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Introduction

Oral squamous cell carcinoma (OSCC) is one of the most 
common malignancies found in the oral cavity,1 and the 
number eight among most common cancers.2,3 This particu-
lar type of oral malignancy is known for its low survival rate 
with less than 60% of those who experienced this type of 
cancer survived more than 5 years.2,4 There are several fac-
tors that have been identified as the risk factors for OSCC, 
namely tobacco use, alcohol consumption, betel nut chew-
ing, and smoking.1,4,5 Aside from its high prevalence, OSCC 
has also been known for its impact on quality of life of its 
sufferer, as reported in previous studies.6–8 Due to its 

detrimental impact on the sufferer, more lines of possible 
therapy are explored, including those of alternative medicine 
with the involvement of natural herbs.
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Abstract
Objectives: Being the most common type of oral malignancies, oral squamous cell carcinoma is initiated by epithelial dysplasia, 
which can be marked by the expression of nuclear factor kappa B and cyclooxygenase 2. Curcumin has been known for its 
anti-cancer potential. The objective of this study was to evaluate the anti-cancer potential of curcumin on oral squamous cell 
carcinoma based on the expression of the nuclear factor kappa B and cyclooxygenase 2 during epithelial dysplasia stage.
Methods: This experimental study was performed on 35 Sprague Dawley rats at the Veterinary Medicine Faculty, Bogor 
Agricultural Institute, Indonesia. At the beginning of the experiments, all rats were induced by 100 µg 0.5% 7,12-dimethylbenz(a)
anthracene every 2 days for the duration of 28 days. Once epithelial dysplasia stage was reached, all rats were then randomly 
divided into control group (that did not receive curcumin) or the experimental group (the group that received curcumin for 
the next 4 weeks). After 4 weeks, the histopathological examination of haematoxylin and eosin and immunohistochemistry 
examination were conducted. Data were gathered and analyzed by using the Wilcoxon–Mann–Whitney test.
Results: The results of the current study revealed that the experimental group showed significantly less nuclear factor kappa 
B (p < 0.01) and cyclooxygenase 2 (p = 0.03) expressions compared to the control group.
Conclusion: The results of the study suggested that curcumin was effective in suppressing nuclear factor kappa B and 
cyclooxygenase 2 expression in experimentally induced oral squamous cell carcinoma. Future studies investigating curcumin 
anti-cancer potential in a further stage of oral squamous cell carcinoma, as well as the involvement of other components that 
might improve curcumin anti-cancer potential, are of importance.
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One of the most explored natural herbs for the purpose 
of (oral) cancer treatment is curcumin.9–11 Curcumin, a 
polyphenol derived from Curcuma longa which also 
known as turmeric, has been known for its therapeutic 
potentials, including anti-inflammatory, anti-oxidant, 
analgesic, anti-cancer, anti-microbial, as well as anti-sep-
tic potential.9,12 The anti-cancer effect of curcumin for 
several types of cancer was proven by its ability to inhibit 
the pathways as well as products of several proteins and 
enzymes involved in cancer development, such as nuclear 
factor kappa B (NFκB) and cyclooxygenase 2 (COX-2). 
9,13 NFκB and COX-2 are the two factors that have been 
known for their increased expression in oral pre-cancer 
lesion as well as OSCC.14–16

The NFκB is a transcription factor that is involved in 
the induction of several genes that will eventually lead to 
an inflammatory process. The NFκB plays a major role in 
the malignant behavior of a tumor, including OSCC. The 
constitutive activation of NFκB or increased activity of 
IκB kinase (IKK) in tumor cells protects the cells from 
induction of apoptosis caused by chemotherapy. This par-
ticular mechanism among any other mechanisms acts as 
the scientific explanation of the survival and development 
the tumor cells.17 As for COX-2, this particular enzyme is 
known as the isoform of the cyclooxygenase (COX) 
enzyme that is induced by mitogens, cytokines, growth 
factors, and tumor promoter.18 It has been revealed that 
COX-2 enhances cancer invasion as well as metastasis by 
decreasing the expression of E-cadherin which eventually 
will lead to phenotypic changes in the epithelial cells, 
which then enhances the carcinogenic potential.19 These 
are the reasons of the increased expression of COX-2 and 
NFκB in several types of cancer.

Based on the above explanation, a study that aimed on 
evaluating the anti-cancer potential of curcumin on OSCC 
through the analysis of NFκB and COX-2 expression at epi-
thelial dysplasia stage was designed. This in vivo study used 
histopathological examination with hematoxylin and eosin 
(HE) staining method to confirm the epithelial dysplasia 
stage, and immunohistochemistry analysis to evaluate the 
NFκB and COX-2 expression.

Methods

This current experimental study was conducted at the 
Animal Teaching Hospital of the Faculty of Veterinary 
Medicine, Bogor Agricultural Institute, Bogor, Indonesia, 
by using 40 Sprague Dawley rats. Prior to the start of the 
study, an ethical clearance from the Health Research 
Ethical Committee of the Bogor Agricultural Institute was 
obtained. All procedures performed were in accordance 
with the standards set forth in the Guide for the Care and 
Use of Laboratory Animals and Basel Declaration. All 
authors declared that all legal and ethical aspect of the 
current study has been fulfilled prior to and during the 

study period. Ethical clearance (number: 34-2017 ACUC 
RSHP FKH-IPB) was given by the Animal Medical 
Research Ethics Committee of Bogor Agricultural 
University, prior to the start of the study. Sample size cal-
culation was performed by using the G Power formula.20 
Based on the study literature, the effect size between the 
two groups was set at 48%, the type 1 error was fixed at 
5% (p = 0.05), the power of a study was set at 80%, and 
the direction of effect was two tailed. Based on this calcu-
lation, the number of sample needed for each group was 
16 animals. Expected attrition or death of animals was 
then set at 20%, and therefore, the numbers of animal per 
group was set at 20 animals.

Once ethical clearance was gained, 40 healthy male 
Sprague Dawley rats that aged about 8 weeks old, weighted 
about 200–300 mg and presented no anatomical abnormali-
ties, went through PES vaccination, as well as internal and 
external parasite elimination procedure were recruited for 
the study. All rats were then quarantined for 7 days for adap-
tation purposes. Once the quarantined period was completed, 
20 customized cages were prepared, whereas each cage was 
occupied by two rats.

7,12-Dimethylbenz(a)anthracene 
(DMBA)

7,12-Dimethylbenz(a)anthracene, which is also known as 
DMBA and classified as phenanthrene derivative, is 
known as potent carcinogen.21 The use of DMBA to induce 
OSCC has been documented in previous studies.22,23 In 
the current study, prior to the application of DMBA, each 
rat was anesthetized by administering ketamine hydro-
chloride and xylazin on abdominal muscle. The dose was 
45 mg per kilogram body weight for ketamine hydrochlo-
ride and 0.35 mg per kilogram body weight for xylazin. 
Once the rat was anesthetized, a slight scratch was then 
made by using a 27-gauge needle in the buccal region fol-
lowed by the application of 0.5% DMBA (≈100 µg), topi-
cally to the wounded tissue (Figure 1). DMBA application 
was repeated every 2 days for the period of 28 days. On 
the 29th day, curcumin consumption in the experimental 
group was initiated. In order to have a random allocation, 
each rat was given a number and each number was ran-
domly assigned to a group by using a random sequence 
generator. All rats were then randomly assigned to one of 
the following: the control group that did not have cur-
cumin consumption; or the experimental group, the group 
that had 80 mg of curcumin intake per kilogram body 
weight, thrice per day for 28 days.

Curcumin

Curcumin used in the current study was produced by a 
national natural herb company named Sidomuncul. Each 
curcumin package contains 50 curcumin capsules (100 
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mg). Based on previous studies, the suggested dose for 
curcumin was 80 mg per kilogram body weight.24,25 
Therefore, the dose for every rat was customized based on 
their bodyweight. Curcumin was then mixed into a special 
food mixture that comprised of 4% crude fat, 5% crude 
fiber, 12% crude ash, 12% moisture, 30% crude protein, 
niacin, vitamin (A, B1, B2, B5, B12, D3, E), pantothenic, 
biotin, and choline. This customized curcumin food mix-
ture weighted about 100 mg (curcumin composition varied 
between 16 and 24 mg per rat, added with 76–84 mg food 
components) and was administered orally (Figure 2) to 
each rat in the experimental group thrice a day. Those in 
the control group received the same food mixture with the 
exact consumption time, with the absence of curcumin 
(100 mg of food components). Curcumin consumption was 
carried on for 28 days. During curcumin consumption 
period, five rats (four from the control group and one from 
the experimental group) were declared dead by our field 
veterinarian. Therefore, only 35 rats were euthanized and 
included in the final analysis.

Euthanasia procedure

Euthanasia procedure for every rat was performed on the 
63rd day by injecting sodium pentobarbital as much as 180 
mg per kilogram body weight by using 26-gauge syringe. 
Intraperitoneal sodium pentobarbital has been recommended 
by the Canadian Council on Animal Care (CCAC) as well as 
American Veterinary Medical Association (AVMA) as the 
acceptable euthanasia method in rats and has been tested for 
its efficacy in previous studies.26–28 The intraperitoneal injec-
tion was performed by a certified veterinarian. Once the 
injection was performed, the veterinarian closely observed 
the rat for 3 min and then placed the index finger at the com-
mon carotid artery for 1 min to detect a pulse. If a pulse was 
still detected, the veterinarian would continue to place the 

index finger on the common carotid artery for another min-
ute until no pulse was detected. Once a pulse was no longer 
detected, the veterinarian declared the time of death.

Histopathological examination

Once the rat was declared dead by the veterinarian, an inci-
sion of the buccal mucosa was made for the purpose of 
biopsy. A sample of excised buccal mucosa was then inserted 
into a formalin buffer solution to be fixated. The sample was 
then embedded into a paraffin block. This procedure was 
repeated for all 35 rats until all paraffin blocks were ready. 
The cutting of the paraffin blocks was performed by using a 
rotary microtome for the thickness of 5 μm. Prepared paraf-
fin block was placed on the object glass prior to HE staining. 
This particular staining was performed in order to confirm 
the epithelial dysplasia stage of OSCC.

Immunohistochemistry examination

A Starr Trek Universal HRP Detection system (Biocare Medical, 
USA) with the Labeled Streptavidin-Biotin (LSAB) immunop-
eroxide complex method was used for the immunohistochemis-
try protocol. Another paraffin blocks with the same thickness (5 
μm) as the ones used in the HE staining were prepared in object 
glasses prior to the examination. The primary antibody used in 
immunohistochemistry protocol was the rabbit polyclonal anti-
body NFκB-p105/p50 (GeneTex, USA) for NFκB, and rabbit 
polyclonal antibody COX-2 (Abcam, USA) for COX-2.

Data interpretation and grading system

As data interpretation of NFκB and COX-2 expression was 
performed semi-quantitatively based on cell distribution and 
color intensity criteria (Table 1), a Histoscore (H-score) was 
calculated and the data were converted according to the 

Figure 1. (a) A slight scratch on the buccal mucous was made by using a 27-gauge needle. (b) DMBA was being applied on the 
scratched buccal mucous.
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H-score (see also Table 1). H-score was calculated by using 
the following formula29

1  (% ells 1+) + 2  (% cells 2+) + 3  (% cells 3+)× × ×[ ]c

Data analysis

In order to analyze the expression differences of NFκB and 
COX-2 between the control group and the experimental 
group, the Wilcoxon–Mann–Whitney test was used. The 
analysis was performed by using SPSS version 23 by IBM.

Results

In the current study, DMBA was used to induce epithelial dys-
plasia stage of OSCC in 40 male Sprague Dawley rats. Twenty 
healthy rats were randomly assigned to each group, yet, at the 
end of the experimental period, four samples in the control 
group were dead, and one sample from the experimental group 

was dead. Therefore, there were only 16 rats in the control 
group and 19 rats in the experimental group. Mild to moderate 
degree of epithelial dysplasia in all experimental animals in 
this study was confirmed through histopathological examina-
tion. For comparison purposes, the histology image of a healthy 
rat oral mucosa can be viewed in an article by Kondo et al.30 
and Scrobota et al.31 Mild epithelial dysplasia (Figure 3(a)) was 
confirmed through the histopathological changes shown in 
basal or parabasal layer while moderate epithelial dysplasia 
was confirmed through the thickening of the squamous epithe-
lium as well as the basal cell membrane, pigmentation of the 
nucleus, the appearance of mitotic cells, cells maturation, and 
stratification (Figure 3(b)).

As for NFκB and COX-2 expression, analysis was per-
formed based on the expression in the cytoplasm and in the 
nucleus of the epithelial cells. When the expression between 
control group and experimental group was compared, it was 
revealed that the experimental group had more samples that 
showed mild (26.3%) and moderate (63.1%) expression of 
NFκB compared to the control group of which all samples 
showed strong expression of NFκB (Table 2). As for COX-2 
expression, the experimental group had six (31.6%) samples 
with no sign of COX-2 expression. The difference of NFκB 
immunoexpression between control group and experimental 
group was proven to be highly significant (p < 0.01), and the 
difference of COX-2 immunoexpression between control 
group and experimental group was also proven to be signifi-
cant (p = 0.03).

The number of cells evaluated in the current study can also 
be viewed in Table 2. The difference in the number of cells 
being evaluated was due to expression difference in each 
group. The highlights of the histopathological findings of 
NFκB and COX-2 expression at epithelial dysplasia level of 
OSCC between control group and experimental group can be 
seen in Figure 4. Furthermore, the analysis of the current 
study suggested that the effective dose of curcumin to sup-
press the expression of NFκB and COX-2 was an oral dose of 
80 mg per kilogram body weight, administered thrice a day.

Discussion

Curcumin has been known for its medicinal potential, one of 
which is its anti-cancer potential. The results of the current Figure 2. Oral administration of special curcumin mixture.

Table 1. Grading system criteria of NFκB and COX-2 immunohistochemistry examination.

Classification

Cell distribution 0 1 2 3 4
No IRC detected IRC < 20% IRC 20%–50% IRC 51%–80% IRC > 80%

Color intensity 0 1 2 3
No color Positive—weak Positive—moderate Positive—strong

Histoscore 0–1 2–3 4–8 9–12
Negative Weak Moderate Strong

NFκB: nuclear factor kappa B; COX-2: cyclooxygenase 2; IRC: immunoreactive cells.
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study were in support of results provided by previous stud-
ies.11,32,33 A study by Anggarwal et al.33 about the efficacy of 
curcumin on human head and neck squamous cell carcinoma 
(HNSCC) showed how curcumin effectively suppressed the 
growth of the human HNSCC by interfering with the NFκB 
signaling pathway. NFκB, an inducible transcription factor 
that has been well acknowledged for its involvement in sev-
eral types of cancer, is activated by a wide variety of factors, 
including carcinogens, tumor promoters, tumor necrosis fac-
tor (TNF) family, smoking habit, as well as UV, x-rays, and 
γ-radiation. The activation of NFκB has been strongly asso-
ciated with the invasion and metastasis of cancer.33,34

There are several hypotheses proposed on how NFκB 
involved in the development of cancer. It has been shown 
that highly metastatic human HNSCC actively produces pro-
inflammatory cytokines, namely TNF-α, several types of 
interleukin (IL), and granulocyte-macrophage colony stimu-
lating, which have been known for their roles in the activa-
tion of NFκB.35 Upon activation, IκBα protein will then go 
through phosphorylation, ubiquitination, and degradation, 
which then lead to the release of p65 and p50, a subunit of 
NFκB. The p65 and p50 were then translocated to the nucleus 
to bind specific DNA sequences in the promoter of various 
genes, ready to initiate the transcription process.36 Based on 
this above mentioned, the activation of NFκB is predicted to 
have a major role in tumor metastasis.35 Therefore, inhibition 
of this particular factor is hypothesized to have an effect on 
tumor development as well.

In relation to the anti-cancer potential of curcumin, sev-
eral mechanisms that might explain how curcumin inhibits 
NFκB activation have been proposed, including inhibition of 
cell proliferation, suppression of the cell cycle, and induction 
of apoptosis.32 A study by Anggarwal et al. revealed that the 

inhibition of NFκB activation was performed through the 
abrogation of IκBα kinase (IKK), which then leads to the 
suppression of several cell survival gene products as well as 
several cell proliferative gene products, such as B-cell lym-
phoma 2 (Bcl-2), cyclin D1, IL-6, COX-2, and matrix metal-
lopeptidase 9 (MMP-9). Furthermore, the NFκB inhibition 
by cell-permeable P65-based peptide also suppressed the 
proliferation of HNSCC cells. And as curcumin completely 
inhibited the kinase activity, it was suggested that the type of 
inhibition provided by curcumin on NFκB activation is a 
direct inhibition.33

As for COX-2 expression in OSCC, previous studies have 
revealed that COX-2 overexpression has been suspected to 
be the cause of tumorigenesis promotion through pro-carcin-
ogen activation, cancer cell proliferation stimulation, as well 
as apoptosis induction.14,37 In a study conducted by Sawhney 
et al.,14 about the expression of NFκB and COX-2 in oral 
precancerous lesion (OPL) and OSCC, it was shown that 
both factors were found to be overexpressed and that they 
were positively correlated. The significant parallel-increase 
of both factors from normal condition OPL to OSCC indi-
cates their involvement with the development and progres-
sion of the cancer.14 Therefore, it is only natural that an 
inhibition of the NFκB activation will be followed by the 
suppressed expression of COX-2 as shown in the results of 
the current study.

Aside from the indirect effect of curcumin on COX-2 
through the inhibition of NFκB activation, a more direct 
mechanism of COX-2 inhibition by curcumin was revealed 
by Zhang et al.38 In their study about the inhibition of cur-
cumin on COX-2, it was shown that curcumin inhibited the 
chenodeoxycholate (CD)-mediated induction of COX-2 
regardless of the presence of exogenous prostaglandin E2 
(PGE2). This particular mechanism showed that the inhibi-
tory effect of curcumin on COX-2 transcription is unrelated 
to its inhibitory effect of COX-2 enzyme activity, indicating 
the direct effect of curcumin inhibition on COX-2 transcrip-
tion activity.38 This direct effect of curcumin on COX-2 
might also responsible for the results gained in the current 
study, whereas a difference between NFκB and COX-2 
expression was observed and that more cells showed no sign 
of COX-2 expression in the experimental group (Table 2).

Another point to note was the method of delivery of cur-
cumin used in the current study. In regard to the delivery 
method, curcumin in the current study was given through a 
food mixture that contained several components (see the 
“Method” section), namely crude fat, crude fiber, crude ash, 
moisture, crude protein, niacin, vitamin, pantothenic, biotin, 
and choline. In regard to these components, a study con-
ducted by Mirzaee et al.39 about the diverse effects of differ-
ent protein-based “vehicles” on curcumin stability as well as 
bioavailability has emphasized the increase of curcumin 
anti-cancer activity when a certain type of protein is present. 
Yet, as there was no evaluation regarding the role of proteins 
or vitamins included in the food mixture of the current study, 

Figure 3. Histopathological image of epithelial dysplasia in 
OSCC: (a) Initial level of epithelial dysplasia in OSCC and (b) 
moderate level of epithelial dysplasia in OSCC.
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Table 2. Comparison of the immunoexpression of NFκB and COX-2 in control group and experimental group.

Variable No. Number of cells

Control Experimental

IRC HS IRC HS

NFκB 1 4 12 2 6
2 3 9 2 4
3 4 12 2 6
4 4 12 2 4
5 3 9 2 4
6 4 12 2 6
7 3 12 2 4
8 4 9 2 4
9 4 12 1 2
10 3 9 3 9
11 4 12 1 2
12 4 12 2 6
13 3 9 2 4
14 3 9 2 4
15 4 12 1 2
16 3 9 1 1
17 Total cells: 57 2 2
18 2 4
19 1 2
 Total cells: 34  

 H-score H-score

 0–1 2–3 4–8 9–12 0–1 2–3 4–8 9–12
 0

(0%)
0
(0%)

0
(0%)

16
(100%)

1
(5.3%)

5
(26.3%)

12
(63.1%)

1
(5.3%)

p value < 0.01

 No. IRC HS IRC HS

COX-2 1 2 4 1 1
2 2 4 2 4
3 1 2 2 2
4 2 4 1 1
5 1 2 2 2
6 2 4 2 2
7 2 4 1 1
8 1 2 2 2
9 2 4 1 1
10 2 4 2 4
11 3 6 1 2
12 2 4 2 4
13 1 2 1 2
14 2 4 2 4
15 1 2 2 4
16 1 2 2 4
17 Total cells: 27 1 1
18 2 4
19 1 1
 Total cells: 30

(Continued)
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 H-score H-score

 0–1 2–3 4–8 9–12 0–1 2–3 4–8 9–12
 0

(0%)
6
(37.5%)

10
(62.5%)

0
(0%)

6
(31.6%)

5
(26.3%)

8
(42.1%)

0
(0)%

p value = 0.03

NFκB: nuclear factor kappa B; COX-2: cyclooxygenase 2; IRC: immune-reactive cells; HS: Histoscore; H-score: 0–1 (no sign of expression), 2–3 (mild 
expression), 4–8 (moderate expression), and 9–12 (strong expression).
Significance level at p < 0.05.

Table 2. (Continued)

Figure 4. Histopathological image of NFκB and COX-2 expression: (a) Mild expression of NFκB in experimental group, (b) moderate 
expression of NFκB in experimental group, (c) strong expression of NFκB in control group, (d) mild expression of COX-2 in 
experimental group, (e) moderate expression of COX-2 in control group, and (f) negative COX-2 expression in experimental group.
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no further explanation about the role of the proteins, 
vitamins, or mineral on curcumin stability as well as bio-
availability can be provided. Therefore, future study that 
incorporates this particular evaluation is highly suggested.

In relation to the involvement of additional component to 
enhance curcumin anti-cancer potential, another component 
that has been highly related to better curcumin bioavailability 
is piperine. Previous studies as well as literatures have indi-
cated the importance of piperine to increase the systemic bio-
availability of curcumin.40,41 Yet, curcumin used in the current 
study managed to show its efficacy in suppressing the expres-
sion of NFκB and COX-2 without the involvement of piper-
ine, which indicates the need for future study regarding the 
involvement of piperine in bettering curcumin anti-cancer 
activity. Another study conducted by Naksuriya et al.42 about 
kinetic degradation of curcumin suggested that when cur-
cumin was loaded in curcumin mixture such as polymeric 
micelles, it tended to be more stable. Based on these previous 
studies, further investigations about the involvement of piper-
ine and other components regarding their effect on curcumin 
bioavailability as well as curcumin anti-cancer potential on 
OSCC patients are in the agenda of future study.

Study limitations

In regard to the methodology and the promising results of the 
current study, several study limitations that should be identi-
fied and improved in future study are as follows: (1) the cur-
rent study did not evaluate nor involve other components 
that might interact with curcumin and improve curcumin 
anti-cancer potential; (2) the current study did not conduct 
the western blot analysis that might reinforce the results of 
the study; and (3) the current study was performed on ani-
mal, therefore the implementation of results on human 
requires further study and evaluation.

Conclusion

In summary, the results of the current study suggested that 
curcumin was highly effective in inhibiting the epithelial 
dysplasia stage of OSCC induced by DMBA. In regard to the 
results of the current study, future study that

1. Investigates the efficacy of curcumin anti-cancer 
potential on OSCC with the involvement of piperine 
is suggested.

2. Investigates curcumin anti-cancer potential with the 
involvement of other components as its “vehicles” is 
considered to be of important.

3. Investigates curcumin anti-cancer potential on human 
participants with OSCC should be conducted in the 
near future.
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