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Catecholamine Concentration in Mice
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There are many reports that ketamine-induced analgesia is prevented by narcotic receptor antagonist, nalo-
xone. Neurochemically, ketamine has been shown to interact with opioid receptor and may increase neuronal
activity in the monoaminergic systems in the manner similar to morphine. However, other evidence indicates
that ketamine has negligible affinity for specific opioid receptors and its analgesic effects.

In the light of these conflicting findings, the purpose of the present study was to compare changes of
brain concentration of catecholamine{norepinephrine and dopamine) in response to naloxone, clonidine, yohim-
bine and prazosin in single ketamine(20mg/kg) or morphine(10mg/kg) and chronic ketamine(AM:10 PM:5,
twice in a day, 20mg/kg for 10days) or morphine(AM:10 PM:5, twice in a day, 10mg/kg for 10days) treatment
in mice.

The results obtained are summarized as follows:

1. The concentration of NE was decreased significantly in 30 min. and that of dopamine was decreased
significantly in 30, 60 and 120 min. by a single ketamine treatment.

The concentrations of NE and dopamine were not affected by chronic ketamine treatment.

2. The concentration of NE was decreased significantly in 30 min. and that of dopamine was decreased
significantly in 30 min. and 60 min. by a single morphine treatment.

The concentration of dopamine was decreased significantly by chronic morphine treatment.

3. The concentrations of NE and dopamine were not affected by administrations of naloxone or clonidine,
but those of NE and dopamine were decreased significantly by yohimbine in chronic ketamine treated group.

4. The concentration of NE was not affected by naloxone or clonidine or yohimbine or prazosin, but that
of dopamine was increased by naloxone or clonidine and not affected by yohimbine or prazosin in chronic
morphine treated group.
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Ketamine [2—(o—chlor0phenyl)—2-(methvlamr'no) cv-
clohexanone]& d2] #0li= vi# ofEF hto]n
o ok 3 e ketamine VYE 3o mood change,
hallucination, confusion’¥-& 2.7 5= 9171 wfFof
szl eba A et ghul 1l o] ketamine©] vh
Hgaelox AE F 3 % motor activity| &= GF
& #ria gtk o] £ ¥ @3kt opiate receptor$}
el vkl 3o narcotic antagonist$! naloxone®l
At E ek ahy BarviEe) glem ofd gtE
BT °1L}
Ewi Agzgo 2EMAUW catecholamine thAt
o} PAQO W E38] opioidEo] FF AW cate-
cholamine neurone®t ¥EHTH: RIll: Vogtl'ol
3 wstol g vhamias it g} o v Maynert9} Klingman
"2 morphine® 18 %<4l brain®] catechola-
minedt#Fol I hF R, G FEoabd FrbElvka
aked morphine®] WAl A0 catecholamine
step W Eah #eto] 9lg& AlAratsdch Tefy mor-
phineo] 2 E 423 W catecholamine 3 & ¥ 5t
¥ g o K2)oll v 7]E} monoaminergic system}el
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1. h2F(Saline S 5 ¥
2. Ketamine 3
a. Ketamine 20mg/kg 13] ¥
b. Ketamine 20mg/kg & 71 Fodat
(1097 .34 104 2 2% 50 1 23] %
o5kt
—1. Naloxone(lmg/kg) 5o
~. Clonidine {(200ug/kg) ¥
. Yohimbine (1mg/kg) A+
. Prazosin (Img/kg) F37
3. Morphine %+
a. Morphine 10mg/kg 13 Fo
b. Morphine 10mg/kg & 71 5o o
(107t 248 104 2 2% 54 19 23] #
o 3tdth)
. Naloxone (Img/kg) ¥4
L. Clonidine (200pg/kg) ¥+
=. Yohimbine (Img/kg) Foi
2. Prazosin (Img/kg) ¥l 7
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Mouse A& 05 14 Mo doksln FH-3
AE A F ZA) AUEle) HE HESh 04N Per-
chloric acid# 1008] 2] 238}o] ice-batht ol A] homo-
genizedt F 4T 25000g% 1083 A4 A At Ao
}Eo% 1miE 4ml centrifuge tubedl £ 7 w3l 50ul
GSH (0.05M), 50ul EDTA(O 3M/1, pH?7)2} 30mg acti-
vated alumina®t @A 2 1827 A Hedg oL F
Tris buffer (1M/1, pH8.6) 1.0mlE 7+ 3000r.
pm 94 2 A3 supernantE A Agh 1.0ml EDTA
Bm M, pHDE 9o} alumina® shakerd) 4] 154-7%
BE 3 1087 3000rpmo 2 14 AAANY, o]
7228 33k catecholamine aluminadll F# A1 A

AR #HE AR 100ulE injec-
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HPLC system : GILSON isocratic auto-analytic
system
Column . ZORBAX 0ODS, 4.6mm id.X24cm
Mobile phase : 0.05M NaH,PO./methanol =94/6
(v/v) with 0.5mM sodium octane
sulfonate and 0.02mM EDTA and
pH3.7 with perchloric acid
Flow rate . 1.2ml/min (Pressure:240-260 Bar)
Detector . GILSON 141 electrochemical detector
pot.:0.8V
sensitivity . 2nA/V
filter . 2sec
Injection sample volume : 100ul
Temperature . ambient
¥ 2 Ao ALgE B2 g Pt
Ketamine (#3348 F213]4h
Morphine (# < A2F)
Naloxone (Sigma Chemical Company)
Clonidine (Sigma Chemical Company)
Yohimbine (Sigma Chemical Company)
Prazosin (Sigma Chemical Company)
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1. Ketamine %ot
Ketamine 20mg/kgE mouse®7H ) 13 F41351
330, 60, 120 2 180%-oll 543 ) NEFZF

3. Ketamine %= morphine % 7] &

ol

50.13+ 6.95, 62.30+ 5.85, 66.27+ 5.25 % 8423+ 6.
95ng/ei A o R 82,29+ 5.92ng/gel M 3had 30
9 el FAEgHo R Foysldr}y. Keta-
mine¥ 7] Bodiel =) NEFZHS 94.04+ 7.64
ng/gR A wrAlte] NEgHF 7o) sl 2o
Z7tE AEgsS vgdoed EAgHo g §o
3t A]v= FPcH(Table 1)

. Morphine %o ¢

Morphine 10mg/kg mouse 24 13 F4}3+
30, 60, 120 3 180%-o] &A% w1} NEF e
63.39+ 6.21, 70.24 + 6.98, 113.10+ 25.94 % 9048+

6.3Tng/gR Al thaatol ¥3le 3089 {tav §
AgH oz {Fo3tedout, morphine 71 %oF
of =\ NE§H &2 8154+ 85Ing/g2 A H e &

Bol 7] gkth(Table 1),
Pl o 4% oFE

a. Naloxone ¥
Ketamine® 7] ol HE ¥od F 10

AR 5387 1A17FA o) naloxone 1mg/kgs:
gk & Z3e AU NEgHEL 8750+ 11.92
ng/g &M CH:L‘J.L(94.O4i 7.64ng/g) M naloxone
“HE o) (80,644 10.90ng/g) ol H] 8l 8
8}& Bolz] ¢t o™, morphine &7 o)
HE 1047 W‘r’ﬁ}ﬂ 1417t 4ol naloxone 1
mg/kgE ¥ 8 F ZH % U NEFaEe 85.71
+10.26ng/gia A tH 2 (81.54+ 851ng/g) %
naloxone¥HE Fof o] wiglol % W wiglE B
o}=] 9kekck(Table 2, 3, Fig 1).

b. Clonidine % <}

Table 1. Changes of norepinephrine and dopamine concentration by ketamine and morphine treatment in mouse

whole brain

Time after Brain norepinephrine Brain dopamine
injection ng/g ng/g
Ketamine Morphine Ketamine Morphine
0 min, §2.29+ 5.92 650.01 16.27

30 min. 59.13+ 6.95* 63.39+ 6.21* 479.63+ 70.66* 388.89+ 35.0%*
60 min. 62.30% 5.85 70.24+ 6.98 416.67+ 16.97** 44236+ 33.7**
120 min. 66.27+ 5.25 113.10+ 25,94 477.59:+ 56.04* 710.26+ 46.84
180 min. 8423+ 6.95 9048+ 6.37 705.56 + 84.31 745.14+ 85.14
10 days 94.04% 7.64 8154+ 851 708.33+ 78.09 529.89+ 48.78*
* 1 p<0.05, ** p<001
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Table 2. Influences of naloxone, clonidine, yohimbine and prazosin on the changes of brain norepinephrine and

dopamine concentration in ketamine or morphine

Treatment

Ketamine

Ketamine + Naloxone
Ketamine + Clonidine
Ketamine + Yohimbine
Ketamine + Prazosin

Morphine

Morphine + Naloxone
Morphine + Clonidine
Morphine + Yohimbine
Morphine + Prazosin

** ; p<0.01

140

Brain norepinephrine
(ng/g)
94.041 764
87.50x 11.92
119.84+ 14,78
61.11+ 6.20**
9325+ 525

81.54+ 851
85.71+ 10.26
9345+ 124
8274+ 6.81
79.76 %
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dependent mice

Brain dopamine
(ng/g)

708.33+ 78.09
670.83+ 82.23
831.48+ 12.96
412.96+ 46.74**
612.96+ 60.63

529.89+ 48.78
746.30% 66.07**
653.70% 27.41**
487.49+ 2577
486.11+ 41.11
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Fig 1. Influences on naloxone (A), clonidine (B), yohimbine (C), and prazosin (D) on the brain norepinephrine

concentration in ketamine (

** 1 P<001

4 ) or morphine ( [J[T]{] )-dependent mice.
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Ketamine® 7] 5o Tl clonidine 200ug/kgE
HZ 1094 @537 1A% Bodtn &
A8 1l NEFFS 11984+ 14.78ng/g2 A o
Z7(85.72+ 10.12ng/g) 3+ clonidine® & Fof T
of nlglel W WEE HolA @sten, mor-
phine® 7] §o 7| clonidine 200ug/kgd ¥4
3 F 23% = NERFHS 9345+t 1.24ng/g
24 ERT(81.54+ 851ng/g)# clonidine™ =
EojFe wEldx ¥ #aE Holx @irt
(Table 2, 3, Fig 1).

¢. Yohimbine ¥

Ketamine® 7| o} atoll yohimbine 1mg/kgE&
HZE 10U @587 147 He Foqsta &
A% Al NEFHEE 6111+ 620ng/g2 X tE
ol visle #28 748 el e, yohi-
mbine© % B Fol vldtals E USE BelA
2¢%tth. Morphine A7) %<l yohimbine 1
mg/kgE FoAF A U NEFFS 8274+
6.81ng/g= A &3 yohimbine© % oo
Hlated ¥ W 3lE Holx hti(Table 2, 3, Fig
1).

d. Prazosin ¥

Ketamine® 7] %ol prazosin 1mg/kgE
HE 1098 %87 1A UAN BAE &
A3 W) NEFHeke 9325+ 5.25ng/g2 A W&
T3} prazosin ¥+ Fol ol vlste] W HIE
Ro]=] et e morphine® 7] % ) prazo-
sin Img/kgE Foi ¥ 4§ =) NEFgRELS 79.
76+ 752ng/gE A HRT 2 prazosintHE Foi
o sl @ W3S Kol gAH(Table 2,
3, Fig 1).

B. U Dopamine®lzal HEZofl B3t AH
1. Ketamine %o

Ketamine 20mg/kgE mouse® 7l 13] F=ALg
% 30, 60, 120 ¥ 180%-o] ZA ¥ A dopamine
3HeE2 479.63 70.66, 416,671 16,97, 477.591 56.
04 2 70556+ 84.31ng/g2 M ™2 F(650.0% 16.27
ng/g)ell Bldted 30, 60 F 12089 #Fie FA
R oz Hodtgen ketamined?] FAT9
A dopamined & 708.33% 78.09ng/gE A
ZFo] BlEte EARAo 2 KoF Wzl B &
A tHTable 1).

2. Morphine ¥4+

Morphine 10mg/kgE& mouseE-ZH 13] FAMg

3 30, 60, 120 ¥ 180%-<] ZAF = dopa-
mine$ & 388.89+ 35.0, 442.36+ 33.7, 71026+
46.84 3 74514+ 85.14ng/g2 A R H] Bt
30 2 6089 ZAivte]l BARH SR Fo3T)
Morphine®7] o2 =ul dopamine %2
529.80+ 48.78ng/gEA thzyol Bty Fof§
A% JepR Ach(Table 1).
3. Ketamine ¥+ morphine® 7] 5o 7o) % &
By
a. Naloxone ¥
Ketamine #7] %ol HF Fo4Y F 10
A G587 1A]2HA9) naloxone Img/kgs
Bag & 233 ] dopamined FS 670.83
+82.23ng/g 2 A th £ T(708.33+ 78.09ng/g) &
naloxone¥H% o4 (555.56+ 72.93ng/g) ol H]
sho] ¥ W3E HolA 99t om, morphined 7]
2oy HE: 1044 @537 12120440 na-
loxone Img/kgE 598 & =A% Al dopa-
mine@d B 746.30+ 66.07ng/gEA  OIRT
(529.80+ 48.78ng/g) o) W& £ F1E
veEh) 9l 2t naloxone W5 Fof -ofl ¥ 3lo] &
#o Wa g B 4 A Table 2, 3, Fig 2).
b. Clonidine ¥4
Ketamine® 7] o Foll clonidine 200ug/kg
£ HZ 10UA 5357 1A A 248t
2% W dopamine¥ &< 831.48+ 12.96ng
/g2A AETF 2 clonidine®t s F-of o H&}
o H HiE B 4 gUou, morphine® 7
Ed o clonidine 200ug/kg®: 43 ¥ =
A% = dopamine® #FS 653.70+ 27.41ng/g
ZA vzl v FoF F7HE UEY
Ao clonidine@d 55 ool vjdled= ¥ A
88 2 4 ¢l (Table 2. 3, Fig 2).
c. Yohimbine o
Ketamine# 7] 5o 7)) yohimbine 1mg/kgS
HE 1094 @587 143 Fodsin 2
A% =W dopamine¥ &S 412.96+ 46.74ng/g
2A oz vEld fod 7ZAE Jeh)
2o} yohimbinews Fojo H3le= &
WHEhE 8 4 g2l Morphine®7] %ol
yohimbine 1mg/kg8d T ¥ £33 i dopa-
mine ¥ #S 48749+ 2577ng/g2 A PETH
yohimbine® % Fojfte] uldle] ¥ W3lg B
o)z ekskth(Table 2, 3, Fig 2).



~ 66 - "%“‘HF% N 3'g < "-f"“‘* Cil le 1990

(A) (B)
900 900 [

450 -

-

BRAIN DOPAMINE (ng/g)

) L—

(@) o
o 700

,'{5()}‘

BRAIN DOPAMINE (ng/g)

concentranon in ketamine ( i3
1 p<0.01




AR I a)%" Ldlt‘(h(lldmlnﬁ ghar wmgoll vl > Ketamine *! Morphine®] 3%k - 67 —
Table 3. Effects of drugs on noxq)mephnne and dopamine concentration in mouse whole brain
Control }\emmme Morphme Naloxone Clomdine Yohlmbme Prazosin
Brain NE ) . . 5 5 -
(n/o) 8229+ 592 6230t 585 7024+ 698 8064+ 1090 857211012 63.69% 739 750+ 7.81
ng/g
Br:’";/d)"pam'"e 6500+ 1627 41667+ 167" 44336+ 337 ** 56556+ 7293 6500+ 5132 45417+ 4658* 5037+ 50.21%
ng/g

* 1 p<0.05, ™ p<0.01

d. Prazosin oot
Ketamine & 7} Y-<is*oll prazosin Img/kg$-
HE 1095 ch-aby] 1A hsel Roddtn &
A% W dopamine $F ik 612,96+ 60.63ng/
g2 4 th Rt 7}b prazosintt Sodtol) v
W oEE wolz) ekgktl, Morphine ¥ 7] Yol
ol prazosin Img/kgs o F Y3 A
dopamined & 486,11+ 41.11ng/gsi A o) ok
@ prazosinthy Yealitel njsted ) wehi

Bolz] grakui(Table 2, 3, Fig. 2).
nl 4

Ketamine [ 2-(o-chlorophenyl)-2-(methylamino) cy-
clohexanone - afv]d np3 Aol Ke(zimine~f’,—
ulbH 2pg el AV Qukal s ofy:

A ZAA ] endogenous opiate neuronal pathway-f»
Aestoky Aol glan, ol vidt shalat wid v of
ketamine ¥} morphineofl 213} analgesic action, catale-
Aol thEk Halsro] UhE
a}ila'i}oq

Aeuralg

DSy, i v
S IBERE ST ketamine©]
PR 8 keta-

mine®] *H-naloxone 9] opiate receptor binding & dis-

*H-naloxone &

opiate receptor¥ bindingdli: 4M &

place*1 7112 22 A] opiate receptorol th3} agonist &
9 B)oarsbyg ) Jrojvk ketammel’} morphine2]

*}%Oﬂ 18 R e = A I EL
glor Pekoe9t Smith" 3~ ketammeﬁ?] %22 o)
naloxone®.th phenoxybenzamineol v 71854~ 4
© & Hol ketaime?] F%-#Eo] opiate receptor 2}
agonist effect@}oll t}¥ neuronal systemoj ¥red#
T UE& AARSEACE Crefut ofuf of v W g b
AEEH} F3 catecholamine neurone#he] e
o Rof i M @ gl b so) gloy,
%3] morphine®] anti-nociceptire activity 2} brain ca-

techolamine2] Ao sl A Vogt' o] 3l W L o]l

i

Wo. Koarwiheite] gt} Catecholamined M8 A 0.
i degeneration*] 713~ 6-hvdroxydopamine & %<
3" morphine?] H%E 2H&o| oMY ' EH a-me-
thyl-p-tyrosine® %3 3kad Huf catecholamine$ 3}
AMAN morphine?] EA&o] Ag gty &
gk 1ok @3le) 2 AR 0] potentiation™ ¥tk
Avk d Al abb glusr B s 9l o Paalzowst
Paalzow'™i= o] e1%t 4§ & o) 7t REHZ A
8tod telencephalic cortexel A 71§23k W}
Yoyt oy, NEX.thi= dopa-
mine® $reHEo| morphineel WE AN} R
o] 7lom o]2i3t amine2] M E S synthesis?|
ZE7FHR Uk turnover?} #VES] 7} gjF-olgtal Rt
¢t} Ketamine©| plasma catecholamine & 57147
aL ol qlal A ¥ Ao Q&S F 4 Avky: R
7} 4=t Traberst Wilson™ ©- o] 23t 4] & ¥4 9]
Agkol] £39] sympathetic stimulationo] o] ¥lu}
A stk ik olei gk WA AA FEAE 0
extraneuronal uptake ¢}#|*o)] 2]&}i=2], neuronal
uptake ] Aol 9f&}1= %] Eim WU o] B2 of
el A el

M A & ol 25+ ketamine™ morphine®] W cate-
cholamine§&f W %ol hd A4S do} By
Foopu-g thy] W g o (104 LM 10 & F
541, 19 23], ketamine-> 20mg/kg, morphine- 10
mg/kg H-PU FAP S ¥ E2#W NE# dopa-
mine# &S HFAsA oW, 47 ¥ morphine
o] 2lghelsgl ndk)xoneJ—} morphine2] I TE Y
e oast, L A AFEREE S

a.-adrenergic receptor agonist$! clonidine} Aol
o 1) 32 ol gFol] A=
a-adrenergic receptor £ %538+ yohimbine % pra-
zosin®r Y-8l Ul catecholamine(NE, dopamine)
k& Hgatdut ¥ A AN ketamine 18] Fo9F
A =W NE g0 308-olv: (FAa s Holuhs) 3z}

W F8 amines

A1:: as-adrenergic receptor$
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Az HYoen FrFoFoA HU NE ¢3e
G FUkE Ao dET) v FoEAE= @
¢ttt Morphine 13] ¥4 308 Fole 34319
ou A P 2N e FlEE %S Bg
on A7) FojFo A ) NEFHS 7HiHo &
g ¥3E & 4 RlUcH(Table 1). Dopamine %
- ketamine 13} £F 30, 60, 120804 2%
SE Holx, 7] FoAldE ¥ WElE Holx
%te.™ morphine 13 ¥oF 308 2 608
Trof st Roltizt 241t F o= g E 5.
Morphine &7 Fo-gol M+ #2% dopamine 3t
o A8 Ve (Table 1). o] 2% W cate-
cholamine@ & W & NERUOE dopaminedlA o
23t W stE B ol 2 W Paalzow$} Paalzow 18] 31
Glisson®™*" g 2] Zutel A= Azg AUk
-morphine® 7| Fal7 2] dopamine$t ko] 7HA ¥ na-
loxone ¥ clonidineclt 2814 A %20 o.™, yohim-
bine ¥ prazosinol] s+ ¥ HIE B 4 gk
Zreuk Hu) NE& ke naloxone, clonidine, yohim-
bine ¥ prazosinol €3t} ¥ W Fo] g1t} Cloni-
dine?] AFHEH7) 4L morphine?] NZ#83} I
) A& Holuk morphine®= @) naloxoned 2
o= S A% 2T yohimbined] 2] 3ted A
W02 M gradrenergic system® HRog FX
"ot Ketamined 7] o729 NE % dopamine3t¥
2 naloxone, prazosind] 9&A1= 8 WIE Ho|x
okgto ™ clonidineol 23ld= o7t =712 Holx
yohimbineo] &3td= {Feold A2 Hygr) o
Schmitt* 5-¢] yohimbineol] 9]&14] xylazine®] 2%
A7) AeE A BaE A B Agdaz
£ o yohimbineo)| &j8§4 fzl7t Zolg A
ZAYoll+= catecholamine?t A7} #AsHAl UERd
Heg Az

£ 4827 ketamineof o| =W} NE 2 dopa-
mined FHHA Foll N3 71 M & opiate receptors} #
#3371 oJ8d$ 0, 3793 & neuronal system&
ol 2 & == QLA 9t gs-adrenergic receptoret T o)
e Aoz FEFch

o3 oo 1o

o

O,

&2

AMNE
\'}——‘—E

ol

2 o

Ketamine ¥ morphine 13 £o% 7] Foja
W} NE, dopamine@® #HFol uxe 4%e ¥
#3t1, ol F Ago B 7) M-S FY2A opioid re-

TEFR) BA
¢l clonidine®} yohimbine ¥ prazosing Ed3}o]
HW NE % dopamine #&H5S 48 #Haslo
02 2o HHg Add.

Ketamine 20mg/kgE 13] 5o % YU NEF e
308 FoJdt BHAE 2D H dopaminedt e
30, 602 120%0] foF 74E B A7) o
oA e 5% d Walrh gddck

Morphine 10mg/kgE 13] 5% =] NEFg @2
308 93 248 WY S dopamine Sk
& 30 #6080 9§ H2E JehddTt F7)
FodF M dopamine?] d3Fyro]l §2oltA oA
et

Ketamine % 7]

ceptor XA naloxone, morphine®

1% 4o naloxone, clonidine %
prazosin ¥ & Ul NE ¥ dopamine& ¥ wW3}7}
U et yohimbineo| o}sjMe FoF A v}
el el

Morphine37] %o 2ol A= naloxone, clonidine,
yohimbine ¥ prazosin®l] ¢J#i4 = NEF e
Aerg WA gt o}, Wl dopamine %3S nalo-
xone F clonidineo 2|3}ed= 57152 1, yohimbine
2 prazosinol] o5t odakg WA orgrel

o] 42| ketamine ¥ morphine2| ¥} NE 2 dopa-
mine$t 2] M Eol i3 dFA T A Bol Hy
catecholamine® & NEXR U dopamine$ s &
o] #HA3H o, ketamine® Wl catecholamine
3tekd 5 28-S opiate receptor9t T A7 o
1 ap-adrenergic actiono] UH T f‘/}?)rl’ F
g

4 12 g 8
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