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Effects of Adenosine and CNS Stimulants on Motor Activity in Mice

Jung Jae Kwaak, Hea Young Kim and Won Joon Kim

Department of Pharmacology, Yonsei University College of Medicine, Seoul Korea

The behavioral pattern of an animal is influenced by endogenous and exogenous stimuli
such as humoral secretion, neurochumoral transmitters, drugs, light and environmental change.

It has been known that adenosine is a normal constituent of brain, and has sedative or
hypnotic effects and anticonvulsant effects, inhibiting the spontaneous firing of cells in the
brain via membrane adenosine receptors. Recent studies suggest that the excitatory responses
to xanthines in the CNS might be related to the competitive antagonism of xanthines to
adenosine.

This study was undertaken to investigate the effects of adenosine and the CNS stimulants
such as picrotoxin, strychnine and caffeine on the spontaneous activity of mice, and to
examine the influence of adenosine on the seizures induced by large doses of CNS stimulants.

Subjects were 20~30 g adult mice, and the spontaneous activity was measured using the
Selective Activity Meter after intraperitoneal injection of adenosine(10 mg/kg), caffeine(160
mg/kg), strychnine(0.2 mg/kg) or picrotoxin(0.5 mg/kg) with or without adenosine pretreat-
ment. The seizures were induced with caffeine(200, 250 and 300 mg/kg), strychnine(1.25
and 1.5 mg/kg) or picrotoxin(10 and 15 mg/kg).

The results are summarized as follows:

1) The spontaneous activity in mice was significantly inhibited between 10 and 20 minutes
after adenosine treatment.

2) Caffeine and picrotoxin increased the motor activity significantly while strychnine had
no effect on the activity.

3) The ambulatory activity in the caffeine, strychnine and picrotoxin treated groups was
significantly inhibited by adenosine pretreatment.

4) The seizures were observed with caffeine(200, 250 and 300 mg/kg), strychnine(1,25 and
1.5 mg/kg) or picrotoxin(10 and 15 mg/kg). The caffeine induced seizures were inhibited by

adenosine pretreatment, but the strychnine or picrotoxin induced seizures were not affected.
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E 944 AEUA FHE 2403 A ow
TF FE4 A5 ARG A5 FYol AR
vebide} (Franz, 1980). Strychnine & $34] 734 &
Ay o e FRASNAGL F4 e A4 yha 3
+AE FAAA A 2 gL A Aged=ta
glycine s} Ao zs A4 Y 4AE A8
71E8 gvh(Curtis, 1963). Picrotoxin-& A4 =
Y~ GABASE Agald P 949 ez
FE74S vl st (Mac Donald 0 Barker, 1978).
¥ xanthine $-EA o] &g 23 R8¢ cyclic
nucleotide phosphodiesterase & A Ao 2 cyclic
AMP 7t 5457 wFoletn A2seo] gou(Rit-
chie, 1975) PEHIE QoA =E 2184 33
¥ e}l &= xanthines 9 5% 2 = 44} 4 &) phospho-
diesterase 4 Al & dov R FFo] 3= gdrh(Daly,
1977). =3 xanthines & F3%-417 4 4] A ¢ adenosine
g3 A7 o2 oA sl (Sattin @ Rall, 1970),
oled] 2 a8 xanthines ] %X phosphodiesterase
£ dAlsted &7 E A2 A9 @] wEd,
EFA73A | A8 xanthines 9] T3 £ = adenosine
of o5k AL vt el Bel dE wel
E4%)7 g }(Fredholm, 1980; Rall, 1980).
Adenosine ¢ 39 A4 FHYE o2 (Pull B
Mcilwain, 1973; Hollins @ Stone, 1980), T-414 %
4 AU s AT ond HAEE Aduby s
FTE-g oA s+ (Edstrom ¥ Phillis, 1976), 74L&
g4 z] ¢ko) olfactory cortex, hippocampus, 7|}
TE N4 $84 19T AAY AFE 224
7cha geh(Dunwiddie @ Hoffer, 1980; Schubert &
Mitzdorf, 1979; Scholfield, 1978; Kuroda % Kobay-
ashi, 1975; Okadda ¥ Ozawa, 1980). Adenosine &
Al 9} adenosine =g o] ZHL3te] A THEo] o3

fo

¢ Zvly 24 gv}(Huang 9 Daly, 1974). Adenosine:
GgdE A 2 A8 FAS dfel FASL e
=] xanthines £ A;5-&x|o] A& 4723 AFgA ol
g}ﬁiﬁu}(Londos =, 1980; Bruns &, 1980; Williams-
g Risley, 1980).

. Adenosine 9] @] wdtd H=2AY A LT
A 8 g5ed T g g5 nlx]& adeno-
sine 3} adenosine f-54 ¢ gkl P A& F7
a} A eh, #eld £ AgdA L adenosinedt FHA
74 & 2A ¢ picrotoxin, strychnine @ caffeine o] wf
$29 ALeFd HAe gPFs AAsgoen] of
2 b2 FFAASEA FdA deplE A" WA
o ®] & adenosine & 3¢ FT3x} g,

HEr=E B Uy

1) HEd=E

AP FEELE AF 20~30g WIS AFAE A3l
on FEAAA QFEASNAA 15Dl Ag3g
3@ A¥ol AT FEE vhA A4FA Guvh

2) 4y

(1) AUSE 48

AukgEL FLE 47cm, A2 25.5cm, Eo] 13cm
9] plastic Ak=}e]] S 5ube]d Qo] Selective Acti-
vity Meter(Columbus Instrument Co.)E& Z33}4g
o 5374 deE eAY FAFs A FHAR A
plastic 7 7233 del ge] o] A7 FHIH2Y
T HEg o] Fu glon] FEo] AAGoes Eolow
FH3 2 Age] W] o]Ae] %22 EAF

Selective Activity Meter = A=} vjutell4] 33 =
= $4$5 ALE FF3A Helgleh

ALF F3& Fokzk YUY g Fols
g FLAZ FAL Jdg gellA LA
FEL 374 30E73 A§AAF FEE T
o AU TE ISR 2ATYEH.

AR T bk 2ol g,

Adenosine & ZFEAZ EE2H ©HE 2o MEHE:
A8]4d A d<4, adenosine(10 mg/kg), caffeine(100
mg/kg), strychnine(0.2mg/kg) X1 picrotoxin
(0.5 mg/kg) s EANE Foigt ohg ALLFE 3
s A

Adenosine MXX|E SHAE E2H Fof MElT:
Adenosine(10 mg/kg) o 30-2%E caffeine(100 mg/

—~ 78—
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kg), strychnine(0.2mg/kg) =& picrotoxin(0.5
mg/kg)-& B Fa4sm 10, 20, 30, 60, 90 ¥ 120
ol ALLFE g

(2) Bt et MY

73 katel] o §F 4§ & adenosine R} 2] T3l W] ]
ATLE Wrel AAg .
200, 250 ¥ 300mg/kg, strychnine 1.25 % 1,5mg/
kg =& picrotoxin 10 ¥ 15mg/kg-& 274w =
T Heg $YSXE sz, adenosine A A

¥l AR TL& caffeine
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£ adenosine(10 mg/kg)g 302 Aol £ Bo
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Fel 1208717 4 ol g (Table 1, Fig. 1).

Caffeine o] Aol & vl 2ol v]she] 30~604] &
g g FAE BRE ¢ d9vi(Table 1,
Fig. 1).

Strychnine B o] A& o o] uldted 90~120E
o] A =purg-Eo] ¢zt A H = A S vheby = (Table
1, Fig. 2) picrotoxin Fof 2 90~1205-9 a1 %]t =l
Y }AE AAYE ¢ A grh(Teble 1, Fig. 3).

(2) Adenosine HAX|F SHAME E2H EHAH

Adenosine R 2} x| ¥ caffeine T A]oj &= caffeine
BEFod ulste e AREFY JdAE B 4
9o (Fig. 1).

Adenosine A1 %] %] 3 strychnine = picrotoxin &
FAGEE Z74 5 Fdo ¥sld @A 2w
%29 23-E VMg 53] strychnine 3z 2% 30
¥ olFd o4 AT LEAGE BT £ Agek
(Fig. 2).

2) ZHeuratol gt A3
200 mg/kg Fe3 A 50%0 A

Caffeine -2 738 wrahe

Table 1. Effects of CNS stimulants with or without adenosine pretreatment on spontaneous motor actvity

of mice
Pretreatment Cumulative Counts of motor activity by 5 mice
Group 10 20 30 60 90 120(min)

NONE

Saline 487.1+47.42 757.9+62.00 975.0+ 75.76 1,456.9+119.59 1,710.41123.47 1,878.2+107.05

Caffeine

(100 mg/kg) 380.0-52.94 792.8+84.70 1,196.61114.96 2,230.8:207. 48 2, 988. 24-320. 51 3,516. 81-407. 86

Strychnine

(0.2 mg/kg) 355.3+46.56 658.0+80.71 869.31+107.04 1,262.8:1186.42 1,570.1+196.64 1,944.1+231.71

Picrotoxin

(0.5 mg/kg) 319.0+54.59 574. 096,51

867.2+ 61.00 1,435.2= 33.22 1,908.61 71.44 2,244.2-110. ik;

A DENOSINE(10 mg/kg)

Adenosine

%* *
alone 273.7153.87 491.7455.69

Caffeine
(100 mg/kg) 212.0+28. 37 432.8+71. 56

Strychnine Te s
(0.2mg/kg) 107.7425. 75 175.7142.75
Picrotoxin

(0.5 mg/kg) 256.4+87.59 416.6183.29

w4
232.8% 43.50

#4
614.0% 67.97

716.94102. 60 1,049.31-164.61 1,455.1+201.33 1,777.11+227.15

#§& #
713.01 63.88 1,487.6+126.29 2,157.01:269.80 2, 659.2+342. 3:

et -

#e ¥ 123
339.5+ 58.15 403.7% 54.73 515.5:F 78,39

# #4
885.0+162. 49 1,101, 0+183. 46 1,301, 6--209. 12

Values are mean—+S.E.
* p<0.05, ** p<0.01,

*k% p(, 001(difference between control group and non-pretreatment groups)

¥ p<0.05, #* p<0.01, *##% p<0.001(difference between non-pretreatment group and adenosine-pretreat-

ment groups)

+ p<0.05, + p<0.01, *+ p<0.001(difference between adenosine and adenosine-pretreatment groups)
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Fig. 1. Spontaneous motor activity of mice after
caffeine 100 mg/kg i.p. with or without
adenosine pretreatment.

Motor activity is expressed as cumulative
counts. Vertical bars indicate S.E. of mea-
ns. )

X% p<0.05, %% p<0.01(difference between
caffeine alone and adenosine-pretreatment)

* p<0. 05, ** p<0.01, ***p<0.001 (differe-
nce between control and caffeine alone)

<o o1} adenosine A A A 2 AR LAE A £ 4
A=, %L FU18ke 250, 300 mg/kg T Al A
dA ARERE deglos adenosine (XA EE
caffeine 250 mg/kg == 300 mg/kg oo & 2
7 83% @ 100%9] A=wahs: FBY F g9y
adenosine A A 2 2 A wate L Aztst YA
o] gAs A= giet(Table 2,3).

Strychnine -& 1.25 mg/kg Bl 2 83%9] 7= 2zt
¢ 2ga 1.5mg/kg T4 78%8] AR EaE 43
3+ 4 9l¢ir}. Adenosine A %= strychnined] 9|
St A urabe] dba A ol vt AE Az W GRS F
A grgrn 2ald AdelA AR EES Q.o w(Table
2,9). ) o

Picrotoxin 10 == 15 mg/kg FJ AJA A = adeno-
sine =} ) o} Arggle] BT 100%4] AR EAE ek
W ¢} &} (Table .2, 3).

2500+ e—s Saline

0——0 Adenosine clone
x—=a Strychnine olone
s~ Adenosine + Strychnine

(counts )

Maotor Activity

500}

20 30 60 90 120 min
Fig. 2. Spontaneous motor activity of mice after
strychnine 0.2 mg/kg i.p. with or without
adenosine pretreatment.
Motor activity is expressed as cumulative
counts, Vertical bars indicate S.E. of me-
ans.
X p<0.05, A% p<0.01, ¥% p<0.001
(difference between strychnine alone and
adensine-pretreatment)
+p<0.05, +p<L0.01, *++p<0.001(differe-
nce between adenosine alone and adenosine
pretreatment)

2500 e—=o Satine
O—0 Adenosine clone
A——a Picrotoxin cicne

. K
C a— Adencsine + Picrotoxin
2000+

10001

( counts )

<
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Fig. 3. Spontaneous motor activity of mice after-

picrotoxin 0.5 mg/kg i.p. with or without

adenosine pretreatment.

Motor activity is expressed as cumulative

counts. Vertical bars indicate S.E. of means.

#D<0.05, ¥ p<0.01(difference between

picrotoxin alone and adenosine-pretreatm-

ent)

*p0.05, **p<0.01(difference

control and picrotoxin alone)

!’éO min

between

__8‘0_._
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Table 2. Effects of adenosine on convulsion and mortality rate induced by chemical convulsants

Convulsion Death
dose No. of
Pretreatment Group g

(mg/kg) Mice No. (%) No. (%)
None Caffeine 200 6 3 ( 50) 2 (33)
250 6 6 (100) . 6 (100)
300 6 6 (100) 6 (100)
Strychnine 1.25 6 5 ( 83) 4 ( 67)
1.50 9 7 (78) 5 ( 56)
Picrotoxin 10 9 9 (100) 8 ( 89)
15 6 6 (100) 6 {100)
Adenosine Caffeine 200 6 0 ¢ 0 0 « 0
(10 mg/kg) 250 6 5 ( 83) 5 ( 83)
300 6 6 (100) 6 (100)
Strychnine 1.25 6 6 (100) 2 ( 33)
1.50 6 6 (100) 6 (100)
Picrotoxin 10 9 9 (100) 9 (100)
15 6 6 (100) 6 (100)

All drugs were administered intraperitoneally.

Table 3. Effect of adenosine on the onset of convulsion induced by chemical convulsants and their
survival time

dose Convulsion Survival
Pretreatment Group (mg/kg) onset(sec) time(sec)
None Caffeine 200 170128, 9 2,8931107.5
250 123+12.3 56+ 8.6
300 130+ 8.8 95+ 11.0
Strychnine 1.25 300+20.7 450+ 25.6
1.50 351+48.4 3914-142.0
Picrotoxin 10 468122, 6 5457+143.6
15 439+19.6 449+ 88.6
Adenosine Caffeine 200 — —
(10 mg/kg) 250 149+27.7 7844531. 9
300 170+18.0 4531289.5
Strychnine 1.25 363+37.6 265-+155.0
1.50 252129.6 169+77.2
Picrotoxin 10 4244341 420+54.7
15 348+68.9 258+74.2

Values are means+S.E.
All drugs were administered intraperitoneally.
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Qb oz FEY ALEFele dHALY 25
9, BZ2£FY 9, AdAA49d, 4T, FH4 F
Hio] I sta s FRE AAY, A3, WA,
A4 8 A AFeksl el @eh. Adenosine & ¥ ¢ 4
TR RLRA old AL H@gd TEE o]
43t fFf4dEe) Axsz Qo (Pull R Mcilwain,
1973; Hollins & Stone, 1980). Adenosine % L -f
E45e vlmA v 34" EdE Holk FE
AE 2% ARAEE Febi dgel 4R ¢
AHAEE ALE R 2ita g vl (Dunwiddie 2 Wo-
rth, 1982). Dunwiddie ¥ Hoffer(1980)%: &9
Hippocampus o] 4| adenosineo] ¥#4 FEF A4
8 AFE FEAYE RAsg L adenosine & FTF
AAANA AAAGEL el Bebe AREZAHAA
q&E B sty

Adenosine 3} & purines ¢} benzodiazepines |
GEL el AR, ¢4, A, § AL FAE
< 7R, A7l A=gd e ® benzodiazepines &
adenosine &) A F53 <A5le] adenosine & FE
=747+, benzodiazepines 9] & F il AA
Al 2¢] adenosine ¥% 715 el (Phill, 1979;
Clanachan ¥ Marshall, 1980; Skolnick &, 1979).
%3 adenosine 8] 28454l inosine ¥ hypoxan-
thine 7} 7+-& purines &= benzodiazepine $=-g-3 o] o
g Wel4 ligandselslm F2Z#m gl vk(Marangos
= 1979a). 28y o & F AFY EIEDRY A
g AZFEALY AL WAlskA ZedeElE, 2
£ 4o ZrAoE 5faolsln v (Dunwiddie
© Worth, 1982).

Fredholm(1980), Rall(1980)%-& F3-417 Aol A ¢
xanthine &] &F3}= F2 adenosinee] o3 AL
of gFtzn stget. & 474 444 =% adenosine
242 449 ALeFel 990 FEE mgon
caffeine 02 % ALLFE LANA GgARE
2 4 9)gith, Theophylline st adenosine & 3] e
A F9% FEAd A3t =R adenosine &
xanthine 584l S48 +8¢ Aolghn ey
2.1} theophylline &] 5-z4-& v 414] adenosine o} o
2 AgALs FRART FA49 3z 9o (Dunwiddie
u Worth, 1982).

Ze#] 9] BuEd 959 Nucleus accumbense] %5

" & Rossum, 1973) o|& EsjuA

AE e Evtg g A7 o] A4 AkEFoll A3
v} 5} (Anden @ Jackson, 1975; Costall &, 1976;
Jackson &, 1975; Pijnenburg 5, 1976; - Pijnénburg
X718 ventral
tegmental area o)A} 7] A5tz (Dahlstrom @ Fuxe,
1965) A4 o2 2-L3e GABAFHEY 48& A
ALz Bt g} (Fuxe &, 1975; Stevens &,
1974; Wolf 5, 1978).
(1979) 5-& ventral tegmental area o GABA 34|
¢l picrotoxin & F43 & wdl = A AEdEe F
7% sty 2 glycine A gA 4l strychnine & T
AgE Adle AULFd Gl gdetm sgch. £
A3 A E picrotoxin Fof Aj ol & 90~1208] & =g
59 dAE AFE F 9192 strychnine &
A Aldl = o3 W= alglvh. Adenosine g 2] 4]
o} &= picrotoxin @ strychnine ©+% Fo Ao n) 3k
7274 YAG ALY FEE ek 9;1"’]-7

Adenosine & AP 422 by H5-¢ A g
ste] (Dunwiddie, 1980), Maitre 5(1974)2 A4l A
Azt el g 34 e Edst e 2ad)
drh. & 4P AXE caffeined] 97 Awdze]
&, A 4z Ad 22 AEAZY 4%
< 238 4 oglodv}h, 28l strychnine ® picrotoxin
ol 9% AL adenosine o] g g-& WA oFgtel.

o] 4ke] As}2 adenosine & £ £FAA FL
5 52 Q% ALEE s slEgRd R 3
78 ural-S caffeine ent A gez Hol adeno-
sine & xanthine &) F3ztgo LA Fad Aol A&
4+ 9% 5 U+

Mogenson @ Manchanda

- | =

Adenosine 8 & F347 TEAI w2
-2 u X = f3F-E activity meter 2 F A 3o

o3l e AaE gy

1. Adenosine & E&§ 10~2083o] A3 <UE
59 z&E By

9. Caffeine @ picrotoxin & A& »p4-£8] Aw-
+59 ¢ 9232 strychnine & 2ub-Fol
¥ s FA gy

3. Adenosine # %] caffeine, strychnine g
picrotoxin 2.2 33 £5¢ W48 LR

4. Caffeineo]] 23} 7= w2zt adenosine X X} &
oA 5 o] &1} strychnine &= picrotoxin 7] & whabol
ohvd gue 34 Zagrh
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