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systems via its serotonergic activation and inhibition of  re-uptake [31-33], it would seem 
that the descending serotonergic inhibitory pathway is implicated in the mechanism 
of  the action of  ketamine-magnesium sulfate combination. In addition, magnesium 
is well known for its NMDA receptor ion channel blocking effect, modulatory action 
on different ion channels and neurotransmitters release [12-16]. Moreover, the finding 
that ketamine interacts synergically with magnesium sulfate suggests the activation 
of  different and complementary mechanisms, since the activation only of  common 
mechanism would presumably produce an additive interaction [34].

GABA modulates spinal and supraspinal levels of  analgesia as well as peripheral pain 
signaling [35,36]. Endogenous peripheral GABA could arise from primary afferent 
fibers and act at GABAA receptors present on some unmyelinated afferent axons 
[35]. Both directly and indirectly acting GABA-mimetic agents, including antiepileptic 
drugs, produce analgesia in a variety of  animal test systems.
In the present study, bicucculine (0.5 and 1 mg/kg, sc) administered alone had no 
influence on antinociception in rats (p>0.05) (Figure 2B). At doses of  0.5 mg/kg and 1 
mg/kg bicucculine antagonized the antinociceptive effect of  the ketamine-magnesium 
sulfate combination (p<0.05) (Figure 2A). The effect of  bicuccline appeared at 30 min 
and lasted 90 min (p<0.05) (Figure 2A). The maximum effect was achieved at the 60 
min time point. There was no statistical difference between the effects of  the different 
doses of  bicucculine (1 and 2 mg/kg) and the ketamine (5 mg/kg)-magnesium sulfate 
combination (5 mg/kg) (p>0.05) (Figure 2A). 
Our experiments revealed that, bicuculline, a selective, competitive antagonist of  
GABAA receptors, inhibited the systemic antinociceptive effect of  the ketamine-

Figure 1. Antinociceptive effects of: A) combination of  ketamine (KT, 5 mg/kg, ip), magnesium 
sulfate (5 mg/kg) and methysergide (MET, 0.5 and 1 mg/kg, sc) and B) methysergide (MET, 
0.5 and 1 mg/kg, sc). Each point is the mean±SEM of  the antinociceptive latency time in 
seconds (s) obtained in 6-8 rats. The latency time is the reaction time (in s) of  a rat tail exposed 
to hot water. Statistical significance exists between KT(5)-MG(5) and MET(0.5)-KT(5)-MG(5) 
(*p<0.05); KT(5)-MG(5) and MET(1)-KT(5)-MG(5) (#p<0.05) (One-Way ANOVA, Tukey’s 
HSD test).
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magnesium sulfate combination. This data indicates that GABAA receptors, at least 
in part, are involved in the antinociceptive effect of  the ketamine-magnesium sulfate 
combination. This interaction can be interpreted as that ketamine or magnesium 
sulfate interact with GABAA receptors either directly or indirectly, thereby potentiating 
GABAergic inhibitory neurotransmission. In agreement with this, some preclinical 
data and one human single-photon emission computerized tomography (SPECT) 
study suggested that ketamine modulates GABAA activity [37,38].

Our data also indicate that α2-adrenergic receptors are involved in the antinociceptive 
effect of  the ketamine-magnesium sulfate combination. At a dose of  0.5 mg/kg, 
yohimbine did not affect the antinociceptive effect of  the ketamine-magnesium sulfate 
combination, however, at doses of  1 and 3 mg/kg, yohimbine abolished the effect of  
this combination (Figure 3A). The maximum effect was achieved at the 60 min time 
point. Yohimbine (0.5, 1 and 3 mg/kg) did not produce anantinociceptive effect in rats 
(p>0.05) (Figure 3B).
The ketamine-magnesium sulfate combination could interact directly (binding to 
receptors) and/or indirectly (potentiation of  noradrenergic neurotransmission) with 
receptors. It has been established that the noradrenergic system is often involved in the 
analgesic effect of  different substances [39,40]. Activation of  α2-adrenergic receptors 
has been shown to inhibit nociceptive transmission at the level of  the spinal cord 
through presynaptic activity, inhibiting the release of  excitatory neurotransmitters 
from primary afferent terminals, as well as through postsynaptic sites [41]. Recordings 
performed on spinal cord slices revealed that activation of  α2-adrenergic receptors 
hyperpolarized neurons and was thus inhibitory. There is no data about the binding 
of  ketamine or magnesium sulfate to α2-adrenergic receptors nor about the possible 
impact of  this combination on endogenous norepinephrine levels. However, it has 
been previously reported that ketamine activates the descending noradrenergic 

Figure 2. Antinociceptive effects of  A) combination of  ketamine (KT, 5 mg/kg, ip), magnesium 
sulfate (5 mg/kg) and bicucculine (BIK, 0.5 and 1 mg/kg, sc), and B) bicucculine (BIK, 0.5 
and 1 mg/kg, sc). Each point is the mean±SEM of  the antinociceptive latency time in seconds 
(s) obtained in 6-8 rats. The latency time is the reaction time (in s) of  a rat tail exposed to 
hot water. Statistical significance exists between KT(5)-MG(5) and BIK(0.5)-KT(5)-MG(5) 
(*p<0.05); KT(5)-MG(5) and BIK(1)-KT(5)-MG(5) (#p<0.05) (One-Way ANOVA, Tukey’s 
HSD test).
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pathway [7,31]. It was shown that ketamine increased NA release from the medial 
prefrontal cortex [42]. 

CONCLUSION

The results of  the present study suggest that serotonergic, noradrenergic and 
GABAergic systems are involved, at least in part, in the antinociceptive effect of  the 
ketamine-magnesium sulfate combination in acute pain in rats.
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Figure 3. Antinociceptive effects of  A) combination of  ketamine (KT, 5 mg/kg, ip), 
magnesium sulfate (5 mg/kg) and yohimbine (JOH, 0.5,1 and 3 mg/kg, sc), and B) yohimbine 
(JOH, 0.5, 1 and 3 mg/kg, sc). Each point is the mean±SEM of  the antinociceptive latency 
time in seconds (s) obtained in 6-8 rats. The latency time is the reaction time (in s) of  a rat tail 
exposed to hot water. Statistical significance exists between KT(5)-MG(5) and JOH(1)-KT(5)-
MG(5) (*p<0.05); KT(5)-MG(5) and JOH(3)-KT(5)-MG(5) (#p<0.01) (One-Way ANOVA, 
Tukey’s HSD test).
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UTICAJ SEROTONERGIČKOG, NORADRENERGIČKOG 
I GABERGIČKOG SISTEMA U ANTINOCICEPTIVNOM 
EFEKTU KOMBINACIJE KETAMIN-MAGNEZIJUM SULFATA U 
AKUTNOM BOLU 
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Ketamin i magnezijum mogu stupiti u aditivnu, supraaditivnu i antagonističku inter-
akciju u analgeziji i anesteziji. Ketamin je nekompetitivni NMDA antagonist. Mag-
nezijum je endogeni nekompetitivni NMDA antagonist koji blokira jonski kanal na 
voltažno zavistan način. U testu potapanja repa u toplu vodu, dokazano je da ketamin 
i magnezijum stupaju u sinergističku interakciju.  
Cilj rada: utvrditi da li serotonergički, GABA-ergički i noradrenergički sistem učestvuju 
u analgetičkom efektu ketamin-magnezijum sulfat kombinacije.
Eksperimenti su izvođeni na mužjacima pacova Wistar soja (200-250 g). Antinocicep-
cija je merena pomoću testa potapanja repa u toplu vodu. 
Metizergid (0.5 i 1 mg/kg, sc), primenjen sam, nije uticao na nocicepciju kod pacova. 
Metizergid (0.5 i 1 mg/kg, sc) je antagonizovao antinociceptivni efekt ketamin (5 mg/
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kg)-magnezijum sulfat (5mg/kg) kombinacije. Bikukulin (0.5 i 1 mg/kg, sc) primenjen 
sam nije imao efekt u testu potapanja repa u toplu vodu, a antagonizovao je antinoci-
ceptivni efekt ketamin (5 mg/kg)-magnezijum sulfat (5 mg/kg) kombinacije. Johimbin 
(0.5, 1 i 3 mg/kg, sc) nije uticao na nocicepciju kod pacova kada je primenjen samo-
stalno. U dozi od 0.5 mg/kg, johimbin nije uticao na kombinaciju ketamin (5 mg/
kg)-magnezijum sulfat (5 mg/kg), dok je u dozama od  of  1 i 3 mg/kg antagonizovao 
antinociceptivne efekte ove kombinacije.
Serotonergički, noradrenergičkii GABA-ergički sistem učestvuju bar delimično u anti-
nocicptivnom efektu ketamin-magnezijum sulfat kombinacije kod pacova.


