Il
UNIVERSITI PUTRA MALAYSIA

CARCINOGENIC EFFECTS OF N-METHYL-N-NITROSOUREA
ADMINISTERED VIA ORAL AND INTRAPERITONEAL ROUTES IN
FEMALE SPRAGUE DAWLEY RATS

MUHAMMAD HAKIMI BIN MOHD KASSIM

FPV 2014 38




S

U|P[M

UNIVERSITI PUTRA MALAYSIA
BERILMU BERBAKTI

]

CARCINOGENIC EFFECTS OF N-METHYL-N-
NITROSOUREA ADMINISTERED VIA ORAL
AND INTRAPERITONEAL ROUTES IN FEMALE
SPRAGUE DAWLEY RATS

MUHAMMAD HAKIMI BIN MOHD KASSIM

MASTER OF SCIENCE

2014



UNIVERSITI PUTRA MALAYSIA
[BERILMU BERBAKTI]

[0
"EJEIII

CARCINOGENIC EFFECTS OF N-METHYL-N-NITROSOUREA
ADMINISTERED VIA ORAL AND INTRAPERITONEAL ROUTES IN
FEMALE SPRAGUE DAWLEY RATS

By

MUHAMMAD HAKIMI BIN MOHD KASSIM

Thesis Submitted to School of Graduate Studies, Universiti Putra Malaysia, in
Fulfilment of the Requirements for the Degree of Master of Science

June 2014



COPYRIGHT

All materials contained within the thesis, including without limitation text, logos,
icons, photographs and all other artwork, is copyright material of Universiti Putra
Malaysia unless otherwise stated. Use may be made of any material contained within
the thesis for non-commercial purposes from the copyright holder. Commercial use of
material may only be made with the express, prior, written permission of Universiti
Putra Malaysia.

Copyright © Universiti Putra Malaysia



Abstract of thesis presented to the senate of Universiti Putra Malaysia in fulfilment
of the requirement for the degree of Master of Science

CARCINOGENIC EFFECTS OF N-METHYL-N-NITROSOUREA
ADMINISTERED VIA ORAL AND INTRAPERITONEAL ROUTES IN
FEMALE SPRAGUE DAWLEY RATS

By
MUHAMMAD HAKIMI BIN MOHD KASSIM
June 2014

Chairman: Hazilawati binti Hamzah, PhD
Faculty: Veterinary Medicine

N-methyl-N-nitrosourea (MNU) is able to induce multiple tumours via different routes
of administration. The development of tumours is well associated with failure of
apoptosis process. In cancer studies, real time quantitative reverse transcription
polymerase chain reaction (QRT-PCR) is widely used to measure changes of the
messenger ribonucleic acid (MRNA) level of targeted genes. To date, there is no
comparative study of the carcinogenic effects of MNU between administration via oral
and intraperitoneal (IP) routes. Besides comparing the apoptotic genes normalization
using single and multiple housekeeping (HK) genes, changes of the expression of the
targeted apoptotic gene during the carcinogenesis in whole blood and spleen between
all groups and their correlation to the lesion scoring in the selected organs remained
undetermined. The main objective of this study was to compare the carcinogenic
effects of MNU post administration via oral and IP routes through blood profiles,
urinalysis, gross and histopathological examination. Comparison of apoptotic genes
normalization using single and multiple HK genes, the levels of Bcl-2 to Bax fold
expression ratios in whole blood and spleen and their correlations to the lymphoma
lesion scores served as the second, third and fourth objectives in this study. A total of
27 female Sprague Dawley (SD) rats was separated equally into three groups which
were control (group A), MNU-treated orally (group B) and MNU-treated
intraperitoneally (group C). Rats in MNU-treated groups received 60 mg/kg of body
weight MNU twice a week for two consecutive weeks which equal to a total dose of
240 mg/kg of body weight. Rats in control group received normal saline following the
same procedure. All rats were humanely sacrificed after 6 months of animal study. In
addition to IP route, oral administration of MNU successfully induced leukaemia in all
rats and emerged as a new promising route to induce this cancer. Administration of
MNU regardless of routes contributed to the elevation of Bcl-2 to Bax fold expression
ratios leading to overproduction of neoplastic cells observed in the blood smear with
aprominent occurrence of lymphocytosis in rats administering MNU intraperitoneally.
Introduction of MNU into the intraperitoneum cavity led to rapid absorption and higher
bioavailability of this carcinogen which in turn, significantly increased serum urea,
AST, LDH and reduced TP concentrations respectively. Regardless of administration
routes, significant reduction of creatinine clearance (CrCl) and elevation of urine
protein to creatinine (UPC) ratios post administration of MNU reflecting the renal
insufficiency of rats even though the renal lymphoma severity averagely mild. The



incidences of splenomegaly with higher prevalence, hepatomegaly and stomach mass
were related to the enteral process conferred by oral route of administration.
Intraperitoneal route of MNU administration inferred as a reliable route to promote the
development of mammary gland tumours of multiple types as there was no incidence
of this type of tumour in rats administered the carcinogen orally. Administration of
MNU regardless of routes contributed to no significant differences in terms of the
incidence of splenomegaly, percentage of splenic lymphoma and lesion scores and
these findings were further confirmed by the real time qRT-PCR as a more sensitive
method showing nearly similar splenic fold expression ratios of Bcl-2 to Bax. Lungs
emerged as a non-haematopoietic target organ for leukaemia dissemination due to
increased weight of lungs, high incidence of pulmonary lymphoma and severity of
lymphoma lesion were insignificantly difference in rats administered MNU via both
routes. The leukaemia induced post administration of MNU regardless of routes played
a prominent role as a systemic disease as it was able to metastasise to all selected
organs with higher affinity to lungs and heart observed in rats having intraperitoneal
administration as compared to oral administration of the carcinogen. Administration
of MNU regardless of routes could impart nearly similar lymphoma lesion severity
reflected by lesion scores. The application of both glyceraldehydes-3-phosphate
dehydrogenase (GAPDH) and B-actin for normalisation purpose produced more
reliable and precise expression data as outlier or error associated with any individual
set of data was averaged out leading to reduced data dispersion. At the molecular level,
Bcl-2 to Bax fold expression ratios in whole blood and spleen post administration of
MNU regardless to routes were significantly increased at nearly similar expression
patterns promoting cell proliferation of neoplastic cells showed in the blood smears
and also massive proliferation of neoplastic cells in spleen. It was further inferred that
measuring Bcl-2 to Bax fold expression ratios in whole blood was suffice to detect the
presence and severity of lymphoma in the selected organs. Conclusively, the
application of real time qRT-PCR using Bcl-2 to Bax fold expression ratio in whole
blood as the panel to detect and decipher the severity of lymphoma lesion was reliable
and more accurate rather than the invasive method.
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N-methyl-N-nitrosourea (MNU) dapat mengaruh pertumbuhan pelbagai tumor melalui
laluan administrasi yang berbeza. Pertumbuhan tumor adalah berkait rapat dengan
kegagalan proses apoptosis. Dalam pelbagai kajian kanser, ‘quantitative reverse
transcription polymerase chain reaction’ (QRT-PCR) masa nyata adalah teknik yang
sering digunakan untuk mengira perubahan level ‘messenger ribonucleic acid’
(mRNA) gen-gen. Sehingga kini, tiada perbandingan kajian dijalankan mengenai
kesan-kesan karsinogenik MNU antara administrasi secara oral dan juga
intraperitoneum. Selain perbandingan normalisasi gen-gen apoptotic dengan
menggunakan satu dan pelbagai gen ‘housekeeping’ (HK), perubahan pengekspresian
gen-gen apoptotik dalam darah dan limpa tikus-tikus dalam setiap kumpulan semasa
proses karsinogenesis dan hubungkait dengan mata luka limfoma masih belum
ditentukan. Objektif utama kajian ini adalah untuk membandingkan kesan-kesan
karsinogenik MNU selepas administrasi melalui oral dan intraperitoneum berdasarkan
profil darah, urinalisis dan pemeriksaan kasar dan histopatologi. Perbandingan
normalisasi gen-gen apoptotic dengan menggunakan satu dan juga pelbagai gen-gen
HK, paras nisbah expresi gandaan Bcl-2 kepada Bax dalam darah dan juga limpa dan
hubungkait dengan mata luka limfoma adalah objektif kajian yang kedua, ketiga dan
keempat. Sejumlah 27 ekor tikus betina Sprague Dawley (SD) telah diagihkan sama
rata kepada tiga kumpulan iaitu kawalan (kumpulan A), rawatan MNU melaui oral
(kumpulan B) dan rawatan melalui intraperitoneum (kumpulan C). Tikus-tikus
kumpulan rawatan MNU menerima MNU sebanyak 60 mg/kg berat badan dua kali
seminggu selama dua minggu berturut-turut yang bersamaan dengan dos total
sebanyak 240 mg/kg berat badan. Tikus-tikus dalam kumpulan kawanlan menerima
larutan garam fisiologis melalui prosedur yang sama. Semua tikus dikorbankan secara
berperikemanusiaan selepas 6 bulan kajian haiwan. Tambahan kepada laluan
administrasi intraperitoneum, laluan administration MNU secara oral telah berjaya
mengaruh leukaemia pada semua tikus dan menjadi satu laluan administrasi baharu
untuk mengaruh kanser ini. Penerimaan MNU tanpa mengira laluan administrasi
menyebabkan peningkatan nisbah expresi gandaan Bcl-2 kepada Bax dan seterusnya
membawa kepada penghasilan sel neoplastik secara berlebihan yang dapat dilihat pada
smer darah dengan kejadian limfositosis yang ketara pada tikus yang menerima MNU
melalui intraperitoneum. Introduksi MNU ke dalam intraperitoneum kaviti menjurus
kepada penyerapan karsinogen yang pantas dan tinggi bioavailabiliti dan seterusnya
menyebabkan peningkatan kepekatan urea, AST dan LDH dalam serum dan



penurunan TP yang signifikan. Penurunan ‘creatinine clearance’ (CrCl) dan
peningkatan nisbah ‘urine protein to creatinine’ (UPC) secara signifikan selepas
administrasi MNU tanpa mengira laluan penerimaan menunjukkan penurunan fungsi
ginjal walaupun luka limfoma secara purata adalah pada tahap kurang serius. Insiden
splenomegaly yang lebih kerap, hepatomegaly dan ketumbuhan pada hati adalah
berkaitan dengan proses enteral selepas administrasi secara oral. Administrasi MNU
secara intraperitoneum dapat disimpulkan sebagai laluan yang berkesan untuk
mengaruh pertumbuhan tumor kelenjar mamari yang pelbagai jenis kerana tiada
kejadian tumor jenis ini pada tikus yang menerima karsinogen secara oral.
Administrasi MNU tanpa mengira laluan penerimaan menyumbang kepada perubahan
yang tidak signifikan dalam konteks insiden splenomegaly, peratusan dan mata luka
limfoma limpa dan seterusnya penemuan ini telah disahkan dengan gRT-PCR masa
nyata yang merupakan teknik yang lebih sensitif dan menunjukkan nisbah ekspresi
gandaan Bcl-2 kepada Bax yang hampir sama. Paru-paru merupakan organ bukan
hematopoietik sasaran bagi sel leukaemia disebabkan oleh kenaikan berat paru-paru,
insiden dan luka limfoma pulmonari yang tidak signifikan antara pada tikus-tikus yang
menerima MNU melalui kedua-dua laluan penerimaan. Leukemia yang diaruh selepas
administrasi MNU tanpa mengira laluan penerimaan memainkan peranan yang ketara
sebagai penyakit sistemik disebabkan dapat metastasis ke semua organ pilihan dengan
kecenderungan yang lebih tinggi ke paru-paru dan jantung tikus yang menerima
karsinogen ini secara laluan intraperitoneum berbanding dengan oral. Administrasi
MNU tanpa mengira laluan penerimaan juga dapat menyebabkan keseriusan luka
limfoma yang hampir sama pada semua organ pilihan. Penggunaan ‘glyceraldenhyde-
3-phosphate dehydrogenase’ (GAPDH) dan p-actin untuk tujuan normalisasi
menghasilkan data ekspresi yang lebih tepat dan jitu kerana unsur luaran dan ralat yang
berkaitan dengan set data individu dibahagi seterusnya menghasilkan penurunan
penyerakan data. Pada paras molekul, nisbah ekspresi gandaan Bcl-2 kepada Bax
dalam darah dan juga limpa selepas administrasi MNU tanpa mengira laluan
penerimaan adalah meningkat secara signifikan dan mempunyai nilai ekspresi yang
hampir sama seterusnya menggalakkan pembahagian sel neoplastik yang dapat dilihat
pada smer darah dan jugapembahagian sel secara massif pada limpa. Pengukuran
nisbah ekspresi gandaan Bcl-2 kepada Bax dalam darah adalah memadai untuk
mengesan kehadiran dan keseriusan luka limfoma diseababkan korelasi yang
signifikan antara kedua-dua pembolehubah. Secara kesimpulan, aplikasi gRT-PCR
masa nyata dengan menggunakan nisbah ekspresi gandaan Bcl-2 kepada Bax dalam
darah sebagai panel untuk mengesan dan mengetahui keseriusan luka limfoma adalah
boleh diterimapakai dan lebih tepat berbanding kaedah invasif.
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CHAPTER 1

INTRODUCTION

N-methyl-N-nitrosourea (MNU) is a potent direct-acting carcinogen that is able to
cause damages to cellular genetic materials which leads to tumour formation.
Previous findings unveil that MNU is cancerous in a wide array of organs including
those derived from haematopoietic system and able to induce various types of cancer
in approximately 40 different animal species with regards to different dosage, age,
treatment period and route of administration (Alexandrov, 1965; Lee et al., 2000; Gal
etal., 2012).

In previous studies, prostate cancer (Liao et al., 2002) and thymic lymphoma
(Franchi et al., 2003) were developed post administration of MNU via intraperitoneal
(IP) route in male Winstar rats. Besides, T-cell lymphoma was successfully induced
in male Sprague Dawley (SD) rat following IP administration of MNU (Hutheyfa et
al., 2011). Apart from lymphomas, a study showed that acute pro-myelocytic
leukaemia was also developed after receiving MNU via intravenous (IV) route
(Chang et al., 2012). Moreover, tumourigenic effect of MNU on the development of
mammary gland tumour was also observed in female Sprague Dawley rats
administrating this carcinogen intraperitoneally (Barathidasan et al., 2013). Colon
cancer was another type of solid tumours developed in male Winstar rats post
administration of MNU via intrarectal route (Tuncel et al., 2013). Furthermore,
female Balb/C mice developed hepatocellular carcinoma post IP administration of
MNU (Verma et al., 2013).

As the tumourigenesis is a multi-step process, a pre-cancerous cell must be able to
evade the cell death programme in order to transform the genetically abnormal cell to
neoplastic state (Hanahan and Weinberg, 2011). The development of tumour is very
well associated with the failure of apoptosis process. Apoptosis can be activated via
extrinsic and intrinsic pathways (Elmore, 2007). The intrinsic pathway of apoptosis
is regulated by pro-apoptotic and anti-apoptotic proteins. B-cell lymphoma 2 (Bcl-2)
and Bcl-2 associated protein X (Bax) are anti- and pro-apoptotic proteins,
respectively. The ratios of anti-apoptotic to pro-apoptotic gene expressions determine
cell fate (Jaafar et al., 2012). The increased of Bcl-2 to Bax expression ratios have
been observed in solid tumours (Matsumoto et al, 2004; Yoon and Roh, 2012; Sar et
al., 2012; Tano et al., 2013) and also haematological malignancies (Savli et al.,
2011; Kaparou et al., 2013; Sharawat et al., 2013).

The accuracy of cancer diagnosis is of importance in determining good therapeutic
treatment (Mulrow, 1994). Haematological analyses (Bain, 2005; Ceballos, 2007)
and serum biochemical analyses (Srivinis et al., 2001; O’connell et al., 2005) are two
important cancer diagnostic methods. Besides, urinalysis is also a method used to
evaluate renal function especially in renal carcinoma patients (Ahmad et al., 2013).
Apart from non-invasive methods, the information gained from clinical presentation
and histopathological data are vital to classify cancers (Ramaswamy et al., 2001).
However, histopathological examination is unable to define specific morphological
signatures of cancer cells for differential diagnosis and also the underlying genetic
aberrancies that contribute to the development of tumour (Khan et al., 2001).



Molecular diagnostic method is a method of choice in oncology because of its
accuracy, efficiency and reproducibility (Bernard and Wittwer, 2002). Real-time
quantitative reverse transcription polymerase chain reaction (QRT-PCR) approach is
the benchmark in detecting and quantifying ribonucleic acid (RNA) targets and being
widely used in clinical diagnostic assays (Bustin, 2000). Being an efficient, sensitive,
and reliable method, gRT-PCR is usually referenced to appropriate housekeeping
genes in order to avoid bias and produce accurate data (Nicot et al., 2005). One such
concern continues to be linked with the selection and the appropriate number of
reliable housekeeping (HK) gene for normalisation. It is suggested by a number of
authors that normalisation of gene expression should be carried out using more than
one HK gene to produce valid data and also prevent misled conclusion
(Vandesompele et al., 2002; Radonic et al., 2004; Nicot et al., 2005).

Problem statements

Inducing any types of tumour in animal model by carcinogen requires a
consideration on the route of administration (Hoffman et al., 1983). Animals can
develop leukaemia due to the exposure to internal and external leukaemogenesis
factors (Chang et al., 2012). The induction of leukaemia-lymphoma in rats via IP
route of administration was successful in a few studies (Franchi et al., 2003;
Hazilawati et al., 2010). In a broad array of species including human, the exposure of
carcinogenic effect of MNU is possibly gained through its generation in the
gastrointestinal tract (Budan et al., 2008). To date, there is no single study conducted
to compare the carcinogenic effects of administered MNU via oral and IP routes in
animal model.

Real-time quantitative reverse transcription polymerase chain reaction (qQRT-PCR) is
a method of choice in quantifying the level of mMRNA and requires normalisation by
HK genes (Vandesompele et al., 2002). Even though this method confers many
positive attributes, the issue of using a single HK gene pursues to grab major
concerns (Radonic et al., 2004). The normalisation of targeted genes by multiple HK
genes eliminates biases in gene expression data (Watson et al., 2007). Normalisation
of apoptotic genes using a single HK gene via real-time qRT-PCR is still
documented in several recent publications (Alshatwi et al., 2011; Song et al., 2013).
However, the comparison of normalising the expression of apoptotic genes by single
and multiple HK genes in any animal model is inconclusive.

Administration of carcinogen to laboratory animals is often a critical component of
experimental design and types of administration route determine the bioavailability
of the tested agent (Turner et al., 2011). To date, there is no comparative study
carried out regarding the consequence of difference routes of carcinogen
administration on the expression of apoptotic genes involved in carcinogenesis and
correlation between gene expressions and lesion scoring.



Objectives of study

In the current study, it was hypothesised that administration of MNU at a total dose
of 240 mg/kg of body weight via oral and IP routes of administration induced
multiple types of tumours. Based on blood profiles, urinalysis, gross and
histopathological analyses, it was also hypothesised that manifestations of
carcinogenesis were more apparent in rats administered MNU intraperitoneally as
compared to rats that received MNU orally. It was further hypothesised that
normalisation of Bcl-2 to Bax fold expression ratios by more than one HK genes
produced more reliable results. Another hypothesis in this experiment was Bcl-2 to
Bax fold expression ratios in whole blood and spleen of rats administered MNU via
IP and oral routes were increased higher than rats received MNU orally.

The objectives of this study were as followed.

1. to compare the carcinogenic effects of MNU between oral and IP routes of
administration in female SD rats through blood profiles, urinalysis, gross and
histopathological examination.

2. to compare the patterns of Bcl-2 to Bax fold expression ratios between
normalisation using a single and multiple housekeeping genes.

3. to compare the pattern of Bcl-2 to Bax fold expression ratios between
administration of MNU through oral and IP routes in whole blood and spleen
via real time-gRT-PCR.

4. to correlate Bcl-2 to Bax fold expression ratios normalised by both GAPDH
and B-actin in whole blood and spleen of rats administered MNU via oral and
IP routes to the lymphoma lesion in organs of interest.
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