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Abstract
Background. Tongue tumors, which are oropharyngeal tumors, are increasing in frequency. Pyrrolidine 
dithiocarbamate (PDTC) is a powerful antioxidant and antitumoral agent.

Objectives. To evaluate the protective and therapeutic effects of PDTC in a tongue cancer model induced 
with 4-nitroquinoline 1-oxide (4-NQO).

Material and methods. We included 40 rats in the trial and assigned them randomly to 5 groups. Group 1 
(cancer, n = 7): 4-NQO (0–12 weeks); group 2 (protection, n = 8): 4-NQO (0–12 weeks) + PDTC (300 mg/
kg/day, 0–12 weeks); group 3 (therapy-high dose, n = 10): 4-NQO (0–12 weeks) + PDTC (600 mg/kg/day, 
weeks 12–30); group 4 (therapy-low dose, n = 10): 4-NQO (0–12 weeks) + PDTC (300 mg/kg/day, weeks 
12–30); and group 5 (control). Cardiac blood samples were taken to analyze oxidative stress parameters 
(total antioxidant status (TAS), total oxidant status (TOS) and oxidative stress index (OSI)). Histopathological 
assessment was performed under a light microscope.

Results. The results of the histopathological assessment showed that the model we used in group 1 was 
successful, which was consistent with the literature. The PDTC dose administered in group 2 could not prevent 
tumor formation. Group 3 demonstrated that PDTC in high doses is effective as a therapeutic agent. Group 4 
indicated that PDTC in low doses has no therapeutic effect. The results of the biochemical assessment showed 
that in group 3, TOS and OSI values were significantly lower than in groups 1, 2 and 4. No significant difference 
was found in the TOS and OSI values between groups 5 and 3.

Conclusions. Our study demonstrated histopathologically that in an experimentally generated tongue 
cancer model, application of 600 mg/kg/day of PDTC led to a significant reduction in the size of the tumor. 
This was supported by the biochemical parameters.
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Introduction

Oral and parapharyngeal cancer represents less than 2% 
of all deaths from cancer and more than 2% of newly diag-
nosed cancer cases.1 The progression of oral cancer pro-
ceeds from hyperplastic epithelial lesions to dysplasia and 
invasive carcinoma.2 Remission and prognosis are linked 
to a more detailed understanding of the multi-stage pro-
cess causing the development of cancer.3 It  is therefore 
important to repress the carcinogenesis with chemopro-
tective agents. Many current studies are directed towards 
identifying currently available chemoprotective agents.4 
Some of these agents are foodstuffs such as vegetables and 
fruit, and it has been reported that they act as protective 
agents in carcinoma of the tongue.5 These chemoprotec-
tive agents have anti-proliferative, anti-inflammatory and 
antioxidant effects.

Pyrrolidine dithiocarbamate (PDTC) is a metal chelator 
and antioxidant as well as nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) inhibitor. It is a thiol 
compound of low molecular weight. It has a large number 
of biological activities, including changing the redox state,6 
chelating heavy metal ions7 and inhibiting enzymes.8 Prin-
cipally, PDTC is a powerful inhibitor of NF-κB.9 It shows 
an antioxidant effect, preventing the toxic effect of free 
radicals10 as well as blocking the pro-inflammatory effects 
of cytokines.11 In addition, it increases antioxidant activity 
by increasing the gene expression of superoxide dismutase 
(SOD)12 and glutathione peroxidase (GPX),13 2 endogenase 
antioxidant enzymes. In addition, PDTC affects oxidant-
related cell damage by reducing the build-up of malondial-
dehyde (MDA).14 Studies have shown that PDTC, particu-
larly through NF-κB inhibition, prevents the development, 
growth and angiogenesis of tumors.15,16 We also studied 
the effectiveness of PDTC in preventing and treating ex-
perimentally produced tongue cancer.

Material and methods

Animals, diets and chemicals

Our study was started after obtaining approval from 
the Ethics Committee for experimental research at Bezmi-
alem Vakif University (Istanbul, Turkey). We  included 
40 female Sprauge–Dawley rats (8 weeks old). All the ani-
mals were kept in cages in groups of 3 or 4, with drinking 
water and standard feed ad libitum. The day/night rhythm 
was set to 12/12 h, and the temperature was 23°C.

The animals were randomly assigned to 5 groups:
Group 1 (cancer, n = 7): 20 ppm of 4-nitroquinoline 1-ox-

ide (4-NQO) was added to the drinking water for the first 
12 weeks of the study.

Group 2 (protection, n = 8): 20 ppm of 4-NQO was add-
ed to the drinking water for the first 12 weeks of the study. 

In addition, a dose of 300 mg/kg/day of PDTC was admin-
istered by gavage for the same 12-week period.

Group 3 (high-dose therapy, n = 10): 20 ppm of 4-NQO 
was added to the drinking water for the first 12 weeks 
of  the  study. Subsequently, a  dose of  600  mg/kg/day 
of PDTC was given by gavage from week 13 until week 30.

Group 4 (low-dose therapy, n = 10): 20 ppm of 4-NQO 
was added to the drinking water for the first 12 weeks 
of  the  study. Subsequently, a  dose of  300  mg/kg/day 
of PDTC was given by gavage from week 13 until week 30.

Group 5 (control, n = 5): Physiological saline (1 cm3) was 
administered by gavage for 12 weeks.

Groups  1, 2 and 5 were sacrificed at  the  end of  the 
12th  week; groups  3 and 4 were sacrificed at  the  end 
of the 30th week. After sacrificing the rats, their tongues 
were excised. Macroscopic photographs were taken.

Histopathological analysis

Each tongue was cut in half longitudinally. Each tis-
sue specimen was fixed in 10% buffered formalin and em-
bedded in paraffin blocks. Each specimen was sliced into 
multiple transverse sections for histological processing. 
The histopathological evaluation was performed by light 
microscopy. The  tongue sections were graded as  nor-
mal, hyperplasia, carcinoma in situ, dysplasia, or carcino-
ma per animal, as modified from the method described 
by Ribeiro et al.17

Biochemical parameters

At the end of the study, before sacrificing the rats, cardiac 
blood samples (5 mL) were taken to analyze oxidative stress 
parameters: total antioxidant status (TAS), total oxidant 
status (TOS) and oxidative stress index (OSI). The hepa-
rinized blood was centrifuged (1500 × g for 10 min) and 
the serum that was obtained was saved at −80°C for TOS 
and TAS analysis using commercial kits (Rel Assay Diag-
nostics, Gaziantep, Turkey); the OSI was the TOS-to-TAS 
ratio (see below).

Measurement of total oxidant status

Plasma TOS was measured using an automated method 
developed by Erel.18 The oxidants present in a sample 
oxidize the ferrous ion in an o-dianisidine complex to 
ferric ion. Oxidation is enhanced using glycerol, which 
is abundant in the reaction medium, and the ferric ion 
forms a colored complex with xylenol orange under acidic 
conditions. The color intensity (which can be measured 
spectrophotometrically) is associated with the total level 
of oxidants present. Hydrogen peroxide is used to cali-
brate the assay, and the results are expressed in terms 
of micromoles of hydrogen peroxide equivalent per liter 
(mmol H2O2 equiv/L).
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Measurement of total antioxidant status

Plasma TAS was measured using another automated 
method developed by  Erel.19 This involves production 
of the hydroxyl radical, which is a potent biological reac-
tant. A ferrous ion solution (reagent 1) is mixed with hy-
drogen peroxide (reagent 2). Radicals produced by the hy-
droxyl radical, including the brown dianisidinyl radical 
cation, are also potent in biological terms. Thus, it is pos-
sible to measure the antioxidative capacity of a sample 
in terms of the inhibition of free radical reactions initi-
ated by the production of the hydroxyl radical. Variation 
in the assay data is very low (less than 3%), and results are 
expressed as mmol Trolox equiv/L.

Measurement of oxidative stress index

The OSI is the TOS-to-TAS ratio, but TAS values were 
changed to mmol/L. Each OSI was calculated as follows: 
OSI (arbitrary units) = TOS (mmol H2O2/l)/TAS (mmol 
Trolox/L).20

Statistical analysis

The statistical analysis was carried out using the Statis-
tical Package for the Social Sciences v. 13.0 for Windows 
(SPSS Inc., Chicago, USA). All quantitative variables were 
assessed using measures of central location (i.e., mean and 
median) and measures of dispersion (i.e., standard devi-
ation (SD)). Data normality was checked using the Kol-
mogorov–Smirnov test.

For inter-group comparisons, the  one-way analysis 
of  variance (ANOVA) was used. Tukey’s honestly sig-
nificant differences (HSD) post hoc test was used with 
the  Bonferroni correction applied was used to  estab-
lish between which groups a difference existed (p < 0.01 
was accepted as statistically significant). To assess qual-
itative data, the χ2 test was used; p < 0.05 was accepted 
as significant.

Results

The rats were weighed at the beginning of the study and 
before sacrificing the animals (Table 1).

Histopathological analysis

Group 1 (4-NQO 12 weeks): Of the 7 rats used, after 
12 weeks 4 had in situ squamous cell carcinomas (SCC), 
2 had high-grade dysplasia and 1 had middle-grade dysplasia 
(Fig. 1). Group 2 (4-NQO weeks 0–12 + PDTC 300 mg/kg/day 
weeks 0–12): Of the 8 rats used, after 12 weeks, 1 had superfi-
cial invasive SCC, 1 had in situ SCC, 1 had noninvasive SCC, 
4 had high-grade dysplasia, and 1 had low-grade dyspla-
sia (Fig. 2). Group 3 (4-NQO weeks 0–12 + PDTC 600 mg/
kg/day weeks 12–30): Of the 10 rats used, after 30 weeks, 
1 had middle-grade dysplasia, 1 high-grade dysplasia and 
5 had low-grade dysplasia, while 3 were healthy (Fig. 3). 
Group 4 (4-NQO weeks 0–12 + PDTC 300 mg/kg/day weeks 
12–30): Of the 10 rats used, after 30 weeks, 4 had invasive 
SCC, 2 had superficial invasive SCC and 4 had non-invasive 
SCC (Fig. 4). Group 5 (physiological saline 12 weeks): None 
of the rats developed tumors (Fig. 5).

Our study found no significant difference between 
groups 1 and 2 in terms of carcinogenesis (p > 0.05). Like-
wise, there was no significant difference between groups 3 
and 5 (p > 0.05). Significant differences in terms of carci-
nogenesis were found between groups 3 and 1 (p < 0.05) 
and between groups 3 and 4 (p < 0.05).

Table 1. Body mass of rats range before and after treatment

Group Before [g] After [g]

Group 1 (n = 7) cancer 219.7 ±24.9 165.2 ±17.3

Group 2 (n = 8) protection 228.5 ±23.9 201.8 ±10.9

Group 3 (n = 10) high-dose therapy 219. 1 ±27.5 195.3 ±14.7

Group 4 (n = 10) low-dose therapy 226.8 ±20.3 180.1 ±12.5

Group 5 (n = 5) control 216.3 ±25.8 247.4 ±32.8

Fig. 1. Macroscopic and histopathological view of group 1 (cancer)

Fig. 2. Macroscopic and histopathological view of group 2 (protection)
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Biochemical parameters

The TOS and OSI values in group 3 were significantly 
lower than in group 1 and group 4 (p < 0.01) (Table 2). 
There was no significant difference in the TOS and OSI 
values between groups 1, 2 and 4 (p > 0.05) (Table 1). 
The TAS values in group 3 were significantly higher than 
in all the other groups (p < 0.01) (Table 2).

Discussion

Oral cavity cancers account for about 3% of  all ma-
lignancies.21 Squamous cell carcinoma of  the  tongue 
is the 2nd most frequent oval cavity cancer.22 Smoking, 
alcohol use and chewing tobacco have been shown to be 
among the most common causes of tongue cancer.23 In 60–
70% of tumors in the oral cavity, diagnosis is made after 
the tumor has passed the locally advanced stage.24 It is thus 
very important to prevent the spread of the tumor by ear-
ly diagnosis. Despite advanced treatment methods, dur-
ing the last decades, the prognosis for patients with oral/
lingual SCC has not improved significantly.25

Today, surgery and chemotherapy (CT) are the treat-
ments most frequently used in cases of tongue cancer. 
However, even though these methods are now the principal 
modalities for treating tongue cancer, either of them can 
lead to a number of defective outcomes. For example, sur-
gical treatment creates a great physiological and psycholog-
ical burden for the patient and can lead to problems with 
swallowing and speaking, thereby severely reducing the pa-
tient’s quality of life. Chemotherapy, on the other hand, 
involves serious toxicity, which may lead to multi-system 
risks affecting the patient’s health. Radiotherapy (RT), even 

Fig. 5. Macroscopic and histopathological view of group 5 (control)

Fig. 4. Macroscopic and histopathological view of group 4 (low-dose 
therapy)

Fig. 3. Macroscopic and histopathological view of group 3 (high-dose therapy)

Table 2. Biochemical parameters (mean ± standard deviation (SD))

Groups TOS
[µmol H2O2Eqv/L]

TAS
[µmol TroloxEqv/L]

OSI
(TOS/TASX100)

Group 1 (cancer)
(4-NQO)

13.28 ±1.07b 1.62 ±0.67a 0.081 ±0.067a

Group 2 (protective)
(4-NQO+PDTC (300 mg/kg/day), 12 weeks)

11.93 ±1.76 1.48 ±0.53c 0.080 ±0.037

Group 3 (high-dose treatment)
(4-NQO+PDTC (600 mg/kg/day), 30 weeks)

7.21 ±0.54d 3.14 ±0.71d,e 0.022 ±0.012d

Group 4 (low-dose treatment)
(4-NQO+PDTC (300 mg/kg/day), 30 weeks)

12.57 ±1.19 1.38 ±0.25 0.091 ±0.024

Group 5 (control) (saline, 30 weeks)
One-way ANOVA¥ (between groups)

5.08 ±0.37
p = 0.0001

1.75 ±0.28
p = 0.0021

0.029 ± 0.023
p = 0.0001

TAS – total anti-oxidant status; TOS – total oxidant status; OSI – oxidative stress index; ¥ – one-way analysis of variance (ANOVA) test, p < 0.05 significance 
level obtained; a–e p < 0.01 significance level obtained (Tukey’s HSD post hoc test); a – group 1 compared to group 3; b – group 1 compared to group 4; 
c – group 2 compared to group 3; d – group 3 compared to group 4; e – group 3 compared to group 5.
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if advanced technology allows a reduction of the affect-
ed area, can cause a number of problems, given the close 
proximity of several structures in the oropharyngeal re-
gion. As a result of these treatment methods, several func-
tions (speaking, mastication, swallowing) can become dys-
functional or distorted.26

It is therefore important to repress the carcinogenesis 
with chemoprotective agents, and many current studies 
are directed towards identifying currently available ones.4,5 
Pyrrolidine dithiocarbamate is an NF-κB inhibitor and 
is known to be anti-viral, anti-inflammatory, antioxidant 
and metal-chelating.27 It has a strong anti-tumoral effect 
especially because of NF-κB inhibition. The NF-κB media-
tors produce an anti-apoptotic signal, inhibiting cell apop-
tosis; thus, the cell loses the normal apoptotic function and, 
consequently, a tumor can develop.28 It has been shown that 
PDTC induces apoptosis in smooth muscle cells and leu-
kemic cells through an apoptotic pathway.29 In addition, 
it has been shown that tumor cell growth and proliferation 
in gastrointestinal stromal (GIS) tumors is inhibited thanks 
to the anti-tumoral effect of PDTC.30 In mice, PDTC in-
hibits tumor formation and reduces tumor angiogenesis 
in lung cancer through NF-κB inhibition.28 Thus, we can 
expect the NF-κB inhibitor PDTC to be an effective tumor 
drug, but additional research in this area is required. For 
this purpose, our study assessed the protective and thera-
peutic effectiveness of PDTC in carcinoma of the tongue.

In  our study, we  gave group  1  4-NQO (20  ppm) for 
12 weeks. According to the literature, 4-NQO is used to gen-
erate experimental tongue cancer. Of the 7 rats in group 1, 
4 developed in situ carcinoma, 2 developed high-grade dys-
plasia and 1 developed middle-grade dysplasia (Fig. 1). These 
results are consistent with the literature31,32 and show that 
our cancer model was implemented successfully.

Our study also tested whether PDTC in a low dose was ef-
fective in preventing the development of cancer. Therefore, 
we gave group 2 4-NQO (20 ppm) over 12 weeks along with 
low-dose PDTC (300 mg/kg/day). After 12 weeks, it could 
be shown that PDTC inhibits the formation of cancer tis-
sue in rats (Fig. 2). At that time, no significant differences 
in tumor development could be found between groups 1 
and 2 (p > 0.05). We think that this was due to the low dose 
administered. Our intention in setting up this group was 
to assess whether PDTC has protective effects when ap-
plied in pre-malignant carcinomas of the tongue.

We planned group 3 to assess the therapeutic effective-
ness of PDTC. In this group, after 12 weeks of 4-NOQ ad-
ministration, we gave high-dose PDTC (600 mg/kg/day) for 
the following 18 weeks. At the end of 30 weeks, we found 
a significant reduction in cancer development in group 3 
(Fig. 3). The effectiveness of PDTC applied in high doses 
in the treatment of tongue tumors was shown macroscop-
ically and histopathologically (Fig. 3). We assume that 
PDTC produces this effect thanks to its NF-κB inhibi-
tion. In the literature, there are only a few studies showing 
PDTC to be effective in cancer treatment.28–30

In group 4, set up to assess the effectiveness of small 
doses (300 mg/kg/day) of PDTC in cancer treatment, after 
30 weeks all the rats had developed cancer (Fig. 4). There 
was a histological difference between groups 1 and 4, be-
cause group 1 was administered 4-NQO for 12 weeks and 
then was sacrificed, whereas group 4 received low-dose 
PDTC after 12 weeks of 4-NQO. However, this low dose 
of PDTC was not effective enough, and cancer develop-
ment continued.

It  is known that oxidative stress plays an  important 
role in carcinogenesis. Reactive oxygen radicals play roles 
in various places, damaging DNA, interacting with onco-
genes, affecting tumor suppressor genes, and affecting im-
munological mechanisms.33

In a study by Doğan et al., oxidative stress parameters 
were investigated in head and neck tumors. In malignant 
tumors, TOS values were significantly higher and TAS val-
ues lower than in benign tumors.34 Various studies have 
shown a strong antioxidant effect of PDTC.11,12 In order 
to assess oxidative stress, our study evaluated the TAS, 
TOS and OSI values in intracardiac serum samples taken 
from all the rats. In group 3, TOS and OSI values were sig-
nificantly lower than in groups 1 and 4 (Table 2). No signif-
icant difference in the TOS and OSI values was found be-
tween groups 3 and 5 (Table 2). The TAS values in group 3 
were significantly higher than in other groups (Table 2). 
These data led us to assume that PDTC is a strong anti-
oxidant that can help prevent tongue cancer.

Conclusions

Our study confirmed a number of general results: 1) that 
20 ppm of 4-NQO applied over 12 weeks creates experi-
mental tongue cancer in a rat model; 2) that PDTC applied 
at a dose of 300 mg/kg/day is not protective against tongue 
cancer; and 3) that 300 mg/kg/day of PDTC is not sufficient 
to stop the progress of tongue cancer. At the same time, 
our study showed that a dose of 600 mg/kg/day of PDTC 
can stop the progress of tongue cancer and lead to a signif-
icant reduction of lesions. Our results indicate that the ef-
fects of PDTC are achieved by reducing oxidative stress 
and inhibiting NF-κB.

The limitations of our study include its experimental na-
ture, the lack of comparisons with other non-surgical treat-
ment methods (CT, RT) and the lack of additional groups 
that would enable evaluation of tumor sizes and survival.

The primary strength of our study is that it investigates 
the effects of PDTC on tongue cancer for the first time 
in  the  literature, providing both histopathological and 
biochemical evaluation parameters, using different doses 
of PDTC and evaluating both preventative and therapeutic 
effects. We have demonstrated experimentally that PDTC 
can contribute to the prevention and treatment of tongue 
cancer. This study is the first in the literature on this subject, 
and additional experimental and clinical studies are needed.
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