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Effect of Alkali Metal and Alkaline Earth Cations on

Histamine Binding to Peptide H

PAUL A. KRAMER, JOHN R. HAZLETT, and DANE O. KILDSIG *

Abstract O The association constants of histamine with Mg+, Ca2*,
Sr2+, and Ba?* were determined in buffer solutions at constant pH using
an ion selective electrode. These cations enabled histamine to bind to
peptide H. A minimum cation binding concentration was required for
histamine binding. A linear relationship existed between the minimum
cation binding concentration and the log of the equilibrium constant for
the histamine—cation complexes, indicating that the specificity of the
alkaline earth cations in promoting histamine binding was due to the
difference in their ability to complex with histamine. The monovalent
cations, Na*, K*, and Cs*, inhibited histamine binding to peptide H, with
the extent of inhibition dependent on cation concentration. An ion-
exchange mechanism or a conformation change in the peptide may ac-
count for the inhibition.

Keyphrases O Histamine—binding to peptide H, effect of alkali metal
and alkaline earth cations, association constants determined 0 Peptide
H—Dbinding to histamine, effect of alkali metal and alkaline earth cations,
association constants determined O Alkali metal and alkaline earth
cations—effect on binding of histamine to peptide H, association con-
stants determined O Binding—histamine to peptide H, effect of alkali
metal and alkaline earth cations, association constants determined 01
Association constants—determined for binding of histamine to peptide
H, effect of alkali metal and alkaline earth cations B Metals—alkali metal
and alkaline earth cations, effect on binding of histamine to peptide H

Previous reports indicated that Ca2* is involved in the
binding of histamine to serum protein (1, 2). Cations other
than Ca?* also appear to affect histaminopexy. Serum
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Mg?* levels in asthmatics are low during attacks but nor-
mal while patients are free of symptoms (3); magnesium
sulfate given intravenously to severe asthmatics gives relief
for 18-20 hr (3). Injections of magnesium chloride restore
histaminopexy in adrenalectomized and ovariectomized
rats for up to 3 months, an effect similar to that of Ca2* but
longer lasting (4). In contrast to the divalent alkaline earth
cations, the monovalent cation K+ appears to inhibit his-
taminopexy (2, 5-7).

Previously (8), histamine was found to bind to a plasma
peptide, termed peptide H, through the formation of a
Ca?*-histamine complex. Apparently, only one extensive
investigation of histamine—alkaline earth complexes has
been reported. Chawla (9) measured association and other
thermodynamic constants for Be2*, Ca?*, and Mg?+
complexes with histamine, antistine, and similar molecules
at several temperatures. Several studies determined as-
sociation constants for histamine complexes with various
other metals (10-12), and the method of pH titration
generally has been used. For accurate results, this tech-
nique requires extensive experimental precautions such
as those used by Chawla (9).

This report describes the determination of histamine—
cation constants at constant pH, using a cation selective
electrode. The purpose of this investigation was to deter-



Table —Values for the Stoichiometry and Association
Constants for Alkaline Earth Cation—Histamine Complexes
at 37°and pH 7.4

Cation n log K K M
2+ 1 2.50 3.2 x 10?
Ca* 1.02 3.07 11.8 x 10?
Srzt 0.88 2.96 9.2 X 10*
Ba** 0.80 2.87 7.4%x 10?

mine the effect of the alkaline earth and alkali metal cat-
ions on the binding of histamine to peptide H.

EXPERIMENTAL

Materials—Histamine dihydrochloride! and tromethamine hydro-
chloride, ultrapure!, were used. All other chemicals were reagent grade.
The isolation of peptide H and the preparation of the tromethamine
buffer were described previously (8).

Minimum Detectable Binding Concentration—To determine the
minimum concentration of the alkaline earth cation necessary for de-
tectable histamine-peptide binding, a series of dynamic dialysis runs was
carried out with increasing concentrations of the alkaline earth cation
added to internal and exte: aal solutions. The apparatus and experimental
procedure for dynamic dialysis were described previously (8). Plots of
log total histamine remaining in the internal cell versus time were made.
When no binding occurred, the slopes of these linear plots were the same
as the slope with no peptide present. When binding occurred, the slope
decreased, indicating less free histamine present.

Association Constants for Histamine and Alkaline Earth Cat-
ions—Calcium-ion and calomel electrodes were used with a pH meter2.
Solutions were maintained at 37 + 0.1° in a jacketed beaker and agitated
with a magnetic stirrer. A titrant, alkaline earth chloride solution in
isotonic tromethamine buffer (pH 7.4), was added in 0.1-ml increments
to either 50 ml of 1.81 X 1073 M histamine in the same tromethamine
buffer or 50 ml of a buffer blank containing no histamine. Each 0.1-ml
increment of titrant produced a 0.0005 M increment of cation.

Plots of cation concentration versus millivolt reading, both in the
presence and absence of histamine, were made. From these plots, the
concentration of free cation and, by subtraction, the concentration of
bound cation were determined.

Millivolt Titrations with Histamine, Peptide, and Calcium: Effect
of Alkali Metal Cation—Alkali metal chloride was added to 25 ml of
peptide H, 7.8 mg/ml, in 0.9% NaCl. Sodium, potassium, and cesium
chlorides were used. Since 0.9% NaCl was used in the buffer system
throughout all investigations, 0.154 M, corresponding to 0.9% NaCl, was
the lowest concentration of potassium and cesium chlorides used. The
peptide H solution was also made 0.770 and 1.1540 M in sodium chloride;
0.308, 0.616, and 1.232 M in potassium chloride; and 0.308 and 0.770 M
in cestum chloride. To these solutions, histamine dihydrochloride solution
was added in 0.1-ml increments such that each addition produced a 0.001
M increment in histamine.

A pH meter? was used with combination electrode to determine the
millivolt readings. Identical runs were conducted with calcium chloride
added to the peptide H-alkali metal chloride solutions.

RESULTS AND DISCUSSION

Cation-Histamine Association Constants—Total valence electron
calculations show that histamine, in both its neutral and monoprotonated
forms, exists in a configuration theoretically favorable to metal and in-
tramolecular hydrogen binding (13). The equilibria involved are shown
in Schemes I and 11:

K
niM2* + Hit = M, Hi*
Scheme I

X
nsM2* + Hi = M, Hi
Scheme I

! Schwarz/Mann, Orangeburg, NY 10962.
2 Orion model 801, Orion Research, Cambridge, MA 02139.
3 Sargent model NX, Sargent-Welch Co., Skokie, IL 60076.
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Figure 1-—Log-log plot of the bound alkaline earth cation versus the
free alkaline earth cation for various histamine—alkaline earth cation
complexes. The slope is equal to the number of cations bound per his-
tamine molecule. Key: @, Mg; ©, Ba; O, Sr; and ®, Ca.

where Hi and Hi* are the unionized and monoprotonated forms of his-
tamine, M2* is the alkaline earth divalent cation concentration, n is the
number of moles of cation bound per mole of histamine, and M, Hi* and
M,,,Hi are the concentrations of the complexes formed.

Ifn, = ny = n, then:

K'/K = [M,Hil/[M, Hi*] {{Hi*}/[Hi}} (Eq. 1)

Since the side-chain pKa of histamine is about 9.4, the ratio Hi*/Hi is
between 30 and 100 at a physiologic pH of 7.4. Therefore, the species
M, Hi makes only a minor contribution to the total bound alkaline earth
cation at pH 7.4 unless the affinity constant, K’, for the unionized his-
tamine-metal complex is an order of magnitude higher than that for
ionized histamine, K, Assuming Scheme I represents the primary asso-
ciation, one can calculate the cation-histamine* association constant,
K, for Mg2*, Ca2+, Sr2t, and Ba®* from determinations of free and bound
alkaline earth cation concentrations at pH’s where Hi* predominates.
The equilibrium expression for Scheme I is:

_ [M,HiY
K= perepEe]

which may be written as:

log K = log [M,,Hi*| — log [Hi*] — n log [M2+]

(Eq.2)

(Eq. 3)
or: )
lOg [M2+bound] = lOg K+ lOg [H1+] +n lOg [M2+free] (Eq 4)

where log [M2+,,una] = log [M,,Hi*]. A plot of log cation bound versus
log cation free was linear (Fig. 1), and the slope, n, was approximately
one for all four cations, indicating a 1:1 complex (Table I). The association
constants may then be calculated using Eq. 2, since the concentrations
of bound and free cation, and thus of complex and free histamine, are
known (Table I). The complexes of histamine with Ca?*, Sr?*, Ba2t, and
Mg2* were found to be 1:1 with association constants for Ca2*, Sr2t, and
Ba2* with histamine being fairly close at about 10° M~! and for the his-
tamine-Mg?* complex being considerably lower.

The association constants determined for the histamine-alkaline earth
complexes by the ion selective electrode at constant pH are in good
agreement with Chawla’s (9) results (for Mg2*, a log K of 2.26; for Ca2*,
a log K of 2.91) determined at 25° using the pH titration method. The

exlr
Figure 2—Log K versus e2/r for histamine~alkaline earth cation com-
plexes.
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Figure 3—Relationship between apparent first-order dialysis rate
constant, kepp, and concentration of Ba?* indicating the minimum
detectable binding concentration of Ba?*t.

pH titration method, however, approaches its limit of application for
association constants under 103, limiting the accuracy of Chawla’s values
for Ca2*—histamine and, particularly, for Mg2*—histamine (9). While it
is difficult to draw conclusions based on only these two systems, the larger
deviation of Chawla’s log K for Mg2*-histamine from the log K deter-
mined by the ion selective electrode was most likely due to the pH ti-
tration limitation, with the ion selective electrode measurement of log
K being the more accurate.

A plot of the data according to the Born equation, as described by
Martell and Calvin (14), provides some insight into the influence of the
charge and radius of the alkaline earth ion on the binding constant:

5-5(-3)

where E = energy of solvation for gaseous ions, r = ionic radius, e =
charge, and D = dielectric constant of solvent. If the energy of solvation
is assumed to be directly related to log K, then a linear relationship should
exist between log K and e2/r. When the log of the association constants
for histamine—alkaline earth cations are plotted versus e?/r, it is seen (Fig.
2) that while Ba2*, Sr2*, and Ca2* follow the expected order, Mg2+ is low.
It is not unusual, however, for Ca?* complexes to have higher log K’s than
Mg?*, particularly with ligands forming a highly chelated structure.

One might also expect a relationship between the proton affinity (pK)
of the chelating agent and the free energy of the binding process as rep-
resented by log K. Martell and Calvin (14) showed a plot of log K versus
pK for the alkaline earth complexes of a series of structurally similar weak
acid chelating agents. A linear relationship was observed for each alkaline
earth cation studied. For chelating agents with pK’s above 9, the affinity
constants were in the order Mg2+ > Ca2* > Sr2+ > Ba2*, At pK’s below
7.5, the order seemed to be altered; this same order, Ca2* > Sr2+ > Ba2*
> Mg?*, was observed for histamine affinities. The present system seems
to exhibit the expected metal specificity for a species with a conjugate
acid dissociation constant below 7.5, i.e., the monoprotonated form of
histamine, the conjugate acid of which has a pK of 5.8, and for a species
that predominates at pH 7.4. The binding affinities of the alkaline earth
cations for vitamin D-induced calcium binding protein also follow the
order Ca2* > Sr?+ > Ba?* > Mg?* (15). This effect may be due to ioniz-
able groups of pK less than 7.5 on the binding protein.

Effect of Alkaline Earth Divalent Cations—When Sr2+, Ba?*, or
Mg2* was substituted for Ca2* in the dynamic dialysis runs, it also en-
abled the peptide to bind histamine. The difference was only in the
concentration of cation necessary to promote binding.

When the apparent first-order rate constants were determined from
the slopes of plots of log total histamine remaining in the dialysis cell
versus time and plotted against the concentration of cation at which they

(Eq. 5)

Table II—Minimum Detectable Binding Concentrations
for the Alkaline Earth Cations

Minimum Binding

Cation Concentrations, M
Mg?* 7.4x 107
Ca** 1.6x 1072
Sr2+ 3.7x 1072
Ba*t 5.9x 1077
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Figure 4—Relationship between the minimum detectable binding
concentration and log of the histamine—alkaline earth cation association
constants.

were obtained, the apparent first-order rate constants were the same
whether the cation was present or not until a minimum cation concen-
tration was reached. At this point, the rate constants decreased, indicating
that binding, perhaps mediated by a conformational change, had occurred
(Fig. 3). The minimum concentrations of the alkaline earth cation re-
quired for binding are shown in Table II. As the divalent cation concen-
tration was increased beyond the minimum for binding, a rate of dialysis
independent of cation concentration was reached (Fig. 3). Since the
concentration of peptide H was much smaller than the histamine or di-
valent cation concentrations and was constant, the peptide H concen-
tration probably became a limiting factor, resulting in the apparent
constancy of the binding.

When association constants for histamine-alkaline earth cations were
logarithmically plotted versus their respective minimum detectable
binding concentrations (Fig. 4), a linear relationship was observed be-
tween the threshold concentration and the free energy of the binding
process. Thus, the specificity of the alkaline earth cations in promoting
binding of histamine to peptide H is due to the difference in their ability
to complex with histamine as indicated by their association constants.

Botre et al. (16) studied the binding of histamine to bovine serum al-
bumin at various ionic strengths and reported that, for a given ionic
strength, the protein required a threshold concentration of histamine
for binding and that this threshold varied with the nature of the inorganic
cations present in the system. The explanation given is that the albumin
undergoes a “conformational perturbation that is induced by histamine
and dependent on ionic strength.” Apparently, a similar phenomenon
occurs for peptide H, where the conformational change is induced by the
alkaline earth cation-histamine complex.

Effect of Monovalent Cations on Histamine-CaZ*—Peptide H
Binding—Peptide H in distilled water, with varying concentrations of
alkali metal chloride added, was titrated with histamine dihydrochloride,
and the millivolt readings were recorded using a pH electrode. A plot of
the millivolt readings versus the log of the concentration of histamine
added was linear (Fig. 5). Since histamine does not bind to peptide H in
the absence of Ca?* (8) (or other divalent cations), the pH electrode was
responding to free histamine hydrochloride. The addition of calcium
chloride resulted, as expected, in a decrease in free histamine due to
binding to peptide H, as evidenced by a decreased slope of the millivolt
titration curve. This Ca2* effect was most noticeable at the lower con-
centrations of the alkali metal chlorides, 0.154 M, with the effect of the
alkali metal chloride increasing as its concentration increased.

Table III—Minimum Alkali Metal Chloride Concentrations
for Complete Inhibition of Histamine Binding

Inhibitory
Cation Concentration, M
Cs* 0.52
Nat* 0.86
K* 1.43

544 / Journal of Pharmaceutical Sciences



130
» 120
|_
-
o
2
ol
-1 110
3
100
90 1 1 1 i 1
1 2 3 4 5
[Hi) x 10°Mm

Figure 5—Relative millivolt readings versus concentration of histamine
for determining the effect of Na* on peptide-histamine-Ca?* binding.
Key: ®, peptide, low Na*; @, peptide, Ca?*, low Na; O, peptide, high
Na*;and @, peptide, Ca?*, high Na*. The concentrations were: peptide,
1.7 X 1074 M; Ca?*, 1.8 X 1072 M; low Na*, 0.154 M; and high Na*,
0.770 M.

As seen in Fig. 5, the curves for both the peptide H and peptide H-
calcium chloride solutions containing the higher alkali metal concen-
tration approach one another. Apparently, an alkali metal chloride
concentration can be reached that completely inhibits histamine binding
to peptide H. That this is indeed the case is shown in Fig. 6, where the
millivolt difference between the peptide H and peptide H—calcium
chloride solutions was plotted versus the concentration of alkali metal
chloride present in the solution. An extrapolation to the abscissa gives
the concentration of alkali metal chloride necessary to inhibit histamine
binding completely. This finding is verified by the complete inhibition
of binding by Na* and Cs* at concentrations over the predicted inhibitory
concentration.

The alkali metal cations may inhibit the histamine-peptide H binding

MILLIVOLTS

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
MONOVALENT CATION CONCENTRATION, M
Figure 6—Relationship between the change in millivolt reading pro-
duced by added Ca?* and the concentration of the monovalent cation
present in solution. The intercept at 0 muv is predictive of the minimum
inhibitory concentration of the monovalent cation. Key: a, Cs*; m, Na*;
and @, K+,

by affecting either the Ca2*-histamine complex formation or the binding
of the complex to peptide H. To determine if Na* affected the com-
plexation between histamine and Ca2*, histamine was titrated with Ca2+
solution using a Ca®* ion selective electrode in the same manner as was
used to determine the histamine-Ca?t association constant, except that
more sodium chloride was added to increase the Na* concentration from
0.154 to 0.770 M. There was no difference in the concentration of bound
Ca?* in the presence of increased Na*. However, the increase of Nat to
0.770 M did interfere with the Ca?*-mediated binding of histamine to
peptide H (Fig. 5); therefore, the Na* effect must occur in the interaction
between the histamine—Ca?* complex and peptide H.

Two possible mechanisms for the alkali meial cation inhibition of
histamine binding may be considered. One possibility is an ion exchange
between the alkali metal cation and the bound calcium-histamine com-
plex, similar to that reported by Aborg and Uvnas (17) for Na* inhibition
of histamine binding to a heparin—clupeine complex. The inhibition by
Nat was due to a competition with histamine for carboxyl groups on the
clupeine. Peptide H provides nine weak acid groups per peptide molecule,
and a similar competitive displacement from these anionic sites is a
possible explanation of the present observations. Alternatively, confor-
mational changes in peptide H favorable to binding may be induced by
the Ca2*—histamine complex and, above a critical alkali metal salt con-
centration, these conformational changes cannot be effected. It was re-
ported that alkali metal cations prevent a conformational change in bo-
vine serum albumin that is essential for albumin-histamine binding (16).
The order of specificity of this inhibitory effect was K* > Rb* > Na*
>Li* = Cs*, which is the reverse of the order observed for the inhibition
of Ca?*-histamine binding to peptide H (Table III).
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