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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. 
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