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Presently, there is no ideal analgesic protocol which is free of side effects to counteract 

central sensitisation and abolish pain in postoperative period. Opioids being frontline 

drugs for postoperative pain management possess clinically significant side effects such 

as respiratory depression, vomiting, bradycardia and vasodilation. Recent findings 

point towards preemptive multimodal analgesia as the way forward. Ketamine and 

lignocaine are two potential drugs to be incorporated to an opioid-based protocol, 

however, research related to their analgesic effects in dogs is limited. This study 

evaluated the analgesic effects of systemic ketamine and lignocaine for postoperative 

analgesia in dogs. Treatments were administered in a cross over design with one week 

wash-out period. Analysis was performed using SAS software package. Data were 

compared across treatments and time measurement using repeated- measures ANOVA 

model and paired T test where two treatments were compared. Non parametric tests 

were used when data were not normally distributed. In experiment one of this study, 

effects of ketamine and lignocaine on electroencephalography (EEG) with electric 

noxious stimulus under minimal anaesthesia model were studied. Ketamine at 3 mg/kg 

intravenous (IV), loading dose (LD) and constant rate infusion (CRI) of 10 and 50 

µg/kg/min, and lignocaine at 2 mg/kg followed by 50 and 100 µg/kg/min significantly 

depressed the median frequency (MF) of EEG, an indicator of nociception. 

Corresponding serum concentrations at the points of testing that depressed MF were 

between 1898.41 ± 110.04 and 2100.59 ± 425.48 ng/ml for lignocaine and between 

248.71 ± 75 and 641.35 ± 197 ng/ml for ketamine. In experiment two, an algometer 

was modified, validated and subsequently used to determine mechanical nociceptive 

thresholds in conscious dogs. In experiment three, ketamine alone at 0.5 mg/kg LD 

followed by CRI of 30 µg/kg/min  and 50 µg/kg/min, and ketamine at 30 µg/kg/min 

with lignocaine at 2 mg/kg LD followed by 100 µg/kg/min significantly increased the 

mechanical thresholds during the periods of infusion. Corresponding serum 

concentrations of ketamine were found to be above 100 ng/ml. Thresholds returned to 

baseline within 20 minutes following cessation of infusion and serum concentrations 

were below 100 ng/ml. In experiment four, ketamine and lignocaine in addition to 

tramadol at 4 mg/kg premedication was evaluated for preemptive multimodal analgesia 

in dogs undergoing ovariohysterectomy. Results showed that the combination of 

ketamine-lidocaine-tramadol obtunded intra-operative sympathetic responses better 

than tramadol alone. The combination also attenuated primary hyperalgesia better than 
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tramadol in the immediate 8 hours post-surgery, and tended to reduce secondary 

hyperalgesia during the 72-hour postoperative study period. In conclusion, systemic 

ketamine and lignocaine possess analgesic effects. Ketamine at serum concentrations of 

> 100 ng/ml provided analgesia. Ketamine at 0.5 mg/kg LD followed by CRI at 30 or 

50 µg/kg/min combined with lignocaine at 2 mg/kg LD followed by 100 µg/kg/min, is 

safe for preemptive multimodal analgesia in dogs under anaesthesia. Preemptive 

infusions of ketamine and lignocaine in addition to tramadol augmented analgesia, 

likely, by attenuating intra-operative nociceptive inputs and reducing central 

sensitisation. 
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Pada masa ini, tiada protokol analgesik yang bebas daripada kesan sampingan untuk 

mengatasi pemekaan sistem saraf pusat dan menghapuskan kesakitan selepas 

pembedahan. Oleh itu, ubat yang berpotensi dan sedia ada perlu dicuba dalam kaedah 

analgesia dahuluan berbilang mod untuk mencari protokol yang paling sesuai dan 

dengan kesan sampingan yang minima. Penemuan baru-baru ini menghala ke arah 

analgesia dahuluan berbilang mod. Ketamine dan lignocaine adalah dua ubat yang 

berpotensi untuk dimasukkan ke dalam protokol berasaskan opioid, namun kajian 

kesan analgesik ketamine dan lignocaine pada anjing adalah terhad. Tesis ini bertujuan 

untuk menilai keberkesanan analgesik ketamine dan lignocaine sistemik untuk 

analgesia selepas pembedahan pada anjing. Dalam bab ketiga tesis, kesan ketamine dan 

lignocaine pada elektroensefalografi (EEG) dengan penggunaan rangsangan noksius 

elektrik di bawah model anestesia minima telah dikaji. Ketamine pada dose muatan 

(LD) 3 mg/kg IV, dan infusi kadar malar (CRI) 10 dan 50 μg/kg/min, serta lignocaine 

pada 2 mg/kg diikuti  50 dan 100 μg/kg/min didapati menekan kekerapan median (MF) 

EEG, iaitu satu daripada penunjuk kesakitan. Kepekatan serum semasa MF tertekan 

adalah di antara 1898.41 ± 110.04 hingga 2100.59 ± 425.48 ng/ml untuk lignocaine, 

dan 248.71 ± 75 hingga 641.35 ± 197 ng/ml untuk ketamine. Dalam bab keempat and 

kelima, satu algometer telah diubahsuai, disahkan dan kemudiannya digunakan untuk 

menentukan nilai ambang nosiseptif mekanikal pada anjing sedar. Ketamine pada 0.5 

mg/kg LD diikuti CRI 30 μg/kg/min dan 50 μg/kg/min, serta ketamine pada 50 

μg/kg/min dengan tambahan lignocaine 2 mg/kg LD diikuti 100 μg/kg/min, didapati 

meningkatkan nilai ambang mekanikal dengan ketara semasa tempoh infusi. Kepekatan 

serum ketamine didapati melebihi 100 ng/ml. Nilai ambang mekanika kembali ke aras 

awal dalam tempoh 20 minit selepas infusi diberhentikan dan kepekatan serum adalah 

di bawah 100 ng/ml. Dalam bab keenam, ketamine dan lignocaine sebagai tambahan 

kepada premedikasi dengan tramadol 4 mg/kg, dinilai untuk analgesia dahuluan 

berbilang mod pada anjing yang menjalani ovari-histerektomi. Keputusan 

menunjukkan yang gabungan ketamine-lignocaine-tramadol menyekat respons 

simpatetik lebih baik daripada penggunaan tramadol sahaja. Gabungan tersebut 

mengurangkan hiperalgesia primer lebih baik daripada tramadol dalam tempoh 8 jam 

selepas pembedahan, dan cenderung untuk mengurangkan hiperalgesia sekunder 

sepanjang tempoh 72 jam pascabedah. Kesimpulannya, ketamine dan lignocaine 
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sistemik mempunyai kesan-kesan analgesik. Ketamine pada kepekatan serum > 100 

ng/ml memberikan kesan analgesia. Ketamine pada 0.5 mg/kg LD diikuti CRI pada 30 

atau 50 μg/kg/min, dan digabungkan dengan lignocaine pada 2 mg/kg LD diikuti 100 

μg/kg/min, adalah selamat untuk analgesia dahuluan berbilang mod pada anjing yang 

dibius. Infusi dahuluan ketamine dan lignocaine yang ditambah kepada tramadol 

meningkatkan kesan analgesia, mungkin melalui pengurangan input nosiseptif dan 

pemekaan pusat. 
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CHAPTER ONE 

 

 

INTRODUCTION 

 

 

Pain is a highly complex phenomenon. According to International Association for the 

Study of Pain (IASP), pain is defined as “an unpleasant sensory and emotional experience 

associated with actual or potential tissue damage, or described in terms of such damage” 

(Merskey, 1986). Human ability to communicate verbally and physically helps in 

identifying pain. Since animals are devoid of verbal communication, the task of pain 

identification is more difficult compared to humans.  However, in animals, pain is 

manifested as a behavioral reaction to an aversive sensory experience associated with 

actual or potential tissue damage (Cambridge et al., 2000). Dogs and cats have similar, 

if not identical neurotransmitters and neural pathways to those of humans, and likely 

perceive pain in a similar way (Hellyer et al., 2007). 

 

 

Nociception refers to the process through which noxious stimuli are detected and 

converted to nerve impulses, conveyed to supraspinal structures through spinal cord 

where they are further processed and appreciated as pain (IASP Subcommittee on 

Taxonomy, 1979). The process of nociception takes place in four steps, transduction, 

transmission, perception and modulation.  Transduction is the encoding of noxious 

stimulus into nociceptive stimulus caused by tissue damage. Transportation of signals 

from the periphery to the brain is called ‘transmission’. Modulation involves the 

mechanisms of inhibition and excitation along the pathways. Perception is the last step 

in the process of nociception, which is the sensation of pain (Loveridge and Patel, 2014). 

 

 

Clinically, pain can be divided into acute and chronic. Acute pain results from an injury 

and ends with wound healing (Gayner & Muir, 2002). Chronic pain persists beyond the 

course of acute pain or wound healing (Bonica et al., 1993). Surgical pain is one of the 

most common and typical form of acute pain. Surgery results in a complex cascade of 

events in the neuroendocrine system, resulting in the release of stress factors, as well as 

generating the process of nociception along the neural pathways. These changes results 

in alteration in the function of the nervous system towards various environmental stimuli. 

This modification in the function takes place centrally (central sensitisation) as well as 

in the periphery (peripheral sensitisation) (Coderre et al., 1993). This sensitisation leads 

to allodynia, a condition where innocuous stimulus is perceived as noxious causing pain, 

and hyperalgesia, an exaggerated response to a noxious stimulus (Klede et al., 2003). All 

of these events may contribute to chronic pain if not managed properly.  

 

 

Preemptive analgesia has been defined as “an antinociceptive treatment that prevents the 

establishment of altered function of the nervous system from injuries” (Kelly et al., 

2001a). Practically preemptive analgesia is the injection of analgesic agent before the 

start of surgical stimulus with the aim of preventing or reducing subsequent pain.  

 

Multimodal analgesia (Kehlet & Dahl, 1993) is a technique in which analgesics with 

various modes of action such as non-opioid and opioid are mixed with the aim of acting 

on different pathways and neurotransmitters involved in nociception and hyperalgesia. 



© C
OPYRIG

HT U
PM

2 

 

Tramadol is a centrally acting synthetic analgesic, which has synergistic opioid and non-

opioid modes of action (Raffa et al., 1992). Tramadol has insignificant side effects 

compared to that of other opioids. Lignocaine and ketamine are commonly used as local 

and general anaesthetics, respectively. Lignocaine and ketamine use for postoperative 

analgesia may prevent the development of central sensitisation (Muir & Woolf, 2001) 

during surgical intervention, which augments pain and discomfort in the postoperative 

period. Lignocaine and ketamine have been reported to supplement general anaesthesia 

(Muir et al., 2003) reducing the amount of inhalant anaesthetics required during 

anaesthesia, improving cardio respiratory function, and thereby provide safe general 

anaesthesia, better postoperative comfort, and quicker recovery. The combination of 

lignocaine and ketamine as a non-opioid adjunct enhances efficacy, potential for drug 

synergism, decreases drug-related side effects (Woolf & Salter, 2000) and reduces opioid 

requirement and their side effects in postoperative period (Kehlet & Dahl, 1993).  

 

 

Problem statement 

 

 

Though opioids, such as morphine and fentanyl are the front-line analgesics in small 

animal practice, their perioperative use is often associated with clinically significant side 

effects, such as respiratory depression (Pattinson, 2008), vomiting (Kukanich et al., 

2005), bradycardia and vasodilation (Iizuka et al., 2013) . Presently, there is no any ideal 

protocol for postoperative analgesia, which is free of side effects. Therefore, it is 

necessary that the available potential drugs should be tested by the preemptive 

multimodal analgesia method in order to find the most suitable protocol with least side 

effects. Mechanism of action of systemic lignocaine and ketamine reveals that these are 

two potential drugs which can be used for preemptive multimodal analgesia in dogs. 

However, there is a need to objectively assess the analgesic efficacy of ketamine and 

lignocaine alone, followed by their combination with opioids to evaluate their effects on 

postoperative analgesia and central sensitisation. Therefore, this thesis aims to: 

1) Determine the antinociceptive actions of systemic lignocaine and ketamine 

using electroencephalograph (EEG) in dogs under minimal anaesthesia model.  

2) Modify and validate an algometry technique on conscious dogs.  

3) Correlate analgesic serum levels of ketamine administered alone and in 

combination with lignocaine, with their effects on mechanical thresholds in 

conscious dogs.  

4)  Evaluate the effects of ketamine and lignocaine for preemptive multimodal 

analgesia with tramadol on postoperative pain and central sensitisation. 

 

It is hypothesised that:  

 

1. Systemic ketamine and lignocaine will affect parameters of EEG related to 

nociception in dogs under minimal anaesthesia model. 

2. Modified algometry technique on conscious dogs would increase mechanical 

thresholds compared to baseline, if the drug has an analgesic effect 

3.  Mechanical thresholds on conscious dogs are correlated with serum 

concentrations of ketamine. 

4. Combination of ketamine, lignocaine and tramadol would prevent development 

of central sensitisation and result in better analgesia compared to tramadol alone 

in the post operative period. 



© C
OPYRIG

HT U
PM

132 

REFERENCES 

 

 

Acevedo-Arcique, C. M., Ibancovichi, J. A., Chavez, J. R., Gutierrez-Blanco, E., 

Moran-Munoz, R., Victoria-Mora, J. M., Tendillo-Cortijo F, Santos-González 

M., & Sanchez-Aparicio, P. (2014). Lidocaine, dexmedetomidine and their 

combination reduce isoflurane minimum alveolar concentration in dogs. PLoS 

One, 9(9).  

Acosta, A. D., Gomar, C., Correa-Natalini, C., Bopp, S., Polydoro, A., & Sala-Blanch, 

X. (2005). Analgesic effects of epidurally administered levogyral ketamine 

alone or in combination with morphine on intraoperative and postoperative 

pain in dogs undergoing ovariohysterectomy.American Journal of  Veterinary 

Research, 66(1), 54-61.  

Adams, H. R., Parker, J. L., & Mathew, B. P. (1977). The influence of ketamine on 

inotropic and chronotropic responsiveness of heart muscle. Journal of 

Pharmacology and Experimental Therapeutics, 201(1), 171-183.  

Almeida, R. M., Escobar, A., & Maguilnik, S. (2010). Comparison of analgesia 

provided by lidocaine, lidocaine-morphine or lidocaine-tramadol delivered 

epidurally in dogs following orchiectomy. Veterinary Anaesthesia and 

Analgesia, 37(6), 542-549.  

Anderson, D. E., & Muir, W. W. (2005). Pain management in cattle. Veterinary Clinics 

of North America: Food Animal Practice, 21(3), 623-635.  

Anis, N., Berry, S., Burton, N., & Lodge, D. (1983). The dissociative anaesthetics, 

ketamine and phencyclidine, selectively reduce excitation of central 

mammalian neurones by N-methyl-aspartate. British Journal of 

Pharmacology, 79(2), 565.  

Arendt-Nielsen, L., Petersen-Felix, S., Fischer, M., Bak, P., Bjerring, P., & Zbinden, A. 

(1995). The effect of N-methyl-D-aspartate antagonist (ketamine) on single 

and repeated nociceptive stimuli: a placebo-controlled experimental human 

study. Anesthesia & Analgesia, 81(1), 63-68.  

Atkins, C. J., Zielinski, A., Klinkhoff, A. V., Chalmers, A., Wade, J., Williams, D., . . . 

& Cioppa, G. D. (1992). An electronic method for measuring joint tenderness 

in rheumatoid arthritis. Arthritis & Rheumatism, 35(4), 407-410.  

Azar, I., & Ozomek, E. (1973). The use of ketamine for abdominal tubal ligation. 

Anesthesia and Analgesia, 52:39   42. 

Babos, M. B., Grady, B., Wisnoff, W., & McGhee, C. (2013). Pathophysiology of pain. 

Disease-a-Month, 59(10), 330-358.  

Barnhart, M. D., Hubbell, J. A., Muir, W. W., Sams, R. A. & Bednarski, R. M. (2000). 

Pharmacokinetics, pharmacodynamics, and analgesic effects of morphine after 

rectal, intramuscular, and intravenous administration in dogs. American 

Journal Of Veterinary Research, 61(1), 24-28.  



© C
OPYRIG

HT U
PM

133 

Basbaum, A. I., Bautista, D. M., Scherrer, G., & Julius, D. (2009). Cellular and 

molecular mechanisms of pain. Cell, 139(2), 267-284.  

Beecher, H. K. (1957). "The Measurement of Pain; Prototype for the Quantitative 

Study of Subjective Responses. Pharmacological Reviews, 9(1), 59-209.  

Bell, R. F., Dahl, J. B., Moore, R. A., & Kalso, E. (2006). Perioperative ketamine for 

acute postoperative pain. Cochrane Database Systemic Reviews, 25(1).  

Bendtsen, L., Jensen, R., Jensen, N. K. & Olesen, J. (1994). Muscle palpation with 

controlled finger pressure: new equipment for the study of tender myofascial 

tissues. Pain, 59, 235-239 

Bergadano, A., Andersen, O. K., Arendt-Nielsen, L., Theurillat, R., Thormann, W. & 

Spadavecchia, C. (2009). Plasma levels of a low-dose constant-rate-infusion 

of ketamine and its effect on single and repeated nociceptive stimuli in 

conscious dogs. The Veterinary Journal, 182(2), 252-260.  

Besson, J. M. & Chaouch, A. (1987) Peripheral and spinal mechanisms of nociception. 

Physiological Reviews, 67 1), 67-186. 

Blois, S. L., Allen, D. G., Wood, R. D. & Conlon, P. D. (2010). Effects of aspirin, 

carprofen, deracoxib, and meloxicam on platelet function and systemic 

prostaglandin concentrations in healthy dogs. American Journal of Veterinary 

Research, 71(3), 349-358.  

Bonica, J. J. (1993). Evolution and current status of pain programs. Journal of 

Pharmaceutical Care in Pain & Symptom Control, 1(2), 31-44.  

Bonica, J.J. (2007) Response to pain and injury.  In: Tranquilli, W. J., Thurmon, J. C., 

Grimm, K. A. (Eds.), Lumb and Jones’ Veterinary Anesthesia and analgesia; 

4th ed: Blackwell Publishing. pp. 40-41 

Boscan, P., Monnet, E., Mama, K., Twedt, D. C., Congdon, J., Eickhoff, J. C. & 

Steffey, E. P. (2011). A dog model to study ovary, ovarian ligament and 

visceral pain. Veterinary Anaesthesia and Analgesia, 38(3), 260-266.  

Boscan, P., Pypendop, B. H., Solano, A. M. & Ilkiw, J. E. (2005). Cardiovascular and 

respiratory effects of ketamine infusions in isoflurane-anesthetized dogs 

before and during noxious stimulation. American Journal of Veterinary 

Research, 66(12), 2122-2129.  

Botella, A., Fioramonti, J., Eeckhout, C. & Bueno, L. (1998). Intracolonic glycerol 

induces abdominal contractions in rats: role of 5-HT3 receptors. Fundamental 

and Clinical Pharmacology, 12, 619–623. 

Bowsher, D. (1976). Role of the reticular formation in responses to noxious 

stimulation. Pain, 2, 361–78. 

Brown, D. C., Bernier, N., Shofer, F., Steinberg, S. A. & Perkowski, S. Z. (2002). Use 

of noninvasive dental dolorimetry to evaluate analgesic effects of intravenous 



© C
OPYRIG

HT U
PM

134 

and intrathecal administration of morphine in anesthetized dogs. American 

Journal of Veterinary Research, 63(10), 1349-1353.  

Budsberg, S. C., Cross, A. R., Quandt, J. E., Pablo, L. S. & Runk, A. R. (2002). 

Evaluation of intravenous administration of meloxicam for perioperative pain 

management following stifle joint surgery in dogs. American Journal of 

Veterinary Research, 63(11), 1557-1563.   

Buhagiar, L., Cassar, O. A., Brincat, M. P., Buttigieg, G. G., Inglott, A. S., Adami, M. 

Z. & Azzopardi, L. M. (2011). Predictors of post-caesarean section pain and 

analgesic consumption. Journal of Anaesthesiology, Clinical Pharmacology, 

27(2), 185.  

Buhari, S., Hashim, K., Yong Meng, G., Mustapha, N. M. & Gan, S. H. (2012). 

Subcutaneous Administration of Tramadol after Elective Surgery Is as 

Effective as Intravenous Administration in Relieving Acute Pain and 

Inflammation in Dogs. The Scientific World Journal, 2012. Article ID 564939, 

7 pages. doi:10.1100/2012/564939 

Burton, D., Nicholson, G. & Hall, G. (2004). Endocrine and metabolic response to 

surgery. Continuing Education in Anaesthesia, Critical Care & Pain, 4(5), 

144-147.  

Busch, U., Schmid, J., Heinzel, G., Schmaus, H., Baierl, J., Huber, C. & Roth, W. 

(1998). Pharmacokinetics of meloxicam in animals and the relevance to 

humans. Drug Metabolism and Disposition 26, 576-584 

Cambridge, A. J., Tobias, K. M., Newberry, R. C. & Sarkar, D. K. (2000). Subjective 

and objective measurements of postoperative pain in cats. Journal of the 

American Veterinary Medical Association, 217(5), 685-690.  

Campoy, L., Martin-Flores, M., Looney, A. L., Erb, H. N., Ludders, J. W., Stewart, J. 

E., . . . & Asakawa, M. (2008). Distribution of a lidocaine-methylene blue 

solution staining in brachial plexus, lumbar plexus and sciatic nerve blocks in 

the dog. Veterinary Anaesthesia and  Analgesia, 35(4), 348-354.  

Cardozo, L. B., Cotes, L. C., Kahvegian, M. A., Rizzo, M. F., Otsuki, D. A., Ferrigno, 

C. R. & Fantoni, D. T. (2014). Evaluation of the effects of methadone and 

tramadol on postoperative analgesia and serum interleukin-6 in dogs 

undergoing orthopaedic surgery. BMC Veterinary Research, 10(194).  

Carlton, S. M., Hargett, G. L. & Coggeshall, R. E. (1995). Localization and activation 

of glutamate receptors in unmyelinated axons of rat glabrous skin. 

Neuroscience Letters, 197(1), 25-28.  

Chambers, J., Waterman, A. & Livingston, A. (1994). Further development of 

equipment to measure nociceptive thresholds in large animals. Veterinary 

Anaesthesia and Analgesia, 21(2), 66-72.  

Chang, C. & Shyu, B. C. (2001). A fMRI study of brain activations during non-noxious 

and noxious electrical stimulation of the sciatic nerve of rats. Brain Research, 

897(1), 71-81.  



© C
OPYRIG

HT U
PM

135 

Chauret, N., Gauthier, A., Martin, J. & Nicoll-Griffith, D. A. (1997). In vitro 

comparison of cytochrome P450-mediated metabolic activities in human, dog, 

cat, and horse. Drug Metabolism and Disposition, 25(10), 1130-1136.  

Chiou, L. C., Liao, Y. Y., Fan, P. C., Kuo, P. H., Wang, C. H., Riemer, C. & Prinssen, 

E. P. (2007). Nociceptin/orphanin FQ peptide receptors: pharmacology and 

clinical implications. Current Drug Targets, 8(1), 117-135.  

Church, J., & Lodge, D. (1990). N-methyl-D-aspartate (NMDA) antagonism is central 

to the actions of ketamine and other phencyclidine receptor ligands. In: 

Domino EF, (Ed.), Status of Ketamine in Anesthesiology. Ann 

Arbor, MI: NPP Books: pp. 501-519.  

Clements, J., Nimmo, W. & Grant, I. (1982). Bioavailability, pharmacokinetics, and 

analgesic activity of ketamine in humans. Journal of Pharmaceutical Sciences, 

71(5), 539-542.  

Coderre, T. J., Katz, J., Vaccarino, A. L. & Melzack, R. (1993). Contribution of central 

neuroplasticity to pathological pain: review of clinical and experimental 

evidence. Pain, 52(3), 259-285.  

Colburn, R. W., Coombs, D. W., Degnan, C. C. & Rogers, L. L. (1989). Mechanical 

visceral pain model: chronic intermittent intestinal distention in the rat. 

Physiology and Behavior, 45, 191–197. 

Coleman, K. D., Schmiedt, C. W., Kirkby, K. A., Coleman, A. E., Robertson, S. A., 

Hash, J. & Lascelles, B. D. X. (2014). Learning Confounds Algometric 

Assessment of Mechanical Thresholds in Normal Dogs. Veterinary Surgery, 

43(3), 361-367.  

Columbano, N., Secci, F., Careddu, G. M., Sotgiu, G., Rossi, G. & Driessen, B. (2012). 

Effects of lidocaine constant rate infusion on sevoflurane requirement, 

autonomic responses, and postoperative analgesia in dogs undergoing 

ovariectomy under opioid-based balanced anesthesia. The Veterinary Journal, 

193(2), 448-455.  

Conzemius, M. G., Hill, C. M., Sammarco, J. L. & Perkowski, S. Z. (1997). Correlation 

between subjective and objective measures used to determine severity of 

postoperative pain in dogs. Journal of American Veterinary Medical 

Association, 210(11), 1619-1622.  

Corlew, R., Brasier, D. J., Feldman, D. E. & Philpot, B. D. (2008). Presynaptic NMDA 

receptors: newly appreciated roles in cortical synaptic function and plasticity. 

Neuroscientist, 14(6), 609-625.  

Cousins, M. & Power, I. (1999). Acute and postoperative pain In: Wall, P. D., Melzack, 

R. (Eds.), Text Book of Pain. Churchill Livingston, London. Pp. 447-491. 

Craft, R. M., Carlisi, V. J., Mattia, A., Herman, R. M. & Porreca F. (1993) Behavioral 

characterization of the excitatory and desensitizing effects of intravesical 

capsaicin and resiniferatoxin in the rat. Pain, 55, 205–215. 



© C
OPYRIG

HT U
PM

136 

Craft, R. M., Henley, S. R., Haaseth, R. C., Hruby, V. J. & Porreca, F. (1995). Opioid 

antinociception in a rat model of visceral pain: systemic versus local drug 

administration. Journal of Pharmacology and Experimental Therapeutics, 

275:1535–1542. 

Crawford, M. E., Jensen, M. F., Toftdahl, D. B. & Madsen, J. B. (1993). Direct spinal 

effect of intrathecal and extradural midazolam on visceral noxious-stimulation 

in rabbits. British Journal of Anaesthesia, 70, 642–646. 

Crile, G. W. (1913). The kinetic theory of shock and its prevention through anoci-

association. Lancet, 185, 7–16. 

Crisp, T. & Smith, D. (1989). A local serotonergic component involved in the spinal 

antinociceptive action of morphine. Neuropharmacology, 28(10), 1047-1053.  

Crisp, T., Perrotti, J. M., Smith, D. L., Stafinsky, J. L. & Smith, D. J. (1991). The local 

monoaminergic dependency of spinal ketamine. European Journal of 

Pharmacology, 194(2), 167-172.  

De Moraes, A. N., Dyson, D. H., O'Grady, M. R., McDonell, W. N. & Holmberg, D. L. 

(1998). Plasma concentrations and cardiovascular influence of lidocaine 

infusions during isoflurane anesthesia in healthy dogs and dogs with subaortic 

stenosis. Veterinary Surgery, 27(5), 486-497.  

DeLeo, J. A., Colburn, R. W., Coombs, D. W. &  Ellis, M. A. (1989). The 

differentiation of NSAIDs and prostaglandin action using a mechanical 

visceral pain model in the rat. Pharmacology Biochemistry and Behavior, 33, 

253–255 

DeRossi, R., Frazilio, F. O., Jardim, P. H., Martins, A. R., Schmidt, R. & Negrini-Neto, 

J. M. (2011). Evaluation of thoracic epidural analgesia induced by lidocaine, 

ketamine, or both administered via a lumbosacral approach in dogs. American 

Journal of Veterinray Research, 72(12), 1580-1585.  

Desborough, J. P. (2000). The stress response to trauma and surgery. British Journal of 

Anaesthesia, 85(1), 109-117.  

Diesch, T., Mellor, D., Johnson, C. & Lentle, R. (2010). Developmental changes in the 

electroencephalogram and responses to a noxious stimulus in anaesthetized 

tammar wallaby joeys (Macropus eugenii eugenii). Laboratory Animals, 

44(2), 79-87.  

Dobromylskyj, P., Flecknell, P. A., Lascelles, B. D. X., Livingstone, A., Taylor, P. & 

Waterman-Pearson, A. (2000) management of postoperative pain and other 

acute pain. In: Pain management in animals, Eds: Flecknell P, Waterman-

Pearson A. W.B. Saunders, London UK,pp. 53-79. 

Doherty, T., Redua, M. A., Queiroz‐Castro, P., Egger, C., Cox, S. K. & Rohrbach, B. 

W. (2007). Effect of intravenous lidocaine and ketamine on the minimum 

alveolar concentration of isoflurane in goats. Veterinary Anaesthesia and 

Analgesia, 34(2), 125-131.  



© C
OPYRIG

HT U
PM

137 

Domino, E. F., Zsigmond, E. K., Domino, L. E., Domino, K. E., Kothary, S. P. & 

Dominof, S. E. (1982). Plasma levels of ketamine and two of its metabolites in 

surgical patients using a gas chromatographic mass fragmentographic assay. 

Anesthesia & Analgesia, 61(2), 87-92.  

Dray, A. (1995). Inflammatory mediators of pain. British Journal of Anaesthesia, 

75(2), 125-131.  

Drummond, J., Brann, C., Perkins, D. & Wolfe, D. (1991). A comparison of median 

frequency, spectral edge frequency, a frequency band power ratio, total power, 

and dominance shift in the determination of depth of anesthesia. Acta 

Anaesthesiologica Scandinavica, 35(8), 693-699.  

Dubuisson, D. & Dennis, S. G. (1977). The formalin test: a quantitative study of the 

analgesic effects of morphine, meperidine and brain stem stimulation in rats 

and cats. Pain, 4,161–174. 

Duke-Novakovski, T. (2014). Opioids. In Christine, L. L., Egger, M. Doherty, T. 

(Eds.), Pain Management in Veterinary Practice (1st Ed.). Wiley Blackwell, 

pp. 41-67. 

Dwyer, R. C., Rampil, I. J., Eger, E. I. II. & Bennett, H. L. (1994). The 

electroencephalogram does not predict depth of isoflurane anaesthesia. 

Anesthesiology, 81, 403–409. 

Eghbal, M. H., Taregh, S., Amin, A. & Sahmeddini, M. (2013). Ketamine improves 

postoperative pain and emergence agitation following adenotonsillectomy in 

children. A randomized clinical trial. Middle East Journal of Anesthesiology, 

22(2), 155-160.  

Eide, P. K., Jørum, E., Stubhaug, A., Bremnes, J. & Breivik, H. (1994). Relief of post-

herpetic neuralgia with the N-methyl-D-aspartic acid receptor antagonist 

ketamine: a double-blind, cross-over comparison with morphine and placebo. 

Pain, 58(3), 347-354.  

Evans, W. E. & Johnson, J. A. (2001). Pharmacogenomics: the inherited basis for 

interindividual differences in drug response. Annual Review of Genomics and 

Human Genetics, 2(1), 9-39.  

Fanelli, J. & Montgomery, C. (1998) Use of the analgesic tramadol in antidepressant 

potentiation. Psychopharmacoly Bulletin, ;32:442. 

Fields, H. L. & Basbaum, A. I. (1999). Central nervous system mechanisms of pain 

modulation. In: Wall, P. D., Melzack, R., (Eds), Textbook of pain. 4th (ed.). 

Churchill Livingstone, Edinburgh (UK), pp. 309–330. 

Firth, A. M. & Haldane, S. L. (1999). Development of a scale to evaluate postoperative 

pain in dogs. Journal of American Veterinary Medical Association, 214(5), 

651-659.  

Fischer, A. A. (1987). Pressure algometry over normal muscles. Standard values, 

validity and reproducibility of pressure threshold. Pain, 30(1), 115-126.  



© C
OPYRIG

HT U
PM

138 

Fosse, T., Toutain, P., Spadavecchia, C., Haga, H., Horsberg, T. & Ranheim, B. (2011). 

Ketoprofen in piglets: enantioselective pharmacokinetics, pharmacodynamics 

and PK/PD modelling. Journal of Veterinary Pharmacology and 

Therapeutics, 34(4), 338-349.  

Fox, S. M., Mellor, D. J., Firth, E. C., Hodge, H. & Lawoko, C. R. O. (1994). Changes 

in plasma cortisol concentrations before, during and after analgesia, 

anaesthesia and anaesthesia plus ovariohysterectomy in bitches. Research in 

Veterinary Science 57, 110–118. 

Fox, S. M., Mellor, D. J., Lawoko, C. R. O., Hodge, H. & Firth, E. C. (1998). Changes 

in plasma cortisol concentrations in bitches in response to different 

combinations of halothane and butorphanol, with or without 

ovariohysterectomy. Research in Veterinary Science, 65, 125–133. 

Frink, E. J., Jr., Morgan, S. E., Coetzee, A., Conzen, P. F. & Brown, B. R., Jr. (1992). 

The effects of sevoflurane, halothane, enflurane, and isoflurane on hepatic 

blood flow and oxygenation in chronically instrumented greyhound dogs. 

Anesthesiology, 76(1), 85-90.  

Fu, E. S., Miguel, R. & Scharf, J. E. (1997). Preemptive ketamine decreases 

postoperative narcotic requirements in patients undergoing abdominal surgery. 

Anesthesia & Analgesia, 84(5), 1086-1090.  

Gassel, A. D., Tobias, K. M., Egger, C. M. & Rohrbach, B. W. (2005). Comparison of 

oral and subcutaneous administration of buprenorphine and meloxicam for 

preemptive analgesia in cats undergoing ovariohysterectomy. Journal of the 

American Veterinary Medical Association, 227(12), 1937-1944.  

Gasser, H. S. & Erlanger, J. (1929). The role of fiber size in the establishment of a 

nerve block by pressure or cocaine. American Journal of Physiology--Legacy 

Content, 88(4), 581-591.  

Gayner, J. S., & Muir, W. W. (2002). Acute pain management; a case base approached. 

In: Gayner, J. S., Muir, W. W. (Eds.), Hand book of veterinary Pain 

management. Mosby, Inc. St. Louis, MO, USA, pp. 346-380.  

Gibson, T., Johnson, C., Stafford, K., Mitchinson, S. & Mellor, D. (2007). Validation 

of the acute electroencephalographic responses of calves to noxious stimulus 

with scoop dehorning. New Zealand veterinary journal, 55(4), 152-157.  

Gibson. (1996). Pharmacokinetics, efficacy, and safety of analgesia with a focus on 

tramadol HCl.  American Journal of Medicine, 101(1A), 47S-53S.  

Giordano, J. (2005). The neurobiology of nociceptive and anti-nociceptive systems. 

Pain Physician, 8, 277–90. 

Giorgi, M., Del Carlo, S., Łebkowska-Wieruszewska, B., Kowalski, C. & Saccomanni, 

G. (2010). Pharmacokinetics of tramadol and metabolites after injective 

administrations in dogs. Polish Journal of Veterinary Sciences, 13(4), 639-

644.  



© C
OPYRIG

HT U
PM

139 

Giorgi, M., Del Carlo, S., Saccomanni, G., Lebkowska-Wieruszewska, B. & Kowalski, 

C. J. (2009a). Pharmacokinetic and urine profile of tramadol and its major 

metabolites following oral immediate release capsules administration in dogs. 

Veterinary Research Communication, 33(8), 875-885.  

Giorgi, M., Del Carlo, S., Saccomanni, G., Lebkowska-Wieruszewska, B. & Kowalski, 

C. J. (2009b). Pharmacokinetics of tramadol and its major metabolites 

following rectal and intravenous administration in dogs. New Zealand 

Veterinary Journal, 57(3), 146-152.  

Gold, M. S. & Gebhart, G. F. (2010). Nociceptor sensitization in pain pathogenesis. 

Nature Medicine, 16(11), 1248-1257.  

Grape, S. & Tramer, M. R. (2007). Do we need preemptive analgesia for the treatment 

of postoperative pain? [Review]. Best Practice and Research Clinical 

Anaesthesiology, 21(1), 51-63.  

Greene, S. A., Moore M. P, Keegan R. D, Gallagher L. V. & C, R. J. (1992). 

Quantitative electroencephalography for monitoring responses to noxious 

electrical stimulation in dogs anaesthestised  with either halothane or  

halothane and morphine. . In: Short, C. E., Poznak, A.V. (Eds.). Animal Pain 

(1st ed.). Churchill Livingston, New York. pp. 459-465.  

Greenspan, J. D.  (1997). Nociceptors and the peripheral nervous system's role in pain.  

Journal of Hand Therapy, 10 (2), 78-85.  

Grimm, K. A., Tranquilli, W. J., Thurmon, J. C. & Benson, G. J. (2000). Duration of 

nonresponse to noxious stimulation after intramuscular administration of 

butorphanol, medetomidine, or a butorphanol-medetomidine combination 

during isoflurane administration in dogs. American Journal of Veterinary 

Research, 61, 42-47 

Grint, N. J., Beths, T., Yvorchuk, K., Taylor, P. M., Dixon, M., Whay, H. R. & 

Murrell, J. C. (2014). The influence of various confounding factors on 

mechanical nociceptive thresholds in the donkey. Veterinary Anaesthesia and 

Analgesia, 41(4):421-9  

Grint, N., Johnson, C., Clutton, R., Whay, H. & Murrell, J. (2015). Spontaneous 

electroencephalographic changes in a castration model as an indicator of 

nociception: A comparison between donkeys and ponies. Equine Veterinary 

Journal, 47(1), 36-42.  

Grisneaux, E., Pibarot, P., Dupuis, J. & Blais, D. (1999). Comparison of ketoprofen and 

carprofen administered prior to orthopedic surgery for control of postoperative 

pain in dogs. Journal of American Veterinary Medical Association, 215(8), 

1105-1110.  

Grond, S. & Sablotzki, A. (2004). Clinical pharmacology of tramadol.  Clin 

Pharmacokinet, 43(13), 879-923.  

Groudine, S. B., Fisher, H. A., Kaufman, R. P., Jr., Patel, M. K., Wilkins, L. J., Mehta, 

S. A. & Lumb, P. D. (1998). Intravenous lidocaine speeds the return of bowel 



© C
OPYRIG

HT U
PM

140 

function, decreases postoperative pain, and shortens hospital stay in patients 

undergoing radical retropubic prostatectomy. Anesthesia and  Analgesia, 

86(2), 235-239.  

Guignard, B., Bossard, A. E., Coste, C., Sessler, D. I., Lebrault, C., Alfonsi, P., 

Fletcher, D. & Chauvin, M. (2000). Acute opioid tolerance: intraoperative 

remifentanil increases postoperative pain and morphine requirement. 

Anesthesiology, 93, 409–17. 

Gurney, M. A. (2012). Pharmacological options for intra-operative and early 

postoperative analgesia: an update. Journal of Small Animal Practice, 53(7), 

377-386.  

Gutierrez-Blanco, E., Victoria-Mora, J. M., Ibancovichi-Camarillo, J. A., Sauri-Arceo, 

C. H., Bolio-Gonzalez, M. E., Acevedo-Arcique, C. M.,  Marin Cano, G. & 

Steagall, P. V. (2014). Postoperative analgesic effects of either a constant rate 

infusion of fentanyl, lidocaine, ketamine, dexmedetomidine, or the 

combination lidocaine-ketamine-dexmedetomidine after ovariohysterectomy 

in dogs. Veterinary Anaesthesia and Analgesia, 14(10), 12215.  

Haga, H. A. & Dolvik, N. I. (2005). Electroencephalographic and cardiovascular 

variables as nociceptive indicators in isoflurane‐anaesthetized horses. 

Veterinary Anaesthesia and Analgesia, 32(3), 128-135.  

Haga, H. A. & Ranheim, B. (2005). Castration of piglets: the analgesic effects of 

intratesticular and intrafunicular lidocaine injection. Veterinary Anaesthesia 

and Analgesia, 32(1), 1-9.  

Haga, H. A., Tevik, A. & Moerch, H. (2001). Electroencephalographic and 

cardiovascular indicators of nociception during isoflurane anaesthesia in pigs. 

Veterinary Anaesthesia and Analgesia, 28(3), 126-131.  

Hahnenkamp, K., Theilmeier, G., Van Aken, H. K. & Hoenemann, C. W. (2002). The 

effects of local anesthetics on perioperative coagulation, inflammation, and 

microcirculation. Anesthesia & Analgesia, 94(6), 1441-1447.  

Hamlin, R. L., Bednarski, L. S., Schular, C. J., Weldy, P. L. & Cohen R. B. (1988) 

method of objective assessment of analgesia in the dog. Journal of Veterinary 

Pharmacology and Therapeutics, 11, 215-220. 

Hammond, D. L. (1989) Inference of pain and its modulation from simple behaviors, 

In: Chapman, C. R., Loeser, J. D., (Eds.),  Issues in Pain Measurement: 

Advances in Pain Research and Therapy, vol 12. Raven Press, New York. pp 

69–91.  

Handwerker, H. O. & Kobal, G. (1993). Psychophysiology of experimentally induced 

pain. Physiolical Reviews, 73, 639–671 

Hansen, B. D. (2003). Assessment of pain in dogs: veterinary clinical studies. Ilar 

Journal, 44(3), 197-205.  

http://ezproxy.upm.edu.my:2057/authid/detail.url?origin=resultslist&authorId=6602589982&zone=
http://ezproxy.upm.edu.my:2057/authid/detail.url?origin=resultslist&authorId=6701864324&zone=
http://ezproxy.upm.edu.my:2057/authid/detail.url?origin=resultslist&authorId=7006732454&zone=
http://ezproxy.upm.edu.my:2057/authid/detail.url?origin=resultslist&authorId=35405204300&zone=
http://ezproxy.upm.edu.my:2057/authid/detail.url?origin=resultslist&authorId=6701657116&zone=
http://ezproxy.upm.edu.my:2057/authid/detail.url?origin=resultslist&authorId=7004315089&zone=
http://ezproxy.upm.edu.my:2057/authid/detail.url?origin=resultslist&authorId=7202087857&zone=
http://ezproxy.upm.edu.my:2057/authid/detail.url?origin=resultslist&authorId=7103407723&zone=


© C
OPYRIG

HT U
PM

141 

Hansen, B.D. (1997).Through a glass darkly: Using behavior to assess pain. In: 

Seminars in Veterinary Medicine and Surgery (small animal) Philadelphia, 

PA, W.B. Saunders 12, 61–74. 

Hardie, E. M., Lascelles, B. D. X., Meuten, T., Davidson, G. S., Papich, M. G. & 

Hansen, B. D. (2011). Evaluation of intermittent infusion of bupivacaine into 

surgical wounds of dogs postoperatively. The Veterinary Journal, 190(2), 287-

289.  

Harper, N., Greer, R. & Conway, D. (2001). Neuromuscular monitoring in intensive 

care patients: milliamperage requirements for supramaximal stimulation. 

British Journal of Anaesthesia, 87(4), 625-627.  

Hasani, A., Soljakova, M., Jakupi, M. & Ustalar-Ozgen, S. (2011). Preemptive 

analgesic effects of midazolam and diclofenac in rat model. Bosnian Journal 

of Basic Medical Science, 11(2), 113-118.  

Haussler, K. & Erb, H. (2006). Pressure algometry for the detection of induced back 

pain in horses: a preliminary study. Equine Veterinary Journal, 38(1), 76-81.  

Hazewinkel, H., Van den Brom, W., Theijse, L., Pollmeier, M. & Hanson, P. (2003). 

Reduced dosage of ketoprofen for the short-term and long-term treatment of 

joint pain in dogs. The Veterinary Record, 152(1), 11-14.  

Hellyer, P., Rodan, I., Brunt, J., Downing, R., Hagedorn, J. E. & Robertson, S. A. 

(2007). AAHA/AAFP pain management guidelines for dogs and cats. Journal 

of Feline Medicine & Surgery, 9(6), 466-480.  

Higgins, A. J. & Lees, P. (1984). The acute inflammatory process, arachidonic acid 

metabolism and the mode of action of anti-inflammatory drugs. Equine 

Veterinary Journal, 16(3), 163-175.  

Hirota, K. & Lambert, D. G. (1996). Ketamine: Its mechanism(s) of action and unusual 

clinical uses. British Journal of Anaesthesia, 77, 441-444.  

Hirota, K., Okawa, H., Appadu, B. L., Grandy, D. K., Devi, L. A. & Lambert, D. G. 

(1999). Stereoselective interaction of ketamine with recombinant mu, kappa, 

and delta opioid receptors expressed in Chinese hamster ovary cells. 

Anesthesiology, 90(1), 174-182.  

Hoffmann, M. V., Kästner, S. B. R., Kietzmann, M. & Kramer, S. (2012). Contact heat 

thermal threshold testing in beagle dogs: baseline reproducibility and the 

effect of acepromazine, levomethadone and fenpipramide. BMC Veterinary 

Research, 8, 206-206. doi: 10.1186/1746-6148-8-206 

Holton, L. L., Scott, E. M., Nolan, A. M., Reid, J., Welsh, E. & Flaherty, D. (1998). 

Comparison of three methods used for assessment of pain in dogs. Journal of 

the American Veterinary Medical Association, 212(1), 61-66.  

Holton., Reid, J., Scott, E. M., Pawson, P. & Nolan, A. (2001). Development of a 

behaviour-based scale to measure acute pain in dogs. Veterinary  Record 

148(17), 525-531.  



© C
OPYRIG

HT U
PM

142 

Houghton, K. J., Rech, R. H., Sawyer, D. C., Durham, R. A., Adams, T., Langham, M. 

A. & Striler, E. L. (1991). Dose-response of intravenous butorphanol to 

increase visceral nociceptive threshold in dogs. Proceedings of the Society for 

Experimental Biology and Medicine, 197(3), 290-296.  

Hustveit, O., Maurset, A. & Øye, I. (1995). Interaction of the chiral forms of ketamine 

with opioid, phencyclidine, σ and muscarinic receptors. Pharmacology & 

Toxicology, 77(6), 355-359.  

Ide, S., Minami, M., Ishihara, K., Uhl, G. R., Satoh, M., Sora, I. & Ikeda, K. (2008). 

Abolished thermal and mechanical antinociception but retained visceral 

chemical antinociception induced by butorphanol in mu-opioid receptor 

knockout mice. Neuropharmacology, 54(8), 1182-1188.  

Ilkiw, J. E., Pascoe, P. J. & Fisher, L. D. (1997). Effect of alfentanil on the minimum 

alveolar concentration of isoflurane in cats. American Journal of Veterinray 

Research, 58(11), 1274-1279.  

Iizuka, T., Kamata, M., Yanagawa, M., & Nishimura, R. (2013). Incidence of 

intraoperative hypotension during isoflurane-fentanyl and propofol-fentanyl 

anaesthesia in dogs. Vet J, 198(1), 289-291.  

IASP Subcommittee on Taxonomy (1979). Pan terms: A list of definitions and usage. 

Recommended by the IASP Subcommittee on Taxonomy. Pain 6:249. 

Iturrisi, C. & Lipman, A. (2010). Opioid Analgesics. In: S. M. Fishman, J. C. 

Ballantyne and J. P. Rathmell (Eds.), Bonica’s Management of Pain (4th ed). 

Lippincott, Williams and Wilkins, Baltimore, MD, USA. pp 1174-1175. 

Jaggar, S. I., Habib, S. & Rice, A. S. (1998). The modulatory effects of bradykinin B1 

and B2 receptor antagonists upon viscero-visceral hyper-reflexia in a rat 

model of visceral hyperalgesia. Pain, 75, 169–176 

Janczak, A. M., Ranheim, B., Fosse, T. K., Hild, S., Nordgreen, J., Moe, R. O. & 

Zanella, A. J. (2012). Factors affecting mechanical (nociceptive) thresholds in 

piglets. Veterinary Anaesthesia and Analgesia, 39(6), 628-635.  

Javery, K. B., Ussery, T. W., Steger, H. G. & Colclough, G. W. (1996). Comparison of 

morphine and morphine with ketamine for postoperative analgesia. Canadian 

Journal of Anaesthesia, 43(3), 212-215.  

Jensen, M. F., Dahl, J. B. & Frigast, C. (1992). Direct spinal effect of intrathecal 

acetaminophenon visceral noxious stimulation in rabbits. Acta 

Anaesthesiologica Scandinavica. 36, 837–841. 

Johnson, C. & Taylor, P. (1997). Effects of alfentanil on the equine 

electroencephalogram during anaesthesia with halothane in oxygen. Research 

in Veterinary Science, 62(2), 159-163.  

Johnson, C., Bloomfield, M. & Taylor, P. (1999). Effects of ketamine on the equine 

electroencephalogram during anesthesia with halothane in oxygen. Veterinary 

Surgery, 28(5), 380-385.  



© C
OPYRIG

HT U
PM

143 

Johnson, C. B., Wilson, P. R., Woodbury, M. R. & Caulkett, N. A. (2005a). 

Comparison of analgesic techniques for antler removal in 

halothane‐anaesthetized red deer (Cervus elaphus): electroencephalographic 

responses. Veterinary Anaesthesia and Analgesia, 32(2), 61-71.  

Johnson, C., Stafford, K., Sylvester, S., Ward, R., Mitchinson, S. & Mellor, D. (2005b). 

Effects of age on the electroencephalographic response to castration in lambs 

anaesthetised using halothane in oxygen. New Zealand Veterinary Journal, 

53(6), 433-437. 

Jouguelet-Lacoste, J., La Colla, L., Schilling, D. & Chelly, J. E. (2015). The use of 

intravenous infusion or single dose of low-dose ketamine for postoperative 

analgesia: a review of the current literature. Pain Medicine, 16(2), 383-403.  

Jung, M., Lees, P., Seewald, W. & King, J. N. (2009). Analytical determination and 

pharmacokinetics of robenacoxib in the dog. Journal of Veterinary 

Pharmacology and Therapeutics 32, 41-48 

Kaka, J. & Hayton, W. (1980). Pharmacokinetics of ketamine and two metabolites in 

the dog. Journal of Pharmacokinetics and Biopharmaceutics, 8(2), 193-202.  

Kakigi, R., Shibasaki, H. & Ikeda, A. (1989). Pain-related somatosensory evoked 

potentials following CO2 laser stimulation in man. Electroencephalography 

and Clinical Neurophysiology, 74, 139–46. 

Kalso, E. (2005). Sodium channel blockers in neuropathic pain. Current 

Pharmaceutical Design, 11(23), 3005-3011.  

Kalthum, W. & Waterman, A. E. (1988). the pharmacokinetics of intravenous pethidine 

HCl in dogs: normal and surgical cases. Journal of the Association of 

Veterinary Anaesthetists, 15, 39-54. 

Kapral, S., Gollmann, G. & Waltl, B. (1999). Tramadol added to mepivacaine prolongs 

the duration of an axillary brachial plexus blockade. Anesthesia and 

Analgesia, 88, 853–856. 

Kehlet, H. (1994). Postoperative pain relief- what is the issue. British Journal of 

Anaesthesia 72, 375-378. 

Kehlet, H. & Dahl, J. B. (1993). The value of" multimodal" or" balanced analgesia" in 

postoperative pain treatment. Anesthesia & Analgesia, 77(5), 1048-1056.  

Kelly, D. J., Ahmad, M. & Brull, S. J. (2001a). Preemptive analgesia I: physiological 

pathways and pharmacological modalities. . Canadian Journal of Anaesthesia, 

48 (10), 1000-1010. 

Kelly, D. J., Ahmad, M. & Brull, S. J. (2001b). Preemptive analgesia II: recent 

advances and current trends. Canadian Journal of Anesthesia, 48(11), 1091-

1101.  

Kerr, C. (2007). Pain Management I: systemic analgesics. In: Seymore, C., Duke-

Novakovski, T. (Eds.), BSAVA Manual of Canine and Feline Anaesthesia and 



© C
OPYRIG

HT U
PM

144 

and Analgesia (2nd ed.). British Small Animal Veterinary Association, 

Gloucester (UK), pp. 89-103,  

Kiyama, S. & Takeda, J. (1997) Effect of extradural on the paradoxical arousal 

response of the electroencephalogram. British Journal of Anaesthesia, 79, 

750–753. 

Klede, M., Handwerker, H. O. & Schmelz, M. (2003). Central origin of secondary 

mechanical hyperalgesia. Journal of Neurophysiology, 90(1), 353-359.  

Ko, J. C., Weil, A. B. & Inoue, T. (2009). Effects of carprofen and morphine on the 

minimum alveolar concentration of isoflurane in dogs. Journal of American 

Animal Hospital Association, 45(1), 19-23.  

Kochs, E., Bischoff, P., Pichlmeier, U. & Esch, J.S.A. (1994). Surgical stimulation 

induces changes in brain electrical activity during isoflurane/nitrous oxide 

anaesthesia. Anesthesiology, 80, 1026–1034. 

Kohrs, R. & Durieux, M. E. (1998). Ketamine: teaching an old drug new tricks. 

Anesthesia and Analgesia, 87(5), 1186-1193.  

Kona-Boun, J. J., Cuvelliez, S. & Troncy, E. (2006). Evaluation of epidural 

administration of morphine or morphine and bupivacaine for postoperative 

analgesia after premedication with an opioid analgesic and orthopedic surgery 

in dogs. Journal of American Veterinary Medical Association, 229(7), 1103-

1112.  

Kongara, Chambers, J. P. & Johnson, C. B. (2010). Electroencephalographic responses 

of tramadol, parecoxib and morphine to acute noxious electrical stimulation in 

anaesthetised dogs. Research in Veterinary Science, 88(1), 127-133.  

Kongara, Chambers, J. & Johnson, C. (2012). Effects of tramadol, morphine or their 

combination in dogs undergoing ovariohysterectomy on peri-operative 

electroencephalographic responses and post-operative pain. New Zealand 

Veterinary Journal, 60(2), 129-135 

Kongara, Chambers, J. P., Johnson, C. B. & Dukkipati, V. S. (2013). Effects of 

tramadol or morphine in dogs undergoing castration on intra-operative 

electroencephalogram responses and post-operative pain. New Zealand 

Veterinary  Journal, 61(6), 349-353.  

Koppert, W., Weigand, M., Neumann, F., Sittl, R., Schuettler, J., Schmelz, M. & 

Hering, W. (2004). Perioperative intravenous lidocaine has preventive effects 

on postoperative pain and morphine consumption after major abdominal 

surgery. Anesthesia & Analgesia, 98(4), 1050-1055.  

Krimins, R. A., Ko, J. C., Weil, A. B. & Payton, M. E. (2012). Evaluation of anesthetic, 

analgesic, and cardiorespiratory effects in dogs after intramuscular 

administration of dexmedetomidine-butorphanol-tiletamine-zolazepam or 

dexmedetomidine-tramadol-ketamine drug combinations. American Journal of 

Veterinray Research, 73(11), 1707-1714.  



© C
OPYRIG

HT U
PM

145 

Kukanich, B. & Papich, M. G. (2004). Pharmacokinetics of tramadol and the 

metabolite O- desmethyltramadol in dogs. Journal of Veterinary 

Pharmacology and Therapeutics, 27(4), 239-246.  

Kukanich, B. & Papich, M. G. (2011). Pharmacokinetics and antinociceptive effects of 

oral tramadol hydrochloride administration in Greyhounds. American Journal 

of Veterinray Research, 72(2), 256-262.  

KuKanich, B., Hogan, B. K., Krugner‐Higby, L. A., & Smith, L. J. (2008). 

Pharmacokinetics of hydromorphone hydrochloride in healthy dogs. 

Veterinary anaesthesia and analgesia, 35(3), 256-264.  

KuKanich, B., Lascelles, B. D. X. & Papich, M. G. (2005). Assessment of a von Frey 

device for evaluation of the antinociceptive effects of morphine and its 

application in pharmacodynamic modeling of morphine in dogs. American 

Journal of Veterinary Research, 66(9), 1616-1622.  

Laird, J., Herrero, J., de la Rubia, P. G. & Cervero, F. (1997). Analgesic activity of the 

novel COX-2 preferring NSAID, meloxicam in mono-arthritic rats: central 

and peripheral components. Inflammation Research, 46(6), 203-210.  

Lamont, L. A.  (2008). Multimodal pain management in veterinary medicine: the 

physiologic basis of pharmacologic therapies.  Veterinary Clinics of North 

America Small Animal Practice, 38(6):1173-86. 

 Lascelles, B. D. X., Cripps, P. J., Jones, A. & Waterman, A. E. (1997). Post-operative 

central hypersensitivity and pain: the pre-emptive value of pethidine for 

ovariohysterectomy. Pain, 73(3), 461-471.  

Lascelles, B. D., Blikslager, A. T., Fox, S. M. & Reece, D. (2005). Gastrointestinal 

tract perforation in dogs treated with a selective cyclooxygenase-2 inhibitor: 

29 cases (2002-2003). Journal of American Veterinary Medical Association, 

227(7), 1112-1117.  

Lascelles, B. D., Butterworth, S. J. & Waterman, A. E. (1994). Postoperative analgesic 

and sedative effects of carprofen and pethidine in dogs. Veterinary Record, 

134(8), 187-191.  

Lascelles, B. D., Waterman, A. E., Cripps, P. J., Livingston, A. & Henderson, G. 

(1995). Central sensitization as a result of surgical pain: investigation of the 

pre-emptive value of pethidine for ovariohysterectomy in the rat. Pain, 62(2), 

201-212.  

Lascelles, B., Cripps, P. J., Jones, A. & Waterman-Pearson, A. E. (1998). Efficacy and 

kinetics of carprofen, administered preoperatively or postoperatively, for the 

prevention of pain in dogs undergoing ovariohysterectomy. Veterinary 

Surgery, 27(6), 568-582.  

Latremoliere, A. & Woolf, C. J. (2009). Central sensitization: a generator of pain 

hypersensitivity by central neural plasticity. The Journal of Pain, 10(9), 895-

926.  



© C
OPYRIG

HT U
PM

146 

Lauretti, G. R. (2008). Mechanisms of analgesia of intravenous lidocaine. Revista 

Brasileira de Anestesiologia, 58(3), 280-286.  

Le Bars, D., Gozariu, M. & Cadden, S. W. (2001). Animal models of nociception. 

Pharmacological Reviews, 53(4), 597-652.  

Lemke, K. A. & Dawson, S. D. (2000). Local and regional anesthesia. Veterinary 

Clinics of North America: Small Animal Practice, 30(4), 839-857.  

Lemke, K. A., Runyon, C. L. & Horney, B. S. (2002). Effects of preoperative 

administration of ketoprofen on anesthetic requirements and signs of 

postoperative pain in dogs undergoing elective ovariohysterectomy. Journal of 

the American Veterinary Medical Association, 221(9), 1268-1275.  

Leung, L.Y. & Baillie, T. A. (1986). Comparative pharmacology in the rat of ketamine 

and its two principal metabolites, norketamine and (Z)- 6-

hydroxynorketamine. Journal of Medicinal Chemistry, 29, 2396–2399 

Lewis, K. A., Bednarski, R. M., Aarnes, T. K., Dyce, J. & Hubbell, J. A. (2014). 

Postoperative comparison of four perioperative analgesia protocols in dogs 

undergoing stifle joint surgery. Journal of the American Veterinary Medical 

Association, 244(9), 1041-1046.  

Lewis, K. S. & Han, N. H. (1997). Tramadol: a new centrally acting analgesic. 

American Journal of Health System Pharmacy, 54(6), 643-652.  

Ley, S., Waterman, A. & Livingston, A. (1995). A field study of the effect of lameness 

on mechanical nociceptive thresholds in sheep. The Veterinary Record, 

137(4), 85-87.  

Ley, S., Waterman, A. & Livingston, A. (1996). Measurement of mechanical 

thresholds, plasma cortisol and catecholamines in control and lame cattle: a 

preliminary study. Research in Veterinary Science, 61(2), 172-173.  

Lin, T. Y., Chung, C. Y., Lu, C. W., Huang, S. K., Shieh, J. S. & Wang, S. J. (2013). 

Local anesthetics inhibit glutamate release from rat cerebral cortex 

synaptosomes. Synapse, 67(9), 568-579.  

Livingston, A., Waterman, A. E. & Chambers., J. P. (1994) Neurologic evaluation of 

effective post-operative pain therapy. In: Animal pain and its control. 

Proceedings (226) of Post Grad Committee in Vet Sci, Univ of Sydney. 

pp.189-202. 

Lizarraga, I. & Chambers, J. (2006). Involvement of opioidergic and alpha2-adrenergic 

mechanisms in the central analgesic effects of non-steroidal anti-inflammatory 

drugs in sheep. Research in  Veterinary Science. 80(2), 194-200.  

Long, C. W., Shah, N. K., Loughlin, C., Spydell, J. & Bedford, R. F. (1989). A 

Comparison of EEG Determinants of Near-Awakening from Isoflurane and 

Fentanyl Anesthesia: Spectral Edge, Median Power Frequency, and [delta] 

Ratio. Anesthesia & Analgesia, 69(2), 169-173.  



© C
OPYRIG

HT U
PM

147 

Love, E. J., Murrell, J. & Whay, H. (2011). Thermal and mechanical nociceptive 

threshold testing in horses: a review. Veterinary Anaesthesia and Analgesia, 

38(1), 3-14.  

Loveridge, R. & Patel, S. (2014). Systemic non-opioid adjuvant analgesics: Their role 

in acute postoperative pain in adults. Trends in Anaesthesia and Critical Care, 

4(1), 10-18.  

Luo, Z., Yu, M., Smith, S. D., Kritzer, M., Du, C., Ma, Y., Volkow, N. D., Glass, P. S., 

& Benveniste, H. (2009). The effect of intravenous lidocaine on brain 

activation during non-noxious and acute noxious stimulation of the forepaw: a 

functional magnetic resonance imaging study in the rat. Anesthesia and 

Analgesia, 108(1), 334.  

Lynn, B. (1988). Neurogenic inflammation. Skin Pharmacology; (1) 217–24. 

Lyons, F. M. & Meeran, K. (1997). The physiology of the endocrine system.  

International Anesthesiology Clinics, 35(4), 1-21.  

MacDougall, L. M., Hethey, J. A., Livingston, A., Clark, C., Shmon, C. L. & 

Duke‐Novakovski, T. (2009). Antinociceptive, cardiopulmonary, and sedative 

effects of five intravenous infusion rates of lidocaine in conscious dogs. 

Veterinary Anaesthesia and Analgesia, 36(5), 512-522.  

Machado, C. E., Dyson, D. H. & Grant Maxie, M. (2006). Effects of oxymorphone and 

hydromorphone on the minimum alveolar concentration of isoflurane in dogs. 

Veterinary Anaesthesia and Analgesia, 33(1), 70-77.  

Macintyre, P., Scott, D., Schug, S., Visser, E. & Walker, S. (2010) Acute Pain 

Management – Scientific Evidence. 3rd edn. Australian and New Zealand 

College of Anaesthetists and Faculty of Pain Medicine, 1-540 

Mao, J. & Chen, L. L. (2000). Systemic lidocaine for neuropathic pain relief. Pain, 

87(1), 7-17.  

Markowitz, J. S. & Patrick, K. S. (1998). Venlafaxine-tramadol similarities. Medical 

Hypotheses 51, 167 to 168. 

Martin, W. R., Eades, C. G., Fraser, H. F. & Wikler, A. (1963). The use of hindlimb 

reflexes of the chronic spinal dog for comparing analgesics. Journal of 

Pharmacology and Experimental Therapeutics 144, 8-11. 

Martin, W. R., Eades, C. G., Thompson, J. A., Huppler, R. E. & Gilbert, P. E. (1976). 

Effects of morphine and nalorphine like drugs in the non-dependent and 

morphine dependent chronic spinal dog. Journal of Pharmacology and 

Experimental Therapeutics 197,517-532. 

Martin, W. R., Eades, C. G., Thompson, W. O., Thompson J. A. & Flanary, H. G. 

(1974). Morphine physical dependence in the dog. Journal of Pharmacology 

and Experimental Therapeutics 189, 759-771. 



© C
OPYRIG

HT U
PM

148 

Mathews, K. A. (2000). Pain assessment and general approach to management. . 

Veterinary Clinics of North America: Small Animal Practice, 30(4), 729-755.  

Matsubara, L. M., Oliva, V. N., Gabas, D. T., Oliveira, G. C. & Cassetari, M. L. 

(2009). Effect of lidocaine on the minimum alveolar concentration of 

sevoflurane in dogs. Veterinary Anaesthesia and Analgesia, 36(5), 407-413.  

Matthiesen, T., Wohrmann, T., Coogan, T. P. & Uragg, H. (1998). The experimental 

toxicology of tramadol: an overview.  Toxicology Letters, 95(1), 63-71.  

Mayhew, J. G. & Washbourne, J. R. (1990). A method of assessing auditory and 

brainstem function in horses. British Veterinary Journal, 146, 509–518. 

McCann, M. E., Andersen, D. R., Zhang, D., Brideau, C., Black, W. C., Hanson, P. D. 

& Hickey, G. J. (2004). In vitro effects and in vivo efficacy of a novel 

cyclooxygenase-2 inhibitor in dogs with experimentally induced synovitis. 

American Journal of Veterinray Research, 65(4), 503-512.  

McCarty, D. J., Phelps, P. & Pyenson, J. (1966). Crystal-induced inflammation in 

canine joints : i. An experimental model with quantification of the host 

response. The Journal of Experimental Medicine, 124(1), 99-114.  

McMillan, C. J., Livingston, A., Clark, C. R., Dowling, P. M., Taylor, S. M., Duke, T. 

& Terlinden, R. (2008). Pharmacokinetics of intravenous tramadol in dogs. 

Canadian Journal of Veterinary Research, 72(4), 325-331.  

McQuay, H. J. & Moore, R. A. (1999). Methods of therapeutic trials. In: Wall, P. D., 

Melzack, R. (Eds.), Text bookof pain. Churchill Livingstone, Edinburgh. pp. 

1125-1138. 

Mellor, D., Stafford, K., Todd, S., Lowe, T., Gregory, N., Bruce, R. & Ward, R. 

(2002). A comparison of catecholamine and cortisol responses of young lambs 

and calves to painful husbandry procedures. Australian Veterinary Journal, 

80(4), 228-233.  

Melzack, R. & Casey, K. L. (1968). Sensory, motivational, and central control 

determinants of pain. A new conceptual model. In: Kenshalo, D. R. (Ed.), The 

Skin Senses. Illinois: Thomas, pp. 423–439. 

Merskey, H., (1986). Classification of chronic pain. Descriptions of chronic pain 

syndromes and definitions of pain terms.  Pain Supplements., 3 S1– S225 

Meunier, J. C. (1997). Nociceptin/orphanin FQ and the opioid receptor-like ORL1 

receptor. European Journal of Pharmacology, 340(1), 1-15.  

Miampamba, M., Chery-Croze, S., Gorry, F., Berger, F. & Chayvialle, J. A. (1994). 

Inflammation of the colonic wall induced by formalin as a model of acute 

visceral pain. Pain, 57, 327–334. 

Mich, P. M. & P. Hellyer (2008). Objective, categoric methods for assessing pain and 

analgesia. In: Gaynor, J. S., Muir III, W. W. (Eds.), Handbook of Veterinary 

Pain Management (2nd Ed.). Mosby. St. Louis. pp. 78-109. 



© C
OPYRIG

HT U
PM

149 

Mico, J. A., Rojas-Corrales, M. O., Ortega-Alvaro, A. & Gibert-Rahola, J. (1999). 

Differential profile of opiates and tramadol on behavioral and biochemical 

tests predictive of antidepressant activity. European 

Neuropsychopharmacology, 9:S243 to S244. 

Moak, P., Hosgood, G., Rowe, E. & Lemke, K. (2011). Evaluation of intra-articular 

and subcutaneous administration of meloxicam for postoperative analgesia 

following stifle surgery in dogs. Veterinary and Comparative Orthopaedics 

and Traumatology, 24(1), 32.  

Molony, V. (1997). Comments on Anand and Craig (Letters to the Editor). Pain, 70, 

293.  

Monteiro, E. R., Junior, A. R., Assis, H. M., Campagnol, D. & Quitzan, J. G. (2009). 

Comparative study on the sedative effects of morphine, methadone, 

butorphanol or tramadol, in combination with acepromazine, in dogs. 

Veterinary Anaesthesia and Analgesia, 36(1), 25-33.  

Monteiro, E. R., Figueroa, C. D., Choma, J. C., Campagnol, D., & Bettini, C. M. 

(2008). Effects of methadone, alone or in combination with acepromazine or 

xylazine, on sedation and physiologic values in dogs. Veterinary Anaesthesia 

Analgesia,35(6), 519-527.  

Monteiro-Riviere, N. A., Bristol, D. G., Manning, T. O., Rogers, R. A. & Riviere, J. E. 

(1990). Interspecies and interregional analysis of the comparative histologic 

thickness and laser Doppler blood flow measurements at five cutaneous sites 

in nine species. Journal of Investigative Dermatology, 95(5), 582-586.  

Morgaz, J., Navarrete, R., Munoz-Rascon, P., Dominguez, J. M., Fernandez-Sarmiento, 

J. A., Gomez-Villamandos, R. J. & Granados, M. M. (2013). Postoperative 

analgesic effects of dexketoprofen, buprenorphine and tramadol in dogs 

undergoing ovariohysterectomy. Research in Veterinary Science, 95(1), 278-

282.  

Muir III, W. W. & Woolf, C. J. (2001). Mechanisms of pain and their therapeutic 

implications. Journal of the American Veterinary Medical Association, 

219(10), 1346-1356.  

Muir III, W. W., Wiese, A. J. & March, P. A. (2003). Effects of morphine, lidocaine, 

ketamine, and morphine-lidocaine-ketamine drug combination on minimum 

alveolar concentration in dogs anesthetized with isoflurane. American Journal 

of Veterinary Research, 64(9), 1155-1160.  

Muir, W. W. & Robertson, J. T. (1985). Visceral analgesia: effects of xylazine, 

butorphanol, meperidine, and pentazocine in horses. American Journal of 

Veterinray Research, 46(10), 2081-2084.  

Murrell, J. C., Johnson, C. B., White, K. L., Taylor, P. M., Haberham, Z. L. & 

Waterman‐Pearson, A. E. (2003). Changes in the EEG during castration in 

horses and ponies anaesthetized with halothane. Veterinary Anaesthesia and 

Analgesia, 30(3), 138-146.  



© C
OPYRIG

HT U
PM

150 

Murrell, J. C., Mitchinson, S. L., Lesperance, L., Sivakumaran, S. & Johnson, C. B. 

(2010). Electroencephalography during ovariohysterectomy in rats 

anaesthetized with halothane. Veterinary Anaesthesia and Analgesia, 37(1), 

14-24.  

Murrell, J. C., White, K. L., Johnson, C. B., Taylor, P. M., Doherty, T. J. & 

Waterman‐Pearson, A. E. (2005). Investigation of the EEG effects of 

intravenous lidocaine during halothane anaesthesia in ponies. Veterinary 

Anaesthesia and Analgesia, 32(4), 212-221.  

Murrell, J. & Johnson, C. (2006). Neurophysiological techniques to assess pain in 

animals. Journal of Veterinary Pharmacology and Therapeutics, 29(5), 325-

335.  

Murrell, J., Mitchinson, S., Waters, D. & Johnson, C. (2007). Comparative effect of 

thermal, mechanical, and electrical noxious stimuli on the 

electroencephalogram of the rat. British Journal of Anaesthesia, 98(3), 366-

371.  

Muth-Selbach, U., Hermanns, H., Stegmann, J. U., Kollosche, K., Freynhagen, R., 

Bauer, I. & Lipfert, P. (2009). Antinociceptive effects of systemic lidocaine: 

involvement of the spinal glycinergic system. European Journal of 

Pharmacology, 613(1), 68-73.  

Nagy, I. & Woolf, C. J. (1996). Lignocaine selectively reduces C fibre-evoked neuronal 

activity in rat spinal cord in vitro by decreasing N-methyl-D-aspartate and 

neurokinin receptor-mediated post-synaptic depolarizations; implications for 

the development of novel centrally acting analgesics. Pain, 64(1), 59-70.  

Nakagawa, K., Yamagami, T. & Takemura, N. (2005). Hepatocellular toxicosis 

associated with the alternate administration of carprofen and meloxicam in a 

siberian husky. Journal of Veterinary Medical Science, 67(10), 1051-1053.  

Nassar, M. A., Stirling, L. C., Forlani, G., Baker, M. D., Matthews, E. A., Dickenson, 

A. H. & Wood, J. N. (2004). Nociceptor-specific gene deletion reveals a major 

role for Nav1.7 (PN1) in acute and inflammatory pain. Proceedings of 

National Academy of Science U S A, 101(34), 12706-12711.  

Ness, T. J., & Gebhart, G. F. (1988). Colorectal distension as a noxious visceral 

stimulus. Physiologic and pharmacologic characterisation of pseudoaffective 

reflexes in the rat. Brain Research, 450, 153–169. 

Ngo, L. Y., Tam, Y. K., Tawfik, S., Coutts, R. T. & Gray, M. R. (1997). Effects of 

intravenous infusion of lidocaine on its pharmacokinetics in conscious 

instrumented dogs. Journal of Pharmaceutical Sciences, 86(8), 944-952.  

Nickel, B. & Zerrahn, H. (1986). Pharmaco-electroencephalography in the rat as a 

method for characterization of different types of analgesics. Postgraduate 

Medical Journal, 63, 45-47.  



© C
OPYRIG

HT U
PM

151 

Niv, D., Whitwam, J. G. & Loh, L. (1983). Depression of nociceptive sympathetic 

reflexes by the intrathecal administration of midazolam. British Journal of 

Anaesthesia, 55(6), 541-547.  

Nussbaum, E. L. & Downes, L. (1998). Reliability of clinical pressure-pain algometric 

measurements obtained on consecutive days. Physical Therapy, 78(2), 160-

169.  

Odunayo, A., Dodam, J. R., Kerl, M. E. & DeClue, A. E. (2010). Immunomodulatory 

effects of opioids.  Journal of Veterinary Emergency and Critical Care, 20(4), 

376-385.  

Ong, R., Morris, J., O'dwyer, J., Barnett, J., Hemsworth, P. & Clarke, I. (1997). 

Behavioural and EEG changes in sheep in response to painful acute electrical 

stimuli. Australian Veterinary Journal, 75(3), 189-193.  

Ortega, M. & Cruz, I. (2011). Evaluation of a constant rate infusion of lidocaine for 

balanced anesthesia in dogs undergoing surgery. The Canadian Veterinary 

Journal, 52(8), 856.  

Osawa, Y., Oda, A., Iida, H., Tanahashi, S. & Dohi, S. (2004). The effects of class Ic 

antiarrhythmics on tetrodotoxin-resistant Na+ currents in rat sensory neurons. 

Anesthesia & Analgesia, 99(2), 464-471.  

Otto, K. A., Voigt, S., Piepenbrock, S., Deegen, E. & Short, C. E. (1996). Differences 

in quantitated electroencephalographic variables during surgical stimulation of 

horses anesthetized with isoflurane. Veterinary Surgery, 25(3), 249-255.  

Otto, K. & Gerich, T. (2001). Comparison of simultaneous changes in 

electroencephalographic and haemodynamic variables in sheep anaesthetised 

with halothane. The Veterinary Record, 149(3), 80-84.  

Øye, I., Hustveit, O., Maurset, A., Moberg, E. R., Paulsen, O. & Skoglund, L. (1991). 

The chiral forms of ketamine as probes for NMDA receptor function in 

humans. NMDA receptor related agents: biochemistry, pharmacology and 

behavior. NPP Books, Ann Arbor, pp. 381-389.  

Padi, S. S., Jain, N. K., Singh, S. & Kulkarni, S. K. (2004). Pharmacological profile of 

parecoxib: a novel, potent injectable selective cyclooxygenase-2 inhibitor. 

European Journal of Pharmacology, 491(1), 69-76.  

Pagel, P. S., Kampine, J. P., Schmeling, W. T. & Warltier, D. C. (1991). Comparison of 

the systemic and coronary hemodynamic actions of desflurane, isoflurane, 

halothane, and enflurane in the chronically instrumented dog. Anesthesiology, 

74(3), 539-551.  

Palmer, S. N., Giesecke, N. M., Body, S. C., Shernan, S. K., Fox, A. A. & Collard, C. 

D. (2005). Pharmacogenetics of anesthetic and analgesic agents. 

Anesthesiology, 102(3), 663-671.  



© C
OPYRIG

HT U
PM

152 

Pandita, R. K., Persson, K. &  Andersson, K. E. (1997). Capsaicin-induced bladder 

overactivity and nociceptive behaviour in conscious rats: involvement of 

spinal nitric oxide. Journal of Autonomic Nervous System, 67,184–191. 

Pattinson, K. T. (2008). Opioids and the control of respiration. British Journal of 

Anaesthesia, 100(6), 747-758.  

Peng, Y.-Z., Li, X.-X. & Wang, Y.-W. (2010). Effects of Parecoxib and Fentanyl on 

nociception-induced cortical activity. Molecular Pain, 6(3).  

Persson, J. (2013). Ketamine in pain management. CNS Neuroscience & Therapeutics, 

19(6), 396-402.  

Petersen-Zeitz, K. R. & Basbaum, A. I. (1999). Second messengers, the substantia 

gelatinosa and injury-induced persistent pain. Pain, 82, S5-S12.  

Pypendop, B. H. & Ilkiw, J. E. (2008). Pharmacokinetics of tramadol, and its 

metabolite O-desmethyl-tramadol, in cats. Journal of Veterinary 

Pharmacology and Therapeutics, 31(1), 52-59.  

Pypendop, B. & Ilkiw, J. (2005). Pharmacokinetics of ketamine and its metabolite, 

norketamine, after intravenous administration of a bolus of ketamine to 

isoflurane-anesthetized dogs. American Journal of Veterinary Research, 

66(12), 2034-2038.  

Pypendop, B., Pascoe, P. & Ilkiw, J. (2006). Effects of epidural administration of 

morphine and buprenorphine on the minimum alveolar concentration of 

isoflurane in cats. American Journal of Veterinary Research, 67(9), 1471-

1475.  

Quandt, J. E., Raffe, M. R., Reeh, E. & Wyatt, R. (1994). Evaluation of a microstrain 

gauge algesimeter for quantitative measurement of nociception in the dog. 

Journal of Veterinary Pharmacology and Therapeutics, 17(5), 399-402.  

Raffa, R. B., Friderichs, E., Reimann, W., Shank, R. P., Codd, E. E. & Vaught, J. L. 

(1992). Opioid and nonopioid components independently contribute to the 

mechanism of action of tramadol, an'atypical'opioid analgesic. Journal of 

Pharmacology and Experimental Therapeutics, 260(1), 275-285.  

Raj, H., Amarpal., Singh, G. R., & Aithal, H. P. (2002). Comparison of preemptive 

analgesia with epidural pethidine and ketamine for the management of 

postoperative pain in dogs. Indian Veterinary Journal,79(10), 1059-1062.  

Raj, H., Amarpal., Singh, G. R., & Aithal, H. P. (2000). Postoperative pain 

management in dogs: efficacy of pre-emptive analgesia with lignocaine and 

ketamine. Indian Journal of Animal Sciences,70(4), 362-365.  

Reese, C. J., Trotter, E. J., Short, C. E., Erb, H. N. & Barlow, L. L. (2000). Assessing 

the efficacy of perioperative carprofen administration in dogs undergoing 

surgical repair of a ruptured cranial cruciate ligament. Journal of the American 

Animal Hospital Association, 36(5), 448-455.  



© C
OPYRIG

HT U
PM

153 

Reid, J., Nolan, A., Hughes, J., Lascelles, D., Pawson, P. & Scott, E. (2007). 

Development of the short-form Glasgow Composite Measure Pain Scale 

(CMPS-SF) and derivation of an analgesic intervention score. Animal Welfare, 

16(1), 97-104.  

Rexed, B. (1952). Cytoarchitectonic organization of the spinal cord in cat. Journal of 

Comparative Neurology 96, 415-495 

Riviere, J. (1999). Population pharmacokinetic models and Bayesian forecasting In: 

Comparative pharmacokinetics: principles, techniques, and applications. 

Iowa State University Press, Ames, Iowa, pp. 259–282 

Rizzi, A., Nazzaro, C., Marzola, G. G., Zucchini, S., Trapella, C., Guerrini, R., 

 Zeilhofer, H. U., Regoli, D. & Calo, G. (2006). Endogenous 

nociceptin/orphanin FQ signalling produces opposite spinal antinociceptive 

and supraspinal pronociceptive effects in the mouse formalin test: 

pharmacological and genetic evidences. Pain, 124(1-2), 100-108.  

Rogers, R., Wise, R. G., Painter, D. J., Longe, S. E. & Tracey, I. (2004). An 

investigation to dissociate the analgesic and anesthetic properties of ketamine 

using functional magnetic resonance imaging. Anesthesiology,100(2), 292-

301.  

Rojas-Corrales, M. O., Gibert-Rahola, J. & Mico, J. A. (1998). Tramadol induces 

antidepressant- type effects in mice. Life Science, 63(12), 175-180. 

Roughan, J. & Flecknell, P. (2002). Buprenorphine: a reappraisal of its antinociceptive 

effects and therapeutic use in alleviating post-operative pain in animals. 

Laboratory Animals, 36(3), 322-343.  

Rouzade, M. L., Fioramonti, J. & Bueno, L. (1998). A model for evaluation of gastric 

sensitivity in awake rats. Neurogastroenterology and Motiityl 10, 157–163. 

Sammarco, J. L., Conzemius, M. G., Perkowski, S. Z., Weinstein, M., Gregor, T. P. & 

Smith, G. K. (1996). Postoperative analgesia for stifle surgery: a comparison 

of intra‐articular bupivacaine, morphine, or saline. Veterinary Surgery, 25(1), 

59-69 

Sano, T., Nishimura, R., Kanazawa, H., Igarashi, E., Nagata, Y., Mochizuki, M. & 

Sasaki, N. (2006). Pharmacokinetics of fentanyl after single intravenous 

injection and constant rate infusion in dogs. Veterinary Anaesthesia and 

Analgesia, 33(4), 266-273.  

Santos, M., Kunkar, V., García-Iturralde, P. & Tendillo, F. J. (2004). Meloxicam, a 

specific COX-2 inhibitor, does not enhance the isoflurane minimum alveolar 

concentration reduction produced by morphine in the rat. Anesthesia & 

Analgesia, 98(2), 359-363.  

Santos, A., Vedana, E., & De Freitas, G. (1998). Antinociceptive effect of meloxicam, 

in neurogenic and inflammatory nociceptive models in mice. Inflammation 

Research, 47(7), 302-307.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Zeilhofer%20HU%5BAuthor%5D&cauthor=true&cauthor_uid=16697109
http://www.ncbi.nlm.nih.gov/pubmed/?term=Regoli%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16697109


© C
OPYRIG

HT U
PM

154 

Sarrau, S., Jourdan, J., Dupuis‐Soyris, F. & Verwaerde, P. (2007). Effects of 

postoperative ketamine infusion on pain control and feeding behaviour in 

bitches undergoing mastectomy. Journal of Small Animal Practice, 48(12), 

670-676.  

Savvas, I., Papazoglou, L. G., Kazakos, G., Anagnostou, T., Tsioli, V. & Raptopoulos, 

D. (2008). Incisional block with bupivacaine for analgesia after celiotomy in 

dogs. Journal of the American Animal Hospital Association, 44(2), 60-66.  

Schaible, H.-G., Ebersberger, A. & Natura, G. (2011). Update on peripheral 

mechanisms of pain: beyond prostaglandins and cytokines. Arthritis Research 

and Therapy, 13(2), 210.  

Scheller, M., Bufler, J., Hertle, I., Schneck, H. J., Franke, C. & Kochs, E. (1996). 

Ketamine blocks currents through mammalian nicotinic acetylcholine receptor 

channels by interaction with both the open and the closed state. Anesthesia & 

Analgesia, 83(4), 830-836.  

Schiffman, E., Fricton, J., Haley, D. & Tylka, D. (1988). A pressure algometer for 

myofascial pain syndrome: reliability and validity testing. In Proceedings of 

the 5th  World Congress on Pain. Philadelphia, Pa: Elsevier Science. 

Schnitzler, A. & Ploner, M. (2000). Neurophysiology and functional neuroanatomy of 

pain perception. Journal of Clinical Neurophysiology, 17, 592–603. 

Schraag, S., Mohl, U., Bothner, U. & Georgieff, M. (1998). Clinical utility of EEG 

parameters to predict loss of consciousness and response to skin incision 

during total intravenous anaesthesia. Anaesthesia, 53, 320–325. 

Schwieger, I. M., Szlam, F. & Hug Jr, C. C. (1991). The pharmacokinetics and 

pharmacodynamics of ketamine in dogs anesthetized with enflurane. Journal 

of Pharmacokinetics and Biopharmaceutics, 19(2), 145-156.  

Scott, L. J. & Perry, C. M. (2000). Tramadol: a review of its use in perioperative pain.  

Drugs, 60(1), 139-176.  

Seddighi, M. R., Egger, C. M., Rohrbach, B. W., Cox, S. K. & Doherty, T. J. (2009). 

Effects of tramadol on the minimum alveolar concentration of sevoflurane in 

dogs. Veterinary Anaesthesia and Analgesia, 36(4), 334-340.  

Serfontein, L. (2010). Awareness in cardiac anesthesia. Current Opinion in 

Anesthesiology, 23(1), 103-108.  

Shih, A. C., Robertson, S., Isaza, N., Pablo, L. & Davies, W. (2008). Comparison 

between analgesic effects of buprenorphine, carprofen, and buprenorphine 

with carprofen for canine ovariohysterectomy. Veterinary Anaesthesia and 

Analgesia, 35(1), 69-79.  

Simone, D., A, Alreja, M. & LaMotte, R. H. (1991) Psychophysical studies of the itch 

sensation and itchy skin (“alloknesis”) produced by intracutaneous injection of 

histamine. Somatosensory and Motor Research; 8, 271–9. 



© C
OPYRIG

HT U
PM

155 

Simonnet, G. (2008). Preemptive antihyperalgesia to improve preemptive analgesia. 

Anesthesiology, 108(3), 352.  

Sizer, Ç., Kara, I., Topal, A. & Çelik, J. (2013). A comparison of the effects of 

intraoperative tramadol and ketamine usage for postoperative pain relief in 

patients undergoing tonsillectomy.  The Journal of the Turkish Society of 

Algology, 25(2), 47-54.  

Slingsby, L. S., Taylor, P. M. & Waterman-Pearson, A. E. (2006). Effects of two doses 

of buprenorphine four or six hours apart on nociceptive thresholds, pain and 

sedation in dogs after castration. Veterinary Record, 159(21), 705-711.  

Slingsby, L. S., & Waterman-Pearson, A. E. (2001). Analgesic effects in dogs of 

carprofen and pethidine together compared with the effects of either drug 

alone. Veterinary Record, 148(14), 441-444.  

Slingsby, L. & Waterman-Pearson, A. (2000). The post-operative analgesic effects of 

ketamine after canine ovariohysterectomy—a comparison between pre-or 

post-operative administration. Research in Veterinary Science, 69(2), 147-152.  

Slingsby, L., Taylor, P. M. & Murrell, J. C. (2011). A study to evaluate buprenorphine 

at 40 μg kg− 1 compared to 20 μg kg− 1 as a post‐operative analgesic in the 

dog. Veterinary Anaesthesia and Analgesia, 38(6), 584-593.  

Smith, D. J., G.M. Pekoe, P.J. Monroe, L.L. Martin, Cabral, M. E. Y. & Crisp, a. T. 

(1990). Ketamine analgesia in rats may be mediated by an interaction with 

opiate receptors. In: Domino, E. F., (Ed.). Status of Ketamine in 

Anesthesiology: NPP Books, Ann Arbor, MI, 199.  

Smith, L. J., Bentley, E., Shih, A. & Miller, P. E. (2004). Systemic lidocaine infusion 

as an analgesic for intraocular surgery in dogs: a pilot study. Veterinary 

Anaesthesia and Analgesia, 31(1), 53-63.  

Solano, A. M., Pypendop, B. H., Boscan, P. L. & Ilkiw, J. E. (2006). Effect of 

intravenous administration of ketamine on the minimum alveolar 

concentration of isoflurane in anesthetized dogs. American Journal of 

Veterinary Research, 67(1), 21-25.  

Sorkin, L. S. & Wallace, M. S. (1999). Acute pain mechanisms. Surgical Clinics of 

North America, 79 2), 213-229. 

Spielberg, S. P. (1996). N-acetyltransferases: pharmacogenetics and clinical 

consequences of polymorphic drug metabolism. Journal of Pharmacokinetics 

and Biopharmaceutics, 24(5), 509-519.  

Stein, C., Millan, M. J., Shippenberg, T. S., Peter, K. & Herz, A. (1989). Peripheral 

opioid receptors mediating antinociception in inflammation. Evidence for 

involvement of mu, delta and kappa receptors. Journal of Pharmacology and 

Experimental Therapeutics, 248(3), 1269-1275.  

Stein, C., Schäfer, M. & Hassan, A. H. (1995). Peripheral opioid receptors. Annals of 

Medicine, 27(2), 219-221.  



© C
OPYRIG

HT U
PM

156 

Stubhaug, A., Breivik, H., Eide, P., Kreunen, M. & Foss, A. (1997). Mapping of 

punctuate hyperalgesia around a surgical incision demonstrates that ketamine 

is a powerful suppressor of central sensitization to pain following surgery. 

Acta Anaesthesiologica Scandinavica, 41(9), 1124-1132.  

Sylvester, S., Johnson, C., Stafford, K., Ward, R. & Mellor, D. (2002). Effects of age 

on pain sensation following castration in lambs. In: Proceedings of New 

Zealand Physiological Society. 

Takeda, M., Takahashi, M. & Matsumoto, S. (2009). Contribution of the activation of 

satellite glia in sensory ganglia to pathological pain. Neuroscience & 

Biobehavioral Reviews, 33(6), 784-792.  

Tanelian, D. L. & Maclver, M. B. (1991). Analgesic concentrations of lidocaine 

suppress tonic A-delta and C fiber discharges produced by acute injury. 

Anesthesiology, 74(5), 934-936.  

Tao, Y. X. (2010). Dorsal horn alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 

acid receptor trafficking in inflammatory pain. Anesthesiology, 112(5), 1259-

1265.  

Thurmon, J. C., Tranquilli, W. J., & Benson, G. J. (1996). Perioperative pain and 

distress. In: Tranquilli, W. J., Thurmon. J. C., Grimm, K. A., (Eds.), Lumb and 

Jones’ Veterinary anaesthesia and analgesia. 3rd edition, Williams &Wilkins, 

Baltimore.pp. 40-60 

Tizard, I. (2009). How inflammation is triggered Veterinary Immunology an 

Introduction (Vol. 8, pp. 11-27): Saunders Elsevier MO. 

Torebjork, E. (1985) Nociceptor activation and pain. Philosophical Transaction of 

Royal Societyof London B: Biological Sciences, 308 1136), 227-234.  

Toutain, P., Cester, C., Haak, T. & Laroute, V. (2001). A 

pharmacokinetic/pharmacodynamic approach vs. a dose titration for the 

determination of a dosage regimen: the case of nimesulide, a Cox‐2 selective 

nonsteroidal anti‐inflammatory drug in the dog. Journal of Veterinary 

Pharmacology and Therapeutics, 24(1), 43-55.  

Traast, H. S. & Kalkman, C. J. (1995). Electroencephalographic characteristics of 

emergence from propofol/sufentanil total intravenous anesthesia. Anesthesia 

& Analgesia, 81(2), 366-371.  

Tracey, I. & Mantyh, P. W., (2007). The cerebral signature for pain perception and its 

modulation. Neuron, 55, 377–91. 

Treede, R., Kenshalo, D., Gracely, R. & Jones, A. (1999). The cortical representation 

of pain. Pain, 79, 105–111. 

Treede, R.-D., Meyer, R. A., Raja, S. N. & Campbell, J. N. (1992). Peripheral and 

central mechanisms of cutaneous hyperalgesia. Progress in Neurobiology, 

38(4), 397-421.  



© C
OPYRIG

HT U
PM

157 

Tremont‐Lukats, I. W., Teixeira, G. & Backonja, M. (2005). Systemic administration 

of local anesthetic agents to relieve neuropathic pain. Cochrane Database of 

Systematic Reviews 2005, Issue 4. Art. No.: CD003345. DOI: 

10.1002/14651858.CD003345.pub2. 

Trucchi, G., Bergamasco, L. & Argento, V. (2003). Intraoperative 

Electroencephalographic Monitoring: Quantitative Analysis of Bioelectrical 

Data Detected During Surgical Stimulation. Veterinary Research 

Communications, 27 Suppl. 1, 803–805 

Tsai, T. Y., Chang, S. K., Chou, P. Y. & Yeh, L. S. (2013). Comparison of 

postoperative effects between lidocaine infusion, meloxicam, and their 

combination in dogs undergoing ovariohysterectomy. Veterinary Anaesthesia 

and Analgesia, 40(6), 615-622.  

Valverde, A. & Gunkel, C. I. (2005). Pain management in horses and farm animals. 

Journal of Veterinary Emergency and Critical Care, 15(4), 295-307. doi: 

10.1111/j.1476-4431.2005.00168.x 

Valverde, A., Cantwell, S., Hernandez, J. & Brotherson, C. (2004a). Effects of 

acepromazine on the incidence of vomiting associated with opioid 

administration in dogs. Veterinary Anaesthesia and Analgesia, 31(1), 40-45.  

Valverde, A., Doherty, T. J., Hernández, J. & Davies, W. (2004b). Effect of lidocaine 

on the minimum alveolar concentration of isoflurane in dogs. Veterinary 

Anaesthesia and Analgesia, 31(4), 264-271.  

Valverde, A., Morey, T. E., Hernandez, J. & Davies, W. (2003). Validation of several 

types of noxious stimuli for use in determining the minimum alveolar 

concentration for inhalation anesthetics in dogs and rabbits. American Journal 

of Veterinray Research, 64(8), 957-962.  

Vane, J. R. (1971). Inhibition of prostaglandin synthesis as a mechanism of action for 

aspirin-like drugs. Nature: New Biology, 231(25), 232-235.  

Verri, W. A., Cunha, T. M., Parada, C. A., Poole, S., Cunha, F. Q. & Ferreira, S. H. 

(2006). Hypernociceptive role of cytokines and chemokines: targets for 

analgesic drug development? Pharmacology & Therapeutics, 112(1), 116-138.  

Vesal, N., Cribb, P. H. & Frketic, M. (1996). Postoperative analgesic and 

cardiopulmonary effects in dogs of oxymorphone administered epidurally and 

intramuscularly, and medetomidine administered epidurally: a comparative 

clinical study. Veterinary surgey Surg, 25(4), 361-369.  

Virtue, R., Alanis, J., Mori, M., Lafargue, R., Vogel, J. & Metcalf, D. (1967). An 

anesthetic agent: 2-orthochlorophenyl, 2-methylamino cyclohexanone HCl 

(CI-581). Anesthesiology, 28(5), 823.  

Vyklicky, L. (1979). Techniques for the study of pain in animals. In: Bonica, J. J., 

Liebeskind, J. C., Albe-Fessard., D. G. (Eds.),  Advances in Pain Research 

and Therapy. Vol (3), Raven Press, New York. pp 727–745. 



© C
OPYRIG

HT U
PM

158 

Wagner, A. E., Walton, J. A., Hellyer, P. W., Gaynor, J. S. & Mama, K. R. (2002). Use 

of low doses of ketamine administered by constant rate infusion as an adjunct 

for postoperative analgesia in dogs. Journal of the American Veterinary 

Medical Association, 221(1), 72-75.  

Wagner, J. (1974). A safe method for rapidly achieving plasma concentration plateaus. 

Clinical Pharmacology and Therapeutics, 16(4), 691.  

Wang, C., Knowles, M. G., Chakrabarti, M. K. & Whitwam, J. G. (1994). Clonidine 

has comparable effects on spontaneous sympathetic activity and afferent A 

delta and C-fiber-mediated somatosympathetic reflexes in dogs.. 

Anesthesiology, 81(3), 710-717.  

Warncke, T., Stubhaug, A. & Jørum, E. (1997). Ketamine, an NMDA receptor 

antagonist, suppresses spatial and temporal properties of burn-induced 

secondary hyperalgesia in man: a double-blind, cross-over comparison with 

morphine and placebo. Pain, 72(1), 99-106.  

Watkins, L. R., Hutchinson, M. R., Milligan, E. D. & Maier, S. F. (2007). “Listening” 

and “talking” to neurons: implications of immune activation for pain control 

and increasing the efficacy of opioids. Brain Research Reviews, 56(1), 148-

169.  

Wegner, K., Horais, K. A., Tozier, N. A., Rathbun, M. L., Shtaerman, Y. & Yaksh, T. 

L. (2008). Development of a canine nociceptive thermal escape model. 

Journal of Neuroscience Methods, 168(1), 88-97.  

Weinbroum, A. A. (2012). Non-opioid IV adjuvants in the perioperative period: 

pharmacological and clinical aspects of ketamine and gabapentinoids. 

Pharmacological Research, 65(4), 411-429.  

Welsh, E. & Nolan, A. (1995). Effect of flunixin meglumine on the thresholds to 

mechanical stimulation in healthy and lame sheep. Research in Veterinary 

Science, 58(1), 61-66.  

Welters, I., Feurer, M.-K., Preiss, V., Müller, M., Scholz, S., Kwapisz, M.,  Mogk M., 

& Neuhäuser, C. (2011). Continuous S-(+)-ketamine administration during 

elective coronary artery bypass graft surgery attenuates pro-inflammatory 

cytokine response during and after cardiopulmonary bypass. British Journal of 

Anaesthesia, 106(2), 172-179.  

Werdehausen, R., Kremer, D., Brandenburger, T., Schlösser, L., Jadasz, J., Küry, P., 

Bauer, I., Aragón, C., Eulenburg, V., & Hermanns, H. (2012). Lidocaine 

metabolites inhibit glycine transporter 1: a novel mechanism for the analgesic 

action of systemic lidocaine? Anesthesiology, 116(1), 147-158.  

Wesselmann, U., Czakanski, P. P., Affaitati, G. &  Giamberardino, M. A. (1998). 

Uterine inflammation as a noxious visceral stimulus: behavioral 

characterization in the rat. Neuroscience Letters, 246, 73–76. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Mogk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21138901
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arag%C3%B3n%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22133759
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eulenburg%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22133759


© C
OPYRIG

HT U
PM

159 

White, P. & Boyle, W. (1989). Relationship between the haemodynamic and 

electroencephalographic changes during general anaesthesia. Anesthesia and 

Analgesia, 68, 177–181. 

Wilcke, J. R., Davis, L. E., Neff-Davis, C. A. & Koritz, G. D. (1983). 

Pharmacokinetics of lidocaine and its active metabolites in dogs. Journal of 

Veterinary Pharmacology and Therapeutics, 6(1), 49-57.  

Wilder-Smith, O. H. & Arendt-Nielsen, L. (2006). Postoperative hyperalgesia: its 

clinical importance and relevance. Anesthesiology, 104(3), 601-607.  

Willis, W. D. & Westlund, K. N.  (1997) Neuroanatomy of the pain system and of the 

pathways that modulate pain.  Journal of Clinical Neurophysiology, 14 (1), 2-

31.  

Wilson, J., Doherty, T. J., Egger, C. M., Fidler, A., Cox, S. & Rohrbach, B. (2008). 

Effects of intravenous lidocaine, ketamine, and the combination on the 

minimum alveolar concentration of sevoflurane in dogs. Veterinary 

Anaesthesia and Analgesia, 35(4), 289-296.  

Woodbury, M. R., Caulkett, N. A., Johnson, C. B. & Wilson, P. R. (2005). Comparison 

of analgesic techniques for antler removal in halothane‐anaesthetized red deer 

(Cervus elaphus): cardiovascular and somatic responses. Veterinary 

Anaesthesia and Analgesia, 32(2), 72-82.  

Woolf, C. J. (1983). Evidence for a central component of post-injury pain 

hypersensitivity. Nature. 306(5944), 686-8 

Woolf, C. J. (1991) Central mechanisms of acute pain. In: Bond, M. R., Charlton, J. E., 

Woolf, C. J. (Eds.) Proceedings of the 6th World Congress on Pain. 

Amsterdam: Elsevier. Pp 25–34 

Woolf, C. J. (1995). Somatic pain--pathogenesis and prevention. British Journal of 

Anaesthesia 75(2): 169-176. 

Woolf, C. J. (2004). Pain: moving from symptom control toward mechanism-specific 

pharmacologic management. Annals of Internal Medicine, 140(6), 441-451.  

Woolf, C. J. & Chong, M.-S. (1993). Preemptive analgesia-treating postoperative pain 

by preventing the establishment of central sensitization. Anesthesia & 

Analgesia, 77(2), 362-379.  

Woolf, C. J. & Salter, M. W. (2000). Neuronal plasticity: increasing the gain in pain. 

Science, 288(5472), 1765-1768.  

Woolf, C. J. & Thompson, S. W. (1991). The induction and maintenance of central 

sensitization is dependent on N-methyl-D-aspartic acid receptor activation; 

implications for the treatment of post-injury pain hypersensitivity states. Pain, 

44(3), 293-299.  



© C
OPYRIG

HT U
PM

160 

Woolf, C. J. & Wall, P. D. (1986). Morphine-sensitive and morphine-insensitive 

actions of C-fibre input on the rat spinal cord. Neuroscience Letters, 64(2), 

221-225.  

Wu, G.J., Chen, T.L., Ueng, Y.F., & Chen, R.M. (2008). Ketamine inhibits tumor 

necrosis factor-α and interleukin-6 gene expressions in lipopolysaccharide-

stimulated macrophages through suppression of toll-like receptor 4-mediated 

c-Jun N-terminal kinase phosphorylation and activator protein-1 activation. 

Toxicology and applied pharmacology, 228(1), 105-113.  

Wu, C.  T., Borel, C. O., Lee, M. S., Yu, J. C., Liou, H.-S., Yi, H. D. & Yang, C. P. 

(2005). The interaction effect of perioperative cotreatment with 

dextromethorphan and intravenous lidocaine on pain relief and recovery of 

bowel function after laparoscopic cholecystectomy. Anesthesia & Analgesia, 

100(2), 448-453.  

Wu, W., McKown, L., Gauthier, A., Jones, W. & Raffa, R. (2001). Metabolism of the 

analgesic drug, tramadol hydrochloride, in rat and dog. Xenobiotica, 31(7), 

423-441.  

Wylde, V., Palmer, S., Learmonth, I. D. & Dieppe, P. (2012). Somatosensory 

abnormalities in knee OA. Rheumatology, 51(3), 535-543.  

Yamashita, K., Okano, Y., Yamashita, M., Umar, M. A., Kushiro, T. & Muir, W. W. 

(2008). Effects of carprofen and meloxicam with or without butorphanol on 

the minimum alveolar concentration of sevoflurane in dogs. Journal of 

Veterinary Medical Science, 70(1), 29-35.  

Yanagidate, F. & Strichartz, G. R. (2007). “Local anesthetics,” In: Handbook of 

Experimental Pharmacology, vol. 177, pp. 95–127.  

Yoshimura, M. & Furue, H. (2006). Mechanisms for the anti-nociceptive actions of the 

descending noradrenergic and serotonergic systems in the spinal cord. Journal 

of Pharmacological Sciences, 101, 107–17. 

Zanjani, T. M., Sabetkasaei, M., Karimian, B., Labibi, F., Farokhi, B. & Mossafa, N. 

(2010). The attenuation of pain behaviour and serum interleukin-6 

concentration by nimesulide in a rat model of neuropathic pain. Scandinavian 

Journal of Pain, 1(4), 229-234.  

Zhuo, M. (2009). Plasticity of NMDA receptor NR2B subunit in memory and chronic 

pain. Molecular Brain, 2(4), 1756-6606.  

Zulkifli, I., Goh, Y., Norbaiyah, B., Sazili, A., Lotfi, M., Soleimani, A. & Small, A. 

(2014). Changes in blood parameters and electroencephalogram of cattle as 

affected by different stunning and slaughter methods in cattle. Animal 

Production Science, 54(2), 187-193.  



© C
OPYRIG

HT U
PM 

161 
 

APPENDICES 

Appendix A:        Electroencephalographic spectrum of minimally anaesthetized dog 
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Appendix B:    Electroencephalographic spectrum before and after stimulus 
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Appendix C: Short Form of the Glasgow Composite Pain Scale 
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Appendix D: Mid Ventral abdominal incision for OHE 
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Appendix E:  Calibration Curve For Keatmine 
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Appendix F:  Calibration Curve For Lignocaine 
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Appendix G:  Institutional Animal Care and Use Committee Approval 
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