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Crystalline gluconate was weighed into glass scintillation vials
and dissolved in 3 ml of water, After the addition of 12 ml of
Aquasol, the samples were counted in a Beckman Liquid Scintillation
counter, The efficiency of counting was calculated from the external
standard ratio and a quench correction curve, and the specific activity
of glucose in the plasma sample was calculated by a program called

GLUCOSESA78 (Appendix 2).

4,1.3 CALCULATIONS:

The semilog plot of specific activity (fraction of dose/mg glucose)
versus time was graphed for each sheep, and several curves were
peeled using a program written by Dr C.F., Ramberg for a Hewlett
Packard 9815 calculator. This provided estimates of the slopes (L)
and intercepts (S) for curve fitting by the program SAAM25 (Simulation,
Analysis and Modelling). The animals were classified into groups (see
Results, Section 1) as susceptible to dPT, or non-susceptible with live,
or dead lambs. Data for the groups of animals were averaged using
the program WAVE (Appendix 3).

4,1.3,1 Curve fitting:

Curves were fitted for each tracer for the three groups of sheep
by submitting the averaged data, estimates and initial conditions to
SAAM as shown in Fig. 2. Four exponentials were obtained by curve -
peeling but five were fitted by SAAM.
4,1.3.2 Mapping:

The parameters of the fitted curves were used to map to a com-
partmental model, using the MAPPER program (Appendix 4), which
converted the exponential equations for observed change in specific
activity in one compartment, plasma, to parameters which represent
fractional flow rates between compartments.

4,1.3,3 Model solution:

Initially the data were fitted to a series model, model A (Fig. 16),



S(1, 4) s(1, 5) S(1, 6)

L(0, 4) L(0, 5) 1.(0, 6)

F = 5(1, 2)e” 10 Dt 4 501, 3)e 100 308 4 g1, 4y 1O 4

+ S(1, 5)e-L(.O’ 5)t + S(1, 6)e_L(O’ 6t

Fig. 2: Schematic configuration for fitting the sum of five

exponentials to tracer data.
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by submitting the parameter esiimate's to SAAM, and describing the
structure of the model by nominating flow rates, These initial
estimates were improved, and the final parameter values calculated
by SAAM. When an acceptable fit was obtained the steady state
solution of tracee flow rates and pool sizes were calculated.

The parameters for model A were used to map to alternative
models, For this model, of glucose metabolism, loss from the
system was made from co‘mpartment 5, and a recycling flow was
introduced back to compartment 2 (model B, Fig. 16). A physio-
logicai inter pretation is discussed in the Results section.

An attempt was made to fit the data for both tracers simultan-
eously to the model. Thus the 3H and 14C data were fitted with only
certain flow rates being allowed to adjust independently. When two
experiments are performed on the same system they can be treated as
a single experiment, and separated in solution by a time change, TC,
Thus it was possible to test whether recycling was the only flow rate
which differed between the tracers. To do this all parameters were
set to be adjustable (but to be the same for both tracers), and the re-
cycling flow rate was allowed to vary for each tracer by introducing
dummy variables, P(1) and P(2). The number of flow rates allowed
to vary could be increased by introducing more dummy variables.

The solution for the general model was determined, together
with parameters for each group of sheep. Differences were com-

pared in tracer movement between, and within the groups of sheep.

4,2 PRIMED CONTINUOUS INFUSIONS:

4.2.1 METHOD:

These were performed on sheep during the starvation period

either when they became recumbent with OPT, or at the end of 10
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days starvation. Catheters were placed into both jugular veins
on the morning of the experiment.

The priming dose of 20 pCi [U—14C] glucose and 40 uCi
[6- 3H] glucose, in 20 ml, was injected through one catheter and
immediately followed by an infusion,using a Harvard Apparatus
Infusion/ Withdrawal Pump(Millis, Mass, USA), of 13 uCi [_U—14C]-
and 26 pCi [6-3H] glucose, in 40 ml, per hour. Seven blood
samples (10 ml) were taken over three hours, at 30, 60, 90, 120,

150, 165 and 180 minutes after the priming do se.
4.2.2 ANALYSES:

4.2.2.1 Plasma glucose:

Glucose was analysed in the plasma, and deproteinized plasma,

by autoanalyser (see Blood Analyses Section).

4,2, 2.2 Glucose specific activity:

The specific activity of glucose in the plasma and infusion
solutions was determined by the method of Blair and Segal (1960)

as outlined in the previous section.
4.2.3 CALCULATIONS:

The specific activity was calculated as dpm/mg by the program.
GLUCOSESAT78 (Appendix 2). . The values were graphed against time,
and the specific activities over the plateau period averaged. The
infusion raté of isotope was determined from the activity of the
infusion solution and the infusion rate, Glucose turnover was

calculated:

Turnover Rate (mg/min) = Infusion rate (dpm/min)

Specific Activity (dpm/mg)
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5. HEPATOCYTES:

5.1 ISOLA TION:

Liver cells were isolated by the method of Clark et al. (19760b)
which wasbased on the method of Berry and Friend (1969). Some
modifications were introduced, however, to reduce the time required
for isolation. The studies were undertaken, és outlined in
Section 2.1, when the sheép became recumbent with OPT, or at the
end of 10 days starvation.

The sheep " was given an intravenous injection of 500 Units
heparin/kg to prevent the blood from clotting. @ Two minutes later
the sheep was stunned by a captive bolt pistol, The liver was
immediately exposed, the caudate lobe removed and rinsed with
Krebs-Ringer 1 (without Cf'a.++) which had been adjusted to pH 7.6
(Dawson et al., 1969). The lobe was perfused with this buffer under
the same conditions as Clark et al, (1976b), using a Harvard Apparatus
1215 Variable Speed Peristalic Pump (Millis, Mass, USA), and a con-
stant pressure device. However only 75 mg collagenase was added to
the perfusate. The pérfusion lasted 30 min and upon disconnecting
the lobe from the apparatus, the liver capsule was removed with
forceps. The cells were able to be shaken apart in Krebs-Henseleit
buffer (Dawson et al., 1969), which contained 1.5% (w/v ) gelatin
and was adjusted to pH 7.6. This eliminated the second incubation
procedure of Clark ﬂ. (1976b), Since calcium is involved in cell
junctions it was necessary to omit it from the perfusion medium
(Berry, 1976); however it was considered important to reintroduce
calcium immediately the perfusion had finished to maintain cellular

respiration (Howard and Pesch, 1968).
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The suspension of cells was filtered through coarse nylon
mesh and centrifuged at 1000 rpm for 30 sec. The cells were
gently washed in Krebs-Henseleit buffer and filtered through a
fine filter (100 ym pore size). After a second wash, the cells
were made up to 50 ml in Krebs-Henseleit buffer. The final
suspension contained about 5 mg dry wt cells/ml. The overall
preparation time was generally 60 min, and the cells were used

immediately for incubation studies.

5.2 INCUBATIONS:

Incubation conditions were the same as those described by
Clark et al. (1976b). The substrates used were Na'-propionate, Li-
lactate, glycerol, alanine and glutamine. These were made up in
Krebs-Henseleit buffer such that the final concentration in the incuba -
tion medium was 10 mM. Glucagon was made up according to the
method of Faloona and Unger (1974) and 1;sed at concentrations of

" M or 1078 M. Dibutyryl cyclic AMP (0.04 mM) was added to

10~
some of the incubation media.

The incubations were performed in triplicate and lasted 30 min.
The reactions were stopped by the addition of 0.5 ml of 6% (w/v)
HCI1O,, and the denatured protein was removed by centrifugation.
Supernatant (1.5 ml) was neutralized with 0.1 ml of 4.5 M KOH, and
after a second centrifugation it was analysed for glucose.

The viability of each cell preparation was assessed by two

criteria which measured the integrity of the cell membranes.

(i) Exclusion of Trypan Blue:

Cell suspension (0.1 ml) was diluted with 0.3 ml of isotonic
Q6% trypan blue (Seglen, 1976) and the viability was assessed after five
minutes, in a Burker chamber, as % of cells not stained. Only

preparations with a viability greater than 80% were used.
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(ii) Stimulation of Oxygen Uptake by Succinate:
This was a sensitive test for membrane integrity as only damaged
membranes allowed succinate permeation at a rate sufficient

to stimulate respiration, and was based on the method of Baur et al.

(1975). The oxygen uptake of 1 ml of cells in Krebs-Henseleit buffer
was measured polarographically with Clark apparatus (YSI Model 53
Biological Oxygen Monitor, Yellow Springs Instrument Co., Yellow
Springs, Ohio, USA). Tllle uptake was measured before and after
the addition of succinate (to a final concentration of 1 mM). Only
suspensions in which the oxygen uptake was stimulated by a factor
less than 1. 30 were used.

The dry weight of cells was determined as the difference between
2 ml cells and 2 ml buffer dried at 80°C for about 24 hours to a con-

stant weight.

5.3 ANALYSES:

Glucose was analysed by the autoanalyser method outlined.in the
Blood Analyses section. For each substrate the glucose production
rate was calculated from the change in glucose concentration that
occurred in the medium, and was expressed as ymol/g Vcells dry

weight/min.

6. KILLING FOETUSES IN UTERO:

6.1 ANIMALS:

The ewes were selected as twin-pregnant at 80 days gestation

and housed indoors in metabolic cages, as outlined in Section 2, 1.
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6.2 SURGICAL PREPARATION:

At about 110 days gestation surgery was undertaken on eight
ewes to put nooses around each umbilical cord and implant two
electrodes into each foetus.

The ewe was given 0,22 ml of 2% Rompun subcutaneously and
five minutes later, an epidural consisting of 5 ml of 0.5% Marcain
and 5 ml of 2% Xylocaine, After aseptic preparation of the skin
the abdomen was opened by a 20 cm incision along the ventral midline.

The pregnant uterus was located and the foetus held while the
uterus and foetal membranes were incised between cotyledons. Foetal
membranes were clamped to the uterus with Allis forceps,and care
was taken to minimize loss of foetal fluid. while the umbilicus was
located. A nylon thread was placed around the umbilicus and short
(2 cm)lengths of nylon tubing were threaded on behind a 1 c¢m piece .
of a 2 ml syringe (Fig., 3). The syringé head acted as a funnel when
the noose . was later tightened, and thenylon tubing was sectioned to
allow flexibility in the ewe, and yet still provide a rigid structure
when the noose was tightened. The noose was sutured to the
abdominal skin of the foetus, and electrodés were inserted sub-
cutaneously into the hind limb and chest, and were aléo secured
to the skin by sutures.

The uterus was closed with silk suture (3-0) and the nylon
passed through longer sections of nylon tubing and pushed to the
exterior under the skin using a hollow metal probe. Both foetuses
were prepared in this way. The nooses and electrodes were sealed
in a rubber pouch and attached to the skin of the ewe.

The ewe was given 10 ml of Streptopen intramuscularlydaily for
three days after surgery, and one intramuscular injection of 60 mg
progesterone in olive oil to minimize the risk of abortion (Mellor

and Matheson, 1975).
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Uterus

Sectioned
nylon tubing

Umbilical
cord

b) c)

Fig. 3: Umbilical noose arrangement, a) showing placement within
the ewe, b) the noose around the umbilical cord before
tightening, and c) the noose after tightening showing
the umbilical cord clamped off within the syringe head.
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6.3 EXPERIMENTAL PROCEDURE:

Ewes were paired according to liveweight and randomly
assigned to a treatment or a control group. On day four of
starvation, primed continuous infusions were given to each ewe
to measure glucose turnover, as outlined in Section 4, 2. Con-
trol ewes were slaughtered at the end of the infusion for hepatocyte
studies, while in the experimental group the foetal nooses were
tightened. The foetal electrocardiogram was monitored on an
oscilloscope, and heart rates were also monitored ultrasonically
on Doppler equipment. Cyclles of bradycardia and tachycardia
occurred during the period of anoxia. Foetal death usually took
15 min from the time of tightening the nooses, and when death was
established, the nooses were tied off,

Blood samples (5 ml) were taken every 10 min for the first hour,
every 15 min for the second hour and every 30 min up to 24 hours.
A second 3 hour infusion of tracer glucose was given as described

above and then the ewe was slaughtered for hepatocyte studies.

6.4 ANALYSES:

6.4.1 BLOOD ANALYSES:

Glucose and acetoacetate were analysed as outlined in the

Blood Analyses section.
6.4,2 GLUCOSE SPECIFIC ACTIVITY:

The specific activity of glucose was determined in the plasma
samples and in the infusion solutions by the method of Blair and
Segal (1960) as outlined previously.

6.4.3 HEPATOCYTES:
These studies were by the experimental technique outlined

earlier.
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6.4.4 LIVER ANALYSES:

Liver samples were analysed for fat and glycogen (see

Liver Analyses section).

7. BLOOD ANALYSES:

Blood samples were collected in venoject tubes. Those for
plasma analysis contained 20 mg potassium oxalate and 25 mg:NaF
and this mixture acted as an antiglycolytic anticoagulant. The
samples were stored on ice and centrifuged at 4°C at 3000 rpm for
20 min and plasma not assayed immediately was stored at -20°C..
Samples were also collected in serum tubes for analysis of creatinine,
total COZ’ inorganic phosphate, protein and albumin,

The analyses were undertaken on a Technicon Autoanalyser II,

by Mr P. Dobbie.

7.1 PACKED CELL VOLUME:

This was determined on heparinized blood with a haematocrit

centrifuge.

7.2 GLUCOSE:

Glucose was analysed by the method of Trinder (1969) with
modifications which increased the specificity and sensitivity., These
were necessary as ruminants have lower plasma glucose levels
than non-ruminants. The basic reaction of the method was:

glucose + O, glucose ox1das)§ gluconic acid + HZOZ

HZOZ + oxygen acceptor peroxidase HZO + oxidized acceptor

_
(coloured)

(phenol)
Phenol, in the presence of an oxidizing reagent gave a purple

colour with 4-aminophenazone.
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The main modifications in the method were that the enzymes
were made up separately, azide was not included in the method as
it was found to be slightly inhibitory ar.1d phenol was added to the
reagent stream after the dialyser. In addition, the concentrations
of aminophenazone phenol and peroxidase were increased. The

solutions used were:

2% Phosphate buffer: Na,HPO, (anhydrous) 20 g
KH,PO, (anhydrous) 20 g
in 1 1 distilled water.

Recipient solution: 0.5% 4-aminophenazone 60 ml
2% phosphate buffer ~ 50 ml
18 % NaCl 10 ml
Distilled water 70 ml
Triton-X 405 10 ml

Colour Reagent: ° 2% phosphate buffer 250 ml
2% Phenol 625 ml
Distilled water 125 ml
Peroxidase 50 mg

Enzyme: Glucose oxidase 500 mg

/ Distilled water 100 mi

Diluent: 2% Triton X-405

Standards:

A stock standard solution of 2 g glucose/l with 1.0 g benzoic
acid was diluted to give standards in the range of 10-100 mg/dl.
The sampling rate was 50/hour with a wash time of six seconds,

and the colour was read at 505 nm.

7.3 KETONES:

7.3.1 ACETOACETATE:

Acetoacetate was measured by the method of Salway (1969), with
modifications (Dobbie and Wolff, unpublished), which included the use

of a pure dye to increase the sensitivity of the method.
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The basis of the reaction in this method was that acetoacetate
reacted with 2, 5-dichlorobenzene diazonium chloride at pH 4.5 to
produce formazan derivatives which were coloured.

The solutions used were:

Dye carrier: Ethanol (absolute) 200 ml
1 N HC1 7 ml
Distilled water 11

Dye (made up daily): 2, 5-dichlorobenzene diazonium
chloride 100 mg
Dye carrier 100 ml

Buffer: Citric acid . H,O , 19 g
Trisodium citrate, 2H,0 32.7¢g .
Ethylene glycol 500 ml
Ethanol (absolute) 200 ml
Distilled water 300 ml
Triton-X 405 10 ml

10% (w/ v) NaOH

Diluent: 2% (\}/V) Triton-X 405
Recipient: HCl 4.4 ml
Triton-X 405 20 ml

made up to 11 in distilled water.

Standards:

A stock standard solution of 2 mM Li-acetoacetate was diluted
to give standards of 0. 1-1.4 mM.

The sample rate was 50 per hour, with a wash time of seven

seconds and the optical density was read at 520 nm.
7.3.2 3-HYDROXYBUTYRATE:

This was analysed by the method of Zivin and Snarr (1973) which
was adapted for the Technicon Autoanalyser II. The basic reactions

of this method were:
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3-OH Butyrate 3-OH butyrate dehydrogenase
+ NAD+ —> acetoacetate + NADH

Diaphorase

NADH + INT Formazan + NAD"

(INT = 3-p-nitrophenyl - 2-p-iodophenyl -'5-pheny1tetr azolium
chloride)

The change in absorbance due to the reduction of INT was propor -

tional to the concentration of 3-hydroxybutyrate in the sample,

The solutions used were;

Recipient buffer: Tris 12.5 ¢
NaCl 12.4 g
Semicarbazide HCl 2.22 g
EDTA (Ethylene diamine tetra-
acetic acid) 3.5¢
Triton-X 405 50 ml

made up to 11 in distilled water.

Enzyme solution: Diaphorase 5mg

Bovine serum albumin (Fraction V) 15 mg

NAD 220 mg
Buffer 50 ml
3-OH-butyrate dehydrogenase 2 mg

0.06% INT (w/v)

2% Triton-X 405

Standards:

A stock standard solution (20 mM) was made up of 5.04 g 3-OH-
butyrate (Na salt)/l, which was double strength as it contaired a mixture
of D2 and L- isomers but only the Lform was detected enzymatically,
The stock was diluted to give working standards of 1-10 mM.

Samples were run at 50 per hour, with a wash time of six

seconds, and the optical density was read at 505 nm.
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7.4 FREE FATTY ACIDS:

Plasma free fatty acid determinations were undertaken by
Miss B, Crane of the Chemical Services Section of Ruakura, using
the semiautomated technique of Crane and Lane (1977).

The free fatty acids were extracted in an isopropanol-n-
heptane-'l N HZSO4 mixture (40:10:1) and volatile acids, especially
COZ’ were removed by bu‘bbling with nitrogen. The heptane phase
was washed with 0.05% (v/v) HZSO4, and the extracts were stored at
40°C until analysed.

Palmitic acid standards, in the range 160-1440 ymol/l, were
extracted with each group of plasma samples.

The analysis was performed on an Autoanalyser I, and the

basis of the reaction was:

Na-barbitone + free fatty acid diethylbarbituric acid
The pH indicator, phenol red changed colour as the pH of the solution

decreased, and this colour change was measured at 550 nm.

7.5 UREA.:

Urea was measured by the standard Technicon method (Method
01), based on the work of Marsh et al. (1965). Urea reacted with
diacetyl -monoxime in weak acid solution to form a coloured product.
The colour, whichwasintensified with thiosemicarbazide and with ferric
ions, developed at 90°C and was read at 520 nm.

The solutions used were:

Colour reagent: Diacetyl -monoxime 2. 5% (w/v) 67 ml
Thiosemicarbazide 0. 5% (w/v) 67 ml
Brij-35 30% 1 ml

Distilled water to 1 1.
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Ferric chloride-phosphoric acid:

FeCl,. 6HZO 15 ¢g
Phosphoric acid 859% 300 ml
Distilled water to 450 ml.

Acid solution: Ferric chloride-phosphoric acid 1 ml

HZSO4 20% (v/v) to 1 1.

Standards:

Were prepared in the range of 10-80 mg/dl.

7.6 CREATININE:

Creatinine was measured by the standard clinical method No. -
SE2-0011FC4 for Technicon Autoanalyser II, based on the method of
Chasson et al. (1961) which used the Jaffe reaction in which creatinine
reacted with alkaline picrate to give a red colour, measured at 505 nm.

The reagents used were:

1.8% NaCl (w/v)

0.5 N NaOH

Picric acid 1.3% (w/v)
Brij~-350.03% (w/v)
Standards 0-20 mg/dl

7.7 INORGANIC PHOSPHATE:

This was analysed by the Technicon Autoanalyser II clinical
method No. 4 which is based on the methods of Hurst (1967) and
Kraml (1966).
The basic reaction was:
Pi + HZSO4 + ammonium molybdate —————— phosphomolybdic acid.
The product was reduced by stannous chloride-hydrazine, and the

absorbance read at 660 nm. The solutions used were:
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H SO4 0.36 N (with Levor 1IV)

2
Ammonium molybdate 1% (in HCI)
1% Hydrazine sulphate

Stannous chloride: SnCl,. ZHZO 400 mg
made up to 10 ml with conc. HCIl,

Stannous chloride-hydrazine:
Stannous chloride 4 ml

made up to 500 ml with 1% hydrazine sulphate.

7.8 TOTAL CARBON DIOXIDE:

Total CO2 was analysed by the Technicon AAII clinical method
No. 11-08 which wasbased on the method of Skeggs and Hochstrasser

(1964). In the plasma the following equilibrium existed:

_ —_— 4
" H,CO
. HMY3 0

CO, + H,O

Acid forced the reaction to the left, and so the mefhod measured
CO, and HCO;  in the plasma, or total CO,. The sample was mixed
with a COZ—free, air-segmented acid solution and heated to 37. 5°C,
releasing CO, into the gaseous phase. The Co, then diffused across
a silicone-~rubber dialyser membrane into a solution containing the
pH indicator Cresol red. As the pH decreased the colour change was
read at 420 nm.,

The solutions used were:

Buffer pH 10.0: 1 M Tris (121.g/1) . 900 ml
1 M NH,. OH 100 ml

pH adjusted with conc. HCl

Sulphuric acid: H,50, conc. 13.9 ml
made up to 11 with distilled water.
Brij-35 30% 1 ml
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CO2 Colour reagent: Cresol Red 1% (w/v) 4 ml
Buffer, pH 10,0 3 ml
made up to 1 1 with distilled water, pH 9. 2
Brij-35 30% 1 ml
Standards:

Were prepared in the range 10-50 mM.

7.9 TOTAL PLASMA PROTEIN:

The Technicon Autoanalyser method, AA 1I-14, was based on a
modified Biuret reaction in which copper in alkaline solution reacted
with peptide linkages of amino acids in the proteins to form a purple
complex, The absorbancewasthen measured at 550 nm, The
solutions used for this method were:

Biuret Stock in NaOH 0. 2 N:

Sodium potassium tartrate 45 g
CuSOy- 5HZO 15 ¢
KI 5g
NaOH 8 g

made upto 11 in distilled water.

Biuret Working Solution:

Biuret stock in NaQOH 0.2 N 200 ml
made up to 11 in 0, 5% KI (in 0, 2 N NaOH).
Wetting agent ARW-7 1 ml

Total Protein Blank solution:

KI 0.5% in 0. 2 N NaOH 800 ml
Distilled water 200 ml
Wetting agent ARW-7 1 ml

7.10 ALBUMIN:

Albumin was analysed by the Bromocresol Green (BCG) Auto-
analyser method No. TN3-0160-20 which was based on the method
of Doumas et al. (1971). When albumin was added to a solution of

BCG it caused a change in colour which was proportional to the



105.

amount of albumin present, and the BCG-albumin complex was
read at 630 nm. The method was very sensitive, and so the
sample was first diluted in 0. 03 % Brij;'35, a detergent, which
prevented turbidity.

The reagents used in the method were:

BCG Dye, pH 4.2 in Succinate buffer
(Technicon Product No. T01 -0573)

Diluent: 0.03% Brij-35

8. LIVER ANALYSES:

8.1 FAT

Fat analyses were performed by Miss B. Crane of the Chemical
Services Section, Ruakura. The liver was homogenized in a
Sorvall blender and about 10 g of the homogenate was weighed and
fregze dried. The dry weight was determined and the sample
refluxed in soxhlet thimbles with petrol ether, b.p. 60-80°C for six
hours in a multiple extractor unit.

The soxhlet thimble was dried and weighed, and the weightloss

. represented the fat content.

8.2 GLYCOGEN:

Glycogen was extracted from the liver with water and phenol
by the method of Laskov and Margoliash (1963), and analysed by the
iodine/iodide methoed of Krisman (1962) which was based on the quan-
titative reaction of the Iz./I- reagent with polysaccharide. Calcium

chloride enhanced the colour and absorption of the chromaphore, and
so increased the sensitivity.
A stock iodine/iodide solution was made up by dissolving 2.64 g

iodine and 26.4 g KI in 100 ml of water. This solution was stored
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at 4°C in the dark. The working solution was made by
dissolving 2 ml of stock in 11 of saturated CaCl,, and this was
stored in a dark bottle in a warm room. Other solutions used
were 0,15 M Tris Buffer, adjusted to pH 8, 2 with HCl, and 90%
(w/v) Phenol.

Duplicate liver samples of about 2 g were finclely chopped and-
weighed into 5 ml of Tris Buffer. The samples were homogenized
with a teflon pestle for about a minute, and then 5 ml of 90%
phenol was added. After vortex mixing, the samples were cen-
trifuged at 3000 rpm for 30 minutes.

The aqueous phase of the supernatant was pipetted off, and thé
remaining phenol phase was washed with 5 ml of water, and recen-
trifuged for 30 minutes, The aqueous phases were combined.

The glycogen was precipitated with 40 ml of ethanol, and some
CsCl grénulesJ The glycogen was sedimented by centrifuging at
3000 rpm for 30 minutes and was oven dried at 60°C for 5 minutes.
It was made up to 20 ml with water.

To measure the glycogen concentration, 0.5 ml 6f the sample
was mixed with 3. 25 ml of iodine/iodide working solution, and read
on a Gilford 300M or Gilford 2400S spectrophotometer at 400 nm.
The samples were read against a water-plus-reagent blank.

Standards were prepared by the phenol/water extraction of 5 g
fresh liver which had been frozen in liquid NZ' The glycogen was
prepared in-the same way as for the samples, but was purified by
precipitating with ethanol five times. After drying in a desiccator
a series of standards were prepared in the range of 0.1-2.0 mg/ml.
These were used to prepare a standard curve from which the

unknown sample concentrations were read.



107.

9. STATISTICAL ANALYSES:

The mean, standard deviation and variance were calculated
for all data, and for any group comparison the variances were
were tested for equality by the F-test. If the test was not sig-
nificant the means were assurﬁed to be from the same normally
'distributed population, and data were compared by the ""Student's'
t-test for independent sarhples. If the F-test was significant,
the means were compared by the nonQparametric Wilcoxon's two-
sample rank test. Treatment effects within a group were tested
by the non-.parametric Chi-squared test.

The calculations on metabolites were by the SPSS (Statistical
Package for the Social Sciences) and BMD-Biomedical computer
programs on the Canterbury University Burroughs B6700 com-

puter.
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CHAPTER 4

RESULTS

1. CLASSIFICATION OF SHEEP

Sheep were classified as susceptible (S) if they became recum-
bent with toxaemia, or non-susceptible (NS) if they survived a 10 day
starvation period without :C.:howing symptoms of the disease. They
were further classified according to the lambs being dead (D) or
live (L) at the time the ewe was slaughtered.

Ewes which showed signs of OPT but which were not
recumbent with the disease were classifed susceptible if signs of
renal failure were evident. Such signs were plasma urea >80 mg/dl
and plasma creatinine >3 mg/dl.

When tested by the BMD program and multilinear regression,
the year was found to have had a significant effect on the distribution
of sheep between groups, and so results of the two years were

analysed, and are presented separately.

2. EFFECT OF STARVATION ON PLASMA AND LIVER
METABOLITES.

2.1 PREGNANT EWES - RELATIONSHIP TO OPT:

Changes in blood metabolites were monitored throughout starva-
tion, as indicators of the metabolic status of the ewes. Blood samples
were taken on alternate days in the first trial, and daily in the second.

Results for the first seven days starvation for all groups in 1977
are shown in Table 3, and for 1978 in.Table 4.

The final blood and liver metabolite levels at slaughter are

shown in Table 5.
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TABLE 3: 1977: Effect of Starvation on Blood Metabolite Concentrations of Twin-Pregnant Ewes,

Metabolite Days Starvation
Group 0 3 5 7
PCV (7
S-L 33t 5 51 ¢4 34t ¢ 34+ sa
NS-L 341 2 35¢ 3 36t 3 371 2ab
NS-D 36t 3 361 4 391 2 401 3b
Glucose {mg/dl})
S-L a8t 1) 31 1 153b 29 118 36+ 21
NS-L 53t 6 221 2a 23t 4 261 17
Ns-D _ 561 11 281 4b 281 9 37t 22
3-OH Butyrate (mM)
S-L 0.9to0.5 3.71 1.9 5.812,0 6.at22
NS-L 0.5%0.1 3.311.7 4,2t 1.7 4.5% 1,9
NS-D 1.0t 0.6 3.5 1.6 5,71 2.0 7.1¥3.0
Acetoacetate (mM)
S-L ' 0.2t0,2 0.9%10.4 1.4%0.6 1.5%0.6
NS-L 0.110.0 0.910.4 1.3t 0,5 1.3%0.6
N5-D 0.1t0.1 0.8%0.2 1.3%0.5 1.3t0.6
Urea (mg/dl) \a©
S-L 8% 7 5114 8 60 1 23 87t 28 c W
NS-L . 251 9 54 119 50 19 59 28 A}
NS-D 31t 7 49 113 59 t 16 128 1 90
Creatinine (mg/dl)
S-L 0.9to,2 1.1to.2 1.3to,5 1.6 *0, 53b
NS-L 0.910.1 l.210.2 1.2%0.2 131,22
NS-D 0.8%0.1 1.2t0.4 1.310.4 2.311.1b
TCO, (mM)
S-L 26t 2 21t 4 191 38 "16t " 73b
NS-L 26t 3 21t 3 221 2b 221 42
NS-D 261 5 20t 3 18 + 3ab ‘15t 5b
Albumin (g/dl)
S-L 3.3%0.4 3.3%0.3 3.4%0.4 3.6t0.4
NS-L 3,4t0.4 3.410.4 3.610.6 3.4t0.7
NS-D 3.5t0.2 3.5t0.0 3.710.1 3.7t0.5
Total Plasma Protein (g/dl)
5-L 6.5%0.5 6.5%0.6 7.0%t0.7 7.4%0.7
NS-L 6.7%o0.5 6.710.6 7.2%0.6 .4%0,6
NS-D 6.810,3 6.810.3 7.4to0.5 7.9%0.5
Inorganic Phosphate {mg/dl)
S-L 5.3t 1.2 8.1t1.9 8.8t2.4 11.2% 2,52
NS-L 4.4%1,1 7.1t2.1 7.212.0 7.8 1 2,00
NS-D .51 0.6 8.0%1.5 8.7% 2.8 12.2% 4,82
Free Fatty Acids {mM)
S-L 1.1to.6 1.410.3 1.4 +0.52 1.310,43
NS-L 0.5t0,2 1.5%0.6 1.8 0,30 1.8 * o, 3b
NS-D 0.4%0.2 1.8 0.3 1.410.22 1.2%0,32
Mean ¥ S.D.
Number of Sheep a0 M -'.,,{“‘
S-L 11 11 11 (9
NS-L 7 7 7 7
NS-D 4 4 4 4

Means with different superscripts differ at 5% level based on the t-test.

Ewes were susceptible (S) or non-susceptible (NS) to pregnancy toxaemia with live (L) or dead {D)

lambs in utero at slaughter.
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1978: Effect of Starvation on Blood Metabolite Concentrations of Twin-Pregnant Ewes,

TABLE 4:
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Urea and 3-OH Butyrate were not done on all sheep.

NB:

Means with different superscripts differ significantly at 5% level, based on the t-test,

Ewes were susceptible (S) or non-susceptible (NS) to pregnancy toxaemia with live (L) or

dead (D) lambs in utero at slaughter.
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Blood and Liver Metabolites of Starved Pregnant Ewes at Slaughter,

1977
PLASMA

Group | No. 3-OH B Ketones Urea FFA TCO Alb TPP PI

(mM) (mM) | (mg/a1) (mM) | (mMf | (g/d) | (g/an) |(mg/an)
s-L {11 | 7.1%3.62|8. 5141|102t 76° 1.2%0.4* |17 52| 3.7¢ 0. .5t0.8]|1114%
Ns-L | 8 }s.9ft2.6*)7.2%3.1%] 86%29® | 1.4%0.5*|19%5*| 3.6%0.6| 7.8 to. 9 1,2
NS-D 21 18|25t 2. 2% 250t 123° | 0.6t 0.1 |11t 3P| 3,9t 0.4 7.7 0.7 172 4P
1977

PLASMA LIVER
Group No. Glucose AcAc Creat Fat
{(mg/dl) (mM) (mg/dl) (% wet weight)
S-L 11 40 1 22% l.4to0.7* 201 1.1 16 1 6%
NS-L 8 26 ¥ 10% “1.3%t0,7° 1.5%Y0.6 20 T 7ab
NS -D g2 % 12° 0.4 t0.4° 4. 7% 2.7 9t 3P
1978
PLASMA LIVER
Group No. Glucose AcAc Creat : Fat Glycogen
(mg/dl) (mM) {mg/dl) (% wet weight) (mg/g)
S-L 4 572 2830 " 1.4 to0.8 4.412,7% 8t 5 2.0to0.5 1?
S-D 9 111023 | 15417 113,77 12211 2.1t1.4
NS-L 3 38t 152 t1.4 1.6 +0,2° 16 1.8
NS-D 6 119t 75° 0.3%0.2 g.atg P 6t 2 18.1 % 10, 3P
Mean - S.D.

Means with different superscripts differ significantly at 5% level, based on

Wilcoxon's two-sample rank test.

Ewes were susceptible (S) or non-susceptible (NS) to pregnancy toxaemia, with live (L) or dead (D)

lambs in utero at slaughter.

AcAc - Acetoacetate

Alb

Albumin

3.0OH B - 3-Hydroxybutyrate

Creat

- Creatinine

FFA
PI

TCO
TPP

- Free fatty acids

Inorganic phosphate
- Total COz

Total plasma protein
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2.1.1 PACKED CELL VOLUME

This is an indicator of dehydration and the levels tended to
rise throughout starvation (Fig. 4). In 1977 a difference between
groups was detected after 7 days of starvation when NS-D had sig-
nificantly higher levels than S-L.

In 1978 the results showed-greater variability and there were
no cénsistent differences between the groups. The levels rose from

33-36% to 34-40% with the largest increase (7%) in the S-D group.
2.1.2 GLUCOSE:

On starvation all ewes became hypoglycaemic (less than
30 mg/dl) and plasma glucose reached a minimum on day 3 (Fig. 5).
The prestarve concentration was 45-55 mg/dl and the minimum was
25 mg/dl. After day 5 glucose concentrations increased in all groups,
and some ewes became hyperglycaemic {more than 80 mg/dl).

In 1977 the S-L group showed gfeater variability in plasma
glucose from day 3 onwards, while the NS-L group reached low
levels and tended to be lower for the rest of the starvation period.

The NS-D group had significantly higher levels than the NS-1L group
and had become hyperglycaemic by the time of slaughter.

The 1978 results tended to follow the same pattern as 1977 with
levels reaching a minimum value after 3-4 days of starvation. No
difference was detected on the depth of hypoglycaemia between the
groups. In contrast to the previous year, the NS-L group had the
highest plasma glucose after day 3. At the time of slaughter, the
groups with dead lambs had become hyperglycaemic. The groups with
live lambs had mean values in the normal range. One ewe with one
live lamb was hyperglycaemic.

Thus hypoglycaemia‘ occurred in all ewes on starvation and

preceded neurological symptoms of OPT. However it was not
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possible to distinguish between S and NS ewes based on plasma
glucose concentrations. Hyperglycaemia was commonly seen in
ewes with dead lambs both in the absence and presence of the signs

of OPT,
2.1.3 3-OH BUTYRATE:

The level of this ketone body increases with fat catabolism.
The levels rose in both years during starvation,from prestarve
levels of <1 mM to a maximum of 4-6 mM by day 5. There were
no significant differences between groups although the NS-L group
tended to have the lowest levels.

A different pattern was seen each year (Fig. 6) with levels
reaching a plateau after day 5 in 1977, but declining in 1978. On
slaughter the NS-D group had significantly lower values than the

other groups.

2.1.4 ACETOACETATE:

This ketone body also rose from a pre stafve value of <ImM to
a maximum of 1-2 mM after 5 days of starvation (Fig. 7).

No differences were detected between the groups in 1977;
however in 1978 the NS-D group had significantly higher levels than
the S-D on days 2, 3 and 4 of starvation. After day 4 levels
decreased in all groups except the NS-L.. At the time of slaughter
the NS-D group had significantly lower levels, while the means of
the other groups were similar.

Thus acetoacetate levels increased with the degree of starvation
but NS and S groups could not be distinguished on the rate that the

concentrations increased or on the maximum values attained.
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2,1.5 FREE FATTY ACIDS:

Plasma free fatty acid concentrations indicate the level of
fat mobilization. The values increased dr.amatically (3-4 fold)
in all groups (Fig. 8), in the first 3 days of starvation,

In the NS-D group levels peaked at day 3 and then declined,
whereas in the NS-L group the levels continued to rise up to days
5and 7. On slaughter, however, there was no differgnce between
S and NS groups with live lambs, while NS-D had significantly lower

levels.
2.1.6 UREA:

Urea level is an indicator of kidney function, and impaired

clearance is generally due to reduced glomerular filtration rate.
| The pattern of change during starvation is shown in Fig. 9.

In 1977 the levels tended to double from 25-30 to 50-60 mg/dl
after 3 days, but by day 7 there was a large scatter in results.
Uraemia was evident in the S-L group and in a more severe form
in the NS-D group at the time of slaughter.

Thus uraemia could be considered to be a featl:;re of the disease
as it was recordéd in S-L, ewes but not in NS-L. ewes. However
some ewes in the NS-D group were uraemic but did not show

symptoms.
2.1.7 CREATININE:

Creatinine levels also act as indicators of renal function. In
both years the concentrations were stable in all groups up to day 5
of starvation (Fig. 10) and then increased.

In 1977, the NS-D group had significantly higher levels after
seven days starvation. The S-L group was uraemic but did not have

elevated creatinine levels, suggesting that uraemia was not due to
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renal failure., This is supported by the levels at time of slaughter.
The S groups in 1978 had levels over 3 mg/dl, implying impaired
renal function, while the NS-D group had very high levels which
implied that many of the ewes in this group had renal failure,

Thus on starvation, creatinine levels increased but remained
within the normal range, for NS-L ewes, and slightly above for S
ewes, Concentrations in the NS-D group in both years were more
variable, but indicated renal failure at the time of slaughter in
some ewes.

These results would indicate that elevated level‘s are not

associated with neurological symptoms of OPT.
2.1.8 INORGANIC PHOSPHATE:

Inorganic phosphate concentrations >9 mg/dl indicate renal
failure,

Levels doubled in all groups over 7 days starvation, from pre-
starve levels of 4 -5 mg/dl (Fig. 11). The phosphate concentrations
of the NS-L group rose more slowly than the other group after day 3;
however at slaughter there was no difference between the NS-L and
S-L groups. The values ranged from 9-11 mg/dl, indicating
renal impairment in both groups, and supporting the view that renal
damage was hot necessarily associated with symptoms of OPT.

The highest concentration of inorganic phosphate, 17 mg/dl,

was recorded in the NS-D group.
2.1.9 TOTAL CO,

Total Co, is principally a measure of bicarbonate in the plasma
and so indicates the buffer capacity of the blood or the acid-base
status of the ewe. Levels fell throughout starvation (Fig, 11). The

decline was similar in all groups over the first 3 days, but from
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day 5 the NS-L group had significantly higher levels, although at
the time of slaughter there was no difference between S-L and NS-L
groups. The NS-D had significantly lower levels, which may be a
consequence of the severe renal failure. The state of the lambs
appeared to have had more effect on total co, levels than the

presence of OPT symptoms.
2.1.10 TOTAL PLASMA PROTEIN:

Levels were steady over the first 3 days of starvation, at about
6.7 g/dl, and then rose by about 12% (Fig. 12). There was no
difference in the concentrations between groups throughout starvation

or at the time of slaughter.
2.1.11 ALBUMIN:

Albumin changed in a similar way to total protein and the plasmé
levels had risen about 10% in all groups after 3 days of starvation.
There was no significant difference between the groups during the

starvation period, or at the time of slaughter (Fig. 12).
2,1.,12 LIVER FAT:

In 1977 ewes with live lambs had higher fat levels (16-20% wet
weight) than those with dead lambs (9% wet weight), There was no
difference in fat levels between S and NS groups.

In 1978 the S group tended to have higher fat levels although
symptoms of OPT were not always associated with high liver fat

levels.
2.1.13 LIVER GLYCOGEN:

S ewes had significantly lower glycogen levels (2 mg/g) than

NS-D (18 mg/g).
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2.2 NON-PREGNANT EWES:

Non‘-'pregnant ewes fasted up to 10 days, did not have sig-
nificantly different plasma glucose levels than those fasted 1-2 days
(Table 6). No difference was found between the groups in liver
glycogen, but those fasted more than 4 days had significantly higher

liver fat (12 mg/g) than those fasted 1-2 days (7 mg/g).

2.3 SUMMARY:

Changes in blood parameters during starvation were similar for
the NS and S ewes. The main changes were a fall in plasma glucose
and total CO, and increases in ketone bodies, free fatty acids and
inorganic phosphate. Creatinine and urea rose after 5 days,
indicating impaired renal function.

The only differences in blood metabolites observed between S
and NS ewes (with lambs/ in the same state) were the higher concen-
trations of total COZ. on day 5, acetoacetate on days 3-5, free fatty
acids on day 7, and the lower concentration of inqrganic phosphate on
day 7 in the NS group.

No metabolite differences could be shown between the groups at
the time of slaughter, but on post-mortem S ewes had lower liver
glycogen levels than NS-D ewes.

When non-pregnant ewes were starved 10 days, liver fat levels

increased but no change occurred in plasma glucose or liver glycogen

(Table 6).

3. ORGAN WEIGHTS OF SUSCEPTIBLE AND NON-
SUSCEPTIBLE EWES,

The post-‘mortem data of various organs from starved pregnant

ewes are listed in Table 7.
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TABLE 6: Plasma Glucose and Liver Metabolites of Starved

Non-Pregnant Ewes.

Starvation PLA_SMA GL UCOSE LIVER
Period No. (mg/dl) ' Faf Glycogen
(Days) Prestarve | Slaughter | (% wet weight) (mg/g)
1- 2 3 50 T 12 | 651 21 6.8 £ 1,42 7.218.0
3.4 3 61t 6 | 76 11 11.6i2.8]b 11.6 £ 8.9
9-10 3 72 111 72 113 13.1t 2.7 11.7% 2.4

Mean % S.D.

Means with different superscripts differ significantly at 5%

level, based on the t-test,.
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128.

1977
TOTAL FOETAL EWE
Group | No.| Weight Liver. | Adrenals Weight | Liver | Kidney | Pancreas | Adrenals | Thyroid
kg) (g) (mg) {kg) (g) (g) (g) (g) (g)
s 1 ls3 1262 592 482 | 82220 | 138a 37 7.1 4,92
to.8| ta3 t 65 te tyas) 1oy ts Y4 o
5,4 11322 | 786 462 7482 | 1322 25 7.1 4.9ab
NS-LI 81 t4 4 t15 t 275 ta t+ 79] 133 t 16 to.9 t1.8
6.5 1870 618 49b 961P 190b 33 8.9 6. 3P
NS-DI 41 4,4 t 74 00 ¥ t 39 t 44 ts ts3.2 ti.2
1978 )
TOTAL FOETAL | EWE
Group | No. Weight Weight Liver Adrenals
(kg) (xg) {g) (g)
S-L 4 4.6t0.7 3914 726 1 143 7.111.3
S-D 9 4.8t 0.8 39ts 746 T 138 9.2%2.1
Ns-L| 1 4.4 47 721 6.0
Ns-D| 6 5,410.8 44 t 8 8071t 179 -17.3%1.0
Mean t S.D.,

Means with different superscripts differ significantly at 5% level, based on the t-test

Ewes were susceptible (S) or non-susceptible (NS) to pregnancy toxaemia, . with live

(L) or dead (D) lambs in utero at slaughter,




129.

3.1 FOETAL DATA:

The total foetal weight was calculated for each group. There
was no difference between the S-L or NS-L groups, but in both
years the NS-D group had heavier foetuses.

The foetal liver weight of NS-D was significantly higher than
S-L but was a feature of the foetal weight.

Although the difference was not significant, NS-L had higher
foetal adrenal weights, which, when divided by foetal weight, were
50% higher thanthe S-L group. This may indicate foetuses in the

NS-L group were responding to stress.

3,2 MATERNAL DATA:

In 1977 ewes in the NS- L group had significantly lower live=
weights than NS-D and could indicate greater mobilization of body
reserves, or might reflect the different foetal weights. In 1978 the
S groups tended to be lighter.

The NS-D group had larger livers and thyroids which may be
related to their having larger foetuses.

The kidneys of the NS-D group were significantly heavier. As
swelling was often noticed and kidney failure had occurred in this
group, the increased weight could be due to hypertrophy or to kidney
damage. |

No significant difference was detected between pancreas weights
or adrenal weights, although the NS-D group had adrenals.20% larger
than the other two groups. This hypertrophy may indicate an increased
response to stress; however the observation was not repeated in 1978

when S-D ewes had enlarged adrenals.
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4, GLUCOSE TOLERANCE AND INSULIN RESISTANCE
OF FED SHEEP,

4.1 RELIABILITY OF GLUCOSE TOLERANCE (Té) ESTIMA TION:

In Fig. 13, a plot is shown of the first estimate of T3, against
the second estimate. The 95% confidence interval for one estimation
is t 6. 7 min.

4.2 GLUCOSE TOLERANCE (T3), EXTRAVASCULAR INSULIN (I')
AND INSULIN RESISTANCE (R):

Preinjection plasma glucose concentrations (Table 8) were
similar in pregnant and non-pregnant sheep. Insulin levels of the
pregnant sheep fell within a narrow range and were similar to the
non-pregnant ewes on the same feeding regime; however the levels
were higher in ewes fed once daily.

The individual animal values are shown in Appendix 5, and are
summarized in Table 8. The glucose tolerance of ewes later shown
to be susceptible to OPT was significantly higher (50 min) than NS
group with live lambs (38 min)., Thus the NS-L group was able to
use glucose more rapidly. There was no difference in T% between
S-L and NS-D groups.

The mean extravascular insulin levels, when plasma glucose was
100 mg/dl above basal,were similar for all groups and ranged from
26-41 yU/ml. However there was considerable variability betwee;‘l
animals.

The insulin resistance of the S group was significantly higher
(2043 1iU/ml.min) than that of the NS-L group (1261 uU/ml.min) and
also higher than the NS-D group (1055 pU/ml.min).

A high re sistanée value arises from a high insulin production

but slow glucose disappearance, and a curve of a S-L. ewe is shown



131.

60 |
B!
£
d_ =
[0}
2
©
E
iy
0
£
o) 40
a
[aV]
[}
—|y
B

95% C. I

t 6. 7 min

1 1 il

40 _ 60

e
]

- lst Estimation, min
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~of glucose (T4), in twin-pregnant ewes.
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TABLE 8: Glucose Tolerance and Insulin Resistance of Ewes.

Pre-Injection Post-Injection

I'd

Group No. [ Glucose | Insulin Ti I R
(mg/dl) [(yU/ml)| (min) |(uU/ml)|(uU/ml. min)

a) Twin-Pregnant

Susceptible 7 |60ts [18%5 |50t 10% 41 % 10]2043 % 670
Live
Non-susceptible
Live. |6 |s8%t7 [16t9 [38%10°35%12]1261 7 433P
Dead 3 [s2%12f11%8 |52 28 26 F 23 |1055 ¥ 6902P
b) Non-Pregnant
Fed Daily 2 60 31 |40t 22 (86%4 (31867 1478
Fed Hourly 2 60 10 [36%4 [a1ti15]|1394 7 407

Mean i- S.D.

Means -with different superscripts differ significantly at 5%

level, based on t-test.

Plasma glucose and insulin concentrations were measured for two -
hours after an intravenous injection of glucose (0.4 g/kg), and glucose
tolerance (T%), extravasaular insulin concentration, when plasma glucose
was 100 r_ng/dl above basal (I') and insulin resistance (R) were deter-

mined.

The pregnant ewes were classed after a period of starvation as
susceptible or non-susceptible to pregnancy toxaemia with live or

dead lambs in utero at slaughter,
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in Fig, 14a. Low resistance, as shown by the NS groups, can arise
from a high insulin production, and fast glucose disappearance (see
Fig. 14b) or, a low insulin production and slowdisappearance rate
(Fig. 1l4c).

Thus, by measuring T%, I' and calculating insulin resistance
it could be possible to predict how ewes would react to starvation.
Ewes with long T% and high resistance appear to be susceptible to
OPT, while ewes with low resistance appear to be non-susceptible,

Results of experiments on non-pregnant ewes are also included
in Table 8., The ewes were either fed ciaily or hourly, There was
no difference in the T} values; however the ewes fed once daily had
mean I' levels of 86 uU/ml which were twice as high as those fed
hourly (41 uU/ml). This was significant at the 6% level based on
the t-test. The sheep fed daily thus had higher resistance, which
means when challenged with a glucose load they had to produce more
insulin to achieve the same rate of glucose uptake.

~As the valueé of T4, I' and R, of the sheep fed hourly closely
approximate the values of NS-L ewes (also fed hourly) insulin resis-
tance would not seem to occur during pregnancy in sheep that are

non-susceptible to OPT,

5. GLUCOSE KINETICS OF FED, PREGNANT EWES,

5.1 ALL SHEEP:

5.1.1 FITTED CURVES

The specific actiirity values for all sheep were averaged at each
sampling time, by taking the geometric mean. The averaged values
are shown in Table 9. Consistent differences occurred between the
3

H and 14‘C tracers after 90 min, and can be seen graphically in the

fitted decay curves in Fig, 15. The parameters of these fitted curves

|



Fig. 14: Changes in glucose (®), insulin (A) and extravascular

insulin (A), after the injection of glucose (0.4 g/kg) into

three twin-pregnant ewes.
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glucose tolerance
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TABLE 9: Tracer Kinetics - Observed Data
(15 Twin Pregnant Sheep)
Time Specific Activity (fraction of dose/mg glucose)
(min) 14C 3H
0.72 0.30706E-03 0.31783E-03
1.07 0.26613E-03 0.27284E-03
1. 56 0.24710E-03 0.24769E-03
2.07 0. 22404E-03 0. 23515E-03
3.00 0. 20879E-03 0.21221E-03
5.10 0.18114E-03 0.18430E-03.
7.09 0.16164E-03 0.16775E-03
10.0 0. 14460E-03 0.14731E-03
14.0 0.12219E-03 0.12760E-03
20. 2 0.10936E-03 0.11300E-03
30.0 0.90944E-04 0.91779E-04
40. 2 0.73862E-04 0.76042E-04
60.1 - 0. 52395E-04 0. 52984E-04
89.8 0.35921E-04 0.34130E-04
120.2 0.23738E-04 0.21359E-04
181.1 0.11561E-04 - 0.93754E-05
303.3 0.34574E-05 0.21201E-05
420. 5 0.14537E-05 0. 72594E-06
540. 2 0. 76845E-06 0.30681E-06
720.0 - 0.43448E-06 0.16620E-06
1414.0 0.21908E-06 0.88441E-07
2170.0 0.13212E-06 0. 38904E-07
2800.0 0.15011E-06 0. 51582E-07

Plasma glucose specific activity was measured, in each ewe,

following the injection of 0.3 mCi [U-14C]. and 1 mCi [6-3H]

glucose.




Fig.

15:;

Plasma glucose specific activity following the

injection of [U-14C], [ 6-3H] glucose into twin-

pregnant ewes,

The points are the geometric means of observations

on 15 sheep and the curves represent the fitted sum

of five exponentials.

The bar shows a 95% confidence interval about the

data.

a) Disappearance over two hours after the tracer
injection

b) Disappearance over 48 hours after the tracer

injection.
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are given in Table 10. The data were best fitted by an equa-
tion with five exponential terms, as with five terms the consistent
deviations between the observed and predicted values which occurred.
with four terms, were absent, and the sum of squares was reduced
(Table 11). No improvement in fit was obtained with six terms.
When glucose turnover was calculated, as the reciprocal of
area under the sum of exponentials curve (area is the sum,of
intercepts divided by the élopes) the value for 14C was 125 g/day
and for 3H, 138 g/day. This represents 9.4% recycling if all the

tritium is lost from the system.
5.1.2 MODEL A:

When the L's (slopes) were mapped to a 5-compartment series
model (Model A, Fig. 16) and solved, parameters for the fractional
flow rates were obtained and these are shown in Table 12. The steady state
solution for movement of tracee is shown in Fig. 17. The physio-
logical interpretation of this model is set out in Table 13. The first
three compartments were of similar size with both tracers and
' implied that movement of [14C]-and[3H] glucose was similar between
these compartments. The size of the first compartment was about
that of plasma, when expressed as plasma equivalent volume, or %
body weight, and the sum of the first three compartments was approx-
imately equal to extracellular fluid volume. Thus compartment 1
appeared to be plasma and compartments 2 and 3 interstitial fluid.

Compartment 5, based on its size, would not seem to be just
glucose, and was possibly products and precursors of glucose,

The turnover time of each compartment is shown in Table 12.
The first two compartments turned over very rapidly and could be

influenced by circulation time., However Hevesy and Jacobsen (1940)
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TABLE 10: Fitted Curve (15 Twin Pregnant Sheep)

t , t _ t
F,o= (1, 2)e” 10 By g1, 3)e D03 gy gy 100 40
» - _
s(1, 5)e L0 305 51, g)eT(0: ©)
Intercept 14C 3H
s(1, 2) 0.29531E-03 (31)7 0.44581E-03 (30)
S(1, 3) 0.11538E-03 { 5) 0.12419E-03 ( 3)
S(1, 4) 0.88446E-04 (13) 0.10182E-03 (25)
s(1, 5) 0. 68994E-04 (22) 0. 28848E-06 (51)
S(1, 6) 0. 63793E-06 (33) 0.56246E-04 (51)
Slope
L(0, 2) 0.24095E+01 (21) 0. 29061E+01 (16)
L(0, 3) 0.21762E+00 (13) 0.21492E+00 ( 8)
L(0, 4) 0.28318E-01 (18) 0.22576E-01 (12)
L(0, 5) 0.10311E-01 ( 9) 0. 78588E-03 (47)
L(0, 6) 0. 65110E-03 (36) 0.11446E-01 (19)
+

brackets,

% Fraction Standard Deviation of each parameter is shown in

The parameters of a sum of exponentials curve, that des-

cribes the change in glucose specific activity following the

injection of 0.3 mCi [U-14C]-and 1 mCi [6,-3-H] glﬁcose.
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TABLE 11: Improvement in Sum of Squares with Five
Exponentials (15 Sheep)
Sum of Squares of Deviations
Exponentials
14C 3H
4 0.1546E-11 0.3415E-12
5 0. 5255E-12 0.8372E-13
% Improvement 66.0 75.5

The sum of exponentials curve describes the change in plasma

glucose specific activity following the single injection of 0.3 mCi

[u-1

4C]-and 1 mCi [6-3H] glucose into twin-pregnant ewes.
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MODEL A; Series Model

MODEL B: Model Incorporating a Recycling Flow.

/4) )

3 N 5

N ‘g \

Fig. 16: Compartmental models.

~
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TABLE 12: Fractional - Flow Rates (L's) and Turnover Times -

Model A (All Sheep)

14 3y
L(0, 1) 0. 049 0.071
L(2, 1) 1.23 1. 84
L(1, 2) 1.06 1,07
L(3, 2) 0.135 6122
L(2, 3) 0.-130 0.148
L(4, 3) 0.014 0.011
L(3, 4) 0.015 0.020
L(5, 4) 0. 00440 0.0031
L(4, 5) 0. 00095 0.0010
L(1,1) 1. 28 0.91
L(2, 2) 1.20 1. 19
L(3, 3) 0. 144 0.159
L(4, 4) 0.019 0.023
L(5, 5) 0.00095 0.0010
Turnover Time (min)

Compartment 14C 3H

1 0. 78 | 0.52

2 0.83 0. 84

3 6.94 6. 29

4 52. 6 43,5

5 1052. 6 1000. 0

The parameters apply to a 5-compartment series model which

predicts the glucose kinetics of twin-pregnant ewes.




0.087 (1%c)
0.094 (°H)

Fig. 17: Steady state solution for Model A.

Compartment size of glucose (g) and flow rates between compartments (g/min ) are shown
for each tracer. The steady state solution for this model is for twin-pregnant sheep.

Al
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TABLE 13: Physiological Interpretation - Model A

Average liveweight = 48 kg

Plasma glucose 65 mg/dl.

pool size (g) litre

plasma glucose (g/1)

Plasma equivalent volume (PEV) =

‘Compartment Sizes
Compartment 14C 3H
PEV (1) LW (%) PEV (1) LW (%)
1 2.70 5. 67 2.0 4,3
2 3.1519.2| 6.6118,2 3.5(8.4 7.3117.6
3 3.29 6.9: 2.9 6.0
4 3.09 6.4 1.6 3.3
5 14. 3 29.8 4,8 10.0
Body Fluid Body Fluid Volume
Vol (1) LW (%)
1. Extracellular fluid (ECF)
Plasma 2.7 5
Interstitial Fluid 7. 2]9, 61 15 ] 20
2. Intracellular Fluid (ICF) 24 50

The steady state values apply to a b-compartment series model

which describes glucose kinetics in twin-pregnant ewes.
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calculated that it took 30 sec for DZO to move from plasma to

the interstitial space.

5.1.3 MODEL B:

Glucose is recycled when it is catabolized to C3 compounds
then resynthesized into glucose by the liver cells,. . A recycling
flow was introduced into the model from compartment 5 to compart-
ment 2, as it was considered that glucose would be released into
the interstitial fluid before moving into plasma (Fig. 16).

Loss was considered to occur from compartment 5, i.e.
glucose would be metabolized and lost as 14CO2 or 3HZO, and so
a flow rate L(0, 5) was introduced to represent this,

Compartment 4 may have represented a foeto-placental compart-
ment, Uterine uptake of glucose has been calculated as 0.048 g/min’
(Simmons et al., 1975). This roughly correspond‘ed to R(4, 3) (Table
14).

Limitations were imposed on the model as only one compartment
(plasma) was sampled. Thus only 9 flow rates could be uniquely
determined.

The fitted parameter values and steady state solution for each
tracer fitted to Model B are shown in Table 14,

The main differencesbetween the tracers were the amount that
flowed back to ‘compartment 2, R(2,5), and the loss from compart-
ment 5, R(0, 5). 14C flowed back at twice the rate of 3H, and
agrees with the findings of Kronfeld (1977) in cows, that some 3H
does seem to recycle, For carbon, 8% of the amount lost as R(0, 5)

3 .
was recycled, and for "H this value was 3%.



TABLE 14: Steady State Solution:

Pregnant Sheep - Model B.
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14C 3H
Fractional Flow Rate (min_l)
L(2, 1) 1.30 2. 54
L(1, 2) 1.03 1.01
L(3, 2) 0.177 0.160
L(2, 3) " 0.103 0. 124
L(4, 3) 0.012 0.011
L(3, 4) 0.021 0.027
L(5, 3) 0.034 0.039
L(2, 5) 0. 00006 0.00004
1.(0, 5) 0.00069 0.00103
K(1) 0.00056 0.00096
Pool Size (g)
Ql 1. 76 1. 04
Q, 2.13 2.54
Q, 2. 75 2.49
Q4 1.54 1.01
QS 125.7 91.1
Flow Rate (g/min
R(2, 1) 2. 28 2. 65
R(1, 2) 2.19 2. 55
R(3, 2) 0.377 0.41
R(2, 3) 0. 284 0. 31
R(4, 3) 0.033 0.027
R(3, 4) 0.033 0.027
R(5, 3) 0. 094 0.097
R(2, 5) 0.0073 0.0032
R(0, 5) 0.0862 0. 0940
u(1) 0. 0862 0. 0940

The steady state values apply to a 5-compartment model, which
incorporates a recycling flow and describes glucose kinetics in

twin-pregnant ewes.

v



149,

5.2 GROUP DATA: SUSCEPTIBLE AND NON-SUSCEPTIBLE
EWES:

5.2.1 FITTED CURVES:

Curves were fitted to each group of data separately, i.e. S-1,
NS-L and NS-D and are drawn in Fig., 18, The parameters of these

curves are listed in Table 15.
The NS-D group appeared to differ in the rate at which tracer

was lost from the last compartment.
5.2.2 MODEL B:

The solution for each tracer was calculated for Model B and the

~fractional flow rates for each tracer are shown in-Fig. 19.

5,2.1.1 Differences between tracers within each group:

To corﬁpére the differences, the 14C/3H ratio was calculated
for each flow rate for each group, and are shown in Table 16.

The main difference between tracers in all groups were,the
flows L(2, 5), in which 14C was at least twice 3H, and the rate of loss
from compartment 5. The rate of loss of 3H was higher than I'4C
for the S-L group but in the NS groups the loss of 3H was equal or
less than 14C. This could imply that different pathwiays of metab-
olism occurred.

For the NS-D group the flow rates between compartments 3 and

4 differed markedly to the other groups.

5.2.1.2 Differences between groups:

In Table 17 flow rates are expressed as fractionsof those of
the S-L group.
The NS.-VL differed in that L(4, 3) and L(3, 4) of 14C were higher

than the S-L group, This implies that there is a faster turnover of
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Plasma glucose specific activity in fed ewes, susceptible
or non-susceptible to pregnancy toxaemia, following the
injection of [U-14C 1, [6-3H] glucose.

The ewes were classified on their response to a subsequent
period of starvation:

a) Susceptible with live lambs S-L (N = 6)

b) Non-susceptible with live lambs, NS-L (N = 6)

c) Non-susceptible with dead lambs, NS-D (N = 3)

The points are the geometric means and the fitted curves
are the sum of five exponentials. A 95% confidence

interval is shown around the data.



150.

a) S-L

ssoonyd 3/esop jo uorloRIj ;_.NoH x K31A130V O13100dg

-

. 004

hours

Time,



151,

20

b) NS-L

.04
.004 .

asoonid m\wmov JO uorjo®RIAY WNOH X K11A130V uﬂﬁummw

40

hours

Time,



152.

40

20
Time,

L
+ <
. o

asoonid m\mmov JO uOT}ORIJ .moﬁ x £11AT30V

>1y109dg

.004

hours



TABLE 15:7 Parameters of Fitted Curves: Each Group

Group (N) | Parameter 14(; 3H

S-L (6)°

Intercepts:
s(1, 2) 0.36016E-03 0.21421E-03
s(1, 3) 0.48928E-04 0.13263E-03
S(1, 4) 0.99128E-04 0.89011E-04
s(1, 5) 0.94913E-04 0. 27864E-04
S(1, 6) 0.82744E-06 0. 24666E-06

Slopes:
L(0, 2) 0.17429E401 0.11712E+01
1(0, 3) 0.25699E-01 0. 20926E-01
1.(0, 4) 0. 15593E+400 '0.16137E+00
L(0, 5) 0. 13654E-01 0.10052E-01
1.(0, 6) 0. 76098E-03 0.84210E-03

NS-1, (6)

Inte\rcepts:
S(1,2) 0. 28092E-03 0.11614E-03
S(1, 3) 0.10734E-03 0.41177E-04
S(1, 4) 0.86378E-04 0. 65596E-04
5(1, 5) 0.97303E-04 0.77018E-04
S(1, 6) 0. 78889E-06 0.33763E-06

Slopes: L(0, 2) 0.22307E+01 0. 23195E+00
1o, 3) 0.22989E+400 0.46360E-01
L(0, 4) 0.10946E-01 0. 23168E-01
L(0, 5) 0.37776E-01 0.12131E-01

_ L(0, 6) 0.88912E-03 0.10339E-02

NS-D (3) '

Intercepts:
S(1, 2) 0.11364E-03 0.10870E-03
S(1, 3) 0.93589E-04 0.10535E-03
S(1, 4) 0.98786E-04 0.85070E-04
s(1, 5) 0.40321E-05 0.27824E-05
S(1, 6) 0.36512E-06 0.22464E-06

Slopes:
L(0, 2) 0.84686E+00 0. 75574E+00
L(0, 3) 0. 10039E+00 : 0.12255E-01
(0, 4) 0.11143E-01 0.10187E+00
L(0, 5) 0. 38255E-02 0. 69066E-02
L(0, 6) 0. 18455E-03 0.25313E-03

The ewes were classed, after a period of starvation, as susceptible
(S) or non-susceptible (NS) to pregnancy toxaemia with live (L) or

dead (D) lambs in utero at slaughter.

sum of five exponentials.

The curves represent the

153,



Fig.

19:

Fractional Flow Rates of Tracers Fitted Independently - Model B.
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TABLE 16: Tracer Differences . Within Groups

(as Ratio 14C/?’H)

157.

Susceptible Non-Susceptible
Parameter Live Live Dead
L(2,1) 1.98 1. 00 1. 04
L(1, 2) 1.32 1.14 0.96
1.(3,2) 1.13 1. 26 0.83
L(2, 3) 1.33 _ 1.27 0.76
L(4, 3) 1.19 2. 51 9.92
L(3, 4) 0.84 1.53 0.02
L(5, 3) .0.85 0.97 0.79
L(2,5) 2. 04 2.88 2.79
L(0, 5) 0. 69 1.05 2.30

The 5-compartment model describes glucose kinetics in pregnant
ewes. . The ratios of the parameters were determined after 14C
and 3H data for each group of ewes were fitted to the model
separately. The ewes were classed after a period of starvation
as susceptible or non-susceptible to pregnancy toxaemia with

live or dead lambs in utero at slaughter.
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TABLE 17: Comparison. of Fitted Parameters Between Groups
(as fraction of Susceptible~Live Group)
Non-Susceptible.
Parameter Live Dead
14C 3H 14C 3H

L(2,1) 1.04 2,06 0.33 0.63
(1, 2) 1.52 1. 76 0.70 0.96
L(3, 2) 1.44 1.29 0.95 1.29
L(2,3) - 1.32 1. 39 0. 50 0.88
L(4, 3) 3.24 1. 54 0.02 0.002
L(3, 4) 2.45 1.35 0.01" 0.30
L(5, 3) 1. 05 0.92 0. 57 0.61
L(2,5) 1.42 1.01 1.82 1.33
(0, 5) , 1.52 1. 00 1.04 0.31

The 5-compartment model describes glucose kinetics in pregnant ewes,

The parameter values were determined by fitting

each group of ewes to the model.

The ewes were classed,

susceptible or non-susceptible to pregnancy toxaemia with live

or dead lambs in utero at slaughter.

after a period of starvation, as

14C and 3H data for




159.

carbon compounds in compartment 4 in the NS-L group. In the
NS-D group these two flow rates were much lower, but for both
tracers,which could imply the label was still on glucose.

The differences observed in L(2, 1) could be the result of

early sampling being complicated by circulation of tracer.
5.2,3 FITTING THE TRACER DATA SIMULTANEOUSLY:

In order to examine the differences between tracers and -
determine which ﬂqws contributed most to the differences
observed, the data.of all sheep were fitted to model B and
selected flow rates were allowed to vary independently for the two
tracers, while the others were constrained to be the same.

Consistent differences occurred between the observed and
calculated values, even allowing L(0, 5), L(2, 5) and L(3, 4) to vary
independently. It was concluded that modifications were required
to the model before both the tracers would fit simultaneously. These

modifications are discussed in the Discussion section.

5.3 SUMMARY:

A 5-compartment model was proposed to explain glucose kinetics
in twin-pregnant ewes. Three compartments represented ECF and
the other two, productsh and precursors of glucose metabolism. The
model incorporates a recycling flow, and 8% of the carbon and '

3% of the tritium,lost from the system was recycled.

The model was sufficient to explain tracer movements separately
but was inadequate when the tracers were forced to fit simultaneously.

Data from S and NS groups of ewes were fitted separately and
the results compared. The main differences between tracers were in

the amount of label recycled and the amount lost from the system, and
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the main difference between groups was movement of tracer

between compartments 3 and 4.

6. GLUCOSE TURNOVER OF STARVED SHEEP

Primed continuous infusions were performed on the ewes once
they were shown to be S or NS to OPT. This method was chosen for
its relative simplicity in time to perform and number of samples for
analysis.

The priming was considered necessary, to reach a plateau
specific activity more rapidly, as many of the sheep we;'e recum-
bent when the experiment was performed.

Two tracers,[l4C J-and [ 3H] glucose, were used such that an

estimate of the recycling of 14C label could be obtained.

6.1 NON-PREGNANT EWES:

The results of experiments undertaken in non-pregnant ewes
during 10 days of starvation are shown in Table 18, Turnover rate
decreased on starvation and the reduction was significant when the
results of ewes starved more than 4 days were combined. After 4
days, turnover decreased by 26%, from 2.2 to 1.62 g/kg/d, and
after 10 days the reduction was 30%, at 1.55 g/kg/d. There was
no increase in recycling, measured by the difference in turnover
calculated by the 14C and 3H tracers.

6.2 PREGNANT EWES SUSCEPTIBLE AND NON-SUSCEPTIBLE
TO OPT:

Plasma glucose of ewes with live lambs was lower than those
with dead lambs (Table 19) and also lower than the non-pregnant
ewes starved more than 4 days. Ewes with dead lambs, regardless
of whether or not they were showing symptoms of OPT, tended to be

hyperglycaemic.
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TABLE 18:
Davs _ LW Plasma Glucose Glucose Turnover
y No (mg/dl) (g/kg/d)
Starve (kg) Day 0 | Slaughter 14C 3H
1- 2 3 | 52+1]59%12f 65t 21 2.20 T 0.522] 2,20 £ 0.532
4- 5| 3 |asr1]e1 46| 76t11 |1.62t0.07P] 1.58 +0.02P
9-10 | 3 [s3+7|72t11| 72t 13 |1.55%0.14%P[ 1.52% 0.1 7P
>4l 6 [s0fsfertiof 74at11 |1.59t0.10°( 1.55 Fo.11P
Mean i- S.D.

There was no significant difference between the means

based on the t-test (t. 05).

When the two groups of ewes starved >4 days were pooled

the glucose turnover measured by 14C and 3H were sig-

nificantly (t. 05) lower than ewes starved 1-2 days.

Glucose turnover was measured by the primed continuous

infusion of [U-14C]'. and [6-3H] glucose, and the ewes were

starved for periods up to 10 days.
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TABLE 19: Glucose Turnover of Starved Pregnant Ewes

LW Plasma Glucose Turnover Recycling

(g/kg/d)
GroupNo. (k Glucose
(mg/dl) C H
S-L |'4 |39ta] 42t 8*|2.67t0.53%|2. 79t 0.58%| 4.1t 2.1
s-D |5 |40t 4af116 £t 9120 6.90 +3.42° 7,49t 3.47°| 7.8t 7.3
NS-L| 1 47 46 4, 28 4.44 3.6
Ns-D| 6 |44 t8[119% 75°|6.42F 2. 962 6. 73 £ 3.27°| 3.6 % 5.0
Mean i- S. D.

Means with different superscripts differ at 5% level,

based on Wilcoxon's two-sample rank test,

Glucose turnover was measured by the primed continuous

infusion of [U-14C]-and [,6-3H] glucose.

Ewes were sus-

ceptible (S) or non-susceptible (NS) to toxaemia with

live (L) or dead (D) lambs in utero at slaughter.
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Glucose turnover of the S-L group was half (2. 67 g/kg/d)
that of the NS-L group (4. 28 g/kg/d), and was similar to the
turnover recorded in non-.pregna.nt ewes starved 1-2 days (2. 20
g/kg/d).

Ewes with dead lambs, S-D and NS-D both had significantly
higher turnover rates than S-L.. Thus plasma glucose and glucose
turnover appeared to-increase on death of the lamb.

Recycling betwéen the groups was similar, although a larvge

variability was recorded.

6.3 SUMMARY:

A summary of the turnover rates, and % recycling is shown

in Table 20.

7. HEPATOCYTE GLUCOSE PRODUCTION OF STARVED
SHEEP

7.1 NON-PREGNANT EWES:

Glucose production rates of hepatocytes; from non-pregnant
ewes starved for 4-10 days, are shown in Tabie 21, There was no
difference between the production rates of ewes starved fér 4-5 days
and ewes starved for 9-10 days, and so the results were pooled to
provide estimates for starved non-pregnant ewes.

The substrates are ranked in Table 22. Glucagon tended to
increase the production rates, but as the basal rate was also higher
with glucagon, it seems that the cells-responded to hormonal

stimulation by gluconeogenesis and glycogenolysis.
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TABLE 20: Summary: Glucose Turnover of Starved Ewes
Starvation Plasma Glucose Turnover
Ewes Period No. | Glucose (g/kg/d) Recycling-
(Days) (mg/dl) 14¢ 34 (%)
Pregnanta
S-L 5 4 42 2. 67 2. 79 4.1
S-D 4 5 116 | 6.90 | 7,49 7.8
NS-L 10 1 46 4,28 4, 44 3.6
NS-D 10 6 119 6. 42 6. 73 3.6
Non-Pregnant 1-2 3 65 2.20 2.20 0.0
Foetusesb | >4 6 74 1. 59 1. 55
0 Dead. 4-5 5 - 27 2.39 2. 55 6.5
1 Dead 4,5 4 42 3.96 | 4.27 7.0
2 Dead 4-5 3 99 4.82 5. 65 11.9

Glucose turnover was measured by the primed continuous infusion of

[U- 14C]-and [6-3H] glucose.

Ewes were susceptible (S) or non-susceptible (NS) to pregnancy

toxaemia with live (L) or dead (D) lambs in utero at slaughter.

Twin-pregnant ewes were starved for four days, and then 0,

1

or 2 foetuses were killed in utero by tightening nooses which had

been surgically placed around each umbilical cord.




TABLE 21:

Hepatocyte Glucose Production - Non-Pregnant Ewes.

Glucose Production (Hmol/g/min)
Starvation Substrate. :
Period No.
gn gn gn gn
(Days) + . + _ + +
B B P P L L A Gec Ge
1. 30 1.29 2.21 1.73 0.86 1.55 1.80 1.03 1. 71
4- 5 > t1.04| *1.22| tsa18| ti77| to.s1| tosg| taszo| to.gsl| foies
0. 56 2.3 1.86 2.53 1. 70 1.78 0.84 2. 58 2.01
9-10 > | tro9| tisz| taio| tiu7i| f291| *tai18| to4 | Ta2z29| fi2
Pooling :
s ¢ 0.94 2.01 2.04 2.13 1. 28 1. 66 1.33 1. 80 1.86
t 1,46 t 1.60 t 2,42 t 61 t 1.9 t .64 t .57 t .79 t .33

Mean i- S.D.

There was no difference between the varianceof the groups based on the F-test, so the results were pooled.

B - Basal, P - Propionate, L - Lactate, A - Alanine, Gc - Glycerol,

G - Glutamine, gn - g'luoagon.‘

Hepatocytes were isolated from the caudate lobe by perfusion with collagenase, and incubated for 30 min

with substrate (10 mM) and glucagon (10"8 M)

‘691
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TABLE 22: Hepatocyte Glucose Production of Non-Pregnant Ewes -

Ranking of Treatments.,

Rank Ewes Starvédr 4-10 Days
Lowest
Basal

2 Lactate

3 Propionate

4 |: Alanine

5 Lactate + glucagon

6 Glycerol

7 Glycerol + glucagon

8 Propionate + glucagon

9 Basal + glucagon
Highest |

There was no difference between substrates

based on the non-parametric Chi-squared test.

Hepatocytes were isolated from the caudate lobe
by perfusion with collagenase, and incubated for
30 min with substrate (10 mM) and glucagon
(108 M)
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7.2 PREGNANT EWES SUSCEPTIBLE AND NON-SUSCEPTIBLE
TO OPT:

The hepatocyte glucose produbtion rates are shown in Table 23,
the glucagon stimulation is shown in Table 24, and the results for

individual sheep are shown in Appendix 5, Table 37.

1977;

S:L ewes had low hepatocyte glucose production rates and the
rates _With basal, propionéte, lactate and alanine were significantly
lower than NS-L ewes. |

All glucose production rates of the S-L group were significantly
lower than the NS-D group. The NS-D ewes tended to have higher
rates of production than NS-L, but also had larger variability and
only the rates with propionate and alanine differed.significantly
between the groups.

Glucagon stimulation, as the increase over production with the
substrate alone, is shown in Table 24. NS-L had significantly greater
stimulation than S-L, witlj. glucag;)n over basal and with alanine.

The stimulation of production was even greater in the NS-D
group.

Thus the hepatocytes from S ewes do no appear to be responsive
to glucagon, while the response of hepatocytes from NS-L is less than
NS-D.

The effect of substrates is shown in Table 25a. Substrates did
have an effect in the NS groups,and propionate and lactate in the
presence of glucagon gave the highest production rates. Low glucose
production rates were recorded with alanine in all groups.

1978;

The glucose production rates of individual ewes are shown in

Table 37, Appendix 5, and are summarized in Table 23. A ewe



TABLE 23: Hepatocyte Glucose Production of Starved Pregnant Ewes.
977 ' -
Glucose Production (ymol/g/min)
Group No. B P L G ‘A
S-L 7 0.11%0.182 0.15 £ 0. 422 0.13 £ 0.412 0.04 * 0,472 0.03 t 0,272
NS-L 0.65 1t 0. 33P 1,22t 0.75P 1.38 t 0, 68b 0.77 1 0.562 0.85 1 0. 70P
NS-D 1.03 t 0., 28P 4,84 t 3,31¢ 3.13 t 2, 62b 5.30 £ 3.11b 2.71 t 0.88¢
Mean f S.D.
1978
Group No. B P L Gce A
S-L 3 0.20to0.172 0. 68 T 0. 742 0.67 t 0. 642 0.25 1t 0,162 0.34 t 0,352
S-D 4 0.40 % 0,532 0.61 0,792 0.49 t 0. 642 0.32%0.472 0.41 t 0. 5¢b
NS-L 1 0.02 0.08 0.07 0. 04 0.12
NS-D 2 4.29 t 3, 29b 5,12 T 4, 04b 4,29 1 2,82P 3.57 % 3,56 3.85 1 4, 30b

Mean & S.D.

Means with different superscripts differ significantly at 5% level, based on Wilcoxon's two-

sample rank test.
Ewes were susceptible (S) or non-susceptible (NS) to pregnancy toxaemia with live (L) or dead (D)

lambs in utero at slaughter.

Hepatocytes were isolated from the caudate lobe by perfusion with collagenase, and incubated for

30 min with substrate (10 mM).

B - Basal
A -~ Alanine

P - Propionate

Gc - Glycerol

L - Lactate

G - Glutamine

‘891
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TABLE 24: Stimulation of Hepatocyte Glucose Production by Glucagan
1977
Glucose Produced Over Substrate Alone {(umol/g/min)
Group No. 10-7 M Glucagon 10-8 M Glucagon
+B +P +B + P + L +G + A
-0.072 0.032 0.042 0.05 -0.02 0.01 0.012
5-L 7 t 0.19 t0.33 t 0.07 t 0.26 to0.06| *o.10 t 0,22
0. 74P 0.272 0. 74b 0. 34 0.17 0,48 0. 32b
NS-L 6 t 0.52 to.32 t 0.65 ta.42 to0.25( to.s3 t0.33
4.01€ 1. 46P 3.92¢ 1.88 1.50 1.23 2.502b
NS-D 3 * 0.45 * 0.70 1. 52 t 3,45 t3,98| *1.99 1 2.94
1978
10-8 M Glucagon
Group No. +B +P + L + Ge + A
-0.032 -0.192 -0. 202 -0.09 -0.012
5-L 3 1 0.07 1 0.17 to0.12 t 0.15 +0.07
. 0.01ab - 0.052 z0. 0522 -0.14 0.072
§-D 4 t0.14 0,10 t0.18 1 0.15 1 0.23
NS-L 1 0.10 0.08 0. 04 -0.06 -0.05
0.81P 1. 00b 0.90b 0.63 1.28b
NS-D 2 t1.07 t 0. 64 11,24 t1.63 t 0.26
Mean -'- S. D,

Means with different superscripts differ at 5% level, based on Wilcoxon's two-

sample rank test.

Ewes were susceptible (S) or non-susceptible (NS) to pregnancy toxaemia with live (L)

or dead (D) lambs in utero at slaughter.

Hepatocytes were isolated from the caudate lobe by perfusion with collageﬁase, and

incubated for 30 min with substrate (10 mM) and glucagon.

B - Basal
A - Alanine

P - Propionate

Gc - Glycerol

L - Lactate

G - Glutamine



TABLE 25: Hepatocyte Glucose Production of Pregnant Ewes -

Ranking of Treatments.

Ewes were susceptible or non-susceptible to pregnancy toxaemia

with live or dead lambs in utero at slaughter.

Hepatocytes were isolated from the caudate lobes by perfusion with
collagenase, and incubated for 30 min with substrate (10 mM) and

glucagon (10_7 or 1078 M).

A - Alanine, B - Basal, L. - Lactate
P - Propionate, Gc - Glycerol, gn - glucagon



a) 1977
Susceptible Non-Susceptible
Rank Live Live Dead
(No. ) (7) (6) (3)
Lowest
A +10-8 gn B B
2 B +10-7 gn A L
3 A P A
4 L A +10-8 gn A +10-8 gn
5 L +10-8 gn B 4+ 10-8 gn P
6 B B +10-7 gn B +10-7gn
7 P+ 10-8 gn L ' B +10-8 gn
8 P P+ 10-8 gn L +10-8¢gn
9 P +10-7 gn P +10-7 gn P +10-7 gn
10 B + 10-8 gn L +10-8 gn . P+ 10-8 gn
Highest

There was no difference between substrates in the susceptible-live

group, based on non-parametric Chi-squared test.

In the non-susceptible groups, treatments did have an effect on

glucose production rate.

substrates higher than lactate were significantly different from

In the non-susceptible-live group, all

basal, and in the non-susceptible-dead group, all substrates

except lactate were significantly different from basal, based on

the non-parametric Chi-squared test at 5% level.

170.



b)

TABLE 25 (Continued)
1978
Susceptible Non-Susceptible
Rank Live Dead Dead
(No. ) (3) (4) (2)
Lowest
1 B Gec + gn Gc
2 B + gn Ge Gec + gn
3 Gec + . gn B+ gn A
4 L+ gn B B
5 A A L
6 A+ -gn L+ gn P
7 P+ gn L B + gn
8 Gc A+ gn A+ gn
9 P P+ gn L+ gn
10 L P P+ gn
| Highest

There was no significant difference between substrates of the

susceptible groups when tested separately, or pooled, based

on the non-parametric Chi-squared test, nor between those of the

non-susceptible group.

171.
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(132) in the NS group had production rates that were so different
from the others in this group that the data from this liver have
been excluded from the calculations.

No difference was found in he patocyte glucose production
rates by the S-L or S-D groups, and the rates are comparable with
the S-L group of 1977.

Only one ewe was recorded in the NS-L group and,due to the
variability in this type of experiment, no conclusions could be drawn.
However the NS-D group had significantly higher production rates
than the S groups with all substrates, and the rates are similar to
those recorded in NS.D group of 1977,

The stimulation of production rates by glucagon is shown in
Table 24, Only glucagon at 10™8 M was used, as this tended to
give higher rates than 10_7 M. No stimulation was recorded in the
S groups. The rates recorded in the NS-D group were ‘significantly
higher than the S groups with all substrates except glycerol, and
were slightly less than those recorded in the previous year.

The ranking of substrates is shown in Table 25b. In contrast
to 1977, substrates could not be shown to have had an effect.
Production with alanine was again low and glycerol also had low
rates of production in all groups. Lactate and propionate con-
tinued to give the highest rates and the marked effect of glucagon can

be seen in the NS-D group.

7.3 SUMMARY:

A summary of glucose production rates for all sheep is shown
in Table 26, The rates by hepatocytes from ewes with OPT, were
significantly lower than those from ewes not showing signs of the
disease, and the S ewes did not respond to the presence of 10-8M

glucagon., These results were obtained whether the lambs were

dead or alive.
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TABLE 26: Summary: Hepatocyte Glucose Production.
Glucose Produced (umol/g/min)
N -
Group © 10 88“' 10-8gn
B + B P + P L A

1977:

S-L 0.11 0.13 0.15 0. 20 0.13 0.03
NS-L 0. 65 1. 39 1.22 1. 56 1. 38 0.85
'NS-D 1.03 | 4.95 | 4.84 | 6.72 3.13 | 2.71
1978:

S-L 3 0. 20 0.18 0.68 0. 49 0. 67 0. 34
S-D 4 0. 40 0.41 0. 61 0. 65 0.49 0. 41
NS-L 1 0.02 0.12 0.08 0.16 0.07 0.12
NS-D 2 4.29 5.10 5.12 6.12 4,29 3.85
Non-Pregnant

> 4 days 6 0.94 2.01 2.04 2.13 1. 28 1. 33
starve

Hepatocyte glucose production of ewes susceptible (S) or non-

susceptible (NS) to pregnancy toxaemia with live (L) or dead (D)

lambs in utero, and starved non-pregnant ewes,

Hepatocytes were isolated from the caudate lobe by perfusion with

Collagenase, and incubated for 30 min with substrate (10 miM) and

glucagon (1078 M).
B - Basal
A - Alanine

P - Propionate’

gn - glucagon

L - Lactate
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Ewes not susceptible to the disease,with live lambs, had
rates which were higher, and similar to starved non-.pregnant
ewes, while the highest production rates were recorded in NS
ewes with dead lambé. The hepatocytes from these sheep were
responsive to the presence of 10-8 M glucagon. Thus death of
the lambs in the NS group appearedtoraise the gluconeogenic

potential of the hepatocytes.

8. GLUCOSE TURNOVER AND HEPATOCYTE GLUCOSE
PRODUCTION.

In Figs 20 and 21 the in vivo glucose turnover rate, measured
with [U-.14C] glucose,has been drawn against the glucose production
rate of the liver measured in vitro by incubating hepatocytes with
glucose precursors.

Hepatocyte glticose production (umol glucose/g cells dry
weight/min) was converted to g glucose/day per animal by estimating
the dry weight of cells in each liver. rI"he liver dry weight,_ calculated
from liver weight and %'dry matter determinations, was multiplied by a
factor of 0.85, as hepatocytes constitute about 85% of the liver by
volume (see Krebs et al., 1974).

The values for the individual starved ewesare shownin Fig. 20,

and the group means in Fig. 21.

9. EFFECT OF KILLING THE FOETUSES IN UTERQ

Foetuses have been killed in utero in previous studies by
occluding the umbilical cord. Dawes et al. (1959) in sheep and
Randall (1979) in pigs, monitored the changes in foetal metabolism
after the occlusion. This study monitored the effect of killing the

foetuses on maternal metabolism,
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Fig. 21: Glucose production determined by primed continuous infusion
of [ 14C] glucose |:l and by incubation of hepatocytes m .
The ewes were susceptible (S) or non-susceptible (NS) to preg-
nancy toxaemia, with dead (D) or live (L) lambs, or non-
pregnant (NP) and starved 4-10 days.
(N) - number of ewes.

Substrates: (10 mM), P - Propionate, L - Lactate; A -
Alanine, P/g - Propionate with 10-8 M glucagon.
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The results are classified according to the state of the lambs

as 0 dead, one dead or two dead.

9.1 PLASMA AND LIVER METABOLITES:

The effect on plasma glucose over 24 hours after foetal
death is shown in Fig., 22. Glucose concentrations were signif-
icantly lower in ewes with both lambs alive (Table 27). The figure
for ewes with both lambs dead is higher, b\ut the large SD shows that
the response was variable between sheep.

The plasma acetoacetate concentration was highest in ewes with
live lambs. The level (1.26 mM‘) was 1, 5 times that of ewes with
one lamb alive, and 3 times that of ewes with two dead lambs (0, 43
mM). No difference could be shown between the groups on liver fat
or glycogen although glycogen levels tended to be lower in ewes with
live lambs.

Killing the foetuses in utero therefore significantly raised
plasma glucose and tended to reduce plasm‘a acetoacetate concen-

trations.

9.2 GLUCOSE TURNOVER:

Glucose turnover of ewes before and after foetal death, measured
by primed continuous infusion of [14C]-and [3H] glucose, is shown in
Table 28.

Killing one and two foetuses progressively raised the glucose
turnover. Turnover in ewes with two dead foetuses was double that
of ewes with two live lambs. | The differences were not significant,
due to the large variability between sheep.

The individual values are shown in Table 29. Glucose turnover

increased in 3 ewes out of 4 in which the foetuses were killed.
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TABLE 27:

Effect of Killing Foetuses In Utero .

on Metabolite Levels

180.

PLASMA LIVER

Fogatu.ses No. Glucase AcAc Fat | Glycogen

(myg/d1) (mM) | (% wet wt) | (mg/g)

0 Dead 5 | 27t11a|1.26t0.72 | 13. 5% 2.9 L7%1.6

1 Dead 4 | 42% 7P|o0.83%t0.23]20.3%3.8 |8.0%5,2

2 Dead 3‘ 99 + 63b10.43+t0.3313.4%9.0 |[7.314.8
Mean I S.D.

Means with different superscripts differ significantly at

5% level, based on the t-test.

Twin-pregnant ewes were starved for four days and then

0, 1 or 2 foetuses were killed in utero by tightening nooses,

which had been surgically placed around each umbilical cord.

The ewes were slaughtered after 24 hours.

AcAc

- Acetoacetate
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TABLE 28: Effect of Killing Foetuses In Utero
on Glucose Turnover.
Wt. | Glucose Turnover (g/kg/d)| Recycling
N .
Foetuses o (kg) 14C 3H (%)
0 Dead 5 |47%6[2.39+1.17[2.55%1.24 [ 6.5%1.2%
1 Dead 4 |45%t9|3.9621.56|4.27%1.68 | 7.0t 2. 770
2 Dead 3 42 t10| 4.82 1+ 4,94 | 5,65 £ 6.00 11.9 £ 3, 9b

Mean -I- S.D.

Means with different superscripts differed significantly

at 5% level, based on the t-test.

Twin-pregnant ewes were starved for four days and then 0, 1 or

2 foetuses were killed in utero by tightening nooses which had

been surgically placed around each umbilical cord.

Glucose turnover was measured by the primed continuous infusion

of [U-14>]-and [6-3H] glucose, before and 24 hours after foetal

death.
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TABLE 29:
Turnover of Individual Ewes.
Glucose Turnover (g/d/kg)
Ewe 1_4C ﬁyH
Foetuses . 0 Déad | 1 Dead | 2 Dead | 0 Dead | 1 Dead | 2 Dead
14 - 2.04 1.73 | 2.16 1.91
47 1.63 2.21 1. 77 . 2.45
51 1. 74 1. 88
234 4,46 4. 76
253 2.06 4, 59 2.17 5.08
24 1. 63 1,74
235 4, 89 10. 52 5.06 12.59
256 4, 74 5.18

Twin-pregnant ewes were starved for four days, and then 0, 1 or 2

foetuses were killed in utero by tightening nooses, which had been

surgically placed around each umbilical cord.

"~ Glucose turnover was measured by the primed continuous infusion

of [U-14C]-and [6-3H] glucose before, and 24 hours after foetal

death
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The differences in recycling between groups were significant.
- Recycling in the ewes with two live lambs was 6. 5% while in ewes
with two dean lambs it was 12%. This could imply that the ewe was
then using C3 compounds which were previously metabolized by the
foetuses,

Thus killing the foetuses raised glucose turnover, and increased
the amount of recycling.

A summary of glucolse turnover rates in all sheep is shown in

Table 20,

9.3 HEPATOCYTE GLUCOSE PRODUCTION:

The hepatocyte glucose production rates expressed as pmol/g/30
min above basal, are shown in Table 30,

No difference was found in production rates between groups with’
one or both lambs alive, and so the results of these groups were pooled.
The rates of glucose production were lower in the ewes with live lambs,
and these differences were significant with alanine, glycerol, dbcAMP,
and with all substrates in the presence of 10-8M glucagon.

Hepatocytes from ewes with live lambs did not respond to the
presence of glucagon to the same extent as those with dead lambs.

The effect of the substrates is shown in Table 31. Propionate
and lactate gave the highest rates. The effect of glucagon was most
on the hepatocytes from ewes with dead lambs. Dibutyryl cyclic
AMP is a derivative of CAMP ' and . mediates the effect of glucagon
on gluconeogenesis (Jost and Rickenberg, 1971) and was included as
a measure of the integrity of glucagon receptors on the hepatocytes.

If the receptors are intact and the adenyl cycl.ase functional, cAMlb3
and glucagon shouldb give the same result. In both groups the rates

of production with dbcAMP were no different to those with glucagon.



TABLE 30:

Effect of Killing Foetuses In Utero on Hepatocyte Glucose Production,

184,

Glucose

Production (umol/g/30 min above basal)

Foetuses No gn - gn gn gn gn. P+
+B P +pP L FL A +A Ga +Ge | dbcaAMP| abcamP
0.85 4.5 4.8 3.6 6.2 0.4 31 1.6 0.7 1.8 6.8
.0 Dead | 2 n + + + 1 +
t 1.77] t 4.3 p.6] 4.2 T 35| to1] ta4s 0.6] tsof ta7 too.4
L 0.1 6.5 4.5 4.8 2.5 -0.6 0.0 2.4 |-4.2  |-2.5 5.1
1Dead |31 + 1 8| #7276 t2.2] tes 35| f13] t3s8 tia has| tag]| 79
{pooled) a a a a
N a a a
0/1pead 5|03 5.7 4.6 4.3 4.0 -0.2 1.32 |-o.8 -2.3@ |_p.8a 5.8
t 1.6 t 59| t1,6] ¥ 52 ti3e6] t1.0| ta39] t33] *o.9] t4.4 t 59
2. 4P 16.2 31.9b |16.8 22.7°  |i6.9P - |21.8P 9.70 |14.4> | 9.1b 30. 1
ZDead |3| 45 4 tg.s| t17.4] t 6.3 ts8.8] tss| tis| T8l tes| faz| tizg
Mean ¥ S.D.

Means with different superscripts differ significantly at 5% level, based on Wilcoxon's two-sample rank test.

Twin-pregnant ewes were starved for four days, and then 0, 1 or 2 foetuses were killed in utero by

tightening nooses which had been surgically placed around each umbilical cord.

slaughtered after 24 hours.

The ewes were

Hepatocytes were isolated from the maternal caudate lobe, by perfusion with collagenase, and

incubated for 30 min with substrate (10 mM) and glucagon (10

B - Basal
Gc - Glycerol

P - Propionate

L - Lactate

dbcAMP - dibutyryl cyclic AMP

8

M).

A - Alanine

gn - glucagon
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TABLE 31: Effect of Substrate on Hepatocyte Glucose
Production After Killing Foetuses In Utero.
Foetuses
Rank 0 Dead 1 Dead 2 Dead
Lowest
1 B dbcAMP B
2 - B +gn r Gce dbcAMP
3 | A | A Ge
4 Gc + gn i B Gc + gn
5 - Ge L B + gn A
6 | dbcAMP r A+ gn P
7 L L Gec + gn P + dbcAMP
8 A+ gn P + dbcAMP L
9 P _ L B +gn
10 P +gn L +gn A+ gn
11 L +gn P L +gn
12 P + dbcAMP P+gn P+ gn
Highest

There was no difference between substrates in the groups with
0 or one dead lambs, but all were significantly different from
basal in the group with two dead lammbs based on the non-

parametric Chi-squared test (p <0.05)..

Twin-pregnant ewes were starved for four days, and then 0, 1

or 2 foetuses were killed in utero.

Hepatocytes were isolated from the maternal caudate lobe 24

hours later, and incubated with substrate (10 mM) and glucagon
-8

(1077 M).
A - Alanine B - Basal dbcAMP - dibutyryl cyclic AMP
Gc - Glycerol L - Lactate P - Propionate

gn - glucagon
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This implies that the lack of stimulation by glucagonon hepatocytes'

from ewes with live lambs is not due to the receptor mechanism.

9.4 SUMMARY:

Killing the foetuses in utero of ewes starved for four days,
raised plasma glucose, redﬁéed plasma acetoacetate, increased
glucose turnover rates and recycling rates and raised the gluco-
neogenic potential of the Hepatocytes. This suggests that in
starvation the foetuses or foeto-placental unit influence maternal
carbohydrate metabolism by restraining maternal hepatic glucose

production.
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CHAPTER 5

DISCUSSION

1. GLUCOSE METABOLISM OF FED EWES:

1.1 GLUCOSE TOLERANCE AND INSULIN RESISTANCE:

The glucose tolerance test is a relatively simple technique for
assessing an animal's ability to maintain glucose homeostasis, and
the results of duplicate experiments show that it has good repeat-
ability (Fig. 13). The test has Been u;ed in sheép to determine
the effect of diet (Reid, 1958), fasting (Boda, 1964) and ketosis and
OPT (Reid, 1960a) on glucose utilization, but it has not been used
diagnostically, as in non-ruminants, to detect disorders of carbo-
hydrate fnetlzabolism (Lundbaek, 1962; Horton et al., 1968).

Since hypoglycaemia is the main metabolic lesion in OPT and
represents a loss of glucose homeostasis, it was hypothesized that
the glucose tolerance test may provide criteria, prior to inducing
the disease, for predicting a ewe's susceptibility to it.

Table 8 shows that preinjection glucose values were similar in
all groups, and suggests that pregnancy per se does not alter plasma
glucose concentration. However plasma insulin differed. The con-
centrations in non-pregnant sheep, at 10-31 pU/ml were the same
range as those reported by others for sheep fed ad lib (Bassett et al.,
1971), while the values for pregnant ewes were lower, and this
seems to be a feature of late gestationv(Hove and Blom, .1976).

Glucose tolerance, measured as T%, was .36-40 minutes for
non-pregnant ewes and was similar to that measured in ewes on
lucerne roughage by Reid (1958)., The value for NS-L ewes was

also within this range and so intolerance is not a feature of normal
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pregnancy in sheep. However, in some ewes, the S-L and
NS-D groups, the tolerance was impaired. The lower tolerance
may be due to a slower uptake of glucose or to a continued endo-
genous production. However the effect is most likely to be due
to utilization, as infusion of glucose generally suppresses glucol-
neogenesis (Judson and Leng, 1973a).

The diagnostic value of the test is increased when the insulin
response is measured and, as shown in Fig. 14 the response varied
between animals. Generally the levels peaked after 10 minutes
and had returned to normal after two hours. . They were thus
similar to the responseé observed in wethers (Boda, 1964).

Insulin kinetic models have shown that the rate at which glucose
is utﬂized is related to insulin concentration in an extravascular
compartment, rather than plasma, and represents the fluid in
contact with the cells (Sherwin et al., 1974)., From the extra-
vascular insulin values in Table 8, it is apparent that, in sheep
fed once daily, more insulin was produced to achieve the same rate -
of glucose aisappearance. This implies that the cells were less
sensitive to insulin and this is reflected in a higher insulin resis-
tance index. The I; of the pregnant ewes were similar to the
non-pregnant ewes on the same feeding regime and differ there-
fore from the human, where in pregnancy more insulin is released
in response to a glucose load to achieve the same rate of glucose
disappearance (Spellacy and Goetz, 1963). ,

The rate of glucose disappearance is related to the insulin
concentrations by the resistance index, R. Its reciprocal, Kins’
the sensitivity index was defined by Bergman et al. (1979) as the
dependence of fractional glucose disappearance on plasma insulin,

and in dogs was calculated to be 7. 10~% min~ 1/( uU/ml). The
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reciprocal gives a resistance index of 1429 yU/ml.min, and is
similar to the values calculated for non-'pregnant sheep, fed
hOllI"lY, and NS-L ewes (Table 8). The resistance values of
sheep fed oncedaily were higher and suggest that frequency of
feeding may alter insulin response.

Table 8 also shows that in late pregnancy,ewes susceptible
to OPT have a significantly higher resistance to insulin than those
not susceptible. The higher resistance may be due to a defect
in insulin production, a defect in the periphery such as recep-
tor mechanism, or_ to the presence of insulin antagonists. In
humans placental lactogen 'increasee;, the insulin response to
glucose in subclinical diabetic patients (Kalkhoff ﬁ. , 1969)
and so ovine placental lactogen may also act as an antagonist.

A glucose clamp has been developed to differentiate between the '’
effects. It can be used to independently measure insulin secretion
by the pancreas and glucose utilization by peripheral tissues

(De Fronzo et al., 1979). Insulin secretion, or beta-cell sen-
sitivity to glucose is measured by 'clamping' glucose concentration
at an elevated level, and measuring the glucose input necessary to
maintain it. To measure tissue sensitivity to insulin, insulin
levels are raised and maintained by a continuous infusion of
insulin, and the gluéose input necessary to maintain basal glucose
conc_entrations are measured. By this technique the rnechanism
contributing to insulin resistancé, and hence the defect in the -
glucose homeostatic mechanism could be determined.

Although the value of the insulin resistance index depends on
several processes and its physiological significance is debatable,
it does appear to have predictive value, The susceptibility of ewes

to OPT could be determined prior to starvation. If found to be
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repeatable in a wider series of experiments, the technique would
allow for better experimental design in the research of OPT.

In conclusion, susceptibility to OPT in pregnant ewes could
not be determined from glucose or insulin levels during feeding,
but a glucose tolerance test showed that ewes susceptible to OPT
had higher insulin resistance (Table 8)., This poor control over
glucose homeostasis may be a predisposing factor in the develop-

ment of the disease.

1.2 GLUCOSE KINETICS OF FED TWIN-PREGNANT EWES:

While fhe tolerance studies were designed to examine the res-
ponse of a systemn to a challenge, the kinetic experiments examined
the normal steady state metabolism. The gxperiments were under-~
taken first, to develop a kinetic model of glucose metabolism ih fed,
.pregnant ewes, and secondly to use the model to assess whether
differences occur in the glucose kinetics of susceptible and non-

susceptible ewes.
1. 2.1 GLUCOSE TURNOVER:

Glucose turnover, as the area under the decay curve was
125 g/day, and when expressed per kilogram of animal liveweight,
is comparable to the value reported by Bergman (1963). He
obtained a value of 180 g/day, and both convert to 2. 33 g/kg/day.

The turnox.rer rate calculated with tritium was higher (138 g/day)
as this tracer is lost more rapidly from the system, and some
workers contend that it represents a *true' rate of glucose turnovér.
The difference between tracers is considered to be due to recycling
of products and precursors of glucose metabolism, such as lactate

and alanine.
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The decay curves were best explained by the sum of five
exponential terms, and although required for a good fit, were -

often not widely separated in slope (Table 10).

1.2.2 GLUCOSE MODEL:

The five compartment model proposed to explain glucose
kinetics in twin-pregnant sheep differs from the three compartment
model of Kronfeld Eﬂ' (1971) for lactating cows, and the four
compartment models of Horsfield et al. (1974) for cows, and
Hodgson and Mellor (1977) for pregnant sheep.

Early sampling resulted in plasma being ideni:ified as a
separate pbol, compartment 1, while the sum of the first three
compartments was equivalent in size to extracellular fluid (Table
13). Compartment 4 is_of similar size when estimated by the two
tracers and this suggests that the label is still on glucose although
3H hés a faster turnover time. It may therefore- represent intra-
cellular glucose with some pfoducts. Compartment 5 is too large
to be solely glucose, and in accord with other proposed models, is
considered to be products and precursors of glucose, For this
reason the recycling flow was incorporated from compartment 5
to compartment 2, and represent;c, label reincorporated into glucose
(Fig. 16).

Dunn et al. (1967) showed that-according te kn’own. biochemical
pathways, the 6-3H of glucose should be removed during resynthesis
of glucose from pyruvate. Consequently recycling of 3H should be
zero. However, in concert with Kronfeld (1977) some 3H did
récycle. It represented 3% of glucose turnover, and may be partly
the result of label from 3HZO being reincorporated into glucose,. as

this occurs to a small extent in sheep (Judson and Leng, 1972).
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The recycling of carbon, at 8%, was slightly higher than
the 4% calculated by Brockman _et_al_. (1975b) using similarly
labelled glucose tracers, in non-pregnant sheep.

Although the main differences between tracers when fitted
to the model separately were in the flo-w rates L(2, 5) and L(0, 5)
(Table 14), allowing these rates to vary was not sufficient to fit
the tracers simultaneously. The model, although sufficient to
explain the tracer data separately appears too simple to explain
recycling adequately. Incorporating more compartments into the
recycling portion of the model may help to reconcile the incon-
sistencies present in the current model.

1.2.3 GLUCOSE KINETICS OF SUSCEPTIBLE AND NON-
SUSCEPTIBLE EWES:- : .

The data obtained from all ewes, when fed, were analysed in
terms of the outcome after a period of starvation.

In the S-L and NS-L sheép, movement of the two tracers were
similar between the first four compartments (Fig. 19) and the
tracers were recycled to a similar extent. However, in the NS-D
group large differences occurred between the tracers moving
between compartments 3 and 4 (Fig.19¢c). This suggests that in
this group the label may have no longer been on glucose. | Cata-
bolism may have occurred in compartment 3, and the label was
therefore on products.

To determine the differences between groups, comparing the
carbon data, Table 17 shows that the fractional flow rates between
compartments 1, 2, 3 and 5 are similar for the S-L and NS-L
groups; however the flow rates to compartment 4 are higher in

NS-L.
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The flow rates of the NS-D are lower than the other groups
and this is especially so between compartments 3 and 4 and
implies that in this group, compartment 4 is slower turning over.
In addition, in the NS-D group, a larger proportion (14%) of the
carbon is recycled, compared to the other groups (8%). This
larger recycling fraction may account for the slower decline at
the lend of the decay curve (Fig. 18c). The tritium data follow the
same trends as the carbon, between groups.

‘These results suggest that the fractional flow rates, when
compared to S-L are higher in NS-L, and lower in the NS-D due
to the larger recycling fraction. The main difference between the
groups appears to be movement of the label between compartments
3 and 4. Since the foeto-placental unit has a substantial uptake and
metabolism of glucose, it may be represented by one compartment,
but to identify if this is so, the build up of tracer should be
experimentally monitored in the foetus, and compared with the
predicted build up by the model. That is, it would be necessary to
get a submodel for the foetus and placenta, and to study how well
it represented compartment 4. |

Before a valid physiological interpretation can be given to the
model, it will be necessary to identify all the compartments. This
is difficult with glucose as it is rapidly catabolized. However the
build up could be monitored on major products; as has been done -
in. rats .(Baker and Huebotter, 1972), or by disturbing particular
areas of metabolism and studying the effect on the model.

lWith the current data, no differences were shown in the kinetics
of susceptible and non-susceptible ewes; however ewes in which the
lambs died, on starvation, had smaller fractional flow rates,

different tracer movements between compartments 3 and 4, and a
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larger fraction recycling. Further experimentation is necessary

to identify the compartments.

2. GLUCOSE METABOLISM OF STARVED AND
TOXAEMIC EWES:

2.1 BLOOD METABOLITES:

.Metabolites were measured throughout starvation as a guide
to the physiological changes, to monitor the pathogenesis of OPT
and, finally, to assess the degree of toxaemia at the time of

slaughter.
2.1.1 CHANGES IN KETOTIC EWES:

Metabolite concentrations were measured prior to starvation
(day 0, Tables 3 and 4) to provide control values, and daily throughout
the starvation period.

In contrast to the non-pregnant ewes, where plasma glucose
did not alter during 10 days of starvation (Table 6), the concentra-
tions in pregnant ewes fell rapidly (Fig. 5) and all groups were
hypoglycaemic (less than 30 mg/dl) after three days. This was
caused by utilization exceeding production. After this time, the
levels rose, and this occurrence has been noted by others (Procos,
1962b). The reason for this rise may be an increase in glucose
production, as has been observed in dogs during insulin-induced
hypoglycaemia (Sacca et al., 1979) or it may be due to conserva-
tion measures which further reduce glucose utilization. One example
is the decreased foetal uptake of glucose that occurs on maternal
starvation (Simmons et al., 1974).

Hyperketonaemia also occurred early in starvation. Ketones

are produced when acetyl CoA is only partially oxidized, following
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fat mobilization., Plasma acetoacetate increased four ~fold

after the first day of starvation and reflects very rapid production
rates.. The rate of increase of both acetoacetate and
3-hydroxybutyrate concentrations slowed down after day five of
starvation (Figs 6 and 7). This indicates either that the utiliza-
tion had increased (by increased oxidation or excretion) or that .
pfoduction had decreased.

Plasma free fatty acids were only measured in the 1977
experiments. A rapid increase was recorded over the first three
days, after which the levels plateaued in the ketotic ewes with live
lambs, and decreased in those with dead lambs (Fig. 8). High
levels are caused mainly by lipolysis, or fat mobilization
(Annison, 1960). The plateau represents a new steady state
where the rate of utilization equals the production rate.

Urea and creatinine are two end-products of protein metabolism.
Urea, a freely permeable molecule in the kidney, moves by passive
diffusion along the concentration gradient, and is therefore excreted
in proportion to its concentration, while the clearance of creatine
(which is converted to the anhydride creatinine before excretion)
increases sharply with increasing plasma concentrations
(Osbaldiston, 1971), The plasma concentrations are normally
maintained in a narrow range, even with increased protein catabolism,
and elevated plasma or serum concentrations therefore indicate a -
defect in excretion., Urea concentrations increased gradually
during starvation (Fig. 9) and indicated that there was an increase
in protein catabolism. In 1977 the levels in ketotic ewes with dead
lambs exceeded 80 mg/dl and indicated renal failure. Creatinine

levels less than 3 mg/dl are considered normal but even at 1. 5 mg/dl,
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glomerular filtration rate may be reduced by 50% (Wolff, 1977).
In both years the means of ketotic ewes with dead lambs (NS-D)
exceeded 1.5 mg/dl and also indicated that renal failure had
occurred in some of these ewes.

During kidney disease excessive amounts of inorganic phos-
phate are retained (Pitts, 1968) and serum levels greater than
9 mg/dl, as observed in t.he NS-D ewes, also indicate kidney
damage (Fig. 11).

Since most metabolic processes only occur within a narrow
PH range, the buffering ability of the plasma is important for
normal metabolism. Total CO2 is a measure of bicarbonate
reserve, or acid-base balance and the normal range for sheepis
21-28 mM (Swenson, 1970). Although total CO2 decreased in all
groups on starvation (Fig. 11), NS-L ewes remained within the
normal range while those of the NS-D were substantially reduced.
This indicates the condition of metabolic acidosis which arises from
the accumulation of ketoacids, when the kidney fails to excrete H+
ions and resorb Na+ or when plasma pH falls and cells metabolize
anaerobically to produce lactic and pyruvic acids (Tasker, 1971).

The plasma proteins serve a variety of functions but an
important one is to maintain osmotic pressure. On starvation the
levels of both total protein and albumin increased by 10%, and may
be the result of a change in the packed cell volume, as this also-
increased by about 10% (Tables 3 and 4), The osmotic pressure
of the plasma therefore increased on starvation.

In conclusion, the changes in NS (or ketotic) ewes on starva-
tion were a fall in plasma glucose and increases in ketones and free
fatty acids. While the concentrations of urea, creatinine and -

inorganic phosphate increased, and total CO2 decreased, to a small
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extent in ewes with live lambs, the changes were severe in ewes
with dead lambs, and indicated renal failure. No effective
change occurred in plasma proteins, but a mild increase in

packed cell volume occurred in all ewes on starvation.

2.1.2 PATHOGENESIS OF OPT:

Although hypoglycaemia is a symptom of OPT, the paradox,
as has been noted by others (Procos and Gilchrist, 1966), was
that the lowest glucose levels were often recorded in the NS group
(Tables 3 and 4). This suggests that induction of symptoms may
be related to glucose turnover or other metabolic changes rather
than plasma gluéose per se. A terminal hyperglycaemic (glucose
greater than 80 mg/dl) developed in S-D ewes and may have been
triggered before foetal death (O'Hara et al., 1975) although the
mechanism is not known.

Like hypoglycaemia, hyperketonaemia is also associated with
toxaemia, but in 1977 no differences were recorded in ketones
between groups, and in 1978 up to day five of starvation, higher
concentrations were recorded in the NS-D group (Table 4). This
agrees with the findings of McClymont and Setchell (1955a) that
ketosis per se does not predispose to toxaemia,

The highest plasma free fatty acids were recorded in the NS-L
group, and there was no difference between the S-L and NS-D
groups (Fig. 8). The appearance of symptoms does not therefore
seem to be related to an under- or over-mobilization of fat.

The changes in creatinine, though mild initially, increased
dramatically after day five in ewes with dead lambs, and to a

smaller extent in S-L ewes (Fig. 10). ~While urea levels had a
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different response pattern in the two years (Fig. 9), the highest
concentrations in 1977 were in the NS-D and S-L groups. These
results suggest renal failure in these groups. The high creatinine
and apparently normal urea concentrations in 1978 (Table 4), may
be the result of urea analyses not being done on all sheep.

Inorganic phosphate, the third indicator of renal function,
exceeded 9 mg/dl in S-L and NS-D groups (Fig. 11a) and the total
CO, concentrations showed that the degree of acidosis was similar
in the two groups (Fig. 11b). These result_s are in contrast to
Katz and Bergman (1966) who concluded that electrolyte changes
and acidosis are mild in toxaemia; however their studies were
undertaken on ewes with OPT but the degree of toxaemia in their
ewes was not clarified, The results of the present study are in
agreement with Parry and Taylor (1956) who found that renal func-
tion was impaired in toxaemic ewes, and that the severify increased
with development of the disease.

The creatinine, urea, phosphate and total CO2 results there-
fore all show that, as renal failure and metabolic acidosis had
occurred in S-L and NS-D groups, the latter were not necessarily
associated with OPT. symptoms.

There was no significant difference in total plasma
proteins, albumin or packed cell volume between the groups,
although dehydration was more severe in ewes with dead lambs.

Thus, in agreement with O'Hara et al. (1975) the pathogenesis
of OPT, with discrete sampling, cannot be distinguished on change
of metabolites from changes in starved, ketotic ewes. Symptoms
associated with renal failure occurred in ewes with OPT, and in
ketotic ewes with dead lambs, and so although it may be linked to the

disease, renal failure isnot always accompanied by OPT symptoms,
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The sequence of metabolite changes could be followed
more accurately if the ewes were continuously sampled during
starvation, as this would minimize any stress of sampling and
would show any rapid changes of particular metabolites. Monit-
oring the well-being of the foetus throughout starvation would
also give valuable information on events that might contribute

to foetal death.

2.1.3 DEGREE OF TOXAEMIA AT TIME OF SLAUGHTER:

The ewes were slaughtered when they were recumbent with
OPT, or at the end of 10 days starvation,

In both years, low plasma glucose and high ketones and free
fatty acids were present in ewes with live lambs, regardless of
OPT symptoms, and hyperglycaemia was present in ewes with
dead lambs (Table 5). The concentrations of these metabolites
were more dependent upon the state of the lamb than presence of
OPT.

The symptoms of renal failure - high urea, creatinine and
inorganic phosphate, and low total COZ’ were present in toxaemic
sheep, but were most severe in NS ewes with dead lambs. So in
agreement with findings of the previous section, renal failure is
not always associated with OPT symptoms and would seem to be a
consequence, rather than an initiating factor, oi the disease.

The plasma proteins did not differ between groups at the time
of slaughter and would not seem to be affected by the disease.
However turnover may have altered. Blood metabolite concentra-
tions reflect net changes in production and utilization of a compound,

and have limited value in describing the internal milieu. Kinetic
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experiments may be necessary to detect changes in metabolism
of ketotic and OPT ewes,

In conclusion, although there was large variability between
ewes at the time of slaughter, and the numbers small, sheep with
OPT symptoms could not be differentiated from NS sheep on any of
the blood metabolites measured. Changes associated with renal
failure were common to both groups while others, such as glucose,
ketones and free fatty acids, were more sensitive to the state of

the lambs than OPT symptoms.

2,2 LIVER FAT.  AND GLYCOGEN:

The normal liver fat levels of pregnant ewes were 2-4% fresh
weight, and 20% in underfed and toxaemic ewes (Roderick ﬂ. ’
1933; Ford, 1962). While toxaemic ewes in these studies tended
to have high liver fat (Table 5), the results were not consistent and-
S-L ewes of 1978 had levels approaching normal (8%), and in both
years NS ewes had the highest mean values. High fat contentis a
primary post-mortem criterion for the diagnosis of OPT. . The low
fat content of these OPT ewes suggests either some cases differed
from the field condition of the disease, or alternatively liver fat is
the result of some factor not related to OPT, in which case fat
_content is not a reliable diagnostic criterion. Thomson (unpub,_);
Reid (1960d); Parry (1950) and McClymont and Setchell (1955a),
also observed cases of OPT with no visible fat content of the liver.

Glycogen levels have been reported as 3. 7% of fresh weight
in fed, pregnant ewes, 1.2% in ketotic ewes and 0.3% in toxaemic
ewes (Roderick et al., 1933; Ford, 1962). The results of these
experiments (Table 5) also show that tue levels were ten-fold

lower in toxaemic ewes (0. 2%) compared to ketotic ewes (1.8 %)
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and indicate that OPT may be linked with abnormal carbohydrate
function in the liver. No difference was shown between S-L or
S-D ewes, so death of the lambs in susceptible ewes did not allow
glycogen stores to be replenished.

Liver biopsies, if they could be done without trauma, prior
to starvation, would indicate whether levels were normal initially, -
or whether a defect was qbvious before starvation was imposed.

By comparison, the values for non-pregnant ewes have been
reported as fat, 5. 6% fresh weight (Snook, 1939) and glycogen
2. 7% fresh weight in the fed animal and glycogen 1. 1% in animals
starved for 14 days (Sasaki et al., 1975). In this study, similar
fat levels were recorded in fed ewes (Table 6). They doubled
during starvation but remained lower than in the pregnant ewes.
Glycogen values were variable between sheep, but did not alter on
starvation.

The fat levels of the non-pregnant ewes were similar to the S
ewes, while the glycogen levels were five times the S ewes, This
- evidence suggests that an impairment occurs in carbohydrate, -
rather than fat metabolism in OPT.

In summary, fat levels increased on starvation in the pregnant
and non-pregnant ewes, but there was no difference between S and NS
ewes. By contrast the glycogen levels were not altered on starva-
tion in non-pregnant ewes but were reduced to 5% of normal in sheep

with OPT.

2.3 ORGAN WEIGHTS:

The organs of ewes and foetuses were weighed post-mortem to
compare weight changes in S and NS ewes and to relate these to
differences in metabolism, as hypertrophy of endocrine organs

suggests increased hormone secretion rates (Reid, 1960c).
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Reid (1960c) noted that the adrenals of ewes with OPT were
enlarged (6.7 g) compared to the non-pregnant ewes (3.8 g).
However this study shows that the adrenals of ketotic ewes are
also enlarged (Table 7), and therefore no difference occurs between
ketotic and toxaemic ewes., Hypertrophy was most pronounced in
ewes with dead lambs. - This may -indicate a larger response to
stress in these anirﬁals. _ Adrenal size, therefore, is not related
to OPT symptoms.,

The NS-D group had significantly larger foetal livers and
maternal liver, kidney and thyroids (Table 7). Liver weights
normally fall in late pregnancy and increase in lactation (Fell
et al,, 1972). The mean liver weight of the NS-D ewes was 20%
higher than NS-L and may indicate altered liver metabolism. The
enlarged kidneys may be the result of renal failure which occurred
in this group, as they often appeared pale and swollen. The thyroid
gland secretes hormones which regulate metabolic rate, and the
enlarged thyroids of the NS-D group suggest higher metabolic
rates, and may account for the larger lambs which were found
both years in this group.

In summary, no significant differences were observed in foetal
or maternal organ weights between S and NS ewes. Ewes with dead
lambs had large adrenals, while NS ewes with dead lambs had
larger liver, kidneys and thyroid glands, and heavier foetuses.
Considered together, these changes suggest that there may have

been an increased metabolic rate in this group.
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2.4 GLUCOSE TURNOVER:

2.4.1 NON-PREGNANT EWES:

The value of glucose turnover in fed non-pregnant ewes,
measured by primed continuous infusion, was 2.2 g/kg/day
(Table 18) and is comparable to those reported by Leng (1970)
for sheep fed a lucerne diet once daily.

On starvation, the glucose levels did not alter, but glucose
turnover fell significantly (Table 18), and, as noted by Steel and
Leng (1973a), a basal rate was apparently reached by four days,
as only a slight reduction in turnover occurred thereafter. The
constant plasma glucose during the fall in turnover implies that
production and utilization rates were reduced simultaneously.

Recycling, as the difference between 14C and 3H tracers,
was not detected at any stage during fasting (Table 18), and differs
therefore from the results of Brockman et al. (1975b), where
recycling was 4-5% in feeding and fasting. However the plasma
glucose levels of their sheep were éonsiderably lower (45-36 mg/dl)
than those of this study, and the results may be influenced by the
feed composition.

In conclusion, non-pregnant sheep on fasting appear to main-
tain plasrﬁa glucose concentrations while reducing glucose turnover,
and, having attained a new basal turnover rate, are able to maintain

it for up to 10 days.
2.4.2 PREGNANT EWES:

The turnover of glucose was also measured in pregnant ewes,
when recumbent with OPT, or at the end of 10 days of starvation,
The ewes may not have been in steady state during the experiments;

however the plateau specific activities were averaged over periods
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of relatively constant plasma glucose. Radziuk et al. (1978)
showed that infusion experiments did predict the rate of glucose
appearance in conditions when the rate was changing.

‘Glucose turnover in S-1, ewes was lower than in NS-L, even
though the plasma glucose concentrations were similar (Table 19).
More data are required on NS-L ewes; however a reduction in
turnover in OPT was also observed by Kronfeld and Simesen (1961)

_ where turnover was 1. 23‘g/kg/day in NS ewes and 0.81 g/kg/day
in toxaemic sheep. Low rates of glucose production and utiliza-
tion were therefore features of OPT, but only when the lammbs were
alive, as hyperglycaemia and high turnover rates occurred in
those with dead lambs (Table 19). This evidence suggests that
glucose turnover rates increase in some event linked with foetal
death, and the hyperglycaemia shows that production then exceeded
utilization. By implication, glucose production appears to be
limited in ewes with live lambs. This theory is discussed with
the hepatocyte results. |

Although these results suggest that turnover is low in the ter-
minal stages of OPT, Ford (1963b, c; 1965) on a small number-of
sheep, found no difference between the turnover of fed ewes and
ewes with OPT. This suggests that turnover may be only slightly
reduced in the early stages of the disease. ' To determine whether
this is so, a continuous infusion experiment could be undertaken on
ewes throughout starvation, to observe any changes with the
progression of the disease,

Recycling, as the difference in turnover measured by [14C] and
[6-3H]glucose, at 4% (Table 19), was similar in S and NS ewes, but
the fraction was higher, and more variable in S-D ewes. This may

be associated with the hyperglycaemia, as glucose conversion to
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lactate increases with plasma glucose concentration (Reilly and
Chandrasena, 1978).

In conclusion, S-L ewes had a low rate of glucose turnover;
however the hyperglycaemia of S-D and NS-D ewes was accompanied
by high turnover rates. The data suggest that turnover rates increase

on death of the lambs.

2.5 HEPATOCYTE GLU‘CONEOGENIC POTENTIAL:

2.5.1 METHODOLOGY:

The preparation of fresh hepatocytes by enzymic perfusion of
the liver was first described by Berry and Friend (1969) in rats.
Subsequently the method was adapted for ruminants by Clark et al..
(1976b) and several metabolic studies have been reported for sheep
(Ash ia_}_. , 1976; Clark et al., 1976a,b; Ash and Pogson, 1977;
Richardson and Livesey, 1979; Weekes ﬂ. , 1979; Morton ﬂa_l. ’
1977).

The use of hepatocytes for studying liver metabolism has
advantages over in vivo methods in that the effects of substrates
and hormones can be measured indep‘endently of complex feedback
controls, and has the advantage over organ perfusion in that
several studies can be undertaken simultaneously., Since the cells

\
are actually suspended in solution, better oxygenation is possible
than with liver slices.

The morphology and metabolic viability of ovine hepatocytes,
isolated enzymically, Was studied by Ash and Pogson (1977) and the
cells were considered to be intact, and had rates of gluconeogenesis

comparable to those measured in vivo, and with perfused livers.

Clark et al. (1976a) determined that the rates of glucose synthesis
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by caudate cells were similar to those obtained from cells of
the median lobe. Hence hepatocytes can be isolated from the
caudate lobe that are viable, and have metabolic rates similar

to those measured in vivo.
2.5.2 NON-PREGNANT EWES:

Hepatocytes from non-pregnant ewes synthesized glucose
from propionate, alanine,; lactate and glycerol (Table 21).
Starving the sheep for up to 10 days did not appear to alter their
gluconeogenic potential as the rates with each substrate approx-
imated those reported by Ash and Pogsoh (1977), for fed sheep.
That glucose synthesis occurred is shown by the greater glucose
production rates in hepatocytes incubated with substrate compared
to those incubated without substrate. As these studies measured
net glucose production, it may be argued that glucose could be
synthesized. in the cell and stored as glycogen, rather than being
released. However, Clark i_a_l; (1976b).-established that in lambs,
even after glycogen stores were reduced, gluconeogenesis
measured by the rate ofvglucose formation, was similar to the
rate of isotopic precursor incorporétion into glucose and glycogen.
Unless the adult animal differs, therefore, giucose release
reflects gluconeogenic rates.

The cells from starved sheep responded to hormones as the
highest production rates were recorded with glucagon (Table 22).
As the basal rate was stimulated by an amount similar to the sub-
strates, this suggests>that the cells responded to glucagon by
increased glycogenolysis and gluconeogenesis. Considerable

glycogen stores were found in these livers on post-mortem (Table

6).
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Although the gluconeogenic potential does not ai)pear to chaﬁge
on starvation, glucose turnover, and hence gluconeogenesis,
decreases in vivc; (Table 18). Production may be limited in vivo
by the availability of precursors, such as propionate, However
all the rate-limiting enzymes of glucose synthesis, except P-
enqlpyruvate carboxykinase increase on fasting (Filsell et al.,
1969), and the lack of precursors méy be compensated by increased
enzyme activity. The in‘ vitro results suggest there is no overall
change in the maximum gluconeogenic potential and imply . that the
enzyme changes alter the efficiency rather than the capacity of
the systém. More comparative data are required from fed, non-
pregnant ewes.

The variability of the production rates, although partly a
feature of this technique, may also reflect genuine differences
between sheep in their ability to adapt to fasting, and therefore
differences in their ability to maintain glucose homeostasis.

In conclusion, the results suggest that although responses vary,
the gluconeogenic capacity of hepatocytes from non-pregnant ewes

is not altered after 10 days fasting.

2.5.3 PREGNANT EWES:

The gluconeogenic potential of ketotic and toxaemic ewes was
assessed, and the results d two years show,that in the presence of
adequate substrate, the production rates of susceptible ewes are
significantly lower than non-susceptible ewes (Table 23). The
rates of glucose synthesis in the presence of substrates were no
different from basal (Table 25) and the rates were not stimulated by
glucagon (Table 24). This evidence suggests that liver cells from

toxaemic ewes have a low ability to synthesize glucose, and do not



208,

respond to hormonal stimulation. The gluconeogenic capacity
was not increased in S ewes with dead lambs, and so the defect
seems to be a feature of OPT which is not linked to foetal well-
being.

Possible reasons for the low synthetic rates in these ewes
could be a failure to take up substrate, and this needs to be
examined with radioactive precursors. Alternatively the defect
may be in the synthesis a‘nd release of glucose, and involve
enzymes, The activities of the key gluconeogenic enzymes have
not been measured in OPT; however production rates with
glycerol (which is incorporated by a different pathway, Fig.1),
were no higher, so the deficiency fnay lie with fructose-1, 6-
biphosphatase or glucose-6-phosphatase, The low gluconeogenic
rates may be the result of energy deficiency, as Gallagher (1959)
showed that livers from OPT sheep were unable to oxidize long
chain fatty acids. In rats, hypoglycaemia was due to substrate
availability and a lack of energy from fat oxidation (Ferre et al.,
1978). A stress syndrome in chickens, which is also characterized
by low rates of gluconeogenesis, can be prevented by biotin, which
influences the activity of pyruvate carboxylase (Balnave et al., 1977),
and a coenzyme deficiency may be implicated in OPT. Further work
is indicated in the fields of hormonal status and gluconeogenic enzyme
activity in ketotic and OPT ewes.

The gluconeogenic capacity of NS-L ewes was less than non-
pregnant ewes starved for the same period of time (Table 26). This
suggests that despite the higher demand for glucose by the pregnant
ewe, they appear to have a lower gluconeogenic capacity measured
in vitro. The capécity may be limited by enzyme activity, as P-

enolpyruvate carboxykinase activity is not increased in starvation
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and pyruvate carboxylase increases to a greater extent in non-
pregnant ewes (Filsell et al., 1969). Either of these enzymes,
therefore, could limit production in the ketotic ewe.

However cells from NS ewes with dead lambs synthesized
glucose at a significantly higher rate than those with live lambs
(Table 23), and showed greater stimulation by glucagon (Table
24) although this may reflect glycogenolysis from the larger glyco-
gen stores (Table 5). The high rates of glucose production suggest
that either these ewes produced at an inherently higher rate through-
out starvation, or that the gluconeogenic capacity increased with
foetal death. Since the two events may be linked to a common
cause, or may be related directly, experiments were undertaken
to study the direct effect of foetal death on maternal gluconeo-
genic capacity, and these results are discussed in Section 3,

In conclusion, toxaemic ewes have a low gluconeogenic
capacity which suggests that OPT may be related to an inability
to produce glucose., The capacity of non-susceptible ewes, with
live lambs, was slightly lower than starved non-pregnant ewes,
and was significantly lower than ewes with dead lambs. This
evidence suggests that the presence of the live larmbs may inhibit

glucose production in the fasted, pregnant ewe.

2.6 RELATIONSHIP OF IN VITRO AND IN VIVO RESULTS:

Fig. 21 shows the relationship of the in vitro and in vivo

results. The gluconeogenic capacity of the S-1L. ewes is consistent
with the low glucose turnover and low glycogen reserves of the
liver (Table 5). The higher turnover rates of the NS-1, ewes, and
very high turnovers of the NS-D ewes are associated with increased

gluconeogenic capacity (Tables 19 and 23). However the S-D ewes
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recorded high turnover rates, but had low gluconeogenic capacities
(Fig. 21). This suggests that glucose may be produced in vivo

from a source other than the liver. One possibility is renal
gluconeogenesis. The activities of some gluconeogenic enzymes
increase in the kidney of fasted pregnant ewes (Filsell et al., 1969).
However studies on hypoglycaemic (Kaufman and Bergman, 1974)
and acidotic sheep (McIntpsh et al., 1973) showed that production

is small and is unlikely to exceed 6 g/day, and would not therefore
account for the high production rates, Alternatively, the glucose
may result from breakdown of glycogen stores as the S-D ewes had
low liver glycogen levels (2 mg/g) on post-mortem compared with
NS-D ewes (18 mg/g) (Table 5). A glycogen store of 18 mg/g, if
released at 7 g/kg/day (Table 19) would last only several hours,

and toxaemic ewes generally die within a short period of developing
hyperglycaemia (Reid, 1960d). In bovine ketosis the glycogen
stores are also depleted and Kronfeld et al. (1960) suggested that
syrﬁpatho-adrenal activity, glucagon secretion or hypoglycaemia may
act as initiators of rapid glycogenolysis. However the liver glycogen
levels of S-L ewés, before foetal death, were no higher, and would
tend to discount this theory.

An alternative explanation is that the cells may not represent
the in vivo situation, as a result of the disease and cell preparation.
However the low glycogen levels in these ewes also suggest that
glucose metabolism is abnormal.

In conclusion, S-D ewes have high glucose turnover, but exhibit
a low hepatic gluconeogenic capacity. In vivo incorporation studies

may be necessary to test the in vitro results.
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LN

3, GLUCOSE METABOLISM OF PREGNANT EWES
BEFORE AND AFTER FOETAL DEATH IN UTERO.

It is generally thought that the hypoglycaemia of starved, preg-
nant ewes is due to a continued high foetal demand for glucose, and
insufficient glucose production due to limited precursor availability
(Reid, 1968). However foetal uptake does fall during starvation
in response to the lower materno-foetal gradient (Simmons et al.,
1974). This suggests that the hypoglycaemia, therefore, may not
be a result of high foetal demand, but may be due to limited glucose
production. The experiments described earlier in this study showed
that plasma glucose, glucose turnover and hepatocyte glucose produc-
tion were lower in starved ewes with live foetuses (Tables 20 and ‘26).
This suggested that the foeto-placental unit. may be limiting maternal
glucose production, and these experiments were designed to
examine this theory.

Tables 27 and 28 show that deliberately killing the foetuses,
after four days of starvation, increased plasma glucose significantly,
and glucose turnover. These increases may have resulted from
increased availability of precursors; however in vitro experiments
with hepatocytes showed that cells from ewes with live lambs, in
the presence of adequate substrate, had lower glucose production
rates (Table 30). This table also shows that the rates of glucose
production with dbcAMP were similar to the corresponding rates with
glucagon. This suggests . that the hormone receptors were intact and
that the defect was within the gluconeogenic mechanism. Killing the
foetuses therefore raised the gluconeogenic capacity of the maternal
hepatocytes.

Hepatic glucose production thus appears to be restrained in
starved ewes with live lambs by some foeto-placental factor. The

effect may be hormonal and regulate production through enzyme
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activity. A hormone present in high concentrations in late preg-
nancy, and which is known to affect maternal glucose metabolism,
is ovine placental lactogen (OPL). In addition, the levels are
higher in twin-pregnancies (Handwerger et al., 1977) and, in
humans, are increased during starvation (Kim and Felig, 1971).
Infusion of OPL in both pregnant and non-pregnant ewes lowered
plasma glucose, and increased insulin (Handwerger et al., 1976),
and so it may affect glucose production directly, or indirectly
through insulin. Any direct effect should be demonstrable by
incubating normal hepatocytes with OPL and measuring the effect
on glucose production. Insulin is normally decreased in starva-
tion (Bassett and Madill, 1974), and gluconeogenesis is favoured.
However, if the insulin levels were increased through pancreatic
stimulation from OPL, glucose production would be reduced.
OPL levels would be expected to be high in starved twin-pregnant
ewes in late gestation and may therefore affect.gihcose production.

Recycling increased significantly on foetal death (Table 28)
andAmay be a consequence of the hyperglycaerﬁia, as this increases
the conversion of glucose to lactate (Reilly and Chandrasena, 1978).
Alternatively, as recycling (the difference between [U-14C]— and
[6-3H] glucose)reflects the activities of enzymes in the dicarboxylic
acid shuttle (Dunn M. , 1977), the increase may be due to an
increase in the activities of pyruvate carboxylase or P-enolpyruvate
carboxykinase,

Further studies are indicated to determine the nature of the
gluconeogenic suppression in the pregnant ewe during starvation,
and these include monitoring OPL levels, measuring the activities -
of gluconeogenic eazymes and determining the insulin/glucagon

ratio prior to, and following foetal deaths.
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In conclusion, killing the foetuses in utero,of ewes starved for
four days, caused an increase in plasma glucose, glucose turnover
and gluconeogenic capacity of the hepatocytes. This suggests
that the hypoglycaemia of starved pregnant ewes is due to

inhibition of glucose production by some foeto-placental factor.
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CHAPTER 6

SUMMARY

In this study glucose metabolism was studied in fed and
starved pregnant ewes in relation to the development of ovine
pregnancy toxaemia. The ewes were classified, after a period
of starvation, as susceptible (S) if they became recumbent with
OPT, otherwise non-suscéptible (NS). They were further grouped
according to whether the lambs were dead or alive at the time the
ewes wer.e slaughtered.

Glucose tolerance tests in fed ewes showed that those sus-
ceptible to OPT had higher insulin resistance than those not
susceptible. This phenomenon may have importance in the
research field for screening sheep before inducing the disease,
and it also suggests that poor control oAver glucose homeostasis
may be a predisposing factor in the development of OPT.

The glucose kinetics of susceptible and non-susceptible ewes
were compared with the use of a 5-compartment model, which was
developed :following the injection of [U-14C]- and [6-3H] glucose to
explain glucose kinetics in the twin-pregnant ewe. The parameters
of the model for ewes with live lambs were similar in S and NS
groups, but NS ewes wifh dead lambs had smaller fractional flow
rates, and a larger fraction recycling which resulted in a slower
decay curve. In addition, tracer movement between compartments
3 and 4 differed in this group, although the composition of these
compartments awaits further experimentation.

On starvation, at about 130 days gestation, plasma glucose
decreased, while ketones and free fatty acids increased in all

groups of ewes, Symptoms of renal failure - increased urea,
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creatinine and inorganic phosphate, and decreased total CO2 were
seen in toxaemic ewes, and NS ewes with dead lambs. At the |
time of slaughter, ewes recumbent with OPT could not be differen-
tiated biochemically from ketotic ewes. Changes associated with
renal failure were common to S and NS ewes, and this suggests

that it may be a consequence rather than an initiating factor of -

the disease. Concentrations of other metabolites, such as glucose,
ketones and free fatty acids were more sensitive to the state of the
lambs than to OPT. |

On starvation, liver fat increased in non-pregnant and pregnant
ewes, but to. no greater extent in sheep with OPT. Liver glycogen
levels of non-pregnant ewes did not change on starvation, while the
levels decreased in pregnant sheep. Glycogen of toxaemic ewes
was 10% the level of ketotic ewes, and 5% of normal.

No differenc;es_ were found in the adrenal weights of S and NS
ewes, but NS ewes with dead lambs had larger liver, kidneys and
thyroids suggesting that there was a higher metabolic rate in these
sheep.

Plasma glucose of non-pregnant ewes did not change during
starvation, but glucose turnover decreased significantly after four
days. No further decrease occurred after 10 days fasting. However
the gluconeogenic potential assessed in vitro by isolated hepatocytes
was not altered after 10 days of starvation, ‘when compared to reported
rates for fed non-pregnant ewes (Ash and Pogson, 1977). Production
may be limited in vivo by precursor availability.

| The glucose turnover of S ewes with live lambs, was significantly
lower than S or NS ewes with dead lambs, and implied that the hyper-
glycaemia of ewes with dead lambs was accompanied by increased

glucose turnover.
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The gluconeogenic capacity of the liver was assessed
in vitro by incubating hepatocytes with substrates, and glucagon.
Susceptible ewes had a significantly lower rate of glucose produc-
tion and the rates were not stimulated by glucagon. These results
were obtained when the foetuses were dead or alive, and suggested
that low gluéose production may be a feature of terminal toxaemia
in ewes., However, in S 'ewes with dead lambs the in vitro results
could ﬁot account for the élucose turnover rate recorded in vivo,
and so.the glucose may have/ been produced from a source other
than the liver, or the low in vitro rates may have been a consequence
of the technique. Glucose production in toxaemic ewes may be
limited by an energy deficiency, as it has been shown that livers
from toxaemic sheep are unable to oxidize long chain fatty acids
(Gallagher, 1959).

The glucose production rates of hepatocytes from ketotic ewes
with live lambs (NS-L), though significantly higher than toxaemic
ewes, were lower than those of starved noh-pregnant ewes, and
significantly lower than NS ewes with dead lambs. These results
suggested that the live foetus was restraining maternal glucose
production.

Killing the foetus in utero of ewes starved for four days,
increased the plasma glucose, glucose turnover and hepatocyte
gluconeogenic potential and provided direct evidence of the inhibition
of glucose production in starved pregnant ewes. One factor involved
in the inhibition may be ovine placental lactogen, as it is present in
high concentrations in late pregnancy, and is known to alter maternal
carbohydrate metabolism (Handwerger et al., 1976). The results
suggested that the hypoglycaemia of starved pregnant ewes may be due

to inhibition of glucose production by some foeto-placental factor,
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APPENDIX 1: Program WINN, INSULIN.

This program calculates extravascular insulin concentration
from plasma insulin. It was programed in Basic by Arcus, A, C.
and McKinnon, A., Clinical School, Christchurch, and adapted to
run on the MAF ICL 2903 computer by M. Winn, Biometrics Section,
Ruakura ARC; Hamilton.

A listing of the program and a copy of the output are shown in
Table 32. On the interactive system, the program asks for the
experiment number, ‘and then the number of observations. The
observation times, in minutes are entered, separated by commas,
and the program then asks for the corresponding plasma insulin
values (in wU/ml), which are also entered as a string separated
by commas.

The program then lists against the times of observation, the
calculated extravascular insulin concentrations. It then asks whether
there is more data at the same times. If there is, the new insulin
values are entered. If not, the next experiment number is entered,

followed by the new observation times and insulin concentrations.
Equations:

a) Kinetically;

t.
-k -k ! k
| vy t v 73 N v, T
C3(ti) = C3(0)e + V—}e Cl(T) e dT
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b) Program;

0. 02T(K) 0.02T(K-1)

s = 5 \I(K)e + I(K-1) e T(K) - T(K-1)

2

-0. 02T(K) -0.02T(K)
E(K) = I(l) e + 0.02 e .S

In the program the integral (area under the curve) is calculated by

the trapezoid rule, as S, and:

vi = L = 0.02 (the value of L, calculated for the model
3 .
' of Sherwin et al., 1974).
IK) = CI(T) = plasma insulin concentration
t. =  T(K) = observed time
C3(T) =  E(K) = extravascular insulin concentration
C3(0) = I(1) = initial concentration in the extravascular

compartment, which equals the initial

plasma insulin concentration,

Derivation of the kinetic formula:

For a model with three compartments, compartment 1, plasma
insulin, and compartment 3, extravascular insulin (from Sherwin
et al., 1974), and

M,; = mass of insulin in compartment 3

K13 and K3 flow rate between the compartments, ml/min

1

concentration of insulin, uU/ml.

]

C1 and C3

then:
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dM, _ dC3.V3 . dVv,
dt T dt 3° dt
But —dV3 = 0
I B
dC,
Therefore V3 . —d—t = K31 c]. - K13 C3
e T R RN (1)
dt Vi 1 vV, 3
An impulse response in compartment 3:
, -K
_ 13.t
h3(t) = e —
3
and the input, R:
K.
_ 31
Rain = v, - &1l
And the general solution of equation 1:
t
S E I Kzt RET
\Y 31 A\ \Y



TABLE 32: WINN. INSULIN: Calculation of Extravascular

Insulin.

a) Program Listing

T LIST .

10 REM PROGRAMME TO CALCULATE tXTRAVASCULAP INSULIN - 77
20 REM ACCORDING TO FORMULA ON PAGE ¢ ~—~ —— ———— ="~
‘30 DIM 1(50),E(50),T(50)
{35 PRINT "EXPT NUMBER" . /"~ )
36 INPUT M T T -
(40 PRINT"ENTER THE NUMBER OF MEASUREMENTS",
50 INPUT N

80 MAT T = ZER(N).
‘90 " PRINT"ENTER THE TIMES OF MEASUREMENT
100 MATINPUT T -
101 MAT 1= ZER(NY

‘102 MAT E = ZER(N) e : T RO
110 PRINT"ENTER THE INSULIN VALUES"—_
{120 MATINPUT I -
1130 L=0.02

140 s=0 T T T T T T T —

[150 € (121 (T3 FERPUTIRTCOTY
160 11= 1g1) N
170 11 T
180 FOR K=2 TO N ~— T
{BREAKIN = *C*, "I"0R *S": €

190 7 T2=T(KY T ' L ’ “
200 12 = 1(K) 77 T

210 IF 12=0 GO TO 260
2207STE S 4 (I2%EXP(L*T2)+11%EXPTLRTTYI* (T2271Y72

23077 EGKO) = TCD=EXP(-L#T2) + LxEXP(=L¥T2)%s — ~ "~~~
260 11 =12 T T T e
250 117 =12 T

260 NEXT K
270 PRINT 7 - -

2807 PRINT"THE TIMES AND EXTRAVASCULAR INSULTN VALUES ARE 7
281 FOR 1=1 TO N .~ _ T e e

282 T PRINT TCI),E(I)’ T

283 NEXT I
1300 PRINT
310 PRINT "IS THERE MORE DATA AT THE. SAME TI%ES,Y OR N".
320 INPUT Q$

330 IF Q3% = "N GOTO 350

340 60TO 101
350 STOP __

360 END

249..
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TABLE 32 (Continued)

b) WINN, INSULIN Output.

4

4« WINNJINSULIN 20 APR 79 17:13:43 - o
EXPT NUMBER N N o
2 12 L -
ENTER THE NUMBER OF MEASUREMENTS 7 16 ]

ENTER THE TIMES OF MEASUREMENT

?7 0,3.15,4,5,7. 05110 17,15, 22/&[’125/30138 314& ‘54 5,60 .5 Un,120
"ENTER THE INSULIN VALUES o
7 10 4:24 5;25/30/55 5145/39 3415»2 5;33129 <5, 50152/44'35'4/

#ﬁbib}ﬁbﬂb¢ﬂbﬁb¢bIbeb}ﬁ¢\b

THE TIMES AND EXTRAVASCULAR INSULIN VALUES ARE :
0 10,6 - ' T
3,15 T TTTTTTT0.8644
4 .
S

t

11,1043
e 21,6589 ER L N R -

S 7.65 12,2756

15,22 16.6055
20 T TR L4
19.8222

i

:
|
[T
R
N
v

i
i
1

~pale
i
o

. ' .

Lo

E
N
e
D
E~)
—I

4 60,3 _ B
4 90 355994
4 120 TTTT39,8938

IS THERE MORE DATA AT THE SAME TINES;Y OR'N 7N

"% 385 SECONDS USED 17116145

v ‘!
'b;kfb‘b ‘

: BYE
TEINISHED A7:17178

L 2
2 B LCT(C)

L~

'
-~
}

1
i
1
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APPENDIX 2: Program GLUCOSESAT7S8

This program calculates the specific activity of glucose in
plasma and was written in Fortran by M, E. Wastney. It calculates
the specific activity of [14C]-and [3H] glucose when isolated as the
potassium gluconate derivative. The activity is expressed as
fraction of dose/mg glucose, for single injection experiments or
as dpm /mg glucose for continuous infusions. A flow diagram
of the program is presented in Fig. 23 and a program listing in
Table 33a.

For each experiment two types of data card are required:

Card 1: (One for each experiment)

Column Format Variable name Description
1- 5 15 N Number of samples
6-10 15 EXPT Experiment number
11 - 15 F5.1 BKA Background counts, channel A
16 - 20 F5.1 BKB | Background counts, channel B
21 - 32 F12.0 CDOSE 14C counts injected
33 - 44 F12.0 TDOSE 34 counts injected

(CDOSE and TDOSE = 1 for continuous infusion experiments)

Card 2: (one card/sample)

Column Format Variable name Description
1-10 F10.1 F(I) Sample time, min
11 - 20 Flo.1 TCA Counts in channel A, cpm
21 - 30 F10.1 CB Counts in channel B, cpm
31 - 40 F10.1 G Glucose in filtrate, mg/dl
41 - 50 F10.1 | M Mass of K-gluconate counted, mg
51 - 55 F5.1 \% Volume of filtrate analysed, ml
56 - 61 Fb6.4 S External standard ratio

62 - 67 F6.2 PG Plasma glucose, mg/dl
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Theory and Calculations:

.. 3 14
When samples containing H and ~ C tracers are counted, the
amount in each channel must be corrected for spillover of counts
3 .
between channels., Channel A is mostly H but also contains some

14C and the fraction varies with external standard ratio (ESR).

Channel B contains mainly 14C.

To determine the ratio of 14C counts in the 3H channel (A), a
14C sample was counted in channels A and B, with different amounts
of quenching. Th\e ratio of 14EC in channel A/14C counts in channel
B was calculated, and the ratio plotted against each ESR value.

This function was incorporated into the program:

X = 1(S)

4C counts in channel A

where X -
C counts in channel B

S - ESR
Knowing the counts in channel B, and the ESR, the 14(3 in channel A:
14C in channel A = countsinB . X
CA= CB. X
14 3
(In the program C refers to  "C, and T refers to "H)

and the 3H counts in channel A = Total counts in A - 14C in A

TA

TCA - CA

Quenching curves of efficiency of counting versus ESR, were
plotted for 3H in channel A and for 1‘}[C in channel B, and the para-
meters of these curves are used in the program to correct for
counting efficiency, and convert cpm to dpm.

Specific Activity is calculated as dpm/mg glucose in two parts:

a) Determining mg glucose in original sample:
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Weight of glucose in sample = mg in filtrate/ml . ml filtrate taken

GF

(G/100) . V

b) Determining dpm:

The theoretical recovery of gluconate is calculated from the
conversion factor:

M. W, gluconate/M, W, glucose = 1.30034

and the quantity of glucose present, which;

1

carrier glucose + glucose in sample

100 + (G/100) . V

i

100 + GF
Quantity of gluconate formed, Q, if all the glucose converted was

recovered;
Q = 1.30034. (100 + GF)
Dpm with 100% recovery, if actual recovery is M;

Total dpm = (dpm/M) . Q

Then, specific activity, SA;
SA = Total dpm/GF
Specific activity, as fraction of dose;

PSA = SA/dose injected,

Output: (Table 33b)

The output consists of two tables for each experiment. The first
prints out all the input data in a convenient form, and in addition the
3H countsinchannel A and the efficiency of counting fof each sample.
The second table contains the sample time and the calculated specific
activity as dpm/mg ('filtrate SA') and as fraction of dose/mg glucose

('SA/dose'). The final column of this table prints the ratio of 3H
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specific activity/14C specific activity, as an indicator of the

tracer ratio changes during the experiment,
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( Start )

Bead data for the experiment/

/Write heading/

I=1toN

/Read data (I) for one ob servationj

Subtract background

Calcul ate T4C counts in channel A

|

Correct for efficiency of counting 14C in channel B

Calculate 3H counts in channel A

l

Correct for efficiency of countinng in channel A

l

Determine amount of glucose in original sample

l

Calculate theoretical yield of K-gluconate

l

Correct 14C and 3H dpm for 100% vyield of K-gluconate

l

Calculate s3pecific activity as 14¢ dpm /mg glucose
and °H dpm/mg glucose in the filtrate

|

Divide each value by the respective dose to give
specific activity as fraction of dose/mg glucose

!Write

[Write specific activity values/

( Stop )

Fig 23: Flow chart for GLUCOSESAT78.
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TABLE 33: GLUCOSESA78: Calculation of Glucose
Specific Activity.

a) Program Listing

MASTER GLIICOSESATS
DIMENSICN F(SO)fDC(SU);DT(SO)/SAC(SU)'SAT(SO);RATIO(SH):

TR T PSAC(50) APSAT(SM) -
N, St B
L=2

e REAL M ]
- INTEGER EXPT_

100 READ (K,10) N,FXPT,8KA,BKB,CDOSE,TDOSE
10 FORMAT (215,2F5.1,2F12.0) ‘

IF (EXPT LT.M STOP

TTTTTTYRITE (1,200 &YPT,BKA'BRB;CDOSE TDOSE T
207 FORFAT(12HI1EXPT, NO.= ,I5/18H BACKGROUND CPM = ,F6.2,FB.2,

*/8H CDOSE -1F12 D’1OX;7HTDOSE =:F12 0//

wW2RNOL U RGRG MGAPG MG K= VOLTESR,6X73HTCA,9X,2HCB, 7N,

*2HCA:1OXIZHTA:6¥;4HEFCHIbX/#HEFTA//)

DO S50 TR AN '
- :‘“‘"REAU<K,30)‘Fkl);'TCA, CBs G, | M; v, S,PG
ST 307 T FORMAT (5F10,1,F5.1,56.4,F6,2)
: If (TCA.EQ,0) GO TO 50

€ B= BACKGROUND, K = COUNTS, S ESR, E = EFFICIENCY, _
€ € =14C, 7 =34, F = TINE (MINS): D= DPM
R W A SRR S '.* %k * - i e ;
£ .
e - SUBTRACT BACKGROUND COUNTS _
C
e T TCA-= TCA = BKA
N _€B = ce - BKB
i;;C B __'»j'. o R . o
¢ - DETERMINE 14c FOUNTS N _CHANNEL A . AS X a CA/CB
T ' e -
X = 47111906 = 4. 498996108 * 8§ + 1. 692354905 k5 wk 2 B
=0 B ,',,;_<_;__‘ . o
CA = (B * X
I R __;_;__g_”m__
¢ CONVERT . COUNTS 7O DPM USINGWEFFICIENCY "CURVE ¢ OF 14¢C
€ T UIN-CHANNEL 8 o
¢
T EFC8 = -0.05766976828 + 0.7415460384%S <0,1B75925586k5%%2
¢ e
TDCLT) = CB/EFCB
L _
e - R
4 3H COUNTS N CHANNEL A = TOTAL COUNTS IN A = 140 COUNTS
€ N - , ,
TA ‘= TCA = CA
e - LT
¢ CONVFRT TO DPM
¢ T
EFTA = 0.013773569 K 1736364300 * S - 0, 01146619054 * s*wz
TPTCIY ETTAT/ EFTA -
; e
(] , * * * * *
¢ CALCULATE "SA AS  OPR/MG GLUCOSE B
e TR OFM T PRESENT i = ‘ -
T ~DETERMINE THEORETICAL “RECOVERY OF K-GLUCONATE FROM:
-t TTTTTMW T K=GLUCONATE / MW GLUCOSE I 1,30034 T
-t =CALCULATE QUANTITY "GLUCOSE INITJALLY PRESENT FROM: ~~ ~

C . (100 MG CARRIER ~+ (MG/ML IN FILTRATE * NO.ML TAKEN)) ~
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TABLE 33a (Continued)

c .
¢ . _TQUAMTITY OF GLUCOMATE FORNED = Q, WHERE - .
c e
o= 1.50034 % (100 + MG IN FILTRATE * #L TAKEN)
c_ SN e
€ =TOTAL DP# = (DPM_/MASS GLUCONATE TAKEN)* Q
R . _ . — —_
< __2.MG _GLUCOSE PRESENT; GF ] e
R GF = MGY% FILTRATE /100 % ML TAKEN -
c_ " sA = TOTAL DPM / MG GLUCOSE
€t UNITS: M = MASS GLUCOSE TAKEN (Mg) "
Cc_ G = GLUCOSE IN FILTKATE (MGY%)
Y V.= VOLUME FILTRATE TAKEN(ML)
L .
GF = 6/100 * y L
Q= 1.300% _* (100_+ GF)
-
_ SAC(Il_i_QC(I) *Q /(M *x GF)
LT UBATCI) = OT(I) * Q@ /(M % GF) .
€ SPECIFIC ACTIVITY DIVIDED RY DOSE TQ leg,sA/_gu,
LT TD U PSAC(I) = SACCI) /CDOSE
PSAT(I) = SAT(I) /TDOSE
s CRATIO(I) = SAT(I) / SAC(I)
C
C

wRITg (L,4n) "1,6,pP6, M,v,s,TcA,ca,cA,TA,EFEé'Effﬁ'm
FORMAT (1Xp 12, 3XKrF5,2,3X2F5:206KsFbs1,3XsFb,] 12X T he2Xs 91z

*ZXIS(FO 1;£X)IF4 ?lSXlFQ 2/)

T 50 CONTINUE

WRITE (L,60)
60 FORMAT(1H1 51X, HFILTRATE;26X 7HSA/DO‘E:17X;2HSA/4H NQ.:?X’4HTIMEI

*9X,7H14C DPV;SXoéHSH DPM,6X,6H14C SA, TXr,5H3H SAI14X:3H14C11UXI
*5H3H ,,7X,12P5H/14C RATIO/ /) .

00 70__J=1,N. S
~1F (FCJ).EQ, U) GQ TO 70

WRITE (L,75) JIF(J)IDC(J)IDT(J, QAC(J)lsAT(J)g

* '_“PSAC(J)fPSAT(J)IRATIO(J)
75 FORMAT (1Xr13,4X,FB.2,5X,F9, 113X[F9[]I}XLLQHl!QXfEjﬂljjéxL__E_jJsl
= * o S5Xe E12.5,6X,F5,3/7)
70 CONTINUE
i G0 -TO 100
STOP
END




TABLE 33 (Continued)

b) GLUCOSESA78 Output

EXPT,. NO,= 1¢
RACKG®OUND €Ol = 55,10
CDNSE = 54354758469,

13.90
TONSE =

NO.

me%e

R A MG K=G

yoe

1432566525,

ESR____.

_.TCA

(8

CA

TA EFCB

A ISE sz T

53,90

_se.un T 7Y

IR Y

sgao

_. 508

52,20

L6

g

4.89

497

_5%.10__

~51|_!_.§f) O

87,2 ]

5.45_"

52,40

86,2 1

78.9 1

95,615,

T A1ZSR

24127,6°

YN

0.53

AT

22 L3752

_.66926,1

2754202

_2bh62.8

26907, Y

_33917.7__

?1518

NO .

TIME

n.58

14C DOP

7R743,4

.75

M

IH DPM

217184.9

__34363.7 _

FILTRATE
14C SA

218650,9

'8995§,o“'"

T32076.9

LIS .

1 2487.9. _
::{??55;9:::

A7167.77

41687.1 25436, ??_.f'_'_"

£03068,8 __

245605,.3

177&36

2.00

2.50

88110.8

“sloss.7 T

“B3918.5

_2u4s558.2

179798,

0 _ T 484e40,0
U

6 453736, 3

T242062.57 " 152715,

225611, 6 145542,

113L06 3 158356

R IR ¥ A YL Y A
S A 75 I S T

7. OK

55984, 7"

T T1%4256.4 1:59?3

T T153522.177 77110595

1 405790.9
S R8L077.7

3 ReAS28.6,

9 TTTTTRO3278.0

l._..___

7292926 T i 279esE-03 T

i

i

| - 14cC

___D.4001%€~03

0 3247£E 03~

TTTh.2663%€=03 T '0.28330E-03

pj—

1)

t

B 23U4%E~03

.- 0.2026vE-03

__46338,5

39171 4

TTUh4768,1 7 0.52 T 6,98

21429,8

"41489,7

0.53___

0.53

0.52

0.53.

L0419

EFTA

b1y

018

0419

o019

T21607.8 _0.53 f'.'f.";fﬁ'."l"éf_'_”_: )
28999,4 0.53 T 0,19 _

SA/DOSE

3H

 0.42102E-03

3H/

SA
14C RATIO

2,758

0.32904E-03"

T 0.2552vE-03

. 0.33821E-03

2,rsu

0.31677E-03

2.524

0.29970E=-03"

20811

2,788

0.26814E=03

2,776

0.264052E=-03

_2.736_

" '0.21173E-03

2,16

‘862
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APPENDIX 3: Program WAVE

This program was written in Fortran by Dr C. F, Ramberg Jr,
Ruakura ARC, Hamilton, to average the times of observation and
specific activities of tracer experiments.

A listing of the program and a sample output are shown in
" Table 34, The program reads in the data from a disk file, WAV]I,
as T(I, J) and V(I,J) whertle T = time, V = specific activity, I =
experiment number and J = the observation number within the
:experirnent. The program will average up to 28 experiments
with 24 obsérvations in each,

The program calculates the mean time of each obsérvation
and the sum of squares about the mean. It takes the log of
‘the specific activities and sums them, to determir_le the mean,
and then dei;ermines ‘the 9_5%' confidence iﬁterval._about this mean

and the calculated Va_lueS‘are transferred to a file, WAVO. i

The output lists the mean times of observation TM(I), the
mean specific activities VM(I), the sum of squares about the
mean times TSQ(I), and the 95% confidence interval about the

specific activity, VLOW and VUP.
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TABLE 34:

WAVE:

Averaging Tracer Data.

a) Program Listing

~00100

51 RERSTOR™ T(28 24) VTR AT rso(24) vso(24) TH247, VM (247, 8D(24)

_ 00200 _OPEN(UNIT=20,FILE='WAVI') e
00300 LEL
00400 _~ TD0201={,28 N
00500 T Dp0109=1,24
00600 _READ(20,1000,END=09,ERRE999VT(T, I35, VI, 07 N
00630 10 CONTINUE ~
00700~ T NEN+1
_ 00800 20 —  COWIINUE
T700900 1000 FURMAT(6G)
_ 01000 99 T CONTINUE -
_o1100 " DD40J=1,24
_01200___ —_TM(J)=0.,
01300 __m(J)=0,
01400 —_Tsa(Ji=o,
01500 _¥sa(J)=0, -
01550 —__L=0
_ 01600 D028i={,N _ ‘ ‘
_ 01650 IF (v(1,3).EQ.0) GO To 28 T
_01675 L=L+1 - .
_01700 T500II=Tsa(I)+T(T, J)*T(I J)
T 01800 7 TM{J)=TH(JII+T(I,J) e A _
01900 "vsQ(J)= VSQ(J)+(ALDG(V(I_41)1f{3ng“1g“.a)))
702000 T VM(J)=VM(J)+ALOG(V(I,J)) i .
02050 28 CONTINUE B
02075 iF(L.LT.2) GO TO 30 ' T ‘
02100 — _TSQ(J)=SQRT((TSQ(J)~- TM(J)*IM(J)/L)/(L %))
02200 . _VSQ(J)=SQRT((VSQ(J)=VM(I)I¥VM(I)/L)/(L=~1)) )
702300 30 T TM(JISTM(JI/L__
02400 40 vM(J)= VM(J)/L,____N~;;; R
~02500 OPEN(UNIT=21,FILE=WAVD') o
02600 DUS500=1,24 ' ' '_
102700 “VLOWSEXP(VM(I)~2¥VSQ (1))
02800 — VUPSELP(VM(I)+2%¥VSO(I))
102900 T TVMCI)ISEXP(VMCI)) — N
_03000 TS50 T WRITE(21,2000)TM(I), VH(I),TSQ(I),VLOW,VUP —————
~03100 2000 FDRMAI(S(ZX £20.5)) .
03200 999 CALL EXIT_ e o
203300 T T END R S
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TABLE 34 (Continued)

b) WAVE. Output.

oo Gol0500E401 -~
- 0eZ0D00E40T - commims oo
0429650401 o om0 . 261 RIE=D3
. Ue14250E+01

-—-0s10000KE402. ..
. 0.15040E+02-..

C—-0el20D6E403 -

om0 ¢53B00E+03 -~
~=0459600E4+03-wnm — -
in0013945E408 - me e 0, 259 30E=06

..... 00210356404 om0 1 T3 THE=06

TM(I) VM(I)

0.21500E+00

Ue64650E+01. -

0..20210E+02

0.41550E403 - — .

0.12634E=02
051000400 - -~ 0447145E=03 - oo
0.B4000E+00 — ——reie i~ 0 ¢ 33404F 03 -
ceee— -0436305K-03
——-0.307ROE=~D3

e 04197 T8 =03

e 0.15173E=03 .
D W L4454E =03 o
00305456402 - v -0 12912E=03
—e0040130E402 o -
- V.HUOY5E402 - -

= 0,307 10R~05 - -
e 0.019314E=05 o

TSQ(I)

0.49497E-01

— e 0.141428=01

s e 02 AFA9TE0O1

0.22097E=01
cee =0 . 22097E=01

oo i 200 90210E405 -
e -0 o 62650F 401 .-
o2 8386 2E401 e —0.1519RE=35 . — ..
e 00321978205 im0 B3SO TRAO e 0,47 2N3E=06 ..

e e) #80933E40 e . D 163B2E=06 .
e 049096 TE401 e e -0 . 10453E06. o e 0.2BB63E=06
cec0e28110E+04 - —con—— 041 1159E=08 oo 0 s JBOSIE4 0L - o

0.
0214142E=01 - 0 A0 142603 oo . 0.553705=03.
................... 0.
e (0 8242780 e 0. 33054E03 o~ e 0.398753=03
e e 00 A0 000EHO 1o -
[T NNRIURY | I
e 002337 TE=03 e oD TLA1BE+00 « e o
e — 0. 65T B1E+00.
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APPENDIX 4: Program MAPPER

This program maps from an exponential - to a series model
and was written by L, P, R. Danielson and Dr C. F, Ramberg Jr,
Ruakura ARC, Hamilton, in Fortran to run interactively on-a-
DEC-10 computer.

A copy of the program listing and output are shown in
Table 35, For input, the program asks for the number of com-
partments (which equals the number of exponentials in the decay
curve), the L(0, J)'s (slopes of the exponential curves) and the
S(0, J)'s (the intercepts). The slopes and intercepts are entered
as strings separated by commas.

The output consists of the calculated L's of the series model.



TABLE 35;
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MAPPER: Mapping from Exponentials to Series Model

a) Program Listing

00100
00200
00300
00400
00500
00600
00700
00800
00900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02700
02800
02900
£3000
03100
03200
03300
03400
03500
03600
03700
03800
03900
04000

04100 - :

04200
04300
04400
04500
04600
04700
04800
04900
05000
05100
05200
05300
05400
05500
05600
05700
05800
05900
06000

A

CHEATRIERLEERRER AN 4N

MAPPING FROM EXPOKENTIALS TO SERIES MUDLLS T T T T e e s
UbﬁD lN CONJUNCTION WITH SAAHM T ToTon o rmmmmm e mmmmm

PRUGRAMMED BY: L,P.R, DALIELSOh, RUAKURA A,R,Cy —— AR T
ALGURLTHK SUPPLIED BY DR. P. kAMBERG. JR. T - T

CHVRRAEARARERRFRRRRRRR —— = oo ——

c;#**4*

DEFINE ARRAXS o ST T e o

C VECIOR OF LAMBDA'S: (SUPPLILD BY USER) T T T e e e e
C VECIUK OF S(I,J)°S (SUPPLIED BY USER) T T T T T e e e T

C AKRAY

C AnhAY

CEREXRD

10

4000

iooo

?000

3000

5000 CC

6000

FESIIE

- TYPE4000 T
FORMAT(1X, "ENTER L(O Jy’'s SEPARATED BY CDMMAS') I

CACCEPTS000, (5(1),I=1,H) == o — = oo

OF A’S (CALCULA'LED) e e e e
OF L*S - e e e
COMMON D(20),5(20),A(20,20),L(20, 20) =~
REAL¥8 D,5,A,L,F1,F2,F3,F4,V,X,81,L01 = o e o
READ IN LAMBDA®S AiD 5(1 J)'S e e
TYPE 1000 S
FORMAT(/,1X, ‘MAPPING FROM EXPONENTIALS TO SERIES MODELS' o —
TYPE 2000 - e =
FORKAT(/1X,*HUMBER OF COMPARTMENTS ‘IS . ,$)~—"'*——_~---~-~-~—
ACCEPT 3000 ,H : e e e
FORMAT(G) e e — -

IF(N.LT,0)GOTO999 - — ——-— s - —-

IF(N.LT.2)GO0T010 ” T T T

IF (NJGT.20)GOTO10 — = == — ‘ —m—

ACCEPTS5000, (D(1),I=1,N) e : e
FORMAT(20G) - o s e
TYFE6000 - —— -~ - —

FORHAi(IXa'ENTER S(x J)"s SEPARATLD BY COUMAS®) ——— -

INITIALIZE —— R

.sl:o. - e ——— —_— p— ’ -

D020J=g N - == e S —
S12S145(J) -~ e e —
DOBOISL,N - - o S o e
ACLp0YSS() /S - - o e s e
CALL F(F1,1, 1.N) - —

LC1, 1)--1-"1 e —

X=0. - o e e e e

D040J=1,N - —— - - — ——
X=X+A(1 J)/D(J) .
LO1=1./X - e

CL(2,1)=L, 1)-Lo1 e S

MAIN LOQP ~ =~ —-—-srim e s s s e e
DOGOI=2,N = - — s e
H s I - - mw s emv e e e eewme et m e e e e A P T s = . m © m— —— —————— —— ——— o+ . ———

._M 1 0P SO U U
M2-M-2 s e s e s s e

M3=M+1 T T e

I F £ e

TCALL FCF1,ML M N) - o o o s oo s
CALL F(F2,B2,M1,N) - oo s e
CALL F(F3 ME ML N) - o o oo o ommmm oo o o o
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TABLE 35a(Continued)

06100
06200
06300
06400
06500
06600
06700
06800
06900 -
07000
07100
07200
07300
07400
07500
07600 -
07700
07800 -
07900
06000
08100
08200
08300 -
08400
08500
08600
08700
08800

08900 -

09000

091060 -

09200

09300 —

09400 -

99?

CALL F(F4,M1,M2,N)
L1, M)=(F1=L N1, H2)¥F24L(H1 M) *F3)/ (LM, N1 ¥F4)

C 3,2 e e

50 -

DO50J=1,N - S
A(H, 0)=<<L(MI,M1J-D(J))*A(M1 J)-L(MI,MZ)#A(MQ J))/L(M1 “,___,

¢ 1.y S

CALL F(F1,M,M,/N) — o - o oo oo s e e e
CALL F(F2,M1 M1, N) = - mm o oo s o s i s e e
CALL F(F3,M, {11 N) R T - - Sath
L(M,M)= (FI-L(H Hl)*FZ)/(-FE])‘”‘““‘—‘ — -

C  *3.4% T T e e e e e e

60
¢
CH¥x*X%x

......

8000
%

LN MELON MY SLCNL N) o e e

TYPE RESULTS -~ T > T T e

e e ————. ————

TYPLT000,LOY ~ — R
FURNAT(ix,‘L( o. ) yE13, 6) e e
DO70J=1,N= 1 S e S S

L=g4y s - -

~ TYPEB0OO 13, I,LJ,T)y T e

* FORMAT(1X, ‘'LC*,X2,°," ,12,.’)=’,E13.6)

“TYPEBO00,I J L(I J) T e

607010 - . | . : -
SIIOP Pt e e bu e s AL 4 A e s A—— e 5 a s — o — ——— v ——— . ——— - —————
- END e s e e e -
C******************* SUBROUTIKES ***************** T T T e e

SUBROUTINE F(V,M,K,N) —— = - T ST T T T T

© CUMMON D(20),8(20) ,A(20,20) jL(20,20) = s oo o

09500 It

REAL*E¢ D,S,A,L,Ft, P2 F'3 l'4 V X, Sl L01 ST T e e e e e —

X=0, e e e —

DOLOJRL N = = o e e s e o —

o X=X+(= D (J ) ) **K*A (M J) T T T S T T T S e e e
— V x - - . ——— . — ———— — - - —— —

RETURN -~ === === e e e

END - s - ——— o




TABLE 35 (Continued)

b) MAPPER Output.

265.

T RUN-SAAMIMAPPER —— T e
—x~S AAMLMAPPER———06 SEP ~7E- = —15:48: 13— e
“HAPPING -FROM EXPONENTIAL-TO SERIES-MODELS e
“NUFEER “OF ~COMPARTMENTS IS -2-5-

“ENTER "LCG,4)'S SEPARATED BY COMMAS — - - -
‘?“0.&468559,0.1003898,0-11142?05-1,0 3825455€e-2,C. 1845546E—

“ENTER “S(X,J)*S SEPARATED BY CCMMAS - —- = =r————mm o o

10 1136395E 3,0. 9358?50E 4 0.9878646E =4, Gz 40‘2066E -5, 0 3651224‘ 6-

=—2.39436E-2 - : ' ‘
Ly —-,-r-zw) =0.460594 — s s S
27, 17) = 00319948 - ' - S
“LC 2,3 )r=-6.10893 E-2 = T oo

(352 )=—0.086492 s
(34 =—1216446 E-3 ——
—t (453 )—=—5_89354 -E~3

(g, 5-)-=—8§ 52527 E=4 -

L5, ) =2 .4215E=3~ e s
“MUFEER-OF "COMPARTMENTS 1§~ 25— — — —_ SRR
—EMTER L(C,J)"S SEPARATED BY COMMAS — —— e

=20 2319529 0.4€3608£-1,0.2316244€-1,0-1213068E~1,0. 1C33931F 2
—ENTEK- S(X,J)'S 'SEPARATED BY " COMMAS —- - e -

—2-0- 11ﬁ1ACGE -3,0.4611774CE-4 ,0.6559601€E-4, 0 7?01795“-4 0 33?6271F 6

L (—fA—) - 2.7 5584 g2
—= 2 ) =02 135508 ——— ——————— — —
A1) =T 66895 E=2 :

T3 = 2.96084 E=2 ——
A2 )=—1.30793 E-2

~E(3—4—) =1 L4 4B64 E=2 —

73 ) =—T7.1959-€-2 - - =
5y =1 9 S0ET -E-3F -
~tt—5——4 )= 8356954~ E-3 —
~NUMEER-CF—COMPARTMENTS  IS—2-5~ e

TENTER-L(C,4)*S SEPARATED "BY "COMMAS
~7°0.2906087E+1,0.2149166,0.2257 5506 -1,0.7858816£-3,0.1144551E-1
—ENTER-S(XJ)*'S SEPARATED EY  COMMAS ——- - -——— e

T2 OLLLSE098E-3,0.1241564E-3,0.10121572¢€-32,0.2884R 256, 0.J624625[ 4

AL, 1) = 6092174 “E=2 S s

L (=152 )—=—120666
(21 —=—-1.75024
23 )—=—0:13C879

22—y —=—0:116£32
)= 121148 E=2
43> =—6:0233~£-3
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APPENDIX 5: Amnimal Data

Individual sheep data for glucose tolerance are listed in

Table 36, and hepatocyte glucose production rates in Table 37.
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TABLE 36: Glucose Tolerance of Ewes.

l .
Group Expt. T2 1 R
(min) . { (WU/m1l) (WU/m1l. min)

a) Twin Pregnant
Susceptible 12 44.9 27.3 1226
Live 13 42. 4 48.0 2035
27 49.3 34.5 1701
32 59.0 32.5 1918
34 36.3 44.0 1597
17 ' 59.0 54.5 3216
18 60. 2 43,3 2607

Non-susceptible
Live 5 41.8 30.5 1275
24 32.7 55, 5 1814
28 43.6 37.0 1613
33 51.0 26. 3 1341
38 21.5 37.0 796
40. . 34. 6 21,0 127
Dead 9 77. 2 6.3 486
14 41.8 20.5 857
39 35.4 51.5 1823

b) Non-Pregnant
Fed Daily 2 24.4 88.3 2141
4 54.9 83.3 4231
Fed Hourly 1 32.4 51.8 1682
3 38. 6 30,2 1106

/
/

- Y

Plasma glucose -and insulin concentrations were meééured, for two hours
after an intravenous injection of glucose (0.4 g/kg) and glucose tolerance
(T%), extravascular insulin concentration, when plasma glucose was

100 mg/dl above basal (I"') and insulin resistance (R) were determined,
The pregnant ewes were classed, after a period of starvation, as
susceptible or non-‘susceptible to pregnancy'"toxaemia, with live or

dead lambs in utero at slaughter.



TABLE 37: Hepatocyte Glucose Production of Pregnant Ewes.

Ewes were susceptible (S) or non-susceptible (NS) to pregnancy

toxaemia, with live (L) or dead (D) lambs in utero at slaughter.

Hepatocytes were isolated from the caudate lobe by perfusion with

collagenase, and incubated for 30 min with substrate (10 mM) and

glucagon (10_7 or 1078 M).
B - Basal, P - Propionate, L. - Lactate
G - Glutamine, A - Alanine, Gc - Glycerol

gn - glucagon.



a) 1977

Glucose Production (pumol/g/min)
Group | Ewe B 10-7gn 10-8gn . .p 10-7gn 10-8gn L 10—8gn G lG-Sgn 10-8gn
+ B + B + P + P ‘ + L + G + A + A

S-L 294 1-0.05 -0.03 -0.05 -0.04 -0.08 -0.08 -0.09 -0.04 -0.08 -0.13 ~0.03 <0.07
349 0.45 0.71 0. 60 1.07 0.78 0.96 1. 05 0.98 0. 69 0. 68 0. 56 0. 65
288 0.02 -0.12 0.09 0.01 0.34 0.09 0.01 0.03 0.16 0.08
356 0.12 0.03 0.07 0.05 0.05 0.00 0.03 0.03 -0.02 -0.03
371 0.02 -0.15 0.04 0.00 -0.13 -0.04 -0.06 -0.15 -0.06 -0.01 -0.10 -0.13
322 0.07 -0.22 0.09 0.16 -0.22 0.02 -0.04 -0.13 -0.60 -0.71 -0.24 -0.53
363 0.03 0.10 -0.18 0. 34 0.42 0.00 0.03 0. 24 0. 39 -0.15 0.31

NS-L 114. 0.86 1.52 1. 62 1. 80 2.14 2.30 1. 73 2.14
357 0.90 2.17 1.88 1. 64 2.15 1. 70 2.06 2.09 1.80 2.00
313 0.25 0. 88 0. 56 0. 38 0.32 0. 29 0.52 0.42 0. 29 0.48
390 0.43 0.83 0.79 0.51 1. 04 1. 14 0.91 1.09 0.43 0.77 0.33 0.61
330 0. 39 0.44 0. 52 0.82 0. 63 0.80 0.93 0.90 0. 46 0. 49 0. 44 0.47
335 1.07 2.48 2.97 2.17 2.67 3.13 2.12 2. 63 1.42 2.48 1. 38 2.27
NS-D 299 1.32 4,81 4,38 8. 58 9.23 7.04 6.11 3,02 8.51 9. 27 2.31 7.56
368 0.99 5.24 6. 67 2.27 4,14 7.63 2.05 5.67 2.28 5. 69 2.09 4,94
4 0.77 5.06 3.80 3. 67 5.53 5.49 1. 22 5.18 5.12 4,63 3.72 3.13

"892



TABLE 37 (Continued)
b) 1978 ‘
Glucose Production (umol/g/min)
Group | Ewe 10-8¢n 10-8gn 10-8gn 10-8gn 10-8gn
B + B P + P L + L A + A Ge + Ge
S-L 28 0. 40 0.32 1. 52 1. 19 1. 40 1.13 0.75 0.75 0.44 0.23
26 .13 0.08 0.41 0.16 0.43 0.16 0.15 0.07 0.19 0.05
178 0.08 0.13 0.12 0.12 0.18 0.11 0.13 0. 19 0.13 0. 20
S-D 155 0. 00 -0.18 -0.12 -0.19 -0.02 | -0.18 -0.03 -0.18 -0.02 | -0.16
6 0. 69 0.73 1.06 1.17 0.85 0.96 0.82 0.81 0.41 0. 20
84 -0.09 -0.05 -0.01 -0.01 -0.08 0.01 -0.02 0.02 -0.06 0.01
172 1.00 1.14 1.49 1. 64 1.22 | 0.98 0.87 1.27 0.94 0. 66
NS-L | 193 0.02 0.12 0.08 0.16 0.07 0.11 0.12 0.07 0.04 | -0.02
Ns-D | 107 6. 61 8.18 7.97 9.42 6. 28 8.06 6.89 7.98 6.08 7.86
132 -0.05 0.04 0.08 0.04 0.07 0.08 0.11 0.12 0.07 0.11
57 1.96 2.01 2.26 | 2.81 2.29 2.31 0.81 2.27 1.05 0. 53

*692



