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" consistent  with an activation. of glycogen phosphorylase,.

levéls and ATP/MP ratios in control birds measured using AR

‘those réported in rats.’ Hepauc/ lactate levels and ° the "

. PR E e ) .
¢ ABSTRACT + 1
o B - ) ~
£ o @ , e 3
Physiological levels of blood gases can be maintained ,—‘/.
: : . s
in  an - anesthetized, abdominally opened fowl by means of a k i

simple unidirectional ventilation technigue. Hepatic ATP -y,

this ventuatmn techruque have been. found to be hxgh (1.9

micromole/g and 1.4 reapedtlvely) al::d are comparable to

7 |
lactate:pyruvate ratio were lower than -is reported for

non-ventiluted . chickens.  Elevations ' of = the tissue fu o 11
concentration of  AMP, fructose-1, 6-bisplosphate - and (S Y
inorganic phosphate and fall in ATP, in ischemic Liver , are

4

phosphofructokinase and pyruvate ‘kinase - all indicative of ; ;

the increased glycolytic flux in ‘ischemic cfifCken liver.

Asix-doy €ast 4n cmckens results in a 55 drop in Poi
Repatld Vglucose, an ;Pc:e_as_e in the measures of cellular.

snexgy lei«'el"in the liver, and a shift to a more oxidizéa

hepa;_if.” cytosolic NAD'/NADH'ratio.’ In contrast, g;.lugose g e
levels, cellular energy {evel indices and the redox, stite. of
the. Xidney Ccytosolic NADH system remain unchanged after a .,
m-ésy fast. It dis concluded ¢ that ':he" relative -
avail@bility of cytusoi{c' reducxng equivalents results in
the process of gluconeogenesis from anino ac;;ds and 'pyruvate

being mre Eavored in t'he kldney of a fasted chlcken than Ln
t . & 3 %

i.ts 1iver .




: ; .
althouwh glucose is taken up.
g dib =

efferent differénces. across

4>
liver m the fed amd. fasted states siggest a s#gnxfxcant

ueag'uxemenes' Sf fferent

‘uptake of glucoss and’ 1actate _and most | amino acids. A
negative afferent-effegent difference for urate across Liver
in the £asted, and not in _ the fe;i ° state, -indicates t‘nat
dea;unat—_um of aminoacids. is* more pxevalén: in e.ma 'Eaut_ed

live:

Measurements of arteriovenous dlffeteﬂces across, muecle

indicate that . this tissui\releapes amino adids ‘inr.o the -

‘circulation in'the fasted- state and r.axe's»up‘no ‘glygse., In

. the' fed state.mo " amino acids are released by muscle,

‘. In  the  fed state there . id no: sigificane

ent . diffe across: kidhey for glucase.
}tg&smme'ms of afferent-e Eferent diffemmes ‘across Ridney
suggest that in the fasted state “there is a significant
releaue of glucoge and an upbake of amino acids, urate, am_i
lacf_ate. If the renal portal component of total renal blood
flow, ls_assumed to'be greater than 308’ then when the sum is
calculited of the gluconeogenic amino aclds for which there -

is a significant uptake across kidney; the Yalue (in glucose

equivalents), -isequal to the figure for the release of
glucos®{ It is. concluded.'that: the kn;pey ‘is a majot
gluconeogenic’ organ in the fasted chicken. : ;

i




-for maintaining .the enjoyable research

i 3
. carrying out the ' amino- acid analyses.

ACKNOWL EDGEMENTS

I wish to express ny .deep' appreciation -, to., my

supervigor,  Dr G-R. Herzbery for his uwavering support

and encouragement . I wish to" thank _the Other members of my’

supervisory committee,. Dr. E.A: Barnsley and SMbeclally

Dr.” J.T. Brosnan for stimulating diseuméps land nuch

v :
helpful advice. Thank! are due also to. DF. ‘5.5, Mookerjea

atnosphere’. which.

exists in n\e depaitment, ¥ p
: ool - .

The help of ‘Mr. D.E, Hall and Mrs. §  Banfield 'in

gratefully

acknowlddged as is the expert technical advice provided by

Minda ch_ersor; and .pex Hall. #

{* Thatks arealso due to the librariang and eupeuany o,

‘the staff oF the pezlod:l.cals B library loan sections ks

for makiig the i¥tersture.ao easy to obtadn. ,
! o . ’/. .
" Special thanks are due“to ‘the Nafural Sciences and

Engineenng xeéearch ‘Council . of Canada and to Dr. F.A.

3 Aldxu:h pean Df Graduate Studlies £or providing fellowships

o enable me t5 carry out this resjrch.
N s B

., To ny wife, Katherine, thanks forputting up with it

bwices | .

iv




+ ABSTRACT .
. ACKNOWL.EDGEMENTS .
‘TABLE OF CONTENTS Y
LIST OF TBLES . . .
LIST OF . FIGURES . :
1B .7 LIST OF ABREVIATIONS, .

"
1 INTRODUCTION AND REVIEW.OF THE LITERATURE

-CARBOHYDRATE METABOLISM . . ..v o v o'e
Level Of - Blood “Glucose . + - 3
Blood Glugosé Response To Fautlng ia
Resistance To Diabetes .
¥alic Enzyne And Hepatic Fat Synthesis

HORMONAL EFFECTS ~ ON CARBOHYDRATE -METABOLI!
Insulin . .. .. ...
Glucagon .« .o . 4 .
Mrenline |
Glucocorticoids ¢«
stress . ‘.

REIATION BETWEEN URICOGENESTS AND Gnucosaoewzsxs
Urate Excretion
Xanthine Dehydroqenase An;! cycosolic Reduclng
Equivalents T

REGULATORY EHZYMES w Gchoss "WETABOLISM | L. '

nd tase . oox 0 o

Phosphofx'uctoklnase And 7
‘Fructose—1,6-bisphosphatase . . . . . . .. .,
3 Pyruvate Kinase, Phosphoenolpyruvate
Carboxykinase And Pyruvate "Carboxylase
ANATOMICAL DIFFERENCES BEWEEN BIRDS AND
RELEVANT TO GLUCOSE METABOLISM . .. .
Respiration , . .. . .
Circulation . &« . v « 4. ..
Renal FLOW = 4o = v = 4
Hepatic Flow S R
Red Blood" Cells . . -
‘4ET1(0D$ USED 10.STUDY Gwconzocmzsxs 1
Studies In VAVO - % v = v v - es s .
Fasting .. - . .
Precursors for Glicose synthesis
GLlucose Turnover . . ae
Studies In Vitro .
Perfused Tlssues . -
Organ Slices . . .
Isolated Cells . . .
. Tissue Homogenates -
_PROBLEM .OF INVESTIGATION . .

T b b b e e D




_ IR LIVER

CHAPTER 2~ ‘ARTIFICIAL RESPIRATION AND MBTA):OLI'?E LEVEi,S

[ aND KIDNEY. -

2.1 .| INTRGDUCTION .. . . 5 3 4 41
2.11 Hypoxia’ And Menbonte Coment of, issue . . 47
22 } Application Of Artificial Respiration To The |
7 ‘. Study Of-Ghicopeogenesis .. « % 4 « 4 a4 4 . 49
2.2 “ METHODS AND MATERIALS . . . . = . . . A 1
2.2.1 | Experimental Animals . . . . . . . « 51
2.2.2 | Surgical Procedures . . % s .52
2.2.3 -| . As’says For Tissue Metabcl).tes P « 3
21218 | CATcUlations + 4 - s s eus s e o - . 60,
2.2.5 7. ‘Sources Of ELTOr '+ + «'v o3 o 4 o « . 62
2.3 RESULTS* & o'a o s o &0 o adie s .. 64
2.3.1 Blood Gases * . ) A S Ce. 64
2.3.2 |, Levels Of Metabolites In Liver And T ic
Liver Of Chickens . . . . e .. 66
. B2 _Adenine Nucleotide Concentration - .. 66
2 Metabolites 0f Glycolysis' . . . . e 762
2. . Levels Of Metabolites In Liver And K. Fed
|, . And Fasted Fowl. . -. g o e L
2.3:3.1 Adenine Nucleotide Concentration - eo o S0
2.3.3.2 Metabolites Of Glycolysis . . ... vousse TE
2.4 DISQUSSION & o 4 "4 o o oo % o o o e e 1
2.4.1 Hylpoua....,.....,.,.. e .8
2.4.2 Fasting . S8
2.4.3 | . Effect Of ‘Redox State on Gliconeogenesis ... . . 85
i
CHAPTER 3 ' . ' ARTERIO-VENOUS DIFFERENCE MEASUREMENTS IN
WHOLE BLOOD " * g
AND PLASMA. e
o1 ‘mmonucrlon..‘....v..........aa
.2 METHODS AND MATERIALS . . Psie e me s 92
.2 Expérimental' Animals. .. . S ]
.2 ‘Analysis .. . 2. oo aie 92
2 Blood Samplins T L. %
.2 Hepatic Blood ™ Flow. Determnation S G .. 98
2 Calculations « + v o 4o o ww ezl o L. 100
3 RESULTS oV Fed el o 0w 203
3 Body And Organ Hexg’ht Data. .+ 4 e s e aseie e 103
3 Blood F1oW . « . . .« - o 7o es e e e s 108
3 * Levels Of Amino Acids In The.Circalation . . . . 106
3 Comparison Of Plasma Amino Acids With
Previously Published Reports. . . 106
Effect Of Fasting On Amino Acids In Arterial
Blood, Plasma And Cells . . . . 109
Arterio—Venous Difference Measurements In'Fed
And.Fasted Chickens . . « v o 4 4 o-0 o o ... 116
LAVEr  sov wowov e v e s e w sug 5116
Kidiey % o v o 6 o0 o 44 e

¥ oo i 120

) . vi




W W W ww®ww

vii

.3.4.30 3 L P
4 DISCUSSTON © . . . 2 3
4.1 Comsideration of THe Validity OF The Sty . . .
4.2 Levels Of Amino Acids . . . + . . « os 0 10 Pe
4.3 Blood Bl s w5 afs v« wiw a5 v% bg e s
.44 Arteri us - Di ; %8
4.4 Liver . . piog ® s w
4.4.2 Kidnex. . e g«
4.4.3 Muscle . 59
4.4.4 Urate @ . . . e
4.4.5 «Glutathione e
[ ;
i
CHAPTZR 4 ,- GENERAL DISCUSSION
T4 GLUCOSE SYNTHESIS IN THE LIVER. eis e s e e 0 s 8
4.2 GLUCONEOGENESIS IN \THB_ KIDNEY . +": o o« « @ Y
' ' i @
CHAPTER 5 BIBLIOGRAPHY
5.1 * LIST OF REFERENCES « + + + « o s o v s s & o a's
APPENDIX A
A . AMINO ACIDS AND METABOLITES IN FOUR ABDOMINAL
VESSELS OF FED AND FASTED, ARTIFICIALLY RESPIRATED
CHICKENS . I T T T S R
APPENDIX B
B.1 = EFFECT OF BLOOD SAMPLING ON HEMATOCRIT AND PLASMA *
GLUCOSE..;..4‘...... e e e
. i .
APPENDIX C | ‘ Ao
C.1 INDEX e v s o o s o o0 o s 8 o o o o oa .
. B

151
162

168.

204,

214

217 S

|




TABLE

TABLE

TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE
TABLE

LIST OF TABLES

1

Blood Gas Partial Pressures and Blood pH of
Conscious and Artificially Ventilated Chickens
2 Concentrations of Adenine Nucleotides and
- Phosphate in Liver.and in Ischemic liver
of Chickens . . S
3 Concentrations of Metabolites in Liver .
and in Ischemic Liver of Chickens
4 Hepatic Concentrations of Adenine Nucleotides
and Phosphate in Fed and, Fasted Chickens: . .
5 Renal Concentrations of Adenine Nucleotides.
and Phosphate in Fed and Fasted Chickens . .
6 Hepatic Concentrations of Metabolites in
- Fed -and Fasted Chickens wi oy,
7 Renal Concentrations. of, Metabolites in
. Fed ‘and Fasted Chickens® . .. o 5 00w
8 Summary Data’on Organ Weights in
8-week-0ld Cocks . ‘v W i 4 .
9 Total Hepatic Blood Flow, and Portal and
Arterial Blood-Flow in the
10 Amino acid content. (mg/100nil). of Eowl plasmu
reported by var;dhs investigators.. . . . .
11 Arterial- Levels of Amino Acids and
Metabolites in Chickens . . o .
12 significant Differehces Across Liver in
Fed and Fasted Chickens . -

65

69
70
72
73
76
77
103
10;

107

110

117

13 Fractional Extractlon/ﬁelease of Metabolites from

Whole Blood (or ‘from plasma for. Urate -and

- Glucose) by Liver in Fed and Fasted Chickens .

14 Significant Differences Across Kidney in
Fed and Fasted Chickens . ' .

15 Fraetional Extraction/Release of Metabolites
from Whole Blood (or from plasma for.Urate and
Glucose) by Kidneéy in Fed-and Fasted Chickens

16 Significant Differences Across Muscle in
Fed &ha Fasted Chickens . . .

17 Fractienal Extraction/Release 6f Metabolites
from Whole Blood~(or from plasma for Urate and
Glucose) by Muscle in Fed and Fasted Chickens

18 Tarbon Balance Across Kidney of Fasted Chicken

19 Total Amino acid Centent of Chicken Muscle

viii

119

122

125
127

128

148

i
§



i

. B
” . K _ 2% . ; (353
. FIGURE 1 Anatony “of Abdoninal Blood vcneh in the Ecml ¢ 28 !
FIGURE 2 Schematic of Bldod.Vessels :
. and sampling Sites . . r . v e . . . . 95 ¢
o 61 ic- s with -
Mitochondrial or'Cytosolic PERCK . -, A . . 155
» 2 . ; B e
= .
58 2
- - g )
y
. 4 . ~
Y : . . 5




: LIST OF : ABBREVIATIONS - 3 . > % i

2-Oxoglutarate
2-Phosphoglycerate
3-Phosphoglycerate
Adenosin
Adenosine—5" -diphuphatt
Adénosine— 5‘—tr1pholph
cyclic Adencsime-3',
“Fructose-6-Phos phate

2—0X0GL
*2PG

* Glucose

Glycerol

Glucose-6 —Phouphate
‘Glutathione (reduced)-
-Glutathion
lactate .
Nicot-inamide adenine

5" -moriophosphate

-mnopholphau

" Fructose-1, &-2Lapioephite

disulflde (oxﬂdized) T

‘ainicleotlde (vxidhed)

(reduced) & .

Nicotimamidé adenine dinudlEotide.

Nicot inamide adenine dimcleotide: 5 e =20
. *(oxidized)
NADPH Nicot inhmi de adenine dinncleot.lde p'holphata (ruduced)
NMR- . ' Nuclear Magnetic Resonance 4 .
PEP Fhosphmolpyruvate g ‘ O
PEPCK, -

(transphosphorylating) .
Pi Phosphate ~ (inorganic)

inas
GTP: oxaloacetate urboxy-ly’a“ /

RNA Ribonucleic acid L,
Triose-P, Dihydroxyacetonephosphate +
e glyceraldehyde=3-phosphate -
URIC ,°  Uric Acid
ions- Used for Pepti
3MH  3-methylhistidine
ALA Alanine’ :
ANS  Anserine
(Mta-nhnyl—l—methylhx-tirh.ne)
ARG Arginine
‘ASN  Asparagine
BALA Be:a-alani.ne
CARN Carn
(Beta-nlunynlutidine)
'CYS Cysteine
GLN . Glutamine
6LU  Glutamte
GLY. Glycine
HIS

Histidine -

s e

and Amino Acids

Bydroxyproline

HPRO

ILE - . Isoleucine

LEU . Leucine B B

'LYS Lysine .

MET  Methionine 1
ORN ' Ornithine . ’,
PHE  FPhenylalanine - -
PRO . Prolina . B

SER  Serine . '
TAUR " - Taurine

THR  -Threonine P

TRP  Tryptophan

TYR  Tyrosine

VAL ' Valine

P




CHAPTER 1

INTRODUCTION AND REVIEW OF THE LITERATURE
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characteristic of avian speci

* Pelchrzim, 1923; Hayden & Fish, 1928;

1.1 CARBOHYDRATE METAROLISM . < s

 Carbohydrate, metabolism and its xegu1atmn in birds

varies from that in mammals in’several major soge; These

dlffereneea are in the level z)f blood glucase, t'he response

of Blood glucose to faeting and the ‘resistance to dlabetes. .
1.1.1 Level 0f Blooa Glucose

Weintraud (1894) appears to .have been: the (first to. .

riotice ‘the high  -level" of ; blood glucose in birds when he .

reported blood sugar - values for ‘ducks (170 mg /- 100m1)
‘considerably higher than nanmalian leveis (%0 mg /"160 m1).
Many authors have verified 'since then that a 'blOOd sugar
level,. often tv:S.ce as high -as the mammalian level,
iep (see excensivef review by

Erlenbach, 1938) Early workers found that the chicken was)

no ex::eption to this rule, having blood augar levels ranging

from 150 ‘to over 200 mg / 100ml (saito’ & Katsuyama, 1901;

Giaja, .1912; - Bierry & Fandard, 1912; ' Scheunert &

Bierry & Fandara (1912) postulated that the high' blood.
sugar in birds was related to ‘their high body temperaturé. .
Rodbard (1947) later demonstrated a positive' correlation
between body tempe;acure and biood glucose/ in the chicken - .
over a range of temperatures. The * ndture “of the
interaction; however, has not since been eluctdated, There

is, a8 yet, no explanation &s to why  birds maindain ~blood
. . G ET . 5 % %

att, 1939). . - o,




el ES e T 2o %
glucose lat ‘such high levels.. L

1.1.2 Blood Glucose Response To Fasting < . .

. “==In ‘a ' chicken, . the ' changes in ,the "blood - glucose

concentration * during ' ‘a fast is unlike.the normal mammalian

1

.+ . pattern. In most mammals the normal concentration -of

5 mM ' falls to 4 mM after a short fast andto 3.5 mM diring
) Longex periods of fasting, [In the fastxng heénatal human, : 1°

“bluoa glucose may fall below 1 m (Bachmann et al., 1980)].

'me blood gludose level (12 mM) of both juvenile. and adult

qul on the ‘other hand begins to'decline within the firat

twelve hours of the beginning of a faét, but the fall is

transient. . Blood glucose retirns to pre—’fast.{ng levels by Lox
the. third or foarth day of a fast (Burrows et al.,’ 1935;
Henry ‘et ‘ali,” 1933; . 1934; Nir et al., 1973;, opayke, . ik
1942). There is also a diirnal variation in the Ilevel of
blood . glucose in the fowl. ' Blood glucose falls from TR
‘auring the day to 10 mi during tie houts of darkness (Tutest

& smith; 1970). s 5 : T TN -

This high level of glucose (12 nM) 'is\ maintained ofF .. -, ©

. increased throughout 'fasts. of _days_ in the chicken.

i 1 By no means all mammals demonstrate this pattern. Weanling - _

17w 1 % elephant seals (Mirounga angustirostris)' maintain -their - ..

'blood ‘glicose at levels exceeding 8 mM during natural’ fasts

of 2 to 3 montha (Ortiz et al., 1983).
F e

e




(Hazelwood & Lorenz, 1959, Brady et al., 1078).. x:"wg-
reported by Houpt (1958) that while the Blood. glucose level
of newly ha_tehoi!v chicks aiapia'y. a similar response to
faninq as the adufE young chicks of two to fourteen day-
of age ‘appéar less able to maintain blood, stucsse 1eve1.

during a fast.

Fasts of up to 40 dayn ‘without a dacuné in plasma

glu'cou 1evell hlve beenreported fox' geese (Vu Van Kha et

al-, 1979, Le Mn‘ho et al., 1981) and up to 120 days in the
en\pez’or penguin (uzo-colan, 1978) i e E

7 i & T
1.1.3. Resistance To Diabetes.

» i

A(nothcr area in yhich birds differ from mammals in

iheir susceptiliflity to experimentally induced diabetes. - In
_ﬁxerv classic. , experiments - of, ' Langendorff  .(1879),
pancreatectomy (ghich - causes ‘diabetes in mammals). did not
result in diabetes ln a granivotonl bird {pigeon) although

/\n\ a  carnivorous' bird, the vulture, it did. Tmuient

: hy{aerglycemn was in : ized chlck.nl

&
(Giaja, 1912, 'Koppanyi et al., 1926) but a retllrn to hormal

was seen within one week. .20On t'he other hlnd, Miahle . (1968)

has shown that if the duck. pancruatuctow does - res:Zt_ ina "

pefmanent diabetes. More recent raporta U ickens
_.however, have shown -removal of 100% of pancreatic tissue
fails to cause permanent dubneu or to remove insulin from

_the  circulation =~ leading to -the suggestion of a

-




non-pancreatic ‘source of fnsuiin loARis sp'ecie, (colea™ &

Hazelwood, 1976)

Chickens are also >extremely resistant to .diabetes
induced - chemically. by the drugs alloxan or streptozotocint
Even near-lethal doses fail to induce, diabetes or to abolish
"insulin -from the clxrculatlon. | (For. reviews see Langslcw &
Hales, 1971; Hazélwood, 1976; and 'more. recent. work by
Simon & Dubois, 1980; Danby et ali,’ 1982);

; ; ) ’
E it is possibie tnat, the ‘high blood glucose: aod tanring
Levels—of the chicken, act as. agents which protect the bird

_ from chemical dxabetogens. H1qh» taurine evels' have been

shown .to  protect the .islet cells of the mouse pancreas

against str in toxicity ( ja et.al., 1979), and

“high’ glucose levels protect; dgainst alloxan toxicity in rat -

hepatocytes (Rarman & Fischer, 1982).

Scott et.al. (1981) have published a study which shows

that in the rat, exogenously administered uric .acid, which

has structural similarities to the mammalian ~diabetogen

alloran, suppresses insulin levels and ‘caises hypex‘glycenua.
This has interesting implicatlops in the fowl where there
may be' a relation between the naturally high plasma uric
acid levels, the resistance to chemically-induced diabetes,

and the uncertain role of insulin.
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1.1.4 Malic Enzymé And Hepatic Fat Synthesis

Lipogenesis is another area of metabolism where there.
is a pronounced difference bétween 'mammals and birds.
,‘ Whereas -1ipid, Moay.uu';esis occurs in both liver and vadipose .
tissue in mammals, in the f'ov’u' 90% ogeurs in the liver,
adipose tissue -éhevaes pgimaiu} _for storage’ (0'Hea' &
Leveille, 1969). :Furéher it appears 'that redicing ’
équivalents for lipogendsis in chicken liver arise from the
“axibdgtia»n of “malate, ‘as -the oxidation of glucose vid the
Phosphogluconate pathway and cbncomitén:_ generation of NADPH
is | minimal  in’ the ‘chicken . (0'Hea & vLévt;illzei' 19685
Goodridge, 1968; Madappally et ali, 1971)..:The Tactiviey of
lancther NADPH ‘linked enzyme; isocitrate dehydrogenase is

also low in chicken liver (Madappally et al., 1971). .
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i

. 1;2 HORMONAL EFFECTS ON CARBOHYDRATE -METABOLISM

1.2.1 -Insulin »

i Early workers found not only was the fowl resistant to
 dlabetes (see Section 1.1.3), but also resistant to the
extreme hypoglycemia and the convulsive or fatal effects  of

overdoses of mammalian’ insulin (Cassidy et al., 1926;
: g

S, Corkill, 1930; gGolden & Lorig, 1942;. Opdyke, 1942;. Chen et

v

al., 1945;  Lepkovsky et al., 1967:), The resistance to
insulin is a trait shared with several species of - lizards
(Miller . & Wurster, 1956). .- Latér 'studies showed this
"resistance® in the fowl was due partly to a difference in
-the ‘nature of mammalian and Nvisn ‘dnmiiihes  Powl sre

between two-fold and ten-fold more sensitive’ to chicken

insulin than to mammalian insulin-(Hazelwood et al., 1968;
>

Hazelwood. & Barksdale, 1970; Simon et al., 1977). However,

the density .per unit surface area of’ insulin receptors in .

chicken lxver is lbout one f).fth ﬂlat in  rat - liver, v)\ich

may parnal.ly account for the resistance even to avian

insulins exhibited by the fowl (S:Lmon et al., 1977). The
|

teaistanCe of the fowl to 1nsulxn is also conllstenc H:llth
the tecent findings of Cramb et ‘al. . (1982) that porcipé
-ingulin  at physiological doses éai’xed to prevent the
glucagon-stimulated rise. in. cAMP ‘in. isolatéa ° chicken
hepatocytes . Innulln is hwuver, able tD prevent this ziu

in cAMP.in mmnalg (Exton & Park, 1972). Beef insulin is

ul.so,'nnable to counteract in . chickens the elevation of.
$ : o g 2 2

G,




plasma free fatty.acids > resulting from the- injection’ GE
glucagon. (Grande, 1969). It is also ‘interesting to note
LHME aniekel Treltn Bee & Bihetng agfinity for mammalian
, tissues (human lymphocytes and rat liver) twice as high as.

».1977) .

does .porcine insulin (Simon et al

. The foregoing discussion notwithstanding, insulin is -
reported to induce hypoglycemia and-elevated plasma fatty

acids in.the fowl (Heald et al., '1965; Lepkovsky et al.,

.07 7 71967; Hazelwood - €t al., 1968). This effect appears to be L

e

mediated by insulin's effects on the adipocyte where it

causes an increase in glucose uptake, oxidation to carbon

. _dioxide, and incorporation into triglycerides (Gomez-Capilla

&  Langslow, 1977).. However in isolated hepatocytes
physiological levels of -insilin' have..no -effect ' -on

glycogenolysis

- glycogen- o¥nthesis, gluconeogenesis or

lipogenesis '(Cramb et al., 1982).

{ i ” - N & "
A seventy-two hour fast is without effect on the plasma’

insulin ' levels of chickens (Langslcr;l, et al., 1950). 1t has
also been reported that fasted chickens exhibit an impéire‘di
glucose tolerance even though insulin levels (measured with
a mammalian insulin antibody and a chicken insulin standard)
-are unchanged or increased  (Simon & Rosselin; 1978;
Stelfenwerf & 'Hazelwood, 1979). This has led these
investigators t.o' conclude - that insulin Ln,jiiwu ‘ia of
secondary importance in the regulation of glucose

metabolism. However the immediate increase of blood glucose

i

| -
3
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after the "injection of .anti-fiWlin serun 'in tWe duck
(Mirsky" et al., 1964) and. the hypoglycemic effects of
tolbutamide - (which 'stimulates the release of preformed
insulin from islet cells) demonmstrates that insulin does
S ihyra etandi the regulation 6f.glucose levels; at least ‘in

- the duck (Mirsky & Gitelson, 1957)..:. 5 Wi % .

En . s ;

1.2.2° Glucagon' +

S ittacmaturaily somrring glucagon Tevel inthe fowl is
“ten-fold higher ‘than fhe’ physiological 1evél 'in the mammal
(Fister et al., 1983). The metabolic response of the fowl

B fed or fasted mammals an increase of blood glucose brought
_on by exogenously administered. glucagon (which causes a
prompt 'rise .in: blood. glucose, and ‘the stimilation of
glycogenolysis, Picardo - & 'p‘ cksor, ' 1982), " leads to a
transient rise (5-i0 minutes),followed by. a - ‘fall “in free

| fatty acids in the blood (Whitty et al., 1969). In the fowl-

however, glucagon administration results in a marked rise in

plasima . free ‘fatty acids .and the eélevatéd levels are

in response ‘to exogenously administered glucagon (Carlson et

G5 et e s ieeal] T

to glucagon also differs from the mammalian response. .In

sustained for at least two hours (Heald et al., 1965). The

same.is true in the £oWl for plasma glycérol levels elevated '




Y \ s, .
That glucagon is a more important pancreatic hormone
than ;.nsulln in the fowl is suggested by the fact that total i
y |

results in . hypoglycemia rather than :

(Mikami -& ono, 1962; o

‘pancreatectomy
hyperg\lyue_mia' as in most mammals 2
t A 3

itbon, 1967). Samols et al., (1968) have shown in ‘- ducks

that -both plasma glucose and plasma.glucagén are reduced-in

the blc%éd aftler pancreatectomy. .
. . ! o | ¥ oo 3 =
It is also possible in the-fowl to produce a sselective ;
: 4

glucagon deficiency syndrome. 'Treatment with Synthalin A,
2 gl 5 . b
an agenit believed to destroy ‘glucagon  synthesizing cells, |

causes' |intense hypoglycemia and convulsions in the chicken, |

followed by death (Beekman, 1956; Hazelwood,:1971).
. I g s

’ Des“pite these differences; the - mechanism of ‘glucagon/
action :ag‘pears’ ‘to be the sdme in chickens as-‘in mammals.
Glucagoﬁ\at physiological conc_entratia’n‘s is.able to induég
in ' chicken hepatocytes, a rise in' cellular chMP (Langslow-&

v 1982).  This  suggests

siddle, (1979: Cramb et al.
glucagon's mode of action is'via an activation of adenylate

cyclase and the stimalation of glycogenolysis . through the

cAMP-sensitive protein kinase cascade. - X
[ s

2 It dis interesting to note that the lizard (Eumeces
- obsdletus),  andther uricotelic species, becomes hypoglycemic

after pancreatectomy (Miller & Wurstér, 1958).
< 40 =




1.2.3 Adrenaline

In the fowl,  adrenaline has -an’ effect ‘similar to/

glucagon in  increasing blood . sugar -thfough hepatic

qly lyeie and gl is  (Cramb. et al., 1982).
“The hyperglycemic effects of adrenaliné were known more than
seventy-five years ago when it wei - noted adrenaline
administration caused  glycosuria’ (And by implication
hyperglyce..'.ia) (Paton, 1905). To continue the catalogue of
differences ‘between birds and mammals, in the adult fowl,

. unlike mammals, adrenaline does not effect the release -of : -

free fatty acids from adipose-tissue (Carlson et al, 1964;
Langslow-&Hales,.1963), though apparently glucagon does

(sect.. 1.2.2). ° Gow e =

1.2.4 Glucocortiéoids . % Tr

i The major steroid syithesized by adult foul ‘has beén
“shown’. to ba‘co.}:icosterene (Phillips & Chester Jones, 1957:
deRoos, 19607 . Flack' & , Freeman, ~*1983).  The fowl
demonstrates ° tne classic - glucacorticoid response
(nyperglycemia . and  increaged  liver .- glycogen .. &
glucorieogenesis).” when a:oniaag.oi corticosterone is
administered, but unlike the rat (White et al.,'\197‘;\) sai1e’ "
to respond . t6 cortisope (Stamler et al. 1954;\ Greenman &
Zarrow, 1961; Snedecor et.al., 1963: 'nu?;Fxgss). Kochi
et al. (1980). have reported tmat administration of
glucocorticoids to the/fowl induces in liver, the synthesis
' -1 ) :




of ‘a -cytosolic form of - the gluconeogenic enzyme

nolpyruvate xykinase (see Sect. 1.4.3).°

o Egana ec al. (1981) have shown that in addition to the

effects on cubohydraze metabolism at the proeeln uynthesxu

nep, in chickens, in vivo, glucocottlcoidl cause a rapid
‘glycogenolysis which Egana et als (1981) postulate may
involve calciumtion effécts on membranes.
; 2 ! N

‘Plasma levéls of corticosterone in the fowl are “known -

to . vary diurnally and to be dependent. on phetoperied, which
+ " implies that there are diurnal and phae.opugoa dependent
effects on glucose metabolism (Johnson. & van‘_'xfienhoven,
1981; Wilson & Cunningham, 1981).  In this regard, both
Tviest .5 Smith, (1970). and Davison (1975) have &hdwn a-
" aiurnal rhythm for plasma glucose and Hepatic' glycoge
the chicken.

a
- 1.2.5. Stress =

B 5 .
. The €s of short-term 'strean‘ on . glucose
/ ) abolism have been examined by

several inveltxgatwrl.
% Raily workeis noted a profound rise of the plasma g}.ucone in
"excited” blrdu (Honeywell, .1921).  This initial
hyperglycemia may be followed by hypoglycemia ‘30 minutes’

after handling (Freeman & Hanning, 1976). .In addition.to

these effects on blood ,glugoqe, short-term stress (handling)

\ is ‘also known to cause hyperlipidemia and an increase in
¥ |

blood glucocorticoids (Freeman & Manning, 1976,  1980:

K y HEK 4

b LA K e =

i
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Freemn, 1971; Beuving & Vonder, 1978). Food withdrawal is
repcrted to cause hyperlipidemia in.the fowl within one hour
of that stress and after two hours, a hypoglycemia (Fz’eeman
et al.; 1980). ‘A recent rev: Stress in birds hai

published by Siegel (1980),

similar “to" the ‘effects of adrenaline, glucagon and the
glucocorticoids, it is. likely that many Of the effects™ of
stress' in birds are mediated through these hormones. In

this regard, Freeman & Manning ' (1976) have shown that,

e A
lucagon. concentration. increased in fowl - in response to

handling. -

v =13 -




Urate Excretion

T It has been known since the classic .experiments -of 5
:  ieIperine

_and Minkowski (1886), and from

Fourcroy & Vauguelin (181
later work by Davis (1927) that uric acid ‘is the principal
compound for the excretion of mr.rogenous vastb'-rths arine
Of the fowl. The First reliable - determinatlon of the
concentration of uric acid in blood however, had to wait
until YHe introduction of a néw method by Folin. & Denis
(1913) who reported levels . in chicken blood . more thz;n &
tenfold those in mammals. Benedict (1915) and Pupilli
(1923) later showed oilE, ol wishcontaindd only in the

plasma compartment of the fowl; whereas in the ox, the uric

' acid was solely 'in the corpuscles (Benedict, 1915).

Austic & Cole (1972) reported plasma draté- in fed
e T

chickens varied directly with the protein content of  the o

diet. In the early’stages of%a fast, plasms; Jeyels “of urate

in the ‘adult fwl remain consf.ant blﬂ: beg1n tO rise after
thres to four dyw of starvation, presumably dus to an

increase in protein catabolism (Henry et al., 1934; . Okumura

& Tasaki, 1969; . Homma & Sato, 1960). One early - study

i .
however;: (Bell et .al., 1959) - reported a decrease in the.

" plasma level of urate upon a-short period of fasting (36

hours). In another study, there 'was. no significant

difference between the plasma urate lévels of 1.2 kg broiler

~14.=
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: broiler and layer i:r?ds of chickens. : : . '

being made by the kidney (Chiy & Quebbeman, 1978).  Chou

N [ I3
.Chicks fasted for 1, 4 or 8 days, adthough ‘the comparison to

the fed level of urate was not made' (Brady et al., 1978).
S

There was also no significant effect of fasting on plasma

urate levels of White Mountain broiler cmcks fasted between

1 wEd § days. Some of the dlfferences reported above may :

result from a -difference in the metabolic . responses  of

Urate excretlon by the kmneys occurs primarily ‘as' a
reaun of ‘tubular secretion.  This accounts  for.

, . o . E
appro)pmately 90% of the urate excreted (Shannon, 1938). !

Renal excretion of urate depends upon both the concentration
of urate in plasma (Sykes, 1971) and on renal plasma flow
(Martindale, 1p69), which in turp is dependent on the action Y

of the renal pogtal system in shunting blood through, or in

i . ; : .
bypassing the kidney (See Akester, 1971 and Sect 1.5:2.1). <,
N 33

fmias i

\Urute can comprise more than 80% and ammni'a; 7% of the
nitrogen excreted in  the urine of fed” c'hickens, though in .~
the fasted state urate ccmposltion dx‘ops to 60% and ammnnia

riaes to .23% of the nitrogenous waste in the uripe (Sykes,

SYSHEE R SN v

1971). ‘In’ the well-fed fowl .the bulk (80%) of the urate
produced s, is 'synthesized' in the liver, with the remainder | 5
(1972) has suggested, . based on concentrakxops ? of urate
precirsors, that the kidneys of the-fowl produce from 60% to
96% of the amount Of urate produced by the liver of fed .

9
cockerels or 1.75 to 2.7 times as much' urate per g{am of
=15




tissue  as does liver. Urate synthesis is reduced (Chin &

Quebbemari, 1978) or absent (Hartindaie, 1976) in’ the renal

tissue of the starved fowl. As urate excretion in ‘a fasted
chicken is increasea’, this ifplies that the amount of

urate synthesized in the liver is increased. SR
S Rk : A

Uricogenesis is an energy intensive . process in the

cell; six  to nine high enérgy ATP phosphate’ bonds must be

L ‘. hydrolysed for each urate,produced (Barratt ets al. ‘1974

perfused chick liver or in chicken hepatocytes may 1nh1b1t
gluconeogenesis up to 1008, which Deaciuc et al. (1982)
postulate could be due to competition for common  substrates
and possibly for .ATP, though they discount the latter
possibility. Mapes & Krebs (1978), have répofted  that
amionia _deioxigication‘ _takes ' precedence’ over ' glucose
e g : ayx-;thesii‘in chicken 1ivér. It is-the view of these latter
- & “authors that  uricogenesis, .and gluconeogenesis may - be
antag‘onistic.-émcesses in chicken liver:: ilowever Coolbear
et al., (1931) have suggested that uricogenesls may supply

i " cytosolic reducing equivalents for gluccneogenesi.s from

#.08 muratued Erom the increase ip hepatic xanq\xne dehydrogenase

T . actxvxty lft_et a  fast (Wiggins et al., 1982; ' Coolbear et

1981), and the findings of Chin & Quebbeman (1978) of
+ urate excreticns of 616 and #52 micrograms/nin/kg in fed and

18- hoqr -fasted 'adult 'hens, reupectlvely. . s *
16

Mapes & Krebs, ’157'5) n fact Titttation of urlccqenesia in




| amino acids. i

L his' basn £ouid EHaE indulin st be. lieluded in’ He
medium in order to stimulate-uricogenesis from amino,acids

, in both perfused chick ll::vex (‘Barratt et al.,1974) and- in
_isolated chicken hepatocyte preparations (Badendcti-Tones &
»BQctezx,_lsjs). As ﬁ;ntiqnea in’ Section 0 1.2.1, however,
" insilin has no effect on .glycogenolysis, glycogen synthesis, -
s or gluconeogenesis in isolated chicken hepatocytes (Cramb'et
- ‘al., 1082). - - J s
- ".'1.3.2 Xnihine Dehydrogemase’ ARd - Cytosolic’ Reducing

“ 7 ; Equiv;lénm, N -

( ‘The ultimate enzgme in the synthetic' pathvay . for : urie
. acid in ‘the fowl.is xanttgi;\e dehydrogenase, an NAD'-linked

- dehydrogenase (Richert & Westerfz}a.' 1951).°  The chicken'

Liver enzyme was first characterized by Remy et al. (1955).

%+ " The purification and properties. of the enzyme were further

. described by Rajagopalan & ' Handler (1967). Fasting was

) Found to caugejan increase in hepatic loveld of the snsyme

st up to’ fourfold (Della Corte & Stirpe, 1967; Stirpe & Della

B % Corte, 19657 'Scholz & Featherston, 1968; Coolbear et al.,

L 1981; Wiggins et al.; 1982). Feedinga high protéin diét

; canjcausé increases in hepatic activity wp to thirteenfold

/(Westerfeld et al., 192; Itoh & Tsushima, 1974; Schole &

Featferston, "1969;. Wiggine et al.; 1982). The influence of

strain was examined as well: fasting had no effect on

= a7eE
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white . fleghorn. layers, while.in

(i E %
< e
xanthine dehydrogenase levels in the liver of a strain of

broiler strain, -a

. significant reduction in xanthine” dehydrogemase was seen
(Scholz,"1970). This latter observation may sxplain in part
the difference between broiler- and ldyer strains in the

effects of fasting on'plasma urate (Sect 1.3.1)

.. In chicks fed high:protein diets, a - correlation vas

ndted” between xanthine dehydrogenase activity ‘and urite .

synthesis in the liver (Featherston & Scholz; 1968; Hevie &
" Clitford, '1978; * Wigins et ali, 1982). ‘Tne adaptat Lohiof
this énzyme in responss to fasting and 'feediing high protein
diets has led some xnveacigstcxs +0 suggest that xanthine
dehydrogenase; a.cytosslic’ enzyme in chicken liver, may
oUiNs ihossily et equivalents for gluconeogenesis
vin» e Fiver., owIn Hothy circumstances '§1u'coneogenesia is
presimed o bialactive i the fowl's. Liver: - Sone of thé NADH
‘necessary for ‘e cytosolic : ° reduction of
1,3-2iphosphoglycerate in the synthesis of glucose may arise -
£ron xanthine and hypoxantline oxidation (Coolbear et ' al.,
PEL T Tee ;

Xanthine de};ydrogenase is  found in both liver .and
Kidney in he fowl, although the pideon lacks santhine
dehyirogemse activity in the Liver (Morgan, 1926).  This
later fortuitous clircumstance allowed Edson & al. (193)
to 1de;1tify hypoxanthine as an. intermediate in the synthetic

pathvay ‘for- ‘uric acid, In‘the pigeon.only the steps up to."
2 - 18 -~ =
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hypoxanthine .synthesisroccur in the liver, while the final
oxidations. to uric acid take.place in the kidney. This
would imply that in the pigeon reducing equivalents for

gluconeagenesis could not . be produced by the oxidation of

hygpexanthine £o urate in the liver 'cytoplasm.

1.4 REGULATORY ENZYMES IN GLUCOSE METABOLISH

1.4.1 Hexckinase And l}lucuse-s—phosp'hatase

R éoug {scenzymes' of hexckinase have been characterizéd
in fat liver which catalyse the prosphorylation of glucose. '
Three ‘Of the. isozymes have a low kn for glucose “and a fairly
broid speclEicity Eora varisty of hiexose sugars . These are *
hexokinases. The fourth isozyme is, designated SludoKtiase
and 'is specific fof glucose with a high Rm for that sigar = |

(Gonzalez et al., 1967; Parry & Walker, 1966).

In many species glucokinase is regulated by = diet,
starvation or hormoral . changes . (s‘ee review by Weinhouse, -

1976). ‘Inmost avian livers however, . glucokinase ~has. not

been found (Sols et ali, 1964: \Ureta et al., 1972, 1973)
. \ :
Reports of a 'glucokinase-like' activity in chicken. liver

have Deen published: (Wallace % Newsholme, 1367; Pearce, !

1970) but nore recent stGdies by 0'Niell & Langslow (1976, 2

1978) 'reported no glucokinase ‘activity in chicken 1liver;

only hexokinase activity, distributed evenly between
o= 19 - .




particulate and soluble Frivticns of the ceili® another
recent - paper by Wals” & Katz -(1981) has ‘reported a
glucokinase activity ass‘ociatéd with the ee‘u membrane but
this observation could .ot be confirmed (G.R. Herzberg,

unpublished observationde '
-

O'Niell & 'Langslow (1978) report ~a, ‘small = but

'significant drop in hepatic hexckifiasé in the chicken and a
doubling of glucose-6-phosphatase caused by fasting.  These

authors conclude glucose flux into and out of chicken liver

' .cells-is regulatéd by the -activity of glucose-6~phosphitase
“and the provision' of glucose-6-phosphate. The amount of
. > o i

'glucose-6-phosphatase present in ghisken Liver is highest at

hatching bit declines rapidly during the first.two months of

1ife until at 8 weeks of age, liver activity is only a third

Of ‘the activity present .per gram of liver in the chick '

(Raheja et al., 1971).

~ B ¥ N o
4 It appears that in rats hexckinase is ax\ ambiquitous

enzyne. The enzyme .may be present in elr_‘her +the soluble

-fraction of ‘the call or bound to'the mitnchondrial membrane,

the latter. form poaeessmg the most eatalytic acv..\.vity. The

nmcunt. of hexoklnase bound to the membzane is increased by

high polyamine or Mignesium Lon. (z*) mnganmuen., and

decreased’ by high gl
(Kurokawa et al., 1983).




" £ructos.

1.4.2° actokinase And 1, 6-bi hatase

Phosphofructokinase, Which catalyses .  the

phosphorylation of fructose—6-phosphate using ATP as the

phosphoryl donor, is another enzyme considered important in

the regulation of gluconeogenssis. As with many other '

enzymes, phosphofructokinase'is known to exist as .a number

| of different. isozymes, at least two.and perhaps four in some

animals. An excellent review of this topic has recently

. beern published (Dunaway, 1983) . In “the . chicken, the -

two major isozynes are those present in the liver and muscle
(Kono et al., 1973). The ‘actiVvity of chicken . liver

phosphofructokinase - is .very 1ow and that of

-1,6-bisphosphatase which catalyses the hydrolysis
OFf . fructose-1,6-bisphosphate, - fairly ~high (Wallace = &
Newsholme, . 1967) . Chicken phosphofructokinase is

inactivated - by 'glucagon -and epinephriné,’ while insulin

alleviates the inhibition'by glucagon (Fister et al., 1982,

,1983). Chicken  fructose-l, 6-bisphosphatase ~ is also
inhjbited by low molecular weight metabolites including AMP
and fructose-1,6-bisphosphate, its -substrate (Wallace &
Newsholme, 1967)." :

Fister &t al. . (1983) have recently demonstrated a

decreéase’ in - phosphofructokinase activity in extracts of

heépatocytes exposed to glucagon. They have denonstrated

this decrease vas independent of fructose-2;6-bisphosphate,

a potent regulator of phosphofructokinase in mammals (Pilkis
3 ; - 21~




et 'al., .1981;° Van Schaftingen et al., 1980; Furuya, &
Uyeda, 1980). In contrast Chaekal et al.; 1983, SSpeEtian
inhibitien of fructdse:], 6-bisphosphatase and stimilation of
phqaphqfrucéokinase by  £ructose-2,6-bisphospiate  in
chickens.  They showed that, -compafed to hepatocytes from
fasted rats, in Nepatocytes from Fasted chickéna a lower
- congentration of exogenous glucose was required to prc;dlice a

rise in frictose-2,6-bisphosphate. It a(so appears £ron-the"

£ . 'work of . Chaekal et al. (1983) “that the chicken
okinase and +6-bi
are: ‘sensitive = .to  Lower concentrations  of

fructose-2, 6-bisphosphate than .are-the rat.-enzymes.

-2
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1.4:3 Pyruvate ° Kinase, hoenolpyruvate Carborykinase

And Pyruvate Carboxy lase

As with hexokinase, pyruvate kirdse exists as a nizmber
of isoenzymes. . In the ' mammal three isozymes are

distinquished by kinetic, electrophoretic and immunological

techniques: Type L,  the mjor hepatic form; Type K (or.

42), he major foetal férm; and type . M, the predominant,

form in muscle and - brairt (Seubert & Schoper, 1971)." The
activity of the 'L type, but not.the K or M type isozyme * can
be altered ®y the diet in the rat (Sandoval's Carbonell,

1973 ). 'Compared to a mammal; ‘levels of pyruwate kinase

actiwvity in the liver of a £owl are' low (Wallace &
- -~

" Newsholne; 1957) and are not sibject to dletaty bodd et

(pearce, 19717 1980). Several authors have - reported

finding only the K fype and ot . the 'L type isozye in

chicken .1iver (Strandholm et al., 1975: Schloém et &1,

19747 Cardemss et al'., 1975). More fecent reports hovever,
have . demomstrated very tonvincingly, the presence of Both
type L and type K in theliver of chickens in the ratio 14
(Eigenbmdt & schoner, 1977) -

€
lesphqenolpyruvate carboxy}u.‘nase (PBPCK) is another

key enzyme in t-_\\e regulation of, gluconeoqenesia (soung et

ali, 1976). ' Its intracellnlar distribution - varies:

considerably among different, speécies of animals. ', In the

livers of rats and mice, PEPCK is flocated primarily in the

_ extramitochondrial fraction (Nordl o Lazdy, 1963). In the
; i ) )

o
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livers of guinea pig (Nordlie &’ Lardy, 1963, rapbit
(Johnson et al., 1970), sheép (Taylor et.al., 1971), cow
(Heitzmn et all, 1972) and human - (Diesterhaft et al:
1971), the' enzyme is fc;und in both the mitochondrial and
cytosalie compartments. In avian . species - there - are
canfliccing‘\repor;s as to .the subcellular distribution of
the heptic .enzyme. In'the adult ¢hicken, - the enzyme is

reported to be emuely mitochohdrial (cniao, . 19767 Deaciuc

etal., 1983 Bamnister & O'flell, }93}) and . apparéntly”

"uichanged by & ‘fask (cevers, |1967; Watford et al., 1981;

_ Bannister & Cleland, 1978; Brady; et al., 1978; ‘soling et

-al.) 1873) . purcheﬁ Hod et al (1932,1993) ‘report that no

measenqer —RENA coding fcr :h«_»cmcken kmney cytusollc pzpcx‘

o8 “be detectéd in® dhicken J.J.Ver. ¥ other mvesugatou

. up Ec so% of the tntal (Jo el‘al” 1974a, 1974b; . Kochi ‘et
al.; 1980; Shen & Mistry, 1979; - Felicioli et al. ' 1967;
mguozm et a1‘l,"'1973) Inaddition there are reports of

changes,in t_he ammmt and aubceuular diatribution of PEPCK

— during - aevelopmem. (Feuqion et al., 1967; veng et al,,

19733 ), a8+ a result of £nting (Veiga et als,, 1973) as . a

result “of glucocorticoid treatment {Koeh, ét aL, wso-‘ 39

et al., 974a) or as a re:ponse to the.seagon Jf the year

i (30 et al. , 197“’): (Nore of the investigators who report._ed

signi ficant amounts Of cytosolic PEPCK 'in: the chicKen -

carried| out investigations on. subcellular . distribation

employing subcellular -markers. to control  for contamination .
4 ; B o

however report slqnl.f:l.cant amum-_s of a cytosohc enzyme: *

BRSPS g
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e T MRS by other cellular fractions.)/ &
o (5 -

T 2 A possible éxplanation o reconcile the conflicting
findings of ‘' these investigdtors is in the report of Tinker
et al. (1983a) who found-tiat the cytusoﬁ‘c‘ activity of

= _PEPCK decreased with age fr/bmithe time of hatching, until in. . d

3 A e
the adult, no .soluble acti/rity was present. Tinker et al.

(1983a). further reported that lcytosolic levels of PERCK °

“activity in Jjuvenile chickens. were sensitive ‘to ~ the

v 3 photoperiod. - .Both. the/total and cytosolic activitiés were

higher in birds raised dnder 24 hour 'daylengths than: under -

12 hour daylengths. /3 x b

frhe knowLedge of whether PEPCK is _cytosolic  ér

mitochondrial is 1mp[tant in considering factors affecting
the regulation .of metiabolism, especially whether it is the
Teduced malate or the oxidized bhosphoenolpyruvate which is i

trarislocated  from/ ' the mitochondria or cytoplasmic

glucor fesis (Sée di ion in secticn 4.1).
: PEPCK has bedn reported in the nuclear fraction of
species other thaf] chickens. (Garthoff et al., 1972; Swiatek
et al?, 1970; NZrdue and lardy; 1963; Ballard and Hanson,

1967; Nagano /t al.,. 1973). It was not shown, however,

[ © that the nuclear activity was not due to contaminmation by :
: i .
mitochondria or ‘oytosol. Using marker enzymes to control

e for:contamination by othef fractions, Tinker et al. (1983a,

1983b) have reported that chicken liver PEPCK 'is distributed
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in both.the mitochondrial and in ‘the nuclear fraction.

Although pyruvate carboxylase, which is located in the
* mitochondria, fs often considered to be important in the
regulation ,Df gluconeogenesis, it does ' not seem to be L
limiting enzyme in glucose synthesis in the fowl except
during biotin deficiency (Arinze & Mistry, 1970) and in
birds afflicted, with the fatty liver.and Xidney . syndrome

(Bannister, 1976). .

In the rat liver pyruvate carboxylase is k"ncwn'_ O T
weintkive’ €6 several, 1o% BOlscular weight intenedlatos: sucki.,
as acetyl Coh, ATP,'glutamate, pyruvate and divalent c'ucium_
ions (See references in CHisholm et al., 1983). e’ chicken

liver enzyme is ‘also activated by acetyl CoA A(uzt‘e}. & Fung,
1971),  though' unlike, the rat and human, liver, the chicken
© 1ivet ‘enzyme is.entirely without activity in the absence of
acétyl Com. As in rats, pyruvate carboxylase:of the chicken
is also inhibited by ADP . (Keech & Utter, 1963).
- Additionally, while ea_sgng increases the.activity of the
enzyme in the.liver of several species, the increase in the

avian liver (pigeon) is less proncunced than in rats (Soling

& Kleineke, 1976).: . o




1.5 ANATOMICAL DIFFERENCES BETWEEN BIRDS AND - MAMMALS
" - RELEVANT TO GLUCOSE METABOLISM 4 to .
W

1.5.1 Respiration . . .

.

One of the major differences between a bird and é
mammal is the way the bldod is oxygenated (See review by
King & Nolony, 1971). _Avian a{;ecie’a' lack a diaéhraqm.. so
.inhalation _and . exhalation' forces are provided by rib cage

motions.. Opening the abdominal cuvity of any bird therefore

" renders it ‘unable to breathe because it cannot” raise or

% “.
lower intra—abdominal pressufes.’ Additionally, in order to

eichange blood gases, the Dird uses a complex system of
airsacs . to circulate ‘air unidirectionally through
parabronchi whereas mammais. use'muscular diaphzagm movenments

to inflate and deflate alveclx.

: 1.5.2 circulation

The arrangerient of ‘the- cxrculathy system is alsoquite’
different | £ron ~the mammalian model (See.review by Akester,
1971). The major points of difference’are described in the
following  sections. ‘Figure 1 - illustrates, the major

abdomlnal vessels in a domestic fowl.

/




V. hepatica dextra

V. hepatic sinistra

V. cava caudalis

* V.-portalis hepatica dextra
. V. portalis hepatica sinistra

'V, diodeno jejunalis

V. mesentérica cranialis

v a caudalis

Sinus venosus vertebTalls interius ~
V. cwva cadalis . ¢ ¥

V. portalis renalis cranalis
V. iliaca communis® ol
‘Valva portalis renalis ° -
V. ilidca xterna

V.’ renalis caudalis,
V. portalis renalls cauislis
Aorta . ;

¢ .

A. & V. idchiadicy,

V. mesenterica caudalds




+’‘external .iliac ‘vein (

. * = ? . 5 h
1.5.2.1 Renal Flow g ’
) ) e A
It was i i the ni century _ and

confirmed by. later investigations of Spanner (1924) and

, Sperber (194B) thatthe chicken has'a renal portal -system

“ and. a renal - portal valve in nach common iliac vein (V.

iliaca communis). Renal portal blood flow through -the

" kidneyé can be complicated pecause of this ux‘rangemenc. SIn

effsct, blaod entering the’ renal portal system from the

routes: 1) perfasion of the' remil' ti .ua‘ via the ‘renal
portal system; . 2)a bypass' of the renal tissie by £lowing,
through the renal port£1 valve into the caudal vena cava (V.

cava caudalis); 3) a bypass of the remal tissue by flowing

liaca ‘externa) has four potential:

through the caudal renal portal Vein (V. portalis’ renalis ~

caudalis) to the coccygeomesenteric vein (V. mesenterica

—caudalis) and through this vein to the right hepatic portal

vein (V. portalis hepatica dextra) ard liver; 4) a bypass

of the kidney via the cranial renal portal .vein gv.

portalis renalis cranialis) to the vertebral vénous sinty (

Sinus , venosus vertebralis internus) and thanca to t_he

jugular vein (V. Jjugularis). (See 'Figura 1). These four
alternatives may be a function of the!  atate o7 Fhm .renal
poital valves (opan/cl.pned). The function cfv ‘the v’alve--h
under nervous. contkol, but the regulation is. not - yet

understood (Burrows et al., 1983). ‘It is not certain how
o 2 - - 29 - . ?




the renal portal valve affects blood flow, as .blood - enters
the renal-portal system even if the valve is open (Akester, -

1971;- " Sturkie et al., 1978) T

1:5.2.2: Hepati¢ Flow . : g - =

Blood’flow through the 1liver is 'also complex. ' The
liver is fed by two pértal veins and two hepatic arteries.

~ The right. portal- vein is the larger -'yessel and receives

blood from the  large intestinal, veins before entering the.

-liver. ‘The regulation of hepatic portal blood flow ‘is not

well understood. 'Blood in the right hepatic porta) vein,
flowing into the-liver from the gut, may be augmented by

blood - leaving the ' kidney  or . hindquarters via. the

E i v s ic vein (Akester, 1971, Sturkie & Abati,

1975, sturkie et’al., 1977)¢
v . 1.5.3 Red Blood Célls:

Erythrocytes of the chicken, as of nearly all
non-mammalian vertebrstes are nucleated. THe intact re
blood cells of chickens contain no glucose, and chéy do .nij
consume qluc;se (Shields et al., »1964) even though the cells

« " possess all of the glycolytic enzymes (Rosa et, al., 1983).,
Apparentx'y red ‘cells derive their metabolic energy exon
‘fatty acids Vi BetACSRdRE LG AAY the tricarboxyaic‘L acid

LY " cyele (mely, 1571). simons (1983) - has démonstrated the

pregence of a sugar ‘transport eyaten: fior ithe ”upcakel of
glucose , in p‘»xgéoﬁ gryth;gcytea, it noted T Eumeblons ot




only one oné-thousandth of ‘the rate of the human ‘red -cell

sugar transporter. o

" The red cells contain no 2,3-aiphosphoglycerate and

instead inositol pentaphosphate -fulfills 2,3-diphospho-

* glycerate!s role as the molecule regulating oxygen binding

to hemoglobin (Benesch & Benesch, 1967).

. It has also been  noted, that compared to .mammals,

chickens “have a higher concentration of leucocytes, & lower

concentration of erythrocytes in ‘their -blood and  the

lerythrocytes . of, chickens are.very large. _The avian
hematocrit is approximately 30%_ih females (and in chicks)
and ranges from 38% to 45% in adult cocks.(Hayden & Fish,
1928; Newell & shaffner, 1350; Bond & Gilbert, 1958; Wels
et al., 1967). i g & 0 '

Is



1.6 METHODS USED TO STUDY GLUCONEOGENESIS IN -THE FOWL
1.6’1 Studies In Vivo
©1.6.1.1 Fasting

Early woxk;rl .attempting to understand glucose
mgtabolium in chickens did so through in vivo studies.
Gluccue was measured in the urine . of depuncreat_ized birds
(angendorff, 1879), of -birds dosed with: adranaune (Paton,
1905), !nd in® blood (Bie:xy & Fandard, 1912; Giaja, _1912).
thvestlsatota; becaie aterestad SKEly 1h, Wl sentiny T 60a

nature of the glucose precursors. In 1911, Mostowski

published a study showing a decrease in hepatic glycogen of °
. fowl after a four ‘day’ fast and provided evidence that,

dihydroxyacetone (force-fed). was a precursor of hepatic

glycogen, as indicated by a rise in hepatic glycogen after

-
“the treatment.

“In addition to the early work concerned with glucose
and - glycogen, investigators have since examined the effects
of fasting on blood amino acids and other metabolites as
well as glucose in an effort to come to a more complete
understanding of glucose metabelliar;\ in the domestic ” fowl.
In general, investigators who have ekamined blood have
reported little S5 mo Ghangs dn e plasma . glucose
concentration, a drop in the plasma concentration of most
glucogenic and essential amino acids, and a rise in plasma

threonine (Sée Zimmerman & Scott, 1967 . Swenson, 19707
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-Boomgaardt & McDonald,’1969; Hill & Olsen, 1963; Murray &

Rosenherg, 1953; Belo et al., 1976a; . Brady et al:,-1978).

The effects of fasting on metabolite levels in tissues

were examined in  the ' early 1930's and 1940's but major
experimental drawbacks make it advisable.to be careful in
arawing conclusions from these studies. Early investigators
(corkill, 1930; 'Silvette & ari'ttcn, 19347 . Henry. et 'al.,

1934; ‘Emslie & Henry, 1933; Golden & Long, 19427 Murray &
Rosenberg, 1953) determined ‘hepatic = glyéogen simpl'y by
sactiffcing  the’ animal . and exéising liver tissue for
analysis. Hepatic glyccgen levels in such bikds in the fed
atate were found - 'to .vary from 0.6 to 6%, while.in fasted
birds the values ranged from 0 to 0:43. ‘While these 'levels

are not too dlfferenc from measurementa made Wlth current

techniques, .doubt should ~Be ' cast . on. ‘any " reported

measurements of .lactate, of the phospl gars because the
levels of intermediary metabolites change very rapidly after
the onset of ischemia in liver :(Hems & Brosnan, 1970).
Introduction of ,"f’z}aeza-clan‘rping" (Wollenberger . et ' al.,
1960) to - cool tissues +to'
Fapidly agd-stop metabolism, when 'applied to the “domestic
fowl, rbsilied in data more representative of the. situation
in viv and the changes induced by fasting’ (Allred,. 1969;
Nekatani & Gotoh, 1961;  Simdn & Blum, 1972; Rinaudo et
al., 1976; Brady et al., 1978; Wittman . & Weiss, 198171
Bannister - & Cleland, 1977; dita Davhralac been obtained :
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‘Kaminsky et al., 1982).

from'quail ,  Didjer et al., 1981, 1983; 'and pigeon,

1.6.1.2 Precursors For Glucose Synthesis N

Emslie and Henry (1933) expanded the 'fomz-sgeu?q

experiments: of Mostowski. (1911) and determined hepatig

glycogen formation from a variety of substrates force-fed to

fasted chickens. They féund glucose dnd dihydroxyacetone

) 5 4
were the best s with less glycogen formation 'from

alanine, glycerol -and lactate.. Pyruvate was ineffective in '

elevating hepatic glycogen. ’

Two more recent exgeriments involving: intraperitoneal

injections of substrates into fasted chickens were carried
out by Sarkar (1971) and by pavison & Langslow (1975) who
found - similar results - “glycerol, malate or lactate were

effective in elevating blood glucose, while pyruvate and a

_variety of aminé acids weré less so.

‘Considerable research has also been carried out on. the
effect: of feeding - mon-carbohydrate diets, especially
high-fat alets, .on blood metabolites and qrowth. It has
been ‘found ‘that fat plue protein can completely replace

carbohydrate in the diet of chickens without any ill effects

‘or decrease- in plagma glucose. Howéver when protein plus

fatty acide are used instead of protein and triglycerides,’

birds display effects similar to those exhibited by fasting

animals (poor growth, elevated levels of blood lysine &
: : - 34 - A




ghzaoniﬁ;, “and, nypc§1ycema} (See Zimmerman & Scott, 1967
- Brambila & Hiwl, 1966, 1967; Allred, 1969; Hill & olsen,
196,5!: Evans & Scholz, 1971; Renner & Elcombe, 1964, 1967).
These findings ‘can be interpreted to mean the  chicken can
prodice all. thé glucose it needs by a high level of
_gluconeogenesis fromjcombination of the glycerol in fat and
the amino acids in protein, although gluconeogenesis from

amino acids in the absence of 'glycerol  is impaired. - The

stoichiometry of gl s from gly is such that '

an NADH s produced for each glycérol molecule converted to )
glucose. . This NADH . could be used 1n the prodiiction of
i glucose' £rom pyruvate and therefore from the ool Rtng
'acids.who'se transformation into ,g’l'u-:o_.a ia via pyruvate or PEP.

1.6.1.3 Glucose Turnover

A high level.of gluconeogenesis in chickens has ‘been
shown by studies of glucose turnover in fed or fasted
chi.l:kel:m. Glucose turnover is higher ‘in chi.c);ansv. (15-20
mg/min/kg) than in mammals (7-12 mg/min/kg). There is also.
a higher rate of Cori cycle (Cori & Cori, 1929) recycling of
glucose (C’_’lickanu - 30-60%, Belo et al., 1976a; Brady et
al., 1978; - Riesenfeld et al., 1981; Veiga et al., —1982;
Rats - 14%, Katz et al., 1974;. Ponies - 15". Anwer et al., ’
1976; Dogs - 143, Belo ek al., 1976b), Glucose turnover in

"the .chicken 1is decreased by a fast (Annigon et al., 1966;

 Riesenfeld .£_.1., ’1991;_\ Brady et al., 1977), to
approximately the same gxtent as in mammals (Katz et a_i..

3
.
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1;6.2 Studies In Vitro ey

During the 1930's,/ Dyer & Rde  (1933) 4nd Heller® &

b v_P\lr!all (1937) published tepottl on the const}.tnentl in the

.blood of t‘he fcwl. And Krebs & ' Henseleit - (1932) published

.their classic paper on ' the preparation of physiological’

'media. This provided investigators, with the. information

needed to prepare artificial. incubation media and \pm the
grmlndwoxk for another phaue “of study, namely 1n ‘vit; E

axp«rlmentu. M e

The 1eve1l at which metabolism may ‘be.studied are, ~in

descending” Grder of complexity: . 1. the whole animal; 2.

aperﬁused :iunu; ‘3. ‘organ slicés; 4. isolated c-us‘

5. a - tissue homogenate or fraction; .and 6. !imolated,

enzymes in solution.. -The flrst level as it pertains to the.
study . of glucose metabolism in . chickens was reviewed in

“'Section 1.6.1; and the sixth 1level, for the enzymes

considered regulatory in gluconeogenesis, was discussed in

Section 1.4. - 1In this section, (1.6.2), the remaining ..

subjects will be discussed.

-37




1.6.2.2 Organ Slices

1.6.2.1 Perfused Tissues
c . . . ; 5 e
The first level . of organization. beneath the ‘intact
orqa;nism useful for metabolic studies is often considered to
{ . N § g . )
be the perfused“tissue. Experimenters wusing ' the perfused ,
avian  liver to study gluconeogenesis report results similar

to the in vivo studies, i.e. low rates of gluconeogenesis

vfrmJn pyruvate “and amino acids while lactate, glycerol and

fructose are more effective as glucose precursors (Deaciuc, &
Ilonca, 198l; Sugano et al., 1982; -Deaciud et al., 1982;

Soling, '1974). Perfused chicken liver has also-beén used .in

the study of uricogenesis (Deaciuc et a 1982; Barratt et

al.,:1974.)

Perfused chicken breast'and wing musclés have also been

successfully employed in the study of protein degradation

" using 3-methylhistidine release as an indicator (Hillgartner

et al., 1981)

5 = S -
. The ~use of organ slices  to study metabolism was

pioneered by Warbirg in. a series of papers in the 1920's

(see, for example, Warbiirg, 1923)

Both liver and kidney slices have been used to éxamine
metabolism in birds.. The liver slice has not proved a
useful tool for studying gluconeogenesis as rates of glucose.

synthesis are lower than in vivo (Krebs, 1964), presumably
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" investigatiol

as a ;re-sult oF extensive tissue damaes Nevertheless, liver
slices have been = used by investigators to examine
gluconeogenesis in birds, especially in ‘comparative work
(veiga _&.ai., 197-3; Migliorini et al., 19737 Bannister &

Cleland, 1977). Liver slices = have been used for

into hepatic urea synthesis (which is very
low in birds, Lemonde, 1959_) and chicken. fatty .liver un;i

kidney syndrome (Bannister & Cleland, 1977).

Slices of ‘kidney cortex, which apparently suffer leass

tissue damage than liver slices during preparation, have .

been used ‘with . greater success in the. " study . of

gluconeogenesis.  Various investigators have found kidney

cortex slices to have a 'very active gluconeogenesis  from

most - amino acids, pyruvate. and lactate (Krebs & Yoshida,

1963). Isolated kidney tubules, prepared by digesting

kidney slices with collagenase, . have .proved - a'- useful
research tool, and have been used effectively in studies on
gluconeogenesis with resilts similar ‘to the kidney slice

£inding;

(Wittman & Welss, 1981; Watford et al., 1981).




1.6.2.3 1sofaf.ed{eus

In studying avian hepatic glucose metabollem for
short-term experiments, the  isolated hepatocyte has been
dsed most often in the last decade or so. This means of
studying metabolion has allowed investigators to obtain mach
more data in a shorter time than in vive or in perfused

organ studies due to the £Rirly great number of hepatocytes

* that ‘can be _Dbtained from one animal. The method was

refined. for rats by Berry & Friend (1969). Modifications of

theé original method have been developed. for the chicken

(Mapes & Krebs, 1978),  and methods td  determine ‘the .

viability of cells have aldo been established (Anderson et

“al., 1976). ; 3 °

Hépatocytes have been used by a number of authors .to .

study gl is in' .chickens ‘(Deaciuc et al:, 19827

Langslow, 1978; Ogata et al., 1982; Ochs § Harris, 1978,

1980; Bannister & O'Niell, 1981; Dickson & Langslow, 1977,.
1978; Brady et al., 1979; -Dickson et al., 1978{ Mapes - &
Krebs, 1978; Dickson, 1983)’. The - results obtained are
siniler to those found for the perfused liver. (ses it
complete diecusuon in sect 2. 4 3)

y $ -~ 40 -
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1.6.2.4 Tissue Homogenates

" ‘The  homogenate technique has been used to study

‘chemical reactions in disrupted- cells. 'Eol:a; of the ‘ballullx

organelles (nuclei, mitochondria) are.utxll intact in- a B

%
o * - properly prepared ‘homogenate, ulthough the - cndoplunic, .
i 3 ;

reticulum is disrupted (Potter 1972).

s Krebs et al., (1964) used a liver homogenate to examiné .

gluconeogenesis . from lactate in pigeon . wnne liqnifilant

rates. of :glucose were formed-"in the pigeon’ Liver ho-ogcuta; ]
sis  from

. in a chicken' liver ho glucole

lactate was inaxgnxﬂcmi. The technique hal net found wide
‘use in avian metabolic studies. )
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. than any other amino’ac:

1.7 PROBLEM OF INVESTIGATION o

Much is known about glucose metabolism in the’ chicken
and fmch is not. Altheugh general textbooks of bio‘c‘hemist;y
often make sweeping statements about g1ucose:meta'bouam, .and
its vregulatiu’n, most of the conclusiong‘ha'vé been ba;ed. on
‘research in' mammals, .especially: Rattus rattus and §gn_|x_>
‘apiens. Such geneéaliz}tiana are not true in all cases for
S mammils. The, ' humber - of - exceptions ' to- these

generalizations ~increases when other classes of vertebrates

. are examined. - ., e

.One of the general rules concerns gluconeogenesis from
amino acids in a faéting animal. ‘The belief is*that protein

breakdown and metaboli¢ processes in muscle result in the

_release of. more alanine and’glutaminé into’the circulation

ds." The  aianine is takeh Gp by
liver where the carbon.v skeleton. is« used for q):ucosa
synthesis and . thé  nitrogen for wren: iprodinctiony . g
glitamine  is* ‘taken ip by Xidney, where the carbon skeleton
enters - the gluconeogenic pathway and the nitrogen is
réledsed as ammorida. . -(For' a review see Felig (1973) and
papers by Chang' & Goldberg, (1978), Aikawa et al (1973),

Ruderman & Berger (1974) and Odessey et al., {1974).




Glicose needs of the mammal are reduced on starvation. .
:

- "
While glucose released by liver and kidney is taken up.and

oxidized by the brain, the muscle ceases to oxidize glucose.-

Blood glucose levels fall -and glucose turnover is decreased.

The majority of, the glucose needs of the mammal are .met

through hepatic gluconeogenesis from alanine and a lesser

contribution of renal glaconeogenesis: from - glutamine.

JLactate ' produced by glycolysis in the red blood cells is

vconvetted. to glucose in the liver. : o
sevanx 1nvnltigationl hav- indicated that thia general
not adhered to in the chicken.

pattern s Glucose levels

are not ‘lowered by fasting in the chicken fsection 1.1,1 and
:
Section 1.6.1). Red blood cells of the chicken are unable

terutilize glycose and hence form: no lactate (Section

Hepatig

_ocgcur, as the chicken is a uficotelic species, and urate

1.5.3). urea production from alanine does not
is

the In

.by’which ni wastes are ‘excreted.

adaition, thets afe 'saior ensyms differences .

fetween birds
and mammals (especially thé lack of hepatic glhcokinase and -

hepatic  cytosolic.' PEPCK,.  Section 1.4). In vitro

investigations have ~demonstrated that the fowl's liver-and

liver. cells make glucose.far lesa readily from alanine than
‘

which is

I s
from lactate, not the case for mamla nor for

chicken kidney (Section 1.6.2). And lastly, the hormonal
* Gontzol! of glucose metabolism varies nLgniﬂ.cantly frum the
mammalian pattern (Section 1.2). .

Y -
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- Thus when this project was conceived' it was expected
that inter-organ xéuuomhip;' oF Tailvoasii: WoGIH b
Qifferent in the chicken than those' described for the rat by

! Alkawa et al, (1973) and Chang & Goldberg, (1978). The
objective of this investigation was tosanswer tn® _questions
(1) ‘In what organ or oz;;ans is glucose produced in the
fasted domestic fowl, (2) Which amino acid(s) is(are)' the
prim’ary substrate(s) * for  glucose synthesis, and (3) Fion{

which tissue(s) are the -arino acid substrates released?

The search for the answers-té these three questions was
divided into tws lineés of investigation. The first of these

was the determination bf the levels Of, the metabolites of

glycolysis(gluconeogenesis) in liver and kidney. These two
organs were suspected of - being the primary gluconeogenic
Eldsian; Becatne. Of thelr Pols ds glucose synthesis in the
man and the rat (Hnrin & Crabb, 19‘82). .The resultsvof this
line of investigation -are reported in Chapter Two of this
thesis. The second line of investigation wvas the
' measurement of  amino acids and metabolites in abdominal
vessels of fed and fasted chickens in order to understand
inm—-e;ga‘n relationships of amino acids and glucose. The
results of this line of investigation are - reported in

Chapter Three of this thesis. . ' ,




Because of the body of evidence that the ability of the

“chicken's: liver "in  vitro to'synthesize .glucose from amino

. ‘dcids’ is' impaired (Section 1.6.2), while that ofythe, kidney \
in vitro is mot (Watford et al., 1981; Ogata et al., 1982), T

it wis hypothesized that the kidney of the fowl would be a .

<. .more important gluconeogenic organ in vivo than liver.

# -
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CHAPTER 2 -

ARTIFICIAL RESPIRATION AND METABOLITE LEVELS IN LIVER AND KIDNEY
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271 INTRODUCTION

“2.1.1 Hypoxia And Metabolite Content Of Tissie

There is, in addition ‘to. the metabolic differences’

between birds, and mammals, an anatomical difference naking”

avian ‘investigations difficult; that is, unlike nammals,

birds . lack' a muscular d:.aphrngm. “hus, opening a bird's

abdominal cavity is analogous to the openirg of. the thoracic .

cavity of a mammal:  The ,bird is unable to breathe, dnd
anoxia rapidly ensues with tRe resulting shift of

metabolites ~from .their in ‘vivo concentrations: In

freeze-clamped rat liver the ATP concentration -and ATP/ADP

ratio is: ‘high ([ATP]= 2.74 (micromoles/q), ATP/ADP= 2,04)
(Hems. & Brosnan, 1970). Previous invéstigacafs have found
the ) cencéntration' of ATP or the ATP:ADP x?tio. or !?bth;' in
freeze-clamped avian liver to be lower as is .seen in’ the

list below.

Bannister & Cleland, 1977, [ATP]= 0.99, ATP/ADP= 0.61

Deaciuc & Ilonca, 1981, - [ATP)= 1.44, ATP/AK= 0.61
Dickson et al., 1978, [ATP]= 2.46, ATP/ADP= 0.24
Barratt et al. 1.974, [ATP]= 0.58, ATP/ADP= 0.34
. Locke et al.,’ 1972 - ATP/ADP='0.25
 Rinaudo et al., 1976, |~ [ATP]= 0.47, ATP/ADP= 0.42.
¥ “

These reports contrast with . the findings of an ATP .

level of 2.24 micromoles per gram-and an ATP/ADP ratio of

2.6 in perfused chicken liver (Ogata et al., 1982) and

ATR/ADP ratios in chicken hepatocytes of 2.4, 1,9 and 2.5,

reported by Dickson et * al., - (1978), Dickson & Langslow,
e RS
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. (1978) and Cramb et al., (1982) respectively,  Additionally,

if a note added £ proof, Soling et al., -(1973) report
. . without any-details, that in vivo measurements of adenine
o nucleotide levels in livers from' pigeons under artificial

- respiration -showed an ATP/ADP .ratio of 2.99.
2 3 ‘ 3 >

In freeze-clamped rat liver the lactate - concentration
= . is low (0.45 micfonoles per .gram) (Hems & Brosnan, 1970).

The in vivo lactate level and lactate/pyruvate reported.

. » 3
ratio for avian liver 'is higher tHan the rat's.’ Values
fomd by several: investigators are given below. | (For
¢ ., ¥ Zactate, units are in micromoles per gram of liver)

1.57 ‘Lact/pyr’

B Brady et .al., 1978 . Lactate =
0 ¢ . Barratt et al., 1974 Lactate = 11.8 Lact/pyr
Kaminsky et!al., 1982 Lactate = 1.14 .. Lact/Pyr

Didier et al., 1983 Lactate =

1.79  lLact/Pyr

Thése figures are high in ' comparison to, the lactate

level of 0.097 and ldctateé:pyruvate ratio of 2.8 reported in:

. perfused chicken liver (Ogata et al., 1982). ° : C

I postulate in this thesig that many of the differences
previously -reported between the metabolite cnn;entrationé of & '

- rat tissues and chicken ‘tissues are attributed in part to
bthe hypoxia in the chicken resulting from surgery. An.older. A
method therefore, (Burger § Lorenz, 19é0). was adapted to
. . maintain blood okygen, ~carbon  dioxide and pH, at

. physiological levels for extended periods in an anesthetized
- 48~ ? d :




Sicken Suliies abSSinimAl - GavDEF tee Geen Gpened. . Wil
technique allows’ the taking of tissue samples under.
donditions ‘which eliminate -the  hypoxia previously
~—encountered with tissue sampling procedures in birds. )
: % ’ . ‘ : “ ) ' . !
.2.1.2 Application OF Artificial Respiration To The Study Of
Gluconeo‘gvenesis__ g o

Most. reséarch to date suggests the presence’ of active -

gmlconeagenegis in  fasting chickens, yet hepatic glucose , . .
. synthesis from alanine, a major source of glucose carbon in

the "fasting rat, appears to'be low in avian' species both in .

9ivo and in vitro (Golden et al., 1982; Soling et al.,

1970

" Langslow, 1978). . ’ !

Sugano ét al. (1982) haye reported that tq' perfua;d . 3
chicken Liver, regeneraticn of NADH in cytosol is limiting < S
and therefore gluconeogenesis in. vitro 3 ‘regulated in  part
by alterations in redox state. I postilate that cyfosolic
L MDH availability in the liver may be limiting for -
‘Yluconcogenésis *from pyravate and amino acids in yivo as
well. Evidence will be presented in this chapter o support

this hypothesis.




In this chapter are presentéd details of a- method of
artificial respiration for birds, and the levels of blood
' gas s measured while employing the tgchnigue. The -levels of

hepatle and renal mstabﬂlites in artificially venti lated fed

and fasted birds and levels of metabolites in ischemic Liver’

“of fed .birds - are also reported. Preliminary reports have

wpeared in- abstract “Forn (Tinker et al,1981;." 1982) - and-

o pipers have been publishel on.this vork (TinkeT et al.,
1984a, 1984b). X

A ventilation technique similar to the one described in
this chapter was uséd by Hillgartner et al. (1981) as part
of .a, mscle perfusion procedwre. However, they employed

95% oxyygen. plus 5% carbon dioxideé as the ventilatory gas.

lt is expected’ that there would have been a * deviation fram

physiological values of pE, p0} and pCo, of the blood.

Boelkins : et al. (1973) have also employed -artificial

“respinmtion in chickems. - They were able -to mintain

-arterial blood gases withiri | the rtormal range (Chiodi &°

ferman, 1965) using a respirator but a slight alkalosis .was

‘observed. -

i
|
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2.2 METHODS AND MATERIALS-
2.2.1 Experimental Animals - - v =

Fertilized éggs were obtained from a f£lock * of white
leghorn layers (Gallus domesticus) maintained at Memorial
.University's Animal Care Facilities. Neuly hatched chi cks
vere ieared at 25'degrees Celsius vith room light ing on 24

hours daily. A 24 hour daylength -was chosen as it has been

shown that chicks' raised uwder this photoperiodhave a -

higher hepatic PEPCK. content than chicks raised in .12 hour

daylengths (Tinker et al., .1983). ‘It was expected that

n fasted

higher rates of glucéneg;ene_sis would be found
‘chickens raised under such. condi€jons, and aifferances Eron
the fed state more sisily acen Water andcommercial -chick
starter feed (Supersweet Feeds,  St.  John's, NFLD; 20%
protein; 2%fat, 6% fibre) vere available ‘ad libitum,
Expexrimental animal;s were eight-week.0ld mles which wzi‘ghed
approxingtely 800 g, The aniw_ax‘.s were processed immediately
or fasted six days before use. Fasted chickens lost on
dverage, 188 of their initial tody weight. A six-day fast

was. Chosen somewhat arbitrarily, in that preliminary work on

~3-day fasted chickens indicated that blood 3-methylhistidine

levels, an indicator of mscle proteolysis, were not
sfgni ficantly different from controls. When the period of
mr.;;ng was 'doubled, blood 3j-methylhistidine levels were
‘signi ficantly greater than'fed animals. Water was available
ad libitum to the fasting a’nir;iis. :
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2:2.2 surgical Procedures

Birds were imobilized on their backs on a plexiglass

surgical board. ‘Animals were then anesthetized by a slow

i.v.  injection ' (brachial vein)' of sodium pentobarbital

Tuntil the animal no longer responded to.a comb pinch (a-dosé

of approximately 40 mg. per 'kq); The* trachea: was then
eiposed; ‘et through and a length of stiff plastic tubing of
a alaméter slightly smaller than the trachea,. ingerted and
" cliiiped im place. This tracheal tubs was led away to a ‘T’

_junction. = One arm of the junction was open to'the air, the .

other was connected in series with a gas humigifier to a
’ ) ;

flow meter and regulator on a .cylinder of compressed air. .o

Gas flow was adjusted. to 450-500 ‘ml/min, which escaped: .

through the open side of the ~*T' . A i
T /" . B i

To this point the ‘animal was breathing the mixtire

unassisted. The abdominal cavity was then quickly opened ;

vith a séissors cut beneath the sternum, and the open side

of the junction closed off. The incision in the abdomen
was then enlarged by cutting dorsally through the body wall - b
at’ the cartilage junctions of the ribs. The inflating air
sacs and mesenteries were punctured’ by .scissors cuts . to

facilitate air f£low. After restraint but before anesthesia,

2 0.3 nl blood sample was.drawn from a brachial vein “in a.

Heparinized syringe for blood gas determinations on an I.L."

Modél 213 analyser. ~ Five minutes after initiation of

‘L ventilation, . another 0.3'ml blood sample was taken from the
b : ) 7 52 - £ e 2
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contra-lateral brachial vein and blood gases determined as

before. ’ “ ; 5

2.‘2.5 Assays For Tissue Metabolites

A’ 1:.ver sample of approxlmately two grams was ~excised
from d ventilated bird and immediately (<2 seconds) freeze
clamped with aluminum tongs precooled with liquid nitrogen.
A Xidney sample of .approximately one gram was excised £rom
the same bird immediately after ‘the liver sample was Ytaken

and similarly freeze-clamped within 4 seconds of excision.

To obtain levels of metabolites in ischemic liver, 'a
second . two-gram piece 'of liver was excised and
- freeze-clamped 300 seconds after. severance Of blood Elow.
“The animals were huisnely’ killéd By an intracardias

injection of sodium pentobarbital.

Each frozen liver sample was ground with a pestle in a -

liquid nitrogen-filled mortar. The powder was scooped into
a cooled, tared pldstic 50 ml centrifuge tube, weighed and 4

ml .of ice-cold 6% perchloric acid per .gram of frozen powder

.was pipétted in. The . powdér was ‘then immediately ..

homogenized in the centrifuge tube with a locsely fittitig,

rotating -(400 rpm) teflon homogenizing pestle for 5 minutes.

The  hogogenate .was centrifuged at 10,000'g (4°C) and the

supernatant decanted and neutralized ~with  potassium

"hydroxide using Universal Indicator (Fisher Scientifi® Co.)
- ) - 53 -: - . .




to indicate pH 7. 4 ] v

" Enzymes and biochemicals were ocbtained from Sigma, St.

Louis, Mo. .or from Boehringer—Mannhein, (B-M.), Montreal,

‘Quebec. All other chemicals were analytical grade and were

obtained from Fisher Scientific, Dartmouth, N.S.

Metabolites were measured in. the neutralized perchloxric”

. acid extract using the methods described below. -

Lactate vas determined enzymatically by the method of
Lorwryrl. péasonne'an (1972), monitoring the production of NADH
at 340 nm in a 50 mM_ tris-Hydroxyaminomethane, 50 mM
glitamate, 1.5 mM NAD" reaction mixture pi 9.9, after the
addition of 0.01 ml of beef-heart lactate dehydrogenase
(3000 . units/ml;Sigma) and 0.0l ml of pig-heart

gi

~pyruvate transami (1400 units/ml;sigma).

Malate was determined, in the same cuvétte as ' lactate,
after the first reaction had reached completion by adding

simul ly to the tt 0.01 ml of a pi

~heart malate

dehydrogenase suspension (6000 units/ml;B-M.) and 0.01 ml of

a pig-heart glutamate-oxaloacetate’ transaminase suspension"

(2000 units/ml;B-M.) and mohitoring the production of NADH

at 340 nm.




The five metabolites 1 +

glycerate, ‘phosphoetolpyruyate, pyruvate and 2-feodlaacars
were determined .equené;u_xy_ in one cuvette by an engymatic
technique modified from “Czok & Tampreant (1974). * The
reaction mixture vas 40 wH triethanolaminé, 7 = potassiun
chloride; 10 .n magnesium sulfate, 20 m¥ ammonium Sulfate,
0.5 m¥ ADP, 0.18 mM NADH, 0.1 mM 2,3-diphosphoglycerate, pH
7.6. _ The .pyruvate- concentration was.determined by adding

art lactate

0.002 ml' of a 3000 units/ml suspension of beef-]

dehydrogenase and measuring the disappearance of NADH by the

decrease in absorbance at 340 nm. - The phosphoenolpyruvate

concentration was similarly determined by adding 0.004 ml of

" a 2000 units/ml suspension of rabbit-muscle pyruvate kinase

(Sigra) to the cuvette after the first reaction had reached

can _ enq point. Likewise, . 2-phosphoglycerate,

3-phosphoglycerate "and 2-oxoglutarate were determined by

adding respectively: 0.02 ml of a 400 units/ml suspension_

of rabbit muscle enolase (Sigma), 0.003 ml of a 4000

units/ml suspension of rabbit muscle phosphoglycerate mutase
(Sigma) and 0.005 ml of a 1000 units/ml suspension of beef
liver glutamate dehydrogenase (B-M.) after the completion of

each previous reaction.

- Fructose-1,6-bisphosphate and the triose phosphates
were determined enzymatically by a modification’ of the
met'hnd of Michal & Beutler (1974). ;l‘hc reaction mixture was
200 m :n.-y.ydxexyamnomtn&ne. 0.14 m4 NADH, pH 7.5. The

S5 - :
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6£0.0lml of a. mized i of - 2:gly

“triose phosphates in a' sanple were determined by’ measuring

the decrease in the absorbance at 340 nm after the addition

. L e :
dehydrogenase (11,000 -units/ml) and triose phosphate

-isomerase (1000, units/ml;sigma). After, completion . of the

first reaction, fructose-1,6ibisphosphate was similarly
. Te = '
determined By ‘the “addition of . 0.01. ‘ml. of a 9 units/ml

suspension bf rabbit muscle aldolase (B~

Gl

fr vere

determined enzymatically by.a modi£ication of the method of

Lang & Michal [1574). The, reactlon buffer wni 200 mM
2 i)

" tris-hydroxyaminomethane 7 mM magneulum ehx,om. 0.2 mM

napet, pH 7.5. Glucose-6-phosphite in' _the sample was

determined ' by mepsuring the increase in the absorbance’at

340 nm after the ition of 0.01 ml of a suspension of
e

yeast ' . glucssess ~ . aehy (300

units/ml;8igma)’ A(ter cmnpletian of* the f:.tsf. e

fxuctos

hosphate was’ simlarly Qetarmined DBy the

additioﬂ of O ., 01 ml of &’ 3500 units/ml sllspensl.cn of yeast

phosphoglucox somerase (B-M. )

ATP was determined by a medification of the method of

Lamprecht & = Trautschold (1914). B Y reactxnn cocktail
consisting Of; 50 mM tn.shydroxyaminomethl\ne, 1 mM nagresium

chloride, 0.5 nM  difhiothreitol, 0.5 mM NADP' and 1 me,

glucose, pH 8.1 vas prepared. To 1.5 nl -of cocktail wasm

added * 0.5 " il of sample and 0.005 ml of yeast
=56 -




gl y (300 units/ml). °~ ATP

i
Concentration was determined from the increase in ab-orbzmce

(1400 units/m1).

ADP and AMP were determined enzymatically by . a
modification, of | the method of Jaworek et al. "(1974). A
Feaction cocktail sconsisting of 50 mM imidazole, 2 mM
magnesium chloride, ' 75 “mM potassium chloride, 0.1 mM ATP,
0.3 mM phosphoenolpyruvate, 0.15 mM NADH, pH 7.0 was
prepared. To 2.5 ml of cocktail was added 0.5 ml of sample
and- 0.005 ml of a éuspension of beef-heart lactate

_—dehydrogenase (3000 units/ml). After the absorbance at 340

nm had steadied, ADP concentration vas determined by adding
0.005 ml of a suspension of rabbit-muscle pyruvate kinise
(2000 units/ml) and measuring the decrease in absorbance at
340 nm. AMP concentration was »determined after the
completion of the prévicus reaction by adding 0.005 ml /of
pig-miscle myokinase (8000 units/ml;Sigma), and measuring

the decrease in absorbance at 340 nm.  °

Gll;cose was deteril\in;d colorimetrically by a method
modified from Raabo & Terkildsen (1960) as reported in Signla
Technical Bulletin # 510, Jammry, 1978. THe method .uses
glucose oxidase to conyert quantitatively the D-glucose in a
sanple to gluconic acid and hydrogen peroxide., The hydrogén
perox!,de was'reacted with ottho-dianiuidine in the' presence

of peroxidase to yield a colored .product. The change in
3 2 - 57 -
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absorbance at:450 nm was spectr metrically.

Glycogen was determined by a- method modified - £rbm
Hassia & Abraham  (1957). . one half | of a gram of
freeze-clamped liver tissue, ,ground to a .powder with a
cooled mortar and pestle, vas homogenized in 10 volumes of
cold 30% potasaxum hydzoxma solution. —Two mls of -the

homgenate was placed in a :est tube in a boiling water bath

for 2 houts to release the  glycogen.  The tube was ‘then

cooled ‘and.to it was added 2.4 mls of cold 95% ethanol to

precipitate glycogen. After 20 minutes at 0 degrees

i ; . .
celsius, the tubes were centrifuged»' t full speed in a -

benchtop centl‘ifuga for 30 minutes at 10 000 X g. ' The

was then ‘dec and the pellet sispended in 2
ml of 4N sulfuric acid. The tubes were then placed in a
boiling water bath for 90 minutes, to hydrolyse glycogen to
glucose. The contents of the tubes were then neut;a}ized
with 4N so;.:lium hydroxide, and the glucose concentréti?n

determined as above. "

& Ammonia was determined enzymatically by a modification
of -the nge&wd ©of Kun & Kearney (1974). A reaction cocktail
consisting of 0.2 M sodium phosphate, 5 mM 2-oxoglutarate,
0.25 WM NADH, pH 7.6 was prepared. To 1.5 ml of cocktail
was addgd 0.5 nl of sample and the ammonia concentration was
‘deternined by the decrease in absorbance at 340 nm after the
addition of 0.02 ml of beef-liver glutamite dehydrogenase

(1000 units/ml in glycerol;" Sigma). «
- 58 - . F




. Phosphate was determined colorxmetrxcal_ly by the method
of Martin & Doty (1949).  The sample was reacted with a
" silicotungstate: molybdate .reagent and the product was
"extracted with. with a 1:1 mixture of isobutanol:benzene.
After reaction with stannous chloride in acidified - ethanol
the absorbance ,was measured in a spectrophotometer at 625

nm.

qlutmte was detetqnined with  a . Beckman ' model 121;{
Anino ! Acia Analyses 4nd Hewkan Syetims A oomputing
Integrator £or Amino Acid Analylar using a five-buffer .
\llngle—cal\mn me&hod as described by Lee (1974) and modified

in Béc‘)unan Bulletin # 121M TB-013 (July 1976).
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2.2.4- Calculations L d
: o

¢ * R ¥ o
Phosphorylation potential is defined as ATP / ADP x Pi

(units are in mM -1).
-Energy Charge- is defined as:

ADP + (2 x ATP)

2 x (ATP + ADP + AMP).

The adenylate kinase mass - action ratio (M.A.R.) was
calculated by.the formula: : -

(ATP x AMP) / (ADP x ADP)

Cytosolic NADY/NADH ratios were calculated from
lactate:pyruvate ratios (win’iaﬁwn- et al., 1967), The
assumptions  made by Williamson et al.  (1967) that allow
this calculation are: that -the lactate dehy‘drogen;ne‘
activity in the cell is sufficient to ensure that the
feaction 1s close to equilibrium, that theggfl of the cytosol

is 7.0, that the ration ' of is uniform

throughout the tissue and that the content of the metabolite
in micromoles per gram of tissue is equivalent towmillimoles
per’ 1litre. As tMe aotivity of lactate dehydrogenase in rat
and chicken liver is the same (unpublished observations),
and’ as the other assumptions made by Williamson et al.

(1967) seem, as likely to be true for the chicken as for the
. - 60 - K




rat{ use of the lactate/pyruvate .ratio to calculate the

NAD'/NADH ratio ‘should be valid.

Values were procesged for outliers and any . outliers

dropped before statistical analysis (Dizon; 1953).

Significant differences between means were determined

‘Student's fT-test.  Significant

using a two-tailed

aifferences aiong means were determined using’a Neuman Keuls

at the 0.05 level of significance. i

ltiple .range test (Steel & "l.‘ortie, 1960). -Rejection was
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2.2.5 sources Of Error

¥hen metabolites are determined in'- a .perchloric ‘acid
extract of a freese-clamped’organ, the results are expressed
as the content in‘micromoles per gram wet weight of  tissue. -
When: ofie equates micromoles per'gram wet weight with units
of concentration (mM),. one 'is’ 'iénoring the now - well'
established Fact. that many metabolites are distributed
unequally ‘among ‘tWe' different subcellular compartments -

Tager, . 1974;, Tischler- et . al., 1977).

Measurements in whole. tissue .oveérlook this sub-cellular
distribution and any ' changes in distribution with fasting

could therefore be masked. ~They—also overlook organ .

" heterogeneity such as the also well established difference

between rat - periportal and’ perivenous ' hepatic cells
(Bengtsson et al., 1981) or between renal medulla and cortex

(Ross & Guder, 1982).

Perchloric. acid extraction itself ‘produces -artefacts.
Recent work has indicated that analytically determined ADP
‘and inorganic phosphate are considerably higher than those
measured by NMR which measures free ADP in the cell. This
is presumably becausé perchloric acid hydrolyses some
organic phosphates and releases protein bound ADP. which is
invisible to NMR (Ackerman ' et al., 1980; 1Iles’ et al.,
1983).  Erros could’ also be ‘expected to arise’in the
éeg—.exmination of the adenylates, as the ‘enzyme 'adenylate
kinase may not be destroyed b,é,zper‘cmorxc acid (Williamson &

e
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Corkey, 1969). - This would have the effect of artificially
raising - the :concentration of. AMP' and ATP if there is an

excess of ADP, as suggested above..

Additional variation between data’‘reported here and
cimivhere may be -espected -o:mrise due to @iffeiences in
analytical techniques (e.g. _nature of ‘the sxeraceiay e
déproteinization agent ised - triecnloroacetic acid - val

perchloric acid;

conditions of tissue homogenation). It is

also expected that there will be variation introduced due to

- sexof ‘th

_differences in age; strain, tissue dry weights .o

birds.,




2.3 'RESULTS

*2.3.1 Blood Gases

. Using the procedure described in the methods section it
was. possible’ to maintain -blood. “gases of fowl at
physiological levels after the abdominal -cavity had ‘neen"
»surgi‘cally ‘opened (Table 1). i‘he partial pressures of
_.oxygen aid ~eirbont dlosldes, ¢ And T.LHE hydrogen  ion
concentra;tipn measured in the: bldod of the surgically
_treated . fowl ‘after either’ five ‘or .twenty ninutes of
* artiffeTal’ respiration, were ' indistinguishable' from the
values in" a:‘“consciéus .animal. Rentobabital , anesthesia_
resulted in an oxygen tension in venous blood lower than in

the conscious animal. '




TABLE.1. "Blood Gas Partial Pressures and Blood pH of

Conscious ‘and Artificial 1y Ventilated Chickens.

e
", 'CONSCIOUS ~ ANESTHETIZED - VENTILATED 2
= 5 MINUTES | - 20 MINUTES.
w0, xsiE. gxd 54570 554
PO, 284 29%2 R4 . B2
PH - 7.40 £ 0.06 737 £%0.02  7.36 £ 0.05 7.32  0.01

()" - (19) % (11) (12)- (6)

Blood - partial. pressures of oxygen (p0,), carbon -
dioxide (sz') and blood pH measured in the wing véin of
. restrained conscious chickens, restrained: - anesthetized

" chickens or in restrained, anesthetized, abdoriinally opened .

artificially ventilated chickens (method detailed in text).
Values' in the same. row bearing -different 1et£ers were
significantly different, Neumn-xeul‘s multiple rapge test (3
¢ ‘0.05). .Values are expressed a‘s mean t 'S.E.M. fn_r ‘(n)

. : P '
animals. . Sk




&

2.3.2 Levels Of Metabolites In Liver And In Ischemic Liver

0f Chickens .

.

. <
2.3.2.1 Adenine Nucleotide Concentration

ATP levels or the ATP/ADP ratio in freeze-clamped liver

of ‘fed chickens (Table 2) were found to be higher than has
' been gep\e;'ted for chickens by several other investigators
(Bannister -.& Cleland, 1977; Deéaciuc & Ilonca, ~1981;
Batratt et al., 1874; Locke &f al., 1972).. However ~total
adenylate concantration was found o be.the same, or lower
which suggests that the smaller ATE levels found by others
were a consequence of delay between the ixumane xilling of
the animal’and freeze-clamping the tissue.. This view is
supported by the fact that when liver was allowed to remain
iachemic for 300 seconds before freeze-clamping, a .large
drop’ in the ATP concentration and the ATP/ADP ratio was
_gbserved. The two measures of cellular energy level,
phospﬁozylation pol':e‘ntial vhm‘:' energy charge, also dropped
and there was a coincident rise in the AMP and inorganic
phosphate: ‘concentrations. However as in the idchenic rat
liver (Brosman‘et al.; 1970).the.mass action ratio for the

adenylate kinase sy;i}m remained constant. This latter

f£inding may be due to the observation that ademylate 'kinase
mlay "not be destroyed by . perchloric acid (Williamson &
\ Corkey, 1969).
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The total content of adenylates in liver  fell -during
ischemia presumably due to the increase in adenylate
deaminase activity as a result of the decrease’ in energy
charge (Chapman & Atkinson, 1973). The magnitude of change
is comparable to. that obseived.in the rat (Hems &. Brosnan,
1970). ' R g

2.3.2.2" Metabolites Of Glycolysis

In Table 3 are presented the metabolite concentrations

of . rapidly freeze-clamped and . ischemic freéze-clamped

‘chicken liver. 'The ratio of the .concentration of each

metabolite in thé ischemic, fed chicken liver divided by its

- concentration in a fed control is - also -given.: A similar

ratio- for the rat from earlier published. data (Hems &
Brosnan, 1970) is also presented for comparison.

In a fowl's ischemic liver glucose, = the hexose
phosphates, ' malate, and lactatée are increased in the
ischemic liver; while the phosphoglycerates, pyruvate  and
PEP are little changed. ‘In the ischemic chicken liver the
FElSEEVE dnarelnds: N glicoed i8R . Mastnte, - afE lews

pronounced ‘than in the rat liver while the relative increase

in fructose-1,6-bi is more

-67 - §




The cytosolic NAD'/NADH ratio is 'also lower in

. ischemic compared to control chickep.liver, reflecting the - '' , i
. 'shift ‘from acrobic respiration to anaersbic  glycolysis ' 'of =
‘glycogen stores. The increase in malate and the decrease’in
2-oxoglutarate @lso mirror.the shift in the'cell to a more :
i g reduced state.
5 ; “a
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TABLE 2. Concentrations .of Adenine Nucleotidés and
Phnap‘hate in Liver and in Ischemic Liver of Chickens

Control . Ischemic
Inorganic Phosphate 4.9 + 0.9 * 6.6 + 1.0

AMP- ¢ ©. . . 0:49 ¥ 0.0k *  1.32F 0.03
ADP ‘1,39 ¥ 0.09 * -1.03 ¥ 0.05
ATP . 1.88 ¥ 0.07. * .0.44 ¥ 0.02
ATP/ADP : 1.37 ¥ 0.10- * 0.42 ¥ 0.02 !
Total Adenylates 3.77 ¥ 0411 . *  2.79 ¥ 0.08 |
Phosphorylation pntential 0.33 ¥ 0.07 * ' 0.07 ¥ 0.01
Energy Charge 0.68 ¥ 0.01" * 0.34 F 0.01
Adenylate Kinase M.A.R.  0.51 F 0.08 0.55 ¥ 0.05

(n) 8 - E (5)

Metabolite concentrations in. freeze-clamped chicken

liver taken from artificially ventilated animals and in

".liver excised from the same animal and left ischemic for 300

seconds before ' freeze-clamping. Detailed .respiration
methods are given in the text. Values are expressed as the

mean  in ‘micromoles per. gram of tissue (wet weight) + S.E. ¥

" Values in the samé ow marked.with an “*" are significantly

different using a paired T-test (p < 0.05).

=69 - 0




TABLE 3. Concentrations of Metabolites in Liver and in
Ischemic Liver Qf ChicKens ;
- R

PONTROL ISCHEMIC 15CH/CTL /CTL

; . (FORL) (N) . (RAT)
GIDCOSE ™ 10.0 +1.30  * 23.2 +3.8 2.3 (3) 6.7
Gep - 0.116 ¥ 0.029 '* 0.380 ¥.0.050 3.3 (5) 5.0
F6P 0.033 ¥ 0.007 * 0.084 ¥ 0.011 2.5 (5) 4.0
FRP 0.024 ¥ 0.003 * 0.151 ¥0.018 6.3 (4)  ~2.6
TRICSE-P-  0.036 ¥ 0.008 0.058 ¥ 0.010 1.6 (5) 2.5
3rG -0.048 ¥ 0.016 0.060 ¥ 0.016 1.2 (5) 0.2
226, 0.018 ¥ 0.002 0.023 ¥ 0.008 1.3 (5) 0.3
PEP 0.034 ¥ 0.005 0.028 ¥ 0.005 ' 0.8 (5) 0.1
PYROVATE ~ 0.053 ¥ 0.019 0.027 ¥ 0.014 0.5 5) 0.6
LACTATE 0.704 ¥0.20 * 2.51 ¥0.187 3.6 (5) 14.6
AMMONIA 1.57 ¥ 0.602° 1.25 ¥0.128 0.8 (3) -

5.91 ¥ 0.46 6.41 ¥ 0.45 1.1 (3) -
2-CXOGL 0.68 ¥0.15 * 0.043 ¥ 0.013 0.1 (5) ¥ =
MALATE 1.50 ¥0.319 * 3.5 ¥0.229 2.3 (5) - .
NAD' /NADH 684 * 77.6 - 97 * 37.9 0.1 (4) -
(cytosol) ‘

Metabolite ons in fr lamped ' chicken

fiver taken from ‘artiFitially |vestilated . snivais-apd iu
liver excised from'the same animal and left ischemic for 300
seconds . before freeze-clamping.  The ratio of the
concentration in ischemic liver over the concentration- “in
control livers for the glycolytic metabolites, is presented
‘for both the chicken-and for the rat (Data 50; the rat from
Hems ' & Broapnn‘, 1970). Values are expressed as the mean’ in

f >
micromoles per gram of tissue (wet weight) + S.E.M.,

Concentration values in the same row marked with.a "*" are .-

significantly different using a paired T-test (p < 0.05).
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2.3.3 Levels Of Metabolites In Live\t And Kidney Of Fed And
v i

Pasted Fowl. £ . X

2.3:3.1 Adenine Nucleotide Concentration o

# .
In a six day fasted chicken, although the total hepatic .

adenylates fell as reported in rats (Hems & Brosnan, 1970),

there was a rise in the ATP/ADP ratio and energy charge

(Table 4) which is similar to the situation in fasting

e R TSR R T T o e 11

" ' plgeofis (Kaminsky et al., 1982). 1In rats however, the g

opposite is the case. Measures of cellular energy level

: " drop after a fast (Hems & Brosnan, 1970).

P . % The situation £n the” chicken kidney, Table 5, is i
i . slightly different from that in the chicken liver. 'The
ATP:ADP ratio is lower in kidney than in liver although a - i
N h;g}\er ratio, (0.70), was fclmd than was reported by Craan
. ‘et al. (1982), (0.84). Their messurements in an -
unventilated chicken are presumed to be in an hypokic tissue
: [ ... as the lactate. was also high (2.4 micromoles/g vs. the - 1.1

micromoles/g which was . measured in the kidney of chickens

o under artificial respiration). While a significant drop in * 1

fhe total adenylate concentrakion was found in the ‘chicKen 3

Xidney during starvation, the fall is proportional for ATP, ;

ADE .ana AMP ao thers is no change in the measures of the

S cell energy level -. energy 'charge and phosphorylation
! potential. "
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TABLE 4. Hepatic ncentratio_n,n’f Adenine Nucleotides and
Phosphate in Fed"an 'Fasted Chickens.

B ' ~
Fed . ° Fasted

Inorganic Phosphate £1.06 *: 3.12 ¢ 4

AMP +0.02 * 0.43 + 0.04

ADP $0.12 * 1.21 & 7

ATP +0.07 * 1.67% 7

ATP/ADP i +0.07 % '1.41 £ 6

Total Adenylates - +0.17 * 3.37 ¢ 8

Phosphorylation potential 1 0.04 0.45 & 4 :

Energy Charge +£0.01 * 0.70 + 0.01 Y

‘Adenylate Kinase*M.A.R. 1 0.04 0.48 & 3

(n) ¥ 6) (9]

Metabolite concentrations in chicken liver taken from
fed or six-day fasted animals. Values quoted are the'mean,

in micromoles per gram of tissue (wet weight) * = S.E.M.

* values in the same row marked with a *** are significantly

different using a two-tailed T-test (p < 0.05).

&




s Table'5." Rena! -Concentrations .of Adznine Nucleotides and °
?? = Phosphate in Fed and Fasted Chickens. ¢
i : ) 5
& . vt Fed . Fasted e
:i Inorganic phosphate 22.0:7.0 - 6.7 2 1.7 !
. AMP ). 0.73 £ 0.06 *  0.60. % 0.02 V
i AP 2.18£0.24 . * 1442 0.14 5
t ATP 1.83 £ 0.40 *  1.05 £ 0.10 .
* 'ATP/ADP 0.70 £ 0.05 0.76 % 0.08
Total Adenylates 4.71 £ 0.52° * 2.97 £ 0.24
i Phusphory'lation Pntential 0.09 £ 0.03 0.14 £ 0.04 .
i Energy Char: 0.60 £ 0.03 0.60 + 0.02
. Adenylate kinase MAR. 0.28 £ 0.03 0,25 * 0.03
(n) () (9)
Metabolite concentrations (in micromoles/g t . S.E.M.) : ‘

in  chicken kidney taken ‘from fed or six-day fasted,’
“artificially ventilated animals. Values quoted are “the
.

mean, 1in micromoles per gram of tissue (wet weight) + :

H S.E.M. Values in the same row 'marked with a "** are X %
significantly different using a two-tailed T-test (p <
0.05). T ¥

o ¢ -73- :




2.3.3.2 Metabolites Of Glycolysis

/1In table 6 are  presented the glycolytic metabolite
concentrations of freeze-clamped fed, and fasted, chicken's
liver.  For comparison the ratio of the content of each
metabolite in' fastdd ‘liver divided by.its content in fed
liver is presented for both the Chicken and for the rat.
(Ratio ‘for the rat calculated from data presented .in Hems &

Brosnan} 1970).

The glucose concentration of 1liver is -significantly

reduced by’ fasting in the chicken,  The glucose

concentration of the liver of a fasted bird falls below the
concentration of glucose in whole blood from the portal

vein. The situation is similar in the rat.

Of the other metabolites listed lin Table' 6, only

glycogen, 2 ycerate, lactate
and malate concentrations showed significant decreases in

Nine fasted chicken, where they were found, in lower
cuncentraticn. In the fasted c‘hicken s liver the cytosolic
redox state vas seen to becons more oxidized, as is shown by
the~increase in the NAD'/NADH ratio in the fasted bird.
One- major difference noted between rat (Hems & Brosnan,
1970) and chicken liver was the significant increase in the

PEP concentration of the fowl's liver. .
’ . R
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In the fasted chicken the situation ifi , the kidney s
‘different from the fasted liver (Table 6 & 7)." only four
values change in the kidney after a fast. The level of
2-phosphoglycerate is lower ‘in the fasted chicxen'k}éney ’
compared to the fed state and the glu‘cole-s-p‘hcnph‘ate.
malate . and 2-oxoglutarate concentrations are elevated.
There 'is no difference between the NAD'/NADH ratios ‘for
the fed and fasted chicken kidney (P > 0.05). Further there
is no difference .among the means of the NAD'/NADH ratios
for the fed chicken liver, fed chicken kidney or the fasted
chicken kidney (Newman-Keuls Multiple Range test, P > 0.05;

Steel & Torrie, 1960). == -

ezt
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Table 6. Hepatic concentrations of Metabolites in Fed and

Fasted Chwkens '

. FED CONTRUL V FASTED ' FAST/FED
Y (CHICKEN)  (RAT)

GLYCOGEN ~ '14.0 £2.6 * 3.0:0.5 0.2 -

FAST/FED -,

GLUCOSE 9.29 + 0.60 * 4.23t 0.16 0.45 0.2
G6P . 0.061 #0.010 0.045 + 0.007 1.2
FeP 0.028 +0.003 * 0.017 ¢+ 0.003 4

0.019 * 0.004 0.020 ¢ 0.004 1
TRIOSE-| 0.025 + 0.006 0.010 ¢ 0.003 0.77 -

0.052 + 0.011 0.060 £ 0.020 1.0
2PG 0.024 +0.004 * 0.010% 0.003 0.82
PEP 0.037 £0.010 * 0.085¢ 0.009 1.1
PYRUVATE 0.100 # 0.015 0.085 ¢+ 0.020 0.65
LACTATE 0,860 +0.100 * 0.264 ¢ 0.100 0.69
AMMONIA 0.54 " £ 0.06 .52 +.0.07 -
2-0X06L 0.53 £0.07 . 0.39 t 0.03 -
GLUTAMATE 6.9 £ 0.5 6.4 t 0.5 -
HALATE 1,96, +0.27 * 0:86 ¢ 0.08 -
NAD' /DR 1060° + 160 * 2930+ 830 0.9
(cytosol)

Concentrations of metabolites in liver of artificially
ventilated fed or six-day fasted chickens measured, in
micromle per gram of tissue (wet weight) + SEM, N=16 for

the fed state and N=9 for the fasted state. The exception

© was for gfycngen which is measured in mg per g & S.E.M.
. for W7 1in both fed and fasted conditions. Values in the
h :

same row marked with an  "*' '_are‘ significantly different

using a two-taiTed T-test (p < 0.05).




Table 7, Renal Concentrations of Metabolites 'in
Fasted Chickens °

FED FASTED . )
GLUCOSE 9.7 + 1.0 8.30 +0.40
Gep - 0.009 ¥ 0,002 * 0.027 ¥ 1
F6P 0.008 ¥ 0.003 0.003 ¥
FBP 0.017 ¥ 0.005 0.031 ¥
N TRIOSE-P.  0.015 ¥ 0,004 0.006 ¥
3p6 0.048 ¥ 0.012 0.019 ¥
2pG 0.029 ¥ 0,006 _* 0.004 ¥
PEP 0.033 ¥ 0.009 0.024 ¥
PYRUVATE 0.088 ¥ 0,018 0.064 ¥
LACTATE 1.06 ¥ 0.13 1.34 %
AMMONIA 1.58 ¥ 0.32 1.15. ¥
2-0X0GL 0.060 ¥ 0.010 * 0.14 ¥
MALATE 0.21 ¥ 0.03 * 0.38 ¥
NAD"/NADH 960 * 280" 480 ¥ —_—
(cyto) - r
(n) (7) T (9)

‘Concentrations of metabolites in kidney of ventilated

chi in mi es per gram of tlisue (wet

weight) + SEM. Values in'the same row marked with a "*' are
significantly different ‘using a two-tailed  T-test (p <
0.05) .
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2.4 DISCUSSION » .

2.4.1 Hypoxia

.
Using the ventilation technique described .in this

thesis blood gases and pH can be maintained at physiological

levels in birds whose abdominal cavuie‘i.t\have been
ks :

surgically opened. The bird's organs are thgrefc;re supplied
with blood having the normal pH, oxygen tension and carbon
dioxide tension up to the time of sampling. This avoidvé the
period of hypoxia which is presumed to have occurred. in

previous studies of metabolite levels in birds.

Anesthesia lowers oxygen tension in chickens (Table 1)
and is reported to lower pH and carbon dioxide tension as
well (Besch eia}., 1971). Artificial vzntilatiun‘ restores
blood oxygen’ tension .to the levels found in.a conscious

bird.

A major consequence of ischemia ( and hence anoxia) in
rat liver is the large (> 40%) and rapid (< 60 seconds) .drop
in ATP concentration and emergy level (Hems & Brosman,
1970). It appears most prior measurements of the ATP
concentration of avian liver have suffered from the “problem
of an anoxlc or hypoxic liver at the tims of sampling. Wfth

the: exception of Soling et al., 1973; . Dickson & Langslow,

271978 Dickson e(‘.' al., 1978; and Cramb et al., 1982:the

repofted hepatic ATP levels or ATP/ADP ratios in. vivo- for
s Flvor 4

birds have been generally low.
-8
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-Bannister & Cleland, 1977, [ATP]= 0.99,

- Deaciuc & Ilonca, 1981, [ATP]= 1.44,
Dickson et al., 1978, [ATP)= 2146,
Barratt et al., 1974, [ATP]= 0.58,
Locke et al., 1972 - A 25;
Rinaudo et al., 1976, ‘[ATP]= 0.47, ATP/ADP= 0. 42)

These latter réports contrast with the findings given

in Table 2, of an ATP concentration equal to 1.88, and an

. ATP/ADP ratio equal to 1.37. Calculated levels of cellular

energy measures - (Energy Charge and Phosphorylation
Potential) are also found to be higher in a ventilated

chicken, . — s i L

The totul concentration of adenylates in the . 1liver of

the birds used in this stuly was, in general, lower 'than

that reported by other investigators. Whether this reflects

a difference due to strain, diet or analysis is unknown.

As is the .case in the rat (Hems & Brosnan, 1970), the
rise in the hepatic concentrations of glucose and the hexose
phosphates during anoxia is piobably a result of glycogen

breakdown. . It appears the activation of glycogen

hosphorylase in the chicken is independent of a 'pull' £rom
P ;

phosphofructokinase. as the hexose phosphates accumulate
faster than phosphofructokinase can remove them.  The.. rise

in' the concenumona of .\nnnd of inorganic phosphate (2

. aubstrate of glycogen phosphorylame) should: resslt in o -

‘activation ' of .glycogenolysis while the rise in AMP ‘and £311
in". ATP . should result in ° an_ activation. of

phosphofructokinase. . The activation of phosphofructokinase
: : = 9.~




| Cg—
in turn results in-an incréase of fructose-l,6-bisphosphate,

itself anactivator of phosphofructokinase (Uyeda, 1979).

The rise in fructose-1, 6—bisphosl;hate shou l\d augment

glycolysis through a t‘mulaticn of chicken liver type M2

.pyruvate kinase. - Fructose-l,6-bisphosphate at  the

concentration, found in aviar liver is known to increase the

~M2 type (= K-Type) pyruvate kinase's activity by increasing’

the maximal velocity and lowering the for

K5
Phosphoenolpyruvate . (K 5 - concentration of substrate at

which the velocity is half of V max) (Eigenbrodt & Schoner;
1877). . That the reaction which is’ catalysed by pyruvate
kinase has been: activated inanoxia can be concluded-from
the fact it is far from eqpilibrium and yet. £lux through , it
increases ‘in the face of decreised substrate levels. [That
the reaction ~catalysed: by pyruvate kinase is far from
‘equilibriun can be concluded: from the fact the reaction
shovs a mass astion ratic of 0.4 caloulated fram data - in
Tables .2 and 3, while the equilibrium.constant is2000

(Rolleston & Newsholme,1967)] 22

sample from an unventilated bird after cervical dislocation
and .opening ‘ of the abdomen is the 'rapid chanfe ' in
concentrations of lactate and Byreoats due o Tiepstde
hypoxg; (Wems & Brosnan, .1970) ., The high levels of lactate

Found by Didier et ali’ (1981) and Kaminsky et al. (198’5)_.

2.1 and 1.4 micromoles/g, in the livers of guail and pigeons
-80- - ’ e,
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Another consequence.of delay - in obtaining a tissue .
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respectively; . and in the liver of chickens by Brady et 'al.

(1978), Bannister & Cleland (1977) and Rinaudo et . al.
(1976), 1.6, 2.6 and 3.2 micromoles/g , respectively, are

likely due to the:gklay encountered between humanely killing i

the bird and freeze-clamping a liver sample. Employing the =

techniques described in this paper-it was .found that the
hepatic . lactate levels in chickens were much lower (0.86
micromolel/‘g) than values reported for non-vehtilated hi;rdu.
In addition, it was found in the ventilated birds that the
NAD!/NADH ratio in the cytosol calculated from ' the

lactatespyruvate ratio is much higher .than has' been
previously assumed. This has implications in considering

regulation of hepatic gluconeogenesis (see section 4.1).

o . )
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2.4.2 Fasting

As .has been pointed out, one major result of ischemia
in liver ds the displacement . of the phosphorylated
adenylates from their in vivo concentrations.. In most
previous biochemical investigations artificial respiratio:
was not used and it seems likely that the organs of the
birds under study were ot provided with an ade¥e supply
of oxygen in the period immediately prior to sampling. The
shift in the levels of adenylates due to ischemia may have
been responsible for ma.xin\hL the increases wpich  are
observed in the hepatic ATP/ADP ° ratio and energy charge

after a fast (Table 4).

1 2 N

0'Niell & Langslow (1976, 1978) report a small but
significant drop in hepatic hexokinase ;ctivity‘_ in the
chicken and a doubling of glucose—6-phosphatase activity
caused by fasting. These ikt SonoleNe jlacoss B Lits
and out of chicken liver cells is regulated by the activity
©f  glucose-6-phosphatase  and the provision  of
glucose—6-phosphate. This view may have to be re-evaluated
in light of the fact that liver glucose decreases markedly
in the liver of a chicken fasted for' six days. This
decrease was similar to theé change noted by Hems & Brosnan
(1970) in 48 hour fasted rats. As this decrease in liver
glucose has 1n\portar3c implications . for gll}coae.trunsport
from liver to plasma, a second stuly of thé levels of liver

"glucose in fed, 3-day tasted and 6—day fasted chickens was
-82 -




carried out. The values observed were 9.3 + 0.6;. 7.6

0.3; -and 4.9 + 0.3

micromoles per gram respectively (Mean +
S.E.M., n=15). This linear decrease in hepatic glucose
content over - time had a correlation coefficient of 0.7 and
;an 'F' value of 43. At the same time that levels of glucose

in the liver were falling, plasma glucose levels remained at

a constant 12 mM. This means if fasted liver was exporting -

v 1
glucose, then it was: doing so against a concentration

gradient which became steeper the longer the fast continued.

This has important implications in that.it sugg‘ents glucose

transport from liver to plasma may be an energy consmming

process and conventional ideas about regulation of glucose .

release/uptake at the hexokinase/glucose—6-phosphatase step
may have to be rethought. ) :

There is an increase in the ‘hepal:.ic 'toncentratviond\c;f

PEP with . fasting (In« ‘fact DPEP is the only intermediate

) measured which increaséd). This suggests that 'PEP was riot

“Being, aed as a substrate for gluconeogenesis dué to a lack

of cytosolic reducing equivalents (as appears to be the case

according to the lactate:rpyruvate ratio). It could also

. mean - that p}n‘wate kinase activity was' low  and | PEP

concéntration built up in the cytosol.’

"




It is also possible that the increase in PEP is due to
an increase in the intramitochondrial concentration of PEP
without a simultaneous rise \in‘cytosolic PEP. ‘This may

imply that the activity of\ the PEP transporter of the «
~wHitochondrion is reduced. :

Inthe liver and kidney of a £astsd chicken, there is a

- 'fall in the éntrations of i ,_ < + AP and
MP. These compotnds are activators of mammlian liver
phunphomc" okinase. ‘There is :alsoa rise in the hepatic
concentrntion of Pr;v, a feedback inhibitor - of mammaliarn’

\ phusphcfmcto‘kinaua (Uyeda, 1979) . This  may result in' a

N lower .actiwity - of . phosphoffuctokifame. and - hence u' .
stimizlation of gluconeogenesis in the liver and kidney. In
addition, the fallduring a falt of hepatic and renal AMP, a
pmvetful J.nhibl.tor of sructose-x G—bilphmphatnae (Gevers & |

Krebs, 1966), may further stimulate gluconaogeneuis.

* The major i of ‘pho X in  mammalks
© _appears to -be fructose-2,6-bisphosphate (Pilkis et al.,

1981; Van*Schaftingen et al., 1980; FPuruya & Uyeda,. 1980).

As the tissue ration of  this uynd  was not .

“measured th the Chicken, /it cannot be “said what eff¥et

changes ‘in  its level might have had on phosphofructokinase '

activity. .
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. 2:/4.3 Effect Of Redox State On Gluconeggenésis -
o § i .

Employing ‘artificial respiration, 'the. hepatic lactate

levels X

chickens, were found o be mich 1ower (0.86) thar

Al reported’ For non-ventllated Yibds. It'wes - Sdlnd in

S the ventllated~ 'birds that ‘the NAD /NADHv ratio-calculateq

fron the lactate:pyruvate SR, R cytosol ‘was ‘higher

il than * has 'b_een previously reported. (Bannister & Cleland,

L '~ .1977; Deaciuc; & Ilomca, 1981;, Dickson et al., : 1978;

Barratt et al.,;’'1974;  Locke et al., 1972; 'Rinaudo et al.,

1976): ' * P ¥ + . R

A ' )

Unlike the findings of Brady et al. (1978) in chickens

s f . f
and Kaminsky et al., (1982) in pigeons ; it was found that

| the cyqosohc L2 /NADH ratio of .liver mcreased with'

fasung,- mdma ng &\ shift ' towards a more oxmued NADH

system in the cytosol, wfuch is cpnslstent with the.observed:

shifz in , the blood lactate:pyruvate ratio towards a more -

o % ‘oxidizea state. (Belo et al., 1976a} | pavisén & ‘Langslow,
1975; ‘Brady et al., 191ej. 'This" implies’ that the liver of
. i fasted Pird.may’be  dependent ' upon. tnG" availability . of -
_reduced substrates for glucose synmesi\s.
Kt . :

. g In the kidney however, there was . no 'change in the

" NADY/NADH ratio of the, cytosol after a fast. - If the

availability of  reducing equivalents in the " cytosol "limits

4 gluconeogenesis,  then it would be expected that | .

L gluconeogenesis from pyruvate in -the kidney of ' a' fasted
. 30 & A .
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-.'. chicken . would be favored over glucon is from py

in he liver because of the smaller NAD'/NADH ratio-in the -

4 > ~ . In summary this chapter describes a technxque . for'

et maintaining blood gases at physiological ‘levels in mrde

t a surgical e inyolving an operi abdominal..

" cavity. Using this technique it has been shown levels of

adenine nucleotidesin chicken liver,are comparable to “those:"
" measured in‘mammals. ' This latter ,is in contrast to previcus

reports, which' are believed to have suffered from the

problem oOf low oxygen tension in the avian liver. The same

© 407 _.is true for the lower lactaté:pyruvate ratios. which are

o reported -in ' liver 'from a ventilated chicken.: The ‘changes
rfeporfed in metabolite concentrations in ischemic liver are = " h
consistent with an acceleration of glycolysis,as.a result of

w glycogen breakdown. r

ya In addition, hepatic lévels of. metabolites in fasted '

chxckens, in vivo, suggést that glucoheogenesis from amino

acxds and pyl‘uvate may not -be a favored process in - the-

: liver. 1In contrast, mecabohte"levels in the fasted chicken

kidney in vivo, suggest there is no Limitation of eytosolic
.reducing - equivalents and therefore no. Iinitation from this

factor on gluconeogemsis from amino acids and pyruvate. L

- 86 -
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‘3.1 INTRODUCTION

s © Interest in: gluconeogenesis from aming. acids -‘in

gy chitKens has led a number "of investigators to examine

circulating levels of amino acids in that species. Studies

- have' focused on levels of amino acids as. they are affected

[1959; Olaen et al., '1959; Gray et

s e st T py alet (Bell et al

al., 1960; Zimmerman & Scott, 1965; Richardson et al.;

. ', 11965; Kelly & Scott, 1968; ',Tasaki & -Ohno, -1971; . Ohno,:

‘19807 Lapbier et al., 1982); ‘as they are influenced by

fasting or feeding a. mon-protein diet (Hill &' Olsen, 1963;
S Zimmerman & Scott, 1967; Boongaardt & MiDonald, .1969; Belo
- * ‘et al., 1976a; . Brady et al., 1978) and as they are affected -

by egg formation in the hen (Taylor et al., 1970).

The number- of conclusions that can be‘'drawn from such .
measurements of metabolites or . amino acidé in plasma is
limited. If a rise in the plasma’ concentration, of a

substance is observed,’ it -can be presumed either that’

p on of the sub 18 incre: its utilization or f
- excretion 1is, dininished ' or that it is released from blood
Ice:'Ll:. The o‘ppusite présumptions are made if . the’
- entratfon of a @ falls in plasma. Johnson & v

Anderson (1982) have made an attempt to ° define ‘the
relationship —hetweeh -tlhes amino acid composition of the diet ;
and- amino acid, concentrations in the plasma of the kat but -

Boomgadrdt ‘&  McDonald | (1963) have shown ~that®there are




rat or pig in the fasting plasma concentrations of‘am‘i/no
acids. The levels, of amino acids were seen t\be mch more .-
.variable dur;ng a period of fasting in the chicken than ip »
the latter animals. It would seen that in this, as in’ many

other areas of mtabolxam, the chicken differs sigmficanuy'

from the mammaliun "norm” .

Anotler area which has | drawn = the: intérest of .

investigators 1lies 'in the distribution of amino acids ahd

metabolitea bet\leen blood cells and plaama It ‘has “been.
found in meny ﬁmmala that the erythrocytes contain’ little
ox‘ no glucose (Olmstead, 1935a, 1935b) " The sume' situation
was  found  to ‘exist  in' pigeons ° (vmakumv, 1928;
Andreen-Svedberg, 1933) and the domestic fowl (Bgndelln, »:

1943; Tapper & Kare, 1956, 1960; Bell, "k956, 1957:

Houska, 1969) s, \ . I .

It has Blsb been recognized for some’ time that amino

nitrogen is piesent in much higher concentration in tissues

. than in. plasma (Van Sigke & Heyer, 1913). It was not _until © |

many .years later however: that the deve)opment of new:
techniques allowed investigators to demonstrate differences .
in, concehtration between plasma’ and blood cells of 3

individual amino acids (cnxxs:ennen‘r'et al., 1947; Johnson &

Conseqiiently it is important to measure 'glucose in plasma

rather than blood to prevent possible errors resulting. from

age and sex : t ch
| - 89




Bergein, 19517 ' McMemamy et al.; “'1960).. ¢ -Several

investigators. since then have shown. that this sifference 1s |
%, - true  for such a: varlety of animls ‘as rats (Roki et al.,

PR 1972, 1973; Felig et 'u’ 1973; Soley et al., 1982), ' dogs

(Drewes . et al., 1977), sheep, (Hextmn & nugman, 1980),

cilves (McCormick & Webb, 1982), humans (Hagenfeldt 5.

Arvidson, 1980) and chickens(Bell et al., 1959; " Steptiens & °

Evans, 1971). The difference between cells ‘and -plasma in
" the levels of amino acids léd Elwyn et'al. (1968, 1972), - . °

¥ho' were working with dogs, to suggest different roles for 3

plasma and erythrocytes in inter-organ transport; that is *
o that plasma  carried frée . 'anino acids .from fon-hepatic

tissues to. the liver, and protein from the liver'to ‘the

. :
periphery, while free amino “acids vere garried fron “the

. ) uver to'the periphery by erythrocytel. .

F There is another abproach-using measurements of ‘blo‘od
* metabolites to study amino acid menboum in vivo. that 4s .t
. »capible of providing more information than the studies cited F

bevas This involves sampling blood ' from the afferent

vessel(s) and -the o —— vessel(s) of an- organ and

o determining  if metabolites have been feleased Anto, or taken

B .up froW the perfusing blood. This 1is Khown as . an

avrterio—vanoul difference. ¥When coupled Vit‘h measurements

of bloo ow through the organ, the flux of _ the . substance‘

may also be determined. I
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The pioneéring 'work in a"ming acia aiterlo—vendns
dai I

s was in rats by Flock &
Bollman (1962), and has ;been extended to = dogs (FuKuda: &'

Kopple, . 1980), sheep (Wolfe et alj, 1972), and man (Marliss

arterio-venous differences across the wing of the ken,

s
. )
‘.. there has, as yet, been no . report. of -amino acid

ux‘tei" di

in birds in vivo

Thxn is molt. likely due to the difﬂcultieﬁ mumpung from
abdominal vessels vithout cauuinq t‘he bird'to become ananc
(See chapter One) < The refxnmnt of the ™ technique
described in ‘' chapter One oE this thesiu to maintain blood

gases of 11y opened chicks at physiological

levels, has allowed ‘the of ‘arteri

@ifferences in chicken across liver, muscle and kidney. The .’

results of these measurements are reported and discussed in

this chapter.
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3.2 METHODS .AND MATERIALS
3.2.1 Experimental Animals

The experifental ‘animls and their - care -and - handling’

were asdescribed in Section 2.2.1.: - . %

3,2.2\ Analysis o

determinied on . a -Beckman .model. 121

inovacids we
“Apino . Acid Analyser and Beckman Systems’ AA. computing . .. 7

Integrator for Amino Acid Analyser using a five-buffer . '

singl method as 'described by Lee (1974) and modified

in Beckman Bulletin # 121M TB-013 (July 1976).

Uric acid vas determined using a uricase method  as
described in sigma Technical Bulletin $292-UV with x‘cagﬁntl‘
obtained in Kit form from Sigma Chemical, St: ~ Louis, Mo.
The method uses 0.05 - ml of porcine Iliver ‘uricase (0.3
units/ml}:to “‘cmvert, the nxic. scid (which ihas a high
.absorBance at 292 nm) in a sample to allantoin (vhich has-a
much lower _absorbance at 292 nm). The decrease in

N £
absorbance . at 292 nm is proportional to the uric acid -

concentration.




| Glutathione levels were 'determined (in fasted ‘birds

i - - only) from -a . perchloric  acid-deproteinized, whole blood /

| £ extract neutralired : immediately before,.analysis by thads.
* .method of Akerboom & Sies (1981). Reduced glutathione 'GSH'
was determined by measuring the change in absorbance at 240

" . .mm’* (after the addition of 0.02 ml of a 250 unit/ml solition

of yeast glyoxalase (Sigma)) of a pi 7.0 reaction mixture
* containing 0.1 M phosphate, 1-mM ethylenediamine tetraacetic

- acid, 5 mM methyl glyoxal and a known volume of sample using

¥
0

A .the ' extinction coefficient of 3.37 mM-1. Oxidized
: £ a /16886’ (glutathione disulfide) was determined el
= in’ the same. cuvette' after’ the _Yompletion -of the| GsH "
: “ deternination by adding 0.01 ml of 10 m¥ NADPH and o.oi\ nl
¥ ‘ of 'a 10 units/ml -oluu;n of yeast glutathione reductase,
‘\ and recording the.gl\ange in atacebasce &b F40 ;" o !
; ; \ |
L= . o
3  ; 3
I‘ : i
\ o > i ‘ | :
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3.2.3 Blood® sampling
1 i

For thé blood metabolite and amino acid determinations,;

five 2'ml blo“o‘d samples vere taken in ventilated birfs using
heparinized syringes with a orie-irich, 23 gauge needle, from
the left hepatic vein (1-cm before it enters the caudal vena'
cava), the't‘i‘ght ;';on-.al vein (1- cm before it enters 'the
m.;zg;n of “t'he_ liver), the right external iliac vein (1 -
beforé it gi“‘ve'u off, the caudal renal portal vein), the .left
“taudal. renal vein. (1 cm before it enters the comon 11486

vein) and the inferior aorta at the level where the femoral
: i v

arteries are given off’. The vessels were sampled in that
order, over a time-period of five minutes. (See- Figure 1 -

for. detailed anatomy, | Figure 2

for a  schematic

representation).

* thiter order GF sampling was chosen, for ‘the following
reasons. . The'left hepatic vein-is the vessel of. choice for
sampling efferent hepatic blood, as the right hepatic veins
arain into the posterior vena cava within the margin of the
"liver wheré ‘hepatic blood mizes with *blodd - from the vena

: 0

T

"It is-wise to'consult an authoritative anatomy text such as

that by Baumel et al., (1979) for the names of vessels.. One
‘popular text (McLecd et al., 1964) appears to have confused

the positions of - the caudal renal portal and caudal renal

vein. i ~
- 94 : s




INTESTINE : x
T e = |
RENAL PORTAL VALYE,

£ ol
LEFT KIDNEY

HY - HEPATIC VEIN  ~ IA - lNFE;}DR AORTA

HPV - HEPATIC PORTAL, VEIN:.- RV - RENAL VEIN

HA - HEPATIC ARTERY' .. RPV. - RENAL-PORTAL VEIN

VC - VENA.CAVA. 7 EIV - EXTERNAL ILIAC VEIN

CMV ~ COCCYGEOMESENTERIC. VEIN. # .~ BLOOD SAMPLING SITE
FIGURE. 2

SCHEMATIC OF BLDOD VESSELS AND SAMPLING "SITES.
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cava. - The'left lepatic vein Howev

leaves the -liver as a. .
, ;

. distinct. vessel and therefore contains only efferent hepatic

blood. . It was decided to first sample the efferent blood -~
# ' .from the liver to avoid any éffect on venous outflow. which
night be caused by saipling’the hepatic pottal vejp- Eirst.

’l’l\e_x.ight epatie portal vein, ‘saipled ’sécond, -was choun

beeauae it is larger "and more readily acessible than che.

left hepati¢ portal’ vein.
1¢ wak'decided to ssmple-the fhferior aorts blood - 15k

_to ‘minimize .blood loss. Withdraval of the saspling needle
2 . “'results in considerable’ hemrrhaging from th).a veanel.
" contralateral external- iliac . and  renal ven(a were c‘ho-en'

(rather ' than ipnuatenl) to avoid the effects which

sampling fr;n both vassels on the sane ‘side night have on

. blood flow or. metabolism in’ the: affected kidney. (As blood.
: from the external ilisc vein on one side perfuses ‘the kidney
‘yia ‘the remal portal veins on the same side’ and leaves  via
the ‘ renal vein, it is poseible that wimpling foim, say the
‘lege external iliac might interrupt flow to the left Xidney
and ' the -next. sample if taken from the left zenal vein inay

not. be repreaantativa of the blood that miqht othanise "been

- 96 ~
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sampled just before.? : . ;

péntebarhitnl . .

in that vein fd the left external iliac vein not been

Following remGval of - blood lamplel the ~ animal ~was

humenely ‘killed by an’ intra-cardiac foveraou of uoamm

Each of .the five blood snmples wn! divided Anto one. 1 0 -

ml portion and two 0.5 ml purtmnu for analysis. ™
<

1.) P’or plllma npaée,‘ glucdse’ e uninn acids the :1.0

.ml subsample wvas placed in al. 5 ml Eppendor'f centrifuge

;v_ube and centrifuged for m minutes at. full “spéed -in an,
5 oL

Eppend'rf centrifuge t@- chtain plasma

8

was fetained, for the analysis of urate a,é glucose’: ﬂ\e'

‘remingder vas, doprotein).zed by addihg. 1t e 1.m1 of old’ 108

‘sulfcsalxcyl:l.c acid- which vas :then vonexea and centzifuqed

15 000 rpm in a on'vall RC—SB centrquge for 20 mimlt.e

“rme supernatantwas cnller_‘ted and Lt' 'pH ‘was adjusted r.o 2.2

‘with 3N lithlam hydroxide.. An amunt of 0.15'N lithium
citrate oual.to Talf the volume of the neutralized,

aupernatant was  added. The sample'vas’ then stored. frozen

Although 0dlind (1978) reports differences in blood ' flow

betwéeen ' left 'and " right kidneys in hens, Boelkins et al.,

(1973) ifi hens and Wolfenson et al., '(1978) in'males report ' -

no’ significant differences hetveen blood ﬂow to left and

right Jidneys

8 ¥ I




. o before analysis for amino acids.

2.).For whole blood amino acids, a 0.5 ml blood

subsample was added to a ten ml Centrifuge tube containing 1
ml of cold 108 sulfosalicylic acid. This was vortexed, and
céntrifuged at 15,000 rpm in a Sorvall RC-5B centrifuge for
v 7 20 -”ninu:é.. The supernatant was. collected and its pi was

adjusted to 2.2 with 3 N lithium hydroxide. An amount of

. .0.15 N'lithium citrate equal to half the volume of the

neutralized supernatant was added. The. sample was.then

; stored frozen before analysis for amino acids.

3.) For whiole blood glucose and lactate the last 0.5 ml

& PR of . the blood sample was added to a ten ml centrifuge tube
w containing 1 ml of cold 6% perchloric acid. This was . then
D) vortexed and centrifuged as above. The supernatant pH was

adjusted to pH 7.0 with potassium hydroxide to precipitate

. ‘
potassium pc:-:hlante“ and centrifuged in a benchtop

- centrifuge ‘at 5000 rpm. This second supernatant . was

analysed for lactate concentration. -+

3.2.4 Hepatic Blood Flow Determination \

A pnuminary !.nveltigatun was p-r:ormad to d‘et_em
i . total’ hepatic blood floy in. fed “and  fasted chickens.
. Anesthetized, abdominally upened, artificlally ventxlated,
chickens (800 g ulsl). were restxainad on their backs and @

s ) s ~‘cannulae 1nlerf.ld 1n left and right brachill “Veins. The

T %, -

. = ’

g ' - ¥
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“

blood ' flow , determination was ‘carried out by-injegting ‘a

“loading" dose of 0.5 mg of bromosulfopthalein per Xg body

weight into one vein and, fouoving tlus dnse, mfuung,.

bromcsulfopthalain at a rate of ' 4 5 ng/hi/kg body , weight

using , a’ Braun infusion pump (Qulgley-Rochastez Inc.,",

Rochester, N.Y.). ‘Blood samples (0:5 ml) were withdiawn

from the contralateral brachxal vein at 10 min’ 1ntex’valu and
bromos\llfopthalexn com:entrati.on in’ plasma vas determined

colorimetrically aftel‘ alkalinization. When the rate of

" increase of bromosulfopthalein in the plasma  became.

constant, /blood samples (0.5 ml) wer; taken from the left

‘ hepatj.c vein, the right hepatic portal}vej.n and the inferior
.

aorta. Bromcauliopt‘naleln éoncentratxom was determined in
plasma. Flow rates of blood wéie/galcuxaued by | subtracting

the' rate of increase of bromosulfopthalein in plasma from

the infusion rate to determine the hepatic extraction rate.

R
and arithmetically arriving at the flow rate of whole bicod

from knowledge ot the afferent-efferent. difference "across
Liver (assuning a 30% arterial component, and a cell’ volume
of 408). The method described above was adapted from
methods described by Bradley et ;P (1945) and ousenbezg et

al., (1974).

R,




" and that blood in’the caudal renmal portal vein flows. into

3.2.5 Calculatioms - o ’

‘Plasma and whole blood -arteriovenois differences for

muscle’ 'were 'calculated by subtracting the concentration of

the metabolite in the external iliac vein . from - . the

* concentration in the inferior aorta. For reasons which will

" be outlined in Section 3.4.1 the plasma and  whole blood

afferent-efferent differences for the liver weré calculated

. i \ .
| by assuming that the arterial blood perfusing the liver in

. Vivo comprises either 308 or 40% of ‘the -total biood

" perfusing the liver, with blood from the -hepatic ‘portal

| aifferences for the Kidney. were  calculated,

veins supplying 'the balance. (See discuasion in Section

3.4.) . el B

The. plasma and . whole: blood' . afferent-efferent

for reasons

which will be outlined in Sectiop 3.4.1, assuming 'that . the

arterial. component of° rénal ‘flow. is 508, 753 or 1008 of

total renal flow, with thé remal portal veins supplying the

g« ; )
balance. . (see’ discussion in Section.3:4.1). It was agsumed
that levels of metabolites in the caudal,renal ' portal’ vein

were -equal to the’

ons in-the 1 iliac vein

the kidney. Othér, ons ‘that were

y for these
calcilations wefe that the concentration of metabolites- in
all arteries were equal to those in the: fnfarton anceks Tt

‘wag also assumed that blood in the hepatic portal vein flows

towards  the ' liver and that concentrations of metabolites

PO




were equal in both left and right portal . veins.

. cuncentr'ations of metabolites in all efferent hepatic veins

were ansun\ed to be equal tD those in the left hepatic vein.
Lastly it was assumed that the same patterns of flow exist

_in both fed and fasted chitkens. . L

Levels' of metabolites  in the - cell and  cellular:”
arteriovenous  differences ..were ' “calculated from the
concentrations of the metabolite meagured in plasma. and in

whole - blood assuming . a. cell volume of 40% and _an’

interstitial volume' of zero.
/o o .
Forty percent was fhe average value for the packed cell -

volume in the cockerel! used in this stidy and is ‘similar to

data puhlxshed thNewell & Shaffner (1950) for cockerels of

this .age. ' The small change in red cell volume which takes

SIaes. i fosncnse 65 aifferent pCO, levels in arterial and

- venous blood, the Hamburger shift (1891), waa_lgnoreﬂ. :

ere was. no dlfference between t'he hematocn.ts of the
five blood samples (P > 0.05, Neuman-l(eu%:s multxpla’ ranL

té\ar), that is thé bluod sampling had ‘nio. significant:’ effect

. on the .packed ‘cell’,volume. In a separate experiment’ ?x'._»‘

: . 3 o % . A
imilarly treated birds ( Appendix ; ), 2 ml blood samples -

\ —
were drawn from the inferior aorta through an indwel 1ng

‘cannula at two minute intervals for 12 minutes. There was

no significant ‘effect of sampling on hematocrit or on plasma
glucoae in "the arterial blood. Further,. there 'was no

a -10]-




significant effect = of six ‘days of fasting on blood

hematocrit.

The agsumption that a hematocrit. of 40% is a cell

volume “40% ‘may be,an overestimate of the ce}l' volume as

‘Hunsakef (1969) has shown that in'human blood, ‘2s much as 8%
and . at least 2.5% of the total plasma is trapped in the red'

'céll mass, dépending on:the centrifugal force and time of-

the centrifugation to separate cells and plasma.

Fractional extraction or release - for .each metabolite

was defined' as the . difference between the wfferent and

efferent = concentration . divided by = the,, afferent.
concentration.
\ W 5
¥ i o
.
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3.3 RESULTS | S : :

3:3.1 :Body And Organ Weight Data.

~ " In table 8, which appears below, the mass 'Of some oOf +
# the major' organs in the fed eight-week-old cockerel are
PR - i
\_ - presented.
: : i v, E
Table 8. Summary 8ata on ongan weights in fed - B-week-old
. cocks. - : . H
’ i
organ © Weight 3
. . (Mean + SEM, n=3) ]
. :
5 '
Whole Animal o 770 + :
Liver + gallbladder ¥
Kidneys 5 *
“ Heart - X . - s
g Proventriculug’ . ™ x . .
g . Gizzard ; * .
*" Duodenum- P .08 T
Pancreas [ *
. Iléum + jejunum - - i
e ot - .k golon) T, 2.29 %
Caeca 0:40 ¥
" Testes 0.03 ¥

) Values are in g/100g body wéight except for the whole
animal body v -
weight in grams.

Effect of fasting on relative liver mass Méan + SEM (N=6)

i
i

Days ‘Fasted - . Weight Dry Weight
B (g/100g body weight) (gfg tissue wet weight)

Q +0.21 0.27 + 0.01 -
1 6 ¥ 0.26 0.28.F 0.01 .
30 ¥ 0,17 0.29 %0.01

; 5 ¥0.15 . 0.30 ¥ 0.01

: 7 ' ¥ 0.12 0.28 ¥ 0.01
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3.3.2 Blood Flow

Deturmination of total hepatic blood ~flow, using a

bromo!ulfopthaleln method, md&cated that-hepatic blood flow

‘rate decreased in the fasting—chickén.' A

concurrent
decrease’ in- the ralative’s’i:e of the liver meant thac the'
£low rate per gram of liver tissue remained the .same. The
results of the blood flow determination are pzesented‘and
compared with ' arterial and hepatic portal .flow rates
determinea by ottiera in Table 9. !




W

Table 9. Total Hepatic Blod Flow, and Portal and Arterial

Blood Flow'in the Fowl

Source o Blood Flow - i
(ml/min/kg-  (ml/min/q ¥ of
body weight) ‘tissue) ° Total

A Total FED (N=2) 59.0 + 0.93 = 1.92 + 0.03  100%

Liver  FAST (N=4) 36.0 ¥ 6,06- 1.92'% 0.53 100%

B Portal FED 14.8 + 1.15 = . 258

Vein FAST 24 ¥r ' 14:2 ¥ 1.51 v no data

¢ Arterial FED i | 1.08 + 0.14 .. 568,

D Arterial FED - ‘'0.77 ¥ 0.09  40%.

E Arterial FED - -l 0.56 ¥ 0.05  29%

" Legena

) y — !
Blood flows determined for liver of the domestic fowl

are presentéd as the méan + SEM in ml/min/kg or ml/min/g

of liver tissue wet weight. Results are presénted for the

‘investigations performed . in this - thesis and from

previously published results. The key is presented below.

This Thesis, 800 g cockerels. Total flow determined with

bromosulfopthalein. Fed or fasted 72 hours.

‘Sturkie & Abati (1975). 2.2 kg cocks. Hepatic' portal”

venous flow determined with electzomaqm;tic flow meter.
Wolfenson et'al. (1978).. Adult laying hens. Tepatic
Art‘exj!al flow ‘determined with radioactive microspheres.
Sapirstein & Hartman (1959). Adult laying héns. ' Hepatic
Arterial flow determined by indicator dilution.

Boelkins et al. 11973). Adult® laying hems. Hepatic

Arterial flow determined by indicator dilution,

=105, -
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Levels of Ao Acids In The Circulation. -

3.3.3°,

Compariuon Of Plasma Amino Acids With Previously

Published Reports.

Table 10. compares the levels of amino acids ‘found
"in the arterial Plasma of fed aud Fasted cnck:rels to the"
leveis reported in chicken plasma by other xnvestiqatoru.
With the single exception of arginine, which was higher,
the level.of each amino acid in the fed state was . within
the

range reported by other investigators., In the fasted

state as well, the level of each aminc acid was within the
reported ' for it by others, with the exceptions of

alanine ‘and lysine. - These two. amino acids were each
substantially lower than the values reported by others.
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H

' 21% protein. Reproteinized with picric dcid. ;

Legend For Table 10:

The figure in parenﬂles at the haad .of _each . column

© designates - the period of “fasting in hours\ Underlined

figures in column "A" (Fasted) ¥re significantly different
from ‘fed ‘levels. ‘The letter at the head of each column
indicates. the source of the data. The key is given below.

\
This thesis. ' 8 week-old, B00g- cocks fed 20% protein.
Arterial plasma deproteinizéd with sulphosalicylic acid.

Larbier et.al., 1982; '320g, 3 week-old broiler -cocks, fed

"

"Rill & Olsen, 1963; .3 week-old White Plymouth Rock female.

chicks, fed 15% .soya protein or fasted 48 hours. Plasma
deproteinized with tungstic acid. ; -

Boomgaardt & McDonald, 1969; 6 week-old male . chicks, fed-

18% protein then fasted -8 hours or 36 hours. Plasma
‘deproteinized with sulfosalicylic acid.

. Zimmerman'& Scott, 1967, crossbred chicks (New Hampshire

males x. Columbian females), .No age or weight given, fed
complete ‘amino acid mixture diet thén fasted 3 hours  or 24
‘hours. Plasma deproteinized with picric acid. g

Tasaki- & Ohno, 1971, 5 lnohth-uld 1.6 g, Wh:.te Leghorn cucks.

. fed 21% protein (casein): . Deprotéinized with picric acid:

Stephens & Evang, 1971, 4-wiak<ola cks, fed, 20% ° protein
(casein) . or - fasted = 24 ~ hoursi/ ' Deproteinized . with
sulfosalicylic acid. - Amides hydrolyzed to free amino acids.

Belo et al.,.1976a, 4kg crussbxedz cocks, fed commercial
stock .diet (soya) or fasted,72 holrs. Plasma deproteinized
using column chromatograph #

Richardson et al., 1965, 6.5 -week-pld, chicks,. fed 15%°

‘protein (soya) Plasma deprotauuzed with picric acid.

Gray et al., 1960, 4 week=old Barred Plymnuf_h Rock' cocks.

Fed 24% protein - (wheat .+ sunflower meal). 'Deproteinized *

with tungstic acid.

Bell et al., 1959, Brawn Leghorn Adult Cocks, fasted 36 ‘hr.
Plasma deproteinized with trichlorcacetic acid.

Brady et al., .1978, 1.2kg ‘'broiler chicks, fed high
.carbohydrate diet (then fasted 1 . day ‘or 8 days:
Deproteinized with sulfosalicylic acids

- 188 - T




3.3.3.2 Effect Of Fasting On Amino Acids In Arterial Blood,
s

5 . Plasma And Cells . § B ~— A

= This section will -discuss the data presented in Table

n _.11. The concentrations of amino acids and metabolites in

, the four other abdominal vessels sampled in ‘this study ' are

__presented in Appendix A.

Threonine and Serine

: Threonine content of whole . blood, ' plasma and cells
"increased . (P ¢ 0.05) after a fast. fhere was little change
in the blood level. of ‘seriné on.fasting. . ! v R

« . . 4 .

Glutamate | s T - s A

Next to taurine, glutamate was the amino acid found in - . °

highest concentration in whole blood of fed chickens.

Thete was a fall of ‘nearly 408 (P < 0.05) in the whole -
g blood level of. glutamate on fasting. Most of the change
: /( i appears to have resulted .from the fall in the. plasma

concentration of glutamate as the cellular levels changed "

. little. B ..




Table I} Arterial Levels of Amino Acids and Metabolites in

Chickens
. . FEDC : FASTED £
A 8L00D PLASMA CH.L BLOOD . PLASMA' . CELL

TAUR 3550 + 98 - 193 -% 43 8590 ¢ 2&5 3850 + 160 360 £'78 9080 = 409
+ HPRO ‘154 +.18 166 +18 114 +'14 *69 ¢ 6 *73 + 34" 63 +:46"
THR - 329°+.21 467 £ 27 ' 123 + 44 ~*634 + 124 *B93 £ 184 *245 : 66
SER - 581 + 64 612 % GZ 534+ 78 .- 437+731 472,+ 41 38541
ASN 68 +9 138 %1 u 45 = 4 *58 2 9 24 ¢ 18
GLU 740 + 47- 555 ¢ 27 1020 + 93 *384 + 25  *98.+ 22 814 +'63
GLN. 444 + 67 653 + 9 131 +48; 370 + 31 486 ¢+ 52 4192 £.65
PRO 214 £ 17 371 & 37‘ uo *149 + 11 *174 & 15 *111 +' 34
GLY. 606 + 33 486 +'23 786t 71538 + 26 . 464 + 38. - 650 ¢ 18
ALA 518 + 40 545 + 49 - 410 £'29 - .-*323 + 14  *298 + 22. 360 ¢ 28
VAL.. 336 + 30 472 +.56 ' 133 £-39 519 & 76" .386 + 64 *719 + 98.
3 Lo "

cYs 98 + 6 203 15 D *53'£2 161+ 26 u
MET 14+9 ° 772§ uo *67 ¢ 7 76+13 *3:5
ILE 138 +18 188 +34 629 . 173+24 191425 *I45+ 31
LEU, 244 28 343 & 47 9 ¢ 11 236+ 28 275+ 29 *177 £ 31
TYR- 148 £12 164 +12 125+25. *i06+6  *108+11 103+16 '
PHE 935 I124:6 46 ¢ 11 -84 £.10 ~ 105 + 12 53¢ 12
BALA- 403 * 22 u 1010 + 56 361% 33 up 902 + 83
TRP 29+2°° 60.£4 w 31's 4 s w -
ORN 2114 3 ¢ 7 35 *49-210° 59:16 34116
LYS 312 +68 529 ¢ 1 w 23930 340:39 *48:17
HIS 65+5 1058 4+10 60 7 85 ¢ 11 22:8
3MH i5+ 2 243 2z 1 *48 = 8 *79: 14 u
ANS - 596 = 71 UB 1330 £ 900 695+ 70 UD 1740 £ 174
CARN 1640 + 147 4091°+369 1310 +.245 *2666 + 155:
ARG . 258 + 25 464 : “ UD- - *158 £ 14. *245 ¢ 15 21
GLUC ND 13400 = 430 - KD 12500 + 340 -
TELYC 12: : ND - *61-¢ 17. -
L 2340+ 290 ND - 2360 ¢ 170 ND -
GSH ND N o, - 1222 + 86 KD -
GSSG ND ND* - 385 ¢ 58
URIC ND 470 + 41 - ND *621 + 63 KD,
NH3 235 + 47 343.: 63 up 222 £ 6 *230't 33 *263°% 63 *

The data are presented asthe cnncentrat"oﬂ of the amifo acid' in

nanomoles “per ml + S.E.M. Values marked with an "*" are slgniﬂcanﬂy
different from fed levels in that blood fraction. "N0" indicates. the

metabolite was not'determined. "UD" denotes the concentration was tao :

low to be ‘deteriined or was'calculated to. have a negative sign. A.dash,
"', means the cellularcontent. could”not be calculated as the substance
was not measured in both blood and plasma. In the fed state, Ne§ for
amino acids, for glucose and uric acid, N—M for glycerol, N=3, and. for
Tactate, N=7. For amino acids of fasted anima\s N=5 and fur g1 ucose and
uric acid, N=10 for g]y:erol N=2, and for lactate, N=1l. -
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Glutamine and Asparaginé ’

Only a slight (statistically insignificant) decrease

was observed on . fasting in the glutamine and asparagine

concentrations in arterial whole blood. .No significant

change .was seen ‘in ‘the. plasma and cellular gluta’mixiel

concentrations on fasting.

Proline and Hydroxyproline . .
The g‘ign‘ificant &r.op in ‘Whole blood levels of proline
was a result of.the drop in'\plaﬂma concentration as cellular
levels were found to mcreuue on fasting - from, \mdenectable

levels in the ifed bird to juut over 100 n.lnol/ml in the:

fasted bird. .Hy P! Tiee vewerad : significantly

in' whole 'blood, primarily as a result of the-drop in plasma

levels as cellular levels were statisticly.unchanged after a
\

six=day fast. 5 * b . "
Glycine and Alanine

THe amino acid 'glyc:l.ne was found.in me third - highest”

“concentration in whole blood ‘of.a fed! ‘chickeh, . Little
- change was seen in the circulating levels of-this amino acid
y Uy > .

on fagting. Whole” .blood ' and' plasma alanine . however

decreased (P < 0.01) on fasting. |

v
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L

Aol

after .a fast, Cellular levels of these two u\inc ‘acids’ were

‘low. Lysine was .seen in nm

concentntinn with fan_ing.

Branched Chain Amino Acids i
. .

Whole blood and plasma ‘branched chain’ amino
changed little during a

acids
fast, though the cellular levels
increased (P ¢ 0.05).

_Methionine and, Cysteine " =
i =

whtla blood methionine, whu’a low in  concentration in

the fed chicken, an;aand aughuy (p < 0.05) on fasting.

Whole hlnod cysteine on the other hnnd dccr.nled.

methlcnine

seén in whol'e blood l.thionine was -a relult Of the change in

the cellular content, of this amino acid. There was no

ne measured iu the blood cell- in aLther the fed *uz

sted state..

£

Mtld Amino Acids -. £ Y

Tryptop‘hln and pn-nyluanme chanqad ln.tle ‘in whole
" blood or pl.-n. o tryptophan was observed in cells. No

change -

s seen’in cellular phenylalanine’in this study.

xa-i"e m’no Acids

Lysine pnd 19«:141“ ¢ chungtd utu- 1n vhol.e hlooﬂ

study to. increase’ in'
The .difference noted between
this thesis and repon- in the l.itex'atun Ln the quite high -

-uz— J . W

Cellular,
also infreased:on fnting. indicating the change "

i .
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levels of Iysine in the clzculution after a fast may be
explamed by the cbsarvations of Wang & Nesheim, (1972) who
showed . that lysine degradation -~ via hepatic

lysine-ketojlutarate reductase shows strain differences. As

is later seen in Table-12, the ai
for lysine across the Liver of fasted chickens is positive
and significant (P < 0.05) suggesting  that hepatic

dtgraq‘atiun‘ is not ‘impaired in thla strain.

Whole blood and plasma arginine were seen .to. decraaun'

on_ fasting (P <0.01).. The fall seen in Whole blood was a

result of a decrease in ﬂ\u amount of argihine carried in‘

plasma.  Cellular levels in fasted birds, were negligible

and unaffected by fasting.

- These three basic amino:acids are -found in much greater

concentration in plllm than in-the cells. ' As these three

a-lno acids often ﬂure a eomon transporter (C‘hthteuen &

Antonio].i 1969), theix low concentration in -cells may’

indicate a low activity of the transporter in the
erythrocyte membrane: of high red cell metsboliam of these
aming acids. * Lérner et al. (1983) feported that in the 4
week-old . chick, ~the lyuine.‘ transporter activity at
physiological concentrations -of lysiné 'is _about” half  of
glycine  transport activity and only a quarter of leucine

transport, activity.
y +

L 1 I

5
il
2
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3-Methylhistidine, - w

3-Methylhistidine levels increased ( P < 0.01) in whole
blood  and ,in plasma after a fast pointing to an’increased
bzeakqoén of muscle protein (if excretion is not impaired) .

3-Methylhistidine levels were negligible. in cells.

.Angerine, Carnosine and Taurine 5 5

Anserine (Beta-alanyl-N-methyl-histidine) and carnosine
(Beta-alanyl-histidine) were - absent from plagma .and highly
concentrated in cells. Taurine while present in plasma, was
very much more concentrated in the cells. There was little

3 14

_change in the ation of these

and the amino
acid, taurine, in the blood after a six-day fast, although
‘ cellular carnosine levels dropped. slightly (P < 0.05).

Other Metabolites® - .

Ammonia dlstribution between cells and plasma 'in  the

Aspartate levels are not reported as the.aspartate peak is

 masked by the glutathione - peak in theé amino acid

chrcmar,égraphy. Alternate measurements of this amino acié

in'a preliminary study showed it to be of sufficiently low

concentration in the circulation of the birds used in this
investigation that it was not deemed justified to meagure it

;in this study. The same was true for pyruvate levels in the

* circulation. &
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"blood of the foul was quite variable ‘(see.large standard’

error). This may indicite aiffiéulties"with the assay

-proceduré, and - the fact that the’ cellular concentration is

calculated from t'ha plasma and whole blood concentrations.

'As noted by other investigatérs, plasma glucose 1evé;s

* remained constant during a- fast (Hazelwood & Lorsnz, 19597

Brady et al.; 1978) as aid blood lactate. 5 .

Plasna 'urate levels vere seer to fise ( P'<.0.01) after
a fast. This is similar to the observations of Henry et al.
(1934); Okumura & Tasaki (1969) and Homma & Sato, = (1960)

although, unlike the observations of Bell et al.- (1959).

Glycerol levels were found to be'low in the circulation
in the ‘fed chicken,’ and  although the level increased
significantly after six  days- of fasting, the- amount of

glycerol present "in-the blood, J.sgtill amongst the_luwegt_

- of the metabolites measured: S TR
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Fasted Chickens

3.34.1 Liver N

There was a significant” positive - afferent-efferent

differénce ' acrdss ‘livers of fed birds for glutamate,

asparagine, proline, leucine, isoléucine,  phenylalanire,-

tryptophan, arginine, ractate and glucose.

Thessituation.in fasted liver was different from the
fed state. The  number and amount of amifo acids removed
£rom whold blood incressed. There wéye significant positive
afferent-efferent  differences for threonine, ° serin..

glutamine, glycine, . ‘alanine, tyrosine, = phenylalanipe,

ornithine, lysine, arginine, lactate, glucose and a negative

arterio-venous difference for - urate.  With a .- few
differences, a2 similar situation was' seen .in plasma,

suggesting the extraction from whole blood was a -result of

‘the removal of ‘the amino acid from the plasma compartment of-

* blood. . o

¢ o

The fractional . extractions of amino , acids ‘' and

metabolites by liver in the fed bird ‘ranged between,ten and
s . ol

twenty percent. In most cases the fractional extraction .of

the amino acid by liver was greater after a six-day fdst.

This was At.vrue for 'serine, glutamine, alanin.
ammonia, threonine, glycine, tyrosine, ornithine, lysine and

urate (Table 13). E .
¥ o 5 -116 - | .
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Table 12.  Significant Differences Across Liver in Fed and
Fasted Chickens : 3 .

FED, __PASTED
'AA Arterial  BLOOD PLASMA LASMA
TAUR 30% (186 + 140) -85+ 35 + 59)
40% (177 % 131) -85 ¥ 36 ¥ 53)
HPRO 30% (-18 F 12) (3 ¥ 18) *6) i
40% (-19 ¥ 12) (1% 18) 7). - :
THR, 30% (23%12) 55% 12. * 58)
408 (22F%11)  55%1r * 56)
SER - 308 (41% 23)' -89F23 ¥ 3
40% - (44%21) 93% 20 ¥
ASN  30% 9%3 (9% 21) *17
408 (7%3) (21%'9) e
GLU 308 76%.26 108% 8 F3° 2
408 75724 107%9 3
GLN 30% (6% 28) . 72% 27 ¥ 56
408 (6.¥27) 72% 24 ¥ 58 2
PRO - 308 21%5 50 ¥ 19 T .
408 19 F 4 49F 18 *12) o
GLY:. 30% (64 ¥27) 102.% 21 ¥ 40 ank
408 (59 ¥ 25) .97 % 19 F 40
ALA “30% (62 % 44) 1617 43 ¥ 36 ;
40% (57 ¥'41) 153 F 40_ ¥ 38 '
VAL 30% (22 7% 10) 36 ¥ 14 + 16) :
408 (227 10) 38F% 13 ¥ 15)
MET -'308 “(-2%7) - 22%5" ¥
408 (-23%6) 21¥ 5 9 -
ILE 308 15 7% 25%9 e 7
408 147 4 24%8 ¥ 8
LEU 30% 26%6 45% 13 )
408 25'%6 44 F.12 9
TYR 303 (14%6) 28%6 T8
408 (13%6) 28F%5 - 9 .
PHE 308 14%5 27%5 F8
408 . 13F 4 2774 ¥
BALA 30% (17 ¥ 14) ub uD
408 (16 ¥ 12) D . uD
TRP  30% 3F1 .. 441 .+ 8)
40% % 1 (e¥2) * 8) o \A
ORN 308 ~ (17%1) (0% 2) ¥ 9)
40% 171) (0% 2) ¥ 9) S
LYS 30% (33 % 15) 60 ¥ 17 * 32) o
40% (31 ¥ 14) 58 ¥ 16 ¥ 31) 3




Table 12. (continued) Significant Differences Across Liver in
Chickens, P :

e FED . FASTED
%
AA Arterial BLOOD PLASMA - BLOOD
HIS - 308 _(7+ 3) 16 + 2 (124 19) E
408 (6% 3) 15F 2, - (11 ¥19)
cys 308 (19F §) 83 F 12 (6. ¥ 5)
408 (18 % 8) 8L ¥ 12 (6 ¥ 5) :
3mE 308 (1¥ 1) (2% 1) (5 ¥4) ;
403 (1% 1) (2 ¥ 1) (5 % 4)
ANS 308 (9 F 19) D (29 ¥ 49)
. 408 (10 ¥ 18) UD (23 ¥ 49)
CARY 308 (68 ¥ 60) © uD (111 ¥ 121)
: 408" (67 % 57) - uD (102 ¥ 120)
ARG 308 60 22 %8 3
408 21 ¥7 ;
-'GLYC 308 17743
403 15 %3 :
NH3  30% (62 +752),
.40 (57 ¥ 52)
GSH  30% (-287% 165)
408 (-55 ¥ 232) W .
GSs6- 308 (15 ¥.16) D
0% (30 ¥21)
GLUC '30% ND. - 555 +148
408 ND 565 T 144
TACT “'308 1110 .+ 130 N
0% 1103 ¥ 130 ND
YRIC = 308 ND -i39 + 35
© 408 ND -132 ¥ 35

Afférent-efferent differences (Paired T-test, P < 0.05)
across liver in fed and six-day fasted fowl. Differences g
across liver are shown for~ the two assumptions that - the
arterial - component of blood flow is either 30% of 40% of the
total. The data-are presented as the concentration of the
amino acid in nanomoles pér ml + S.E.M. Where the difference
is not significant, the difference is in- parentheses. In the
fed state, N=6 for amino acids, for glucose and uric.acid,
N=14, for glycerol, K=3, and for lactate, N=7.. For amino
acids - and peptides of .fisted .animals N=5 and for glucose and
uric acid, N=14, for glycerol N=2, and for lactate, N=ll.

o L
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" Table 13. Fractional Extraction/Release of |Amino . Acids and

Metabolites From Whole Blood (or from plasma for Uraté and
Glucose) by Liver in Fed and Fasted C!ykens. .

Y
. B FBD . FASTED
- Arterial Arterial Arterial Arterial
aa 308 208 308+ — 408
TAUR, (5%) (48) o(58) (4%)
HPRO  (-108) . (-15%) (18%) (17%)
THR, (7%) - (68) 148 13%
SER (18 - (88) 283 28% 5
ASN 13% (93) T (333). ; (308)
. GLU 108 108 (93) ' (8%).
7 GLN (38) (28) 343 133% 0 .
PRO 9% 8% (373) (36%)"
GLY (9%) (23) 5% I
ALA (108) €73) 368 348
VAL (78) (78) (158) (14%) 7
cys (16%) (163) (118) (11%) d
MET (-3%) (—48) (123) (118)
ILE 108 11% (128) (11%)
LEU 108 11% (138) (12%) - :
TYR (108) (9%) 25% 248 7 e
PHE 14% 33 8% 28%
BALA (48) (5%) (~3%) (-4%)
TRP 13% 14% (—42) (-2%) .
ORN (38) (38) V248 25% %
LYS (9%) (98) 233 22
HIS (11%) (83) (11%) (10%)
ANS (28) (33) 33) (3%)
CARN (48) (48) (43) (4%)
ARG 9% 9% 128 . l2g
NH3 3 3% By 27% :
LACT 228 233 263 26% . I
GLUC 7%, 8% 93 9% as gy
URIC (78) (108) 243 238
L

~.
. ‘Fractional extractions or releases for liver of fed ‘and
fasted cockerels for the two assumptions that arterial £low
comprises 30% or 4038 of total arterial .flow. Where the
afferent-efferent difference from Table 12 is not ugmncant.
the fractional extraction is enclosed in parénthesés:
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3.3.4.2 Kidney %

In fed bir:i! thé kidney was different £rom the liver in
that a smallex number of amino acids showed a positive

~efferent di Y in whole bléod and there

was a negative afferent-efferent difference ‘for ammonia.

‘ Inthe fasted bird, the kidney showed__a positive
afferent-efferent difference in.Klood for a larger number of

no acids, notably -the gluconeogenic arino acids alanine,

arginine, glycine, - the g ic i 4
and a large increase in the afferent-efferent difference for
lactate, ;

The - largest changes were seen in the glucose: and urate

di

.bird showed a large negative afferent-efferent difference

for glucose, .while the fed kidney did not. The kidney of

the fasted ,bird also showed a . large  positive

a lesser, - significint difference was seen (Table 14).

Taurine, which is not considered a gluconeogenic amino

acid, was extracted from blocd by both fed and fasted .

It is assumed for purposes of this discussion that renal
portal’ flow comprises 50% of total renal £low (See Section

3.4.1). a0 .
> =120 = -

ent.di e for uraté while in the fed bird:

The Xidney in the £asted




| secretion of urate (Shannon; 1938).

2 "5 1 ’
kidneys in fairly high amounts. It would
,sulfur-containing aminé acid is’ excreted in

In  the ‘ldc_!nay of the .fed bird,

| B
seem that this

the urine. .

the fractional

extraction fr__ plasma of urate 'Il\44‘. In the fasted bird

however,. a higher amotnt of urate (743) vas

‘plasma. This Migh extraction rate reflects

~
‘
s i &
e « "85 N -
=21 -

extracted from

the high tubular’

e S

AR A
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S0 ‘Table 14. Significant Differences Across Kidney in Fed  3nd
% Fasted Chickens ‘ p
N FASTED ’
BA % Arterial BL0OD .
J JAUR 508 (581 (370 + 2108)
758 (610 346 ¥ 126
1008 (640 321769
HPRO 50% 29 (-10718)
75% 19 (-11 % 15)
100% 10 (-11 ¥ 12) ;
THR 508 (14 (28%17) Ve
758 . (18 (227 16) J
1008 (22 (16 ¥ 22)
SER 508 & (-57 -78% 22
758 (a3 84719
1008 © (-29 -91 % 20
ASN  50% (2 (1%4)
75% (5 “(-27F4)
1008 (0 (-6 % 4)
Q' 508 (=30 (233 12)
75% (-9 (12 ¥10)
008 (13 (13%11)
GIN" 50% 62 (33%17)
758 (50 «(5%18)
. 1008 (38 (-22 ¥ 20)
PRO. 508 . (10 * (=23 10) .
758 ' (16 ¥ é (-5 ¥12) o
1008 22 327X (8% 14)
Gy 508 (21 52 % 13
“ 758 (27%24) (-3%15) 33F13
1008 - . (33%26) (-6%19) (123 14)
ALA 508 58F 11 99 % 27 75 %.19 2
* 75% 1 56%13 (72¥31)  44F17
1008 -53%19 (44 ¥35) (12 ¥ 16)
VAL 508 (24%13) © 49F7 (40 ¥ 30)
758 31%12 5371 (38 ¥ 34)
N 1008 38F12 57 3 1 (36 % 38) )
cYs 503  (—4%6)  (-10 ¥ 6, . 9%1 jié
- 758 (-4%7)  (-6%5 nI2 |
1008+ (47%8) (-3 13%3 e
MET 508  (-8%10) ° (-7 (2%4) ( 4
758 (-7%12) (-8 (-4 %4) 2 :
1008 - (-7¥15) -10 -10F4 il
ILE 508 (4% 5) (8 (11 ¥8) ‘
75% (7 (10 (9%8) !
1008 (9%5) (13 (7%8) e
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Table 14. (éoutinnod)zjignlflmnt Differences Across Kidney in Fed and
Fasted Chickens . .

RSTED : e
B % Arterial  BLOOD PLASM, BLOOD PLASMA
1= (10 + 7 (2414 (3% 6 (-11 + 8)
S TR (14 F7 (B¥12) (0% 6 *8)
008 (19F8 HF 10 %7 (-12% 9)
TR 508 (3% 6) 2% 4) (5% 2 (¥ 2)
758 (5% 9) 2% 4) (3% 3 (3% 2) i
— 2008 (8 ¥ 10) 2¥ 4) (0F 4 (5¥3)
PEE 508 1¥*3 2 ¥ 3) 2 0F 2 :
75% (3% 4) 4% 3) (4% 2) - (1F 3) S
1008 (5%5) 6 F 4) (2% 3) (3% 4) i ¥
BAIA  50% (24 ¥ 20) D (1% 31) WD ]
7 (BF2) W (<51 ¥ -38) w
1008 - (32 ¥ 25) uw (-76 % 49) w 1.
TRR 50 (3% 5+ 3) (4% 3 (16 +9) 2
758 (3% 3] 5F 3) 2% 3 ¥ 7) y
1008 (2% 3] 5% 3) ax3 BF 6! i
oRY 50 (4%2) S (1F3) (1F 4) (9% 10) :
g 75 (3 % 2] 5% 3)  (1F4) - (-15F 1)
1008 (2 %3 4F 2) (2% 5 \ (-2 ¥ 12)
s 50 (-1F 13 7% 17) (1¥el  -26¥10 = -
75 (1¥15) 4F 22). (9% 8 ~46F 14 ¥
1000 (3F17) 2F 26) (-18% 11) ~65F 20
HIS 508 (-1 %3 8% 3 (-14% 10) (-2% 27)
LT (-2 ¥ 4] 0% 3 (<18 % 10) (2% 26)
S 1008 . (2F 5 -2F 4 (-2F 10 (-5F 24)
3 508 1% 1 (1% 1) 0% 1) (4%2)
R (L ¥ 1) 0¥ 2) (0% 3) (5% 2)
1008 (L1 (0F 2) (0% 4) (5% 2)
A .50t (32F 30) D (7% 32) ", W
TR (42F 36) w (48 % 30) w
008 (52F 43) D (BF 32) m
o 506 (69 F 73) w * 120% 37 D
' 758 (8 F 83) w 108F 37 [
1008 - (107 F 98) " 97% 38 wn
FU T (4¥1) (124324 UF10 (35 + 19)
75¢ 7 ¥ 13) (14 % 14) %% 7 (3% 16)
1008 (10F15) - (6F 15)° 16F 57 (10 ¥ 13)
cue s (4¥18) M 62% 8 D,
7 (17 F 20) . (#F 20) D
1008 (<1 F 23) 0 (6% 31) 0
NE3 508 T2 (-9+60) -123 -12+ 19
7R (47F 35)  (-MF 64 -13F42 0 -108F 24
1008 (-3 F 48) -102F 40 -95% 31
~




Table 14. (contxnued) significant Differences Across Kidney **
in Fed and Pasted Chickens

awc 508 o (=73 + 139) » -512 +136
. 75% 1) (255 ¥ 140)- N ~462 F 139 L
s o 1008 D~ 584 ¥ 161 i -345 ¥ 164
o oS 508 W i) -299 + 71 D
758~ w D -446 ¥ 105 D =
-—1008 o D =593 ¥ 139 KD
GSSG. 508 D D 94 ¥ 37 D
. 75% o D 137 ¥ 50 XD
1008 W D 180 . 63 ND
URIC - 508 0 179 + 24 . ND 409 +47
75% D 212.F¥ 24 N 431 ¥ 48,
1008 ) 245.% 27 D 453 ¥49
IACT 508 (95 +222) ND © 356 + 121 ND
i 758 (37 ¥ 173) D (246 ¥ 132) o
o 1008 (<21 ¥ 145) “ND (136 ¥147) | o
28 Legend for Table 14.
M ; ; p
Afferent-efferent différences across kidney in fed and .

six-day fasted -fowl.. -Differences - across kidney are shown
for the three asswiptions that ‘the -arterial .component of . . K
‘ kidney blood flow is en:her 50%,.75% or 100% of the total. 3
: The. data are on of  the amino
- F acid ' in nanomoles per ml + S.E.M. "ND" indicates the
4§ ) metabolite was not .determined. "UD" indicates . that the -
. concentration was. below detectable ‘levels. Where the
difference is not significant, (P > 0.05), the difference is . 3
ghclosed in parentheses.. In the fed state, N=6 for amino”
- acids, for glucose'and-uric acid, N=14, for glycerol, = N=2,
and  for lactate, N=7. . For amino -acids and peptides of -
fasted animals N=5 and for glucosé and uric acid, N=14, for
glycerol, N=2, and for lactate, N=ll.
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., Table 15.  Fractional Extraction/Releasé of Apino Acids and
/ Metabolites From - Whole Blood (or.from plasma for Urate and
/ Glucose) by Kidney in Fed and FPasted Chickens.. - . o

, FED : FASTED .
. - __ " Arterial ' Arterial Arterial Arterial
AR 508 1008 ¢ 508 . 100% ;
_TAUR - (17%) (18g) | ° (9% ‘8% . :
HPRO 158 - 7% (=278) - (-17%)
THR . . (48) (6%) (5%) (3)
. SER _(-13%) (-9%). T -1o% -228 k
ASN T (08),  (-5%) (08) ' (-138)° .
- GLU (=58) 0%) - . (38) (38) »
GLN 128 (58] - (8%) (-6%)
PRO (58) 108 . " (=18). “(-7%)
GLY (38) (58) 9% (3%) 7
ALA. . .11 108 B i (a8)
E VAL (9%) 13% (73) (58) o e
cYSs - (-48) (-48) 18t 23% < *
MET . (-628) (-50%) (38),  (-178)
ILE (58) -, (98) 7, (88) (5%) ;
LEU *(63) {108 ): N (6%) (4%)
.. TYR (23) (42 ) (53) 0%)
PHE (1%) (5%) © 8% (38)
BALA.  (6%) (72) (=98) - (-278)
TRP (8%) (5%) (88) (-18). .
ORN ' . (208%) (128) (28) (28)
LYS (3% (58 ) (28) (=63)
g HIS . (-3%) (-58) (-178)  (-358)
J ANS (48) (63) (83) (38) ;
-'CARN . (4%) (5%) 108 8%
' ARG (28). (52) 1987 108
. -NH3. - —36%.  (-328) -548 .+ . -40% g
© U URIC, 443 528 * 74% 73%
LACT  (4%) (1%) 158 ° . (68)
e -3%

GLuc-  {-1%) 4%

. Fractional extractions or releases for kidney of fed
and fasted cockereéls for ‘the  two assumptiocns that arterial
flow comprises 503 or 1008 of total arterial flow: - Where
the ' afferent—efferent’ difference ' f£rom Table 14 .1is. not
significant, the: frattional extraction is enclosed - in
parentheses.: g Y f, R




3.3.4.3 Muscle s

"In fea ehs;\cxénu the amino ‘acids proline, leucine and

valine showed a positive arteriovenous difference in blood

* across muscle; There was also a significant uptake of

glucose and urate from plasnma.

arg’ “not aisumnu from the Qhaervations of Knapp (1936) who

*glucose across wing muscle. © -

These results for glucose

" ‘measured a significant polltive anetlov.ncul _diffetence of

‘the

In the fasted c'hic'ken there('wete ‘a num.ber oE chunges in

typeu of aminm ‘acids showing anericvenout chfference-. i

. The muscle of fasted :birds shmd a- naqnt!,ve arteriovenous

. @ifference for ' glutamine, a;anxne

. blood

release

glycine, méthionine,

lysine, phenylalanine, tyrosine, histidine "’ and lactate in

(Table 16). There was an increase in the fracticnal

from muscle of -glutamine,

glycine,

alanine,

-sthicni.ne .

tyrosine,

" lactate ('rable 17).

phénylalanine, lysine, histidine and




Table'16. Significant Differences Across Nuscle in Fed and

Fasted Chickens . =

FED FASTED -
AL . BLOOD T PLASMA - BLOOD T OPLASMA -
TAUR - (117 +163) (-2 £ 11) (=99 + 340) (-15 £ 14) -
HPRO-“.[-38-% 18] (-22 ¢ 19‘ (-22713)  (-1%£17)
\THR. _ (16 + 13) (-8 * 14 (=25 + 46) .90 +32
SER' .7 (55 £ 40) (11 +19) E-zs +33)  (-40 £ 25)
ASN (-8 %6) 21 %8 -12 £ 6] 226 %7
GLU ~ [86+43]  74+14 . (0+15) - (17 %09)
GLN  (-48 £ 30) - -177 + 34 -109 £ 17 . -167 + 40
PRO— . 24 %5 [-18 +.8] . (-14 + 10) - [-39 * 14]
GLY - (25 %22) (-12 17) -75+17 <101 + 30
AR (-10 £.30) -109 + 32 4125 £ 20+ =177 32
VAL 2825 (16 + 18) (-7 £ 20) (-7 ¢ 8)
oS (-1:6) . (14%12) 73] (526 gh~
MET (2+12)- (-6 ¢6) -25 + 3 26 7
ILE  .[10 % 5] £4 o« (-7%38) (0 £15)
LEU 18 7 [24 £13] " (<11 £ 6) (-3 £ 15)
TR (8 +8) 0.1 4) -11 23 (-9 £ 7)
PHE (8 +4) &3, 8+3  (-6%6)
BALA (16 + 2Q) (-81 % 64) ND
TR - (-2%2) (0£5) (-5 ¢ 3) (3 £ 10)
ORN [-3:2] 5+2 - (-1%3) 25+ 9
LYS (6 +12) "(-102 22) -39 £ 13 -77 ¢ 33 K
HIS  (-2t5) 0ty -16 %4 43 £ 13
3MH (1+1) (-1 £2) (0£2) (-2x2)
ANS (41 + 38) ND [-77.+ 36] ND
CARN " (76 + 91) ; © (-46 % 28) - ND
ARG (13 £ 12) (8 £8) [-36 + 16] 49 + 20
6LYC (-4 +.22) [} (-113 £ 77) )
NH3™* (43 £ 55) (79 = 41) a1+ 16 (55 + 34)
6LUC ND 1320 ¢ 210- N (332 # 180) g
GsH 0} D {18 + 70) ND ¥
6556 N . (0] [116 + 53] ND
LACT }(-233 + 292) ND -481 % 111 D
URIC ) 34 ND 87+ 29
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Arteriovenous differences across muscle in fed and six-day fasted
.fowl. .The data are presented as the concenfration of the amino acid in
nanomoles per ml + S.E.M. - "ND" denotes the- metabolite was not.
determined. Where the arteriovenous difference is significant (P <
0.05) the data are presented unbracketed. Where the difference - is-
marginany significant (0.05 < P < 0.1) the data are bracketed. Where"

data are insignificant (P. > 0.1) the data are enclosed in
parentheses. In the fed state, N=6 for amino acids’, for'glucose and
uric acid, N=14, for glycerol, N=3, and for...]a f;.tai:e. N=7.  For-- amino
acids and peptides .of fasted animals N=5 and" for glucose #nd uric acid,
K14, for glycerol N-2, and for lactate,

e
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Table!l7: Fractional Extraction/Release of Amino Acids’ and |
Metabolites From 'Whole Blood (or from plasma for Urate and
Glucose) by Muscle in Fed and Fasted Chickens.

A Fi% *i  FASTED

BLOOD

TAUR (-2.6%)
HPRO". (-2.938) .

¢ TER (~3.9%)
SER (-6.08) .
ASN [-27.0%]
GLU 0 3 .
GLN -29.5% 5
PRO (-9.4%)
GLY -13.9 §
ALA -38.7% %
VAL (-1.38) :
cys [13.23]
MET £ -37.3%
ILE TN (~4.08) | .
LEU - (-4.7 N
TYR -10.4%
PHE -9.5% .
BALA (-22.0%)
TRP (~16..0%)
ORN * (-2.08)
LYS -16.3%
HIS 226.7%
3ME 5 -0 i

N .GLUC ’ 9.6% ° (2.63) (measured in plasma)
JCLACT, - (10.08) -18.7%

URIC* . 38.0% (14.0%)  (measured in plasma)
B ! .

Fractional extractions'for muscle. of fed and fasted

cockerels. Where the fractional extraction is significant

(P < 0.05) ‘the data are presented unbracketed. Where the
extraction. is matglnqlly significant (0.05 < P < 0.1)

. data are bracketed. ‘Where: the data are insignificant . (P

0.1) they are enclosed in parentheses. In the fed stata,
N=6 for amino acids, for glucose and uric acid,- N=14, and
for lactate, N=7. For amino acids of fasted animals N=5 and
for glucose and uric acid, N=14 and for lactate, N=l1l.

¥ : :
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Wyse & Nickerson, 1971). Blood los

3.4 - DISCUSSION

3.4.1 Cconsideration Of The Validity Of The Study

Several authors have reported estimates of blood volume

in chickens (Adult ~- 5.6% of body weight, Bond & Gilbert, °

©1958;" Adult - 6.8%, Wels' et al., 1967;  Adult - 6.5%;

+ Immature" (e'h:Lck)* 12%. Medway & Ka):eQ 1959; Immature (800g

male) = 10. 68, ‘Newell & Shaffner, 1950). If -the, fiiguge, of
Newell ! & Shaffner (1950) is used to cilculate blood volune -
for the birds. uséd in this study, the 10 mls'of blood drawn
in the five samples represents 12% of ché total blood volume. ,
the fed chicken and 14% of the total blood volume of . the
fasted chicken. Blood loss of this magnitude is known to
result .in significantly reduced blood pressure in hens (Wyse
& Nickerson, .1971). Larger . blood losses (22% of blood
volie Sn sk, 908 Ui Eocdtera) Ade Eeported th rowies: i

significant reduction in hematocrit (Ploucha et al., 1981;

in the range of 30%
to 70% of the initial blood volume are reported to cause an
increase in bléod glucose in hens (Ploucha et al., 1981).
It wag - shown by Davison (1975) that removal of 6% (2ml) of
the total blood of fed or _fasted six-week—old chicks by —
frontal heart puncture had no effect on hematocrit or plasma.
glucose measured 30 minutes after the first sample. . One
hour after a total of 12% of theitotal blood volume had been
withdrawn (2 ml sample at time zero and a second 2 ml sanple

taken 30 minutes later) t‘here was a significant reduetion in
129 -




. hematocrit and_an increase in plasma glucose.

asds from the ‘effects: of blood sampling; handli;cq‘and
" restraint "of the chickens ig reported to caise an.initial -
-hypergiycemia (Honeywell, 1921; Freeman & Manning, 1976),
and an increase in blood pressure and heart rate (Whittow et

.ali; 1965). Anesthesia is fnown ‘to caise a decrease in’

. . -blood pressure (Ray & Fedde, 1969). “

. ' * From the foregoing discussion it'would seem that the

procedures - used. in this thesis are not withopt effects on

blood glucose, hematocrit and blood pressure. The fact that

1 was' unable to see a significant effect pf hemorrhage due

to blaod sampling on blood.glucose. or’- hematocrit' however,

shows “"that the changes in these parameters were small and
” * within the 'normal range exhibited by ShaE e dadin « The
likelihood “that - ‘blood" préssure is. diminished by blood
sampling cannot be discounted howeyer. It is possible too;
that changes in patterns of blood flow may be affected by
the bloéd sam‘pling’. “'As this was “not "meaépréd directly;
observations on  other | _fa'czors may .allow conclusions

regarding ‘these ‘parameters.
One of .the important factors to = consider when
/’" afferent-efferent difference’ measuréments across liver and

! kidney are made in the domestic. ‘fowl is the relative
‘. proportion’ of arterial and portal flows .to those organs.

— ‘Estimations of the arterial component of liver flow range

N C-130-. . :




‘between '308° and 40% (Sapirstéin &-Hartran, 1959; -Purton, ¢

1975) As I have no basis to choose between the two, data

for'afferent-afferent differences were presented for the two -

A
extremes.

A Estimates of thé arterial component of kidney flm«'\/'

cover a wider range, from 33 (sperber, 1960) to 508,
(Skadhauge, 1973). Additional estimates can be calculated
from. other published . dath. The total renal blood Elow in
chickens is approximately 67 ml/min/kg (SKadhauge, 1973;
Sperber, 1960; Orloff & Davidson, 1959; Nechay & Nechay,
1959; osbaldiston; 1969). Sturkie et al.. (1977) measured
a total flow in the external iliac vein of-16.4 ml/min/kg
and GEtiiated that 708 Gf this Blosd . perfusss “thé Xidnsys
via ’the' renal portal system. ‘_Using his -yalues in concert
with total renal flow yields an arterial component of B83%.
oalina (1978) reports that only 44% 6f iliac blood perfuses
the kidneys. Using this «value in concert with the data of
“.sturkie et al. (1977) yields an arterial component of 89%.
Several other investigators have measured arterial flow to
the kidney. Using their arterial flow data in concert with

the total fI

rate above, ‘yields arterial components of
‘Kidney flow .of 49%. (Sapirstein & ‘Hartman, 1959), 31%

- .
(Walfenson et al., 1978), 61% (Merrill et al., 198l); .33%

(Wolfenson et al., 1982) and 33% (Boelkins et.al., 1973). .

The average value for all of these estimates is 508 though
only éne (Merrill et al., 1981 - 61%) is ih male chickens.

g : ‘ - 131-
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Further evidence of how the total kidney blood flow is

divided 'between arterial and portal components are the data
, - :

.which are presented in Table 18.

As the calculated arterial component of total .renal

flow' #s ' increased from 50% to 1008, the amount of glucose

equivalents taken up from afferent blood accounts for less'

of the glucose carbon released from kidney. If the arterial
percentage is kept below 70% (or 80% if the 0.1 level of

significance Nis taken) the amount of glucose released from

* kidney can'be dccounted for by the amount of . gluconeogenic

carbons taken up.’ However when these calculations are

performed assuming that arterial ‘flow comprises 80%, or

more, of 'the total renal flow, with the remainder arising-

from the renal' portal system, then it can be seen that 'only

a small portion of the glucose release'is accounted for by:

the amount of  gluconeogenic, carbons taken up. ' These

biochemical data 'suggest ' that—the renal portal &ystem

contributes 30% .or more, of the total renal blood flow but

this does - not . preclude the need for more definitive

physiological investigations on this subject.

A controversy' surrounds blood f£low in the chicken

kidney concerning the role of the coccygeomesenteric vein.

Experiments by  Akester (1967) and Purton (1975),
s

;demonstrated that in the fowl, blood flow could be in either

- direction in this vessel, while Purton (1970), Sturkie ét

al., (1977) and Sturkie & Abatie (1975) report that blood
-'132 - . .
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Table 18. ' Carbon Balance Across.Kidney of Fasted .Chicken

PANEL A.
. Arterial
Component Efferent. Difference
s WHOLE BLOOD-—. -
ALA cyYs _CARN’ ARG . . PHE
508 52 75 9 1200 34 6
608 . 44 -62 10 115 30 5¢(
708 37 50 110 111 26 -
808 29 - 11 106 .23 -
908 - - 12 7102, . 19 -
100% - = 13 297" 16 -
PANEL B.
GLUCOSE RELEASED GLUCOSE BQUIV. - © & ACCOUNTED
. (PER ML BLOOD) TAKEN " OR
P <.05 (P <.1). P <.05 (P <.1)
50% 307 . 326 <. r106%
608 "287 289 101%
708 267 5 117 (251) - 443 (993)
©o80% 247 84 o34y L
908 227 66 . 29%

100% 207 L f 63 30%

Panel A. shows the significant afferent-efferent
differences across kidney for glucose and for the major

‘gluconeogenic substractes which are taken up by ‘the kidney

Units in nanomoles per ml of plasma for glucose and per ml
of whole blood for the substrates). Panel B. indicates the
amount of . glucgsé ‘released for different ' assumed
contributions of arterial and rénal portal flow, and the
amount of - glucose ‘equivalents taken up by the kidney for'
each assumed flow pattern. Unbracketed’ numbers are
calculated using the 0.05 level of significance Bracketed
nunbers are calculated using the 0.1 level of significance.
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flow in the coccygeomesenteric vein is directed cranially.
The problem of flow in this vessel is ngt yet resolved. For
the purposes of this thesis, the results of Purton (1970)

and bf Sturkie and co-workers have been accepted:

3.4.2, Levels Of Amino Acids -

The -concentration and composition of ‘circulating amino

acids in the post-prandidl ¢hicken is probably determined -at

least to some extent, as it is in rats, by the interaction’

between the amino acid content of the d).eb and the chicken's

requirements of amino. acms for p:ocem synthésls (Johnson &

Anderson, 1982). . ¥ .

Differences in the age and sex of the birds used, in
the composition of the diets, in the deproteinizing reagents

and in analytical techniques will all contribute to the

variation 'among the different reports. It should not be °
surprising. therefore that there jare minor differences

between the arterial plasma levels of amino acids repofted:

here and those reported by the other investigators which are

summarized in Table 10.

As noted by Hill & Olsen (1963) the effect of fasting
on . the concentration - of circulating amino acids will be
modulated to some extent by the amino acid content of the

diet’ previously consumed and by the duration of the fast.

This consideration aside; any change in the circulating
@ : -"134 - :




o ) . .
s g ]
concentratiop of amino' acids on fasting does reflect the

interaction between the release of.amino acids from skeletal

muscle and the removal of the amino acids fx;cld the

cu‘.culatxan by consuming ‘tissues. The ‘fate' of am amino acid

removed from the circulation may Dbe for use as a substrate
_for' catabolic’ (oxidation) . or  -amabolic  processes
(gluconeogenesis, -protein synthesis) or for excretion.

/

3.4.3 Blood Flow

It is useful when measuring arteriovenous. .differences,

| if possible, to measure sifultanecusly the rate of blood '

flow through the vessels, so that:the metaboliteflux can be
calcilated.  In the experiments described in this thesis,

* Blobd flows were not determined similtaneously with the

N . X .
g‘arterwvenous differences for to have done sQ would have -

- . been impractical.

Blood flows through the liver were however determined

‘in a separate serieé of ‘experiments on fed animals. Using
j +the ‘bromosulfopthalein method’ (Bradley et al., * 1945;
é‘; Ossenberg st al., 1974) total hepatic flow rates were found

to be compatible with values reported in the literature for

artevial ‘Flow, -uming radidictibe ,microsphers: methods

(Wolfensen et al., 1978) or ‘indicator - dilution ‘techniques

(Sapirstein’ & Hartman, 1959, Boelkins et al., 1973).

-.135 -
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. mass as a proportion of the whole animal (g/kg) ‘was a]’lso

THe total hepatic flow rat% measured here is four times
as . large as blood flow in the hepatic portal vein,

!

determined using electromagnetie—probed™ (Sturkie et al.,
1977; sturkie et al., 1978; Sturkie & Rbati, 1975)." If
Sturkie and coworker's figures'a‘r;@m—re:t it would ‘imply
that the hepatic portal contribution to total liv;r flm’, is
only 25%. This may, - say s'on"ething about the difference
between, on ‘e “mand’ the miciosphere, indicator dilution,
A BronoutlEoptHATe1H RALHOAS OF . dPLAEIIELRG Blood flow,

and on the other hand, the .electromagnetic probe method used

- 4 .

by Sturkie. The latter authors (Sturkie & . Abati, .1975) .

report no effect of fasting on blood flow in the portal |
. > /

. »
vein. This failure of fasting to affect the -amount blood|
F o

£low per ‘gram of hepatic tissue was also seen in the results

of the determinations of flow using bromosulfopthalei

Vogel & Sturkie, (1963) report a 48% decrease in Ca:dia/\/c
output in chickens fasted for 8 days. In this study, mqéd
b

flow to liver (ml/min/kg) decreased by 38% (Table 9). Liver

diminished so that there was no decrease of blood flow per

gram of liver. af . /

Implicit in the discussion in the next section is| the
yet unproven.assumption that blood flow per gram of kidney &
muscle tissue also does not thange on fasting. It mudt be
remembered® that if 'fasting causes a change in the r;ate‘ of

blood flow through an organ, then, any conclusions | drawn

|
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concerning a change in the magnitude of an arteriovenous
Gifference on fasting may be ipvalid. However, if a change
in the sign of an arteriovenous difference is observed on
fasting, then only a reversal of ‘blood flow can invalidate
the conclusions drawn. '

M o
-~ i

3.4.4  Arteriovenous Differ¢nce Measurements-: R -
N .

Taking ‘into account the ' caveéats of the preceeding -
section, it seems not unreasonable to refer to a positive
arteriovenous difference as an uptake and ‘a ' negative
‘arteriovenous difference as a release.. Although these terms
may not be technically correct, their use in the body .of"

this thesis implies the hforementioned cautions.

3.4.4.1 Liver

The liver takes up approximately the same. number and
amount of amino acids in the fed and fasted states (Table
12), although'the liver is generally more efficient in
removing amino acids from the circulation in the fasted
state’ as evidenced by' the increase -in -the fractional
extraction = for most amino acids.  The large arount of urate
produced by the liver in the fasted state suggests that the
fate of the amino acids taken up is deamination. Nitrbgen
released as urate accounts for about 408 of the . amino

nitrogen taken up. The fate of the carbon skeletons of' the
- 3
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amino acids is less certain. Some carbon undoubtedly. is
released ' in the form of Ketone bodies, while some fraction
is incorporated into peptides, proteins, glucose, glycogen

and nucleic acids or oxidized to carbon dioxide.

Deamination does not appear to be-the fate of the amino

as no urate is released

acids taken up in the fed stati

and as many of the amino acids taken up are essential amino

acids, 'it appears that their fate is to be ‘substrates for

protein synthesis. As mo uraté is released by the liver of
fed birds, this indicdtes that remal synthesis of uric apid

predominates over hepatic synthesis in-the fed state.

g The liver,takes up nearly the same amount of _glucos;
per gram of tissue in the fasted as in the fed state. This
is a remarkable observation as. the liver of the fasted-
chicken appears to be endiing glucose from the circulation
while the liver of a fasted mammal is considered a  prime
gluconeogenic organ. ‘It is éven more perplexing as in\ the
chicken there is simultaneously a large uptake of lactate.

In light of ‘the results of the liver blood flow
. . . .

determinations using hepatic bromosulfopthalein uptake,(Sect '

13.3.2), it is difficult to present the easiest argument i.e.
‘that there might be a problem with the arteriovenous
méseusenant lEsalfs Tt doas mok appear that the recumbant
position of the, animal results in greatly altered or

reversed hepatic blood flow.
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. . o . .
One alternative available- to explain the ‘observed. .
hepatic uptake of glucose .is to assume that the glucose -
uptaKe which is seen is a” metabolic artefact. It 'is

possible that the surgery.and.’stress of blood sampling

affects the metabolism of glucose ,in . the ‘liver “of the.: .

chicken much Jmore than other metabolites: In that case it .

v - - s
might be hypothesized that ‘glucose oxidation or glycogen

synthesis_ is stimilated in these livers:
@iscussion in Section 4.1)°"

3.4.4.2 Kidney ; )
The afferent-efferent difference ‘across the kidney is
easier to. verify than the arteriovenous difference across

the liver. In the kidney there is an -iriternal marker -for
_ the, ! E

the of the ai namely

urate extraction. As the kidneys .are known to. excrete

urate, . "a’ pegative  affe ai would
indicate incorrect vessels are-being sampled.s This .is &
real possibilityin the chicken's kidney wherein there lies,

a multiplicity of v

els from which to sample. As, in- all
cases reported. in 'this thesis, urate was seen to be
extracted from plasma, - it is conéluded that no serious .

ai

problems ' existed with. the n

. calculated. for the kidney.

= 139~
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| flow, e amount  of carbon’ waxels, g a8 amino acids

Juagmg from‘the afferedt-efferent difference on the =’
fed kidney, it. seems that thia organ in the' fed, aninal is

much less - involved in exchanging amino. aci@s® with' the

circulation thgn .is liver or- muscle." (A significant

.. . .
afferent-~efferent difference is seen for only few amino

acids (Hpro, Ala, Val).. . . : gy

/.The situation in fasted 'kidney is quite ldiffe:ent. -

Glucose is released~ from the.kldney. and signiflcant amounts

of gluconecgenic amirc acids are taken ‘up. Assuning that

the renal portal J:Ompunent is at Least' 308 of total idney °

1

carnosinetty and acéate £ron blocd ie " ap) ruximately equal

. to t‘he amuum: of carbon released inthe plasma  as g).ucose.

The : aminc ,acid ’serine ‘is released imto plasma. It seems

that’tms amino acid is released from. tne kidneys: of ‘most

animals (Pitts & MacLeod 1972; Squues et al., 1976)

Using data presentsd o5 chidkensh OF 'this&agejb’y T
Riesenfeld (1979) ‘of ‘a glucdose turnover \of ' 44

mcromu1eaLm_n/xg,-a.ucya.an—uce—of-5m of ‘the turnovar,

| a body 1ipid ' decrease GE 0.59 g/hr ara nssoning that all

A . " N E .
11 carnosine (Beta—glanylhistidine)» is . hydrolysed to a

beti-alanine ~“and histidine by the enzyme carnosinase, 3
present. in. ‘significant quantities in chicken kidney,

although low in activity in chicken  liver (Wolos & ax ¥

Piekarska, 1975).
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lipids are triglycerides with'a molecular weight of 850;
‘and if all this potential glycerol were cohverted .to
glucose, then glfceml's'contrit{v.ition to new glucose
..synthesis can account for, at most, 24% of the total glucose
turnover. In a fasted chicken, while glycerol is taken up
by liver'in this study,’ the-afferent-effereqt difference is
small (17 omol/ml). This is only an eighth of the

afferent—difference of alanine across liver. Thus it would

app:a': that glycerol is of minor importance as a glucose

‘precursor in the liver in Jivb. .The afferent-efferent

.| aifference of glycerol across kidney is larger (62 nmol/m1),

and similar to the afferent-efferent difference for alanine.
Thus glycerol may'be a significant gliconeogenic precursor

in kidney.

It showid !&pﬁtnted am-. ar_ the uptake of amino acids

and lactate by -the kifiney. of a fasted cMckan occurs mostly

Exam the renal poxtal blood. ’l‘h].s blood in tutn, comes from

_f.he eltexna_l iliac Yein which -drains the leg. 1f an

'afferent-efferent diffe is calculated from  the

" concentrations in the inferior aorta" and the remal vein

alone there are very few amino acids. for which a significant
difference is oblez mchough a large amount of glucase
is still seen to be released: It seems therefore. that the

renal portal circulation carries amino acids from the leg

directly to the site of glucose sym:heuh in- the kidney.

There . ‘may - be an .advantagé to the chicken in this'
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arrangement, as if amino acids ‘were released  into the

general’ circulation there would be a dilution effect, and

facilitated  tramsport into the renal .tissue would  be.

energeticgyly riore expensive.

. hssuming that the arterial blood flow is 50% of the

total remal blood flow (Skadhauge, '1973) and using the .

: ' ¥
measured afferent-efferent difference of -512 nanomoles/ml

. —of plasma in the fasted kidney, .a cell volume of 40%, and.a

flow rate of 67 ml/min/kg, the gilculated renal . glucose
production .is 34 micromoles/migkg. ~This figure. (34)
compares with ‘the reported range for glucose CuEHGVEE Ti thh
fowl (26-52)° (Annison et al., 1966: - Brady et al., 1978;
Riesenfeld et al., 1981). Tt suggests that the kidney may

be responsible for the production of at least 66% and

perhaps 1008 of the glucose synthesized by the fowl under’

these conditions. The afferent-efferent difference measured

‘ across kidney-may not reflect all of the glucose production

" by kidney. If the distal tubules are a glucose consumer. in

the chicken as they are in the rat (Ross & Guder, 1982),

.then ' glucose’ production by kidney may be underéstimated by

an afferent-efferent difference measurement.
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: 3.4.4.3 Muscle
a

A

The major amino acids released from muscle of a fasted
chicken are glutamine, alanine and glycine. The uptake of
glucose by the leg Of a fasted chicken is not significant.
This is similar to the situation in the mustle of fasted.

' rats(Aikawa et al., 1973).

y the carbon skeletons of these amino acids

derive from the other amino acids liberated frpm protein’ as’

a result of muscle proteolysis but which are not released

into the circulation. If this is the cap;, then it would be

similar to the situation i‘n' the mammalian (rat) mscle »
e (Chang & - Goldberg, 1978).. It can be seen from the data

presented in Table 19 that | the amino acids, alanine and

glutanine’? make up a disproportionate amount of the ‘amino

acids which are released from muscle.

The- amino: acid composition of rat diaphragm does not

. -change after a 48 hri fast (Chang & Goléberg, 1978). If

Mo, #iis A b or chicken muscle, the ' pattern of. amino

acid release 'cann'ot: be : dye .to preferential breakdown of

proteins high in glutamine and alanine. The additional ‘I ;
| glqtamipe and alar;lne must be synthesized in the muscle, .

12 Although no data are available for chickens, in rats

glutamine makes up about 6% of muscle protein (Komini et

al., 1954). > : .
~M3 = .




Table 19. Total Amino Acid Content of Chicken Muscle

Church 70 Harvey '70 F.A.0.'70 N
DARK MEAT FLESH
BROILER HEN (FAT-FREE)
SER 24.8 | 7.44
ALA 28.3 4.6
TER 7.37 7.62 26.7 6.67- *.
GLU - 22.5 23.3 91.3 20.4 5
GLY 18.3 19.7 7.2
VAL 8.6 8.9: 8.7
MET 3.6 3.7 3.4°°
ILE . 8.3 846 - 8.2
LEU - 11.4 11.8 46.6 1.2
TYR . 4.0 4.1 13:9 3.7
PHE 4.9 5.1 19.2. 4.8
TRP 1.2 1.3 4.4 1.0
LYS 9.9 10.3 34.4 . 8.7
~ HIS, 2.8 ' -2.9 . 9.7 2.5
cys' 2.3 2.4 7.4 2.2
ARG 6.2 26.4 5.3
PRO 9.7 7.2
asp 13.8
TOTAL ~ 111.4 _, 116.1 127.0
% OF TOTAL PERCENTAGE PRESENT IN MUSCLE
MUSCLE OUTPUT
HARVEY 70 Church '75 FIA.0.
(P <) G N
.05 .1 DK MEAT Hen Broiler = Flesh
- &
GLN - 268  20% < not given
ALA 308 23% 5.5% - not given — 3.68
GLY  18% . 148  12.5 17.0% 16.4% 5.7%
MET® - 63 5% 2.9 3.2% ©3.2% 2.7%
TYR 3% 2% 2.7% 3.6% 3.6% 2.9%
PHE 2%, 12 3.88 4.43% 4.4% 3.8%
Lys~ 9% 7% 6.7¢% 8.9% 8.9% 6.8%
HIS 4% 3% 1.9% 2.5% 2.5% 2.08
AsN 3% not given
cys 1% 1.5 2.1% 2.1% 1.78
ARG 7% | 5.2% 5.5% 5.6% 4.28
ANS 14%. not given
TOTAL 1008 100% -  43% ] oam 478 33
& ; .
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. Legeiid to.Table 18.

_The figures in the top half of the tdble 'indicate 'the

; o amino acig cntent of chicken muscle as reported by previous
e investigators. Units are in millimoles per 100 .grams of
‘ tissue. In the'bottom half of the ‘tablé, in the first two
¢, JebLiniis, the Sameuit €6 hich Ny IRtvAGRY,  no. aeld
"contributes to the total release of amino acids is shown.
4 The first column is for a significance level of 0.05 while

the” second .column is for'a significance’ level of 0.l. . The

_remaining four columns indicate the relative amounts of
FEThas .

these amino acids present in muscle tigsue. .




¢ That muscle protein degradation is an important source
of | circulating amino acids. in the fasted chicken .is
cerrsborated by the ubservatlon that there 1s no signlﬂcant

release cf amino acids’ fx'om muscle in the fed state, while

there is a significant relesse of several anino acids from

miscle. in' the fasted state. If constant blood £low :.s_

assumed in muscle between .fed 'and fasted chickens, this

meéans that there- is a substantial increase in the amount of

aminé acids released from muscle:

That muscle protein degradation- is occurring . in the

fasted chickens can be surmised from the observed increase

in'plasma 3-methylhistidine (Table 10, an indicator of
protein _aegradaéion (Hillgartner et al.,. 198; Ward &
Buttery, 1978). Half-lives of soluble proteins are known
also to be decreased by fasting in the T — of
quail (Bush & Marquardt, 1978). It is likely that the - same

holds true for the chicken

It should be, mentioned that the metabolic fate Of |

branched chain amino acids may not be as distinctive in the
chicken as} in the human. -In the human branched chain amino
acid’ transaminase - activity is high' in muscle &nd low in

liver while branched keto-acid dehydrogenase activity is low

-in muscle and high in liver. This means that in the huian,

the branched chain amind acids  liberated ~ by  muscle

proteolysi§ = are ' transaminated ip the mscle and the

corresponding. keto-acids are r§leaaed for oxidation in the
' R O
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liver: In the chicken the differénce in the activities of
liver and peripheral branched chain amino acid transaminase
and braiched chain ketoacid .dehydrogenase is less pronounced

" (Featherston & Horn, -1973).

3.4.4.4. Urate

The significant uptake. of trate by mistLé tissue in ‘the
fod and fasted chicken iis @i€ficilt to emplain.’ One
possibility is that xanthine dehydrogenase in muscle is able
i3 datiigae e genvariton ©f WEbe. K5 CSERBER, The
equilibrium constant of the réaction is 966 (caleulated £rom -
exlecf.mer}emica{ half. ' reactions; White et. al.; 1978).
Reversal of this, reaction 1is . thermodynamically more
favourable  than jis ‘the reaction catalysed by’ lactate
debydrogenaise (Bquilibrium corstant = 0.00011) , and thus it
might be concluded that the reaction catalysed by rxamthine
dehydrogenase is ‘also Xeversible,  Mother possibility is
Gt ‘there iz revstee flow in the ceidalirensl portal vein
into the external ‘iliac vein, and the blood sampled ' in the
external ‘iliac, is blood whichhas perfused the kidney. A
third possibility, is that there is a signifident activity

v of uricase in the hindquarters and the urate taken up is
oxidized: to allantoin. While these alternativés . seem
unl‘ikely, a better explanation does not readily spring to

mind.




The source of urate in a fed animl also is  not
demonstrated by these -investigations. While kidney extracts
urate from plasma, neither liver nor hindquarters, release
urate, into plasma. The most Llikely alternate source of
plasma urate in the fed animal is- the breast musculature,” by
far  the 1ar§eat muscle,k mass in the chicken. The gqut is
unlikely to be a source of plasma urate, aé -there is mo
signifieant - ‘difference . across  viscera  when ' an
‘artérial-venous dQifference is calcfilated using the urate
‘doncentrations in the inferior aorta and the hepaticvein

(data not .shown),

.3.4.4.5 Glutathione

In the early stages of data collection and analyses, I

was not aware of the 1iterature reports which-indicated that
* there was a significant renal portal blood supply to the
kidney. % Inferior aorta - rénal vein differences calculated
for the kidiney in; a famted chicken; indicatsd ‘hat there was
a significant release of Qlucose without S concurrent uptake
of gluconeogenic substrates. Fonteles & Leibach (1982) . had
shown that glutathione was an effective glucose precursor in
the isolated perfused rat kidney. It was postulated
therefors, that glutathione, present in high concentration
in chicken blood, might. be a potential glucose precursor in
fasted chicken'kidney. An investigation of this possibility

however, indicated‘that qlutat}dzgne uptake could not provide
— 140 —
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the carbon for glucose synthesis. The amount of glutathione
disulfide (GSSG) taken up by Kidney ‘was not significantly
different from -the. amount of - reduced glutathione (GSH)

refeased (P>0.05). 'As glutathione did not appear to provide

* carbon . precursors for .glucose .synthesis '‘in the - fasted

" L
kidney, the investigation was. rot, extended to the ‘fed
kidheyi, There was ‘no uptake or release of glutathicne or

glutathione disulfide by the liver of fasted chickens.

It -does. appear that glutathione disulfide in’ the
circulation is ' reduced to glutathione’in muscle and kidney-

tissue; This situation is unlike that in fed rats : reported -

by Anderson et al. (1980). In rats glutathione (GSH) and

glutathione disulfide (GSSG) were taken up by “kidney ' while
miscle “took up glutathione only. Anderson et al.. (1980)

did not report hepatic portal vein concentrations of

glutathione, 'and ' thus an arterio-venous difference across.

liver could not be calculated. .

- 149 - . .
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- CHAPTER 4
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4.1 GLUCOSE SYNTHESIS IN THE LIVER.

T Literaturs cited 1n. il tnesls -apans “over 170
years, a. long Kistory of investigation into internddiary
metabolism in the fowl. _ These inves%:i—gaf:igns ~ have
detexmined that the Class Aves is quite different -from the
Class Mamnmalia in anatomy, physiology and metabolism. — The
avian respiratory ahd circulatory :syst‘em‘i! (Section 1.5) ana

_ the manner in which nitrogen iis excreted (Section 1.3) have

evolved along a path quite unlike the mammalian.

For ver a century, an area that has perplexed
scientists, perhaps " more than any other ~area of
investigation in birds; and the area wherein lies the topic
of this thesis, is avian glucose metabolism.  Glucose
fistab1 4 Tids Been the SECLEIEE OF ARy HOULH “GE study
from  metabolic - biochemists  (Sections 1.1, 1.6),
endocrinologists (Section 1.2) and enzymologists (Section
1.4). - Although much has been discovered in this field,
there are still many unanswered questions about carbohydrate
metabolism in' birds. The objective when this thesis. was
undertaken was to answer the related questions: (1) In what
organ ‘or organs is glucose produced in the fasted fowl, (2)

what are the substrate(s) used for glucose synthesis and (3)

which tissue provides the substrate(s) for gluconeogenesis.

=151~
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Chapter mwo .of this thesis describes an older technigue
adapted to' maintain blood gases at physiological levels in
the circulation of an dnesthetised, supine fowl, whose
abdominal -cavity has been -opened for blood .andtissué
sambling;’ Uslng this model; ' levels of netabolites, wars
Qetermined in.‘ perchloric /acid extracts, of rapidly’
f}ee;é-clémed liver ‘and kidney. It appears' from £he
‘redults that. the' conditions' in the livbel" of a fasted
doekerel Vet ion favourably et Lhe yrthsts of glucose
From salso: “solds wnd pyruvate due to a fairly oxiﬁ‘z‘ed‘
NAD'/NADH redor state in the liver cytosol. In. the kidney.
©of a fagted bird however, the NAD'/NADH redox couple is
more reduced. Another indication that gluconeogenesis in
the liver of a fasted chickén may be inactive is that the
"glucose level in the liver of a six day-fasted £owl is only
half the level in the liver of a fed bird and mich less than
p]:asma ‘glur:'ose. In the kidney the glucose levels remain,

unchanged during a fast.

There is some indication in the literature that, it is
the 1low availability of . cytosolic ~NADH = which is ’
rate-limiting for hepatic ‘gluconeogenesis in birds. - Lactate
has been £ound to be a much better gxycon;oqenic“precuzso: .
‘than alanine or pyruvate in the perfued liver ' (0gata et
al.,” 1982; - Sugano et al., 1982; Deaciuc & Ilonca, 1981;
Soling et al., 1973) and in hepatocytes (Brady et al.,. 1979;

. Watford et al., 1981; Bamnister & 0'Niell,'1981; Dickson,'
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1983; Dickson & Langslow, - 1978). However; in 'vivo the

difference in the,ability  of . lactate and jthe ability of .

alanine or pyrivate to elévate plasma ‘glucose -i's not as

pronounced’ (sarkar, 1971; ¥ Davison & Damislow, 1975

Langslow et al. .1970). The fact that alanine and . pyruvate
seen  to be better glucose precnrsors in. vlvo “than in
hepatocytes of in pérfused Liver, suggasts that there may ‘be

an ' adaitionsl non-hepatic source LN - cytosdhc

reduc:l.ng equivalents are not - in such short supply. as'in~ the

4
Liver.. Brady et al. (1977) ,Who al!o suggested that organs’

Other than the liver contribut ' ro the conversion “of amino

. acids to glucose, fuund, uslng tadioact:.ye tracers,‘ that the

estimate of alanine conversion to qlucose in yivo was-higher

than in isolatéd hepatscyte

The ‘1oW rates of h'epaeic ‘gluconéogenesis from = pyruvate
, 5

and amino acids have been postulated’to be due to the
umaceuuur locatmn of Chicken liver PERCK. It has been
shown (Watford et al., ‘1931: Bahndster & O;lliell, 1961,-
Titker of -al., ‘1083a); that'. ﬂiere is little or o
phosphoeriolpyruyate carboxy'kmnse in the cytssol of the'

Liver of chickens and ho induction ‘with fasting. With' no.
W,

Lpyruvate carborykimse in the zytcscl, the zxarbon .

_ skeleton for gluconeogenesxa mist  leavé the mitochondria not

,as" reduced malnte, , but * as t‘;he more  oxidized ;
-phosphoeholpyruvate (See pathway in nguxe 3).- 1f reducing

'equivalents are * linited 'in ' the: cytosol, as the data in

i - 183 = oy e
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Chapter Two indicate they are during a‘fast, then it is not
surprising that gluconecgenesis from lactate or glycerol,

which provide ‘their ‘own cytosolic -reducing equivalents,
progresses at a greater rate in vitro, than gluconeogenesis

£rom amino acids or pyruvate.

st B

. Soling (1974)' suggests that the rate limiting step for

e S4%

is from pyr in pigeons is the transport of
) uducmg equivalents out of " the mitochondria.

Theré is
B : support  for this proposition in the data reported in Table

4, in that d'two-fold reduction in the hepatic cofcentration
of malate is

observed which may suggest a limit on the

availability of malate.. But whatever the  kinetic

i ‘rate-limiting -step |may be, ‘it seems probable that the

. . cytosolic availability of NADH plays an important role.

The significance bf the cytosolic NAD'/NADH ratio in

hepatic gluconeogenesis is further supported by the data of

Ochs & Harris (1978).

JRS S

Using their data ‘the, calculated

cytosolic NAD'/NADH ratio” in . fed chicken hepatocytes,
' i without 0

b was séen to drop from
" 2420° to 259 when the hepatocytes were incubatéd with 10.6 mM
. 1nitate plus 2.6 mM pyruvate. At -
; hepatocytes were

the same time the-
seen to c‘hange f£rom_net glucose users to

net glucose producatl with-the addition of -ubgtrate and the

aiminished NAD®/NADH ratio.

g
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The of gl s 'on the redox state of

the cytosol is.further illustrated by another “study of Ochs
& Harris (1980). They reported that the addition of
aminozoxyacetate, (a transaminase inhibitor preventing the
transfer Of reducing equivalents between cytosol and

mitochondria via ~the malate-aspartate shuttle), to

hepatocytes provided ' with exogenous lactate reduced. the

tmnf/mnﬂ' ratio - still- further "to 13.6. .Rat:her “than

causing an fncrease.in gluconeogenesis from lactate however,
an_ inhibition was seen. This was ‘hypothesized to be'due to
a shift in “the. lactate “dehydrogenase equilibrium and
consequent diminished availability of pyruvate. . Bannister &
Stilelt 18317 aixewiss £5ma tnsk in cnicren Mepstacptes, &
decrease in the cytosolic NAD'/NADH ratio inhibited

glqcopeagehesis from lactate and glycerol but stimulated

gl is from py . ogata et al. (1982) also

found inhibition of . gluconeogenesis ~from glycerol under

similar conditions in chicken hepatocytes.

As  glucorieogenesis in isolated chicken hepatocytes
appears sensitive to the cytosolic NAD*/NADH ratio, and as
it s Been Foind . that he WAD'/NaDE ratin of dasted
chicken liver, in vivo, is much higher than the conditions

under which glucose is known to be formed in hepatocytes;

" it seems likely the availability of cytosolic reducing

equivalents is a prime factor affecting  hepatic
- 156 - .




gluconeogenesis in vivo.

- '

It is possible that a major role ‘of hepatic
gluconeogenesis in the chicken is to regulate plasma lactate
levels. Riesenfeld et al. N1982) have shown that the

intestine oOf the fowl tential perturbations in

plasma glucose caused by the ingestion of carbohydrate, by °
converting the glucose to lactate.. Perhaps-one function of
the fowl's liver in the post-prandial state may be to
convert this lactate to glycogen or glucose and avoid any
perturbations in blood lactate caused by feeding. The same
reasoning would hold, in either the fed or fasted state, for
the attenuation of ‘a rise in Dblood ‘labtate ‘csused by an
increase in its production during anaerobic glycolysis in

tissues. .

“The liver of fed and fasted chickens is a consumer Of -
glucose and amino acids (Chapter 3). .While it appears that-
the amino acids taken up:by the liver of a fed bird are-used
for blosynthetic processes, in. the fasted. bird, the
concomitant release of urate from liver indicates that amino
acids are degraded in this tissue. The soufffe of urate in
the circulation of a fed chicken is less ' clear. ‘Urate is .
not-released by the liver of a fed chicken. Barratt et al.
(1974) and Badenoch-Jones & Buttery Y1975) have ‘reported
that 2 in . perfused chicken liver or in hepatocyte

preparations, when insulin is included in the medium,

‘pricogenesis is stimulated. . It is odd that urate release by
. -157 =
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the liver is insignificant as insulin levels should not be

low in a post-prandial chicken (Langslow et al.,”1970).

It fs not clear however what is happening to the
lactate, ‘glucose and carbon skeletons of the.amino acids

taken up by the fasted liver.. The fate of the glucose taken

, W’ may e, siher dncorporation into diyeogen sr Uipld Lek ”
stress of an SHPRAPALYG [eAlLRG injection is ‘known to
Yricrange;, giycogen deposition in the fasting fowl, Davison &
Langslow, 1975) or the fate of the glicose may be oxidation 4
to acetyl CoA. Likewise, the fate of the lactate taken up

by the liver ‘of a fasting chicken may be incorporation into-

glycogen or lipid, or oxidation to acetyl CoA. o f

Yo indorporation into glucose or glycogen is - the fate
¢ 5% of fhes lsctates which de taken up, it is in line with the y
hypothesie® formulated in-.Section 2.4.3 of this ‘thesis;.
concerning ‘the effect 'of an oxidized NADH system in t;:e s

. cytosol on gluconeogenesis, but it does not explain the fate

of the amino acids taken up. i '

I however, oxidation to acetyl COA is the fate of the. . R
lactate, it impliés that pyruvate dehydrogenase is n‘ot.. . N S
frsctivated 16 the liver of a'fasted ‘chipken.- The ‘latter is:
nol iter cane Hiowevez 6 wiieh, T HoNsurad he anoust DEAGELYS
. . pyruvate dehydrogenase in the, fed and fasted states  in “the .
. chicken,. I found the percent active in each r;ixprition;l

state to be 91 + 34% and ‘10 + 2.6%, of total ‘activities of .
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4.47 + .40"and 4.5 + .40 micromoles/min/g respectively (mean

+ S.E.M.).

An explanation of the fate of the carbon, taken up -by
the Lliver of a fasted bird may be found by considering that

about five minutes elapsed between removing the bird,

conscious, from the cage and finishing tMe task of securing

it on its back. Another 2-3 minutes elapsed while the
peritobarbital was injected into a wing vein and a‘surgical
plane of anesthesia was attained. Approximately two more

,minutes elapsed before the abdominal cavity was opened and

the ventilation begun. The bird was then maintained - for .

five. minutes under artificial ventilation before the first
sample was taken. In all, about fifteen minutes elapsed
between the first stress of handling‘and the sampling of

abdominal blood = vessels or freeze-clamping of liver or

kidney tissue.

When the conscious bird is first removed frém the cage
and restraiped on its back, it might be presumed that Iiver
glycogen-is depleted and blood glucose: is increased over
Diskl ‘UeekSiy levels Viroudh vibanmed gluconeogenesis and

glycogenolysis (Freeman & Manning, 1976)

One explanation why the liver was taking up glucos;; is
that - when the samples vere taken, the bird was not'in a
steady-state. It e pouibié that glucose uptake by liver
ig the response of a chicken .recovering from stress.

- 159 -
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Glucose, amino acids' and lactate may be ' removed ' from the

circulation by .liver. for hepatic glycogen synthesxs. This
would imply that in the livers of. the chmkens at the time
that the samples were takgn., gluconeogenesis was active, as
suggested “in the discussion in Section 2.4.2. For  glycogen

deposition -to occur -from glucose synthesized in the’ liver

and glucose taken up from 'the blood, glucose-6-phosphatase

" must be relatively inactive compared to the activities of

hexokinase and glycogen synthase. ‘While® the activity of

glucose-6-phosphatase and. glycogen synthase are not known,

if all the-hexokinase reported to-be-in Iiver-(Wals & Katz,
1981) is active, there is more than three times the activity
needed to phosphorylate all of the glucose taken up.

The liver afferent-efferent differences for lactate,

‘alanine, glutamine (1111, 128, 121 nmol/ml of blood

respectively) and glucose (555 nmol/ml plasma) can be used

to calculate the uptake of theofetical ‘glucose equivalents

using the liver blood flow rate of '1.92 ml/min/g (plasma

£low = 1.15 ml/min/g)(Table 9) and a liver weight of 11.6 g
in a six-day fasted bird weighing 650 grams (Table 8). The
resulting figure for glucose - equivalent uptake is 22.5
micromol/min/liver. If all this were converted to glycogen
(which it probably is not as liver requires energy too),
then the rate of glycogen deposition at the time Of
measurement. would be 3.64 mg/min/liver or 0.31 mg/min/g of
liver. However, -even t}nough pyruvate dehydrogenase is only
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108 active, flux through this enzyme could account for 2.5
micromoles cé glucose equivalents/min/liver. Thus, glycogen
deforition’ pec diver wodld be decreassdiby: id mgfain/Tiver
or 0.03 mg/min/g of liver and the estimite of the. maximal
rite of glycogen deposition is 3.2 mg/min/liver or 0.27
mg/min/g of liver. As the amount of glycogen in the liver

five minutes after the  initiation. of ventilation is 35

milligrans (3 mg/g of liver), it is- obvious that glycogen

deposition cannot have been progressing at this rate for
very long.
. 13
It is possible that this—"recovery" from the stresses

¢ of the handling and surgical procedures, and the initiation

of glucose ‘uptake and glycogen synthesis - began immediatély

after the bird was anesthetized. I consider it more- likely
_ howevér, that the "recovery" began after the . initiation of
" ventilation .\(five. minutes before the samples were taken)

because the blood oxygen tension is siqnificané:y lower “in

“the ~anesthetized bird while in the bird which has beem

_ventilated for five minutes, the blood oxygen tension is not

significantly lower than the conscious animal's: (Table 1).

*
If the assumption that the liver is not in steady-state

is  correct then the s of
_differences . in this study may. not reflect the normal

condition in an unstressed chicken in vivo. - One can only

speculate what the case might be in an unperturbed chicken.

The - intracellular location of PEPCK will not have changed
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and thus it might reasonably be  expected ‘that cytoplasmic
availability of reducing equivalents would still be limiting
for glucose synthesis from amino acids and pyruvate - in the
lgver. . ‘Thus: while' gluconeogenesis from lactate in liver
would be 6f physiological importance; pyruvate -and_ amino __
acid gluconeogenesis should be low. One would like to
_believe that in the unperturbed chicken, glu;:oﬁe_ is not
taken up by the -liver, for this contradicts much that we
' knoyi"about intra-organ metabolite relationships in other.

animals. MHowever the present study is the first to directly

address this question.in birds.

e

4.2 GL!JCDNEOGI::N.ESIS IN.THE KIDNEY

In light of the many reports of low rates of hepatic
-gluconeogendsis from amino acids’ in vitro, the guestion
ayiaen s té_t\;g source of new glucose in a_fascin_; chicken: -
The ‘Cori cycle is reported to be active ih the fowl, (Brady
et al., 1978; Belo et al., 1976a) and although it is

reported .to -account for 50% of the glucose .turnover in the '

fasted chicken (Riesenfeld et al., 1981) .it camnot replace

glucose lost *through oxidation.-, It is a pathway for the i BN

recycling of lactate. It has. beeh hypothesized that the

reason “that the liver of va chicken is able to produce
- glucose at significant ratés from lactate while it -is ' less,
: ablé: to do so from amino'acids in vivo and in vitro, is due

- to the intramitochondrial location of PEPCK (Section 1.6.2). \
ot x e s




iThe . situation may be aifferént in the kidney. There is a
significant amount ©f cytosolic = phosphoenolpyruvate
carboxykinase in renal tissue, which is incremsed by fasting
(Shen & Mistry, 1979; - Watford et al., 1981). Chicken
kidney ~tubules are also. able to produce *glucose at
appreciable rates from pyruvate and amino acids (‘nitf_nmn‘ &

Weiss, 1981; Watford ‘et al., 1981). I have found.by in

vivo measurements ‘of kidney £ di;

that glucose production occurs in fasted chickens  and

glucose uptake in fed chickens. (Sect: 3.3.2.2). Thus it -

would' appear that the kidney is an important glucose

_producer in the fasted chicken. T

In this thesis it is reported that in the chicken there
Saa 56 change in the NAD'/NADH ratio of the renal cytosol
with fasting, and further, the NAD'/NADE ratio in kidney
cytosol ‘is the same as in the cytosol of fed chicken liver.
Vils- wiild, ‘wiggeat’ Hiat vedaiipg egdvaleds ave  BoE
“limiting in the chicken kidney cytosol in either the fed or

the fasted stat®. 4 . .

The increase observed in glucose-6-phosphate 'in - the
kidney of. a fasted ghicken may result as the organ changes
from a glycolytic tissue in the fed state to a gluconeogenic

tissue in the 'fasted state.y The glucose-6-phosphatase

activity in fasted chicken kidney is reported to increase on-

starvation (Shen & Mistry, 1979) although there is an

)
another report ofva decrease in renal glucose-6-phosphata:
e - 163 .- A
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(Evans & Scholz, 1971). If the findings of ‘Shen & Mistry
(1979) are correct and if the activity of renal hexokinase
does not -change, then net renal glucose synthesis will be
" higher in the fasted than in the fed condition. As in a

fasted chicken the. glucose concentration in kidney' tissue

.water, (content per gram divided by water content of tissue)

approximately equal to the concentration of glucose in
arterial plasma, then the kidney should have less difficulty
in’' releasing "glucose into the Bloodstream than would the
liver, where tissue glucose is lower than the ciréulatihg
levels. '

From the afferent-efferent .difference results, it
appeéars that the kidney is the primar;' gluconeogenic organ
in the ‘fasted cockerel. Glucose is released by the kitney
of a fasted bird and sufficient substrate in the form of

amino acids, carnosine and lactate are taken up from blood

to account for its biosynthesis.

1f the kidney is a major producer of glucose in the

__fasted chicken this poses the question why this should be

s0. One possibility is suggested by the fact that the

processes of uri s and gl

is, both located

in the liver in chickens, are: energy requiring processes,

expensive in their {mp requirements. For the bird there may
be some metabolic advantage  which is not yet clear, in
compar ing these two in

organs.
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It is intriguing to note while as much as 17% of the
urate, excreted. in the urine hag b, Evthestbedin i
kidneys of a fed bird, renal synthesis.of urate in a fasting
bizd is much reduced® (Chin™ s Quebbeman, 1978) or

non-existent (Martindale, 1976).

In the kidney, gluconeogenesis from amino . acids,

- . lactate and carnosine, may also be affected by the stress: of

the procedure used in this study. However, judging from the
arterio-Venous difference data, the effects of thé procedure
appear not to have had the same effect on- kidney as op
liver. Glucose is released by "kidney, and sufficient

substrate is taken up to'account for-its synthesis.

A possibility  that remains however, is that .

gluconeogenesis in the kidney is turned on by stress, just
as glycogen synthesis appears to be turned on in the liver.
But, if the kidney does not make glucose under physiological

- conditions, and the liver is.only able to producé glucose

13 - Although Chin & Quebbeman (1978) show that urate synthesis

is reduced in the fasted kidney and accounts for only 15 §

of the total urate synthesized in the fasted chicken, as the

kidney tissue mass=is approxinately 208 of the total urate

= X synthesizing tissue (liver + kidney), this means t‘hat- the
" Kidney synthesizes about as much urate per gram of tissue as

does' liver. -
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from reduced 'substrates (lactate and glycerol), it raises
- the question as to which organ is the primary gluconeogenic
organ in the fasting chicken. As significant rates of
gluconeogenesis have not been reported in any 'other organ,
in mammals or birds there would appear to e .
of glucose except for kidney.. Thus I would conclude that
When the - metabolite level and arterio-venous differences
measiirements were made, metabolism in the Kidney was 1itele
changéd’ from metabolism in ‘that organ under physiological
‘conditions.’ Therefore, I conclude that the kidney in the

fasted cockerel is the primary gluconeogenic tissue.
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The -data are as the
acid in .nanomoles per ml + S.E.M.

Table . A. Hepatic Vein Amino
Concentrations in Fed Birds. -

AR g;oog‘ PLASMA CELL

* TAUR 3430+ 140 282 + 38 7900 +

HPRO, 178'F 30 177 ¥ 21 . 132 ¥

THR 309 ¥ 24 410 ¥,28 177 ¥

SER /517 ¥ 59 - 496 ¥.67 551 %

ASN 67.% I2 116 ¥ .10 :UD

GLU [ 672 ¥ 29 452 'F 32 943.%.

GLN -7.443 ¥'79 577 ¥ 85 153 ¥

PRO 205 ¥ 21 329F 44 . UD

GLY- . 573'F 25 424 .19 770 +

ALA. 490 ¥ 45 438 ¥ 59 551 ¥

VAL 315 ¥ 31° 421 ¥ 49 173 ¥

cys 87'% .8 138 % 7 R

MET 16 %6 63:F 3 uD

ILE 127 ¥.19- - 171 ¥ 29 69 +

LEU . 226 ¥ 31- ‘307 ¥ 44 121 ¥

TYR: 136F 5 .134.F 11 111 ¥

PHE 80 ¥ 5 96 * 6 54 ¥

BALA 390 ¥ 23 ub N, 975 ¥

TRP ‘26 ¥ 3 57+ 71 uD

ORN 22 %3 36 ¥ 6 uD

¥ 67° 483 ¥ 125  UD

98 T 8 uD

22 F 2 uD

2D - 1450 +

uD. 3920 ¥

392 + 33 ub

240 + 33 113 +

e +

N 352 + 26, -

GLUC ND . 11800 ¥ 280 =

vano
BN

Acid  ‘and -Metabolite

F°58 .

180
350

52

ion'' of the. amino

metabolite was:
concentration was too low to be determined or was calculated
sign.

to have a negative
cellular

state,

=6 for'amino acids),
.for glycerol, N=3, and for lactate, N=7.

not  determined.

A

"KD? indicates that the
"UD" - denotes that the

dash,. "-", ‘means that the
content could not be calculated as the substance
was ‘not measured in both “blood and plasma. In
for glycose and uric acid,

the = fed

N=14,




Table A. (cont) Hepatic Vein Amino Acid and = Metabolite
Concentrations in Fasted Birds.

A BLOOD PLASMA. CELL

TAUR 3860 + 250 334 + 86 9160 # 550

HPRO ‘63 72 % 44 o

587 ¥ 115 822 ¥ 151 234 + 78 3 .

SER 332 £ 69 312+ 81 ° 362 % 55 . b

ASN 36F 10 44 F 12 ub L

GLU 381.¥37 93%¥2 . UD

GLN . 273 ¥,59 331 ¥ 110 - 185 + 61

PRO- 103 ¥ 23 169 ¥ 12~ ub

GLY 498.F 47 . 388 ¥ 64 71 + 22

ALA 241 ¥ 33 181 % 52 - 331 ¥ 33

VAL 472 +45 364 + 57 633 1 56

cys 45 ¥4 149 ¥ 26 - uD

MET 62 ¥.5 69 % 11 52 + 19

ILE 161 ¥ 22 191 % 35 115 ¥ 55

LEU * 215 ¥ 21 260 ¥ 35 148 ¥ 43

TYR 83 ¥ 6 78 %9 .92 %23

PHE 59 ¥ 3 69 + 6 45 +'9

BALA 396 ¥ 41 uD 990 ¥ 104

TRP 29 ¥2 62 + 6 o e &

ORN 34 F7 67°F 17 uD =+

LYS® -200 ¥ 32 324 ¥56 ' UD . s

HIS 52 ¥15 - 68%5 uD

3MH 42 %6 74 F 14 uD

ANS 704 ¥ 60 ud 1760 + 150

CARN 1250- ¥ 136 uD 2825 ¥ 155

ARG 147 ¥ 8 242 + ud . N

GLYC 56 ¥ 14 -

£ - '

NH3 212 + 79 236 + 60 * up

LACT 1300 ¥ 120 ND -

URIC ND 717 + 88 -

GLUC ND 11850 ¥ 320 = .

GS] 1860 + 183 ND -

GSSG 183 ¥ 12 N -

The data are as the ion of the. amino

acid in ‘nanomoles per ml + S.E.M. "ND" ingdicates that the
" metabolite was not determined. "UD" denotes -‘that the

concentration was too low to be determined or was calculated

to have a negative sign. A dash, "-", means that .the
cellular- content could not be calculated as the substance
was not. measured in both blood and plasma. For amino acids
of fasted animals N=5 and for glucose and uric acid, N-14,
.for glycerol, N=2 and for lactate, Nell.
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P « TABLE B. Hepatic Portal Vein_ Amino 'Acids and Metabolite
'.. . Concentrations in Fed Birds. -

» « .
AR BLOOD PLASMA CELL i
TAUR 3650 + 140 198 + 28 -8870 + 450 ! ?
HPRO - 163 ¥ 22 186 ¥ 9 105 ¥ 20 i
3 THR 333 ¥ 23° 464 T 40 170 ¥ 50
SER 549 ¥ 51 ' 573 ¥ 71 556 T 64 <
ASN 80 ¥ 10~ 136 . ub %
GLU 751 ¥ 46. 562 ¥ 30 1000 + 100
. GLN' 452 ¥ 65 647 ¥ 81 ' 219 ¥ 115
PRO . 232 ¥ 26 382 ¥ 50 uD 4
GLY 650 + 43 544 + 36. 807 + 76
% ALA 567 ¥ 57 622 ¥ 42 515 ¥ 102
VAL 338 ¥ 31 451 ¥ 60 186 * 32
: CcYS 108 ¥ 8 229 ¥ 12 ub ;
i MET 1457 88 ¥ up *
3 ILE 144 + 21 198 + 35 76 + 10
b LEU - 256 ¥ 36 360 ¥ 50 136 ¥ 21
TYR - 150 ¥ 10 162 ¥ 13 133 ¥ 16
PHE 93F%¥6 122F6 57 ¥.11 ,
» BALA 408 ¥'26 U] 1020 ¥ 65 i
TRP, 29 ¥ 3 63 + 7 . ub —
: ORN- 24 ¥3 37F¥ 6 uD
5% LYS 331 ¥ 80 © 549 ¥ 141 1))
HIS TLF2 117 % 7 uD .
3 3IMH 15 F2 ' 23 ¥:3 uD
; ANS 585 ¥ 62 ub 1460 + 150 /
E ‘CARN 1650 ¥ 140 uD 4125 ¥ 350 2
- ARG - 257 ¥ 22 446 + 29 uD
3 GLYC 43 ¥ 16 .. ND -
i NH3 433 343 + 41 111 # 56
LACT | T 245 ND: B i
URIC ND 337 * 26 -
GLUC ND 12330 ¥ 300 -
- &
!
i -
The data are p as the, - ion of the amino

acid in -nanomples per ml + S.E.M. "ND"yindicates that the®
metabolite was not determined. "UD" denotes ‘that . .the
- concentration was too low to be determined or was calculated

to have a negative sign. A dash, "-", means that the

cellular -fontent could not be.calculated as: the substance
. *..was .not measured in both blood and plasma. ~In the fed
state, N=6 for amino acids, for glucose and uric acid, N=l4,
. for glycerol, N=3, and for lactate,




Table B.

AR BLOOD PLASMA CELL
= TAUR 4200+ 282 255 + 112 '10110°+ 650
EPRO 82 42- 103 + 56 -
PR THR 674 255 + 72 -
i SER 448 % 423 ¥ 83
ASN 56 47 * 15
! GLU 430 ¥ 886 ¥ 70 -
5 GLN 404. % 238 ¥ 30 |
PRO 180 ¥ 132.% 41 ¢
GLY - 602 709.% 64 .
A F 413 ¥ 52
1164 o,
£ 4
Y 21
22
2 bl .
7 3
2 31 ’
45 ~
LYS 264 F
HIS 66
3ME 46 T '
® ANS 750 ¥ + 132
S CARN 1400 ¥ ¥ 198 %
ARG 174 ¥ D :
2 eLyc 78 ¥ - .
" NHI 288 + 414 + 118
i LACT 2440 ¥ > =
URIC ND 561 + 62 -
GLUC - ND 12530 ¥ 252 - e
GSH.- 2086 + 180 ND - X
i GSSG 183 ¥'12 [N - " ) v
« - "
o B <
The data are p. asftne of the * amino
acid in nanomoles per ml + S.E.M. "ND" indicates that the
‘- metabolite was not deterfine - "UD" denotes: that . the
conCentration was too low to be determined or was calculated
to have a negative sign. A dash, "-", mears _that the
cellular content could not be calculated as the substance:

- of fasted

‘(cont) Hepatic Portal Amino
Concentrations in Fasted Birds.

i
1

s

Acid and Metabolite

animals

was' not measured in both blood and-plasma.

For amino acids

N=5 and for glucose and uric acid, N=14
for glycerol, N=2, ‘and for lactate, N=1l. ¢
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Table” C. Iliac Vein Amino 'Acid and Metabolite
Concentrations in Fed Birds. J )
AR BLOOD PLASMA CELL
TAUR “ 3440 + 130 195 + 34 8190 + 360
HPRO' 193 ¥ 33 188 ¥ 15 207 * 60
THR . 314 F 16 474 %130 113 ¥ 51 :
SER 526 ¥ 37 .600 ¥ 56 469 ¥ 55 g
ASN 72F 4 160 ¥ 12 ub *
‘GLU 3 3 + 62 ¥
GLN 110 UD & 0
PRO uD
GLY 710 + 74
ALA 406 ¥ 55
vak 117 ¥ 50
cYs ub
MET uD
ILE 0+ 17
LEU 0 ¥26 -
TYR 199 ¥ 11
PHE <
BALA £ 970 + 73
TRP uD
ORN uD
LYS uD
HIS uD
3MH up
ANS 1390.. -+ 130 )
CARN * 3900 F 400 i
ARG 245 % 30 . 455 % 42 ub R

§M8 264 + 27° 264 +27 . 121 + 67
ND

URIC- ND - 340 + 26 - .

GLUC ND 12230 ¥ 266 - -

| 3 3 ,
| = i .

The data are presented, as the concentration 'of the amino
acid in nanomoles per ml + S.E.M. "ND" indicates that the
metabolite was not determined. , "UD" denotes that the
concentration was too low tp be determined or was calculated
to hdye -a negative sign.. JA dash, "-", means that the
c,nu‘{ content - could “not be calculated as the substance
was not measured in both blood and plasma. In  thé fed
state, N=6 for amino acids, for glucose and uric acm, N=14,
for glycerol, N=3, and for lactate, N=7. = . i
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Table C. (cont) Iliac .Vein Amino Acid and Metabolite ,
Concentrations in Fasted Birds. L

e * AR BLOOD | PLASMA CELL B

o TAUR 3950 + 340 375 + 86 9300 + 760
HPRO 71 ¥ 15 - 74 ¥ 46 UD,
THR 659 ¥ 112 984 ¥ 210 174 +76
*SER 464 ¥ 56 512 ¥ 59. 392 ¥ 70
ASN 57 ¥.7 84 %7 ' b,
GLU 384 ¥30 Bl ¥19 up 3
GLN 477 ¥ 46 * 653 ¥ 77 214 + 50
PRO 163 ¥ 10 214 ¥ 26 88 ¥ 30 -
GLY 613 ¥ 39 565 ¥ 47 685 F 35
ALA - 448 ¥ 30 476°% 38 406 ¥ 23
; VAL 526 ¥ 62 393 ¥60 725% 78
cys 46 F 2 166 ¥ 23 ub s
? ? MET 92 %7 102 ¥ 17 78 .12
H ILF 180 ¥ 17 191 ¥ 26 163 ¥ 20
LEU 247 ¥ 25 278 ¥ 34. 171 ¥ 10 .
TYR = 117 ¥ 6 118 ¥13 117 ¥ 14,
PHE 93 ¥11 111 ¥15 65 .9
BALA 442 ¥ 36 Ui 1106 ¥ 90
TRP 36 F 4 76 +.16 uDb
ORN 50F12 84%¥22 . U
LYS  278.%¥ 35 417 ¥ 58 * up
HIS 76 ¥ 6 128 ¥ 24 UD
3MH 48°% 8 82 ¥13 - up s
. ANS 771 ¥ 79 up 1930 +.200
CARN: 1350 ¥ 230 uD 2820 ¥ 170
ARG 193 ¥.12 2940+ 12 . .UD ;e -
.GLYC 174 ¥ 94 . ND -

NH3 - 200 + 20 . 173 + 18 3
LACT 2800 ¥ 190 ND -

° URIC ND 533 +.64 . .
GLUC _ND 12180 ¥ 293 -
GSH' 1928 + 20 ND . ’

The data are presented as the concentration of the amino,
acid - in nam:molee per ml + S.E.M. "ND" indicates that the

i metabolite was™ not determined, :"UD" denotes. that  the
concentration was too low to be deternu,ned -or. was: calculated
to have a negative sign. ‘A das! “-",. means that / the

oiiaa: et eoiia BCt Be ciciimved as the substance

was not measured in both blood and plasma.: For amino acids-

fy * of fasted animals N=5 and for glucose and uric’acid, N=14,
' for glycerol, N=2‘and for lactate, N=11.
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Table D. Renal: Vein Amino Acid and - Metabolite
Concentrations in Fed Birds. . i

AA _BLOOD PLASMA CELL

TAUR 2910 + 380 195 + 37 6280 + 1130 ‘
HPRO, - 145 ¥ 18 167 ¥ 24 114 ¥ 44 * =
i THR . 307 ¥ 18 471 ¥ 31 109 ¥ 51
SER 781 ¥ 80 521 ¥ 30
. ASN 132 ¥ 13 Ui .
GLU 636 ¥ 24 885 + 85
3 GLN 677 T 96 .~ ub | T
PRO 356 ¥ 51 uD
GLY ©492.¥31 704 + 93
¥ ALA 500 ¥ 45 514'F 37
VAL 415 ¥ 53 180 ¥ 21
cys 206 ¥ 11 ub A
MET 86 ¥ 5 up,
! - ILE 175 ¥30° 71 + 13, :
*LEU 309 F42 126 F 28 "
J TYR 162 ¥9 .- 118 ¥ 13 ° ‘ i
PHE 18 ¥ 5 51 % 7
- BALA ub 930 ¥ 60 1
TRP 55 + 3 uyD . i
« ORN 29 ¥8 4+1 ; !
¥ LYS 527 * 134 ub 5 i
HIS 118 ¥8—  UD
’ 3MH . c o 24'F4 uD 2
z 4 . ANS 545 ¥ 42 ub 1360 + 105 TR .
© st .. CARN- 1530 ¥ 140 uD 3820 F 350°
ARG 248 ¥ 32 447 + 38 uD

o : L GLYC 56 ¥ 48 ND - : r.
. \ -

NH3 396 +.58 397 + 58 253 + 39

LACT 2370 ¥ 250 ND 5
URIC ND 26 +31 | - .
i, GLUC ND - 12750 + 405 -

The data are s the ion of the amino

; acid in "nanomoles per ml + S.E.M. ""ND" indicates that the
‘metabolite. was not determined. "UD" denotes that - the

. concentration was too low to -be determined or.was calculated

to have a negative sign. A dash,  "~", means that .the ~

* ‘cellular content  could not be calculated as the substance
‘was not measured in both blood -and plasma. In the fed ' 3

" state, N=€ for amino acids, for glucose.and uric ac!.d, N'lA.
. -for glycerol, N=3, and for lactate, N=
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Table D. (cont) Renal Vein Amimo -Acid and Metabolite
Concel’ ations in Pasted Birds. - -~
AR _ BLOOD PLASMA ‘ CELL, e
TAUR 3530 + 190 358 f84 8280 +'500
HPRO 80 F 13 . 68 ¥ 42 ub
THR 618 ¥ 123. 985 ¥ 179 up
'SER | 528 ¥ 27 . 677 ¥ 41 305 + 56 . .
ASN ' 50%5 . 71.%11 ub 3 fd B
GLU ' 371 ¥25. 105 ¥.27 770 + 65
_GLN 390 ¥38 545 %74 . 158% 81
PRO 157 ¥ 15 - 208 ¥16 102 %8
GLY = 524 ¥ 297 503 ¥39 . 555 %32 .
ALA 311 ¥19 317 ¥35 -~ 302 %24
VAL . 483 ¥ 60 409 ¥ 59 594 7102
cys 40 ¥.2 171 ¥ 27 ub L3
MET 77%6 99 F15 44 +15 -
ILE 165 ¥26 212'F 26 uD
LEU .229 ¥ 30 288 ¥ 30 - 140 + 39
106¥8 114 ¥ 10 96 ¥ 13
PHE 82 ¥ 11 : 108 ¥ 14 44°% 10
BALA 439 ¥31 D 1096 ¥ 78
JFRP 30 ¥ 2 61 +4 ]
ORN 51 ¥13 80 ¥27 16 +3
LYS 257 ¥ 38 405 ¥ 50 L
HIS 82 ¥16 138 ¥ 28 39 +16 &
ME" . 48 ¥10 85 ¥ 15 wo
ANS 666 F 62 . ub | 1666 + 154
CARN 1210 Eaz up 2410 ¥ 77
ARG~ 142 ¥13 . 235 +20 - Ui
GLYC 55 ¥ 47" ND -
NH3 344 +59 322 + 254 378 + 112
LACT 2230 ¥ 110 ND - =
URIC - ND 168 + 30 - " .
GLUC — ND - 12860 ¥ 274 -
GSH 1934 +16 ~ ND . -
GSSG 160 F 52 ND -
The data are p: the jon of the. amino

acid in nanomoles per -1 + S.E.M.. "ND" indicates that. the:

‘metabolite was- not determined. "UD" denotes ' that the

concentration was too low to be determined or was calculated
“to have a negative sign. A dash, "-", means that the

cellular .content.  could not be calculated as the substance -

was_ not measured.in both blood and plasma. For amifio acids
of fasted animals N=5 and for glucose and uric acid, N=14

and for lactate,” N=1l.
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- either hematocrit or plasma glucose.

P ’ o u

B.1  EFFECT 'OF*BLOOD SAMPLING ON HEMATOCRIT AND PLASMA GLUCOSE.

. ) -
CHICKEN 1 SRR P
piAsA GLucosE -~ HEMATOCRIT
TME  REPLIGATES ‘
MN. o AT i
0 S14.9 147 1 b5g
2 15.5  16.0 9 4o\
47 1611602 2 o e L
6 15.5 " 15.7 7 345
8 155 15.2 7 1
) CHICKEN .2 o )
- PLASWA GLUCOSE . HEMATOGRIT .
TME - REPLICATES - MEAN £ '
MING A1 i
0 137 13.8 186 13.7 £0.1 32
2 B2 W3 147 144 £0.3 32
4. v 1.8 3.9 167 141 105 327
6 10 . W2 w2 11201 313 i
8 B2 WD M4 M3 0z owm L

PLASMA GLUCOSE RANDOMKZED C(MPLE\'E-BLOCK ANALYSIS  OF VNi_IANCE,
F=(6.313,4,3) (Not significant at P< 0.05)

-
HEMATOCRIT ONE WAY ANALYSIS OF VARIANCE F=(0.43,8,5) (Not significant at
70.05) . . o

v

- Juvenile cockerels (5 weeks 0l1d) were anesthetized, restra!ned’ on

thewr Backs, and artificially ventilated as described in the methods in

Chapter 2. A cannula was placed in the inferior aorta at the ~level: or/
the femoral ‘arteries and'a 2 ml blood sample was withdrawn. . Four more 2

. ml samples were taken over a period of 8 minutes. The plasma was |

obtained,and-analysed for-qlucose as described in ghe methods of Chapter
3. A’sample of the blood was collected i a heparinized microhematocrit
tube,  centrifuged at 12,000 x g and hematocrit was calculated using the
ratio of the volume of red cell mass divided by the total blood :volume.
Analysis. of variance indicated that there-was no effect of samp]ing on

o 3
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C.1  INDEX

INDEX ¢ . 7
2-oxoglutarate . ¥ Branched chain_amifo acids, 112
. . assay, . Bruosulfuptha‘lem 135, 138 Lo $
2-phosphoglycerate . i
assay, 54 ca1c|mn, 12 1
3-methylhistidine, 114,146 CAMP, 7, 10 i
3-phosphoglycerate Carnosine,.114 . . ‘ i
assay, 54 . Cysteme g+ LIPS
Adenylate kinase, 66 Diabe!es, 5, 7 w0 I
mass action ratio, 60 . Ducks, 2 ~ .o
“Adenylates ¥
‘  content in fasted organs, 71 Energy charge )
content in ischemic Tiver, 66  Erythrocytes, 30 89 to 90 i
ADP
assay, 57 ° - Freeze-clamping, 33, :
Adrenaline, 11, 32 Fructose-1 -blsphospnate . L X
Alanine, 111 - assay, 55
Alloxan, 5 Fructose-2,6-! hlsphosphate 8!
: Amino acid amlysis, 92 Fructose-6-phosphate
Amino-oxyacetate,, 156 .+ ..assay, 56 ‘r o '
Ammonia, 114 5 v }
assay, 58 . Geese. 4 - |
mP - - * Glucagon, 3 t an e 1
ssay, 57 ’ Glucocortﬂ:o!ds, 11 to 12 '
Anesthenc 52 ! GMuconeogenesis
Anoxia, 47, 91 effect of redox state, 85
Anserine 11! Tevels of enzyme effectors 84 2,
Arginine, 112 Glucose
Aromatic amino acids, 112 assay, 57 :
ATP o = content 1in fasted liver, 74 =
assay, 56 P content in ischemic 11ver, 67
- . " diurnal variation, 3
“ Blood Yo turnover, 35 .
cells, 30, 89 o Glucose-6-phosphatasé, 82 "
constituents, 37 - Glucose-6-| phnsphate
fattypcids, 9- * h assay,
. flow, 15, 29 to 30,53, 135 Glutilite, 109 s ¥
gases, 27,43, 53,64, 78 - assay, 59
glucocorticoids, 13 Glutamine, 111
glucose, 2 to3, 9 34 * Glutathione
. oxygen, . assay, 92 4 t
smpling, 94 = -* Glycine, 111 . . 5
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Glycogen, 11, 32, 34, 68, 86,
L 139, 187 .

assay, 58

content in fasted liver,,74
Glycogenolysis, 11 to 12, 79, 8
Hematocrit

age and sex differences, 31

HamBurger shift, 102

samp11ing effects, 102
« trapped plasm, 102
Hepatocytes, 7, 16, 40,

152 to 153,

‘periportal vs perivenous, 62
Hexokinase, 19, 57, 82
Histidine, 112
Homogenate, 37
Hypgrglycemia, 130
Hypoxanthine,

Hypoxia, 47 tO 49‘ 78, 80

Inhibitor, 84, 156:
Insulin, 4, 7, 10

* Insulin res\stance,, 7

Ischemia, 33, 67,78, 82
lschemic liver, 53, 66

Kidney
afferent ef ferent dIfference
20 .
Mood flow, 29,
medulla vs cortex, 62
tubuTes, 39.

-

Lactate
assay , 5
content in ’lschemc liver, 81
Lactate:pyruvate ratio, 49, 81,
, 85" .
Liver - P
afferent-efferent difference,
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