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clinical and experimental evidence for the importance of 
histamine i- the development of duodenal ulcer disease 
has been presented since the introduction of Hz-receptor 
antagonists [12]. Therefore. FMH may well be useful for 
the treatment of certain kinds of duodenal ulcer disease 
associated with high HDC activity in humans. 

In summary, FMH administered by either i.p. injection 
or continuous S.C. infusion leads to marked depletion of 
histamine levels in urine of Masromys bearing trans- 
plantable histamine-producing argyrophilic gastric carct- 
noid. The continuous S.C. infusion of FMH appears to be 
superior to i.p. injection for suppressing HDC activity in 
carcinoid cells. The most conspicuous effect of FMH used 
in uioo on tumor-bearing hosts is to suppress the duodenal 
ulcer(s) that invariably develops in untreated animals. 
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Effect of ethanol on inhibition of striatal adenylate cyclase activity 

(Received 20 December 1984; accepted 6 June 19X5) 

The activity of adenylate cyclase is under dual regulation 
coupled to both stimulatory and inhibitory drug receptors 
[see Refs. 1 and 21. Additton of a stimulatory drug, such 
as glucagon. isoproterenol or dopamine, in combination 
with a short-chain alcohol results in a synergistic activation 
of adenylate cyclase [3-51. Although short-chain alcohols 
also increase basal adenylate cyclase activity [3-51, this 
increase is only partly responsible for the alcohol-induced 
increase in dopamine-stimulated activity in the striatum 
[4]. Furthermore. the presence of dopamine increases the 
sensitivity of adenylate cyclase to ethanol [4]. 

Striatal adenylate cyclase is also coupled to opiate and 
muscarinic receptors. but activation of these receptors 
attenuates enzymatic activity [&lo]. Short-chain alcohols 
have been reported to decrease the affinity of muscarinic 
and opiate receptors for agonists [ll-151. but the effects of 
alcohol on drug-induced inhibition of adenylate cyclase 
have not been investigated. The present study was. there- 
fore, undertaken to determine the in oitro effects of ethanol 
on the inhibition of striatal adenylate cyclase by morphine. 
Leu-enkephalin and acetylcholine. 

Methods 

Female Holtzmann rats were killed by decapitation and 
the striata rapidly removed. Tissues were homogenized 
(Brinkmann Polytron) in 2 mM Tris-HCI (pH 7.5) con- 
taining 2 mM ethyleneglycolbis(amino-ethylether)tetra- 
acetate (EGTA). and the homogenates were centrifuged 
at 2O.OOOg for 15 min at 4’. The resulting pellets after 
resuspension in the Tris-EGTA buffer were again centri- 

fuged, and this procedure was repeated. The final pellet. 
which was used to measure adenylate cyclase activity, was 
resuspended in Tris-EGTA (2.2 to 3.0 mg protein/ml) 

Adenylate cyclasc activity was determined by measuring 
the conversion of la-“PlATP to l”P]cyclic AMP. Reac- 
tions were carried out in a final volume>of 150 ul containing 
50mM Tris-HCI (oH7.5). 5 mM cvclic AMP. 2 mM 
MgCl:, 50 PM GTP: 1 rnM theophyll;ne. 100 mM NaCI, 
0.1 mM ATP (containing l-2 million cpm of [ o-‘“PIATP), 
10 mM creatine phosphate. 0.1 mg/ml creatine kinase and 
various drugs. Eserinc (10 uM) was included in all samples 
containing acetylcholine. Reactions were carried out for 10 
min at 30” and were terminated bv the addition of lOOnI 
of a solution containing 50 mM Tris-HCI (pH 7.5). 5 mM 
ATP and 10% sodium dodecyl sulfate. After incubating 
the tubes for I5 min in boiling water. sample volumes were 
increased to 1 ml with water. and a modification [S] of the 
method of Salomon ef al. [In] was used to isolate the [?‘P] 
cyclic AMP. Protein content was measured by the method 
of Lowry er ul. [ 171 using bovine serum albumin (Fraction 
V) as a standard. Data were analyzed for statistical sig- 
nificance using Dunnett’s test for multiple comparisons 

[W 
Resulrr and discussion 

Addition of ethanol elicited a linear. dose-related 
increase in adenylate cyclase activity in both the presence 
and absence of inhibitory drug (Fig. 1). Although stimu- 
latory. drugs have been shown previously to increase the 
sensitivity of adenylate cyclasc to activation by ethanol 
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Fig. 1. Effects of acetylcholine and morphine on activation 
of adenylate cyclase by ethanol. Activation of striatai 
adenylate cyclase by various concentrations of ethanol was 
determined in the absence (a) and presence of 1OO;cM 
morphine sulfate (A) or 333 _uM acetylcholine chtoride 
(0). Data are plotted as means for seven to eight animals; 

S.E.M. were less than 7% of the mean. 
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Fig. 2. Effect of ethanol on the inhibition of adenylate 
cvclase by acetylcholine chloride. Striatal adenylate cyctase 
activity was measured in the absence (e) and presence of 
300 mM ethanol {O). Data are expressed as a percentage 
of basal which represents enzyme activity in the absence of 
ethanol and acetycholine (136.5 t 23.21 pmoles~min~mg~. 
Data are plotted as mean f S.E.M. for seven to eight 

animals. 

[3-y!. inhibitory drugs did not alter significantly the sen- 
sitivity of adenylate cyclase to ethanol. The percent stimu- 
lation per molar concentration of ethanol was 54 t- 6.3 in 
control tissue. 37 t 5.9 in the presence of morphine. and 
45 i- 9.3 in the presence of acetylcholine. 

In the absence of alcohol. acetylcholine (Fig. 2) and 
morphine (Fig. 3) caused a dose-dependent decrease in 
adenylate cyclasc activity. Ethanol increased basal activity. 
but it did not change the maximal percent inhibition elicited 
hl; either acetylcholine (21.1 ? l.hS’Jr for control and 

* Al~breviati(~ns: tclii. drug concentratiojls resulting in 
5WZ inhibition: N,. stimulatory regulatory subunit: and N,. 
inhtbitory regulatory subunit. 
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Fig. 3. Effect of ethanol on the inhibitlon 01 adcnylatc 
cyclase by morphine sulfate (Icft) and Lcu-cnhephalin 
(right). Adenylate cyclasc activity was dctermincd m the 
absence (0) and presence of 300 mM ethanol (01. Dal:\ 
are expressed as a percentage of basal which reprr\cnt\ 
enzyme activity in the absence of ethanol ;Ind inhibItor> 
drug. Data are plotted as mean 5 S.E..M. for either fou! 

(morphine) or six (Leu~cnkeph~tin~ animals. 

20.6 -L 1.13% in the presence of erhanol) OI- ill(~l-~hinc 
(14.7 i- 0.77% for controi and 12.4 i 1 .hi“F in the prc~ncc 
of ethanol). Similarly. ethanol had no effect on the ii .,bl 
for acetycholine (7.4 + 2.62 and 7.1 i I.YY!tM in the 
absence and presence of ethanol respectively) or morphine 
(1 .O + 0.28 and 0.78 t 0.25 l&f in the ah\cncc and prehent~c 
of ethanol respectively). Although morphine-induced 
reduction in cnzymo activity is through the delta rathcl 
than the mu receptor [h, 8. 1’31. the binding ot morphlnc to 
the delta binding aife is complex. \vith both competitl\,c 
and non-competitive interactions reported [20. 211. I’hc 111 
oitro effects of ethanol, thcreforc. were also investlgatetl 
using Leu-enkephalin (Fig. 3). Ethanol did not change the 
maxima1 percent inhibition hq Lcu-~nlqh,ilm 
(22.1 t i .86% for cuntrol and 20.9 2 i .2X’; in the prc~nc’c 
of ethanol) or the I(~~, value (0 41 t (I.074 .intl 
0.62 ‘_ 0.170 +I in the abscncc and pre~nc~ <>i’ CI h;tnoi 
respectively). 

In marked contrast to the previously rcportcd \>nergt\t~ 
interaction of short-chain alcohols and stimulator). drug\ 
on adenylate cyclase activity [3-51. ethanol did not altc‘r 
the efficacy of morphine, L.eu-enkephalin or acetylcholinc 
to inhibit adenylate cyclnse activity. The actions ot alcoht>l\ 
on the delta opiate and muscarlnlc receptor\ appear to hc 
“competitive” in nature since the al’linity for agonists rathel 
than receptor tien+ity is decreased [13-151 Ethanol. 
however. neither altered the I(.,. value nor changed the 
percent inhibition of enzyme activity at an! conct‘ntratil>n 
of inhibitory drug. 
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action on different receptor sites or states. Although inhi- 
bition of adenylate cyclase by opiates is through the delta 
subtype of opiate receptors [6.8. 191, multiple enkephalin 
binding sites exist [21]. Thus. alcohol may inhibit binding 
of enkephahns to a delta binding site that is not coupled to 
adenylate cyclase. Similarly. acetylcholine inhibits striatal 
adenylate cyclase through a muscarinic receptor [9]. but 
the muscaruuc receptor is coupled to both adenylate cyclase 
andphosphoinositide metabolism [22]. Alcohol may. there- 
fore. inhibit agonist binding to the form of the muscarinic 
receptor that is linked to phosphoinositide metabolism 
rather than to adenylate cyclase. 

Both the increase in adenylate cyclase activity by stimu- 
latory drugs and the reduction in enzyme activity by inhibi- 
tory drugs require the activation of regulatory subunits 
[23.24]. Although Ns and N, mediate opposite actions on 
adenylate cvclase activity. the regulatory subunits share a 
number of similar properties. Both Ns and N, require GTP 
and magnesium for activation. and activation involves a 
dissociation of the subunit into constituent components 
[23.25]. Furthermore. N, and N, both contain an identical 
35,000-dalton (i.e. b) component [26]. However. whereas 
dissociation of NS results in activation of the catalytic sub- 
unit of adenylate cyclase [23]. dissociation of N, attenuates 
adenylate cyclasc activity by forcing the dissociative acti- 
vation reaction of N, toward formation of the inactive 
holoenzyme 1251. Although ethanol appears to enhance the 
activation of N, (5,271. the present study indicates that 
ethanol dots not alter either the activation of N, or the 
reassociation (i.e. inactivation) of N,. Ethanol thus appears 
to specifically enhance the dissociative activation of N,. 

In summary, ethanol did not alter the inhibition ofstriatal 
adenylate cyclase activity by morphine. Leu-enkephalin 
and acetylcholine. Thus, while ethanol has been shown to 
alter the activation of N,. ethanol does not affect either the 
activation or activity of N,. The discrepancy between the 
previously reported alcohol-induced inhibition of agonist 
binding and the lack of an effect of ethanol on the inhibition 
of adenylate cyclase activity may be due to an action of 
ethanol on different forms of the delta opiate and musca- 
rinic receptors. 
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Study of propranolol binding to human cY,-acid glycoprotein by high-performance 
liquid chromatography 

(Received 27 March 1985; accepted 9 July 1985) 

Propranolol binding to human plasma proteins is known to 
be high (~90% [l]) with cu,-acid glycoprotein (cur-AGP) 

(HPLC) methods have been introduced for the study of 

playing a major role in this binding. To determine binding 
biomacromolecule-ligand interactions [S-8]. The present 
paper reports on the application of HPLC as a comparable 

parameters for propranolol bound to human (u,-AGP 
mostly the equilibrium dialysis (ED) has been used [2-41. 

approach for studying the binding of propranolol to human 
@,-acid glycoprotein. 

Several high-performance liquid chromatographic 


