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ABSTRACT
Purpose: To investigate the carcinogenic action of hydrochloric acid, pepsin and sodium nitrate on the oropharyngeal mucosa of
rats, simulating the reflux of gastric contents. Methods: Eighty-two Wistar rats were divided in seven groups and submitted to 2
or 3 weekly applications of hydrochloric acid, pepsin and sodium nitrate on the pharyngeal mucosa during six months. Study
groups comprised 12 animals each. Rats in groups I and II were submitted to 2 (GI) or 3 (GII) weekly applications of 0.1N
hydrochloric acid. Groups III and IV were submitted to 2 (GIII) or 3 (GIV) weekly applications of 0.1N hydrochloric acid
solution with pepsin. Groups V and VI were submitted to 2 (GV) or 3 (GVI) weekly applications of 0.1N hydrochloric acid and
treated with daily nitrate diluted in water. Group VII consisted of 10 animals submitted to 2 weekly applications of filtered water.
Results: No dysplasia, intra-epithelial neoplasia or invasive carcinomas were detected. Inflammatory changes were observed in
varying degrees and mast cells were more common in Groups V and VI (p=0.006). Conclusion: The data of the current study
could not corroborate the hypothesis that gastroesophageal  and pharyngolaryngeal refluxes are carcinogenic factors to the
laryngopharyngeal mucosa, and more studies are necessary in the future.
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RESUMO
Objetivo: Investigar a ação carcinogênica do ácido clorídrico, pepsina e nitrato de sódio na mucosa orofaríngea de ratos, simulando
o refluxo do conteúdo gástrico à mucosa do faringo-laringea. Métodos: Oitenta e dois ratos Wistar foram divididos em 7 grupos
e submetidos a 2 ou 3 aplicações semanais de ácido clorídrico, pepsina e nitrato de sódio na mucosa orofaríngea durante 6 meses.
Os grupos de estudo envolveram 12 animais cada. Os ratos nos grupos I e II foram submetidos à 2 (GI) ou 3 (GII) aplicações
semanais de ácido clorídrico 0,1N. Nos grupos III e IV foram 2 (GIII) ou 3 (GIV) aplicações semanais de ácido clorídrico e
pepsina. Nos grupos V e VI foram 2 (GV) ou 3 (GVI) aplicações semanais de ácido clorídrico além da oferta de nitrato diluído em
água diariamente. Grupo VII era composto por 10 animais submetidos a 2 aplicações semanais de água filtrada. Resultados: Não
se observou displasia, neoplasia intra-epitelial ou neoplasia invasora. Alterações inflamatórias em graus variados foram observadas,
com infiltrado mastocitário mais intenso nos grupos V e VI. (p=0,006). Conclusão: Os dados do presente estudo não confirmam
a hipótese que o refluxo gastro-esofágico e faringo-laringeo são fatores carcinogênicos para a mucosa laringo-faringea e mais
estudos são necessários no futuro.
Descritores: Refluxo Gastroesofágico. Ácido Clorídrico. Nitratos. Carcinoma de Células Escamosas. Ratos.
1 Research performed at the Laboratory of Enzymology and Experimental Carcinogenesis, School of Medical Sciences – UNICAMP, Campinas,
Sao Paulo, Brazil.
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Introduction

The association of smoking and alcoholism with ma-
lignant neoplasms of the upper aerodigestive tract has been
known for many years1-3. Other risk factors have been of in-
creasing interest in the study of the pathogenesis of squamous
cell carcinomas (SCC) in this region, especially the gastroe-
sophageal (GER) and pharyngolaryngeal (PLR) refluxes, hy-
drochloric acid being the main irritating agent of the mucosa.

In oropharyngeal and laryngeal SCC, the development
of this neoplasia is directly related to drinking and smoking.
Several authors have shown the relationship existing between
the gastroesophageal reflux disease (GERD) and the develop-
ment of SCC4-19 in the pharynx and larynx. Some authors have
confirmed this hypothesis20-26 in animal studies,  whereas some
others have not27.

When nitrates present in salivary secretion come into
contact with the acid pH of the stomach, they can be converted
into nitrosamines, which co-promote esophageal carcinogen-
esis28-29, possibly acting in upper parts of the aerodigestive tract
as well.

Due to the unmistakable presence of upper
aerodigestive tract SCC in non-alcoholics and non-smokers30,
it is clear that the study of other causal factors of the disease
may contribute to a better understanding of the pathogenesis
and advance in its treatment.

In this study we will evaluate the carcinogenic action
of hydrochloric acid associated with pepsin, with and without
addition of sodium nitrate when instilled in the oropharyngeal
mucosa of young male Wistar rats, simulating the injury caused
by gastroesophageal and pharyngolaryngeal reflux on the mu-
cosa of the upper airway and digestive tracts in humans

The objective is to show the carcinogenic action of
hydrochloric acid on the oropharyngeal mucosa of Wistar rats,
potentialized by pepsin, associated or not with sodium nitrate,
with the application of these substances directly on the
pharyngolaryngeal mucosa of the rats, simulating the reflux of
the gastric contents to the laryngopharynx and to develop an
experimental model of induction of malignant neoplasias in the
upper aerodigestive tract of Wistar rats.

Methods

Eighty-two young randomly chosen male Wistar rats
weighing between 300g and 400g were studied. The animals
were placed in cages lined with sawdust and kept at the Experi-
mental Surgical Center of the Department of Surgery at
UNICAMP, Brazil. The committee on ethics in animal experi-
mentation gave its favorable opinion to the experiment.

Water was available ad libitum to all animals, includ-
ing those treated with the sodium nitrate solution. Each animal
was given a specific number marked with a hydrographic pen
on its tail, and were divided into seven groups.

Hydrochloric acid was used in a 0.1N solution, the
same concentration found in the human stomach. Pepsin was
added to simulate the gastric contents during the digestive pro-
cess, based on the study by Adams et al.20.

Group I consisted of twelve animals submitted three
times weekly to the application of a solution of 0.1N (normal)
hydrochloric acid directly on the laryngopharyngeal mucosa.

Group II consisted of twelve animals submitted twice
weekly to the application of a 0.1N hydrochloric acid solution
directly on the laryngopharyngeal mucosa.

Group III consisted of twelve animals submitted three
times weekly to the application of a mixture of a 0.1N hydro-
chloric acid solution with a solution of pepsin diluted to 1mg
per 1ml of distilled water, directly on the laryngopharyngeal
mucosa.

Group IV consisted of twelve animals submitted twice
weekly to the application of a mixture of 0.1N hydrochloric
acid solution with a pepsin solution diluted to 1mg per 1ml of
distilled water, directly on the laryngopharyngeal mucosa.

Group V consisted of twelve animals treated with a
mixture of 400mg of sodium nitrate diluted in 300ml of filtered
water and submitted three times weekly to the application of a
solution of 0.1N hydrochloric acid directly on the laryngopha-
ryngeal mucosa.

Group VI consisted of twelve animals treated with a
mixture of 400mg of sodium nitrate diluted in 300ml of filtered
water and submitted twice weekly to the application of a 0.1N
hydrochloric acid solution directly on the laryngopharyngeal
mucosa.

Group VII consisted of ten animals submitted twice
weekly to the application of filtered water directly on the laryn-
gopharyngeal mucosa, serving as control group for this study.

Application was carried out with a common Number
1 brush with soft bristles, using non-traumatic separators to pro-
vide direct exposure of the laryngopharyngeal mucosa of the
rats. Yellow brushes were used exclusively for applying the acid,
tan brushes exclusively for the mixture of acid and pepsin, and
blue brushes exclusively for the filtered water. The area of ap-
plication included the risk mucosa in study, namely, the pha-
ryngeal mucosa, besides the supraglottic laryngeal mucosa.
There was no need for anesthesia because the procedure caused
no significant discomfort to the animals.

The animals were submitted to applications in series
for a period of six months, during which time they received a
diet of standard ration, their weights being monitored monthly.
After the period of exposure, the rats were euthanized by pro-
longed anesthesia with endovenous chloral hydrate in lethal
doses of two milliliters (2ml) per kilogram of weight.

The specimens for study were obtained by dissecting
the risk mucosa and the parts were removed in toto, similar to
the surgical procedure performed in humans. Following removal,
the specimens were fixed in formalin for 24 hours and then
stored in a 70% alcohol solution. Slides were prepared and col-
ored with hematoxylin and eosin and set in paraffin.

They were analyzed blindly by two experienced pa-
thologists, who evaluated the presence of inflammatory changes
in the laryngeal mucosa, such as ulceration, inflammatory infil-
trate and characteristic cellularity, as well as the presence of
inflammatory exudate in the laryngeal lumen.

For statistical analysis, the SAS Computer System for
Windows (Statistical Analysis System), version 8.02 was used
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(SAS Institute Inc, 1999-2001, Cary, NC, USA). Histological
changes were compared using the Fisher Exact Test.

Results

Two animals were excluded from the study, one from
group VI and one from group VII, due to lack of oropharyngeal
mucosa in the material analyzed.

Among the groups studied no epithelial changes sug-
gestive of dysplasia, intra-epithelial neoplasia or clearly inva-
sive carcinoma were observed. Inflammatory histological

changes were observed in varying degrees, such as the pres-
ence of lymphocytes and mast cells. There was also inflamma-
tory infiltrate in the mucosa depending on the substance ap-
plied and its frequency. No mucosal ulceration was observed.

Evaluating separately the cells that comprised the in-
flammatory reaction in the histological findings, greater fre-
quency of lymphocytes was seen in Groups II, III, IV and V,
although no statistical difference was observed (p = 0.442)
(Table 1). The presence of mast cells was more intense in Groups
V and VI (p = 0.006) (Table 2).

TABLE 1 – Comparative analysis of lymphocytes in the Groups (Fisher Test: p=0,042)

TABLE 2 – Comparative analysis of mast cells in the Groups (Fisher Test: p=0,006)

Limphocytes Group I Group II Group III Group IV Group V Group VI Group VII Total 

0 12  

(100%) 

11 

(91.67%) 

11 

(91.67%) 

10 

(83.33%) 

12   

(100%) 

9 

(81.82%) 

7    

(77.78%) 

72 

1-2 0  

(0%) 

1    

(8.33%) 

1    

(8.33%) 

2  

(16.67%) 

0  

(0%) 

2  

(18.18%) 

2 

(22.22%) 

8 

Total 12 12 12 12 12 11 9 80 

Mast cells Group I Group II Group III Group IV Group V Group VI Group VII Total 

0 12  

(100%) 

12 

(100%) 

12 

(100%) 

12 

(100%) 

8 

(66.67%) 

8 

(72.73%) 

7 

(77.78%) 

71 

1 0  

(0%) 

0  

(0%) 

0 

(0%) 

0  

(0%) 

4 

(75,0%) 

3 

(27.27%) 

2 

(22.22%) 

9 

Total 12 12 12 12 12 11 9 80 
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When the animals’ weights was analyzed, statistical
difference was found only between Groups V and VI in Time
t4, which can be explained by the presence of one animal (Rat

6 of Box 10, Group V), which was quite small in comparison to
the others (Figure 1).

FIGURE 1 – Rats weight (grams) during the study

Discussion

The relationship between heavy smoking and alcohol-
ism with the etiology of malignant neoplasms in the upper airway
and digestive tracts has been well established1-3. However, approxi-
mately 5% of patients with head and neck squamous cell carci-
noma (SCC) have no history of chronic use of tobacco or alco-
hol31. This fact seems to reinforce the existence of other factors
involved in the genesis of such tumors. One of these co-factors
may be the pharyngolaryngeal reflux. A number of authors have
shown the co-carcinogenic action of this pathology4-19, whose
leading irritating agent on the mucosa is the hydrochloric acid.

Sodium nitrate and its derivatives are co-promoters of
carcinogenesis, especially the nitrosamine group. The nitrate is
absorbed in the small bowels or generated endogenously by
nitrous oxide and secreted by the salivary glands. The bacterial
flora of the tongue reduces the nitrate into nitrite, and the ni-
trite, in contact with the acid pH of nitrous acid, into nitrogenated
substances, which, upon reacting with secondary amines, may
form N-nitrosamins28, which are known to be carcinogenic and
often observed in Barrett’s esophagus29.

Koufman showed that pharyngolaryngeal and gastroe-
sophageal refluxes are different entities, each with its specific
symptoms, with infrequent heart burn and regurgitation in the
former. Koufman also observed that laryngeal epithelium is more
susceptible to tissue injury than is esophageal epithelium32.

Olson correlates PLR with inflammatory changes of
the upper aerodigestive mucosa and symptoms as throat clear-
ing, laryngeal granuloma, globus pharyngeus, cervical dysph-
agia and subglottic stenosis33. Malfertheiner e Hallerback asso-

ciate PLR with respiratory diseases such as chronic coughs,
asthma, apnea in sleep and chronic obstructive lung disease34.

In a clinical study, Koufman analyzed the most preva-
lent symptoms and laboratory findings in 225 patients with
DRGE following examination of esophageal pHmetry. Among
the patients studied, symptoms were similar to those described
previously but no oropharyngeal SCC was observed. In this
same study, the injury mechanisms of hydrochloric acid associ-
ated with pepsin in the subglottic mucosa of 20 dogs were ex-
perimentally studied. These animals were divided into three
groups, with applications of saline solution, pepsin alone, neu-
tralized acid and sodium hydroxide (control group); 0.1N hy-
drochloric acid and mixture of 0.1N hydrochloric acid with
pepsin diluted to 0.3mg/ml. It was observed that, in the group
submitted to the application of hydrochloric acid, there was
greater latency in the healing of the inflammatory process than
in the control group, and that there was no healing in the group
submitted to the mixture of acid and pepsin35.

Mercante and collaborators analyzed 274 patients with
CEC in the oral cavity, pharynx and larynx and found 29.3% of
GERD confirmed with digestive endoscopy. Only 92 of these
patients were not smokers, but a higher percentage of GERD
was found in those with laryngeal CEC (21.7%) than in the
general population (5%), p = 0.0001, indicating that the reflux
might be considered a co-promoter of carcinogenesis36.

Rubin et al.37and Nurgalieva et al.38 studied the pos-
sible action of Helicobacter pylorii in pharyngolaryngeal car-
cinogenesis, although these authors presented conflicting results.

The tumorigenic action of hydrochloric acid in high
concentrations in the oral mucosa of hamsters was well estab-
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lished in the work of Adams et al.21. The authors used five
different groups of animals, applying solutions of
dimethylbenzathracene (DMBA)  associated or not with hy-
drochloric acid, with and without the addition of porcine pep-
sin. It was ascertained that the combined action of the hydro-
chloric acid with the pepsin fostered the emergence of neoplas-
tic lesions of greater dimensions than those in the control group,
although less latency time for their appearance was not seen.

Previous works21-25 showed clear tumorigenic action
of (DMBA) and of other benzene derivatives, as well as the
difluoromethylornitine associated with 5-Fluoracil26, although
currently, due to the high toxicity of these agents, the prefer-
ence has been to use other solutions.

In the present study, only substances involved in GERD
were used, namely, hydrochloric acid in the concentrations found
in the organism (0.1N), pepsin, and nitrate. Although no pre-
neoplastic changes were found, greater intensity of inflamma-
tory reaction was seen in the groups where sodium nitrate
(p<0.05) was applied, with greater tendency in the group with
three weekly applications (groups V and VI), confirming its
injurious action. Differently from the study by Adams et al.21,
the synergic effect between acid and pepsin was not observed.

The histological changes found in the oropharyngeal
mucosa of rats were based on the paper by Lewis39, who de-
scribed the inflammatory injuries in the larynx of rats submit-
ted to a similar experimentation.

Opposite to the data found in this study, the work by
Goldberg et al.22, although performed on cats, found more in-
jury in the esophageal mucosa submitted to the application of a
mixture with higher concentrations of acid and pepsin, although
no pre-neoplastic changes were seen. The study did not involve
the use of nitrates. Lillemoe et al.24, in an experiment with New
Zealand rabbits, ascertained that the pepsin in acid pH has a
more irritating effect on the esophageal mucosa than do trypsin,
bile or acid, analyzed separately, also with no dysplastic changes
being noted. Again no nitrate was used.

Conclusion

Applications of a mixture of a 0.1N hydrochloric acid
solution with a solution of pepsin and sodium nitrate, directly
on the laryngopharyngeal mucosa, in groups of Wistar rats,
caused inflammatory histological changes of varying degrees,
such as the presence of lymphocytes and mast cells, however
no epithelial changes suggestive of dysplasia, intra-epithelial
neoplasia or clearly invasive carcinoma were seen. The data of
the current study could not corroborate the hypothesis that gas-
troesophageal  and pharyngolaryngeal refluxes are carcinogenic
factors to the laryngopharyngeal mucosa, and more studies are
necessary in the future.
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