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ABSTRACT

This study described the histopathological features of peripheral T-cell lymphoma in male Sprague Dawley rats
following intraperitoneal (i.p.) injections of N-methyl-N-nitrosourea (MNU) at a dose of 60 mg/kg body weight
per injection, administered twice weekly for 2 consecutive weeks, and followed by a five-month’s observation
period. Control rats were injected with normal saline, i.p. All the rats treated with MNU had enlargement
of lymph nodes, with 30% had hepatosplenomegaly and 7% had enlarged kidneys at necropsy. Malignant
lymphoma was observed in the lymph nodes, spleen, liver, lung, heart, and kidneys. The neoplastic cells were
characterised as undifferentiated, and small to large size with bizarre pleomorphic nuclei. The severity was
further described as mild, moderate and severe, based on the diffuseness of the lesions. Nonetheless, similar
lesions were not observed in the thymus of the rats. Immunohistochemistry staining of the organs was positive
for CD3 antibody, which is consistent with T-cell lymphoma.
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INTRODUCTION tobacco smoke (Fiddler, 1975; Beranek, 1990).

Development of animal model for human It has a broad spectrum of the target organs
lymphoma may provide a basis for investigating mcludmg t.he lympho—hagmop01etlc system.
new biomarkers for early diagnosis and new Our preliminary study, for instance, has shown
anti-tumour therapies. Studies have shown that this particular chemical induced stages IV
that N-methyl-N-nitrosourea (MNU) induced and III lymphoma in young ad.ult and adult male
lymphoma and leukaemia in rats (Koestner et al., Sprague Dawley rats, respectively (Hutheyfa e
1977; Mizoguchi et al., 1993; da Silva Franchi et al., 20993)- . .

al., 2003; Hutheyfa ef al., 2009a, b; Hazilawati Dlagn051.s of 1yrpphpma 18 mad? based
et al., 2010a, b). The chemical is one of the ~©On MICroscopic examination of the lesions. It
N-nitroso compounds which is found in food and could be done either through cytological and/
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or histopathological examinations. Meanwhile,
the final diagnosis of lymphoma could only
be achieved through histological examination.
The final diagnosis of disseminated lymphoma,
which is mostly seen in cats (Hazilawati,
unpublished), however, could be made through
cytological evaluation of the fluid samples
which were obtained from pleural cavity
of the cats. In cases of generalised canine
lymphosarcoma, confirmatory diagnosis could
also be made cytologically, provided that an
adequate number of malignant lymphocytes
from the enlarged lymph nodes were aspirated
(Hazilawati, unpublished). Cytological
diagnosis of lymphoma in human and animals
is always challenging, if adequate cells could
not be obtained, which warrants a biopsy for
histological evaluations. The objective of this
study is to describe the pathological features of
peripheral T-cell lymphoma in Sprague Dawley
rats induced with MNU.

MATERIALS AND METHODS

Animals

Thirty-two 6-week-old male Sprague Dawley
rats, with body weight ranging from 150 to
180 g, were obtained from the Laboratory
Animal Resource Unit, Faculty of Medicine,
Universiti Kebangsaan Malaysia (UKM) in
Bangi, Selangor. The rats were placed in
polypropylene plastic cages (two per cage)
which were bedded with commercialised wood
chips, and housed in a colony animal room
with controlled conditions at the temperatures
of 22-27°C, 40-70% humidity and 12-hours
of light/dark lighting in the Animal House,
at the Malaysian Agricultural Research and
Development Institute (MARDI) in Serdang,
Selangor. The rats were acclimatised for two
weeks and fed with commercial rodent chows
and drinking water ad /ibitum on a daily basis.

Chemical Carcinogen

N-methyl-N-nitrosourea (MNU) (Sigma-
Aldrich®, N4766-25G) was used to initiate the
carcinogenesis process. The chemical solution
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was freshly prepared by dissolving 14 mg of
MNU in 1 mL of normal saline (pH 4.5).

Experimental Design

The rats were weighted and divided into two
groups, with sixteen rats in each, after two weeks
of acclimatisation. The MNU group received
four intraperitoneal (i.p) injections, twice weekly
for two consecutive weeks of MNU at a dose
of 60 mg/kg of the body weight (the total dose
received was 240 mg/kg of the body weight).
Meanwhile, the control group was injected with
normal saline, i.p. The rats were humanely
sacrificed after 20 weeks of the experimental
period by abdominal bleeding under anaesthesia
with xylazine (100 mg/kg) and ketamine
(40 mg/kg).

Organ Samples

Gross examination for the presence of tumor
masses, and enlargement of lymph nodes and
internal organs was performed at necropsy.
Spleen, liver, lung, kidneys, thymus, and heart
were immediately removed and blotted dry.

Histopathology

The necropsied samples were washed with
cold normal saline and fixed in 10% formal
buffered formalin for at least 48 hours. After
fixation, the samples were trimmed at 5 mm
thickness and placed in plastic cassettes before
they were processed using a standard overnight
method in an Automated Tissue Processor
(Leica ASP300, Germany). The samples were
embedded in paraffin using a Tissue Embedding
Console System (Leica EG1160, Germany)
via a routine method of paraffin embedding
procedure. The tissue samples were sectioned
at 4 um thicknesses using a microtome (Leica
RM2155, Germany). The tissue sections were
placed on water bath (Leica H1210, Germany)
at 35°C to 37°C, mounted on glass slides using
a hot plate (Leica HI1220, Germany) and stained
with Haematoxylin and Eosin (H&E) stain, as
described by Luna (1968).
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Immunohistochemistry

In this study, the immunohistochemistry analysis
was performed using a Dako Envision®-+Dual
Link System-HRP (DAB+) kit (Dako, USA,
Cn: K4965), as per manufacturer’s instruction.
The kit contains a blocking agent, secondary
antibody labelled to horseradish peroxidase
and diaminobenzidine [DAB]). The primary
antibody (rabbit polyclonal to CD3 primary
antibody, ab5690, ABcam®, USA) directed
against CD3 (T-lymphocyte marker), was used
to classify the lineage of the neoplastic cells in
the necropsied organs. The primary antibody
was spun in a centrifuge machine (Hettich
mikro-120, Germany) at 12000 rpm for 20
seconds before it was diluted at a 1:100 dilution
with antibody diluent and background reducing
components (Dako, S3022). The paraffinised
embedded sample sections for CD3 staining
was pre-treated by steaming at 97°C in the
target retrieval buffer (Dako, S3001) for 25
minutes. The tissue sections were incubated
with anti-CD3 antibody for 30 minutes at
room temperature. CD3 immunoreactivity
was detected using the labelled polymer-HRP
reagent (horseradish peroxidase labeled polymer
conjugated to goat anti-rabbit and goat-anti-
mouse secondary antibody) and visualised with
DAB. All the immunohistochemical sections
were counterstained with Mayer’s hematoxylin,
dehydrated in graded concentrations of ethanol
(70%, 90%, and 100%), and cover slipped
routinely using permanent mounting medium.
The tissue sections were then examined under
10, 20, and 40x magnifications using a light
microscope.

RESULTS AND DISCUSSION

N-methyl-N-nitrosourea (MNU) is one of
carcinogens that has been used for induction
of lymphoma and leukaemia (Joshi & Frei,
1970; Koestner et al., 1977; Baines et al., 1979;
Uwagawa et al., 1991; Hagiwara et al., 1993;
Mizoguchi et al., 1993; da Silva Franchi et
al., 2003; Marton et al., 2008; Hutheyfa et al.,
2009a, b; Hazilawati et al., 2010a, b), thymomas
(Frei,1980), mammary gland (Esendagli et al.,
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2009), prostate (McCormick et al., 1999) and
gastrointestinal (Mizoguchi et al., 1993; Tuncel
et al., 2002) cancers in laboratory animals.

The type of cancer developed is dependent
on the age, sex and strain of the laboratory
animals, route of administration, concentration
and the total dose of MNU, as well as the
duration of the experimental period. Rats
induced with MNU at young age (4 to 6-week-
old) were reported to develop higher incidence
of thymic lymphoma (Swenberg et al., 1975;
Koestner et al., 1977; Mizoguchi et al., 1993)
compared to middle-aged (52-week-old) and old
age (98-week-old) rats (Mizoguchi et al., 1993).
In particular, the middle-aged rats were found to
likely to develop higher (97 - 100%) incidence of
adenocarcinomas in the small intestine compared
to young and old age rats (Mizoguchi et al.,
1993). However, the administration of high dose
of MNU (70 mg/kg body weight per injection
for four injections) in young rats was found to
have induced sub-acute haemolytic anaemia
rather than lymphoma or leukaemia (Hazilawati
et al., 2009).

The results of this study showed that
all the rats treated with MNU (2 died during
the experimental period) had enlargement of
the lymph nodes, with 30% of the rats had
hepatosplenomegaly and 7% had enlarged
kidneys at necropsy. The organs were infiltrated
with malignant lymphocytes in different grades,
which were consistent with stage IV lymphoma,
as described in the WHO’s classification
of human lymphoma (Jaffe ez al., 2001).
Meanwhile, normal architecture of those organs
was diminished. Ironically, similar lesion was
not observed in the thymus of all rats that had
been treated with MNU. Using similar chemical,
thymic lymphoma was observed in other studies
(Koestner et al., 1977; Uwagawa et al., 1991;
Hagiwara et al., 1993; Mizoguchi et al., 1993;
da Silva Franchi et al., 2003).

It is important to note that the
immunohistochemistry staining of the organs
was positive for CD3 (Fig. 1), which is consistent
with T-cell lymphoma. The results were
comparable to those reported by Grompe et al.
(1985), Kerja & Seidel (1986) and Marton et al.
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(2008). However, they stated that most of the
mice treated with MNU i.p developed thymic
T-cell lymphoma as compared to peripheral
T-cell lymphoma in this study.

The histopathological features of the T-cell
lymphoma of spleen, lymph nodes, liver, lung,
heart, and kidneys in this study were described
as mild, moderate, and severe. In spleen,
the malignant lymphocytes were generally
characterised as undifferentiated, medium sized,
bizarre pleomorphic nuclei with numerous
mitotic figures in the red and white pulps (Fig. 2).
The lesions were scored as mild as the malignant
lymphocytes were individually present in the
red pulp sinusoids and/or present as small focal
aggregates in the splenic parenchyma. Normal
architecture of the spleen was still preserved.

Moderate lymphoma lesions were scored as the
malignant lymphocytes surrounded the splenic
cords in the red pulp and/or present as large
focal aggregates in the spleen as well as in the
periarterial lymphatic sheaths (PALS) which
led to the enlargement of the white pulp. Other
than those criteria, the presence of giant tumour
cells and haemosiderin-laden macrophages in
the red pulp are also important criteria. Severe
lymphoma lesions were characterised by
massive proliferation of malignant lymphocytes
in the red and white pulps, leading to the loss
of normal splenic architecture denoted by the
absence of sinusoids and splenic cord in the red
pulp, as well as marginal and follicular zones in
the white pulp.

Fig. 1: Malignant T-lymphocytes in the lymph node (A4), liver (B), spleen (C&D), lung (E)
and kidney (F) stained positively for CD3 primary antibody
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Fig. 2: Spleen; A&B) Normal architecture of the spleen, replaced by proliferation of numerous
malignant lymphocytes (x10 & x40, respectively, H&E). C&D) Clusters of malignant
lymphocytes in the red pulb (x20, H&E). Note one giant tumour cell in photomicrograph D and
neoplastic lymphocytes surrounding the splenic cords in photomicrograph A to D

Generally, malignant lymphocytes in the
lymph nodes, including auxiliary, mesenteric
and submandibular, showed a similar criterion
of malignancy as described in the spleen (Fig. 3).
Meanwhile, mild lymphoma lesions were
characterised as the presence of small focal
aggregates of malignant lymphocytes in the
paracortex and medullary areas of the lymph
nodes. Infiltration of the malignant lymphocytes
was occasionally observed in the subcapsular
sinus. Moderate lymphoma lesions were
described as the presence of large aggregates of
malignant lymphocytes in the cortex, paracortex
and medullary areas of the lymph nodes,
leading to a partial loss of the normal lymph
node architecture. Moderate infiltration of the
malignant lymphocytes was observed in the
subcapsular sinus. Severe lesions were denoted
as the architecture of the cortex, paracortex,
and medullary areas of the lymph nodes are
diminished as a result of diffuse proliferation of
malignant lymphocytes. The newly developed
small blood vessels indicating angiogenesis
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were clearly observed in the lymph nodes. The
subcapsular sinus was numerously proliferated
by malignant lymphocytes and formed a
neoplastic zone surrounding the lymph nodes.
Just like the spleen and lymph nodes, liver
was infiltrated with malignant lymphocytes with
a prominent criterion of malignancy. The size of
the malignant lymphocytes varies from small to
large. Hepatocytes were necrotised and congested
(Fig. 4). Mild lesions were characterised as the
presence of only a few malignant lymphocytes
at the portal triads, necrotic hepatocytes with
pyknotic nuclei and congested blood vessels.
Moderate lesions were described as the presence
of aggregates of malignant lymphocytes at the
portal triads and also in the hepatic sinusoids,
necrotic hepatocytes with karyorrhexis and
karyolytic nuclei, and congestion of the blood
vessels and hepatic sinusoids. Severe lesions
were characterised as the presence of diffuse
infiltration of malignant lymphocytes in the
liver parenchyma. Hepatocytes were absent
and/or only present as a small island, with 1 to
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Fig. 3: Lymph node; A) Normal lymph node architecture is replaced by diffuse proliferation
of small and large lymphocytes produces inconspicuous demarcation of structures in the
cortex, which include trabeculae, lymphoid follicles and germinal centre, and medulla
(x10, H&E). B) Numerous malignant lymphocytes characterised as marked cellular and
nuclear pleomorphism (x100, H&E). Note that one mitotic figure (arrow). C & D) Numerous
small blood vessels indicating angiogenesis (arrows) and infiltration of numerous malignant
lymphocytes in the subcapsular sinus (arrow head) (x40, H&E). E & F) The subcapsular
sinus (arrow heads) is infiltrated by malignant lymphocytes. E) Mixture of small (white
arrows) and large lymphocytes (black arrows), nuclei of the large lymphocytes are paler and
bigger indicating the cells are undergoing active proliferation (x20, H&E) (photomicrograph
B, C, D, E, and F are magnification of photomicrograph 4)

3 hepatocytes within the clusters of malignant
lymphocytes. Meanwhile, liver parenchyma was
severely congested.

Kidneys exhibited similar malignant
lymphocyte characteristics as the spleen, lymph
nodes and liver. The size of the malignant
lymphocytes, however, varies from small to
medium. The cells predominantly infiltrated
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into the interstitial space of the renal tubules,
moderately infiltrated and surrounded the
glomeruli. Numerous malignant lymphocytes
were observed around the renal artery. Tubular
epithelial necrosis was also observed (Fig. 5).
Mild lymphoma lesions were characterised by
the presence of metastatic neoplastic lymphocyte
infiltration surrounding the large blood
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Fig. 4: Liver; A&B) Infiltration of numerous malignant lymphocytes at the portal triad area
and in the hepatic sinusoids (x10 & x20, respectively, H&E). Note the congested blood
vessel with malignant lymphocytes. C&D) Normal architecture of hepatocytes is replaced
by diffuse infiltration of malignant lymphocytes (x20 & x40, respectively, H&E). Note that
congested sinusoids and islands of hepatocyte surrounded by the malignant lymphocytes.
E&F) Clusters of malignant lymphocytes in the hepatic sinusoids (x20 & x40, respectively,
H&E). Note that one giant tumour cell in photomicrograph E (photomicrograph B, D and F
are magnification of photomicrograph A, C and E, respectively)

vessels. For moderate lesions, similar lesions
characterised for the mild lesions were observed,
along with the presence of metastatic neoplastic
lymphocyte infiltration in the renal interstitium
of both cortex and medulla, as well as around
the glomeruli. Congested blood present in
the renal interstitium and large blood vessels.
Epithelial necrosis of the renal tubules, which
include the proximal, distal and loop of Henle,
was occasionally observed. Severe lesions were
described as the presence of predominantly
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medium sized metastatic neoplastic lymphocytes
in the areas described for the mild and medium
lesions, including the fatty tissue of the renal
calyx/pelvis. The number of cells, however, was
more abundant, which resulted in the reduction
of the number of renal tubules. Congested blood
in the large blood vessels contained numerous
metastatic lymphocytes.

Lymphoma lesions in the lungs were
exhibited by the infiltration of undifferentiated,
small to medium size metastatic neoplastic
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lymphocytes, with pleomorphic nuclei and
mitotic activity, around the pulmonary blood
vessels and as focal aggregates in the lung
parenchyma. The clusters of neoplastic
lymphocytes were also observed in the bronchus
associated lymphoid tissue (BALT), leading
to the enlargement of BALT (Fig. 6). Mild
lymphoma lesions were characterised as the
presence of a few number of small metastatic
neoplastic lymphocytes around the large blood
vessels. Moderate lymphoma lesions were
observed by the presence of small to medium

metastatic neoplastic lymphocytes around the
pulmonary blood vessels and as small focal
aggregates in the alveolar areas, resulting in the
thickening of the alveolar walls. Meanwhile,
enlargement of the BALT was observed as
a result of the proliferation of the neoplastic
lymphocytes. The cells were also observed to
be present in the congested blood vessels and
in the alveolar walls. For severe lesions, lung
parenchyma was predominantly infiltrated by
the neoplastic cells as large focal aggregates
throughout the lung parenchyma, surrounding

Fig. 5: Kidney; A) Infiltration of numerous malignant lymphocytes around the large blood
vessel (x10, H&E). Note that the congested blood in the lumen of the renal artery contains
malignant lymphocytes. (B, C & D) The malignant lymphocytes predominantly infiltrated
the interstitial tissues of the renal tubules (x20, H&E). Note that the congested blood
within the renal interstitial tissues in photomicrograph C. E) Infiltration of numerous
malignant lymphocytes into the fatty tissues of the renal calyx/pelvis (x20, H&E). (B&F)
Infiltration of the malignant lymphocytes surrounding/in the glomerulus (x40, H&E)
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the small and large pulmonary blood vessels
and also in the alveolar walls. The cells were
proliferated in the BALT and this resulted in
the enlargement of the BALT and the narrowing
of the bronchial lumen. Congested blood
with neoplastic lymphocytes and interstitial
penuemonia were also noted.

The infiltration of metastatic neoplastic
lymphocytes between the cardiac muscles
was observed in the heart. Mild lesions were
characterised as the presence of the neoplastic

lymphocytes surrounding the coronary blood
vessels. Moderate lesions were demonstrated as
the presence of the neoplastic cells in between
the cardiac muscles and also surrounding the
blood vessels. Necrosis of the myocytes which
led to loss of the normal myocyte coordination
was also observed. Similar lesions were more
obvious for severe lymphoma lesion in the
heart, along with the aggregations of infiltrated
neoplastic cells in the cardiac parenchyma

(Fig. 7).

Fig. 6: Lung; A) Aggregation of malignant lymphocytes in BALT (arrowhead) (x4, H&E). B)
Clusters of malignant lymphocytes infiltrated into the lung parenchyma (x10, H&E). C) Infiltration
of numerous malignant lymphocytes around the pulmonary artery (x20, H&E). Note that presence

of congested blood and malignant lymphocytes in the lumen of the pulmonary artery. D) Higher
magnification of photomicrograph C clearly shows that the malignant lymphocytes are in the
lumen (arrows) and wall (arrowheads) of the pulmonary artery (x40, H&E). E&F) The malignant
lymphocytes are around the large and small blood vessels (arrowheads) (x40, H&E)
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Fig. 7: Heart; A) Infiltration of malignant lymphocytes in between the cardiac muscles
(x20, H&E). B) Fatty necrosis of the myocytes was observed around the large blood
vessel which is infiltrated by the malignant lymphocytes (x20, H&E). Note that
metastatic malignant lymphocytes line the intima of the large blood vessel.

The congested large blood vessel contains a few malignant lymphocytes

CONCLUSION

The pathological features of stage I'V peripheral
T-cell lymphoma in rats, induced with MNU in
different grades, have exclusively been described
in this study. It is very useful for future study,
particularly to evaluate the effectiveness or
efficacy of new anti-tumor therapies.
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