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ABSTRACT 

Ketamine and methamphetamine (METII) are increasingly becoming a popular choice 
of drugs among drug abusers. The abuse has reached epidemic proportion worldwide. 
Prolong exposure to these drugs is thought to cause neurodegeneration resulting in 
loss of hippocampal neurons and functions. This study examined the 
neurodegenerative effect of ketamine and METII on adult rats' hippocampus, its 
relation to exploratory behaviour in different doses and duration of exposure and 
correlation between neuron CAl and CA3. Fifty-five Sprague-Dawley rats (male, 4 
weeks old, and 150-200g) were divided into acute (1 day) and chronic (5 days) drug 
treatment groups. The acute treatment groups were treated with different doses of 
ketamine (10 mg!kg, 20 mg!kg and 50 mg!kg, n=5 per subgroup) and 
methamphetamine (5 mg!kg and 10 mg!kg, n=5 per subgroup) for 4 injections at 2-
hour intervals. The same protocol was repeated for 5 consecutive days in the chronic 
regimen. Behavioural test was performed using hole-board maze (16 holes, 40 em x 
40 em, flexiglass) under well controlled condition for 5 minutes at well-define time 
points. The rats were sacrificed 12 hours after the last exposure to the drugs. Viable 
neuronal cell count was performed in CAl and CA3 regions of the hippocampus on 
cresyl violet stained sections (Image J Software; 0.48 mm2 areas). Correlation 
between the number of CAl neurons and CA3 neurons was analyzed using Pearson 
correlation coefficient test. Linear regression was used to analyze the causality effect 
of CA3 to CAl neurons. The result showed that the acute and chronic ketarnine did 
not show significant neuronal reduction in CAl region. Acute METII treatment 
groups, 5mg!kg and 10 mfkg with mean value 80 cells± 5.10 per 0.48 mm2 and 78 
cells ± 6.20 per 0.48 mm respectively caused significant CAl region neuronal loss. 
Similar reduction was observed in chronic METII reynnen, with mean value for 
5mg!kg and !Omg!kg were 66 cells± 6.18 per 0.48 mm and 61 cells± 5.63 per 0.48 
mm2 respectively. CA3 region neuronal count was significantly reduced in acute 
ketamine (50 mg!kg; 153 cells± 5.59 per 0.48 mm2

) and acute METII (5 mg!kg; 120 
cells± 7.18 per 0.48 mm2

, 10 mg!kg; 107 ± 7.79 per 0.48 mm2
) treatment groups. All 

treatment groups for the chronic regimen demonstrated significant CA3 region 
neuronal count reduction. For exploratory behaviour, head dipping data was 
considered as unreliable. Statistical analysis was done with ANOV A with post-hoc 
analysis and the differences are significant at p < 0.05. A positive correlation was 
observed between CAl and CA3 region neuron counts in chronic Ketamine (F=8.341, 
p=O.OIO), acute (F=95.076, p=O.OOO) and chronic METII (F=288.434, p=O.OOO) 
regimen. These data demonstrated that only high dose of acute 50 mg!kg and chronic 
doses of ketamine caused neurodegeneration in CA3 region with no significant results 
for both regimens in CAl region while both METH regimens exhibited significant 
neuronal degeneration in CAl and CA3 regions of hippocampus. 
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ABSTRAK 

Ketamin dan methamphetamin (METH) semakin menjadi pilihan popular dadah di 
kalangan penagih dadah. Penyalahgunaan telah meneapai tahap epidemik di seluruh 
dunia. Pendedahan berpanjangan kepada ubat-ubatan ini yang dianggap penyebab 
kepada neurodegenerasi menyebabkan kehilangan neuron dan fungsi hippokarnpus. 
Kajian ini mengkaji kesan neurodegeneratif ketamin dan METH kepada hippokarnpus 
tikus dewasa kaitannya kepada tingkah laku penerokaan dalam dos dan tempoh yang 
berlainan serta korrelasi antara neuron CAl dan CA3. Lima puluh lima ekor tikus 
Sprague-Dawley Gantan, berusia 4 minggu, dan 150-200g) telah dibahagikan kepada 
kurnpulan-kurnpulan dadah akut (1 hari) dan kronik (5 hari). Kumpulan rawatan akut 
dirawat dengan dos yang berbeza ketamin (1 0 mg I kg, 20 mg I kg dan 50 mg I kg, n = 
5) dan methamphetamine (5 mg I kg dan lO mg I kg, n = 5) untuk 4 suntikan pada 
selang 2-jam. Protokol yang sama diulang selama 5 hari berturut-turut dalam regimen 
yang kronik. Ujian Tingkah Laku dilakukan menggunakan lubang maze (16 lubang, 
40 em x 40 em, flexiglass) di bawah keadaan yang dikawal dengan baik selama 5 
minit pada masa yang ditentukan. Tikus-tikus dikorbankan 12 jam selepas pendedahan 
terakhir kepada dadah. Kiraan sel neuron hidup dilakukan di kawasan hippocampus 
CAl dan CA3 yang diwarnakan dengan eresyl violet (lmej J Perisian; 0,48 mm2 
kawasan). Korelasi antara bilangan CAl neuron dan CA3 neuron dianalisis 
menggunakan ujian pekali korelasi Pearson. Berbilang terurus linear telah digunakan 
untuk menganalisis kesan sebab dan akibat CAl dan CA3 neuron untuk mengetuai 
tingkah laku meneelup. Hasilnya menunjukkan ketamin akut dan kronik tidak 
memberi kesan kepada jumlah neuron CAL Manakala kurnpulan akut METH, 5mglkg 
(80 sel ± 5.10 setiap 0.48 mm2

) dan lOmg/kg (78 sel ± 6.20 setiap 0.48 mm2
) masing

masing menunjukkan kehilangan neuron yang ketara di kawasan CAl. Begitu juga 
dengan kurnpulan kronik METH, pengurangan ketara dikesan (5 mglkg; 66 sel ± 6.18 
setiap 0.48 mm2

, 10 mg/kg; 61 sel ± 5.63 setiap 0.48 mm2
). Bagi kawasan CA3, dalam 

kurnpulan ketamin akut (50 mglkg; 153 sel ± 5.59 setiap 0.48 mm2
) dan METH akut 

(5 mglkg; 120 sel ± 7.18 setiap 0.48 mm2
, lO mg/kg; 107 sel ± 7.79 setiap 0.48 mm2

). 

Semua kurnpulan rawatan untuk regimen kronik menunjukkan pengurangan ketara 
neuron CA3. Untuk tingkah laku penerokaan, perbandingan tidak dilakukan kerana 
data tidak relevan. Analisis statistik telah dilakukan dengan ANOV A dengan analisis 
post-hoc dan perbezaan dianggap signifikan pada p <0.05. Korelasi positif 
ditunjukkan antara neuron kawasan CA3 dan CAl dalam kurnpulan dalam ketamine 
kronik, akut dan kronik METH. Keputusan regresi linear menunjukkan bahawa kiraan 
neuron CA3 adalah peramal signifikan dalam regimen ketamine kronik (F=8.341, 
p=O.OlO), akut (F=95.076, p=O.OOO) dan kronik METH (F=288.434, p=O.OOO). Data
data ini menunjukkan bahawa hanya dos yang tinggi akut 50 mg I kg dan kronik 
ketamin menyebabkan neurodegenerasi dalam kawasan CA3 serta tiada kesan 
ditunjukkan dalam kedua-dua rejimen di rantau CAl manakala kedua-dua rejimen 
METH mempamerkan degenerasi neuron yang ketara dalam CAl dan CA3 
hippocampus. 

IV 



APPROVAL PAGE 

I certify that I have supervised and read this study and that in my opinion, it conforms 
to acceptable standards of scholarly presentation and is fully adequate, in scope and 
quality, as a thesis for the degree of Master of Medical Sciences. 

Emad Mohamad Nafie Abdel Wahab 
Supervisor 

~. 
Co-Supervisor 

I certify that I have read this study and that in my opinion, it conforms to acceptable 
standards of scholarly presentation and is fully adequate, in scope and quality, as a 
thesis for the degree of Master of Medical Sciences. 

~V" ... d. .. ~ .............................................. . 
Ani! Kumar Saxena 
Examiner 

This dissertation was submitted to the Department of Basic Medical Sciences and is 
accepted as a fulfilment of the requirement for the degree of Master of Medical 
Sciences. 

eer Oothuman Syed Ahamed 
Head, Department of Basic Medical Science 

This dissertation was submitted to the Kulliyyah of Medicine and is accepted as a 
fulfilment of the requirement for the degree of Master of Medical Sciences 

Mohammed Fauzi Abdul Rani 
Dean, Kulliyyah of Medicine 

v 



DECLARATION 

I hereby declare that this dissertation is the result of my own investigations, except 

where otherwise stated. I also declare that it has not been previously or concurrently 

submitted as a whole for any other degrees at HUM or other institutions. 

Mohd Yusofbin Mohamad 

Date .IYf.?./~~.~00000 

VI 



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA 

DECLARATION OF COPYRIGHT AND AFFIRMATION 
OF FAIR USE OF UNPUBLISHED RESEARCH 

Copyright© 2012 by Mohd YusofMohamad. All rights reserved. 

NEURODEGENERATION AND BEHAVIOURAL EFFECT OF KETAMINE 
AND METHAMPHETAMINE IN RATS 

I hereby affinn that The International Islamic University Malaysia (HUM) holds all 

rights in the copyright of this Worlc and henceforth any reproduction or use in any 

fonn or by means whatsoever is prohibited without the written consent of HUM. No 

part of this unpublished research may be reproduced, stored in a retrieval system, or 

transmitted, in any fonn or by means, electronic, mechanical, photocopying, recording 

or otherwise without prior written permission of the copyright holder. 

Affirmed by Mohd Yusofbin Mohamad 

I 

LiY 
···T·················· 

Y~·gnature 

i ~1 fi/'1. () ,1_ 
········ .... ··············· 

Date 

VII 



I would like to dedicate this research to my family and all Muslim ummah especially 

in Palestine, Iraq, Kashmir, and Egypt 

V111 



ACKNOWLEDGEMENTS 

First and foremost, I would like to express my highest gratitude towards Allah the 
Almighty, by Him, I am able to complete the master dissertation. May His blessing 
flourish upon our beloved prophet Muhammad saw and the companions. 

I would like to also acknowledge my beloved mother, Fatimah binti Mohamed, 
father, Mohamad bin Bakar, two elder brothers, Abu Bakar and Ibrahim and my only 
elder sister, Khadijah for their moral support. Without them, it may be impossible for 
me to live in IIUM. 

Further, may Allah reward my supervisors, Assoc. Prof. Dr. Emad Mohamad Nafie 
Abdel Wahab and Prof. Dr. Siti Aesah @ Naznin Muhammad for their support. Not to 
forget, my superb co-researcher, Brother Affendi. It would be ungrateful to discard his 
contributions to the study especially the harsh critics and the mind-breaking ideas. 

Special thanks to all the laboratory staff, assistants and colleagues especially Kak 
Raziah, Kak Zuraini, Hanif, Fahmi, Abdul Monem, Kak Sri, Dr Solah, Dr Huda, Dr 
Marwan, Dr Norlela, Kak Zaza, Kak Jarifah, Kak Sharnriza and all others whose 
names have not been mentioned. 

Finally, special thanks to Br Sa' adi for his statistical assistance. 

Last but not least, only Allah can repay the contribution for those people who help me. 
May we all succeed in this life and the hereafter. Amen. 

IX 



TABLE OF CONTENTS 

Abstract ................................................................................................................... .ii 
Abstract in Arabic ................................................................................................... .iii 
Abstrak ..................................................................................................................... iv 
Approval Page .......................................................................................................... v 
Declaration Page ...................................................................................................... vi 
Copyright Page ......................................................................................................... vii 
Dedication ................................................................................................................ viii 
Acknowledgements .................................................................................................. ix 
List ofTables ............................................................................................................ xii 
List of Figures .......................................................................................................... xiv 
List of Abbreviations ................................................................................................ xvi 

CHAPTER ONE: INTRODUCTION .................................................................. 1 
1.1 Background and justification of study ................................................ 1 
1.2 Research Hypothesis ........................................................................... 4 
1.3 Research Objectives ............................................................................ 4 

1.3.1 General objective ....................................................................... 4 
1.3.2 Specific objectives ..................................................................... 4 

CHAPTER TWO: LITERATURE REVIEW ..................................................... 5 
2.1 Neurodegeneration .............................................................................. 5 
2.2 Hippocampus ....................................................................................... 6 

2.2.1 Anatomy .................................................................................... 6 
2.2.2 Role in memory and exploratory behaviour .............................. I 0 

2.3 Exploratory behaviour ......................................................................... 12 
2.3.1 Hole-board test (HB) ................................................................. 12 

2.4 Ketamine ............................................................................................. 13 
2.4.1 Description ................................................................................ 13 
2.4.2 Clinical use and complications .................................................. 15 
2.4.3 Recreational use and abuse ........................................................ 15 
2.4.4 Mechanism of action ................................................................. 16 
2.4.5 Neurotoxicity effect.. ................................................................. 17 
2.4.6 Neuroprotective effect ............................................................... 18 
2.4. 7 Behavioural effect ..................................................................... 19 

2.5 Methamphetamine ............................................................................... 20 
2.5.1 Descriptions ............................................................................... 20 
2.5 .2 Clinical use ............................................................................... .21 
2.5.3 Recreational use and abuse ........................................................ 21 
2.5.4 Mechanism of action ................................................................. 22 
2.5.5 Neurotoxicity ............................................................................. 23 
2.5.6 Neuroprotective effect ............................................................... 24 
2.5. 7 Behavioural effect ..................................................................... 25 

X 



2.6 Islamic view on drug abuse ................................................................. 26 
CHAPTER THREE: MATERIALS AND METHODS ...................................... 27 

3.1 Materials .............................................................................................. 27 
3.1.1 Chemicals .................................................................................. 27 
3.1.2 Equipments ................................................................................ 27 
3.1.3 Apparatus and disposables ........................................................ 28 

3.2 Methods ............................................................................................... 28 
3 .2.1 Animal handling and drugs administration ............................... 29 
3.2.2 Hole-board test .......................................................................... 31 
3.2.3 Transcardial perfusion and brain dissection .............................. 32 
3.2.4 Grossing and histological processing ........................................ 33 
3.2.5 Cresyl Violet staining ............................................................... .34 
3.2.6 Correlation and regression analysis of neuron counts ............... 36 

CHAPTER FOUR: RESUL T ................................................................................ 38 
4.1 Viable Neuron count ............................................................................... 38 

4.1.1 CAl Region .................................................................................. 38 
4.1.2 CA3 region .................................................................................. .42 
4.1.3 Comparison of CAl and CA3 neuronal count ............................ .48 

4.2 behavioural study assesment ................................................................... 49 
4.2.1 Head dipping count ...................................................................... 49 

4.3 Correlation of neuronal count ................................................................. 50 
4.3.1 CorrelationofCA1 withCA3 neuroncount.. .............................. 50 
4.3.2 Regression analysis of neuron CAl count and neuron CA3 
count ...................................................................................................... 53 

CHAPTER FIVE: DISCUSSION .......................................................................... 57 

CHAPTER SIX: CONCLUSION ......................................................................... 65 

BffiLIOGRAPHY .................................................................................................. 66 

APPENDIX ............................................................................................................. 77 
8.1 Hole-board test sheet ........................................................................... 77 
8.2 complete group data ............................................................................ 78 

8.2.1 Control Group data .................................................................... 78 
8.2.2 Acute ketamine 10 mglkg group data ....................................... 78 
8.2.3 Acute ketamine 20 mglkg group data ....................................... 78 
8.2.4 Acute ketamine 50 mglkg group data ....................................... 79 
8.2.5 Chronic ketamine 10 mglkg group data .................................... 79 
8.2.6 Chronic ketamine 20 mglkg group data .................................... 79 
8.2. 7 Chronic ketamine 50 mglkg group data .................................... 80 
8.2.8 Acute METH 5 mglkg group data ............................................. 80 
8.2.9 Acute METH 10 mglkg group data ........................................... 80 
8.2.10 Chronic METH 5 mglkg group data ......................................... &! 
8.2.11 Chronic METH 10 mglkg group data ....................................... 81 

8.3 distribution of data .............................................................................. 81 

XI 



Table No. 

3.1 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

4.10 

4.11 

4.12 

4.13 

4.14 

4.15 

LIST OF TABLES 

The description of each treatment group 

Comparison of CAl and CA3 neuronal count 

Coefficient of variance value for all the groups 

Correlation of CAl and CA3 neuron count m acute 
ketamine exposure 

Correlation of CAl with CA3 neuron count in chronic 
ketamine exposure 

Correlation of CAl neuron count with CA3 neuron count 
in acute METH exposure 

Correlation of CAl and CA3 neuron count in chronic 
METH exposure 

Model summary of regresswn analysis for chronic 
ketamine regimen 

The strength of the regression model 

Regression estimation model for chronic ketamine 

Model summary of regression analysis for acute 
methamphetamine regimen 

Model summary of regression analysis for acute 
methamphetamine regimen 

Regression estimation model for acute methamphetamine 

Model summary of regression analysis for chronic 
methamphetamine regimen 

Regression analysis for chronic methamphetamine 
reg1men 

Regression estimation model for chronic 
methamphetamine regimen 

Xll 

Page No. 

31 

49 

50 

50 

51 

52 

52 

53 

53 

54 

54 

55 

55 

55 

56 

56 



8.1 Control group data 78 

8.2 Acute ketamine 10 mg/kg group data 78 

8.3 Acute ketamine 20 mg/kg group data 78 

8.4 Acute 50 mg/kg group data 79 

8.5 Chronic ketamine 10 mg/kg group data 79 

8.6 Chronic ketamine 20 mg/kg group data 79 

8.7 Chronic ketamine 50 mg/kg group data 80 

8.8 Acute METH 5 mg/kg group data 80 

8.9 Acute METH 10 mg/kg group data 80 

8.10 Chronic METH 5 mg/kg group data 81 

8.11 Chronic METH 10 mg/kg group data 81 

8.12 Distribution ofCA1, CA3 and head dipping count. 81 

Xlll 



Figure No. 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

4.1 

4.2 

4.3 

4.4 

LIST OF FIGURES 

Posterior view of brain coronal section (Monkhouse, 1996) 

Transverse section through hippocampus (Crossman & Neary, 
1995) 
Hippocampus and fornix (Hansen, 2001) 

Cross-section through ventromedial temporal lobe and 
entorhinal cortex of parahippocampus gyrus. 
Structural formula ofKetamine 

Optical Isomers ofKetamine 

Structural formula ofMETH 

METH seizures in Malaysia compared to other drugs 

Flowchart of the study 

Hole-board maze with infrared detector 

Hippocampus dissected from rat brain 

Steps in histological tissue processing procedures 

Flowchart of Cresyl violet staining 

Viable cell counted labeled as profile no 1 using Image J 
software 

Neuronal count (Mean± SD) of the CAl region in the acute 
regimen groups 

Cresyl Violet stained sections of CAl region of the 
hippocampus illustrating the viable neurons (marked with 
profile number l) in A: Am5 and B: Ami 0 groups 

Viable neuronal count (Mean ± SD) of the CAl region in the 
chronic regimen groups (N= 5 per group) 

Cresyl Violet stained sections of CAl region of the 
hippocampus illustrating the viable neurons (marked with 
profile number l) in A: Cm5 and B: Cm!O groups 

XIV 

Page No. 

6 

7 

8 

9 

13 

14 

20 

22 

29 

32 

33 

34 

35 

36 

38 

39 

40 

41 



4.5 

4.6 

4.7 

4.8 

Neuronal count (Mean ± SD) of the CA3 region in the acute 
regimen groups (N= 5 per group). 

Cresyl Violet stained sections of CA3 region of the 
hippocampus illustrating the viable neurons (marked with 
profile number 1) in A: Ak50 and B: Am5 and C: Ami 0 groups 

Viable neuronal count (Mean ± SD) of the CA3 region in the 
chronic regimen groups (N= 5 per group) 

Cresyl Violet stained sections of CA3 region of the 
hippocampus illustrating the viable neurons (marked with 
profile number 1) in A: CklO, B: Ck20, C: Ck50, D: Cm5 and 
E: CmlO treatment groups. 

XV 

42 

44 

45 

48 




















