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3H-Glycogen Hydrolysis Elicited by Histamine in Mouse Brain Slices:
Selective Involvement of H1 Receptors
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SUMMARY

QUACH, T. T., A. M. DUCHEMIN, C. ROSE AND J. C. SCHWARTZ. 3H.Glycogen
hydrolysis elicited by histamine in mouse brain slices: Selective involvement of H,
receptors. Mol. Pharmacol. 17: 301-308 (1980).

3H-Glycogen synthesized in mouse cortical slices from :3Hglucose is hydrolyzed in a
concentration-dependent manner by histamine with an EC�o of 3 . 10� M. This effect is

selectively mediated by H, receptors. Thus i0� M metiamide, a H2-receptor antagonist,

did not affect the histamine-induced glycogenolysis, whereas mepyramine, a Hi-receptor
antagonist, at increasing concentrations progressively shifted the concentration-response
curve to the right. Schild plot analysis gives a straight line with a slope close to unity and
a pA2 value of 8.0 for mepyramine. In the same way a variety of H,-receptor antagonists,
including (+)-chlorpheniramine but not the (-) isomer, at low concentrations progres-
sively inhibited histamine action. On the other hand, dimapnt, a selective H2-receptor

agonist, did not elicit any glycogenolytic response even at 3 . iO�’ M. Other histamine
agonists (2-methyihistamine, 2-thiazolylethylamine, and 4-methylhistamine) produced a
glycogenolytic effect with relative potencies consistent with stimulation of H, receptors.
When the effects of histamine on the glycogenolytic response and the inhibition of 3H-

mepyramine binding are compared, it appears that histamine is substantially weaker in
competing with 3H-mepyramine for binding (K1, 4.5 . i0� M) than in inducing 3H-glycogen
hydrolysis (EC.�, 3 . 10_6 M), suggesting that the maximal response is elicited when H,
receptors are only partially occupied. The glycogenolytic response to histamine was
markedly reduced when the extracellular calcium ion concentration was reduced to 0.3.
io-3 M. The possibility is raised that the glycogenolytic response to histamine involves

calcium as a second messenger, as other responses mediated by i receptors.

INTRODUCTION

Although there is little doubt that histamine (HA)’

exerts a neurotransmitter function (1), there are still few
in vitro models to study HA receptors in the mammalian
brain.

The discovery that the amine strongly stimulates the
accumulation of 3’,5’-cyclic AMP in brain slices (2) has
provided a useful model, but with some limitations. First,
for reasons still poorly understood, a clear stimulation of
cyclic AMP synthesis can be demonstrated only on some
brain regions of the guinea pig or rabbit but not of the
rat or the mouse. Second, this model does not allow an
easy study of the two classes of HA receptors. Whereas
the stimulation of cyclic AMP accumulation in guinea

pig brain slices appears to be mediated by both H, and

I Abbrevations used: HA, histamine; cAMP, adenosine 3’,5’-mono.

phosphate; cGMP, guanosine 3’,5’-monophosphate; IBMX, 3-isobutyl-

1-methyixanthine; TEA, 2-thiazolylethylamine; 2-MHA, 2-methyihis.

tamine; 4-MHA, 4-methyihistamine.

H2 receptors (3), a HA-sensitive adenylate cyclase has
been identified in broken cell preparations which is Se-
lectively coupled to H2 receptors (4, 5). H, receptors are

indeed present in the mammalian brain, as indicated by
binding studies utilizing the antagonist 3H-mepyramine

as a ligand (6, 7; Quach, T. T., et al., in preparation), but
their mode of participation in the effect of HA on cyclic
AMP accumulation in brain slices is poorly understood
and is not easily investigated because it requires a si-
multaneous activation of the adenylate cyclase, mediated
by H2 receptors (8). Finally, the participation of the cyclic
AMP generating system in the alleged synaptic actions
of HA remains doubtful because following interruption
of histaminergic inputs to telencephalic areas, the un-
modified responsiveness of this system contrasts with the

clear denervation hypersensitivity to iontophoretically
applied HA in the brain of the same animals (9).

On the other hand, HA stimulates cyclic GMP forma-
tion in a clone of neuroblastoma cells ( 10) and in the
bovine sympathetic ganglion (1 1), an action selectively

mediated by H, receptors in both preparations, but clear
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evidence for a HA-induced stimulation of guanylate cy-
clase in mammalian brain is stifi lacking.

Thus an in vitro model allowing the assessment of HA

responses mediated by H1 receptors in brain tissues
would be useful. We have recently devised a’ simple
technique to evaluate the action of agents on the 3H-

glycogen content of mouse brain slices previously incu-
bated in the presence of 3H-glucose and shown that, like
noradrenaline, HA is a potent glycogenolytic effector
(12). In the present report we provide evidence that this
effect is selectively mediated by H, receptors and strongly
depends on the external concentration of calcium ions.

MATERIALS AND METHODS

Animals. Male swiss albino mice (18-20 g) (Lessieux,
France) were housed in groups of 10 in a well-ventilated
room maintained at a temperature of22#{176}Cand artificially
illuminated (light between 0800 and 2000 h). Standard
food (U.A.R., France) and water were available ad libi-
turn.

Preparations and incubations ofbrain slices. Animals
were killed by decapitation, the cerebral cortex was
quickly removed, and slices (250 x 250 �tm thick) were
prepared in a cold room (4#{176}C)with a Macllwain tissue
slicer. Pooled cortical slices from six animals were prein-
cubated for 15 miii at 37#{176}Cin a slightly modified Krebs-
Ringer bicarbonate medium (120 nmi NaC1, 5 mi�i KC1,
2.6 m�i CaCl2, 0.67 nmi MgSO4, 1.2 m1�i KH2PO4, 3 mi�i
glucose, and 27.5 mM NaHCO3).

At the end of this period, the slices were washed once
with fresh medium, 300-id aliquots of the tissue suspen-
sion corresponding to 0.5 mg of protein were distributed
in incubation tubes, and 10 �d of 3H-glucose solution (1
mCi/nil) representing 20 nmol was added. After a 30-ruin
incubation, 10 �d of a solution of the test agents (or
Krebs-Ringer medium) was then added and the slices
were further incubated, usually for 20 ruin at 37#{176}C.The
incubations were stopped by rapid centrifugation. The
supernatant was discarded and replaced by 300 �tl of fresh
medium in which the slices were sonicated (G#{233}n#{233}rateur
d’Ultrasons, Annemasse, France; 30 kHz, 80 W) during 7
± 1 5. A fraction of the resulting homogenate was then
immediately deproteinized by heating at 95#{176}Cfor 10 mm,
followed by a short centrifugation. The supernatant was
sampled for 3H-glycogen assays.

3H-Glycogen assays. 3H-Glycogen was isolated by
ethanol precipitation using a filter-paper technique de-
scribed previously (13). Briefly a l5Ojtl sample was spot-
ted on a disk of ifiter paper which was successively
dipped into different baths of ethanol-trichioroacetic
acid and of 66% ethanol in order to wash out 3H-glucose,
whereas 3H-glycogen selectively remained on the disk as
identified with purified amylo-1,6-glucosidase (12).

3H-Mepyramine binding. Mouse cortex was homoge-
nized into 30 vol of ice-cold 50 mM Na-K phosphate
buffer (pH 7.5) with a glass-Teflon Potter homogenizer.
After centrifugation (250g for 5 mm), the supernatant
was diluted 10-fold and centrifuged (15,000g for 15 mm).
The resulting pellet was washed by resuspension into the
same volume of fresh buffer and centrifuged again. The
final pellet was resuspended into the original volume of
cold buffer with a Dounce homogenizer.

3H-Mepyramine and unlabeled substances were added
to 0.45 ml of membrane suspension. Incubation (final
volume 0.5 ml) was carried out at 30#{176}Cfor 30 mm and
ended by the addition of 3 ml of ice-cold buffer, followed
by a rapid filtration onto a glass-fiber ifiter (Whatman
GF/B). The filter was rapidly washed with 3 x 20 ml of
cold buffer. Radioactivity trapped on the filters was
counted in 14 ml of scintifiation mixture (PPO, 16 g;
POPOP, 0.45 g; toluene, 2000 ml; Triton X-100, 1000 g)

in the presence of 2 ml water, after 24 h storage at 4#{176}C.
Specific binding was defined as the difference between

radioactivity bound in the absence and in the presence

of 2 �M triprolidine, a H, antihistamine.
Proteins were determined by the method of Lowry et

al. with bovine serum albumin as the standard.
Radioisotopes. 3H-Glucose (500 mCi/mmol) was pur-

chased from the Radiochemical Centre (Amersham, Eng-
land) and 3H-mepyramine (28.5 Ci/mmol) from New
England Nuclear (Boston, Mass.).

Chemicals and drugs. Dimaprit, 4-methylhistamine,
2-methylhistamine, 2-thiazolylethylamine, and metiam-

ide were generously provided by Dr. M. E. Parsons (The
Research Institute, Smith, Kline and French Laborato-
ries, U.K.). The H,-receptor antagonists mepyramine,
triprolidine, and promethazine were generously provided
by the manufacturers (Wellcome, Specia). (+)-Chlor-
phenirarnine and (-)-chlorpheniramine were kindly
given by Dr. Palacios (Baltimore, Md.). 3-Isobutyl-1-
methylxanthine and noradrenaline were obtained from
Sigma Chemicals.

Alprenolol was given by Lematte and Boinot Labora-
tories. CaCl2, KC1, and histamine were obtained from
Prolabo, Rh#{244}ne-Poulenc; serotonin creatine sulfate was
from Calbiochem, methysergide from Sandoz, and phen-

tolamine from Ciba-Geigy.
Analysis ofdata. Concentration-response curves were

fitted by hand or by employing the computer method of
Parker and Waud (14).

Inhibition constants (K1) of histamine antagonists were
calculated, assuming competitive inhibition, according to
the equations (15):

K� = ICsc/(1 + S/K5),

where IC� is the concentration of antagonist required to

produce a 50% inhibition of the glycogenolytic effect of
HA, S represents the concentration of HA, and Ka is the
concentration of HA required to produce half-maximal
3H-glycogen hydrolysis; and

K1 = I/[(K’a/Ka)l],

where K8 and K’8 are the concentrations of histamine

required to produce half-maximal 3H-glycogen hydrolysis
in the absence and presence of antagonist, respectively,
and I is the concentration of antagonist.

RESULTS

Effects of HA on 3H-glycogen level in slices. The 3H-
glycogen accumulated in the slices increased linearly
with time up to 25 ruin, after which a plateau was
maintained during at least 30 mm (Fig. 1). The addition
of 100 �.LM HA resulted in a rapid fall of the 3H-glycogen
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TABLE 1

Effects of various amines at supramaximal concentrations and of

K� on 3H.glycogen content in slices from mouse cortex

Each value represents the mean ± SEM ofdata from 5 to 10 separate

incubations.
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FIG. 1. Time course of 3H.glycogen synthesis and histamine.in.

duced hydrolysis in slices from mouse cortex

Slices were incubated in the presence of 3H-glucose (33 �iCi/ml).

After 30 miii (arrow) iO� M histamine was added to the incubation

medium. Mean ± SEM from four or five separate incubations.
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S p < 0.05 as compared to incubations with histamine alone.

#{149}1 I I
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TIME (mm)

content which reached, within 15 mm, a plateau, repre-

senting 25 ± 5% of the level in control slices.
The 3H-glycogen hydrolysis elicited by HA is clearly

concentration related (Fig. 2) and the concentration-
response curve seems to follow Michaelis-Menten kinet-
ics as shown by the Hill coefficient, not significantly
different from unity (nH 0.86 ± 0.16; mean ± SEM of

data from seven distinct sets of experiments). The Eadie-

FIG. 2. 3H-Glycogen hydrolysis induced by histamine and hista-

mine agonists in slices from mouse cortex

After a 30-min preincubation in the presence of 3H-glucose, slices

were incubated with increasing concentrations of histamine (HA), of 2-

thiazolylethylamine (TEA) and 2-methylhistamine (2-MHA), two H,-

receptor agonists, or of dimaprit, a selective H2-receptor agonist. Re-

suits are expressed as percentages ofthe 3H-glycogen hydrolyzed. Basal

3H-glycogen level, 36.2 ± 3.0 dpm. 10’/mg protein. Means ± SEM of 8-

24 separate incubations.

Agents 3H-Glycogen content

dpm . 103/mgprotein %

None 48.1 ± 5.6 100

Histamine (5. iO� M) 10.6 ± 0.5 22

Noradrenaline (10� M) 11.5 ± 1.0 24

Serotonin (3. iO� M) 9.6 ± 0.5 20

Histamine (5.i0� M) + noradrena- 11.1 ± 0.7 23

line (10� M)

Histamine (5. iO� M) + serotonin (3. 8.5 ± 0.5 18

iO-� M)

K� (5.10_2 M) 1.3 ± 0.2 3

Hofstee plot of the data gives an ECsc of 3.4 ± 0.7 �.tM and
a maximal glycogenolytic effect of 78 ± 3% of basal levels.
In the presence of noradrenaline or serotonin the maxi-
mal glycogenolysis was also approximately 80%, and
when these amines were added at supramaximal concen-
tration together with HA, no further 3H-glycogen hy-
drolysis was observed. In contrast, 5 . 102 M potassium
totally depleted the 3H-glycogen content (Table 1). The
possible involvement of cAMP in the glycogenolytic ac-
tion of HA was investigated by studying the effects of 3-
isobutyl-1-methylxanthine, a potent phosphodiesterase
inhibitor. Although at 0.7 �iM IBMX alone had no signif-
icant action on the 3H-glycogen content, it slightly but

significantly potentiated the response to 3 �zM HA (Table
2). The effect of the inhibitor at higher concentrations
was not tested because it elicits by itself a glycogenolytic

response (12).

When slices were incubated in the presence of a lower

calcium concentration (0.4 . i0� instead of 2.6 . � M rn
the usual Krebs-Ringer medium), the glycogenolytic re-
sponse to HA was strongly modified (Fig. 3), whereas the
basal 3H-glycogen level was not significantly changed.
The maximal glycogenolysis was markedly reduced (49.2
± 2.7 as compared to 76.5 ± 3.0% in controls; P < 0.005)
without significant modification of the EC�,o (6.2 ± 2.0.
10_6 instead of 3.8 ± 1.8- 10_6 M in controls). In addition,
it was observed that the response to a fixed concentration
of HA (6 . 10_6 M) progressively diminished when the level
of external calcium ions was decreased between 2.6 - i0�
and 0.3 . iO-3 M. In a calcium-free medium the basal 3H-
glycogen level represented less than 20% that of controls
and no glycogenolytic response to HA could be seen (not

TABLE 2

Effect of isobutylmethylxanthine (IBMX), a phosphodiesterase

inhibitor, on 3H-glycogen hydrolysis induced by histamine in mouse

cortex slices

Means ± SEM of 5-10 separate incubations.

Agents 3H-Glycogen content

dpm. 103/mgprotein %

None 46.9 ± 2.9 100

IBMX (7 . iO-� M) 46.0 ± 3.8 98

HA (3. i06 M) 32.2 ± 1.7 69

HA (3. 10_6 M) + IBMX (7. i07 M) 25.5 ± 1.8 54
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FIG. 3. Hi.stamine.inducedglycogenolysis in normal Krebs-Ringer

(2.6. JO� M Ca2�) and in the presence of 0.4. i03 M Ca2�

After a 30-mm preincubation with 3H-glucose in the presence of

either the normal or the low-calcium medium, histamine was added

and incubation continued for 20 mm. Results are expressed as percent-

ages of the basal 3H-glycogen level: 38.5 ± 1.0 dpm . 103/mg protein in

normal medium and 43.2 ± 2.3 dpm . 103/mg protein in low-calcium

medium. Means ± SEM from four to eight separate incubations.

shown). The addition of 5 ,.LM phentolamine, an a-adre-
nergic antagonist, 10 �tM methysergide, a serotonin an-
tagonist, or 10 j�M alprenolol, a f�-adrenergic antagonist
neither modified the basal 3H-glycogen level nor antag-
onized the glycogenolytic response to HA, as shown in
experiments I, II, and III, respectively (Table 3).

Hydrolysis of3H-glycogen elicited by various histarn-

inergic agonists. The predominantly H,-receptor ago-

nists (16, 17) 2-thiazolylethylamine and 2-methylh.ista-

TABLE 3

Effects of serotonin and noradrenaline antagonists on 3H.glycogen

hydrolysis induced by histamine in mouse cortex slices

Means ± SEM of 5-10 separate incubations.

Agents 3H-Glycogen content

dpm . 103 1mg protein

Experiment I

None 47.1 ± 4.3 100

Phentolamine (5. iO� M) 47.4 ± 5.7 101

HA (5. l0� M) 24.9 ± 1.8 53

Phentolamine (5. 10_6 M) + HA (5. 24.1 ± 3.5” 51

iO� M)

Experiment II

None 43.4 ± 1.5 100

Methysergide (i0� M) 38.6 ± 0.7 90

HA (5.1O� M) 14.3 ± 0.8 33

Methysergide (10� M) + HA (5. iO� 19.2 ± 2.4” 44

M)

Experiment III

None 65.2 ± 3.9 100

Alprenolol (l0�� M) 66.1 ± 2.0 101

HA (10� M) 31.9 ± 1.8 49

Alprenolol (10� M) + HA (10� M) 37.0 ± 2.5#{176} 56

a No significant modifications have been observed as compared to

incubations with HA alone.

mine induced a concentration-dependent hydrolysis of
3H-glycogen with EC,�,o values of 9 . 10_6 and 2.6 . i0� M,

respectively (Fig. 3).
Dimaprit, a selective histamine H2-receptor agonist

(18), did not elicit a glycogenolytic response even at
concentrations as high as 3 . iO� M. In the presence of
high concentrations of 4-methylhistamine, a predomi-
nantly H2-receptor agonist (16), a small glycogenolytic

response occurred (30% maximal decrease at 5. i0� M),

allowing an approximate estimation of the ECsc (3 � iO�
M).

A comparison of the relative potencies of different H,-
and H2-receptor agonists on the hydrolysis of 3H-glyco-
gen in slices from mouse cortex and on other biological
systems is presented in Table 4.

Effects of histarninergic antagonists on HA-induced

hydrolysis of 3H-glycogen. Metiamide, a selective H2-
receptor antagonist (19), did not modify, at concentra-
tions as high as i0� M, the glycogenolytic action of HA
since the EC,,o of the amine was 3 . 10_6 M, as in its absence
(Fig. 4). In contrast, the concentration-response curve to
HA was progressively shifted to the right in the presence
of increasing concentrations of mepyramine, a H,-recep-

tor antagonist (Fig. 5). Curves were analyzed by the
computer method to determine the EC,,o, and a Schild
plot of the data gives a straight line with a slope close to
unity (0.88 ± 0.28) and a pA2 value of 8.01. Analysis of
the same data by the Cheng Prussoff equation (see
Materials and Methods) gives a K� = 11 ± 2 nM, corre-
sponding to a pA2 value of 7.96 ± 0.12.

The glycogenolytic action of a fixed concentration of
HA (5 . i0� M) is also progressively antagonized in the
presence of various other H,-receptor antagonists at in-
creasing concentrations (Fig. 6). In the case of chiorphen-
iramine the inhibitory potency of the dextro isomer con-
trasted with the lack of effect of the levo isomer (Fig. 7).
It was checked that the basal 3H-glycogen level was not

TABLE 4

Comparison ofthe “relative potencies “ ofhistamine agonists on the

hydrolysis of3H.glycogen in cortical slices and other systems

Relative potencies were calculated according to the equation, R. P.

= (ECho histamine/EC�o agonist) x 100. The EC�o values for agonists

were calculated by Eadie-Hofstee plot. Other data from (a) Green et

al. (5), (b) Black et al. (16), (c) Parsons et al. (18), (d) Durant et al.

(17), and (e) Palacios et al. (8).

Agonist Cyclic Ade- Gastric Hewn Hy-
AMP
accu-
mula-

tion in
hippo-

nylate
cyclase
in hip-

pocam-
pal ho-

secre-
tion,

rat
(H2)

contrac-
tion,

guinea
pig (H1)

drolysis
3H-gly-

cogen
in cor-

tical
campal moge- slices,

slices, nates, mouse
guinea guinea

pig pig

Histamine 100� iooa 1#{216}#{216}b 100b 100

Dimaprit 6T 2W 19.& 0.0001c 0.0001

4-Methyihista- 6r 58’ �b 0�3b

mine

2-Methylhista- iT 12� 2�’ 16#{149}5b 12

mine

2-Thiazolyleth- T - 0.3�’ 26” 30

ylamine
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Fia. 4. Histamine-induced hydrolysis of3H.glycogen in slices from

mouse cortex and the effects of metiamide, a H2-receptor antagonist

Following a 30-mm preincubation in the presence of 3H-glucose,

histamine was added at increasing concentrations and the incubation

continued for 20 mm. Metiamide added 2 min before histamine. Basal

3H-glycogen level, 45.1 ± 3.2 dpm. 10�/mg protein. Means ± SEM of 5-

10 separate incubations.

altered by any of these agents (i0� M). For each drug
the concentration required for half-maximal inhibition of
3H-glycogen hydrolysis was determined and the inhibi-
tion constants (K1) were calculated, assuming competitive
inhibition (Table 5).

3H-Mepyramine binding. 3H-Mepyramine binds rap-

idly and in a saturable fashion to membranes from mouse
cortex. Equilibrium is reached in less than 15 mm at 0.8
flM 3H-mepyramine. Analysis of the saturation curve by

an iterative program based on least squares (Malfroy, B.,
in preparation) leads to the following parameters: Kd =

3.0 ± 1.2 nM; capacity = 90 fmol/mg protein. The Hifi

coefficient, not significantly different from unity, suggests
the absence of cooperative interaction (Fig. 8). The in-
hibition of the binding of 0.8 n�i 3H-mepyramine by HA
at increasing concentrations is shown in Fig. 9. The K1 of
HA in inhibiting 3H-mepyramine binding is 4.5 . i0� M.

From the comparison of the two concentration-response
curves in Fig. 9, it appears that HA is substantially
weaker in competing for 3H-mepyramine binding than in
inducing 3H-glycogen hydrolysis (EC��o, 3 . 10_6 M).

DISCUSSION

The present study confirms that HA exerts a powerful
glycogenolytic effect on brain slices. Among cerebral
amines, the glycogenolytic action of noradrenaline me-
diated by fl-adrenergic receptors is well established (12,
20-22) and that of serotonin has been recently described

(12, 22). The lack of additive effects of the various amines
(Table 1) suggests that the 3H-glycogen hydrolysis elic-
ited by HA might occur in the same pool(s) as that

elicited by noradrenaline and serotomn. However, it is
clear that the action of HA is mediated by receptors
which are distinct from those mediating the 3H-glycogen
hydrolysis elicited by noradrenaline or serotonin. This is

-4

LOG,0 [HISTAMINE) (M)

FIG. 5. Inhibition by mepyramine, a Hi-receptor antagonist, of the

histamine.induced glycogenolysis in slices from mouse cortex

Slices were preincubated for 30 mm in the presence of 3H-glucose

and incubated for 20 mm following the addition of HA alone or with

mepyramine at various concentrations. Results are expressed as per-

centages of the basal 3H-glycogen level (37.9 ± 3.1 dpm . 103/mg pro-

tein). Means ± SEM from 8-24 separate mcubations. The concentra-

tion-response curve for HA alone is constructed by averaging data

obtained in five distinct series of experiments. The inset represents the

Schild plot ofthe same data in which the dose ratios (DR) are evaluated

by comparison with the EC�o of HA alone within the same series of

experiments. The pA2 value, determined by linear regression, is 8.01.

indicated by the lack of inhibitory potency of a- and f.�-
adrenergic receptor blockers, as well as of methysergide,
an antiserotoninergic agent, toward the response to HA
(Table 3). Furthermore, the action of HA appears to be
selectively mediated by typical H, receptors as demon-
strated by the action of agonists and antagonists.

Regarding agonists, the sole highly selective compound
which can be used to differentiate the two classes of HA
receptors is dimaprit, a H2-receptor agonist, almost in-
active at H1 receptors (18). No glycogenolytic effect could
be observed even in the presence of 2 . i0� M dimaprit
(Fig. 3). In contrast, a clear glycogenolytic response, of
the same amplitude as that elicited by HA (Fig. 3), is
observed with 2-thiazolylethylamine and 2-methylhis-
tamine, two predominantly Hi-receptor agomsts. Fur-
thermore, the relative potencies of these agents agree
well with the corresponding values of responses mediated
by typical H1 receptors (Table 4).

That H, receptors are selectively involved in the gly-
cogenolytic response to HA is further shown by the
action of selective antagonists. Metiamide, a H2-receptor
antagonist, did not, at i0� M, modify the responses to
HA at various concentrations (Fig. 4). In contrast, me-
pyramine, a H,-receptor antagonist, at low concentra-
tions inhibited the HA-induced glycogenolysis. As shown
by the parallel shift of the concentration-response curve

without modification of the maximal response, this an-
tagonism is of the competitive type (Fig. 5). Thus, Schild
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LOGu [ANTAGONIST] (M)

FIG. 6. Effects ofvarious H1-receptor antagonists on the histamine-

induced glycogenolysis in slices from mouse cortex

After a 30-mu, preincubation in the presence of 3H-glucose, slices

were incubated for 20 mm following the addition of HA (5. iO� M)

alone or in the presence of increasing concentration of various H,-

receptor antagonists. The stimulation elicited by 5. i(Y� M HA in the

absence of antagonists is defined as 100%, and responses in the presence

of each antagonist are expressed relative to this value. 3H-Glycogen

levels were 45.2 ± 3.3 and 14.3 ± 1.1 dpm. 103/mg protein in the absence

and presence of HA, respectively. Means ± SEM from four to eight

separate incubations.

plot analysis of these data gives a straight line with a
slope not different from unity and leads to a pA2 value of

8.01, corresponding to an apparent K� of 9.7 ni�i. This is
in reasonable agreement with the affinity constants of
mepyramine in typical H,-receptor systems from periph-

eral tissues: Thus in guinea pig ileum a pA2 value of 9.4

-ii -1 -6

LOG,0 [cHLORPHENIRAMINE] (M)

FIG. 7. Inhibition ofhistamine.induced glycogenolysis by (+)- and

(-)-chlorpheniramine

Slices were incubated with HA (5 . i05 M) alone or in the presence

of increasing concentrations of (+)- and (-)-chlorpheniramine. The

response elicited by 5. i05 M HA in the absence of antagonist is defined

as 100%, and responses in the presence of each stereoisomer are

expressed relative to this value. 3H-Glycogen levels were 55.0 ± 5.2 and

15.9 ± 0.7 dpm. 103/mg protein in the absence and presence of HA,

respectively. Means ± SEM of four to eight separate incubations.

TABLE 5

Comparison of K, values of various H,.receptor antagonists on the

3H.glycogen hydrolysis induced by histamine in cortical slices and

on other systems

Antagonist K, (M)

Hippocam-
pal slices of
guinea pig#{176}

3H-Mepyra-
mine bind-

ing of brain
mem-

branesb

3H-Glyco-
gen hydrol-

ysis in slices
from mouse

brain’�

Mepyramine

(+)-Chlorpheniramine

Promethazine

Triprolidine

2.10�

-

2.5. iO�

iO�

4.5.10�

8. iO�

3. iO�

5.6. iO�

4.7.10�

2. iO�

5. iO�

5.6. iO�

a Data from Palacios et al. (8).

b Data from Chang et al. (24).

C K, values were calculated from data of Fig. 6 using the equation, K�

= IC�j/(1+S/Ka) (see Analysis of Data).

is generally reported, but when determined after only a
short preincubation in the presence of the drug, the pA2
value is 8.4 (23). In the same way the hydrolysis of 3H-
glycogen elicited by 50 jzM HA is progressively inhibited
by a variety of Hi-receptor antagonists including mepyr-
amine; K� values calculated by assuming a competitive
antagonism (Table 5) are close to those reported for
these compounds, regarding biological actions mediated
by typical H1 receptors (23). Finally, the involvement of
the latter is also strongly substantiated and a stereospe-
cific recognition of the HA molecule is suggested by the
large difference in potency of the two chlorpheniramine
stereoisomers (Fig. 7). Whereas (+)-chlorpheniramine
has a potency similar to that of mepyramine on the HA-

induced contractions of the guinea pig ileum, a classical
test for H1 receptor-mediated actions of HA, the (-)

isomer is approximately 500-fold less potent (23).
In order to analyze the relationship between receptor

occupancy and the glycogenolytic effect, we have used
3H-mepyramine as a selective ligand of H, receptors (6,

FIG. 8. 3H-Mepyramine binding to mouse cortex membranes as a

function ofconcentration ofthe ligand

Plot of specific binding, i.e., the difference between the total binding

and that determined in the presence of 2 . 10_6 M triprolidine, a H,-

receptor antagonist. The inset represents the Hill plot ofthe same data.

Means ± SEM from six determinations.
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L0G10[HISTAMINE ] (M)

FIG. 9. Comparison of concentration-response curves to HA re-

garding ‘H-glycogen hydrolysis and inhibition of 3H-mepyramine

binding in mouse cortex

3H-Mepyramine binding measured in the presence of 0.8 ni�i ligand.

Basal level of ‘H-glycogen was 37.9 ± 3.1 dpm. 10’/mg protein. Means

± SEM from 8-24 separate incubations performed in three or four

series ofexperiments. The EC,,o ofHA regarding 3H-glycogen hydrolysis

was 3.106 M, and its K, value regarding 3H-mepyramine binding was

4.5. iO� M.

7). As described in brain preparations from other animal
species, the binding of 3H-mepyramine to mouse cortical
membranes is saturable (capacity is about 90 fmol/mg
protein) and apparently occurs on a single population of
sites without evidence for cooperative interactions (flH

= 1.05 ± 0.10). Interestingly, the Kd of 3H-mepyramine
(3.0 ± 1.2 ni�i) regarding the binding process is close to

its apparent K� values (9.7 ni�i from data of Fig. 5 and 4.7

flM from data of Fig. 6) evaluated from the competitive
antagonism of HA-induced glycogenolysis. In the same

way, the apparent IC� values of various Hi-receptor an-
tagonists, estimated from their inhibitory potency on
HA-induced glycogenolysis (Table 5), agree well with
their inhibitory potency toward 3H-mepyramine binding
as reported by others (6, 24). These findings further
support the idea that the same receptors are involved in
the recognition of 3H-mepyramine and in the initiation
of the glycogenolytic response to HA. However, when
the effects of HA at increasing concentrations on the
glycogenolytic response and the inhibition of 3H-mepyr-
amine binding, respectively, are compared, a clear differ-
ence appears (Fig. 9). Significantly lower amine concen-
trations are required for the former effect (EC�,o, 3 . 10_6

M) than for the latter (Ks, 46 . 10_6 M). It is unlikely that
this variation results from the slightly different incuba-
tion conditions (temperature, duration) under which, in
both cases, a steady state was reached. This apparent
discrepancy can be explained by the assumption that the
maximal glycogenolytic response is elicited when only a

fraction of the H1 receptors is occupied by HA. This
explanation, i.e., the existence of a “receptor reserve,”
would be consistent with the high sensitivity of the
glycogenolytic system in brain slices to the action of
various effectors: For instance, the maximal glycogeno-
lytic effect ofnoradrenaline in brain slices occurs at much
lower amine concentrations than those required for stim-
ulation of cyclic AMP accumulation in the same prepa-

ration (12). Nevertheless, it cannot be excluded that the
difference in potency of HA toward glycogenolysis and
3H-mepyramme binding arises from the differences in
tissue preparations used in the two assays, i.e., intact
cells and membranes, respectively.

What is the mechanism of the glycogenolytic action of
HA? The small but significant potentiation observed in
the presence of a phosphodiesterase inhibitor suggests a

priori the involvement of cyclic nucleotides. Although
HA stimulates a guanylate cyclase (10) in astrocytoma
cells also through activation of H1 receptors, it is unlikely
that cyclic GMP is involved in the HA-induced hydrolysis
of 3H-glycogen because both the dibutyryl derivative of
this nucleotide (in contrast with dibutyryl cyclic AMP)
and cholinergic agonists are devoid of glycogenolytic
potency (12). This would suggest that the HA effect
might be mediated by cyclic AMP. Indeed the relation-
ship between the level of cyclic AMP and either the
percentage of glycogen phosphorylase in the active form
or the glycogen content observed in liver and brain (25)
has led to the cascade theory for cyclic AMP-dependent
phosphorylase activation (26). In guinea pig brain a H,
receptor-mediated increase in the accumulation of cyclic
AMP into slices has been demonstrated (3, 8). However,
it is unlikely that this effect is involved in the HA-induced
glycogenolysis because it requires a simultaneous stimu-

lation of adenylate cyclase mediated by H2 receptors,
which is not the case for the hydrolysis of 3H-glycogen,
as shown, for instance, by the lack of effect of metiamide
(Fig. 4). It can also be remarked that the potentiation by
IBMX is smaller for HA (Table 1) than for noradrenaline
(12) and that the specificity of this agent as a phospho-
diesterase inhibitor has been discussed (27).

On the other hand, it appears that the glycogen content
can also be controlled by a mechanism which does not
involve cyclic AMP: Much evidence indicates that Ca2�
ions play an important role in the a-adrenergic activation
of glycogenolysis in rat liver and that stimulation of a
receptors increases the transmembrane flux of Ca2� ions
(28). Furthermore, the activation of phosphorylase b

kinase by Ca2� ions has been demonstrated to occur in
brain tissues (29).

The observation that a decrease in the extracellular
level of Ca2� ions results in a reduction by more than 40%
of the maximal glycogenolytic response to HA (Fig. 3)
would suggest that this response involves an increased
calcium flux. Interestingly, a variety of other intracellular
responses to HA mediated by H, receptors also appears
to involve translocation of Ca2� ions: This is, indeed, the

case for smooth muscle contraction, as also for stimula-
tion of cyclic GMP accumulation in neuroblastoma cells
(10) or bovine cervical ganglia (11) and for stimulation of
cyclic AMP accumulation in slices from guinea pig hip-
pocampus (Barbin, G., et al., in preparation). Taken
together, these observations suggest that in a variety of
biological systems H1 receptors might be coupled with a
calcium channel.

Whereas additional work is required to analyze the
mechanism of HA-induced glycogenolysis, the present
finding that this action is selectively mediated by H,
receptors might have importance when considering the
marked sedative properties of most antihistamines, pos-
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sibly resulting from modifications of carbohydrate me-

tabolism in cerebral tissues.
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