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STUDIES ON ACUTE TOXICITY OF NICOTINE AND AGING
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Summary . The mechanisms in the brain for acute toxicity of nicotine were investigat-
ed in rats. Age-related changes in acute toxicity of nicotine were also studied. An acute
intraperitoneal (i.p.) or intracerebroventricular (i.c.v.) injection of nicotine intensified
convulsions and death dose-dependently. But those convulsive responses induced by nicotine
(i. c.v.) were more rapid and shorter than those induced by nicotine (.p.). Acute toxic
effects of nicotine were dose-dependently antagonized by mecamylamine (. p. or i.c.v.),
but not by hexamethonium (. p.). Nicotine (10 or 24.5 mg kg, i. p.) significantly increased
dopamine, 3,4-dihydroxyphenylacetic acid and homovanillic acid in striatum. Furthermore,
electrical lesion of striatum suppressed acute toxicities of nicotine. Pretreatment of SCH-
23390, but not of haloperidol or sulpiride, blocked nicotine-induced convulsions and death.
Pretreatment of phenobarbioal, diazepam or MK-801 also prevented acute toxicity of
nicotine.

Nicotine levels in the blood and cortex after an acute i. p. injection of nicotine (24.5 mg,/”
kg) were significantly higher in old rats than in young rats. Hepatic metabolisms of nicotine
decreased age-relatedly. Also, nicotine (24.5mg, kg, i.p.)-induced lethality tended to
increase in old rats. On the other hand, nicotine (24.5mg kg, i.p.) did not change
monoamine levels in any brain regions in old rats.

These results indicate that acute toxic effects of nicotine can be attributed to a central
site. Acute toxicity of nicotine may be related to dopaminergic neurons, especially in the
nigrostriatal system, as well as GABAergic and glutamatergic neurons. Furthermore,
stimulation of D 1 receptors in the central dopaminergic system may be concerned with the
propagation of acute toxic effects of nicotine. Also, acute toxicity of nicotine in old rats
may be involved in two significant decreases, in hepatic metabolism of nicotine and in brain
sensitivity to nicotine.
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Fig. 1. Incidence of convulsion and death after an acute intraperitoneal (left panel) or intra-
cerebroventricular (right panel) injection of nicotine in young rats. Six to twenty-one

rats were tested at each dose.
Incidence of nicotine-induced death.

O : Incidence of nicotine-induced convulsion, @ :
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Dose of nicotine
(mg/kg, i.p.)

Dose of nicotine
(pg/side, i.c.v.)
Dose-response curves for nicotine-induced
convulsant effects in young rats. Rats
received an acute intraperitoneal (left
panels) or intracerebroventricular (right
panels) injection of nicotine. A : Onset times
of tremor (O), clonic convulsion(A) and
tonic convulsion (C1), B : durations of clonic
convulsion (A) and tonic convulsion (@),
C . Recovery period from the paralysis of rat
hind legs (M. Each point represents the
mean * S. E. M. of 6-12 rats.. The results of
the one-way analyses of variance were : F(4,
42)=10.54, P<0.01, F(4, 25)=7.83, P<0.01
(onset time of tremor), F(4, 42)=29.03, P<
0.01, F(4, 25)=20.18, P<0.01 (onset time of
clonic convulsion), F(4,42)=13.67, P<0.01,
F(4, 25)=42.98, P<0.01 (onset time of
clonic convulsion), F(4, 42) ; 25.76, P<0.01,
F(4, 25)=12.64, P<0.01 (duration of clonic
convulsion), F(4, 42)=16.7, P<0.01,F{4,
25)=45.64, P<0.01 (duration of tonic con-
vulsion) and F(4, 42)=85.86, P<0.01, F(4,
25)27.61, P<0.01 (recovery period) after an
i. p. or i. c. v. injection of nicotine, respective-
ly.
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Table 1. Effects of acute nicotine injection on monoamine levels in

striatum of rats

Monoamines Saline Nicotine
1 mg/kg 10 mg/kg  24.5mg/kg
Young
NA 88+4 86+9 98+4 109£6*
DA 84461216 8460+336 8992+190 *  9691+300**
DOPAC 1142+45 111853 1504+101** 1934439**
HVA 549+33 50721 711+£40* 808+33**
5-HT 341+34 37613 39836 4494 49*
5-HIAA 229+21 23234 284+15 274+33
(DOPAC+HVA)/DA  0.20£0.01 0.1940.01 0.2520.01** 0.28+0.01**
5-HIAA/5-HT 0.75+0.12 0.63%£0.05 0.89£0.13 0.85+0.07
Old
NA 6445%* 8247
DA 6281+286** 63741246
DOPAC 9124+39** 1052468
HVA 458+23** 455421
5-HT 176 £9** 20517
5-HIAA 142+17* 189+42
(DOPAC+HVA)/DA  0.22£0.01 0.24+0.01
5~HIAA/5-HT 0.79£0.05 0.75+0.12

All rats received an acute intraperitoneal injection of nicotine or saline 15 min ‘
before sacrifice. All data represent the mean + S. E. M. of 5-10 rats. * P<0.05,

** P<0.01 : compared to saline-treated young rats.

Table 2. Effects of acute nicotine injection on monoamine levels in
hypothalamus of rats

Monoamines Saline Nicotine
1 mg/kg 10mg/kg  24.5mg/kg

Young :
NA 1399+51 1176 £66* 1309+86 1384+114
DA 1067+68 1164+65 973+31 1089+63
DOPAC 185+13 276 £14** 253 +24* 250 £ 12%*
HVA 82+7 10312 88+7 90+9
5-HT 732+58 803+20 783+52 778+ 46
5-HIAA 341+12 295+13* 357+25 355+41
(DOPAC+HVA)/DA  0.26+0.02 0.33%0.02* 0.35%0.03* 0.32+0.02
5-HIAA/5-HT 0.50£0.05 0.43£0.04 0.52%0.07 0.58=+0.08

Oold
NA 1036+128 1022445
DA 816+176 829455
DOPAC 108+19** 11945
HVA 64+9 5816
5-HT 536167 511+£32
5-HIAA 309+29 401+34
(DOPAC+HVA)/DA  0.24£0.04 0.22+0.01
5-HIAA/5-HT 0.66£0.15 0.69+0.07

All rats received an acute intraperitoneal injection of nicotine or saline 15 min
before sacrifice. All data represent the mean £ S. E. M. of 5-10 rats. * P<0.05,

** P<0.01 : compared to saline-treated young rats.
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Table 3. Effects of acute nicotine injection on monoamine levels in

hippocampus of rats

Monoamines Saline Nicotine
1mg/kg 10mg/kg  24.5mg/kg
Young
NA 217+14 145+ 14** 19820 215120
DA 75+4 89+11 77+6 109+3**
DOPAC 22+2 34+3* 36+6 57+8*
HVA 22+1 22+4 2945 50+£6*
5-HT 26011 31148 297+28 317+43
5-HIAA 231+14 177+35 25629 27037
(DOPAC+HVA)/DA  0.63+£0.08 0.71%+0.14 0.89%+0.13 0.99+0.06*
5-HIAA/5-HT 0.90+0.06 0.74+0.29 0.95+0.13 0.86%0.13
Old
NA 157+12* 168+11
DA 34+6** 36+4
DOPAC 942%* 8+3
HVA - 174 18+4
5-HT 193+14** 218420
. 5-HIAA 199+32 242451
(DOPAC+HVA)/DA  0.75£0.07 0.69+0.08
5-HIAA/5-HT 1.01£0.11 1.16+0.24

All rats received an acute intraperitoneal injection of nicotine or saline 15 min
before sacrifice. All data represent the mean = S. E. M. of 5-10 rats. * P<0.05,
** P<0.01 : compared to saline-treated young rats.
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Table 4. Effects of intraperitoneal pretreatment of
various agonists or antagonists on nicotine-
induced convulsion and death in rats

Death

Tremor Clonic  Tonic
convulsion convulsion

(mg/kg,i.p)  (/n) (/m) (/n) (/n)

Drugs Dose

® A

Table 6. Effects of striatal lesion on nicotine-induced
_convulsion and death

Tonic Death
convulsion

Dose of Tremor Clonic convulsion

nicotine

Onset Onset  Duration

(mg/kg) (sec) (sec) (sec) (/n) (/n)

— . 13/13  13/13 13/13  6/13
Mecamylamine 2.5 3/5 2/5*  2/5* 1/5
5 0/11** 0/11** 0/11** 0/11*
Hexamethonium 5 11/11  11/11 11/11  5/11
10 5/5 5/5 4/5 2/5
Phenobarbital 30 4/5 4/5 2/5* 2/5
50 3/11** 1/11** 0/11** 0/11*
Diazepam 2.5 2/3 1/3*  1/3*  0/3
5 5/11** 3/11** 0/11** 0/11*
Haloperidol 5 4/4 4/4 4/4 3/4
10 8/8 7/8 6/8 2/8

Sham- 5 19+1 3444 146%23 5/5 0/5
operated 24.5 10+1 14+2 272431 5/5 4/5
Striatal 5  56+12* 73+£11* 70+15* 1/6* 0/6

lesion 24.5 38+13* 35+9* 151+£30* 1/5* 0/5*

All drugs were pretreated intraperitoneally 15 min
before an intracerebroventricular injection of nicotine
(450 pg/side). *P<0.05, **P<0.01: compared to
control group by yx?-test. n: number of rats.

Table 5. Effects of intracerebroventricular pretreat-
ment of various agonists or antagonists on
nicotine-induced convulsion and death in rats

Nicotine (5 or 24.5 mg/kg) was injected intraperitoneal-
ly at 7-th day after striatal lesions or sham-operation.
The values of onset time and duration represent the
mean = S. E. M. of 5-6 rats. *p<0.05, * *p<0.01,;
compared to sham-operated rats. n : number of rats.

Table 7. Efect of age on onset times of tremor and
convulsions, durations of convulsions and
lethality induced by nicotine

Age Dose of Tremor Clonic convulsion Tonic convulsion Death

Tremor Clonic  Tonic Death
convulsion convulsion

(ugfside,i.c.v)  (/n) (/m) (n) (/n)

Drugs Dose

- — 11/11  11/11  11/11 6/11
Mecamylamine 20 3/3 3/3 1/3*  1/3
50 2/8**  2/8** 0/8** 0/8*
100 0/6** 0/6** 0/6** 0/6*
Diazepam 10 6/6 1/6**  0/6** 0/6*
30 3/6* 0/6** 0/6** 0/6*
Haloperidol 10 8/8 8/8 7/8 6/8
30 3/3 3/3 3/3 2/3
Sulpiride 10 6/6 6/6 5/6 4/6
SCH-23390 5 4/4 3/4 1/4**  1/4
10 8/8 4/8* 2/8**  0/8*
MK-801 20 3/3 3/3 1/3* 0/3
40 8/8 2/8** 0/8** 0/8*

nicotine (/)
(mg/kg) Onset Onset Duration  Onset Duration
(sec) (sec)  (sec) (sec)  (sec)
Young 5  12£1 24+£2 145+6  50+5 52+4 0/10
24.5 8%1 13+1 299+23 23+2 82+7 9/21
Old 5 17+3 30%6 99+17* 63+9 34:6* 0/5

24.5 113 20+£3 248+41 26+5 63+8 12/16

All rats received an acute intraperitoneal injection of
nicotine (5 or 24.5 mg/kg). The values of onset times
and durations represent the mean + S. E. M. of 4-10 rats.
*p<0.05; compared to young rats.

Table 8. Blood and cortex nicotine levels in young
and old rats

All drugs were pretreated intracerebroventricularlly 5
min before an intraperitoneal injection of nicotine (24.5
mg/kg). *p<0.05, * %*p<0.01:compared to control
group by x2-test. n . number of rats.
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Age Nicotine levels Time to death
Blood Cortex (sec)
(ug/ml) (ug/2)
Young Alive 5.23+0.37 23.23+£1.52 —
Dead 1.91+0.45 6.49+1.93 260163
Old Alive 8.36+0.49** 31.77+1.27** —
Dead 5.66+£0.43** 20.974+1.35** 601+47**

All rats received an acute intraperitoneal injection of
nicotine (24.5 mg/kg) 15 min before sacrifice. The dead
rats after nicotine injection were rapidly decapitated at
death. The values represent the mean =+ S. E. M. of 4-12
rats. *p<0.05, * *p<0.01; compared to young rats.
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R MERID D - 7o (x2=2.625).
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Table 9. Effects of aging on content of cytochrome P
-450 and specific activities of nicotine
oxidase and flavin-containing monooxy-
genase in rat liver

Age Cytochrome P-450 Nicotine oxidase  Flavin-containing
content activity monooxygenase activity
(nmole/mg (nmole/min/mg  (nmole/min/mg
protein) protein) protein)

Young 0.634£0.025 184.8+9.0 19.566+2.169

(n=14)

Middle-aged  0.59640.015 163.219.0 18.601+0.796

(n = 6> * ¥ * % * %

01d 0.265-0.031##  85.0+£10.8##  4.903+0.647##

(n=5)

All rats received an acute intraperitoneal injection of
saline at 15 min before sacrifice. The values represent the
mean * S. E. M. *+ P<0.01, compared to young rats ; ##P
<0.01, compared to middle-aged rats. n . number of rats.
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