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ABSTRACT

AIM: To invesigate the roles of pretreatment with midazolam on morphine withdrawal in mice and rats.
METHODS: Acute and chronic morphine dependence and nal oxone-preci pitated withdrawa models were em-
ployed in the present study. Cyclic adenosi ne monophosphate (AMP) content and Fos protein expresson were
measured by radioimmunoassay and i mmunocytochemistry, respectively. RESULTS: Coadminidgration of
midazolam (2 mg/kg, ip) and morphine prevented the development of both acute and chronic morphine dependence
in mice. Compared to saline-morphine group (3.0, 95 % confidence limits: 1.9-4.3 mg/kg), ED,, of naoxone-
precipiated withdrawal jumping increased significantly in midazolam-morphine group (10.4, 95 % confidencelimits:
8.5-12.3 mg/kg) in acute morphine-dependent mice (P<0.01). Pretreatment with midazolam lowered the number
and incidence of nal oxone-precepiated withdrawal jumping and prevented loss in body weight in chronic mor-
phine-dependent mice (P<0.01). Midazol am-pretreatment inhibited the increase of Fos protein expresson, not
cyclic AMP content, in rat spinal cord during mor phine withdrawal. CONCLUSION: Midazolam suppresses
morphine withdrawal response by inhibiting hypersensitization of the spinal cord neurons, and this ef fect may not
be medi ated by CAMP pathway.

INTRODUCTION gAminobutyric acid (GABA) isthemgjor inhibi-
tory neurotransmitter inthe central neuron system(CNS).
Severd lines of evidence have shown that GABAergic
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a benzodiazepine- GABA-CI™ channel complex and
therefore facilitate the inhibitory action of GABA on
neurona transmission. Midazolam could prolong the
antinociceptive effect of morphine by delaying the
chronic morphine-induced development of tolerance to
antinociception in rats®. Prereatment of diazepam sup-
pressed morphinewithdrawal signsin rais®. However,
the mechanisms remain unclear.

Mog gudies on GABAergic system involving in
morphinewithdrawal focused on supraspind leve like,
ventral tegmental area (VTA), nucleus accumbens,
striatum, locus coeruleus (LC) and so on. Our recent
sudy has shown that hypersensti zation of the spind
cord neurons participatesin mediating morphine with-
drawal responsg®. Large quantities of GABA receptor
are located on the spina dorsal cord. Intrathecdly ad-
ministration of midazolam not only potentiated opioids
antinociception in the spinal cord, but aso produced
segmental anti noci ceptive effect, which were mediated
by GABA ,-receptor in the spinal dorsal cord®?. We
speculated that midazolam could suppress mor phine
withdrawal response by inhibiting the spinal cord neu-
rons hypersensitization. Many studies have demon-
srated that compensatory up-regulation of cyclic AMP
(CAMP) level and its overshoot i ncrease could be the
biochemica base of morphine dependence and nalox-
one-precipitated withdrawal™®. The purpose of the
present study was to invedigate the roles of pretreat-
ment with midazolam on morphine withdrawal response
in mice and rats, and on cAMP level and Fos protein
expression in rat spina cord neurons during morphine
withdrawal.

MATERIALS AND METHODS

Animal and drugs Kunmingmice (20-24g) and
SD rats (250-300 g) were supplied by Experimental
Animal Center of Xuzhou Medical College (Grade I,
Certificate M2 SUA95021). Midazolam was produced
by Roche (Switzerland). M orphine and naloxone were
respectivel y obtai ned from Qinghai and Sihuan Phar-
maceuticd Factory, China Cyclic AMP CPBA Kit was
produced by China Atomic Energy Ingitute. Fos
antibody, ABC-HRP, and DAB were from Vector

(USA). All drugs were dissolvedin physiology saline.
Other chemicals were of anaytical grade.

Acut e and chronic morphine dependence test
in mice In acute dependence test, the degree of mor-
phine physical dependence was assessed by estimating
the amount of naloxonerequired to induce withdrawal
jumping. It has been shown that thereis aninverse
relationship between the degree of dependence and the
amount of naloxone required to precipitate withdrawal
jumping in mice. Inorder to set up acute morphine
dependence model, mice were injected with a single
large dose of morphine (100 mg/kg, sc) 30 min after
pretreatment with saline or midazolam (2 mg/kg, ip)™.
Up and down method was designed in acute dependence
test. Inbrief, 4 h after injection of morphine, a mouse
wasinjected with one of severa dosesof naoxone,
which were assigned according to an equal ratio grade.
The dose of naloxone for next mouse was deter mined
by the result of the previous one. Thecriterion for posi-
tive jJump response was that the mouse jumped more
than 4 times during the first 15 min after injection of
naloxone. The ED.,of naoxone-precipitated with-
drawal jumping was obtained by Dixon-mood meth-
od ™,

I'n chronic dependence test, 30 min after pretreat-
ment with saline or midazolam (2 mg/kg, ip) every day,
mice were injected with either saline or morphine (10,
20, 50 mg/kg, <) for each of thethree consecutivedays,
d1, 2, and 3, respectively. Ond 4, adl micewere in-
jected with an identical dose of naloxone (5 mg/kg, <C).
We observed the number, the incidence of withdrawal
jumping during thefirst 30min and loss in body weight
within 1 h after inj ection of naloxone.

Motor function assessment Motor function was
evaluated by observation of placing/stepping reflexes
and righting reflexesfollowing 15 min after pretreat-
ment with midazolamin mice.

Chronic morphinedependencein rats Thefol-
lowing procedures weretaken to set up a chronic mor-
phine dependence model. Rats were subcutaneously
injected with morphine 30 min after pretrestment with
ip midazolam 3 mg/kg (bid, for 5d). The dose of
morhine was 10 mg/kg ind 1, and increased by 10 mg/
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kg eachday. On d 6, 4 h after injection of morphine 50
mg/kg, morphine withdrawa syndrome was precipitated
by administration of naloxone (4 mg/kg, ip). An equa
volume of saline was injected in control group. Within
1 h after naloxone-preci pitated withdrawal, scores of
morphine withdrawal response were obtained based on
the following morphinewithdrawa syndrome: wet dog
shaking, teeth chatting, abnormal postion, irritability,
weight lose, and autonomic nerves symptoms and so
on.

Radioimmunoassay for cCAMP Ten minutes be-
fore and 30 min after injection of nal oxone, rats were
killed and the spinal cord was dissected at the leve of
thoracolumbar. The ti ssues were frozen i mmediately
in liquid nitrogen after dissection and kept ina—80 T
freezer before use. Tissues (30-50 mg) were homog-
enized in cold 2 mL of HCIO,1 mol/L, then
homogenates were centrifuged at 10003 g for 10 min.
Supernatants were recentrifuged at 7002 g for 20 min
after neutralizing by 20 % KOH. The supernatant frac-
tion wasdried in awater bath (70-75 ). The lagt
extractions were dissolved in TE buffer for assaying
cAMP level. Cyclic AMP content wasassayed by pro-
tein competition binding analys's as described by Liu
et al'™,

Fos immunocytochemigtry One hour after in-
jection of nal oxone, rats were deeply anesthetized with
sodium pentobarbital (60 mg/kg, ip) and underwent
sernotomy, transcardia aortic needle cannulation, per-
fuson with 100 mL sdine, followed by 400 mL 4 %
ice-col d paraformal dehyde in phogphate buffer (PB)
0.1 mol/L. Thespina cord of thoracolumbar level was
removed, posfixed in the samefixativefor 3 h, then
immersed in 30 % sucrosein PB overnight at 4 2. Fro-
zen series sections, thick 30 mm, were cutand collected
in PB. Tissue sectionswere washed in phosphate buffer
saline (PBS) and incubated in PBS containing 5 % nor-
mal goat serum and 0.3 % Triton X-100 at room tem-
perature for 30 min, followed by rabbit anti-fos serum
(1:1000) at 4 T2 for 48 h. Then sections were incu-
bated in biotinylated goat anti-rabbit 1gG
(1:200) at 37 T for 1 hand in avidin-biotin-peroxidase
complex (1:100) at 37 T for 2 h. Finaly, the sections

were reacted with DAB for 5-10 min. Then sections
wererinsed inPBS 0.01 mol/L to stop reaction, mounted
on gelatin-coated dides, air dried, dehydrated with
70 %-100 % acohol cleared with xylene and cover-
dipped for microscopic examination.

Five spina cord sections were salected from each
animal to show the greatest number of positive neurons.
Tota number of positive neuronsin bilaeral spind cord
was measured in each rat. All positive neuronswere
counted without considering theintensity of the staining.

Experimental groups In miceand Fosimmuno-
cytochemigtry test, animals were divided into 4 groups
saline-sdine group (sal-sal), midazolam-sdli ne group
(mid-sal), saline-morphine group (sal-mor), and
midazolam-morphinegroup (mid-mor). IncAMP con-
tent test, as acontrol, some ratswere killed to assay
CAMP level 10 min prior to injection of naoxone. So
wegoat 8 groups. sal-sal, mid-sal, sal-mor, mid-mor, sal-
sd-nd, mid-sal-na, sal-mor-nal, and mid-mor-nal.

Statistical analyss Simplified direct probability
method™? and Mann-Whitney test!” were used to ex-
amine the significance of difference in the incidence
and the number of morphine withdrawal jumping,
respectively. One-way ANOV A was used for other
quantitativedata The data were presented asmean+SD.

RESULTS

Effects of pretreatment with midazolam on
acute morphinedependencein mice Midazolam did
not affect motor tone of mice. In sa-mor group, ad-
ministration of alow dose of nal oxone precipitated with-
drawal jumping (EDg, 3.0, 95 % confidence limits
1.9-4.3 mg/kg), suggesting that mice exhibited acute
dependence a few hours after injection of morphine 100
mg/kg. The mice pretreated with midazolam required
about 3 times more than nal oxone to precipitate with-
drawa jumping (EDg, 10.4, 95 % confidence limits
8.5-12.3 mg/kg) (P<0.01) (Tabl). It indicated that
coadminigration of midazolam with morphine pre-
vented the development of acute physical dependence
to mor phine.

Effects of pretreatment with midazolam on
chronic morphine dependencein mice With the same
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Tab 1. Effectsof pretreatment with midazolam on nal ox-
one EDg, for precipitating withdrawal jumpingin acutemor-
phine-dependent mice. n=11 mice. Meant SD. °P<0.01 vs
sal-mor group.

Groups EDs, of naoxone/mgXkg* 95 % Confidence limits
Sal-sd >30 -

Mid-sd >30 -

Sa -mor 3.0 19-43
Mid-mor 104 8.5-12.3°

dose of naloxone (5 mg/kg, sc), pretreatment with
midazolam significantly decreased the number of with-
drawal jumping and theincidence of jumping in thefirgt

Tab 2. Effects of pretreatment with midazolam on precipi-
tatingwithdrawal jumpingand lossin body weght in chronic
morphine-dependent mice. n=10 mice. Mean+SD. °P<0.01
vs sal-mor group.

Groups Incidence of Number of Loss in body
jumping/% jumping weight/g

Sal -sd 0 0 0

Mid-sd 0 0 0

Sal -mor 100 37114 1.6+0.8

Mid-mor 40° 9+12° 0.6+0.3

15 min after adminigration of naloxone and inhibited
the lossin body weight (P<0.01) (Tab 2).

Effects of pretreatment with midazolam on
scoresof marphinewithdrawal responsein rats Pre-
treatment with midazolam could significantly decrease
scores of morphine withdrawa symptomsin rats (P<
0.05) (Fig1).

Effects of pretreatment with midazolam on
cAMP leve in rat spinal cord during morphinewith-
drawal Cyclic AMP content of rats spina cord had no
difference in each group before injection of naloxone.
Naloxone itself did not influence cAMP level. Nalox-
one-preci piated withdrawal markedly increased CAMP
level in ratsspina cord (P<0.01), but pretreatment with
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Fig 1. Effects of pretreatment with midazolam on scores of
mor phinewithdrawal symptomsinrats. n=8rats Mean+SD.
®P<0.05 vs sal-mor group.
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Fig 2. Effects of pretreatment with midazolam on cAMP
content intherat spinal cord during morphinewithdrawal.
n=10rats Meant SD. ®P>0.05, “P<0.01 vssal-mor-nal group.

midazolam couldn’ t inhibit this increase (P>0.05)
(Fig 2).

Effectsof midazolam on Fos protein expresson
in rat spinal cord during morphinewithdrawal Com-
pared to nondependent rats, chronic administration of
mor phine did not influence Fos protein expresson in
ratsspina cord (daanot shown). Midazolam and nd ox-
one itself did not affect Fos protein expresson. Fos
protein expresson was sgnificantly increased and dis
tributed in total laminae of bilateral spinal cord of rats
in sal-mor group. Pretreatment with midazolam sig-
nificantly inhibited Fos protein expression during mor-
phine withdrawal (P<0.05) (Fig 3, 4).

DISCUSSION
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Fig 3. Effectsof pretreatment with midazolam on Fos pro-
tein expression in rat spinal cord during morphine
withdrawal. n=6 rats. Meanz SD. "P<0.05 vssal-mor group.

4" ke
B s, % 1|* ’%‘X&,\
f_r L o
125
| F—

Fig 4. Micrographs of Fos protein expression in rat spinal
cord during morphine withdrawal. (A) sal-mor group; (B)
mid-mor group. x40.

Midazolam is a water-sol uble, short-acting ben-
zodiazepine with potency that is 2—3 times greater than
diazepam. In agreement with previous findings®?, to
different animal strain and dependence model, our
present sudy showed that pretreatment with midazolam
significantly suppressed morphine-induced physcal
dependence and nal oxone-precipitated withdrawal. Fos

pratein, the product of c-fosimmediae ealy gene (1EG),
hasbeen usad asamaker for neurond activaion inCNS.
The present results showed that Fos protein expresson
wassgnificantly increased and distributed in total lami-
nae of bilateral spina cord of rats during mor phine
withdrawal. This suggestedthat a state of hypersensiti-
zation have developed in the spina cord neurons of
morphine withdrawal rats, which may bethe reason of
resulting in morphine withdrawal response. Pretr est-
ment with midazolam decreased Fos protein expresson
in spina cord of morphine withdrawal rats, indicating
that inhibition of hypersensitization of the spinal cord
neuron played an important rolein suppressing mor-
phine withdrawal response by midazolam. It aso indi-
cated that spind cord is a critica site for inhibiting
morphine withdrawa response by midazolam.

Fosprotein, asatranscription factor, formsan AP-
1 (activatingprotein-1) complex with another |EG pro-
tein product called Jun, which then subsequently binds
to the AP-1 binding site of DNA to modulate the tran-
scription of target gene relevant to extracel lur specific
gimulation. There isevidence to suggest that c-fos par-
ticipatesin the regul ation of mRNA encoding various
peptides|like, enkephdin, dynorphin, et al, in therat
spina cord™. Some studies demongrated that mor-
phine dependence and withdrawa increased immunore-
activity of met-enkephain, beta-endorphin inspinal cord
and pretreatment with midazolam could antagonize the
increasd™™. Our results further proved that c-fosgene
might mediate antagonistic effect of midazolam to in-
creasing enkephalin immunoreactivity during morphine
withdrawal .

Cyclic AMP pathway isone of most important
intracellular signal transduction sysemsin CNS. Acti-
vation of CAMP pathway could result in increased ex-
citation and senstization of neurons and induced Fos
protein expression. |npresent study, pretreatment with
midazolam inhibited Fosprotein expression, but could
not inhibit theincrease of CAMP level during morphine
withdrawal. It suggested that other intracellular mes-
senger participated in mediating effectsof inhibiting Fos
protein expression by midazolam during morphine
withdrawal. Our previous study indicated that nitric
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oxide (NO) played an important role in inducing Fos
protein expressonin spinal cord, egpedally in the degper
laminag, in morphine withdrawal rats. In other words,
NO partici pated in the spinal cord neuron sensitization
in morphi ne-withdrawal rats®. It is unknown if NO
mediates inhibition of Fos protein expression by
midazolam during morphine withdrawal.

In conclusion, midazolam suppresses morphine
withdrawal response by inhibiting hypersenstization of
the spina cord neuron, and this eff ect may not medi-
ated by cCAMP pathway.
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