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Expressions of preproenkephalin mRNA during
electroacupuncture analgesia enhanced by fenfluramine'
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AIM: To study the changes of pre-
proenkephalin (PPE) mRNA in rat brain in
response to electroacupuncture {EA) com-
bined with fenfluramine (Fen). a releaser of
5-HT. METHODS: In situ hybridization his-
tochemistry technique was used to ohserve the
expression of PPE mRNA in rat brain during
EA analgesia potentiated by Fen. RESULTS:.
The greatest relative increase of PPE mRNA
was seen in lumbar spinal cord (laminae I &
II}, nucleus raphe magnus. dorsal raphe nu-
cleus, periaqueductal gray, interpeduncular
nucleus, preoptic lateral area. amygdala nu-
cleus and caudate-putamen (P<C0.01. vs NS
+ EA),
lateral septal. preoptic medial area, hypotha-

Moderate increases were found in

lamus wventromedial nucleus, lumbar spinal
laminae III & IV (P<J0.05, ws NS+ EA}.
Thalamus showed no statistical significant
change in PPE mRNA. CONCLUSION . The
enhancing of PPE mRNA in relative brain
nuclei is involved in potentiating action of Fen
on EA.
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Serotonin (5-HT?} is involved in and ben-
eficial to electroacupuncture (EA)} analgesia
(EAA D,
of 5HT,

21

Fenfluramine {Fen)}, a releaser
enhances acupuncture analgesia

markedly The effect of Fen was related to
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endogenous opioid system which may play

a key role, However, the mechanism of po-
tentiating effect of Fen on EAA is not clear.
The present study was to observe the expres-
sion of PPE mRNA in EA with/without Fen
in certain rat brain. thus to get some new
understanding on the relationship between

opioidergic and serotoninergic systems,
MATERIALS AND METHODS

Rats Sprague Dawley rats { & . n=20, 215435
g were bred by the Department of Experimental
Animals. Shanghai Medical University.

Reagents Digoxigenin (Dig) RNA labelling Kit
and Dig detection Kit were from Boehriger Mannheim;
Restriction endenucleases Sac 1 and Hinf 1 RMNAase
were from Sipo-American Biotechnology Companny;
Proteinase K was from Sigma; Other reagents were all
AR,

Nociceptive test MNociceptive test was undertaken
in quiet surrounding at 18 C. The rat tail was insert-
ed subcutaneously with needles which were connected
with pain test apparatus (Model WO-9E Pain Thresh-
old Meter. Beijing)l.
ing current that induced the tail flick was recorded as

The least intensity of stimulat-
pain threshold. The pain threshold test was repeated
thrice as the preadministration control. which ranged
from 0.1 to 0.2 mA in normal rats.

EA EA was applied upilaterally at points (the
needles were inserted 5 mm) of *Zu-San-Li” (ST 36,
between muscle anterior tibialis and muscle extensor
digitorum longus) and “Kun-Lun” (B60, in the de-
pression between the tip of the externsl malleolus and
tendo calcuneus? by EA apparatus {Model 6805-2,
Shanghai with the dense-sparse frequency of wave and
20 V iptensity: which provoked slight twitches of
hindlimb.

Tissue preparation
(1) normal saline (NS} ip; (2} Fen 4.5 mg kg™ ip

The rats were treated with
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tFenl; ¢3) EA for 20 min {NS+EA); (4! Fen 4.5
mg kg™! 1p for 10 min, then EA for 20 min (Fen+
EA).  After 10 h, rats were deeply anesthetized + and
perfused intracardial with 4 %) paraformaldelvde.
The brain and spinal cord were sliced on f{reezing mi-
ctotome (30 pm). The sections were stored in the
modified cryoprotectant solution (500 mL phosphate
buffer solution 0.1 mol L™ pH 7.2. 300 g sucrose,
300 mL ethylene glycol, with the final volume adjust-
ed to 1 L with H;0) at —20 C.

in sita hybridization histochemistry method For
labelling PPE BNA probe with Dig and in sifu hy-
bridization were reported®. The secifons were put
into a sterile culture dish containing PBS 0.1 mol L™!
and rinsed, then placed in 1.5 mL epintorph with 500
ng L' PPE probe and hybridization buffer ¢50 %
formamides 5 X SSC, 2 % {w/v) blocking reagent.
0. 02 27 (w/v) SDSY and incubated at 37 T for 16 h.
Alter hybridization. the sections were rinsed in 2 X
55C. treated with RN Aase (20 pg L™ and rinsed 0. 5
~ S8C.
ceeded and the sections were mcubated in color solu-

Finally, immunological detection was pro-

tion (levamisole 0. 24 g L™, nitroblue tetrazolium sali
0-34 g L7', 5-bromo-4-chloro-3-indolylphosphate
toluidinium salt 0.18 g L™ in NaCl 100 mmol L™,
MgCl 50 mmol L™ pH 9.5) for 6 h at 25 C. The
seclion was mounted and examined under light micro-
scope (Nikon).

Using computer-assisted image pracessing system
(FG-100-AT . Imaging Technolegy Incy and TV-Cam-
era; RCA Inc. USA), the density of PPE mRNA pos-
itive neurons was measured by the gray level of cell
image. Data were analyzed by z~test between 2 sam-
ples.

RESULTS

Effect of Fen on EAA Changes of pain
threshold in NS group was observed for 90
min. When unilateral EA was applied. the
pain threshold increased. There was no sig-
nificant change in response of ip Fen 4.5 mg
kg™'. After Fen + EA. the pain threshold
was further increased and prolonged »s NS -
EA group {P<C0.01), with the peak appear-
ing at 30 min {following EA (Fig 1).

Expression of PPE mRNA In NS group,
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Fig 1. Effect of fenflolamine (¥Fem) of elec-
troacupuncture analgesis (EAA). p=8§, ¥+s.

P0G 08, "P<0.05, ‘P<(0.01 vs NS group:
P=>0.05, "P<0.05, "P<{0.01 vs EA group.

PPE mRNA positive neurons were seen in
caudate putamen, accumben nucleus, preaptic
area, periaqueductal gray, dorsal raphe nucle-
us, and lumbar spinal cord. In rats treated
with Fen + EA, the highest increase of PPE
mENA content was seen in caudate putamen,
amygadala nucleus, accumbens nucleus, pre-
optic lateral area. interpeduncular nucleus,
periaqueductal gray, dorsal raphe nucleus,
nucleus raphe magnus. and lumabr spinal cord
(laminae 1 and IIJ, compared with that of NS
+EA group (P<0-01). Moderate increases
of PPE mRNA content in Fen + EA group
were detected in lateral septal. preoptic medi-
al area, hypothalamus ventromedical nucleus,
and lumbar spinal laminae III IV, compared
with those of NS4-EA (P<C0.05). Thala-
mus showed little change in PPE mRNA vs
NS group (P>0.05). In NS+ EA group,
there were increases in above areas. but the
increases were less than those in Fen + EA
group.
mRMNA was seen in caudate putamen and

In Fen group, the increase of PPE

amygdala nucleus, dorsal raphe nucleus,
raphe magnus nucleus and lumbar spinal cord
(laminea I and II}Y (Tab 1).

The neurcanatomical localizations of

PPE - positive cells showed different degree
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Tah 1.

Density of PPE mRNA positive neurons in brain.

tn=4. Tz} "P>>0.05, “P<70.05, "P<0.0Frs NS

imormal saline): “P2>0.08, *P<0.05. "P<C0-01 v5 Fen (fenfluramine) =0 05, *P<70.05, 'P<{0.01 rs

NS+EA (electroacupunclure’.

NS FFM NS+EA FFM+EA
Telencephalon
Caudate-putamen 10.9=1.3 17.7+1.5" 25.143. 3 50. 54+ 3. 5%
Amygdala
Lateral nucleus 12.04+£2.3 20.5+0.7° 30.7+1. ¢ 47. 0+ 2.6
Accumbens 12.3+1.0 13.2+1.0¢ 3.6£1.3 48, 6+1. 8"
Preoptic area
Lateral area 10.5+1.7 15. 0x2.¢* 29241, 2° 46, B+ 2.5
Medial area 11.04+1.1 11-6+2. 29.34+1.0° 33. 6+2. 1"
Lateral septal nueleus 10.742.2 13.7+1.8 20,7+ 1.3 27. 0+ 2. 9™
{dorsal part} -
Diencephalon
Hypothalamus
Ventromedial nucleus 16. 5+0.7 18.3+2. 3" 25.7+2. 2° 33.842. 4
Mesencephalon
Periagqueductal gray 3.0%1.1 10.0+1. 4" 15.84+2.1° 27.5+2. 8
{veniral part;
Interpeducular nucleus 16.0+1.9 19.0+2.3° 23.04+2, 1¢ 50.8+ 3.0
(central}
Dorsal raphe nucleus 9.3+1.8 24, 7+2.0¢ 21.1+2, I¢ 48. 642, 4"
Pons/medulla -
Raphe magnus nucleus 15.1+1.8 21.6+1.1° 15.3+2. & 43,143, o=
Lumbar spinal cord
Laminae 1—11 17.241.4 26.0%£1.1° 31.141. ¥ AB. 130
Laminae III—TV 11.3+0.8 12.9+40. 9 15.141. 0° 20.1%+1.2"
changes between Fen+EA group and NS4+EA DISCUSSION

group in caudate putamen, interpeduncular
The
density of PPE mRNA was markedly increased
in the brain treated with Fen +EA (Fig ZB.
D, Plate 2) vs EA (Fig 2A, C). Marked
change of PPE mRINA contents were seen in
When
Fen was combined with EA, laminae 1 showed
labelled PPE neurcn cells (Fig 2F). Whereas
in EA group, the levels of PPE mRNA in lam-
ina III and IV were low (Fig ZE).

‘nucleus. and lumbar spinal dorsal horn.

different layers of lumbar spinal cord.

In our results, the increase of PPE
mRNA positive neurons in areasclosely related
to nociceptive modulation such as caudate
putamen, accumben nucleus, preoptic area,
periagueductal gray and the dorsal horn of
spinal cord was seen in EA group. 1t is gen-
erally accepted that the opioidergic system
play an important role in nociception and anal-

[

gesia These results are in line with such

a view,
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QOur previous work showed the fentanyl
could further increase the Fen potentiating ef-
fect on EAA''. The finding that 10 h after
EA combined with Fen, the levels of PPE
mRINA significantly increased in areas men-
tioned above including dorsal raphe nucleus,
nucleus raphe magnus and the dorsal horn of
spinal cord., and the degree of increase was
higher than that of EA or Fen along, further
demonstrated that the opicidergic system was
involved in Fen potentiation in EAA. The en-
hanced PPE mRMA content in above areas was
related to after-effect of Fen potentiation on
EAA and reflected the long-term or chronic
readiness of a cell to synthesize PPE precursor
which had lost.

Recently we reported that using autora-
diographic technique. the increased density of

opicid receptors induced by EA comhbined with L3 —45

Fen occurred in  brain nuclei mentioned

above'®. These result are also strongly con-
sistent, indicating the opicidergic system is in-
volved in serctonin potentiation in EAA.

In sumipary, EA and EA combined with
Fen all induced the increasing expression of
PPE mRNA in certain central areas closely re-
The degree
of expression by EA combined with Fen was
far stronger than that of EA. The results
suggested that the endogenous opioid peptides
be involved in EAA potentiated by Fen.

lated to nociceptive modulation.
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