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ABSTRACT

AIM: To invedtigate the effects of different muscarinic receptor (M) subtypes in the spinal cord on the scor es of
nal oxone- preci pitated mor phine-withdrawa symptoms and the changes of nNOS expression in | ocus coerul eus
(LC). METHODS: nNOS immunohistochemistry, intrathecal injection (it), and antisense oligonucleoti des (AS-
ONs) techniques were used. RESULTS: Intrathecal injection of M,-antisense oligonuclectides (M,-AS) decreased
the scores of morphine withdrawal symptoms. M,-AS attenuated mor phine-withdrawa symptoms, but the effect
was lessthan that of M-AS. The expresson of nNOS positive neuronsin the L C increasedin morphine-dependent
rats and increased to a greater extent during morphine withdrawal . Intrathecal injection of M,-AS inhibited the
increase of NNOS expression in L C during morphine-withdrawd, but there was no effect in case of M,;-AS.
CONCLUSION: M, muscarinic receptor of spinal cord mediated the increase of nNOS expression in LC during
morphinewithdrawal.

INTRODUCTION could effectively delay the development of morphine
tolerance and physi cal dependence, and the donor of
NO could improve the procedure of morphine toler-
ancd™?. According to the traditional view, locus coer-
uleus (L C) isthe main site mediating opioid withdrawal
response, and the hy peractivity of LC neurons play an
important role during opioid antagonist-precipitated

Many studies had demonsgrated that nitric oxide
(NO) contributed to the development of tolerance and
physica dependence to morphine. Behaviour reports
showedthat theinhibitor of nitricoxide synthase (NOS)
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morphine withdrawal'®!. Chronic morphine exposure
and nal oxone-preci pitated withdrawal upregulated neu-
rona nitricoxide synthase (hNNOS) inthe LC, and NOS
inhibitors reduced the LC withdrawa response in
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voltammetric and electrophysiologica experiments*®,
It is suggested that the expresson of nNOSin the neu-
ronsof L C showed sdective activation during morphine
withdrawal.

There are five subtypes of muscarinic receptor
M;—M; extens vely distributing in thebrain and spina
cord. It has been acknowledged that the subtypes of
M, and M, are more important than the other subtypes
in the central nervous system, which have many func-
tions such as neurd pladticity, acquistion of memory,
or brain development. Because of the overlapped ex-
presson of muscarini ¢ receptors and lack of sufficient
selective muscarinic receptor antagonigts, limited infor-
mation is available concerning the exact function of
muscarinic receptor subtypes. It isreported that cho-
linergic neurons of spinal cord participated in the draw-
out of morphine withdrawal symptoms. Intratheca
injection of scopolamine could decrease the scores of
morphinewithdrawal symptoms, and moreinterestingly,
decrease the expresson of NOS mRNA in brainstem!®.
So, it issuggested that the activity of muscarinic re-
ceptor of spina cord was involved in thedicitation and
development of physical dependence to mor phine by
influencing the activity of nNOS of LC. Then, which
muscarini c receptor subtype of spinal cord mediates
morphine withdrawal symptoms and whether the se-
lective activation of NNOSin L C is modulated by mus-
carinic receptor of spinal cord are not clear. Antisense
oligodeoxynucleotides (ODN) were capable of down-
regulating the gene expression, and were used for as-
sessment of gene function and for therapeutic purpose.
However, functiona efficacy of ODN required not only
the selection of an appropriate target sequence, but aso
a sufficient concentration. Using cationic lipids
LipofectinAMINE ascarrier could enhancethe cellular
uptake and nuclear digtribution of ODN!. |n the present
study, we investigated the effects of different muscar-
ini c receptor subty pes of spina cord on the scores of
nal oxone-precipitated morphine-withdrawa symptoms
and the changes of NNOS activity in LC.

MATERIALSAND METHODS
Animals and reagents Male adult Sprague-

Dawley rats, weighing 200-250 g, were obtained from
Shanghai Experimental Animal Center (Grade I1, Cer-
tificate No 005). Morphine was purchased from
Shenyang Pharmaceutical Factory, China. nNOS anti-
body was product of Santa Cruz (USA). Biotinylated
goat anti-rabbit 1gG, avidin-biotin peroxidase complex
(ABC), and 3,3’ -diaminobenzidine (DAB) were pur-
chasedfrom Vector (USA). LipofectinAMINE waspur-
chased from Gibco (USA). Other chemicas were of
analytica grade.

Intrathecal cannulation Ratswere anesthetized
with sodium pentobarbital (50 mg/kg, ip). A polyethyl-
ene catheter (inner diameter of 0.28 mm and outer di-
ameter of 0.61 mm) filled with sdine, with a parafilm
knot in heat-sealed Side, was inserted viaan incision of
the atl anto- occi ptal membrane and advanced 5.5-6.0
cm caudally to leave itstip in the thoracolumbar level.
The catheter was fixed to muscle. Correct catheter
placement was confirmed by injection of 15 L of 2 %
lidocaine into the subarachnoid space 20 min after re-
covery from anesthesa. The catheter was judged to be
intrathecal if paralys s and dragging of the hind | egs
occurred within 30 s of thisinjection. Animas with
negative lidocaine test and neurol ogic damage after cath-
eter implantation were excluded from the sudy. The
rats were housed individually after surgery and allowed
5-6 d recoveries before tegting.

Animal mode and experimental groups Ex-
perimentswere carried out in intratheca cannulatedrats.
To set up dependence model (bid, 5 d), the dose of
morphine was 10 mg/kg at the first day and increased
by 10 mg/kg each day. An equal volumeof sadine was
administered in the control group. On d 6, 4 h after
injection of morphine 50 mg/kg, morphi ne withdrawal
syndrome was precipitated by injection of naloxone (4
mg/kg, ip). M;-AS2 nmol, M,-AS2 nmad (dissolvedin
20 ni of 20 % LipofectinAMINE), and 20 L. of 20 %
LipofectinAMINE were intrathecally injected a 24 h
bef ore na oxone-precipitated withdrawa. So we got
five groups. control group, dependence group, with-
drawva group, M,-AS group, and M,-AS group.

NNOS immunohistochemistry One hour after
injection of naloxone, al ratsfor immunohistochemis
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try were deeply anesthetized with sodium pentobarbital
(50 mg/kg, ip) and underwent sternotomy and
transcardid aortic needle cannulation, then pefusedwith
saline 100 mL, followed by 400 mL of 4 % ice-cold
paraf ormal dehyde in phosphate buffer (PB) 0.1 mol/L.
The brainstem was removed quickly, postfixed for 3 h
in the same solution of paraforma dehyde at room
temperature, then immersed in 30 % sucrosein PB over-
night at 4 TZ. Frozen seriessections (25 nm) were cut
and collected in PB. Tissue sections were washed in
phosphate-buf fered sdline (PBS) and incubated in PBS
containing 5 % norma goat serum and 0.3 % Triton
X-100 at room temperature (25+2 ) for 30 min, and
thenin rabbit anti-nNOS serum diluted at 1: 800 in PBS/
Triton X-100at 4 T for 48 h. After several washesin
PBS, the sections wereincubated with biatinylated goat
anti-rabbit 1gG (1:200) at 37 = for 1 h and in avidin-
bi otin-peroxidase complex (1:100) at 37 T for 2 h.
Finally, the sections were reacted with DAB for 5-10
min.

Synthesis of ODN and sglection of sequence
targets The sequences of ODN against M, and M,
were the initiation of trandation stes of rat M; mRNA
and M, mRNA. M, antisense: 5" -TGT GCA TCCCTG
TGT GCT-3'; M, antisense: 5" -TAT TCATTT TGT
GTT CAG-3' . ODN was synthes zed by Sangon Co
Ltd, Shanghai, and modified with phosphorothioate®®,

Scor esof morphinewithdrawal response Af-
ter the last injection of morphine, the rats were placed
in aplexiglass observation chamber to alow for accli-
mati zation to the environment. Following naloxonepre-
cipitated withdrawal, response was obtained according
to morphine withdrawa syndrome. Two classes of
withdrawa sgns were measured: counted signs and
observed signs. The counted signswere made every
15 min for 1 h. During each period of 15 min, the
number of boutsof wet dog shakes, teeth chatting, and
irritability (jumping and attack) were counted and awith-
drawal score for each sign was assigned as follows
0O=no occurrence; 1=1 occurrence, 2>2 occurrences.
Abnormal position was observed over periods of 2 min,
with two pointsbeing given for the presence during
each period. The scores of four periods showing the

sgnswere added. Diarrhea was evaluated and given a
score based on the severity of the response observed
(O=absent, 4=mild and moderate, 8=severe). Thescore
of sdlivation was based on the severity of the response
observed (O=absent, 1=mild and moder ate, 2=severe).
The withdrawa score of body weight | oss was deter-
mined by the weight difference (DW ) before and 60
min after adminigration of the naloxone, which was
assigned as follows 0=no change; 1=DW<2 %; 5=DW
<4 %; 10=DW<6 %; 15=DW<8 %; 20=DW>8 %.
Quantification For each animad, five L C sec-
tions were and yzed. The sections of interest initialy
selected for counting were those which had the largest
number of NNOS positive neurons by visua ingpection
a x40 magnification. The number and the average op-
tical density of nNOS positive cell bodies were ana
lyzed by pathol ogica image andysssysem PAS-5000.
Statigtical analyss The data were presented by
mean+SD and compared with one-way ANOVA.

RESULTS

Effects of intrathecal injection of M,-ASand
M,-AS on the response scores of mor phine with-
drawal symptoms Intrathecd injectionof M,-AS cauld
decrease thetotal scoresof morphinewithdrawa symp-
toms (P<0.01), but the effects of injection of M-AS
were lessthan that of M,-AS. Pretreatment of ratswith
M,-AS (it) attenuated the expression of withdrawal
symptoms as refl ected by low scores. However, not
al of the withdrawa sgns were influenced by the
treatment. For example, M,-AS attenuated irritability,
diarrhea, and wei ght loss (P<0.01), but had no eff ect
on other withdrawa symptoms (P>0.05). M,-ASonly
attenuated wet dog shakes (P<0.01) (Tab 1).

Effects of intrathecal injection of M,-ASand
M,-AS on the number of NNOS postive neuronsin
L C during morphinewithdrawal nNOSpostiveneu-
ronsin the LC increased in morphine-dependent
(223.5 % from control, P<0.01) and in naloxone-pre-
cipitated withdrawal (243.2 % from control, P<0.01)
rats. Intrathecal injection of M,-AS inhibited the in-
crease of NNOS-immunoreactive (IR) neurons in the
L C during mor phine-withdrawa (P<0.01), but there
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was no effect in case of M,-AS group (P>0.05)
(Fig1, 3).

Tab 1. Effectsof intrathecal injection of M, -ASand M,-AS
on theresponse scor es of morphine withdrawal symptoms.
n=6. Mean+SD. #P >0.05, °P<0.01 vs withdrawal group.

Signs and symptoms Withdrawd  M;-AS M,-AS
Wet dog shakes 2.9+2.1 0.4+0.8° 2.3#2.6°
Irritability 6.7x1.4 77814 4.951.0°
Teeth chatting 2.8+0.6 27405 2.8+0.8°
Abnormal position 27104 2.3+0.7% 2.64#1.2°
Sdivation 1.610.7 14409 L11£1.0°
Diarrhea 7.6x1.3 75+1.7%  4.8£1.8°
Weight loss 125827 11.7+2.6*° 8.3£2.6"
Totd withdrawal score ~ 37+7 333" 27+45°
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Fig 1. Effectsof intrathecal injection of M, and M,antisense
oligonucleotides on the number of NNOS positive neur ons
in LC during morphine withdrawal. n=6. MeantSD.
P <0.01 s control. “P>0.05, P<0.01 vswithdrawal group.

Effects of intrathecal injection of M-AS and
M,-ASon the average optical density of thenNOS
postive cdlsin LC during morphinewithdrawal
The expression of NNOS IR in the L C were more in-
tensein morphine-dependent and morphine-withdrawal
rats thanin control animas (P<0.01). Pretreatment of
ratis with M,-AS (it) decreased the average optical den-
sty during morphine withdrawal (P<0.01), but M;-AS
had no effect on the average optica dendty in the LC
(P>0.05, from withdrawal) (Fig 2, 3)
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Fig 2. Effects of intrathecal injection of M, and M,antisense
oligonucleotides on the averageoptical density of the nNOS
positive cells in LC during morphine withdrawal. n=6.
Mean +SD. °P < 0.01 vs control. P> 0.05, ‘P < 0.01 vs with-
drawal group.

DISCUSSION

Spinal pathways are important for the expresson
withdrawal signs following both loca and systemic
adminigration of naloxonein morphine dependent rats.
Marshall et al™ reported that spinal cholinergic path-
ways played arole in the expresson of spina mediated
withdrawal symptoms such as mean arterial pressure
(MAP). Pretreatment of dependent rats with intrathe-
cal injection of aropine reduced the pressor and sev-
erd behavioural responses dicited by naloxone. Fur-
ther more, intrathecal injection of M, selective antago-
nist pirenzepine and M, selective antagoni & methoc-
tramine could attenuate mor phine withdrawa symp-
toms™. As described above, the activation of spinal
muscari nic receptor participated morphine withdrawal
symptoms. The present sudy was consigent with their
results. Weaso found that M, activation playeda more
important rolethan M, at thespind cord level. Behaviour
results showed that inhibiting M, gene expression could
decrease the total and several response scores of mor-
phine withdrawa symptoms. In contragt, inhibiting M,
gene expression had no obvious effect during morphine
withdrawal .

Previous studies have suggested that increased
glutamatergic afferent neuronsinput tothe LC ismainly
responsble for itshyperactivity during opioid with-
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Fig 3. Effectsof intrathecal injection of M; and M, antisenseoligonucl ectides on theexpression of nNOS positiveneurons
intheLC during morphinewithdrawal. A: Control group; B: Dependencegroup; C: Withdrawal group; D: M;-AS group;

E: M,-ASgroup. x120.

drawa™. There are many reports showing that an-
tagonists of N-methyl-D-aspartate (NMDA) excitatory
amino acid (EAA) receptorsor inhibitors of EAA re-
lease modify tolerance and attenuate or prevent precipi-
tated withdrawa syndromein morphine-dependent ani-
mals®!. Stimulation of NMDA receptor isthe main
synthesis pathway for the high expresson of NNOS in
the L C during morphine dependence and withdrawal.
Influx of Ca?* during depolarization of the postsynaptic
cell activatesa camodulin- dependent enzyme nNOS,
which generates NO. NO acts as aretrograde messen-
ger by diffusing back to the presynaptic termina where
it activates the heme-bearing enzyme guanylate cyclase.
The resultant increased level of cGMP then causes en-

hancement of therelease of the transmitter, strength-
ening the synaptic signal. Consistent with results from
our immunohistochemi stry studies, morphine depen-
dence and withdrawal induce high expresson in both
number and intensity of nANOS immunor eactive neu-
ronsintheLC.

One proposed hypothesis suggested that the
behavioura symptomsof morphine withdrawal be par-
tidly attributed to amessagewind-up phenomenonfrom
spina cord to braingem. In morphine dependent rats,
systemic injection of naloxone does provoke enhanced
neurond firing in dorsal root gangion (DRG)/dorsal horn
at spind cord level, which can be inputted to the nucleus
par agigantocelularis (PGi) and the LC by ascending
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glutamatergic afferent neurons™. Therefore, the en-
hanced firing in L C neuronsunderlied thehyperactivity
of LC and theexpresson of withdrawal symptoms dur-
ing morphinewithdrawal. 1nthe present study, intrath-
ecdl injection of M,-AS inhibited the increase of NNOS
expression in both number and intensity in LC during
morphine-withdrawal, but there was no effect in
M,-AS group. The resultssuggested that inhibiting M,
gene expression could decrease the firing input of spi-
nal ascending glutamatergic afferent neurons, and acti-
vating M, receptors of spina cord could lead to the
hyperactivity of L C during morphine withdrawal .
Zhou et al reported that pretreatment with sco-
pol amine decreased the expresson of NOS mRNA in
spina cord®. Previousbehaviora studiesshowed that
the manner of inhibiting morphine withdrawa symp-
toms with intrathecal injection of NMDA receptor an-
tagonist was smilar with muscarinic receptor antago-
nig™*®, It ispossble, therefore, that some relati on-
ship exigts between NMDA/NO/cGMP pathway and
cholinergic system in spinal cord during morphine
withdrawa. Spina cholinergic neurons enhance
glutamatergic tone to supraspina regions. In both cases,
muscarinic receptor-mediated morphine-withdrawal re-
sponses appear to be influenced by aloca NO generat-
ing sysem. Themog likely scenario is that during
withdrawa there isan enhanced rel ease of acetylchdine,
which acts upon muscarinic receptor which may | o-
cated on glutamatergic neurons. The release of
glutamate, in turn, activates NMDA receptors on pr-
esynaptic terminal whereit activatesNMDA/NO/cGMP
pathway'?. Certain symptoms, such aswet dog shakes
and diarrhea are most likely expressed in response to
withdrawal -evoked enhanced autonomic nerve
discharge, whereas other behaviour symptoms may be
due to activation of ascending spina pathways, includ-
ing thoseto the LC. So, we considered that downregu-
lation of M, subty pe gene expression indirectly inhib-
ited the activation of glutamatergic neurons in spina
cord, then blocked the firing input ascending to LC
which could decrease the expression of nNOS in the
LC. Further studies will berequired to elucidate the
precise mechanisms of communi cati ons between spi-

nal muscarinic receptor and supraspina regions during
morphinewithdrawal.

In conclus on, our results suggested that M, mus-
carinic receptor of spinal cord mediated increase of
NNOS expressionin L C during morphine withdrawal.
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