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INDUCTION OF NASOPHARYNGEAL CARCINOMAS IN
A LBINO RATS BY DIETHYLNITROSAMINE(DEN)
AND DIMETHYLBENZ(A, 1) ANTHRACENE(DMBA)

"Pan Shichen BHFE| and Peng Xiang-e W
"Department of Pharmacology of Hunan Medical University, Changsha, Hunan, China,

410078

Abstract: This experiment reported the induction of nasopharyngeal carcinomas(NPC) in al-
bino rats by DEN(instillation once weekly for 18 successive weeks)and DMBA (insertion of loaded
polyethylene tubes through the nostril into the nasopharyngeal cavity) . The incidence of carcinoma
in different groups were as follows: DEN group 63 % ; DMBA group 40% ; DEN + DMBA group
59% ;DEN + empty tube group 16% . Most of the tumors induced were squamous cell type, the

histological appearance of these tumors resembled those observed in humans.

Masophryngeal cancer is geographically restricted to the Southeast Asia. In China the south-
ern provinces are involved. Experiments done on animals to induce nasopharyngeal tumors are
few. Qu tried to implant DMBA treated nasopharyngeal tissue subcutaneoously in bomologus mice
and obtained squamous carcinomas. Wang obtained squamous cell tumors and columnar cell tumors
of the nasal cavity and hard palate in mice by benzo(a) pyrene, methylcholanthrene and dimethyl-

benzanthracene.
This paper reports the work done in 1972-1974 by using DEN and/or DMBA to induce NPC

(Nasopharyngeal Carcinomas) in rats.
MATERIALS AND METHODS
1 Chemicals:

DEN and DMBA were both synthesized by the Department of Chemistry of Hunan Medical uni-
versity. The boiling pointof DEN is 172°-174C and the melting point of DMBA is 120T .
Polyethylene tubes: Purchased from the market with an external diameter of 3mm, made
spindle-shaped over flame, then 4mg of DMBA was inserted into each tube. The rounded end of
the tubes were sealed on fire and the pointed end pricked with fine needles to make small holes on
it, so that DMBA could leak out very slowly. Each tube was about 3.5cm in length.
DEN:33.3% DEN was suspended in 1% Tweenyy, freshly prepared before use.
Rats: Hybrid albino rats weighing 120-170 gms obtained from the college breeding room.
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2 Administration of carcinogenic substances:

DMBA : DMBA loaded polyethylene tubes were inserted into the nasal canals of ether anaes-
thetized rats with its tip pointed to the nasopharyngeal cavity.

DNE:33.3% DEN suspended in 1% Tween,g, 0. 02ml{ containing DEN 6. 7mg ) was directly
instilled through the nostril to the nasopharyngeal cavity of ether anaecthetized rats by stumped

needes once weekly.
3 Grouping of animals: Albino rats were randomized into five groups and treated as follows:

1)DMBA group: With loaded tubes inserted

2)DEN group: Instilltion of DEN once weekly

3)DEN + DMBA group: Loaded tubes inserted and DEN administered subcutaneously onee
weekly

4)DEN + Empty tubes group: Emlty polyetnylene tubes inserted and DEN administered sub-
cutaneously once weekly.

5)Control group: Fed under normal conditions

Postmortem examinations were performed on animals that died after 30 days of trearment ,
those that died within 30 days were discarded. A total of 133 rats were examined.

Most of the animals died spontaneously after treatment, except 28 survivors that were not
killed until the end of the 40th week. Control rats were sacrified at different intervals.

The whole length of the nasopharyngeal canals including the basal portion of the skull were
carefully sectioned out and fixed in 10% Formalin; decalcified with 5% Nitric Acid; embedded
with paraffin and 5 micron serial sections were made. All sections were routinely stained with

hematoxilin and eosin, some with Gomori stain also.

RESULTS

1. General conditions of the treeated animals:
All animals became very feeble and liable o infection after tubc insertion. They might have

died if antibiotics were not used in time, within the first two weeks of insertion of the thues.

The animals receiving DEN became feeble, with pilo-erection and hypomotility and some
showed difficulty in respiration and bleeding from the nasal cavities.

Attempts were made to increase the dosage of DEN from 6. 7mg to 10mg from the 13th
week, but some animals suffered from convulsions and respiratory arrest so DEN was discontinued
from the 18th week onwards. The accumularive dose of DEN for each rat was 126-130mg.

2. The pathological changes and incidences of carcinoma formation in each group of rats:

The nasopharyeal epithelia of the 10 controlled rats were essentially normal, except one case
with metaplasia of squamous cell epithelium and a few with mild degree of metaplasia and infec-
tion. None developed wumors.

On the other hand, in the carcinoma inducing groups, the findings varied from congestion of

the soft palate;small elevations of 1-2mm in diameter in the nasopharyngeal cavity under the soft
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palatripartial to complete obstruction of the nasopharyngeal cavities of thickening of the whole na-

sopharyngea cavity and tubercular nodules of about Imm in diameter at the esophageal end of the

nasopharyngeal cavity.
The pathological changes and incidences of carcinoma formation of each group are outlined on

Table 1.

Table 1. Grouping of animals, pathological changes and incidences of carcinoma formation

Pathalogical changes of the
Number asoph al 5
Grop- Carcino- Route of of UASODOALYNRL] POTUON .| Nuymber of | Incidence
)i:‘)}] gens adm:nl:drrf:tion animals | Precan-  Types of NPC observed ® wmors |+ of NPC Notes
ping used B eXam- | CETOus Farly it ] found (%} 1
med changes | In situ inva:ivu Ii:-‘(: a
Insertion of loaded| 25(1) 5 4 7 2 13 2% .| (1)dead
L | DMBA | hes 002) | 7 5 5 25% % (2)killed
i} DEN Instillation ) 27 ] 5 9 3 17 B3% 3 kalled
DEN + Subcutaneous  n
il I)\-'IRA jection Insertion of 27 6 3 9 4 16 594% 1 killed
: loaded tubes |
DEN 4 Subcutanteous  in- [
i Empy |7 e 24 5 2 2 4 6% 4 Lilled
tubes (110N
v None |- ] |
i L

* If more than one types of tumor were found in the same animal the maost malignant one was counted.

Microscopic findings: Among the 55 tumor-bearing animals 73 tumors were observed. Some
were localized and some were multiform with different degrees of malignancy such as carcinoma in
situ, early invasive, infiltrative to extensive invasive forms.

As to the site of NPC in the nasopharyngeal cavity, in DMBA group most tumors were locat-
ed in the basal portion of the nasopharynx at the postedior third of the soft palate, while in DEN
group, the pathological changes occured more {requently on the lateral walls of the nasopharyngeal
cavity in the epithelium of the posterior third of the soft palate.

Histologica feactures of the tumor cells: Most of them were squamous cell-type, either well
differentiated, poorly differentiated or undifferentiated(but few in number). One case waas a ker-
ato-adenocarcinoma, No sarcomas were seen either in the naso phsoparyngeal portion or subcuta-
neouly.

The histological characteristics of the tumors could be divided into three caregories: Carcino-
ma in situ, early invasive tumors and infilirative type. The findings were as follows:

(1)Carcinoma in situ: Among the 73 tumors 23 were in situ. The moderately thickened ep-
ithelial cells of the nasopharvnx underwent metaplastic changes and formed stratified squamous
epithelial cells, where most of the tumors originated from.

The particular factrues of these tumors were: the nuclei were somewhat larger and hyperchro-
matic; number of mitosis increased; the cells were irregular in size and shape;lack of polarity but

3
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the basement membrane was intact. The cells were crowded together.
Sometimes tumors of this type might have originated directly from metaplastic or dysplastic

epithelia.
(2)Early invasive tumors: 39 early invasive tumors were observed, the mode of growth was

multiform. Chiefly.

1) Early invasive tumors originated from carcinoma in situ, the tumor cells spread along the
ducts or salivary glands across the basement membrane into the adjacent tissue and penetrating the
basement membrane directly.2)Arising from the basal cell layer, those cells underwent metaplastic
changes and formed tumor nests in the stroma. If the tumors originated from the folds of the ep-
ithelium of the mucosa an umbilicus-like protrution might be formed. Some early invasive tumors
were of spherical form and others were of multiple-layer type or formed square-shaped nests(Fig.
1).3)Sometimes there were papillary hyperplastic changes of the naspharyngeal epithelia forming
papilloma or epidermoid carcinoma. The malignancy occurred most frequently either on the top
portion or the basal portion of the nasopharyngeal epithelium.

(3) Infiltrative tumors: All together 11 infiltrative tumore were found. Typical tumor nests
spreaded into the stroma. Microscopically the tumors might be divided into three categories: Squa-
mous cell, undiferentiated and adenckeratinized types. Squamous cell type was the major form
found, the nests of the tumors were spherical, rod form or fusiform sometimes the keratinized ep-
ithelial pearls might be encapsulated by tumor cells.

The tumor nests might spread extensively into the interstitial tissue. One case showed exten-
sive intramuscular invasion, lymphatic embolism (Fig. 3.) and pulmonary metastasis (Fig. 2.).
Some of the squamous cell tumors, infiltrating a large part of the nasopharyngeal mucosa(Fig. 4,
5.V looked like a mushroom and protruded into the nasopharyngeal cavity. Some tumors were
formed from spindle-shaped columnar cells. Few were undifferentiated form and onw case was a
keratoadenocarcinoma( Fig. 6. )

3. The changes of the interstitial tissue:
The interstitial tissue surrounding the nests of tumor changed markedly. Hyperplasia of retic-

ulo-fibrous tissue was present, the ground substances stained more cosinophilic and infiltration of
lymphocytes and plasma cells in the stroma was marked. The secretion of the nasopharyngeal
glands increased first, then the glands underwent metamorphotic changes and some of the glandu-
lar epithelial cells underwent metaplastic and/or malignant changes.

The pathological characteristics of the rat tumors obtained in our experiment closely resem-
bled those of human beings. Human nasopharyngeal cancers were mostly of poorly differentiated
squamous cell type, a few were undifferentiated.

In our experimentally induced nasopharyngeal tumors of the rats, the cells were either well
differentiated or poorly differentiated, only few were undifferentiated. And there were different
degrees of keratinization of the well differentiated cells. The poorly differentiated cells were of

multiform type with small oval or spindleshaped nests. These histological changes resembled those

observed in human NPC.
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Some tumors in our experimental model resembled columnar cell tumors and showed irregu-
larity of glandular arrangement. No lympho-epitheliomas were observed.

4. Incidence and time relation of tumor formation.

Among the 123 treated animals observed in our experiment, 55 rats developed 73 tumors, in
35 animals the tumors appeared within the first 24 weeks of administration of carcinogenic sub-
stances. The incidence of carcinoma formation was 63 % . The following table shows the incidences

of carcinoma formation of different groups within 24 weeks.

Table 2. Incidences of carcinoma formation in different groups within 24 weeks.

Nuber of tumors Incidence of carcinoma
Mumber of tumor
Grouping Aninals examined formed within 24 formation within 24
-beaing animals
weeks weeks
(1)25 13
DMBA t $48%
{2320 5
DEN 27 17 8 30%
DEN + DMBA 27 16 14 1%
DEN + Empty tubes 24 4 2 8%

(1)died spontanecusly

{2 killed

In DMBA group 25 animals died, the polyethylene tubes were left in situ in 18 of them,
13/18 were tumor-bearing, and the loaded DMBA had partially leaked out. Incidence of carcinoma
formation was 52Y% . Among the 18 with tubes in situ, 4 tubes were twisted but only 1/4 devel-
oped nasopharyngeal tumor. As for the 20 killed animals only one thule was letf in situ, 5 animals
had nasopharyngeal tumors, the incidence was only 25% . Obviously the low incidence was due 1o
tube displacement.

In the DEN group three were killed, all had nasophtaryngeal tumors. As to the time of tumor
formation. In DEN group the earliest one was a carcinoma in situ, 58 days after treatment. The
first infiltrative tumor was observed 145 days after treatment in DEN + DMBA group. This tumor
not only involved the interstitial tissue, but also muscular invasion, lymphatic embolism and pul-
monary metastasis were observed.

In DEN instillation group, some rats developed hepatoma in addition to NPC and a large
number of the rats were found to have parasitic cysts in the liver. These conditions might have
contributed to the death of the animals.

In short, in our experiment, we observed nasopharyngeal carcinomas within a short period
and the histological feaures of the tumors induced closely resembled those observed in human be-

ings. Insertion of the tubes might have traumatized the nasopharynx and made the condition more

complicated.
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DISCUSSION

A lot, of experimental reports have focused on the induction of hepatic and esophageal tumors
in animals by nitroso compounds®®’, but none referred to inducing tumors in the nasopharynx, only
tumors of the nasal cavity were reported .

In our experiment, instillating DEN into the nasopharyngeal cavities of rats to induce tumors,
demonstrated an incidence of tumor formation as high as 63% , which was the highest among other
groups, indicating that the nasopharynx of rats is sensitive to nitroso compounds. But when DEN
was administered subcutaneously the incidence was only 16 %, showing that the local concentra-
tion of DEN is an important factor in tumor formation. Besides we could not neglect the influence
of irritation of the polyethylene tubes to the nasopharynx as seen in DEN + DMBA group. The
high incidence(59% ) of tumor formation in DEN + DMBA group indicated a synergic action of
the two carcinogenic substances used. The same result was observed by others. Herrold reported
that when 3, 4 benz(a)pyrene was disolved in Tweengg or olive oil the incidence of lung tumors in-
duced in hamaters was different. In our experiment we used 1% Tweeny as a solvent for DEN. It
facilitated the adsorption of the carcinogenic substance to the nasopharyngeal epithelia and also
avoided inspiration of oil into the lung which might cause aspiratory pneumonia.

It was reported in the literature that the nasopharynx of rats is insensitive to polyeyclic aro-
matic hydrocabbons and suggested that hamsters should be used. Considering that the epithelia of
nasopharynx of rats is more similar to that of human beings and sasier to be obtained, we decied to
use rats. Through our experiments we found out that the most important point was long and unin-
terrupted adminitration of small dosages of carcinogenic substances to the nasopharyngacl epitheli-
a, and there were no species difference. For instance in DMBA intubation group, among 59 ani-
mals 25 died spontaneously, and 18 tubes were left in situ, the incidence of tumor formation was
529% , while the 20 killed rats only one tube remained in place and the incidence of tumor forma-
tion was only 25% , or course intubation and instillation might have traumatized the mucosa and
caused infection, this made the conditions more complicated for etiological analysis.

Our report showed that treated rat nasopharygeal epithelia underwent squamous cell metapla-
sia, metamorphosis and the formation of carcinoma in situ, early invasive or infiltrative tumors.
The pathological characteristics of induced tumors resembled those observed in early stages of in-
duced esophageal tumors of rats by nitroso compounds. But the mucosa of nasopharvnx had its
own peculiarities, so that if the tumors arose directly form the columnar epithelial cells the appear-
ance of the tumors would have been different.

Qur experience showed that this model is useful for the study of the carcinogensis of NPC

formation.
The pathogenesis of NPC in humanbeing is a complicated problem. According (o a survey on

its pathogenesis, it was reported that benzo(a) pyrene and nitroso compounds were found in the

homes of NPC patients or they had a history of connection with chemical carcinogenic substances

or coal tar etc.
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At the international cancer conference some reports pointed out that there were direct rela-
tionships between bacterial infection, synthesis of nitroso compounds and cancer formation. It is
important to elucidate the relationships between nitroso compounds and the formation of NPC.

The relationships between NPC and chemical, genetic, viral factors and the synergic actions of

these factors needs further study.
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Fig. 1 Early invasive tumor: DEN 4 DMBA Group.
Pathological No. 107, 145 days, 450 -

The wmor cells were of oval, spindle ar irregalar Trom,

[lil'lﬂiﬂ}{ A SfpuAre nest.

Fig.2  Extrosive invasive squamous carreinmoa: DEN
+ DMBA Group. Pathological No. 109, 154 davs, 72
«The tumar cells were small with large nuelet. The
nests of the carcinoma were of rod spherical form and

spreaded o the lateral walls of the nasopharyngeal

cavity.

Fig. 3 Extensive invasive tumor; Pathological No.
1049, 321 «

Note the Ivimphatie embolism

Early invasive tumor: DMBA Group. Patholog:-

Frg. 4

cal Noo 119,207 davs;72 x

The tumar looked like a mushroom protruding inta the

nasopharyngeal cavity with the nests in the stroma.
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Fig. 5 Eacly invasive tumor: Pathological No. 119,450 Fig. 6 Papillary carcinoma of the columnar epitheli-
% um: DEN Group, Pathological Noo 134, 202 days; 240 x
Nate the nest of the carcinoma in the intersttial tissue The tumor cells were irregular in shape. Spreaded into

the stroma. A part of the tumor looked like a papilloma.
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INDUCTION OF NASOPHARYNGEAL CARCINOMA BY NITROSO-
COMPOUNDS

4, Peng Xiange WHES
“Cancer Research Institute, Hunan Medical University, Changsha, Hunan, China 410078

Abstract: This study confirmed using different kinds of nitrosecompounds, through different
routes of administration may induce NPC in rats. The pathological lesions resembled closely to hu-
man NPC. Since dinitrosopiperazine induced considerable incidence of NPC without the induction
of hepatoma, sugests that it may be a suitable agent to be used in the further study of NPC.
Pathologic morphologic and histogenic studies have briefly described. The multicentric origin of
the tumor growth is discussed in short. The organ — specificity and the relation of the nitrosocom-

pounds to the etiological factors of human NPC might be the subjects for further investigation.

A number of nitrosocompounds have been used in the past to study nasal cavity tumors. In
1975 we reported the induction of nasopharyngeal carcinoma { NPC} in rats with diethylni-
trosoamine (DEN) and/or dimethylbenzanthracene!’*”. Hepatoma was incidentally noted to occur
in the DEN group. Since then, on the basis of the former experiment, DEN and cyclic nitrosocom-
pounds mcluding nitrosomaorpholine were used sepeatly to comfirm and improve The NPC model.
Pathologic and histogenetic studies of the tumors were subsequently carried out. The NPC in-

duced in rats resembled human NPC. was squamous carcinoma in nature but of well differentiated

type.

MATERIAL AND METHODS

Chmicals

The nitrosomorpholin was synthesized by the chemical Department in the Medical College.
the DEN and DNP were synthesized in our laboratory. Their boiling points, melting points and

other chemical characteristics were determined.

Animals

Hybrid albino rats totalling 367, weighing 100 — 150 gms were obtained from the college
breeding room and randomized to two groups: The first group consisted of 209 rats. Of these 179
rats received DEN and 30 rars served as normal controls. The second group, consisting of 158
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