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PROGRESSION OF CARCINOGENESIS IN LEUKEMIA-LYMPHOMA 

RATS 

By 

YUSNAINI MD YUSOFF 

July 2013 

 

Chairman : Hazilawati Hamzah, PhD 

Faculty : Veterinary Medicine 

 

Blood diseases including leukaemia and lymphoma are among the top ten cancers 

around the world. The link of anti apoptotic gene and pro apoptotic gene expression 

in regulating the apoptosis machinery was extensively discussed in previous studies. 

Curcumin the active compound in Curcuma longa L. (C. longa L.) has been proven 

to act as an anti cancer by inhibit the expression of Bcl-2 (anti apoptotic gene) and 

trigger the expression of Bax (pro apoptotic gene) in cancer researches. However, the 

effects of turmeric itself on the expression of those genes have not been determined 

in lymphoma and leukaemia research. Therefore the study present objectives were 1) 

to evaluate the effects of crude C. longa L. rhizomes in Sprague Dawley rats with 

leukaemia-lymphoma via evaluation of Bcl-2 to Bax transcription ratios in the blood 

and spleen using quantitative real time reverse transcription polymerase chain 

reaction (qRT-PCR) assay, blood analyses, urinalysis and histopathology, and 2) to 

examine the reliability of using N-methyl-N-nitrosourea (MNU) in inducing 

leukaemia-lymphoma in Sprague Dawley rats for a duration of 20 weeks. A total of 

64 rats were used in this study. Rats in group A were treated as controls which were 

fed with a standard pellet diet. Each rat in groups B and D received daily 

supplementation of crude C. longa L. rhizomes at 5000 mg/kg for 20 weeks. Rats in 

groups C and D were injected with MNU intraperitoneally (i.p.) with a total dose of 

240 mg/kg of body weight (60 mg/kg of body weight per injection for four injections 

in two week) to induce leukaemia-lymphoma.  Blood samples were collected at 

weeks 0, 10 and 20 (experiment end) for haematological and serum biochemical 

analyses. The presence of leukaemic cells was further examined through blood 

smear. For molecular analysis, blood samples at weeks 0 and 20 were run for RNA 

extraction and qRT-PCR assay to determine the transcription ratio of Bcl-2 and Bax. 

Urine samples were collected once using metabolic cages before the rats were 

euthanised for determination of urine protein to creatinine ratio (UPC) and creatinine 

clearance values. Organ samples include liver, lungs, kidneys, heart, spleen and 

lymph nodes were taken for histopathological analysis. Spleen of each rat was also 
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run for qRT-PCR assay. Results of blood smear showed that 64% and 100% of rats 

in group C had leukaemia without lymphocytosis at week 10 and week 20, 

respectively. The qRT-PCR assay showed the transcription ratios of Bcl-2 to Bax of 

the leukaemic rats were significantly higher, 3.3 fold (10.50±1.26) in blood and 10 

fold (30.0±1.16) in spleen, as compared to the control rats, which indicate that MNU 

apparently disturbed the apoptosis pathway. High transcription ratio of Bcl-2 to Bax 

in the spleen was related to the splenic lesion scoring results of rats that had splenic 

lymphoma. Histopathology results were evidenced for the presence of metastatic 

malignant lymphocytes in the heart (23%), liver (23%), lungs (31%) and kidneys 

(15%) which encompass approximately 30% metastatic lesions observed in the rats, 

and malignant lymphocytes in the spleen (86%), mesenteric lymph nodes (86%) and 

other lymph nodes (57%) in group C rats. Serum biochemical results of the rats 

revealed significant elevation in the ALP, total bilirubin and uric acid levels 

compared to other groups, although the values were within the normal ranges. The 

rats had also shown significant elevation in the UPC level and decrease in the 

creatinine clearance value compared to control, which consistent with lymphoma-

induced renal injury. Interestingly, significant reduction of Bcl-2 to Bax transcription 

ratios in the blood and spleen of group D was observed when compared to group C. 

However, the transcription levels of Bcl-2 to Bax in the blood and spleen were not 

correlated with the lesion scoring results in the organs. The lymphoma lesion scoring 

results constituted in the heart, liver, lungs, kidneys, spleen, mesenteric lymph nodes 

and other lymph nodes of these rats were 27%, 27%, 20%, 13%, 80%, 80% and 53%, 

respectively, which were not significantly different form group C. Haemogram 

result, however, supported results of the qRT-PCR, where significant reduction in the 

percentages of leukaemic rats at week 10 and week 20 (19% and 88%, respectively) 

in group D were observed when compared to group C (64% and 100%, respectively). 

The UPC ratio and creatinine clearance of group D also showed a similar trend of 

reduction as compared to group C. In conclusion, the administration of MNU with a 

total dosage of 240 mg/kg successfully induced 100% leukaemia and 86% nodal and 

splenic lymphoma in male Sprague Dawley rats within 20 weeks period, however 

less than 30% of the rats had metastatic lesions in the vital organs. Urinalysis results 

of the rats were in accordance to the lymphoma lesions observed in the kidneys. The 

transcription ratios of Bcl-2 and Bax in the blood and spleen were also significantly 

increased and correlated to the lesion scoring results in the organs. Meanwhile, the 

effectiveness of crude C. longa L. rhizomes was demonstrated by the reduction in 

number of leukaemic rats and transcription ratio of Bcl-2 and Bax in the blood. Low 

transcription ratio of Bcl-2 to Bax in the spleen and urinalysis results further 

elucidate the effectiveness of the herb in preventing progression of carcinogenesis 

via inhibiting the proliferation of lymphoma cells in the spleen and minimising renal 

injury induced by the lymphoma cells in the rats, respectively.  



© C
OPYRIG

HT U
PM

iv 
 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Master Sains 

 

KESAN AKAR KUNYIT DALAM MENCEGAH PERKEMBANGAN 

KARSINOGENIK PADA TIKUS LEUKEMIA-LYMPHOMA 

 

Oleh 

YUSNAINI MD YUSOFF 

Julai 2013 

 

Pengerusi : Hazilawati Hamzah, PhD 

Fakulti : Perubatan Veterinar 

 

Penyakit darah termasuk leukemia dan limfoma adalah antara sepuluh kanser 

tertinggi di dunia. Kajian terdahulu telah membuktikan hubungan antara gen 

penghalang apoptosis dan gen pencetus apoptosis dalam kitaran kematian sel. 

Curcumin iaitu bahan aktif di dalam kunyit memainkan peranan sebagai penghalang 

kanser dimana Bcl-2 berperanan sebagai gen penghalang apoptosis dan Bax sebagai 

gen pencetus apoptosis melalui penyelidikan kanser. Walau bagaimanapun, kesan 

kunyit itu sendiri terhadap gen-gen tersebut belum ditentukan dalam penyelidikan 

limfoma dan leukemia. Oleh itu, objektif kajian ini adalah 1) untuk menentukan 

kesan kunyit terhadap tikus Sprague Dawley yang menghidap leukemia dan limfoma 

melalui pengesanan gen Bcl-2 dan Bax dalam cDNA menggunakan kaedah 

pengasaian kuantitatif tindak balas transkripsi rantaian polymeras berbalik pada masa 

sebenar (qRT-PCR), analisis darah, ujian air kencing dan histopatologi dan 2) untuk 

menilai keberkesanan menggunakan N-methylnitrosourea (MNU) bagi mencetuskan 

leukemia dan limfoma  dalam tikus Sprague Dawley bagi tempoh 20 minggu. 

Sejumlah 64 ekor tikus digunakan dalam kajian ini. Tikus dalam kumpulan A 

mewakili tikus kawalan yang diberikan diet makanan biasa. Setiap tikus kumpulan B 

dan D menerima makanan sampingan kunyit kasar pada dos 5000 mg/kg bagi 

tempoh 20 minggu. Tikus kumpulan C dan D diberikan suntikan MNU 

intraperitoneali pada dos 240 mg/kg (60 mg/kg setiap suntikan untuk empat kali 

suntikan) to induce leukaemia-lymphoma. Sampel darah diambil pada minggu 0, 10 

dan 20 untuk analisis serum biokimia dan hematologi. Kehadiran sel-sel leukemia 

pada calitan darah diperiksa. Bagi analisis molekul, sampel darah pada minggu 0 dan 

20 diekstrak untuk mendapatkan RNA dan qRT-PCR untuk menentukan nisbah Bcl-

2 kepada Bax. Bagi ujian air kencing, sampel air kencing dikumpulkan menggunakan 

sangkar metabolik sebaik sebelum tikus dimatikan untuk menentukan nisbah protein 

air kencing kepada nilai kreatinin (UPC). Sementara itu, organ-organ termasuk hati, 

paru-paru, buah pinggang, jantung, limpa dan nodus limfa diambil untuk 

pemeriksaan histopatologi. Sebahagian sampel limpa juga digunakan untuk analisis 

qRT-PCR. Keputusan menunjukkan kehadiran sel-sel leukemia tanpa limfositosis 
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masing-masing memberi 64% dan 100% tikus leukemia dalam kumpulan C pada 

minggu 10 dan 20. Berdasarkan data pengasaian qRT-PCR, nisbah Bcl-2 kepada Bax 

untuk tikus leukemia adalah lebih tinggi iaitu 3.3 kali ganda (10.50±1.26) dalam 

sampel darah dan 10 kali ganda (30.0±1.16) dalam limpa berbanding tikus kawalan, 

dimana ianya menunjukkan bahawa MNU telah mengganggu mekanisme apoptosis 

dalam tikus leukemia. Nisbah transkripsi Bcl-2 dan Bax yang tinggi dalam limpa 

adalah berhubung kait dengan kecederaan limpa pada tikus yang mempunyai 

limfoma limpa. Keputusan histopatologi menunjukkan bahawa terdapat metastasis 

limfosit neoplastik dalam jantung (23%), hati (23%), paru-paru (31%), buah 

pinggang (15%), limpa (86%), mesentrik nodus limfa (86%) dan lain-lain nodus 

limfa (57%) bagi tikus kumpulan C. Sementara itu, keputusan serum biokimia bagi 

nilai ALP, bilirubin, dan asid uric dalam tikus kumpulan C menunjukkan 

peningkatan yang ketara berbanding kumpulan lain, dimana nilai purata tersebut 

adalah dalam lingkungan normal. Tikus leukemia juga menunjukkan peningkatan 

nisbah protein kepada kreatinin yang ketara dan juga penurunan yang ketara bagi 

nilai pelepasan kreatinin berbanding kumpulan kawalan, dimana berkadaran dengan 

kecederaan buah pinggang. Menariknya, terdapat penurunan yang ketara bagi nisbah 

Bcl-2 kepada Bax dalam tikus kumpulan D berbanding kumpulan C dalam sampel 

darah dan limpa. Walaubagaimanapun, pengekspresan nisbah Bcl-2 dan Bax di 

dalam darah dan limpa tidak berkait dengan hasil kecederaan yang diperolehi 

daripada histopatologi organ. Kecederaan limfoma terdapat dalam jantung, hati, 

paru-paru, buah pinggang, limpa, nodus limfa mesentrik dan lain-lain nodus limfa 

bagi tikus dalam kumpulan D masing-masing adalah (27%, 27%, 20%, 13%, 80%, 

80% and 53%) dan menyerupai penemuan bagi kumpulan C. Penemuan analisis 

hematologi adalah serupa dengan penemuan daripada qRT-PCR, dimana terdapat 

penurunan yang ketara dalam peratusan tikus leukemia pada minggu ke 10 dan 20, 

masing-masing  (19% dan 88%) bagi tikus kumpulan D berbanding kumpulan C 

masing-masing (64% dan 100%). Nilai nisbah protein kepada kreatinin dan nilai 

pelepasan kreatinin di dalam kumpulan D juga menunjukkan corak penurunan yang 

sama jika dibandingkan dengan kumpulan C. Kesimpulannya, penggunaan MNU 

bagi jumlah dos 240 mg/kg telah berjaya  menyebabkan 100% leukemia dan 86% 

kelenjar dan limfa limfoma pada tikus Spague Dawley dalam tempoh 20 minggu, 

bagaimanapun hanya menyebabkan kurang dari 30% metastasis dalam organ-organ 

lain. Analisis air kencing adalah berkadarangan langsung dengan kehadiran 

kecederaan limfoma pada buah pinggang. Nisbah transkripsi Bcl-2 dan Bax di dalam 

darah dan limpa menunjukkan perbezaan yang ketara dan berkait dengan kecederaan 

pada organ-organ. Di samping itu, keberkesanan kunyit dapat dilihat pada 

penyusupan peratusan tikus leukemia dan nisbah transkripsi Bcl-2 dan Bax dalam 

darah. Nisbah transkripsi Bcl-2 dan Bax yang rendah di dalam limpa dan analisis air 

kencing seterusnya menjelaskan keberkesanan herba ini dalam mencegah 

perkembangan karsinogenik melalui perkembangan sel limfoma yang dihalang di 

dalam limfa dan pengurangan kecederaan buah pinggang yang dicetuskan oleh sel 

limfoma di dalam tikus. 
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