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Utilization of Glucose by Hyperthyroid Isolated Rat Liver.*

(22449)

StanLEY D. BurtoN, Epwarp D. RoBBINS, AND SANFORD O. BYERS.
(With technical assistance of Tad Ishida.)

Mount Zion Hospital, San Francisco, Calif.

The marked stimulation by thyroxine of
the utilization of carbohydrates by peripheral
tissues and liver has been demonstrated by
McEachern(1). In vitro, such stimulated tis-
sues have markedly increased oxygen con-
sumption and increased rate of glycolysis. It
seemed that the behavior of the isolated per-
fused liver of a hyperthyroid rat should pro-
vide information concerning glucose metab-
olism in a simplified system but one which re-
tains anatomical integrity lost with the use of
liver slices. The present studies were under-
taken to determine the effect of thyroxine on
utilization of glucose by the liver.

Materials and methods. Male rats (Long-
Evans strain) 16-20 weeks of age were used.
These animals were fed stock laboratory diett
to which 0.1% thyroxine was added, for two
weeks prior to time of sacrifice. Livers from
these hyperthyroid animals were removed and
perfused as isolated surviving organs for 6
hours according to previously described tech-
nic(2,3).+ The glucose content of the per-
fusate was adjusted to contain an initial level
of 650 mg % of glucose. Our previous ex-
perience, and that of other investigators, in-
dicated that glucose utilization by the isolated
liver preparation could not be demonstrated
except at high initial glucose concentrations
(4), and that entry of glucose into cells is
facilitated by high glucose concentration(5).
As controls, livers from untreated animals,
fed standard laboratory maintenance diet,
were removed and perfused in identical man-

* Aided by Grant A-350 (C-2), N.I.H, Public
Health Service.

t Simonsen Animal Farms, Gilroy, Calif., Mainte-
nance Diet No. 2 consisting of ground wheat, corn,
linseed meal, milk powder, meat and fish meal, al-
falfa meal, yveast, vitamins and multiple salts supple-
ment.

{ The bovine albumin used in the perfusate for
these experiments was kindly furnished by Dr. San-
ford L. Steelman of Armour and Co.

ner. Cellular elements and plasma. incor-
porated into perfusion fluid. were obtained
from normal, untreated rats in all experi-
ments with normal and with hyperthyvroid
livers. There were 8 perfusions of isolated
livers from the hyperthyroid group. and 8
from control group. Glucose level of per-
fusate was determined by Nelson's modifica-
tion of the method of Somogyvi(6).

Results. Group I—Control studies. The
average initial glucose concentration of the
perfusate in this group was 641 mg 9% (range:
520-710 mg %) at the end of 6 hours of per-
fusion the glucose level had fallen an average
of 229% of initial value. Hourly changes in
glucose levels are given in Table I. Consid-
erable irregularity in glucose level was ob-
served from hour to hour. and from experi-
ment to experiment, when normal livers were
used. Indeed, at times the glucose concentra-
tion in the perfusate increased. (Table I).

Group 1I—Hyperthvroid studies. The av-
erage initial glucose concentration of the per-
fusate was 636 mg % (range: 580-710 mg
% ). the glucose level fell to an average of
52% of initial values at the end of 6 hours
perfusion. Average hourly changes in glucose
levels are given in Table I. The fall in glu-
cose concentration was fairly regular and
steady throughout the 6 hour perfusion.

Discussion. When the liver of a rat, which
has been on daily intake of thyroxine, is per-
fused, glucose disappears from the perfusate
rapidly, compared to rate oi disappearance
during perfusion of liver from an untreated
animal. The data in these experiments thus
indicate that the rate of utilization of glucose
by the isolated hyperthyroid liver is markedly
accelerated, and, in this respect. confirm in
perfusion experiments the in vitro tissue slice
studies of McEachern.

Using normal livers, it is difficult to demon-
strate glucose utilization by the isolated rat
liver perfusion experiments except when high
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TABLE I. Glucose Concentration of Perfusion Fluid. Expressed as avg % loss from initial
concentration.

Group I. Livers from untreated rats—8 exp.

Perfusion time in hr 0 1 2 3 4 5 6
% fall in glucose cone. 0 11 14 24 28 20 22
S.E. of mean* + =+ 6.6 + 9.2 =+ 10.8 =+ 13.1 +=15.5 +14.2
Group II. Livers from thyroxine-fed rats—8 exp.
Perfusion time in hr 0 1 2 3 4 5 6
% fall in glucose cone. 0 4.3 24 34 45 52 52
S.E. of mean + +6.8 +12.8 =+ 10.5 =+ 10.6 *+=93 =+ 8.7
S.E. of diff. between + 55 + 6 +64 +5.9
meanst
>d2 2 2
*S.E.ofmean—= | ——. t S.E. of difference between means — | 61 E .
N(N-1) VN, N

initial glucose concentrations of perfusate are
employed(7).

It may well be that synthesis of glucose or
glycogenolysis is adequate in the normal liver
to supply glucose to the perfusion fluid in suf-
ficient amounts to overbalance utilization by
the perfusion system. Irregularities in such
supply and utilization would account for ir-
regularities observed in concentration of glu-
cose in the fluid perfusing the normal liver.
Presumably livers from thyroxine-treated ani-
mals are unable to supply sufficient glucose
to overcome the steady utilization at the rela-
tively rapid rate observed in our experiments.
In contrast, the hyperthyroid liver effects a
rapid disappearance of glucose {from the per-
fusate when the initial glucose concentration
is either at high or at physiologic levels(7).

The fate of the glucose which disappeared
from the perfusate during these experiments
cannot be determined from the present data.
Some of the glucose which disappears from
the perfusate during perfusion in all likeli-
hood is converted into glycogen, since hyper-
thyroid livers uniformly show an increase in
glycogen content after six hours of perfusion
(8).

Summary. Perfusion of the isolated hyper-

thyroid rat liver results in a marked fall in the
perfusate glucose level due to accelerated
utilization of glucose by the hyperthyroid
liver tissue in comparison with that of the
isolated liver from euthyroid rats.

The authors express their thanks to Dr. Meyer
Friedman, Director of Harold Brunn Institute for
his suggestions, and to Dr. Shirley St. George and
Sara Winderman for chemical determinations.

1. McEachern, D., Bull. Johns Hopkins Hosp.,
1935, v56, 147.

2. Robbins, E. D., Burton, S, Goerke, J., and
Friedman, M., Proc. Soc. Exp. Bior. ANpD MEb., 1953,
v83, 212.

3. Burton, S. D., Robbins, E. D., Feigenbaum,
L. Z., Friedman, M., Byers, S. O., and Ishida, T,
Am. J. Physiol., 1955, v182, 89.

4. Goerke, R. J., Thesis Presented to Faculty of
Yale Univ. School of Med. in Candidacy for the
Degree of Doctor of Medicine. Dept. of Physiology,
1955.

5. Levine, R., and Goldstein, M. S., Recent Prog-
ress in Hormone Research, 1955, v11, 343.

6. Somogyi, M., J. Biol. Chem., 1952, v195, 19.

7. Unpublished data from our laboratory.

8. Ibid.

Received April 18, 1956. PS.E.B.M,, 1956, v92.





