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K5 1 Dunnett ¢ £556 .
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Tab 1. Effects of tetrodotoxin( TTX) on the scores
of withdrawal syndrome after naloxone(Nal) precipi-
tation in morphine( Mor ) -dependent rats

Score of withdrawal syndrome

Group
First time Second time
Control 2.0+1.8 -
NS 16.1£6.0" " 2.0£3.0
Mor 16.9+£2.8"" 16.4+4.4%#
TrX 0.1 13.2+£3.1°" 4.9+£3.6
0.03 16.6+2.4"" 4.6+2.6
0.01 17.0£3.2" " 3.5£2.6
0.003 17.1£3.1°" 3.5£2.6
Clo 0.2 14.8£2.3"" 1.3+£1.9

Mor 155 mg- kg~ (total) was given sc in4 d(d 130 mg-kg™!, d2
45 mg-kg™', d3 60 mg-kg™!, d420 mg-kg™"). Three to four
hours after the last administration of Mor, Nal(4 mg-kg~ L ip) was
given to precipitate withdrawal responses(first time) . Thirty minutes
after Nal ip, Mor(60 mg'kg_l, s¢), normal saline (NS, 1 mL-*
kg'l s¢) or TTX(0.1, 0.03, 0.01, 0.003 pg'kg‘l, im) was giv-
en for 5 d, each dose was divided into three equal sub-doses. Cloni-
dine(Clo, 0.2 mg-kg™!) was given ip once daily for 5 d. Three
hours after the last administration, withdrawal responses were
induced secondly by Nal(4 mg'kg’1 ,ip) ond 8. x £5, n=9.
**P<0.01, compared with control group; ** P <0.01, com-
pared with NS group by ANOVA and Dunnett’s ¢ tests.
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IM70.01 2 0.003 pug- kg™ "7 5 2H M ik &2 B 8 5 L
PRI B [ s B T LS AR R R T 2%, 2
96 hHT A FE 3G N AR BE K T H AR T 9 NS RE 4
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0.03, 0.01, 0.003 pg-kg™")J5 5~ 10 min, IflJE, I
W RS HEAMMHE LR EEZF (n=8,P>
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Tab 2. Effects of tetrodotoxin on the body weight after naloxone precipitation in morphine-dependent rats
Body weight change/%
Group
1 3 5 10 24 48 72 96 120(h)
Control -5.2+1.7 -5.7+1.5 -6.6x1.5 -1.6x1.7 -0.6+1.9 2.7+1.8 6.8+1.9 9.2+1.8 11.2+£3.0
NS -6.4x1.4 -7.4+0.9 -8.6+1.0 -5.8+2.9"" -6.2+2.8"" -2.0+2.3"" 1.8+x1.9"" 5.0+2.8 10.3£2.7
Mor -5.7+1.2 -6.7+x1.2 -7.3x1.6 0.2+£2.3%% 1.1£1.7%% 3.2+1.9%% 2.0+1.7"" 2.2+2.4"" 2.8+3.4""*
TrX0.003 -8.4+x1.1 -7.4x1.4 -9.0+1.3" -2.3x2.2%% _0.6+1.4%7% 3.1£2.4%% 6.7+3.3%% 9.4+4.8 12.1+£6.5
0.01 -4.1+£2.2 -54+2.6% -6.8x2.3 -4.8+2.6" -4.0+1.7% 1.9+£3.2% 7.5£3.57% 12.1+3.8" 14.8+£4.6
0.03 -5.3+1.5 -6.1x1.7 -7.7+1.9 -2.6x2.2% -3.0+2.5"" 1.4+£3.1 4.8+3.3 7.6£4.5 10.9+£6.6
0.1 -6.1x1.1 -6.7+1.3 -7.7+1.2 -2.4+2.3% -6.0+1.7"" -2.5+2.5" 2.3+£2.5" 4.9+2.6 8.5+4.5
Clo 0.2 -6.1+1.1 -89+0.8°" -9.7+1.9"" -3.8x1.8 -0.3£1.9%% 1.3+4.2 4.0+5.0 6.0£5.7 7.7+£5.9
The treatments were the same as described in Tab 1. ¥+ s, n=9. “P<0.05, ** P <0.01, compared with control group; * P <0.05,

## P <0.01, compared with NS group by ANOVA and Dunnett’s ¢ test.

Tab 3. Effects of tetrodotoxin on jumping responses
of mice precipitated by naloxone

Jumping times/min "

BT B AR F A DN R . (H TG 8 3 PR 22 5
(n=8, P>0.05). TTX AL JE T At 1o i 417 i)

/.
no

oA IER (P >0.05) .

Group B .

- 0= 1)0 min “—020 min Tgtﬂl 2.4 ARBROEFHER

Mor 38403 " 5.1 Spadlc” WRERBE 20 mg- kg~ ' 5¢ M/ BT N, T

X002 1028% ye 4 e 114 3 TTX(0.02, 0.06, 0.2 pg-kg ™)1/ 20 min 14
0.06 4+ 16" 4+8 18424 PHLAR KBS 50 R 18 + 14,21 = 8 il 16 + 10, 55 NS
0.2 18+ 18" # 556 23+ 24" XTREZHFH AR B (20 £ 13) L TC R PE 22 57 (n = 8,

Clo 0.4 6+8%" 45 10+ 12## P >0.05). Ut ER TTX JodEm AR .

Mor 249 mg* kg_l(total, sc), NS or TTX was given ip for 2 d.

First day, Mor (8, 16, 25, 50, 50 mg'kg’] , sc) was given five
times, each dose of TTX(0.02, 0.06, 0.2 pg-kg™'-d™!, ip) was
divided into three equal sub-doses. Second day, Mor(50 mg-kg™!,
sc) was given two times, 3 sub-doses of TTX (ip) were given as
those on the Ist day and additional dose of TTX was given once a-
gain before Nal(6 mg-kg™!, ip) precipitation. Clo(0.4 mg-kg™!)
was given ip only once before Nal precipitation. x + s, n=10. ~
P<0.05, " P<0.01, compared with NS group; * P <0.05,
## P <0.01, compared with Mor group by ANOVA and Dunnett’s

t tests.

2.5 ABESEMNMREEBNHEIE

PGV EL 240 15 mg- ke ™! ip & 30 min ;7 A FE ER
ER, B EESNH > (n =10, P<0.01),1f 3
AN TTX(0.02, 0.06, 0.2 pg-kg™ /MR 5 min A
H TG sk B3k 227 + 43,203 +42,149 £ 47, 5
NS ZH/VERL 5 min Y H FIE IR E (219 + 32) LT
W 22 51(P > 0.05) , 16 B I ) 5t 90 LAY TTX X670
SR R G R WLITI IR

Tab 4. Effects of tetrodotoxin on the body weight after naloxone precipitation in morphine-dependent mice
Body weight change/ %
Group
1 2 4 6 8 10 12 24(h)
NS -0.8+1.8 -4.0£2.0 -7.2%3.6 -4.4x2.5 -7.2+3.0 -8.0+3.1 -8.2+4.2 -3.0£3.5
Mor -6.8+5.1"" -7.8x5.6 -83x6.2 -11.4:4.9"" -56+56 -4.2:4.3 -3.5+4.2 0.6+7.1
TIX0.02 -2.0+2.5%* —2.4+25%% —43+1.4 -56+£3.2%*% -6.5+5.1 0.2+£3.2%% 2.4+3.9%*%7%  43:5.6
0.06 -2.8+2.5" -3.4£2.3% -4.5:2.9 -57x3.0"* -5.8x3.6 -0.9x4.5°" -1.3£3.9"" 2.7+4.4
0.2 -4.3+1.5 -6.242.2 -7.4%1.3 -8.1%2.5 -4.6+3.1 -0.4+2.8"" 0.6+3.8"" -0.7+3.9"
Clo0.4 -4.0£2.4 -5.8+3.5 -9.0£2.9 -8.9x3.1" -3.1x4.4 2.8+5.1%7%  1.2+4.3%"" 4.6+1.4

The treatments were the same as described in Tab 3. The loss of body

weight Nal-induced in mice was represented by percentage change.

f+s, n=9. “P<0.05, “* P<0.01, compared with NS group; ¥ P <0.05, ## P <0.01, compared with Mor group by ANOVA and

Dunnett's ¢ test.
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FEAR = AR T RE A N TTX AR R B 75 24
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IR 24 11 R e, A S 56 R E T A R BRI/ B
Mor fCHS A6 108110 S8 TTX 3697 AT Mor T T
SN . S B 45 SRR W], Mor AR K BRL45 77 Nal
ATHEGE BT SN & A2, BEET im 0.003 ~ 0. 1pg kg™ '
d 'R TTX, $4 AT fa 5 00 e B oK A iR R
. 5 Clo 20K AT, TTX ¥4 97 4R BRI 1A B 5 0
WA A, TTXC 4% 791 2 0F 27— T a0 1 410 i £ 1)
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FRIEE R R BRUER AN T B e e 0 ok 4 P40 2%, S ik
Wik BUA S TR AT e — R e L, A 2

BRI BOR A, TTX 0.003 pg-kg™ '+ d ™55 =4
TR HIAVE F S Clo 4L AH TR, 4 B 7E i 2 J5
72 h, PR K BUARE S K AR LT B SRR BT 411 Clo
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FETE B BRI V8 77 A T R, v e At ST Bk 55
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FE LK 1784k, HIG Clo RERIVER &4 .

FATUARE A BF I 45 AU SL, TTX ZE %5 K A B
AR 1M A8 TC B ARSI MR B2, T 5 4 LI S i il
A A 2 N2 S — 5 T, TTX AE R B
AU 2 B H W S5 4 B LA /). Bower 2511
WELH] TTX HA PRI R VER . s TRt 2
S B —BOR AS FXE 25 4 S L (R R T, S T HE
B TTX X0 ML/ 2R 48 F1 T I 2R 8 1) 1), 74 S 56
IR R FREE T TTX 0.003 ~ 0.1 pge ke ™ XK B
1 FRFI AR AR A VR . SC 45 SR WY, 150 p A
TRYT g R BT F TTX 9 751 5 30 ] 349 AN o028 TR T K
B C %, I HE RN . B8R TTX X A1 A E 4
FRGHA PR, (EE A 5256 I R W 4¢3
TTX X e ity 17155 & o i A8 B WP W s g 1) 41 A
XA[RE S AT AR C . TTX B7iE Mor AR #5147k,
Wt S 10 AT 15 ANV 4, AT e 5 U R BRI/ B
o LA AR S 5 R B 2l 0 10 A= BIDIR S AN W] A 6
FEIE KRR/ BRI IS 21 1 25 P04 SR T e
MR AL G W) 0 25 W /R T BL R, A 23—
ML TTX X455 70 sl 49 00 I 4 305 sl s 22 2 i 1) 2
] .



W E G AR A

2001 4F 12 A ; 15(6)

- 439 -

4 BSEHR:

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Bower DJ, Hart RJ, Matthews PA, Howden ME. Nonpro-
tein neurotoxins [ J]. Clin Toxicol, 1981, 18(7): 813 —
863.

Ren LM, Nakane T, Chiba S. Differential effects of w-
conotoxin GVIA and tetrodotoxin on vasoconstrictions evoked
by electrical stimulation and nicotinic receptor stimulation in
canine isolated, perfused splenic arteries| J|. Br J Phar-
macol , 1994, 111(4) :1321 - 1327.

Ren IM, Furukawa Y, Karasawa Y, Murakami M, Takei
M, Narita M, et al. Effects of tetrodotoxin and imipramine
on the cardiac responses to nicotine in isolated, blood-
perfused canine heart preparations[] 1. J Cardiovasc Phar-
macol , 1991, 18(1):77 - 84.

WRIEHE, 05 . TIKEE R (T I R R A [T
MR 2R, 1986, 5(2):31-34.

RS, FHE, B4, s, WEeR, HoW.
TIPREE R (TTX) A B0 A 2 24 7 53R 1 ) 52 i)
(I, WPE2ipRas, 1984, 3(1):7-9.

sk, XU R, SRFEHE. WIKEE R (TTXO) MR 82510
WEFEL] . WS R ZR i, 1996, 4(2):105 - 106.
Valeri P, Morrone LA, Romanelli L.. Manifestations of
acute opiate withdrawal contracture in rabbit jejunum after
p-k-and J-receptor agonist exposure[] 1. Br J Pharmacol ,
1992, 106(1):39 - 44.

Miao H, Qin BY. Influences of locus coeruleus lesions and
reserpine treatment on opioid physical dependence in rats
[J]. Acta Pharmacol Sin, 1995, 16(2):137 - 140.

Ling GS, Tappe NS, Inturrisi CE. Methadone induced
physical dependence in the rat[ J]. Life Sci, 1984, 34(7):
683 - 690.

ZOH, NER, MR BT & U RS I SE

FsE )], REPEEL S, 1995, 15(9):
541 — 543.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Saelens JK, Granat FR, Sawyer WK. The mouse jumping
test — a simple screening method to estimate the physical
dependence capacity of analgesics[ J]. Arch Int Pharmaco-
dyn Ther, 1971, 190(2):213 - 218.

il . STk (M) dEat: AR TLAE Hi R
A, 1992. 700.

ZA4n . AR IR E BT R SRR 25 i F T i e [ ]
B 25l BTG %S, 1996, 6(3):2-5.

FRUKIE , KK AR . hiR — EURFTHERRE MRS /)
(J]. " EZ YRR E ], 1995, 4(2):65 - 69.
Buccafusco JJ. Inhibition of the morphine withdrawal
syndrome by a novel muscarinic antagonist (4-DAMP) [J].
Life Sci, 1991, 48(8):749 — 756.

Fernandez-Lopez A, Soria C, Revilla V, Gomez T, Calvo
P. Effect of morphine and abstinence syndrome on [*H]
bromoxidine binding to a-adrenoceptors in rat brain[J].
Neurochem Res, 1994, 19(4) :445 — 449

il g, wpfEER, . TS A N 4 B T
WS EARHE AR SR A AT 2 AR A B Ik, L R G R 52
WA LI]. il RO B RS, 1995, 3(2) :68 - 74.
Vaupel DB, Kimes AS, London ED. Nitric oxide synthase
inhibitors. Preclinical studies of potential use for treatment
of opioid withdrawal[ J]. Neuropsychopharmacology , 1995,
13(4):315-322.

Ren LM, Nakane T, Chiba S. Characteristics of the
response of isolated and perfused canine splenic arteries to
vasoactive substance and to periarterially electrical stimula-
tion[ J]. Jpn J Pharmacol , 1994, 64(1):19-125.
TR . KR R T T AR [N BHEOUR R,
1997-08-12(1) .

Ren LM, Bumnstock G. Prominent sympathetic purinergic
vasoconstriction in the rabbit splenic artery: potentiation by
2,2'-pyridylisatogen tosylate [J]. Br J Pharmacol, 1997,
120(3) :530 - 536.



- 440 -

Chinese Journal of Pharmacology and Toxicology 2001 Dec; 15(6)

Effects of tetrodotoxin on naloxone-precipitated withdrawal

syndrome in morphine-dependent rats and mice

CHEN Su-Qing"?, REN Lei-Ming', HUANG Zhi-Qiang’
(1. Department of Pharmacology , School of Pharmacy , Hebei Medical University , Shijiazhuang 050017, China;
2. Department of Pharmacology , Hebei Academy of Medical Sciences , Shijiazhuang 050021, China ;
3. Hebei Institute of Fisheries, Qinhuangdao 066002, China)

Abstract: The protective and therapeutic effects
of tetrodotoxin ( TTX, rats, 0.003 — 0. 1 pg
kg_l, im, for 5 d; mice, 0.02-0.2 yg'kg_l'
d-', ip, for 2 d) on withdrawal syndrome in-
duced by naloxone (Nal)were investigated in mor-
The results
showed that the loss of body weight of rats was
significantly inhibited ( P < 0.01) by TTX. The

jumping responses precipitated by Nal in mice

phine-dependent rats and mice.

were inhibited significantly by TTX administered 2
d before the challenge with Nal. TTX significantly
inhibited the withdrawal syndrome evoked by Nal
in morphine-dependent rats and mice, and its

effects were similar to that of clonidine. In the
range of dose used in this study, TTX did not
affect the blood pressure, respiration and heart
rate, and did not affect the nicotine-induced neu-
ral reflex responses in anesthetized rats. TTX had
no effects on ethanoic acid-writhing response and
spontaneous movements of the mice.

Key words: tetrodotoxin; morphine dependence;
withdrawal syndromes; naloxone; rats; mice
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