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Relationship between muscarinic receptor subtypes and
cyclic nucleotides in pons-medulla oblongata’

GE Xiao-Qun, HU Gang. YAO Bing. XU Peng-Cheng. BIAN Chun-Fu
(Department of Pharmacology. Xuzhou Medical Coliege, Xuzhou 221002, China)

AIM . To study the relationship between mus-
carinic recepter (M-R) subtypes and cyclic
nucleotides in  pons-medulla  oblongata
{MeObL ). METHODS: The contents of
cGMP and cAMP in Sprague-Dawley rat pons-
MeOb, cerebellum and cerebral cortex were
assaved by radioimmunoassay and competitive
protein-binding assay. respectively, after ip

Control rats were given
RESULTS: M,-R agonist
pilocarpine (6. 15 mg kg '. ip) increased the
content of cGMP in the pons-MeOb and cere-

injections of drugs.

ip normal saline.

bral cortex. but did not bring about any no-
ticeable change in the cAMP content. The
increase of cGMP was antagonizged by ip piren-
zepine or scopolamine. On the other hand, ip
M,-R agonist 63-acetoxy nottropane (63-AN)
25 pg kg ! reduced not only cAMP contents in
the pons-MeOb and cerebellum but also ¢cGMP
contents tn the pons-MeOb and cerebral cor-
tex, while 68-AN 12 pg kg ! only lowered
cAMP content. The decreases of cGMP and
cAMP induced by 63 AN were antagonized by
ip AF-DX 116 or atropine.

respectively,
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CONCLUSION: Sumulation of M;-R causes
the increase of ¢GMP and that of M;-R in-
duces the decreases of both ¢GMFP and cAMP
in the pons-MeOb,
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Pons and medulla oblongata (MeOb) play
an important role in regulation of respiration.
We previously found that there were M, mus-
carinic receptor (M,-R, 30 % — 40 %) and
M.-R (60 ¥ — 70 %) subtypes in pons-
MeOb 1, and that the excitation of M;-R
stimulated respiration and excitation of M;-R

-2 However, it is not

inhibited respiration
known why the elfects of M, and M, receptors
Although M,

and M, receptors were separately coupled to

the elevation of cGMP level and the inhibition
(243

on respiration are so distinct.

ol cAMP {ormation in vitro'>*, the relation-
ship between M-R subiypes and the two cyclic
nucleotides in pens-MeOb remains to be de-
fined. In the present study, the contents of
¢GMPF and ¢cAMP in rat pons-MeOb. cerebral
cortex. and cercbellum were assayed after ip

injections of M;-R agonist pilocarpine™*® and
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antagonist pirenzepine or scopolamine. and
M.-R agonist 6@3-acetoxy nortropane { 6(3-
AN ) AF-DX 116" or

atropine.

and antagonist

MATERIALS AND METHODS

Drugs Pirenzepine [(Pir) was synthesized and
presented by Chongging Phartnaceuatical Research In-
stitute, Sichuan. AF-DX 118 (11-[[ 2-[t diethy-
lamine ) methyl ]-1-piperidinyl ] acetyl ]-5, 11-dihydro-
6H-pyrida [ 2. 3-bJ [ 1, 4] benzodiazepine-f-one } was
purchased from Karl Thomae GmbH Chemisch-Phar-
mazeutiche Fabrik. Germany. Pilocarpine (Pil) was
Sigma product. 68-AN was synthesized by Depart-
ment of Chemistry. Shanghai Second Medical Univer-
sity . Shanghai.
uct. Atropine (Atr) was made by Chengdu First

Scopalamine (Sco) was Merck prad-

Pharmaceutic Factory. Sichuan. The reagent kits for
cGMP and cAMP analyses were purchased from Chi-
nese Academy of the Atamic Energy and Institute of
Basic Medicine. Chinese Academy of Medical Sci-
enices, Beijing, respectively.

Determination of ¢<GMP and cAMP  Sprague-
Dawley rats of 3—3. 5 months (n=60. 22415 22 g)
were decapitated 30 min after ip injection of drugs.
The
cerebral cortex, cerebellum, and pons-MeOb were
The contents of ¢cGMP and

Control rats (n==Ff?Y were given ip norrmal saline.

Irozen in liquid nitrogen.

Tab 1.
{Atr) ip on ¢GMP and ¢cAMP in rat brain.

cAMP were determined by radicimmunoassay and
competitive protein-binding assay . respectively accord-
ing to the instruction attached to the reagent kits.

Statistics The data were analyzed by ¢ test,

RESULTS

Fil 6 and 15 mg kg ™' ip induced the dose-
dependent increases of cGMP contents in
pons-MeQb and cerebral cortex, while the
contents of cAMP in pons-MeOb and cerebel-
When Pil
(15 mg kg~'. ip} was given in combination
with Pir {20 mg kg™, ip’) or Sco (20 mg
kg~'. ipJ), its cGMP-increasing action was
markedly weakened (Tab 1),

When 63-AN 12 and 25 pg kg™"' was ip in-
jected, the contents of cAMP in pons-MeOb

lum did not change significantly.

and cerchellum were decreased in a dose-
dependent manner., AF-DX 116 (2 mg kg™',
ip) and Atr {20 mg kg~'. ip) antagonized this
action {Tab 1).

The increase of ¢cGMP content following

' was not

ip injection of 6B-AN 12 ug kg~
much, nor was it antagonized by AF-DX 116.
However, 8f8-AN 25 pg kg™' obviously low-

ered the content of c<GMP in pons-MeOb and

Effects of pilocarpine (Pil}. pirenzepine ¢(Pir). scopolamine (Sco). 6-AN, AF-DX 116. and atropine
=46 rats, ¥,

"P>0. 05, "P<{0.05. *P<l0.01 vs saline.

P>0. 05, "P<(0. 01 vs 6B-AN. "P<C0.05. 'P<{0.01vsPH 15 mg kg .

Group ¢GMP/pmeol g~ cAMP/nmol g~!
Pons-MeOb  Cerebral cortex  Pons-MeOhb Cerebellum
Saline 11927 135+ 20 2. 800,35 2.27x0. 37
Pil 6 mg kg™? 1574320 235+ 48°
15 mg kg™ 204+ 407 296149 2. 60%0, 20" 2.30%0. 28"
Pil 15 mg kg™ -+ Pir 20 mg kg™’ 134432 196+ 4%
Pil 15 mg kg~ '+Scop 20 mg kg * 156 +19" 171432
GR-AN 12 g kg™? 138+ 26° 153+ 36" 1. 02+ 0. 25° 0. 660,22
25 pg kg™ 7ot 20¢ 924 36° 0.50+£0,13° 0. 234 0. 09°
6F-AN 12 pg kg ™' +~AF-DX 116 3 mg kg?  142426° 150423 2. 2140, 45 1. 86+ 0. 46
6-AN 25 pg kg '+ AF-DX 116 3 mg kg™' 120426 180= 31 L. 29=x0. 23 0.9340. 26
6f-AN 25 pg kg '+ Atr 20 mg kg™ 156+ 23" 1804 25' 1. 60+ 0. 33" 1.16+0.37
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in cerebral cortex. And this action was com-
pletely antagonized by ip AF-DX 116 3 mg
kg~ ' as well as by ip Atr 20 mg kg™'{Tab 1).

DISCUSSION

M, and M; receptors mediated cGMP for-
mation and cAMP inhibition., respectively, in
MN1E-115 cells'® and dissociated cerebral cor-
tex"’. Therefore, in the present study. the
cerebral cortex that contains rich M;-R%*"* was
used for determining ¢cGMP, while the cerebel-
lum mainly containing M,-R“*", for cAMP.
The results obtained supported the above stat-
ed conclusion. Since rat pons-MeOb contains
M, and M, receptors and the drugs we used can
pass through blood brain barrier in ip injection
condition, the changes of eyclic nucleotides in
pons-MeOb should be mainly attributed 1o the
direct action of drugs on the tissues. The
present results indicate that the increase of
cGMP induced by Pil results from stimulation
of M;-R in pons-MeOb. as the effect was an-
tagonized by Pir or Sco. So far, there has
been no report about the effect of 63AN on
its cGMP-de-
creasing action, which was found for the first
time. It is obvious that the decrease of cGMP
is not related to M,-R, for stimulating M,-R
leads to the increase of cGMP. Our study
shows that 68-AN-induced decreases of cGMP
and ¢cAMP are antagonized by AF-DX 116 or
Atr in pons-MeOb, indicating that the effects
are related to stimulation of M,-R.

cyclic nucleotides., especialy

From
above, we conclude that stimulation of M,-R
causes the increase of cGMP and that stimula-
tion of M;-R induces the decreases of both
cGMP and cAMP in rat pons- MeOb,

At present, many studies on biochemical
mechanism of M-R subtypes have been report-
ed®-4117137  But the relationship between bio-
chemical changes and pharmacological effects

has not been clear. Considering our previous

study"”, we put forward a hypothesis that res-
piratory excitation caused by stimulating M;-K
and respiratory inhibition caused by stimulat-
ing M:-R might be separately related to the in-
crease of cGMP and the decrease of cGMP.
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