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Abstract: Some studies show magnesium has analgesic effect in some pain models but this evaluation was not 
carried on nano-Magnesium Oxide (MgO). Thus, present study was designed to evaluation effect of Mgo nano-
particles and conventional MgO on ketamine-induced anesthesia in rabbits. At this study, 20 adult rabbits were used 
in 4 groups. Ketamine was intrapritonealy injected in all groups and xylazine, MgO nanoparticle and MgO 
suspension was administrated 15 min before ketamine injection in 3 last groups. The rectal temperature, respiratory 
rate and heart rate were measured before drug administration and during of anesthesia. Duration of anesthesia and 
recovery time was recorded. The mean of body temperature and heart rate changed in groups but this change was 
not significant except group1 which received only ketamine. The mean of respiratory rate significantly decreased 
before and after anesthesia in all groups but this decreasing was greater (nearly 3 fold) in group 2 which received 
ketemine and xylazine. Also duration of anesthesia was longer significantly in this group. Thus quality and duration 
of ketamine-induced anesthesia did not differ by MgO-nanoparticles with comparison to conventional MgO. 
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INTRODUCTION 

 
Magnesium as an important ion of body have a 

limited level in the serum (0.3% of total body 
magnesium), where it is in three states-ionized (62%), 
protein bound (33%), and those bound mainly to 
albumin and complexed to anions (Fawcett et al., 
1999). Its half-life varying between 41 and 181 days 
and equilibrium between tissue pools is reached slowly 
(Wolf and Cittadini, 2003).  

Magnesium as a noncompetitive blocker of N-
Methyl D-Aspartate (NMDA) receptor inhibits calcium 
entry into the cell (Mayer et al., 1984). Begon et al. 
(2001) and Hasanein et al. (2007) indicated that the 
magnesium and NMDA receptor involve in the 
modulation of pain. The NMDA receptor antagonism 
inhibits induction and maintenance of central 
sensitization after nociceptive stimuli. Magnesium is 
also a physiological calcium antagonist at different 
voltage-gated channels, which may be important in the 
mechanisms of anti nociception (Fawcett et al., 1999). 
Bolcal et al. (2005) showed that magnesium potentiates 
analgesic effect of opioids. 

Ketamine is a NMDA receptor blocker and used as 
injectable anesthetic agent. Xylazine is a α2-
adrenoceptor-agonist which acts on the pre-and 
postsynaptic nerve terminals. The combination of 
ketamine and xylazine has been used for many species 

over the years and remains a popular combination for 
intramuscular and intravenous anesthesia in animals 
including  rabbits (Difilippo et al., 2004; Baumgartner 
et al., 2010).  

Conventional drugs suffer from the major 
limitation of adverse effects, the result of the non-
specificity of their action and from a lesser 
effectiveness due to improper or ineffective dosages, 
e.g., in cancer chemotherapy and anti-diabetic therapy 
(Chekman, 2008). Nanotechnology offers the 
possibility of designing new drugs with greater cell 
specificity and drug-release systems that act selectively 
on specific targets. This allows the administration of 
smaller but more effective doses, minimizing adverse 
effects. Nanotechnology can also be used to optimize 
drug formulations, increasing drug solubility and 
altering the pharmacokinetics to sustain the release of 
the drug, thereby prolonging its bioavailability (Ghrab 
et al., 2009; Kaya et al., 2009). 

Since the effect of nano-MgO did not evaluate for 
anesthesia; aim of present study was evaluation and 
comparison its effect with conventional MgO in 
ketamine-induced anesthesia. 
 

MATERIALS AND METHODS 
 

This experimental study was conducted in Iran-
Ahvaz-Shahid  Chamran  University  in  spring of 2012.  
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Fig. 1: Mean±SEM of rectal temperature (Cº) before and after 

anesthesia in rabbits (n = 5 each group) 
1: ketamine; 2: ketamine+xylazine; 3: ketamine+ 
nano-Mg O; 4: ketamine+conventional MgO; *: 
Significant difference (p<0.05) 

 
At present study, we used 20 adult mixed breed rabbits 
(1.1 to 1.7 kg) in 4 groups. Rectal temperature, 
respiratory rate and heart rate were measured. Drugs 
were administrated as following: 
 
 Group 1: Only ketamine (40 mg/kg 

intramusculary) (Elsa et al., 2005) 
 Group 2:  Xylazine (5 mg/kg intramusculary) and 

15 min later ketamine (40 mg/kg intramusculary) 
 Group 3: MgO-nanoparticles suspension (5 mg/kg 

intraperitoneally) and 15 min later ketamine (40 
mg/kg intramusculary) 

 Group 4: MgO suspension (5 mg/kg 
intraperitoneally) and 15 min later ketamine (40 
mg/kg intramusculary) 
 
After induction of anesthesia and at surgical stage, 

the rectal temperature, respiratory rate and heart rate 
were measured again. Duration of anesthesia and time 
of recovery was recorded. 

Statistical significance between groups was 
determined using SPSS program (USA, version16). The 
minimum level of significance was p<0.05. 

 
RESULTS 

 
The mean of body temperature changed in groups 

but this change was not significant except group1 which 
received only ketamine (Fig. 1). The mean of body 
temperature  significantly  decreased  in   this   group  
(p = 0.005). There were no differences in heart rate 
before and after anesthesia in all groups except group 1 
(Fig. 2). The mean of heart rate significantly decreased 
in this group (p = 0.002). 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Mean±SEM of heart rate (per min) before and after 

anesthesia in rabbits (n = 5 each group) 
1: ketamine; 2: ketamine+xylazine; 3: ketamine+ 
nano-MgO; 4: ketamine+conventional MgO; *: 
Significant difference (p<0.05) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Mean±SEM of respiratory rate (per min) before and 

after anesthesia in rabbits (n = 5 each group) 
1: Ketamine; 2: ketamine+xylazine; 3: Ketamine+ 
nano-MgO; 4: ketamine+conventional MgO; *: 
Significant difference (p<0.05) 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Mean±SEM of duration of anesthesia in rabbits (n = 5 

each group) 
1: ketamine; 2: ketamine+xylazine; 3: ketamine+ 
nano-MgO; 4: ketamine+conventional MgO; *: 
Significant difference (p<0.05) 
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The mean of respiratory rate significantly 
decreased before and after anesthesia in all groups 
(p<0.05) (Fig. 3). But this decreasing was greater 
(nearly 3 fold) in group 2 which received ketemine and 
xylazine. 

Duration of anesthesia was longer significantly in 
group 2 which received ketemine and xylazine with 
comparison to other groups (p<0.05) (Fig. 4). Recovery 
time was not different between groups statistically.  

 
DISCUSSION 

 
Magnesium is a bivalent ion, the fourth most 

common cation in the body, and the second most 
common intracellular cation after potassium. 
Historically, magnesium sulphate has been proposed as 
a general anesthetic. Magnesium reduces the 
catecholamine release. Magnesium has also anti-
nociceptive effects in animal and human models of pain 
by blocking the N-methyl-D-aspartate receptor and the 
associated ion channels and thus preventing central 
sensitization caused by peripheral nociceptive 
stimulation. So for some authors it reduces the need for 
intraoperative anesthetics and relaxant drugs and 
reduces the amount of morphine for the treatment of 
postoperative pain. The use of magnesium is extended 
not only to general anesthesia but also in loco-regional 
anesthesia (Soave et al., 2009). Magn+esium is also a 
physiological calcium antagonist at different voltage-
gated channels (Iseri and French, 1984) which may be 
important in the mechanisms of antinociception 
(Mantyh et al., 1994). This provides further evidence 
that Mg2+blocks inward current flow through ion 
channels linked to NMDA receptors (Mayer et al., 
1984). It may be suggested that magnesium may be 
considered as one of the ingredients of multimodal 
analgesic stratagems in reducing the severity of post-
thoracotomy pain. 

Magnesium reduces catecholamine release and thus 
allows better control of adrenergic response during 
intubation or pheochromocytoma surgery. It also 
decreases the frequency of postoperative rhythm 
disorders in cardiac. The use of adjuvant magnesium 
during perioperative analgesia may be beneficial for its 
antagonist effects on N-methyl-D-aspartate receptors 
(Dubé and Granry, 2003). Magnesium sulphate has 
anesthetic, analgesic and muscle relaxation effects and 
significantly reduces the drug requirements of propofol, 
rocuronium  and  fentanyl  during   anesthesia  (Gupta 
et al., 2006). Also magnesium deficiency induces a 
sensitization of nociceptive pathways in the spinal cord 
(Begon et al., 2001). Ionized magnesium concentration 
decreases during surgery under general anesthesia, in 
part, possibly by the effect of anesthetic agent on the 
cell membrane itself (Okuda et al., 1999). 

Ketamine and magnesium block NMDA receptors 
and might therefore be useful analgesics, and 
combinations of magnesium and ketamine provide 
more effective analgesia (Liu et al., 2001). The duration 
of analgesia with the lumbosacral epidural ketamine-
magnesium combination was more than twice that 
obtained with them alone (Derossi et al., 2012). 

Gupta et al. (2011) demonstrated magnesium 
sulfate significantly increased the mean and maximum 
duration of analgesia in thoracic epidural block. The 
MgO nano-particles did not have more effect than 
conventional MgO in our study. But we think the nano-
particles may greater penetrate to site action of 
ketamine and more potentiate its effect.  

 
CONCLUSION 

 
It seems that the quality and duration of ketamine-

induced anesthesia did not differ by MgO-nanoparticles 
with comparison to conventional Mg-O by dosage 
which applied at present study. 

 
ACKNOWLEDGMENT 

 
The authors wish to express their gratitude to the 

research council of Shahid Chamran University for 
their financial supports. 

 
REFERENCES 

 
Baumgartner, C., M. Bollerhey, J. Ebner, L. Laacke-

Singer, T. Schuster, W. Erhardt, 2010. Effects of 
ketamine-xylazine intravenous bolus injection on 
cardiovascular function in rabbits. Can. J. Vet. 
Res., 74(3): 200-208. 

Begon,  S.,  G.  Pickering,  A.  Eschalier,   A. Mazur,  
Y. Rayssiguier and C. Dubray, 2001. Role of spinal 
NMDA receptors, protein kinase C and nitric oxide 
synthase in the hyperalgesia induced by 
magnesium deficiency in rats. Br. J. Pharmacol., 
134(6): 1227-1236.  

Bolcal,  C.,  H.  Lyem,  M.  Sargin,  Y.V.  Mataracil,  
V. Yildim, et al., 2005. Comparison with 
magnesium sulfate with opioid and NSAID, on 
postoperative pain management after coronary 
artery bypass surgery. J. Cardiothorac. Vasc. 
Anesth., 19(6): 714-708. 

Chekman, I.S., 2008. Nanopharmacology: 
Experimental and clinic aspect. Lik. Sprava, 3-4: 
104-109. 

Derossi,  R.,  C.T.  Pompermeyer, A.B. Silva-Neto, 
A.L. Barros, P.H. Jardim, et al., 2012. 
Lumbosacral epidural magnesium prolongs 
ketamine analgesia in conscious sheep. Acta Cir. 
Bras., 27(2): 137-143. 



 
 

Curr. Res. J. Biol. Sci., 4(5): 592-595, 2012 
 

595 

Difilippo, S.M., P.J. Norberg, U.D. Suson, A.M. Savino 
and D.A. Reim, 2004. A comparison of xylazine 
and medetomidine in an anesthetic combination in 
New Zealand white rabbits. Contemp. Top. Lab. 
Anim. Sci., 43: 32-34. 

Dubé, L. and J.C. Granry, 2003. The therapeutic use of 
magnesium in anesthesiology, intensive care and 
emergency medicine: A review. Can. J. Anaesth., 
50(7): 732-746. 

Elsa, A. and S. Ubandawaki, 2005. Ketamine 
anaesthesia following premedication of rabbits 
with vitamin C. J. Vet. Sci., 6(3): 239-241. 

Fawcett, W.J., E.J. Xaxby and D.A. Male, 1999. 
Magnesium:  Physiology  and  pharmacology. Br. 
J. Anesth., 83(2): 302-320. 

Ghrab, B.E., M. Maatoug, N. Kallel, K. Khemakhem, 
M. Chaari, et al., 2009. Dose combination of 
intrathecal magnesium sulphate and morphine 
improve postoperative section analgesia? Ann. Fr. 
Anesth. Reanim., 28(5): 459-459.  

Gupta, K., V. Vohra and J. Sood, 2006. The role of 
magnesium as an adjuvant during general 
anaesthesia. Anaesthesia, 61(11): 1058-1063. 

Gupta,  S.D.,  K.  Mitra,   M.   Mukherjee,   S.   Roy,  
A. Sarkar, et al., 2011. Effect of magnesium 
infusion  on  thoracic  epidural  analgesia.  Saudi.  
J. Anaesth., 5(1): 55-61. 

Hasanein, P., M. Parviz, M. Keshavarz, K. Javanmardi, 
M. Allahtavakoli, et al., 2007. Modulation of 
Cholestasis-induced antinociception in rats by two 
NMDA receptor antagonists: MK-801 and 
magnesium sulfate. Eur. J. Pharmacol., 554(2-3): 
123-127. 

Iseri, L.T. and J.H. French, 1984. Magnesium: Nature’s 
physiologic calcium blocker (editorial). Am. Heart 
J., 108: 188-194.  

Kaya, S., A. Kararmaz, R. Gedik and S. Turhanoglu, 
2009. Magnesium sulfate reduces reduces 
postoperative morphine erquirment after 
remifentanil-based anesthesia. Med. Sci. Monit., 
15(2): 15-19. 

Liu,    H.T.,    M.W.    Hollmann,    W.H.       Liu,   
C.W. Hoenemann and M.E. Durieux, 2001. 
Modulation of NMDA receptor function by 
ketamine and magnesium: Part I. Anesth Analg., 
92(5): 1173-1181. 

Mantyh, P.W., C.J. Allen, S. Rogers, E. DeMaster and 
J.R. Ghilardi et al., 1994. Some sensory neurons 
express neuropeptide Y receptors: Potential 
paracrine inhibition of primary afferent nociceptors 
following peripheral nerve injury. J. Neurosci., 14: 
3958-3968. 

Mayer, M.L., G. Westbrook and P.B. Guthrie, 1984. 
Voltage-dependent block by Mg2+ of NMDA 
responses  in spinal cord neurons. Nature, 309: 
261-263. 

Okuda,  T.,  M.  Kura,  K.  Hatsuoka,  T.  Izumi  and  
Y. Koga 1999. Changes in ionized magnesium 
concentrations during general anesthesia. Masui, 
48(2): 136-140. 

Soave, P.M., G. Conti, R. Costa and A. Arcangeli, 
2009. Magnesium and anaesthesia. Curr. Drug 
Targets., 10(8): 734-743. 

Wolf, F.I. and A. Cittadini, 2003. Chemistry and 
biochemistry of Magnesium. Mol. Aspects Med., 
24: 3-9. 

 


