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SUMMARY

The pool size of plasma glucose, turnover rate and other concerned items for glucose
metabolism in normal laying hen were investigated by a single-injection method using
U-C%-glucose. The 11.6 nCi of pure dose was injected to a hen normally fed through the
wing vein. The glucose concentration in plasma sample taken at 5 minutes after injection
was 214mgper 100ml. From the plottings of logarithmic standard specific activities of
plasma taken from 5 to 120 minutes against the time after injection and from the
regresion analysis, metabolic states were determined. The pool size was 1.07g, turnover
rate was 0.024 per minute, turnover time was 41 minutes, utilization rate was 26mg/
min, (0.83 g/hr/kg B.W. 3/4) and glucose space(extracellular fluid volume) was 25.3
per cent of body weight. The values obtained from 10—50 minutes samples were similar

to those described above, which we from 5—120 minutes samples.

INTRODUCTION

Annison and White (1961) studied glucose
utilization in sheep using C'* Baker et al (1954)
experimented the oxidation of glucose in normal
human subject with C, Cook (1966, ruminants),
Dunn et al. (1957, normal dog), Feller et al.

(1950, normal and alloxan diabetic rats), Head
et al. (1964, dairy cattle), Riis and Herstad
(1967,

swine) studied carbohydrate metabolism using

normal laying hens), and Riis (1968,

radioactive carbon.
The glucose pool size, turnover rate, turnover

time, utilization rate, glucose space, and many
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interesting articles were measured to study kine-
tics of glucose metabolism. When treated insulin
or other hormone to control metabolical function;
the kinetics were clarified at different figures. In
order to compare the values from a normal laying
hen with those of other animals, the kinetics of
glucose metabolism were observed using glucose-
U-C* dilution method.

MATERIALS AND METHODS

A White Leghorn hen, 1980 grams body weight,
was anesthetized by the gas of fluothane. This
hen had been feeding 100-120g concentrates per
day. Apolyethylene catheter was led into wing
vein, was filled with sodium citrate solution to
prevent blood clotting, and was plugged tighily.

The one ml glucose-U-C# solution (14.2 nCi
in raw activity) was injected through catheter
in the morning shortly after the a.m. feeding.
At 5,10, 15, 21, 25, 30, 40, 50, 60,90, and 120 min-
utes after injection, blood samplees were taken
into tubes containing one drop of heparin to
prevent blood clotting and containing 0.3 gram
sodium fluoride to prevent enzymatic glycolysis.
Every collection of blood samples was followed
by a injection of similar amount of sodium citr-
ate solution as the volume of blood drawn out.

The blood samples were centrifuged as soon
as possible to preventa possible glycolysis. The
plasma solutions were collected in small tubes,
which were placed in a freezer (—20°C). The
glucose content was measured by Hultman’s
method after deproteinization. The count rate
was determined through glucose pentaacetate.

The specific activity of plasma glucose were
divided by the injected pure dose per kg body
weight. The pure dose in present experiment was
11.64 nCi which was 82.7% of 14.2 nCi. The
latter was multiplied by 10 and converted to
logarithmic value, which was called logarithmic
standard specific activity. These values were
plotted against. the time on which the blood sam-
ples were taken, The regression equation was
obtained.

Theortically, the rate of decline in the specific

activity of blood glucose-U-Cl is described by the
following differential equation (Cook, 1966):
I oz )
where, z=Specific activity of glucose
t=Time after injection
a=Const=reciprocal of turnover time.

Integration of (1) and evaluation of the constant
of integration at ¢=0,

where z=zo, the zero time specific acivity
gives the equation

T=x06"%* 2

Taking the natural logarithm of (2) and subs-
tituting b for In z, gives the equation:

In z2=—at+b 3

A plot of In = against time gives a straight
line with slope of-a and ordinate intercept of b.
The body pool size of glucose is then the value
of injected does/anti In b. The utilization rate
of glucose is the pool size times the slope of the
curve.

Practically, the regression line was obtained in
10-base logarithmic system. The values on the
regression line, therefore, should be multiplied
by 2.303 to gain natural logarithmic values. The

slope times 2.303 shows the turnover rate.
RESUITS AND DISCUSSION

1. Glucose concentration in plasma,

It was known that the glucose concentration in
half a ml of the supernatant solution from plasma
samples decreased gradually following the time
after injection, even though there was some
zigzag in the later part of this experiment, The
reason for this decrease might be the taking the
blood and the injection of sodium citrate solution
which was glucose-free.

To estimate the glucose concentration in pla-
sma, the amount of supernatant solution was
observed after centrifugation. From 6ml of mixed
solution about 4.5ml of supernatant was obtained.
Since half a ml of this solution had 0.119mg
glucose for the sample taken at 5 minutes after
injection, it was estimated that 4.5ml had 1.071
mg of glucose which was corresponding to 0. 5ml

plasma solution, and that the concentration of
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glucose in plasma would be 214.2mg per 100ml
(Table 1).

Riis (1967) published that the conceniration
of plasma glucose was 220mg, averagely, for the
hens normally fed until before the trial. Sturkie
(1954) cited that Thompson and Carr observed
the glucose concentration of chickens plasma;
213.2mg per 100ml.

2. Metabolism of glucose .

The logarithmic standard specific activity of
plasma glucose was plotted against the time on
which the blood samples were taken (Figure 1).
The regression equation was obtained:

¥=1.27—0. 0106z ey

Where Y is the logarithmic standard specific
activity multiplied by 10 and x is the time on
which ‘the blood samples were taken.
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Fig. 1. The semilogarithmic plot of the disap-
pearance for plasma glucose activity
after injection of wuniformly labeled glu-
cose for 120 minutes.

Although there were no significant deviation
from the straight line, the first and last part of
plots lay above the line. In order to get other
possible information the regression line for 10 to
50 minutes was drawn on Figure 2. The regres-
sion equation (2) was obtained:

y=1.32—0.0132z @)

The pool Size was expressed as the value per
unit body weight. From equation (1) the pool
size was measured as 1.065¢g per kg body weight.
However, the value from equation (2) 0. 957g was
derived. The plasma glucose concentration, turn-
over rate, turnover time, and glucose utilization

were shown on table 1.
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Fig. 2. The semilogarithmic plot of the disap-
pearance for the plasma glucose activity
after injection of uniformly labeled glu-
cose for 50 minutes.

Table 1. Comparison of results obtained from this experiment and Riis’s

Plasma Glucose pool Glucose
Experiment glucose_ Size Turnover ~ Turnover utillized
concentration rate time
mg/100ml g /min min mg/min
This experiment
(1) For 5-120 min 214 1.065 0.024 41 26
(2) For 10-50 min 214 0.957 0.030 33 29
Studies of Riis
(1) Non-fasted 220 1.18 0.015 62 19
265 0.9 0.028 38 26

(2) Fasted for 16 hours
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Glucose pool size obtained from overall smples
is little more than that from 10-50 minutes sam-
ples, because the slope value of the straight line
in Figure 1 is less and the intercept is, also,
lower than those in Figure 2. Kronfeld (1964)
and While (1961) measured glucose space dividing
the pool size by the plasma glucose concentration
and by the metabolic body weight. This term
approximates the extracellular fluid volume per kg
body weight. From this experiment the glucose

space was determined as 25.3 and 22.8 per cent
for overall samples and for 10-50 minutes samples,
respectively,

In order to compare the glucose spaces between
feeding conditions and between animal species,
Table 2 has been established.

Viewing from both results for 5-120 minutes
and 10~50 minutes, there were not much differe-
nce. Hence either results for long or short period
could be used for the determination of turnover

Table 2. Comparison of glucose concentrations, pool sizes, and spaces as affected by

feeding conditions and by animal apecies.

Body weight Feeding Plasma glu. Glucose pool Glucose
Species content space
» (kg) (Fasted hour) (mg %) () (% body wt)

Chiken (5-120min) 1.98 1 214.2 1. 065 25.3
Chiken (10-50min) 1.98 1 214.2 0.957 22.6
Sheep*(Single ) 36.6 24 76 5.01 18
Sheep(Continous) 33.5 24 59 3.75 23
Cow™**(Normal) 527 43 89 32
Cow**(Insulin) 525 40 92 M
Cow**(Fed) 554 1 61 95 28
Cow**(Fasted) 503 96 51 72 28

* Kronfeld and Simesen (1961)
++ Kronfeld and Raggi (1964)

of glucose.
According to the increasing body weight,

plasma glucose concentration decreased and glu-

cose pool size increased, but the glucose space,
i.e., extracellular fluid was generally similar.
Kleiber(1965) ® described that the concept of

Table 3. Comparison of utilization rates.

. Experiment Body wt. Fasting Utilization rate
Species (Single inj.) ke hour g/hr/kg b.w. 3/4
Chicken 5-120 min., 1.98 1 0.83
Chicken - 10-50 min., 1.98 1 1.04
Chicken* 5-100 min., 1.8 14-18 1.08
Sheep** 40-160 min., 49 16 0.34
Sheep** 40-160 min., 44 96 0.19
Sheep** 40-160 min., 4 1 0.28
Cows***® 40-150 min., 465 48-120 0.30
CowgHH+¥ 30-180 min., 575 24 0.35

# Riis and Herstad (1967)
### Rronfeld and Raggi (1964)

** Kronfeld and Simesen (1961)
w4k Head et al. (1964)
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isokinetic bahabior could be used in intermediary

metabloism. Isometrically built animals have
metabolic proportional to their body weight and
have rates of intermediary transfer proportional
to the metabolic size or the 3/4 power of body
weight.

Trasfer rate=pool content X turnover rate.

Kronfeld and Raggi(1964) used “entry rate”
instead of “transfer rate”. Annison and White
(1961) used “utilized rate” for these term, and
Riis and Herstad (1969) also used the term
“utilization”. On this report the term “utilization
rate” was used. For interspecies comparison, it is
convennient to relate metabolic parameters to the
metabolic body size. The units on the column of
Table 1 were arranged to the g/hour and the

values were divided by 1.98%%,

= #

Bl tkete] EWEMNSY =3
#ol PAME = msE=dd RHZ(poozs,
fRoatmg e, RAEERSE, 20 MesE s e
54 HEEIA

g9 BIRS Bl EEMeE fmE EN
8ol 11.6pCio] FFE = —CUE HAS Y o
5 558 REE MK FHOSEE Ko
delx Mm#Es] TEW EEE 100ml¥E 214mgo] A
o, mEE=e] EEBHBUREY B, B4
%S REE BRGS e 1205774 $sho
o g 29 EFEATER Kl oA
Ryucres et 2=2RHY Z(poo)2
71 1.07g0] = RBEESHES 158 0.0249]
g o RBEEERL 41503t 2229 F
FEEE 158 26mgel %o (0. 755k, B RGH
padE ko) 1RSRIE 0.83gol vt == 22RIGHE
Mist BEwgel AR)L BEe 2530 9kt AR
10558 505744 HRET A2y 42 HR

% L 5538 1208748 REeld 4& K
#oh wEsa,

REFERENCES

1. Annison, E.F. & R.R. White. 1961. Biochem.
J., 80:162

2. Baker, N. et al. 1954. J. Biol. Chem.,
211:575 -

3. Cook, R.M. 1966. J. Dairy Sci. 49:1018

4. Dunn, D.F. et al. 1957. J. Biol. Chem.,
225:225

5. Feller, D.D. et al. 1950. J. Biol. Chem.,
187:571

6. Feller, D.D. et al. 1951. J. Biol. Chem.,
188:865

7. Head, H.H. et al. 1964. J. Dairy Sci..
47:1371

8. Kleiber, Max. 1965. Metabolic body size.
Energy metabolism. E.A.A.P. Publication No.
11, p.431.

9. Kronfeld, D.S. & M.G.Simesen. 1961. Am.
J., Physiol. 201:639

10. Kronfeld, D.S. & F. Raggi.
Physiol., 206:109

11. Riis, P.M. & O. Herstad.
Agriculture Scandinavica, 17:3

12. Riis, P.M. 1968. Methods for in vivo studies
on the kinetics of carbohydrates and lipid

1964. Am. J.

1967. Acta.

pools. Royal Veterinary and Agriculture
College Yearbook, 1968:12-24.

13. Snedecar, G.W. 1956. Statistical methods.
The Towa State Univ. Press. 122-126.

14. Stirkie, P.D. 1954. Avian physiology. Coms-
tock publishing Associates, Ithaca, N.Y.

15. Steele, R., et al. 1956. Am. J. Physiol.,

187:15.

— 209 —



