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ABSTRACT

Background. £-nitreguinoline 1-odde (4H00) is a water soluble carcinogen which is often used
to induce cancer in oral cavity. Objective. The purpose of this study was to know the incidence of
histopathological lesions in the tongue of rats after administration of 4-nitroguinoline 1-oxide (4H00) for
a maodel of oral carcinogenssis in the animal experimental laboratory. Materials and Methods. This study
was conducted in the Department of Pathological Anatomy, Faculty of Medicine, University of Indonesia
(FMLAY. 4HCD (20 ppm) was adminiztered by drinking water ad libitum to the Sprague Dawley (50 rats
during different time inductions (4-% and 316-46 weeks). The present of tumor in oral cavity of the #4000
treated rats wers observed macroscopically and microscopically. Tumor volume were measured based on
the formula established by G. Carlsson. The degree of histological change: was determined according to
observation towards their Hematoxylin and Eosin (HE} staining results. Results. Dysplasia and imasive
squamous cell carcimoma (5CC) were respectively found in the tongue of the group given 4M00 for 4-% and
A6-46 wesaks The tongue from rats (4H00 for 16-46 weeks) exhibited whitish protuberant nodular lesions
with the lomgest diameter was 17 mm. The histopathological lesion incidences for dysplasia and invasive
SCC respectively were I5% (57200 and 75% (15720}, The rats had tumor in their tongues with variation
of degree alteration which proportional to the inducticn time. The extension of 400 induction time
incraasing the degree of change in the tumor. Conclusion. 4H00 represents a good model of carcinoma of
tonguwe and gives consistence results with histological changes degree being related to durationof exposure.

Key words: Tongue carcinoma, Soragus-Dawley, 4H00, incidence.

Correspondence author: emierfan, Department of Miorobdology, Dental Faowlty, Trisaktt Unfwersity.
Eyat Tapa 5t no 280, Jakarta, Indonesta. Email: emterfan. srif@ gmail.com

13



Podpedicran Journcl of Dentistry 2078 2871 j-13-20.

ABSTRAK

Lotar belaokang. 4-nitrogquinolin | okside (4NQO)} merupakan karsinogen yang dopat lorut dalam
air yang sering digunokon wniuk menginduksi kanker dalam rongga muluf. Tujuon. Moksed dori stodi
ini adaloh wntuk mengetohwi indisidensi lesi histopatologi poda lidah bikus setelah pemberion 4-
nitroguinodin 1 oksida (4NJ0) sebogai sebuah model korsinogenesis daolom suaty lsboraotorium hewan
coba. Bobon dan Metode. Studi ind dilokukan dif Departemen Patologl Anatomi, Fokultas Kedokberan
Universitas Indonesia (FRLUT). SN0 (30 pom) diberikon melalul air minem od (i tum pada fkus Sprogue
Dawdey (50} dalam wakiu indukst yang berbeda-beda {4-% dan 36-46 minggu). Keberodoon tumor dalam
rongga mulut pada tikus yang diberi 4NG0 diomali secorg makroskopik daon mikroskopik. Volum tumor
diukur berdosarkan formuda vang ditetephon oleh G. Corlsson. Derajat perubahan histologic diteniukan
menurut hasil observasi pewarnean Hematoksilin dan Eosin (HE). Hasil. Displasic dan karsinoma sel
skuamosa masing-masing ditemuksn peda lidah kelompok yang diberi 4800 seloma 4-7 dan 36-46 minggu.
Lidah dari Bikus {yong diberi 4NQO selama 36-46 minggu) menunjukkan lesi noduior menonjol bervwarna
keputihan dengan diameter terpanjang 17 mm. Insidensi lesi histopaiologik dysplasia dan 5CC invasive
masing-rmasing yakni 25% (5/20) dan 73% (15/20). Tikus-tikus ifw memiliki tumor peda lidahmya dengon
dergjat perubohan bervariasi yang proporsiona! dengan wakby induksi. Perpanjongan waktu induksi
4N meningkatkon derajot perubohon tumor tersebut. Kesimpulon, 4MQO0 merupakan suatu model
karsipoma lidah yong bogus dan memberikan hasil yang konsisien dengan dergjol perubchan histologik

vang berkaitan derpan lamanya pemaparan.

Kata kunci: Korsinoma lidah, Sprogue Dowley, 4NQ0, insidensi.

INTRODUCTION

Anatomically, the tongue is divided into the
oral tongue and the base of the tongue which are
a subsite of the oral cavity and the oropharynx
respactively. Sguamous cell carcinomas (SCC)
ara malignant neoplasia that originate in the
squamous epithelivm. ' There are the decreasing of
incidence of oral cavity sguamous cell carcinoma
(OCSCC) and the reverse for oral tongue squamous
cell carcinema (OTSCC)' and oropharymgeal SCC
(OPSCC). "

OTSCC iz the most common type of oral
cancer, and contributes to about 40-60% of all
oral cancer deaths. Incidence of OTSCC in the
United States was 12,770 in 2012." Comprehension
about histopathology and molecular mechanizms
of tongue cCarcincgenesis may support the
development of novel strategies for the prevention
and therapy of tongue cancer. The animal models
often reguired in the researche: that associated
with the comprehension. The maost used carcinogsn
to induce OTSCC specifically and several organs
generally that applied in low concentration via
4-pitrogunoline  1-oxide
(4H30). The carcinogen mediated experimental

water ad (bitum is
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carcinogenesis iz @imilar to human oral
carcinogenesis * This study is the first research
of oral cancer animal model in animal facilities
of Department of Pathological Anatomy, FRMUIL
Cwr study iz intended to know the incidence of
hiztopathological lesions in the tongue of Sprague-
Dawley (50 rats after administration of 400
for a model of oral carcinogenesis. Histological
determination of a tumor iz the accepted end

paoint in carcinogenicity testing

MATERIALS AMD METHODS

This study was conducted in the Department
of Pathological Anatomy, Faculty of Medicine,
Unmiversity of Indonesia (FMUI. 4HQ0 (30 ppm)
was adminiztersed by drinking water od [ibitum to
the Sprague Dawley (50) rats during different time
inductions (4-9 and 3&6-46 weeks). The present of
tumor in oral cavity of the 4H00-treated rats were
observed macroescopically and mmcroscopically.
Tumar wolume were messured based on the
formula established by Carlsson. The degres of
histological changes was determined according to
observation towards their Hematooglin and Eosin
{HE) staiming results.
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Animals.

All procedure and care given to the 50D
rat: were conducted according to and after
was obtained the approval from respectively
Institutional Animal Care Guidelines and the
Institutional Research Ethics Committee of
Faculty of Medicine, University of Indonesia
(FMLN). S0 rats bred by Badan Pengawas Obat
dan Makanan Rl (BFOM-RI} on May in 2014. The
rezearch conducted in the animal experimental
laboratory, Department of Pathological Anatomy,
FRUI. Twenty five male 50 rats,? weeks old were
used for this study. They were housed two o
a plastic cage with the top wire. The rats ware
fed with standard rat diet. At & weeks of age the
rats were transferred to the holding room and
randomized into expenmental and control groups.
Thie holding room was maintained at I7+2°C and
50+10% humidity, with 12 hrs lightfdark cycle.

Chemicals.

N0 was purchased from Sigma-aldrich (=
98 % pure, lot no. SLEG439TY, Poode: 1001565723).
Crinking water containing 50 ppm of 4H00 was
prepared twice aweshand was givenin dark bottles

Development of animal model.

After 1 weeks of acclimatization. At &
weeks of age, each rat was randomly divided into
a treatment group (n=20} and a control group
(n=4) which the drinking water containsd 4 N3O
(30 pom) and no 4H00 respectively. The mean
weight of the rats at the time wa: 58 88 gram
(50+6_ 16 gram). Amimals were weighsed bwice
weebly. The rats were analyzed macroscopically
for lesiom on their tongue surface. The rats which
shown the precancerous lesion and weight loss
after 4-9 wesks 4H00-induced carcinogenesis® (as
group |} euthamized under deep ether anesthesia.
Macroscopic observations were performed and then
the tongue were processed for histopathological
confirmation after being fixed in 10% buffered
formalin, embedded in parafin blocks, and
processed by methods using hematoxylin and eosin
stain &' Determination of the length of induction
iz based on some information about oral cancer
carcinogenesis induced 4430 in some strains of
rat.! The design of this longitudinal study was
designed to monitor and the development of oral
carcinogenesis. Choosing of the rat that euthanized

in group | based on the present reduction of body
mass significantly and the morphological changes
on the tongue surface macroscopically. Othar rats
in the group | centinued to be induced by 41600
up o 36-46 weeks (as group I15.* The number of
rats that had been euthanized at 4-9 weeks to be
replaced included im group (1. ALl the rats of group
Il wrere killed when they became monbund.

Pethological examination.

The grades of oral epithelial dysplasia are
Fyperplasia, dysplasia (the term was introduced
by Reagon in 19%B in relation to the cells
exfoliated from lesions of the uterine cervix)®
and carcinoma Histopathological
features of oral squamocus dysplasia comprize
marpholegical or architectural (Bulbows, teardrop-
shaped rete ridges, loss of polarization and
orientation, exaggerated intercellular spacing)
and cytological features (increased nuclear/
cytoplasmic (MSC) ratie, nuclear hyperchromasia,
nuclear polymorphisms with prominent nwcleoli
and excessive or abmormal mitotic figures). ="
When a guarter of the lowest layer epithelium
shown dysplastic characteristics, a diagnosiz of
mild dysplasia is appropriate term. When half
and three-fourths of the epithelium exhibit at
least two of the features we wse respectively the
term moderate and severs epithelial dysplasia *"
Carcinoma in site will occur after dysplasia, it
represents an intraepithelial malignancy. There
are not invasion and keratin pearl formation.

50C iz characterized by squamous
differantiation [(often s2en as keratinization,
sometimes with keratin pearl formation) and
invasive growth with dizruption of the basement
membrans. There are three fype: of 5CC
differantiation types. They are well, less well or
moderate and poor-differentiated (anaplastic)
types. " In the well-differentiated type, the cancer
cell: are obviouwsly sguamous in type and consist
of masses of prickle cells (often found keratin
pearls in the mass) with a limiting layer of basal
cellz. Each pearl consisting of a central aresa of
keratin surrounded by whorls of prickle cells. The
keratin pearls are rarely or absent in moderate
differentiated of 5CC, and the prickle cells and
their nuclei are more pleomorphic. There are
mitotic figures abundant wsually and mamy may
atypical "= |n anaplastic type of tumor, the cancer

in st =
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cells are even more irregular and may hardly be
recognizable a= being of epithelial origin. *

Tumor dimension:s (a=longest diameater and
b=shortest diameter] wers measurad by Amyvisw
software digital microscope mobile. The volume of
tumor (V) were caloulated by G. Carlsson formula,
V= a x [bFf2.%™ The length of the diameters
(lomgest and shortest) which showed of Amyview
software must be divided with the magnification.

Statistical analysis.

Statistical analysis was conducted with 5P55
standard version 200 soffware. The cormrelation
betwesen duration of treatment with the occurred
type of histopathological lesion was analyzed by
predictive ordinal logistic regression (CI 95%]).
Correlation between the duration of J4NC0D
application with body mas: of rat and volume

tumor in the group |l was analyzed by Pearson
comrelatdon test.

RESULTS

General observalion.

A total of 24 rats survived at the end of
the experiment. Five rats in group |l died from
unidentified cause. Mo macroscopic metastases
were obzerved in any of the rats. The mean of their
baxdy mass are shown in the table 2. Occurrence of
tongue fesions. On the time course study, an early
induction of grossly visible tongue lesions including
dysplasia and tumor was found but not obviowsly.
At group I, the incidence and number of tongue
tumicrs were greater than that of the group | (Table
1}. The mean of their body mass and measurament
of tumor in 2 dimensional are shown in the table 2.

Table 1. Inctdence of histopathological leston in tongue of rats in the 4-nitroquinoiine 1-ooide [4H00) model for Oral

Torgue Squampous Carcinoma Cell.
Group Leskons
uber of animal
Wesks Hormal Hyperplaszia Dysplasia Carcinoma
Cortrol 4 4 a i 1}
| a1
p o o Mild =2} i}
- o 0 Mild =2} o
Moderate [n=1 o
3 0 0 o
. o a imvasive
35 - 46 o a Fo— R EL §

T o T Bl e s e el Tt b el e 2o et TR 0 i T
Mote:"4 HQJ - 50 ppm by drmking water. ™ with papillary tumar as 3CC wariant (n=3)." OT3CC grade 1 {n=5) and OTSCC grade= ||
=T}

Tabel 2. Clinkoopathological charscteristio fior the rats.
Group | Group 1l Control
Walue Poalue Walue Pvalue Walue P walue
—— 363-47.34
Body mass {g) (fnal)" F3.55-65.84 20940 = 11.93 018 i
di (el = 1475 « 1.14 .58
oo i 007
d2 {rem] 7.58-1.08 008
tumnr volume (mmf) 708 - 224 10 0.1%
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Frgure 1. Maorosoopecally {upper) and microscopically {lower] sugminations of tongue trsswe of the rat. Hormal tongue {1.2);
diyzplasia, after T and § weeks 4 H]D-treated respectively (1.5, the tonguees was soaked in 10 buffer formaling ard [1.2)c
OTICC after 35 and 46 weeks of 4 MO administration respectively (1.d) and (1.e); the o=l cancinoma spread into submooosa
and underlying muscle laysrs (not contimous view of the preparat) (1.d. lefith and the epitheliem layer (1.d. rightl; OTS0C with
papilary burmor varant on the =de region of the tongue, the papillary tumor showing koilooytes oells and broad-based bulbous
to emophytic growth with rounded projections resembling & cauliflower-like grovsth pattern (1.F); The measunement of OT30C
wolumie with Anpvlew software in magntication 30 (1.9, mght). (Hemnatouylim and Eosin stainmg: 100 magnification, bar = 50

Frgure 2_ Differentzation types of invasive OTSCC. Well-
cifferentiated (grade 1§ {2.2.) snd moderate-dfferentiated
{grade I} (2.5.) invaziee OTSLC respectrvely after 36 weshz

and 47 wesks 4 N30 administration. (Hematooyim and Eoon
staireng: x 100 magnification, bar = 50 om).

Statistical resuits.
Modelfittinginformationinordinal regression
analysis proved that complementary log-log model
with duration of 400 administration (p=0.000)
as independent variable which histopathological
lesion types as dependent variable, as a good
madel. Goodness of fit west shown the value of

L

=]

500 1000 1500

N Body of mas [ B OT=0Cwluma (mm3

WanGD treatnent (weeis)

Fgure 3. Chmoopathologiosl charactenstio for ratsOTSCC+ n
the group Il

Chi-square for Pearszon was 10.573 with p=0.9%9
(» 0.05). It means that the data were appropriate
with the ordinal logistic regression model
prediction. The signification of duration of 4800
administration value in parameter estimates was
0,002 (< 0.005). Nagelkerke walue from Pseudo
B-zquare was 95.6%. Shapiro-Wilk test results
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informed that the distribution data of body mass
and wolume tumor of rats was normal. Coefficient
correlations between the duration of 4HO0
application with body mass of rat and volume
tumor in the group Il were 0.515 jp = 0.04%) and
0441 (p = 0.066) respectively.

DISCUSSION

The objective of chemical carcinogenesis
madals is to provide further understanding about
the multistep process of carcinogenesis include
biomolecular proce:s ina certain cancer in order
to develop strategies for early diagnostic, cancer
prevention and cancer therapy. There are available
many commercial pure carcinogens. $H0D is the
appropriate carcinogen for induction oral cancer
in animal madel {17} 4430 iz a potent mutagen
and carcinogen even can stimulate apoptosis
in various types of cell caused its capability
Uv-mimetic agent leading to OHA damage (18]
Carcinpgenesis reguires time and appropriate
environment. Cur study presents the incidence of
histological lesion in our animal model for OT0C
in different of duration of carcinoma induction
with 4H00 by drinking water ad libitum. There
were some differences observed and measured.
They are discussed as follows.

In our study there were no differences of
histopathological found in tongue of the rat after
4 weeks 4130 administration with those given for
7 weeks, The differences of the features exhibited
between the tonguses from the rat which 7 and 9
weehs 4N00-treated. The alteration cocurred in
the guarter of the lowest layer epithelium (fig. 1. b]
whersasinthetongus of theratwhichadmimiztrated
ANCD T weeks longer the histological changes got
in the half of epithelium. The histological changes
were  architectural changes {teardrop-shaped
rete ridges, loss of polarization and orentation,
exageerated intercallular spacing) and cytological
changes (nuclear/cytoplasmic (HSC) ratio, nuclear
hyperchromasia, nuclear polymorphisms with
prominent nucleoli and excessive or abnormal
mitotic figures). 5o there were spithelial dysplasia
in mild and moderate forms as shown in figures 1.
b. and 1.c. respectively.

Histopathological examination found the
tumnar spread into the submucosa and underlying
muscle layesr, forming small nests with typical
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keratin pearl formation (fig. 1.d-g). Fgure 1.d.
fleft}) indicating the basaloid-appearing cells
showing marked increased mitotic activity,
pleomorphism, hyperchromatic nucled, and scanty
cytoplasm. Hote the existence of peripheral
nuclear palisading.

The present of koilocytes cells and exophytic
growth with a cauliflower-like growth pattern are
characteristic for papillary tumor as variant in
squamous carcinoma. (4] Koilocoytes is as thouwght
a micrescopic indicator of HPY infections. (19} In
1956, Kossand Durfes, et. al. | named the squamous
cells with perinuclear clearing surroumnded by a thin
coil of cytoplasm, as “koilocytes” (Greek word,
koilos = hollow cell), (19) Despite true prevalence
of HPY in O5CC is not clear, there was 30% (5/15)
of the rats with OTSCC in group Il had papillary
tumar(s) an their surface tongue.

We found thres types of the pattern of
twmor invasion (PO} on architectural feature of
the tongue tissues of group ll. POl refers to the
manner in which cancer infiltrates tizsue at the
twmior fhost interface. PO type 3 where the island
at tumor greater larger than 15 cellsfisland which
the type 4 where the island consists < 15cells!
island. PO type B (20-21) The types were FOI
type 1, 4 and 5 which showing in figure 1.d. and
1.e., 1.f., and 1.g. respectively. Climically, the
pragnasiz of the OTSCC patient shows POl type |
which a pushing-border invasion pattern is b=tter
than for those with other POI types.(23)

Figure 1 {d-g) exhibits egsinophils in filtrate
wat associated with stromal invasion, it was
prominent within the tissue surrounding the 05C
wmor mass. (24) This is appropriate with suggestion
of Falconien et al. and Qliveira et al, but 1= contrary
to Dorta and colleagues study that prove high rates
of tumer-associated tissue eosinophilia represent a
favorable prognostic factor in clinical THM stage
and Il 0%CC from floor of the mouth, oral tongue,
retromolar area and inferior gingiva (25, 14) The
imitial recruitment and activation of eosinophils
toward the tumos microsnvironment is principally
related with ThZ response.(28) Advancing lesions
of the OTSCC- induced 4100 have down regulated
and up regulated cytokine preduction of Thi and
Thl respectively. The enhancing of Th2 cytokine
also presented in peripheral blood of tobacco
smoking.(27) This iz one of the reasons of wsing
41420 as carcinogen in oral cancer ressarchas.
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Az showen in figure 2., there were lack of
keratin pearls in the mass of OT3CC grade |, We
found OTSCC grade | and OTSCC grade Il in tongus
of B and 7 rats in group I respectively. Statistical
results of both treatment groups proved that
the eguations for our ordinal regression model
obtained were 0.209 - 0_123 duration of 4HO0
administration; 1.925% - 0,122 duration of 4800
administration and 5012 - §.123 duration of 4H30
administration. The Hagelkerke walue indicated
that variable of duration of 4HCQD adminiztration
capable to explained 95.6% of vanation of the
histopathological lesion degree.

The wsing Carlsson formula to measured
volume tumar was caused it is the best formula
to measure an unremoved tumor like OTSCC. (14)
"Amyview' software helped us to measure a volume
tumnar in mm unit accurately. Clinicopathological
data {fig. 3] exhibited probability the effects of
duration of the carcinogen toward body mass of
rat and its volume tumor. Although the biggest
tumor was not present in the smallest rat, the 3
smallest tumor possessed by the 3 rats after 36 - <
42 weeks HI00D treated.

Pearson correlation test evidenced that the
strength of corralation between duration of 4H00
administration was quite significantly with tumor
volume of the rats but not correlation sigmificantlby
with the rat body massz. All rats in group Il suffered
OTSCC and survived more 180 days. Jur animal
model produced a consistent OTSCC 75%% {15./20)
in incidence with camcerous lesions produced
which similar pathology with tongue cancer in
human. The points are the key elemeants for the
ideal animal model {28}

COMCLUSION

AHNOC represents a good model of carcinoma
of tongue and gives consistence results with
histological changes degree being related to
duration of exposure. Authors' Disclosures of
Potential Conflicts of Interest The author(s)
indicated no potential conflicts of interest.
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