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Selectivity of 4-methylhistamine at H1- and H2-
receptors in the guinea-pig isolated ileum
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1 The selectivity of 4-methylhistamine (4-MH) as an agonist at histamine Hl- and H2-receptors
has been evaluated in the guinea-pig isolated ileum.
2 The EC50 values of 4-MH on Hl- and H2-receptors that mediate contractile responses were
determined. The EC50 at Hl-receptors was estimated after selective blockade of H2-receptors by
tiotidine and the EC50 at H2-receptors estimated after selective blockade of Hl-receptors by
mepyramine.

3 The -log EC50 values at H1- and at H2-receptors were 4.57 and 5.23, respectively.
4 The dissociation constants for the interaction of 4-MH with Hl- and H2-receptors were
determined.
5 The -log KD values at Hl- and H2-receptors were 3.55 and 4.27, respectively.
6 These results suggest that 4-MH is only about 5 times as potent at H2- as it is at Hl-receptors in
the guinea-pig ileum and that 4-MH should be used with caution to discriminate between H1- and
H2-receptors.

Introduction

4-Methylhistamine (4-MH) is frequently used as a
selective H2-agonist. It has been noted (Hough,
Weinstein & Green, 1980) that some investigators
impart a selectivity to 4-MH that is not warranted by
the original observations of Black, Duncan, Durant,
Ganellin & Parsons (1972). In addition to its action
at H2-sites, 4-MH is also a full agonist at H1-
receptors (Black et al., 1972, this paper). The selec-
tivity of 4-MH for H2-relative to HI-receptors has
only been defined in terms of its potency relative to
that of histamine for actions on ileal Hl- and atrial
H2-receptors.
Because EC50 values for agonist action at one

receptor can vary among tissues (independent of
agonist affinity), the present study was undertaken to
re-evaluate the selectivity of 4-MH on Hl- and H2-
receptors in one tissue, the guinea-pig isolated ileum.
The presence of H1- and H2-receptors in the guinea-
pig ileum has been established (Ash & Schild, 1966;
Barker & Jones-Ebersole, 1982). HI-receptors are
located predominantly on smooth muscle cells
(Chang, Tran & Snyder., 1979) and H2-receptors are
present on some myenteric plexus interneurones
(Barker & Jones-Ebersole, 1982). Activation of

either receptor results in a contractile response.
Further, in the isolated ileum, either receptor can be
selectively antagonized and the response mediated
by the other receptor studied in relative isolation.
These studies were designed to determine the

selectivity of 4-MH for ileal Hl- and H2-receptors
and to evaluate the utility of a two receptor-one
response model in describing our results. We show
that 4-MH has a selectivity for ileal H2-receptors, but
the selectivity is much less than suggested by the
initial observations of Black et al. (1972). A prelimi-
nary report of part of this study has been given
(Barker & Hough, 1982).

Methods

Male and female Hartley albino guinea-pigs,
400-700 g, were used. Segments, 3 cm, were taken
from the ileum between 15 to 30cm from the ileo-
caecal junction and suspended in a 5ml jacketed
organ bath for recording isometric contractions as
previously described (Barker & Jones-Ebersole,
1982). Concentration-response curves were gener-
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ated by the sequential variation of agonist concentra-
tion; the exposure time was 30 s and the interval
between doses was 4 min. Initially, duplicate
concentration-response curves were generated in the
absence of antagonists. In addition, the responses to
5 gm histamine and 200 tM dimaprit were obtained.
These concentrations of histamine and dimaprit are
about 35 times their respective EC50 values on the
ileum (Barker, 1981; Barker & Jones-Ebersole,
1982). The responses produced by these concentra-
tions of histamine and dimaprit were taken as the
maximal response obtainable at Hl- and H2-
receptors respectively. Subsequently, a second set of
concentration-response curves was generated after
1 h incubation with either 0.511M mepyramine or
15 jAM tiotidine. During the equilibration period with
antagonists, the bath solution was changed at 15 min
intervals. The concentrations of mepyramine and
tiotidine used are 1000 times their KB values for
antagonism at Hl- and H2-receptors, respectively
(Arunlakshana & Schild, 1959; Yellin, Buck, Gil-
man, Jones & Wardleworth, 1979; Barker, 1981). At
these concentrations, neither drug exhibits any
measurable antagonism of the other histamine recep-
tor in the guinea-pig isolated ileum (Barker, 1981;
Barker & Jones-Ebersole, 1982). The use of highly
selective antagonists permits one to evaluate the
agonist activity of 4-MH independently at either Hl-
or H2-receptors.
Concentration-response data generated in the pre-

sence of an antagonist were evaluated for a fit to the
equation:

E = (Em)/(1 + (EC50/A) nH) (1)

where E is the measured response, Em the maximal
response, A the concentration of agonist, and nH the
Hill coefficient. Iterative curve fittingwas done using
the programme, 'Regression of an arbitrary function
in one variable' (Heilborn, 1981) on an Apple II Plus
computer.

Concentration-response data generated for 4-MH
in the absence of any antagonists were fitted to the
equation for two receptors mediating a common
response by one agonist (Ariens, Van Rossum &
Simonis, 1956):

E= E1 + E2-E1 x E2/Emax (2)

where E is the observed effect, Emax the maximal
tissue response, and E1,2 each have the form of
equation (1). Rearranging and substitution gives the
form used for fitting:

E/Emax = 1-[(Emaxl/(1 + (Kl/A)nHl))_1]
x [(Emax2/(1 + (K2/A)nH ))-1] (3)

where Kl and K2 are the EC50 values for Hl- and
H2-receptors, respectively, and all other terms are as
defined above. A two stage fit to this equation to
determine the variables nHl, nH2, Kl, and K2 was
performed with the PROPHET computer system's
Public Procedure FITFUN (Baig & Reid-Miller,
1980). The criteria for a good fit were a significant
correlation coefficient and a random distribution of
residuals, the difference between fitted values and
observed values. The fitting was performed as fol-
lows: Emaxl was always 1 since HI-receptors curves
for this tissue always gave the same maximum re-
sponse as did curves composed of both receptors
(Figure 1). Emax2 was determined experimentally
with dimaprit in the absence of either antagonist and
expressed relative to Emaxl (e.g. Emax2 = 0.3 in
Figure 1). Initial estimates of Kl and K2 were made
by inspection of the data, and nH1 and nH2 were
fitted, with the only constraint that they be positive.
These fitted values were then used as the initial
estimates for a second fit of all four variables, with the
second constraint that the ECQ0 values be between 0
and 1 M. Initially, attempts were made to fit all six
parameters in equation 3 simultaneously. While such
fits converged and gave significant correlation coeffi-
cients, the fitted values did not agree with the experi-
mentally observed values. In a second attempt to
carry out a simultaneous fit, the values of Emax and
nH were fixed to those obtained from the analyses of
the individual components. Again, the fits converged
and gave significant correlation coefficients, but the
residuals showed a systematic variation. For these
reasons, the two stage fit described above was used to
estimate the four parameters, Emaxi, Emax2, nH1,
and nH2. This approach satisfied both criteria for a
good fit..
The apparent dissociation constants (KD) of4-MH

for Hl- and H2-receptors were determined by the
method of Furchgott (1966). Irreversible inactiva-
tion of a fraction of the HI-receptor population was
achieved by exposure of the ileum to dibenamine
HCI, 1 jAM, for 30 min. Partial irreversible inactiva-
tion of H2-receptors was achieved by treatment of the
ileum with L-643,441(3-N-[3-[3-(1-piperidino-
methyl) phenoxy] propyl] amino-4-amino-1, 2, 5-
thiadiazole-1-oxide), 50 nm, for 15 min. L-643,441
is a selective irreversibly acting H2-antagonist (Pen-
delton, Torchiana, Hanson & Clineschmidt, 1982).
When the KD for HI-receptors was determined,
0.2 ZlM tetrodotoxin was present to mask any actions
of 4-MH on H2-receptors Barker & Jones-Ebersole,
1982). Similarly when the KD for H2-receptors was
determined, mepyramine (0.5 jM) was present to
preclude actions at Hl-receptors. Agonist dissocia-
tion constants were obtained from a regression of
equation (4)
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[A']/[A] = ((1 - q)/qKD) [A'] + 1/q 1.0(4)

where [A] and [A'] are the concentrations of agonist
giving equal responses before and after partial inacti-
vation of receptors, respectively; q is the fraction of
active receptors remaining after treatment with the
irreversible antagonist; and KD is the apparent dis-
sociation constant. Equation 4 is an algebraic rear-
rangement of the original equation of Furchgott
(1966). Duplicate dose-response curves were gener-
ated by the sequential method before and after inac-
tivation of a fraction of the active receptors.
The results are presented as mean and 95% confi-

dence limits (tables) or ± s.e. mean (figures and text).

Drugs

All chemicals used were of reagent grade. L-643,441
was kindly provided by Dr R.G. Pendleton, Merck
Sharp & Dohme Research Laboratories, West Point,
PA. 4-MH and dimaprit were kindly provided by Dr
C.R. Ganellin, Smith Kline and French Research,
LTD, Welwyn Garden City. Tiotidine was kindly
provided by Dr D. McCurdy, Stuart Pharmaceuticals
Division of ICI Americas, Willmington, DE.
Mepyramine was obtained from Pfaltz and Baer,
Stamford, CT. Tetrodotoxin and 5-hydroxy-
tryptamine (serotonin) were purchased from Sigma
Chemicals, St Louis, MO, and dibenamine from ICN
Pharmaceuticals, Plainview, NY. Substance P was
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Figure 2 Mean concentration-effect curve to 4-
methylhistamine (4-MH) at H1-receptors in the guinea-
pig isolated ileum as determined in the presence of
15 AM tiotidine (n= 5) or 0.2 liM tetrodotoxin (n = 5).
Responses are expressed relative to the maximum his-
tamine response. Data points and bars are mean and
s.e.mean for 10 observations. Line is that predicted from
equation 1 using the mean values of EC50 and nH (Table
1).

obtained from Bachem Inc., Torrance, Ca. His-
tamine dihydrochloride and carbachol chloride were
bought from Aldrich Chemicals, Milwaukee, WI.
Carbachol was converted to the perchlorate salt and
twice recrystallized from methanol before use.
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Concentration-response parameters of4-
methylhistamine determined by the analyses of the
individual components
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Figure 1 Concentration-response curves to 4-
methylhistamine (4-MH) in the guinea-pig isolated
ileum generated in the absence (0) or presence of either
0.5 giM mepyramine (-) or 15 gM tiotidine (A). Control
curves were generated on adjacent segments of ileum
taken from the same animal. One segment was subse-
quently treated with mepyramine and the other with
tiotidine. Responses are expressed relative to the max-

imum histamine response. Data are from a single experi-
ment.

Figure 1 shows the effect of selective blockade of
either HI- or H2-receptors on the response to 4-MH.
Concentration-response curves for the actions of 4-
MH on H1- and H2-receptors are shown in Figures 2
and 3. The results of curve fitting analyses to deter-
mine EC50 values and nH for the actions of 4-MH at
H1- and H2-receptors based on data obtained under
conditions of selective blockade of either site are

shown in Table 1. The EC50 value for 4-MH at
Hi-receptors determined in the presence of tiotidine,
23.2± 6.8 tLM (n = 5) was not significantly different
from that determined in the presence of tetrodotoxin,
30.4± 4.0gM (n= 5, P> 0.05, Student's ttest). Data
from both sets of experiments are presented as a

single mean concentration-response curve in Figure
2.
The maximal response obtainable for the actions of
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Figure 3 Mean concentration-effect curve to 4-
methylhistamine (4-MH) at H2-receptors in the guinea-
pig isolated ileum as determined in the presence of
0.5 gM mepyramine. Responses are expressed relative to
the maximum dimaprit response. Data points and bars
are mean with s.e.mean for 17 observations. Line is that
predicted from equation 1 using the mean values of
EC50 and nH (Table 1).

4-MH at H2-receptors was about 30% of that due to
actions at Hl-receptors. The same was true for the
actions of dimaprit On ileal H2-receptors whether
determined in the presence or in the absence of
0.5 9uM mepyramine (data not shown). Relative to
histamine, 4-MH was a full agonist at Hl-receptors.

Concentration-responseparameters of4-MH
estimated by computer analyses ofdose-response
curves generated to4-MH in the absence ofhistamine
receptor antagonists

In 7 out of 10 experiments, the results were described
quite well by a fit to equation (1). Although such
analyses gave statistically good fits, they were inade-
quate because such a model does not reflect the
physical reality of the system as revealed by the
experiments described above. The results of iterative
non-linear regression analyses of data obtained in the

[4-MH], /(M
Figure 4 Representative results of curve fitting experi-
ments. Data points are experimentally observed re-
sponses. Lines are lines of best fit obtained from itera-
tive nonlinear regression analysis for fits to equation 3
(see methods).

absence of either tiotidine or mepyramine for fits to
equation (3) are shown in Table 2. The data from ten
experiments were analysed. In each case, the
concentration-response curve predicted by equation
3 showed excellent agreement with the experimen-
tally observed results. Examples of fits to two indi-
vidual experiments are shown in Figure 4. The two-
stage fitting procedure produced curves that agreed
well with the observed results and satisfied the
criteria of a significant correlation coefficient and
random distribution of residuals. The estimates of the
EC50 values for agonism by 4-MH at H1- and H2-
receptors obtained by this method agreed well with
those obtained from an analyses of the individual
components. However, the average of estimates of
the slope parameter, nH, for agonism at H1-
receptors obtained from fits of data obtained in the
absence of antagonists was double that obtained from
fits of data generated in the presence of tiotidine. No
such disparity was observed between the two
methods for estimating the slope parameter for ac-
tions of 4-MH at H2-receptors.

Table 1 Dose-response parameters for the independent interaction of 4-methylhistamine with
ileal histamine receptors

Receptor
n H1 n H2

-log ED50 10 4.57 (4.45-4.74) 17 5.23 (5.18-5.29)
Ema 10 1.0 10 0.30 (0.16-0.44)
nH 10 1.06 (1.0-1.12) 17 1.10 (1.03-1.17)
- log KD 5 3.55 (3.34-3.99) 8 4.27 (4.15-4.44)
e 5 10 (8-12) 8 10 (7-13)

Values are mean and 95% confidence limits; n = number of animals from which tissue was
obtained; E,,, is maximal response relative to tissue maximal histamine response; KD is the
dissociation constant; and e is efficacy as defined by Stephenson (1956), e = (KD + EC5O)/EC5O-
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Table 2 Dose-response parameters obtained
from fits to the equation,E = E1 + E2 -EE2/Emax

- log EDso
nH

Receptor
H1 H2
4.72 (4.70-4.73) 5.49 (5.36-5.68)
2.1 (1.4-2.8) 1.1 (0.9-1.3)

Data are from 10 experiments. Values are mean
and 95% confidence limits.

Dissociation constants of 4-methylhistamines for
H1- and H2-receptors

The results of experiments in which the apparent
dissociation constant of 4-MH for H1- and H2-
receptors were determined are shown in Table 1.
Figures 5 and 6 show the results of the inactivation of
a fraction of either H1- or H2-receptors, respectively,
on the response to 4-MH at these sites.

In separate experiments, the selectivity of L-
643,441 was evaluated. Treatment of ilea with L-
643,441, 5OnM for 15 min, did not affect dose-
response curves generated to carbachol, 5-HT or
substance P and did not alter the response of the
ileum to electrical field stimulation. In each case,
three experiments were performed.

Discussion

Previous estimates of the selectivity of 4-MH were
based on a comparison of its activity relative to that of
histamine on ileal Hl- and atrial H2-receptors (Black
et al., 1972; Durant, Ganellin& Parsons., 1975). The
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Figure 5 Contractile effect of 4-methylhistamine (4-
MH) on the ileum at Hl-receptors before (0) and after
(0) a 30 min incubation with 1 gM dibenamine. Re-
sponses are relative to the maximum histamine re-

sponse. Data points and bars are mean with s.e.mean for
5 experiments.
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Figure 6 Contractile effect of 4-methylhistamine (4-
MH) on the ileum at H2-receptors before (0) and after
(0) a 15min incubation with 50nM L-643,441. Re-
sponses are relative to the maximum dimaprit response.
Data points and bars are mean with s.e.mean for 9
experiments.

ratios of EC50 values, i.e. histamine/4-MH, were
0.0023 and 0.41 respectively. At first approximation,
this suggests that 4-MH is about 200 times more
potent at H2- than at Hz-receptors. However, the
value of 200 is not a ratio of the ECSO values for
4-MH actions at Hl- and H2-receptors. Instead it is
that ratio multiplied by the ratio of EC50 values,
H2/Hl, for histamine. Since histamine is about 10
times more potent at Hl- than H2-receptors, it is
likely that the potency of 4-MH at H2-receptors
exceeds that at Hl-receptors by no more than a factor
of 20.
The results of the present study show that 4-MH is

only about 5 times more selective for H2- than H1-
receptors in the guinea-pig ileum. These results were
obtained from experimental determinations of the
EC50 values for the independent interaction of4-MH
with H1- and H2-receptors as well as from computer
analyses of dose-response curves generated in the
absence of either mepyramine or tiotidine.
The results of curve fitting experiments differ from

those of the analyses of the individual components in
one major respect which was in the estimation of the
slope parameter, nH, for the H1- component. The
results of the curve fitting analyses gave a value of 2.1
and those from the analyses of the H1-component in
isolation gave a value of 1.1. The basis for this
difference is not clear. In the presence of tiotidine at
1000 times its KB value, 4-MH at the concentration
range used would exert negligible actions at H2-
receptors. Under these conditions, equation (3) re-
duces to equation (1). Thus, one would expect that
the two analyses would yield similar estimates fornH
values as was the case for EC50 values. The lack of
agreement on estimations of the slope parameter for
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agonism at HI-receptors may indicate that the two-
receptor model is not valid. Alternatively, the model
may be appropriate and the results have revealed an
interaction between the two receptors and their ef-
fector systems that could not be predicted by an
investigation of the individual receptors in isolation.

Because the maximal obtainable response due to
activation of H2-receptors is less than that for H1-
receptors, there may be some objection to determin-
ing the relative potency of 4-MH at these sites by a
ratio of EC50 values. For this reason, the apparent
dissociation constants for the interaction of 4-MH
with ileal histamine receptors were determined. The
results of these experiments also showed that the
selectivity of 4-MH for H2-receptors is only about 5
times that for Hi-receptors.
The theoretical basis for the pharmacological de-

termination of agonist dissociation constants has
been discussed in detail (Furchgott, 1966; Furchgott
& Bursztyn, 1967). Of particular importance to the
present study is the requirement that the irreversibly
acting antagonist alters the sensitivity of the effector
to the agonist only by reducing the concentration of
active receptors for the agonist and not by actions at
other sites in the effector chain (Furchgott, 1966).
The utility of dibenamine for the pharmacological
estimation of apparent agonist KD values at ileal
HI-receptors has been established (Furchgott,
1966). Because the contractile respose by the ileum
to H2-agonists is mediated by the sequential release
of 5-HT, substance P and acetylcholine with an in-
volvement of a product(s) of the arachadonic acid
cascade (Barker & Jones-Ebersole, 1982), it was
necessary to establish that L-643,441 did not alter

the response to these agents. At the concentration
and time of exposure used in these studies, L-
643,441 produced no measurable effects at receptors
mediating responses to 5-HT, substance P or acetyl-
choline. In addition, L-643,441 did not alter the
response of the ileum to electrical field stimulation;
showing that it did not impair the response of the
ileum to H2-agonists by a mechanism similar to that
of cyclo-oxygenase inhibitors (Barker & Jones-
Ebersole, 1982). These results validate the use of
L-643,441 in the present studies.
The results of the present study show that 4-MH is

selective for H2-receptors, but that the selectivity is
too low for the utilization of 4-MH alone in the
characterization of responses mediated by H2-
receptors. The selectivity ratio for 4-MH agonism at
H1- and H2-receptors in other tissues will depend on
the relative concentration of the two receptor popu-
lations. In tissues where the relative concentrations
of H1- and H2-receptors are not known, 4-MH
should be used with caution to characterize functions
mediated by H2-receptors.

This study was supported by the LSUMC Pharmacology
Excellence Fund, a BRSG grant (2FO7RR05376-21)
awarded to LSUMC by the Division of Research Resources
of the National Institutes of Health (L.A.B.) and a grant
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