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Summary - Cationic-amphiphilic 2-substituted histamines activate pertussis toxin-sensitive guanine nucleotide-binding proteins 
(G-proteins) by a receptor-independent mechanism, From our recent studies it became apparent that lipophilicity is an important deter- 
minant for this G-protein activation, but the influence of basicity remained unknown. We prepared seven novel 2-alkyI-substituted 
histamines and five novel 2alkylsubstituted hydroxyethylimidazoles and studied their effects on high-affinity guanosine triphosphate 
(GTP) hydrolysis in membranes of the human leukemia cell line, HL-60. 2-Octylhistamine was found to be the most effective GTPase 
activator among 2-substituted histamines presently available (150% stimulation above basal), and 2-tetradecylhistamine is the most 
potent substance in this regard @Et& = 5.9). Branching of the alkyl chain and the introduction of an ether group adversely affected 
GTPase activation. Compared to a phenyl ring, a bulky adamantyl sphere enhanced G-protein-stimulatory activity. In the case of 
2-(3-bromophenyl)histamine, 2-adamantylhistamine and 2-(3-phenylpropyl)histamine, replacement of the aminoethyl group by a 
hydroxyethyl group at the imidazole greatly reduced GTPase-activating properties, pointing to the importance of the basic domain in 
the activation process. Unexpectedly, however, in the case of a very lipophilic substituent (heptadecyl chain) the exchange of the 
aminoethyl group by a hydroxyethyl group had no substantial inhibitory effect, indicating that the presence of a primary amine is not a 
conditio sine qua non for a substance being a receptor-independent G-protein activator, Concerning histamine H,-receptors the newly 
prepared compounds proved to be weak antagonists. 

G-protein / GTPase / 2-substituted histamine / 2-substituted hydroxyethylimidazole / histamine HI-receptor 

Introduction 

Besides their well known agonistic or antagonistic 
activity at histamine H,-receptors [ 141, 2-substituted 
histamines possess the ability to activate pertussis 
toxin-sensitive heterotrimeric regulatory guanine 
nucleotide-binding proteins (G-proteins) in a receptor- 
independent manner [5-71. G-proteins play a central 
role in transmembrane signal transduction from hepta- 
helical receptors to cellular effector systems [8]. The 
human leukemia cell line HL-60 has been shown to be 
a particularly useful system for the analysis of recep- 
tor-independent G-protein activation by 2-substituted 
histamines [5-71. 

2-Substituted histamines are cationic-amphiphilic 
substances, ie, they possess a basic domain (amino- 

*Present address: Institut fur Organische Chemie, Johannes 
Gutenberg-Universitat, Johann-Joachim-Becher-Weg 18-20, D- 

ethylimidazole) and a lipophilic domain (eg, a (substi- 
tuted) phenyl or cyclohexyl residue) [l-7]. The rela- 
tively simple structures of 2-substituted histamines, 
which can be modified in a logical manner, render 
them a suitable starting point for the systematic analy- 
sis of the as yet incompletely understood structure- 
activity relationships of receptor-independent G- 
protein activators and the development of potent and 
selective compounds of this novel class of drugs. To 
this end, we have shown that substitution at the phenyl 
ring with bulky and lipophilic halogens increases G- 
protein-stimulatory activity as assessed by measure- 
ment of high-affinity guanosine triphosphate (GTP) 
hydrolysis (reflecting the enzymatic activity of G- 
protein a-subunits) [6]. Moreover, replacement of the 
planar phenyl ring by non-planar ring systems (cyclo- 
hexane or norbomane) increases G-protein-stimulatory 
activity [6, 71. Furthermore, elongation of the alkyl 
chain connecting the ring system with aminoethylimi- 
dazole enhances GTPase-activating properties [6, 71. 
The most potent 2-substituted histamines with 
GTPase-activating properties currently available are 



cyclohexylbutyl-substituted derivatives (PE& = 5.0) 
(compounds 9-h and 18-h in reference [7]). 

Although it is generally assumed that both the basic 
and the lipophilic domain are required for receptor- 
independent G-protein activation by cationic-amphi- 
philic substances [5-7, 9, 101, the influence of the 
basic domain has been less well studied than that of 
the lipophilic domain. In the case of 2-substituted 
histamines, this question can readily be addressed by 
comparing the effects of 2-substituted histamines with 
those of the corresponding 2-substituted hydroxyethyl- 
imidazoles on G-protein activation. 

Our present study had three major aims. First, we 
wished to learn more about the importance of lipophi- 
licity of 2-substituted histamines for their receptor- 
independent G-protein activation. Second, we hoped 
to obtain more potent GTPase activators than those 
presently available. Third, we intended to shed light 
on the role of the basic domain of 2-substituted hista- 
mines for their G-protein-stimulator-y activity. There- 
fore, we prepared seven novel alkyl-substituted 
histamines (l-6 and 9: structural formulae shown in 
table I) and five novel 2-substituted hydroxyethyl- 
imidazoles (10-14: structural formulae shown in 
table I), and studied their effects on high-affinity GTP 
hydrolysis in HL-60 membranes. The effects of the 
novel compounds on G-protein activation are discus- 
sed in relation to the effects of recently studied 
substances [6,7]. 

Results 

Chemistry 

The condensation of a-hydroxyketones with activated 
derivatives of carboxylic acids is one of the most 
useful methods for synthesis of imidazoles [ll]. This 
route tolerates a large variety of substituents on the 
carbons of the five-membered ring. The desired 
groups at the 2-, 4-, or 5-positions can easily be intro- 
duced into the condensation step. An alternative route 
to the substituted imidazole is the alkylation of the 
N-protected heterocycle by subsequent lithiation and 
alkylation steps [ 121. 

The substitution pattern required consisted of a very 
lipophilic residue at the 2-position and a 2-aminoethyl 
or 2-hydroxyethyl group at the imidazole C-4. The 
synthesis of the compounds investigated in the 
communication is outlined in scheme 1. The a- 
hydroxyketone unit with the desired functionalized 
ethyl side chain is accessible from 1,4-butynediol by 
mercury-catalyzed addition of water [ 131. This was 
used as the hydroxy-terminated synthon. Subsequent 
reaction with acetic acid anhydride and phthalimide 

generates the protected N-terminated C-4 unit [7, 141. 
We used imidomethyl esters for the C-l unit of the 
imidazole carrying the lipophilic residue. These were 
obtained as hydrochlorides by the action of HCl in 
methanol on the corresponding aliphatic or araliphatic 
nitriles. 

In liquid ammonia as solvent and reagent these 
units condensed to the hydroxyethyl derivatives 10-14 
and, after acid-catalyzed deprotection, the aminoethyl 
derivatives l-9. The hydroxyethylimidazole could be 
converted to the histamine derivatives by reacting with 
thionyl chloride followed by ammonia (scheme 1). 
The latter route is the more reasonable when both 
compounds are to be investigated. 

Pharmacology 

Table I summarizes the effects of compounds 1-14 at 
HI-receptors in the guinea pig ileum and on high-affi- 
nity GTPase activation in HL-60 membranes. All of 
the newly synthesized compounds (l-6, 9-14) turned 
out to be weak H,-receptor antagonists. Of the 
substances studied, compound 3 was the most potent 
HI-receptor antagonist. Interestingly the influence on 
H,-receptor antagonism of an aminoethyl or hydroxy- 
ethyl group at the imidazole ring depended on the 
alkyl chain length at the 2-position. Specifically, in the 
case of a heptadecyl chain (5 and ll), the amino 
group increased HI-antagonist activity whereas in the 
case of a tetradecyl chain the opposite was true (4 and 
10). When 2-(3-bromophenyl)histamine 8 is conside- 
red, substitution of the amino group by a hydroxyl 
group (12) resulted in conversion of potent H,-recep- 
tor agonism into weak H,-receptor antagonism. 

The novel 2-alkyl-substituted histamines showed 
stimulatory effects on high-affinity GTP hydrolysis 
in HL-60 membranes. Among all 2-substituted hista- 
mines studied so far, 2-octylhistamine 2 was the most 
efficacious substance, ie, it increased GTP hydrolysis 
by 150% above basal. Elongation (3-5) of the alkyl 
chain reduced efficacy as did branching of the alkyl 
chain (1). Considering the potency of the substances, 
compound 4 was the most active derivative. 
Shortening of the alkyl chain by six carbon atoms (2) 
reduced potency by more than one order of magni- 
tude. Elongation of the alkyl chain by three carbon 
atoms (5) slightly reduced potency. The introduction 
of an ether function diminished potency about tenfold 
and had little effect on efficacy (compare 3 and 6). 

Compared to a phenyl ring (compound l-h in 
reference [7]), the more bulky adamantyl group (9) 
moderately increased potency and efficacy of the 
substance to activate GTPase. The data obtained with 
the adamantyl derivative fit well to those obtained 
with cyclopentyl, cyclohexyl, and norbomyl deriva- 
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Table I. Effects of various 2-substituted histamines and hydroxyethylimidazoles at histamine H,-receptors in the guinea-pig 
ileum and on high-affinity GTP hydrolysis in HL-60 membranes. 

Compound 

R= 
‘*NFw Agonist H1-Recepm~ntagonist N 

it rel act (%) 

GTPase Stimulation 

EfSlcacy PECX 
-log KB f%) 

4.1 110 4.0 

74 5.0 150 4.5 

‘M;; 6.1 95 5.8 

‘M;; 4.7 60 5.9 

5 ‘M;; 5.2 96 

6 /“wTl 5.1 98 

5.5 

4.9 

7 

0 = ’ 

112 80 3.7 

Bf 

8 CT- 
5.0 90 3.7 

9 a 4.0 55 4.0 

- 



400 

Table I. (Continued.) 

Compound HI-Receptor 

Agonist Antagonist 
rel act (5%) --log KB 

GTPase Stimulation 

Efficacy PECSO 
(%) 

4.3 0 - 

14 4.6 15 - 

HI-receptors: The value of the relative activity (rel act), ie, potency compared to histamine, of compound 7 at H,-receptors in 
the guinea-pig ileum was taken from reference [3]. The -log KB value of compound 8 was taken from Detert et al [7]. The 
-log KB values of the other compounds (N = 2) were determined as described in the Experimental protocols. 
GTP hydrolysis: GTP hydrolysis in HL-60 membranes was determined in the presence of compounds 1-14 at concentrations 
ranging from 0.1 PM - 3 mM as described in the Experimental protocols. The efficacy of substances is defined as the maximal 
increase in GTP hydrolysis above basal activity. When no saturation of the concentration-response curves could be obtained 
this is indicated by -. In such cases only the efficacy of the substance is given. The SD values of the data were generally <5% 
of the means. Basal GTP hydrolysis in HL-60 membranes was 18.4 + 0.6 pmol/mg/min. 

tives. These ring systems also are more bulky than a group results in a small increase in potency, but the 
phenyl ring and increase the GTPase-activating efficacy tends to decrease. 
properties of a substance (compounds S-h, 10-h, and In order to study the importance of the basic 
12-h in reference [7]). Compared to cyclopentyl, aminoethyl group at the imidazole ring for GTPase 
cyclohexyl, and norbornyl groups, the adamantyl stimulation we compared the effects of aminoethyl- 
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Scheme 1. Reagents: i) liquid ammonia, ii) HCl in ethanol, then SOCl,, iii) 20% HCl, then NaOH. 
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and hydroxyethyl-substituted substances on GTP 
hydrolysis. In the case of compounds 7, 8, and 9, 
exchange of the aminoethyl group by a hydroxyethyl 
group resulted in subtotal to total loss of stimulatory 
activity (compare with compounds 12, 13 and 14 
respectively). Tetradecyl chain substitution of the 
aminoethyl group by a hydroxyethyl group increased 
efficacy and decreased potency (compare 4 and 10). 
When a heptadecyl chain is considered the introduc- 
tion of a hydroxyethyl group had a moderate inhibi- 
tory effect on efficacy and no effect on potency 
(compare 5 and 11). 

Conclusions 

In our present study we report the synthesis of the 
most efficacious and potent receptor-independent 
GTPase activators in the class of 2-substituted hista- 
mines. Until this study 2-norbornylbutylhistamine 
(compound 14-h in reference [7]) was known to be 
the most efficacious substance (130% stimulation 
above basal) of this class of drugs. 2-Octylhistamine 
(2) surpasses this activity by 20% (150% stimulation 
above basal). With respect to potency the tetradecyl- 
substituted derivative 4 was found to be the most 
active compound. Its potency is almost one order of 
magnitude higher than that of 2-cyclohexylbutylhista- 
mine (compound 9-h in reference [7]) which was 
hitherto the most potent substance available. Addi- 
tionally we found that branching of the alkyl chain 
(compare 1 and 2) and the introduction of an ether 
function (compare 3 and 6) had inhibitory effects on 
the efficacy and/or potency of substances. Taken to- 
gether our data show that a straight alkyl chain is an 
important structural determinant for obtaining potent 
and effective GTPase activators within the class of 
2-substituted histamines. One can imagine that a 
straight alkyl chain facilitates the insertion of the 
substances into the plasma membrane and thereby G- 
protein activation. 

Our present data raise important questions about 
future directions of development of receptor-indepen- 
dent G-protein activators. Clearly compound 2, 
bearing an octyl chain, is the most efficacious 
substance among the 2-substituted histamines present- 
ly available, but it is far from being the most potent 
one (see table I) [6, 71. Conversely, compound 4, with 
a tetradecyl chain, is the most potent but several 
substances are more efficacious (see table I) [6, 71. 
These data show that efficacy and potency of a recep- 
tor-independent G-protein activator can be dissociated 
from one another and are independently determined 
drug parameters. Our findings also show that an 
increase in lipophilicity per se does not lead to an 
increase in substance activity in general. On the whole 

efficacy and potency have different lipophilicity 
optima. However, the situation may in fact be far 
more complicated, as the initial concentration of the 
compounds in the test tube could differ from the 
concentrations in the lipidic neighbourhood of the 
G-protein, which is unknown. 

If one intends to identify specific binding sites of 
cationic-amphiphilic substances at G-protein subunits 
one evidently needs a substance with high affinity 
(which is presumably reflected by high potency to 
activate GTPase). However, of what importance in this 
respect is the efficacy of a substance to activate 
GTPase? Is low, intermediate or high efficacy of 
GTPase activation a desired aim of drug develop- 
ment? In this context we note that 2-cyclohexylhista- 
mine possesses a high efficacy for activating GTPase 
in HL-60 membranes, but in intact cells the compound 
is ineffective in increasing free cytosolic Ca2+ concen- 
tration [6]. We were also surprised to observe that, in 
contrast to GTPase activation in HL-60 membranes, 
cyclohexylethylhistamine is only poorly effective in 
stimulating binding of the stable GTP analogue [35S]- 
guanosine 5’-0-[3-thioltriphosphate in this system 
(Hageltiken and Seifert, unpublished results). The 
latter findings and the dissociation of potency and effi- 
cacy of 2-substituted histamines in activating GTPase 
raise the intriguing possibility that there is more than 
one site of interaction of 2-substituted histamines 
with G-proteins. The prototype of peptidic receptor- 
independent G-protein activators, mastoparan, is also 
assumed to interact with G-proteins at multiple sites 
u51. 

Our findings that compounds 12,13 and 14 showed 
smaller stimulatory effects on GTPase than compounds 
7, 8 and 9, respectively, were not surprising, and are 
in accordance with the view generally held that basic 
domains are required for a cationic-amphiphilic 
substance to be a receptor-independent G-protein acti- 
vator [5-7, 9, lo]. However, compounds 10 and 11, 
which do not have primary amine groups, showed 
unexpectedly high GTPase-activating properties in 
comparison to the aminoethyl group-containing deri- 
vatives (compare with compounds 4 and 5 respecti- 
vely). Interestingly, compounds 4, 5, 10 and 11 bear 
long and lipophilic alkyl chains. Thus, it appears that, 
provided a substance possesses a high degree of lipo- 
philicity, an aliphatic amino group is not needed any 
more for G-protein activation. These data clearly 
show that a primary amino group is not a conditio 
sine qua non for a given compound displaying G- 
protein-stimulatory activity. These findings have 
important implications for the further search for 
potent and selective G-protein activators. So far phar- 
macological studies with naturally occurring and 
synthetic substances have focused on compounds 
containing multiple basic groups [9, lo]. 
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Experimental protocols and were recrystallized twice from ethanol by adding ether. 
Yield: 21-52%. 

General procedure for the synthesis of 4-(2-hydroqethyl)- 
imidazoles with substituents in the 2-position (10-14) 
The corresponding substituted carboxylic acid imidomethyl- 
ester hydrochloride (10 mmol) and 1 $dihydroxbutane-2-one 
(15 mmol) were added to 50 mL of liquid ammonia, and the 
mixture was stirred at ambient temperature in an autoclave for 
18 h. Thereafter, stirring was continued for 8 h at 40 “C (pres- 
sure rising to 17 bar). After cooling the solvent was evaporated 
and the resulting light yellow residue was dissolved in dichlo- 
romethane. The solution was washed with water and brine and 
dried over Na,SO,. The solvent was distilled off and the oily 
residue purified by column chromatography using silica gel and 
dichloromethane/triethylamine (50: 1) as eluent. The solution 
was concentrated and the substituted imidazolylethanol crystal- 
lized upon standing. Yield: 28-83 %. 

General procedure for the conversion of 4-(2.hydroxyethyl)- 
imidazoles with substituents in the 2-position to substituted 
histamines (4,9) 
The imidazolyl ethanol (5 mmol) was dissolved in ethanol, and 
10 mL of a concentrated solution of hydrogen chloride in etha- 
no1 was added. The solvent was distilled &, a second portion 
of ethanolic HCl was added. and after 10 min of stirrinn the 
ethanol was evaporated. The oily residue was stirred at ‘i “C, 
and thionyl chloride (4 mL) was added dropwise. After 18 h at 
ambient temperature the mixture was warmed to 40 “C for 1 h. 
The excess of thionyl chloride was evaporated off, and the 
chloroethyl imidazole derivative was added to 60 mL of liquid 
ammonia. The mixture was stirred in an autoclave for 24 h at 
room temperature and for 8 h at 40 “C. After evaporation of the 
ammonia the residue was dissolved in dichloromethane, the 
solution washed with brine, dried over Na,SO, and concentra- 
ted. Purification was achieved by chromatography on silica gel 
using dichloromethane/methanol/triethylamine (25: 10: 1) as 
eluent. The substituted histamines were converted to their 
bishydrogemnaleates as described above. Yield: lo-12 %. 

Chemistry 

Melting points are uncorrected and were determined using a 
Biichi 512 Dr Tottoli apparatus. IR spectra were recorded on a 
Perkin-Elmer 298 and 1420 spectrometer; the compounds were 
prepared as KBr pellets or as a film on NaCl plates. tH-NMR 
and tsC-NMR spectra were recorded on a Bruker WC 300 
spectrometer with tetramethylsilane as internal standard and 
CDCl, and DMSO-d, as solvents. Elemental analvses were 
performed on PerkinTElmer 240 B and Perkin-Elmer 240 C 
instruments. Analyses indicated by the symbols of the elements 
were within f0.4% of the theoretical values. Mass spectra were 
recorded using Finnigan MAT CH7A (70 eV), Finnigan MAT 
711 (80 eV), Kratos MS 25 RF (70 eV) or, in the case of 
+FAB spectra, Finnigan MATCHSDF (xenon, DMSO/glycerol) 
instruments. Chromatographic separation was achieved by 
column chromatography using silica gel (230-400 mesh) with 
CHCl,/methanol/ triethylamine (25: 10: 1) as eluent. 

The nitriles for the synthesis of 14, 8, 10 and 13 were 
prepared via the sequence alcohol+bromide-+nitrile; the gene- 
ral procedures are reported in an earlier communication [7]. 
The synthesis of 7 and 8 are reported in the literature [7, 31. 12- 
Methoxydodecanoic nitrile 6a was prepared from ll-bromo- 
undecan-l-01 by substitution of bromine with cvanide 
according to general procedure [7] and reacting the 12- 
hvdroxvdodecanoic nitrile 6b with NaH/CHJ. Comuounds 5. 
li and 14 were synthesized from commercially’-available 
nitriles. The nitriles were directly converted to imidomethyl 
esters with dry hydrogen chloride in anhydrous methanol [7]. 

12-Methoxydodecanoic nitrile 6a 
The hydroxynitrile 6b (5.95 g, 30 mmol) was dissolved in 
25 mL of DMF and 0.72 g of NaH was added. After 20 min 
stirring at ambient temperature, iodomethane (5.6 a. 40 mmol) 
was added, the mixture was stirred overnight -and heated 
to 50 “C for 2 h. The cooled solution was uoured into water 
(100 mL), extracted with ether (4 x 30 mL), the pooled extracts 
were washed with brine (2 x 50 mL), dried with MgSO,, fil- 
tered through a pad of silica gel, concentrated and used without 
further purification. Yield: 87%. 

General procedure for the synthesis of histamines with substi- 
tuents in the 2-position of the imidazole (1,2,3,5,6,8) 
The corresponding carboxylic acid imidomethylester hydro- 
chloride (10 mmol) and 1-acetoxy-4N-phthalimidobutan-2-one 
(10 mmol) were dissolved in 50 mL liquid ammonia, and the 
mixture was stirred at ambient temperature in an autoclave for 
18 h then for 6 h at 60 “C (pressure rising to 30 bar). After 
cooling the solvent was evaporated, and-the resulting dark 
yellow residue was added to 100 mL of 20% hydrochloric acid 
and stirred and heated to reflux for 6 h. The cooled mixture was 
rendered strongly basic with an excess of a concentrated solu- 
tion of NaOH. The substituted histamine was extracted with 
portions (12 x 40 mL) of a mixture of chloroform and 2-propa- 
no1 (4:l). The combined organic layers were washed twice with 
alkalinized (NaOH, pH 10) brine. The solvent was evaporated 
and the residue purified by column chromatography on silica 
gel using CHCl,/methanol/triethylamine (25: 1O:l) as eluent. 
The free histamine was dissolved in abs ethanol, and a concen- 
trated solution of 2.5 equiv of maleic acid in abs ethanol was 
added. This mixture was warmed to 40 “C, and abs ether was 
added dropwise while stirring until the solution became slightly 
turbid. The bishydrogenmaleates crystallized upon standing 

Pharmacology 

HI-receptor assay on guinea-pig ileum 
Contractile responses of whole ileal segments were measured 
isotonically (load 5 mN) under standard conditions [16] in the 
continuous presence of 0.1 PM atropine. Organs were allowed 
to stabilize for 80 min, during which time they were stimulated 
three times with 1 yM histamine. Each preparation was used to 
obtain a cumulative concentration-response curve with hista- 
mine first (0.01-10 PM) then two curves with the respective 
Hi-agonist. In competition experiments organs were incubated 
with mepyramine (l-300 nM) for 10-15 min before obtaining 
the last curve. For antagonists, a curve with histamine was 
measured first, then the antagonist (0.03-0.1 mM) was added 
and a second curve with increasing concentration of histamine 
was determined after 15 min [ 171. 

Cell culture and membrane preparation 
HL-60 cells were grown in suspension culture in RPMI-1640 
medium supplemented with 10% (v/v) horse serum, 1% (v/v) 
non-essential amino acids, 2 mM L-glutamine, 50 U/mL peni- 
cillin and 50 l.tg/mL streptomycin ina humidified atmosphere 
with 7% CO, at 37 “C and were differentiated towards neutro- 
Phil-like cells with dibutyryl CAMP (0.2 mM) for 48 h [5]. HL- 
60-membranes were prepared as described previously [ 181. 
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GTPase assay References 
GTP hydrolysis was determined as described previously [5]. 
BrieAy, reaction mixtures (100 FL) contained 2.5-5.0 pg of 
membrane protein/tube, 0.5 FM [y-QP]GTP (0.1 @/tube), 
0.5 mM MgCl,, 0.1 mM EGTA, 0.1 mM ATP, 1 mM adenosine 
S-[P,y-imidoltriphosphate, 5 mM creatine phosphate, 40 pg 
creatine kinase. 1 mM dithiothreitol and 0.2% (w/v) bovine 
serum albumin’in 50 mM triethanolamine/HCl, pfi 7.4, and 
2-substituted histamines at various concentrations. Reactions 
were conducted for 30 min at 25 “C. 

1 
2 
3 

Zingel V, Leschke C. Schunack W (1995) Prog Drug Res 44,49-85 
Zingel V, Elz S, Schunack W (1990) Eur J Med Chem 25.673-680 
Leschke C, Elz S, Garbarg M, Schunack W (1995) .I Med Chem 38, 
1287-1294 

4 

5 
6 

Leurs R, Smit MJ, Tensen CP, Ter La& AM, Timmerman H (1994) Biochem 
Biophys Res Commun 201.295-301 
Seifert R, Hageliiken A. Ho& A et al (1994) Mel Pharmaco/45,578-586 
Hageliiken A, Gtinbaum L, Klinker JF et al (1995) B&hem Pharmacol49, 
901-914 

Miscellaneous 
Protein was determined according to Lowry et al [ 191. 
[y-32P]GTP was prepared as described previously [20]. Stock 
solutions of 2-substituted histamine derivatives were prepared 
at a concentration of 10 mM in distilled water (l-9 and i4) or 
in 10% DMSO (10-13). The maximum final DMSO concentra- 
tion in the GTPase assay was 1% (v/v). DMSO up to 1% (v/v) 
had no effect on basal GTPase activity (data not shown). 
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