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ABSTRACT 
 
There is a direct association between survival rate of patients with oral cancer and the stage of the disease at the 
time of diagnosis. Early preventive actions which stall the progression or reversethe malignant lesions are very 
important. Different studies have shown the preventive effect of melatonin on progression of skin cancers, 
fibrosarcoma, endometrial carcinoma and protective effect on hepatocarcinogenesis. The aim of this study was to 
assess the effect of melatonin in preventing the progression of oral premalignant lesions to malignant lesions and 
squamous cell carcinoma (SCC). In order to induction of premalignant lesions, all subjects were received 50 mg/ml 
water-soluble carcinogen 4-nitroquinoline-1-oxide for 14 weeks. Then subjects were divided into 3 groups each 
containing 8 mice.Group 1 received 2 mg/L, group 2 received 20 mg/L melatonin in drinking water, and group 3 
received only water without melatonin as the control group. In week 22, all mice were euthanized; their tongues 
were totally removed and photographs were taken from all visible lesions. Samples were evaluated to determine 
dysplasia. Statistical analysis was performed with SPPS statistics version 15 using descriptive analysis (mean, 
standard deviation, mode, frequency). Kruskal-Wallis test was used to compare the mean differences between study 
groups, and if the difference was significant, chi-square test was performed. A p value of less than 0.05 was 
considered statistically significant. Our study findings showed that melatonin couldregress the progression of 
malignant lesions by reducing its size. Moreover it was found that melatonin is significantly more effective on 
reducing the size of lesions at lower doses (2 mg/L). Although the dysplastic grade and thenumber of lesions were 
decreased in melatonin recipient groups, but the difference was not statistically significant.  The current study has 
shown that melatonin dose-dependently reduces the size and diameter of malignant lesions. 
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INTRODUCTION 

 
Oropharyngeal squamous cell carcinoma (SCC) is the sixth highest prevalent cancer in the world (1). Despite the 
progress ofcancer treatment, the overall survival rate of the patient has not significantly changed during past 20 
years. The 5 year survival rate of these patients was 45-50 percent (2).Since the 5 year survival rate has a direct 
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association with stage ofcancer at the time of diagnosis, thus early diagnostic and preventive actions may cease and 
in some cases regress the progression of the tumor (3) .The role of the pineal gland on induction of different 
malignant tumors have been studied in recent years and it was determined that the function of pineal gland is 
decreased in patients with cancer and the regular circadian rhythm of its main hormone which is melatonin is 
impaired (4). 
 
Resection of pineal gland may increase the growth of tumoral tissue and consumption of melatonin may reverses 
this process and inhibits the tumorigenesis effect of carcinogen substances.It is highly probable that melatonin 
decrease growth of tumoral tissue by inhibiting mitosis and regulating the receptors in the tumoral cells (28). In 
addition the researches that were conducted to evaluate the effect of melatonin in cancer patients have shown that, in 
these patients, melatonin was released lesser in comparison with healthy subjects (4, 5). 
 
Greenlee et al., in a review article studied the effect of different anti-oxidant complements on breast cancer 
treatment, has suggested melatonin as the best choice for treating this cancer (33) .More recent review articles were 
published by Seely et al (34) in 2011 and Wang et al (35) in 2012. Seely and coworkers (34) investigated the effect 
of administration of melatonin in addition with chemotherapy, radiotherapy, conservative and palliative therapyon 
patients' treatment response, toxicity of chemotherapy and 1 year survival rate. Wang and colleagues have evaluated 
randomized clinical trials (RCTs) which have studied the effect of melatonin on solid tumors on preventionof 
tumoral tissue growth, 1 year survival rate and the side effects of radiotherapy and chemotherapy. Sánchez-
Barcelóand coworkers (36) in 2010,studied uncontrolled trials regarding the effect of melatonin as an additional 
therapy in cancer treatment. Although all 3 studies reported positive effects of melatonin, but they evaluated only 
particular tumors which oral cancer was not one of them and due to unknown reasons they omitted some of RCT 
studies.  
 
There are few studies evaluating oralcancers. Chaiyarit et al studied the effect of DNA damage caused by oral lichen 
planus as a chronic inflammatory disease, and carcinogenesis of the oral mucosa. They evaluated human tissue 
samples and found that exogenous induction of a specific type of melatonin receptor called MTNR1A may prevent 
the occurrence of oral cancer in comparison with samples which had not this type of receptor (37).Also Nakamura 
and coworkers have pointed the importance of the presence of this receptor with the occurrence of oral cancer and 
importance of epigenetic studies in this field.  
 
On the other hand, Gómez-Moreno and colleagues (39) in their review article evaluated the effect of melatonin on 
oral lesions. They have pointed that the effect of radioactive factors on the pathogenesis of premalignant oral lesions 
like leukoplakia (38), oral lichen planuswas previously investigated by Gómez-Morenoet al. (39), and due to anti-
oxidant effect of melatonin, they suggested that the use of melatonin should be considered inthe treatment of oral 
lesions.  
 
Considering the above findings, this study is sought to investigate the effect of melatonin on preventing the 
progression of oral premalignant lesions to squamous cell carcinoma (SCC) in an animal study. In the other words, it 
was trying to find out a suitable way to prevent the occurrence of oral cancer at the diagnosis stage of premalignant 
lesions. 
 

MATERIALS AND METHODS 
 

Sample Size Estimation 
The number of subjects was 8 in each group based on a previous study. (15) Considering the probability of death 
and subjects loss,15mice were enrolled in each group.  
 
Subjects Characteristics 
This study was performed in accordance with NHI protocol and Guide for the Care and Use of Laboratory 
Animals.Femalemice (Mice c52BLb), which is known as black CS7 were used in the study. (40) 
 
Storage Condition 
Subjects were kept at the temperature of 22 ± 2 degrees of Celsius, humidity of 60 ± 5% and light/night cycle of 
12/12 hours. Accessible foods were available (40). 
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Grouping  
All subjects received 50 mg/ml water-soluble carcinogen 4-nitroquinoline-1-oxide (4NQO) (4-NQO;Cat#  
N8141, Sigma, St. Louis, MO) for 14 weeks. Based on previous studies the probability of induced premalignant 
lesions conversion to SCC is 1:7 which is similar to the conversion probability of non-inducedpremalignant lesions 
(40) .  
 
The subjects were randomly divided into 3 groups (9). Group 1 received low dose (2 mg/L) and group 2 received 
high dose(20 mg/L) of melatonin (Sigma, St.Louis; MS) in drinking water. Group 3 received only water without 
melatonin as the control group (41). 
 
In order to ensure the induction of dysplasia, at the end of 14th week some of the mice were euthanized and autopsies 
were taken from the mice's tongue. The result of dysplasia evaluation is shown in figure 1. At week 22, all mice 
were euthanized; their tongues were totally removed and autopsies were obtained. Number and largest size of 
lesions were recorded and samples were evaluated regarding dysplasia.     
 

 
 

Figure 1. Induction of malignancy. Left figure is belonged to group 1 and right figure is belonged to control group. 
 
Counting the number of lesions and their measurement were performed by project collaborator and fellow student 
using digital microscopes (Shenzhen Lianshuoda Technology Co., Ltd. China).Samples were fixed in 10% formalin. 
The prepared blocks were cut out to 50 µm thickness sections and then were stained by hematoxylin and eosin 
(H&E) stain (figure 2). 
 

 
 

Figure 2.Histopathologic sample of tongue of a control subject 
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RESULTS 
 

Statistical Analysis 
Statistical analysis was performed with SPPS statistics version 15 using descriptive analysis (mean, standard 
deviation, mode, frequency). Kruskal-Wallis test was used to compare the mean differences between study groups 
and if the difference was significant, chi-square test was performed. A p value of less than 0.05 was considered 
statistically significant.  
 
1-Number of lesions  
The number of lesions is demonstrated in table 1. To evaluate the statistical significance between the numbers of 
lesions of each group, the chi-square test was used. It was shown that there was no statistically significant 
association between the numbers of lesion in the paired groups. 

 
Table1. Number of Lesions in Each group 

 
  Number of Lesions 

1 2 3 4 5 
Control group 2 3 2 0 1 
2 mg melatonin recipient 7 0 0 1 0 
20 mg melatonin recipient 7 2 0 0 0 

 
 
2-Diameter of the largest lesion 
The results which are demonstrated in table 2 showed that the mean diameter of the largest lesion in the control 
group was more than other groups and in the 2 mg melatonin recipient group was less than other groups. In order to 
evaluate the normal distribution of diameter of largest lesion variable, Kolmogorov-Smirnov test was used. The 
results of this test showed that the diameter of largest lesion variable had normal distribution, thus the data were 
parametric (p>0.05). 

 
Table 2. Mean Diameter of the Largest Lesion 

 
Group Mean ± Standard Deviation  
Control group 2.06 ± 1.05 
2 mg melatonin recipient 1.05 ± 0.62 
20 mg melatonin recipient 1.07 ± 0.76 

 
The one-way analysis of variance (ANOVA) test was used to evaluate the association between mean diameters of 
largest lesions of 3groups. The level of significance was defined as p value< 0.05. The results which are 
demonstrated in table 3 showed that there was a statistically significant association between mean diameters of 
largest lesions of 3 groups (p<0.05). Tukey’s test was used to find out which pair groups exactly had the significant 
difference. The results are shown in table 4.The analysis showed that there was a statistically significant difference 
between the mean diameter of control group and 2 mg recipient melatonin group, and the mean diameter was higher 
in the control group than 2 mg recipient group (p< 0.05). There was no statistically significant difference between 
paired groups of control and 20 mg recipient melatonin and also 20 mg recipient melatonin and 2 mg recipient 
melatonin (p> 0.05). 

Table 3.Results of One-way Analysis of Variance 
 

Variable F P value 
Diameter of the Largest Lesion 4.12 0.03 

 
Table 4. Comparison of Lesions’ Diameters between Groups Using Tukey’sTest 

 
Group Pairs Mean Difference P value 

Control with 2 mg melatonin recipient groups 1.01 0.046 
Control with 20 mg melatonin recipient groups 0.99 0.053 
2 mg melatonin recipient with 20 mg melatonin recipient group - 0.024 0.99 
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4-Hispopathology 
The results of histopathologic evaluation of the samples are shown in table 5. The findings showed that in the 
control group the frequency of mice with slight dysplasia was lower than other groups and in the 2 mg melatonin 
recipient group was higher than other groups. Also the number of subjects with higher dysplasia was more in the 
control group and was less in the 2 mg recipient melatonin group.  
 

Table 5.Histologic findings according to different group 
 

Group 
Number (%) 

Mild Dysplasia Moderate Dysplasia Severe Dysplasia 
Control group 0 3 (37.5) 5 (62.5) 
2 mg melatonin recipient 4 (50) 3 (37.5) 1 (12.5) 
20 mg melatonin recipient 1 (14.3) 4 (57.1) 2 (28.4) 

 
To investigate the significant association between severities of dysplasia of the study groups, chi-square test was 
used and showed that there is no statistically significant association between severities of dysplasia of the different 
groups (p> 0.50). Since our data werenormal and parametric, one-way ANOVA test was used to investigatethe 
statistical significance difference between mean weights. The significance level was considered less than 0.05 . 
 
Catalase (nmoh/min/ml) 
The mean and standard deviation are demonstrated in table 6. The results showed that the mean of catalase in the 20 
mg melatonin recipient was more than other groups and in the 2 mg melatonin recipient was less than other groups.  

 
Table 6. Mean and standard deviation of each group according to Catalas standard 

 
Group Mean ± standard deviation 

Control group 21.37 ± 3.54 
2 mg melatonin recipient 19.25 ± 8.30 
20 mg melatonin recipient 23.91 ± 9.39 

 
In order to evaluate the normal distribution of catalase variable, the Kolmogorov-Smirnov test was used. The results 
of this test showed that catalase variable had normal distribution, thus the data are parametric (p>0.05). Since our 
data were normal and parametric, one-way ANOVA test was used to investigate the statistical significance 
difference between means of Catalase. The significance level was considered less than 0.50. The results of the one-
way ANOVA analysis showed that there was no statistically significant difference between the means of catalase of 
3 study groups (p>0.05).  
 

DISCUSSION 
 

Several studies have shown the effect of melatonin on preventing the occurrence of different cancers.(4) In the 
current study the effect of melatonin on regression or preventing the progression of premalignant oral lesions were 
investigated.  
 
In this animal study, the administration of melatonin on drinking water with different doses was performed 
according to circadian rhythm. This study showed that melatonin could regress the premalignant lesions by reducing 
their size (diameter of the lesions). Additionally, it was observed that the effect of melatonin on reducing the size of 
the lesions was dose dependent which was significantly more effective in lower doses (2mg/l). This finding was also 
observed in Vesnushkin and coworkers study. (41) They evaluated the effect of melatonin with doses similar to our 
study on benzo(a)pyrene induced skin cancers and found the better effect of melatonin at lower doses. (41) The dose 
dependent effect of melatonin was also reported in another Vesnushkin and coworkers study (42)about urethane-
induced carcinogenesis in the lung. We did not find a study which explains the reason of dose dependent effect of 
melatonin. It seems that high doses of melatonin side effects such as peroxidation or clastogenic effect may cause 
this outcome. (43) 
 
Based on our findings, half of our subjects which were treated with lower doses of melatonin had mild dysplasia and 
more than half of the subjects which were treated with the higher dose of melatonin had moderate dysplasia (58%), 
but in contrast 62% of the lesions without treatment had severe dysplasia.In other words it seems that the melatonin 
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receipting subjects shown lower grades of dysplasia but a comparison of their histopathologic findings had no 
statistically significant differences. According to our study results, in both melatonin recipient groups except 2 mice 
with 2 visible lesions, other subjects had only 1 observable premalignant lesion, but the difference was not 
statistically significant. To the best of our knowledge this is the first study which investigating the effect of 
melatonin on the number and dysplastic grade of lesions. Note that since the previous studies were evaluated the 
effect of melatonin on cancerous lesions and not precancerous ones, the grade of dysplasia was not evaluated. 
Melatonin did not regress the malignant lesion to premalignant lesion in any other study. In those mentioned studies, 
melatonin could prevent the occurrence of cancer on normal tissue or increased the survival of the cancerous 
animals. (44) 
 
The mechanism of the probable effect of melatonin which prevents or regresses the premalignant lesions is 
discussed in different ways. Melatoninmay play its anti-proliferative and anti-cancerous role in 5 ways. One of them 
is the impact on ML1 and ML2 receptors and inhibiting adenylate cyclase which consequently inhibits cAMP and 
ATP and finally results in decreasing uptake of linoleic acid. (6) On the other way, melatonin affects cellular ML3 
receptor and with the help of QR2 enzyme which is a detoxification enzyme, may reduce the chance of occurrence 
and progression of cancers. (7)Also melatonin may play its preventive role by influencing calmodulin or intranuclear 
receptors such as RZRB and RZR/RORa and changing the translation of cell proliferation genes. (8) Finally one of 
the most recognized mechanism of action of melatonin is its anti-oxidant effect.   
 
Melatonin can accumulate active oxygen radicals such as hydroxyl, proxyl, solitary oxygen and nitric oxide radicals, 
and also can activate anti-oxidant enzymes including superoxide dismutase, glutathione oxidase and catalase which 
would reduce DNA injury and the occurrence of malignancy. (8, 9) One of the most important effects of melatonin 
on preventing cancer, which in known from 1993, is its ability to collect free radicals in tissue (melatonin’s anti-
oxidant effect) that could prevent direct injury to DNA. (45) On the other way it is shown that this hormone would 
increase the serum level of anti-oxidant enzymes including glutathione peroxidase, glutathione reductase and 
catalase. (41)One of the most important mechanisms of 4NQO carcinogenesis is due to oxidative stress and then 
carcinogenesis with free radicals. (46) In the present study, in order to investigate the anti-oxidative effect of 
melatonin on regression of lesions induced with 4NQO, the serum level of catalase was evaluated in the study 
groups but the difference was not statistically significant. Evaluation of serum catalase activity in mice under 
treatment with melatonin was previously performed by Vesnushkin et al. (41)Similar to our study; they found that 
the serum activity of catalase had no statistically significant difference between high dose recipient melatonin and 
other study groups. In contrast to our study they found that administration of lower doses of melatonin had 
decreased activity of catalase. 
 
According to our study findings in comparison with previous studies, in contrast to our expectation, melatonin did 
not increase anti- oxidative activity of catalase. It is likely that the direct impact of melatonin is responsible for the 
anti-cancerous mechanism. Additionally, the effect of melatonin on reducing the size and diameter of the lesions 
may be attributable to its other known mechanism such as anti-mutagenic or anti-tumor effects. It was reported that 
melatonin could inhibit the mutative effect of some of carcinogen substances like benzopyrene, 7, 12-
Dimethylbenz[a]anthracene (DMBA), 2-aminofluorene, 1-2-dimethylhydrazine and bleomycin. On the other way it 
is possible that the melatonin effect may be due to changing in metabolic activity and liver enzymes. (41, 42) As 
some studies have demonstrated that melatonin could reduce liver microsomal enzymes activities such as P450 and 
b5 (47). Anti-angiogenesis effect of melatonin is another specificity of this hormone that may have an impact on 
reducing lesions’ size.   
 

CONCLUSION 
 

The current study has shown that melatonin dose-dependently reduced the size and diameter of malignant lesions but 
did not statistically significant decrease the grade of dysplasia and the number of lesions. 
 

REFERENCES 
 

[1] Warnakulasuriya, S.. Oral oncology 45.4 , 2009,  309-316. 
[2] Bagan, Jose V., and Crispian Scully. Oral oncology 44.2 ,2008,  103-108. 
[3] Richardson, Lisa C., et al. The breast journal 13.6 , 2007, 581-587. 



Ayla Bahramian et al Der Pharmacia Lettre, 2014, 6 (6):415-421 
______________________________________________________________________________ 

421 
Scholar Research Library 

[4] Anisimov, Vladimir N., et al. Biochimica et Biophysica Acta (BBA)-Bioenergetics 1757.5 , 2006, 573-589. 
[5] Mills, Edward, et al. Journal of pineal research 39.4 , 2005, 360-366. 
[6] Claustrat, Bruno, Jocelyne Brun, and Guy Chazot. Sleep medicine reviews 9.1 , 2005, 11-24. 
[7] Dietz, Birgit M., et al. Chemical research in toxicology 18.8 , 2005,  1396-1305. 
[8] Blask, David E., Leonard A. Sauer, and Robert T. Dauchy. Current topics in medicinal chemistry 2.2 , 2002, 
113-132. 
[9] Jung, Brittney, and Nihal Ahmad.  Cancer Research 66.20 , 2006,  9789-9793. 
[10] Cutando, Antonio, et al. Journal of Oral Pathology & Medicine 40.8 , 2011, 593-597. 
[11] Cengiz, Murat İnanç, Seda Cengiz, and Hom-Lay Wang. International journal of dentistry 2012 . 
[12] Mehta, Abhishek, and Gurkiran Kaur. Indian Journal of Dentistry  2013. 
[13] Nakamura, E., et al.  Cancer science 99.7 , 2008, 1390-1400. 
[14] Nevilie BW, Damm DD, Allen CM, Jerry EB. Oral and maxillo facial pathology.2nd ed. West philadelphia, 
Pensylvania:W.B.Saundres Company. 2009 
[15]  Petersen PE. Oral cancer prevention and control–The approach of the World HealthOrganization. Oral 
Oncology J 2008, Article in Press. 2008. 
[16]  Little JW, Falace DA, Miller CS, Rhodus NL. Dental management of themedicallycompromised patient.7th ed. 
Mosbey. 2008, 446-446 
[17]  Villa A, Villa C , Abati S. Australian Dental J  2011, 56(3):253–256. 
[18] Brocklehurst, Paul, et al.  Cochrane Database Syst Rev 11  2013.  
[19] Chainani-Wu, Nita, Joel Epstein, and Riva Touger-Decker. Journal of the American Dental Association (1939) 
142, no. 2 , 2011,  166-169. 
[20] Pintos, Javier, et al. Oral oncology 44.3 , 2008, 242-250. 
[21] Sikka, Arron, et al.  Cell Cycle 11.7 , 2012,  1374-1382. 
[22] Wang, Z.  Current pharmaceutical design 11.14 , 2005,  1771-1777. 
[23] Bubenik, G. A.  Journal of Physiology and Pharmacology 59.2 , 2008, 33-51. 
[24] Reiter, Russel J.  Endocrine reviews 12.2 , 1991,  151-180. 
[25] Zawilska, Jolanta B., Debra J. Skene, and Josephine Arendt. Pharmacological Reports 61.3 , 2009,  383-410. 
[26] Farhud, D., and A. Tahavorgar.  Iranian Journal of Endocrinology & Metabolism 2013,  15.2   
[27] Hill, Steven M., and David E. Blask.  Cancer research 48.21 , 1988,  6121-6126. 
[28] Brzezinski, Amnon.  N Engl J Med 336.3 , 1997,  186-195. 
[29] Farhud DD, Aghasi M, Sadighi H. Iranian J Publ Health  2008,  37: 1-8. 
[30] Stevens, Richard G., et al. Environmental health perspectives  2007,  1357-1362. 
[31] Mills, Edward, et al. Journal of pineal research 39.4 , 2005,  360-366. 
[32] Block, Keith I., et al.  Cancer treatment reviews 33.5 , 2007,  407-418. 
[33] Greenlee, Heather, Dawn L. Hershman, and Judith S. Jacobson. Breast cancer research and treatment 115.3 , 
2009, 437-452. 
[34] Seely, Dugald, et al.  Integrative cancer therapies , 2011,  1534735411425484. 
[35] Wang, Ye-min, et al.  Cancer chemotherapy and pharmacology 69.5 , 2012,  1213-1220. 
[36] Sánchez-Barceló, E. J., et al. Current medicinal chemistry 17.19 , 2010,  2070-2095. 
[37] Chaiyarit, Ponlatham, et al. Cancer science 96.9, 2005,  553-559. 
[38] Taubman, Martin A., et al. Journal of periodontology 76.11-s , 2005,  2033-2041. 
[39] Gómez-Moreno, G., et al. Oral diseases 16.3 , 2010,  242-247. 
[40] Vitale-Cross, Lynn, et al. Cancer Prevention Research 5.4 , 2012,  562-573. 
[41] Vesnushkin, G. M., et al.  Journal of Experimental and Clinical Cancer Research 25.4 , 2006,  507. 
[42] Vesnushkin, G. M., Voprosy onkologii 52.2 , 2005, 164-168. 
[43] Anisimov, Vladimir N. Toxicologic pathology 31.6, 2003 : 589-603. 
[44] Claustrat, Bruno, Jocelyne Brun, and Guy Chazot. Sleep medicine reviews 9.1 , 2005 : 11-24. 
[45] Tan, Dun‐Xian, et al.  Biological Reviews 85.3, 2010 : 607-623. 
[46] Kanojia, Deepak, and Milind M. Vaidya. Oral oncology 42.7 , 2006, 655-667. 
[47] Kothari, L., and Asha S.,  Anti-Cancer Drugs 3.6, 1992,  623-628. 
 
 
 


