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Abstract 

Some histamine H 1 receptor antagonists suppressed the inward current (Iin) of an Achatina identifiable neurone type, PON 
(periodically oscillating neurone), caused by an Achatina endogenous tetrapeptide having a o-phenylalanine residue, achatin-I 
(Gly-D-Phe-Ala-Asp), under voltage clamp. Achatin-I was applied locally to the neurone by brief pneumatic pressure ejection 
and antagonists were administered by perfusion. The dose-response curves of the effective histamine H 1 antagonists indicated 
their potency order to suppress the Iin as follows: chlorcyclizine, promethazine, triprolidine and homochlorcyclizine > 
trimeprazine and clemastine > diphenylpyraline. The potent drugs were mostly piperazine and phenothiazine types. The effects 
of chlorcyclizine, promethazine and triprolidine on the dose (the duration of the pressure ejection)-response curve of achatin-I 
indicated that these drugs affected the Iin caused by achatin-I in a non-competitive manner. The antagonists for the receptors of 
the small-molecule neurotransmitters other than histamine H1, such as histamine H 2, acetylcholine, y-aminobutyric acid 
(GABA), L-glutamic acid, dopamine, a- and/3-adrenalin and 5-hydroxytryptamine, had no effect on the Iin caused by achatin-I. 
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I. Introduct ion  

A neuroexcitatory tetrapeptide having a o-phenyl- 
alanine residue (Gly-D-Phe-Ala-Asp), termed achatin-I, 
was isolated from the ganglia of an African giant snail 
(Achatina fulica F6russac). Among achatin-I and its 
stereoisomers, only achatin-I produced an inward cur- 
rent (Iin) of the Achatina identifiable giant neurones, 
indicating that the excitatory effects are stereo-specific 
for this peptide (Kamatani et al., 1989). Also, among 
achatin-I and more than 20 compounds related to this 
peptide, only achatin-I caused markedly the Iin of 
these neurones, indicating the effects to be structure- 
specific for this peptide (Kim et al., 1991a). Ten of the 
23 Achatina giant neurone types tested were excited by 
achatin-I, but none was inhibited. We proposed that 
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this peptide is an excitatory neurotransmitter for these 
neurones. The Iin caused by this peptide was due to an 
increase in the membrane permeability to Na + (Kim et 
al., 1991b). 

Achatin-I in a low concentration enhanced the Iin 
caused by 5-hydroxytryptamine on the Achatina giant 
neurones, and suppressed the I in caused by oxytocin 
and the outward current (Iou t) caused by APGW-amide 
(Ala-Pro-Gly-Trp-NH2), a tetrapeptide isolated from 
the ganglia of a prosobranchia (Fusinus ferrugineus) 
(Kuroki et al., 1990) and Achatina fulica (Liu et al., 
1991b). These findings suggested that achatin-I acts not 
only as a neurotransmitter but also as a neuromodula- 
tor for the Achatina giant neurones (Liu and Takeuchi, 
1993a,b). 

The aim of the present study was to determine the 
blockers for the Iin caused by achatin-I, using an 
Achatina giant neurone type, PON (periodically oscil- 
lating neurone). After testing the effects of the drugs, 
which have been considered to be the receptor antago- 
nists for the small molecule neurotransmitters, such as 
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histamine H 1 and H2, acetylcholine, 7-aminobutyric 
acid (GABA), L-glutamic acid, dopamine, a- and /3- 
adrenalin and 5-hydroxytryptamine, we found that some 
histamine H 1 receptor antagonists inhibited the I in of 
this neurone type caused by achatin-I. 

2. Materials and methods 

2.1. Preparations 

African giant snails (Achatina fulica F6russac) were 
brought by air from Cebu and Manila (Philippines). A 
giant neurone type identified in the suboesophageal 
ganglia, PON (periodically oscillating neurone), was 
used throughout the present experiments. Localization 
in the ganglia and sensitivities to the small-molecule 
putative neurotransmitters and the neuroactive pep- 
tides of this neurone type were previously reported 
(Takeuchi et al., 1985, 1987; Liu et al., 1991a). Suboe- 
sophageal ganglia containing PON were dissected, and 
incubated with 0.67% trypsin (type III, Sigma Chemi- 
cal, USA) for 5-10 min at room temperature (21 + I°C). 
Connective tissue covering the ganglia was removed 
with fine forceps to denude PON. The ganglia were 
then fixed on a Sylgard layer by means of a suction 
pipette and fine tungsten wires in an experimental 
chamber of about 0.3 ml volume. 

2.2. Electrophysiological arrangements 

The conventional voltage clamp technique using two 
microelectrodes implanted into a neurone soma 
(Okamoto et al., 1976) was adopted. Electrical resis- 
tances of the microelectrodes filled with 2 M potassium 
acetate were 2-5 × 10 6 ,(2. Membrane voltage was kept 
at -55  mV (holding voltage (Vh)), near the resting 
potential of the neurone type. The inward current (Iin) 
caused by achatin-I was recorded with a pen-writing 
lecticorder, and stored on video tape using a video- 
corder via a signal converter. 

2.3. Compounds used 

Synthetic achatin-I (Gly-o-Phe-Ala-Asp) was do- 
nated by Dr. K. Nomoto, of the Suntory Institute for 
Bioorganic Research, Japan. The following drugs were 
also donated: doxepin hydrochloride (Pfizer Pharma- 
ceutical, Japan), promethazine hydrochloride (Shio- 
nogi, Japan), cyproheptadine hydrochloride (Banyu 
Pharmaceutical, Japan), cimetidine (SmithKline 
Beecham Seiyaku, Japan), ranitidine hydrochloride 
(Nippon Glaxo, Japan), famotidine (Yamanouchi Phar- 
maceutical, Japan), nizatidine (Eli Lilly, USA), roxati- 
dine acetate (Teikoku Hormone Mfg., Japan), 
pitrazepin, pizotifen hydrogenmaleate and methy- 

sergide hydrogenmaleate (Sandoz, Switzerland), 
sulpiride, alprenorol hydrochloride and metoprolol tar- 
trate (Fujisawa Pharmaceutical, Japan), domperidone 
(Kyowa Hakko Kogyo, Japan), mianserine hydrochlo- 
ride (Organon International, Netherlands) and propra- 
nolol hydrochloride (ICI, UK). The following drugs 
were obtained commercially: diphenhydramine hydro- 
chloride, carbinoxamine maleate, tripelennamine hy- 
drochloride, pyrilamine maleate, antazoline hydrochlo- 
ride, (+)-chlorpheniramine maleate, (+)-bromphe- 
niramine maleate, trimeprazine hemi-(+)-tartrate, cy- 
clizine hydrochloride, chlorcyclizine hydrochloride, ho- 
mochlorcyclizine dihydrochloride, triprolidine hydro- 
chloride, atropine sulfate, bicuculline methiodide, 
phentolamine hydrochloride and yohimbine hydrochlo- 
ride (Sigma Chemical), diphenylpyraline teoclate and 
clemastine fumarate (Wako Pure Chemical, Japan), 
d-tubocurarine chloride (Nacalai Tesque, Japan), 3- 
(( +_ )-2-carboxypiperazin-4-yl)-propyl-1-phosphonic acid 
(CPP) and D-(-)-2-amino-5-phosphonopentanoic acid 
(D-AP5) (Tocris Neuramin, UK). 

2.4. Application methods 

Achatin-I was dissolved in snail physiological solu- 
tion (Takeuchi et al., 1973), and filled into a mi- 
cropipette at 3 × 10 -4  M together with 0.5% Fast 
Green (Sigma Chemical). The tip of the micropipette 
was placed near the neurone to be tested, and the root 
was connected with polyethylene tubes to a nitrogen 
cylinder via an electromagnetic valve. Brief pneumatic 
pressure ejection (mainly 2 × 105 Pa and 400 ms in 
duration) of the achatin-I solution, locally to the neu- 
rone to be tested, was performed by opening the valve 
by current application. 

To examine their suppressing effects on the I in 
caused by achatin-I, these drugs were dissolved in 
physiological solution at 10 - 4  M for the screening 
trials, and applied by perfusion into the experimental 
chamber at a constant speed of 2.2 ml/min. 

2.5. Statistics 

The data obtained in the present study were ex- 
pressed as means + S.E.M. in n trials. To compare the 
two results obtained from a neurone, the two-tailed 
Student's t-test for paired data was performed. Data 
from repeated measurements on a neurone were ana- 
lyzed by analysis of variance (ANOVA) followed by 
Bonferroni's t-test (Glantz, 1987). Values were consid- 
ered to be significantly different at P < 0.05. 

The dose-response curves of a compound were ana- 
lyzed by the probit method (Litchfield and Wilcoxon, 
1949) using a computer program in order to obtain the 
EDs0 (the confidence limit at 95%), the ideal sigmoidal 
curve (r value) and the Hill coefficient (r value). 
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3. Results 

3.1. Inward current (Iin) caused by achatin-I 

cantly different from the others according to the analy- 
sis of variance (ANOVA)  for repeated measurements 
followed by Bonferroni's t-test (Fig. 1A). 

Local application of the endogenous tetrapeptide, 
achatin-I, to an Achatina neurone type, PON (periodi- 
cally oscillating neurone),  by brief pneumatic pressure 
ejection (2 × 105 Pa, 400 ms in duration, 3 x 10 -4  M 
and 10 min intervals) produced an inward current  ( l in )  
of the neurone, 0.82 _+ 0.05 nA (mean _ S.E.M.) (n = 
60), in the physiological solution under voltage clamp. 
The synaptic influences of the achatin-I effects, which 
were observed sometimes after its bath application, 
were prevented as far as possible with this way of 
application. 

The I in values caused by the achatin-I ejection in the 
same manner were stable for at least 50 min. The 
relation between the time course (min) and the current 
(hA) was obtained from the linear regression as follows 
(n = 10): Y (nA) = 0.88095 - 0.00257 X (min). None  of 
the six results obtained for this time course was signifi- 

3.2. Suppression of achatin-l-induced Iin by histamine H 1 
receptor antagonists 

Among the compounds recognized as receptor an- 
tagonists for the small-molecule neurotransmitters, 
some histamine H 1 receptor antagonists, perfused in 
the experimental chamber at 10 - 4  M for the screening 
trials, suppressed the Iin of PON caused by brief pres- 
sure ejection of achatin-I. Further, effective histamine 
H 1 receptor antagonists were examined at various con- 
centrations, 3 x 10 -5 M, 3 × 10 - 4  M and 10 -3  M, in 
order to establish their dose-response curves. The clas- 
sification of the histamine H 1 receptor antagonists 
tested and their effects obtained in the present study 
are summarized in Table 1. 

A histamine n l receptor antagonist, chlorcyclizine, 
at 10 -4 M suppressed the Iin caused by achatin-I 
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Fig. 1. Suppression by histamine H 1 receptor antagonists of the inward current  (Iin) of PON (periodically oscillating neurone) caused by 
achatin-I, applied locally to the neurone by brief pneumatic pressure ejection (2 × 105 Pa, 400 ms, 3 x 10 -4 M and 10 min interval), I. (A) 
Repetitive application of achatin-I in the physiological solution (n = 10). The straight line was drawn by linear regression. (B) Effects of 
chlorcyclizine at 10 - 4  M on the Iin produced by achatin-I. (a) In the physiological solution (control), (b) 10 min after drug perfusion, and (c) 20 
min after. Arrows indicate achatin-I ejection. Vertical bar, calibration (2 nA); horizontal bar, time course (10 s). (C) Perfusion of chlorcyclizine at 
10 - 4  M (n = 9) and (D) at 10 -3 M (n = 5). (E) Promethazine at 10 -4 M (n = 6) and (F) at 10 _3 M (n = 8). In (A), (C), (D), (E) and (F): 
Abscissa, time course (min); ordinate, Iin caused by achatin-I (nA) (small vertical bar: S.E.M.). The analysis of variance (ANOVA) for repeated 
measurements followed by Bonferroni's t-test was performed against the m e a n  Iin caused by achatin-I before drug peffusion (the control): 
* P < 0.05; * * < 0.01; * * * < 0.001. In (C), (D), (E) and (F): horizontal bar shows the time of drug perfusion. 
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(n = 9): 0.82 + 0.09 nA (mean + S.E.M.) for the mean 
value of two control results obtained before drug per- 
fusion, 0.50 + 0.05 nA (P  < 0.01; by analysis of vari- 
ance (ANOVA) for the repeated measurements fol- 
lowed by Bonferroni 's t-test against the mean value of 
control data) for 10 rain after perfusion, and 0.40 + 0.05 
nA (P  < 0.001) for 20 min after. No recovery of the Iin 
suppressed by chlorcyclizine was observed up to 20 min 
after washing out of the drug. At 10 -3 M (n = 5) this 
drug inhibited more markedly the Iin (P  < 0.01 for 10 
min after perfusion, and P < 0.001 for 20 min after). 
The drug also suppressed the Iin slowly after its perfu- 
sion; the suppression was sometimes almost irre- 
versible and sometimes semi-reversible after washing 
out of the drug (Fig. 1B-D). 

Another  histamine H 1 receptor antagonist, pro- 
methazine, at 10 -4 M also suppressed the Iin caused 
by achatin-I (n = 6): 1.03 + 0.06 nA for the mean value 
of control data, 0.97 + 0.09 nA (NS, not significantly 
different from the mean of the control) for 10 min 
after drug perfusion, and 0.65 + 0.07 nA (P  < 0.05) for 
20 rain after. The same drug at 10 -3 M inhibited the 
Iin more markedly (n = 8) (P  < 0.001 for 10 rain and 20 
min after perfusion) (Fig. 1E and F). 

Triprolidine at 10 -4 M also suppressed the Iin of 
PON caused by achatin-I (n = 4): 1.47 + 0.18 nA for 
the mean value of control data, 1.23 + 0.25 nA (NS) for 
10 min after drug perfusion, and 0.90 + 0.22 nA (P  < 
0.05) for 20 min after. The same drug at 3 × 10 -4 M 
inhibited the Iin more markedly (Fig. 2A and B). 

The Iin caused by achatin-I was suppressed by ho- 
mochlorcyclizine at 10 - 4  M (NS and P < 0.05 for 10 
and 20 min after perfusion, respectively), trimeprazine 
at 3 × 10 -4 M (P  < 0.05 and P < 0.01), and clemastine 
(P  < 0.01) and diphenylpyraline (NS and P < 0.05) at 
10 -3  M ,  according to the drug perfusion time (Fig. 
2C-F).  

The other histamine H l receptor antagonists at 10 -4 
M for the screening trials, listed in Table 1, showed no 
effect on the Iin caused by achatin-I. 

3.3. Dose-response curves o f  effective histamine H I re- 
ceptor antagonists 

The dose-response curve of the drug for suppression 
of Iin was established in accordance with the Iin levels 
caused by achatin-I, suppressed 20 min after drug 
perfusion at each of the various concentrations, in 
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Fig. 2. Suppression by histamine H I receptor antagonists of the lin of PON caused by achatin-I, ejected by brief pressure (2 × 105 Pa, 400 ms, 
3 x 10 -4 M and 10 min interval), II. (A) Triprolidine perfusion at 10 -4 M (n = 4) and (B) at 3 × 10 -4 M (n = 6). (C) Homochlorcyclizine at 
10 -4 M (n = 5). (D) Trimeprazlne at 3 × 10 -4 M (n = 5). (E) Clemastine at 10 -3 M (n = 4). (F) Diphenylpyraline at 10 -3 M (n = 7). Abscissa, 
time course (min); ordinate, I i n  caused by achatin-I (hA) (small vertical bar: S.E.M.). The horizontal bar shows the perfusion time of the drug. 
ANOVA for repeated measurements followed by Bonferroni's t-test was performed against the mean Ii, caused by achatin-I before drug 
application (control). 
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relation to those before drug perfusion (the control) 
(Fig. 3). The effective histamine H t receptor  antago- 
nists suppressed the Iin in a dose-dependent  manner.  
The curves obtained were analyzed by the probit  
method using a computer  program. The  EDs0 of these 
drugs and their confidence limits at 95% obtained in 
this way are described in Table 1. 

The  Hill coefficient values of the drugs were also 
calculated from these curves and were as follows: 0.3407 
(r  = 0.9992) for chlorcyclizine, 0.5384 (r  = 0.9428) for 
promethazine,  0.9382 ( r =  0.9822) for triprolidine, 
0.9099 (r  = 0.9980) for homochlorcyclizine, 0.4974 (r  = 
0.9480) for tr imeprazine,  0.7632 (r  = 0.9872) for 
clemastine and 0.5308 (r  = 0.9828) for diphenylpyra- 
line. 

3.4. Effects o f  histamine H 1 receptor antagonists on dose 
(duration o f  pressure ejection)-response curve o f  achatin-I 

The dose (duration of pressure ejection)-response 
curve of achatin-I was measured by varying the dura- 
tion of the brief pressure ejection (105 Pa, 3 × 10 -4 M, 
5 min intervals), f rom 30 ms to 500 ms, instead of 
changing the concentration. The synaptic influences of 
the achatin-I effects were thus minimized. In the con- 

trol experiments, the dose (pressure duration)-response 
curves of  achatin-I were measured in this manner  in 
the physiological solution twice (first and second con- 
trol curves) from one PON without any drug, using a 
30-min interval between the end of the first control 
curve and the start of the second control curve (n = 8). 
The EDs0 (confidence limit at 95%), the Hill coeffi- 
cient (r  value) and the E m a  x (measured at 400 ms in 
duration) (mean + S.E.M.) were 51.2 ms (25.0-78.9 
ms), 1.5466 ( r =  0.9580) and 0.95 + 0.12 nA, respec- 
tively, for the first control curve; and 56.6 ms (2.7-131.1 
ms), 1.2117 (r  = 0.8952) and 0.94 + 0.14 nA for the 
second control curve. It  was confirmed by Student 's  
t-test for paired data that no Iin of the second control 
curve was significantly different (NS) from those ob- 
tained with the same pressure durations in the first 
control curve (Fig. 4A). Therefore,  it was concluded 
that the two dose (pressure duration)-response curves 
of achatin-I, the one in the physiological solution (con- 
trol curve) and the other  with a drug (test curve), could 
be measured from one PON. 

The effects of the three effective histamine H 1 re- 
ceptor  antagonists, chlorcyclizine, promethazine and 
triprolidine, on the dose (pressure duration)-response 
curves of achatin-I were examined in the manner  de- 
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Fig. 3. Dose-response curves for the effective histamine H 1 receptor antagonist suppression of the Iin of PON caused by brief pressure ejection 
(2 × 105 Pa, 400 ms, 3 × 10 -4  M and 10 min interval) of achatin-I. (A) Chlorcyclizine perfusion. (B) Promethazine. (C) Triprolidine. (D) 
Homochlorcyclizine. (E) Trimeprazine. (F) Clemastine. Abscissa, drug concentration on logarithmic scale (M); ordinate, relative value of ]in 
suppressed 20 min after drug perfusion, to that obtained before drug perfusion (control) (small vertical bar: S.E.M.). Numbers of trials are given 
in parentheses. Curves were drawn by fitting the ideal sigmoidal curves calculated with a computer program. 



236 D.E. Santos et al. / European Journal of Pharmacology 272 (1995) 231-239 

scribed above. Test  curve m e a s u r e m e n t  was begun  30 
min  after  drug perfusion,  which commenced  immedi-  
ately after the control  curve was established.  

In  the case of chlorcyclizine at 10 -5 M (n  --- 7), the 
EDs0 (conf idence limit at 95%), the Hill coefficient ( r  
value) and  the Ema x (at 300 ms) (mean  + S.E.M.) were 
47.5 ms (7.5-71.9 ms), 1.5654 (r  = 0.9989) and  1.99 ___ 
0.32 + nA,  respectively, for the control  curve, against  
34.5 ms (5.8-55.4 ms), 1.1596 ( r  = 0.9982) and  1.11 + 
0.11 n A  ( P  < 0.05 against  control  curve datum),  respec- 
tively, for the test curve. The  EDs0 of the test curve 
was somewhat  shorter  (not  significantly) as to pressure  
dura t ion  than  for the control  curve, possibly because  
the drug effects were not  yet sa tura ted  30 min  after 
perfusion.  The  l in ob ta ined  with the four pressure  
dura t ions  of the test curve were significantly lower 

than  for the control  curve, according to S tuden t ' s  t-test 
for pa i red  data  ( P  < 0.05). 

In  the case of p romethaz ine  at 10 -5 M (n = 5), the 

EDs0, the Hill coefficient and  the Ema x (at 400 ms) 
were 59.7 ms (49.2-72.4 ms), 1.0991 (r  = 0.9969) and 
1.76 + 0.22 nA,  respectively, for the control  curve, 
against  42.6 ms (12.0-71.1 ms), 0.9070 (r  = 0.9809) and 
0.92 + 0.23 n A  ( P  < 0.01), respectively, for the test 
curve. The  EDs0 of the test curve was slightly (but  not  
significantly) shorter  than  that  of the control  curve. 
The  lin ob ta ined  with the four pressure dura t ions  of 
the test curve were significantly lower than  those of the 
control  curve ( P  < 0.05 at 50 and  500 ms; P < 0.01 at 
300 and  400 ms) (Fig. 4C and  E). 
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Fig. 4. Effects of the three histamine H 1 receptor antagonists at 10 -5 M on the dose (duration of pressure ejection)-response curves of achatin-I 
for PON, obtained by varying the brief pneumatic pressure duration (105 Pa, 3 × 10 -4  M and 5 min interval). (A) Two dose (pressure 
duration)-response curves of achatin-I (first and second control curves) were measured in the physiological solution from one PON (n = 8). 
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drug (test curve) (e) was 30 min. Small vertical bar, S.E.M. In (A), (B), (C) and (D): abscissa, pressure duration of the pneumatic ejection of 
achatin-I on logarithmic scale (s); ordinate, Iin caused by achatin-I. The Iin values of the test curve were compared with those of the 
corresponding pressure duration of control curve by Student's t-test for paired data. Curves were drawn by fitting the ideal sigmoidal curves 
calculated with a computer program. (E) Effects of promethazine at 10 -5 M on the fin caused by achatin-I, ejected with the various pressure 
durations. Left column, in the physiological solution (control); right column, with promethazine perfusion (test). (a) 30 ms of pressure duration, 
(b) 50 ms, (c) 100 ms, (d) 300 ms and (e) 400 ms. Arrows indicate achatin-I ejection. Vertical bar, calibration (2 nA); horizontal bar, time course 
(10 s). 
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Table 1 
Classification of the histamine H 1 receptor antagonists tested and 
their suppressing effects on the inward current (Iin) of PON (periodi- 
cally oscillating neurone) caused by achatin-I 

A. Aminoalkylethers 
1. Diphenhydramine 
2. Diphenylpyraline 

3. Carbinoxamine 
4. Clemastine 

B. Ethylenediamines 
1. Tripelenamine 
2. Pyrilamine 
3. Antazoline 

C. Alkylamines 
1. ( + )-Chlorphenylamine 
2. ( + )-Bromophenylamine 
3. Doxepin 

D. Phenothiazines 
1. Promethazine 

2. Trimeprazine 

E. Piperazines 
1. Cyclizine 
2. Chlorcyclizine 

3. Homochlorcyclizine 

F. Others 
1. Triprolidine 

2. Cyproheptadine 

Ineffective 
Sup: 26.86x 10 -4  M 
(1.67- × 10 -4  M) 
Ineffective 
Sup: 5.67× 10 -4  M 
(0.92- x 10 -4  M) 

Ineffective 
Ineffective 
Ineffective 

Ineffective 
Ineffective 
Ineffective 

Sup: 1.73 × 10 -4  M 
(0.08- x 10-4 M) 
Sup: 4.58x 10 -4  M 
(1.18- X 10 -4 M) 

Ineffective 
Sup: 1.28x 10 -4  M 
(0.73-2.83 × 10 -4  M) 
Sup: 2.10x 10 -4  M 
(0.70- x 10 -4  M) 

Sup: 2.01 x 10 -4  M 
(0.96-8.10x 10 -4 M) 
Ineffective 

The four drugs showing marked effects are italicized. Sup, suppress- 
ing effects: EDs0 (confidence limit at 95%). Ineffective, at 10 -4  M in 
the screening trials. 

(-80.8 ms), 1.2527 (r = 0.9913) and 2.36 + 0.36 nA (at 
400 ms), respectively, for the control curve, against 29.6 
ms (22.7-38.7 ms), 1.4730 (r = 0.9999) and 1.60 + 0.24 
nA (at 300 ms) (P < 0.05), respectively, for the test 
curve. The Iin obtained with the four pressure dura- 
tions of the test curve were significantly lower than 
those of the control curve (P < 0.05 at 100 and 400 ms; 
P < 0.01 at 300 and 500 ms) (Fig. 4D). 

3.5. Effects of  drugs other than histamine H 1 receptor 
antagonists 

The effects of the following drugs, which were rec- 
ognized as the receptor antagonists for the small 
molecule neurotransmitters, other than histamine H 1 
receptor antagonists, on the I in of PON caused by 
achatin-I, were also examined: histamine H 2 receptor 
antagonists (cimetidine, ranitidine, famotidine, nizati- 
dine and roxatidine), acetylcholine receptor antagonists 
(atropine and d-tubocurarine), GABA receptor antag- 
onists (bicuculline and pitrazepin), L-glutamate recep- 
tor antagonists (3-(( + )-2-carboxypiperazin-4-yl)-propyl- 

1-phosphonic acid (CPP) and D-(--)-2-amino-5-phos- 
phonopentanoic acid (D-AP5)), dopamine receptor an- 
tagonists (sulpiride and domperidone), o~-adrenoceptor 
antagonists (phentolamine and yohimbine), /3-adreno- 
ceptor antagonists (alprenorol, propranolol and meto- 
prolol) and 5-hydroxytryptamine receptor antagonists 
(pizotifen, methysergide and mianserine). These drugs 
at 10 -4 M (n > 4) did not affect the Iin of the neurone 
caused by achatin-I. 

4. Discussion 

The present study forms part of an ongoing research 
program of serial investigations on the effects of 
achatin-I, an Achatina endogenous tetrapeptide having 
a D-phenylalanine residue (Kamatani et al., 1989; Kim 
et al., 1991a,b; Liu and Takeuchi, 1993a,b). In the 
course of these investigations, some histamine H 1 re- 
ceptor antagonists were found to suppress the Ii, of an 
Achatina neurone type, PON, caused by achatin-I, 
though the receptor antagonists for other small 
molecule neurotransmitters showed no effect. The EDs0 
of the effective histamine H t receptor antagonists, 
found from their dose-response curves to suppress the 
I in caused by achatin-I, indicated a potency order as 
follows: chlorcyclizine (piperazine type), promethazine 
(phenothiazine type), triprolidine (other type) and ho- 
mochlorcyclizine (piperazine type) > trimeprazine 
(phenothiazine type) and clemastine (aminoalkylether 
type) > diphenylpyraline (aminoalkylether type). The 
histamine H1 receptor antagonists showing these 
marked effects were mostly piperazine and phenothia- 
zine types. 

Less than half the histamine H 1 receptor antago- 
nists tested suppressed the I in caused by achatin-I, 
making it unlikely that these drugs affected the 
achatin-I receptors which were pharmacologically simi- 
lar to those of histamine H r Further, achatin-I pro- 
duced markedly the Iin of PON, whereas histamine 
had almost no effect on this neurone type (Takeuchi et 
al., 1985, 1987). Thus, histamine cannot be an agonist 
of achatin-I for PON. 

The dose (duration of pressure ejection)-response 
curves of achatin-I showed that the three effective 
histamine H 1 receptor antagonists, chlorcyclizine, 
promethazine and triprolidine, markedly lowered the 
Ema x of this peptide, but did not shift significantly its 
EDs0. This indicates that these drugs affected the I in 
caused by achatin-I in a non-competitive manner. Based 
on these findings, it is considered that these drugs 
suppressed the achatin-I-induced Iin by modifying the 
features of the achatin-I receptors, by blocking the 
Na + channels for the achatin-I effects (Kim et al., 
1991a), or by affecting the intracellular signalling 
mechanisms linked with the peptide effects. It was 
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previous ly  d e m o n s t r a t e d  tha t  the  in t race l lu la r  in jec t ion  
of  a d e n o s i n e  3'5 '-cyclic m o n o p h o s p h a t e  (cyclic A M P )  
and  guanos ine  3'5 '-cyclic m o n o p h o s p h a t e  (cyclic G M P )  
exci ted  Achatina gian t  n e u r o n e s  inc luding  PON,  
whe r ea s  tha t  of  inosi tol  1 ,4 ,5- t r iphosphate  ( IP 3) inhib-  
i ted  these  n e u r o n e s  (Liu and Takeuch i ,  1993c). 

In  ve r t eb ra te s ,  the  h i s t amine  H 1 r e c e p t o r  an tago-  
nists, inc luding  p r o m e t h a z i n e ,  r e p o r t e d l y  suppress  
pos t - synapt ica l ly  the  end  p la te  po ten t i a l s  of  the  f rog 
sa r to r iu s  musc l e  ( K a t a y a m a  and  Tasaka ,  1985). 
P r o m e t h a z i n e  r educes  the  inosi tol  p h o s p h a t e  accumu-  
la t ion  caused  by carbachol ,  a muscar in ic  ace ty lchol ine  
agonist ,  in the  long i tud ina l  smooth  muscle  of  the  
gu inea-p ig  i leum ( D o n a l d s o n  and  Hill ,  1985). His-  
t amine  H 1 r e c e p t o r  an tagonis t s ,  inc luding  p r o m e t h a -  
zine,  homochlorcyc l iz ine  and  c lemas t ine ,  have a high 
aff ini ty for  b ind ing  with  muscar in ic  r ecep to r s  in the  
bovine  ce reb ra l  cor tex  (Kubo  et  al,, 1987). T h e  his- 
t amine  H 1 r e c e p t o r  an tagonis t s ,  inc luding  p r o m e t h a -  
zine,  inhibi t  agonis t  b ind ing  to o--opioid and  musca r in ic  
r ecep to r s  in the  ra t  b ra in  (Gray  et  al., 1990). These  
f indings  ind ica te  tha t  the  h i s t amine  H1 r e c e p t o r  antag-  
onists  affect  systems o t h e r  than  the  h i s t amine  t ransmis-  
s ion system. Also,  the  h i s t amine  H 1 r e c e p t o r  an tago-  
nists,  inc luding  homochlorcyc l iz ine ,  c l emas t ine  and  
t r ip ro l id ine ,  inh ib i ted  in h u m a n  neu t roph i l s  the  r e l ease  
of  a r ach idon ic  acid  (Tan iguch i  et  al., 1991), which  is a 
second  m e s s e n g e r  in the  nervous  system. 

In  inver tebra tes ,  p r o m e t h a z i n e  has a high affini ty 
for  b ind ing  with the  o c t o p a m i n e  r ecep to r s  in the  neu-  
rones  of  a locust  (Locusta migratoria, L.)  ( R o e d e r ,  
1990). 

O u r  ongoing  r e sea rch  on acha t in - I  effects  using 
Achatina giant  n e u r o n e s  will a t t e m p t  to  e luc ida te  in 
more  de ta i l  the  s t ruc ture  n e e d e d  to suppress  the  I in 
caused  by acha t in - I  t h rough  tests  on the  effects  of  
der ivat ives  of  the  effect ive h i s t amine  H 1 r e c e p t o r  an- 
tagonis ts .  T h e  effects  of  these  r e c e p t o r  an tagonis t s  on 
the  Iin caused  by o the r  compounds ,  such as 5-hydroxy- 
t ryp t amine  and  oxytocin,  will be  examined .  Signal l ing 
m e chan i sms  of  acha t in - I  exci ta t ion  will also be  s tud ied  
in a f u n d a m e n t a l  inves t iga t ion  on the  effects  of  this  
pep t ide .  
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