctose by 'bhe clrron'icail-¡r
ca:rntr-l¡¡.'berl feial l-et:lb ]nlät'qJ:g',v¿ls al-sc¡ stucli-erd-"

[u-'lac]fruc-bose (lc ¡.,-ci) rvas admj.nis'Lereo as a, sj-ngle
in'Lraven.ou-S injection. and. arralysis of th.e bloo'J- sar.ples

shov¿ed. that the iso'bope cìisalcneared. onl-y slorvly from

tire f:ructose pooJ" of the fetus" l'nrctose nad'e r'lo
si¿grificazit contriblition to the gir-rcose or ..l"¿.:.c'tzi'te

pciol"s of' -bhe f etus 
"

By nul-bicolria¿r,r*br:,en'ca-i- a¡ra.1ysis of th.e $"oecifj-c na.c-ioac'bir':i l'

cii-sa.iweara:Lce cç-T've ¡¿n j-rreversibl-e ioss of fruc'bose

of 0 " C C8 :1"- 0. OO] *r,c7/kgfrtin lve¿s ca-Lcl:*L¿'tec1. Th.e fru'ctostl
pool- was T-Á)Z ! 0"0¡i.9 t::rno1.r/1;g ano i:he space was jQ;;i

of 'che bod¡¡ '¡reig'ht "

(ilucose nietaJrol.isrn j-r. the olrj.r:.e fetus l?a,S me¿lsr-Lrerl

(r)

(ê)

(e)
fol"l olti-nt "uilo s:Lngì-e i..nject:Lou'l ti,-bo -i;lle fe.ta.l- -Ia;nb :Lr: u'i';ero.

of 5c ¡ci f u-l'4cl g)-r,:ecse

G*.gir.rco',+e lves raPic.iY

me-Labolizt+ci by tiie f e ¡u.s f o¡ning lac'tate end f ruc1'ose 
"

39 :lt 6i; of .i;'i.:e l-4ii.--l-u,,-,;etleo- g1-ueose iï¿ì.s in.cori:¡or¡r'i;ecI

into the la.et¿te noo]- ?,ï1d 31 I 3"i'; was incorpora.led
in-bo the fruictost¡ locÏ cf t.l'ie fetu¡-:"
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The i-rreversible .Loss clf glucose fron the :fle1;us v'¡as fouild
to Tre 0.041 t 0"00?l riuno-r,,/lr[¡,4uin¡ 'bhe pool was 0.:,98 :l

0.051. urmolTtk¿{ anrl the slr¿ice \r';Érñ ,l"i e:f the bocly ',veiglti;;"

Sin'rilar experi nents con.rlu.c"uerl';;i'bli po stna.ta.l- l-::"t'bs

sho'¡¡erl that lacta1;e tliasj rapi-d.].y fornred. from the injec-hed
glucose" 39 t Bf of tHe l-4c-l-alrel1ec1 

€çÏurerose lvas
j-ncorporated- into the 1ac'ua,te 1:o,r1 of the postnatal
lamb. The irreversible 1-oss of glucose fron the
pos'bnatal larnb war; Cr"O33 t O,OO2 nr.vrot/kgr/rni.n, the pocl,

wa.s 0.998 ! C.033 nniol/kg cr::.fl tlre space tvas 2Ç/, of tl:ic
body weight.

L model is proposeil for the ureta,þol.ism of 63lucose by
'bhe ovine fel,urs r.,nic;h shows i-rrevei,'si-T¡le cor:vez'sic¡r:. of
gltrcose to lacta.te. in contrast , glr:cose ¿¡¡ld" l-¿rct¿1,'bel

are read.i.L¡r iniereonrrertj-Trl-e in the postna'ca].. Jar:nLr"

TÏ:e activity of tb.e g1-ucoireo¡eni-c pa,tnlray :i.r:r 'L']re c¡vjrirl

fetus was assessed. after the intrar;'et-rous acimi:ristr¿i'uir:l:i
of ¿rc'r'enal-ine ancl g:hrca'g1on -l;c¡ -ulie cirroriic;-r'11y ':-r¿il"rrlr'j"';j'heci

fetal 'J-¡,¡lb *"*!gt:". ijil.ev¿:r.ti-on of 'cl-r:ocì. rlrti*os:e e'¡rcl

lactate conce¡rtratiens lrere oT:rserveil to foll.ow
adrena,line or. glucagon infltf.rioþ, Th.is h;Vperg;lyc;'remier

did not resuJ-'b fram irrcl'L¡-ctior.r of glueor:.eog-"*neeis.

The ae-tivit..¡ of ihe gil'.coileo5lenic ¡:a'Lhvra¡' \¡íaË Ìtoilj-'ço:leû'

du"ring par'fir,ri'tj-ozr. Gir.icc,ilpçr;:-;cll:,iic ir,cti-v'Ì.ty $I¿,iri not;

de-bectec'ì iir i:.n1r i¡:,1:li: r;:r'üi--;. s.Í'ter ì,'i::"'i;Tr , ei'the r.' r:r¿-bnri:Li

Or fo.Llowina{ Ceer;¿1.¡:i¿rn se¡c'L;Lor:-" {lllre r'*ipir:ì c1r-':et of
gluconeoEten:i.e ac'iivii;y in 'uÌl¿: Ia.iir.'b ¿r-l; ì:ir'-l;ir i.s iJiscr'r-ssr*r-i'

in 'cer¡iÊ o:fl t;nc 1-:iochenr:i.ca-J ccrrtroJ.Ll vilt-ich n:'; ()[]ê-r1'.rì-lì{ìl

d.ur: ng ì;he trc.nsítiori. f rorn f et:t,-t "bo neot'lp"'ba} Ïí.ile 
"
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fur important feature of ruminant nutriti.on is
that little carbohyd.rate is obtaii:ed. derectl¡' from the

cligestive tract. The bulk of the ingested. carbohydrate

is rapidl-y fernenteil by the mlerobial population of the

rLìrren to the volatile fatty acid-s; acetic, propj-onic a-rrd.

butyríc acids and. to carbon dioxide and nethane

(lnif:-ipson and. IrtcAna].ly, 1942; Elsden, IgtlS; HeaIC.n 1951;

YleJ-Ier ernd Gray, 19:54; Ar:nisonr Hill and Leriilsr 1957;

Bensadoun, Palladitres an.c1 Reid, :..962; Porter e,r:cl. Íii.rr¿¡}e-i;o:r.,

1965). For its su.ppJ.y of glucose the adu-l t ru;nj.na:irt

is compl-eiely d.epenúare-b upon g'lucorreogenesÍsn the Ër'ocess

by rvh.ich glr.rcose is synthesized frorn non*carbohyürate

precrlrsors such as propionate, Ia.c'cater g1-yceroi ano

certaÌn a¡nino acid-s.

Glueoneogenesis j-s essential-l-y the r'Ðl're,rfje of

glycolysis rvith rna.ny of the enz)'lt;es conr;-o.'* to r¡cr-bh

pa-bhlvays (Eig f ). îhere are hov¿ever se',¡era} rea.ct-'t-ons

in the gl":'eoI:ftic ,eecluence ivhich, are esser:'bialJ-5r

írreversible. llhese a,Te :

(1) the hexokin¿Lse-eatalysed. irhosphol:yl.etj-cn cf

glucose to glucose 5-'phos1:Ìra'be,

(Z) the phosphoJlrvctokina,se'cai;41-¿ised'

pliospb.oryia'bion of fructose '6-pl-.osphate 
'uo fru-cto,se I o6*

diphosphate and.,
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An ou-tl.ine of the gluconeogenic pathway

(brocrd arror¡s) sholving the sites of

entr3"of the glueose Precursors i

l-actate, propíon¿a'ber g1')rcerol and the

I glucogenic r amino acius, ala^:l:-ne t

gluteanate and aspartate.

The key regulatory enu¡roces of glu'coneo-

genesís a.re !

(f) pyr.r.rvate car"boxYlase

( Z) phosphoenol-pynrvate carÌro:q''irir:al:+:

( 3) he:<ose drphosphatase

(+) sJ.r:cose 6-PhosPhetese
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(3) the conversion of phosphoeno'Lpyru'vaie to

py:ruvate, catalysed by p)¡lrLr-vate kinase '

In glucoüeogenesis theSe irreversible reactions are

bypassed b¡¡' :-

(f t) glucose 6-phosnhatase 'nvhich catalyses the

conversj-on of glucose 6-pbosphate to glrt'coset

(et) Ìrexose díphosphatase r"¡¡iclr eatalyses the

conversion of fructose 1.r$-diphosphate to fructose 6-

phosphate and.,

(¡r) the conversion of pyruvate to phosphoei-rof---

pyruvate ca,talysed by pynrvate carboxlrlase an.d. phos¡rhOenol*

pymvate carbo:cYkinase .

For further detai.ls see Scnrtton and- lltte:r (:-998).

Îhe liver is the najor site of gluconeogent+sis in

the adult sheep, prod.ucing 651" ctf the glucose syrr'i:hesizea-

in the entire animai (ner€gr1an , Katn and Keufnran, 19?Ð)'

a¡:other site of gluconeogenesis is the kid'ney, a 'bissu-e

rvbieh nialces a sma]l, bu'ü sigr:ificant, contri.hu-tiozr t'c the

glucose pool of tÌ-:e ad.ul.t sheep. Kaufna;a ancl Ïie:r6ltrrut

(fgZf) Ìrarre cal-culateci that net ren¿rJ. g1ucose pr=ocruetign

is 5-a5í, of. the total- glucose s],'lltbeslzed by the adr"tlt

sheep " Irae'bate¡ frorri v,'hich 4C-6C{ o"í the renal gluecse

output is synthesized. (Kaufrnan a¡rd Bergarant T974) anct

adrino acids (ger',ran, Kauf:nan, "rlolff an¿ i'lill-ia'l'rs, LL74)
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are the najor gluconeo¿¡enÍc subr-r;rates used. by the kid"ne;¡.

In the fed., resting ad-ult sheep the princi.pal.

hepatic glucose preeursor is propionate from which 20-50/,

of the gluccse'is d.eriveô (Bergman, Roe and. Kon, !966i

leng, Steel- anil luick, 1967; Jr''.d-sorrr And.erson, luick
and, leng, 1968). .ê^n estimation of the contribution

of propicnate to the glrrcose poo3. was obtained by

infusion of 14c-tr¡e1l.ec. prcpiorlate rtlien the percenta,ge

of 14C-incorporate,l in'bo glucose rias measured. [he rorrte

by which the propionate t¡Ias adnrínistered. had. a 1;rofomd

efÍlect upon the ealcu,l-¿¿'ced value for p;1-ucose produc*ion.

Bergnran g3-+ (r9eO) inf'usea 14c-.propio::Late vía the

rr.¡¡nj-na-l vei.n, whil-s-L leng e-3._g& (?-967) end Jurlson -Ê-t-gl},

(fçOg) adiriinj.stered. }4C-p*opiorra-Ue direc-bly to the rurnen"

Since propionate is converted to tractate d-uring pasÉage

across tlre rtrmen epithelium (Per:nington anö Sutherlancl,

1956), administration of propignate via the rrr¡rjna^l- vein

gave a si.gnificantiy lower estirnate of giucose syn*r;hesis"

leng .q.j__*l_ (lçgf) have estinateeL that up to 'lC'þ of ¡ropiorr¿te

absorbed" frolir the rumen may be ecnverteo to lactate before

conversj on to glucose.

In the ad.ui-t si',eep ciirect absorp'i;ioir of factate

fror¡ the nrmen is negij-gible sír:.ce l.itl;l-e l-actate

escapes mierobial f:r¡ientati..¡ri (,TayasuriÍa and T{unga"ter f959;

Satter and Elsdale, 1968i l/ierclienzie, l-96?). Hoi¡Ð'v*ert

lactate for gluconeo.,genesis is availarole fron an:laez'r:hi0
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glycolysis in peripheral tissues such as worhing niuscles"

[his malçes quantítatíon of the ]-actate contribuij-on 'bo

gluconeogenesj.s difficu-lt because the reconversion of

lactate to glucose (i.e. the Cori cycle, Corir 1931)

does not represent a net synthesis of glucos€.

Annison, Linclsay and White (f9æ) have c¿-rlculated tirat a

ruin:i¡rum of l51i of the glucose turnover of the fed', resting

adul-t she ep ís synthesised from lactate and, rvhilst 4C/"

of the laetate pool- is derived. from glucose, oniy 6{'

of the gJucose pool. is recycl-ed rria l-actate.

After propionate, the glucogenj.c a¡iino acids alîe

the most quan'bitati..'ely significant precursorÊ of gl".ucose

ln the fed adult sheep" Tþey aTe primarily eJ.erir¡ed

from microl¡íal protei-n (Kay, 1969) and becone availa'bÏe

fol-]owing proteolysis and absorntion from the small

intestine. Sheep liver re$oves 2-4 nnol amíno aej-ds per h'r

from portal blood (wotff arrcl Berglarlr 1.9-¡2ai tllolff,

Bergman and Wil"líams ¡ 1972), Glucose syn"hhesís f,:rom

glucogenj,c amino aeids suppiies ¡p to 3C/" of the cra"iJ-".¡

glucose requ:lrement of tlie aùult slieep (Nolarr ar-rd T:engn

1.968; Trord and. Reil1y, 1969; Rei.l.ly and Fcr:d.r I9*lIaî

'ffoLff and Ber€gnenr 1-972b).

Glycerol is ariother potentj.al p3eeursor of gl-ucose

in tkre runinantn but in fed. sheep cn3-¡r 5f" ef the gh-:-ccee

s¡mthesizecL originates frou 81ycero1. During fastingt

however, glycerol- availability increases a.s ¡lobiiís¡'tíon
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of free fatt¡r acid-s occtlr5. tlnd.er these cord'i-bions

glycerol can account fo:. up Lo AOf" of tle glucose

s¡mthesized (Ber€pan, 1968; Bergma¿, Starr amù Reulein,

tg68).

In the adu:-t sheep glr,rcose synthesis (i.e. g1lrconeo-

genic flux) increases after feed.ing. Tor exa:rrpl-e

Judson an¿ leng (f96g) have obE¡erv'e,l that gl-ucose

s¡mthesis irtcrea,ses with the irrtake of digestible eneréîf

ancl Katz a.nd Bergmâ#I ftg6g) have reported. that a ,Of"

increase in hepatic glucose output acco¡npauies feed'ing

j.n tire aeLul.b sfieep. Th.j-s is j-n. r:orrtras-b to -LÌ'e

sitriation rvnich occlr-rFj -',-n the fed. adult nonçgi:.strÍc

(e.g, the ra.-t) in v¡hich g1ucnneogene$j-s is negligib:Le,

In starvecl sheep net þ.epa'bj-c auf. n.et inenal glttcose

ou'bput -{gg.qqegqq., prirûarily i:ecause of a d'ecrease in the

ar¡ailabili-ty of glucose precllrsors Àrinison, Brown, lengu

Ilinclsay and. iIest, L967; Bergna6, 1963, 196¿'; Katrfntarr

arrd" Ber{yûe?1r 19?Ie 1"9?4), vrhile 1n th.e a'd.i'r1'{; ::s'"i;

gluconeogenic activity åågfggtr'å d-riri"n'g perioas of 3'ow

carbohyÖra'be in'Uake olr stärr..ati-on.'

. on exa¡:inaticir cf thc ac-ri";ities of the ratr¡-'

Lj,nj-ting eilu¡Æìes of g-l-r,."ccn.eoge¡1esis (see Fig 1)o tlt'e

reg¡sons for tile f,iilfi:reli-f 'rç'siiÜnse of 'blie ru:¡inan'c a:id- 'biie

mgÌtogAStr:LC '.io sta-rVat:i.,ln 'iretlcile a,ppav'ent. Tn '[]re ra'l

the acti.rrities of al"i four key êllrzf,IÂ€s of gluconeogenes5-s

increase du.rÍr.g sta,yval;icu {S,l:rurtton ¿ln'J' LTttel"r -l-96€i
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lÏimhurst and l{anchester ¡ 1-97A¡ Fi1se13., Jarrett, Taylor

and Keech, L969), and. there is an overall increase in
gluconeogenic capacity. Refeed.j-ng is accompanied by a
decrease in the activitíes of these enzJrules (Shrago,

Irard.y, Nord.l-ie and. Foster, 1963; Foster, Ray and. lard.y, 1966).

IIowever, in the adult sheep there Ís no change in the

aetivity of pb.osphoenolpyrovate carboxykinase d.uring

starvation although the activities of glucose 6-phospha.tase,

hexose diphosphatase and pynrvate carboxylase increase.

Turthemor'@ ¡ there are only smal.l changes in the activ!-ty

of phosphoenoLpyrtrvate carboxykinase ín pregnant, starwecL

pregrrant or phlorrhizinized. sheep ( al-l- coi:.cii'tÍons in
which gLucose d.emancl is increased) end in l-actatingç,

starved or ketotic cows (FiLsell- g-kl, 1969; Baird.,

Híbbitt, Hunter, lu:rcl, Stubb and. Krebs, 1968; Ba.Il.arcI,

Hanson, Kronf el-d anct Raggi , l-968 ) .

Gha,nges in the activities of the Eey enu¡mes of
gluconeogenesis are al-so associatecl with honronal

fluctuations. GJ.uconeogenesis and phosphoenolpyruvate

carboxykinase activity of the rat" are increased after tiie

administration of glucegon or clibutyryl cyciic AiVtP

(Sfrrago g*_1, 1963; iVÍcks, Kenney and I,ee , 7-969; Iìeshef

and. Ha;:sori, 1972; Hanson, Fisher, BaIIard ancl Reshef r :.9?3;

fíJ,ghman, Hanson, Reshef , ]lopgood and. Ba11ard, !974) .

Gl-uconeogenesis is also increased. during diabetes where

an increase in phosphoenolpyr*vate carboxykinase activity
occrrrs (Shrago et a]., 1963; Foster g!_E¿ , 7-966).
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llreatrnent of r].iabetic an.ima]s rvith insulin results ín a

d.ecrease in hepatic phosphoenoil:y'ruvate car'boxyl<inase activit¡'
(iïeber, Singrrrel and Srivastavar 1965; tr'reedland., 0unl'iffe

and Zintcl , 1966) , and, is caused by a d.ecrease in the rate

of enz]rme s¡rnthesis (iv:-cts et al=, L974; lilghnan 9.@,t
f974). Insulin lowers the hepa'bic concentration of

cyclic l\IÎP (Pa.rk a::d Exton, 1972; Parlr, I,ev¿is a;rd -Extont

lgTZ) a¡¿ the d.ecrease in hepati.c phosphoenolpyruvate

carboxyl<inase ca¡r be blocked by dibutyryl- cyclic Ai{P

(ritgi:ma¡r et-al , Jg74) 
"

ovine phosphoenolpyruvate carboxykinase amd

pynivate carbo:¡,"lase activities a;re simílarIy irre::ea.seC.

during diabetes induced by alLoxaf!. or b¡r pancrea.tectomy

(Filselt 9t-4¡ L969; Taylo::, \Ta.l.l-e,ce and' I(eech, 19?l').

Glucoeortieoíd.s j-ncrease the tate of gl-ucotleogenesis

in the perfused liver and. have been reported to increase

the aetivities of hepa.tic phosphoenolpyrul'ate carbox;'kirrase

a¡d pyr.lvete carbo,.c¡rlase in feô intact or adrenalec-Loiliined'

rats (lardy, Foster, Shrago end Ray, 1964.; Freedmarr an:rJ.

Kohn, 1964; Her:,:ring, Seiffert and Seubertr 'L963;

Shrago gåÉ30 1963; !'os'uer 9l¡-qle 1966, îTicks S"!-9å' IL)69)"

Howevern tb.ese observations a;ne in conflict v¡ith those

of Reshef , Balla,rd a¡rd Hanson (1969) v¡ho found that'

tria:ilcinolone, a syrrthetic glucoco::ticoirl-, had no effect

on phosphoenolpyn:vate carboxykin-ase activity in fed rats,

17hile it decreased. hepatie T¡Ï.,o si:'hoenolpyru'"'ate carboxykinasr-r

activi-ty in starved rats (Reshef , Ha¡s.on a¡od. Ba1lard, 1970).
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Gnrcrr, ÏIanson, hleyr.rlra.s, Iteslref a¡d 3a11ard- (tgll) have

clarified the sítrraiion by the determin¿¿'*1on of the rate

of phosphoenoJ-pynivate earboxyilinase syntheeis and degrad-

atÍon in J"ivo_ after glucocorticoid adminis-bration' In

both fed and starved. rats 'bhe ra'Le of synthesis of phospho-

enolpyruvate carboxykinase decreased" v¡hen tria¡ncinolone

or cortisol- was injeetefr., Only ín diabetic ra'bs did

glucocorticoids increøse the rate of phosphoenolpyruvate

carboxykinase s¡mthesis. Since th-e inerea,ses r¡r blooct

glucose arrd insulin cor:.centrations vrere found to

acconpanì.y trj.a¡rcinolone injection in starvecl z'ats (Gur.,n -91-#Åt

]-975) i'b was pr"oposed bhat the action of g1-geocori;Ícoid's

to decrease phosphoenolpS'ruvate carboxxrlci¡rase activity in

these animals rn¡as med-ia.tecl by irrsul-in" Since i-r-'si.rl-in

cor¡Id. not be releaseð in diabetic ar¡.imals phosphoenol-

pynrvate car'ooxykj-nase s¡mthesis vsas increased by the adrnin-

istration of glueoeorticoj"ds.

Admirristrat-'r,on of glucocorticoid.s to the e,dr-rit

sheep resu.lts in hyperglycaemia (Sassettr 1.963; tsassettn

frlills anrd ileid, l_966) tqt are rvithout efflec{; on tþe

activity of the enzylûes of gh,rccneogçenesi.s (ttil-selJ" eþ.-a'L,

1969) . TTrerefore, it is no'b pos;sible for the Ìr;rpergl-;reaeurir'r

which foil-ows the acìnrinistratÍon of g-Iucocortj-colds

to the aduli; sheep -bo resu-lt fron. am insrease ín gi-uconeo-

genie capacity. /rn increase in substr:ate availabii'ity

(e.g. a¡iino acids) pl.ececlecl tire inclease in glt:.cose

concentration (neilfy and Ford-, -r'971b, l-974) and ind'icated'
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an increase iri gluconeogenic f1ux" No increase in 1-,ropíonE¡-be

conversion to glt:-cose tvas brouighi a-Oout b¡r glucocorticoio

adr¿inístration (I+ord. and \Tinchester, J"974 ) '

From the foregoing statements it is apparent

that gluconeogenesis no:r¡ally functions at close to

maximu¡o eapacity in the fed. ad.ul-t rurrrinant and that

cluring conciitio¡ts of íncreased, gl-ucose d.erqand no marked

increase in gluconeogenic capacity' occurs. [his has

iurportant implications during plleglla.ncy lvherr extra glucose

is requi::eè, to meet the deman:cls of the fetus. Under

these conûiti-ons gluccse protiuct:i.on increasesr presunabl"y

as a result of íncreased. gluconeogenic fl-u¡: tl"ue to a

greater availabil5-t;'r of substrates (3ergman, 196-3u 1"954;

Katz and. Bergman., 1969) .

SeteheJ-l, Bassett, IIinks a¡rd. Graha¡o (19'-lZ) have

calculated that the averege glucose uptake of tne pregnant

uterus is ecluivalent tc lúi. of the glucose prod.uction

of t.lre elver Of this glucose the fetal. l-al¡b has been

estimatecl to reclui-re 32 g per ilay (Kronfekl, 1958) or

abcut 3Of'of "bhe g1-u-cose avarila,ble to 'ihe elve (lindsay,l-q?l)'

Furtheranors, Cr.rret, ül'ens?iaw, Marrn, .A'brams arrd Samon (fgt0)

lrave caLcui.¿L'becÌ i;hat rrp to 40 g a,lrino aej-ds per cl'ay a.re

rernoved. by the pregriani u'cerusu thereby depleting the Foo-1-

of materr:¿I glucorr.eog:enic suÌ¡s"i;re'ces. It rnay be eoncl-udet

that pregnalâeJr presen'üS a.¡n extraOrtlinary d-ernand on the

gluconeogenic pat)eivery of the Ðwe . ^4I1 inabiliiy

to tttaintaín glucose prod.uctíon would be detrimental io
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botþ ewe and. fetus, a situatiorr exernplified. in ovine

pregïr.ari.cy -boxaenia (i.e. twi¡ la¡rb disease) ( Reid ¡ 1968;

Patterson and üunnÍngham, 1969) '

GLueoneogenesís has been shovun to play a vital role

in the suppS-y of glucose in the adult sheep, but l-íttl-e

is lsLown of the gluconeogerric activil;y of the fet¿l-

lanb. In the fetal- larnb glucose is not or:1y o:<it1ised.

('Isoul-os, Colwi11, Battaglia, lÏa]1owski arrd. I/ieschiar ]-971i

Ja¡res, Raye, Greshan, I,'Takowski, ùieschia anrd Batti:.gLi.a, 1972)

but it is also utilized. for the synthesis of glycrcEçent

J"ipids, fructose etc. .å.s ges'bation Tlrogresfites gÏ;yecgen

accrmrulates in t?re fetal. liver, skeletal muscle ar:,'S

card.iac muscle? witil- at term the glycogen eolltellli of

these tissues is hj"glrer than fotinei i.n t'he :r.r1l*lt" -ê*'h

te¡rn the liver gI-ycogen concentra.tion ís BO mg per" I we'b rlt

v-rhich is twice the adult value. I,n skeletal muscle afr'd

card.iac ¡nuscle at tern glycoge:r is present a* JE ing 1:er

g yret wt and 16 ng per g wet wt respectivel.y, var)-t.r*is wÌiicir

are both 5 times the acl.ult va]-ues (She1ley, 1961)"

During n.o::raal i"ntra-uterine d-eve-lopment gl'ycogen

mobilíza.bion is }ow, but util|zatign of tiie giyeogen

reserves has l¡een shovnt to occur react:r-.Ly ùrrring stresses

such as ind.ueed asphyxia (lal';es, IÍott ani- Shellei", 1959;

Shel.leyr 1961; n"ittorr, Níxon en'* ,+rightr 1-q6?)"

After blrth glycogen is a l:eacy Sou.r'ce of ¿l-Iucose a¡rd'

concentrations fa:-l to lØ, af fetal- val-ì-res r,'lithj-n the

first day of two (Snettey, 1.9ô1.; Edvrards emd Síiverr 1959).
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Glucose can be converted to J.ipid in the feteJ-

l.amb for, unlike the ad.ult sheepo the enz,Wes AIP-citrate

lyase and NADP-malate dehydrogen-ase are active in the

liver of the fetal rrrminant (Hanson and Ba11ard, 1967, 1968),

Drrring f,etal development there is a substantial synthesis

of lipids, but after birth much of the lipid is
mobilized. This leads to a 6 fol.d increase in plasma

fatty acids during the first 2 l::.r of postnatal life
(Van Drlyne, Parker, Havel and I{o1¡r, 1960; A-Lexaader and.

Mifl-s¡ 1968; Com].ine and Si].ver, 1972). The d.elayeo

utilization of 1ipid. suggests -that theír poten"biai as arr

alternative source of energy to glucose is not rea-ì-isted

unti]. after birth.

Frrrctose j-s another i-nportant product of fetal
glucose metabofísm. It is the predominate carbohyd.raie

for¡nd. in the blood of the fetal n¡¡'rinant and- repre'eents

up to TCf' of the total carbohyd-rate presen-b (¡acon a,nd"

Bel.1 t 1946, A948; Co]-e and llj.tchcock, 1946). Fn.¡-ctcse is
absent frorn the blood of the adult :rminant"

S]'nthesis of frrrctose is apparently restric'berl to th"e

pl-acenta (¿lexander, iluggett, I{íxon and ilidcr.ersr !9J5;

And.rer..rs, Britton, Hug¿5ett and, Nixon, 1960) aI-i;houglt

al'dos.e. red.uetase, which conver'ts g1u.cose.,to sorùitcl j-s

located. in the pJ-acenta and. sorbitol dehydrogenases

which catalyses the co:Lversion of sorbitol- to fructose is

l-oeated in 'uhe Iiver"

ì
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Fnrctose util.ization by the fetal J.amb is very

Iow (.Ll-exander, Britton and l{ixon, L966, l97O;

Setchel-I et a1 t J-972). The capacity to metabol-ize

substantial a¡rounts of fructose does not appear until-

5 clays after birth and. is d.ependant on the appeara.tree

of hepatic fnrctokinase ( Andrews É9.1,, 1960; Andrews,

Brj-tton and. Nixon, l96L; Baliarcl and O-L.iver, 1965) 
"

Since glucose plays a central rol-e in the

metabolism of the fetus it would be advantageous if the

fetus vras abl-e to maj.ntain or Eìr.ppl-ement its glucose

suppl-y through gl-uconeogenesis. Howeverr in the fetal

rat both in vitro a:rd &-æ. experiments h.ave de¡r,onstrated

that glueoneogenesis is absent (natJ-ard. arrcl Oiíver, I96s);

PhiS-ippidis and Ba11ard, i969). Activíty devel.ops

after birth and para1.ie3-s the drar¡atic increase in
phosphoenol-pyrrrvate carboxykinase activity (gaålard. anci

Harrson, 1967). The activity of cytosol phosphoencl-

pynrvate earboxytcina.se is very J.ovr j-n fetal rat líver

and the absen.ce of gluconeogenic aetiviiy in the fe"i;u-s

is iargely depenC.ant upon this faci. Adrninistra''l,ion

of glucagon to the fetal- ret g31[ero wil-I promote

a 10-15 fol-d increase in phosphoenolpyrurrate carz'boxykinase

activity. Even so, ì 1,ì Trl .l7¿.ì ¿¡l-ueonecgenesis is not índ.uced"

(lfrifippidis and BaLlard., 19?0), bt¿t gluconeogenic activity

in Iíver slices fro¡r tb.ese fetuses inereased to 5Ul'

of ad.r¡-Lt values.



13

Philippidis and Bal-lard Ogla) postulated that 'the

failure to ind.uce gluconeogenesis in fetal rats 'with a

firll cornplement of key enzJrmes¡vta.s associatetl with the

hypoxia which invariabLy accompanies materraaL sed.ation.

Thls hypothesis was supported. by Baflard (fg'lta) rrho

reported inhibition of gluconeogenesis in suckling

neonataL rats exposed to * N2 atmosphere. llhese

experiments i1-J.ustrate the problems inherent in

extrapol-ation frorn the in vitro to the in vivo situatíorr"

It has not been possíble to repeat the experiments

of ?hiLippidis a¡rd Baflard (fgZO) wíth non-anaesthetisecl,

chronically carrrrulated fetal rats because of the

technical problems associatecl with the ca¡:nuiation of 'bhe

minute blood. vessels. Further studies of the

d.evelopment of gluconeogenesis in the fetal rat are

therefore limited..

D¡e to its síze ar¡cl avai']a'bility t]re sheep j's

particuJ.arly suited to the study of fetal FTrJ'sj"ologl anú

biochemistry during the latter sta..ges of gestatj-on.

Surgical technlctrues are available for the chronic

cannulation of the fetaL lambr consequently the deve3'op-

nent of gluconeogenesis, a paihway so important to the

adult shecp, may be studied. rvithout ihe ljmite,tj-ons

i.:nposed by anaestliesia.

It is the aím of this d.issertation to examine
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the ctevelopment of glìrconeogenesis in the sheep"

Chapter III d.escribes the measurement of the activities

of the key enzJrmes of gluconeogenesis; glucose 6-phosphatasen

hexose diphosphatase r phosphoenolp¡rruvate carboxylcinase

and pynrvate carborq¡lase, In Chapter IV in f"ivo

experíments are presentecl which are d.esígtred to measu.re

the availabi.!-ity of Lactate and fn¿ctose for gluco$e

synthesis and to a.ssess the eontribution of glucose

to these pooIs. Final.l-y the response of fetal-

gluconeogenesís to adrenaLj-ne a¡d. g1u-ca.goll infusions

and the changes at parturition are described in

ChaBters V and \II.
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CHAPTER 1I

IIIATERIAfJS

II.1. Chemica].s

A1-I chemicals were of analytica"l grade and- al'J.

solutions were prepareo in g3-ass disti1-ted '¡¿ater.

Before use all solvents, '¡¡ittr' tbe exception of toluene

used. for licluid scintil-lation counting, were red,istill-ed.

?hosphoenolpyruvate, sod,3.um pynrvater fructose-

1, 6-diphosphate, inosine diphosphate, malate dehydrogenase

(nlÐ+), phosphoglucoseisomerase, hexol<inase, glucose 6-

phosphate dehyd.rogenese and. lactate dehyrirogenase were

obtainecl from Boehringer (Icannheim), Germany'

Signa Chen''j"cal. Co.¡ St. Louis, I'{o., II.S.A. were the

suppliers of glucose 6-phosphate, acetyl CoA, dithiothreitolt

l"ithir.¡m Iaetate, 2(-p-íod.o-pTrenyl )-3-p-nitrophenyL-5-
phenyl letl:azo1.iun ehlori-d.e , NAD+, NAÐH r I{ÂDP+ r A!?

and. cliapho rase frorn CI. kluyveri , Type II I-¡.

Koch-Light laboratories ltd., tolnbrook, Bucks., EugJ-and

sÍere the suppliers of 2-mercaptoethanol.

ÍT"2, Surgery

Portexpol-yvån3'}tubingforcannulaewasobtained.

from Boots Go., (Aust) Pty., I,td. Steriôrapes were obtained-

from l,Íinnesota i.ining and i{antfacturing Co. ¡

Mírrnesota, U.S.A" Etbicon'sutu.re materials were
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purchaseô from Ethuor Pty. r l,td. r Sydney, Australia.

Veet hair renoving crea:n was obtainerL frorn Ðae Flealth

I,aboratories ltd.. , Dngl.and. Chlorhexid.ine solution
(chlorhexidine, O. O5fú cetrimíd.e. O"5f' : sod,j-u¡:i nitriten

A.4/'in etha¡ol-) a¡fl Hibitarie c1'ea¡n were purchased. from

I.C.I.¡ Australia. Ceporan (Cephalorid,ine ( *-form))

was purehased. from Glaxo L,ab. r ltd.' r Engl-and and

Garamycin (Genta¡Tycin suaphate) was purch-aseil frsm

Schering Cor?., New Jers€¡rr U,S.A" Astra Che¡nical

Pty., ltc[., N.S.Yil., Australia supplierl lignocaine

(Xylocaine 2/"). Rompun (Zf" Xy1;azíne) was obta.ined from

3ayer, Austral-ia ltd. Heparin (mucous) was o'l¡tained'

from Allen and Harrburys, Vic. , Australia. Àd'rerrali'ne

tartrate (Hertette) was purchased from David. G. Buf.lt

lab, , Pty. , ltd.. , Canterbury, Australía" G'lucagon þ,'as

purchasecl from Eli l,i11y laboratorj-es, Indienapolis,

Ind., U.S.A.

II.3. Isotopes

D'(U-c14)-str*"ose r specific rac'ioc.rctiwity

230 nCirlmmolr O-(U-C14)-fro"',iose, specific radioactivity

5O-5OO m0i/rnmo]., T,-(U-Ç14)-tactic aeíd, sod-iurn sa1t,

specific rad.ioactivity 2O-5O nûi./mmo1 and sod.ir¡¡r'l¡ícar'ronete

(i,TuEl4co3) r speeific rad.ioactivity 40 rncir/rnmol,

were obtained. frorn the Rad.iochemical Centre, Amersha.mt

Eragl-and..

Hyd.rocortisone l,],rZ, 6r?-3H1, specific racioactivi-by

82.7 Ci/rr¡i was obtained. fron New Englartd ltluclear, }iassr LT.S.Á,



a7

lhe fLuors, 2r5-diphenyJ-oxazole (pro) and

1,4-di- Z-(5-pherqrloxazolyJ-)-benzene (pOpOp) were obtained

fron Packarct Instn:¡rent Co. , Inc ' , U" S.A. The

toluene and toluene-trj-ton X-I'OO (e:f , v/v) scintillatiort
fJ.uid.s containeè 3 g PPO ancL O.5 g POPOP per litre
toluene.
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CHAPTER TlT

ÌIEASURÐ,ïÐ{T OF HEPATIC GIUCONEOGE}¡]C ËNZTIì|TE ACTT\ruTIES

III.1. Introduction

The enz]mes glucose 6-phosphatase, hexose diphos-

phataser phosphoenolpynrvate carboxykinase (cytosolic

a¡d mitochondrial) and. pyruva'Ue carbox¡rlase are

obligatory for gluconeogenesj-s (Scrutton ar¡d Utter, 1968)'

In the fetal rat cytosol phosphoenolpyruvate carboxykinase

activity is veIT low and gluconeogenesis is inactive.

In this species the gluconeogenic capacity increases

after birth a¡d. parall-e}s the postnatal inerease in

eytosol phosphoenol-p¡rruvate carboxykinase actíwity

(na11ard and Hanson, 1967; Phílíppidis and" Ballard', 1969) '

Accorclingly it has been arguect that phosphoenolpyruva'te

carbox;¡kinase regulates gluconeogen'esis during

deve]-opment. It ís rny aim in this chaptel to repolt

the activities of the four key eTl.zlmes of gluconeogenesís

in líver extracts frora developing lambs.

III.2. Methods

L. Col-1-ec'bion of samPles

Feta.L l-a¡ob livers and liver samples from ad-ult

sheep were obtainecl through the cooperation of the local-

abattoir, SAÌIICQR. livers Y¡ere j¡nmed.ia'bely placed in

ice-eo1ô 0.15 [i NaC]- for transport to tbe l-aboratory'

The crown-rump length a¡d weight of each feÌ;us vrere
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measured for estirnation of fetal g,ge using the nomogral¡

shown in APPendíx 1.

Irivers from postnatal 1a¡nbs Ïvere collected froro

freshly slaughtered La¡'rbs of lcnorrrn age and inrmediatel-y

placed in ice-cold. 0.15 M NaGl. larnbs were kindly

dona,ted by the c.S.I.R.0. ¡ DivisÍon of Nutritional

Biochenistrx" G]-enthorne Experimental Fíeld stationt

OrHalloran IIi-1L, South Australia'

2. ?reparation of liver extracts

.L11 steps were earried out at 4oC'

I,ivers were ch.opped into sma1l pÍeces and'

I g portions taken for h'omogeir'Ízation in 4 nrl of

o.oelu sucrose using a tefl-on a¡lcL glass coaxial honoogenízer'

A portíon of the cnrd.e homogenate ti?as retained' for assay

of glucosc 6*phosphatase ac1ivity (Scheme 1, Fraction T)'

A second poriion (0.5 mt) of the crrrd'e homogenate was

freeze-d.ried. antl then suspended in water for j-rm'ediate

assay of pyr.,:.vate carboxylase aetiwity (Scherrre 1o Fz'a'ction TI

lhe rerriaining honioe-enaie lvas centrifugerl at i00t000 x g

for 30 min and. the supernatant collectec]. (Schene ]-,

Traction IIï). He:cose diphosphatase a'd- phosphoenol-

pyr-;vate carborykinase aetivrty were assa¡'ed in thiå

fraetion. [ire pellet ,l¡¡as suspend.ecl in lvater, freeøe-

dried and re-suspend.ecl in water for iruned'iate analysis

ofparticula'bephosphoenolpynrvatecarbo;rykinase

actiwity (Scheroe 1, Fraction IV)'
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3. Glticose 6-phosPhatase assay

GLucose 6-phosphatase activity was measured as

the amor.¡rit of inorganic phospbate released on incubation

of Fraction I ''i'rith glucose 6-phosphaterusing i;he method.

described by shull-, Ashmore arld Mayer (f950). Enz¡rme

activity Ís expressed as that asrou¡rt of enzrye wtrich

catal-¡rsed the release of l- l:mo1 tr/ e wet wt/ min at 3?oÇ"

Ttre assay mixture contained ¡ l-00 J*ol glucose 6-phospha'be

and- an aliquot of Fraction I to glve a total vof-ume of

f-50 }r1, Enz¡rme and buffer blanks lvere includ"ed with each

group of sarni:Ies. .¡lfter i¡eubation for 0, 15 or 30 min

the reaction was stopped by the addition of 0.9r1 of

tØ" trichloroaceti-c acid (w/v) and. the proteín precipitate

removed by centrifugation.

A portlo' of the sl'.perl1atant (0.5 mt) was mixed

with l- ml of ferrous-anmonir.lnr molybd.ate sol"ution whích

contained 5.0 S FeSOO.TH.O and 10 n3- of a l0 Ø solutio¡r

of (m+) 6li'o7oz4.4lHzo in 1o N H2S04 per 100 m1 llr0"

After sta:rdiug for 15 nin the absorbance at 660 n¡r tras

Heasured a.nd eompared to phosphate stand,ard.s (Tausst"ar

and Slr.orr, 1953).

4. Hexose diPb.osPhatase assay

lheassa}rofhexosediphosphat¿rseactivityvi¡as

based- upoi1 the methoci of Talceta a¡d ?oge1l (1965). The

reaction sequence is as foilovrs:-
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Itlg+n'
fn¡.ctose 1, 6-d.iphosphate 

---â 

fr"u
Fraction ÏÏ

cto se 6-phosphate * ?i

phosphogl-ucoae*
isomera,se

NAD?H NAÐ}+

6-pho spho g1.uc onof ac t one glucose 6-phosphate
glucose 6-phosphate

dehydrogenase

The rate of reduction of NÄ-D?+ was followed spectrophoto',

metrically at 340 nm ir1 a Zeiss ?LiQ II spectrophotometer.

E*nzyme activit;,r is expressed in units of ¡.uno1 NAÐ:PH formed'

pel' g wet wt per min at 3?o0.

Each cuvette contained 100 ll¡tol tris-Hcl. buffert

pH 7.5r Q.25l*o1 fructose 1r6-diphosphate , 2'5 ¡rnro1 NADP+

20 ¡r$si LTgSOn,TH2O , O'05 ¡mo} 2-rTercaptoethanol,

O.O3 ¡r:noI llDTAr 25 ¡t8, glucose 6-phosphate d'ehyclrogens'se

a¡nd 5 ]rg nhosphoglucoseisomerase in a total volume of

0.9 nI, Îhe reaction Yfas startecL by the addítíon of

1-O ,p.l- of Fraction IlI. Enz¡ruie ancl buffer bianks v\'ere

inelucled with each €ìrolr'p of sanp)-es'

,

5. ?hosphenolpyr"u-vate carboxykinase assay

}hosphoen.ollryru.vatecarboxykinaseactivitylYaS

measureci accordirrg 'bo the rnetliod. of Cha¡g and' latre {L966J

with ¡roc.ificett-ons as reported by BaJ-l.ard anrd. I{anson (l-96'r)'

[he assay measrr.red the ineorposati.on of l4C-bicarbonate

into oxaloa.cetate '



22

fhe reaction mixture contained' : 60 P*oI
j-midazol-e-Hcl buffer, pH 6.61 0.6 ¡,lnol l[nc1r, 0.6 frnol-

dithíothreitol, 1"3 ¡mor NADH, 1.1 l*o1 phosptroenoll:yruvatet

30 ¡moI K[lco3 (t.25 ¡rci NarltOaor) and 20 lts malate

d.ehydrogenase (nnO+) in a final volume of O'5 ml'

Each tube contained. 25 lfl of e:nz':yTfie , Fracti-on III cr IV

ar¡d.aLloexcepttheblanksrcontained'0'5¡r:nolIDP'
The reaction was started by the adcìition of either

Fraction III or IV ancl stopped' after O, 5 or 10 mi'n by

the acldition of l- ml of fØ trfehloroacetic acid.

The bfa¡ks were stoppetl after J.þ rnin. Free l4c-¡i*arbonate

was removecl by gassing the míxtu-re with Got for 3 ni'n

arrd O .75 ml of the acicl solution was taken for lic¡uid'

seintillation coqnting in 10 mI of toluene-Trlton X*10C

scintillation fluicl.

Enzyrme aetivity is expressed as that anrou¡rt

ofer.¡zwewhichcata}ysedthefixationofl¡mo1of
I4c-¡i"arbonate into oxaloacetate per g wet lvt per min

at 3?og after blank values had been subtracted..

6'. Pyruvate carboxYlase assaY

Pynrvate carboxylase activity u¡as assayed'

accord.í*g to the me'uitod of Utter a¡d líeecli' (f963) itt whicli

the incorporatíon of f4C-biearbona.te into oxaloacetate

was neasured..
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fhe reaction rnizture contained: 12 ¡.nno] tris-HCI buffert

pH'l .4t 0.6 ¡rnol sodiu¡n AT?r 2., ]*o1 a#Iz, 12 P¡nol

I<HCO3 (0.5 ¡rci NaIItOtOr) and 2 ¡mo1 sodirrm py:rrvate in

a fÍna1 r,olume'of 0.27 n!. Each tube, except the blankst

contained. o ,75 ymo]. acetyl coA. The reactj-orl was started'

by the addition of 20 pl of Fraetion If and. was stopped

by the addition of i mI of IA f" 'brichloroace-l;ic acid a't

o, 5¡ 10 or 15 niÌ:. 3lanks ïrere stop,oed. at 10 min'

Excess 14C-¡i"arbonate v\Ias remov'ed. by gassing r;¡i ¡h CO2

for 3 mj-n and 0"6 m} of the acid solution lvas t¿tken

for J-iquid scintillation counting in l-O ml o:fl tol uene-

Triton X-L00 scintilla,ti on ffu'id.

EnTsrne activity iS expreõsed as that a¡rount o1'

enzln'ne l.rhich catalysed the fixation of I ymo1 of
I4C-Ui"arbonate ini;o oxaloaeetete per g vret wt per min

at 3?oC after bfa:rk values were subtracted'

III.3. Results

fhe hepatic activi.bies of ihe four key en.zJ,mes

of gli,rconeogenesj-s of fetel and- postnaierl I¿mbs ELi'e

presented in Fig 21 3r 4, 5 al1d 6. The a.cttiities of

the fetal enz::,':nes are \rresented' a¿s both a f''¡nction of

cro$rrl-rump length a:at gestational age '

All euzJnne activities qu.oted. ilr the follolf"ing

section are the mean å S,E.III., compiled frorn the data

groupedascrown-rlr]npl.engthforfetal]-ambs,postnatal
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age in days for larobs or as adult sheepo

Glucose 6-phosphatase activity increased, from

6,83 t 0,08 lmo]/ g wet vrt,/ min in l-ivers of fetal lanbs

of 40 da¡rs gestation to g.gg t 1.05 ¡no1 / g wet wt /rni:n

in the livers of terrn le.mbs (Fig 2) . Activity incre ased-

to 15.8 ¡rmo]- / g wet wt / nin 5 days after birth then

d.ecreasea to a value of B.?3 Í O""f5 l*o1 / g wet wt / mi,n

in tbe liver of aåuit sheep.

Hexose diphosphatase actj-vity in the fiver of

fetal lamb al 40 days gestation írrcreased. from

3.I0 t 0.15 prol / g vtet wf / min to a value of 12"80 t

O.30 luooL / g wet wt /m5.n in the livers of tem lanbs

(píg 3). Tlre activity of hexose d.iphosphatase was

10.80 t O.O?O l*o1 / g wet wt / min in the adult liver.

The activity fou¡d in term a¡rd. suckling la¡nbs was sirailar

to the activity in the livers of ad'ult sheep'

Gytosol phosph<lenolpyn:vate carboxykinase

activity hacì' an actiui-t;'r of o'19 t o'oo2 ¡moI / g wet'ryt/min

in. fetal La'nb låver at 4.0 days gestation (¡'iS 4).

lhe activity increased lvith gestational age to a value

of 0.90 t 0.10 ¡uool / g wet wt / min in the. liver of tev'¡n

La¡rrbs a¡d. furtb.er increased to a¡r activi.ty of

1.60 t g.O9 ¡mo1 / e wet wf / min in adutt sheep.

The activity of pa::ticuJate phosphoen-olpyruvate

ce,rboxykinase shol'¿ed a d.ifferent pattern of d'evelopment



Figure 2z e tíc Gl-ucose ho tase t

Gl-ucose 6-phosphatase ac'bj-vity is

presentecl a.s a functíon of erov¡$-

rump length (cm) and gestational-

age (aays) for fetal La¡nbs arrd as

postnataS- age (aays) for la¡nbs.

rAr represents the activity found'

in the- adult sheeP Iiver.
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Fígu-re 3 ? Hepa tic Ïiexos e Dinhosnhatas e ActivitY

Hexose díphosphatase activity is

presented as a functíon of crown-

rump Length (er,) and- gestatíonaI age

(aays) for fetal- Ia¡rbs a¡d' as post-

nataJ- age (aaYs) for l-a¡rbs.

r.A.f represents the activity found'

in the adul.t sheeP Iiver"
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Figure 4 ! c ?ho hoenol- vate C

e

Pho spho enolpyru.vat e c arboxykinase

(cytosol) aetivity is presented as

a fi¡¡rctíon of crown-rump length (cto)

end gestatÍona^L a$e (aays) for fetal

Lambs and. as postnatal age (aays) for

Lambs.

rAf represents the actívity found

in the adult sheep liver.
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to the cytosol erLz,wTe (n:-g 5) " 'Ihere v¿as l-ittle change

in activity from 4A cìays gestati.o'n (t.3o t 0.28 ¡;rrrlol /
g wet wf / rnin) to terrn (t.43 * O"O7 poÏ./ g wet wf / mín).

Àfter birth the activ'ity increased. to a value of
2.95 1 0.05 ¡uûol. / g wet wf / min at 7 days. The

activity of partieulate phosphoenolpy"nr-vate carboxykj-nase

in ad-ul-t liver wa.s 1,47 * 0.1? l*o]- / g ,,vet ,Nt / nirr.

Pymvate earboxylase actir¡i.ty increased. from

1.39 t O.IC ¡rrnoJ- / g, vret wt /min at 40 d.ays gestation to
2.92 ! 0.30 lxnol / g vtet w+ / min at term (pig 6).

After birth t?re activ'rty Íncreased. to 5,23 ! 0.1-O ¡uno1 I
g wet wt / mírr at 'l d.ays" [he aetÍvi'ty of pymvate

carboxylase in tb.e adult sheep liver was 3"72 ! 0,30

ptol. / gwetw+/ min.

III 
" 
4. Discu.ssion

Tbe resul-ts shov¡ 1-"t'at the key regulatory €rlØ)rri€s

of gJ-uconeogenesis : giu-cose 6-phosphatase, he:çcse

diphosphatase, cytosol- a.nd partÍ.cu.la.le ph.rsphoenol--

p)'ru-vate earbox¡rkinase a¡d, pyrrivate ceirboxyl-ase were a.l-l

active in the liver of the fetal l-amb" tYith the

exception. of particu-Late phoephoenolpyruva'be carl;ox.-ykinase

the activity of, these enzJrmes i¡rereased. du-ring fetal
clevelopment, particirlarly during the last 30 d.ays of

gestation r','hen gror,rth accelerates (C].oetter 1939;

'¡lallacer l-948).

{
I'
.l



Figure 9 3 H s enoJ. vat c

Shospho enoJ-pynrvate carborykinase

(particulate) activil;y is presented.

as a funetlon of crown-rump Length

(cn) and as gestational age (¿ays)

for feta-l larobs and. as postnatal age

(aays) for lambs.

tAr represents the activity founcL

ln the adult sheeP 3.iver.
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Figure 6 3 H tlc vate ase Ac 1_\¡:L

Pymvate carboxYlase activitY is

presented. as a functíon of crown-

rump lengtb (cr) ancl as gestational

age (aays) for fetal lambs anrd as

postnatal age (Aays) for postnatal-

Lanbs. -

rAt represents tlre aetivity found

in the adul-t sheeP liver.
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A further increasie in activity occurved. after birth

when levels of aetivity were as high on hígher than obserrreiL

in adult liver. In contrast, the activity of particrrlate

phosphoenolpyruvate carboxykinase was high throughout

gestation" After birth the activity of tlris en'z]rme

increased ín a sirniJ-ar fashion to the other enzJnxes"

fn the fetal .lamb i[he patter"n of d-evelopment

of activity of glucose 6-phosphatase and' hexose

diphospha,tase has 'oeen previously tlescrj-bed by Ðavrkins

(i.g61) and 3all-arô and 3li..ver (1905)" llfhe rla.ta presented

by these e;n.bhors sholved. tirat both g]-u-cose 6-phosphatase

¿¡rrcl hexose cliphosph.atase actj-r.'íty \cas d-etectabl"e in the

].iver of the fetal ]-a¡ob aS early as 3 months gesta,.hi"cln'

Ba.Ïlard and olíve:: (1965) reportecl i;h.e actj-vity of

g1-ucose 6-phosphatase to be 1'15 ¡mrol / e / ¡rin an'd 'bhe

activity of hexose diphospratase to be 1"1-L ¡,mol / e / r"ín

in3montTrfetuses.GJ.ucose6-pirosphataseandhexose
diphospïra.1:ase actj.vity increased to 9.08 ¡uno] / g / :n.Ln

anrt 6.08 ¡m.oI / S / min respectÍr'el'y at tevm" After

bir.tÏ.¡ further increases i.n enz-¡rne activi"hi'es oeçurred'

r.eachj.ng nraxin a, r¿1, 4-? weelcs l'¡hen va.llres of 'l-3 "33 ¡xuol /

g / mín for g;Iu.cooe 6*pl:osphata,se. e,rrd" Ï2"4 ¡unol / g /:rr,:-:n

for he:to$e di.phosphatarse lvere ettaineê'

lheactir,,ityofgl.ucoee6*pirosphatasefor':rad'in

this stud.y was of tJre sa.me orri.er of Îragnitud'e as that

repor"hed 'by Ballard ancl 0liver (195r)r whi]-e fetal
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hexose diphosphatase activity ïvas higher. [he d'iscrepancy

is probably explained. by the more suitable hexose

diphosphatase assay employed in this study. Despite -bhe

quantitative d.ifference the general patterra of

tlevel-opuent of both enzJnnes a;ne sjmilar to that previously

reported. (¡atlard and. o1iverr1965) a¿d is sjmilar to

the patterra reported. for ma¡'ly other specíes (ta¡te 1),

cytosol_ a¡lcl particulate phosphoenolpyruvate

carboxykinase a¡d. pyruvate carboxylase actirrities in the

d.evel-oping sheep l-i-ver have not previousLy been reported'.

Tbe patterrr of development of these enøJrmes shosrn by tbe

lanb is generally si¡nil-a,r to <¡tlrer species (ta¡:-e 1),

with the exception of the rat oin v¡hicb hepati'c

cytosol phosphoenolpyn¡vate carboxyklnase increases

dra¡natically after birth (¡altard a¡d Hanson, 1967) .

llhe activitles of these enzlmles in fetal liver is generaIly

less tha¡ in the adult. Maxirnr'nn actiwities are usuaS-Iy

reaehed several ctays after birth, thereafter decrea'sing

to adult valuee. lhe activity of particulate

phosphoenolpynrvate carl:ox3'kinase remained' eonsta::t

tbroughout gestation in the lamb; siníIar to the rat end

guinea pig (gaLtard arrd. Hanson, 1967; Arinze o 1-975) ,

This is of interest as the particulate erl;zwe is not

inducible in the aðul't anj-maI (Iardy 9þ!t 3-964 ?

NorèlÍe, Varricbio arrd Holten, 1965; Taylor #i l-gTL).

In tlre rat ímrnunochemical studies have shou¡n' that cytosol-
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anè particulate phosphoenolpyru.vate carboxykinase are

distinct enzJ¡mes a1-thou-gh they have somewhat sinilar

physical and kinetic properties (gattard- and' Hansog, 1967 t

l-969) 3

Much research has focussed' upon the factors whÍclr

may initíate the Ferina-bal increase in enz¡rne activity'

Solub1e phosphoenolpyruvate carboxyftj-nase activity may

be induced in the fetal rat 'lry premature deliverryt

gLucagon, ad.renaline, n'or-adrenalíne or cyclic AI'[P

(yer¡ng and Oliver, 1-967, i-968 a&b; Philippidis and

Bal1ard , 1969; Gírard. o Oaquet , Bd arrd GuilLet, 1"973 i

llanson, Físher, 3al.1ard and Reshef , 19?3) " Tri¿rmcj-nol-one,

a synthetic glucocorticoid, vfas vrithout efflect a'nd dj-d

not induce glucose 6-pliosphatase, hexose diphosphatase

or pynrvate carboxylese (Yeu.ng, Si;anley ¿:nd- Olivert L967)'

GLucose $-pþospþatase activity in the fetal rat also

irrereased in response to glucagon, ad.rena-line, thyroxine

anil premature delivery (Dawkins, 1961; Greengard and'

Dewey , tg67; Greengard., 1969). Insul-in r¡ill inhibit

tlre postna-bal ir:crease in phosphoenolpyruvate

carboxykinase ancl glucose 6-phosph.aiase activity

(yer,ms arid oliver' 1968; Girard gæ1,, 19?3) '

fheincreaseínenzyn'eactivityproduced.by
the ad¡linistration of h.o:roones is general-ly associated'

with the synthesis of new erlzJrne protein since inhibii;ors

of rnRNA or protein slmthesj.s (Actinornycin D, puromycin or
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ethíonine) prevent increases in eî¡2pe activity

(Dawkins, 1963; Yer:ng and Oliver, 1968b; Ilanson 9!-31' 19?3).

Turthermore, the increase in pTrosphoenoJ-pyruvate

carboxykinase actívity ís acconparied by a commensurate

increase in j-mmunopreeipitable eIlzJnne protein

(nrifippid.is, lla¡son, Reshef , Eopgood. and Ba11ard, 1972),

Al.bhough the intra-uterirre adrcinistratÍon of

the hormon,es glucagon, adrenalíne, non'adrenaline or

thyroxine v¡il} índuce phosphoeno3-pyrtrvate earborykínase

and. glucose 6-phosphatase activíty in fetal rat liver

it is only possible to speculate as to the extent of

ínvolvernent of these Ïroinnones in the n'atural" increase in

the a,ctivities of these enz¡rßes.

llhe ad-rena-]- g1and of the feta-1 lanb is

mature before bj.rth. As early a.s 80-90 da¡'s gestation

the ad.rena-L merlulla will- secrete catechola'ni-nes in

respotlse to hypo1ia or acetyl chol.ine (Comlíne, Silver anù

silver, 1965). Nor-adrenaline is the pred.orninate

catechola¡nÍne secreted- at this age " Âs the ad'renal

gland nratures iru:errration íncreases and the d'ireet

respo^nse to hyi¡oxie dinínishes ' Adrenaline, secreted'

ín response to n.ervous stimtrl-ation, is the ntaiol

cateclrolamine secreted d'uring the latter 9ta8;es of

gestatíon (Coniine and Silverr !966) '

The pancreas is functional early n fetal develop-

nent. Insulin alld- glucagon have been d-etected' in the
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parrcrees a¡d plasma of the fetal 1a¡nb ear1"y' in gest¿rtion'

Al-exander, Britton, Cohen, Nixon änd larker, f96B;

Alexander, Assan, Britton a:nd' Nixon, 1971)' flhe feta]'

pg1rLcreas wÈIl secrete irrsul-in in response to hyperglycaemia

in-"i"g and 45!gg (Alexa¡rder g[3!' 1968 ; A'Lexarr'd'er'

Britton, lrlashiter, Níxon alld smíth, 1970; Dawis n Beckt

colwill, ftiakowski, iyleschia and Battagliar L97Ti

Bassstt a¡ad thorburrr, 19?1; Basset'u, Thorl¡urrl and 1'(Í'eoLo

Lg73; Bassett, Idadill, Nicol aJ}d Thorbu::lrn tg73¡

Bassett and Mad.ill, Lg74 a&b). The pa!Ìcreatie oc*cel1

of the newbosn calf wi]-1 seerete glucag;orr in re'sponße to

s¡nnpathetic stinulation (gloom o l.Ìdvta:rd-s and' Vç'ughairt

Lg1Ð, a respollse which ca' be reprorluced i¡r t¡e ra¡ fetrts

r¡rÉth acetyl cho].ine or not¡-ad.rer.raline (eirarÔ .9l4rn L97 3) "

In the adult ral, glucagon secre{¡ion ís evoked by hypergj'y-

caemia (Unger and T¡efebvre, L9'12; Paglia::at Stílling;st

HÍver, Ma,rtin ancl Matschinslcy, J-97!¡; Ger:Lch, clear']'es and

Grodslry ¡ L974) and the 1æ-!g9, secretíon of glucagon

from the aduLt rai; paJl.creas is e-nlianced by adrenaline,

wÏríIe insu].in release is inhibi'bed (Ma}laísset

Mallais se-Lagae, \Yright and Ashnoret 1967; Porte ' 
19672

.IreCLerr¿-Irïeyer, 
Brisson a¡re1 Ï{al.laisse t i971)'

Thepostna-balincreaseinenzJrmeactivitymay

betriggeredbyhonnonaf.or.rrutritíonalfactors"
Girard aJ1d his associates ha've dernons'brated' that an

increase ín plasma gluc¿lg()n con-centrations arrrl a clecrease

in plasma insu-lin accornpaníes bírth i-n the'rat (Girarf,t



Ba1 e.nd Assan, Ig|lrlg|?-; Girard 93-e,1,r 1973; G'ira,rd''

Kerrrran, Soufflet and Assanr, 1,9?4). Blasqu.ezt l\[ontoya

and Quijada (fgZO) have also reporteô a ¿ecreasê in i:ieisrna

insulin concentration in nev¡borta rats" llhe change't i=

plasma content of these ho¡ralones f0ay relate to ¿xr íncrease

in nenrous activity whieh accomparries birthr aud. altì:ou4h

it has yet to be demonstrated that bÍrth ís aceotirpan'ieè

byarrÍncreaseinad'renalineouì;putfr<lmtherrd'rc+r:.al

nedr¡.lla,thephysicalarrdphysiologÍcalgtrensesrv]:icir
accompanybirthareprobablyconducivetoad::ena].j"ne

secretíon"

Sincebírthj.s¿lccorûpal1iedì¡yaneabrtrptcessai*.j.cln

of the placenta]- rl¡trj'ent supply, hypoglycaemia i's ofl'ten'

reported- after the unbi1ical corrL is sevcred' (Snel1 a::"d'

Ìya1ker, l9?3a) " , Yeung ap¿ Olíver (f gn$a) have foune *;oe'Y

the administration of hexoses wil-l d-e}ay the devel-opr:-ert

of phosphoenolp},ruvate carbo:cykinase actívit}' in the neonata].

rat. Glucose 6-phosphatase resi:onds in a sirui].a,:: ËaJr:eIt

(Dawkins, a966)' Furthezrnore, Verrron and- l-fa. ker (rle r1

have shovr¡n that wearling rats ot1 't;O diets rich in Snrh:':;rd'r¿¡te

protluces a d.ecrease in phosplrcenolp¡nruva,r;e carboxykinase

activÍty. Ihe extent that these faetors ccntrib'ute to

the postnatal increases in g3-uconeogenic en'zyme actirrj-';ies

in the la,mb is untmolvn " In i;he ad'u]-t sheep

fluctuatlons in nutritional and hoimonal status, i=;hi'le

åncreasj-nggl-ucose6-phosphat¿rseactivity,}ravelittle



Ta'bl-e 1

Activities of key enzJmes
Changes in activity in fet

g3.uconeogen.ic pathwaY:
suclcling liver.

in the
a1 a¡:d.

Activitíes g;re presentedl relative to adult va.lues (= 1).

Enzyne Species Âctivit¡r
tem fetus suck]-j-ng

Reference

glucose 6-
phosphatase

hexose
díphosphatase

* c:!'-bosol
phosphoenol-
pyruvate
carboxykinase

rat

mouse

guinea Pig

rabbit
rhesus
monkey
sheep

pig
hr¡man

rat

sheep

pig
hr¡man

rat
guinea pig

sheep

human

0.80

0.Ì3
0.40

0.50
0.80

L.0O

0. 33

o.75

o" 80

o "62

o.60
0. 20

0.02

0.60

o.56

0.1"0

4.'15

0.34

3.50

3.00
2,75

1. B0

2.lT

3. 33

L.26

3.2C

1,40

6.00

l-, o0

Ðawkins (rg0r)
Scl:a.ub e'L; a]-
(vgl z
Í[horndike (L9?2)

tïerneth (1954 )
Ðav¡kins (1961)

Dawlcins (rgAr)
Ðawkins (rgor)

Ba].lard. &
O].i.ver (t_965 )
thie thesís
l\[ersn'ian¡r (fgZf)

Aurriclrio tr.

Rigil].o (r9C'o)
Dawkins (19(:1)

Bal-lard &
olive:r (.]-962)
Schaub et af
(:-gtz)
Bal-la.rd &
oliver (l-965 )
thís thesis
ljrersman (:-çZr)
iìai.ha & l,iniiros
(1969)

Ba].].ard &
ttanson (1967)

arinze (19?5)

this thesis



Table 1 (cont)

Enzyme Species Itctivity
te::m fetus sucliling

Reference

t¿

{-

rat

guinea pig
sheep

rat

mou.se

sb.eep

pig
bu¡ran

1.00

J-.00
L. o0

0"43

o,72

0.78
o.78
0.66

1.00

].40
2.00

1.00

L.33

l-.40
0. 86

Ba]-].ard- 8:
fla¡ason (1,967)

Arinze (.tgln)
this thesis

Bal]-ard &
Hanstrn (196? )
Thorndike (tglP-)
Thornclilce (fg?e)

this thesis
Mersman (19ru)
Raiha & T.,:i,n.d.ros
(rgag)

pynrvate
carboxy1.ase

,+ values are expressed. relative to fed adult actiwity.
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effect on phosphoenoipynrvate carboxykinase activity

(rilsett 9g!,r tg69; [aylor 9.t--e¿'19?]).
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GHA:PTER ÏV

TliE ICTNTTICS 0F IJACTATE, FRUCTOIjE AIVD GI,UCTOSE

MTTASOIISM TN THE ÐEVTü,OPI NG IAIyIB in vivo.

IV.1-. Introd.uction

Íthe isotope dilution metl:od' for studying

me'ba.bo1ic rates has been extensively used j-n ruminants

(^O¡enison, Brol",n, leng, I,ind-say ar:d $/est, 7"967; leng.9Èi¿r

Lg67; DergntrÌ gþ-3å, 1968; Ylhj-te n SteeJ-u l"tg an'd l'uíclc,

1,969). Previous stud.ies of glucose a'd laetate

turrrover in the ad.ult :ru¡inant fuav'e ¡rainly' empioyeù

either the continuou.s infusíon or primed ínfusion of

isotope (tnníson and lí'lìrite, 1961.; Arrníson, T,in.cl'-;ay ea:ð

White , Lg63; Jarrätt, Jones a:rC. ?otter, l-964..

leng 9!-4r f;9i67i \r/hite 93-g¿' 1969). The alte;rna:'tj've

approach using a sing.le injection of åsotope was

regard-ecl as unrelia]rLe (Sear:l.e, Sil;risov¡er a¡rd' Chai]roff ,

1956, Steele, iYal]., de Bod.o anô- Altszuler, 1956;

Annison and Vfhite, 1961; Bergnran r 1963). I{orvever,

r¡nitb the development of mathelnatice^l' ne'Lh<¡ds fo:r

muLticompartlnentaL analysis of subs'ürate d-j"sappearanee

arrd product a;opearance it is r¡c,r¡¡ accepted -bhat the single

injectioÐ. procedure yíelðs val-ues comparable to the

other techniques (Barkerr 19169; ïlhite .*-3å: 1969i

sea.rle and cavafierj. t Lg72; Heatl: e^nc- Barton, 19?3).

I have useat the eingle injectioru approach in thís study'

Itistheaimoft]rísehaptertod'escribe
experi-ments to measure the kirretics of lactate, fructose
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and gçlucose metalroliE:m j,n the d-eveloping .l-amb ÐJiY9t
and. to tlerive a model to d.escri.Ue the ínterrel.ation of

]actate, glucose arid. fmctose me'babol-ism ín the fetal-

Ia¡ntr airr3" gl-ucose and. l-acta,te metabolisÍr in the

Bostnata-l J"amb"

fV.2" I/Ietlioðs

IV,2"1." A¡rima-]-s

['Terino crossbred eWeS of ]çrrornnr rna"bin'g d"a'be were

obtainecl from the C.S.T.R.O, i Division of }itrtr:Ltj-ona1

BÍoch,emÍs'crry, South Au.stralia or from 'bhe tlniversi'by

of Adelaid.e Ti:ryerímental- Far¡n at Mi-:ntaror Sou'bh Âus{;r'aJ-:La'

Dqrin¿¡ the pex'iod of experimenta'uion the e\{erl lverÊ hoirsecL

unüer eonrLitions of 12 hr ligh.t arr<i l-2 hr darkt rnrj'i;h a

consterot temperature of 25oC. They $rere fect a d-aiJ-y

ration of 800 g Luee:'ne c;kraff and, wer"e provid-ed lvi'bh

an unlj-raj.'bed suppJ-y of water. Before surgÐTy 'uhe elves

were sta.r:ved for 24 lnr, but a-lIowed' free ascess 'bo water"

]-V.2"2. I''regnancY d-iagnosís

Pte{rytancy l*¡as confinaed' b¡r either abd'omina]-

palpation, natelnaL trrlasrnúT proË.jestin colcentr¿rtiog

(Ch. I1r',2 "5,2.,) or ty ultrascnj-c detectíon of feta.L

heart beats using a LÏccLel 802 Ðopirl-er (Pariis Elcctronies

I¡aþ., Oregag, Ll"S.,l¡.*)' Tþe gestational age of each fetus

at the time of experimentatíon t'¡as lcrotrt frorc the nating

date of the ewe. Tetal- vreigh.ts were estj-uated from the

nonogrern, Appendíx 1,.
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IV.2.3. Surg:ical- Proced.ure

(a) Preparation of anima-ls

t$tarr¡ed ewesr 1]0-120 days gestationt were

sedated with 0.2 mI Rompun (O"OB nf/fOOft)r injected

íntra¡nuscularIy. lr¡¡nbosacral epid.ural anaesthesia

was then Índuce¿ with 1O lxl lipinocaine (Zf" XVtacaíne)

fol-lowing the teclrnique described by Hopcroft (]-907),

fhe abdominal wooL was removed vritlr coarse and fine

clippers, fol]owed by a¡ applicatior, of veet hair rer''roving

crea¡n. The abdomen was then scmbbed with soap, rinsed-

wtth r¡¡a'ber and tben the rryhol-e area was líberally soaked'

v¡ith Chlorhexidine solutíon' the evre vras taken to

the operating theatre in 'bhe sr,r.pine positi"on and pl'aced'

on tlre operating tabl-e. fhe abdonen was aga5-rr libera11y

soaked vritb Chlorlrexidine sol-ution ¿u:rl the area sv¡abbeC'

vrith sterile cloths"

(¡) Canrrulatiotr of.' fetaS- vessels

strict aseptic techniques were maintained' d'uring

all proced.ures. All Cannul-ae lveîe Sterilized with

ethylene oxid"e a,¡1d. before surgery vfere fi-]lec] v¿j"th

sterile 0.15 M liÏa0l- corltaíning 1OO InTJ' heparÍn per ml'

[heabd-omenoftheewewaÊcovereúv'lit-hap}astic

Steridrape ( size 18" )( 36t') and sterile cloth d'iapes '

The abd.omen wa,s openeð by a midline j"neision and' the

pregnanttj-poftheuterinehortrexposed..Atthispoint
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the instruments used for the skin incision were discarded.

The position of the fetrrs $Ias located. by utez'ine palpatS-on

a¡ad a 4 ctr íncísion macle in the least vascular area of

the utefLrs¡ Through this Íncision the fetal hind-

lilmb was deliverecl. The femoral artery was palpated

arrð" a 4 em incision made'. By blunt dissection the

fenora-L artery, vein and nerve were loca.ted. ancl separated.

llhe femoral ar'cery anci vej-n were then canrrulatec- using

PorteX polywirryl tubing No. 2 ( o.d. 2.O rncl a;rr<l i.rl' 1'.Ottrm)

and No. I (o.t[. 1.4 mm and i.d" 0.63 nm) re"$pective]y.

lhe car¡-nulae were tied ín place with Z/O V1.aclc bra:ld-ecl sil'lc

arrd the incision cLosed with Chromic 2/O suture nra,tev-'i¿uI

(U-thicon), Tn some fetuses the umbilic¿1I veig a¡n'd

ayberny v{ere ca,trnulated.. |[his involved. placemen.t af 'b]re

canntrlae in the major vessels via cotyledonary v'essetrs"

Portex polyvinyl tubing IrIo.I was used for both unbilica}

vein and. artery carurulatío¡rs. These ca¡arrtrl-ae vfere

beld in place by a suture of Z/O 1ç,1'aelr bre.i¿ed si-l-Ic.

The uterus lvas then closed-, but before v'eturn tr¡ the

abd.ominal eavity a can¡rula of dinensions I IûIû i'd" and'

2 mm o.dn was placed- in the uterine vein'' the

ce;rr.¡ulae rlere ind.il'iüua.11y exteriorized througl-r the sk'irr

incj-sj,on closure alld h,el-d in place by suturing to the

abdorsinal skin and. to the fla.¡rh of the eI¡/e. trn ewes

in which the uterine vein rvas not cannufated a cannula

( o.d. 2 u,m and. i.d.. I tq) l{as inserted ín the fern'oral-

artery thror,'.gh a subeutanecus vessel-. Âfter r'Iu"shing

v¡ith heparirrLzeð.¡sterile 0.15 [[ NaC]-, the ca¡.nula

was seal-ed. rvith a metal Plug.
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(c) ?ost-oPere,tive care

Inmediate1yaftersurge:lytheewestJfereplacedin
metabolism cages with free aecess to food. and, water.

The ma.in cause of fetal death nras found' to be d'ue to

ínfection bY Strenococcus faeca].is artd- ?s eu-d.omonas

ae:r:-ginose. As a precautionr 50 rng üeporan ernd" 20 rtg

Gararnycín were given to the fetu,s intra:nuscularly

before cl0sure of the,utertrs. The evÍe regeived' 45c mg

Ce1:oran ar:.d. 60 mg, Garanycin intratc'uscul-arly' To

mj.nímize infeCtion C.uring ca,:rrru-la maini;ena¡rce, aseptic

techni<tru-es were strj-ctly adhered to' Ðisposabl-e

r:yringes containin.g 10 m1 of sterile 0'15 I\T NaCl

containirig 100 f.ou. heparin per m1- were attached to the

cannulae vÍa di,sposable need.les and kept subrnet'ged in

chlorhexirline solution.' The syringes were renewed'

da.ilyarrdtheca¡¡ru]-aewereflushedv¡ithsterile
Ïreparinized saline.

(¿) Canrrule¿tion of postna-baI ].a¡tths

On the day before a'n erperirnent pol'yvinyl

cannulae ( o.d. 2 mm and i.d. l- rn¡r) were placed in the

femoraf arterS- aJlil ir.r€¡r-far: vein of tlie lamb. The lamti

was sedated with Rompun. and lignoca,ine was injected"

subeutaneously at the site of the incision. Before the

incision lvas mad-e rthe skin Y{as washed as d-escríi¡ed' for

ttre e'úres" I'he canrrula was p]-aced' ín the fenoral-

arbery via a. subcutaneolîs vessel ' After cJ-osure of the
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incisLon the wound. was coatecl. with Hibítane crea¡n a^:rd

the ca¡rrru-Ia fluslred. and kept fil-led r¡dth sterile

0.15 ftT Na$l- contaíning 100 I.U. hepe.rin per m1. It was

seal-ed. witlr a metal. PIug"

?lacernent of tbe canntü-a in the jugular vein

of the lamb was acheived by threacìing it througþ a

14 gauge need.l.e inserted in the jugular vein .

After placement, the needle tr','â.S vlithdrav'¡: ancL the cannu-l-a

held in place with a sutr.rre. .A,fter flushi.ng with the

heparinizeð, 0.15 M i{aÇI the ca::nula v'¡as sea}ed. with a

metal p}ug. Cloth bagdages were necessary to pro'b'eet

the ca^nnulae from d.amage by the €Y/@ e

Í[Ìte lambs were kept wit]r 'bhe ewe in a pen r,rntil.

isotope injection at which tj¡nc they' iÃ/ere p¿t in a

wire cage ( t6tt x 36tt x 36,') and removed- from the el're.

TV.2.4, General Experimental Design

Except where otherwi-se stateù all experirnen'bs

in rryhieh fetal- lambs lirere usecl vrere cond.uLcted at leasi;

five days after the implantation of car¡lulae. Thj-s tipe

aIIov,¡ed. for recove-fy of evüe and. fetus from surgical

stress (Bassett a¡d Thorburrnr 1969; [Iel1or, S]-ater a¡rd

Cockburn, 1gT1-; Coriline and Silverr 1970; Irfeilor and'

Slater, 19?1 , 1.972). Viability of each fetus was

assessed from blood glucose, frr"retose and. lactate

concentration and bLood p02 and pCQ analyses during the
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recoverTr period I

Fetal- 1a¡lbs of gestaticnal P*g€ fr<¡m 120 days 'üo

tenn were given 50 ¡rCí of eíther t u-14c] lactate n

I U-14C] fnretose o" I U-14C1 girr"o=" as a s5-ng1e ínjection",

The iso.'rope $ras injected. in 2 ml- 6f sterile 0.15 l[ NaCI

anå j-mmed.ia,te1y af'ber ínjection th.e canrllilå was flushed'

with 2 r:t! sterile O,15 lui NaCIn Sequeni:ia1 bloocï sa.niples

were talten from the f etus anrd. el\te. The blood. stunpl.es

were imrned.iatelS' deprotej-nize¡1 ín ethe,¡rol and l:re¡:a:reil

fclr d.etenrr:ì,rration of specifj-c r:ad.ioacti'r,-ity. A 1:orl.;:Lon.

of the i.njected iso-bope \¡ras ire'bained- and ihe precise

quantity of isotope injected- was lneaÊtlred-, The purij;y'

of each injected isotope was asse$sed fr:'oui thie se;nple

using the el-ectrophore'bic techníque tlescribed" in

Ch. IV.2 .5.5. No impurities vrere cle'tec'[:ed""

Ilre pos-bnatal Ia:nbs, rang5-ng i.n ;rge fron 5*28

da¡rs ï,¿ere given 50 pti of [u-14c] lacta1;e o" Iu-14{ll glucoue

as a sinp:l.e intravenous i.njection. Thís age grou?

rras selected for the following reasÕn'sï By 5 il'ays after:

bírth the l-arge fetal store Õf gl-y'cogen has been consumeql

(Strettey, 196f ), Frç-ctgse has di.sappeared. frorc t]:re

blood. of the 1amb, ei'bher as a resu-l"t of renai e'xcretion

(Ðawes ¿rnd Sheliey, ]-962) or s¡¡nihesís of f:r"¿etoki-naset

the rate limitj.n.g et:lzylle c'f frl:-ctose neta'þoIj.sn

(Andrews eL-g¿r 1960 ; Bal1ard a¡:c1 oiíverr 1965) "

The rapid cha¡ges i.n the a.ctivity of gluconeogenic

enzlm0es observed. after birth c.re a^lso complete

by 5 days er.fter birth.
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During a1.1. e:i'¡leriments rlisturban'ce of the e!'/e

or the la¡nb was minimízed. sínce it is well recognised' that

stress ean cause changes in carbohydrate metabolism.

trambs \¡rere gently restrained., but even so they fretted'

after removal- from their mothers. I'b is possible that

this may have biased the estj-¡nates of glucose and.

lactate metabolislo .

TV.2.5 " Analytical Techniq.ues

1. collection alld. preparati on of blood sa"rnples

Two mI setmples of feta-l arterial- bloocl were

eollected. in steril-e Oi-sposable syringes" The bl.ood

vras imrnediately haemolysed arad- d.eproteinized by aciclition

to I ml of etha¡oJ- in a tared. pl-astíc cen'crifuge ttrbe"

The supernatast, collected. after centr-ifugationt was

shaken with 25 mI of chloroformr the upper phase (aqueous)

recovered. aJld usecl for specific radioa,ctivity

deten'rination and for measurement of gl'.ucose, l-äctate

arrd. fnrctose. It tvas necessarybO deprotetnj-ze blood

sanples using this procedu-re for the electrophoretic

separatíon of glucose, lacta'te arrd fnrctose'

Deproteinizatíon with perchloric acid, follorvecl by

neutralj.zation, prcveô'¿nstritable srnce con'Sid-Èrable

streaÌ<i¡1g occr¡rred during eleetrophoresisr su-ggesting

that saLts or lipids present ín perckrlora.te extracts

interferred- with the separation proeess'
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2. Plasma progestj-n cletermihatj"on

P1asma progestin concentrations ( ng progesterone

equivalents per rnJ') were d.eternrined in sa,mples taken

from the jugular vein of prepgra.rit ewes,using the

competitive protein bindi.ng assaðr of Thorbulrlr Basse-Ût

and. Srnith (1969). I[icro-sephaüex co]-i:mns cont-aining

Sephad.ex Cr-25 (fine) were used. tc separate the bor-md from

free steroicl (Basse'bt and llinJcs, ig6g).

3. Analysis of blood. p02, ÞCOZ anô pI{

lhese assays ¡qere carried. ou'b with 'bhe co-operatrlon

of the Biochemistry Ðepartrnen"b r¡f the Queen I'll-izabe*h

Hospíta1, 'floodra-i1-1e, South A'ustral-ia n Two tcl

lcl-ood. sa.mpJ-es, coJ-Leeted. in Ìreparinized. ilisposahle plastic

syringese were assayeil j¡uneô.íately for oxygesr car'¡on

d.ioxide and pII usin.g the Rad.iometer (Üoper:hagen,) 3lood

Micro System t'ÍK I. Care was taken to mininize expof3u'rs

of the col-lected blood sanples 'bo ai.r.

4. Haematocrit d.eterrnínations

fb.e haematocri.t detenninati-ons lrere carried ou.t

using a micro-haematocrit centriflrg@: Ilarrrlcr5byn trlng3-am.d.

5. Determrination of speci.fíc raclioactj.vity

(a) Quantitation of radioacüivity

Raclioacti.*rity was quantítated using an Isocap 300
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liquid. scintillatíon counter (Nuclear Ghicago) 
"

Aqueous samples were countecl. in 10 nl- toluene-triton X-1O0

scintil-fation f].uid. (Cb. II.3"). Paper strips were

eor-¡nted. in 10 n]. of toluene scinti]IatÍon fh¡id'
Efficíency of colxrtíng was measured by charrneJ-s ratio

teeþnique using seri-ally quenched. samples of isotopes

(Davidson ,19?0). From this data the absolute radioa.ctit¡ity

was calculated"

(¡) Separation of glucose, fnrctose and- lactate

GLucosen fructose an.d Lactate vrere sepa::ated by

hi& voltage electrophoresis in 0.1 M sodir.m arsenÍte

buffer, pII 9,6 (I'rah¡r and. Ii1i1]-s, L9't9)¡ using an

apparatus rn¡itþ a solid heat exchar:.ger. Raöíoactive

areas vúere located using a Padxard Radioehromatogra:n

Scanner tr{odel 72OA. Tig 7 shovss the separaì;ion of these

compounds using this electropho::etic system.

Stand.ard. glucose and. fructose were cletected. as

brown spots on a white trackground- after gentle hea'bing c

Lithiun lactate ( > 15 pnol) rn¡as detected by spraying

the paper rnrith 0.5 M aqueous copper sulphate. The lacta'ue

area was pale bJ.ue on a green background. These

stand.ards l'{ere run on separate lanes to the radj"oa.ctive

s.q¡npl-es,

For electrcphoresis, O.5 m1 of the aqueous

sanple lvas plaeed. on ilhatmall 3 i',trt paper in a 2 cm streak

arrd d.ried. uncler a strean of ,,ve.rm air. The paper 14/as



tr'ígure 7 c E].ectrophoretic Separation of I4C-labelled'

glucose, fnrctose and lactate

Tor electrophoresis a mixture of 14c-

l-abell.ed gl.trcose, fnrctose and lactate

was pIaceÖ on i',i'hatman 3I'M paper and'

el-ectrophoresed in O.f iú sod'ium arsenite

buff er, pH 9.6, f or 2:nr at 1. 5kV (f?V/'cm) '

Radioactive peaks \rtere cletected" with a

Packarct Racliochromatogra;n Scannert

Model 720O,

flÌre hatched- areas shovr the rnígration

ra'bes of unlabefled- comPounds

Glu-cose and flrrctose lve.re cletected as

bnorvn spots on' a whíte backgrou-nd a'fter

gentle treating and- lactáte as pale

blue spot on a green background', after

sprayí.ng wj.th O.5 þ1 aqueous CuSOO'

M - rad.i-oactive marker

o = origin
l- = lactate

2 = ftuctose

I = glucose
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carefull-y soâ,ked. l'rith 0.1 I',1j sodiuïl arsenj-te bgffert
pH 9.6 a'rld. excess T.¡uffer v'¡as rernoved by gentle blottíng
using a roJ-ler with even pressure. Papers were

electrophoresed a.i I,5 kV (t7 V/cr¡-) for 2 hr to achieve

maxir¡r.m sepa.ratj.on of gl.ucose and. fnrctose. The are¿ìs

corresponding to the standards were cu-t into strips
(f cm x 4 cm) a¡:cl. the ra.d-ioactivity vÍas measuredo

6. G]-uLcose d-eternina,-bion

Glucose was measury'ed, s¡ectrcpho-bometrical-ly lviiir

NAÐp+, hexokj-nase a¡:d glucose 6-ph.ospha-be d.eh¡rrlroLlenase

by fol.lovrit1g the íncrea,se in absorbance ai 340 n¡¡ irr a

Zeiss ?l\{Q II recorrling spectronhotome-ber. Each cuve-bte

containeõ. 76 ¡:r-ol tris-llCl huffer, PH ?.6, l"B ¡'::no1' Llp'Ú1.2r

0"5 ¡n:ro1 AfP, Oo 5 ¡mol NAD?+ , 2 ¡mo7- di'thiothreitol,

12 pg glucose 6-phosphate dehydrogenase, 5 P8 hexoirinase

and.0.5 ml- of a su.itably dilu-bed salrpl.eo in a total

voluäe of 0.77 m1. The reaction temperature was 3?oC.

The reacti-on was sta.r-l;ed- b¡r the add-ition of hexokinase '
The aqu.eous bloocì ex-bracts lvere eonpared. to gIl-r-cose

standards. The standards we:le preparecl in a manner

similar to the blood saruples to eorrect for arry possibl-e

effects or losses due to eonia¡oínation $rith either

resiclual ethanol or chlorofoilinr Con'cami-na,tion was no-'c

rì zrr n-n-l a-m n.nd .¿.1rleose conccntfatj.OnSfou::c1 to be a pro-bl.eiï arrd. glucose conc

nreasured. using stand.arCs correlated vrel-J- v¿j-th ihe

ca.l-cul.ated. vslues based on the extinc'cion coefficient

of I'íAIPH.



44

7 " I,actate deternination

lactate concerrtrations ïvere d.etenrrined in blood.

extracts using the automated. method. of Asrow (1969).

Fig B shows the autoanalyser f -or¡¡ di.agrarn and. the

associated flow rates, One nil1ilitre of enzyroe-cofactor

reagent contaínetL 0.45 rnreol tris-IiCl bufferr pîi 'lnti,

300 mg -!-acta'te d.ehydrogenase, 5 mB d.iaphorase and. 25 ymo1-

NAÐ+, the dye, 2(-p-iodo-phen,yl)-3-p-nitrophenyl-5-

phe¡ryI t,etrazolium chlorj-de, was present a-b a concentra,tj.on

of 2 n1,1" The 0.1- [i glycine-Na0ÏI buffer, pI] 9.6 used,

contained. 2f" i"viton X-100. rlhe reaction tempera.tu-re

wa.s 37oC and. a 15 um col-orimeter florv ee].l- wa,s used- rryi.th

a 5O5 nm fil-ter. .[bsorbarrce v¡as comparecl 'Lo T¡-lacta'be

stand.ards" The standards rvere prepared in a meùtrrer

sj¡oil-ar to the blood. sarnples.

B. Frrrc-bose d.etermination

Fmctose vras aeasured. col-orimetrica.1-ly in bfood

extracts by the metirocl of Bacon and' Bell (r'948)' rlacTr

cuvette contaj-ned. O.5 mI of standard fz"u"c-base or b-'l-ood.

extracto 0.8 nl- of 0.I5f¡ resorcinol ín ethanol and'

O"B mI of concent::ated HCl. (specífic gravity 1.16)

containing 7.5 mg FeCL, per litre" Colour formatioR v{as

complete af ter heati-ng 'bhe mixture at 8O t for 30 mirr

in a rvater bath. The standards and. semples Y{ere read

at 514 nm. Standa,rds \¡rere prepared in a símil-ar na,r,ner

to the bl.ood samples.



Figure B : Auto analy ser F].ow Diagram for lactate
Änalysis

Iractate concentration in blood. extracts

was measurecl by the procedure of

Asrow (1909).

The autoana,l-yser flow rates (nlrl¡qin)

are presentecL in parentheses. The

buffer was 0.1- Ii gl.ycine-NaOHr FH 9.6,

containi-ng Z/, triton-XlOO; the dye (fut),

2 ( -p-i o do-pheny]. ) - 3-p-ni troph enyl- 5'-

phenyl tet,razolir.lrn chl-or5-d.e; e/c Ís the

ênzyme-cofactor rea.gent contai-ning

O.45 rn¡no1 tris-ï{Cl- bufferr PFI 7.4r

300 mg Lactate d.ehydrogenase, 5 m8

diaphorase and. 25 ¡xnol NAD+. The

reactíon ternr-''erature of the heating

bath (rn) was 37oc. The internal
dianete:s of the pulse suppressors were

(a) O.oo5 mn and (t) o.ot5 mrn. There

were tlvo d.cuble mixing ccils (¡¡'iC).

The colorj¡reter flow ceIl (C) $¡as

15 um and. wa,s used lvith a 5O5 nsr filter'

A recorder (n) was attached' to the

co].orimeter,
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TV"2.6, ftfatJrematica] An'a'J.ysis of Ðata

{Ihe d.irect íntraverrous lnject1on of rad-íoactive

tracer results in a rapid. distril¡ution of radioac-bívíty,

essential for subsequent compartmental- anralysis.

Becauseoftherapidmixingofisotope,thepositionof
the canrrrula through which tlre isotope lvas ad¡ni'nístered'

should. be irreve]-artt.

Beforethepara"netersofglucose,fnretoseared.

Lactate turnover in the lamb are obtaj'ned 'loy coirrpartrneltal'

arral¡rsls (Sfripfey ancl C].arl:, 1972) it is fj'rst n'ecesËarJ¡'

to describe mathematicaaly the changes in i;he specillic

radioactivity of the substrate in tlre bLoocl. [he

specS.fic rad.íoactivíties (Apm / ¡x*a;-) lvere ealcçla'btrd'

by dividing the ð*n / g blood by ¡mo1 subs'brate/ g 'i:Iood"'

In all experiments the speeific re.dioactivi'by was correcteÖ

to 50 ¡-Ci isotope injected' Since tlre single injection

technique \ras employed in all experintents 'ühe $se'Lope

disappe arelrLce curve is described by th'e equ-a'bion;-

-mit (ecluation, ]-)sRr \e
i 1

which represents the sum of a].1 ,r;he exponential tcr'ms

(iyrrite É rÅ, ]-969). rn this eqi'ratíou 3-

SRt = the specifíc radioactivity of the

substrate assayeil- in r¡¡hole blood of tTre fetus or larab

a1; time t (dpn / ¡*ot str'bstrate) '
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A. = tlre ,¿e.ta tj¡te intercept of each component
l-

(apro / ¡ ot substrate).

the rate consta't of each componen-b (nin-l).

the number of exponential couponen-bs '

the expone-rÌtia-t component m:mber.

tine (min) .

A conrputer program was Lì.sed to cal-culate the line

of best fit lo the equatåonn Tbe program u¡as designed

to fiì; non-linear functions by the me'bhod of least

squ.eres (Bevington, :969; }lcÏntosh and. I¡utwak-hÍa¡nn, I972j

a¡rd incorpora"bed an itterative 'Frrf,cedure to produce

valu.es of 'þhe coefficients rvhich mi.ni-mized the sulas of

squ-ares of the devÍation about the fit (ltarquant, 1963)'

The program geve opfinized. val.rres for each coefficj'ent

in tÌre fit-bing of the function, 'boge'ther vrith ar}

estimatic¡n of stand-ard d.eviation"

Before fitting tbe curve by computer, ini'b:Ltr"l-

estirnates of the slope and- intereept for e¿lch component

were ca-Lculatecì. by graphica.l anal¡rsis ' T]:'e numi:er of

conponen{,s of the curve was resolved" vuhen 'i;he

experimental uata \¡¡ere plotì;ed. on semil"ogariblutic paper'

Aftelbhe cÐnversion of the ciata 'co natura'1 logari"'u'funs

the regression Line for each conponent was obtairred

by 1-east squares ar:'aIysis, ín eonjr:¡retion r"¡rth the

usuaJ- tcu.rve peeli-:agr'bechniques'

ti

n

I

t
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Íthe slope a.nd intercept were thul oþtained' for each

component of the cul:1re. Erçorrentia.l fi'¡nctions are ver^y

susceptible to para¡ûeter interac'bions * Howevert when

initial estifoates of tlre coefficients rivere fitted the

values did. not cha¡ge by more than O"O4/", Data points

and. fitted fi:nction.s lvere drano¡n by e p3-otter controllect

by the computer"

llhefo].]owingparageters,d'efind'beIow9.ffere
ca.leu-lated (see Ï,engr L9?0).

The pgg!, Qo is the quanti'by of substra'teo

measured in ulmol-, witl:I v'¡]rich the injecteÖ isotopicalS-y

Iabelled. sutrstrate míxes in the body. It is cal-eulated"

from the dil-ution of tlre injected. dose of ra'Jioac'birrj-t¡r

(P) by tbe fol.l-owing equrrtion:

P
( equation 2 )a nL

i=J-

The sum of the zeqo tj-ne intercepts (¡i) of each component

of tÏre cuflre g¡ives the specifie radioactivíty s.t the tjme

of íniection.

Thegpggisthevolrrmecrffluidnmeasu.redi:rm).'
througþ u'hich the su-¡strate pool- is ¿istributeÕ. It

represen-Ls the pool (a) divided by the ¡ne¿uo corLËê3ti:ation

of substrate (rnnoL / r.L) -

The irreversi.bl e J.oss ås the rate of remova]- of

A.
L

substrate not retum.ing to the substrate pool d.uring the
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course of the experiment. The net irreversible loss

obtaíned. ís contributed to by all. routes of d.i-sposal

a¡d is inclepend.ant of arry assurnption about the distribution

of substrate between bod.y pooJ-s. It is represented by

the pool (a) d.íuided by the aTea r¡nder the d.ecay curve

(Snipf ey and. Gì-ark, L972). The area r.r¡1d-er the curve

(AUC) was obtained from the measured. exporlential coefficj-enis

of tbe cutltre. .An estimate was nia.d.e of the area under the

curv'e frorn tþe last collec'bi<.¡n to infinity by' fitting

a single exponential d.ecay to the fÍna1 parb cf the eurvÞs

a

irreversibl-e loss A!L
mi

(equation 3)

where 1
i=1

Í[']re use of equation 3r ]arovrn as the Stewart-Harníl-ton

equa$ion, in the calcul-ation of the kiiretícs of the

specifie rad.ioactivity dj-sappea,rance cur\¡e has the

follolring advantages: (i) it is independant of a.ssr"rmpt:'ions

about the dístribution of substances betvre@n body pools;

(ii) ít includes a1.1. routes of disposal"$

(iii) a¡r accurate estj¡rate of the øero-tille íntercepts is

not critical and. any error introd-uced by trr-urcating the

cutîrre when it has fal]en to a few percent of the zero-'tj¡ae

vaLue is not eritica-l. In this stud-y the errors of some

rt

L
i=J-

Ai
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of the fitted curves were highe¡ tlr'a¡n desirable clue to

tbe snaLl- nr¡¡ober of sagples which could safeLy be taken

from the fetus.

Pool_ síze aild the irreversible 10ss have been

ca]-crr]-ated in teruis of conc errùus weig.ht in the

experirnents lrith f etal }a¡rbs. [!xe weight of tissues

other than fe'i;us was estÍmated from data of Cl-oette (fg¡g)

and ylallace (r"g48) . Their. stud.ies showed. that the sheep

pl-acenta reaches its maximr¡¡ r,veigtrt about nri-d--gestation"-

Ífhe mean weight of pLacenta at this timer 39O 8r Tvas

talcen as an estimate of the metabolic tissue of tbe

conceptu-s other than fetus" Fetal vreight was

estimated. from the nomoslralÏj reproducecl in frppendix J'.
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IV.3 Resul-ts and. Ðiscu-ssions

IV.3.1. lactate Lletabol-isrn by the Ovi-ne Fetus.

The utÍl-iza'bion of lactate by five fetal l.arnbst

aged- betv,'een 125 and. 135 days 5çes'ba'bionr!''/as measured by

the experimental and mathernatícaI approach descri-bed

Above , The results of a. typical e;*'periment, corrd-u.cted on

fetus 114, wlIl- be d-escribed in detail'

Fetus 114, gestational age 1-25 dayso vui'bh cermulae

pl-aced- in the fetnoral artery a.ncl. vein l"ra.s g;irrei: 50 p-Ci

E-l4cllactate as a sirrgl-e injectíon via -blie femoral.

vein. Blood sampLes \¡¡ere coIl-ec-bed, from the femoroJ,

artery of the feturs a¡rd the femor"al- arì;ery' of the e\'ve at

various ti¡re intervals u-p to 150mín fror¡ ínjec'biorr cf the

isotope. The specific radioa.ctivity rvas ire'berriitecì ¿l,t

each sanpling tinne (la¡te 2). During the €x;-rs¡1tìental-

period., blood pO2, pCOZ a¡ld haematocrit were nie¿l"rl¿re'4- j-rr

fetal arterial blood to assess the well-bei.ng of -i;Ì'ie fetus

(tafLe 3; fetus 114). At the comrrencement of the e::.cer:Llren'i;

blood. pO, v,ras z1-.g mm iIg a,nd- blood. pCO, tvas /+{,.O nmi FIg.

At the end. of the experi:eent bl-oocl pOt was 20.0 nt lfg

whilst blood. icCO, vras 46.5 nm Hg. The haernatocri'b flell-

s1ig.ht1y from 33 ,A,1" at the start ofl the exîrerÍrûent to

31.5 % at the conelusiono

Blooa cor:.centration of gJ-r.reose (mean 0.56 * 0.03

lmol/e blood,), lactate (mean 3,2 ! 0.1L y''mol/ I ì¡looo') anù

fructose (mean 6.02 J e"26 Fmol / g blood) were stea.d.y

throu.ghout the experiment indica'oing that stead"y sta.be



Îabl-e 2

I,actate metabolism by tfue ovine fe-i;us : Ðata for fetus 114'

ted. via the canrrula Pl-aced'
pl-es were coll-ected from the
150 min.

i: ; . ; :"" "Ëlää1ïÎä" "iåí: "" riv*v
data are nonnal.izeC. to a'rr iniection of 50 ¡rCi'

time
(min)

lactate
(rniot ¡

fnrctose(tu)
specific raclio q.ctivit¡r' (clpm x l-Oi/¡ur,o})

4.6+ 26.1.82.75

2.6+
2.98
3.r7
3.00
3,04
3.1?
3.76
3.60
3.52
3"76

o .45

o.47
o,56
o.72
o "57
o.59
o.48
o.75
o.56
o "52
o.57

2

5

T5

30

45

60

75

9O

r.05

I?-O

t_50

4.31
5.66
5"80
6.90
6.04
6.04
7,06
5 "74
6.74
6.gg

20 .47
10. 85

4.63
3. B5

2.55
2 "A6
l-. 36

O. BB

o n54

0. 30

meatrr

S. E.H.

3.21

0 .11

o.56

0.03

6.O2

o.26



Table 3

T-,actate l,{etabol-isn by t}re Ovine Fetus: Iixperimentaf De1;ai1s.

Each fetus \,¡as rapidly injected with.50.l-,Ci IU-I4C l!-act¿ite] v5..a the cannula
placed in eithe:: the umbilieal. vein (UV)'ol the feno::al vôin (lV). Bloo,-j. ,
Èa'npl-es lvere talcen from the unl,ilj.cal arLen'(U¡") or tkre femora.l artery (.!'À,1

of the fetus or the uterine vein (Utr/) or fenorai a.rtery of 'bhe ewe"
Rlood gl.rrcose, fmctose and iaclate cleter,rtinations i'Iere cariie<l out as describerl
in Ch. IY.2.5. anl are the mean * g.E"i,I" of the n-rnÌ¡er of dete:.tin¿rlions
expressed. in paren-theses. Fc bal btood pOo, pCO, amci haematocrit (/"yCV)
were measureù at the beginning and end of'-each èxperirneni.

Fetus 15+1 iT 48 164 4+ 114

vessel- eannulated
feta].

injected
sampled
naterr:a,I
sampled

sampling period.
(^i")

.rys¿
J.a.etate (rd,I)

UV
u.|ì.

FV
T'A

FA

0-120

FA

o-1 50 0-1 20

TV
trÂ

Þrv

FÀ

o*1 i0

UV
UA

utv

o-120

f

5 " 
6-0. 19
lri )
l-

0.5-0" 05

+
2.7-O.l+

(z)
I

0.4-0. 02
(e)
I

4.2:0.10
(e)

l-9.0

21,2

49.8

40" 0

i5.6
75.o

+
2,5-O"23

(¿)

2,1!o.oT
(z)

o.4jo. o1
(z)

7

20,o

19 "2

43"O

41.5

77.4

76.5

L

2.2-o.07
(z)
I

0.4.-0. 02
(z)

6,6!0.21
(r)
a^ tl¿vcT

22,1

+5.6

+1 "6
i7.o
15.O

z,z?'lo,L,5
G)

T'AFA

r
I

glucose (r¡n)
(ro

fmctose (ntl)
a

6.Bi.O"

)

5O
)

+
J. 2-0.11

(n)
0.5-0.0?

(rr)
l

6.0-:0. 26
-t-

5. O-0 o6
(ro ( (u)

?.'l "9

20.0

+6.Q

4.6.5

75"O

31"5

9-0.1"8
(i)

start
P0c

eRc[

starL
PCOc

end

/æcv'tu"t
end

¡nate¡laf

l'6.4

Lo. o

44,,+

77.9

JB" O

28.'

2,o7!o.14.
(z)

z,s1!g.2,
ß)

glncose (ttu) 2.6
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conditions prer¡?-i}ed.. The ntean matelrral arterial glucose

concentr¿rtion was 2.69 ! O"1B pr.ro} / g b1ood.

The d-etermination of the speei:Êic rad.ioactívi'by

of bl-ood l-actate over the experimental- períod. of l-50 min

shorved. that 14C-1u,"tate disappeared. rapícrly from the blood

of the fetal l-a¡nb. ',Vhen specific racl.j.oa,ctirri"'b¡r of bl-ood.

J-actate r,vas plotted semil-ogarithmícaily it $Ias evj-rlen'b -blrat

the disapi¡earance curve ilas composed. of twc¡ exponents (¡'ig9) 
"

Computer arr.alysis of 'bire curr/'e confírrne<l 'that 'bhe sirnplesb

descripti-on vras gíven b;' a fu-nctíon composed' of -bh'e ígullt

of tv¿o el{ponentiaA terrlis. The valu.e of the d-eyir¡ed

coefficien-bs ¡îor this fetus e:re presented- in Table 4"

The %eno t:Lme intercept and" til.e s1o1:e of the j-rtj.tial fas:t'

conrponen'b of thís cul:r¡e \¡rere 23,16 x tO3 tlpm ,/ ¡;'rno1 ancL

0.106 ¡o:-rr*1 respecti'¿ely, an:.d- of the second slolver
'?-1

component ihey lrere 7"66 x 10J dpm / ¡:-rno3- 
a¡d. Ü"01-9 min -"

respectively.
The su¡n of the zero time intercep-bsr 30'E x 10 3

dp* / prnol , galre -'r:he specifie raclioacti-vii¡¡ at 'bhe time

of isotope injecti-on. ,Ihe injected- d.9se of 14C--Lactate

\¡,râs 50 ¡:ti (i.e. 1l-0 x LO6 ûpn)r so from equation 2 the

lactate poc]- is:

i-10 x 10 C)

--: 3.57 mmol. lact¿rte
3O.B x 103

or 1 .630 rmol./ kg conceptus rveighÌ; (ta¡te 5) "

The lactaj;e space, 1115 mIr lvas obtained by dividíng



Figure 9 : Semíl"o thmic Pl-ot of Bloocl lactate
SpeeifÍc Rad.ioactívitv ín Fetus 1.L4.

Specific radioactivities are rlorrnalized

to an injection of 50 ¡rci çu-14C1Iactate,
and. are expressed as d.pm x rO3z/¡mof .

{
I

I

t
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lL'abl-e 4

lactate rnetabo11sm by the ovine fetus : Coefficients of the Lactate specific
radioactÍvi'ty curve.

Each fetus ìvas injected j-ntravenousJ.y lvi.tir.þo ¡Cit U-ltllactate at zero time
(r=i"" rable i), specific zadioactivj-ty (sn*-) was d.etermined as desc:'j-betl in
iL,IV.2.5. a¡.d" matheinatical anal-ysis carrie,L ðut a.s Ctetail-ed in Ch.-[V.2.6.
Specific radÍoactivities are nolYial-ized. to an injectionrof 5O ¡rCi'
A. reîrresents ihe zero time i-ntercept ( * 1tþ dln/l:tnol) an¿ ni. the sJ-ope^^.

ifu")-;;-;;;; conponent of the 
".r.r-o*. 

The stand.ard'deviation for each coefficj'eni
is shot'rn in Parenthesis.

tr'etus 1541 IT 48 16+ 44 114

ini'eial SR* 67,50 ?-'í"O2 21.72 26'50 
'0'BO

fizst decay
componeut

Â

seeond decat¡

53.+O
(o.=s)

-0.'l 81
(o. ool )

2Q.95
(2.64)

-0.1 4 A
(0. o+z)

(). [ (

o.?s)

-0.1 60 -0
1o. ou) (

23,16
(r.oo)

-0.1 06
(0. or l)

1

(
1e.22

1

to1

(o.r+)

2)
48
oo

1

o

B
(o

6.O7
( z. aao)

2.95 30
1(0. ¡¡o) 7A

7.66
) (l,elo)

^z

1 0.08
(0, +go)

^o.47+
(0. oo,rz)

-0.0i7 -o.ooi(0.ooa) (0.coz)
-a.o26 -0.019
(0. ooor.) (0. oo+)

vario.nce 0.0014 i.O'l0 O,17r¡' Ð.0006 0'147
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the pool (¡rmol) ¡¡' the rneaie l-actate concen-bration (o.Oo3e

mniol-/ g Trlood) . The J-ac'hate space reÐresented approxÍinately

50 /' of the con.ceptus wei.ght. Trreversible l-oss of lacta-be

was ca*1ci¿1a'Lcd- from eo,uation 3 a¡¡:d was O.O?9 mmol/ kg

concel:tus/rnÍ-n.

Sepa"ration of blood me'babolites by hig;h vo1.-'cai.-ele

el-ectrophor.esis a,J].orn¡ed sinuJ.'ba,neolrs neesur"errent of the

incorpora.tion or l4c-l.abe1 in'bo glucose amd- fr:uctose"

I{o'¡leVerr [o formatíon of either gJ-r-rcose or frt:.c-bose f'rcxt

l-acta'be was cle-bec-bed. in any blood sauilple talcen from

fetus 114. Rad.ioactivity r¿as not d-eteeted- j-ll maternaJ-

bIood"

Sinrj-la.r experine¡.ts were eonC-ucted. on four oti:er

f e'ta1 laubs. lhe general e,*cperi-mental cìesi-gn is ijÌ;l-1^'1,,1Ð"rizeÕ.

in Ta.ble 3 whicli also shov¡s ttreãlî, gl-r:-cose, fruc'tose e¡til

lactate concentra.'bicn, bJ.ood PO 2, pCOZ e.n.d ha.entatocr:Lt f or

each fetris. Blood- gases did. not shoi'v arr.y ma..rked. fl-tlct'u-4."'uior::i

during the experinental perio¿ , lvi'bh the e:ccep-bion of

fetu.s 154r..

The experi:lent cond'ucted on fetus 1541 v/as per:forrrrerl

on the da.y of fe'caI cannulation. Thj.s fettr-s illu.str¡Lies

tbe problems a.ssoci.ated. lvith experirnent¿-,tion rvithout

a1-iovli.ng ihe e$Ie anci- fetus aaecluate 'cj¡ne for recovery

fron surgical stress. Al-ihouglr l¡lood gJ-ucose a,¡rC. frt¡.c'üos€

concentra.tions =.emaiped. rela'tively consta,nt throughou-t

the experimer$ blood lacta'ce concentrations iricreased-
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from 2,3O l oI/ g b1o<lü to 13.0 Pmol/e blood, rvith a

mean of 5"60t 0.19 ¡u¡of/ g b]-ood.." 'Ioward"s the end of the

experiment blood. po, deereased Ìo 10 ru'r Hg. The high

blood l-actate concentra.tion and the l-ovr p02 vi:.lue

índ-icated that the fetus wes severely stressed'. The

follovring day the fetus l¡¡as aborted.. Data from this anirual

were not incl-uded in the caleulations of the mean's listed

in Te"b1e 5.

Tïrree of the e're* (ni'uebe's; 44, L64 and I14)

tlelíverecl l-ive lambs a.t term, to¡hich was approxir:rately

148 days gestatíon for this breeding floclro TlTIe fe'bu's

of 1,T 48, in rivhie¡ the urn'bilical- vein arrd artely 'rrere

carrnul_ated. was deað at term (i.e 23 d.ays after expeÏir';re:rt*

ation) . It v,¡a,s difficrrl.t to mair¡t;ain. pa,ter:cy of 'r''tre

car¡oul-ae placed. in the blood vessels of 'bhis fetu-s and"

during daiJ-y canrnula r¡aíntenarLee ¿rrr in-feetion was probaT'ly

introduced 'Go the fetus"

The shape' of the specific raclioa'ctivity

disappeararlce cu.fi/e of blood la.ctai;e is shor¡-'¡'n in Fig L0'

llhe cllr.verfít"Led" by cotnputer f]roru the d-e.ta of fettrses

lT 48, 164, 44 anð 114, shows th.e no:r¡ralj..zeô'd.ata poínts

t S.E.M. Normaliza-tion iras beel)' c¿mied out 'oy nraking the

specific ra,clj.oa.ctiv:Lt¡r at z'ero 'bj¡re equal to rinity"

From the coefficien'bs of the di-sa.ppeara¡ûce cuI*fi'es (ratte 4.),

the parar:reters r¡f lactate rnetabolism in "bh'e fou'r fetuses

were calculated. (na¡te 5).

lhemean]-actatepog.].oftbefetallanbv¡as
1.681 t O.0B ruIo]./ xe conceptus r"rt (n=4')



Figure 10 3 I, ee,n Sr¡eci fíc R.adioactívitv of
lactate in Feta,l- Ï¡ambs

Specific rad.ioactivíties a;te p1-otted-

semilogarithraicall.y against ti:ne n

arrd. are the rnean j S.E.M, of 4

fetaL lanrbs given 50 ¡r0i tu-l4cllactate'
Fetus ]-54l is ornit'bed. from the mean

d.etenninations.

Speci.fic radioactivities are nolsûal-izecl

to a'base of one r.rhere the sum of

the zero time intercepts of the

components of the lactate d.isappeâ.rance

curv'e ec¿uals uníty.
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[ab]-e j

Para¡neters of lactate Hetabo}ism ty tfre Ovine Fetus.

The nara¡neters, pooLr sipace and írreversible loss are d'efined'
iä-cli.--Íi ,2.6.' - The'poõI size arrd irrer¡ersible loss a'r.e

caaculated in terr¿s of 
"õãõðptt= 

;rãie'hi-(l;ã" r*i"s + placenta)
Fetus 1541 is omi'oted. fror¡ meatl determinations.

Fetus L54t r! 48 t64 44 1'L4 mean. S uEnM.

age
( ãays )

weight
(te)

p"os
(nraoL)

(rilnofr/fg)

l.23 1,25 135 133 r25

2.14 2 "lg 2.89 2 .79 2,19

lactate
(oru)

1.732

0'"809

5.6

sþace 692
(rn1)

y'" ¡o¿y wt 52.3

írreversible 0.087
loss
(n¡ror/re,/nin)

4.O70

L. B5B

2.7

5.064

1.752

2.3

4 "t+7
1.486

2rz

3,5'lA

1"630

20
-ltu

l-.681. 0 
" 

OÍJO

t5o7 2.20L 1885 L115 L677 2.34

68. E

0.067

76.O

0"062

6T "5
0.089

50"9

o. o7g

65. B

a.o74

5.3

0.009
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The mean l-actate ff* was 16?? I 234 mI (n=4),

or 65/" of the mearr conceptus vreight"

The irreversibl.e loss was O'074 J 'O'OO5 rûmo]-'/*e

conceptnrs rveight/mín (n=4) .

No glucose or frtrctose formation' Tras rletected" j"n any

bIood. sarnpl-e talcen from the fetus a¡ed it i-s co1Lcluded th¿Lt

elu oneogenesi-s from lac tate ís rre Elip:ible in the reta].

J-amb in utero o

No rad'ioactivi'ty was deteeted' in arr¡r l¡lood' sar:ople

taken from the femoral artery of eYte 44r'L64 or 1541-r

nof. in erry 'bIood sarnple taken frc¡n the u'berine I'eíir of

ewe I,T 48.

IVn3,2. I,actate metabolisrn by the postnatal lamþ"

The metabolism of tu-l4cllactate by five postna"ual

la¡rbs a.ged from 5-]] d.ays was studj"ed. using the

experimental procedure d.escribed. j.n ì;he prevíous see'bion

(latte ?). The d-etail-ed results of the experinc¡nt r'-¡:-'b5'

l-amb 4 are shov¡n in Table 6. This e,¡aima} lvas injected- r¡t''ith

50 ¡rci tu-l4cllactate via the carurula praiced" j-n 'bÏ"re femoràl-

artery . Blood. sampleS l'fere taken from the fe¡roral a'rter?

for a period. of l-Eo min after ín jectíon of the 5'sotope '

Blood laetate eoncentration (l¡reen l-'62 * O'04 ¡ulol/ g blcocl)

and glucose concentration (mean 4.31 J' 0,09 pmolr/ g bi'ooô)

remained steady during ihe experimental peyiod' (latle 6) 
"



Table 6

lactate netal¡o-tisrn by the postnatal la¡nb : Data for lanb 4"

tU-laCJ1actate was injected. via the cannul-a placeil j-n the
fernoral. artery. Blood. sannples v\tere collected. from the
femoral arterir over a periôd of 180 min. Blood lact¿rte
and glrrcose concen'brations lvere meas'ured as described in
Ch. lV.2.j. Specific ra(Lioactir¡ity d.ata are nof,ina,1ízed,
to an injection of 50 ¡rOi.

specif ic i'aC.i oacti.wity_ti¡re
(min)

Laciate
(run¡

glucose
('u) t?8ü,i*i 

1-o3/ ËrÎÎ=-

2

4

6

I
l-0
1"5

3o

45
60

90
l-2c
r-50

180

r.66
r.76
1.50
r.32
L.64
L.52
1,41
1" 50
1. 84

1.72
1,7 4
r.7'l
1,76

4.68
3.83
4.06
3.88
+. o¡
4.21
4,gL
4,67
4.4r
4.50
4.20
4 "5g
4,54

56.2E
39"39
32 ,93
26 ,63
2Q,37
LJ-,2g

5,46
4.'13
2.69
2.L5
1- 68

1.09
1. "O?

1. 6l-

2, 38
2.67

5.2r
6"40
4.39
3.L5
2.97
2,06
l-. 39
1"17
L.10

meaÐ.

SNE'M'

r.62
0.04

4. 31

o.09



Table 7

lactate getaboli5ro by the Postnatal la¡rb: Experj:neni;al Ðetails,

Ear:h 1anrb vras rapidly j.njected.v¡i'th 50 ¡:ci fu-1at].Iactate via the cannula
praced in the r"il;;i.;í; (uu), jugura¡r n"i" (;v) or the femorar artery (¡'l)"
¡l.oo¿ sar,rples r,¡ere taken from the femoral artery- or the jugul-ar vein.
Blood glucose and. lactate were measured. as described" in Cln.'IT.2.5. and' are

mea.ns Ï s.E.Irl. of the number of sanples exprêssed. in ¡tarentheses.

r,anb 155 96 77 54

vesrsel cannulated

i.nj ec ted
sa,npl.ed.

sarnpling Period.
(*i")

lactate (rn't)

gtucose (run)

JV
Ì.4

0-1 20 0-90

JV
1A

r,^4,

I.A

o-180

TV
I'A

0-90

JV
iru

1 .?O10" 1 O

(z)
3"4:l'O.21

(e)

2. ojc. 01
(e)

4.2É0,19

2.6!0.11
(e)

2"8*0"o¿l
(e)

1.62|ct,a4(tt)
4"1!O"09

çtt)

o-1 20

t.6o1o.60
(15 )

5 " 5:b0.10
(rr)(e)
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The variation in speoific rad.ioactivity of blood

l-ac'bate u¡ith time for la¡nb 4 is shovmin Tig 11 as Ë"t

semílogaroth-roic plot over the seimplíng Ðeriod. of 180 rnirr.

The specific rad-ioactivity of bl-ood l¿rctate decreased-

rapidly d.uring 'bhe first 15 rnin a.fter the j-njection of the

ísotope; thereafter it decreased. a.t a slower r¿'1',úe. '

Computer aria.lysi-s shoäed that the eu.rve v,'a.s best representecl

by the sum of tv¡o ex"ironential flrnctions. The zeyo 'bi.me

intercept of the initiaJ- fast coltponent was 66.Og x l-O3

dpn I Fmol- and. the slope v{as 0,157 rnirfl. For the second

slovrer component the zeTo ti¡re in'Lercept vras 7,O9 x 103

dpn / prol- a¡:d, the slope vras 0.012 min -1 (ta¡te B).

lhe parameters of lacta,te metaho-l'isrl r¿vere cal'cu1a'hed'

using eq.uations 2 a¡rd. 3. The llactate pool-, ealcrr-J-atecL

from the extent of dilution of the iso'bope a'E the tine of

injection was 0.536 mr.rol-/kg. The space 1"/as B3'Z riù ob

2g.B f, of t1e bod.¡r vreight. The irreversíhle loss of lacta'be

v¡as 0.039 rrrmo]./Ea/mj:n (ra¡te 9).

In contrast to the fetus, the postnata'1 lamb

rapidly s¡m'b1resLzed. gi-ucose fro¡n lactate (ta¡te6; }-ig 11).

fhe blooc. glucose speeifie ra,dioactiv'ity curve r fitted

by computer progran, is composed. of a"¡lr initíal r'i-sing

fu:action r.rith a slope of 0.119 mino follolved by a d-ecrea.síug

function ,,vith a zero time iniercept of 6 'g3 x 10 3

dpg¡/ p*o1 a:rd a slope of 0.013 min-l (la'¡le B; lamh 4)'

Comparison of the area und.er the glucose incorporati'on eurve

with the area unC.er tþe lactate disappea'Tarace curve



Sigure 11 : Semil-og;aríth¡aic PJ-ot of BLoocl I¡actate
and. Gl-ucose Specífic Railioactivíty
ín Tramb 4

Specífic raclioaeti.vÉties are norrnal-

ízed to an injection of 50 ¡rCí
[u-l4cJractate, and are expressed.

as dpm x ñ3 / ¡rmoL 
.
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f,a.c.bate meiabol-j.sm lly the postnatal l.amb : coefficients of lactate and

glucose specifie .rad.ioaciivity clrrvêso

Each lan'rb rias in,ìected intravenously rvith 50 pgi I U-laCl]-actate a'c=zero ti:ne

îî:ï-;ï;¡ïä"2j. speciric radioa_c_ii.'lty (î\), 
-expressed 

as- x 1o1 dp^./ 
-Fmor,

wascietenrined. as d-esã;'jbed' in Cn'IV'2'5' and #aiheltai';ica'l anerlysis carrj'ecl

ou.b as detailecl ln ch.'Iy.2.6. Specifj.c ratli-oactj-vities are nornalizefl to

an injection of 50 FC]. À. reprãsents the zero tirne j-ntercept ( 
" 1O'-apry'¡rnof)

an. m. the slope-(trî") of eäch ãomponent of the curves. The standarri deviaiion
for eàch coefficient is sho'¿¡l in parenthesis'

Tab1e I

96 77 4 5
f,Lamb 15'

initial SR,

first dec¿.y

second decav
å--ræ--É

Â.^
¿

valll-a¡.ce

20.02
(t.rtz)

-o.262
(0. olz)

17.25
(o.lt t )

-o.776
(o.olo)

17.89
(l "9oo

-0.1 04
(0. ozo )

66. 09
2.450)

.157
o. 01 2)

.091
2.22o)

.o12
O. OO5 )

46.19
(rr.o+o)

^o"247
(o.roo)

6.611
(t +. I oo)

*o.Qi1
(0. oio)

27 "59
14

19 "45
C-lactate disanPearaJlce

18,59 77.18 52.8Q

(

-o
(

At

*1

7
(

-o
(

)

o2

7.499
(t.sgo)

-o.o29
(o. ooz)

o.264

2.185
(0. t 6?)

-0.01 0
(0. ooz)

0"012

o.613
(t.eao)

-0. oOJ
(o.o53

0.789

)

1 .550 6,28C

14 C-g1uc ose aDlearafìce

-*isi."s
i,i

mi

þcgz
Àì

nl

3,520
(l.lgo)

"7170
( 0" 505 )

2.52_O
(i.ot+)

-0.006
o.00008

1.920
(c.zlz)
o"294
(0" ozo )

1.810
(o.rot)

-0.01 2

) (o.oot )

000

Q.17'
(o.ozl)

4.550

6.95C
(r . slo)
0.119
(0. ooe)

6.930
( r .et)

1.j60
(o.rsz)

^ 
lot

10. orz)

1 "4+O(c. r gz)

-0. 01 6
(0. oot )

214)
+.
(o

(

(0" zzo)

-0.01 2 -o.o13(o.ooos) lo.oo+)

variance 0.01 5 0.005 0" 00Él 0.606 0.006
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labl"e 9

lara¡reters of Ï,actate ivietabolisrn by the ?ostnata] Ira¡nb

pa,rameters, pool, space and ir::eversible loss are ðefined'
v. 2.6,

I¡arnb

ase
( äays)
weieht
(t e)

l:o-oå

(rnmo1)

(nurror/tg)

Lactate
(nU,t¡

space
(ror)

I uody wt

3.997

o,57l.

1.7

235r

33"6

5.656

0.716

2rO

282g

35.8

5 ""9r3

0.730

2"6

227 4

28. o

0,036

1"508

0"536

l-"6

837

29.B

0"039

2.080

0.408

1.6

l_300

25 "5

0.048

t55 96 77 4

5 1-0 20 5 H

7.0 7.9 8.1 2.8 5.L

5 mearx S.E"I'/1"

l(

a,592 0,059

LgrS 367

30.5 L 
" 

85

o.o42 0,003irreversible 0.046 O.A74
].oss
(m¡nolr/te/¡;in)

v

omitted from meaJn. d.etennina'bíon
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slror,ved tha.t ?3fr of -bhe lacta.te carbon. was incorporated.

into glucoser '

Similar exÐeriments vúere carrj-ed. out on four
other Ia::ibs and- the resr'-lts are sruurrarized. in Tables '7 and B.

ln aLJ- experiments the 1,aeta"ce disal¡pearer.ce curve \ryas

best represented. as the sum of tvro exponentiaL tertns"

The glucose incorpcration curve l¡¡as al.so re'oreserr'betl tJs

the sum of -bwo exponential terrns, one risi-ng auriì. the other

d.ecreasing. l\Iaxj-rnwn incorporation of 14c-1abel- j.nto g).ucose

oecurred' l-o-f5 min afterbhe injection of ['u-14cjlact¿rte'
Ilormal-ized mean vahies for l.actate disa¡:pearanee ar.d. glucose

forrnation are shown in Fig 12.

By compari.son of the areas uncler th.e glueose

fonnation and lactate d.iszrppeerä,nce curves it v;as ce1cr,,,i-a.,-bed

that between 2-l and 44f" of the laetate carbon w¿rs

incorporated. into 'ühe glucose poo]. of thc' larnb (r:rean 35*81),

The parameters of lactate ¡netabol-ism for the fir'<:

lambs are presented in Tab1e 9" lhe average l-actate tr-ql"

lvas o.5g2 ! 0.059 r:rmol/kg, the FIRæ was 191-8 J JbJ tnl.,

3I/, of the body wej-ght. The

o.o42 ! o.oo3 wnol/r:,g/min"

irrer¡e::si"ble ]-oss t''¡ag

statisitical conl:e,rison of the pararneters of

lactate ¡netaboli-sm of the ovine fetu-s yEith- the nos"bnata-l

la.mb (using Stud.entls t-test sholved- that:-

(1) the lactate pooi of the fe-bus v¡a,s sj-gnifi.<:erntf¡

greater than that of i;b-e postnata-l l.a¡nb (p( 0.O5)i
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Fígure L2 : Iilean Snecific Radloact Iva ty of Iractate

and G]-ucose' in Postnatal lambs

Specific radioaetivities are p3'otted'

semíJ-ogari-th¡nical-Iy against tÍ-rne t

and. are the mear:-s t S.E.I',{. of 5

postnataL Lambs gíven 50 ¡Ci
tu-14c1 lactate.
Specific radioactiirities are normal--

j-zed to a base of one where the surn

of the zerQ time intereePts of the

components of the l-actate disappearance

eurve eouaf-s unitY.
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(Z) the blood l-a.e'bate concentration was sig:nificar:t1;y

greater in the fetus than in the postnatal- la¡rb (p< O.O5);

(¡) there lvas no significant d-ifference .in the

volume of fluid ín rvhicb. the lacta.te pooL was distributed

in the feÌ;us and the postnatal Iarnb, hoivever, t'¡hen coilpared

as i,j]ne f, bod.y rveight the feta-1 spece was significant-ly
greater tha¡r the postnataJ- Ie¡ob (p<0"05);

(4) the irreversíble J-oss of l.acta'be was sig.nifj.ca,nti.

greater ín the fetu-s tha:r ín the postna-ha-]- Ia¡nb (P\<0'05) i

(5) laetate was converted- to glucose Íu the

lamb but not the fetus.

IV'3"3. Discussion

llhe failure of the ovlne fetus to s¡mthesíze

glucose from l.actate clearly demonstrated the a'bsen'ce

of gl-uconeogenesis. In this respect the sheep fetr-i'g

ressembles the fetaJ- rat; but whilst the absence of

gluconeogenesis in the rat fetus may be partly at"bributed'

to the low cytosol phosphoenolpymvate carboxS'ki"nase

activi.ty (gauard anrl Hanson, 1967) t in the f etal'. ia]1ìb

aJ.Lgluconeogenic enzymes are actíve (ch' ITI)' The Laelc

of fn¡.ctose synthesis froin lac'bate in ihe o¡rine fctus showeå

that the g]u-eoneogenie pathwa¡r was blocked before g-l-ucose

6-phosphatase 
"

In the fetu-s, lactate is present in higher

concentrations than in the neonate or tbe adu-r-t
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(see also -A¡rnison $*eÀv 1963) . Iurthert tlte hidl

írreversible loss of lactate ín the feta^1 lamb suggests that

lactate is a¡ impoybant interuiediary rnetabc¡lite at

this e|ge, Assr.¡ging stead.y state condi.tions exíst ancl

recycling is negIigib3.e, the J.arge irreversible loss is

índicative of a higþ Lactate production rate' The

avaiLability of lacta.te as an oxídati've substrate in the

fetal lamb has been recently' discussed by tsurd't Jonesn

Simmons, $la,kovrski, liteschia a¡rù BattagJ'ia (L975) whot

from caJ-culaiion of the lacta'i;e3 oxygen quo'cient c¡f -bhe fetus'

argUed. that laetate oxidation cou1d. aceount for up to

25f" of tine oxygen Gonsumption of t)re fe-ba} la¡nb'

llransfer of lactate across the placenta to the

naternal c:irc'urlation was oree ividely accepted as the

nnain route of lactate renroval from the feius. Thi's

Ïrypothesis was based. rrpon the assu:npti.ln that t}re lor¡;er

concentration of matelrraL lacta'be vrould favour d'iffusíor'r

of fetal lactate across the placenta. However, 5-n One

ex-periment (ewe 1;T 4ü radioactivity \¡Íets measured írr

blooð sa"mples taken from the uterine '¡ein. No radioac"civitl'

yffi,s detected in arry maternaL blood sarnpJ.e, indicating

tha.ü the transfer of lactate from fettis to mother vf¿!Ë

negligibl-c.f\¿rthe::supportforthi'sobserraticnis
presentecl by Barker a,¡rd, Britton (1958) r tsrittono lVixon

and r.lriglrt (196?)r Trla¡rn (rgZo) emd Burd" et aJ- (r9?5)'

Jn contrast to tTre feta,l lanb, the postirata.l lErmb

possesses a$' active gluconeogenic pa'bhlvay' Sin'ce

recyclíng between l-actate ancl gJueose oecu-rs, irrevers:Lble
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Ioss cannot be assumed' to be equivalen'b to production

rate'Irreversiblelosswoulclbea¡runderestimateof
Lactate productíon rate as an alternative route for

lactate disPosaS- is avail.abLe'

Itwastheaimofthischaptertoderiveamociel
to d.escribe the interrelation of lactate and glu-cose

metabolism in the d.eveLoping lanb" several compui'ber

prograüs'incorporatingthefíttingofnon-}inearfirnctj.clns'
ErÏe avail-able for the testing of models ancl -bhe calcula'1r''ion

Of rate Constants. I have used. lNon-I,inr (1'Te'r;z1er¡ 1'969)'

The shape of the lactate disappeara¡1c

lbhat there were two pools reversíbLy

mod.eL cons

gl.ucose

e curve in-d-ic¿rted

interconneciecl.
{ *14g-1acti,r.,ue

'tt 
!-

ist

\,,

ing of 'ti:ree Poo3-s

J 
* f i'c-t¿ucta-le

lacta¿lte

i. €.

a. ê.

\0,

glucose l-ac'bate

I,actate car'þon was either recycled via glucose sr

irreversibly lost from the system througþ oxid'atio:: ( )02)'

trIowever,whentested'thismodeldidnotsatisfactorily
fi-t the data and- a se

was proPosed. rNr

conrL

X,,

x.,
t
àoz

( glycogen )
The lactate poo3. into which the ísotope was achninistercci

livas reversibly interconnected. wíth the product pocrS't

glucose ( sampLed) . Tbe glucose pool was also reversíbly

4
4-æ

\,,

1
2

J I 2

interconnected. rvitb a¡r rxüolorvn pool (not sampl'ec'), birt
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possj.bl.y gl.yccgen.

Neitlrermode].provi.ded'asatisfactorysolution

tothekíneticsoflactatemetaboJ'ieninthe}a¡ib"
.Llthough the proced.ui:e aimed at finûing the simpl'es-L

mathematical mode]. to describe the trehaviour of the

tracer it aæpears that the models were too si-rrple'

!ïithout ad.ditional, öaianprovided by a longer: sarriplír-ng

timeandsamplíngfromnorepools,i'tísnotpossi"l¡l"e{:o
d.erive a more suitable model arld. hence rate con'stants for

lactate metabolisnr in the La¡nb'

In some cases ealculation of the i-rreversi'hl-e l'osl¡

oftheprod-uct,usingthestevuart-IIamiltonequ¿},tion
(equation 3) an¿ the coefficients ¿er1ved fo-t'' tlre pr"oduct

specificra,d-ioactivityculrve'w.i].].givea,nesti-ma.teoft}re
irreversible l-oss of that compotlnd.. Th.is proceclure is

no.li; valid. fo:r calculatiorr of i.nput-oupurt for a"i'l poo"!'s

to whiclr the tracer enters a'd leaves (Sfiiptey a'ntL Claz'lct

Lg72). It is true only if there ís a singJ-e point of

output. since rve are d.ealing rvith a me"babolic patht'vay

composed. o:¡ï a series of substraÙe-produc'l' rea'ctions

thereererrìJfneroussitesfor].ossoffactate-d.erived"
isotopebeforetheroajor.prod'r;ct,glucose,iSreac}red..

Tlruscalcu].ationofg}rrcosej-rreversj.b}e].osscannotbe
L4

mad.e from the experi-:nenì;S '¡¡here 
"'C-7-actate 

"¡as ínjected'"

Ân. ind.epenoant esiimate of g-J-ucooe irz'cvereibl'e lcss in the

postnatal larnb was ob'bain'ed- ín Chapter IV'3'7'
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A:rnison 9i--?+ (1963) f'ound that rapirl r'ecycli-ng

betr,veen glucose ancl ]actate occurried. in fed, res'Ling:

adult sheep" They estj¡ra-bed that L7'i of the glucose

poolvlasderivedfromlactate,ava}tretha.ì:shoti]-clbe
compared. -bo 'the 3Of" ca1.cu1.ated' ín nry ex'neriments "

The sheep used by Annison et g! (fgO¡) v;cre allÐ'esthe-bir;ed''

sotÏratmuscleacti-vitywaslolt'"Thelamb'sur;ecL:Ln
thís study s¡ere not anaesthet:LseÖ, althougþ 'bhey \^rere

restrainecì j_n a ivire cage. irT'scle activ'i-'hy and- st;ress

\¡tere apnarent.

Jrreversible loss, blood lactate concen'Lra"'uion

and. lacta.be pool \,¡ere sie;rrificar:rt}y }ess in the net,'lbotrr,

than in the fetal lamb' Cornpa'rison of the rest¿l'bs¡ of

Anrrison e,-!_gf (rgo¡) rvith -bliose presenjr;ei- here slhclv

thatafurtherclecreaseinlactateuti\ínatitlllacccÍnpa'nielj
maturi.ty.Ïnthefed-,restingacl-uf-bsTieep,le,c-i;a,ce

utrization rates (i.e. irreversibre icc:s) r'vere c).01'2'*

O.019 mrnolr/¡g/mín, values ll'hich sho*1tl 1le col^rïa'ÏecL to

Q,o42 r',;rno!/\eg/xtin in lambs (natte 9) ar:'il' 0'0?5 rr'r:tc1/k€''linitt

irr fetuses (ta¡le 5);

l{ocomparab}estudiesoflactatemetabo-Lj.smare

availaþfe betv¡een pre- arr<l post-nateJ e"nirnals of' other

speciesrSoarrinter-speciesconrparisor:.caln.no'hhernad-e"

However, Vernon a¡rd- rilalker 1a9i2b) and- snell- ancl- \'ialker

(rgz¡a)haveshownthatsrre]clingrats}raveahig}ierrate

of lacta'be utilization tban 30 day of'd' v'¡eanecl râ"ts r

Vernon ar:d lïa'lker ..]r9lZv) therefore concl-r-¡d'ecl ttrs¿t the

rate of gluconeogenesis in 2-l-0 ùay oJ-d rats lvas trryice
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that of 30 day ol.c[s.

'Ihe lovuer irreversibJ-e loss of lacta'Ue in the post-

nataL la¡rb than in the f etal la¡nb is probabl¡r associated'

with a decrease in production brouglrt about by tbe

removal of the placenta, a major site of lactate s¡mthesis

in tTre coneeptus (Burd- g!-9&r 19?5). The íncrease

in oxygenation 'rdliclr oecuïs a.'u birth r$ouId. also ccntrj-ìrt¡-'t'e

to the decrease in l-acta,te product:Lon, since thc

equi-1-ibr.iurn of the Jactate-pynrvate reactiorr 's¡ou-Lti- no

l-onger favour extensive lactate prod-uetion ('fiscusse'1 in

thapter trI). The decrease i¡ lactate utj--Iizatior¡ anrl

prod.uction may aLso be assoeiated with the cha":r.ge irr tÏr.t:

conposition of avaifable nutrients after bírth. The pia'c-

ental circulation is a r]cÏ. source of carboh¡rdrate to

the fetus but nil.k ís lor,v in earbohydrate anö- r'ich in fat

and. protein, which are additional ¿.ued alternative

sources of energy. Furtheztnore, weaning in lbhe

rurninapt is accorlpaü.ied by a further d'eerease in the cLie'ba'r1y

availabj.lity of carbohyd"rate since these are convez'-beri'

to volatil'e fatt¡' acicLs in lúhe rlrtnen'
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IV"3,4" itr:uc-bose ffeta.bolisn b¡r the o1rir'Ìe f"ettts

The metaholi.snr of' fr"urc'i;ose was stud-ied. in :iive

fete.f 1a¿abs in utero ranging in age fron 125 cla¡rs

'bo term.

The resu] ts of a typícal- experiment are presented

in Te.ble l-0. Ì-etus 1465 wa.s rapid.ly Ínjected witlt

50 ¡.r"Ci LU-l4C]tructr¡se vi-a the ca¡rnJa placed i-n i;be

umbil-ical vein.. Blood sampl.e..; \¡ielîe -balcei'r from the r.:nbil.j-ca-1.

artezX' for a period of 135 min after injec'cíon of

isotope and Specific radioa.ctj.vi-Lies d-eterrirj-lted"

During the experi-irren'c the blood concentration of ljl:u-ctose

(mean 4'.66 i 0.14 ynol/g blood), g'1¿cose (mea;rr O.'73 t C''Ð-;,li

¡Ënofr/g bl-ood) arrd- l-actate (mearn 2,5O * 0.04. Ìnnol,/ g lcl.ooc)

rlic-l pot alter ap1:recia¡.|y. Iifea¡r lia-a:er"nal- gli-rcose

concentration t,'as 2.31- J 0.17 F!f,QIl g b3'ood' H8'e¡ria'bocl:itu

pOZ arrd pCO2 \vere consta¡t throughout the experiinen'b

(1'abl-e 11) " The la¡nb v¡as deliv'ererJ. live a"l; tennn

Blood frr.rctose specific rad"ioaci;ivity decreased

slovrl¡r d-urín.e the ex'oerimerrta.l period- ('frig f3; Tab-l.e ]0)'

The sllecific radioactivity clísar1:tearånce ctlrî/e wÊrs 'neS'r

descriþec1 aS 'blie suln of tr¡.:o exponeniia] functions "

The zeTo tirne i-nÌ;ereept of the initial cornponent l'?a,s

')-
13.J. >: l-OJ dp*/ ilnol. ¿u:.d the slope was 0.2'13 rlín-*.

tr'or -bhe second. slower component tþe zeTo time intercept

v¡aÈ Z3"r¡ x tO3 ctpm/ ¡r:no-!- and- the slope was CI"006 mj-rfl.

(ta¡l.e te; fetu-s 1465). Th.e fr¿ctose pool, d'erirred from

ecluertion 2r for febus LI+65 v,¡es I .4O7 rrm.ol-/ kg conceptu-s

vreight a-rrd the fructose space !'/as 569, ml , 31rfr of the



FÍgure L3 :: S l-o thrûi ?].ot of B1ooå Frtrctos

S ecifíc Ra"dio tivi Fetrrs 146

Specifie radíoactivities are norsral-

izeð to an injection of 50 ¡r0i

Iu-laclfrue.tose, a¡rd are er¡rressed'

as dpm x Lo3 / prnol- "
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Table l-0

tr'nrctose metabolism by the ovine fetus : Ðata for f etus 1465 '

[¡-Iac] fructose was rapídlY inj
the r¡nbilical vein. Sfood samp
artery over a, Period of 135 nirt'
Lactaie eoncentrations lvere dete
Srrecific radloactivitY data are
50 ¡r0i.

time
(min)

2

4
6

I
l-0

L5

30

45

60

75

90
1-05

r20
i.35

4. B0

4,35
4.98
4.28
4,r5
4.25
4.42
+.67
4.8g
6.00
4.. 68

3.92
5.32
4.60

o .527
o.69+
o.766
o.738
o.672
a.666
0.?_33

0.700
0.750
0.705
O "7BB
o."155
0"780
0.855

0.730

0"014

29"83
28"OB

27,68
23,20
2:l-.52

20.34
lg "92
L8"60
17. B_l

15.91_

13. 23

LI"23
10.B2
L0.32

tïåfi9"" *tï;,?nî" t"ifo?ï. "lå;åt;",-ö31
a
ì

v:i.-i;'.1=ioact
¡rn'.ri

2"57
2.33
2,21
2.42
2"33
2.4r
2.41
2.56
2.52
2"65
2 "67
2,63
2 "65
2"6r

meat}

S. E.Ì1.

4.66

0.14

2.50

0.04



Fn¡.ctos:e Me-babolism by the ovine Fetus: Experimenta^l- Details'

Dach fetus vÍas injec1ect with 50 !-rçi I U-1aC],fmctose via the ca¡nul-a placecì

j:r the umbirica1;;i" (uv) o" feinoral vein (lv). 3loocl samples rve::e taken

from the wrl:ir-icai-""tà1.y'(ua) or femoral a.rtery (¡'¡.) of the fet's oi" ¡he

;;;;;-";;-Ïu;t) o" r"too""1 artery of the evue. Blood glucose' fructose
a¡rd lactate deter¡rinations are desc-ribed in Ch' IV'2'5' ancl are ne¿rts:E S"E'IJI

of the number of sarnples expressed in parentheses. F'e'ba1- POrr PC0, and

haematocrit were deterruined. at the start and finish of each eiperimênt'

o-175

4.6610.14
(r¿)

J.
o.73:0.01

1r+)

Table 1 1

o-1 20

6 
" 9Co.5o

(o)

0.41 10.01
(z)

2.021-0.10
(z)

z"1|,:o.2"1
ß)

o-1 50

4,3d0.1i
(r z)

244

I:0. 05
12)

o-1 20

I

4. OO:0.09
(e)

0.5210. oo5
(z)

z. ool'o"o'/
(z)

18,3

19"4

40. o

+1 "1

2)ol

o-180

.'Õ!-o.01
(r z)

20.0

22.O

39"O

46.,5

50-0

28,5

I'etus 1465

veflse earinul ed.

f-eta-L : injec'bed
sanPled-

maternal: samPled UtV

L+-2r1 14

r'À FA

1c)4.

F1¡

FA
FV
-bA

TiA,

ï,tV

I'A
ÏIl/
UA

FA

IIV
UA

sarirpJ-ing Peri.ocl
(ri")
fnrctose (rnn)

gtucose (r:oll)

laetate (rnlt)

5, OOIO" 02
(t z)

0.6010. oo5 o"P,'l
(r z) (

start

enil

start

end.

start

encl

a
2.50:0. 04

1r +)

20.1

19. o

47.1

43"2

75¿5

36.7

2.71!0.L7
$)

L

1.65-0"06
(r;:)

2?-.6

22,6

30.1

2, "O

27.8

26.c)

4
I

pO
2

pcoz

/æcv

maternaf-
glucose

72.9

3.O3!O.25
(:)

2 "?6(J1.1e3.,17!o.25
(r)
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conceptrr.s weí€r,ht" Tb,e irreversiÏile loss of fr-uctose

r¡¡as 0.012 mmo]-lfg concept'os vi-'u/r:ií.n and- represents ¡¡erf

slov¡ turrrover of the fructose poo1.

Itro incorporation or l4c=labeJ-l-ed frr-:-ctose into
eíth.er gJ.ucose or lactate was cietecteci.

IIo radioactivi.t;¡ vras detec'r,ed Í.n blood. from the

uterine vei-n of tlie ewe e

Sj-mi1ar elxperinents were conducter1 on f<¡urr other

fe-buses. The exper:irnenta.I d.esi.g: is sr¡nmarized irr

Table 11" B].ood. fru-etose cotrcentratÍon varied fr:om

4-.OC WoI/ g blood to 6.90 ¡;tnoJ-/ g blood a^rrd.Ìrlood gl-u-cose

concentretions ranged from 0.4.1-"0"8f ¡.rmol7/ 64 'o1.ootL.

Blood lacta.te concentra'bions vrere I.65-2.50 ¡;rnc1-/ f,'þl.ooú"

Tlre specific radÍoac'bivity of' bl.ood. fzuctose tlecreased-

slov'rly in al-1 fetuses and is üescri'bed" b;r f,þs sr"u-n of

two exponential functions, except fr:r fetus 64 in.

vshich the disappeararLce of fructose w¿rs bes'L fi-b1,eö 't¡y

one term" lhe coefficierrts fo-c eackr cui"ve a,re

presented. in Tabie 12, v,'hj-le the r'orcm)-i.zed' crr-:rve is
sho'¡in in Fig 1-4-.

the parameters of fruetose me-i;abo-l isn v/ere cal-ctrlatecl

from the da,ta. in Tab-'l-e 7-2 and- rrea*n values are reported

in llable f3

The fru-ctose p*gq]_ was 1"152 * 0.O49 nrnol/kg concep'Lus



Figure 14 3 I/lean Specific Raclioactivity qf_ FqLl-qtose

fn TetaL la¡nbs.

Specific radíoactivities are plotted

semi3-ogarithmicaLly against tirne,

and are the mean't S.E.xf n of 5

fetal- Ia¡nbs given 50 ¡rcÍ [U-14c,]fmctose"
Speclfic radioactivities are norlnalized

to a base of one wTrere the sum of
the zero time íntercepts of the

components of the f:rrctose disappear>

arrce curve equal-s uníty.
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Tabll.e 12

Fructose metaboLisn by the ovine fetus : coeffici-ents of the fructose

specific radioactivitY cunre'

Each fetus was injected j-ntravenously
(refer Table 1O). Specifi-c radioacti
ih.IV.2,5. and' is expressed in units
v¡as carried out as d-etailed ílr Ch'IV'2'
no¡rnalized to an injection of 50 PCi'
( x1o' clpa,/prnol) and m- the slope (nin
åtanaar¿- d.eviation forteach coefficient

Fetrrs 1465 L4-251 14 154 24i8

ini'r,iaf SRt 36.5O

first d.ecaY

15.5+ 28"81 25.04 10.99

À
1

t1 -o.277(o.rrl)

1r. 1 00
(t.+to)

9
(
.147
1.289)

-0.067
(0. or 9)

16.170
(0. goz)

2"500
o.768

25.O4O
(o.>lt)

1 0.180
(3. ot o)

-o.1-14 -0.005 -0.1 1 0

(o. o¡o) (0. ooo4 ) (0. oa5 )

second decaY

Â
2

varia¡ce

27.400
(t.ozo)

6.398
(r.+ol)

20.814
( z. zeo)

-o.005
(o.oorl)

?_.'160

1

\ )

-0.006
(0. ooog)

-0.0009 -0. oo4

^z (0. ooz) 10. oooz)

2.137 0"266 0.162 o.94)



labl-e 13

Paran¡eters of Frtictose Meta'oolism by the Ovine Fetus

the pararnetersr pooJ- t
in Clr. IV.2.6. The
calcul-ated in terms o

space a¡rd. irreversible l.oss ere defined
ool stze and i.rreversibl-e loss are
conceptus weight (i.e. fetus + placenta ).

p
f

Fetus r+65 A4-253. t4 a54 248 uea^n S . Ë,Iú.

a,tre
( ãays )
weísht
(ke)

p,oql

(mmol-)

(mnor/tg)

L25 tern 135 130 130

2.r4 5.O5 2.89 2.39 2.39

frtrctose
(mI'[)

öpace 669
(nr)

Ø uoay wt; 3:-.z

i.rreversj-b1e 0.01-2
].oss
(mnol/tålmín)

3. O13

1.407

4'.66

7"070

1.400

6.90

to24

20.2

0.002

3.815

1..J20

4"00

953

32 "9
0.01L

4 "770
1.65C

5.00

954

3i. o

0.008

3 "549
1.484

4. 30

825

34.5

0.010

L.452 0.049

BB5 56

30. 3

0.008

t-o )

0.001
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Frnrctose .gpsgg

eonceptu-s weigtrt.

lvas BB5 ! 56 n'l- or 3CÉ of the

Irreversible l.oss was o.0OB * 0'001 rnmol / trg

conceptr.rs wt/min.

The femoral arteries of ewes I\4*25L, 14 ,1'54 a¡rd' 248

!'fere ca.ruluIated.. No raclíoac'i;ivity was d.ei;ected in a,ny

blood. sampl.e taken from the materna,-l- artery a,ftey t]:e

injection of J-sotope. It is conelu.d.ed. that no significan"b

arnount of frttctose crosses: the pl-acenta in tl.te d'írection

of fetus to motTrer.

Ewe14d'e}iveredalivelembattern,rand'alíve
l-¿¡mb was delivered after Caesa,rie¡rr section was

perforned. on e1ïe 248. Although the fetus of ev¡e L5/i wa's

dead at tersr, all- ca¡::rrulae were functiona] for" 1? rlays

after the experiment and- the sudd-en death suggests "hhai;

e¡r infection lvas introd.uced ,lurjng routi.ne dai)-y csuru:Lrle'

rnaintenance.

IV.3.5 " Dj-scussion

Researeh rluri.ng the la.s'b :few years has fai.l.ed" -bcr

shovr that there is any eignificant fructose u'i;i1j-zatiorr -u¡'

tlre f eta-l ]"amb (Alexander gþ[, 19?0; Setcìre:L]- g]rljJt. ' Tg72;

Tsouios et jl, l9?1). In periused. fe-b4.1 ian'os l-i't'È'Le

lAc-fr*rctose is ¡retabolized- althougb" a littlu 14cc,

was cletected. (.ulexander e.t aI, i970). Some 14c-1"Tre]- has

a-Lso been found. iu 3-ípitls after the 1n-¡¡!¡4l-

administra-bion of 14C-'fru-ctose to fe'baÏ 1a¡nbs (Scott 9fu1.t

1967) while tsallarrl a;:.d oliver (rggl) have for¡ncl
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S.ncorpora.tion of 14c-1abe1 ínto glycogen on. incubation

of fetal l-amb liver slices with l c-rtrctose. The

experimentsreporteÖinthissectiot¡havea-lsofa'iled
to show substantial utilization of f:rtctose by the

f etal" larnb i4-]¿t-9,¡qo..

A].exarrderæ(rg¡¡)fowrd'tbattheprod"uct5-on

rate of fructose by tbe perfuseê placenta vlas 0,02?-0"0'/0

urnrol/min whichrfor a 4 kg fetusrwould be ectruivalent

to o.oo?-0.014 mnol/kg/urin. Assuming steacþ state cond'!'uions

prevailand"metabolicrecyclingismj'nimal,t}renirreversibie
].ossoff,nrctoseappearstobeareliableestima.beof
produetj-onrate.However,productionrate,cal.cuJ.ateê

from the perfused. placenta, rnust be cauti'ously ín'berçretteð

becausefructoseproductionisself-liniting.High
p]-asmafructoseconcentrationvuould.causeadeoreasein

productÍon rate (Nixon, 1963; Nixon 93Æ' 1966) '

Iossoffnrctosetothenrotherd.oesno'boccurbecanrse

tbe placenta ís inpe:rneable to fructose (Aiexarrcler et-- eL¡

lg55; setchell gj[-g[ , T972)' Tn the fetur: the rira jor

proportion of fmctose woulÕ be lost by renal excretion

to the amniotic f]-uid ('L].exander and Ni"xon' l'963¡

Alexander, Britton and' líixon' 1.966)' Some of the

f:rrctosefor'¡nd.intheamnj.oticfluidr'raybeaþsoybed
fron the gastrointestinaL tract as a resuL'b of tbe

swallowing action of the lamb urtero (Nixon and lYrightoin

]-964).Thísrecyclingwoulttnotbeofsi¡+"ii.fican'ce
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during the short per'-i-od in rçhj-ch these er¡reri-ments B'ere

perforrned.

Tt has þeen suggested that fnrctose may act as

an alter¡rative source of fetal- energy und-er cond-itions

in r¡.¡hich availability of gluccse is restricted (Hugge'btt

lYarren arrrl \?arren, ]9S]-; Alexander et er-L, 1955). If

thi,s were .bhe case then it wou-ld be nccessary for fructose

to enter the glycoly'bÍ.e sequenee through. glu-cose or

fructose $-phosphate. lTo incorporaticn of ::ad'ioactivj"ty"

into ej-ther glucose or lac'bate vfas cletected in ar:'y blcod-
' 1/l

samples taken after t'ic- fnrctose adminístration"

Britton et_êl_, (196?) were also unabl-e to fi*d' evid'e'ce

for fnrctose conversíon to Lactate. It therefore seems

r.mli-kely that fnrctose is e, r'eaclily available source of

enerry to the fetus.

.û.3-i;houghtbereisnosignificantfructoserne"baÌ:o1i-oin

rrnti].afterbirth,frr.rctoserapidlydisappearedfrorn
tbe blood of the neonai¡a: 1a4b (I{uggett *-*1' l-951) '

Ðawes a¡d Shel-ley (ZgøZ-) have shornn that this rapid loss of

bl-ood fnrctose mrrst be accounted. for by rena:- excretion

since fruetose metabofísm ís not detecteð' until 5 d'erys

after bj.rì;h (Andrews eli-gÅt l-960) and coj-ncides with the

i'crease in frrrctokinase ac'uivity (trallard a¡d Clivert 1965i'

?rematttre d-elivery of lanbs will accelerate the development'

of the fnrc-bose metabol-izing system (¿nclr'ev¡s gli¿' 196'1) '
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IV.3.6. G].ucose meta,bo].ism by the ovine fetus

GLucose metaholism a.¡rcl. its contrii¡ution to the

Lactate and. fnrctose pools was str:.d.ied in four fetal

l-a¡nbs lvith canrrru-l-ae chronically implanted. in either the

u¡nbilÍcal vein and artery or the femoral veirr a^nel

arterl¡ ( see Tab].e 15 for experimental desígn) .

'Ihe results of a typ-ir-caJ- e:rperinent cond-ueted ol1

fetus l-66 &,re presented j.n 'Iabl-e !4, [tl-14c1 glucose

(lO ¡,rCi) was injeeted. into the fe'bus via the ca¡lnula

inplanted in the femoral vein. þl-ood sanTple,s we1e ta.ken

from the femora-l artery of the fetus and the evie over

a period. of 120 min. Feta.l- l¡l-ood glr-rcose, fruc'bose and

Lactate concentra-r;Íons and. maternal- bl'ood' gl'trccse

eoncentrations were measl.ired in these saTllples and tþe

specífic rad.ioaetivi.ty lvas calculated" During the

experimental perioaL the bl-ood concentz'ati.on of glu-cose

(mean o.75 t 0"C)08 Ìmo¡/ g blood) , fr.tr-ctose ( mea¡:

5*. 3 É 0.14 rur,.ol/ g blood) and. laetate (3 
" 
e t O. 06 ¡moll

g blood) remained consitant. Blooð Pt3, and- pOO, valuest

measured. at 'r,'he beginning and end. af the experinrentu

sholved no large variatíons ancl lvere sj.milar -bo tTre fe-bus:es

of previouS ercperi-ments. Hasnatoc¡:it rea,1-i-ilgs taken at

these tirnes u¡ere also constant,

Íthe fall i.rr the specific racìioaetira-5-ty of blood-

glueose v¡ith tiri,e is plotted senil-o.qarithmically in Fig 15.

Tb.ere y{as a large and rapid. fal-l in specj.fic rad.ioactivity

i
i

i

t
I
¡,

i

l'
r
I

I

r¡'

I'
i
t'



Fígure 15 3 SemÍlo thnic Plot of 31ooc[ Glucose
lactate end Fructose Snecific Radio-
actir¡ity ín Fetus 166.

Specifie rad.ioactivities a;r"e nonraLized.

to an lnJectíon of 50 ¡ci [u-lacl glucose

alacl are e:rpressed. as d.pm x fOþof .

ì
I

I

I
I

I

i

I

'1



S
pe

ci
f 
ic

 
R

od
io

oc
tiv

itY
o

o
I

o (^
) o

:. v(
o

o

{ rO
)

do

rÞ



Table 14

Glucose metabolisn by the ovine fetus : Iata for fetus 166'

U-14C glucose was rapiclly iljected' via the ca'rurula placed- in
the ferloral ""i"w. 

- betai ¡1oo¿ samples lvere co}J-ecteå from
the fernoral artery over a period of IZO rnin. Blood glucoset
lact¿¡,te a.nd. fructose "oncen*trations 

were deterrnined' as rlescríbed
inCh.IV.2.5.--Specír¡-cràãioactivityd'ataareno}Tflalized.
to an injection of 50 uCi.

ti-me
(rnin)

glucose Lactate
(r,rIoJ) (tt-¡)

specific raÖioaetivitY
glucose lact¿¿te fru-ctose

( dpmxro3/prmol)

2 "85
5.2L
3 .71
L.78
1.13
o.'12
0.41
o .42
a.27
a.25

0"85
1.60
l-. 86

I "6?-
l- " 4.9

I ^47
L.47
1.40
r.27
l- "1?

f i:ilctose
(n^r[)

2

5

t5
30

45

60

75

90

105

120

0.71
0.?1
o.76
0.78
0. ?B

o.75
0.73
o.76
o "76
0.78

3.14
3 .14
3 "16
3.22
3 .23
3.14
3.15
3.31
3.71
3.60

5 "45
5.31
6"06
4,go
5.2f.
5 "66
4'.g4

5.77
5 .66
4.44

92.Er
57.38
15.13

5.O7
3. B0

2.24
1.39
1. O?

tr.05
o.75

meaJt

S.E.I{"

o.75

0,008

3.28

0"06

5 .34

0 "14



Tahle 15

Glucose l,,[etabOlisn by the ovine Fe'b¿s¡ E\cperÍmer"rtaj- ]etails'

Ûaeh fetus w¿ls injeetecL rvith 5O ¡rCi [U*14C] çfucose via the ca¡uru'1a placed' in
the r.mbili"rr rJiå-(*) ã" irrã fLnoral veiã (nr)" tsr-ood sa:nples rvere tar<en

from either the uiobit-icaL ""*"rv-îu¡.J*o"-i"ròri- 
artur"/ (1.¡A) of tlre fetus

and the femoraf artery of the eive. Btood. glucose, fnrctose and lactaie
de-r,ernriÍì.ations are d.elcribed. Ín Ch. TV.2.5. a¡rd are mea¡rst S"E'14 o'f tire
number of sarnples expressed in paren'r;heses'

14.6 145 64 166Fetus

vesse1 ear:¡rul¿rted

fetal-: injected
sramPled'

uv
UA

F¡,

o-1 20 0-1 50

FV
FA

FV
FA

T'A FÂ

o-1 20 o-1 20

Tnr

UA

na'ber:raf: samPled FA

salrpì".ing Period"
(*i")
fetal
ffiõse (mr'l)

l.actate (ni't)

tructr¡se (¡nu)

ÞO-, 
sta'rt

L1
efrCl

start
PCOr'' end

start
/æcv

end'

0.6910, o1

lrz)

2.1 
jo. 09
(rz)

4.oio" 1 o

çri)

21.t
20.7

4+.8

46.7

75-6

74"'5

2.77:o"7o
(t)

+
0.65;0. c5

(z)
I

1 .5:0.1 0
(z)

f

4.8:0.08
(z)

19.8

21.3

' 4.0" 0

-Jg"o

2r,c
oÊ?ç)oJ

+
0.69:0. 02

(z)
J.

1.1:0,005
(z)

5. 1 
jO.1 

1

(z)

27.1

22.9

42.O

40.0

39.o

79"O

o,75jo. oo8
(r o)

3. zto. 06
(r o)

5 ]:'!o.14
(t o)

20. o

19. 0

48. O

49"o

29.5

2.1.Q

2.6
.L
i.o.28 2"go!o.fl

(¡)7
(

2.g4.!o.21
(¡)1)
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during the first L5 ¡rin after the injecti-on of [il-]'4Clghrcose;

thereafter specific rad.íoactÍvity decreased- slorvly'

Comparturenta^I a¡alysis of the specific raclioactivity curve

over this time period showed. that the cu-rve was l¡est

representecl as the sum of two e)q)onentiaJ- terms v¡ith

zero ti¡ne íntercepts of 119'4 x l-03 dpm,/ ¡unol anÔ

g.72 x 103 d¡m/pmo1 and slopei: of o.:l'79 mir:'-I anf,

0.023 mín-l respec'bivel-y (na¡1e 16), The surIl of the zera

tirne intercepts gave th.e specifíc r:ad-ioactívi'by at the

time of injectíonrand. from tlre extent of clilution of th'e

d.ose of isotope adnínisterec't the glucose poo} of the fetu's

wascalculated. to ¡e O.+27 l*"1 / US coneeptus v¡t ar'rd

the space was 1l-05 ml whi.ch represented. 55f" of 1,he

coneeptus lveight. The irreversible loss , calcuÏ¿¡,ted'

using equatlon l, was 0.046 rnmoll kg conceptus rrut/rni.rr

(ta¡te 1?).

lyithin 2 min of administration of fU-14C1 glrreoseo

radíoa.ctivity vuas detected in both lactate e¡r<l fir¿ctose

([a¡Ie 14, Fig 15), l,[aximum labe]lirrg in b-l-oc¡d ]acrta'ue

rr,as detected ! min, and in fn¡ctose 15 min, after in jec'i;io::r

of isotope. lhe specific radioactivi1,y of lclocd ]actate

d.eclined. rapidly after maxlnum incorçoration waã reaeherl, u

However¡ the speeific radioactivity of 'bL'¡od' fructose

d.eclined very slowly refl-ecting tþe slow rnetabof isrn

(Ch. IV.3.4. ) . Compartrnental a'a,lyeis revealed ¡hat

tbe incorporation or l4c-label- into blood' lactate .'¡¡as

best d.escribed. by the srìm of three exponential tenrst



Table

Ghrcose netabolism by the ovine fetus:
fr¿ctose specific r¿rrJ'ioactivity curves'

lle'bus 146 145

to

Coeffj-cients of glucose , lactate anci

6+ 166

Bach fetus was j.rrjected intra enous-r-y with,50 FCi[ "-]1:1+l:ose 
at zerortirte

(refer [abte 15). Specific "äiäã"ii-"ilv 
(Án*)'. e]:pïcssÎu t:-uni1;s x1o'] cl;r'l¡rnor

rva.s d.e.ten-rined as d,esãribed i' c;:iv:à.;: otr¿ tÏå.in"mã'tica,t analysis rvas carriecl

out as d.etai.l.ed in Ch.IV.2'6' Specific radioactivj--¡ies are norrna-lizerl to

an :.n¡ection of 
,:ä,[ïi;'"rii";"::ä:rn-;5-iiÍ";i*; 

;";;1;:-"lJl:L-l*xÌJ"
and. rn. the s1o1

iã" "å"rt 
componènt is shovm in parentiresis'

t

i-rrlti¿rl SRt

first oeca.Y

A

129.16

119 "4(o.aot )

-Q,179
qo" ool)

9,7?5
( c. l-:c,)

-o.ozi
(0. ooz)

o,o75

2.o21
0.484

82.58
(+.lt o)

-o,167
(0. ot z)

13Ê.t,71

135.r)
(2.+oo)

.560

.BJO

77 "16
1+

81.91

C-g:[ucose dÍs carance

1

7
( )
2.89
1,4'lo

t1

second. tlecaY

.4.

-0. 1 86
1o. ou )

o.234
(r . zlo)

-0. 01 0
(0. ooz)

1'l.2BO

-o.251(o.olt)

4.270
(l.loo)

-0.020
(0. ooo)

o.291

1+

1.530
(r. zto)

^z

¿

-0
(
.001 B

o.009 )

0.605vari¿rrrce

C-Iacta.te a.Þpeara¡.ec

68.4.5 0
(oo. r r o)

1.128
(0.¡za)

o.o7B
10. ooor)

4.590
(t.t+o)

+
(

114.712
(+e.ot t )

o.597
(o"tzz)

c"412
(0. ozo)

.260
o,622)

-0" 071
(o"ot z)

*ti

first decay

ft

4
I

( )

I

2

I
,n2

13
(r

o
( 5)

922
.06

o

1

I
3

}l

)
,'s97
1.5r1)

7
I

27.824
(r o..Is5

-o.260
i <t. o++ )

)

-0,1 1 6
(0. ozz )

-0.006
(o.orz)

1

002
o2-0.

(o l

second cleca.¡r

sl*3

1.850
(0. zl a)

-o"o23 -0.01 5
(c. ool) (0. oo4 )

'1.5i
(0.5

1

79

varia.nce o.112 o.021 o.002 o.ao3



Table 16 (contin;"ed,)

Tetus 146 145 64 166

1  c-fnretose appearance

9.810
(+. t oo)

o.91g
(o.ræ)

5+6
,295

1.
(o

nri

-degy

.og3
o.095 )

io. o+l)

o.889
(o.oez)

o.765
(o,z+r)

o.17'7

2.771
(o.+6r )

o"?15
(o.olg)

1.JO1
( o. ooe)

o.+26
10. tieS )

2.320
(o.lol)

-0.0053
10. oor l)

0.017

Aä

nI

3
(

Yal:lance

-0.001 g -0.0054 -0,0028
(0. oooo+ ) (o. oor o ) (0. oooo )

0.01 3 o.002 0, oo1



Para,rneters of Glucose Metabolísm by tbe Ovine Fetus

The pararnetsrse poo1, space and. irreversible 3-oss a.Te clefined.
in Gh. IV.2.6. The pool size and. irreversible l-oss are
calcula.ted. in ter:ns of conceptus rveight (i.e. fetus + placenta).

fabl-e 17

L46 L45 64 L66

127 tem 130 124

2,29 5.39 2.39 L,gg

mean S.E.Mo

o.3gB o.051

1590 200

57,4 7.3

o.04L 0.002

Fetrrs

age
(days)

weiEht
( ke)

pg"o]

(unoI)

(urnor/re)

¡r].ueose
(r¡s)

sDace
(rnr )

I uoay wt

o.8t-4

o.355

o.69

1.425

o "264

0.63

1.301

0.548

0. 69

0.851

o.427

o.75

tzgz 2065 lBgB l-105

56,4 28.3 79.4 55.5

irreversible 0"045 0,041 0.034 0"046
]-oss
(nrcoJ-/trglmirr)
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wTri,lst fructose forrnation. lmas d-escribed' by the sum of

two exponential terrns, (tatle t6; fetus 166). Comparison

of the area under the lactate or flrrctose incorpora.tion

eurves with the atea und.er the glucose d-isappea-ran'ce

curve showed. that 3g/" of ttre l g-glucose \ryas incorporated

into the lactate pool- arrd. 3Ll" was incorporaterl into

the fruc'bose poo3..

Sinilar experiments were performed on three o1;her

f etal- lambs an.d. the results are sr¡mmarized j.n Tabll-es T5,

1"6 and L?). Since difficul'cy lvas experienced Ín

maintainíng patency of the cannulae in the r.l¡rhirlicaÏ 'øeÍn

and artery of fetus l-45 the exJreriment r¡¡as cond-u-c'teil

2 days after surge11r. Two ewes, 64 apd L66t delivered'

]ive lanrbs at term. tr'etus ].45 was aborted' the da"y

fol-Ior¡ring the experiment and fetus 146 rvas rlead a,"b 'ber¡n'

fn the four ewes where the fenora]. arbery was

cannuLated. no rad.ioactivity rvas detected in any of th-e

blood sarnpJ-es.

The Êpecific -radioactivity curvÊ of 'blood' gl"u';ose

was, in aJ-l cases, best d.ese:r-ibed by the st:r¡n of two expoll-

ential fu¡rctions. In ewe 146 gIr'tcose specific rad'ioactiintt;¡

d.eclined so rapid.J-y that it was difficult to accurra'tely

calcul-ate the coefficients of the slov¿ componerr-L of 'bhe

curve. This is evident both by the large stand.arci clev-iation

for the intercept ancL the large varÍance of the clrrve.

Howeverr âs üentioned before, cal.culation of

utilization rates using the Stewart-Ha¡rilton equ-ation
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Ís índ.e;oende*r't of the erroiîLì associai;ed wj-th srrch coeffÍc-

ients.

lhe lactate speci.fic radioaetivity incor¡:ore.i;ion

curve was coml:osed. of 3 exponential fr,rnctions in fetus 146¡

64 and 166; butthe sum of two eliponentials 'best descritle,j.

the curve of fetus ].45. The fn-'-ctose specific radioactivi"i:¡r

i.ncorporation curve for aì-L feiuses r-;as l¡est d"escribed

by ihe sLìJTr of trryo expor:ential functionsn one risj,ng ancì

one falIíng" The val-ues of the clerived coeffi.cj-ents

for alJ. specifie rad.:Loa,e"uivity curves are given. in Table

16" The cha.nges in specific radioac-bivity of gluoose,

fnrctose and lactate are shovnr in Fig J-6 vrhere 'rihe d.ata

points are means t S"E.I,I. for the rrorrrlâl-ized values.

It vras calculated. by comparison of the a:rea,s

uncLer the lactate or fruciose prod.uc'bion eurves yr-'lth the

area rmd-er the glucose disappeara.nce curve l;hat froin

25f" +o 5Yí of the I4c-gl..cose !?as ineorporated. into the

l-actate poo]. and from 22f¡ to 37/" was incoporatecì into
the fmctose pool-s, lvith mearls of -ì9 * 6f" anit 3l- * 3 f"

respectiveli-,

The glucose pj$ ulas 0 
" 398 .t 0.05 nnol'/ kg conceptue

weight, the gpgcq, vyas 1590 t 2OOn3. and. represented-

u)'ljL of the conceptr..s weíght. The irreversíble l-oss

ïvas 0.041 t 0.002 nl¡Lol/kg conceptus vrt/min, (ta¡te 1?) .



Fígure 16 3 l[ean Specific Radí oactivitv of Glucose

Iractate and. Fnrctose in Tetal lambs

Specffic radioactívities are plotted

semi3..ogarithmically agaiust time t

and. are the mean t S.E.M. of 4

fetal lambs given 50 ¡rci [u-lac] glucose.

Speeific radioactivities are nonnalizecl

to a base of one n'here the suln of the

z'ero time íntereepts of the components

of th-e glucose disappeararrce curve equal-s

unity.
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IV.3"7" Glucose mr.ltabo1.ism by tlre postnatal Ia^nb

Glucose metabolisn r¡;as studied in fir,'e postnatal

larnbs aged. from 5 to 28 days " The experimental procerlure

is sr¡¡rmarízed in Tabl-e 19 " The results of Ð. t¡rpical
experiment a;re presen-bed in Tat¡l-e -1-8.

I,apb I v/as injeeted .¡rith 50 pr0i of fU-14C1 gÏucose

via the jugular vein and. bJ-cod sa¡npl.es v¡ere col-l-ected-

from the femoral artery over a period of 0-l-5O min"

Blood glucose eoncentratj.on (mean 3.98 t 0.11 ytto.\/ g bl.oocr)

arrd blood. lactate (nean f .?-3 t 0.03? yvnol/ g bl"ood.)

remaj.ned. constant ibhroughout -bhe expe:rimen'bal períod

(la¡l-e 18 and l-9). Conrparh"nents,I analysis of' the

specif ic rad.ioactirnity disappearancf.t clìl:lre showed. that

the si-loplest descripj;ion of the changes irr srpecifio racli.r¡-

activity in blood. lvas given bJ a functioi:. consi-sti.ng of'

the sutn of tlvo eicpollenti¿u} terms (¡'iS I'7). Tbe clerived

coefficients of t)re glucose specific rad-ioactivity

curve are presented in Table 20. The zeTo ti¡ne intercept

and. slope of the initíaI fast componen'r; cif the curve for

l-amb I were 8.86 x i03 dprn/¡.r:rol- ¡¿nd. 0.080 min-l

respectivety a¡:d tlre seconrl slower eompoïIent v'¡er'e 3,55 x 103

dpm ,/¡mol a¡rd. 0.015 nin-I. Frorn these cceff icients

the glucose pool- of the La¡irb was eai.culated. as 1.107 rnmolr/kg,

the space in which ttris poo]. is d-letrj-bu.ted. was 1029n1

whicb was 25"6/" of the body wt. The írreversible loss

was O.034 nmo]/kg/rnin (Tab]-e 2].).



Figure I7 3 Semíl-o thmic P].o t of Blood Glucose
and l,actate Specífic Radj-oactíwity
in lanb ï

Specifie rad.j-oactivi'bies are nonna3-ized-

to an injection of 50 ¡rCi
a.nd are expressed. as dpm x

["-taa] grucose

ro3/¡nor.
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Tabl-e 1-8

Glucose metabolism by the postnatal Ia¡rb : Data for larnb I.

I u-14cJ glucose s,¡as in jectec. rria the carrnula placed in -o"he

ju.gula.r vein. Bl.ood. sa^rioples were collected from the
femoral artery over a perS-od. of 150 min. Blood. 5çlucose anrl
l-aetate concentrations v¡ere d.etermined as d.escriired. i.n
Ch.IV,2.5. Specific rad"ioactivities are nofiûal.ized" io ar:.
irrjection of 50 ¡rOi.

time
(nin)

Lactate
(nu)

gl.ueose
(nM)

eeific radioaetivi
tlrrcose ^ ia.ctate

(Apm x J-OJ ,1 pnro]-)

3

5

I
10

t5
30

45

60

90
L20
150

4,4e
4,61
4,+2
4.06
3"86
3 "62
4 "16
3. 60

3.51
3.'14
3.76

1,56
L.97
1.63
1 .78
r.7 4
]..68
1. B1

l-.84
1.72
l 16,
1 .71

10.77
8,9?-
"l ,57
1.O5
6. CB

3.26
2.42
L. 58

1" 3l
r. oo

0.61

o "32
1.16

2.7 4
2.L5
1,6L
1. 28

1 "l-B
o.67
a,45

mean
S. E.Iû.

3. gB

0.11
1"73
o.03



Table 19

Glucose MetaboLism by the Postnatal larnb : ÐxperÌimental- Detaj'.Ls.

Uach 1anb l¡as j;riected v¡ith 50 ¡r0i ¡U-1aCJ glucose via the cannul.¿r placed in
ei-bher the jugulär vein (¡r¡) o" thã ferno::aÍ a.r'tery (¡n). Blootl samples were

talcen frorn either the femoral astery or tl're jugu.Iar vein.
Blood. glucose and. lactate were measured as described in Ch. IV.2'5" and arethe
nean t-S.E.l,{. of the nunber of determinations expressed 1n parentheseso

I'amb 27+ 266 147 ITI

vessel cannulaterì.

inj ected.

sa.mpled

o-1 50

z"#o.og
(g)

o.9jo. o5
(g)

T'A

o-120

j.6!0.zo
(a)

1 "6jo.06(z)

FA

(Þ120

z.B!o.21
(a)

2,4!o.10
(e)

FÀ

o-1 50

J

1.9:o,
(tr

FA

o-1 20

4"5j0.10
(t z)
l-

1 .5:0.
(tz

JV

JVJVWJI'

FA

11

)

samp.Li::g periotl
(ri")

glucose (no't)

lactate (m),1) 1.7!o.o5
(t t )

11

)



Tabl"e 20

Glucose metabolism by the postne-tal lamb : Coeffj,cients crf glucose ancl l.actEr-Lespecific racli.oactivity curves.

Eaeh lamb vras injected Íntravenously lvith 50 Fci L u-14clglucose at-(refer lable t9). specific r¿.dioaciivi-ty (s{), expressed as =rlõ3was determined. as described in Ch"I-,¡tr .2.5. an¡Lumailrem¿rti-cal- analysis
as deiaiLed in Ch. IV.2"6. Specific rad.ioac'ci"vities are norrnaf-ize
injection of 50 ¡:ci. .4., represents the zero tirne intercept ( x1o'
and. m. the sl-ooe (nin) öf each component of the culr/e . The stand.
for eåch coeffìcient is sho',-rn in parenthesis .

zero i;i-me
Cpm/¡uno1,
ca.rri_ed ou1;

d. to an
dprr,/unol- )

-'Iard clevi-ati.on

T,a:lb 274 266 14.7 I II

iniiial SR
tr

first decay

A
2

varl-aftce

7.O15
(0. oge)

-0. o5g
(o.o;t)

13.660
(t.qro)

-o.177
( o. o+z)

6.190
(0. zaz)

-0. 21 B
(0. øa)

12.4

9.862
( o. ezo)

-o. oB0
(o.lqa)

24,84O
(o.eeo)

-o'o31
(0. ooz)

11.3 ?_O.g 12_"7
1 4c-ulrr"ose disauoeara',ce

24,3

second d.ecav

Â"
I

^1

015
.ool)

1"
(o

-0.
(o^2

4.753
(a.zgø)

-0. 01 g
(o.orl)
o.114

"297
1.610)

-0. 01 g
qo. oor )

o"2+5

6.160
(o.lst)

-0. 01 B
(0. ooz)

o. 0B6

550
,9S1 )

0.086 0.169

7
(

14C-l-actate aoþeal:altce

T¿E:T]g
Âi

ni

clecaf,

tLL

ni

1 .060
(o.7zz)
o"314
(0. rar )

o.801
(0. r ge)

-0.01 5

I o" ool+ )

1 .659
(0. ¡or )
Q,176
(o.oso)

1.754
io. z-vl)

-0.01 6
(0" ocll )

1 .510
(o.tsz)
o.628
(o.rzl)

0.538
ço,ors)

-c" 01 2

10. ooos)

5 "290(r.eeo)

0.240
(o.t+=)

3.000
(0. z;o)

-0. oi 7
(o. ooe )

2.870
(r.rio)
c,24+
(0, ogz)

6.245
(t.t>l)

-o.o15
(0. coz )

vaï:r_ance o. o'10 0"014 o"0ooJ6 0.139 o.131
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Incorporation or l-4c.-1abe1 into lactate occurred.

rapidl-y after injection of 14C-g:'-.rcose into J-arub T, urj-th

maxinum Íncorporation rea.ched after 10 nj.n (pig 1?).
The l-actate specifíc rad.ioactivity curve was best descri-bed.

as the sum of two exponentiaJ- terus, [he slo¡re of the

rísing functj-on \¡ras O.24O mín and of the decr:easing fi.rnction

0.017 min-I. The "uro ti¡äe intercel:'b of the d.ecreasirrg;

function was 3.OO x 103 drm / pro}. From cornparison of
the area u¡der th.e l.actate specific radioaeti-vj-'b¡r cì¡rve

rryith the area u¡.der the g'}-rcose specÍ.fic ra,clioa,ctivity

curve it was calcul-atecl i;hat ?-8/" of th.e 14C-gtrrcose was

incorporated. into the lactate pool. of th.e 1a¡rrb.

Siurilar experiments were conducteil on fc¡ur ot]rer

lambs and. the results are sumnarized in Tabl.es l-9, 2O ancl

2t... lYith the exception of l-ar¡nì¡ IT. tÏ.re spec:i.fj.e re.riio¿+etildty

d.ísappearance curve of glucose frora 'Lhe blooa n-f the la¡rb

was d.escrit¡ecl as the sl,lm of tlvo elrponentia.l"s ($s¡te 2O).. Íor
1.anb II on1-y one tersr was derived. after.' conputer anetl¡rsis,

In al,L cases the specifie rad.ioaetivi'by incorporatj-on curve

was deseribed aÊ tbe su¡r of two Ç:Írperrê11tia-1- te¡ms, one risi-ng

a¡¡d. one fal-iing. the chaniges in speci-fic radj-oa.c-bivity for

aL1 l-a¡nbs is sh.ovrn in Fig 18. fhe ¿5lucose and. lactate
specific 'caùtoac'bivities were norrlali.zed "'r;ci ojr.e arrcl the

clata points are presented. as nree.ns å S.E"I!t"



Figure 18 3 [{ean Sneeífic Radíoer.ctívíty of Glucose
a¡n.d. laetate in Postnatal- larnbs

;apecific radioaetivities are pl.ottecl

semiS-oga.rithrical-1y against'bime,

and" ar.e the mea¡r. t SnE,I¡Io of 5

postnatal 1a¡nbs given 50 ¡Gi
[o-Iac] glucose o

Specifíc ra*d.ioactivities are norrnaf,--

ized to a a.se of one vrhere the sum

of the zera ti¡no intercepts of

the components of tÏe glucose clísappear*-

a,rt'ce curve equals unity"
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Tabl-e 21"

Gl-ucose l¡Tetabolisnr by the Postnatal T,amb

The parameterer, pool-, space a¡cl irreversíble ]-oss are defined
ín Ch. TV.2.6.

I¡amb 274 226 r47 I TT mean S . E.M"

age l.26 L25 28
(aays)

Tn*
10 5 .6 9.4 4.O B.l-

Eoo_l

(mnol )

(nî:or/ks)

E]-ucose
(rU,t)

space

Ø ¡oay wt

9.677

o.967

2,8

3456

34.5

o.031

5 "248
o.937

3.6
14.57

26.O

0, o43

8 .627

o.gl'7

2.8

30Bl-

32.7

0.029

4 .428

1.107

3.9

to29

25 "6

0.034

8,863

1.065

4.3
206iJ

25 .4

0,030

o.gg8 0.033

?-294 371

1.81

0.002

29 "3

wei
( i.e,

irreversil¡]-e
].oss
(¡nrnoLr/Xg,/min)

0.033
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Gomparison of the area rrnd.er the laetate specific

radioaetivity cullre v,¡itþ the g;Te?- u¡rd-e:l the glucose specific

rad.ioactivity curved" shorved" that betv¿een n f' ancl 44 f"

of the lactate poo3- was derÍved frorn

(mean 39 t S/, ).

14c-*Ioco,se

The para:neters of glucose nre.babolism, calculated.

fr:om the cler:ivect eoefficients of Tal:le 2O, are preSentecl

in ,IabLe 2L. The lnean glucose !-oo1. was 0.998 t 0"033

mmol-,/kg, the .rW Etas 2294 ! 3?l- ml- I"epresen'i;ing 2'9 ' 3'l'

of the bod.¡r vreíglrt. The mean

vfas 0.033 t o.oo2 mnovks/rnin"

irreve lsiÏ¡le l-oss

Sta.tistical compari-son (Stnr¿.entrs t-"best) of the

glucose metabolism in the fetus wi'hh tþe postnatal lanTr

shornlett:-

(1) tÌre glucose pool of the fetus was sÍ'gnificant-J'y

Less tïran in the postnatal I'amb (p-{ 0'05);

(z)theblood.glucoseconcentratj.onofthefetu's

was significantly less therì in the postnatal. larcll (p<tl"Of );

(¡) tbe space in wlrích the g]'ucose pool was

distributecl 1lv'as not signifier:ntly different (P.\(O'05)' On

the basis of bod.y weigþtrtTie giuccise spaee r'vas signifícan1;}y

greater in the conceptus then in the poetnatal l.arr,Tr (p<0'05)i

(4) the irreversible loss of glucose díd not

differ significantlY (P > 0"05)'
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IV. 3. B. Di-scu-ssion

GJ.ucose metabolism by the feta.l 1a¡'rÏ.¡ has been

stud,ied by the techniques 1.isted. in Table 22. Earl-y

estimations of glucose metaboLisn euiployed íso1a-bed. perfu.sed

fetuses (Alexandur g!-g,1 t 1955; .êJexa.nder, Britton and-

Nixon, l-964). The gJ-rreose d.iff erence across the perfusion

circuit v/as measured." Glucose utifj"zation by the perfused

3.a¡¿b after administration of l4c-gJ-ucose has also been

measured. ( Alexander g!3!, 19?O) , 'but detaj-l,ed. ma'bhernaticaJ"

analysis as carried. out in this d.issertation lvas not

possible. Isoul.os *å1_r (rgZr) end Ja¡nes g!--ge $972)

measu.red, glucose turnover in the chronj-cal-ly cann-rrlated fetaJ"

].amb in utero. Ilorvever , these experiments hav'e heen

confined to rneasurement of the r-¡mbiIical venou$J'-arte¡:'ial

difference for blood. glucose. A furtlier requ:trement

for accurate aeasurenents of glucose uptake j's ti¡.e a'c:çlirate

measurement of urnbiLieal blood. flow' Grenshan'¡ .gå-sil-. (19?3)

fou¡d considerebl.e variabÍlity in bl-ood. florv betvreen f:'etuses

and. reported. values ranging from ILL nl/kg/ruin to 624 nL/

kg/mLn,. 0n the other hand, Jarnes eg .al OglZ) reporteci

Iess variahility.

\fitir the cliffer:ent techrriques useci anci tire ri-ifferen"i;

a¡nou:rts of stress thai aceor.pany each proeedure a

conparison of the estimates of glu-cose meta,-Ool-isin by the

fetal lanb is d.íffícult. For exa;iiple, gl-ucose "burno'çer



Table 22

Compari-son of results of glu-cose metabolisn hy the fetaL
Lanb.

referencetechníqueglucose uptake
(uunol-lte,/min)

0.038

0,060

o"016

0.031

0.041

isoJ-ated., perfused
fetus

chroni c al-lv e annu-l--
ated (rrypoiic)

chronícallv can::trrI-
ated. (unstiessed")

chronically caneul-
ated (unstressed)

chronicallv ca^nnu]-
ated. (r:nstlessed)

Â1(r955;1954;Tffö)
exaxrder et al.

Ma¡rn et al- (rgZO)

Tsoulos et aL(rgzr);
Janes êt at (lg7z,l

Grenshaw et aI(:-g'lz) *
this thesi-s
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genera]ly increases \¡rith ir:crea,sed' stress. This is

i]lustrated by the data <¡f l,ianr: S-L-?Å (f 9?O) .

Difficul-ties a,lso aríse when comparing gl-ucose utilization

in the adult sheep¡ for díffererrt f eect5.n.g regiries and

physiological states prod.uce variable values for glucose

utl1;íza,tj-on . Therefore rT have not attempted a d.etail"ed

comparisorr.

Tor the sake of ðiscussion T shaf]- take as ayL

example 'bh.e experinrenis of Jarrett g[*3} ft964) in whi-ch

glucose turtrover irr tbe postnata] lamb and adult sheep

w&s measured. by both 'úhe single Í.njection and- continuous

infrrsion -bechníqttes" They foumd. a glucose utíl.ize1;j-am

rate of O.O4mmoI/UAlnin j-n l-ambs tli'o lveeks old, a valu-e

si¡lilar to that cal-cu-lated forbhe fetus and postnal;¿[ lan'r¡

in this stud.y" By eieJot lveeks of age gl-ucose util.iøation

tale had. d.ecreased. to O.02 rnmo]./kg,/n)-rt" A further rlecr'ee"se

in g"l-ucose utilízation rate aeÇonpanied. nratur--ty sj"nee sheep

1-3 yr ol-d had a glucose uti1ization r:ate of 0"Ol. rnmol/Icg/rriiti"

]Tor a¿ accurate estiina1;i.o:o of glucose tur¡rover in

the postnatal la¡rb ancl ad.ul.t sheep ít is necessaxTr to measure

the exterit of recycling between ¿Jiucose and lacta+;e. It is

usu¿r-l 'bo use a double l-abeiletl Lracet, i.e' g'1-u-cose wj--i;h

2

'H at the 2 ar 6 position urrd 14Cl a-ìt thc 6 posrti orr on tÌre

The tri-bj"t's labei Ís l-ost d-uring meta,bol'isrr

14cr*y bu recycle¿" A coml:a.rison of t¡e a,¡.ee, und.ez'

mo]-ecule 
"

whilst the
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the tvro speeific radi<¡activity curües gír'es the ainount of

recyeling. In tire present study i ïsed the more direct
approach of following 140-1""i;ate ana 14C-glu.cose

metabol-ism" The electrophoreti.c separation tecir.n"ique

chosen allorved. the simultaneous estj-mation of the specific
radioactivity of blood glucose , frmctose and. lactate in a

srualI porbion of the blood extract. Other techniques

forbhe estimation of specific rad.ioac'i;ivity o:i g}.rcose

anö. lactate j-nvol-ve considerable d.ílution of the satnple

such as resol-ution of glucose a'ld lactate by íon e:rcirange

chromatography. Separation of 651-ucose and. fructose is
not readily acheived by such a process. A furbher reÐ.son

against usi-ng clouble labe]l-ed. glueose ís 'r;he ina,';il.ity to

accura,'l,ely measure specific radioactiwity caused. by tbe ,l-olv

counting effiej-ency for this isotope (i"e 3U), Verì[

Large amounts of h-gtucose woul-cl have to be injected 
"

The d-ecrease in glucose utiLization in the sheep with

naturity is proba,bly associated. wj.th the dietary cirartges

which accompany the developnelr-b of nimination and. tÌre increase

ín blood. volatile fatty acitLs. Tiris is exemp-rified by th.e

stu-dy of .rarrett g!_g} (1964) ín which j.t was shovrn that

glucose utiliz,ation ra'Le d.ecreased- with age. In eight weelc

old lambs rÏarúrop a¡rd Go<¡n'p (1961-) and Bocia, Rile¡r and

Wegner (1-gSZ) found. that blocd vo3-ati3-e fattl' asid concentra*

tions had reached aduat concen-brations. At 'this ãSêr

therefore, substrates other than glucose are available for

energy prod.uction.
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A contrasting situation occu.rs in the rat in lvhich

tlre glu-cose util-i-zai.íon rate d.ecy'eases from T5.2 yrr,ol/nin/
100 g in the ir¡nediate newborrr to 5.2 lxtol.,/ntn/1O) g at 2 ht
after birth, ll-'here is a slight írrcrease to 6,37 ¡:nol/ntn/
100 g in arrj.rnals 2-1-O days oLd. anrdt a further large increase

to l-1,6 prrol/m:t4lfOOg g after weaning, This illustra'bes

the d.j-fference be'brveen n¡ninants a.irrri. rnonogastrics, for tire

latter group of ariima,ls have large a¿nouurts of glueose

and. other carboh¡rdrates available from the digestive tract
after lvea.r:ing. Jnd.eed, Reid (tgçZ) noted- that the abilí'i;y

of extrahepatic 'bissues to utilj.ze glucose is lov¡er j.n

rurninants tha¡ in rron-n¡¡rinants. The suckli.ng rat ressemT¡lcs

the rr-:mína¡t in that i'os öiet contains a high concentÏation,

of fat and- p:rotein and is l.ow in carbohycl-ra-he. The Lov¡er

rate of glucose utilization and higher rate of gl-uconeogenesis

Ín the nrilk-fed. rat suggests conservai;ion of glucose

(Vernon ancl lïa]-keru j-972 a and b).

I rjvas ulnsuccessful in nry attempts to de:rive €L

mod-eI describing the interrelaii-onship of glucoser lactate

¿,¡.d frurctose metaboliss. j-n the fetal -J-amb usiirg the coüiputer

prografn sNon-linr (ÏIeiølern 1969) " fhe nrodel. proposed lvas

baseö on the da,ta obtair:ed from the experi-utents in vlhicir

I4C-Iu,.tate , 'Af-rructose uo¿ 140-glueose vüere adminíetereù

to the fetus in utero.



7C),-'

It consisted. of four Pools 3-

\0, Àr¡

fxr ( glycogen)

14c-gru-cose

g]-ucose

fructose

1 I

\,, T

\

3l

l-actate

<_-
\0, --) \o,

lhe glucose pooJ-, ínto vyhich the iscltope was ad¡rrinisteredt

vüas reversibl.y intercoïu1ected. io an turlsrown pctol ( Àf+ , )41),

and- írreversibly interconnected. rvith the l-actate ( ,I Zf ) pool-

and. fnrctose ( À31). Trreversible loss fronri the systern

occurred. via lactate ( IOr) and fruc'bose ( À03).

lhe fetal- mod-e1 is complex and the a¡rount of daì;a l'¡hj-eh carr

be obtained without killi.ng 'ühe fetus is l-imíted, so rny attempi;s

to confirm or mod.ify' this lnod.el were unsuecessftrl. ConseCtien'ull;

tto values for the rate eonsta"nts are presented",

As d.i-scussed. in chapter IV,-3.3. it is not possible

to use the Stewart-Ha¡nilton equation (equation 3) to

to calculate the irreversi'o1e loss of lac'bal;e and fru-ctose

from tlre specific rad-ioactivity produet curves obtaíned'

after injection of l4C-gl-rrcose. On the basis my independ-

ent estimates of the irreversibl-e los.ls of g]u.cose, J'actate

and frrrctose in the fetus, a símple lnodel d-escribing the

4

1

2 3
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the metabol-ism of glueose, Lactate'and fn:ctose is presented

in Fig 19). Some val.ues fron other stud-ies have been incl-ud.ed."

lhe model is based. upon the folfowin.g assirìnptions:-

(f) An apprcximate s'bead.y ,state exists ,

( 2) GJ.ucor.,.eogerresis is zero and so r"ecycling of

isotope from laeta.te to gl.ucose to lactate ca.nno'b occtlr.

The fol1-owing reaetions predomS-nate:

gI-ucose 

-Þl.actate
glucose + fru ctose

gluco s@ 

-å 
g3.ycogen

For this nodeL the irreversible Loss of substrate gíves a'

good estimate of production rate"

fhe mean irreversible l-oss of glucose from the

ovine f etus was o . 041 nmo1'/kg/nj;n ( ta¡te l-? ) ' 
which

shou-l-d be equivalent 'bo the suir of the irreversible losses

of lactate and fru.ctose, the two iuajor output fluxes.

[he irreversib]e ]oss of ]acta.,"be r¡¡as A.A75 nunoL,/kg/min

(la¡te 5) , i. e. o.03T rurnoJ. gh:-cose eqr',ivalen'bs/trg/nin arrd' for

fructose ít was 0"008 mmcl/kg/mj:n. The irrever:sí'ol-e loss

of glucose includ.es oxirlation e the prod-uetion of 'Lactafe,

fnrctose and Iipícls (na¡te 23 a). Glycogen could be a

reversible or irreversible ioss of gi-ucose raC.íoactirity

depending on the physiological state of the fetus'





fab]-e 23 (")

Glucose, Lactate and. fructose metabolism in the ovine fetus:
Glucose metabol-ism.

Util-ization *
Rate Referenee

total iri:eversible
].oss.

up ofs
oxid.ation
(via lactate
= 5Ø")

0.041

0.020

0.010

0.008

o.o38

baLance

this thesis

.L].exande
Setche]-l

mad.e
(1)

sub-totaL

(4) gJ-ycogen
3"ipj_ds

(2) plaoenta.].
Lactate trod.-
uction (i." z5/"
olcy'ggn consurnp-
tion)

( 3) fnretose prod-
uction

Burd gj__gÀ, 1975

this thesis
ALexander et a1, l9r5

l.
97

9
2
7r

, Lg72

}I
(

r et ¿rl-,.1970
sffi'1972

and Ba1l-ard.,anson
r.968 )

x
Sates are expressed as mmol- glucose equivalents/cg
/ rûl-n.
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llsoulos .9!._gl (fgZf ) e,md J¿unes e'q @+ (fgZZ) ha've calculated
tha'li feta-1 g},'.cose uptalce aceou¿ets for about 5Af, of the

fetal- oxygen corrsrulrptiorr . fhis represents an oxid,ation of

O.O2 mmol- glucose/tcg/mi.n ( ftaff of 0.041 nno\/Ug/tnirr),

Ï,actate is an j-ntermed.iate Ín 'bhis pathway.

The Írreversj-bIe J-oss of l.actate vras 0"075 rruroS-rr

kg/rrrin (o,ca7 nurol glueose ecluj.valentslkg/min.) (re¡te 5)"

Now if 5O/" of this represents the prod.ucÌ;ion <¡f lact¿'"'be a*q

arr ínte:¡ned.i-a'be of fe'üa3. g;lucose oxidation then 0"O19 mnol/

gl-ucose ec¡uívalents/lr.dmin has been derived- frorn g1.ucose.

Burd. g_t_ a].- (tgl>) argue that a fi.rrLher 25fi of the j-rreversiblt:

loss of lactate results fron oxid.ation by the Srlacenta..

lirj.s vsou]-d- acc:6ç,pf, for ¿¡. further O.01 rnmol glu.cose equ-i-vaïeu'üÉ!¡/

l^gfmi:r'. the reinaining lactate (O"OO8 mmol glucose ecluír'-

alents/kg/min if ca1-eu.1-ated from the Lactate data or,
0.004 ¡nmo]- glucose eqt:-íva.J-ents,/1tg/m:;n tf calculated. from

the glu.cose irre'¡ersible loss r a.fter allowing for fruc'bose

pr"od.u-ction) represents renal -Loss and l-ipiå synÈh.esisr.(Tabl-r¿23þ).

Apparentl-y lactate cannot cross the p3-acen'i;a and. be utillzed'

by the mother.

In ad.d-j-tion i;o its conversj-on to laetate, glucose

is al-so the precursor of fruetose in the ovine f ettr.s. ÏJncl.er

tire steady state eonrlitions, the irieversible l-oss of fruictose

(O.oO8 ywo3./up:/mítt) will- i¡e eqr,rirral-ent to the frn-rctose

prod.uction rate. |[h,is means that O.OOB mmol glucose/V.g/ní:n

will- be consumed by the placenta foy flructose s¡rnthesis'



Tab1e 23 (tr)

Gl-ucose, lactate and frrrctose rnetal¡olísm in the ovine fetus;
lactate metabo]-ism.

Uti.liz,ation Rate
t(

Referenee

totaL irreversible
loss

sub-totaJ-

( 3) 3,ipid,s

0.037

0 
" 
0l_9

thís thesis

mad.e up of;
(t.) oxid.ation of

fetal la.ctare
i. e fof" .g zconsumprt_o11

(2) oxidation of
pl-acental-
laqtate (i.e.
25T, Q2consiåmp-rl_onJ

TsouJos g$j.l, L97L
James ej-_Êl r Lg72
SetcheJ.l- et oJ, l97Z

0 
" 
010 Burd g[j&, 1975

o,o2g

bal-ance

x
Qates are expressecl as ¡nmol glucose equivalentsfirg
/mín.



Bz

Ihis val¿e agrees well r.¡ith the range of c,c07*0.014 nnrol-/

kg,/min estimated" as placenta'j. frtrctose production for a 4 V'g

fetus (Al-exa¡ed"" g!_g1-., 1955). A}thor-tglr fnrctose is present

in feta] blood at severaL, timeEr.bhe glueose concen'bra.tiono

the ra"te of fructose ntetabolism is only one fifth of the

glucose utili za'bj-.on rate" Frtretose r''-til-ization includes

oxidation, incorporation into lipids ancl g'lycogell and- loss

to the er¡rn.iotic fluitl (tabIe 23 c). I\Iy irrabilit¡" to

de-bect lac-Late fsrrÂati.on from fruetose suggests tha{:

oxíciatíon i-s uinima.1.

No mod-el- ha,s been. preserrted for the metal¡o1ísur of

glucose a¡d le,.ctate in tlre postnatal ]a¡nb " lhe most

aceeptable rnod.el woufd. be based upon th.e tori cycle (Oor"io

1931) and lnvolves the reversibJ-e j-ntereonversioll of glucose

and. glycogen \ ) and glucose and lactate
13

i'14c-erucose( Àr, , \12)

j-acia'he!xr glu-cose
( glycogerr )

VerifÍcati-on of this tood--^l by conrputer prog?am a¡rrl ''uhe

calcu-1ation of tbe rate eOnstants was unsuccessfi'rl'

lVithout slau-ghtering the la¡ab, qr:-a¡titation of the incorp-

oration of glucose irr-bo hepatic glycogen was not possiblet

ancl as disCussed above it is necessary 'co use d-ouble

Iabelled, tracer to eeJ-culate the arnou¡rt of recycling

betvreen Jactate and glucose.

( .\3r ,

a

3 1 2



Tab]-e 23 (e)

Glueose, lactate and fnretose metabolism in the ovine fetus;
Fnrctose metabolism .

Utilízation Rate t( Reference

total- irreversible
loss:

made up of;
oxid.atíon
1"ipid
g])tcogen
renal excreti.on

0.008 tlris thesi-s

ALexand.er ei; â10 ll.'l?tll
S etchel,l. e"f,trf, - 

L7''l 2
Scott et äîTg6Z
A1.exu¡n-rjë'f-Ënd Bri-L i;on 

n(t963.

€,

p]-aeen'üa] produetion 0.007-0.014 Alexa.nd"er 5$ aI ? 1-955

#
Rates are eqpressed as mmol. glucose equival entsfirg/r'ñn.
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CHA"TER V

T}I]i EFFECT OF ADR.EI.ïAITITE OR GLUCAGON TNFUSIONS ON

GT,UCOJ{EOGE}TI 0 AGTMTY IN I-EfÁ'f, I,AliSS in utero

V.1. Introduction

Gl-uconeogenesis may be stimulated by the

administration of adrena-1ine or glueagon .LâJÉI9 or

g_Ji!fg, (Ux'bon and Park, L966' 19ti9; Extonr I'Íal-}ette,

tffong, tr'riedmannn }/lj-l-Ier a¡d. ?arkr 1970; Exton, L972;

Tews, ïlood.coch apd. Harper, rgTO; Eisenstein, S-braclc a¡rcl

Steiner¡ L974). Tkre proposed ¡nod.es of action of 'bþese

honnones on gluconeogenesis are by (i) increasing the

hepatic uptaice of gLuconeogenie substrates ("'g' a:nino

acicls); (ii) decreasing the peripheral uptake of

gluconeogenic substrates; (iii) increzrsing tíssue

uobilízation. of gluconeogenic substrates ori
(iv) by increasing the activity' of the key enzJnnes of

gJ-u.coneogenesis (I'iallette, Exton and. Park , t969i

llews 9Í ê-, IITO; Sh:rago uj 4L 1963; \Teber, Itea, llirci

convery a¡d stamm l l-967 ¡ launton, stif el-, Greene a¡.d.

$e:mtart, Ig72; Greene, Tau¡aton, StÍfe] a¡d iTerna¡, 'L974;

Yiicks , 1969, ]9?1) 
"

Bassett (fgZf) has demonstrated. that a¡ increese

in bloocl glucose coneentra,tion follows glucagon or

adrenaline adrninistratj-on to the adult sheep. It is u¡lilce-r

that sucþ hyperglycaenia resulted from an increase in

gluconeogenic capaci'üy for. TilselL et a.] (f-969)
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failed 'bo sho\¡/ increases in the ac-bivities of i;he

ob1-igatory enz)nnes of g).uconeogenesis witll var'íous

hormonal stimuli (see Ch I). 1t is more like]-y that

these hoymones act by eiiher inereasing the availaJtÍIit;y

of gluconeogenic sul:strates (neitty ancl Ford, L974) or

th.e$ stirnulate glycogenolysis,

Comline a.nd silver (:_gZt-), Dav¡ki-ns (rg0+) and

.A.lexand-er, IiÏi.}Is and Scot'b (fg68) have reported 'i;ha'b

fetal anrcl ne,¡¡ly-born larrrbs becorne hypergl-¡rcaernic af-ber

administration of ad-renaline " In view of Ì;hís vespollse

a"nd- to distingu.j.sh bet\¡reen effects on g'luconeogenesis

and glycogenolysis I 1"'ave rneasured the ra.ie of the fetal
glueonoogeni.c pathlvay af i;er infusÍons of glucagon or'

ad.ren¿r]-ine.

V.2. Ir,iethod.s

PoJ.yvinyl carunulae were su-rgiee,l1y inpla¡rted in

the fenoral artery a.¡:d. vein of th¡ee fetaf l-eurÌ¡s (Ch IV,2.3'i.

A minjm',.rin of five day's ela.pserì betrveen surgery and

experinaentation. Ðuring this period- the viabJ-iity of

the fetu-s rvas assessed- from bl.ood glucoser fruetose

and l-actate concentrations and bfood p02 and pC02

(Cn f V o?"i.'1 , ¡.1L i;hree f eiuses used j"n these exÐerinei:ts

Tlere clelivered- Live at term.

A consta"r?.t infusion, via the feraoral vein, of

ad-rena1.ine, glucagon or 0.15 I'r NaCl. (sterile) was

q

i
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maíntaíned- wíth a constan'b injeci:ion appara'bus

(Handley intravenous injeetions, Sorithclovrre liied.ical

Developments, Harpendetr, I'Ierts. , England) . The

foll-oy,¡ing procedure was a.,lopted:-

(a) Sterile 0"15 lrr NaG].

SterilerO.l5 M NaC1 was in.fused- into the femoral

vei,rr of fetus L92 (f¡+ d.ays gestal[i. on a.t a relte of

O,L ¡nl- / mi:n.

(t) Ac.rerraline

Adrenaline, prepared. in ste:riIerO.15 M NaC1,

vÍas infused. into the femoral vein of fetuses l-BO and' 91

(aged. 121 days a:ad 119 ûa;vs gestation respectively), a'i;

a rate of l ".li pg / mrnraftel they 'fl¡ere eac¡ iniected

with a priming dose of 10 ]r8 adrenaline. The infusion

was contínued. for 35 mj-n in fetus 1BO a¡d 22 mi'n in fetu-s

91.

(e) Glucagon

After a¡ inj-tial primir:g tLose of 5c f8 s1.ucagont

prepared in 0.15 M sterj.le NaCl, i-nfusion lvas contir:uecl

at a rate of 5 y-e / rnín in fetus L92 ( 144 days gestati'cn)

ancl fetus 91 (l-31 da;.¡s gestation). The infusion' \ras

stopped, after ?5 rnj-n in fetus I9Z a¡ad 50 mÍn in fetu-s 9l-.

In each experiment three blocd samples lvere 'Uakerr

at intervals of 5 min before the corlrßen'cement of the
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ii:frlsioirs" The ¿i'r'erage concen'i;ration of gltr-cose, lactate

and- frrr-ctose in tltese sa¡nr¡l-es was talcen as representative

of the pre-ínfr:.sion concentre¿tj-cn" During the ho:rnone

infusions r1O ¡Ci pulses of I U-l/fC] -l.ac"ba*ce (prepared. in
O.L5 If steril-e NaCl) v¿ere arlcninistereit to the fetuses

via the fersoral arber.y, The ee;l-uula ',vas ín:nediateJ-y

flushed. and. leep'b :îj.l-led v¡ith O.-J5 I',1 sterile I'la0l.

Bl-ood samples r'üere talcen fro-¡it th.e fer4ol:al ari:ery 2 min

after the injection of I U-14CJ ]-actate and j.n:r¡etliately

d.eproteinj-zed Ín etha::ol (Ch ]r.r"2.5.). Betweep serrtples

the ca¡¡u1a vras lept filled. lvith 0.15 l',i liaCl, (s{eriLc).

Pre1j.:ørina-ry experi.tnents r',"ith ner',''lcorrr Ie¡rrbs of e!'res 44

and. 64 estabLisTred th.e feasib:Llity' of neasuring
14*-irr"orpctra'cion in't,¡ glu.cose v¡ithi.r:- 2 nin of l4c-lactate

injection. Further, this shcrt Ínterv¿ri represen-bs a.tI

earty part of the glucose 1¿1,-perl-l-il-r.il es shovrn lvith

postna'baL l-ambs (fa¡fe 6; lig 1l- and 12).

The percen"tage convers:ion of 14C-1**ta,te in'Ûc g'l-ti-cose

was neasured. efter separation of these ccniiloulltls ìry

high vo1-tage el-ectropl:ore sis (Ch f V .2 .r). 5 . ) . 'lhe valtre

obtained-, after specific; ra'cr'ioarcii'vit¡' c'teterrni'nation

vÍas coropared ïo the coÐlrersion of i4c-it"tate to
1A'sû-glucose iu pos-tna'i;aL lalribs (üÏr. IV.3 .2.). For

quantita'bion, ihe i.ncorpora'1,ion of 14C-'14'3'itate 1nto

glucoser2nirr a,fter aðmj.:-.ris'hration of isotope in
postnatal- La¡rbs lva,s talierr as LOO e"ncl. alJ- valuc's are
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expressed relative to this base, Blooct giucose,

lactate and. fru-ctose were measured. as d-escribed. in
oh.IV. 2.5 .

V"3. Results

A sterile, 0,15 M NaCl- infusion was maintained

for 20 rnin in fetus 1-92. Ðuríng this pe:riod, a totaJ,

of 5 blood samples were taken and the glucose, fructose

and l-actate concentrations deternnined . Blood gl-ucoøe,

fructose and lactate concentrations clid. not show any

significant changes d.uring the infusion of 0.15 ïrÍ NaClt

(na¡te 24).

lhe results of ad.renaline infusion to fetu,ç lBC

are shov,re in-I'ig 20 à. The infusion !'¡as conti¡.ruecL foz'

35 min and 6 blood samples slere taken during this perioÖ"

Each blooC. sa:npIe was tal<en 2 nin after the injection
of 10 ¡rCi of [U-] CI lactate. During the ínfusíon

the bLood. glucose concentration increased" s1oll.¡r from

0.714 u[f at zere tine to I .372 nlil after 44 min of

ínfusion" .4, Iarge increase in bloocl lactate concen-tra'tion,

aJ-so occurred. At z,ero time blood. lact¿rto coneentratior:

was 1.603 nìi'{ and. at the ten¡ina'bion of the infusíon

it Ìtad reached 4.620 mß,I. Blood fmctose concentra.i;j"ons,

3.560 rnli at the start of the infusion a¡rcÌ 3.733 iiil'Î a,t

the end. , d.id. not shovr arry sigr:ificant che:lge.

No ineorporation of l4c-1t"tate into glucose

or f:rrctose was detected in arry blood sample taken.



Tigure 20 3 Ad.renal-ine Infusion in the Fetal I,arnb

(*) Ad.renaline infu-sion in fetus lEO.

ïnfusiou. was eontinued at a rate
of I ,75 ye/nin after a prinring

dose of l_0 pg arlrenal.ine.

Each data point represents a blood

sampl-e taken 2 ynin af'ber the

ínjection of to ¡rcl [u-Iac]Iactate.
lhe ehange in glucose concentratÍon

is represented. by:

Lactate concentration

fructose concentration:

(tr) Ad.renaline infuej-on ín fetus 9l-.

Experi-merrtaf,- detaiJ. is-the sane

as for fetus LBO.
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table 24

Effect of 0"15 M NaCL ínfi'rsíon in the 0vine Tetus

Sterile 0.15 M NaCl lTas infusecl at s. rate Of 0.1- ml-rlmi+ i+
fãtü-Í gz:-' lirôõa-eiüõoãe, f:ruetose and lacta.te determinations
a.Te áesõribed- in ch;rV.2.5| T,ero tjme values are nearrs of
3 blood. samp]-es.

Bime of infusion(nin)
sl-ucose fructose
"-(rnn:j - (mM)

Lactate
(mt'11

o

5

10

t5

20

o "477
c "521

o.500

o.4gB

0.499

3.531

3.862

3.288

3,8'77

3. 591

2.O77

2"233

2,r55

2,188

2.222
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Bl.ood glucose anrrl. l.actate coneer.r"brr¿tíons also

inereased- in fetus ')I ri.r"irin¿t 'bhe infulsiorr o:î ¿rcì.rens.rline

(r¡ig 20 h). Six L,C ¡rrli pr.r.}ses ef Itt*U]ü] iac'bate î¡.rer.e

given to fetus 9I duri-:og i;he 20 min. j"nfusj"orr ¿¿nt1 blood

samples \¡¡ere talcen 2 rqin a.fter. the injection of iso'bope.

Glucose concen'bratj"on at uero time \r::,s 0.430 ml,f ancl

increased. to a maximtxn of l-.22Õ rrf,.,J, 22 min. a:ftes' the

coltrnerlcer¡ent of adre:re]-iir.e Ínfu.si"on, B]-ocú1. J-a.cta'ce

concentra,-bíon increasecl fr..om l..l:12 r¡lirT 'bo 2.61'i nilìî a'l;

the end- of ttre ínflr-síon" BloocÌ fr"uctose co31cen,.;¡:at:lo¡:

did. nc¡t clla-nge signifícantly d.u-ri-ng the infursion, As

with fetu.s l-BO, ltoil-gl-rrcose cîr l"4c"-fru-ctose *¡mtliesÍs

were not d-e'bectecL irr any bh.oocì. sl:urirle 'halrr;ln af'Uer ti:e

ad¡ninistr.ati.on of I C,-Iacttr'i;e .

During the ?5 rrin glucag;or: infusion in fetus 1.92,

six blood- sarirpl.es \:,¡ere taken. Ea,ch bl-ood- sampl"e v.las

taken 2 ¡nin after tire inject:.on c:l' 10 ¡:üi ¡ ¡;14-g] l-ac'tel;e .

The g3-ucagon infus-ì-on r'¡as a,ccotûpÈ^nied. b¡r ¿r: increase in
bloocl glucose and. lactate cori.centration (lig 2Ia,) 

"

G.l.ucose cor:,centra'hj.orr j,ncre,'.ls:erl s-ber.r.ciiJ"y el.r.it'ing the i:irf'rirfic',tr

periocl from 0.4.79 rrrlr,I -to i.730 ur]ii, 30 rnin after the

conuûencement of tb.e glucagon infu¡¡ion" Bloocì -l-¡¿eta'i.;e

concentraJ;:i.or.r increa.seci frcur l-,5ß rd,l 'bo 3"530 url;i, 5O llin
a.fter tire start of the ínfus;ion. Blooû f,ru.c'borse

concen-brat:Lon did- lrot show an¡r significaæ.t change

duri-ng ihe glucagon infr-Lsi,c¡r.ì., i'io i.rrcorpor¿r,'tj on of
14C-1*¡"1- into ei'bher giucose or frr:-etc'se l¡¡as detected

in any blood. sanple tai<en after tbe adm.j-nistration of



Figure 2l : G]-ucason Infusion in the Fetal la¡nb.

(a) Gl-ucagon infusion in fetus Lgz"

Infusioll lvas eontínued. at a rate
of 5 yg/rrj.n after a pri.ming d-,cse

of 50 Pg glucagon. Each d.ata

point represents a blood. sanple

taken 2 urin after the injec-bion

of 10 ¡r0i [u-14ç]1ac-bate.
ÍIhe change in bl-ood. glucose

concentratÍon is represented 'py: -_ @----

for Lacta-be concentrati-on;

t- for fn_:.ctose concentratíon_.

(u) Glucagon infusion ín fetus 9I"
Experi-mental d-etail is the same

a,s for f etr¿s I92.
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¡u-lacJ lactate.

The glueagon infusion in fei;us 91 lvas continued

for 50 nin (nig 21 b) and. 9- blood. sampJ-es \iler.e taken

during this period " Each bl.oocl semple i+'as talcen

2 nin after the injeetion of LO ¡r0i I U-14C] lactate.
Blood gl-ucose concentration increased- cluring the infusj-on
period. from Q.52Q nl,f to 1.150 mi\i a¡rd. bl-ooel l-acta.be

concentration increasetì. from 1.'f].4 ¡nI,( to 3,260 nÏd,

30 min after the starb of the j-:rfu-.rj-or¡.. T?rere r'¡¿rs no

significernt cnange in bl.ooC. froctose con-centration

dur"ing the infr.rsion of gl.ucagon. 14C-,g]..cose or
I4C-froctose were not d.etected in a;ry blood. sa:npJ-e

teken after the admi-nistration of I U-14C] tactate.

V.4. Discussion

Ihe increa.se ín blood. gl-ucose ancl lacta-be eoncerr.'b:.*r-bi-e

in the feta.l l-a¡n'b in response to adrenaline has bc:eil

d.escribed. by several research groups. Thus, Cornl-inr:

and Silver (tglA)noted. a¡r increo.so in i:lood ¿;'lucoser

of up to 0"66 m.tl when adrenal-ine was i.nfur+ed- a'b 2 ¡-rg per

hg per inin. 3l-ooC. lactate concentratiot: also incr'earjed "

Si.r:oi1a.r1y, Ðav¡kins (tge+) repor-ted. a hyne:rgl.ycaemÍc

effect with adrenal-ine ( dose 25 ¡tg per kg) aùnin.is'çez.eci

to neonatal lambs d.el:Lvered. at term by Gaesari¿m sentj.ci:..

In Ðav¡k:Lns t experi:oent the hyperglycaem:l.c respon$e l'ra,S

age clependanrt. Fe'bal- lar.nbs $/ere less responsi'.re to

ad.renaline than neonataJ- lambs. By 24 lrc af ier bii.th
the response to adrenal-ine v¡as of the sarÌe ord.er af

ma6yritucle as forurd. in adult sheep i an increase of ri"_t to
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3 nM. .A.Lexander, Iliil-l.s am.d Scott (fg6g) a3.so observed.

a 2 ml,{ increase in b1.ocd. gh.rcose con.cenì;ration iru

young larnbs g:iven 25 pg a,d_renalirre t:er lc.g, A simílar
respoltse occurred. i,vhen norçadrenaJ-ine l,qas i.n jected..

f have not found ârt¡r other reports of hypergl.yceenLi-a

follolving glucagon infusíon into f etal. lambs 
"

Hovrever, Bassett (]-g'l:..) reported. an incyease in glu.cose

concentration of I nll in acir.rlt sheep given , þrf ¿51uca.gon

per min.

Since tliere rvas no índ.urction of gluconeogen,esis

in the feta.i- l-amb d.uring the peri.od. of glucagon or
ad.rena].ine irrfusÍon, the E],ceonpan¡r1tt* hypergl-ycaen:i.a

can on-l-y resrrlt frorn inereaseil g}.ycÐgen nobi-L.iz¿tion

or d.ecreased, perípheral utilj-zation. of g)-ucose. A

distinction betv¿een these alternatives eannot be ¡nad.e on.

the basis of the present erperirnents, al-thoug+ it is
laroyrn that the fetaL lamb has the capaci ty to mobilize

glycogen reserves d.uring sti:ess (Ðarves qj.*e,l, 7.959¡

Shel-le¡rr 1961; Britton g3_*gl3, L967) .

Hyperglyca.erria has been sir"clrm. to accompar:y the

adrrinistration of glucagon to the f etal. rat (IIurnter, tg69;

Girard, a::d Ba1 r 1970; GÍrard gjjå, 3-9?3), bui un*'r-ike

the fetal J.anb -bhe hyperg.!.yca.ernie response yrû"s res'crieted.

to tem fetuses (i"e " 2I-"5 da;'s gestation). In the fetal.

rat (2A.5 da.ys ges'cation ) a decr.eä.se i.n hepatie g-l-¡rcogen

concentra-tion occurred. af'cez' the admlnistration cf gir-ucagon



91

or cyc].ic AnP (Huntern 1969; Girard 9.j-gr.].n 1973 ) .

However', newly-'born. rats d.o not appear to responcl to

glucagon or dibutyryS- cycl.i-c AlfP as rapidly as fet'¿L

rats (SneLl- and \ríal-ker, l-973a) " Snel-l- a,¡ee1 !'fal,lcer (fgZ:¡)

have reported. a delay of up to 3 hr before the onset

of g3-ycogenolysis in Caesarianr bor:r rats treated- vrith

glucagon or dibut¡'ry]- cyelic !J'{P, fhey proposed that

the increase ile trLood glucose, whieb ercconpanies i;he

ad¡ninistration of g'J-ueagone resuJ-ted frr¡m either an irrcrease

in g3-ucose for:nation or a decrease in glucose utiliza'biorrt

which may ha,ve resuil.teti. from 'bhe aniagorristie effect of

g'Iucagon. on insul-írr secretj"on" å. sil.rliiar process

may occu-r in sheep fetuses.
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CHAPTER VT

IEIE EFFEOT OF P.ARTURTTION Oi{ GI,UCONEOGET{IC ACTI\rJTY

TN $IE }'ETÂI, I,AI B

VI.1. Introduction

Gluconeogenesis is active in the postnataL ia:nb

but the pathway i.s not frrnctíona1 in the fetus. T.n

Chapter III ít lvas shown that the four enul¡rues obliga'Lor¡"

for gluccn-eogenesís s¡¡ere al-l" active in the fetal l-e.¡tlb.

Furtherrnore, neither ad.renaline nor glucagolì j.¡lfusions

rvere abl.e to initiate gltrconeogenesis in fetal- sheep

(Chapter V), although bl-ood g]-u-cose concentrations $rere

increased.. It is the ajm of this cha¡ter to d.esc':rj"be

the changes in g'luconeogenic actiirity in the developing

l-a¡rb n'hích accompany parturitícn.

VI.2. IÌ{ethod.s

(a) Natural birth

The approach of parturitíon was shovuo by the

increase in fetal plasma cortj-sol v.'hich oecurred. d.'-rri.ng

the Last days of gestation (refer Bassett ano. Ïiinks , 1969).

Behavioural cha¡ges in the evue were also noted as pe,rt*

urition beca¡oe inr:ninent and. the evre wes c1-osel-y

observed. d.uring this Peniod."

Tv,¡o ]a.nbs, l-l-4 æd 91, with canrrulae placed. ín

the femoral artery a¡d vein were monitored for the

conversion of L4}-Iu"tate to glucose during parturí'bion.
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Bloo6 samples lqere taken from th,e f eino::a} artery 2 ¡ii n

af'ber tl:e i-njection of 1-0 ¡;Ci pu1ses of [u-14C] Iactate

into the femoral- veirr, The tU-14c] L.actate w¿rs ¡nad-e up

ín 0.15 n[ steri]-e NaCL ancl achrínistered. ín e vol-urne of

0.4 ml. After i-njection of 'the isotope the cannula

was flushed. vrith 0"15 I'{ s-berile Na01. Setln¡een sarnpJes

the carrnula lvas f i.I1ed- vrj.th 0.15 1,1 lla0l cont¿¡.ining

lOO T.U. heparin per m1. AlI l¡1ood saliples ursed for

glucose n lactate and fructose d-etertni.nations andJ. for

electropho::esi-s were imrned.i¿rtel-y clep:'oteinized- Ín ethano-L

and- prepared as descv'ibed. in Ch IV"2.5.

After delivery of the l-amb a three-!.¡ay stopeoclc

Ìvas a.ttached Ì;o the ce.¡rnul¿¡, the unbilica,l cord J-i¡¡ateä

arrd the experi-nent contir¡ued. . The ncther v¡¿Ls alf.rrt¡¡eei.

free aecess to'bhe nr¿wborn la¡nb, irut the lu-nrbs ma.d.e nÖ

attenpt to suckle during the experimental period"'

(¡) Caesaria¡r d elivery

Glrreoneogenic activity !-rag stuC.ied in -four Ia:nbs

d"elivered by naj-d-Ïine laparc'tony after i:nplantatíon of

can:rrulae j-n the fenror.al- artery ar,d. vein ( ctt, TV "2.3,).
[U-14g¡ ]actate (fO ¡Ci) was irrjected via t]ie fenioral vein

at Various tirne interVals before e:nd, after Oelil'elî,' arrd

blood samples t¡rere taken 2 min after j;he admir:is'bration

of isotope (see above). the u¡ll¡ilica.L cord was ligated

after the head wa.s delivered- a.nd. brea'Lb.íng establislted'"

rlhe l-erobs were vigorously clried anô kepi in a d.raugirt-free
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basket in a !'tarln pIace.

(c) Analytical techniques

Blood, pAZ, pGOZ and pH were measurecl ín blooö.

samples taken from la¡nb 9l- ancl from the four Caesari.an

d.elivered lambs ( C]r.IV" 2,5 .3. ) . 31ood. glu-cose,

lacta,te a¡:d fnrctose concentrations v'Íere rneasured usi"rrg the

pt'oced-ures d.escribed. ín Ch :tV .2.5 ,6 r"( je , The percelr'f a.ge

ineorpora-bion ur 14c-1abe1 into gt.ucose fro¡n 'La.etate

t¡/as es'bimated after separation of glu-cose ¿¿nd" lachate hy'

high rrol-tage electrophoresis (etr fV,2.5.5.). TTre

incorporation of 14C-lactate into gJ.u-eose in posina-bai-

l-ambs, 2 niin after the injection of isotoper was set at

100/" a¡rd. aII incorpo:ratiorr rates have treen. relaiterl -bo "i;ir:ls *

\ru ,3. Resu].ts

The results shovri.ng the effects of.' natu¡"a,I i:i¡rth

on gluconeogenie ac'bivi'b¡r a.re presented. j-n [a.ble 2i o

1L
No incorporation of --'C-Iabe1 from J-acta"te j.nto glueose

was d-etec"bed. in blood seunples taken pri.or 'co l¡irth'
Within 2 min of the 'l¡irth of Ia¡nb 9l- gl.u.cose sy:rthes5-s

was detected, whereas glucose sy-ntltesj.s çvas not cle'bectecì

untíI B nin after the bírth of l"c.¡nb Ll-"4." lb.e

percentage rt lfiC-incorporated. into glucose ir:.creas:ec

steadily after birth" In both fetuses hlooci glucose

and. lactate concentrations ín.creasecl duririg the

sarnpling períod before and after biri;h. 3Ïood frr.ciose

concentration did. not alter apprecíably du:cing the

experimental periocl. Ti:e bl-ooci. pararrreter ivhich 's]:-orvecl



Gluconeogenic activity was d.etermined. d.urir.rg parturition by neasurin¡ç the percen'tage convensioo of l40-lactate

to glucoÃe. The percentage conversion of factate to gl-ucose is expi'essçfl rela.tive to the postnatal Lamb = LOV/"

(cnl ftr.7.z.). Blood. ""mpI"" 
rvere taken 2 ¡nin after ihe injection of l'+c-lactate (fo ¡rOi pulses).

Glucose, fnrctose, lactate r po-.¡r pCO., a.nd. ni{ were d.etemined as descrloeu in Oh.IV.2.5.

Glue

tirne(nin) from delivery
inj ecierl sarnpled

Table 25

vi in the Ovine Fetrrs: Effect of N rth

fnrctose l-acte-te pO pco pH carnmg¡t5tr'etus

91

Ø convemion *rïåîi" (r¡¿) (rni) 2 2

-208
-72

o
12
46

-30
; lQ

- 10
6

11
1g
v6

-206
-70

2
14
48

o.783
o.9BB
1.r11
1.800
1.379

o.6lB
o"9r5
1.1,5
1.183
1,C66
1.277
2"622
?_.855

2.600
2.38O
2.340
2.720
2.250

2.184
2.o54
2.150
1.927
1.755
1.681
2.161
1 .70C

3.110
9.800

11 .e5O
11.230
12.154

t)
20
44
4+
+4

0
0

6"5
20.2
46.6

49
4B
51
15
15

7
7
I

7
7

.42 wt = 7.75 W

obvi-ous eolour
changa in blood,
indi-cating improved
o>rygenati-on

34
25
28
36

t14 28
20
\7

?,

B

11
21

7B

0
ñ

0
0

r0. g

1 1.6
1/+,9
35.8

5.331
5.153
6"C44
5.944
8.588
I ^y))
7.80Û
8"7i1
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the most d"ranatic eha:rge r¡¡Í"Uh hirth vgas bl-ood oxj¡Setr.

\ofithin 2 rni.n of 'bi.r''Lh blood o,*<ygen had j.nerea,sen tr;o

44 mn i{g from 1l nri:n I{g 3 }rr before birth of feturi 91"

BLood, gas data was nc¡t a"r'ai.Labl.e for l-anb 114î ì:u.i a.rt

ínc:rease j.n oxygenation vras evid.ent from the cha;rge in
bl-ood. colou-r from this neonate" B1ood. carTron C.ioxide ir:.

la¡nb 9I d.id not al.ter apprecier'l:}y and. bL,oo.i- pII i'id- no'¿

chaïlge significantl-y iiuring the experirnen'ba,Ï per.":i orl-.

the effec'es of Caesar:Lan. delivery on glueoneoger:.1c

activi'by are presented. in Tabl-e 26. Cilucose s;mthe sis

t'ùas oetected. 1¡e'Lr¡¡een 4 euad 11 rtin after the u¡nbrli-cal-

cord. ln¡as tÍedrand. effective hreathin.g started- ítr J-e¡nbr¡

109 and. 2t|8. Rapíd oxygelletion of bl-ood. oecurl'ed. *.rL

both these neon¿rtesrwhich \Mere estinateltl tr¡ be cJ.<¡s:e Ùct

terÍI.

The onset of g3-uconeogenesis wa.s cela.yed by

about 30 min ín larnbs 2A and 15f . These l-amÌ¡s weiîe

144 1'T.ays and 139 d.ays gestation respectívely zHr.r5.

experiencerl consiùerable diffÍculty 'oreaihing " Íhj-s

was reflected in the l-oler bJ-oc¡d pO, J,evels du:::ing 'l;he

first hour after d.elivery. -[n al-l. four Caesa.riarl

d.elivered. 1a¡nbs tlre irlood gl-uccse and lactate

concentra.ti.ons \¡¡ere greater th,an. in the ira.trira-L hoivr

Lamirs. This clifference waçi 1:z'cbabl-y "bhe resu-Lt c¡f'

experi-inental- ancl. su-r'gica1 stresg r



TabLe 26

Gl-u Âctivity i¡¡tire Ovine 1¡ of ?renature Ðelivery.

1,a.nbs were delivered by Caesari-an section follolving caruru-l-ation of the ferooral arteiy and vein. 'lhe umbilical
vessels lvere rigated. afteçoeffective breathing had conmenced.. Gruccneogenic aciivity was measured as tlre
percer:tnge coïl\rersion of '+c-l-actabe to glucose relative to the lostnata-{41Tb (:.oq|}, refer c:h. rv.3.2.
tsiocd sannles were taken 2 nin af'¿er the injection cf 1O ¡rCi pulses of "tC-lacia-te' Gfucose, fructoser iactate
po.2rF,co2 and pII neasLl-reìnent is described in cb.IlÏ.2.5.

Fetns

109

151

20

_11
2
9

11
54

i23
2C7

o
+

19
4C
67

- 11
0

11

73
56

125
209

B

6

ir)
14
66
95

"20l:))
1 4.'

0
0
0

12.t)
20"5
1-Oe I

29.o

('\

0
o

2A.B
20.9
24.')
a1 1

lOnÕ
1/> 0

,.166
5.i66
7.94+
5.92?-
t+ .45't

4.6CC
5.713
6 "95r¡
5.44+
5.222
6 "911
3.431

I6
54
44
1t

,4

19
12
2+
29
37
49
4i
'ìc

14
24
39
11

50
ç.4

7.39
'7 

"16
7.39
'7.39
I "++

7.78
7 "1Ii
7.19
7.17

'i.25
7.2'

7.43
7.24
n a7.
I o 1)

7.25
7.11
7.3'
7.38

i:ime (nrin) frot dell'rery /o convetsicn
injected sanPled

fn:ctose laciaie P0 pC0
¿

pH conmentsg1-ucose
("li; ("¡n) ("r¿) 2

2
¿

17

-tu
65

0 1"358
1"161
1,277
1 .1BB
1 "150
ô ât:tr¿..4) )
7.216
7.978
4.500
+"9++
5"8'5i
, .111

7.555
2.778
2.961
ô ()o?

2.688

3.i50
t.916
4.733
3.850
4"122
l. Iöö
?_,515

40
41

40
111

1'

17
+9
57
,3
1'
5O
49

rvt -- 4 "21 W

age - 148 rlays

wt = 3.34 W

age - 139 da¡rs

vtt = 3.51 1r¿

ãgê = 144 days

15
28
71
71

7
1

+
2

- 10
ó

0.366
0.70c
1 .100
1.515
1.755
1.166
0,766
1 ,066
1.A?7

3.955
¿.aY+
1.35t
1.122
3.062
2.5e8
2.+77
3.472
3.O1i

ZeöOO

3.4i'
"¡.622
2.544
¿iv¿¿

?.1.10
^ 

7an¿o)íl

3.7QO

i " 1'l'l

.s4

50
54
45
l' .)
+L

1t
32
64
9',t

¡ i':)
1'31
143
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Fetus

2+B

labIe 26 (continued)

ti-ne (nia) fnon delivery /o convereion
lnjected. sanpled.

lactate p0^ ñOZ pH comrents('ni) ¿
glueose

(ott¡t )
fnr.ctose

'\nll/I/

I
¿

+
6B

140

6
o
6

70
1+2

0
o

2.37
15,O9
18.91

2.O83
1.9Q'
2.O83
3.955
4.683

2"611
2.822
2.722
2.2rO
2.927

7.722
9.277
9.377
7,622
6.95,

21

19
51

47
,4
45

7.41
7.31
7.54

wt = 4.15 kE

a$e = f,s1¡n
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VJ .4 , Ð-'t-scussíon

The transition frorn feta] to neona'bai Iífe ínvc:l-vet¡

ma.ny physiological a:rd. biochemicai ekrarr.ges" Tn the

Lamb this d-eve3.opmental phas*e is accCImpa::i-ed, by the ra;::i.d

onset of gluconeogen.esis. The appeal'i1nce of p;1.'-rcolLeo"*

genesis after birth aLso occur.s in ihe ra.l (Ba1-1ard", 1,9?1i:).

The rapicl onset of gluconreogenesis af'ber bj.rth i.ii 'bhis

s¡recies is aLso íllustreteå by 'bho experiments of
SneLl and 'y?alker (l.]'lZa) i.rr whic?r i'eny'clÍrrg of l4c-gt.recsê

was detected i-n Ca.esariar:.-d.elivered anim¿rJ-s v',¿í'l;hin the

first hour of birth.

/Is mentioned- irr Oha.-r:ter TII , the 3-orv cytosoJ-

phosphoenolpyru.vate carbox¡rlri;rase ae i,-i.vj.ty in the

fetal rat limits glurct>neogcnesis. After 111v"-bh "i;he

increase írr. gJ-uconeogenic aetj.vi'b¡/ pE¿ral.l.eisthe inerease

i.n activít¡' of this en:-¿]ae (¡a1j-¿Lr¿ ariiì- ïllurnson, 1-16?).

However, Philíppidis arrd. Ba.l-larcL (fgfO) faite¿ tc shor,v

any prerlataJ- ínj.tiation oll gl.uccneogenesis :glJ:_yg
r¡'h en f e t a*1. pho srpho eno lpyruvat e c ai'b'o >:;'leírras e ac t j-vi t;'r

T/as ind.rrced. b¡r glu-c¿r,gozl . Tn contra*-b, I:Lver sJ"ices

from these gluca.gon-treateci. fetu-ses s;,,'nthesizeo gJ-ycoger:.

from pyrtrvate or iactate.

The fetal- l-errh ff1.q!_g;g, ressenb1.es.the gåueagon'*

treated rat in that e-1] four enz¡,nïes of g1t',conrrogeÐ.esÍcr

are active (ch. l-II ) , bu.t there is ¡rc active

gluconeogenesis. Jrrcuï'r¿r,tions of fetal J-a¡¡,r: 1ir¡er slices
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witb t4*-nur"rvate o" 14(;-propiona"be lrar¡e showrr that

active gluconeogenesis occtlrs (Ballard. and Oliver, Lg65i

Ëarber a::d 3al-l.ardr ås cited by Ballard e-L-4Lr 1969).

It seems J.ikeJ'y that in the fetal. lambr âs in- the feta"ï

rat, the intra-uterine cond.itÍons are inhibit-ory to

gluconeogenesis .

?hilippidi.s and Ba^l-lard (t9'70) postul-ated that

the hypoxia a.ssocj-ated with maternal setì.a,tj.on (í.e. e:the::)

inhibited gIt:-coneogenesis i.n the fetal ra'b ég1.lÀE*.

Subsequent measuremen'¡; of the reck¡x state of the fetal'

Iiver shoro¿ed. that the ether anaestlrresi"a was Ë.ccompanind

by a three fold decrease in the f free NÄD+] :f-free N:lDLi-l

ratio . The Liver of the inrnediate ilewborn r"as also

for-rnd to have a híghJ-y reduceö redox st¿rte re.L.ati'r''e 'Ì;o

the suckling and adul-t rat. Ihe ratio of ffr:ee NÂ])+]3

ffree NADH] in th.e fetal liver was 40, comparecl to ?0o

in the iiver of the one-hour newbon:r rat (p¡.if.ipl-ridis

arrd Bal]ê.T ð' 19?O). Willíaurson, lrrnd ¿rnd Krebs (We,l)

have reported a value of 7?-'s for the ffree it"A-U4'l : ffree N;riDIli

ratio of the adr¿Jt rat Li'¡er.

rlbat the red.ox state of the liver playcd arl

importarit roL.e in the regulation of gluconeogenesis

is furtirer índicated from the study of Ba.11ard. (19?14) j.n,

wbich newborn sucklÍng rats were exposed' to a¡r af.uosphere

of nitrogen, flhe hepatic J-actate: pynrvate ratio

increasetl in these animals (i.e. the redox state vre's
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of oxaloacetate ancl maJ-ate by ma}a'be dehyd.rogenase3

NADH N/iÐ+

oxaloaeetate ¡na]-ate

nalate dehydrogerlase

Oxaloacetate may erlso be formed from the tra¡samination

of aspartate to glutaraate, catalysed by aspartate

aminotransferase. Rognstaci. and Kal,z (19?0) have shov,¡Ít
a.s

ttrat/ttre ratio of I free NA.DI : lfree NAÐHJ increasesrthe

synthesis of oxa"l-oecetate decreases. Since ox¿¿l-oaceta'be

is an obl-igatory interrnediate in glucose forana''bion. from

most preeursorsr a reduction in oxal-o¿r,eetate prod-uction

would probably depress gl-uconeogenesís.

Reactions lvhich remove oxal-oacetate for non-

gLuconeogenic patlnvays ( such as lipcgenesis) rv'ill al.so

tend to recluce the gluconeogerric f1ux" llhis is
particuLarl-y releva¡et in the fetal rurninant in vthich

the hepatic enzJnnes, ATP-citrate lyase a¡rd NAD? maJ-ate

d.ehyd.rogenase, rlecessary for the synthesi-s of Ii.pid frotn

glucose, are aetive (Hanson and BaJ-J.an'd, 19671 1968)"

Ihe avaiLability of oxa.loaceta'ce rÎor g'luconeogerresis

is aLso governed by its intracellular location" TIie

proûríction of oxaloa.cetate from pyruvate, cataS-ysed' by

pyruvate carboryl-ase, occurs rnrithin the mitocirondriat

vrhilst the su,bsequent conversion of oxai-oacetate

to pþosphoenolpyruvate taþes plaee in both i;tre cytoso3-

and. the mitochondria. The nitochonclrial membrane
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has restricted. penueabili'by' for oxalc¡acet¡rte (larilyt

Paetkau and" \Ialter, 1-965) a¡rcl tra.nsport of the oxaloaee'bate

carbon probably occurs via mala'be oÌ' aspartate (IIa¡¡nes,

lg6j; Shra.go and lardy, 1966), Thís becomes especial.ly

inportant ín species Sltch. as 'bhe rat vrlrere phosphoenol-

pyrruvate carþoxykirrase ac'bivity is located excl'Lr'sively

in the cytoso3- (Uordlie and La,rdy, 196-1)'

In the liver of th.e adurlt sheep reg"-rlation of 'blLe

rate of oxal0acetate 'bransfel" across the nitochond-rj"al

mernbrane ís probably less importa,nt, since plrcsphoer-lof'-

pymvate carboxyhinase acti-rity ir; f ou:T cl irr br:th' the

eytoso]. and. mitoehondria (Taylor .93"Æ, 19?1).

I have sho\¡Ða that bo'ch phosphoenolpyrrrva,te car¡boxykirtase

enzJmes aïe active in the liver of' the fetal sÌ:eep*

In contrast to the reactíons in vuhi-ch a low

ratio o:Ê ff:ree NAIJ+] : f free N.qnH] restricts 'ohe flqvr

of carbon to glucose, tbe glycer'al-d.elr1'fls 3-phospha,te

dehydrogenase reaction in the l-iver eytosol:

NADH i{i\D+
1,l-phosphoglycerate \- / :-v i-phosphoglyceral-ciehyde + Pt

ís favoured ]¡y a reduced. redo:c s'ba'l,en Hol'/ever, if oxalo-

acetate generation j-s rate-limiting for g'lueoneogenesj-s

and. the red.ox state of the :fletai lj ver is l-ovr, then the

Ïrepatic errviron¡nent wouJ-ü be l-ess favourable for the

overa-lI conversion of l-ar:t¿r.te, pyruvate or alrtino aeids

to glucose than tho more oxit]ised. environrnent of tþe

newborrr ra.t.
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Ra.pid changes in the oxygenation s"bate of the

fetal J.anb at birth are j-nplied from my expe:rimen'bs amd.

from other stud"ies. Tn the fetal- lar,rb, b3-oorl lacta,-be

concentra.tions increased. before birth, '¡¡híle r:rygen and

carbon dioxid.e Ievels remainecl :rel-ative1.y oonsta:lt.

A d.ecrease in pH foJ-J.owed the increase in bl-cod Lactate,

Dring the period. before breathiltg rr¡ras uffective
blood oxygen l-eve3-s d.eel-ined. and this !1,es acccmpanied.

by a sma1l d"ecrease in bl-ood carbon di.oxicle a"rtd pÏT

(see al-so Comline and. Silver, Lg72), I fou¡nd- c+ rapid :cii+e

ín bl-oocl oxygen fc¡llowing tire initiation of effectívt:

breathing. This íncreased. oxygenation may be rîespolL-cri.1¡.Le

for the rapid. onset of gl-ueoneogenic acti"r--irty ohserlreci.

in t1le neonatal l-anib, throufi. a change in 'i;h.e rerlox

state of the hepatocyte.

It remains for fuvthe:r ínves'biga',;ions to define

the red.or: state of the fetal lamb. The high bloocl- l-actate

concentration of 'uhe fetal l-amb is sugges'bi-ve of a higirly

red.uced. environnent ín which pyruvate colxver,.jion ttr la.ctai:e

ís favoured." I'[easure¡nent of J-a.ctate : p;rrruvate ratÍos

of fetal a:rrl newborn l-anb b]-ood- ¡uere inconcl-u.sive

(see also }tar:n, 19?0). Gerrerally the ratio lras 'Iovser

in the aù'¿Lt and. newborn, but the ciifferer:.ce lras l'rorü

as great as that noted. betr'¡ees fetal and- =eonetc,l-

rat Líver.

llo d.eseribe precisely the red.ox sts"te o'i' ihe fetal.

Lamb a teehnique for the rapid r¡¡ithdrawa^L of fetal -Liver
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sarnpl-es r/vith minir,al- riistr.r::bence to the r.lotlier e¡rd-

fetus is rrecessary. ilith sheep, the technical probl-ens v'¡itl:

this a.pproach are consider"able. The usual- freeze clarnping

techniciu-e, successfully usecl for sma1-J. laboratorXr aninaS-s,

u'oul-d. not be reliable. Further stud.ies on the reguJ-a-biorr

of gluconeogenesis in the fetal lanib could- be initiatecl
euítl'ì. j-sol..ated. feta.]. hepatocytes (*<e91en, l-972) .

Seg1en (lflq) fras short'rr thet gluconeogenesis ís inhj-citeo

in isol-ated. hepatocytes incribated- und-er an.aerobic conclitj-onsr

but these ex'oerinents iryouId. suffer the same l-irnitations

as those of Ra].farö and- Olíver (tçø>) a.:nd Garbe:r a¡rd llalla.rci

(as cited. fry Bal.J-ard et a1r l-969) in v¡hich fe-bai l-amb

liver slices l"Jere incubated- und.er an atr¿osirhere of g5ii OZ

arrd 5/" COZ. Under thís gas phase gluconeogenesis was

rapid, probably because of -bhe un1:hysiological and- rapid

penetration of 0, to the inner cel-Is. l{y experiner:ts

indícate that the glu-coneogenesis d.eraonstra'ted by these

authors was an artifact of experimentation irr vitro .

AlthougÌr it rLíght be possible to super*o>ry51enate 'i;he fetu-s

åg.J¿Íru. (Koloirov" glêr 1968) n srrch prepal'ations '¡¡or"'.ld-

be highly stressed and ar:y results questionable.
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CÏ.]JI.ITüR VTI

GIII'I]IRâ]J DT SOIÏSST ON

Durirrg -z-'ecen'ù years there has ber:n louch resea:rch

d.evotecl to the stud"y <¡f the development of tb,e mErn¡,r¿llia.n

fetus Ln uter.o. and. the ad.aptation o:F the newbor"rz 'tcr

extra.*uterine life. One of the major er:ri1 nicst sigrtS-fict--.:r:rt

adapt:r'i;ions in the neonata.l r*r.trninan-b is the c'ltset r¡f

g1.uconeogenesis .

mechanis::ns f or glucose synt}:.esis, bu"ib û,"Ë "chis s'Ltr-ely Ïr¿lr,;

sho'flrr, j.t is not r:¡rtj-l. after hj-"r'tìr. tliat g.Lttcosc is
actuaï1y syntnesized."

The vÍr*u-aï- a.bsenee of gl-tcclneoger:itr arct,ivi'b;','

in u'be::o makes the fe-bus rLependein-b eipoi: i'ts n:o'l;ht+l:' fot"

íts supply of gl.ucoseo lo the ru:rtina;rt fe*tls tiljs ne¿urls

a totaL reliance u"pon ma'ber¡n¿*l- g1riconeogu-n:Í-c activityo
as v¿el-l as the efficient 'branspla.cental peÊj,se,ge cf ¿ilrrcc'se.

Althou,gh glycogen is s¡mthesized. clu.r:i-rrg fetel li-fe :L'b

appears tha'b the fetal J-amb canr olrly trtÍl-ize tÌrege glyeo¿4eir

reserveÉJ during Êtress. i{oïna)"ly thg syn'u}retic Froees.seig

are rlírecteC 'i;ovrards glyeogen produ.ct3,on, so this al-ter:nsrt'*'

íve sollrce of gJ-ucose can make or:ly a negl.i,gib1.e

cont"'-'i'pution to the f e-bai glueoce pocl-. The

651,rrcogen is required. to meet the gtu-cosc; ¡.ncl ener$"1.r

d.enemcl after: trirth"

'rlJhilsi gluconeogenesís is essentiai to the sucleling

l-e¡rb wÍth its intermittant food. supJily and' to the

The fe'baI lanib in utez'c has -bhc
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ad.u1'u nmínant urith virtua-l-Iy no di-ete*ry carbohydrate

avail.abJ.e from 'bhe digestive tract, the absence of
g1,r:-coneogenic actírrity in the fetus is not altogether

surprir:íng. Gluconeogenesís is only :requireð

íf other sources of glucose a;re not a,vail-al¡I.e arid the

fetus has a constant suppS-y of glucose from -bhe

mother. Furthennore, g'J.uconeogenesis j"s an eneråry

consrruing pa*hr¡¿aJr that vuould" represent ¿un unnecessar1¡

d,iversion of energy from. metaboiíc processes directed

to the growth anrd- d.evelopment of the fetus. In the

absence of, any gluconeogenic activity energ:F substrabes

may be consen¡ed.. For example , J-acta-be, prod.uced-

as an end produ-ct of glycolysís, can be further
oxid.ized and. so contribute to -bhe feta.i energy suppL.y

(¡urd gå-jå, 1975) , Similarly the larp;e quantity of

a¡uino acid.s available to the f etus, estÍrtated. to be

4O g per d,ay (Curet 9tjl, 1970), ca.n l¡e directed I-argely

towa.rd-s protein s¡mthesis, rrithout eompetition from ari'

active gluconeogenic pathway. Ïhis is of particu-Iar

importance in the Iat-ber stages of gestntíon when

grovr'ì:h accel.era.tes (Cl.oette, 1939; I'ler11ace, 1948) .

Fina1.l¡r, l-ipogenesis and other reactions compete with

glucoireogenesís for a comJnoli in''uerinedia'be, ol:al-Oacetate.

Ihe absence of g'luconeogenesis tTrerefore favou.rs J-ipogen-

esis ancl" pyruvate oxid.ation.

Frr,rctose is stil-l- a mystery product of glucose

neta,bolisn. It has been Èuggested. that fnrctose rnay
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B.c'b a$ an a-Ltez'r:-ative $ol''.t.ce ot:. gJ.ucose and et'rergy d.urir:g

feta-t stress (iluggett gþ-s¿, I9r:_; Ale>:eir¡der _et 3Å, I9r¡5)¡
but such extr:erne corrdi.tions wouicl not be er:eountereu in the

norrnaL intra-uterj-ne envir.onment, for even ihe fetus of
the starved" evre ( a not uncommon. event in the average f1.ock)

failed to show sigrrifíee.nt fruc'i;ose uptake (Tsoulos Sg ?}¡ I9"fi-

, The pr:oposed. pathway of frrreto,.¡e syr:-th.esi-s ín the

fetal l-amb is sinil-ar to l,'he mecha.nisrn pi"opoced by

Ilers (tg>l) for the seminal vesicJ-e¡-

-t.
ÀÐ'N +

g1-ucose sorbi'bo]- f"ructo se

aLdose recluctase so rbi trrl- d-eh"y'dro gcns,se

the hÍ.gb1y recluced erivironment of the fsta.I la¡nb rvould.

favour sorbítol- synthesis an.d. the NADI'Ií proouced. on.

dehyclrogenation of sorbitol- eould suppl-y the nece-erìary

red.uci.ng equivalents for lipogenesi.s and. o'bher sJrn.thet:i.c

reactj.onso Although the fructose syn'bhesizing enuJnilìeË

are loca'bed. j.n 'bhe placr,enta (aldose redr"rctase) e*nd th.e

fetaJ" liver (sorbitoi deihyti.rogenasre), there is stron¿;

evidence to suggest 'bh.¿:,-b tÌle placenta j.s ihe sole si'be

of fr"uc'bose syrrti'.resÍs (Iïuggett glglr 1951-; Alexand.er .gffi!,
L95ts), There al,so anpÊä,rs to 1:e vetty l--ì-l;tl.e fe'i;al. r¡.1;take

of sorbi'bol- enC. so hepatÍ.c productÍon of IVAÐ?H fron this
source u¡ould. tre ::estricted."
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In con.clusion, it appears that the l-ack of
gluconeogenesi.s Ín the fetal lanb ls consistent with
the general impression of fetal metaboLism; one tha'b is
welL ad.apted for the naxi:num ancl efficíent use of the

available €11êTgSr EnergeticaS-3-y extravagant reactions

are not favoured..
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Àppendix I 3 The Relationsh of Fet Crou¡rr-

e'bus

Feta1 croïwt-rrrmp Length (cr) and.

gestationaL age (¿ays) show a Linear

reJ-ationshíp. Fetal, vreight (ttg) and

gestationaJ- a,ge (aays) show a curvi-linear
reLationshin.
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