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Effect of 5-HT on pain modulation of substance P in spinal cord of rats
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AIM : To study the effect of serotonin (5-HT?
on pain maodulation of substance P (SP) in
METHODS .
immunchisto-chemistry and measurement of
RESULTS: The c-fos ex-
pression evoked by intrathecal imjection {1t}
SP 10 pug and sc 5 % formaldehyde (For} 150
pL in the hindpaw was densely distrsbuted in

~pinal cord of rats. Using

pain threshold.

the laminze 1, T, V, and V1 of spinal dor-
sal horn. The pain threshold in the SP group
was decreased while the pain intensity rating
measured by behavioral method in the For
group was increased. The c-fos expression
induced by it 53-HT 20 ug was mostly dis-
tributed in the spinal dorsal horn in laminae 0T
— N and the pain threshold was increased.
SP and For induced c-fos expressions in the
spinal cord and the pain responses were re-
duced by 5-HT and increased by 5-HT deple-
CONCLUSION ;

SP mainly played an algogenesia in the spinal

tor fenclonine 300 mg-kg™'.

cord. 5-HT inhibited the c-fos expression in
the spinal cord evoked by SP and participated

in pain modulation of SP.
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Proto-oncogene c-fos belongs to a family
of cellular immediate early genes. Its expres-
sion within some neurons of spinal cord can be
induced by noxious stimulation. such as for-

L1—1n

malin . and 15 regarded as a marker far

neuronal activity following noxious stimula-

Recerved 1953-10-05 Acrepted 199{-11-17

tion'’!. The ¢ fos protein has been viewed as
“the 3rd messager ” molecule 1n coupling
short-term  signals elicited by extracellular
stimuldtion tolong-term alteration in cellular
phenotypes by regulating expression of specii-
ic target genes'''. Serotonin (5-HT ), a neuro-
transmitter of CNS3, participates in analgesia
and inhibits noxious response'®®'. While sub-
stance P (3P ) is an excitatory neurotrans-
mitter released from nociceptive primary affer-
ent nerve terminals, and takes a double effect
of analgesic and algogenic in pain modulation
of the spinal cord" . This experiment is to
compare the c-fos expressians evoked by SP.
5-HT. and formaldehyde {For) in spinal
cord. to comprehend the relationship between
the 3 stimulators. and to understand the effect
of 5P on pain modulation in spinal cord.

MATERIALS AND METHODS

Expertments were performed on 62 Wistar rats.
£ and %, weighing 210+£5 10 g.

SP tSigma? and 3-HT (Sigmad were both dis-
solved in artificial cerebrospinal fluid (pH 5.5,  Fen-
clonine ¢ Fen., Koch-Linht was disselved in 1.9 Y
NaC] containing NaOH and then the solution was neu-
tralized with HCI,
i 1.9 Y NaCl
from Cambridge Research Biochemicals and ABC kits
from Vector.

Formaldehyde (For) was dissolved
Anti-c- fos serum was purchased

Experimental procedures The rats were divided

inte control and experimental groups, Control group
(8 rats): 2 rats receiving no stimulation; 2 rats were
injected in the right hindpaw with sotonic saline (130
pl.v 2 h); 2 rats were intrathecally injected (it) salu-
ton which dissolved SP and 5-HT. 1 b: 2 rats were it
solution dissolved Fen., 3 d.  The rreatment groups;
rats were it SP (7 rat~) and 5-HT (& rats; 6 rats

were 1t Fen and 7 rats were injected in the right hind-
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paw with For.

Intrathecal cannulation
bital anesthesia. a canoula {PE-10 tubing) was insert-
ed through the cisterna magna 7 cm to the L, segment

In rats under pentobar-

in the spinal subarachnaid space'™. A recovery pericd
of 5—7 d was allowed . and only those rats showing na
motar impairment were used {or experiments. Drugs
were Injected in a volume af 15 pL. ard flushed in with
S pl. saline. Injections were delivered within 5 min.
The solution of same volume was given ta the contral
group without drugs.
Measurement of paln  The method of the electri-
cal stimulation of the tail'? was applied and injection of
For into hindpaw was carried out according to the be-
havior merthod. The rats were s¢ 5 % For 150 pl n
the right lindpaw. The pain intensity rating (PIR !
which is a standard guide for measuring pain response
was recorded according to the four marks of pain
response intensity of Dubuissans%%.  The pain
response is positively correlated ta the PIR.
Immunchistochemistry Using c¢-fos antibody.
we detected the c-fes protein expression in the spinal
cord by immunohistochemistry. After ahove experi-
ment, rats were deeply anesthetized with ip sodium
pentobarbital 50 mg-kg™'. The rats were perfused
rranscardially with 100 mL saline followed by 4 Y:
praraiormaldehyde PB solution 1 L. There maved
lumbar enlargements of spinal cord were transferred to
a 20 v sucrose solution at 4 T. Tissue sections {40
pm) were cut on a freezng mictotome when the sam-
ple sank down to the buttnm of the container and pra-

cessed for immunohistoche - try using the ABC tech-

nigue. Briefly. after being incubated 1n ¢- fos antibody
(1:=2000) for 48 h at 4 C . the sections were succes-
sively 1ncubated 1n biotinylated anti-goat IgG (1:2007
and avidin-biorin-HRP complex ©1:100) for 3 h at
room temperature ¢85 ), which were then visualized
with the glucose oxidase-DAB-Ni protocol.
trols. c¢-fos antibody was replaced by normal goat
serum or PBS (£.0] mol *L™*+ and processed as the

In con-

experimental group.
Statistics
made over the L, —L, in 4 sections taken {rom each

Counts of immunoreactive cells were

rat. and the mean number of ¢ fos-like Immunoreac-

avity (FLIB of each rat was recorded. The experi-
ment data were analyzed using r test (PDA-2) by com-

puter.
RESULTS

The laminas of rat spinal cord were divid-

ed according to the atlas of Molander™". To
describe easily. we combined laminae I and
I into superficial: laminae T and N into nu-
cleus proprius: laminae V and W into neck;
the rests were ventral, including laminae VI —
% (Fig 1A).

Little c- fos protein‘immunoreactivity Was
found in control and Fen-treated rats (Fig
14, 1G; Tab 1.

Effect of SP and For on pain threshold
SP«10 pg) it re-
e h

and c¢- fos of spinal cord
duced the pain threshold in the rats.

Tabk . Effect of 5-HT on | -u thresbold by electric stimulation of rat tail and ¢ fos protein -like immunoreactivity

neurons In spinal cord of rats evoked by SP and formalin (For).

R=6—8. TLs. "P2-0.05. "P< 0 05,

“P< Q- 01 vs control ; “P>-0. 05, *P<0.05, 'P<C0. 0F v5 SP; *P>-0.05. 'P<70. 0F vs For.

MNumber of ¢- fos-like immunoreactive neurcns

Changes of pain

I—1 I-—N v 7 Gt threshald /%,
Control 3.6+1.2 0.610.7 n140 4 G.14+0.4 160
5P 42. 418 > 16. 4+ 3. 8 37,3298 20,347, 7 80. 546, 3"
For 48.0+5. 7 14844, 1° 36.5410. T 24. 581
5-HT 43418 17.8+5. 8 10. 344, 4° 9, 8+3. 8 139. 6+7. 6
5-HT +5P 20,0 5. 5 16.6+4.04 19. 0 5. 7 16.8+3. 54 105,94 3. 3°
5-HT+For 26.81+9. 0 12.3-4+4.5% 21.145. 9 21. 04 6. 48
Fen 4.0+1.4 0.54+1.1° a, 307 0. 1440, 4° -
Fen—+SP 0. 6+14, 5' 21.3+8. 2 T54. 84 10. 4' 22, 5 & ¢ 62, 745, 6
Fen+Far 72.04+17. 2 18, B 6. 3 63, §+11. 30. (808
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Fig 1.

Distribution of FLI meurons in rat spinal cord after control (A2, it SP (B}, sc formalin {For} inlo one

hindpaw (C), it 5-HT (D), it 5-HT +it S (E ), it 5-HT+sc For in hindpaw (F}. ip Fen (G). ip Fen+ it SP

tH). it Fen—+sc For in hindpaw (I).

after it SP, the FLI1 neurons were localized in
laminae 1. I . V., ¥ on both sides of the
spinal cord (Fig 1B; Tab 1). After sc 5 %
For 15¢ pLl in the right hindpaw of the rats.
the PIR was markedly increased (Fig 27,
Two h after For, the FLI neurons were dense-
ly distributed in the superficial» moderately in
nucleus proprius and neck. slightly in ventral
of the lumbar spinal cord {(Fig 1C; Tab 1).
Effect of 5-HT on pain threshold and
5-HT it 20 pg increased
One h after 1t 5-HT, the
mostly distributed in

c- fos of spinal cord
the pain threshold.
FLI neurons
laminae I - N of both sides of the spinal cord
{(Fig 1D. Tab 13,

Effect of 5-HT on pain response and
c-fos of spinal cord evoked by SP and For
After it 5-HT. it 5P (1 h) or sc For (2 b) in-
creased the pain threshold, reduced the PIR

were

L
:ececccccccer

Pain intensity rating
- .

[ 6HT + For iy g
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Fig 2. Effect of 5-HT (20 ug)} onm pain response pro-

duced by sc 5 *;: formalin (For) 150 uL In hindpaw.

Control () ; For (i):; 5-HT+For ¢ X }; Fem+For
([ ], m=7—8 rats. ¥+5 “P<0. 01 vs Conirol;
P05, “P<ID.05. "P<0. 01 vs For.

and c-fos expression in the spinal cord (P <<
0.05 or P<T{0.01}, as compared with the SP
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or For group (Fig 1E. 1F: Fig 2; Tab 1).

After a 3-d depleting of 5-HT with ip Fen
{300 mg kg '), the pain threshold was re-
duced. and the P1R and FLI of spinal cord
were increased following it SP (1 h) or s¢ For
(2 h) <Fig 1H, 1I; Fig 2; Tab 1), as com-
pared with SP or For group (P <C0.05 or
P<70.01).

DISCUSSION

In the present study, continuous tonic
noxious stimulation induced by sc For in the
hindpaw evoked the expression of ¢-fos protein
in spinal cord, which was in agreement with
the literature'®. SP it also induced c- fos ex-
pression and reduced the pain threshod. FLI
induced by SP, as that by For, were localized
in all laminae of the spinal cord, but densely
distributed mn laminae I, I, ¥V, VI, which
SP showed to be an

excitatory neurotransmitter released from the

contain nociceptive cell.

pritmary afferent nerve terminals of the spinal
cord and played an important rele in pain

W Microiontophoretic applica-

transmission
tion of SP activated nociceptive neurons and
imnduced a strong, although slow, excitatory
action in the most of the units tested in the
SP it to

mice results in a pain behavioral response“®.

dorsal horn of cat spinal cord''®.

Therefore. c-fos expression induced by it SP
in our experiment may be due to the activation
of nociceptive neurons in the spinal dorsal
These findings indicate that SP in the
spinal cord takes part in algogenic effect.

horn.

5-HT 1t in the rats increased the pain
threshold . meanwhile the c- fos expression was
The FLI neurons were mostly dis-
tributed in laminae ® — IV of both sides of the

enhanced.

spinal cord, differing from that induced by
For. FLIJ evoked by electroacupuncture was
also distributed in laminae I — N of the spinal

cord**. 5-HT is a meurotransmitter partici-

pating in analgesia. 5-HT it could increase
the pain threshold, and the analgesic effect
could be alleviated by its blockers or antago-
nists'®. The ¢-fos expression induced by 5-
HT, therefore may be related with analgesia.
In our experiment, 5-HT inhibited pain
response and ¢ fos expression in laminae I,
I. Vv, VM but not other part of laminae of
spinal cord induced by SP or For. On the
other hand, after depleting 5-HT by ip Fen,
the c- fos expression evoked by SP or For was
increased and the pain response was strength-
ened. 5-HT and SP coexisted in the same
neurones of spinal cord?, and 5-HT reduced
SP responses on dorsal horn interneurones®®,
5-HT it in mice can inhibit biting and scratch-
ing behavior evoked by SP“'. It is indicated
that ¢c-fos expression reduced by 5-HT may be
due to inhibit nociceptive neurons activated by
SP in the spinal drosal horn., In our previous
study. injection of For in the hindpaw could
release SP by activating peripheral sensory
So the decrement of the c-fos
expression evoked by For in the spinal cord by
5-HT may be the result of inhibiting nocicep-

nerve [ibers'™,

tive neurons :ctivated by SP.
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