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Gender Difference of the Antinociceptive Effect Induced by Intrathecal Nicotinic
Acetylcholine Receptor Agonist Epibatidine in Rats

CUI Yu', XIA Jie-hua®*, ZHANG Xu-yu?, HU Fen', CHEN Yu**
(1. Department of Physiology, Zhongshan Medical College, 2. Department of Anesthesiology, The First Affiliated Hospital, Sun Yat-
sen University, Guangzhou 510080, China)

Abstract: [Objective] To investigate the gender difference of the antinociceptive effect induced by intrathecal nicotinic
acetylcholine receptor agonist epibatidine in rats and the potential receptor mechanisms underlying such gender difference. [ Method ]
The antinociceptive behavioral test was performed to observe the difference of analgesia induced by intrathecal epibatidine, as well as
the inhibition of mecamylamine on the analgesia, between male and female rats. The nAChRa4 expression was observed by
immunofluorescence staining to investigate the mechanism underlying the gender difference of epibatidine-induced analgesia. [ Result]
Intrathecal injection of epibatidine induced analgesia in dose-dependent manner with more potent analgesic effect in female rat than
male rat.  Although non-competent antagonist of nAChR mecamylamine pretreatment partially blocked the analgesia induced by
epibatidine, stronger analgesic effect maintained in female than male rats. Immunohistochemistry staining showed that nAChRa4,
which mediated the analgesia of epibatidine, was expressed in the neurons of the lumber spinal dorsal horn. However, no difference in
the nAChRa4 expression was detected between male and females rats. [ Conclusion] There is gender difference in the antinociceptive
effect induced by intrathecal epibatidine between male and female rats. Mechanisms other than the expression of nAChRa4 might
underlie such gender difference.
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Table 1 Antinociceptive effects of intrathecal administration of epibatidine at different doses (x+s)
Group Base line 0.0625 pg 0.125 pg 0.25 pg 0.5 pg 1.0 pg
Male 4.03 £0.25 4.82 +0.15 4.37 +0.01 5.49 +0.33V 6.32 £0.73" 10.74 £ 0.56"
P 0. 199 0.882 0.003 0.000 0.000
Female 3.16 £ 0.23 4.05 +£0.20 3.91 +£0.22 5.13 £ 0.16Y 6.76 + 0.88" 12.86 + 0.82"
P 0.063 0.149 0.000 0.000 0.000

Data are presented as X +5(n = 6 rats per group ), 1)P < 0.01 vs. baseline.
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S ROV L IME B 22 S, HUE 43 L MPE B 535018
(30.40 + 3.07)% 1 (20.85+ 2.73)% (Pys,, = 0.042,
P<0.05); MAT 1.0 pg il X, MR %
MPE {84354 (81.90 + 2.82)%F1(61.15 +5.15) %,

PIZLIA A B35 25 5 (P, = 0.005,P < 0.01, 1),
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Y N B B SE N 25 g XoF SRR B A 1
S0, (H A SR 1.0 pg i Kz KB INTESS I
L BRSOV, AR B, V5 58 I B+ e e 3%
ZHE 4y F MPE 0 (4.59 + 1.79)% , Bl 55 5
PN S R B2 R 51 R Y R R0 A E AR T
92.49% ; T 7E ME B, 35 i BH + ik B2 25 2H %9 MPE iy
(10.10 + 1.97) %, BIBHWr 1 ik Kz 22 87.67% MY FH
AR 5 T OEL A 50 b e A 9 2 ) A i 1 2
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Fig.1 Dose-response curve for the antinociception of
epibatidine in male and female rats

Data are shown as x +s (n = 6 rats per group/ per dose).
Antinociception induced by epibatidine in the female group was
significantly higher than that in the male group at 0.5 pg and 1.0 pg.
1)P < 0.050r 2)P < 0.01 vs. male group.
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100 W Saline+Fpi Fig.3 Expression of nAChRa4 in the spinal dorsal horn
O Meca+Epi
of rat
80 Double-immunostaining showed that nAChRa4-IR neuron, which
0 was indicated by colocolization (yellow) of nAChRa4 (red) with
o
E NeuN (green), distributed largely in deep lamina of the spinal dorsal
® 40 horn. Bar; 100 pwm.
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Fig.2 The blocking effect of mecamylamine on 5 2
=
£ 0

epibatidine-induced antinociception .
o o o Male FPemale
A Intrathecal epibatidine induced antinociception was significantly

attenuated by mecamylamine pretreatment in male and female rats. B B4 Mk R IEE A8 5 nAChRad S35

The blocking effect was more potent in male than in female rats.

Mecamylamine  (Meca,25 pg)  was administrated 5 min before Fig.4  nAChRa4 expression in lumbar spinal dorsal horn

epibatidine (Epi) injection (n =6 per group) and antinociceptive in male (a) and female (b) rats (n =5 per group)
behavioral test was performed 5 min after epibatidine injection. 2)P < Bar:100 pm. Immunohistochemistry quantification reveals no

0.01 vs. female group. difference in the nAChRa4 expression between female and male rats.



586 IR A (A B4R

532 %

S(P=0.008,P<0.01, & 2),
23 BEXRERES A nAChRad HIFRIE

GapE DN AL Y B 25 S /R, nAChRad |12
S TR REE M on s b 7ok, AaE
JI6 Ff Ko Hp e A5 T TR 28 OC IR 6 3K nAChRad (]
3). EHMG B s R o s S AR ME B nAChRad-1R FH
PR A 3 LR ke B, (P2 A Se it
2R (P>0.05, K4),

33 i

AT K D% T KU N ST nAChR 3%
S Bz 2 AR A% 50 S AROR P 4 P AR B AR, B
P K R R o TR R R QRIS
T nAChR 10 il 570 92 fin B B f% b 35 BHL I el B2 3% (1)
BURAPERT, LA M DR A BEL DRI 4550 17 B 8
PERE; GOnAChRad Feik T MEMER KA BETT /A
Zot, MRABEWNESS, U ESRER,
nAChR 32070 B0 RN AELE MR 22 5%, (A2
SRR T Z R R

I R S sl S B0 UF S, AN [ S 7 ) 42 771, 3
BEUJR SO A AE B S ) 22 S 0 g e T
SREAEME A BDRSOR S TR 8N
(14 P D)2 R P L B R i e R vy 50 e B
Ep ey U= R TR AL R W iR R N €
I, HA IR AR R B AR AR S BN 25 4 A T g L,
AR R, I B Al i 5 2 TR Sz A
S5 T A 5 5 K I B A D e o A
nAChR AR o WAL (a—oug) F1 B LA
(Bo-Bs) ZHBCIFIE TR B o AR ZH A
B E FRAARZE L) AE A B2 R 48, nAChR 12
S TR S RN, 2 5 TR
71 TR RSP S TIRE . O A SCER R T AR R
i) F A BRI BB T AR e b ) 22 57, 42 1) R
PEATFHEEDS S SR, KRB SZ (A8 30 7 BRI 255 (1Y)
PR 22 57 H T AE2E 00 AHFSE & B nAChR
Wshine: B2 2 BB E A e 22 5, BLTE
W B P B A P v 0 B A RS 27K, nAChR 3
T GRS B S50 BH B 4% 7] 2 AR e LT e pe
RMBURIERD, thFARIY & BUkE K 2 0B

BONAFAENE N2 57, TN, O 1 E— 20 WY X ol 22
Stk FA 2 T R RS AT S S, KB 25 pg
(9 SN B BB (35 (e B R A B AR, X
of ELEBI 20017 7 2 R LEME BRSO 2 3, BRI R R
SRR S8 B8P 331 2 S 1k T REAFAE nACh B 32 (AL
il o ARG TR S5O PE Jol 22 S O LA E A A

S Ak
HRE

AW N, MERER B2 RGN B R 2 Ak
B 5 LA K BT e 24 24 ) R S A AR R 25 S
P, A2 R F IR 25 57 7R ] R A2 ek e 28 B A5
VE I 0 2 S A FE AL 22— . nAChRoy MEERA
RS, BATHRRE S Ay S 8, W
AL o, RAR S BURBN B VIA G, bR
IR o FER SR BH TR GR T 553 sh 7] 5
TRISERT T, S BOm B & W BUR N FRES, A
WF5T 22 TR E LS Y nAChR 1 52 442 %5 185 A I B
feg 1SSy T O SRR 2 T B A A A% R BE A
nAChR WK1 Sy T B N VR G ik B2 R B0
RIONE P ) 2 S5 5 5 A R AR B 2 AR 43 A R Gk
ZRA I, AWFGER HET ME RURN RO B B
nAChRod [3RIATEN  FRATIFFE R W], K BRI BT
BETT f nAChRod Y318 TH 20, H R IR
I 225 PR ATTHREIN , ek B2 28 BRI 2L 1)
P ) 2 5 1T R A R 32 A 9 3K 1) %% B TG
5, T HAth PR 28 S 350 T B Ak s (R ) 25 57 49
A7 SCHk o SRR BRI N 3 R G 4 A
IREMAFTEME ) 22 53 015 55 Ab A WIFGE s R s 3R
GEAE MR o R BT AR ) A P A e
S T I IA & IR AE MEPE S, nAChR 3
Bl AT A A 2 FEF D R 2 2 R A B
A BRI ABLTE R T 20 i = S R R A T D200 it
Hh ,nAChR A7 (5 5 7% T i 48t vl e AE A2 M0
25,

L5 L RTIR , ARWESE K nAChR S8l 5 ik e R
PR EFLIA 2500 7 K BRAAAE PR i 22 5, LR e o AUk
PR T MEME . T S B 2 U 1R Y A2 1k
nAChRad FiE AR B MR 25, s R EE
RN 1) 2 S VR AE AL v 5 R — 2B AT, A
e RIBRIR P 22 AR AT R S BURR B U 25 )
M2 s A 21— EE R, H AT



%

54 H

T A B PN e 1 B R B | A B L P S 22 S

587

FEIEE R i PR HEORS A AL 25 4R AL T B
B

SE K.

Ry

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

[10]

Craft RM. Sex differences in drug-and non-drug-induced
analgesia[ J]. Life Sci, 2003, 72(24) . 2675-2688.

Cook CD, Barrett AC, Roach EL, et al. Sex-related
differences in the antinociceptive effects of opioids:
importance of rat genotype, nociceptive stimulus
intensity, and efficacy at the mu opioid receptor [J].
Psychopharmacology (Berl), 2000, 150(4). 430-442.
Candido J, Lutfy K, Billings B, et al. Effect of adrenal
and sex hormones on opioid analgesia and opioid

receptor regulation [J]. Pharmacol Biochem Behav,

1992, 42(4). 685-692.
Hood DD, Eisenach JC, Tuttle R. Phase I safety
assessment of intrathecal neostigmine methylsulfate in
humans[J]. Anesthesiology, 1995, 82(2). 331-343.
Kiefel JM,Bodnar RJ. Roles of gender and gonadectomy
[J].
Pharmacol Biochem Behav, 1992, 41(1). 153-158.
Walker JS,

in pilocarpine and clonidine analgesia in rats

Carmody JJ. Experimental pain in healthy
human subjects: gender differences in nociception and
in response to ibuprofen[J]. Anesth Analg, 1998, 86
(6): 1257-1262.

Unruh AM. Gender variations in clinical pain experience
[J]. Pain, 1996, 65(2-3): 123-167.
Decker MW,  Rueter LE, Bitner RS.  Nicotinic

acetylcholine receptor agonists: a potential new class of

analgesics[ J]. Curr Top Med Chem, 2004, 4(3): 369-
384.

Khan IM, Stanislaus S, Zhang L, et al. A-85380 and
epibatidine each interact with disparate spinal nicotinic
receptor subtypes to achieve analgesia and nociception
[J]. J Pharmacol Exp Ther, 2001, 297(1) . 230-239.
PR, BT, RIARIGE, A5, MOMETH 57 R BT AR Al 2y
R AL p38 MAPK YFRIA[J]. IR0, B2
REERR, 2009, 30(6): 657-661.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

Averbuch M, Katzper M. A search for sex differences in
response to analgesia[ J]. Arch Intern Med, 2000, 160
(22): 3424-3428.

Chiari A, Tobin JR, Pan HL, et al. Sex differences in

cholinergic analgesia I; a supplemental nicotinic

mechanism in normal females [J]. Anesthesiology,
1999, 91(5). 1447-1454.
Gerzanich V, Peng X, Wang F, etal. Comparative

a potent agonist for

[J]. Mol

pharmacology of epibatidine :
neuronal nicotinic acetylcholine receptors
Pharmacol, 1995, 48(4) . 774-782.

Spande TF, Garraffo HM, Yeh HJ, et al. A new class of

alkaloids from a dendrobatid poison frog: a structure for

alkaloid 251F[J]. J Nat Prod, 1992, 55(6): 707-722.

Yilmaz O, Kanit L, Okur BE, et al. Effects of nicotine
on active avoidance learning in rats; sex differences[]].
Behav Pharmacol, 1997, 8(2-3). 253-260.

Craft RM, Milholland RB. Sex differences in cocaine-
and nicotine-induced antinociception in the rat[ J]. Brain
Res, 1998, 809(1): 137-140.

Badio B, Daly JW. Epibatidine, a potent analgetic and
nicotinic agonist [J]. Mol Pharmacol, 1994, 45(4).

563-569.

Centeno ML, Henderson JA, Pau YK, et al. Estradiol
increases alpha7 nicotinic receptor in serotonergic dorsal
raphe and noradrenergic locus coeruleus neurons of
macaques [ J]. J Comp Neurol, 2006, 497 (3). 489-
501.

Saksida LM, Galea LA, Kavaliers M. Predator-induced
opioid and non-opioid mediated analgesia in young
voles:sex differences

meadow and developmental

changes[J]. Brain Res, 1993, 617(2): 214-219.
Lavand’homme PM, FEisenach JC. Sex differences in
cholinergic analgesia I ; differing mechanisms in two
models of allodynia[J]. Anesthesiology, 1999, 91(5);
1455-1461.

wmx)

(% 47





