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APPENDIX : SECTION 3

Table A3-1. Analysis of variance for data of Part A

Table lists measured variables tested. Lines delineate non-
significant differences (P > 0.05) using Duncan's multiple-range
test (Duncan, 1955). The values for each ration are the means
for three or four experiments,

Analysis of variance Ration
Source D;gress of Mean F A B C
reedom square Value

1. Irreversible loss of plasma glucose

(mg/min)
Ration 2 107 0.90
Ration x sheep 7 119
2. Total volatile fatty concentration in
ruminal fluid (mmol/1)
Ration 2 2049 16,9** 66.5 75.8 109.5
Ration x sheep 9 121
3., Propionate concentration in ruminal fluid
(mmol/1)
Ration 2 75.2 4,70
Ration x sheep 8 16.0
L, Production rate of propionate (mmol/min)
Ration 2 0112 0.72
Ration x sheep 9 .0155
5. Glucose derived from propionate (%)
Ration 2 372 6.45*% 35.5 38.5 53,5
Ration x sheep 9 57.7
6. Net conversion rate of propionate into
glucose (mmol/min)
Ration 2 .0198 7.92* .21 .28 « 35
Ration x sheep 9 .0025
7. Propionate converted into glucose (%)
Ration 2 263 2.55
Ration x sheep 9 103 ’

* P<O0.05, ** P < 0.01.



Table A3-2. Intake and digestibility coefficients for energy and protein of lucerne chaff
and SR and concentration of plasma glucose of sheep given

intravenous infusions of [U—.1.4C]glucose

Apparent Apparent

5 ) G c ; :
Sieep TP Badtons Oy as Tl proteinet o PRI DR glacons
: (kg) B (xeal/day) “ESE 0T (g/day) gy Y (mg/100 m)  (uCi/g)

171 25.4 250 (1) 969 60.2 43,1 " 77.5 S5 + 0.4 29.8 + .4
174 20.2 250 (I) T 969 58.2 43,1 75.9 56 + 1.0 35.4 + 4
133 27.2 600 (I) 2326 61.8 103.4 77. 61 + 0.7 25.3 + .1
175 28.8 600 (I) 2326 61.0 103.4 78.2 65 + 0.5 19.9 + .2
179 33.7 800 (E) 3123 61.4 67.5 65.8 63 + 1.4 17.1 + .4
ke 32.0 800 (E) 3123 57.2 A7.5 61.9 61 + 0.7 16.3 + .1
wot 32,7 800 (I) - 3151 59.7 141.9 75.3 58 ¥ 1.0 17.0 ¥ .1
3% 30.2 800 (I) 3151 59.7 141.9 75.3 62 + 0.8 18.3 + .1
162 32.2 800 (1) 32kk 63.4 132.8 75.5 66 + .5 16.8 + .3
114 34.1 800 (I) 3220 60.8 127.3 75.7 57 + .2 18.8 + .1
191 Lko.1  8oo (1) 3220 57.5 127.3 69.9 58 + .8 16.1 + .1
175 31.1 800 (I) 3220 59.1 127.3 74.6 67 + .8 16.1 + .1
81 33.4 800 (I) 3090 57.3 " 116.5 73.7 62 + .9 20.1 * .5
184 35.5 1000 (I) 3877 62.1 172.3 78.6 64 +70.7 1.7 + 1
191 38.8 1000 (I) 3877 60.9 -172.3 77.0 61 + 0.8 13.4 + .2

* Ration identification given in parentheses (see Table 3-5).

**  Nitrogen x 6.25.

A Mean values with their standard errors for four to eight samples taken at 20 to 35 min.intervals.

Values for sheep 140, 143, 114, 191 and 175 also appear in Table AL-6.
£ Faeces from sheep 140 and 143 were inadvertently mixed and digestibility coefficients are given

as mean values for these two sheep.
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APPENDIX : SECTION 4

Table A4-1. Intake and digestibility coefficients for

" energy and protein of ration B given to sheep

Shee Gross Azg:;ent Crude Agz:zigt
no i energy digestiizlity protein® diggstibility
° (kcal/day) %) (g/day) (%)
176 1737 84.6 61.8 80.7
187 1752 74,3 61.2 67.0

* Nitrogen x 6.25.
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Table A4-2. SR of blood bicarbonate and the SR and
concentration of plasma glucose before and

during an intravenous infusion of glucose

Each animal received intravenously a 9 or 15 h infusion of NaH1uC03.
D-glucose was infused during the last 6 h of a 15 h infusion. Mean
concentrations and plateau SR values of plasma glucose with their
standard errors are given for three to seven samples taken at 20 to 35
min intervals between 6 and 9 h or 9 and 15 h of the infusion. For
each sheep, mean values before and during glucose infusion were
significantly different (P < 0.05) from each other. SR of blood
bicarbonate was not altered by glucose infusions and the mean values
with their standard errors are given for five to fourteen samples
taken at 20 to 40 min intervals from the 6th hour of the infusion of
NaH 1405,

Sheep Sheep Glucose Plasma Plateau SR (i£i/g C) of:
no p wt Ration infusion glucose Plasma Blood
¢ (kg) (mg/min) (wg/100 ml) glucose bicarbonate
175 34.8 Lucerne - 81 + 0.5 0.98 + .016 7.6 + .17
98 39.8 Lucerne - 57 + 1.5 0.91 + .020 6.13 + .26
125 30.1 Lucerne - 63 + 0.8 1.08 + .012 7.89 + .36
6.4 751 2.3 0.89 ¥ .012
122 . 25.8 Lucerne - 71 + 1.2  0.93 + .009 6.85 + .15
3h.1 77 + 1.5 0.68 + .030
67.9 82 + 2.6 0.42 + .013
114 23,6  Lucerne - 56 + 1.4 0.91 + .021  6.40 + .13
67.3 81 + 1.1 0.33 + .00k
162 30.4 Lucerne - 75 + 1.0 0.97 + .006 6.82 + .2
94.0 100 ¥ 1.1 0.3k + .001
175 32.6 Lucerne - 67 + 0.9 1.20 + .025 7.18 + .11
99.3 119 ¥ 2.7 0.38 ¥ .002
191 38.6 Lucerne - 70 + 1.7 1.01 + .012 7.22 + .06
133.0 128 + 0.8 0.28 + .006
191 38.3 Wheat - 79 + 0.8 0.93 + .006 7.86 + .11
183 36.8 Vheat - 69 + 0.8 1.06 + .038 10.0 =+ .7
98 26.3 Wheat - 68 + 0.6 0.80 + .008 9.00 + .08
. 16.8 78 + 1.b 0.56 + .012
179  29.8 Wheat - 45 + 0.7 0.91 + .013 10.3 + .2
102.3 57 % 1.9 0.30 1+ .0OL
29 28.8 Wheat - 67 + 0.9 1.18 + .009 11.5 + .6
137.0 221 + k.3 0.31 + .008
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Table A4-3. SR and concentration of plasma glucose before
and during an intravenous infusion of glucose

Each animal received intravenously a 12 h infusion of [U-1AC]glucose.
D-glucose was infused during the last 6 h. Mean concentrations and
plateau SR values of plasma glucose are given with their standard errors
for three to seven samples taken at 25 to 35 min intervals immediately
before and during the glucose infusion. For each sheep, values with
the superscript a or b are not significantly different (P > 0.05) from
each other.

Sheep Glucose - Plasma o
Sheep wt Ration infusion glucose Plateau(igi;f)glucose*.
no. (kg) (mg/min) (mg/100 ml) g
191 38.7 Lucerne - 60 + 0.3%  18.3 + .282 (17.4 + .26P)
4.5 62 + 1.02  18.5 x .212 (17.4 ¥ .24Db)
175  31.2 Lucerne - 65 + 1.02 19.7 + .20 (18.9 + .26)
. 9.3 68 + 1.12 17.8 + .23 (17.1 + .28)
125 30.1 Lucerne - 42 + 0.8 -
16.4 50 + 0.9 18.0 + Lk
122** 29,4 Lucerne - 75 + 1.1 23.0 + .00
. 34,2 82 + 0.4 -
68.7 96 + 1.7 -
114 23,6 Lucerne - 58 + 1.5 14.0 + .16
67.3 91 ¥ 1.7 9.08 + .113
175 22,6 Lucerne - 77 + 1.6 13.2 + .16
99.3 120 + 1.4 6.81 + ,085
191 38.5 Lucerne - 71 + 1.3 15.0 + .13
133.0 129 + 2.6 5.97 + .063
162 31.7 Wheat - 62 + 1.32 17,0 + .35 (16.7 + .16)
4,2 62 + 1.7 18.9 + b1 (18.9 + .31)
179  31.2 Wheat - 56 + 0.9 23,3 + .30 (22.6 + .40%)
8.4 62 + 0.5 21.8 + .27 (21.8 + .332)
98  36.3 Wheat - 73 + 0.9% 20,1 + .20
16.8 74 + 0.82 16.9 + .07
20 32,9 Wheat - 63 + 0.3 2k, 1 + .33
53.3 104 + 1.0 13.2 + .07
179  29.8 Wheat - 60 + 1.4 17.7 + .35
102.3 98 ¥ 1.3 6.68 + .202
196 30.5 Wheat - 80 + 0.8 4.5 + .29
104.6 136 + 7.7 7.24 + ,057
29  28.8 Wheat - 66 + 0.8 19.8 + .09
137.0 221 % 2.1 6.39 + .148

* Values in parentheses were obtained simultaneously with infusions

of [6-3H]glucose.

** Sheep received two 3 h infusions of D-glucose.



Table A4-4.

Analysis of variance for regression

equations of Part A

Table lists individual regressions
and wheat, tested for homogeneity.

Source of Variance

1. Regression of the percentage of
on the rate of glucose infusion
or lucerne.

Individual regression lines:
Between glopes
Residual

Parallel regression lines:
Common slope
Between lines
Residual

for the two diets, lucerne

Degrees of
freedom

Mean
square

F
value

endogenous glucose suppressed

(mg/min), for sheep given wheat

1 2.61 .019
13 141

1 2688 20**

1 2. 46 .019
14 132

2. Regression of the quantitative suppression of the irreversible
loss of endogenous glucose (mg/min) on the infusion rate of
glucose (mg/min) for sheep given wheat or lucerne.

Individual regression lines:
Between slopes
Residual

Parallel regression lines:
Common slope
Between lines
Residual

1 24,5 0.59
13 b4

1 1237 Bk*
1 37.8 0.94
14 Lo,

3. Regression of the irreversible loss of plasma glucose (mg/min)
on plasma glucose concentration (mg/100 ml) for sheep given

wheat or lucerne and intravenous infusions of glucose.

Individual regression lines:
Between slopes
Residual

Parallel regression lines:
Common slope
Between lines
Residual

1 3219 6.6*
13 490

1 18010 26**
1 1081 1.6
14 685
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Table A4-4 (continued)

Degrees of Mean F

Source of Variance
freedom square value

4, Regression of the increase in plasma glucose concentration
(mg/100 ml) on the infusion rate of glucose (mg/min), for
sheep given wheat or lucerne.

Individual regression lines:

Between slopes 1 2655 k,2
Residual 25 637

Parallel regression lines:
Common slope 1 23589 Loxx
Between lines 1 2310 L,
Residual 26 563

5. Regression of the decrease in the irreversible loss of
endogenous glucose (mg/min) on the increase in plasma glucose
concentration (mg/100 ml), for sheep given wheat or lucerne
and intravenous infusions of glucose.

Individual regression lines:

Between slopes 1 298 8.1*

Residual 13 36.8
Parallel regression lines:

Common slope 1 1022 18%*

Between lines 1 132 2.4

Residual 14 55.5

* P < 0.05, ** P < 0.0



Table A4-5.

SR of ruminal propionate and plasma glucose

immediately before and during intravenous infusions

of glucose (see Table 4-3)

Sheep were given simultaneously, an intravenous infusion of

Z
[6-"Hlglucose and an intraruminal infusion of [2—1MC]propionate.
Mean SR values of plasma glucose with their standard errors are

given for three to six samples taken at 20 to 30 min intervals

immediately before and during glucose infusion.

sheep, mean values were significantly different (P < 0.05) from

each other,

with their standard errors for eight to seventeen samples taken

at 20 to 30 min intervals from the 6th hour of the infusion.

Glucose
Sgeep infusion
o (mg/min)
175 -
19.2
38.5
179 -
20.0
60.1
46 -
59.6

Rumen
propionate

(uCi/g C)

I+
[@

Plateau SR

of:

For each

Plasma glucose

(uCi 28/g)

(uCi/g

21.9 +
18.2
13.7

I+

1+

21.2
13.7
7.3

I+ 1+

I+

20.1
7.1

1+

I+

c)

R

175
16.0
12,0

17.5
13.7
10.0

19.8
11.9

I+ I+

1+

I+ I+

1+

I+

x

Mean SR values for ruminal propionate are given

.21
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Table A4-6. SR of plasma glucose and blood bicarbonate and the concentrations
of plasma glucose and lactate before and during infusions

of sodium propionate (see Tables 4-5 and 4-7)

‘Sheep were given intravenously a mixture of [U-Thcjglucose and [6-3H]glucose for 13 to 15 h., Propionate
was infused over the last 5 to 6 h of this infusion. Mean values with their standard errors are given for
three to seven samples taken at 20 to 30 min intervals immediately before and during propionate infusion.
For each sheep, values with the same superscript a are not significantly different (P > 0.05) from each

other.

Sh Sheep Propionate infusion Plasma Plasma Plateau SR of:
ngep wt (mmol/min): glucose lactate Plasma glucose (uCi/g): Blood
: (kg) Intraruminal Intravenous (mg/100 ml) (mg/100 ml) [6-—3H] [U-‘]L*C] bicarbonate
(uCi/g C)
140 32.7 - - 58 + 1.0 Lh + 46 16,5 + .14 17.0 + .12 5.95 + ,248
- 0.99 75 + 1.6 8.7 + .83 11,9 + ,10 12.1 + .10 k4,56 + .025
103 %0.2 - - 62 + 0.8 b 422 17,8 1011 183 + b 5,58 1,056
: - 0.99 77 + 1.b 7.8 + .33 12.1 & .14 12,5 + .15 4,11+ .0bkO
191 ko.1 - - 58 + 0.8 3.4+ .26 15,0 + .27 16.1 + .13 -
0.35 - 70 + 1.3 3.7 £ .317 12,7 + .09 kb o+ .13 -
114 341 - : 57 + 0.2 3.2 + .23 17.6 + .13 18.8 + .09 -
0.62 65 + 0.8 S.4 + 46 15,9 + .24 16.1 + .08 -
175 31,1 - - 67 + 0.8 3.2 +.25 1.9 + .05 16,1 + .09 -
1,12 - 82 + 0.7 5.1+ .13 11.9 + .19 13.0 + .22 -

668



Table A4-7. SR of plasma glucose and blood bicarbonate and the concentrations
of plasma glucose and lactate before and during intravenous infusions of

sodium propionate (see Table 4-5)

Sheep were given intravenously a mixture of [6-3H]glucose and N&H14003,f0r 13 to 14 h. Propionate was
.infused over the last 5 to 6 h of this infusion. Mean values with their standard errors are given for '
three to ten samples usually taken at 20 to 30 min intervals immediately before and during the infusion
of propionate. For each sheep, values with the same superscript a or b are not significantly different

(P > 0.05) from each other. The SR of blood bicarbonate was not altered by infusions of propionate.

Sheep Propionate Plasma Plasma Plateau SR of:

Sheep | wt infusion glucose lactate glasma glucos:q bi B1g°d t
no- (kg)  (mmol/min)  (mg/100 ml)  (mg/100 ml) [6-"H] fu-""c] ‘earbonate
(uCi/g) («Cci/g C) (uCi/g C)
140 32.7 - 60 + 0.k 4.6 + .06 18.6 + .36 1.06 + .039  6.72
0.99 70 * 0.7 9.0 ¥ .59 12,11 .15 1.22 % .019  + .1k
13 30.2 - 71+ 1.3 5.5 + .62 16.8 + .08 0.93 + .010  6.98
0.99 85 * 0.9 7.4 % .30 12,3 % .12 1,17 * .002  + .085
130 2.4 - 66 + 1.22 6.7 + .80 1.5 + .21 1.15 + .036 - .
' 1.92 68 + 1,02 10.2 + .80 8.5 .24k 1.39 + .008
130 32,4 - 73 + 1.2% 8.2+ .528b 116 + 478 1,27 + ,018% -
0.99* 70 ¥ 2.12 7.1 x .58ab 12.1 % 472 1,30 ¥ .0102
1.99* 69 + 0,82 6.2 + .55 12.5 + .09% 1.34 + .0L3a

07¢

*  Intravenous infusion of sodium chloride.



Table A4-8. SR of rumen propionate and plasma glucose and the concentratzons
of plasma glucose and lactate before and during intraruminal znfusmons

of gsodium propionate (see Table 4-7)

Sheep received simultaneously, an intravenous infusion of [6-}H]glucose and an intraruminal infusion of
[2-1uC]propionate. Mean values with their standard errors are given for two to six samples taken at 20
to 30 min intervals immediately before and during propionate infusion. For each sheep, values with the

same superscript a were not significantly different (P > 0.05) from each other.

Plateau SR of:

Sh Sheep Propionate Plasma Plasma Rumen Plasma glucose
ngep wt infusion . glucose lactate propionate _1401 [6-3H]
(kg) (mmol/min) (mg/’lOO ml) . (mg/100 ml) (€i/g C) . (1£1/g C) (1Ci/g)
191 40.1 - 60 + 1,12 3.5 + .072 63.9 + 1.4 15.9 + .27 16.5 + .26
. 0.35 59 + 0.62 2.9+ "3® 39.6 + 2.5 18.4 + .21 15.4 + .33
11k b1 - 58 + 1.1 3.8+ .1 31.2 £ 0.4 18.2 + .02 16.3 + .26
0.62 65 + 0.8 L5 + .16 23.2 + 0.4 17.0 + .31 h.b o+ Jbo
175 31.1 - 6k + 0.6 3.4+ .19 65.6 + L.1 25.1 + .88 19.4 + .15
1.12 70 + 0.5 b9 + .26 23.0 + 0.3 19.0 + .33 16.3 + .16
179 37.4 - 61 + 0.9 61.9 + 1.6 9.4 + .10 17.6 + .05
0.98 66 + 0.4 - 25.6 + 0.3 15.5 + .11 16.3 + .10
172 38.0 - 68 + 0.7 L + .16 31.9 + 1.7 17.6 + .69 20.6 + .32
2.12 91 + 1.5 8.4 + .23 18.0 + 0.7 - 18.2 + .10
- kb3 102 + 0.9 11.3 + .25 8.0 + 0.3 - 133+ b
57 36.7 - 63 + 1.1 4.3+ 172 51.2 + 0.8 18.6 + .20 15.2 + .21
3.20 87 + 3.3 5.9 + .872 9.0 + 0.6 7.8 + .15 10.3 + .25
6.35 73 + 0.4 8.0 + .31 4.5 + 0.5 - 9.4 + .31

17¢



Table A4-9. SR of plasma glucose and blood bicarbonate
before and during intra-abomasal infusions of

casein (see Table 4-8)

Sheep were given intravenously an infusion of a mixture of
[6-3H]glucose and NaH14003. Mean SR values with their standard
errors are given for nineteen (glucose-C), three to five
(glucose-H) and eleven (bicarbonate-C) samples. For each sheep,

mean values were significantly different (P < 0.05) from each

other,

Plateau SR of:

Sheep Casein Plasma glucose . Blood
no hydrolysate 3 bicarbonate
: (mg/min) (uCi/g C)  (uCi “H/g) (iLi/g C)
256 - 18.6 + .29
O¢95 6.91’
275 + 0,020 6.7 £ .37, 15
112.2 1.2 + .03
722 - 20.1 + .29
1.02 7.47
7747 + 0.16 7.3 £ kO £ ,069
158.6 13.7*

Approximate estimate of the plateau SR (see text).



Table A4-10. SR of plasma glucose and rumen propionate
before and during intravenous infusions of

sodium butyrate (see Table 4-9)

Sheep were given simultaneously, an intravenous infusion of
[6-3H]glucose and an intraruminal infusion of [2-140]propionate.
Mean SR values with their standard errors are given for three to
ten (glucose) and seventeen (propionate) samples. For each
sheep, values with the superscript a were not significantly
different (P > 0.05) from each other.

Butyrate Plateau SR of:

Siiep infusion prﬁg?gﬁate Plasma glucose
(mmol/min) (iCi/g C) (uCi/g C)  (uci “H/g)
130 - 414 174 £ .29 15.5 & L4
1.
0.25 a a
+ 1.9 17.4 + 137 15,5 + Ok
0050
183 _ 17.2 + .32 16.0 + 05°
50.3
0.25
+ 2.6 16.5 + .14 15.8 + .13°

0.50
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Sheep Glucose

no.

20

20
196
196
170

170

170

*

injected

ro-"%c3
[3-7H]
tu-"43
[2-m)

tu-"4c)
[3-7H]
tu-"4]
[2-3HJ

to-"%c3
[6->H]
tu-"4¢3
[3-7H]
tu-""¢]
[2-1)

The number

Table A5-1. Zero-time intercepts and rate constaits of mono- and multiexponential components describing the

SR - time curve in plasma glucose of sheep following intravenous injections of miztures of [U—14C] glucose
and [6-°81-, [3-H]- or [2-3H]glucose

Time

interval

(hr)

.3-30(35)"

.3-30(33)

.5-32(32) *

.5-32(32)

.4=30(33)
.4-30(33)
.5-31(32)
.5-31(32)

.3-31(31)
.3-31(31)
.3-30(36)
.3-30(326)
.5-2L(28)
.5-2L(27)

Multiexponential analysis

Zero-time intercepts

(uCi/g of glucose)

84

98.8
115
132
117

151
152
198
151

256
268
225
204
114
86.9

8

90.1
51<8
73.3
82.9

20.2

21.6

28.0
112

6.36
4,01
22.0
28.2
91.2
169

of observations is given in

83

.273
055
533
.020

. 306
.052
Lho2
.071

. 364

.10k
24
.061
L5
-093

parentheses.

Rate constants

m

214
.127
.195
.206

127
133
172
.284

. 154
.157
.183
.191
. 148
431

(min=")

>

.780
.83k
729
.876

.580

.788

L717
1.2k

435
433
.715

3

(x101) (x102) (x103)

.35
.26
.82
b

.38
.27
.72
.18

.66
.26
.35
.3k
.3k

Residual
standard
deviation

059
.069
033
357

.037
.081
.051
.230

. 115
121
.053
-099
.033
.253

Monoexponential analysis

Time Zero-time
interval* intercept
(hr) (uCi/g of
glucose)

as

.3-1,0(10) 188
.3-1.0(10) 187

«5-1.0(4) 187
.5-2.2(8) 181
L-1.0(7) 177
L4-1,0(7) 174
L5-1.1(4) 241
<5-1.9(7) 233
.3-1.0(5) 2k9
.3-1.0(5) 252
+3-1.0(9) 247
.3-1.14(10) 24o
.5-1.0(4) 215
.5-2.2(8) 205

Rate constant Correlation Residual

(min=1)
Mg
(x10™)

<139
b1
.12k
.128

.126
.129.
.169
A7k

.133
<131
.169
.186
.120
.12k

coefficient

.987
<991
.991
<999

.978
.980
+99k
-999

.956
.956
991
.996
.993
<999

standard
deviation

.0152
.0127
.0110
.0067

.0160
.0153
L0142
.0125

.0323
.0320
L0147
.0150
.0110
.0082

XTIANHIAY

.
.
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Table A5-2. Analysis of variance for parameters of
glucose metabolism

Table lists measured variables tested. Variables were measured by multi-
exponential (M) or monoexponential (S) analysis of carbon-14 (C) and tritium
(H) disappearance curves from plasma glucose of sheep given intravenously,
injections of mixtures of [U-1uC]glucose and [BH]glucose. Lines delineate
non-significant differences (P > 0.05) using Duncan's multiple range test
(Duncan, 1955). Symbols used for irreversible loss and total entry rate of

glucose are I and T respectively.

Analysis of Variance Duncan's Test
s Degrees of Mean F
ource
freedom square value

(1) Single injection of [U-140]g1ucose with [6—3H]glucose
(a) Glucose pool

Sheep 1 437 7.53
Method 3 .002 0.03
Sheep x method 3 .058

(n) Glucose space
Sheep 1 3.130 2.14
Method 3 0.125 0.09
Sheep x 1ethod 3 1.460

(c¢) Glucose kinetics
Sheep 1 356.00 42, 10%*
Method L 5.20 0.61
Sheep x method b 8.46

(2) Single injection of [U-1QC]glucose with EB-BH]glucose

(a) Glucose podl

Sheep ) 3 2.270 73.2%*
Method 3 .050 1.6
Sheep x method 9 .031
(b) Glucose space
Sheep 3 5.560 9.00**
Method 3 0.563 0.91
Sheep x method 9 0.618
(c) Glucose kinetics
Sheep 3 41,6 - 3,50% MCT MHT SCT MCT SHT
Method 4 101.0 8.b9**  60.4 68.5 69.4 70.2 7h4.1
Sheep x method 12 11.9

(3) Single injection of [U—1AC]glucose with [2-"H]glucose

(a) Flucose pool

Sheep 3 1.750 35.50** MH MC sC SH
Method 3 0.292 5.96* 4,52 4,93 5.00 5.15
Sheep x method 9 0.049

(b) Glucose space
Sheep 3 16.10 15.90** MH MC sc SH
Method 3 k,73 . L4,68* 18.8 20.5 20.8 21.3
Sheep x method 9 1.01

(¢) Glucose kinetics
Sheep 3 213.00 62.1%* MCI SCT MHI MCT  SHT
Method i 83,30 2b,3** 55,2 62.1 62.1 65.1 67.4
Sheep x method 12 3.43%

* P <0.05, **  P<0.01



Table A5-3.  Zero-time intercepts and rate constants of
multiexponential components deseribing the SR-time curve
of bicarbonate of jugular blood between 0.5 and 31 h

after an intravenous injection of [U-14]glucose

Sheep Zero-time intercepts Rate constants (min~1) Residual
wt (uCi/g C) mA mo m3 standard
(kg) a; & (x10") (x10%) (x107) deviation

Sheep
no.

196 34,1 -ho.k 33,0 .512 546 .546 .26 .0568
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WATER HYDROGEN MODEL

Introduction

Till and Downes (1962) reported that total water and its
rate of turnover in sheep can be measured by consideration of the
SR-time curve of blood water following intravenous injections of
tritiated water. These calculations were based on the assumption
that the linear decline in log SR of blood water from about five
hour post-injection of tracer reflects the loss of water hydrogen
from a single pool. Such interpretation of the disappearance
curve of tritium from blood water appears oversimplified since
further information can be gained by compartmental analysis (see
Steele, 196L4; Baker, 1969).

The greater delay in equilibration of tritium in body
water in ruminants than apparently for example, in the normal
hydrated human (Prentice, Siri, Berlin, Hyde, Parsons, Joiner
and Lawrence, 1952; Fowle, Matthews and Campbell, 1964) could be
the result of a greater volume of water in the intestinal t;act of
ruminants, especially the rumen (Shumway, Trujillo, Bennett?
Matthews and Asplung, 1956; Till and Downes, 1962).  Thus, it
is possible that the initial decline in the SR of blood water
which precedes the rectilinear phase of the log (SR) - time
curve following intravenous injections 6f tritiated water largely

represents the mixing of tritiated water in the rumen.
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Results and Theory

The SR-time curves of hydrogen of blood water of sheep
20 and 196 following intravenous injections of tritiated water

(see Figure 5-3) were well described by an equation of the form:

-m,t -m,t
1 ernz e e o0 AB”]

and the a and m values are given in Table A5-2,

Table A5-4.  Zero-time intercepts and rate constants of
exponential components describing the specific
radioactivity-time curve of water hydrogen
of jugular blood of sheep given single
injections of tritiated water

She Sheep Zero-time Rate constants Residual
noep t intercepts (min=T) standard
: (kg) (nCi/mg H) m mo deviation
a a 1) (x10h)
1 2
20 37.3 212,360 .358 .9 .0228
196 k.7 L1120 .397 . 164 o7 .0217

With reference to the proposed two compartmental model
shown in Figure A5-1, the pool sizes of water hydrogen in
compartments 1 and 2 were calculated using the a values from

equation A5-1 as follows:

Q,I(mg) = -—(-1’1—— ‘ e oA5=2

a,|+a2
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and,
Wlmg) = — - Q, eee A5=3
2

where qn, 1s the dose of tritiated water injected (nCi) into

compartment 1. The transport rates (R, mg H/min) for the model
were determined from the a and m values in equation A5-1 by means
of the following algebraic method, which was based in part on the

procedure given by Rescigno and Segre (1966).

Boundary Conditions

Figure A5-1 is considered to be in the steady state and
rates at which all processes occur are assumed to be constant.
Thus the total flow of water hydrogen into each compartment must

equal its total out flow. Then,

Rio + kBp%

(k21 + koq)q1
eee AS=L

Roo * k1@ = k%
where kij is the fraction of water hydrogen in compartment jJ
entering compartment i per min.

When the tritium (q01) is injected into compartment 1 at

time, t = O:

where a; is the quantity of tritium instantaneously present in

compartment i.
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Formulation of Flow Equations

The equations describing the change in the tritium content

in each of the pools with respect to time are:

i
dt

"

- ( + k

pool 1: 0179 * %429,

Koq
e e A5“5

4,

dt

pool 2: k

21t = k%

Solution of Equations

Applying the Laplace transforms Lq1 and Lq2 of 4 and %>

equation A5-5 becomes:

sLq, - = - (k,, + kO1>Lq1 + k

401 21 124

LN ] A5—6
sha, = kyglay - kppla;

where s is the Laplace operator,
It may be shown from equation A5-6 that:

Ig s + k
1 = 2 12 s ee A5"‘7
s~ + s(k21 + Koo+ k01) + k01k12

901

. X 2
‘The denominator of equation A5-7, s~ + s(k21 + k12 + k01)

+KoqK 5, maY be simplified to (s + mq)(s + mZ) where m, and m,
are complex constants which serve to replace other constants,
Hence,

2
+ ko1) +k k. =5 + s(m1 + ma) + mm, ... A5=8

2
s+ sk, +k 01512 1M

12




Therefore,
m, + m, = k21 + k12 + ko1 eee AS=9
and
m,‘mz = ko,]k,]z oo AS"'"O
Rewriting equation A5-7 in terms of m, and m,
Lg s + k
B 12 ves A5-11
401 (s + m1)(s + m2)
The antitransform of equation A5-11 is:
-m,.t -m.t
q (k., + m) ~1 (m, - k,,) 2
1. et M. T 2T a2 . A5-12
991 m, - my m, - m,
It may be shown from equation A5-1 that:
24 e—m1t 22 e—mzt)
SR = a + a ( -+ ce e A5"13
t 1 2 a, + a3y a; + 2,

From a consideration of equation A5-2, equation A5-11 may be

expressed as:

qo a —mqt a -mat
SR, = oy e, 28 veoA5=1k
Q1 a, + a, a, + a,
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and

q SR, Q a 1 a 2
1 t ™ 1 2

= = [ ]e + [_____.._..]e ess A5=15
91 %o g1 ¥ 3% R T

a ok mmy

‘3.1 + 3.2 m2 - m,‘
eece A5-16

22 oM -k

8.1 + 8.2 m2 - m,|

Thus the transport rates given in Figure A5-1 may be calculated

by substituting the values for a, and m, (see Table A5-4) in

i
equations A5-9, A5-10, A5-16 and A5-5.

Discussion

The disappearance curves of tritiated water from blood
were curvilinear on semi-logarithmic co-ordinates, indicating that
a multi-compartmental system exists for removal of tritium from
blood water of sheep. A two-compartmental model was proposed
as the minimal model necessary to explain these observed
disappearance curves (see Figure A5-1).

The estimates given in Figure A5-1 for the volume of water
in the rumen and the rapid transport rates of water across the

ruminal wall appear reasonable in view of the large and variable
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volume of ruminal fluid in sheep (Downes and McDonald, 1964)

and from stgdies of water fluxes across the rumen wall of goats
(Engelhardt, 1970) and sheep (Willes, Mendel and Robblee, 1970).
The predicted intakes of water by sheep were in accord with
values published by Clark and Quin (1947-9) although estimates of
metabolic water, which are depicted as entry of water from outside
the system into compartment 1 (Figure A6-1) appear excessive for
sheep given a ration of 800 g lucerne chaff daily. If it is
assumed that carbohydrates were the major constituent of roughage
digested (which is equivalent to 1,900 kcal per day for these
sheep), metabolic water arising from the oxidation of this
carbohydrate would probably not exceed .5 1/day (van Es, 1967).
These estimates of water transport rates can only be regarded as
approximate since the data were minimal. Pool sizes and
transport rates for water may have been over-estimated because

of the possible exchange of water hydrogen with protein hydrogen
(see Siri and Evers, 1962; Springell, 1968), and the incorporation
of water hydrogen into organic molecules such as glucose

(Figure A5-3). However, this technique warrants further
investigation to assess whether it may be useful for predicting

the volume of water in the rumen of intact animals.



Figure A5-1, A two-compartmental model of water hydrogen
kinetics in fed sheep compatible with the disappearance
curve of tritium from blood water. Compartment 1 was
assumed to represent a pool of water hydrogen (g) in
the body and alimentary tract except for the water
hydrogen (g) in the rumen (compartment 2). Rij
denotes the transport rate of hydrogen (g/min) from
compartment j to compartment i. R01, production
of metabolic water by tissues; ROE’ entry of water
into the rumen from feed and drink; R21’ entry of
endogenous water into the rumen by absorption and in
salivaj R12, loss of water from the rumen by
absorption and flow to the lower intestinal tract;
and RO1’ loss of water in urine, faeces, expired air
and by any other means of irreversible disposal.
Equivalent values in litres of water and litres per
day for compartment sizes and transport rates

respectively are given in parentheses.
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