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ABSTRACT

The study was conducted in 10 clinically healthy female dogs weighing 12-24 kg, aged one to three years to evaluate the efficacy of tramadol and meloxicam as analgesic in canine ovariohysterectomy. The animals were randomly divided into two groups. Preoperatively Tramadol @ 2 mg/kg IM and Meloxicam @ 0.2 mg/kg  IM were administered 15 minutes prior to glycopyrrolate @ 0.02 mg/kg S/C followed by induction with xylazine- ketamine combination @ 2mg/kg IM and 10mg/kg IM respectively and maintenance with isoflurane. Both tramadol and meloxicam were repeated after every 12 hours up to second postoperative day. Ovariohysterectomy was performed through ventral midline approach. Pain was evaluated using  multifactorial numerical rating scale (NRS). Blood samples were collected 1 hour before surgery, 15minutes, 30 minutes, 12 hours, 24 hours and 48 hours after recovery to study biochemical parameters. Plasma glucose, plasma cortisol, C-reactive proteins (CRP) level were significantly higher post-operatively. The haematology revealed characteristic stress leukogram of leucocytosis with absolute neutrophilia, lymphopenia, monocytopenia and eosinopenia was observed in both the groups. In the present study, tramadol was found to be more effective than meloxicam for pain management in canine ovariohystersectomy patient.
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INTRODUCTION

Appropriate pain management is integral part to anaesthetic plan and is fundamental component of good surgical practice. Anatomical and physiological considerations for pain perception are similar in all the species. Mitigation of animal pain and suffering is a key to successful case outcomes and enhancement of veterinarian-patient-client relationship. Pain is a multidimensional experience and it involves autonomic pathways and deeper centers of brain involved with emotions and memory. It is not just you feel but also how it makes you feel. Robertson (2003) suggested that the N.R.S. (Numerical Rating Scale) was most suitable if a single, trained observer performed all the assessments. Prevention and treatment of pain is recognized as essential parts of overall patient management
MATERIALS AND METHODS

The study was conducted on 10 clinically healthy female dogs divided into two groups of five animals each weighing between 12-24 kg and aged between one to three years. All the animals were given pre-emptive analgesia with either Tramadol or Meloxicam in respective groups. Fifteen minutes later these animals were premedicated with glycopyrrolate @ 0.02 mg/kg S/C. The induction was achieved 15 minutes after glycopyrrolate by xylazine-ketamine combination @ 2mg/kg and 10mg/kg respectively; half dose by IM and rest half by IV route. Anesthesia was done by isoflurane in all the animals. In group A dogs received tramadol @ 2 mg /kg IM 15 minutes before the glycopyrrolate and at 12 hours up to second postoperative day. Similarly dogs of group B, meloxicam was given @ 0.2 mg/kg IM 15 minutes prior to glycopyrrolate and at every 12 hours up to second postoperative day.

Blood samples were collected 1 hour before surgery, 15minutes, 30 minutes, 12 hours, 24 hours and 48 hours after recovery in EDTA vials for haematology  in 3.8% sodium fluoride vials for glucose estimation and vials without any anticoagulant for the collection of the serum. Haematological estimation was conducted immediately after the blood collection with haematology cell counter. Samples for serum and plasma separation were kept for one hour and then centrifuged at 3000 rpm for 10 minutes to separate plasma and serum. The separated samples were stored at -20°C until the estimation. Various biochemical parameters were estimated using chemistry  analyzer - Haematology Cell Counter MS4s, France with kits  TRANSASIA Bio Medicals Ltd, India.

To evaluate the efficacy of tramadol and meloxicam in pain management, following parameters were estimated along with pain score by using NRS scale at various interval as mentioned above: haemoglobin (Hb), packed cell volume (PCV), total erythrocyte count (TEC), total leukocyte count (TLC), differential leukocyte count (DLC), glucose, alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), creatinine, total plasma proteins, albumin, C-reactive proteins (CRP) and cortisol. Statistical analysis of the data was done by one way ANOVA using Duncan multiple range test.
RESULTS AND DISCUSSION
All the animals recovered without any major complication and animals made smooth and rapid recovery from inhalational anesthesia. Serosanguineous exudation at the incision site after two to three days of surgery was evident in all the animals of tramadol group might be due to weak anti-inflammatory action of tramadol. Black, tarry or bloody coloured faeces were seen in meloxicam group at the postoperative stage might be due to gastric ulceration caused by NSAIDs. In tramadol group, there was urinary incontinance and increased frequency of urination due to renal vasoconstriction caused by tramadol. Significant difference between two groups were observed for MTPS (mean total pain score), plasma glucose, CRP (C-reactive proteins), plasma cortisol, plasma creatinine, total plasma proteins, serum albumin, heart rate, neutrophil count, lymphocyte count and monocyte count. However no significant differences were observed for aspartate aminotransferase(AST), alanine aminotransferase (ALT), blood urea nitrogen (BUN), haemoglobin (Hb), packed cell volume (PCV) and total erythrocyte count (TEC).
Table:Variation in behavioural, biochemical and clinical parameters at different observation stages in both the groups at different time intervals
	PARAMETERS
	GROUPS
	PRE-OPERATIVE
	POSTOPERATIVE

	
	
	1 hour before surgery
	15 minutes after recovery
	30 minutes after recovery
	12 hours after recovery
	24 hours after recovery
	48 hours after recovery

	Pain score
	Tramadol
	0
	6.40±1.12a
	6.40 ± 1.12 a
	5.60± 1.20 a
	5.00±1.14b
	4.050 ±0.67b

	
	 Meloxicam
	0 
	7.20±1.10b
	7.20 ± 1.10 b
	5.40± 1.07 a
	3.40±0.67 a
	2.60±0.81 a

	CRP(mg/dl)
	Tramadol
	1.24 ± 0.14a
	1.81 ± 0.12b
	1.87 ± 0.04b
	1.96 ± 0.05b
	1.83 ± 0.02a
	1.65 ± 0.13b

	
	Meloxicam
	1.18 ± 0.04 a
	1.51±0.12a
	1.56 ± 0.04 a
	1.66±0.05a
	1.71±0.02 a
	1.32±0.02 a

	Cortisol(µg/dl)
	Tramadol
	2.96 ± 0.23 b
	6.01±0.44a
	6.64±0.44a
	5.51± 0.36b
	2.21±0.50a
	1.81±0.39 a

	
	Meloxicam
	2.43 ± 0.10 a
	6.72± 0.16 b
	6.98± 0.18b
	4.19± 0.27 a
	3.23±0.15 b
	3.01 ± 0.21b

	Glucose (mg/dl)
	Tramadol
	67.32  ± 1.07a


	84.40 ± 1.36b
	80.10±1.09a
	76.10±0.56a
	72.14±0.63a
	62.03±0.52a

	
	Meloxicam
	84.32  ± 1.67b
	102.41± 1.8c
	98.24±2.08b
	95.34±1.68b
	87.85±0.60b
	80.76±1.62c

	Total proteins(g/dl)
	Tramadol
	6.70 ± 0.18a
	5.46 ± 0.22a
	5.38 ± 0.16a
	5.56 ± 0.22a
	5.98 ± 0.20a
	6.45 ± 0.21a

	
	Meloxicam
	6.72 ± 0.23a
	5.93 ± 0.23a
	5.60 ± 0.11a
	6.11 ± 0.15b
	6.39 ± 0.07b
	6.49 ± 0.09a

	Albumin(g/dl)
	Tramadol
	2.55 ± 0.18a
	2.13 ± 0.22b
	2.11 ± 0.24b
	2.17 ± 0.16b
	2.29 ± 0.36b
	2.40 ± 0.36b

	
	Meloxicam
	2.37 ± 0.13a
	1.72 ± 0.15a
	1.64 ± 0.08a
	1.72 ± 0.08a
	1.56 ± 0.13a
	1.61 ± 0.24a

	Heart rate(/min.)
	Tramadol
	 87 ± 1.24a
	116.6 ± 1.00b
	115.4±0.77b
	97.8± 0.90a
	86.8± 0.77a
	84.56±0.68a

	
	Meloxicam
	85.6 ± 1.83a
	98.8 ± 0.67a
	105.26±0.26a
	90.8± 1.00a
	87.2± 1.13a
	90.00±0.92a

	Neutrophil count(%)
	Tramadol
	66.60 ± 0.48a
	74.40 ± 0.90b
	75.96±0.78b
	84.40±0.84b
	64.20±0.69a
	62.80±0.66a

	
	Meloxicam
	63.20 ± 0.92a
	63.60 ± 0.91a
	65.00±0.37a
	75.80±0.58a
	78.60±0.96b
	77.80±0.73b


Means with different superscripts vary significantly (p<0.05) between groups.
The maximum MTPS (mean total pain score) for tramadol and meloxicam group were 6.4 ± 1.12 and 7.2 ± 1.1 respectively at 15 minutes postoperatively. This agrees with the fact that pain persists just after surgery. Higher pain score recorded for meloxicam group than tramadol group suggested that tramadol was more effective in controlling postoperative pain for dogs undergoing ovariohysterectomy. No significant difference (P<0.05) was found between the MTPS of tramadol and meloxicam combination group.
In tramadol group CRP concentration was significantly higher at immediate post recovery at 15, 30 minutes, and at 12, 24 and 48 hours post recovery stages and peak concentration  reaches at12 hours after recovery. In meloxicam group CRP concentration was significantly higher up to 24 hours post recovery stages and peak concentration reaches at 24 hours post recovery stage. A highly significant increase in CRP occurred in the tramadol group, which indicated weak anti-inflammatory effect of tramadol. 
 
Significant rise of the serum cortisol level was observed in the post-operative period as compared to the pre-operative period in both the groups. In tramadol group significant increase in cortisol concentration was observed at 15, 30 minutes and 12 hours post recovery stages. In meloxicam group as compared to tramadol group more significant rise in cortisol concentration was observed at immediate post recovery at 15, 30 minutes post recovery stages. This shows that tramadol was better in controlling postoperative pain. Significantly higher cortisol concentrations noticed at immediate post recovery at 15 and 30 min after ovariohysterectomy in both the groups compared to the pre-operative period indicated the increased activity of the hypothalamic-pituitary-adrenal gland. These findings suggest that it can only be assumed that stress exists since cortisol is a very unspecific hormone and could be altered due to stress related to pain, but also due to fear, cold or even the anesthesia itself. Tissue injury leads to the activation of nociceptive and inflammatory responses that are often associated with pain and hyperalgesia and behavioral changes (Henson, 1997).
The mean plasma glucose value has shown a significant increase in meloxicam group at 15 minutes post recovery stage, as compared to its preoperative value. Kaushik (2002) has also reported an increase in plasma glucose at one-hour postoperative period in dogs undergoing ovariohysterectomy under buprenorphine. In this present study, the significant increase, as compared to preoperative value in meloxicam group was found at 15 minutes, 30 minutes and 12 hour post recovery stages, but after that at 24 and 48 hours post recovery stage there was decrease in mean plasma glucose concentration in comparison to value recorded up to 12 hours post recovery. With regard to the regulation of glucose metabolism in pancreatic beta cells, ATP-sensitive K+ (KATP) channels function as a molecular sensor of cellular metabolism and play a critical role in regulation of insulin secretion from the beta cells (Muir, 2009). NSAIDs could have an effect on plasma glucose levels by affecting ion channel functions in pancreatic beta cells and, consequently, insulin secretion. In tramadol group, however, as compared to its preoperative value, relatively less significant rise at 15, 30 minutes and 12 hours post recovery stages was reported. It may be due to anti-nociceptive effects of tramadol are imparted by drug and metabolite binding to μ-opioid receptors and inhibition of neuronal reuptake of serotonin and norepinephrine (Minami et al., 2015).

A significantly (p<0.05) lowest albumin concentration were observed in meloxicam group at all the postoperative stages in comparison to the values recorded in tramadol. These lower values for albumin in meloxicam group might be due to acute phase response due to meloxicam and loss of blood or plasma due to surgical trauma.
Total plasma proteins level usually decreases after extensive surgical procedure due to nitrogen loss because of increased adrenal activity and increased protein turnover. Decrease in insulin level may also modify general metabolism and impair protein synthesis (Schumann, 1990). During inflammation, fluid and plasma proteins move into extra vascular tissue inducing edema and contributing to decreased albumin. Hemorrhage and exudation, with shift of large amounts of interstitial fluid into plasma compartment, would contribute to hypoproteinemia (Benjamin, 1998). Also, fever results in increased metabolic rate with protein catabolism causing hypoproteinemia. The trauma because of surgery results in release of endogenous pyrogens (cytokines like IL-1, TNF and IFα) due to release of prostaglandins. In meloxicam group, as compared to the preoperative value, there was significant decrease in plasma protein level up to 12-hour post recovery stage, with slight increase at 24 and 48 hour post recovery stage suggesting moderate protein loss. In tramadol group, the protein level was significantly decrease up to 12 hour post recovery stages.
TLC and DLC are the indicators of infection, toxins, trauma, as well as hemorrhage. Neutrophilic leucocytosis with some shift to left is a sequel of trauma and tissue damage. Same response can also be due to severe hemorrhage, especially hemorrhage into the serous cavity (Pennington, et al. 1978). This increase is within hours because of the shift of neutrophils from the marginal pool and the bone marrow reserve, in response to released cytokines (Jain, 1993). In the present study, the characteristic stress leukogram of leucocytosis with absolute neutrophilia, lymphopenia, monocytopenia and eosinopenia was found. These findings were similar to the findings of Millis et al. (1992), Kaushik (2002) and Geeta (2003). There was significant higher neutrophil count in tramadol group as compared to meloxicam group at 15 minutes, 30 minutes and 12 hours postoperative stages.
Heart and pulse rate are the complex physiological variables, which can also be altered by fear, stress, degree of anesthesia and vascular volume (Conzemius et al., 1997). So these parameters are not considered as reliable parameter for assessment of pain. The analgesics are also having their effects on these parameters. Sympathetic stimulation has a positive ionotropic and chronotropic effects on heart (Adam, 1996a and Adam, 1996b). In the present study, as compared to their preoperative values, significant increase in heart rate all the three groups at immediate post recovery at 15, 30 minutes and 12 hours post recovery stage was found. This initial rise in tramadol group was significantly higher as compared to that in the meloxicam. This might be because of either sympathetic stimulation due to pain or because of the positive cardiac effects of analgesics.
Significant rise was seen in plasma glucose, plasma cortisol, C-reactive proteins (CRP) may be due to surgical trauma, inflammation and pain. The characteristic stress leukogram of leucocytosis with absolute neutrophilia, lymphopenia, monocytopenia and eosinopenia was found.

CONCLUSIONS

Lower pain score values were recorded in tramadol group as compared to meloxicam group immediately after recovery suggested that pain management was better in this group. Significantly lower concentration of plasma cortisol were recorded at all the postoperative stages in tramadol group suggested that less surgical stress in this group. Significantly higher concentration of glucose were observed in meloxicam group as compared to tramadol group suggested that autonomic changes were better control in tramadol group.
REFERENCES:
Adams, H.R. (1996a). Introduction to the autonomic nervous system. In: Veterinary pharmacology and therapeutics. Booth N.H. and McDonald,L.E. (Eds) 5th edn. Kalyani publishers, New Delhi. pp:74-75.
Adams, H.R. (1996b). Adrenergic and anti-adrenergic drugs. In: Veterinary pharmacology and therapeutics. Booth, N.H. and McDonald,L.E. (Eds) 5th edn. Kalyani publishers, New Delhi. pp: 91-97.
Benjamin, M.E. (1998). Interpretation of hematological findings. In: Outline of Veterinary Clinical Pathology. 3rd edn. Kaylani Publishers, New Delhi, pp. 80, 108-115.

Conzemius, M.G., Hill, C.M., Sammarco, J.L. and Perkowski, S.Z. (1997). Correlation between subjective and objective measures used to determine severity of postoperative pain in dogs. J. Amer. Vet. Med. Assoc. 210: 1619-1622.
Geeta, (2003). Evaluation of pentazocine as postoperative analgesics in dogs. M.V.Sc. dissertation CCS Haryana agricultural University, Hisar.
Hansen, B. (1997). Through a glass darkly : using behaviour to assess pain. Semin Vet. Med. Surg. (Small Anim) 12: 61-74.
Jain, N.C. (1993). Blood loss or hemorrhagic anemias. In: Essentials of vety. Haematology. 1st Edn. Lea and Febiger, Philadelphia, pp. 169-176.
Kaushik, D. (2002). Comparison of analgin, ketoprofen and buprenorphine in management of surgical pain in dogs. M.V.Sc. Dissertation, CCS Haryana Agriculture University, Hisar.  
Millis, D.L., Hauptman, J.G. and Richter, M. (1992). Preoperative and postoperative hemostatic profile of dogs undergoing ovarioshysterectomy. Corn. Vet. 82: 465-470.
Minami K, Ogata J, Uezono Y. (2015). What is the main mechanism of tramadol? Naunyn Schmiedeberg's Arch Pharmacol.  388:999–1007.

Muir, W.W. 3rd (2009) Physiology and pathophysiology of pain, in Handbook of Veterinary Pain Management, 2nd edn (eds J.S. Gaynor & W.W. Muir 3rd), Mosby Elsevier, St. Louis, MO.
Norholt, . SE. Treatment of acute pain following removal of mandibular third molars. (1998) Use of the dental pain model in pharmacological research and development of a comparable animal model. Int J Oral Maxillofac Surg. 27 (suppl 1):1–41.

Pennington, D., Rush, B. and Castold, P. (1978). The white cells. In: Clinical Haematology in Medical Practice. deGruchy, G.C.. (eds). 4th edn. ELBS publication. Oxford. London.
Robertson, S.A. (2003). How do we know if they hurt: pain assessment in small animals. Vet. Med. 98: 700-708.
Schumann, D. (1990). Postoperative hyperglycemia. Clinical benefits of insulin therapy. Heart      Lung. 19: 165-173.
*Corresponding author: Shekhawat Ali

Email address: shekhawatali91@gmail.com


