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Effect of Histamine, Epinephrine and Anti-Histamine (Antistine) on

Glucose Turnover in the Isolated Liver.
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The clinical observation that certain anti-
histaminics induce a lowering of the blood
sugar level(1,2) has led us to investigate the
mechanism of this action. Since, as shown
previously(3), this hypoglycemic effect can
be obtained in the depancreatized and the
alloxanized experimental animal, it does not
seem to be mediated through the insulin-pro-
ducing islet cell apparatus. We have therefore
considered the possibility of a direct hepatic
action and have now studied the effect of an
antihistaminic on the carbohydrate metabo-
lism of the isolated surviving liver. In addi-
tion, we have carried out similar experiments
with histamine, partly in order to investigate
the histamine-antihistamine relationship in
this experimental setting, partly because the
available data on the effect of histamine on
carbohydrate metabolism are contradictory
(4-8).

Material and procedures. Experiments were
carried out with isolated and perfused liver
of the bull frog (Rara catesbiana). The
batrachian liver, if perfused with amphibian
Ringer solution (NaCl 0.66, KCl1 0.015, CaCl,
0.015, NaHCO; to pH 7.8, aqu. dest. ad 100)
with addition of O, and glucose survives for
several hours without spontaneous glycogen-
olysis. Bullfrogs, weighing 200 to 250 g, were
kept in hibernating conditions at 4°C; they
were killed by pithing. Livers were removed
with preservation of proximal portions of the
abdominal vein and the venous sinuses.
Organs were weighed before and after the
experiment; a slight weight gain of about
10% due to fluid retention occurred in most
instances. The perfusions were performed
as described previously(9) in accordance with
the original method of Froehlich and Pollack
(10) and the modifications of Geiger and
Loewi(11) as to rate of flow and pressure.
The perfusate entered the organ through the
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abdominal vein and was collected from the
venous sinuses. The pressure was fixed at 20 cc
H,0. Recovery rate of the perfusate at start
of experiments was set at 6-7 drops per min-
ute. The returning perfusate was collected at
10-minute intervals and its glucose concentra-
tion was determined with the Nelson modifica-
tion of the Folin-Wu micro method(12). An
initial period of perfusion with an O. satu-
rated amphibious Ringer solution served to
wash out any free blood and blood glucose.
After 20-30 minutes, the fluid usually re-
turned water-clear and was sugar-free. At
40 minutes the perfusion fluid was changed
to O, saturated amphibious Ringer-glucose
solution, with a glucose concentration of 50
mg %. Within 10 or 20 minutes glucose con-
tent of returning fluid levelled off at the con-
centration of the entering perfusate. At this
point the substances under investigation were
injected into the perfusion system near the
liver. The following substances were in-
jected: 1) Histamine 0.1 mg, using histamine
diphosphate (Abbott), 2) an antihistaminic
drug, Antistine (Ciba), the dose being 5 mg,
3) Epinephrine 1 cc, 1:1,000,000.

Results. 1In a series of control experiments,
no drugs were added to the perfusate; they
confirmed previous observations(9) that after
an initial period glucose concentration of re-
turning fluid equalizes to that of the entering
perfusate and remains at this level for periods
of 2 to 3 hours. The results of experiments
with drugs are demonstrated in Fig. 1. Six
different experiments, each in duplicate, are
shown. Since the main experiments started
only after perfusion had been stabilized to the
level of 50 mg % glucose, the initial periods
with their fluctuations of the glucose concen-
tration are not shown. The dotted lines on
each graph represent the control level as estab-
lished in the control experiments. It can be seen
that histamine (0.1 mg) as well as epineph-
rine 1 cc (1:1,000,000) caused a marked
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FIG. 1. Glucose concentrations of perfusates returning from isolated liver of bull frog, per-
fused with oxygenated amphibian Ringer solution eontaining 50 mg 9% glucose to which the

following substances are added:

Histamine 0.1 mg; epinephrine (1 ec—1: 1000000); anti-

histamine (Antistine) 5 mg; histamine 4 epinephrine, and Antistine 4 epinephrine, Two ex-
periments shown in each instance. Initial periods of experiments during which livers were
perfused without glucose are not included. Control level indicated in each graph by dotted line.

and transitory increase of the glucose con-
centration in the returning perfusate, while the
antihistaminic caused an equally significant
and transitory decrease. It must be empha-
sized that during these experiments, the rate
of the perfusion remained grossly unaltered
and that approximately the same amounts of
fluid were collected during 10-minute periods
before and after the addition of the test ma-
terial. The second group of experiments shows
the effect of simultaneous administration of
Histamine - Antihistamine, Histamine -
Epinephrine, and Antihistamine 4 Epineph-
rine in the above mentioned dosages. The
antihistaminic is seen here to inhibit both the
effect of histamine and that of epinephrine.
Epinephrine and histamine, on the other hand,
appear to have mutually augmenting effects;
the increment of increase in the glucose con-
tent of the returning perfusate is not only
greater but also more prolonged than if either
substance is injected separately.

The last group of experiments (Fig. 2) was
carried out to study the effect of antihistamine
on spontaneous glycogenolysis of the surviv-
ing liver. The organ was perfused with a

non-oxygenated sugar free amphibian Ringer
solution. We have shown previously(9) that
under these circumstances spontaneous glyco-
genolysis starts after 30 to 40 minutes of per-
fusion, and that this glycogenolysis is en-
hanced by epinephrine. This effect of epineph-
rine is demonstrated in the lower graph of Fig.
2. After spontaneous glycogenolvsis had de-
veloped during the first 90 minutes of the
experiment, epinephrine was added to the
perfusate and a marked transitory rise in the
glucose concentration of the returning fluid
was found. The upper graph of Fig. 2 shows
that the epinephrine effect was not only pre-
vented by simultaneous injection of the anti-
histaminic, but that the glycogenolytic process
itself was inhibited significantly. The decrease
in the glucose concentration of the returning
fluid indicates that glucose was retained in the
organ, since the flow rate of the perfusion
remained unchanged and no excessive amount
of fluid was retained, as checked by the weight
of the liver,

Comment. Our findings demonstrate that
histamine and the antihistaminic substance
used {Antistine) have direct effects upon the
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FIG. 2. Effects of epinephrine and of antihista-
mine (Antistine) plus epinephrine on glucose con-
centration of perfusate returning from isolated
liver of bull frog perfused with amphibian Ringer
solution. Epinephrine increases the spontaneous
glycogenolysis; Antistine inhibits effect of epine-
phrine and diminishes spontaneous glyeogenolysis.

carbohydrate metabolism of the surviving iso-
lated batrachian liver. These effects are an-
tagonistic inasmuch as histamine releases glu-
cose from the hepatic tissue and the anti-
histaminic causes the hepatic tissue to retain
glucose from the perfusate. With regard to
the glycogenolytic action of epinephrine, it
appears that histamine acts as a synergistic,
while the antihistaminic acts as an antagonist.
The observed effects seem to be the result of
metabolic changes in the liver cells proper and
not of changes in the vascular bed. Brauer
and co-workers(13) have recently called at-
tention to the vasomotor responsiveness of the
isolated and perfused liver. In our experi-
ments, however, pressure and rate of flow re-
mained grossly unaltered, almost identical
quantities of perfusate were collected during
each fixed interval of time. The change in
the glucose concentration of the perfusate
would therefore seem to be caused by altera-
tions in the cellular metabolism, i.e., changes
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in intra-cellular glucose turn-over. Our find-
ings tend to corroborate the observation of
Chambers and Thompson(4), that histamine
causes a decrease in hepatic glycogen. They
are also in agreement with those investigators
who reported a hyperglycemic phase after
histamine administration(7,8). Furthermore,
the demonstrated inhibition of hepatic glyco-
genolysis by the anti-histaminic used, sug-
gests a possible mechanism for the clinically
observed hypoglycemia induced by such sub-
stance. :

Summary. The isolated liver of the bull
frog is perfused with oxygenated amphibian
Ringer glucose solution. The glucose con-
centration of the perfusate returning from the
liver is determined in control experiments and
under the influence of histamine, anti-hista-
mine (Antistine) and epinephrine. Histamine
and epinephrine cause an increase of the glu-
cose concentration, probably due to enhanced
glycogenolysis. Antistine causes a retention
of glucose in the hepatic tissue. Antistine
inhibits the spontaneous hepatic glycogenoly-
sis as well as the glycogenolysis induced by
histamine and epinephrine.
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