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R E S E A R C H  A R T I C L E

BACKGROUND: Purple sweet potato tuber 
ethanol extract (PSPTEE) has been known to have 
benefits in various disease, including to prevent 

nasopharyngeal carcinoma (NPC). However, there has been 
no research on PSPTEE in preventing the proliferation 
of nasopharyngeal mucosal epithelial cells induced by 
formaldehyde through the oxidative stress mechanisms and 
inflammatory process. Studies have proven the effect of 
PSP on various cancer cells, but the carcinogenesis process 
of the nasopharyngeal mucosal epithelium is still limited. 
Hence, this study aimed to demonstrate the mechanism for 
preventing histopathology changes with PSPTEE due to 
formaldehyde exposure. 

METHODS: Thirty-two formaldehyde-induced Wistar rats 
were treated with or without 1g/kgBW/day PSPTEE for 16 
weeks. Malondialdehyde (MDA) level were examined with 
spectrophotometry method, while tumor necrosis factor 
(TNF)-α and p53 with enzyme linked immunosorbent assay 
(ELISA) method. The histopathology appearance of the 
nasopharyngeal epithelium was observed with hematoxylin-
eosin (HE) staining.

RESULTS: MDA  and  TNF-α  levels  in  control  and 
treatment group were 22.89±2.84 μM; 9.83±0.89 μM and 
84.18±11.58 ng/L; 73.92±10.59 ng/L, respectively, and they  
showed significant difference. Meanwhile, the level of p53 
showed no significant difference. Histopathology appearance 
showed a significant difference. Path analysis for MDA, 
TNF-α and p53 levels contributed 28.7% to histopathology 
appearance. MDA have an effect on significant direct 
effect on TNF-α. TNF-α has a significant direct effect to 
histopathological appearance. Indirect influence MDA on 
histopatological appearance were smaller than the direct 
effect. TNF-α has the greatest influence on histopatological 
appearance.

CONCLUSION: Formaldehyde induces the histopathology 
appearance in nasopharyngeal epithelium. This study also 
demonstrates the mechanism to prevent the nasopharynx 
epithelial histopathology appearance by administration of 
PSPTEE. 

KEYWORDS: PSP, MDA, TNF-α, p53, nasopharynx 
epithelial
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In Indonesia, 348,809 new cases and 207,210 deaths are 
caused by nasopharyngeal carcinoma (NPC) every year.(1) 
The causes of NPC are multifactorial, including genetic,  
viral  and  environmental  factors.(2,3)  Risk  factors  and 
carcinogenic materials that have the potential to cause 
NPC have been reported by many experts, one of which is 
formaldehyde. 
 Formaldehyde as a free radical can cause oxidative 
stress. Oxidative stress could induce DNA and biomolecular 
damage, genetic instability and subsequent cell death can 
occur, namely apoptosis, senescence and autophagy. It also 
causes inflammation, cellular transformation, differentiation, 
proliferation, tumor promotion, angiogenesis, immune 
response, tissue invasion and metastasis.(4) Oxidative 
stress is determined by malondialdehyde (MDA) level.
(5) According to inflammation effect of formaldehyde, it 
may relate to tumor necrosis factor (TNF)-α as one of the 
inflammation mediators. TNF-α is acting by activation of 
nuclear factor-κB (NF-κB). Continuous activation of NF-
κB can cause inflammation and mucosal damage. At a later 
stage it can promote the proliferation of cancer cells, prevent 
apoptosis, drug resistance, increase angiogenesis and tumor 
metastasis.(6)
 In stressed cells, p53 will be activated. When DNA 
damage occurs, p53 plays an important role in determining 
whether DNA will be repaired or damaged cells will 
undergo apoptosis. If DNA can be repaired, p53 will activate 
other proteins to repair the damage. If the DNA can not be 
repaired, this protein will induce cell apoptosis, by stopping 
cell mutation or replication of damaged DNA.(7)
 To prevent oxidative stress, antioxidants are needed. 
One of the interesting antioxidants that need to be explored 
is the purple sweet potato (PSP) tuber (Ipomea batatas L) 
due to its high anthocyanin content. Based on the previous 
research, PSP tubers planted in Bali, Indonesia, have 
anthocyanin levels ranging from 110 mg/100 grams to 210 
mg/100 grams.(8) Until now, many studies on the role of PSP 
tuber ethanol extract (PSPTEE) in preventing inflammation 
and apoptosis have been carried out. Several studies have 
proven the effect of PSP, it was found that sweet potato 
enriched with anthocyanin P40 can prevent colorectal cancer 
by suppressing the cell cycle through anti proliferative 
mechanisms and apoptosis.(9) PSPTEE also could inhibit 
the proliferation of T47D breast cancer cells in vitro.(10) 
PSPTEE showed anti-inflammatory activity by suppressing 
the production of nitric oxide (NO) and proinflammatory 

cytokines such as NF-κB, TNF-α and interleukin (IL)-6 
in lipopolysaccharide (LPS) induced macrophage cells in 
breast cancer cells, gastric cancer, colon adenocarcinoma.
(11,12) Several studies have proven the effect of PSP on 
various cancer cells, but the carcinogenesis process of 
the nasopharyngeal mucosal epithelium is still limited. 
Therefore, it is important to conduct research to determine 
the mechanism of formaldehyde causing histopathological 
changes in the epithelium of the nasopharyngeal mucosa and 
the mechanism of prevention by administration PSPTEE 
in view of oxidative stress by examination of MDA, the 
mechanism of inflammation by examination of TNF-α and 
the mechanism of apoptosis by examination of p53 in Wistar 
rats induced by formaldehyde.

Methods

Animal Treatment
Thirty-two formaldehyde-induced Wistar rats were included 
in this experimental study and divided into two groups, with 
16 rats in each. Rats in the control group were induced with 
20 ppm 10% formaldehyde and given distilled water for 
16 weeks. Meanwhile, the rats in the treatment group were 
induced by 10% formaldehyde and administered with 1g/
kgBW/day PSPTEE for 16 weeks. Formaldehyde induction 
was carried out by inhalation 20 ppm 10% formalin solution  
in a semi-enclosed space with a volume of 0.06 m3, given 
6 hours per day for 16 weeks. Based on previous research, 
16 weeks formalin induction has been able to induced 
dysplasia.(13) At the end of the study, all rats were sacrificed, 
then blood plasma was taken for MDA examination, while 
the serum was taken for TNF-α and p53 examination, and 
nasopharyngeal mucosal epithelial tissue was excised for a 
histopathology examination. Ethical clearance was obtained 
from Animal Ethics Committee Faculty of Veterinary 
Medicine (No. B/108/UN14.2.9/PT.01.04/2021).

MDA, TNF-α and p53 Examinations
MDA levels were observed by dissolving blood plasma 
with 100 mL of 20% TCA, 250 mL of 1N HCl  and 100 
mL of 1% Na-TBA  and measured with a UV mini-1240 
spectrophotometer (Shimadzu, Kyoto, Japan). Double beam 
cuvette was to stored samples and blanks. The light detector 
or reader processed light data into numbers.
 Examination of Rat TNF-α was conducted using the 
enzyme linked immunosorbent assay (ELISA) method, 
with the Rat TNF-α BT-LAB ELISA kit (Cat No. E0764Ra, 
Bioassay Technology Laboratory, Changsheng, China). 
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Preparation of standard solutions was done by preparing 
5 microtubes and adding 120 μL of standard diluent, then 
vortexed. Fifty μL of standard solution, 50 μL of standard 
diluents, 40 μL of sample solution, 10 μL of anti-TNF-α 
antibody, 50 μL of Streptavidin-HRP were added and mixed 
homogeneously before incubated at 37oC for 60 minutes. 
After washed,  50 μL of substrate A and 50 μL of substrate B 
were added incubated for 10 minutes at 37oC and followed 
by adding 50 μL of stop solution.
 Examination of Rat Tumor Protein53/p53 (TP53/
p53) using an Rat p53/TP53 BT-LAB ELISA kit (Cat No. 
E00071Ra, Bioassay Technology Laboratory).The principle 
was similar to TNF-α examination, the difference was only 
in the use of an anti-p53 antibody. 

Histopathological Examination
The histopathological preparations were colored with 
hematoxylin-eosin (HE) staining, and photographed using 
an Olympus CX41 microscope (Olympus, Tokyo, Japan) and 
Optilab Pro camera using Optilab Pro software (Miconos 
Company, Yogyakarta, Indonesia). The preparations were 
interpreted based on histopathological scores. The score 
criteria were: score 0 = normal, score 1 = hyperplasia, score 
2 = metaplasia, score 3 = mild dysplasia, score 4 = moderate 
dysplasia, score 5 = severe dysplasia, score 6 = ca in situ, 
score 7 = squamous cell carcinoma (SCC).
 
Statistical Analysis
After the examination, the data were obtained and 
statistically analyzed using the Statistical Package for the 
Social Sciences (SPSS) version 22 for Windows program 
(IBM Corporation, Armonk, NY, USA). Shapiro-Wilk 
test was used to test the data distribution. The statistical 
test used to analyze the difference of MDA and TNF-α 
levels was the independent t-test. The statistical test used 
to analyze the difference of p53 levels was the Mann-

Results

Based on this study, formaldehyde induced changes in the 
epithelium of the nasopharyngeal mucosa (Figure 1). In 
the control group, moderate dysplasia was found in most 
of the sample (56.3%). While in the treatment group, 
mild dysplasia was found in most of the sample (56.3%). 
Severe dysplasia was found in both control group 18.8% 
and treatment group (6.3%) (Figure 2). According to 
Fisher's Exact test, the difference between both groups was 
significant (p<0.05).
 According to the spectrophotometric examination, 
the lowest and the highest MDA level in control group 
and treatment group were 17.04 μM and 26.59 μM; 8.65 
μM and 11.99 μM, respectively. The mean MDA levels 
of the treatment group were lower than the control group 
consecutively at 9.83±0.89 µM and 22.89±2.84 µM 
(Table 1). Based on the T-test analysis, the difference was 
significant (p<0.05).
 The lowest and the highest level of TNF-α in control 
group was 65.212 ng/L and 100.073 ng/mL, whereas in the 
treatment group was 49.442 ng/L and 89.455 ng/L. The 
average TNF-α level in the treatment group was lower than 
in the control group (84.14±11.58 ng/L vs. 73.92±10.59 
ng/L). The t-test found a significance difference between 
both groups with a p<0.05 (Table 1). 

A B C

450 µm 450 µm200 µm

Figure 1. Histopathological appearance of nasopharyngeal mucosal epithelium. A: Morphology of normal cells nasopharyngeal 
epithelial. B and C: Morphology of  severe dysplasia. Yellow arrow: nasopharyngeal mucosal epithelium. 

Whitney U test. Meanwhile, the statistical test used for the 
degree of histopathology appearance in the epithelium of 
the nasopharyngeal mucosa was Fisher's exact test. Path 
analysis was done using the multiple regression analysis 
test to determine the direct or indirect effect of plasma 
MDA levels on TNF-α and p53 levels and their impact on 
histopathology changes in the nasopharyngeal mucosal 
epithelium. 
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Figure 2. Degree of histopathology appearance in the 
nasopharyngeal mucosal epithelium of Wistar rats.

Table 1. Results of data analysis on MDA, TNF-α and p53 levels.

*statistically significant, p<0.05. Tested with T-test for MDA and TNF-α, Mann-Whitney test for p53. 

Discussion

In several studies on formaldehyde, giving 10% formalin 
steam and a standard diet plus 54 mg/kg BW formalin 
for 9 weeks can result in histopathology changes in the 
nasopharyngeal mucosal epithelium into severe dysplasia.
(13) Research on the harmful effects of formaldehyde and 
the effect of administering black cumin (Nigella sativa) on 
the trachea showed that the most apoptotic activity occurred 
at a dose of 10 ppm, 8 hours per day for 13 weeks, distortion 
of the tracheal epithelium and loss of cilia in the surface 
epithelium in all groups.(14) 
 Formaldehyde is a free radical that caused oxidative 
stress. The present of an oxidative stress indicated by 
the expression of MDA.(5) In this study, there was a 
significant difference in MDA levels in rats induced by 
10% formaldehyde between ethanol extract of PSP tubers 
administration compared to the control group. This condition 
may occur because the level of MDA is dependent on the 
amount of oxidative stress. On the other hand, oxidative 
stress can be neutralized by antioxidants.(15) Likewise, the 
study of PSPTEE can reduce MDA levels in the liver of rats 
under chronic alcohol administration.(8) Our results are in 
line with research on extracts of PSP water that reduced the 
MDA and IL-1 levels in hypercholesterolemic rabbits.(16) 
In advance, in our study could be associated with a decrease 
in histopathological damage in the nasopharyngeal mucosa. 
Based on the theory that lower MDA levels caused MDA 
cross-linking with DNA to be prevented. This is consistent 
with the results in this study, where the levels of MDA in 
the treatment group were lower than the control group. The 
association between variables can be seen in Figure 4.
 It's well known that TNF-α is the main mediator 
of inflammation.(17) This is in line with the study on 
TNF-α which are proinflammatory and immune regulatory 
cytokines, may contribute to the pathogenesis of recurrent 
inflammatory in an otitis media suppurative chronic.(18) 
In our study there was a significant difference between the 
average levels of TNF-α in the treatment group and the 
control group. So, it is postulated that the administration 
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Parameter Control Group
(n=16)

Treatment Group
(n=16)

p -value

MDA level (µM), mean±SD 22.89±2.84 9.83±0.89 0.000*

TNF-α level (ng/L), mean±SD 84.18±11.58 73.92±10.59 0.014*

p53 level (pg/mL), median (min-max) 51.39 (35.44-109.30) 66.87 (43.73-86.37) 0.851

The level of p53 in the treatment group was higher than 
in the control group. However, the results of the Mann-
Withney U-test found no significance difference between 
both groups with p>0.05 (Table 1).
 The result of path analysis showed the direct or indirect 
effect of MDA, TNF-α and p53 levels on histopathology 
appearance in the nasopharyngeal mucosa (Figure 3). MDA 
had a significant direct effect on TNF-α. The contribution 
of MDA levels to TNF-α was 17%, while the remaining 
83% was the contribution of other variables which was not 
explored in this study. The direct effect of TNF-α levels 
was significant on histopathology appearance p<0.05. The 
levels of MDA, TNF-α and p53 contributed 28.7% to the 
histopathology changes. The indirect effect of MDA levels 
on histopathology appearance was smaller than the direct 
effect.
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Figure 3. Path analysis of MDA, TNF-α and p53 levels on 
histopathology appearance in the nasopharyngeal mucosa.  β: 
the influence power; *statistically significant (p<0.05), tested with 
multiple regression analysis test.
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of PSPTEE can prevent the increase of TNF-α. This is 
in line with the study on caffeic acid could be a potent 
osteoclastogenesis inhibitor through inhibition of NF-
kB activity.(19) This is in line with the study on the rats 
exposed to cigarette smoke and treated with 0.14 g of PSPL 
(PSP leaves) flour. Reported that the levels of TNF-α, IL-6 
and NF-kB were associated with the administration of this 
substance.(20) With the reduced of MDA, inflammation 
can be prevented through inhibition of TNF-α binding with 
the TNF-R1 receptor. Hence, there is no recruitment of the 
TNF-R1 adapter protein associated death domain protein 
(TRADD) and TNF receptor associated factor (TRAF2). As 
a result, it will inhibitit the IkB kinase (IKK) and MEKK3/6 
through receptor interacting protein (RIP). Then, it will 
inactivate NF-kB and MAPK.(6)
 In the present results, it was found that the median 
(IQR) of p53 in the group of rats induced by formaldehyde 
and given the PSPTEE were higher than the control group, 
although there was no significant difference between both 
groups. It may alter by the abnormal data distribution or 
due to other biomarkers that were not included in this study. 
When compared to other studies, the PSPTEE increased 
the p53 levels, such as the study of curcumin (Curcuma 
longa) which increased the expression of p53 and p21 in 
DNA binding.(21) In our study, p53 levels in the treatment 
group were higher than in controls. Wild type p53 plays 
an important role in the process of cell cycle arrest, DNA 
repair, apoptosis and senescence. Mutant type may cause 
the delay of apoptosis and induction of cell proliferation. 
It is necessary to explore the type of p53 because it was 
declared that mutant type could be found in NPC through 
the nano vesicle namely exosome. Furthermore, it was 
found that the insertion of a G base on exon 5 at codon 180 
allows a change in the base sequence from GAG to GGA. 
This change will cause a change in the character of p53.

(22) The prevalence of p53 mutations in head and neck 
malignancies has been reported to range from 39-62%.(23) 
The administration of the PSPTEE can affect p53 levels 
through the anti-carcinogenic activity of anthocyanins in 
the early stages of tumorigenesis. Anthocyanin plays a role 
as an antioxidants, anti-inflammatory and anti-mutagenesis. 
If the antioxidant binds to free radicals, it will reduce the 
damage to the normal cell genome due to oxidative stress 
and malignant disease as well as the transformation by a 
gene mutation. As a result, antioxidants could play a role 
in the  prevention  of  the  tumor’s  growth.  Furthermore, 
they play a role in antioxidant protection. In summary, the 
promotion of antioxidant respon element (ARE)-regulated 
phase II enzyme expression by anthocyanins plays a role 
in the protection of normal cells from oxidative stress 
exposure.(24)
 Cyanidin and peonidin, the active compound of 
anthocyanins contained in PSP tubers have an antimutagenic 
property. During the transformation of normal cells into 
cancer cells, hypermutation occurs on somatic cells that 
can induced genome instability and promote cancer growth.
(24) On the other hand, the anti-carcinogenic activity of 
anthocyanins at the stage of cancer formation was done 
through differentiation induction, inhibition of cellular 
transformation and inhibition of cell proliferation. The main 
manifestations of anthocyanin inhibition on cancer growth 
and proliferation include the inhibition of signaling pathways 
to block signal transduction and regulate the expression of 
anti-oncogenes and other signaling pathways. The anti-
carcinogenic activity of anthocyanins in an advanced 
stage of cancers development includes the induction of 
mitochondrial-mediated tumor cell apoptosis by dependent 
and independent caspase pathway.(24) This is in line with 
the study on Momordica charantia L fruit fractions inhibit 
the MDA level average in liver tissue and regenerate hepatic 
damage of STZ induced rats.(25) The above study is similar 
to our finding on PSPTEE. In normal cells without oxidative 
stress, p53 expression was very low. On the other hand, under 
stress conditions, p53 will be activated, then promote the 
termination of the cell cycle through p21 transcription and 
DNA repair through GADD45 transcription. Therefore, cell 
proliferation will run well. If it cannot be repaired and under 
severe stress conditions, p53 together with pro apoptotic 
genes will facilitates apoptosis.(7) Among the antioxidants 
that have been found to decrease anti-inflammatory factors, 
PSPTEE has high levels of anthocyanins, anthocyanins are 
part of the flavonoid family. Two important components of 
anthocyanins are cyanidin and peonidin, have been proven 
to be antioxidant. Anthocyanins can be used as a mixture of 
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Figure 4. The relationship between variables after given formaldehyde and PSPTEE. Formaldehyde causes an increase in oxidative 
stress and then increases lipid peroxidase, increasing MDA. MDA binds to DNA, causing DNA mutations and affecting more severe 
histopathological features. Oxidative stress activates NF-kB, increases TNF-α then activates inflammation, proliferation, prevents apoptosis 
so that the histopathological appearance to be more severe. Oxidative stress increases DNA mutations, in normal cells increases activation 
of wild p53 and in mutated cells increases the inactivation of wild p53 so that it will affect the histopathological appearance to be more 
severe. With the administration of PSPTEE in the process, the opposite alteration will happen.

Conclusion

This study demonstrates that formaldehyde acts as a 
mutagenic substance by promoting the histopathologic 
appearance in the epithelium nasopharyngeal mucosal. 
The administration of PSPTEE reduces the histopathology 
appearance of  of nasopharyngeal mucosal epithelium. The 
PSPTEE has antioxidant and anti-cancer effects through 
its reduction of MDA and TNF-α expression and p53 
expression. According to this result, PSPTEE has potency 
as an alternative therapy with its natural ingredients in the 
prevention of tumorigenesis processes. 
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staple foods, can be processed in various forms of attractive 
products, easy to obtain, easy to cultivate, affordable prices 
and has been proven by many studies as antioxidants and 
anti inflammatory.(8,24) 
 In this study, the exposure time might not optimal 
because the squamous cell carcinoma was not formed yet. 
Further research is needed to explore more detail regarding 
the safety properties of PSP extract, the effective dose 
and the other biomarker that may altered the result of this 
finding. The comparison of formaldehyde exposure with 
control group is also necessary to be studied in order to 
knows exact effect of PSPTEE on histopathology changes 
in nasopharyngeal mucosa.
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