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Abstract— This study primarily attempted to investigate the effects of methamphetamine on stereo-
typed behavior. Furthermore, an extensive experiment was conducted to examine the cortex metham-
phetamine concentration and levels of dopamine, serotonin, and their metabolites in striatum, septum and
hypothalamus. Following treatment with 10 mg/kg methamphetamine, stereotyped behavior was observ-
ed in 10 minutes. Consequently female rats displayed more intense and longer lasting activity than the
male.

The concentration of cortex methamphetamine was even higher in female than male. The administra-
tion of methamphetamine increased the rate of dopamine turnover-i.e. lower dopamine, higher
homovanillic acid in the striatum, septum. The highest rate was found in the striatum. Methamphetamine
decreased the levels of serotonin, and its metabolite of 5-indoleacetic acid in the striatum, septum. An in-
tensity in behavioral response was accompanied by an increase in dopamine turnover, a decrease in
serotonergic transmission. The reduction of 3,4-dihydroxyphenylacetic acid-i.e. the metabolite of
dopamine was due not to the inhibition of monoamine oxidase but to the induction of monoamine oxidase
but to the induction of catechol-O-methyltransferase. The phenomenon of biogenic amines by metham-
phetamine concurred upon the concentration of methamphetamine in the brain. This process preceded
stereotyped behavior. After single injection of 10 mg/kg methamphetamine, the levels of biogenic amines
recovered within 6 hours.
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Al2f—Methamphetamine: HC1 & & #}3k4-A}
At4 £3EE AAATA Aslger], am-
phetamine-H,SO,,
droxytyramine (dopamine, DA), norepinephr-
ine(NE), epinephrine (EP), 3,4-dihydroxyphen-
ylacetic acid (DOPAC),
(HVA), 5-hydroxytryptamine(serotonin, 5-
HT), 5-hydroxyindoleacetic acid(5-HIAA),
sodium octyl sulfonate ¥ Sigma 34 AEL
trifluoroacetic anhydride (TFA)+ Aldrich 34}
AEE ALslodon, e 7 Ak 1§ =E &
& AR,

7|7|-Liquid Chromatograph with electro-
chemical detector (LCEC, Waters Associates,
Model 441 with Bioanalytical Systems)

Gas Chromatograph and Mass spectrometer
(Finnigan 4021)

Refrigerated centrifuge (Sorvall RC-5B)

HAHEE—-150~200g ) &4 Sprague-Dawley
FAFAE AHEE ‘

AEFo -t IAFAE 179 B9 B3 1YAlE
2 A8-3 v} MA-saline 88 MA ¢] 10mg/
kgol] Hl=2 B FAstn 15, 304, 1, 45, 6,
124178 ol FAIZch HzFe g FF
saline S 1mi/kg B7H FoI% +& 158, 2,6

methoxyphenamine, 3-hy-

homovanillic acid
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frontal cortex, olfactory bulb,
striatum, septum, thalamus,
hypothalamus, hippocampus, cerebellum

50041 0.4 M HCIO,
(0.5 w/v/i% Na, EDTA)
homogenize

15000g, 20 min, 4°C

Supernatant
HPLC

Aqueous

‘ cortex l

0.4 M HCIO,
homogenize
15000g, 20 min

Supernatant

EtOAc 2 ml ext

EtOAc

NaOH alkali
EtOAc 2 ml ext. 3 times
centrifuge

(i

Aqueous

evaporate

EtOAc 50ul, TFAA 100l
65°C 30 min

evaporate

EtOAc

GC/MS l

Fig. 1—Flow diagram of sample preparation.

A1ZE & hA A 2 E9 A EE St

S ExMFH—-3FHE Il HE 2FA
72 dg YellA AF9A (frontal cortex), T
(olfactory bulb), AlZA (striatum), =4 (se-
ptum), 3=} (hippocampus), A]A{thalamus),
A 851 (hypothalamus), 4% (cerebellum) =
54 (cortex) 2 vhro] DA, 5-HT #3pol B2 A
Z2A|, T4 9 A5 93 A4 amine &
A5z stedx, FJAL H MA ¥= FHA&
2 33},

& M2|g8M amine FH-AFHH A=A, F
A, AHE-E Ads HEsle,

s

Mayer 529,
Mefford?®e] whiol whe} Fig.13 2ol 05w/
v% Na, EDTAZ} & 04M HCIO, 500 ul &
o] F#A3E 3 0~4TCollA 15,000g o2 20% 5t
AAREF] L AFNE HPLC ZHAZ 3%
o},

¥ % Z9 NE, DA, 5-HT, DOPAC, HVA =
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5-HIAA + 0.1N HCIO,ol %3 50 ug/ml 5=
ANo g slx, FFENe HdE 01N HCIO,
2 3Asle] 250ng/ml, 100ng/m! = sk, 2
o BFEAS 504 Hal Ao 10ul &
HPLCo| F43kd & chromatogram o4 =
|2 FAle FAsged, 4 AAle & =4
oA ZAHY Al we} AR AEe 33
},

Alg+ HPLC & £4% w7tz —70Col| 233
et

2L o 2,

Column : u-Bondapak Cys

Mobile Phase : 93% 0.15M(pH 2.47) mono-
chloroacetic acid buffer (0.67mM Na, EDTA-
2H,0 & 1.42mM sodium octyl sulfonate includ-
ed) | 7% acetonitrile

Detector : LC-4B/17 Electrochemical detec-
tor using a TL-5
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Fig. 2—Chromatogram of monoamines and their
metabolites.
A; standard monoamines.
B; striatum of rat brain at 1hr following
10 mg/kg methamphetamine i.p.
Abbreviation: EP; epinephrine, NE; norepine-
phrine, DA; dopamine, DOPAC; 3,4-dihydroxy-
phenylacetic acid, 5-HIAA; 5-hydroxyindolea-
cetic acid, 5-HT; 5-hydroxytryptamine, HVA;
homovanillic acid.

Glassy carbon working electrode(Bioanaly-
tical system)

Applied poténtial : +800mV vs. Ag/AgCl

Controller sensitivity : 1nA/V or 2nA/V

Flow rate : 1.2m//min

o] Z7cH AQ3 FFF Y dHd MAE &
A o A7 Foll AT AzAoA g A
9] chromatogram -2 Fig.2 9} 7o},

H & MA & &3> F MA ¥ axEa
AM &A4¢& A&3] g JAFES Fig. 139 o]
sl GC/MS HYoz 3t

o] W] ¥FF TFA fr=Ale] 7 Az~ E o]
4] base peak % EA peak 9l MA-TFA 9} 154
m/e, AM-TFA 9] 140m/e ¥ WEZIZEAZ A
A3 methoxyphenamine- TFA oll4¢] 148m/e
& AdAsle] MID(multiple ion detection)*?-g Al
Al3H4A e,

MA, AM % HWEIFERY 7 5ugS TFA
#=H2 g F MIDE AAs ¢ mass
chromatogram oA WHZFEAo] g =Ay
2 NOVA 494 A=pAdE A4, 74 489
GC/MS Aqe FdxAoNA Agsle] zigkAlel

Table I — Stereotyped rating scale.

0; Asleep or stationary

1; Active

2; Active with bursts of stereotyped rearing or sniffing

3; Stereotyped sniffing or rearing over a wide area

4; Stereotyped sniffing or head bobbing in one place

5; Stereotyped behavior in oue location with bursts of
gnawing or licking.

6; Continuous gnawing or licking in one place including
self destructive behavior

ute} ke el

o] W] GC/MS #A4=27& t=3 A},

Column : Fused silica capillary BP-5(25mX
0.3mm)
Column temperature : 100°C (1) _10°C/min_
230C '

Injector temperature : 250°C

Transfer line : 270°C

Electron energy - 70eV

ASYE ZH-AEYF $4L 60cmX60cmX
60cm el FH3 Eohas AAE AHgald AAe)
fAct, 3MAE HEFA 308 Aol bl ¥l 84
of A7l & 10mg/kg MA & E7W o3z
108 7422 3024 647 Ft P58 BEs
t}, Beatty 5-20279] uldo]] ulz} Table I3} 3
o] A% o] dEFE ol 23t} re e
7o) £A%le] BEAE den 74 F& 34
3uteld shgict,

z =

MA off 2[5t gizle] MEHE—AM =& MA]
23 A5 ZAEE ZAs] A Fie
2E o] " 2ol glovt B A e H]
24 BAS] 48 HALe 45, 2AE 1)
E 3% W 84U T+ #58 543 Beatty
gl wol wtal Faksigict,

10mg/kg MA¢ Fo43 108 & 2T oA
WS FE=53 Y5l vEh] AFsligen, 1
A7 Bolle BE-S e 35, L A4l 1A
2 &%, AskE nole FFo] Aol el
o},
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Fig. 3—Mean stereotyped rating after i.p. injection of
methamphetamine (MA) to male and female rat
groups.

Each point is expressed as mean of 3 animals.
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Fig. 4— The content of methamphetamine and ampheta-
mine in cerebral cortex of rat
Each point is expressed as mean of 6 animals.

DA ¢] #3l= Table IIol48} 7o] 5% 15%
¥ DA level 11‘3}7} YEhA A8 A 2417
olAY ASE 308, 247 I dlzTol H]3)
A ebA A 0}54 M__»}(p<o.05), 6217 o] Foll&
e 2Tl A WS gl
AzA #F DAY ¥ aminedql DOPAC&
MA @550 FRF A 158, 30%, 147 F
1 level o] #A8}= %} (p<0.05),

Table II —Effect of Methamphetamine on the level of DA, DOPAC and HVA in rat Striatum.

Time after MA injection (10 mg/kg)

Amines Sex  Control 15 min 30 min 1h 2h 45h 6h 12h
DA M 12.10+0.64 10.13+0.48° 12.784+0.88 10.91+0.05° 8.63+0.16* 9.59+0.32° 11.05+0.44 11.42+0.97
F 1394+1.04 11.57+1.66° 852+1.48* 10.44+0.20° 892+0.83* 11.69+0.23 12.32+0.57 138.29+0.06
DOPAC M 329+141 150+0.05* 143+0.156* 1.42+0.23* 1.54+0.27* 2.86+0.20 3.34+081 3.62+0.55
F 2974074 135+0.15* 147+0.59* 1.28+027* 199+049° 2764060 3.09+1.65 2.67+0.49
HVA M 1294006 1.05+0.03 1.10+0.06 1.90+0.10* 1.69 ;:0.06" 1.81+0.03* 1.54+0.33 1.27+0.50
F  110+£011 0.73+0.17 1.7140.08* 1.76+0.05* 1.58+0.17 1.97+0.05* 145+0.06 1.13+0.13

Values (ng/mg brain tissue) are expressed as the Mean + S.E. of 3 determinations (control N=6)

* Significantly different from the control at p<0.05.
° Different from the control at 0.05<p<0.1

Abbreviations: DA; dopamine, DOPAC; dihydroxyphenylacetic acid, HVA; homovanillic acid.

Vol. 34, No. 5, 1990
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Table III—Effect of Methamphetamine on the level of 5-HT and 5-HIAA in rat Striatum.

Time after MA injection (10 mg/kg)

Amines Sex Control 15 min 30 min 1h 2h 4.5h 6h 12h

5.HT M 0.25+0.05 0.25+0.04 0.24+0.07 0.11+0.01* 0.24+0.05 0.16+0.03 0.24+0.05 0.294+0.08
F 0.20+0.01 0.13+0.02* 0.14+0.03* 0.16+0.04 0.13+0.04* 0.15+40.04 0.29+0.05 0.25+0.08

5-HIAA M 2.16+0.09 1.43+0.07* 2.02+0.02 1.72+0.17° 2.06+0.11 1.52+0.10* 2.39+0.17 2.30+0.16

2.291+0.18 1.42+0.21* 1.60+0.22° 1.501+0.15* 1.75+0.13 1.48+0.24" 2.06+0.15 2.36+0.04

Values (ng/mg brain tissue) are expressed as the Mean+ S.E. of 8 determinations (control N=6)

* Significantly different from the control at p<0.05.
° Different from the control at 0.05<p<0.1

Abbreviations: 5-HT; 5-hydroxytryptamine (serotonin), 5-HIAA; 5-hydroxyindoleacetic acid.

Table IV—Effect of Methamphetamine on the level of DA, DOPAC and HVA in rat Septum.

Time after MA injection (10 mg/kg)

Amines Sex Control ~ 15min 30 min 1h 2h 4.5h 6h 12h
DA M 0.87+0.21 0.56+£0.02 0.69+0.31 0.22+0.10** 0.75+0.11 1.01+0.27 1.14+0.33 1.02+0.25
F 0.92+0.28 1.00+0.38 1.24+0.55 0.52+0.02* 0.55+0.11* 0.80+0.14 1.04+0.17 0.95+0.21
DOPAG M 0.67+0.37 0.29+0.10 0.72+0.38 0.20 0.28+0.10* 0.69+0.21 0.55+0.18 0.56+0.29
F 0.62+0.26 0.51+0.24 0.66+0.28* 0.02+0.01** 0.62+0.25 0.28+0.12° 0.45+0.03 0.29+0.20
HVA M 0.27+0.13 0.3319.09 N.D. 0.38 N.D. 0.33+0.08 0.45+0.26* 0.36+0.09
F 0.26+0.18 0.11+0.04 N.D 0.28+0.15 0.24 N.D. 0.60+0.25*% 0.29+0.03

Values (ng/mg brain tissue) are expressed as the Mean + S.E. of 8 determinations (control N=6)

* Significantly different from the control at p<0.05.
** Significantly different from the control at p<0.01.
° Different from the control at 0.05<p<0.1

Abbreviations: DA; dopamine, DOPAC; dihydroxyphenylacetic acid, HVA; homovanillic acid.

DA 9 FEojAabEel HVA 9 w3k MA =t
FA% #AE A F, e E 304, 1
A7t Foll 1 level o] FHi=E{lom 4,547k F- 9
a4 B5olA level & F7P7F Bzl (p<0.05).

MZEH = 5-HT ¥ 1 thAlEe| Hal-x=zA F
5-HT 2| ¥i3}+ Table M3 Zo} MA uhg 43k
FA9 A Wizt F, 429 As+ 158, 1A
7}, 2817k & dl&Fol vld] 2 level o] AskE AT
(p<0.05). testosterone F-oioll 2J3} 2417 %,
estradiol F-odol] 9JdiA& 308 Fofl level o A3}
7} 2ozt (p<0.05).

5-HT &= ® amine #l¢] 5-HIAA ¢ #H3l= &+
2] A% 158, 4,547 F, 479 A& 155,
1A%k, 4,547 & diz=Foll vl&ll 2 level o] 3}
7} Vbt (p<0.05).

Z2{oliM DA ¥ 1 thAlEe] ¥sl—-F4 5 DA
o 2 AR Azl W WS Table Ivel 7
o] DAL 79 7% 158, A7 &, 339 A
£ 147}, 247 F 2 level o] dilz7o] w]Ef A
3159l 3 (p<0.01, p<0.05), DOPAC<S w=H3+&
MA =554 £ 2% 158, A7 ¥, oA
9 A$E A7 ol Adt Ast delged
(p<0.01, p<0.05), HVA ¢ ¥3}= MA =555
% ohrollA] 6A17F Foll 1 level o F7H7 HodR
o} (p<0.05).

ZEZ = 5-HT % 5-HIAA 9 w3 -37
5HT ¥ 5-HIAA 9] A7l whg gehshe
Table V& Zo] MA w55Fo sk 3F A
5-HT level o] 15%, 30%, 147k 3tz v
3 Astsgler (p<0.05), FHAAE 247 F,

o
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Table V—Effect of Methamphetamine on the level of 5-HT and 5-HIAA in rat Septum.

Time after MA injection (10 mg/kg)

Amines Sex Control 15 min 30 min 1h 2h 4.5h 6h 12h

5.HT M 0.39+0.11 0.09+0.01* 0.04+0.01* 0.05+0.01* N.D. 0.40+0.17 0.48+0.17 0.32+0.01
F 0.48+0.18 0.04+0.02* 0.03+0.01* 0.04+0.03* 0.13 N.D. 0.63+0.03 0.29+0.09

5 HIAA M 1.82+0.13 0.38+0.14* 0.17+0.03** 0.57 0.86+0.04* 1.18+0.34 1.86+0.74 1.39+0.43

F 1.75+0.13 0.26 +0.11* N.D. 0.31+0.09* 0.28+0.06* 0.44+0.15* 1.13+0.63 1.71+0.29

Values (ng/mg brain tissue) are expressed as the Mean+ S.E. of 38 determinations (control N=6)
* Significantly different from the control at p<0.05.

** Significantly different from the control at p<0.01.

N.D.: not detectable

Abbreviations: 5-HT; 5-hydroxytryptamine (serotonin), 5-HIAA; 6-hydroxyindoleacetic acid.

Table VI—Effect of Methamphetamine on the level of DA, DOPAC and HVA in rat Hypothalamus.

Time after MA injection (10 mg/kg)

Amines Sex Control 15 min 30 min 1h 2h 45h 6h 12h
DA M 0.30+0.09 0.07+0.03* 0.27+0.10 0.11 0.39+0.09 0.23+0.02 0.25+0.05 0.37+0.12
F 0.833+0.15 0.06+0.01* 0.18+0.11* N.D. 0.37+0.21 0.28+0.11 0.33+0.05 0.24+0.05
DOPAC M 0.31+0.14 0.14+0.03 0.12 0.70 0.13+0.01° 0.12+0.04° 0.11+0.03 0.30+0.11
F 0.32+0.06 0.03+0.01* 0.07+0.04* N.D. 0.09+0.02* 0.12+0.03° 0.16+£0.05 0.29+0.03
HVA M 0.09+0.02 0.124+0.06 1.16+0.03* 0.15+0.04 0.02+0.01 0.02+0.01 0.01 0.03
F 0.08+0.05 0.05+0.01 0.24+0.02° 0.19+0.08° 0.02+0.01 N.D. 0.06+0.02 0.03

Values (ng/mg brain tissue) are expressed as the Mean+ S.E. of 3 determinations (control N=6)
* Significantly different from the control at p<0.05.

° Different from the control at 0.05<p<0.1

Abbreviations: DA; dopamine, DOPAC; dihydroxyphenylacetic acid, HVA; homovanillic acid.

el AL 4,542 F 5-HT 7} AE=A] 4siel, 147 & F7F 339 A Addstae (p<0.05),
5-HIAA o] ¥ishe 5219 7% 158, 308, 24]  AAHoz w3} gl
7t 3, FelAde 158, 2471, 4,547 Foll 2 A4Sl DA 2 2 eiAbEe] #iske DAY
levelo] A=l o (p<0.05), 5-HT9 Hi=  AF 7ol dAxt 2 leveld Azt R,
e Al 2x ggkew, 5-HIAAS w3 DA tialE<l DOPACH H3te A6l level
MA B55%034] otRollA 7ba7t $78 ) 7k, Asprk +ARH o Aoz Wik =v|s}
AlAlstEOIM DA, 5-HT 2 2 thAl2e] wsl— 91, HVAo| 93 wishe A9 fasx] gk,
Al3eH:- F DA 2 tjAEe] Wisk= Table VI Table Vi Aj4sHiol4 5-HT 2 5-HIAA 9|
3 Zro] DA 9] #W3He MA ©55%e 7004 15 W3z 5-HT 9 Wske MA 355 3 53104
i, AN 158, 308 Foll level o] Asleigliet  15%el Ash} 9 E(0.05<p<0.1) W3} =|7|

(p<0.05), 3k, 5-HIAA £ MA #5594 33 43
DOPAC 9 H3h= MA ©1559 F7olxE 2 oA 158, 30% Foll Addt vt 2zt (p<

A7k, 4,.547F 3 ekrte] A351(0.05< p<0.1)qte) 0.05).

2oz o} skl e 158, 30, 2417k 3 A% 5-HT, 5-HIAA ¢ w3 Fig. 113 2-&d),

gt 74t BAE G CH(p<0.05), 5-HT & 7% FR0lA W3yt 7l o7t e
azv HVA 9] #3ke MA ©35%0 4764 o "]l wiske dizgol vis) folde] glale
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Table VII—Effect of Methamphetamine on the level of 5-HT and 5-HIAA in rat Hypothalamus.

Time after MA injection (10 mgrkg)

Amines Sex Control 15 min 30 min 1h 2h 45h 6h 12h

5HT M 0.39+0.04 0.15+£0.10° 0.30+0.06 0.21 0.4440.05 0.464+0.02 0.58+0.09 0.44+0.08
F 0.37+0.06 0.35+0.24 N.D. N.D. 0.64+0.29 0.46+0.09 0.57+0.13 0.68+0.10

5.HIAA M 1.57+£0.17 0.54+0.17* 0.78+0.14* 1.12 1.33+0.06 1.53+0.68* 1.30+0.12 1.33+0.18
F 1.59+0.15 0.16+0.02* 0.82+0.10 N.D. 1.51+0.49 1.0140.01° 1.37+0.18 1.744+0.28

Values (ng/mg brain tissue) are expressed as the Mean + S.E. of 8 determinations (control N=6)

* Significantly different from the control at p<0.05.
° Different from the control at 0.05<p<0.1.
N.D.: not detectable

Abbreviations: 5-HT; 5-hydroxytryptamine (serotonin), 5-HIAA; 5-hydroxyindoleacetic acid.
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