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Abstract. Objective: Propofol is an ultra-short acting anesthetic agent used in humans and animals. Ketamine, a dissociative anesthetic and xylazine, a sedative-analgesic agent can be used with propofol to improve the quality of sedation and anesthesia. The purpose of the present study
was to apply an isobolographic analysis to examine the sedative and hypnotic interactions of propofol (given intraperitoneally) with ketamine
and xylazine (given intramuscularly) in young chick model. Methods: The up-and-down method was used to determine the median effective
sedative and hypnotic doses (ED50s) of propofol, ketamine and xylazine administered alone, or propofol-ketamine and propofol-xylazine combinations (50:50 ED50 values) in 7-10 day-old chicks. Isobolographic analysis was applied to determine the type of interaction between them.
Results: The ED50 values for propofol, ketamine and xylazine were 1.83, 5.39 and 0.18 mg/kg for the induction of sedation, and they were
5.71, 12.24 and 3.83 mg/kg for the induction of sleep, respectively. Combined administration of propofol and ketamine or xylazine resulted in
ED50 values of 0.63 + 2.63 and 0.86 + 0.09 mg/kg for sedation and 4.12 + 8.12 and 2.92 + 1.92 mg/kg for sleep, respectively. The ED50 values
of propofol, ketamine and xylazine in the drug combinations decreased by 28 to 66% for the induction of sedation and sleep. Isobolographic
analysis of the ED50 values of the three drugs revealed synergistic interactions between propofol and ketamine or xylazine for the induction of
sedation in chicks. For the induction of sleep in chicks, no interaction (additive effect) occurred between propofol and xylazine and it was antagonistic between propofol and ketamine. Conclusion: The interaction reduced dose ratio of propofol with ketamine or xylazine (50:50 ED50
values) which produced the required end points of sedation and sleep in chicks. This could be of value clinically in the avian species or could
be extended after further studies to mammals.
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Introduction
Propofol is a non-narcotic ultra short acting anesthetic agent used
in humans (Smith et al 1994; Lundström et al 2010; McGrane
et al 2012) and various animal species (Short & Bufalari 1999;
Glowaski & Wetmore 1999; Papich 2011). The drug modulates
the inhibitory effect of gamma-aminobutyric acid via GABAA
receptors and potentiates glycinergic neurotransmission in the
central nervous system (CNS) and the spinal cord to produce
sedation, analgesia and anesthesia (Dong & Xu 2002; Vasileiou
et al. 2009). Xylazine is a centrally acting alpha-2 adrenoceptor agonist which induces sedation, analgesia, sleep and muscle relaxation in animals (Greene & Thurmon 1988; Lizarraga
& Chambers 2012; Coetzee 2013). Ketamine is a dissociative
anesthetic agent widely used in humans and animals for anesthesia and pain management (Carter & Story 2013; Persson
2013; Tawfic 2013). More recently, it has been used against
treatment-resistant depression in humans (Browne & Lucki
2013). Ketamine antagonizes N-methyl-D-aspartate receptors
in the CNS (Persson 2013; Tawfic 2013). Ketamine combinations with sedatives, tranquilizers and analgesics are also widely
used as balanced anesthetics and restraining agents in animals
(Short 1992; Carter & Story 2013; Coetzee 2013).
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Ketamine has the limitations of producing emesis, agitation during recovery from anesthesia with long recovery time (White
et al 1982). Xylazine is not an anesthetic agent (Greene &
Thurmon 1988), but it rather improves the quality of anesthesia
or its recovery, including those of propofol, in animals (Short
& Bufalari 1999; Frias et al 2003; Wagner et al 2012). Propofol
on the other hand causes hypotension and depresses respiration
(Smith et al 1994; Mortero et al 2001). Many studies have reported the beneficial procedural sedation, analgesia and hypnosis of ketamine and propofol combination, named ketofol, in
humans (Willman & Andolfatto 2007; Andolfatto et al 2012;
Coulter et al 2014) and animals (Lerche et al 2000; Ravasio et
al 2012) including the avian species (Fitzgerald & Cooper 1990;
Lierz & Korbel 2012). The rationale for using ketofol is to reduce the dose of either drug required to produce procedural sedation, analgesia and hypnosis or anesthesia; hence the reduction of the adverse effects of both drugs (Slavik 2007; Coulter
et al 2014). However, concerns appeared regarding the best anesthetic combination ratio of propofol and ketamine or xylazine
and the type of drug interactions between them, whether it is a
simple additive or synergistic or even none at all (Lerche et al
2000; Frias et al 2003; Mair et al 2009; Andolfattoet al 2012;
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Coulter et al 2014). There is no clear-cut evidence of the optimum dose of either drug in the combinations as it depends on
the clinical requirements (Lerche et al 2000; Frias et al 2003;
Slavik 2007; Hendrickx et al 2008).
Isobolographic analysis of the interactions of propofol with sedatives or anesthetics might result in a better understanding of
the type of drug interaction in producing sedation or anesthesia
(Vinik et al 1990; Hendrickx et al 2008). Additive effects were
reported when propofol and ketamine were combined for the
induction of sedation or for the endpoint of immobility (Hui et
al 1995; Kil et al 1999; Hendrickx et al 2008). The purpose of
the present study was to further apply an isobolographic analysis to assess the interaction between propofol and ketamine or
xylazine (xylafol- a new name for the combination we propose
for the first time here) using a model of young chicks.

Materials and methods
Animals and drugs
A total of 60 one-day old Ross broiler chicks (Gallus domesticus) of both sexes were obtained from a certified hatchery
(Mosul, Iraq). The chicks were raised at a temperature ranging between 32 to 35○C in a room with 23h light-1 h dark cycle and wood shavings as floor litter. The birds had free access
to drinking water and feed until the age of 7-10 days when the
experiments were conducted. A commercial propofol solution
(10 mg/ml injection formulation, Astra, Zeneca, UK) was diluted with distilled water to obtain the required concentrations
of the drug to be injected on the basis of mg/kg body weight, intraperitoneally in a volume of 10 ml/kg body weight. Ketamine
(50 mg/ml, Rotexmedica, Germany) and xylazine (20 mg/ml,
Sanofi, France) were further diluted with physiological saline
solution to obtain the required concentrations for intramuscular
injection at 5 ml/kg body weight. All drug solutions were freshly
prepared before each experiment. The Committee of Graduate
Studies at the College of Veterinary Medicine, University of
Mosul reviewed and approved the present study. Experiments
and animal handling were according to our institutional regulations and guidelines addressing animal use, attention and
humane care. They were based on the guidelines of National
Research Council (2011).
Determination of the median effective doses (ED50s) of propofol, ketamine and xylazine for the induction of sedation and
hypnosis (sleep) in chicks
Using the up-and-down method (Dixon 1980), we determined
in separate experiments (n=5–8/each ED50 experiment) the individual ED50s of propofol, ketamine and xylazine as well as
the combinations of propofol-ketamine and propofol-xylazine
(50:50 of their individual ED50 values) for the induction of sedation and sleep in chicks. Sedation in chicks was manifested
by drooping of the head, closed eyelids, reduced motility or immotility, decreased distress calls, or recumbency (Al-Zubaidy
and Mohammad, 2005; Mohammad et al. 2012). The onset of
sleep was manifested as loss of righting reflex when the chick
was gently placed on one side (Hsu 1981; Mohammad and Faris
2006; Mohammad et al. 2012). Each chick was observed for
20 minutes after drug injection for the occurrence of sedation
or sleep. The experiments were conducted between 9–11 a.m.
The ED50s of propofol, ketamine and xylazine together with
the combinations of propofol and ketamine or xylazine were
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subjected to isobolographic analyses to determine the type of
interaction in producing sedation and sleep in chicks (Tallarida
1992; Puig et al 2000; Mohammad et al 2007). The ED50 point
of propofol was represented on the y-axis and those of ketamine
and xylazine on the x-axis. A straight diagonal line was drawn
for the isobolographic analysis between isoeffective ED50s of
propofol and ketamine or xylazine given alone to chicks. The
line of additive effect (zero interaction) is the straight line between the individual ED50 values of propofol and ketamine or
xylazine alone, and the combination points on the left (below)
and right (above) sides of the line represent synergistic and antagonistic interactions, respectively (Tallarida 1992; Puig et al
2000; Mohammad et al 2007). The interaction index (Y) was
calculated by the equation da/Da+db/Db (Puig et al 2000). Da
and Db are the individual ED50s of propofol and ketamine or
xylazine for the induction of sedation or sleep, respectively,
whereas da and db are combined ED50s of propofol and ketamine or xylazine in producing sedation or sleep. A Y value of
1 is an additive effect (no interaction), < 1 synergy, and > 1
antagonism (Tallarida 1992; Puig et al 2000; Mohammad et al
2007). In all the experiments, each bird was subjected to sedative or hypnotic tests only once.

Results
The ED50 values, as determined by the up-and-down method, for
propofol, ketamine and xylazine were 1.83, 5.39 and 0.18 mg/
kg for the induction of sedation, and they were 5.71, 12.24 and
3.83 mg/kg for the induction of sleep, respectively. Combined
administration of propofol and ketamine or xylazine resulted in
ED50 values of 0.63 + 2.63 and 0.86 + 0.09 mg/kg for the induction of sedation and 4.12 + 8.12 and 2.92 + 1.92 mg/kg for the
induction of sleep, respectively. The ED50 values of propofol,
ketamine and xylazine in the drug combinations decreased by
50 to 66% for the induction of sedation and by 28 to 50% for
the induction of sleep (Table 1).
Isobolographic analysis of the ED50 values of the three drugs
(either alone as well as propofol and ketamine or xylazine combinations) revealed synergistic interactions between propofol
and ketamine or xylazine for the induction of sedation in chicks
(Figure 1). For the induction of sleep in chicks, no interaction
(additive effect) occurred between propofol and xylazine and
it was antagonistic between propofol and ketamine (Figure
2). The synergistic sedative effect was indicated by the location of the points representing the combined sedative ED50s
of propofol with ketamine or xylazine below the diagonal line
that connect their isoeffective sedative ED50 values given alone
(Figure 1). The additive hypnotic effect of propofol and xylazine was indicated by the location of the point representing the
combined hypnotic ED50 values of both drugs on the diagonal line (Figure 2). Further, the antagonistic hypnotic effect
of propofol and ketamine was indicated by the location of the
point representing the combined hypnotic ED50 values of both
drugs above the diagonal line (Figure 2). The calculated interaction indices for the induction of sedation and sleep in chicks
treated with propofol and ketamine or xylazine are shown in
table 1. These indices further support the types of interaction
seen between propofol and ketamine or xylazine in inducing
sedation or sleep in chicks.
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Table 1. Interaction indices (Y) and percentages of decrease in
median effective doses (ED50s) of propofol with ketamine or
xylazine for the induction of sedation and sleep in chicks
Sedation
Sleep
%
Drug combination
% decrease in
Y* decrease in Y
ED50
ED50
Propofol+ketamine 0.83 66+51 1.4
28+34
Propofol+xylazine
0.97 53+50
1
49+50
* Y: 1 additive (no interaction), < 1 synergy, and > 1 antagonism. n=5–8 chicks/each ED50 experiment.

Figure 2. Isobolographic analysis of the hypnotic interaction of
propofol and ketamine or xylazine in chicks. Propofol was injected intraperitoneally, whereas ketamine and xylazine were
given intramuscularly. Points on x- and y-axes represent median hypnotic doses (ED50s, mg/kg) of the drugs given alone,
whereas the triangular point represents 50:50 of ED50 combinations of both drugs. The diagonal line between the individual ED50s of propofol and ketamine or xylazine is additive (no
interaction), and the triangular point above the line indicates
antagonistic interaction. n=5–6 chicks/each ED experiment.

Discussion
Figure 1. Isobolographic analysis of the sedative interaction of
propofol and ketamine or xylazine in chicks. Propofol was injected intraperitoneally, whereas ketamine and xylazine were
given intramuscularly. Points on x- and y-axes represent median sedative doses (ED50s, mg/kg) of the drugs given alone,
whereas the triangular point represents 50:50 of ED50 combinations of both drugs. The diagonal line between the individual
ED50s of propofol and ketamine or xylazine is additive (no interaction), and the triangular point indicates synergistic interaction. n=5–8 chicks/each ED50 experiment.
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In the present study, propofol, ketamine and xylazine induced
sedation and hypnosis as the chicks became docile and lost the
righting reflex. These effects of the three drugs are in accordance
with their depressant actions resulting in sedation, hypnosis or
anesthesia (Hsu 1981; Greene & Thurmon 1988; Short 1992;
Short & Bufalari 1999). The central pharmacological actions
of propofol, ketamine and xylazine vary with regards to receptors and neurotransmitters involved (Greene & Thurmon 1988;
Vasileiou et al. 2009; Persson 2013).
Several studies explored the combined effects of propofol-ketamine in humans and animals or propofol-xylazine in animals in
order to reduce side effects and decrease doses for better depressant (e.g. anesthetic) actions of the drugs (Short 1992; Short &
Bufalari 1999; Mortero et al 2001; Mair et al 2009; Ravasio et
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al 2012; Coulter et al 2014). Our isobolographic analysis of the
interaction between fixed ratio (50:50 ED50 values) of propofol-ketamine and propofol-xylazine in chicks revealed mixed
findings depending on the end point measured. At the level of
sedation, where the chicks retained the righting reflex ability,
synergistic interaction occurred between propofol and ketamine
or xylazine. For the induction of sleep in chicks, an additive
effect occurred between propofol and xylazine and an antagonistic interaction between propofol and ketamine. These interactions were further substantiated by the calculation of interaction indices (Table 1). The synergistic interaction was thought
to result when two drugs act by different mechanisms of action,
as in the case of propofol and ketamine or xylazine, producing
opposing physiologic effects (Vinik et al 1990; Hendrickx et
al 2008; Andolfatto et al 2012). However, a similar argument
about the additive effect which results from interaction of drugs
with similar mechanisms of action does not hold true for the
present additive hypnotic effect seen between propofol and xylazine (Vinik et al 1990; Hendrickx et al 2008; Andolfatto et al
2012) or even for the antagonistic one between propofol and
ketamine. Additive effect between drugs of different mechanisms of action is not an uncommon finding (Puig et al 2000;
Hendrickx et al 2008). The reason for this discrepancy is not
clear at present. It might be related to multiple receptor types and
neurotransmitters affected by the drugs we used in the present
study (Greene & Thurmon 1988; Vasileiou et al. 2009; Tawfic
2013). In accordance with the findings of our study, however,
ketamine was not additive with propofol for the induction of
anesthesia in dogs (Mair et al 2009) and propofol-ketamine
combination produced anesthesia in dogs comparable to that
of propofol alone without any reported interaction (Lerche et
al 2000). Furthermore, Shah et al (2011) reported that ketofol
was not superior to ketamine in producing procedural sedation
in children, but without any adverse event. Our findings are in
agreement with the reported reductions of propofol-drug combination dosages in reaching the end points of sedation and anesthesia (Hui et al 1995; Mortero et al 2001). In our study, the
ED50 values of propofol, ketamine and xylazine were reduced
by 50 to 66% for the induction of sedation and by 28 to 50%
for the induction of sleep.
Various combinations of propofol with ketamine or xylazine
at different dose ratio have been successfully used in humans
or animals (Short 1992; Frias et al 2003; Vasileiou et al. 2009;
Shah et al 2011; Wagner et al 2012; Persson 2013). Generally,
the outcome was superior sedation and anesthesia as well as
reduced drug side effects. The limitation of our study, as found
in other reports (Willman & Andolfatto 2007; Andolfatto et
al 2012; Ozgul et al 2013), was that only fixed dose ratio of
propofol-drug combinations was used. We do stress, therefore,
that the interactions we reported in the present study are limited to the ratio of propofol-ketamine and propofol-xylazine
dosages used in the chicks and the conclusion cannot be generalized to other combination levels or animal species. There
are also mixed evidence regarding the best clinically effective
dosage combinations of propofol with ketamine or xylazine
(Lerche et al 2000; Frias et al 2003; Slavik 2007; Mair et al
2009; Coulter et al 2014).
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Conclusions
Our findings indicated that reduced dose ratio of propofol with
ketamine or xylazine (50:50 ED50 values) produced the required
end points of sedation and sleep in chicks. We also report here a
new interaction of propofol-xylazine combination for the induction of sedation (synergism) and sleep (additive). We propose
the name of xylafol for this drug combination. These findings
could be of value clinically in the avian species or it could be
extended after further studies to mammals.

Acknowledgements
This report represents a portion of a dissertation to be submitted by the first author to the University of Mosul, Iraq as partial fulfillment of the requirements of PhD degree in Veterinary
Pharmacology. The study was supported by the College of
Veterinary Medicine, University of Mosul, Iraq.

References
Al–Zubaidy MHI, Mohammad FK. Metoclopramide induced central
nervous system depression in the chicken. BMC Vet Res 2005;1:6.
doi:10.1186/1746-6148-1-6. Available at: http://www.biomedcentral.com/1746-6148/1/6
Andolfatto G, Abu-Laban R, Zed PJ, Staniforth SM, Stackhouse S,
Moadebi S, Willman E. Ketamine-propofol combination (ketofol)
versus propofol alone for emergency department procedural sedation and analgesia: a randomized double blind trial. Annals Emerg
Med 2012;59:504–512.
Browne CA, Lucki I. Antidepressant effects of ketamine: mechanisms
underlying fast-acting novel antidepressants. Front Pharmacol
2013;6:1–18.
Carter J, Story DA. Veterinary and human anaesthesia: an overview of
some parallels and contrasts. Anaesth Intensive Care 2013;41:710–718.
Coetzee JF. A review of analgesic compounds used in food animals in the
United States. Vet Clin North Am Food Anim Pract 2013;29:11–28.
Coulter FL, Hannam JA, Anderson BJ. Ketofol simulations for dosing
in pediatric anesthesia.Paediatr Anaesth. 2014 Mar 26. doi: 10.1111/
pan.12386. [Epub ahead of print]
Dixon WJ. Efficient analysis of experimental observations. Ann Rev
Pharmacol Toxicol 1980;20:441–462.
Dong XP, Xu TL. The actions of propofol on gamma-aminobutyric acid-A and glycine receptors in acutely dissociated spinal dorsal horn
neurons of the rat. Anaesth Analg 2002;95:907–914.
Fitzgerald G, Cooper JE. Preliminary studies on the use of propofol in
the domestic pigeon (Columba livia). Res Vet Sci 1990;49:334–338.
Frias AF, Mársico F, Gómez de Segura IA, Nascimento PR, Nascimento
A, Soares JH, Almosny NR. Evaluation of different doses of propofol
in xylazine pre-medicated horses. Vet Anaesth Analg 2003;30:193-201.
Glowaski MM, Wetmore LA. Propofol: application in veterinary sedation and anesthesia. Clin Tech Small AnimPract 1999;14:1-9.
Greene SA,Thurmon JC. Xylazine-a review of its pharmacology and
use in veterinary medicine. J Vet Pharmacol Ther 1988;11:295–313.
Hendrickx JF, Eger EI, Sonner JM, Shafer SL. Is synergy the rule? a
review of anesthetic interactions producing hypnosis and immobility. Anesth Analg 2008;107:494–506.
Hsu WH. Xylazine-induced depression and its antagonism by alpha adrenergic blocking agents. J Pharmacol Exp Therap 1981;218:188–192.
Hui TW, Short TG, Hong W, Suen T, Gin T, Plummer J. Additive interactions between propofol and ketamine when used for anesthesia induction in female patients. Anesthesiology 1995;82:641–648.

Page 59

HVM Bioflux
http://www.hvm.bioflux.com.ro/

Naser & Mohammad 2014
Kil H, Choi YH, Lee SJ. Dose response and hypnotic interaction of
propofol and ketamine for anesthesia induction in korean. Korean
J Anesthesiol 1999;36:214–219. [in Korean].
Lerche P, Nolan AM, Reid J. Comparative study of propofol or propofol and ketamine for the induction of anaesthesia in dogs. Vet Rec
2000;146:571-574.
Lierz M, Korbel R. Anesthesia and analgesia in birds. J Exot Pet Med
2012;21:44–58.
Lizarraga I, Chambers JP. Use of analgesic drugs for pain management
in sheep. N Z Vet J 2012;60:87–94.
Lundström S, Twycross R, Mihalyo M, Wilcock A. Therapeutic reviews:
propofol. J Pain Symp Manage 2010;40:466–470.
Mair AR, Pawson P, Courcier E, Flaherty D. A comparison of the effects of two different doses of ketamine used for co-induction of
anaesthesia with a target-controlled infusion of propofol in dogs.
Vet Anaesth Analg 2009;36:532–538.
McGrane O, Hopkins G, Nielson A, Kang C. Procedural sedation with
propofol: a retrospective review of the experiences of an emergency medicine residency program 2005 to 2010. Am J Emerg Med
2012;30:706–711.
Mohammad FK, Faris GA-M. Behavioral effects of acute manganese chloride administration in chickens. Biol Trace Elem Res
2006;110:265–274.
Mohammad FK, Al-Zubaidy MHI, Alias AS. Sedative and hypnotic effects of combined administration of metoclopramide and ketamine
in chickens. Lab Anim 2007;36:35–39.
Mohammad FK, Faris GA-M, Al-Zubeady AZ. Developmental and
behavioral effects of medetomidine following in ovo injection in
chicks. Neurotoxicol Teratol 2012;34:214–218.
Mortero RF, Clark LD, Tolan MM, Metz RJ, Tsueda K, Sheppard RA.
The Effects of small-dose ketamine on propofol sedation: respiration, postoperative mood, perception, cognition, and pain. Anesth
Analg 2001;92:1465–1469.
National Research Council. Guide for the care and use of laboratory animals. 8th edition. National Academies Press, Washington, DC, 2011.
Ozgul U, Begec Z, Karahan K, Ali Erdogan M, Said Aydogan M, Colak
C, Durmus M, Ozcan Ersoy M. Comparison of propofol and ketaminepropofol mixture (ketofol) on laryngeal tube-suction II conditions
and hemodynamics: a randomized, prospective, double-blind trial.
Curr Ther Res 2013;75:39-43.
Papich MG. Saunders handbook of veterinary drugs. 3rd Edition.
Elsevier-Saunders, St. Louis, MO, USA, 2011.
Persson J. Ketamine in pain management. CNS Neurosci Ther
2013;19:396–402.
Puig MM, Warner W, Pol O. Intestinal inflammation and morphine
tolerance alter the interaction between morphine and clonidine on
gastrointestinal transit in mice. Anesthesiology 2000;93:219–230.

Ravasio G, Gallo M, Beccaglia M, Comazzi S, Gelain ME, Fonda
D, Bronzo V, Zonca A. Evaluation of a ketamine-propofol drug
combination with or without dexmedetomidine for intravenous
anesthesia in cats undergoing ovariectomy. J Am Vet Med Assoc
2012;241:1307–1313.
Shah A, Mosdossy G, McLeod S, Lehnhardt K, Peddle M, Rieder M.
A blinded, randomized controlled trial to evaluate ketamine/propofol versus ketamine alone for procedural sedation in children. Ann
Emerg Med 2011;57:435–441.
Short CE. Alpha 2-agents in animals. Sedation, analgesia and anesthesia. Veterinary Practice Company, Santa Barbra, CA, 1992.
Short CE, Bufalari A. Propofol anesthesia. Vet Clin North Am Small
AnimPract 1999;29:747–778.
Slavik VC. Combination ketamine and propofol for procedural sedation
and analgesia. Pharmacotherapy 2007;27:1588–1598.
Smith I, White PF, Nathanson M. Propofol: an update on its clinical
use. Anesthesiology 1994;81:1005–1043.
Tallarida RJ. Statistical analysis of drug combinations for synergism.
Pain 1992;49:93–97.
Tawfic QA. A review of the use of ketamine in pain management. J
Opioid Manag 2013;9:379–388.
Vasileiou I, Xanthos T, Koudouna E, Perrea D, Klonaris C, Katsargyris
A, Papadimitriou L. Propofol: a review of its non-anaesthetic effects. Europ J Pharmacol 2009; 605:1–8.
Vinik HR, Bradley EL Jr, Kissin I. Isobolographic analysis of propofolthiopental hypnotic interaction in surgical patients. Anesth Analg
1999;88:667–70
Wagner AE, Mama KR, Steffey EP, Hellyer PW. Evaluation of infusions
of xylazine with ketamine or propofol to modulate recovery following sevoflurane anesthesia in horses. Am J Vet Res 2012;73:346–352.
White PF, Way WL, Trevor AJ. Ketamine: its pharmacology and therapeutic uses. Anesthesiology 1982;56:119–136.
Willman EV, Andolfatto G. A prospective evaluation of “ketofol” (ketamine/propofol combination) for procedural sedation and analgesia
in the emergency department. Ann Emerg Med. 2007;49:23–30.

Authors
•Ahmed S. Naser, Department of Physiology, Biochemistry and

Pharmacology, College of Veterinary Medicine, University of
Mosul, Mosul, Iraq, e-mail: ahmedvet81@yahoo.com
•Fouad K. Mohammad, Department of Physiology, Biochemistry
and Pharmacology, College of Veterinary Medicine, University
of Mosul, Mosul, Iraq. Present address: Ministry of Higher
Education and Scientific Research, Baghdad, Iraq, e-mail:
fouadmohammad@yahoo.com

Naser AS, Mohammad FK. Isobolographic analysis of sedative and hypnotic
Citation interactions of propofol with ketamine and xylazine in chicks. HVM Bioflux
2014;6(2):56-60.
Editor Stefan C. Vesa
Received 25 May 2014
Accepted 7 July 2014
Published Online 9 July 2014
Funding Supported by the College of Veterinary Medicine, University of Mosul, Mosul, Iraq.
Conflicts/
Competing None reported
Interests

Volume 6 | Issue 2

Page 60

HVM Bioflux
http://www.hvm.bioflux.com.ro/

