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mutation is likely to be peculiar to yeast. The possibility
remains that high concentrations of aspirin may affect
mtDNA adversely in mammalian cells which could be a
source of toxicity.
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Inhibition of agonist-induced hydrolysis of phosphatidylinositol and muscarinic
receptor binding by the calcium antagonist 8-(V,N-diethylamino)-octyl-3,4,5-
trimethopybenzoate-HCI (TMB-8)

(Received 13 July 1982; accepred 5 January 1983)

Agonist-stimulated hydrolysis of phosphatidylinositol (PI)
may be an essential step leading to an increase in intra-
cellular Ca** concentration [1], although in some cells the
hydrolysis apparently follows rather than precedes Ca*
entry [2, 3]. The breakdown of PI in the exocrine pancreas
is stimulated by agonists in the absence of extracellular
Ca?* [4] but, since these cells have intracellular stores from
which Ca®~ can be released by agonists [5], this result does
not eliminate a role for Ca** as the activator of PI break-
down in the pancreas. 8-(N,N-Diethylamino)-octyl-3,4,5-
trimethoxybenzoate-HC1 (TMB-8) has been used as an
intracellular Ca®* antagonist [6-8]. The mode and site of
action of this agent have not been defined, although it has
been proposed to immbolise Ca’* at the membrane storage
sites [7]. We used TMB-8 in an attempt to study the role
of intracellular stores of Ca®* in the activation of P1 hydroly-
sis in the pancreas and report the results of these studies
here.

The hydrolysis of PI in mouse pancreas was measured
in vitro, as described previously [4], using pancreatic slices
in which the PI had been prelabelled by injection of the
mice with myo-[2-"Hlinositol. The pancreas slices were
washed and incubated in Ca®"-free Krebs, pH 7.4, at 37°.
Tissue was preincubated with TMB-8 for 5 min prior to a
30-min incubation with agonist.

The Ca*"-free EGTA Krebs solution consisted of
(mmoles/1): NaCl, 126; KCl, 4.7; glucose, 2.8; Na fumarate,
2.7, Na glutamate, 4.9; Na pyruvate, 4.9; Tris (hydroxy-
methyl) aminomethane (Tris), 3; MgCh, 1.13;
ethyleneglycol-bis-(S-amino-ethyl ether) N, N'-tetraacetic
acid {EGTA), 0.1; adjusted with HCl to pH 7.4 at 37° and
bubbled with O..

The effect of TMB-8 on muscarinic receptor binding was
investigated using {*H]quinuclidinyl benzilate ([*H]QNB)
binding to mouse pancreatic acini rather than to pancreas
slices due to difficulties encountered with estimating
[PH]ONB binding in pancreas slices (our results, unpub-
lished; [9]). Similar binding studies were carried out on a
preparation from submandibular gland.

Mouse pancreatic acini were isolated using the method
of Williams er a/. [10]. The acini were resuspended in a
buffer consisting of (mmoles/): NaCl, 118; KCl, 4.7:
NaHCO;, 25; NaH,PO,, 1.2; glucose, 14; CaCls, 2.5; and
which also contained soybean trypsin inhibitor (0.1 mg/ml)
and essential and non-essential minimal Eagle's medium
amino acid supplement (1%, final concentration}; equili-
brated with 95% 0,/5% CO,.

Mouse submandibular glands were homogenized in
10 vol. of buffer consisting of (mmoles/t): NaCl, 137; KCI,
5.4; Na;HPOy, 0.34; KH,PO,4. 0.44; NaHCOs, 4.2; glucose,
5.6; Tris, 20; adjusted to pH 7.4 with HCL.

Muscarinic receptor binding was measured in isolated
pancreatic acini and in submandibular gland homogenates
incubated in the presence or absence of TMB-8 (2 x 1077
and 2 X 107* moles/l) with ["HJONB (6 x 10" moles/l} in
a volume of 2 ml. Submandibular gland homogenates werc
incubated for 60 min at room temperature; pancreatic acini
were incubated at 37° for 120 min, TMB-8 was added 5 min
before the addition of [*H]JQNB. Bound [*H]JQNB was
separated by rapid filtration through Whatman GF/B glass
fibre filters followed by two washes with 4 ml of ice-cold
phosphate buffer (0.1 mole/l, pH 7.4). Non-specific binding
was estimated from *H bound in the presence of atropine
(107> moles/) and represented 35 and 10% of total bound
*H in pancreatic acini and submandibular gland homogen-
ates respectively. Total >H bound represented less than 5%
of °H present in the incubation medium.

The DNA content of the pancreatic acini was measured
using the fluorescent dye Hoechst 33258 as described by
Labarca and Paigen {11].

An unpaired t-test was used to determine the significance
of differences in two group comparisons. For multiple group
comparisons, results were analysed using a two-way analysis
of variance to determine the significance between groups.
To test if there was an interaction between the agonist and
TMB-8, factorial analysis [12] was used.

Activation of muscarinic receptors or cholecystokinin
(CCK) receptors produces secretion by the exocrine pan-
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creas, apparently by a common pathway of stimulus—secre-
tion coupling that may involve the hydrolysis of PI [4]. In
an attempt to determine whether the breakdown of PI
occurred prior to an increase in the intracellular calcium
concentration rather than as a result of this calcium
increase, the intracellular calcium antagonist TMB-8 was
used.

TMB-8 (2 x 107* moles/l) inhibited completely the
hydrolysis of PI induced by carbachol (Table 1). However,
the breakdown of PI produced by an equipotent concen-
tration of cholecystokinin-octapeptide (CCK-8) was
reduced significantly but not inhibited completely by a
higher concentration of TMB-8 (107> moles/l) (Table 1).
TMB-8 (2 x 10~*moles/l) did not reduce CCK-8-stimulated
PI breakdown significantly (results not shown).

If PI hydrolysis was activated by release of a Ca** from
intracellular stores, and if TMB-8 acted as an intracellular
Ca®* antagonist, one might expect TMB-8 to be equally
effective in inhibiting the effects of equiactive concentra-
tions of carbachol and CCK-8. The difference in the inhibi-
tory potencies of TMB-8 toward the two agonists suggested
that the antagonism may have been at a site that was not
shared by carbachol and CCK-8; one possibility is that
TMB-8 blocked the muscarinic receptor. It has been shown
recently that a wide range of local anaesthetic and other
substances with hydrophaobic regions inhibit muscarinic
receptor binding {13, 14].

The results in Table 2 show that [’H]JQNB binding to
muscarinic receptors was inhibited in mouse pancreas by
TMB-8 at a concentration (2 x 107* moles/t) which
inhibited carbachol-induced PI hydrolysis. We do not know
whether the inhibition by TMB-8 of CCK-8-stimulated PI
breakdown in the pancreas can also be explained by a less
potent action of TMB-8 on CCK receptors since we have
not measured CCK receptor binding. However, a non-
specific inhibitory action of TMB-8 on both types of recep-
tors is a possibility since there is evidence from a recent
study by Miirer er al. [15] that TMB-8 may be a general
membrane-disrupting agent.

In pancreatic acini, non-specific binding of PH]QNB was
reduced significantly in the presence of TMB-8 at
2 x107* moles/l, but not in the lower concentration of
TMB-8 (Table 2). We have no explanation of the effect of
high concentrations of TMB-8 on non-specific binding of
[*'H]JONB. However, a similar effect has been observed in
pancreatic acini with high concentrations (2 x 107*
moles/l) of tetracaine (J. A. Kennedy, unpublished), an
agent which also inhibits the specific binding of PHJQNB
to muscarinic receptors [16].

To test whether the effect of TMB-8 on the binding of
[H]QNB to specific and non-specific sites was unique to
the pancreas or more widely spread, binding studies were
carried out using the mouse submandibular gland. The
results in the submandibular gland (Table 3) were similar
to those obtained using pancreatic acini.
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Table 2. Effect of TMB-8 on muscarinic receptor binding
in mouse pancreatic acini*

[*H]QNB boundt

Treatment Specific Non-specific

2.92 £0.26 1.89 £0.18
TMB-8
(2 x 107° moles/1)
(N = 10)
TMB-8
(2 X 107* moles/1)
(N = 10)

1.12 £ 0.12% 1.45+0.14

0.08 £ 0.03% 0.38 £ 0.02¢

* Acini were incubated, in the presence or absence of
TMB-8, with 6 X 107 moles/l [PH]QNB for 120 min at 37°.
The number of samples is given in parentheses.

T Results are given as mean * S.E. in moles X 10" '¥mg
DNA.

1 P <0.001, compared with control.

Table 3. Effect of TMB-8 on muscarinic receptor binding
in mouse submandibular gland*

[*H]QNB Bound+

Treatment Specific Non-specific

Control
5.42 £0.18 0.53 £ 0.06
TMB-8
(2 X 107% moles/l)
(N=6)
TMB-8
(2 X 107* moles/1)
(N=6)

0.46 = 0.10% 0.46 = 0.07

0.05 £ 0.03% 0.31 £ 0.048§

* Submandibular gland homogenates were incubated, in
the presence or absence of TMB-8, with 6 X 107!* moles/
1 [*HJQONB for 60 min at room temperature. The number
of samples is given in parentheses.

+ Results are given as mean * S.E. in moles X 107'%/mg
tissue.

1 P (TMB-8 vs control) < 0.001.

§ P (TMB-8 vs control) < 0.05.

These results suggest that inhibition of carbachol-induced
PI hydrolysis was due to inhibition of the binding of the
agonist to receptors rather than to any effect on the release
of Ca’ from stores and indicate that TMB-8 should be
used with caution as an intracellular Ca®* antagonist, since
this agent acts, with reasonable potency, to block at least
one class of membrane receptors.

Table 1. Effects of TMB-8 on carbachol and CCK-8-stimulated PI hydrolysis in mouse
pancreas*

PI hydrolysed

(Bq released/kBq *H incorporated by the pancreas)

TMB-8
=) (+)
CCK-8 (107® moles/l) 133 + 14 (13) 76 + 13+ (10)
Carbachol (107° moles/i) 130 + 32 (4) 5% 107 (5)

* PI hydrolysis was measured as *H released from PI above control values. TMB-8 concen-
trations used were 10~* moles/l for incubations with CCK-8 and 2 x 10~% moles/l for incubations
with carbachol; TMB-8 alone (2 X 10~* and 107> moles/l) produced no significant effect on PI
breakdown (P > 0.05). The control samples released 198 + 8 Bq/kBq*H incorporated by the
pancreas during the 30-min incubation. Values are means * $.E.; the number of samples in
each group is given in parentheses. P (secretagogue vs secretagogue + TMB-8) < 0.05.
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Adenylate cyclase activity of circular and longitudinal muscle layers of rat
myometrium*

(Received 18 October 1982; accepted 17 January 1983)

The uterus is composed of two smooth muscle layers, an
outer longitudinal and an inner circular layer which are
separated by a well-developed vascular bed [1]. Most
physiological studies that have measured effects of
catecholamines on uterine contractility used the longitu-
dinal axis, although Nesheim [2] found that the circular
and longitudinal layers responded quite differently. He
found the circular layer was less sensitive to isoprenaline
and, since then, the circular and longitudinal layers have
been shown also to differ in their motility patterns [3] and
in their sensitivities to indomethacin and prostaglandins
4].
[ ]We separated the longitudinal from the circular muscle
layer of the rat myometrium using two different methods.
Adenylate cyclase activity of the outer longitudinal layer
was greater and more responsive to isoproterenol than that
of the inner circular layer. Since cAMP mediates the func-
tion of the beta-adrenergic receptor in the smooth muscle
cell [5], there are important anatomical differences in the
distribution of adenylate cyclase in the myometrium.

Materials and methods

The circular and longitudinal layers of the myometrium
were separated either by mechanical or enzymatic
manipulations.

Mechanical separation. The uteri of eight Sprague-
Dawley rats (250 g) were removed and placed in warm
(25°) Hanks' solution (HS), without Ca®" or Mg®", buffered
with Na~, K~ phosphate (1.5mM) and PIPEST (5 mM),
gassed with carbogen (95% Os, 5% CO,), and adjusted to
pH 7.5 with NaOH. The uteri were cut open, and the
endometrium was scraped off with a microscope slide. The
circular (inper) layer was then separated from the longi-

tudinal {outer) layer with the edge of a microscope slide
firmly applied on the luminal side and moved from the
cervical to the fallopian end of each horn. The different
layers were transferred to Svol. of cold {4°) adenylate
cyclase homogenization buffer (CHB): 0.05M Na™-
HEPES, 0.001 M EGTA, 10% dimethyl sulfoxide, pH 7.6.
The tissue was homogenized at 4° with a polytron PT10
(Brinkmann Instruments, Westbury, NY) for 30sec at a
setting of 4.5. The homogenates were filtered through glass
wool and centrifuged at 20,000 ¢ for 30 min at 4°. The
pellets were washed twice, resuspended in 5 vol, of CHB.
and used fresh.

Enzymatic separation. The uteri of twelve Sprague-
Dawley rats (250 g) were removed and placed in warm
(25°) HS. Six uteri were tied at the cervix and at both
fallopian ends with surgical silk while the rest were turned
inside out and then tied in an identical manner. Each group
of uteri was transferred to Erlenmeyer flasks containing
1 ml of HS with 0.02% EDTA, 0.30 mg/ml trypsin (Tvpe
III from bovine pancreas, Sigma Chemical Co.. St. Louis.
MO), 0.30mg/ml collagense (Type II. 320 units/mg.
Sigma), and 0.10 mg/ml deoxyribonuclease I (bovine pan-
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+ Abbreviations: PIPES, piperazine-N,N'-bis[2-cthane
sulfonic acid] disodium salt; EDTA, [ethylene dinitrilo}-
tetraacetic acid, disodium salt; EGTA. ethylene glvcol-
bis-(f-aminoethyl ether) N N'-tetraacetic acid: and
HEPES, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid.



