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7. 1n international copyright legislation and to the general desirability

of encouraging the dissemination of knowledge.
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of material published in the Canadian Journa1 of Animal Sc1ence

Under the current copyr1ght laws the author is the first own!"of copyright.
However, if the author is employed, under contract, or being trained by aythird 3
party, then the third party owns copyright, unless <ome am eement to the contrary
has been reached. .

The'AIC is copyriaht owner of each cnllection of papers published (ie. each
issue of the journal). but this in po way affects the author's copyright of the
indtividual papery . i »

The copyright lTaws are currently being revised; I believe ‘the revisions are
largely intended to strengthen the author's position further. Fa any case, they
should not come into effect for several months. :
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- A$ Mr.”McBride's advisor (the member’ of academic staff that he
studiediwith) for his Ph.D. program, it is entirely logical and
traditional that I am a co-author of scientific publications

- arising from, the thesis work. 'Of course, a primary purpose of this

- work is for him to satlsfy the requlrements for the Ph. 5l.degree
and, therefore, there is absolutely no.question that I, as a co-
author of the artlcleq

1) Development of a technique for gastrointestinal e doscopy
of domestic “riminants. Can. .J. An1m Sci. 63: 349-354 (1983)

2) Endoscoplc observations of the retlquo—omasal orifiece of
cattle. J. Agric Sci., Camb. (1983) 101: 749-750.
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Chap. C-30

which the photograph was directly or indirect-
ly derived, and the person who was owner of
such negative at the time when such negative

' was made shall be deemed to be the author

Term of
copyright in
records and
perforated rolls

Where ¢op yright
betorm ' Tt

Ownershiy

fapvriah

Engravi'e,
rhotay

Work mads |

the cours of
et .

- business therein. R.S,, ¢. 55, 5. 9.

of the photograph so derived, and, where such
owner is & body corporate, the body corporate
shall be deemed for thé purposes of this Act
to reside within Her Majesty’s Reflms and
Territories if it has established a place of

&

10. The term for which copyright shall
subsist in records, perforated rolls and other
conmivances by means of which sounds may
be mechanically reproduced shall be fifty
years from the makihg of the original plate
from which the cottrivance was direétly or
indirectly derived, and the person who was
the owner of such original plate at the time
when such plite was made shall bedeemed to
be the author of such contrivance, and where
such owner is a body corporate, the body
corporate shall be deemed for the purposes of
this Act.to reside within Her Majesty’s Realms
and Territories if it has established a place of
hysiness therein. R.S., c. 55, s. 10.

11. Without prejudice to any rights or
privileges of the Crown, where any work is, or
has been, prepared or published by or under
the direction or control of Her Majesty or any
government department, the copyright in the
work shall, subject to any agreement with the
author, belong to Her Majesty and in nuch
case shall continue for s poriod of {ift- yoars
from the date of the firet publicari,.. 1 et

RS, e BB o N

OWNERAHIF OF ('OVVRIOHT

12. (1) Sulject to this Act, the suthor of a
Wﬂl’k Rh"” he the filv' nwnery ol the 4'1\(\v1iq‘\‘
“'979;1’\.

(2) Where, in the case of an engraving,
photfogreph, or portrait, the plate or other
original was ordered by snme other person
and was made for valusble consideration in
pursusnce of that order, then in the absence
oi any agreement to the contrary, the prrson
by whom sue" plete v other original was
rradared the fivat nvner f the

srhall he

“pyright

") Whore the author ~eginthe - mploym-nt

o ATIRERA 1P poore o vwndee o vontrnet of

' _ ' Droit d’auteur

“dw droit d’autenir aur cette euvre.

photographie a été directement. ou indirecte-
ment tirée; le propriétaire de ce cliché au

_moment de sa confection est.considéré comme

I'auteur de la photographie ainsi tirée, et si
ce propriétaire est une corporation constituée,
celle-ci est censée, pour les fins de la présente
loi, résider dans les royaumes et territoires de
Sa Majesté, si elle y a fondé un établissement
commercial. SR, ¢. 65, art. 9.

10. A l’éEard» des empreintes, rouleaux Desinstruments
perforés et autres organes au moyen desquels e
des sons peuvent étre reproduits mécanique-
ment, le droit d’auteur dure cinquante ans &
compter de la confection de la planche
originale dont 'organe est tiré directement
ou indirectement; la personne qui était le
propriétaire de cette planche originale au
moment ou cette derniére a été faite est
réputée l'auteur de cet organe et lorsque le
propriétaire est une cqrporation constituée,
celle-ci est censée, pour les fins de la présente
loi, résider dans les royaumes et territoires de
Sa Majesté, sielle y a fondé un établissement
commercial. S.R., ¢. 55, art. 10.

-

11. Sous réserve de tous les droits ou Quasdlecmit
priviléges de Ja’' Couronne, le droit d’auteur :;:,::: Co
sur les ceuvres préparées ou publiées, par Mrie’
I’entremise, sous la direction ou la surveillance
de Sa Majesté ou de quelque département du
gouvernement, appartient, sauf stipulation
conclue avec I'auteur, & Sa Majesté et dans
ce cas, il dure cinquante ans & compter d- la
pm"‘lih_"‘ r‘“lV‘;W"l';"'\ f"’ ' ‘envye ‘Q n ‘ ‘r‘,
avt It

POSSESRION DU PPOTY DAUTRUR

12. (1) Sous réserve de la présente loi, 1’°!"':i°n_d“
I'anteur d'une ceiivre est le premier titulaira ™7 ™

Gravure,
pb'w ".":,
rer et

(2) Lomsqu'il s'~git d'une gravure, d’vme
photographie ou d'un portrait et que la
planche ou rutre production originale a été
commandée par une tierce personne et
confectionnée contre rémupération en vertu
de cette enmmande, celui qui a donné la
comm¥n-de est, » moins de stipulation cop
tratre o premiar titylaire dv droit d'anteny

(Buvre exéeuté-
duns l'exercie
@ v pmplai

(M) Vorsque | “utrnr ent employé par nne

anrr gt e verty dlun enantret de




service or apprenticeship and the work was
made in the course of his employment by that

‘person, the person by whom the author was
employed shall, in_ the absénce of any

agreement to the contrary, bé the first owner
of the copyright; but where the work is an
article or other contribution te,a newspaper,

magazine, or similar periodical, there shall, -

- in the absence of any agreemerit to the

ignment of
2t by owner

sitation

»re author is
t owner of
wright

pervhip in
rolpwr’*

contrary, be deemed to be reserved to the
author a right to regtrain the publication of
the work, otherwise than as part of a
newspaper, magazine, or similar periodical.

(4) The owner of the copyright in any work
may assign the right, either wholly or
partially, and either generally or subject to
territorial limitations, and either for the whole

'term of the copyright or for any other part

thereof, and may grant any interest in the
right by licence, but no such assignment or
grant is valid unless it is in writing signed by
the owner 6f the right in respect of which the
assignment or grant is made, or by his duly
authorised agent.

(5) Where the author of a work is the first
owner of the copyright therein, no assignment
of the copyright, and no grant of any interest
therein, made by him, otherwise than by will,
after the 4th day of June 1921, is operative to
vest in the assignee or grantee any rights with
respect to the copyright in the work beyond
the expiration of twenty-five years from the
death of the author, and the reversionary
interest in the copyright expectant on the
termination of that period shall, on the death
of the author, notwithstanding any agreement
to the contrary, devolve on his legal represent-
atives as part of his estate, and any agreement
entered into by him as to the disposition of
such reversionary interest is void ; but nothing
in this subsection shall be construed as
applying to the assignment of the copyright
in a collective work or a licence to publish a
work or part nf a worlk an part of a collactive
work

(6), Where, under any partial assignment of
copyvright, the assignee becomes entitled to
any right comprised in ropyright, the assignee,
as respects the rights so assigned, and the
assignor, as respects the rights not assigned,
shnll be treated for the purposes of this Act
¢~ the nwner ~f the ~opyright, and this Act

Copyright A

1285

' ca.p c-30

louage de service ou d’appmntinagé, et.que-
‘I'euvre est exécutée dansexercice de cet

emploi, 'employeur est, ¥*moins destipulation
contraire, le premier titulaire du droit d’au-
teur; mais lorsque 'ceuvre est un article ou
ung autre contribution, & un journal, & une
revue ou a un périodique du méme genre,
Lauteur, en I'absence de convention contraire,

est censé posséder le droit d’interdire la

publication de cette ceuvre ailleurs que dans
un journal, une revue ou un périodique
semblable. ’ '

(4) Le titulaire du droit d’auteur sur ‘une
ceuvre peut céder ce droit, en totalité ou en
partie, d’'une maniére générale, ou avec des
restrictions territoriales, pour la durée com-
pléte ou partielle de la protection; il peut
également concéder, par une licence, un
intérét quelconque dans ce droit; mais la
cession ou la concession n'est valable que si
elle est rédigée par écrit et signée par le
tituleire du droit qui en fait |'objet, ou par
soh agent diiment autorisé,

- (5) Lorsque l'auteur d’une ceuvre est le
premier titulaire du droit d’auteur sur cette
ceuvre, sucune cession du droit d’auteur ni
aucune concession d’un intérét dans ce droit,
faite par lui. (autréement que par testament)

ST :’ﬂ\_,z7m~
© .

Cession du droit
d'suteur

aprés le 4 juin 1921, n'a leffet d’investir le

cessionnaire ou le concessionnaire d’un droit
quelconque, & I'égard du droit d’auteur sur
Keeuvre, pendant plus de vingtcing ans &
compter de la mort de 'auteur; la réversibilité
du droit d’auteur, en expectative & la fin de
cette période, est dévolue, & la mort de
I'auteur, nonobstant tout arrangement con-
traire, 4 ses représentants légaux comme

. faisant partie de ses biens; toute stipulation

conclue par lui concernant la disposition d’un
tel droit de réversibilité est nulle; cependant,
le présent paragraphe ne doit pass’interpréter
comme s'appliquant & la cession du droit
d’auteur sur un recueil ou & une licence de
publier une ceuvre, en totalité ou en par:ie, 3
titre de contribution & un recueil.

(8) Lorsque, en vertu d’ine cession partielle
du droit d’auteur, le cessionnaire est investi
d’un droit quelconque compris dans le droit
d'auteur, on traite comme titulaire de ce
droit, pour les objets de la présente loi, le
cessionnaire en ce qui concerne le droit ainsi
cédé, et la cédant en ce qui coneerne les droits

Possession dans
le cas de cemion
partielle
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Abstract

?hevpurpose of this‘study was toe*define the energy cost of

Nai/K‘—transport, as measgre&iby ouabaiq—sensitive
respiration, in the gmali intestiné and‘liver of grpwing,
lactating or starved animéls..The O; uptakes ana‘q
ouabain-sensitive respiratioﬁ rates of mucosal and iiye:~
bippsies; and hepatocytes were measuréa polarographical‘y'iv
an 0, electrode asséﬁbly. Energy expenditure in support of
Na‘', K®-ATPase accounted for 55% of tntal Avicdenal mu-ngn
respiration of cows at peak lactatio . Tn late lactatinan and
dur;ng the non lactating perind, the prepoartinn of d? uptate
inhibited by ouabain declined (P<0,.05) tec 34 - 3"%. The
amsﬁnt of ouabain-sensitive respiratico alen declined from
2.4 2.39 to 1.47“1.66 nmel 9, . mg/min, during these'perfOAQ
N, consumption anAd Na'% K'-ATPase-deprendent and
- independent respiration of auodenél mucosa hinpsies were

measured for sheep fed two levels of digectible nerqg: (1

intake (7.6 and 14.R MJ alfalfa’d) a4 ( 11loving 48 h - f

Rtay ot inn, Na', " ~ATFPase rq'fon/'o.'v rear Sratian nee oo 4!
forla ";’."”?fﬁn’f p;\emr-tim. tra @ P N
coOne Ly f murmeceal Finp - i~ The wagq it vde Af thig
recpones wa o incranged (PO U1 te 61 1Y o baral musosal "

corevept o cno ot the higher NDE intake and was vred ced (T~0 N

ks 20 20 of ek ) yeoge ) (O "\H’HrT‘F"i""l AurAing wbtec gt ey

Tr B . toay [ B . f ! ot T v . -"f i



tbe ey *

An in situ l1ve4 perfu51on technique was developed for
/

the isolation of ine hepatocytes. Viability/measurements,

as assessed’by'trxggﬁ*gIEEguptake' of 89.5 to 92.1% were

.

achleved for isolated hepatocytes stored for up to 3 h on
icé. Surface morphology of hepatocytes, as evaluated by
scanning electrn~n oicroscopy, did not change during 3 h of
storage on ice. In lamb hepatocyte preparatlonS\w1th
Jwab111r1es greater than 90Y%, ouabaln*sen51tive,respiration
accounted for 57.4 55.3% of total rellular 0, Eonsumptdonf
lLamk hepatocyte preparations with v1ab1]1ry of less than 50¢%
~xhibited llwer (P-0,05) t~tal and ouabain-sens itive
ragpirvarion. The deo;eace in nuabtain sensitive respiration
in these preparations entirely awcoonted for the Arop in
' ') hepatocyte feSpiration.

“, renaevmption and ouabaln sen51t1ve re§piration WES .

weasured from liver hicpsies of lactatlng and non- lartatlnq

ewes and fr-m hepatn-ytes isolated from ma*nre, dry ewes. Oy

14

Corennpbicn Auahain gensitive respirarion, '"‘Rb* uptaﬁe and

I orvakain hiuding were also measured from hebarohytes \
i 1=t -3 freqp lambs, fed adult sheepr anA éfarved adult

gherer Ml ain cg:;nciri o rasr.'irn‘i“'\ of liver b‘f‘p?ie" from J
e v o peal ] tation accounted far 1°% of the Fogn~l bi~pay

‘ neemption. This proportion was 24 37% higher ‘p-0. 0"

Phoo elnd 1oy wesenjements made Auring lata lactation and

Moy e b ey 'nrfptianpofiod. T~tal dhahain Finding ¢+

bepaoy o tas Areatsr (P<0 N7) fér re'le 1gclnto fram

o

b o UITE gheep the ayt ' s Nindipg
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I. Introduction

/
Y

It is now ‘realized that the maintenance energy expenditure
of ahimals,is»net constant but can vary depending upon the
animal's'ége and bhysiological state (Moe, 19881; Garrett and
Johnson, 1982). Howeyer, the metebblic components comprising
maintenance energy expenditures are“only now being defined
guantitatively. One majof,cqmponent ef maintenance energy’
expenditure is Na‘®/K*~transport (Milligan. 1971). The
transport of Na“ and K® arrnss the placma membrane ~f anjm:’
cells 15 controlled by Ma | K -ATrase. The extrueion nf 3
Na® out of the cell and cencerted uptake ~f 2 ¥' into the
“oll is ascorplished with the expenditure ~f 1 ATP (Mande)
and Balaban, 1981), Therefore, any physinclngiral ~hangrs in
the animal’'s metaheclicm that ?”fluonfds the rate of
Ma ' /K*~transport will di}ocrly affect the maintenance enerqgy
expenditure ~f animal tissues, esrecially <nnsidering tha!
the sUppoyt ~f Na;; K*-ATPasr wny Arcmunt feor 20 0Y e f
*teo total en='qy expenditure f many =nimal ti~eyes

tril Rejai oand Flelman, 1970 1€ 1« Ralahan et 31, 1980)

The rarrcae ~f thiye r.tn"y waae te Aatermines (1) the

Al tude ~f e gy vper ded i suppert of Na® K" -trangport
L .
in fToreebinal ravocwn oand 1i e ~f shepp and cattle ang (2)

Fhe influrnce < f " he anjmal e phyasinlogical state an fﬁe
magritude of t'ie maint-snance rheyqy owpehditwre. Tntegtipne
and livey were evawmined tes anee pact regearch #aﬁ shown that
ﬁa‘; K* ATPaeme Acti it: in iﬁ‘es'%naﬂ'mﬁebsa ard liver may

v C oy ! .. vorhi e A ot e Yal emarog (‘vl'\mv)'I?‘ e o f fhenn




tissues in rats (Ismail-Beigi gnd Edélman;11970; 1971;

Liberman et Bl . J979). Furthermore, these organs may account

for up to 10 - 20% of the total energy expenéiture of,
.animéis (Webster, 1980; 1981; Edelstone and’ﬂolzmanfi1981).
A s?te.specifi; endoscopy procedure' was developed to
allow for repeatable sampling of the intestinél mucosa of
'éheep and cattle. Ap in situ iiver‘perfusioh techhique,Was
also developed ﬁo‘isolate ovine>hepatocytes. These methods
provided viable tissues or cells which reflected the
rhysiclogical status of the sampled animal. Rnergy

expenditure associated with Na'/K*~transpart of intestina)l

mu~nsa and Po-patocyted was asstss~d hy ~uabain- gensitive

R R R ing ey abhYiched o witro pracedures,
(8
f
"The e doscopy préceors an further ar: 0 o' pe af 4L
v ' gy e ro et ! Ty o1 P ey e

N ,;,;,‘

Giieek s ntiee e an

pragE

O T AR e A Y 4 E R Rl

e T BRI 3 T st v e



- ‘\\ N ) s
i N
. 1

11..The Effect of Lactation on Ouabain-Sensitive Respiratior
A S

. ~r
of the Duodenal Mucosa of Cows

A. Introduction
Maintenance enerny expenditire ie a ~omponent ~f oo
energy expendituré of yrung qrowinag avimals and marure

animgls 3 a ctate of energeticr equilibhriym: Hewe er, th

magnitudAe gn-d metabolin compen-nt .
nuponﬁi"llf'?‘: nf an.irha]!: ‘rrear oo

~hanges ir{p)\ysio]¢ga‘cn] vt e e

~f maintenanre
hana~ in

~r e

(1978)

that qrowing Apimra'ae ha ~ A higqher o8 0t ey, cneragy
~oampenent of teabal Fhergy our\endﬁrwv" (RPN A mAatpr e
.

animal=, Similariy T~ tating cows

snergy eypenﬂirvlre than I\./\;. ITn~tati

Chanﬂqs~ in the (""Y“P’“Qif;r\n ~Ff "]f:c:l'@ Aep ~a b3 'Q\IY:H’J "h°‘=e
differeant rhys nlrgical states mn: acenant for acfe of heoa-
Aifferer "ag i maintenance pper 1y xpeo Titure (T,izt e ¢
Gobeter, "ORIY hob the question af bt gugntitarioe)y
roampriget ble metabolic comp e ot C o iabonanes o )
[EEZEITI Tt hanm peer g1 tpal o b )log Pl oy b e A /

ace b qradier tae oo he v laar~ 0 fal f o
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30-40% of the total enefgy expenditure in these tissues
(Iémail—Beigi and éﬁelmanlij?J; Asano et al. 1976: T.o et
al. 1976) . Tﬂesé measuremegés hgvé-alsv been confirmed
recently for liver and kidney,by'ofher research aroups
(Mande1l and Balaban, 1981: van ﬂyke et al. 1983), However,
mcst of theee estimates of Na | K‘;A”Paqewﬂmrandonf | . E

'°ﬁtf'atinn were made for tigsgues of ma'ure adult ats,
cfre feA gt maénrpnnv\r"ﬁ. rk from our laborat ry has chown
Phet Noo 1" -ATPace dcppnden; resr{'atiOﬂ may a're oA rount
foor 20 a0y o f + ta]l gkelnrtal ﬁ”wﬂ]" rpcpirzt§hn n

rhiyeic Vgl Ally mtrem2od ‘heer anAd g’ ~win 1 mhe and ~al ‘e

v

(Prrg AN METTigra . 10RT A ke L Therefard, the oo ocpece o

L BN r:‘n’s war b ']:!ﬂvn‘ivc the noey A ;fndp ~f Via
I AT age -Ad~1r o lont chr"lv'\Oi/\vi { vy mnn%:inugcl\ci'i\;"

reepirvcricpr) f Auecdenal miofrea i ~ruwe imroaed Ui*h the

rhyai-"ogi a' atrees n' "seabi n, Ticsnes of t+! g;f We
b g fey et Ay ber-no v s ¢ 5'}'\ fFicgnen B S
<
GRS FETEE IR TE SR Pt iy v.aa,
‘ e /
F ’ Ve
.‘]'.
Tt - ol e lar et ool T Y ﬂu(\ﬂp,- o ~ann: lan
o ~e toe e e I he Aapnima g were fed tw' -
roe - I Yheba g s e tra
Y it
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assembly, »ir catvrated KH buffers (37°C, 700 mm Hg, 180

E
R

~

nmal N, oml; Umbreit et al. 1064) were used in ail 0,
consumprion measyrements. Initial 0, consumption was

meAsured for 1'% min anAd the Piecpeiecs were transferred to

ancther electreds~ chamber ceontainina 4 ml of ¥H huffer,

o ;"’J ~yahain ¢ nesntration ~f 0 10 - n 10 ° ~r

Mo T, vptabee o f 'hege bhinpaies were meacired for h

furthcr 40 A0 m'n o "he differencae hepween the initial N,

R R BRI ara the o ngnmrpE Y con f the ~ruinhain treated

EERIE R AR L A DAl ain cenmitb i o~ rp;firat—;on_ Mean

- crt inhit i n e f v eeriaation by euabain wac Aetarmige
B T R T B e B S TR cvahsin cehnentrat i anAdA a dece
[ S R N A L R I Y2 R roﬁ".i'\q in' yha i(\[] natoon
L R R IR IS R AR R L Raced up~n the dreo
Pemp e sk eep ot engn ement s f guabain sersitive
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oot edeay o rhe Tuedang] Muccea

~

Yo o ent l]-{r.-ir" Wy eveiaend o b he Ararae ding

oA w o be eve then aore fixsr, ar-'r:d ar’ gac
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. . & .
mucosal biopsies were also prepared to determine the extent

£

. . . k
of colonization of gut bacteria on the epithelium anf r-

examine the surface morpncleay of ‘he intestina’ epithelium,
The btiopsies were monnted on nylon mesh (Ferera or =} 1€ &)
aﬁﬂ then were 1fsheﬂ wiEh ice c21d phosphate bkuffer A 7 0
Na, HPO, 7H,0; 15.0 oM NaHFC, H-": i1 7.4) and five? ngine
phosphate byffer =6 tle ralvant  The aanpler wer = fiye?

1% 0'”*3'31d°hy*P f - 24 b At "0 b hen werce o f e e

Ned,, Foor 2 h at 47« 1) uing daub'e fivati - the 1oy

were d(.\hy"rgfnﬂ Yy A g‘:;’qoﬂ ?f'h'-nfl :‘ny; o ;q“‘ wer b b
IRANARY syt tate 1 n atopuicee - bioo F oy oo (AR A !
!
aretate, the exaples cepre s dpieoal) oin g G o
(*nderg o, ORIV bhs wrre enctel Sl wodA pa it
Fivaltly the prepar: | S T T T S T FU R R
UETIR B R AR BN t o o0
! t o :
THe v et ioa) R ‘yr'c 4
S Tat o 1 e 4 -, \ ITERR T O '
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Morphology of the Duodenal Mucosa

Histeclogical examination of the Aundenal mucoss of the
cows indicated that the biopsies were free of fhe
1n;qitu4ina1 and transver=e muecle layers (Plate I1.1a3).
Fypertropby of the muccsa apprared evident throughout
Tartgatinng Thia wag evide rod Fy enlarg~d4 Brunner's glands

y

firmed oA truneared “i11% an? ir:reage” depth of villne
rypte (Dlate IJT.1a:s Fe!'l ot a1} 1764). Thereae changes
veeulted in a thirkepeA intectinal murme | Our Finﬂinqs
ﬁwbrcrt Frevicns reper b= that have abiewn hyprertrophy cf th-
aagtr~inteestipal tract portt o olarly the emal) inteagtiva,
Tt i Inebat ien (Tel) of “l. 19A1: Fe'l ¢+ 3'_  1Q72) .

The a anninag ele tron wicroaraphe - f tle wiacaea ~learly
chn.ad the 1 minen- s f '"he Jnteatinal vil'; (P]ak" 17 . th)
anT the Adeveaes rryering f miecy 3114 an the au fdce - f the

1
erithelial celle (Flate TU.1c). The epithelinl raelle aprea:

e relyaenal éFvacfuree alaovg the gu{'ncq nf V{I‘i (Flate

N Y highar naenifications, the micicvilli Aryear -

1 by envérinag o the erithelial cellg. The ni-r- i1

"’;“ AR A R L AR R 19‘1‘1(;%;)) and o dth (Pla'e 1o 4
Fy bere ve 30 1) "dep o iem ave tiree 1 dor phie ae ooy '|-fq
) ) ' " r () v o e f he y Vol e I3
. - [ 'or The v f he e !



Flate T1.1a,b. M~rrhology of duodenal biobsies. 3)

(ro~s-se~ti'n <f a ducdenal b orsy frem a Helstein -cw

the 2"th wk cof lac'aticn (H a @ E stain: Bar-0.' mm).

UPEer arrcw poinrts t¢ = brcad truncated villis. The
arrew ‘ndicctes the sxrensive deve lopment cof Rrunner

Clar Te V0 Cane e o v s rgrarh f o g e
1 ’ ' 1t ' ' ' . \ . i 1.
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Plate 7I.1c. Scarninn electron micrograph of a duodenal
villus of a Hols'ein cow in the 19th wk of lactation. The

crrocopeict oot v ot el gurface of 3 columnar epithelial
e

v
'
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Inhibition of Mucosal O, Cbnsumptipn BY’Ouabain'

The'féépohse-dose curve of .the duodenal mucosa to

* cuabain was 51gm01dal in shap= (Flg I1.1). The .lowest

*~concentrat10n of ouabaln tha* caused max1mum 1nhﬁb1t10n was

O"5 ths 1s a hlgher concentratlon than that needed for

“

‘maximum. 1nhLb1t10n of resplratlon of skeletal muscle from

sheep and’tattle-(Gnegg and M1111gan 1982 a,b) but lower

than that used for inhibition of jejunal mucosa Na°',
K‘4ATPase.ofwrats,(1OT’ M; ﬁiSéfﬁéhdé€ﬁ£1J“f979) These.f

S N

‘ dlfferences 1n the estlmates of a mlnlmal ouabaln

concentrat1on required to 1nduce maximal 1nh1b1t10n’6f d;
consumption may reflect differences in sensitivity df Béthnl
species and tissue-type to ouabain (Tobin and Brody, {57?:
Tobin et al. 1972). The ouabain-dose response curve was
examined only at peak lactation, when ouabain-inhibitable .
uptake wés at a maximum (Table T1T.1). We ascumed thaﬁfrﬂd
concentration of ouabain yielding maximum inhibition of
respiration a} this period would also prodice mayimum
inhikition at other stages of lactation.

The actuval percentage cf total Na K' ATFnee artivity

'

that wasg inhihited hy cuabain was not meaginred, therefrre

estimates pregented here likely constitute minimal

meagurementa ~nf Ma | ¥ - ATPaae ~r}oppnﬂont recpirafif\n, since
absolute ~essation of Na‘, "ATPase act1v1ty would requ1re ’
\ . - N > . L -

access of ocusbain to all of the en7yme unltq'1h the 1sque"
: [ - . .

..

R

I N -
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Figure I1. 1. ,
Inhibition by ouabain of respiration of duodenal mucosa of a cow during
mid-lactation. Inhibitions are expressed as a percentage of-inhibition at
10 3M ouabain, Maans are given with standard errors.
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0, Consumpt1on and Ovabain- Sensxtxve and —Insen51t1ve

LY N

Resplratzon of Duodenal Mucesa® » . 3 o '
- T .

o hd ..- * - ! ' helad

Total mucosal O? consumptlon 1ncreased (P<0.05) ffom

a ~ -
‘

early to mld-‘actatlon and fell to- 1n1t1al O uptakes durlng-

—— -

_the dry perlod (Table 1I. 1). The hlghest rate of mucosal 0,
consumptlon (4.92 nmol Oz/mg/éln was found during the 22-25
wk of lactation. This measﬁrement-also corresponded with the
Ahlghest rate.of ouabalnhlnsen51t1ve resplration recorded for
duodenal mucosa during 1actat10n and may reflect a
”ﬂn§equen;e of gut hypertrophy-dutinq'lactatién.3 T

The absolute values o% tat;] mucosai (OP éénéﬁﬁptié%
rates of cows throughout lactation weré simiiar to values
repo;ted‘by Webster and White (1973) for the.entire
anr;binte%tina] tract-of fed sheep (4.65 nmol 0O,/mg/min)
and lesgs than those repnrted for jejunal mucosa of adult

rats (6.55-7.18 nmol 0,/mg/min; Levin and Syme, 1975¢

hLiberman et al. 1979). The higher O, consumptién reported

-, -

Afér rhe,muqosé of'rat;"cgrhaidi; ié consistent with the
higher maintenance éxpéﬁéiéﬁré;;éxpreSSed”per'Unit of
Tetaboli~ Qeight. ~f thear nn§mai= compared to ~attle
vV i boy . 1007)

Support ~f Ha , ¥ ATPace activity in dnedenal muceeaa
of cows appears to he 3 major gnergy expenditure accounting
for up to 55% of the total 6; uptake of the duodenal mucosa
dfflaétatfnq cows -(Table I1.1). The/ magnitude of this

. ko
compenent of feénifation alsn appears rélatea te the staqge

nf lactarinn, A+ peab JactaFinn, Adnabain-sensitive



(P

respiration was 53.8-55.0% of the total mucosal O - '"'";;xii

v . e G . o . . -
- s . o,

o consumptlon. Durlng mid-lactation and the dry period, the

_ magnltude-of-ouaba1n~sensrt1ve‘resplratlon dedllned.vln the

. P I
- e e, S e -

non= lacta*lng cow, ouabaln sensdtive - resp1rat10n dropped
(P<0.05) to abéﬁf two- thlrds that at peak lactatlon.(Table
11.1). Similarly, the proportion of respiration sensitive to
ouabain fell (P/O 05) from approx1mat91y 54% ro 34, 9% er 

peak lactation to the non—lactar1nq pdrand

Quabain-insensitive respiration of the muross alen

f N

Fha&ged (P<0~.05) with stage ~f lartation. The
o .
onabain-insensitive component of total mucosal respiration
was 86 and 55% greater during ‘mi'ﬂ-ﬂarfafi“n and the Ary
reriod than during early lactatin~n (Tahle 1T _1). 0O, uptake
to support Pﬁe energy cost of cellular éynthanés w%w*ﬂ he
in¢1udéd i& the onnbain-insoncitivp "ﬁﬁpon»nr of
respiration. There wnuld be a high rate 6‘ enerqy
lgxpenditute required fO-suppofé the rapid orotein s#nthesin
that accurs in tﬁ? gagtrointesrinal tract (Navig et ]
1080 McNirlan and Garliecelk, 19R0) incluiin: that ~f
lnetatiny rows (Cldham et al. 1980) .
The rwf»p"\r"'i“n Fats) respiration that wae
oua}\air\-qevns{fi"q during the firet ha'f «f lartation
(52,8 55%) was higher than that found by [Likerman et
1.(1979) for jejunal muross for rats (35%). Houwever,
Liberman and coworkers used adult rats :fed at m~intenance in
th=oir study, Hiqher Yevelg ~f ~unhain eengi’ e -aqurakj(‘m

iooomn ey miaght ke evpecied Froem o rats o [ Aempa Ting




‘phySiologicei states. It is of interest ro note that *he
proportion.of ouabain-sensitive respiration in the duodenal
nucose‘of non~lactating‘c0ws, fed at maintenance, was
similar to those reported for adult, maintenance-fed rats

(30-35%; Levin and Syme, 1975; Liberman et al. 1979),

Clearly,‘the energy expended in the support of Na and

.‘,“_‘J~‘.“ s

e P

K“gradlents across the plasma membrane is a.major. and
variable component of maintenance energy expenditure of the
intestipal mucosa ‘of lactating and dry pregnant cows. Moe
(1eR1) nhserved that the partial nutritional effiriency (see
Milligan, 1971) for milk production by cows was ;4%, when
the maintenanre evergy cost of the animai was assigned a

constant value of 510 kJ MF/kg°”. Qur results 1nd1care that

-
N Te T - -

aIQ1nq1e eqtlmate for ma:ntenénce energy expendlture
throughout lactation may oversimplify the true physiological
~expression ‘of maintenance certainly in relation to .the-
activity of éhe intestinal migosa . Consrdering that '
maintenance of Na“, K'-ATPase accounts for 33.9% to 55% of
the total mucosal D, canzumption and thée mignitude of this
reebﬂﬁge chanaes in rela‘tian tn the stage of laotarion, ik
is rtearcnnahle tn auggest that very different maintenanre
energy costs may alsn bhe appatent thronghout lartation in
0th°f rissues of the hody. Previous werk fram e Jak ratavy
hae shown that rhe energy erpenditure to suppart ion
transport alsn in~reases in the skeletal muscle of ewes
during lactatioen (Gregg and Mil1iqan, 1982 ¢) Thereforn,

11\;\{(\1-0‘»,@”"@ f\-rv\n7;‘“v\vt‘ mny b baon gt an! coampenan bt oo f

N

.

R V7752 TR



. total energy expenditure throughout
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lactatint
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I11. Influence of Feed Intake and,Starvation on the

‘Magnitdd& of Na‘', K'-ATPase Dependent Respiration inp

Pnadeanal Yy af Sheer

A TIntroduction

HMa ', Vv TIPra~ (RO A L,?jfdrpnndent respirationr has
hean f~imnd ‘o Yo a maj r canpiaant of ~allular rﬁévqy
evpenditure in tisene = L 3a =kelJetal muscl~e, brain and
Abdaminal rrg ne neh ae 1V ver, integtine and kidney
(Trmail) -Reigi »nd Plelopan, 1071, P'Pﬁ ot 21, 1977« T.ibermnn
ot al, 0T The magreivrs da - f the HNa T NFaee reaponTe
Aaprpenre bt he relatel 8 the fonetr o nf; the tierup nn

p}\vcim1mv;«-3] Aatne (.(' ¢ e animwal l‘sn‘ail Beigi anA

FAaalmasy, 17 ardel t 3 Talabeen . 1QR1) . Tn !Jam"':_:];an

ey 1'a P ATT "re 9e Tat-A ''n ve;qbc‘l'vprit\n ‘n ‘he
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stresses of cold (5reggy 37

‘feag and Milligan, 332 )
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Mucnsal binpsies were excised from the descending
durdenum of the shéep uvsina a Quinten suction biopsy device

As desrrihed Ey McBride et al. 1983. A'éingle biopsy was

‘r'l hs - ’ R
taken 1 2h following morning feeding on two consecutive dayn

c, :..' R L% &~ . <0 5 it . ™ By e Vo . ) . .’
during each perxfﬁ 6f the eNbrgy i7t8k& rBgimés. Fer the-
[cahd

ctarc- e’ an'Mma¥e, fwr kiopnies were tak-n from each animal
°
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~ancentrations of 0,
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~f these biopsies were mrasur
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of the Krebs-Henseleit buffer (pH 7.4, 37°C)containing 2%
hovine serum albumin, 5uCi *“Rb*, 0.1mM RbCl and 10mM

D-glucnse. Inhibition of **‘Rb-" dptake by ouabain over 10 min

of incubation (37°C), was determined in triplicate for each
!

-~

oD s g

conretvation ~f ATabdin. A ouabain dose resp&nse'éufve'was
constricted by expressing inhibition of *‘Rb- uptake aé a
percent tge of waximum inhibitine ~f *¢Ph° uptake at each

: - : 4
‘rabrin cencentrarian, The time ceourae ~f 10 ¢ M ouabain »n
"Vouptnla by b he prrcagn Firpaica vae Acteormined in
v Tieab e for ine bk fon prar§r~f’c: At 1,85, IR and 60 min
rop corpletion f the cari ouye incubations, *<Rph
wptake - ag s'f[ref Ty n";iratimp ~f the medium, the mycosal
cary les wors inged vith ica ~r]d ph oapliate hgffered RIS
The nuorrand sy lrn ver trevefrrred te 15mY hlastic
Sl Ak e i da and | ml Af Frat anl (Mew Fnoland
Mioelenr Rce'~n, Magg.) wng added '¢ the samrles. The

canp ler weyrn “nkcnwucpry digested far 'h oar S8°C in a

shol it wat oy } o4 awqwiky Aacetic scid (B0 1) wae al3.a

e ol e b hie O iaad- ndvgr‘"r‘]nﬂ; o ml ~f I'pnje 1o

{te [ RICSETIN NS SN riec Tt oo FAreontar o ATE Y wae A 'R 1

the ciale ~od e mpmp)en ware imnedintaly « sgnted in g

UL N SR PR IR T Far! T e dintillari o0 s ber vt pae ! s

r Pt e gy it h g 2021 Tynomis rantge indow . 1))

meoT o e b e eup ecged na Apmurg oy ueight . The wet
i foneny canpl s wAag converted oo Ty weight bacia

I lye .ivs My b ey Cercenta e (*f 14 . &5 1.°7% ’iP"OYﬂ“"ﬁq
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Morphology of the Duodenal Mucosa Biopsies
To determine which anatomical portions of the

intestinal wall had been removed by the blopsy procedure and

to verify that the structural 1ntegr1ty of the 1ntest1nal

_,_”?,.”v,,,.,r,. © e . R XS
AN

(v1llr ha? beén malntalned hlstologlcal secrions vere
o

prepared from each animal at all energy intake regimes. The

w e - ,;u@'(k"

samples were precerved, dehydrated, sectioned and stained

» -o~rding to the procedures of Perera et al. (1978),

€rmanning electron micrographs were taken of the mucocal
Piopsics tn agsesg the surface morphology of the kinpsies
and to determine the extent of gut bacteria celonization on
) N

PR

Fhe dundeiial erithelifin, The exmised bicpsiec were washed

vt (AR3.2 mM Na, HPO, TH,0:

phrasrhate hyuffer 15.0mM Na HPO,

oy pH T 4) and were fixed with phesphate huffer e~lvante
'he samplesg were mounted on nylon mesh (Perera ot al,
1078)

fived in 1% glutaraldehyde for 24h Ar acc then peost

fixed in 1% Nen . for 2h. The samples were subsequently

Aehy Mrated in a qraled ethancl ceriee and were F-oker to 1NNy

:‘Hny] anretate befrra cmrit '\r;;l r"‘i')t' Aryvicag 'n (-(-3_?

A derson

RIS The hinp {eg wers c79ted with 4 1A =" 1adioe whar
v
e g Qr sy A oo T eanhy -~ O e
i ' v 1 ' f
"' gim ~f Tamy'te
Dee Jte »1 v evp - pgre ! Aan enne {1 e PW VYA y
LA EETR | (A1 BN 4 v 711 "" Pa R I S E ‘)1\7 o ")v ana v Tl
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1

e
t-tests or by Student-Newman-Keul's mﬁltiple,range;tests

(S;eel and Tor:ie, 1960).

Cl Resuylts

- . PR - oo . w -5 e

Morphology of the Mucosal Biopsies

The histological and fine structure of the-duodenal

mucosal biopsies are shown in Plates IIf:1é;'b and c..The = -

biopsy procedure yielded an iptact mucosal prepéfation.

E v T e “es < —ie o,
devoid of the serosa and the longitudnal and fransveiyse
e oL YRR .

-

layérs of the muscularis ‘externa -(Plate TI]. 1a). The

ot

strurtural inteqrify nf the duodenal mucosa and- the .

abundance of the intestinal villi did not appear to change

. N YA ~ e 'Y .
o . . "
: N v . R . -~
R ',"u".‘fn‘. of

oo . . 20 y A s .. .
At the different energy intake regimes. Plates TEI.1b and'c

are scanning electron micrographs of a villys from a

‘v dvodenal mucosal biopsy excised from. a sheep fed at

maintenance. Indiviual epithelial cells appear angEiyqoﬁaJ .

structures covering the villys (Flate IT1.1b). The
r\rr:r\nr:;t-ion wAaSg rp]ﬁt’ive]y Aavopid of mircente and i ke reria
were feound adh=ring t+o .fha cp:fhﬁli\)")“. > tiAb
nagrificatricre. Aerea vnifarm micro 11135 are “een tr ~gover
Phe enrfare  f the epritheli ! colla (Plate 17T 1), Simifar
. . . . . 7
A G R featir 6 veore present i miuraea) Ficpaine

N . o P T T S o e e RN SEPURE N



Plate III.la,b. Morphology of the .ducdenal mucosal bicpsies
of sheep fed 7.6 MJ DE/d. (a) Cross-section through a
mucosal biopsy, The section shows the uniform development
intestinal villi. The section war~ stained with H & E. Bar-=
0.25 mm. (b) A scannring electron micrcgraph of a vill's of
the dutdenal muccea, T'e unif rm coniza' €'ructure of t'«
villus is evidont, 'he hirrnc i ie Annei 3 0 hootayja)
R A n . YO
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Plate III.1c. A scanning electron micrograph of the
epithelial ¢€ells covering the surface of a villus of a.
dvodenal muvcosa biopdy. The extensive microvilli extensions
of the ~pithrli=al ¢211e {5 pointed out with the arrow, Bar-=
A ‘
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'Dosé Response Curves and Timg“Scale:dvauabain;thibition e

~and. ' ‘Rb" uptakes are shown in Fig. III.1, The shapes of the

by the mucosal hicpsies was raached within 5min of exposure

-
T, 4

The ‘dose-response curves for ouabain inhibition of O,

ouabain-dose-response curves were sigmoidal for both
measureﬁénts.'The lowest concentratiéns of ouabain yielding
maxihup inhibition were 10 ° and 10" *M, for the Oz-and *¢Rb-
uptake measurements, respectively.

'Tge time.coursg_éﬁ ouabain inhibition of *‘Rb°’ uptaye:-

is shown in Fig. IIT.2. Maximum inhibition of **‘Rh° uptake

tdllgg‘ﬁ;guabain".Howeyer!‘Ouabgin,inhibitiqn at 1.min was - " v
not aetatistically different (P~0.05) from the maximum

inhibition values. Ouabain inhibition of '‘Rb* uptake by

ducdenal miucosa occurred rapidly, reaching a mavimum within

e

5 min ~f exposure of ocuabain to the tissue.

0, Uptake and Na', K -ATPase-Dependent Respiration

Total M, ubtakp and Na’, V'-ATPase"epwndénr

. 4

respiration of dundenal murosa are chnawn in Tahlreg '"17 .1 an’
TT1.2. The use nf acetate as a suhektrate ingt-ad ~f gloce:
~aneed an i'-t‘.i"wnifi(‘an£ (P~0.07%) redyurticrn in trtal N,
cenarmpt i f Aundenal mucrsa (Takle 11T 1Y Thi~ nr1j "
Arop in 0, chnsumetion wog et irely acconnted for SR
{rs0 NRY Aarmrenge 1n the Ma |, V' ATPacc jndAeprnder
1eepiration: extent of Auabain inhikition gan? Ma

K ATP ae Aependen’ regpirat’ nn were R AR S R IR N L A A

Fax v 'm':vi'\ ' kv v oy oyt 3 rr\17-' LN S T L T B
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02 consumption
_ inhibition .

o Consumption and 88Rb* Uptake (%) |

{100% X Inhibition / maxinium inhibition)

50t
o
3
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3
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§ 0 _1,_.:1__‘:1 ‘ | | ]
£ 0 0% 0% 07 0% 0% 10t 103
E/ | Ouabain [M]
Figure III. 1. S

Inhibition by ouabain of \reSpuratton and 6Rb+ uptake of duodenal

mucosa of eheep fed 7.6 M.J DF/d Inhibitions are expressed ne g
o ntagn o~f eyymyy Trprarayy lr‘[”hﬂ R T P TR TR I AN
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1

i100% X ouabain-sensitive 3*Rb" uptake / total 8°Rb™* yptake ) ‘;
. ..
o

100

inhibition of 88Rb™ Uptake (%)
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S e L
0 10 20 30 40 R0 AD
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Figure 111.2.
Time scale of ouabain inhibition of "k’ tptaks  Int Mitions 30y ex
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0, éghsumption, Na', K° —ATPaée-deﬁéﬁdent respiraﬁion and
Na', K'-ATPase -independent respiration and percent
inhibition alues measured for mucosal hicpsies nf sheep fod
TR MI DF'A were eirilar wha' meagured 3 mAnthe later =fte:
the 3nimale barl heern rorqupd te a gimilar DE intpbke of

.

M1 A4 (Tabkle 1TF 1) Toba) N, reneampti n oanAd Na

W' -ATFPaece inlepra dent prer riratirn wvere ingiqnif’icantly

ivrrenmed in the myp ~gal Plopsi & uren v'o-n\':;z:,nremeh‘t' N=a
P T

Ao
N 1Tz depandcnt regriration and rercant inhibkitin~y AFf
LRAN I T B comarmp Jon Ry o uabkain wore almngt 13t 7oAl £,
(R ‘Rl b e ae hatueen g;:mr\]ino rreripodea.
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; Webeter anlehite, 1973) . This would be expected

c~sal biopsies were devoid ~f serosal muscle
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Na*®, K'-ATPase-dependent respiration accounts for

;ébproximatgly 50% of the total O, consumption of the

duodenal mucosa of sheep fed 7.6 MJ DE/d. This result was

highly répeatable in the same animals, as evidenced by

similar values oktnined 3 months apart. Similarly, the

estimation nf Na',

ATPace -deprendent

raspiration was
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Auplicated in mucnsal hiopsies incuhate ! in Na' -free media,
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Uptake of **‘Rb’ was used as a potassium tracer to
measure Na*®, K‘-ATPase activity since rubidium is taken up
in the same manner as potassium (Love and Birch, 1953;
Vaughan and'Cook, 1972) . The pattern of ouabain inhibition
of *‘Rb' uptake (Fig. II1.2) was similar to the
polarographic measurements made for Na‘, K*-ATPase-dependent
respira*iﬂﬁ Nuabnin raused an immediate 50% reduction in
hath N and "‘Rb  uptake ~f the duodenal mucosa of sheep fed
7. M1 DR d The aextent of inhikhition of both O, and " “‘Rbh-’
nptake also remained ~onstant for the duration (60 min) of
the maa-nrements. The aagreement hetween these two measures
nf Na*, "' ATPase ~ectivity suggests that ouabain is indeed a3
apecific inbikirter f 1'a’, K° ATFase and suppoerte the use f
~uabain inhikhitakla O, npt-ke ~f ticegues as a direct and
~ cvrate mathod to maeacnre thr enerqgy ~xrendjtic e assaciasted

i inn transport

The =bAsnrinal nrgane may acrount for up o 34 40% of
the +tal Yeat pradn tion f matvre animals (Webeter., 19R1V),
Thie mbp intemt "nal)l 1yt ronty i) nten !-‘-"',C"?‘"*i.a].ly to '
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accounts'for a significant Proportion of the heat increment
of feed (Webster; 1980). This increase in heat production in
Jthe gut wall following feeding has been genef?lly acceptéd
to result from an increase in metabolic processes associated
with?digestion. Webster (1980) also suggested that elevatkd
metabolic rates exhibited by gut mucosa of animals receiving
high intakes may be related tec higher protein synthesis
rates in these tiscues. Our reeults vould cuggest that rhe
maintenance of Na' »nd K~ gradiants across the plaema
memhrane ~f mucesal rells i- alec an energetically costly
cellular function. Tt miaht alam e involved 'n tho hant
increment of ?peﬂing.

Na®, ®'-ATPase-independent respiratinn, vh;nh
represents the 0O, rohswmprion assc~iated with all nther
cellular processec, va'ied from 8.7 71 _4% of the tatal
mﬁcosa1 Q> consumption depending upnn the animalsg
digestihle enerqgy ‘ntake. Thre exact hompﬁnént: f thig

energy exrenditure can only 'e spe-ulated upen. Pretein

cynrthaajae an? o Pr:;nsg"\r‘ wanlA netnk b e by oAty § bt -
Py e [ ropert b o nf o TITn'ary anen ar nxr IR I PVove s ey
relaticanagl i hetoe e bhie Vin pamp oot : ' . L B
faor vy ama i be Tiacovared

The resul's < F thic ~rudy ~hew tha' the magrjtude f
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reflect a methanism to conserve energy during periods of
depressed feed intake. Fufthérmofe; fhe activity of Na’;
K*-ATPase was rapidly modulated during this interval (48 h)
of f4sting. The decrease in éctivity'&ould have resylted
from either an actual ér-effectivé decrease in the number of
enzyme sites or a decrease in activity of the existing
enzyme units.‘Future studies, hbwever, will have to be
conducted to delimit the precise mechanism responsible for
the reéu]ation cf Na', K ATPase activify in the duodenal
mueaoga ~f sheep,

Tn conclusion, Na', K' ATPase-dependent respiration
Aaccounts for a significant proportion of in vitro duodenal
mueosa O, consumption, Furthermore, the magnftude.of this
componeht‘5f energy expenditure is influenced by the
animals’' erergy intake peinq greater at higher levels of /2‘

/
Tigegt i1l e oporay intgle, ‘

bt .



1y. Magnitude of OQuabain-Sensitive RéspirationvoﬁgLamb

Hepatocytes

A. Introduction

A great deal of research in animal agriculture has been
directed toward determining the components of whole body
enerqgy expenditurew(Webéter, 1981). To that end, work has
been unaertaken tn.ascertain the energy cost of cellular
processes including protein synthesis (Reeds et al. 19872
and Na ' /K'-transport, the latter being eguated with
duabain-sensitive respiration (Gregg and.Milliqan, 1982
a,b,c). Protein synthesis accounts for a minimum ~f 20% of
total daily energy expenditure or heat production of growing
pigs (Reeds et al. 1982). Howevér, the energy cost of,g
Na*/K*'-transport has only beén derived for skeletal muscle
of sheep aﬂd cattle; estimates for the energy ¢ost of
Na“/K' transport is lacking for v{sce:al organs such asifhe
]{V&H. Tn the 1ivér of the rat, Na‘/K‘-trénsport accoynts
for 8 31% of ;the teotral liver 0, consumptinan ’Thma{iﬁégiqi et
al. 1979: Clark et a). 1982; Van Dyke et al. 1983). Howaver,
similar estimates have not been derived for apacjes of
agrieultural impoartance. Therefore, it wae onr purpase in
thig evperiment to quantify the energeti~ ~~st ~f jon
Pranepart in ’colatnd Hepatocyte§ from grewing lamhs

The wide rarge ~f alues f;' the energyv coat of
Na“ /¥ ~tranc: ~rt i rat lige (7 1Y ' the ‘n~tal 17 rar 7.

c LA BRI B oo (AN ‘ ' t al pan-,
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Van Dyke et al, 1983), may héve arisen through procedural
differences resulting in liver and cell p{epg;aﬁions of very
different viabilities. For this reason, ;e"EjSOFStudied thé
‘effect of viability of the cell‘pféparation,on the magnitude
of Na®, K*-ATPase-dependent respiration or ouabain-sensitive
respiratﬁon. To our knowledge, there are no estimates of .the
energy cost of ion E?ansport in the liver of sheep ang,
similarly,.the:e appear to be no estimates'of the‘;ffect of
viability of the cell preparation studied on the magnitude
nf nuahain-sensitive hepatgbyte respiration.
A

BR. Materials and Methods

Suffolk lambs, 1 wk (5.2 * 1.2 kg), 3 wk (7.4 + 1.9 kg)
or 8 wk (21.4 + 3.8 kg) of age, were usgaiin the study. One

Jamb of each sex was used for each agé group. Additionally,
| , .
hepatocyte preparations of poor.viability were derived from
two female lambs and ~ne male lamb, '8 wk of age. The lambs
were still nursing at this aqe, although they did have
free-chnice arress .to a concentrate creep ration. The lambs
were removed fram their dam= immediately hefcre surgery ang
vere, therefore, nnt fagted at the time of liver perfusion.
Anaesthegin wae indured and maintained with ha]otﬁano.
The abdemen vas opened by a lateral incision to the right
flank Aistal tn the ribs. The pPrrtnal vein wvape 1iqar.c,=d%and a
r lyethylene ~atheter (1D 0 RF mm, OD 1.27 mm) was ingerteﬂ

'em into the vein cranjial t- the ligature. The perfusien

r\r,\oedure- OUtli""q }.,.Y Cenltar 170 waQ adapt°'3 f ey the



41

lambé."Immedi%&&ly upon cathetetization of the portal vein,
w,the ~ena &v;{ was severed” to facilitate. dralnage of bl@od

" from the liver and a Ca®*-free, gassed (95% 0,/5% CO, )

modified Hank s.buféer (Moldeus et al. 1978; pH_7J4 + 0.

0.5 mM EGTA “ﬁﬁﬁﬁﬁmM‘NaHGO ) maintaimed_at’ 37°C was pumped

L $ﬁ5
through the 11ver ‘at a’Fate of 100-125 ml/manaﬁox 3ignhtm.
- W ST ' L
During this time, the livel waggfgeed from £hé body ca“

, e ,
and was transferred onto surgical gauze stretched across%the

mouth of a 1000 ml beaker holding 250 ml of gassed (95%
Oz/?% CO,) modified krebs-Henseleit bug%ér (Dawson et al.
1969;'p§ 7.4 + 0.2, 37°C) containing 5 mM Ca?", 1Amg/m1
collagenase TV (Sigma Chemical Co., St. Louis, MO)‘ahd 20 mM

Hepes. The perfusion intake was switched to the collagenase

1)
&

bdffer, which was recirculateé through the liver for 15-20
min ar a rate of 100-1725 ml, min Untillrnﬁture nf the liver
outer membrahe occurred. | s

Cells were freed with a staihless steel comb (Seqlen,

1876) and ceollected in gassed (95% 0,/5% C0D,)

Krebs-Henseleit is~lation buffer (Pawsen et al. 196Q: 1 = "
+ 0.01) ("‘\nt;ﬁnéno 2 mM Ca’ | 2% faty r\r';(q pher bevine
serum albhein Cigea "hemical (;".‘, 20 m't plepes A1 10 1w
D-glurnge, The ie-lati n proced yea were o hdp teA with
huffers strrel an i=e  The gel) anspsoaine war filrtared
thr~uagh nylono mesb (IR0 gy prre ~ize' 37 th- sntcoqnnﬁ'
filtrnte wag crentrifiuge? (80 yv g 30 =) The cedimente '
~al'ec yere washed - -5 vvrnércnﬂpﬂ (VAN S rel'lag 21Y 1

T R T [ [ oo ) , L, it h
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.continuous gassing (95% 0,/5% CO,). The'total volume yield
.of cells per liver varied from 200-250 ml at 1 x 10°

cells/ml

4

- X -

Cellular damage-was assessed by trypan blue uptake into
the cell and the leakage of lactate dehydrogenase (EC
1.1.1.27) (LDH) from the cytosol. The percentage of viable
cells, as determ%ned byicounting the percentaée of trypan
blue stained ctells in an improved Neubauer counting chambper
was assesSed after storage on ice for 0,.1, 2 and 3 h
following isolation. For the determination of LDH leakage,
cells (25 mg dry wt) were incubated in 16 ml of gassed (95%
0,/5% CO,) Krebs-Henseleit isolation buffer stored.on ice.
Aliguots of 1 ml were removed at 0, 1, 2 and 3 h after
i1solation. The samples wereNd%mtrifuqed at 50 x g for 1 min
and LDH activity in the supernat;nts was measufédqby the
methéd of Cand and Wroblewski (1958). Tota) LDH activity of
the.ce]l suspensions was dpr;rminnﬂ in the siupernatante nf
hamrqenized cel) preparatinone.

In r'rde preparations of poor viability, the gnme

rerfusine and iedlotine proacedures’ds outlined were
i

fellruwed Howevsr, the Auraticrn of time ha'ween ligatinn ana

rathater iz vty n, e portal veit war net complete? asg
vpridly N SN Chaea o et e e regi ad ‘;” Ve
SR I R

An o alignet ~f 10 w1 (1 v 10 e le ml) ~f e )la'ad

Vora a-yvtae was ananbatad 20 mie at 3770 tnoon g ~f grened

{ . 1 LR § P R RPN LT B o bealf F o Pyt 4 '
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0.0ﬁj contaiﬁfng 1 mg/mi hyaluronidase II1I (Sigma Chemical
Co.). qu pur§05e was to cleanse Fhe cell surface of
a&ﬁereﬁt ﬁpcopclysaccharide (Hayat, 1981). This final ceil
preparation was'éent:ifuged at 50 x g~for 20 s, then the 
sedimented cells wéré resuspended in Krsbs‘Henseleit buffer
(pH 7.4 + 0.01) at a concentration of 1 x fO‘ ~ells/ml. The

v

final cell suspension was continuouely gassed (95% 0,/5%
CO,) and stored on ice. Aliquots of this suspensign were
fixed after 0 and 3 h of storagr. C')ls were prepared for
microscopy by » modifi~satinan of the terhnigne Aeady ihed hy
Sanders et al. (]97ﬂ), The vash and suspengi-n koffer (pH
7.4, 47C) contained A, 2 mM Ha ,HFO, B2 ant 150 mM Mal,PNn
H.™, Tsnlated rella wrre waeh=-A threa *imeg nnd regnaprnd: d
At A rcancentration ~f 1 ox 10 calle w) o2 1wl oaligquat  f

£

L]
thig suspension wzs-aﬂ”ed bt 10 1 ~F 1% gluraraldehyde o
", The r20lig wer s asashed +uvice and

!
fixed far "4 ' ar
prat fixed 10 20 m' af 1Y Oen. fror Db 4" Frllowi'n

e, fixati o+ gte @)1 were vashed, i ubhared f-or 17

in [ D I hen n he ' t+ rer times Al n qr\nvw'l(‘r} {1
»
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1981). The cells were then critical point dried in COQ“ .
. . - ‘
(Anderson, 1951), coated with gold-palladium and examined

under a Cambridge Stereoscan 180 scanning electron

‘miscroscope at a voltage of 20 kv,

0, uptake of fhe hepatocytes was measured ‘;
polaregraphically in a Yellow Springs Ingtrument (YSI) model
"3 O, electrode assembly. A 100 ul aligquot 'of the rell
suepension (0.8 1.2 mg cel) Ary wt) was introduced into the
electroada chamber containing 4 m) 2: air saturated
Frebs Henesrleit jsclatinn buffer 4pyd 7.40 + 0,01, 37°C)
rnnfainiﬂw 2% forty acid poor bh;ine “erum albkimin, éﬂ mM
Hepes and 10 mM N gqlirace, Tnitial N, consumptincn wag
measured for IR pin rﬁhn ~abain was indje~ted inte the
rhnmher t Wiye A “inal coapcentration of 1 x 10 *M, . The O,
Tensurpt icn of the anabain treated relle wag measured for s

frrther 20-20 min. The Ajfferencte hetueen the initial and

cvel i ingencitive regpriraticn wag tafban te reprecen* the
| NEAS ATPace Jdarenden' r:epirgticon Al reariraticn rate
Ter e riprem oA gy - f?"y e ] c'aght hacje: ' ma Sirre dr)
Le e by the el At ape oy a 1.2 vy cylve AT IR VA
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C. Results and Discussion \

Trypan blue uptake and LDH leakage measurements
ind}cate that the isrlated lamb bepaterytes r"main v;_
for up to ? h of storaqé on ice 'Tabl- IV.1V). “hange
viability, as meas red hy tryran blce uptabe, 7id nnt
(P~N_.08) for ra'le g'nred f r op to 2 ', Thege maasnr
can be compared with valee ~f grea'er Fhon ORY reyp o

rat hepatn-ytea fenlated hy

Prilar Yicsr oo foagi

techniques (Rerry and Trjend TR Teg'en, 070 Th
‘QQb:l1:lf‘y moaairement e of 27 1 NY "% grvrre 1l he me
vialilitien previcoely vope e Fa Lk o4sc jecdn
fyn 1.2"'}'\9 (R° “Ye " Yarp ~ ! ! ‘ ' S he ey
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‘\
of rats (Webster, 1981) compared to nursing lambs (Degan and

Young, 1982) and youhg sheep (@ebster, 1981). The total Q,
~onsumption rates of the lamb hepatocytes Qere lower than
those previouvsly repnrted for hepatocytes from lambs of‘a
similar age (R 17-9,10 nmol 0,/mg dry wt/min: Clark et al.
197/), how-ver (Clark et al. (1976) used an 0O,-saturated
hiffer for their O, iprtake measurements. In the present
study. an air matvrated hyffer (37°C. 700 mm Hg, 180 nmel
O, ml: Umbreit et ) 1964) was vsed in all 62Jcon3umpri0ﬂ
meac remantg . Higher 1, Ut‘]i?grinn rates may Sé experted
from herat-eyitag ininbka'ed it 0, saturated bufkors, sinece

AEvd e~ |'¢':;v|q A Tl rat hopaincybac have ghAwn hithy O?_

«

urtake ssked in O, gaturate huffore (11,3 11,4 nmol/ma Ary
whomine Temwni] Reiqi et a1, 1087Q: (lark ot al. 1'982)

nynred to s lneg b 3ined f v ot hrepatoryteas incrubated in
N atrated haffe. o o0 oAt e G mg Ay b mies Yan
=t al, 1G83),
“fuakain sensitive yaepivaticon accoun'ed f r & ome B2

the +rtal . vrtale AFf heratrrit<e (Table TV ° nan' 1 2)

Therye ha » vty cjourly Feon 'Y rratire yer »'a Af ' he
pethir mnpeitiye reriraticr f ieslated ine lepat oo gy
Teb ot { vabtaipn tTenair i o« reap frat i range '
Y f ot he v Al veapir bl f At ey lime&
R adg' ae s PAelyan, 17701 Peprpet iy 4 2] e 3,
e v toena, A7 ) arAd b3y f Na ¥ N s
v ' LI ! Ve o oy, e mpEyen
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)

Van Dyke et al.'1§83). It has been suggested that procedural
Or preparation differencés‘may account for some of“these
differences between estima€¥s of the magnitude of
Oouabain-sensitive respiration (Folk and Soestoft, 1977;
ismail—Beigi et al. 1979;‘Ciark ef al. 1982). Ho@ever,
disparate estimates have»stili resulted with the use of
isolated cefls: as noted-earlier, from 8-31% of the total
respiration of hepétocytes isolated from normal or
hyperthyrrigd rats (Ismail-~Beigi et al. 1979: Clark et al. .
'TR2: Van NDyke et Qi 1983) was sensitive to muabain.

Van Nyke et a). (19R3) have shnrwn, neing both perfused
liver é;é jsnlated hepaterytes, that Na“,
Vo ATpase-dependqnf respiration scenunte for approximatély
“ne third of the total O, consumption. Our resulpﬂ//cr lambs
(Table 1V .2 ang 1V.3) also show that, in viable &é;fated
Tamh hepatnrytea, the m%ihrpnance of Na*, K'-ATPase is a
mAjor compenent of calllar energv evpenditure. The
meacurement that R - f O, yrtake ig fn Subpgrf Na -’ ,

K' ATFase activirty in heratecyteg isolated from lambs (Table

TY.2) 1g grea’or thnn ee' ipatec rercrted for hepatoc.ytpq

ienlat e fron adu)t rate (Toamail Reigi ~+ al. 1079:; van nyke

et al '9R . The o v grlte mayv reflect o species

Al fforopre Creagn anA Milliqan f-uynd the contributicn of

~1rarain rangiti e eqr irat et t~tal roqr\i'rat'ifn\ in

“teletnl vecle tc Fe higher fey cheep and ~attle (Grenqg ~nd
1A A AP Ta b)Y thr e g e ‘Gregg a4 Milligan,

Yy ' | SR l vy oy oy ey ha!'e an
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influence on ouabain-sensitive respiration because Gregg and.

Milligan (1982c) reported a 20% greater ouabain-sensitive

respiration of sternomandibularis muscle from lambs 2 wk of

f

age, compared to adult control ‘ewes. Thq literatuyre data %

available for the contribution_of-Na", Kf—ATPase—dépendeﬁi
respiration to the total 0O, consumption Qf hepafécytes
isolated from rats are entirelyifor édultS'(Ismaﬁl—Beiéi et
al. 1979: Clark et al. 1982; Van Dyke ef al. 1983); values
frr young rats would be éxpected-to be greater.

The results presented in Table IV.3 may provide insight
into the Aifferences between repnrts in the literature for
the magnitude of ouabain sensitjve respiration. The peicent
viability of hgg&;pcytes isnlated from R wk-o0ld lambs quite
clearly influenced (P<0.0F) respiration parametefs (Table
TV.3). The preparatioﬁq with viabhility of less tﬁan 50%
exhibited lower total andgd cnahain-seﬁfitive regspiration. The
de~rrnge in ouatain-sensitive respir;éion entirely acraunted
f~r the droep in votal respiratrion (Table TV.RY. Clark et al,
(1002} ~on~Tuded tha! ~uahain sensitive re&piratinn aconnnt s

for an insignificant prop rtion (8-15%) of tot~1 rot

hepa'neyte 0, consumpticn and hea! prodnctinc . Mur reanlts
]p,—\ﬂ P N ("Hf!'a‘-‘-'i"'] (*r‘\nf']\\";/\r\_ AgiIQo fvr_)m 'lliffmv'ﬁnﬂe\r' of
eprricae and ~f physinlogi-al developmert . —ne wanld nnw el

tn be ¢ nrrerned ahout the —“iohility ~f the Frell prepavalt
qrudie ™ At oeya-~t o ~mpay;sf\n hb~tween St'\f“io". o~ f pprr‘on!

viahil by ean v h omade “inece Clark et al. (19P7) AiA4

vy ot B A 1 P I P - N 1 e R B ad | R y b
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percentage of LDH leakage was greater (3.5 and 16;7%} than
that found for our lamb hepatocytes (Table IV.1).
Ouabain?sensitive respiration has often been equated
with Na‘; K*-ATPase-dependent respiration (Ismail-Beigi et
al. 1979; Clark et al. 1982). However, the magnitude of
‘ouabain inhibition of respiration may depehd upon the
sensitivity of Na‘®, K -ATPase to quabain (Schwalb et ai.
1982). Sincé»fhis was not measurgd, the-exact proportion of
the total Na‘,‘K1~&TPase activity inhibited by ouabain was *
not known. Therefore, even though the ouabain-sensitive
respiration ﬁeasurements in the present study show that (Na*
+ K°)-transport arcounts for approximately 50% of the enégéy
expenditure of lamb hepatocyges, this may be considered a
minimal estiaéte of Na', K'-ATPase-dependent reSpirétiog,
Furthermore, it is evident that the viability of the ceii
prepararicon greatly influences the measurement of the
magnitude of ouabainjsensftive reriration, witﬁ damaqed

preparntions ~* heing respons: tr ~nAbain,

v
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V. Magnitude of Ouabain-Sensitive Respiration in the Lager
. .

of Growing,'Lactating and Starved Sheep

A. Introduction -
A great deal of ;esearch has been directed towa%d
estimating the nutritionalleffiéieﬁcy (see Milligan, 1971)
of feed conversion to the animal products of meat (Van Esg,
1980) or milk (Moe, 1981). The nutritional efficiencies of

feed conversion to animaljproducrs are usuall? less than

estimates predicted by stoichiometrrir relétionships.'For_
example, the theoretical ME costs for pretein synthegis in
mammals ranges from 79-88% (Van Es, AORO): however, fthece

estimates are much less than values for nutritional

efficiency nf 40-60% derived in epergy balance or

comparative slaughter trials (Kielanowski. 1976; Rullar and
Webster, 1976). This disparity between estimations resultsyg ;
from an oversimplification of the steoichjometric expression , ;
of energetic efficiency. Praditionally energetic efficiecncy
is calculated as the energy content of the synthecized

A
product divided by the energy content of the precursors p'
the energy reyuired for eynthesis: no ascount is made fo g
harkorﬁund o maintenance cwpenditures aueh ne protein
turnaver and ian tranep~rt whi- h are anninq ~e)Inlay enarny

. . R
expenditurea, These hackgr ~und enecrgy axpendibtgr~e maintajn

rellular "omnecstasiag, yet An net Alrectly yvielAd qy

profucte. Ac sr=ated, atpichi metr - caleylatinpe of
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consuming processes such as thé turnover of éell
constituents whlch in tﬁe case of whole body proteln may
turnaver at a rate of 3- Bﬁ\per d (Watgrlow et al. 1978).
Degradatlon of protein to amino acids does not directly
iyield energy aﬁd subseqguent resynthesis ;equires energy.
Therefore, the mainpenance of cellular homodeostasis infludes
eve;ts”which are energetically wasteful in Ehe'contekt of
st01ch10metr1cally derived energetic eff1c1ency Another
major maintenance event which utilizes energy, yét may be

considered energetically wasteful, is ijon transport This is

the cellular energy requ1reﬂ\to ma1nta1n Na® and K*

Ib

concentration gradients (

[

gradients acrnss the plasma membrane-againSt their

Gginn and Carlish; 1975). The
sodium pump (Na', % ATPase: EC R.6.1.3) maintains jonjer
homoegﬁfasi§ within cells with the expen;e ~f 1 ATP for
very 3 Na' axtruded from the ce]l and 2 K' pumped into the
cell (ManAdel and Balahar, 10R1) . Thia process mav acéount
For up te 30-70% ~f the total enerqgy expend)ture of animal
tiesuer, particularly tiesies such as liver qut °pithelivm,
hiiﬂcy aré ;Pnl~hn] moecle (I ' Yerman ot al 1979 Ralgl~n o
2 1°0ds Gregqg anAd Midligan. 197°2a,bh: Van Dyke ~t a1

. 4 - L — . .
1983, Milligen (1971) endges' <4 energy expenditure cn oo

Franeport may not be rvﬂcranr in the fissues of :arimnle

nAder Aiffer ant rhysiclrnqi- al staten Thm-purphﬁo ~f thisg
LY

axperimenO, therefrre, wae tn define theo snerqgy ecnet o f §.

*v;;;;%rt in the liver ~f growing nnd mature sh-ep

R LY &}\i‘-_ »30-‘”-1\- R Cor\(}”r "-r’ [N de}-, e r 1‘\p
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maintenance cost of ion transport changes in relation to the

physiological demands imposed by lactation or starvation.
B. Experimental

Experimenf !

. , : '
Animals 4

Five Suffolk ewes, 2-3 years of age (£72.4 + '.9Q

bq), bearing twin lambs, wer~ h-u-ed individually -3t

rheir lam)e | ‘ivninq-r\onc (2 ° m") rhrrxug}\ B wi
lartation and (a1 7 b following lactatisn, The ~wver
were fed twuire dai'y a tntal Af 1,24 + © 24 ka 3 of
hoth retlad haslnay (039 dry motter (MY 11 4y Frade
protein (Cr) 120 kdJ g gross ensrgy (GU)) and cher s
"»yf\ma_qv gc'tr. Yy {ORY TN ‘i'li{ Cp/ | I"‘% l._1/q gross
) .
snergy [(NAFY) This l-al ¢! fer 'ing wnsg maintat ed

thr  oghount lactation 1 A4 o ina the vy e VA Ty

L1 rame nineralized =alt air- Affered =3 i

itk v 1:1@ wa nreeacc Ut 4 wk oanid 7ot of
1\

YA oo b N "P‘."’J an T} 3 4 iy J-.;“,‘i..q r S
Dot rmer (Y0 qnd ()Q” o on [ 1 o f "9"!’;(\” an
Vo ""\ﬁ vwlar oyt o - f ner vy ) W b IR
my 1 vran ﬁ.'-‘rior-p-] faoeom vy b 033 4 el e i AP R
The ~ulg were e tr vem ] ;~,\ by o r e Vet EECTTTS TP

Iy e A i oyt e r I ;HQ [ Y

Vo [ . ' . , 3
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Liver biopsy procddure

The'liver'Siopsy method used was similar to that
described by Pearson and Craig (1980) for cattle and
goats. The éhéeﬁ'were suspended and immobilized in a

sling such that the abdomimal contents forced the.

dergal Jebe of the liver aga*nét the rib cage. The
puncture site lorated at the 10th intercostal space 12
rm entral ta the hafkhﬂﬂo was ”1iﬁbed ahd preparel for
aserti~ ingertion »f the "Tru Cut” biop~y needle
{(Trovenao] Lébo}atorifs, St. T.ouis, MO). The hiopsy ar--
wae infiltrated with D¢ 1‘4~ﬁniﬁé, a small stabh woun?
waa made rhrough the shkiv and the hi~psy needle was
Aire ted candn “entrally thraugh ‘' he abdominal wall
inte the Anrgal 1ﬂ£ﬂ nf the liver *o rémave the live:r
=amy e . The terhnique and lnantimn ~f 1i-ay ponetur e
vane erified by lap=1stamy in ~'hey cwgc Fef re the
commencement ~f the experiment. A1) hirp~iecec were t -
hetwe=n 2 3 h af'eor 'Ha merning foredirg. The liver

biur:’o-' (7-? mqg Ay . wey b+ ) e —\r'r-rwx'yv-a.‘t‘ely"s- Ty

]'m-q om0 T d3a g e ae han w4 Y I U on YP

cf JVver mo pler 1l ay warve wa - be ' b e YT

Formb - tlevanl-gr banflar (agan o 1 RSN 2 R |

D01 N icad fra hand 1o Jeae fChan 0OR w0t

it ho mie b e hlade thapn 3+ - it at -1 i

Bent - Hanee'ail hawffer (D;w‘qn[\ SR B R N 2 2 £ A B
o LI G fnipyiog 27 F o it poe he Ao o

R v} . '
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concentratigns of 1 x 10" ‘M ouabain.

Y

Measurements of ouabain-sensitive '‘Rb’ uptake

The ra'ks of '*Rb  uptake in hepatocrytes from an
wk 013 Jarh were measured in 1.9 ml of a gassed '95%
N2 /5% C75) ¥rebs-Hapselei! incubation huffer (ptv 7.40
0.01, R77C)Y containina 2¥ fatty acid poor bovine serur
albumin,6 20 mM Hep=<, 10 =M D-gluccse, 2.5 1 Ci/ml
*‘Rb* (Mew FrglanAd Nuslear) and 0,1 mM "bC) . Aligu-ts
of 100 «1 ~f the b patrcyte preaparati~p we e A ld~d +-
inrnhgfion buffer ontaining N7 E0 T A 0 Annt - T

+
(")ab=in qen{::n"i\'o RN 1 ‘U' toabke wac nenmye "ri in

Topdient - rﬁmr]pr v eateAd with 10 e M o oasheip
0 min Iin ;hgb;ﬂq w ter hat' (> R Vo
uptake vn ey b 1 Yhe @nire 0 gyl 3
by s kel ) At ytee Ve A3fFfpre e Vet s 4k on)
. \]pf;, Ca e rtabke o~ 1 h . : . b
herarnagte L TR ( ot o
" ac ! i
Sy 1 D Py
' v [ . ! I ,
' [ [ I ¢t Y {
- . . g Ve ovabai
v ! [ AR {
' Tl rkl - " H
1 " ' r ’ i N '
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filtration of the cells onto pblycarbonate filters (8
um pore size, Ndcleopore, Minﬁeapolis, MI). The cells
and filters were washed ;hree times wiéh ice cold |
phosphaﬁé—bufféred saliné (pH 7.40 =+ 0.01, 10 mM
NaH,PO, H,0, 0.85% NaCl, 6.1 mM RbCl), transferred to
15 ml byastic scintillation vials and digested in 1 ml
of Protes~l (New England Nuclear) at 55°C for 20 min.

Glacial acetic acid (50 ul) was added to decolour the
samples then 10 ml of Unisolve I scintillation fluid

(Terochem Lahrratrries Ltd., Edmonton, ALB) was added

*
to the vials. The samples were immediately counted on a
Nuclear Chigcaqe Mark T scintillatinan counter using

halanece 1+ int roynting with a 20+1 dynamic range

window

"easurements of ‘1 ocuabain binding “

Tetal ovabain binding to hepatocytes isol;Eed from
twe 8 wk old lambs was determined in 1.9 ml of géssed
{78% 0,/5% r™.) Vrebs-Henseleit incubation buffer (pH
40+ 0 0, 37°C) r“nrnining'Z% bovine serum a]bumin;
20 mM Hepes, 10 mM D aglurose and 0.5 yCi/ml °H-ouabain
(1" Ci nmel . New Fngland Nuc~lear), AlidubFE-éf 100 ul

f "= =11 suspension were added to buffers contaiping

UK tt "~ ¥ ~abain and were incubated for W min in a

“'nbiea water bhath, The relles were filtered onto
r !y srronre filters (Nucleopore) and washed three
/
‘w5 hoirce cold phosphate-buffered saline (pH 7.40

™M NaH,P", H,0, 0.85% NaCl). The filters and
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o

cellsvwere transferred to 15 ml plastic scintillation
vials, 1 ml of. Protosol (NewﬁEng;and Nuclear) was added
and the cells and filters were digested for 20 m{n at
55°C. Glacial acetic acid (50 yl) was added followed by
the addition of 10 ml ~f Unisolve I scintillation fluid
(Terochem Laboratories T.td.,). The A emissions:jrom the
P

samples were then counted in a *H-windrw of auS%erle
Analytic Mark JII scintillation counter uging a&
external standard pulse height tn determine %ovnting
:;ﬁ*ée&#ﬁéy.

The difference between total ‘H-nuabain binding at
30 min and noé-specific”H—ouabain binding at 10
M-ouabain was taken to represent specific
ouabain-binding (Akera and "heng, 1977). Specific
’ﬁ—ouabain binding was then nsed to determine the

number of °H-~uabain binding site- using Scatchard

analysis (Scatrhard. 1740Q),

Ywpc iment 2

7\||;r':‘1g

Four ﬁnff?lk wethers all weighing 50 kg and 1 y ~f
nge vere fed 1." kg/d of chorred bromegrass hay (95%
Ary watter, 14% c~rude protein, 16.6 kJ GE/q) in two
equr! allotments twice (0800 and 1600) daily to achieve
maintenance. Another group of four 1 y old suffolk

]

we'hers (49 + | kg) were starved for 5 d. Both groups

ot

“nimals had free access to trace-mineralized <alt
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aﬁd water,

Whole animal O, consumpfion rates were measured
for each animal over a 10 h period (Young et al. 1975).
These measurements were madeiﬁ&fing the 5th day of
starvation for the starved animals. Simultaneous
measurements of whole animai O cohsumptioh were made
with the'fed animafsf]The sheép were ‘subjected to

surgery on the morning of the 6th'day of starvation or

3 h after the morning feeding. R -

Hepatocyte isolation and measurements

The caudate lobe perfusion procedures described

>

for adult ewes in Experiment 1 were used for hepatocyte
I - g A -

isolat ig &n ceﬂsumption,.Suabain—senéitive
respirélion (1 x 10-+ M-ouabian) and
ouabain-insensitive respiration rates were measured for
hepatorytes isolated from the fed and starved sheep as
described in Experiment 1. Similarly, all
ouabain—sensitivo.?‘Rb‘ ubtake and ouabaih binding
measurements were made for hepatocytes, isolated from
two fed and starver eﬁeep, as outlined in Experiment 1,

» .

Analysis of r@sults
Respiration rates, *'‘Rb* uptakes and *H-ouabain binding

were expressed on a dry weight basis; to‘measure dry weight,>

hepatocytes, which had beén'filtered onto 1.2 um pére size

millipore filters, and liver biopsies were dried at 90°C for

12 h. All data were analyzed by analysis of wariance and the-
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treatment means were compared (P<0.05) by either t-tests or

by Student-Newman-Keul's multiple range tests (Steel and

TorriQJﬁiiTO). ‘ .

C. Results

s
|

Experiment 1°

Ouabain iqhibitién.of 0, and **Rb* uptake

The response curves for ouabain-inhibition of O,
and "*Rb° uptake by lambvhepatocytes are shown in Fig.
V.1. The sigmoidal nature of ouabain inhibition of both
O, and **‘Rb" uptake was similar. The lerst
concentration.of ouabain yielding maximum inhibition of
0, consumption was 10-* M while the lewest
concentration of ouabain which permitted maximum
inhibition of ®*‘Rb' uptake by lamg hepatocygés wAas
10 ~° M,

Ouabain inhibition of ®**‘Rb° uptake in hepatocytes
was immediate (Fig. V.2). wirhin 1 min of exposure to
10 ¢ M—ouabain,‘4gg2 + 4.6% of the **‘Rb" uptake by
hepatocytes had-been inhibited: At 5 min of exposure tb'
ouabain. the *‘Rb* uptake ofvlamb Pepatocytes had been
inhibited by 68.1 * 0.9%. This measurement was not
different (P>0.05) from the maximum inhibition of 8Q.5'
+ 6,9% attained at 30 hin. Peak inhibition of ' ¢Rb*
uptake by hepatocytes was maintained from 5 to 60 minf

nf ipcubation (Fig. V.2).
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Figure V.1.

Inhibition of lamb hepatocyte O consumptlon and 86Rb* uptake by
ouabam Inhibitions are expressed asa percentage of maximum in-
hibition. Values are means + S.E.
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(100 X Ouabain-sensitive **Rb* Uptake / Total **Rb* Uptake)

oll 1. 1 1 | |
15 15 \_30 - 60
Incubation Time (minutes)

"y . Figure'V.2, -

Time course of inhibition of lamb hepatocyte 86Rb+ uptake by
ouabain (1 X 10"4 M). Values are means + S.E.
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 Ouabain binding

Total ouabain binding to lamb hepatocytes in
~increasing concentrations of ouabain is shown in Figq,
V.3. The level ot total'ouabain binding to hepatocytes
increased linearly on a log-log plot with increased
ouabain concentration. Scatchard analysis of specific
'H~ouabain binding data resulted. in an estimation of |
1.97,¥ 0.77 pmoles/mg cell dry wt of °H- ouabaln b1nd1ng

sites to lamb hepatocytes. - : 4 }

9
O: uptake and ocuabain-sensitive respiration

The results of the effect of lactation on
resplratlon parameters and milk productlon are shown in
Table V;1:.Total milk production drodLea (P<0.05) "by
42% from week 4-tQ week.B of lactatige Tne '
accombanying‘respiration responses mizszzéﬁ in'tne
liver'para£leled the decrease in the animals' metabolic
demand as exemplified by milk production. Tetal 0.
consumption rates of the liver biopsies were sligntly
~lower (P>0.05) in non-lactating.compared to laetating
ewes (Table V.1). During peak lactation, the
ouabaln sen51t1ve reSplratlon of the liver b10p51es
accounted for 45%¢of the total tlssue 0, consumptlon.
This measurement was 1 24-1 37 times those made durlng
late lactation and during the dry per#od. The magnltude
of ouabain-sensitive réspiration in the liver of ewes
at peak lactation 11,48 % 0.15 nmol Oz/mg/mln) was also

29 43% higher (P<0.10) than similar measurements made

\"f* .



~ log,o(Total Ouét}hin Binding to Hepatocytes [pmoles/mg])

L ,
log,o(Ouabain Concentration[M]) -

Flgure V.3.
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Log of total ouabain binding to hepatocytes isolated from 8 wk old Iambs

and adult sheep fed to maintenance or starved § days plotted against the

log of the ouabain concentration. The incubation per'lod was 30 min.

Values are means + S.E. The equations for the lines are:

log,oY = 0.839 log,yX + 6.924  r=0.997 (4 - lambs)

Iong = 0.857 log,,X + 6.699 - r=0.989 (e - fed adult sheep)
log,,Y = 0.845 log,,X + 6.440 r=0.994 (= - starved adult sheep)

Y'= total ouabain binding to hepatocytes (pmoles/mg)

~ X = ouabain concentration in the medium [M]
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/

duriﬁg late lactation and during the non-lactating .
period. Throughout lactation and auring the dfy period,
the mégnitude of oﬁabain—insenéitive respiration did
not change. |

| Viabilities of the ﬁéﬁatocyte préparations from
the mature sheep were 11 percentage units lower
(P<0.05) than measurements of 90-93% determined for
lamb hepatocytes; however, the magnitpde of this
difference was much less than the diﬁférences of 40-70% ]
determined for réspiration paraﬁeters between age 3
groups. |

The physiological effects of animfl age on total

hepatocyte O, consumption and ouabain-sensitive

respiration are shown in Table V.2\~A11 respiration
measurements for hepatocytes isolated from lambs aged 4 -
and B wk were gimilaf (P>0.0$). Topar\hepatocyte 0,
consumption of the mature sheed'was also much less

(P<0.05) than that found for lambs (Table V.2). The 0,

consumption rate f bepateocytes from mature sheep were

I'e

* 39-46% loger (P<0.D5) than values of
4.86;5.%2;nmo;hoz/mgymin observeq.for lambs (fable
V.2). Additionally, the magnitude of ouabain-sensiftive
respiration 5f hepétocytes isolated from mature sheep
was 67-69% lowéf (P<0.05) than éimilar measurements e
méde.fof lamb hepatocytes. The only respirafion

parameter of the sheep hepatocytes rhat did not differ

(P>0.05) with respect to the animals' age was

~
S~
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anbain—insensitive respiration (Téble vV.2).
Ouabain-sensitive respiration accounted for 48-51% of
the total- o0, consﬁmption of hepatocjtes from young
growi;g (230-285 g/d) iambs~gnt decrRased (P<0.05) t-
only 28% oé the 0, uptaké of hepatecytes from mature

animals helg at maintenance.

Experiment 2

"*Rb" uptake manéuroments
The dose-response rurves of ouabain-inhibit ~n ~f

**Rh’ uptake of hépaf“fyteg from fed and starve: =2hoep
are shown in Fig. V.4 The sigmnidal pattern of
ouabain-inh‘bition of heratnryte ﬁpfake nf ®**Rb’' was
similar for heth fed A%d strarveA Sheep‘and identic=al '~
rheyrespﬂnse ~urve observed for lamhsg. The lowést
nuabain ~oncentrations, causing maximv'm inhibjtion of
"‘Rh* urtake, were 10 * M and 10°% M fnr hepatorytes of
fed and starved sheep. '99?0"'5;°1y. The time ~ouvrse of
o:éknin-inhibi*ion'of hepatnryte-8nh" uptékp, f-r fnAd
and sz:voﬂ sheep, is shown in Fig. V.5 The maqgnitnde
of ~nabain-sensitive *¢Rb’ uptake by hepatocytes was
cimilar (p>0,053 for k- th groups of sheepjfor 1 and 5
min of inﬂﬁbationf At 15, 20 and 60 min of exposure to

. :
ouébain, nuabqin ;epsirive "¢“Rb’ rtake by hepntocytfg
from -fed sheep was three to ning t%mes greater (P-0 "R)

than by cells £rom stafyed sheep (Fig. V.5). As was

found with lamb hepatocytes. maximum percehtages of

AR ok oS W b s bm s amhee e pee ]

vt
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h of 88Rb* Uptake by Ouabain (%)
lion of 2*Rb* uptake / maximum inhibition)

S I U
Lo R o R T A LYo &
Ouabain [Mm) =

Figure V.4. . :
Inhibition of hepatocyte 86Rb*uptake by ouabain. The response curves
fo' fed and starved sheap. Values are means + S.F.
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ouabain inhibition of hepatocyte-*°‘Rb* uptakes were

attained within 5 min of exposure to 10-* M-ouabain.

Ouabain Binding '
| Total ouabain binding to hepatorytes, isolated
from fed and starved sheep, ik shown in Fig. V.3. In
both fed and starvedqd cheép;‘to'al cuvabain bindina -

hepatocytes increased (P-0.01) vith increasing
concentration of ouabain. Total ~uabain binding to
hepatocytes was greater (P<0.0°) frr lambs than adult
sheep and greater (P<0.07) for fedﬁﬂﬂnlr the; tha- F
starved adult sheep (Fig. ¥ .33). The maximum nimhe
ouabain binding sites of hepntacytes from fed anA
starved sheep, as determined by S-atchard anslysis
were N, AG4 + 0, 191 pwm1:w/mg call Try wb oA 0193

0.13% pmnales/mg cell Ary wt. Theee “nlunn ~are n t

signifi®aptly (P~0.08) Aiffe ent 'rem enct o b

fvy o the —“al 1oe <V pain~d (. ool Vienp A
" ! Aavimal enAd VYapn o yta e s
Whele nvinal Yy eyt nor et e oA 1 hieroa Ceey e

~p it Ve g Vveg At e i ten' 2 (SR !~
L e mV'; ' bbrm e Ltvey ) ' (r [AREE f ’
at alv e [Ared | t he fel «} ey L Vo
,yq, [T IS { Y ' by ) ey oot v b ra ey I" "oy
o V! Prcroa ki e b e ey cleecyr bhad N7y
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(90 5 and 97.8%) . were not d;fferent (P>O 05). frOm one

-

another (Table V.3). o . ,‘?i

-

Oudbain-%ensitive resplratbon accoumked for 7. 8%

.e—,

\\Y and 41.1% of the total Oz/consumptlon of hepatocytes §">
. , a o
isolated from starved and fed sheep,'respectlvely: :

.
p

. Ouabain- sensitive o uptake of hepatocytes from starved

sheep was 62 %‘lowe:'(P<0.05) than for hepatoCytes'from
fed sheep; the drop in ouabain-sensitive respiraggon’
accounted for 89% of the observed decrease in éot;}
hepatocyte O, consumption due to starvetiop. The -

ouabain-insensitive component of hepatocyte 0O,

consumption did not differ (P>0.05) between ‘é ?
preparations from fed and starved sheep (Tableﬁv.B).
.
. . 5
D. Discussion “

Ouabain-sensitive respiration rates reported in this"

study provide only an estimation of Na‘, K*-ATPase- dependent

o
%o:piratinn, since the exacfuproporflon of total Na-*

K* A'Pase activity inhibited by ocuabain was noj‘measured?
. > , -

KA

Fven ronsidering this ~onstraint, ouabain-sensitive
respiratinn »f borh lamb and adult sheep hepatocytes and

Jiver biopsie~ ~f mnture sheep accounted for a majer

rroapertinan of taral ~ell and tissue O, consumphi-on. Dqgina

peal lartarian, aunabnin garvsitjve resriration of liver

}w'f'\rg:ips f wee cecnapnbe® oy ARY ~f the tatn) tiecasye 0,
vaerpt o Thie ro et ien o rreeronfed ith the highest

‘
.,”r' ) Py PN . 7,] Yhe Y143 e f



. B *®, .
lactatlng eves. It has been suggested that elevated Na*

1.

‘*”'(;;/’/ﬁ ATPase act1v1ty may occur in the liver to support the

acelve uptake of, substrates,‘however, van Dyke et al. .(1983)

found that 1ess than 3% of Na* —ATPase dependent

-_resplration of pérfused rat erer was llnked fo the uptake

% ¢

“oof organ1c anlons,.Our results suggest that thevma1ntenance

. ener y costs requ1red to support N /K‘-transpoft‘ln the
. g 3

llver 1ncreases durlng peak lactation. Stlmulatlon of Na

v

K" ATPase by thyr01d hormones may prov1 e an explanat1on for

'elevated ouabaln Sen51t1ve resp1rat1~o> rates determlned for

<

“the llvers of lactatlng ewes, Elevated plasma concentratlons

of T, are found ;n lactatlng cows (Blnes and Hart 1978,0

Trenkle L978) and T, is reported to 1ncrea§e the act1v1ty

)

and number of Na*, K* —ATPase un1ts in mammallan l1ver

(Ismail- ~-Beigi, 1970- 1971: Lin and Akera, 1978). e 2

Additionally,. hlgher ouabain- seh51t1ve resplratlon hasabeen

’

found in the skeletal muscle of lactat1ng sheep compared to
values obtalned from non- Lactatlng sheep (Gregg and
Mllllgqn 1982c). The results of thlS study and that by
Gregg and M1l]1gan (19R82¢) Suggest that mnore painéﬁmance o
enerqy may be necessavy to support Na“', *%TPase act1v1ty
in Tiver 4ng ske/etal ‘muscle during peak lactatton as

compared to the nofi- lactat1ng state, Y
As stated the resplratlon parameters for lamb;
0
hepatocytes weére 51m11ar in " both 4 and R wk old:animals.

Total O, consumpthn rates of the lamb hepatocyteSwwere

lTowar than those rreviously reported for hepatonytes from
w1y

o
] ‘s



lambs of a similar age'(Cﬁark et al. 1976); however;, thesg 3
%
workers used an O;- saturated buffer for. thelr 0. uptake

measurements. In our study, aﬁ a1r saturated buffer was used*?‘)
\ v ow 0
in all 0. consumptlon measurements. Studles u51ng adult fag

hepatocytes have shown h1gher 0. uptake rates in

,

0,- saturated buffers (11.3-11.4 nmol- 0, /mg dry wt/mln
Ismail*Béigfhet ai 1979"C1ark et al. 1982) CEmpar%d to -
ﬂ-values obtalned for rat hepatocytes incubated ?n %
air-saturated buffers (6 62-9, 48 nmol 0,/mg dry@wt/ﬁ1n, van
“Dyke.et al, }983). Furthermore, the 0O, consumpt}on rates
determiued for lahb.hepatocyteS’were within the range of 0.
uptake rates” determined for lamb liver in situ (4.74110:68
nmol Oz/ﬁg dry wt/min; Edelstone and Holzman, 1981),
| duabain-sensitiye respiration of lamb hepatocygés %
accounted for approx1mate1y 50% of the total hepatocyte O, "l
consumptlon This parameter was twice as large as that
determined for hepatécyté% 1solated from mature sheepa : %
Similarly, tptal hepatocyte O, consumption was %€-87% 4
greater for érowing lambs cbmpared to mature shezp. ghe‘
greater ouabaih¥sensitfve respfration of lamb hgpntocytes
accountedifor 71-90% of the greater hepatocyte O,
consumpticn ohserved hetween growina lambs and mature sheeﬁ
We have flound greater total ouabainxhindiﬁo to lamb
“"P?’“”Yfes ~ompared te~ those found for hebathcytes igsolateAd
from marure wethers, although the activity of indiuiaual

N

Na', K'~-2TPnge units tended to be lower for lamb hepatocytes

pemar b 0 e Py Tareld Frem mature aglye oo { V2R -‘r:q’ 1,71
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nmoles Oz/pmole ouabaln binding- 91te/m1n) Other work'has
EE

also shown the number o& Na* Q‘ -ATPase unzis are. greater in

the l1ver of younger anlmals compared tOchose found in
iy -ﬂ %
older andimals (L1n et _al. 1979%a, b). These results suggest B

‘U

) that hlgher mazntenance energy eﬁpendlture; are nécessary to

2.

Y

<

support Na ’ "k* ATPase aot1v1ty 1n hepatocytes isolated from

’

grow1ng lambs compared to mature sheep Thls‘flndlng is also

con51stent wiith the observatlon that- mamurexanlmals have a

3

b St .x'

lowe? overall malntenance energy expendlture than young '
grow1ng anlmals (Moe, 1981; Webster, 1981) espec1ally '
con51der1ng that the l1ver contrlbutes Up to 10-15% of the
total heat productlgn.of animals (Lautt, 1976; 1977;
ﬁdelstone ahd,Holaman, 1981), ’ . .

It is alsao apparentlfrom this study'that the magnitude
of ouabaln sensitive resp1rat1on of sheep hepatocytes |
changes in relation to the feeding level of the]anlmal
" Hepatocytes from sheep, fed to maintenance, expended
2.6-fold more energy in support ot ion transport than those

n

from starved sheep. Background or maintenance energy
egponditure on hepatic ion transport; therefore is likely
net constant in'animals at different feeding levels.

The change in the magnitude of ouabain- senswrlve
respiration of hepatooytes due t~ starvation may refleor
a]terat1ons in either the number or activity cof Na:
K'-ATPase units in the cells. Total onabain-binding to

hepatocytes and the numbaer of H-euabain binding sites of

S " ~
hepatorytes tended tn he highar for feq sheepr compared tn
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 s£ar§ed:sheepr Ouabain-sensitive '‘Rb* uptake, after 15 min
of incubation, by hepafocyees'from fed Sheep was also- §_7
con51derab1y hlgher than those valuesf6bta1ned from starved
sheep It appears that. fed sheep have - greater |
- ouabain-sensitive '°‘Rb* uptake and resplratlon in
hepatocytes than starved sheep in response to-an 1ncrease in
the number of enzyme units per cetrl, although the act1v1ty
of inaividual Na-, -ATPase units tended to be lower for
hepatocytes isélated from fed%ﬁheep compared to starved
-sheep (1.94 vs 2.49 nmoles Oz/pmole ouabain blndlng
site/min). | | |
vOuabain-inseositive resoiraﬁion of hepatocytes
repreéents a measuresof all cellular energy expenditures
other than the energy costs QI ion rransport' therefore, it
1ncludes the energy cost of cellular syntheses. In.this
study, the animahs' lactational state, age and feeding level
had no significant effect on the magnitude of
ouabain-insensitive respiration of isolated hepatorytes and
liver biopeies. This would suggget that the enerqgy et t-o
support the synthesie of rapidly *urning aver cel]l
congtituents in the Jiver remainea iy l\n;\qnﬂ r’miuq theap
rhyminlnaical states.

The results ~f thie study eshow thnt owabein~sencirivo
regpirvatian arconnts for'appro*imare'ly C\O%‘ nf teotal in vitr o
lTiver 0, congumption of rapidly growing lamhs and lactating
e&es. Mnre encrqgy is ~xpended in support -f ijon rrenéporr in

T AN T vy Shniymal e angd “";'V‘ﬂ]ﬂ ]'” p,,.:,». L N S LI IR R
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mature animals held at maintenance 1ntakes. Furthermore, tﬁ%fﬂ
ma1ntenance energy expendlture assoc1ated with ion transport
in hepatocytes markedly changes wlth the feedlng level of -
sheep The drop due to starvation in total hepatocyte 0.
consumpt1on was: nearly entlrely accounted for by a ‘drop in
ouabaln sen51£1ve resplrat;on. Lastly, the energy %osts
associated with the maintenance of other cellular processes
did not significantly change in hepatocytes 1solated from
growing and mature sheep or fed and starved sheep.

\

[



, { V1. General Summary ‘and Conclusxons o ’
~ This study showed that Na* /K*—transport accounts for a major
compOnent of duodenal mucosa energy expendlture. In sheep, |
malntenance of Na /K‘ﬁtransport costs between 28.6 - 61.3%
" of total duodenal mucosa energy expenditure. These values
a;; approx1mately 35% hlgher than s1m11ar estlmates reported

for support.

Na*, K* -ATPase in small intestinal mucosa of
rats (Lib 't al. 1979). The lower ouabain inhzbitjon of

-

rat mueose , K*-ATPase may represent a species

difference in ouabain susceptibility since previous work

1nd1cates r;et higher copcentrations of ouabain are required

to reach maxlmal J”h‘bI;IOP of 0O, consumpt;on in rats

compared to dngs, sheep nr rattle (Tobin'andaprody;.1977).
In sheep fed 7.6 MJ digestible energy per day, Na°,

K’ -ATPase-dependent respiration accdunted for 50% of the

total 0O, conébmpt%dn of duodenal mucosa. This result was

&

highly repeatable in the same animals, as eviden-ed by

-
o

similar measurements obtained 3 months later. Th's estimate
of Na', ¥' ATPase-dependent resp{ratidn was als~ duplicated
in mucosal biopsies incubated in Na ' free media. The
agreement hetween estimates of Ma’ K'-*TPae» dependent
respiration Aerived from use of ouabain as - sperifih
inhiriter of Na , K'-ATPase or with rhe nre of Na  free
media euggested that theae estimaters were valid measures -F
Na', R’ ATPac~ regpiration and Aid@ net arice from =)tm od

Iintea-allnlar " R N Y R A

[A]
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<

'Ehe magnitudé‘of Na*, --ATPase dependent resplratton
of duodenal mucosa wgs 1nfluenced by the animals'. feed
1ntake. Na , K’ ATPase dependent respiration of duodenal
mucosa increased by 37% when sheep were ‘fed higher
dlgestlble energy intakes and decreased by 45% in sheep
starved for 48 h. Lower energy exp ndlture on ion transport
during intervals of feed deprlva 1on may prov1de a mechanism’
to conserve energy. ' ' e

. The magnitude of: energy requ1red to support 1on
transport in duodenal mucosa of cows also cn;nges during
lactation. Na*, K- -ATPase- dependent respiration 'of duodenal
mucosa accounted for 55% of total mucosal Oz consumption of
cows at peak lactation. In mid-lactation and during the
non~lactat1ng period, the proportion of Ozvuptake inhibited
by ouabain declined to 34 - 35%. E{evated ou;ialn sensitlve
respiration may .be representatlve of an increase in
synthesis of Na“, K*-ATPase during peak lactation 1n
response to 1ncreased thyroid act1v1ty in lactating cogs

Thls study showed that onabain—sensitive reepiration
accounted for 15,8 - 55.3% of lamb hepatrcyte 0,
consugption. fn lamb bepatory'ae prepraratinneg with
viabhilities greater than 90%, ocuvabain sereitijve respiratiO“
accounted for 52.4 RR.3Y of total cell respiration. Lamh
hepatrryte Preparatione with viabiljties Jess than 50w
enhihirnﬂ lTrwer teotal and cuakain -sengitive vespiratisn, Tha

decrease in - nabhain sevsitive respiration in thege

R R L Y I P Y e""*"ely for the drop in tetrad
€
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hepatocyte resp1ratlon. It was ev1dent that the: v1ab111ty of -

the, cell preparation greatly influenced the measurement of

ouabain-sensitive respiratipn,ffﬁth damaged prepdtations not

being reponsive to ouabain.

THe magnitude of ouabaih%Seﬁsitive respiration'of\
vhepatocytes and liver b10p81es'was also dependent upon.the
animals' phy31ologlcal state. Ouabain- sens:t1ve respiration
of liver biopsies from ewes in peak Lactatwon accounte? -
@45% of the tofal O, consumptioﬁ of the hiorsies, Thie
ptoportioh was 1.24-1.37 times higher than =imilar
measurements made Auring late lactation and Auring the
non—lactetinq'period. Total <0, ~onsumpticn and
ouabain*insensitive respiration of the liver biopsies from
ewes were unaffected by the lactrational status of the’ewes.
The age of the animal influenced the cellular eneraqy
efbenditure on ion ttensport. fotal hepatccyte O,
consumption rates of mature éheep were 3° 4% lower than

values observed for 4 and 8 wk old lamhe. Th- meqnitﬁde ~f

ocuabain sensirijive rncplraf1on nf hepnterytae igerlated fro-

mature <'eep wag A7 }Q% lower Nhan sivilar measnrameia
for lamh Yenpat ariteg, Onatain er r-.ifi\;b rearirat ian
arceoimmted fooyr AR R1y of tatnal) ; coneumpt ian af
hepatrnrite: ie JateAd from infart 'amhg but only accounted
for 28Y ~f the katal Dz,dp*ak' cf “eratccyrer ieﬁ1ateﬂ From
mrture aelaer . 'he Ja"-'nra'f:l Yoo ¢ AlFnge artivity ip
hnratnﬂv'*é Cfome e abo poaa s o avin ) s s wplainad by oo

o oo ST T P S , e P L T I T
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. As’ found with duodenal mucosa, the . anlmals feed 1ntake

also 1nfluenced the act1v1ty of hepatlc Na’\ K‘ ATPasef

Ouabaln sen51t1ve "Rb"uptake of hepatocytes from starved

. \

sheep was 56 - 78% lower than measurements obtalned from
¢

hepatocytes of fed sheep. ngllarly, thl magnltude of
ouaba1n sensitive resplratlon of hepatocytes frqm starved

sheep was 62% lower than those values found for hepatocytes
?

~f fed shpep The drep in ouabain-sensitive’ respiration - St

accounted For 89% of "the dbserved decrease in total

13

hepatocyte O, consumption due to starvation. The

nuabain-insensgitive component of hepatocyte O, uptake did.
~
R

net differ berween hepatocytes isolated from fed and' starved

sheep. The decrease in Na', K'-ATPase activity in

\

hepatrrytes ierlated from starved sheep was partially

explained by n decrease in the number of total ouabain

Firding sites prr cell.

Soppnrt of Na' ¥’ -tfansport an duoéena] mucosa and
hepatorytes ~f cheep and rattle accounts for-a mainr but
"ariahle Preopertion ils R 61.3%) of *total cellular enefqy
cvrocditrre . TVe wagnitude of ce]]uT;f ener gy expenénd on
AR T’;'“ "I ev nt appears dependent pen the feed intnke

\

RS f the animal
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VIII. Appendix .1: Development of é Technique ‘for

Gastrointestinal Endoscopy of Domestic Ruminants.'

A. Intreduction

The first clinically useful fibre-optic endOscopejwas ;?
constrected by CGurtiss et al. (1957) and used by H1rschow1tz
et al. (1958) at the Univetsity of Michigan Hospltal
However, common clinical use of endoscopy was not reiiizeé)
until 1968 (Salmon, 1974). Endoecopic asseesmenr of
gastrointestinal tract disorders and.hbberetiohs in humans
is a routine procedure (Belber, 1971; Salmon et al. 1971;
Cotton et al. 1972; Bluﬁgart and Salmon,‘1973) but has not
been applied exten51vely to the study of domestic animals.
Ehrlein (1979) made reference to endoscopic observations in
a report empha5121nq a radiological study of dlgesta flow
through the forestomachs of goats however photographlc
accounts of these observations were not presented.
Similarly, there appear ‘to be no published réports ‘of
intestinal endoscopy with domestic ruminants. This
investrgation was undertaken to deveiop a technique’ of
qastrointesrinal:endescoby in sheep and cattle and to
explore the normal physiologiral events Aassociated with

digegtion {n tha ruminant

-

'A slightly modified version of this chapter has been .
published. McBride,. B.W., Berzins, R., Mllllgan, L.P, and
Turner, B.V, (1982) ‘Can..J.-Anim. Sci. 63, 349354,

o "
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. B. Materials and Methods

‘Cannulae aaﬁ Animal Préparétion
= To allow the placement of endoscopes to spécific areas

of the gastrointestinal tract, cannulae were inserted in the

.descending duodenum of sheep and the rumen and proximal

-duodenum of a steer. The mature Holstein steer and a

yearling wether were fitted with two duodenal cannulae

‘spaced‘approximatelly.20 cm (wether) or 30 cm (steer) apart

in the descending duodenum to permlt examination of the
lumlnal side of the ci'Pula and surroundlng muccsa. A 10-cm
rumen cannula (Bar Diamond Inc., Parma, ID) and 'T’ ~type
cannulae (ID 25 mm) made of silicone rubber (W.C. Ellis,
Texas A&M Universiry} Colleée Station, TX) were uséd for the

steer, The internal diameters of these cannulae allow entry

and passage of the endoscope into the gastrointestinal tract

of cattle. For sheep it was necessary to construct a cannula
specifically for eﬁﬁbscopy because the available 'T'-type
cannula with adequate internal diameter was tno ]afqe to be
inserted into the dum']onum, 'Thp. design incorprrates a

!
minima? luminal flange to reduce irritation of “the

@testinal mucosa and a peritoneal ring.tOISecnre the
~annula to the body wall., The cannnli.Vas turnéd in a Jathe
from a Telrin nylen rod Fn the “nerifirafions shown in Plate
VITT. 1. The barrel] was threaded to allow a screw fit with

the threaded ny%on nut, inset in 3 dome-shaped plastisol-

(F.H. and Sahng Ma<nnf'ar:.‘turiri1 T+A, (“"w;‘?_-orﬂ, Ontario) ring.

7
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*‘m“ f+-gmm ‘

95mmD BME

(d)

Plate VIII.!. Delrin nylon intestinal cannula and associated
components: (a) side view of intestinal cannuld Bhowing the
threaded barrel (b) cannula top view showing peritoneal ring
(c] top view of plastisol ring with embedded nylon nut (d)
side view ~f plastisol ring.
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Surgiéal Procedures

Py

buring surgery on eight sheep, ‘general anesthesia was
induéed.and maintained with halophane gas. The abdomen was
opened with a lateral incision diétal to the ribs and
duodenum was located. The béginninq'ofvlbe dgscendiﬁg
duodenum was opened and the cannula ygs“secuged in position
with a puréé—string suture. The barrel éf the cannula was
exteriqrizéd through-a_stéb:ﬁound between the 12th and 13th
Qibs. The dome-shaped cap was threade@ flush with the bkody
wall and the bérrel of }heltahnula’was cut to a length even
with the dome-shaped cap. The outer ring of the cannula helA

it firmly in place and also preventgd the animal from lying

directly on an exposed cannula barrel. The lumen »f the

Pl N

rannula was plugged with a rubber septum.

Endoscopy'Eqﬁipﬁent and Procedure

.Two endosbopés wéré utilized in this étndy. An ACMI
r010noscopé (0D 15.8 mm) mode) 90N0 -P (American Cytoscope
Makers, Tne,, Stamford, €T) ygs used with the sheep and
ster: whereas, an Olympne colon: scope (AP 18 mm) medel TCF
Type 2L (Qaympns Crrpordtisn of America, New Hyde Park,
N.Y.) was uvsed exrlusively with trhe Gteér.'An Ol;ﬁpus CLKJB'
CO]A light source, Mhaving a colour temperature of 3200°K,
Qas used for all phategraphy. Air feeding ané'distaX lTens
washing were achieved throngh the porting sys%em of the
enéoﬁcépes using either an a*taHﬁed aj#*SGHS“End a sfrinqe

ntothe Air pamping system (2,000 cc/mbn, at 0,18 kg/Hm’\ of



the light source. S //

\ .
The endoscepy procedure was performed while the animals

were‘standihg, cpnscious_and in a fed state; A mature ‘
Holstein steer (528 kg) was fed 6#kg.6f long alfalfa hay
twice (0800"and 1600h) daily. The 8 yearling wethers,
averaging 4412 kg, were fed a maintenance (947£29 g/d) diet
of aITalfa pellets in two equal allotments (0800 andJIGOO
h). Water and salt were offered ad libitum. During
iﬁtestlnal endoscopy prior evacuation of the intestine was
not required. The endoscope was inserfed through the
intestinal canpula and was vieuaily quided aleng the

intestine.

1

Tmmediafe]y before rumen endoscopy the reticulg-rumen
was partially emptied of both solid aﬁabflnid djgest:) The
endoscope was hand quided to the desired location of the
reticulo-rumén through the‘rﬁﬁen‘caanu]a. To photogfaph
under £Iluid in the rumen, fyoon tubing was stretched over
the d1ﬁfa1 end of the endos«6p° to produce a protrudlng
cleeve Wthh extended 2 cm beyOﬂd the endogcope. The endldf
the extended s'eeve wa~ prereced against the rumen wall wh{]e
aiv wae pumpe” throagh the eridoescope *n create an air pocket
in the sleeve. This pr ~edire allowsd viewing af the

internal ryumen surface ity VY imireAq ;nfnrference hy r‘idngfa

Fndocscopic Phﬂtbgraphy o

Onee the endoscope was prsitjoned, a 35 mm camera’ was

~trerhed to the praximal hesd ~f rhe andor-»~pe with an
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eyepiecé adapter. A Pentax, Spotmatic II, 35 mm.cameré
- . ’ BN
fitted with a 100 mm bellows lens (Takumar f:4.0) set at
infinit§~was used exclusively with-the ACMI colonoscope.
With the Olympus colonoscope, the camera back of ah~OMj2N
camera, fitted with an Olympus 1-9 focusing screen, waki
placed directly onto the prOx{mal head of the colonoscope.
Photography was gé&ompiishnd with the endoscope proximal
lens set at a fixed focus. Fach svetem reguired a specifi
endnscope to Cjﬁera’adabrov (ACMY L Sy peann Adapter anAd
Olympus SM-2S Adapter).
$

An f =top of 4.0 wacﬂcnlecfpﬂ fer all phoaragraphy with
the Fentax ~amera. Shutter speeds were either 1730 nr /60
cec. The filme used were Hithny Kodak (ASA 400) Ek;achrome
<lide film or Kodak (ASA 160) tq;gstev balancend =]iée film

Shvrtér spenﬂ; of IR, 1730 AnF 1/R0 eec were employ~!
wifﬁ the Olympus system. Kodak (ASA 'A0) tungsten ralineed
cslide film was 1sed erclusively with thie system.

A1 glidee were processed using th- Vodak E6 pr~-~ss
Prints w're grnerated from slider n;iv” the ”ibé hiote F°

‘procagﬂ_ 'hig syetaem pr- Ved tes he Yeog n\chnq'\r‘- a 1
RN

-

proviAded grperior crin' vepr s Tuebion ey a0

j,.,.‘erari,,? ’.: [ [ " PN vr Y [ t

© Results » 1 Niceugsian
- Variaus fe tures of the.gas'r intectinal tra~t of sheep
;nr'l :-?0 ¥ ‘9 wa- ~ rn]\r\t oy nr\“gﬂ ue i ”:J a”/‘f'\qpr),pv‘ 'T'he photograr“\

e B B ehy o reoaximal Auyedeoroce o f A T ebein
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Plate VII1.2. The proximal duodenum of a steer. Kerckring
folds in t'e dredenn’ wall are evi'enmt at the arrow. "he
photogrart ae tal i Poing Ti~rally down the
Annd vim
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steer. The Rerckring folds of the duodenal wall were

rpspecinally evident and were used ac an identifying feature
a

nf the proximal small intestine durina endnscopy in the
rresent stndy (Beck et al. 197%) The silicone rubber
intest‘nal ~ nnvla appreared as o éipcn objert in the l1vmen
nf the =teer (Plate YIIT _ 3a). Na obeer-able anater el

-

leginne veor- e "deant in the intestinal erithelinug = Aren -
adjarent tro the ra nn"-: nbk 4 weel o gfg crraery.

Frrt erg re we ~pw vo Podicari e bhbat ipnhit irien af Alee
flow wn cang - Fye ot he SRR ERE R CTmyt oy b eervaticne .-

wade Jr Weep ety the gl 0o mancnls Aearign {(Flade

VIT tE Wenhan i ]970\ h =« ahrwny Py 1237 1Aaaie-al) tear ;v]

t hhat | Coeeenng ) l~1n-;’r= Yema Spdvd ! b v 4 Ayae vt £«
[ RN R R [ B TR | RIS R 2N d f"i'_* [ P\L‘t Agyem e ;'\ﬂ;"'nfe t hhot 1

"r\v]l-l\la“ oy ) o] { 75 reo v ) 'n‘:—‘ o R 2N ) Q,‘nr\n L A T el
bbby gy 0 ey Vet Tivesvire oo e 3 teat Thiar! Yaimen e
. - r

r*«"pfy"\f'f:v/-'\_ l}-F v bl by o o f [

uni' A1 »:\rt;t\n (~' e

"y Voo ona il b a npal flovnime 10 ' Al ee 0t s P ey
LI B A T oo b b e ! w1y ) 2l S LT ' boon e [ TR S P O B T
Ve ey - pooa - . Ve Ve e R
3 PR ot Ve i Voe o ' LN vy \ ' o} [ O TR
P e Vv PR ) Ce Vo - Ve e e
vy Y 1 ' ' N y -t \ { «© 1 ~
oy Vel b "y frr [ :"‘[ 1 1 1 V'mg
[ ~ Vet V! 1 \ [ voe b | 1 v
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w -

Plate VIITl.3a,b. Intestinal cannulaéd photographed in situ.
a) The silicone rubber 'T'-cannula positioned.in the
proxiral duodenum ~f a steer. The lower arrow -points to the
luminal portion cf the 'T' cannula. The intestine has
conty¥ncted over the cannula and reduced the diameter of
lumen as s<en at the uprer artcow. b) The Delrin rylon
intes*"7al carnu’a Titu ted in the descending duode ur
checp, hs svvrew reets to the flangs of the ¥ et o

v ) I P T
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suction biopsy tube (Brandboré et al:“1959) was passed
parallel to Ehe endoscope through the intestinal cannula
into the descending duodenum of a sheep. The biopsy tube was
advanced in front of the endoscope to a specific
identifiable locatdon. The_intestinal epithelium was drawn
into the sampling capsule (Plate VIT7.4) and the tissue was
excised. Rebeated sgmpling of the same area of the ducdenum
was possible thus yielding good replication. A simila:r
biopsy methoa has been repoerG-fo; humans (Rubin nand
Dogbins,.196§; Trier, 1971; Rubin et al. 1970),

The endoscepe was directed khfouqh rumen con;omrc )
view the reticulec-~masal orifice (Plate VIT1.5a) and ~masum
(Plate VIII.5h) in a Hostein cteer. The endoscope was tinder
digesta wvhen these areas were photenaraphed. Tn Plate
VIIT.Ra, fluid can be sren entering the apen ﬂfifﬁwn and the
nnguliferm or claw like rapillae at the entrance'to Ehe
orifice are readily apparent. Plate VITT.5h shows the edqe
~f fuo ofasal leaves covered With Qumpiqnéidméﬁl horny

papillae and a fragmented plant ctam V3463 hetwaan t'

<

¢cmanal Jemaves,

The rr1esent work jndicrateg that gastrodintest inn!

v

eHAOQ;OPY wa”‘bp ppp]iaﬁ ty dome=tir vnﬁinavfc in
cengeicoys an', mere importantly, feod state Fnicacopes
ﬁnﬂ:qnnﬂ "my 1'ge i1 “nmans are n~t l-nq enoltgh t~ pace fy 1
Phe month b intestine ~f cattle 2nd; while th~ apimal is

tandi 4, 1t wAn'® Be Eyﬁ}ﬁﬂgnavy'{1ff’cﬁl“ te preciaeml

0n

(1;"\ ' ’ ‘\\» "vf.;nv“ 1 7‘v13:m-:\r'n P L Y ove e . Ty {
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I
\

Plate VIII.4, A site specific intestinal epithelipmibiopsy
technigue showm in the ‘dusdéhum of a’ sheep., The arrow ,
indicates the intestinal wall being drawn into the sampling
capanls 7 - B ‘ » 4
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Plate VITI.5a,b. The reticulo-omasal orifite and- omasum of »
Holstein steer. a) The reticulo-rmasal orifice in an open
position., The arrow points to an unauliform papilla
positioneéd anterior to the orifice, b) An endosropic -
photograph taken of the interior of the omasum. The arrow in
the center ~f the photograph points to a plant stem emheddeAd
tetween two omasal léaves. Several horny papillae are

Pl ated at the arrow to the left of the phot~graph.
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the_rumen.~As a result, d1rect access to. the

gastr01ntest1nal tract was accompllshed by means of rumen
and duodenal cannulae. ~

There is now very great “interest in the mechanisms and

kinetics of passage of ﬁhe parciculate components of digesta
through the forestomach énd the intestinal tract ofO'
ruminants. Researchers are explorlng approaches involving
use of tracers (Ellis et al. 1979), particle sieving (Poppi
et al. 1980) and descripfion of digesta physical properties
(Evans et al. 1973; Welch, 1982) as rather indirect means of
improving understanding of moQément of digesta through the
forestomach. Direct endoscoplc observation of movements of
digesta and phy51ca] operation of dlgestlve structures in
fed an1mals may, in itself, result in a more complete
undefstanding of ‘the mechanisms.involved in_passage of
digesta, and will certainly give valuable'guidance as to
"what other measurements and approaches woula be most
informative. Knowledge of the cohtrcl'of particle movement
from the ruﬁcn is also impcrtant in understanding.what

Timits food intake.
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AIX Append1x 27 Endoscoplc @bservatlons of Part1cle Movement'

1nto the Retxculo—Omasal Ornfxce of Cattle._

‘A varlety of factors ;nfluence the voluntary 1ntake of

f"rumlnants 1nclmd1ng retlculo rumen’ flll or: d15tensxonA

C el
~'..'s\"'v¢~-u-

(Campllng and’ Balch "1961; Welch, 1967 and Grovum, 1979) and

rate of passage of digesta through the gastr01ntest1nal/

-
.- - \-»w-u‘buo\ g e oy,

retlculb-rumen the retzculo omasal or1f1ce, potentlally
serves as a control site in regulatlon of partlcle movement
from the rumen.

However, little definitive information on the

-

functional behavior of this anatomical location is

available. Therefore, a fibre-optic endoscopic technique was
designed to allow visual observation of the reticulo-omasal

orifice in conscious fed cattle.

3

B. Materials and Methods

A mature Holstein steer (528 kg) was fitted with

.

ruminal and duodenal cannulae (Bar Diamond Inc., Parma, ID)
&€ months prior to endoscopy. Rumen cannulation was performed
as described by Douqherry (1981). Long lucerne hay was

offered 1n 6-kg portloqs tw1ce (0800 and 1600h) da11y For ¢
‘ (RN

e,
,—__f..._____.__—n—._._....__ L3
.........

~~~~~~

-‘A»slaghtly mod1f1ed vers;on of thas chapter .has ' been:

publlshed McBrlde "BIW MllllganLv P and Tqrner B4V{ h::

B e o

(1983) agrlc. sc;,,_gamp‘o1p1 749 750

-

s

d before endoscopy ‘Water and salt were offered ad llbltum..“

- > o

utract (Blpes and DaVey 197@) The eilt p01nt of the "wiﬂuf,

c.
o X
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’ retlculo omasal or1f1ce with llmlted 1nterference by

N
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* The endoscopy procedUre was conducted whiie the animal
was standingyuconscious'and ih a fed‘state Immedlately
prior to endoscopy,'coarse (hay mat) and f1u1d .digesta
(approx1mately,75 % of the dlgesta volume) were removed from
the dorsal and ventral rumen using a beaker. This permltted

hand gu1d1ng the endoscope through the rumen cannpla to a

p051t10n anterior to the reticul- omasal or1f1ce Durlng

endoscopy, the retlculum and vental rumen were under fluid
j‘-.r dlgesta» To photograph under f101d Tygon tublng was

'stretched over the dlstal end of the endoscope to produce a

K

protrudlng sleeve. This procedure allowed v1ew1ng of tHe ¢

dlgesta

An eyepiece’adapter'(Oiympus SM-2S Adapter) was fitted

to the proximal head of an Olympus colonoscope (Model

TCF-2L, Olympus Corporatlon of Amerlca, New Hyde Park‘&N¥7\

and a 35 mm camera (Olympus OM-2N with 1—9 focu51ng screen)

~was attached. Photographs were taken at a shutter speed of

1/30 or 1/60 of a second, The film used was Kodak (ASA 160)
tungsten balanced slide film. Prints were generated from .
slides using the Cibachrome>P3O process. An Olympus CLK-3
coLd light source, having a colour tenperature of 3200 °K,

prov1ded the illumination for progect1on thr%§gh the-
\

‘endoscope. Openlng and c1051ng of the Reticulo- -omasal

or1f1ce were phbtographed uszng thlS procedure.
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.C.‘Results¥and-DiSCUSsion’ B
Plate 1X.1 shows gradual open1ng of the reticulo- omasal
,or1f1ce. Unguliform or claw- 11ke horny paplllae of this

anatom1cal reglon ©of the. retlculo rumen are guite dlstlnct

'.(Plates,IX 1b c).. An omasal leaf is promlnent 1n Plate IX;

when the or1f1ce is fully open. In Plates IX. 1a lo] the area

_2,photographed is aprox1mately 9 cm’ .when fully open: (Plate
' IX‘lc) the or1f1ce-was-elllpsoud-an&»approxrmatély’455mmh7‘
'long and 10 mm in w1dth These are much greater dlmen51ons N
;than ‘the- 34 am- that:ls rarely excéeded by partlcles that
reach the lower dlgest1ve tract (Van Soest, .1966; Smlth et“
'al 1967~ "Poppi et al. 1985\ ‘
. L ‘ o
.Balch, Kelly and Heim (1951).showed, using -fed cattle,
that the reticulofonasal‘orifiCe closed during the first
phase of reticular contraction'and.neyer,fully dilated until
the reticulum relaxed follow1ng the second phase of

‘contractlon Observatlons of the retlculo omasal or1f1ce e

.-

durlng the contraction sequenee oT the . reticulo rumen.f'f“""

-
confirmed th1s result

The orifice was seen to close in conjunction with the
]

contraction of the reticulum and closure of the reticular
groove. The margins of the orifice were observed to roll
inwards and fold together upon closing. The orifice opened

only while the reticulum was relaxed following its biphasic

v

contraction, the reticulo-ruminal fold was in an upright
-position.and.the-reticular‘grooﬁe was stretched.open During

- open1ng, the marglns of the orlflce roll outwards to expose

Yo

A

’——’—" !



Plate IX.la,b,c. (a) The reticulo-omasal orifice of a
Holstei steer in a closed position. The arrow indicates the
location of the closed orifice. (b) The reticulo-omasal
orifice foldlng open, exposing the unguliform paplllae. The
arrow :point's to an unguliform papilla. (c) The -
reticulo-omasal - orifice’ fully open exposing the edge of an
omasal 1eaf The arrow p01nts to the omasal leaf.

-
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“the 1nter10r of the amasum, The,opening”ana éfbsihg vathé f:

'-bﬂ!"" N
— DA e ..

A orzﬁlce was completely unilke ‘the actlon df the 1rls

' assoc;ateﬁgw;th digestion. - .-

1

dlaphragm of. a camera. - . ~“.'; «“-,t‘ » o

- -

- -~

the technlque of flbre optlc endoscopy cah be applled to

fed consc1ous cattle to observe phy51ologlcal events

.- - . . \ . o

nTL The results atta1ned in the ‘presént study 1nd1cate that
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