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ABSTRACT. The role of protein kinase C (PKC) in histamine (HA)-stimulated cyclic AMP formation in 

intact chick pineal glands was investigated. In the pineal gland of chick HA, 2-methylHA, 4-methylHA, and 
Na,Na-dimethylHA potently increased cyclic AMP accumulation in a concentration-dependent manner. 

Treatment of intact glands with PKC inhibitors, i.e. chelerythrine and staurosporine, reduced the stimulatory 
effect of the HA-ergic compounds on cyclic AMP formation. HA, 2-methylHA, 4-methylHA, and Na,Na- 
dimethylHA significantly increased inositol-1,4,5_trisphosphate (IP,) levels in intact chick pineal glands, 

indicating their activities on phospholipase C and 1,2-diacylglycerol formation. The stimulatory effect of HA on 
IP, levels was antagonized by aminopotentidine, a potent blocker of HZ-like HA receptors in avian pineal gland. 
Preincubation of chick pineal glands with a PKC activator, 4P-phorbol 12,13-dibutyrate (4@PDB), enhanced 

the accumulation of cyclic AMP elicited by HA, 2-methylHA, 4-methylHA, and Ncx,Nu-dimethylHA. On the 
other hand, 4p-phorbol, inactive on the PKC, was ineffective. Our results point to the possibility that PKC is 
involved in the regulation by HA of cyclic AMP synthesis in the pineal gland of chick. Furthermore, the cyclic 
AMP response to pineal HA receptor stimulation can be positively modulated by a concomitant activation of 
the PKC pathway. BIOCHEM PHARMACOL 54;4:501-507, 1997. 0 1997 Elsevier Science Inc. 
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Histamine (HA) is an established neurotransmitter/neuro- 
modulator in the central nervous system of mammals [I] 
and some nonmammalian species [2, 31. One of the widely 
reported actions of HA is stimulation of cyclic AMP 
production, with the effect observed in, among other 
tissues, brains of the guinea pig, rabbit, and chick [4-81. 
Recently, we have shown that HA is a powerful stimulator 
of cyclic AMP synthesis in intact pineal glands of the chick 
and duck, but not the rat [7, 9, lo]. Interestingly, the 
HA -evoked cyclic AMP response in the avian pineal gland 
was much stronger than that observed in other brain tissues 
tested (including mammalian tissues), and resulted from 
stimulation of the HA receptor, whose pharmacological 
profile is different from that of the HI-, H,-, and H,- 
subtype of HA receptors [l, 111. It has been suggested that 
this pineal HA receptor represents either an avian-specific 
Hz-like HA receptor or a novel HA receptor subtype [7, 9, 
lo]. The molecular mechanism underlying HA action on 
cyclic AMP formation in the pineal gland of birds is 
unknown in nature, because HA appears to be a weak 
stimulator of adenylate cyclase activity in membrane prep- 
arations of the chick pineal glands as well as those of chick 
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cerebral cortex [ 121. It is not unlikely that HA may activate 
the cyclic AMP generating system of the avian pineal gland 
indirectly, and such a mode of HA action would be in line 
with the results of electrophysiological experiments dem- 
onstrating the ability of the amine to evoke an inward 
current in dissociated chick pineal cells [lo]. 

Calcium/phospholipid-dependent protein kinase (PKC)S 
is present in a vast majority of different cells [13, 141, 
including pinealocytes [15]. Activation of PKC results in 
phosphorylation of numerous protein substrates, and such 
an action has been linked to a wide variety of biological 
responses [13, 141. There is growing evidence that PKC 
stimulation can significantly influence (either potentiate or 
inhibit) the formation of cyclic AMP [15-2 11. A relevant 
(in the context of the present study) example of a highly 
synergistic interaction between PKC and cyclic AMP 
generation is that occurring in the rat pinealocyte, where 
aI-adrenoceptor-related PKC activation strongly amplifies 
p-adrenoceptor-stimulated cyclic AMP production [15, 19, 
221. It is unknown, at present, whether a similar interaction 
takes place in the pineal gland of animals other than rat. 

This work is an extension of our earlier studies on the 
nature of the HA-evoked cyclic AMP response in the chick 
pineal gland, and its aim was: (1) to assess whether the 

$ Abbreviations: DAG, 1,2-diacylglycerol; II’,, inositol-1,4,5,-trisphos- 
phate; HA, histamine; KHM, Krebs-Hens&it medium; 4@PDB, 4p- 
phorbol 12,13-dibutyrate; PGE, prostaglandin E; PKC, protein kinase C; 
PLC, phospholipase C. 
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stimulatory effect of HA on cyclic AMP accumulation 
involves PKC; and (2) to see whether the HA response can 
be modulated by a concomitant activation of PKC. Re- 
cently, a strong stimulatory effect of prostaglandin E (PGE) 
on cyclic AMP formation in chick pinealocytes has been 
reported [23], inciting us to investigate whether there is a 
PGE component in the described CAMP effect of HA in 
chick pineal gland. 

MATERIALS AND METHODS 
Animals 

Male chicks (Gallus domesticus, white leghorn) were pur- 
chased locally on the day of hatching, and kept in warmed 
brooders with ad libi standard food and water. The animals 
were raised under a photoperiodic regime of 12 hr light:12 
hr dark (lights on between 2300 and 1100 hr) for 2-3 weeks 
prior to the study. Light intensity near the floor of the 
animals’ room was about 150 lux. The experiments were 
carried out in strict accordance with the Polish governmen- 
tal regulations concerning experiments on animals. 

On the day of an experiment, the animals were killed by 
decapitation (always between 1000 and 1100 hr), and their 
pineal glands were quickly removed and stored (until 
completion of the tissue collection) in cold, OZ/C02 
(95:5)-gassed, glucose-containing modified Krebs-Henseleit 
medium (KHM; containing 118 mM NaCl, 5 mM KCl, 1.3 
mM CaCI,, 1.2 mM MgSO,, 1.2 mM KH,PO,, 25 mM 
NaHCO,, and 11.7 mM n-glucose; pH 7.4). 

Assay of Cyclic AMP Formation 

The synthesis of [3H]cyclic AMP in isolated pineal glands 
prelabeled with [3H]adenine was determined by the method 
of Shimizu et al. [24]. In brief, the collected glands were 
thoroughly washed in an OJCO, (95:5)-gassed KHM, 
suspended in 15 mL of fresh KHM, and kept at 37°C for a 
20-min adaptation period. Then, the KHM was changed, 
and [3H]adenine was added to the incubation mixture. 
After a 60-min incubation at 37°C the pineals were 
washed, individually distributed into Eppendorf tubes 
(HTL, Warsaw, Poland) containing 480 p_L of freshly 
gassed OJCO, KHM, and preincubated for 10 min (exper- 
iments with phorbol derivatives) or 15 min (experiments 
with inhibitors of protein kinase C) at 37°C. Subsequently, 
HA and other HA agonists were added, and the incubation 
continued for 10 min. The reaction was terminated by 
adding 550 I.LL of 10% trichloroacetic acid. The glands were 
sonicated and centrifuged, and the supernatants (of which 
50 p,L aliquots were saved for determination of total 
radioactivity) were transferred into test tubes. The 
[3H]cyclic AMP formed was isolated by a sequential co- 
chromatography using Dowex 5OWx4 and aluminum oxide 
columns (Bio-Rad Laboratories, Hercules, CA), with a 
tracer [‘4C]cyclic AMP used for measurement of the 

recovery of each assay (the mean recovery was 48856%) 
according to the method of Salomon et a2. [25]. The 
Dowex column system was eluted with deionized water, 
and the alumina column was then eluted with 0.1 M 
imidazole solution. The final eluate was tested for radio- 
activity in a liquid scintillation counter (Wallac 1410, 
Pharmacia-LKB, Turku, Finland; ‘H/14C channel). Data 
presented have been corrected for recovery and ex- 
pressed as percent conversion ([3H]cyclic AMP X lOO/ 

total [3H]). 

Determination of lnositol- 1,4,5Trisphosphate 
(IP,) Content 

The collected pineal glands were thoroughly washed in an 
O,/CO, (95:5)-gassed KHM, suspended in 15 mL of fresh 
KHM, and kept at 37°C for a 20-min adaptation period. 
Then, the glands were washed, individually distributed into 
Eppendorf tubes containing 480 FL of freshly gassed 
O,/CO, KHM, and preincubated for 10 min at 37°C. In 
some experiments, aminopotentidine was added to the 
preincubation 5 min prior to HA. Subsequently, HA and 
methylated derivatives of HA were added, and following a 
l-min incubation, pineals were quickly removed from the 
incubation medium and frozen on dry ice. The glands were 
sonicated in 15% trichloroacetic acid in a proportion of 1 
ml/gland and centrifuged. IP, levels were measured in 
extracts of tissue supernatants using a specific IP, [3H] 
radioreceptor assay kit (Du Pont de Numerous-NEN, Bos- 
ton, MA). 

Chemicals 

Radioactive compounds were [2,8-3H]adenine (specific ac- 
tivity 26.9 Ci/mmol) and [‘4C]cyclic AMP (specific activity 
52.3 mCi/mmol); both from Du Pont de Numerous-NEN, 
Bad Homburg, Germany). 

Histamine-2HCl was purchased from Serva (Heidelberg, 
Germany). 2Tmethylhistamine-2HCl (2.MeHA), 4-meth- 
ylhistamine-2HC1 (4-MeHA), and Na,Nc~,dimethylhista- 
mine-HCI (Ncx,Na-DiMeHA) were generously donated by 
Profs. R. C. Ganellin and M. E. Parsons (SmithKline & 
Beecham, Herts, UK). Aminopotentidine was a generous 
gift from Prof. H. Timmerman (Vrije Universiteit, Amster- 
dam, The Netherlands). Staurosporine and chelerythrine 
chloride were purchased from Research Biochemicals In- 
corporated (Natick, MA). 4B-Phorbol, 4B-phorbol l&13- 
dibutyrate (4B-PDB), cyclic AMP, and Dowex 5OWx4 
were obtained from Sigma Chemical Co. (St. Louis, MO); 
and aluminum oxide was from Aldrich (Steinheim, Ger- 
many). Indomethacin was supplied by Polfa Pharmaceuti- 
cals S.A. (Rzeszbw, Poland). Other chemicals were of 
analytical purity and were purchased from commercial 
sources. All drug solutions were prepared immediately 
before use. 
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FIG. 1. Effects of HA, 2-methylhistamine (2+MeHA), 4-meth- 
ylhistamine (4-MeHA) , and NcqNa-dimethylhistamine (Nor, 
Nru+DimeHA) on [3H]cyclic AMP synthesis in [3H]adenine- 
prelabeled chick pineal gland. Results are expressed as per- 
centages of basal [3H]cyclic AMP accumulation. The mean 
levels of basal [3H]cyclic AMP accumulation (expressed as 
percent conversion) were: experiments with HA, 0.31 -+ 0.03 
(n = 12); eqeriments with 2-MeHA, 0.28 f 0.04 (n = 10); 
experiments with 4-MeHA, 0.50 f 0.04 (n = 10); and 
experiments with NcqNol-DiMeHA, 0.46 f 0.07 (n = 11). 
Data are mean & SEM values (n = 4-12). 

Data Analysis 

All data are expressed as mean t SEM values. For statis- 
tical evaluation of results, ANOVA was used followed by 
the Newman-Keuls test. 

RESULTS 

In agreement with earlier reports [7, 101, HA (0.1-1000 
PM) potently stimulated cyclic AMP formation in the 
chick pineal gland in a concentration-dependent manner, 
showing maximal effects at 100 FM (Fig. 1). The action of 
HA was mimicked by several methylated derivatives of HA, 
with the following rank order of the magnitude of the cyclic 
AMP response to the different agonists: HA > 4-methyl- 
histamine (4-MeHA) > Na,Na-dimethylhistamine 
(Nu,Na-DiMeHA) > 2-methylhistamine (2-MeHA) 
(Fig. 1). Indomethacin, a potent cyclooxygenase inhibitor, 
did not significantly modify the stimulatory effect of HA on 
cyclic AMP synthesis. The results (expressed in percent 
conversion) were: control, 0.67 -+ 0.08(10); HA 100 PM, 
3.35 + 0.27(12); HA + indomethacin 1 and 10 PM, 
2.67 ? 0.36( 12), and 3.07 + 0.43( 11); indomethacin alone 
did not affect the basal activity. 

Two inhibitors of PKC, i.e. staurosporine and cheleryth- 
rine, were tested for their ability to modulate the stimula- 
tory effect of HA and methylated HAS on cyclic AMP 
accumulation in chick pineal glands prelabeled with 
[3H]adenine. Staurosporine markedly inhibited the re- 
sponse to HA; at 0.1 FM it decreased the effect of 10 and 
100 p_M of HA by 18% (nonsignificant) and 37% (P < 
0.05), respectively, while a lo-fold higher concentration of 
this inhibitor (i.e. 1 PM) significantly reduced the respec- 

tive effects of 10 and 100 p,M of HA by 43% and 60% 
(Table 1). Similarly, 1 FM staurosporine reduced the 
stimulatory effects of 2-MeHA (1,000 PM) and Na,AJa- 
DiMeHA (100 p,M) on cyclic AMP formation in chick 
pineal gland by approximately 56%, and that of 4-MeHA 
(100 FM) by 48% (Table 1). Chelerythrine, another tested 
PKC inhibitor, potently antagonized increases in [3H]cyclic 
CAMP synthesis evoked by both HA and HA derivatives, 
producing near complete abolishment of the observed 
effects at a 50 FM concentration (Fig. 2, Table 2). 

HA (10-1000 PM), 2-MeHA, 4-MeHA, and Nc~,Ncx- 
DiMeHA (all at 10 and 1000 FM), concentration depen- 
dently increased the level of IP, in chick pineal gland (Fig. 
3). The tested HA-ergic compounds showed similar activity 
on IP, formation, and at 1000 FM the response was in the 
range of 337.6-391.0% of the control value. An H,-HA 
receptor blocker, aminopotentidine, antagonized the effect 
of HA on IP, formation. The results (expressed in pmol 
formed IP3/pineal) were: control, 5.96 -C 1.47(4); HA 100 
p_M, 15.10 ? 2.11(4); HA 100 FM + aminopotentidine 3 
p.M, 6.36 ? 1.82(4); aminopotentidine 3 FM, 5.69 2 
1.11(3); *P < 0.05 versus HA. 

In another series of experiments, effects of a 4p-phorbol 
ester-an activator of PKC-on the cyclic AMP responses 
to HA and HA agonists in the chick pineal gland were 
examined. Treatment of pineal glands with 1 FM of 
4P-PDB significantly enhanced the stimulatory effect of 
HA, 2-MeHA, 4-MeHA, and Na,AJa-DiMeHA (each 
used at a 10 FM concentration) on cyclic AMP formation 
(Fig. 4). Addition of 1 FM of 4P-PDB alone produced small 
elevations in basal cyclic AMP accumulation, with the 
maximal observed percent increase over basal level being 
approximately 48% (P < 0.05). The effect of 4@-PDB on 
the HA-evoked increase in cyclic AMP formation in chick 
pineal glands was blocked by PKC inhibitors, i.e. cheleryth- 
rine (in % conversion: control, 0.31 -+ 0.05; HA 10 FM, 
2.51 ? 0.17; 4P-PDB 1 FM + HA 10 FM, 3.52 f 0.32; 
chelerythrine 50 FM + 4P-PDB 1 FM + HA 10 FM, 
0.77 -+ 0.08*. *P < 0.05 versus 4P-PDB + HA, n = 
5-7lgroup) and staurosporine (data not shown). 

4P-phorbol (10 FM), an inactive phorbol compound on 
PKC, did not markedly modify the HA-evoked elevation of 
cyclic AMP formation (in % conversion: control, 0.28 2 
0.06; 4p-phorbol 10 FM, 0.33 + 0.07; HA 10 FM, 3.09 + 
0.46; 4P-phorbol + HA, 2.72 ? 0.28. n = 6-8/group). 

DISCUSSION 

The present work confirms that HA and some of its 
methylated derivatives (with the exception of tele-methyl- 
histamine, however; [7]) markedly stimulate the process of 
cyclic AMP formation in organ-cultured chick pineal 
glands prelabeled with [3H]adenine. This HA-related effect 
may be mediated via HA HZ-like receptor, as selective 
HZ-blockers, e.g. tiotidine or aminopotentidine, showed 
antagonistic activity [7, lo]. However, a coupling of this 
supposed avian HZ-like receptor with adenylate cyclase 
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TABLE 1. Effects of staurosporine on [3H]cyclic AMP accumulation elicited by agonists of 
HA receptors in pineal glands prelabeled with r3H]adenine 

Cyclic AMP accumulation 

Group 

Experiment 1 
Control 
Staurosporine 1 PM 
Histamine 10 ).LM 

100 FM 
Staurosporine 
+ Histamine 10 FM 

100 p,M 
Experiment 2 

Control 
Staurosporine 1 FM 
2-Methylhistamine 1,000 PM 
4-Methylhistamine 100 p.M 
Na,Na-Dimethylhistamine 100 /.LM 
Staurosporine 
+ 2-Methylhistamine 
+ 4-Methylhistamine 
+ Na,Na-Dimethylhistamine 

Data are mean t SEM values from 5-14 separate determmations. 
* P < 0.05 when compared with histamine 10 PM. 
t P < 0.05 when compared with histamine 100 FM. 
$ P < 0.05 when compared with 2.methylhistamine. 

I P i 0.05 when compared with 4-methylhistamme. 

d P < 0.05 when compared wth Na,Ncu-dlmethylhistamlne. 

(% conversion) (% control) 

0.24 t- 0.04 (14) 100 
0.27 2 0.08 (11) 113 
2.52 2 0.24 (13) 1059 
3.73 2 0.42 (15) 1567 

1.58 t 0.09 (10)” 664 
1.97 ?I 0.12 (11)-t 828 

0.20 2 0.03 (9) 100 
0.23 +- 0.04 (11) 113 
2.05 t 0.17 (6) 1000 
2.72 2 0.32 (6) 1327 
2.36 2 0.23 (5) 1153 

1.05 2 0.09 (6)j: 513 
1.64 f 0.18 (7)s 800 
1.18 2 0.06 (5)# 576 

seems uncertain, as in broken-cell or membrane prepara- 
tions of the chick pineal and cerebral cortex [12] HA only 
weakly stimulated the cyclic AMP-synthesizing enzyme. 
This may suggest the existance of a more complex mode of 
action of HA on cyclic AMP generation in the bird pineal 
gland. The possibility of a role of PGE (which strongly 
stimulates cyclic AMP accumulation in chick pineal cells 
in culture; [23]) as an intermediate in HA action can be 
ruled out on the basis of the ineffectiveness of indometha- 

E Control HA 1 OO#J 2 5 10 50 
CHELERMHRINE (PM ) + HA 

FIG. 2. Effect of chelerythrine on the HA-evoked increase in 
[3H]cyclic AMP formation in [3H]adenine-prelabeled chick 
pineal gland. Glands were preincubated for 15 min in the 
presence of various concentrations of chelerythrine or its di- 
lutent, and HA (100 (LM) was then added for a IO-min 
incubation. Results are expressed as percentages of the HA 
response at 100 PM [2.93 f 0.26% (n = 15) conversion, 
defined as lOO%]. Data are mean + SEM values (n = 6-15). 
*P < 0.05 versus HA. 

tin, a potent inhibitor of cyclooxygenase, a prostaglandin- 
synthesizing enzyme, to significantly prevent HA activity. 
Therefore, a prostaglandin-independent mechanism(s) 
seems to underlie the HA effects in the chick pineal gland. 

A growing number of reports in the literature indicate 
that two enzymes of central importance in receptor-medi- 
ated transmembrane signaling, adenylate cyclase and Ca2+/ 
phospholipid-dependent protein kinase (PKC), may inter- 
act in both a synergistic or antagonistic manner [13, 141. 
Generally, the mode of such an interaction is dependent on 
the type of cell/tissue studied, reflecting, primarily, the 
expression of various types of adenylate cyclase as well as 
isozymes of PKC. In the brain and neurally derived tissues, 
PKC activation is frequently reported to increase cyclic 
AMP formation [13-15, 261. 

To investigate the participation of PKC in the stimula- 
tory action of HA on cyclic AMP formation in the chick 
pineal gland, we have employed two inhibitors of PKC, 
staurosporine and chelerythrine [26, 271. Prior treatment of 
the cultured pineal glands with staurosporine or cheleryth- 
rine did not affect the basal cyclic AMP accumulation. On 
the other hand, such a treatment resulted in a marked 
reduction (or even abolishment in the case of cheleryth- 
rine) of increases in cyclic AMP formation evoked by both 
HA and the studied methylated derivatives of HA. These 
data indicate that PKC may contribute in a significant 
manner to the HA-dependent regulation of cyclic AMP 
synthesis in the chick pineal gland. By analogy to earlier 
observations in guinea pig brain with HA [18] and rat 
pineal with NA [15], two examples of a highly synergistic 
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TABLE 2. Effects of chelerythrine on [3H]cyclic AMP accumulation elicited by agonists of 
HA receptors in chick pineal glands prelabeled with [3H]adenine 

Cyclic AMP accumulation 

Group (% conversion) (% control) 

Control 
Chelerythrine 
2-Methylhistamine 
4-Methylhistamine 
Na,Na-Dimethylhistamine 
Chelerythrine 
+ 2-Methylhistamine 
+ 4-Methylhistamine 
+ Na,Na-Dimethylhistamine 

0.45 -c 0.05 (9) 
50 /J,M 0.51 2 0.08 (7) 

1,000 FM 2.34 + 0.16 (6) 
100 FM 2.82 + 0.17 (8) 
100 FM 2.48 ? 0.39 (3) 

0.73 ? 0.08 (7)* 162 
0.97 ? 0.08 (8)t 215 
0.74 ? 0.02 (4)$ 164 

100 
113 
520 
626 
551 

Data are mean + SEM values from three to eight separate determinations 

* P < 0.05 when compared with 2-methylhistamme. 

t I’ < 0.05 when compared with 4-methylhlstamme. 

$ P < 0.05 when compared with No,Na-dimethylhistamlne. 

interaction between receptor-related cyclic AMP genera- 
tion and PKC, it is not unlikely that the PKC-dependent 
phosphorylation of the chick pineal adenylyl cyclase may 
sensitize the enzyme in such a way that even a weak signal 
provided by HA may be sufficient to substantially stimulate 
cyclic AMP formation. 

The concentrations of staurosporine and chelerythrine 
effective against the HA- and methylated HA-evoked 
increases in cyclic AMP formation were, lo-30.fold and 
lo-fold, respectively, those required to inhibit partially 
purified PKC [27-291. Such a discrepancy may reflect, 
among other factors, the rate of penetration of these 
compounds into target cells within the pineal gland. In line 
with this assumption is the observation of Vesegna et al. 
[29] that staurosporine inhibited partially purified PKC 
from rat basophilic leukemia cells with an IC,, value of 3 
nM, while it reduced the 4j3-PMA-induced activation of 
PKC in intact cells with an IC,, of 0.9 PM. Furthermore, 
in human embryonic kidney cells transfected with adenyl- 
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FIG. 3. Effects of HA, 2-methylhistamine (2-MeHA), 4-meth- 
ylhistamine (4-MeHA), and Nol,Na-dimethylhistamine (Ncx, 
Ncu-DiMeHA) on inositol-1,4,5-trisphosphate (IP,) accumula- 
tion in chick pineal gland. Data are mean & SEM values (n = 
3-ll), and are expressed in percent of the respective control 
value. The mean IP, level in the control tissues was 6.85 + 
1.84 (n = 9) pmol/pineal. *P C 0.05 versus control. 

ate cyclase type II, 0.1 p_M of staurosporine inhibited an 
increase in cyclic AMP formation produced by 4P-PDB by 
only 52% [26]. 

The effectiveness of PKC inhibitors in counteracting the 
HA-evoked stimulation of cyclic AMP production in the 
chick pineal implies that HA may activate PKC in this 
tissue. 1,2-Diacylglycerol (DAG) is a physiological activa- 
tor of PKC [13, 141, and its origin is mainly (although not 
exclusively) linked to cell-surface receptor-activated phos- 
pholipase C (PLC), which splits cell membrane phospha- 
tidylinositol 4,Sbisphosphate into inositol 1,4,5trisphos- 
phate (IP,; an intracellular Cazt mobilizer) and DAG [30]. 
Thus, these two second messengers, i.e. IP, and DAG, are 
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FIG. 4. Effect of 4P-phorbol 12,13-dibutyrate (4@PDB) on 
[3H]cyclic AMP accumulation elicited by HA, 2-methylhista- 
mine (2-MeHA), 4-methylhistamine (4sMeHA), and NcqNcw- 
dimethylhistamine (Na,Na-DiMeHA) in [3H]adenine-prela- 
beled chick pineal gland. Glands were preincubated for 10 min 
in the presence of 4P-PDB (1 FM) or its dilutent, and HA or 
the methylated derivative of HA (10 PM, each) was then added 
for a lo-min incubation. The mean basal levels of cyclic AMP 
accumulation (in percent conversion) were in the range of 
0.23 -C 0.05-control; 0.34 + 0.09--4P-PDB (experiments 
with 2-MeHA), and 0.50 f O.O5--control; and 0.61 f 0.09- 
4P-PDB (experiments with 4-MeHA). Data are mean f SEM 
values (n = 6-16/group). *P < 0.05 versus vehicle. 
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produced in parallel, and by measuring the accumulation of 

IPI in a given tissue one can assume a concomitant 
formation of DAG. In the chick pineal gland, HA (and 
methylated HA derivatives) significantly, and in a concen- 
tration-dependent manner, increased the II’, level (see Fig. 
3), suggesting that the amine has the capability of stimu- 
lating PLC activity, and thus DAG production. It is 
noteworthy that all of the tested compounds, including 
2-MeHA and 4-MeHA (selective H,- and H,-HA receptor 
agonists, respectively; [l, 1 l]), were equally potent in 
stimulating II’, accumulation. The HA-evoked increase in 
IP3 levels in the chick pineal gland was a receptor-mediated 
phenomenon, as it was antagonized by aminopotentidine, a 
potent blocker of the H,-like HA receptor in avian pineal 
gland [7, 9, lo]. In mammalian tissues, activation of 
phosphoinositide metabolism is specifically linked with the 
HI-subtype HA receptor [l, 111; thus, our “chick” data may 
further point out an atypical pharmacological characteristic 
of HA receptor(s) present in avian pineal gland [7-91. 

point to a complexity of biochemical events in this directly 
photosensitive organ that may follow its exposure to HA. 
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