
INTRODUCTION
Ketamine, 2-(o-chlorophenyl)-2-methylaminocyclohexa-

none hydrochloride, is a useful anesthetic agent with
a wide margin of safety.  Characteristic for keta mine-induced
anesthesia is rapid onset of action, deep analgesia and lack 
of cardiorespiratory depression [5]. However, ketamine
produces posthypnotic emergency reactions such as pro-
longed hallucination, delirium and hyperlocomotion [21], 
which can limit its clinical use.

Keta mine ex erts an es thetic ef fect mainly by bind ing to
the phen cy cli dine site on the N- methyl- D- aspartate (NMDA)
re cep tor pro tein [11, 25]. Some ex peri men tal data sug gest 
that keta mine may also  pro duce an es the sia by block ing
cen tral cho liner gic neu ro trans mis sion [10,15].

Moreo ver, it was dem on strated that keta mine mark edly 
in creased nora drena line re lease (in the me dial pre fron tal
cor tex), the cen tral neu ro trans mit ter with an im por tant
role in the regu la tion of sleep- awake cy cle [13], which
may play an im por tant role in its an es the sia [14]. In ad di -
tion, evi dences sug gest that keta mine has γ- aminobutyric
acidA (GABAA) re cep tor ago nis tic prop er ties and that
ketamine- induced an es the sia is me di ated, at least in part,
by GABAA re cep tors [12]. 

Adeno sine, act ing as neu ro modu la tor in the cen tral
nerv ous sys tem (CNS), seems to play a criti cal role in the
pro duc tion of sleep. En hance of sleep is in duced by
adeno sine and adeno sine re cep tor ago nists, whereas an -
tago nists of adeno sine re cep tors in crease wake ful ness
[2,17]. Some evi dences sug gest that seda tive and sleep-
 promoting ef fects of adeno sine are con nected with the ba -
sal fore brain [22] and ven tro lateral pre op tic area of the
hy po thala mus, proba bly an im por tant re gions for som no -
genic pro cess [16]. Ex tra cel lu lar con cen tra tion of adeno sine
in the basal fore brain ac cu mu lated with pro longed  sleep
dep ri va tion slowly fall dur ing re bound sleep [17]. The
role of the ba sal fore brain adeno sine re cep tors, es pe cially
A1 in sleep ho meo sta sis, was con firmed by Gass et al. [8]. 
Moreo ver, adeno sine has been re ported to re duce the re -
lease of ace tyl cho line [19, 24], nora drena line [1], se ro tonin 
[6] and GABA [9], neu ro trans mit ters, which have been
im pli cated in the regu la tion of sleep. 

The pres ent ex peri ments were un der taken to de ter mine 
the role of adeno sine sys tem in the hyp notic ef fect of keta -
mine. In or der to ex plore this pos si bil ity, the in flu ence of
adeno sine re cep tors ago nists and an tago nists on keta -
mine-induced  an es the sia were es ti mated in mice.

MATERIAL  AND  METHODS
Ani mals. The ex peri ments were car ried out on male al -

bino Swiss mice (18-26 g). The ani mals were kept 8-10 to
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a cage at room tem pera ture of 20±1°C and un der a 12 h
light/dark cy cle. Stan dard food (Muri gran pel lets, Ba cu til, 
Mo tycz, Po land) and tap wa ter were avail able ad li bi tum.
All ex peri ments were per formed be tween 8 a.m. and 3 p.m.

The ex peri ments were per formed in ac cor dance with
the opin ion of Lo cal Eth ics Com mit tee.

Drugs
The fol low ing drugs were used: adeno sine re cep tors

ago nists: N6- cy clopen ty ladeno sine (CPA) – A1 re cep tor
ago nist, 2-p-(car boxyethyl) phe nethyl amino- 5’- N- ethyl-
carboxamidoadenosine (CGS 21680) – A2A re cep tor ago -
nist, 5’- N- ethylcarboxamidoadenosine (NECA) – A2/A1

adeno sine re ceptor ago nist (all from RBI, USA); adeno -
sine re cep tor an tago nists: 8- cyclopentyl-1, 3- dimethyl-
xanthine (DPCPX) – A1 re cep tor an tago nist and 3, 7-
 dimethyl- 1- propargylxanthine (DMPX) – A2 re cep tor
an tago nist (both RBI, USA), caf feine – a non se lec tive
adeno sine re cep tor an tago nist (Polfa, Po land), and NMDA
re cep tor an tago nist: keta mine (Ketan est, Parke- Davis,
Ger many).

All sub stances were dis solved in sa line. Adeno sine re -
cep tor ligands and keta mine were ad min is tered in trap eri-
to neally (ip) at the in jec tion vol ume of 10 mg/kg. Con trol
ani mals re ceived the same vol umes of sa line at the re spec -
tive time be fore the test.

Pro ce dure. The ketamine- induced an es the sia (100
mg/kg) was re corded as the time elaps ing be tween the loss 
and re cov ery of the right ing re flex (LORR test). CPA
(0.0125, 0.025, 0.05 mg/kg), CGS 21680 (0.01, 0.05, 0.1
mg/kg), NECA (0.001, 0.005, 0.01 mg/kg), DPCPX
(1 and 3 mg/kg), DMPX (3 and 6 mg/kg) and caf feine (10
and 20 mg/kg) were given 10 min prior to keta mine ad -
mini stra tion. An es thetic dose of keta mine (100 mg/kg)
was cho sen dur ing pi lot ex peri ments.

Statistics. The obtained data were analyzed statistically 
using Student’s t-test. The results are presented as mean ±
SEM (data in figures). A probability (p) value of 0.05 or
less was taken to indicate statistical significance.

RESULTS
In flu ence of adeno sine re cep tor ago nists on ketamine-

 induced an es the sia  in mice 
Du ra tion of an es the sia in duced by the dose of 100

mg/kg of keta mine ranged from 17.3±1.56 to 25.2±2.98
min (Fig. 1 and 2).

Du ra tion of an es the sia evoked by keta mine was sig -
nifi cantly pro longed by higher doses of CPA (0.025 and
0.05 mg/kg, p<0.01, Fig. 1A) and NECA (0.01 mg/kg,
p<0.01, Fig. 1C). CGS 21680 given at the dose of 0.01
mg/kg also in creased the du ra tion of  ketamine- induced
an es the sia but the re sult did not reach the level of sig nifi -
cance (Fig 1B).

In flu ence of adeno sine re cep tor an tago nists on
ketamine- induced an es the sia in mice

Du ra tion of an es the sia evoked by keta mine (100
mg/kg) was sig nifi cantly short ened by DPCPX (1 and 3
mg/kg, p<0.01, Fig. 2A) and DMPX (3 and 6 mg/kg,
p<0.001, Fig. 2B). Caf feine, given at the doses of 10 and
20 mg/kg, mark edly and dose- dependently but not sig nifi -
cantly di min ished the ketamine- induced an es the sia (Fig
2C).

DISCUSSION
Adeno sine, con sidered to be in hib it ing neu ro modu la -

tor, by A1 re cep tor ac ti va tion in hib its syn ap tic trans mis-
sion, pri mary by de creas ing ex ci ta tory neu ro trans mit ter
re lease [3, 7]. Among others, the ac ti va tion of A1 adeno -
sine re cep tor in the stri atal cho liner gic in ter neu rons
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Fig. 1. The influence of adenosine receptor agonists: A. CPA,
B.CGS 21680 and C.NECA on ketamine-induced anesthesia
recorded as the loss of the righting reflex time in mice. The results
are expressed as means  SEM of the group consisting of 10 mice
each. Open bars: ketamine 100 mg/kg, ruled bars (hatched bars):
agonists + ketamine 100 mg/kg; ** p <0.01 vs. ketamine (Student’s 
t-test)



re duces N- type Ca2+ cur rents via a mem brane and leads
to re duce ace tyl cho line re lease [20]. Ad di tion ally, adeno -
sine has been de scribed to in hibit the re lease of GABA in
the CNS [4]. Re cently, it has been shown that adeno sine
may pro mote sleep by block ing in hibi tory in puts on ven -
tro lateral pre op tic area of the hy po thala mus sleep- active
neu rons [16]. It is hy pothe sized that sleep- active ven tro -
lateral pre op tic neu rons are hy per po lar ized dur ing wake-
ful ness through a com bi na tion of monoamin er gic and
GABA- ergic in put. Well, it is pos si ble that a rise of
adeno sine level may pro mote sleep, first, by block ing in -
hibi tory GABA- ergic neu ro trans mis sion and, sec ond, by
di rectly in hib it ing cho liner gic sys tem [for re view 16].

It is known that ketamine- induced an es the sia, re sult ing
mainly from in hi bi tion of ex ci ta tory glu ta ma ter gic neu ro -
trans mis sion, is also con nected with other sys tems e.g.
cho liner gic or GABA- ergic [see In tro duc tion]. Be cause

the mecha nism by which keta mine pro duces an es the sia is
still not well known we stud ied the in flu ence of   adeno -
sine re cep tors’ ligands on the du ra tion of the loss of the
right ing re flex evoked by the an es thetic in mice.

The data pre sented here sug gest that adeno sine sys tem
is, in some part,  in volved in ketamine- induced an es the sia. 
We have shown that ac ti va tion of adeno sine re cep tors
pro longed, whereas its in hi bi tion short ened the time
elaps ing be tween the loss and re cov ery of the right ing re -
flex evoked by keta mine. Al though more dis tinct ef fects
were ob served af ter ad mini stra tion of se lec tive adeno sine
A1 re cep tor ligands, CPA – an ago nist, DPCPX – an an -
tago nist, sig nifi cant in hi bi tion of the ketamine- induced
an es the sia by DMPX – a se lec tive adeno sine A2A re cep -
tor an tago nist, did not al low to link the ef fect only with A1 
adeno sine re cep tor. Our ob ser va tions are in agree ment
with that of Radu lo vacki et al.[18] who has shown that ac -
ti va tion of  A1 rather than A2 re cep tors con trib uted to the
sleep ef fects of adeno sine and adeno sine ana logs be cause
ac ti va tion of A2 re cep tors re quires the larger quan ti ties of
the com pound than that of A1 re cep tors . On the other
hand, Tung et al. [23] have found  no sig nifi cant dif fer -
ences be tween the adeno sine A1 re cep tor an tago nist and
adeno sine A2A re cep tor an tago nist in re spect to the sleep -
ing time (LORR) in duced by iso flurane  in sleep- deprived
rats. Then, our re sults are simi lar to that of Tung et al.[23].

Sum ming up, our re sults show that the adeno siner gic
sys tem is in volved in ketamine- induced an es the sia and in -
di cate no sig nifi cant dif fer ences in the in volve ment of
adeno sine A1 and A2A re cep tors in this ef fect. For  a bet ter
un der stand ing of the mecha nism un der ly ing the role of
adeno sine re cep tors in the hyp notic ef fects of keta mine,
further stud ies  are re quired.
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