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By 

BITA BASIRI 

                                                        February 2013 

Chairperson: Chen Hui Cheng, DVSc 

Faculty: Veterinary Medicine 

The need for safe and cost effective analgesic in cats prompted investigation into the 

potential use of tramadol for acute pain. The hypothesis was that tramadol at a 

higher dose can provide a more significant analgesic effect in the post-operation 

period. In the first part, we assessed the thermal and mechanical thresholds 

following a high (4 mg/kg) and a low (2 mg/kg) dose of tramadol in comparison to 

acepromazine at 0.1 mg/kg, administered subcutaneously (SC) in cats without 

undergoing surgery. Three female and 3 male cats were utilized in a randomized 

cross-over manner. Thermal and mechanical thresholds were determined using two 

custom-made analgesiometric devices. Both thermal and mechanical thresholds were 

significantly higher than baseline at 3, 4, 5 and 6 hours after 4 mg/kg tramadol. 

Following 2 mg/kg tramadol, both thermal and mechanical thresholds were higher 

than baseline at 4 and 5 hours only. There were no significant changes in both 

thermal and mechanical thresholds at any time point after administration of 0.1 
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mg/kg acepromazine. The above results demonstrated that the methods of threshold 

measurements used in this study can differentiate if a treatment had analgesic effect. 

Furthermore, they showed dose-dependent response to tramadol. In the second part, 

we investigated the analgesic effects of 4 and 2 mg/kg of tramadol, SC, in addition 

to 0.1 mg/kg acepromazine as pre-medication in cats undergoing 

ovariohysterectomy (OHE). Following surgery, pain scores did not increase 

significantly from baselines in cats that received 4 mg/kg (AT4 group: 6 cats) and in 

2 mg/kg (AT2 group: 6 cats) tramadol at pre-medication. Composite pain scores 

were lower in AT4 compared to AT2 at 4.5 and 6.5 hours after pre-medication. Pain 

scores increased significantly at 2.5 and 3.5 hours post-treatment in the 3 cats that 

received only acepromazine without tramadol (Ace group). All cats in Ace required 

rescue analgesia. Metatarsal pad mechanical thresholds showed a significant 

increase from baseline at 3.5, 4.5 and 6.5 hours post-treatment in AT4, and at 4.5 

hours in AT2. Thresholds in AT4 were higher than AT2 at 4.5 and 6.5 hours. No 

significant change was observed in Ace. Mechanical thresholds at surgical site 

decreased from baselines following surgery and persisted throughout the 36 hours 

observation in all groups. The decrement tended to be less in AT4 compared to AT2. 

These results showed the requirement of an analgesic in addition to acepromazine in 

the pre-medication for cats undergoing OHE. In the third part, we studied the effect 

of tramadol at 4 mg/kg, SC, on secondary hyperalgesia. Metatarsal pad mechanical 

thresholds after tramadol but without undergoing surgery were compared to 

thresholds following tramadol and gonadectomy in six cats. There was no difference 

in the increment of thresholds following tramadol, with or without gonadectomy. 

Thresholds increased significantly from baseline between 3 to 6 hours post-

© C
OPYRIG

HT U
PM



v 

 

tramadol, with or without gonadectomy. The results of these studies supported the 

use of tramadol for acute pain management in cats. Tramadol at 4 mg/kg provided 

more profound and longer analgesic effect than 2 mg/kg. If used at 4 mg/kg, 

tramadol may prevent secondary hyperalgesia for up to 6 hours after medication. 
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BITA BASIRI 

                                                        Februari 2013 

Pengerusi: Chen Hui Cheng, DVSc 

Fakulti: Perubatan Veterinar  

Perlunya ada analgesik yang selamat dan berkesan kos untuk kucing telah 

mendorong penyelidikan terhadap penggunaan tramadol untuk melegakan kesakitan 

akut. Hipotesis untuk kajian ini ialah tramadol pada dos tinggi boleh memberi kesan 

analgesik tererti pada tempoh pasca-pembedahan.Dalam bahagian pertama, kami 

menilai ambang terma dan mekanikal berikutan pemberian subkutis (SC) dos tinggi 

(4 mg/kg) dan rendah (2 mg/kg) tramadol berbanding 0.1 mg/kg asepromazin, diberi 

kepada kucing yang tidak dibedah.Tiga ekor kucing betina dan 3 jantan telah diguna 

mengikut reka bentuk pindah silang rawak. Ambang terma dan mekanikal  telah 

ditentukan dengan mengguna dua alat analgesiometri buatan tersuai. Kedua-dua 

ambang terma dan mekanikal didapati lebih tinggi tererti daripada nilai asas pada jam 

3, 4, 5 dan 6 selepas disuntik dengan 4 mg/kg tramadol. Berikutan suntikan 2 mg/kg 

tramadol, kedua-dua ambang terma dan mekanikal didapati lebih tinggi daripada nilai 
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asas hanya pada jam 4 dan 5.Tiada sebarang perubahan tererti terdapat pada ambang 

terma atau mekanikal selepas 0.1 suntikan mg/kg asepromazin. Keputusan di atas 

menunjukkan bahawa kaedah penentuan ambang terma dan mekanikal yang 

digunakan dalam kajian ini berupaya untuk menentukan sama ada sesuatu rawatan itu 

dapat memberi kesan analgesik atau tidak. Juga, ambang tersebut menunjukkan 

berlaku gerak balas yang bersandarkan dos terhadap suntikan tramadol.Dalam 

bahagian kedua, kami menyelidik kesan analgesik 4 dan 2 mg/kg tramadol yang 

disuntik secara SC, bersama 0.1 mg/kg asepromazin sebagai prapengubatan pada 

kucing yang menjalani ovariohisterektomi (OHE). Selepas pembedahan, skor 

kesakitan tidak meningkat secara tererti daripada nilai asas pada kucing yang 

menerima 4 mg/kg (Kumpulan AT4) dan 2 mg/kg (Kumpulan AT2) tramadol semasa 

prapengubatan. Skor kesakitan komposit adalah lebih rendah dalam Kumpulan AT4 

berbanding Kumpulan AT2 pada jam 4.5 dan 6.5 selepas prapengubatan. Skor 

kesakitan meningkat secara tererti pada jam 2.5 dan 3.5 pasca-rawatan pada kucing 

yang menerima asepromazin tanpa tramadol (Kumpulan Ace). Semua kucing dalam 

Kumpulan Ace memerlukan analgesia penyelamat. Ambang mekanikalpad 

metatarsus menunjukkan peningkatan tererti daripada nilai asas pada jam 3.5, 4.5 dan 

6.5 prapengubatan dalam kumpulan AT4, manakala peningkatan tererti berlaku pada 

jam 4.5 dalam kumpulan AT2. Ambang pad metatarsus dalam Kumpulan AT4 adalah 

lebih tinggi daripada Kumpulan AT2 pada jam 4.5 dan 6.5. Tiada perubahan ambang 

yang tererti dilihat dalam Kumpulan Ace. Ambang mekanikal pada tapak 

pembedahan menurun daripada nilai asas berikutan pembedahan dan ini berterusan  

selama 36 jam tempoh pemerhatian dalam semua kumpulan. Kumpulan AT4 

menunjukkan penurunan ambang yang kurang daripada Kumpulan AT2. Hasil kajian 
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di atas jelas menunjukkan perlunya analgesik sebagai tambahan kepada asepromazin 

dalam prapengubatan  kucing yang  menjalani OHE. Dalam bahagian ketiga kami 

mengkaji kesan 4 mg/kg tramadol SC terhadap hiperalgesia sekunder. Ambang 

mekanikal pad metatarsus selepas suntikan tramadol, tanpa pembedahan telah 

dibanding dengan ambang mekanikal berikutan suntikan tramadol dan gonadektomi 

dalam enam ekor kucing. Tiada perbezaan dilihat dalam peningkatan ambang 

berikutan suntikan tramadol, dengan atau tanpa gonadektomi. Ambang mekanikal 

meningkat secara tererti daripada nilai asas di antara jam 3 hingga 6 selepas suntikan 

tramadol, sama ada dengan atau tanpa gonadektomi. Hasil kajian menyokong 

penggunaan tramadol untuk pengurusan kesakitan akut pada kucing.Tramadol pada 

dos 4 mg/kg memberi kesan analgesik yang lebih mendalam dan lebih lama 

berbanding dos 2 mg/kg. Sekiranya tramadol diguna pada dos 4 mg/kg, ia mungkin 

melambatkan berlakunya hiperalgesia sekunder sehingga 6 jam selepas suntikan. 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



ix 

 

1 ACKNOWLEDGEMENTS 

I would like to express my deepest gratitude and appreciation to my dear supervisor, 

Dr. Chen Hui Cheng for all the great ideas, patience, guidance and unlimited 

assistance that she has provided throughout my time as her student. I have been 

extremely lucky to have her as my supervisor and I owe her a lot in my life. 

 I am most grateful to my committee members: Prof. Dr Kalthum Hashim and 

Associate Prof. Dr. Arifah Kadir for their valuable suggestions and beneficial advice 

and to Dr. Nor Alimah Rahman for her sincere assistance and expert performance of 

the surgeries in this research project. I would like to specially thank the nurses in the 

operation theater and the staff of small animal ward for their cooperation. Funding 

for my research was provided by Universiti Putra Malaysia and I gratefully 

acknowledge the assistance.  

I would like to express my very special appreciation to my mother, Firoozeh Basiri 

who has always inspired me to keep on doing the best I could, for her endless support 

and fortitude effort in my life, especially during my study time in Malaysia. 

I am sincerely thankful to Dr. Mohamed Samy Abdel-Al. for his kind encouragement 

and support. 

My heart-felt thanks are due to Dr. Arash Dehzangi, Dr. Dordaneh Amiri, Dr. Nadir 

Mohamed Elfaki, Dr. Bede Obinna Amadi, Dr. Seyyed Morteza Nourbakhsh, Dr. 

Salisu Buhari, Pupak Sadat Barikani and Prof. Dr. Sardar Jafari for their 

encouragement and guidance during my study. 

© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM



xi 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfillment of the requirement for the degree of Master of Veterinary 

Science. The members of the Supervisory Committee were as follows: 

 

Chen Hui Cheng, DVSc 

Senior Lecturer 

Faculty of Veterinary Medicine 

Universiti Putra Malaysia 

(Chairperson) 

 

Kalthum Hashim, PhD 

Associate Professor 

Faculty of Veterinary Medicine 

Universiti Malaysia Kelantan 

(Member) 

 

Arifah Abdul Kadir, PhD 

Associate Professor 

Faculty of Veterinary Medicine 

Universiti Putra Malaysia 

(Member) 

 

 

 

 

 

 

 

 

 

 

 

 

 

BUJANG BIN KIM HUAT, PhD 
Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

 

Date: 

 

 

© C
OPYRIG

HT U
PM



xii 

 

DECLARATION 

I declare that the thesis is my original work except for quotations and citations, which 

have been duly acknowledged. I also declare that it has not been previously, and is 

not concurrently, submitted for any other degree at Universiti Putra Malaysia or at 

any other institution. 

 

 

 

                                                                                                BITA BASIRI 

 

      Date: 26 February 2013 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



xiii 

 

TABLE OF CONTENTS 

 Page  

ABSTRACT iii 

ABSTRAK vi 

ACKNOWLEDGEMENTS ix 

APPROVAL xi 

DECLARATION xii 

LIST OF TABLES xv 

LIST OF FIGURES xvi 

LIST OF ABBREVIATIONS xviii 

CHAPTER   

1 GENERAL INTRODUCTION  1 

 1.1 Problem Statement 2 

 1.2 Justification  2 

 1.3 Hypothesis 3 

 1.4 Objectives 4 

 1.5 General Organization 4 

2 LITERATURE REVIEW 5 

 2.1 Introduction 5 

 2.2 Definition of Pain 5 

 2.3 Nociceptive and Noxious Stimuli 6 

 2.4 Pain Threshold and Pain Tolerance  7 

 2.5 Mechanism of Pain Sensation 7 

 2.6 Nociceptors 9 

 2.7 Pain and Ovariohysterectomy 10 

 2.8 Why Treat Post-operative Pain? 10 

 2.9 Pain Assessment in Cats 11 

  2.9.1 Subjective Methods 12 

  2.9.2 Objective Methods 14 

 2.10 Pain Management in Cats 15 

  2.10.1 Unique Physiology of the Cat 15 

  2.10.2 Analgesic Drugs and Their Side Effects in Cats 16 

  2.10.3 Neuroleptanalgesia 16 

  2.10.4 Pre-emptive Analgesia 17 

  2.10.5 Tramadol 17 

   2.10.5.1 Pharmacokinetics of Tramadol   18 

   2.10.5.2 Pharmacodynamics of Tramadol 20 

 2.11 Why Laboratory Research Setting Is Needed? 21 

 2.12 Analgesia Assessment in Cats   21  

  2.12.1 Thermal Threshold Testing 22 

  2.1.2.2 Mechanical Threshold Testing 23 

© C
OPYRIG

HT U
PM



xiv 

 

3 EFFECTS OF SUBCUTANEOUS TRAMADOL ON 

THERMAL AND MECHANICAL THRESHOLDS IN CATS 

26 

 3.1 Introduction 26 

 3.2 Materials and Methods   28 

  3.2.1 Animals 28 

  3.2.2 Treatments 29 

  3.2.3 Thermal and Mechanical Measurements 30 

  3.2.4 Mechanical Threshold Testing Device 30 

  3.2.5 Thermal Threshold Testing Device  31 

  3.2.6 Physiologic Parameters 34 

  3.2.7 Statistical Analysis 34 

 3.3 Results 34 

  3.3.1 Thermal Threshold 34 

  3.3.2 Mechanical Threshold 37 

  3.3.3 Physiologic Parameters 39 

  3.3.4 Correlation between Mechanical and Thermal 

Thresholds 

42 

  3.3.5 Side Effects 42 

 3.4 Discussion 42 

 3.5 Conclusion 47 

4 ANALGESIC EFFICACY OF PRE-OPERATIVE USE OF 

TRAMADOL IN COMBINATION WITH ACEPROMAZINE 

IN CATS UNDERGOING OVARIOHYSTERECTOMY 

49 

 4.1 Introduction 49 

 4.2 Materials and methods   50 

  4.2.1 Animals and Treatment Groups 50 

  4.2.2 Pre-surgical Preparation 51 

  4.2.3 Anaesthetic and Surgical Protocol 51 

  4.2.4 Treatment Groups 51 

  4.2.5 Pain and Analgesia Assessment 52 

  4.2.6 Composite Pain Scoring System (CPS) 52 

  4.2.7 Visual Analog Scale (VAS) 56 

  4.2.8 Mechanical Threshold Testing Device 56 

  4.2.9 Rescue Analgesia 61 

  4.2.10 Physiological Variables during Surgery 61 

  4.2.11 Statistical Analysis 61 

 4.3 Results 62 

 4.4 Discussion 71 

 4.5 Conclusion  76 

5 THE EFFECTS OF TRAMADOL ON SECONDARY 

HYPERALGESIA IN CATS UNDERGOING 

GONADECTOMY 

77 

 5.1 Introduction     78 

 5.2 Materials and Methods     80 

© C
OPYRIG

HT U
PM



xv 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  5.2.1 Animals 80 

  5.2.2 Pre-surgical Preparation 81 

  5.2.3 Anaesthetic and Surgical Procedures     81 

  5.2.4 Measurements 81 

  5.2.5 Mechanical Threshold Testing Device 82 

  5.2.6 Statistical Analysis 83 

 5.3 Results      83 

 5.4 Discussion 86 

 5.5 conclusion 87 

6 SUMMARY AND GENERAL CONCLUSION 89 

 6.1 Conclusion 89 

 6.2 Recommendation for Future Research     92 

  

REFERENCES 

94 

 APPENDIX: ANIMAL USED AND CARE COMMEETTEE 

APROVAL  

   104 

 BIODATA OF STUDENT 105 

© C
OPYRIG

HT U
PM


	FPV 2013 9 IR.pdf
	EVALUATION OF ANTINOCICEPTIVE AND ANALGESIC PROPERTIESOF TRAMADOL IN CATS
	Abstract
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES




