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Abstract 

Objective 

To examine the efficacy of Epigallocatechin-3-Gallate (EGCG) in inhibiting the 

expression of tumor necrosis factor-alpha (TNF-α) and vascular endothelial growth factor 

(VEGF) in human pterygium fibroblasts (HPF) as an alternative to pterygium adjuvant therapy. 

Methods 

This experimental in vitro study was conducted using human pterygium fibroblasts 

(HPF) obtained from pterygium excision, cultured, and divided into 3 intervention groups: 

untreated, mitomycin-C (as negative control), and EGCG. TNF-α and VEGF expression were 

analyzed using immunofluorescence at 48 h and with GambarJ software. The results between 

groups were analyzed using the ANOVA test, and the correlation between the two expressions 

was analyzed using the Spearman test. 

Results 

EGCG at a dose of 50, 100, and 150 µM decreased the expression of TNF-α (p < 0.001) 

and VEGF significantly (p < 0.001) compared to the untreated group, and a correlation was 

found (p < 0.001) between the two expressions. 

Conclusion 

EGCG can reduce the expression of TNF-α and VEGF and shows its potential as 

adjunctive therapy in preventing pterygium recurrence after excision. 
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Introduction 

A pterygium is an invasive growth of the bulbar conjunctival epithelium and 

subconjunctival connective tissue in a triangular shape where the apex points towards the center 

of the cornea (Detorakis & Spandidos, 2009; Belmonte et al., 2011). The prevalence of 

pterygium is reported to be as high as 12%. Pterygium can cause visual impairment and 

blindness, so it must be excised. The post-excision recurrence rate with conjunctival autograft 

was recorded at 5.3-13.5%, while the bare sclera technique reached almost 90%. Adjuvant 

therapy with mitomycin C (MMC) reduces this rate to 4-7%, but serious complications are 

common (Erry et al., 2011; Fonseca et al., 2018; Rezvan et al., 2018). 

Pterygium is a relevant tropical disease, especially in countries with dense populations, 

low socioeconomic indexes, and inadequate health policies (Abegunde & Owoaje, 2013; 

Martens, 2013). The etiology of pterygium is thought to be a neoplasm due to inflammation or 

degeneration. Exposure to ultraviolet radiation is one of the most important risk factors in the 

pathogenesis of pterygium because it can cause oxidative stress and increase the release of 

cytokines, such as TNF-α, which plays a role in the inflammatory process, and growth factors, 

such as VEGF, which plays a role in the process of angiogenesis (Erry et al., 2011; Fonseca et 

al., 2018; Shahraki et al., 2021) 

Dry, windy, sandy, and dusty environments can also increase the risk of pterygium 

(Guo et al., 2010; Wang et al., 2020). One of the irritants, namely dust, can irritate the eyes, 

causing the lipid layer in the tear film to lysis; if exposed continuously for a long time, it can 

affect the stimulation of the conjunctival surface, especially the limbus area. Pterygium can 

cause several symptoms, namely blurred vision, red eyes, itching, and a feeling of something 

being stuck caused by the presence of an inflamed lid, adnexa, or anterior segment 

(Chakrabarti, 2014; Zulkifley et al., 2019). 

These symptoms require immediate surgical excision because the pterygium can reach 

the cornea's middle and cause blindness. Pterygium can affect both eyes, which can be different 

or the same degree (Erry et al., 2011). Although this pterygium has a good prognosis, the most 

complications caused by pterygium are postoperative recurrences. Said to happen (Rao et al., 

1998). 

TNF-α is a pro-inflammatory cytokine that controls the effects of inflammation on 

numerous cell types. TNF-α is activated by NF-B expression in pterygium tissue, hence 

regulating cell proliferation, differentiation, migration, and death. In addition to mediating 

VEGF-C production via HIF1-α, TNF-α may be a crucial angiogenesis stimulant during 

pterygium formation. TNF-α can regulate HIF1- activity via multiple intracellular signaling 

pathways, such as phosphatidylinositol-3 kinase (PI3K)/protein kinase B(Akt) (Dong et al., 

2016; Kim & Kim, 2017; Malkov et al., 2021; Zidi et al., 2017). 

Mononuclear phagocytes, antigen-activated T cells, NK cells, and mast cells are the 

primary producers of TNF-α. Lipopolysaccharide is a powerful inducer of TNF secretion by 

macrophages. IFN-α generated by T cells and NK cells, among others, encourages 

macrophages to boost TNF production. TNF-α has multiple functions in the inflammatory 

process, which can increase the prothrombotic role and stimulate adhesion molecules from 

leukocyte cells and induce endothelial cells, play a role in regulating macrophage activity and 

immune response in tissues by stimulating growth factors and other cytokines, and serve as a 

regulator of hematopoietic as well as commitogens for T cells, B cells, neutrophils, and 

macrophages. In addition to its role in the immune response against bacterial, viral, fungal, and 
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parasitic invaders, TNF-α has additional positive effects (Feghali & Wright, 1997; Salazar et 

al., 2007; Sprague & Khalil, 2009). 

VEGF is a growth factor that plays an important role in angiogenesis and increases 

vascular permeability. VEGF contributes to tumor neovascularization which responds to an 

increase in the need for delivery of nutrients and oxygen, which is needed for the survival of 

tumor cells. VEGF plays an important role in vasculogenesis during embryogenesis, 

physiological angiogenesis, and malignant neovascularization. VEGF transcription is triggered 

by hypoxia and various growth signals (Mukhopadhyay & Datta, 2004; Byrne et al., 2005). 

Under normal circumstances, VEGF is expressed to varying degrees by various tissues, 

including the brain, kidney, liver, and spleen. Oxygen pressure can function as a VEGF 

regulator. Exposure to hypoxic conditions induces rapid expression of VEGF. In contrast, 

VEGF expression decreases and stabilizes under normal oxygen levels (normoxia). The level 

of expression of VEGF also depends on the number of inflammatory cytokines and growth 

hormones, including Epidermal Growth Factor (EGF), Interleukin-1β (IL-1β), Platelet-derived 

growth factor (PDGF), Tumor necrosis factor-α (TNF-α), and transforming growth factor- β1 

(TGF- β1) (Vogel et al., 2004; Lee & Yang, 2012) 

Pterygium showed significantly increased levels of VEGF and VEGFR when compared 

with normal conjunctiva. Increased VEGF expression also promotes angiogenesis in pterygium 

formation, which influences normal conjunctival metabolism. VEGF expression can be 

induced by UV light, cytokines (ILs and TNF-α), and other growth factors. The role of TNF-α 

and VEGF in the pathogenesis of pterygium suggests that they may be targets for disease 

management (Chui & Coroneo, 2012; Kim et al., 2015; Cardenas-Cantu et al., 2016). 

EGCG is the main catechin compound in green tea extract, which is non-toxic and 

water-soluble, so it is easily excreted in the urine. EGCG has been shown to inhibit 

inflammatory processes in other diseases and affect cell death mechanisms similar to MMC. 

EGCG can cause inhibition of the NF-κB pathway, which is activated by UV-B light so that it 

can regulate TNF-α. The antioxidants contained in EGCG can also inhibit angiogenesis factors 

by reducing the expression of the VEGF growth factor through inhibition of HIF1-α in the 

PI3k/Akt phosphorylation pathway. The things mentioned above make EGCG an effective 

alternative adjuvant therapy in preventing pterygium recurrence (Yang et al., 2021; Li et al., 

2021; Jin et al., 2019; Sharifi-Rad et al., 2020). 

Method 

Preparation of EGCG 

EGCG was generously prepared by Professor Djoko Agus Purwanto (Xi'an Rongsheng 

Biotechnology CO., LTD) and dissolved in 0,01% Benzalkonium Chloride and 0,093% 

Natrium Chloride for the preparation of broth solutions at concentrations of 50, 100, and 150 

µM saved at 2-8 oC. Exhaustive media The EGCG was diluted to the required concentration 

with DMEM, sonicated, and filtered. 

Culture and the passage of HPF 

The Tritya Eye Clinic in Surabaya, Indonesia, collected pterygium tissue aseptically 

from patients who had signed informed consent forms. Before removing the pterygium tissue, 

a local anesthetic consisting of a subconjunctival injection of lidocaine 2% was administered. 

The ocular surface was cleaned with povidone-iodine and Balance Salt Solution (BSS). After 

the pterygium had been surgically removed, a tiny sample (0.5 mm3) was taken and placed in 
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a 100 mm culture dish, washed with Phosphate Buffer Saline (PBS), treated with RBC Lysis 

Buffer for 5 minutes, and finally incubated at 37 degrees Celsius. The samples were placed in 

1 mL of Dulbecco's Modified Eagle's Medium (DMEM) containing 15% Fetal Bovine Serum 

(FBS) and Penicillin Streptomycin, and incubated at 37 degrees Celsius with 95% humidity for 

one full day. The media was replenished daily until the cells achieved 80% confluence, at which 

point the FBS concentration was decreased to 10%. Non-confluent and contaminated cells were 

excluded from the study (Ramadhan et al., 2022). 

Cell’s characteristics and Vimentin staining 

At a density of 2.5 x 104 cells per well, the confluent cells were transferred to well plate 

24 until they adhered to the bottom of the plate. Cells were washed in PBS three times for five 

minutes each time. After 30 minutes, the cells were treated with 1% bovine serum albumin 

(BSA) at room temperature. After removing the fluid, cells were treated with primary 

antibodies for 24 hours before being washed with PBS. The cells were treated with Goat Anti 

Rabbit IgG & LTRITC (AB 6718)-Vimentin, rinsed with PBS, and then incubated at room 

temperature with DAPI (1:1000) for 5 minutes. At 10x magnification, images of cells were 

taken with a fluorescent microscope (Ramadhan et al., 2022). 

Measurement of TNF-α and VEGF by Immunofluorescence Staining 

After 48 hours, confluent cells were collected and plated on well plate 24. The wells 

were then separated into untreated, MMC 0.4 mg/mL, and EGCG 50, 100, and 150 µM. 

Untreated wells contained only cells and medium, MMC 0.4 mg/mL was added to cells with 

medium for 5 minutes, and washed once with PBS. EGCG was added to cells with medium at 

concentrations of 50, 100, and 150 µM, and rinsed once with PBS. Each well was treated with 

3-4% formaldehyde for 15 minutes, followed by two PBS washes. The well plate was rinsed 

three times for 5 minutes with PBS, and then incubated for 30 minutes at room temperature 

with 1% bovine sodium albumin (BSA). Cells were treated with TNF-α FITC conjugated 

Mouse Monoclonal Antibody Santa Cruz Biotechnology, Inc® or VEGF TRITC conjugated 

Rabbit Polyclonal Antibody Santa Cruz Biotechnology, Inc® antibodies at 4 oC for 24 hours. 

The well plate was rinsed for 5 minutes with PBS and incubated for 5 minutes with DAPI at a 

concentration of 1:1000. Using a fluorescent microscope at 40x magnification, the results were 

read. Using the following formula, expression levels were calculated using ImageJ software 

and expressed as corrected total cell fluorescence (CTCF). Density - Combined (Area of 

selected cell x Mean fluorescence of background readings) (Ramadhan et al., 2022). 

Statistical analysis 

Comparative data between the expression of TNF-α and VEGF within the interventions 

were tested using the one-way ANOVA test, followed by the Tukey post hoc test. Correlation 

data between both expressions were analyzed using the Pearson test. All statistical data were 

processed using SPSS 26.0 software with a p-value < 0.05 is considered significant. 

Result and Discussion 

Culture, the passage of HPF, cell’s characteristics, and Vimentin staining 

The recovery of Pterygium tissue followed the protocol established by the prior 

investigation.16 The fibroblast cell growth was observed until the confluence had reached 80% 

on day 10. P4 cultures were used in this study with a confluency rate of 90 – 100% on day 14. 

The fibroblast cells were confirmed using vimentin, an antibody marking fibroblasts. 
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Figure 1. (Left) pterygium before excision; (Right) primary pterygium tissue culture 

  

 

 

Figure 2. Human pterygium fibroblast was observed under a fluorescence microscope at 10x 

magnification in contrast phase (A), DAPI staining (B), vimentin (C), and merge (D) 

Expression of TNF-α and VEGF in EGCG & Mitomycin-C group 

The results showed that the highest expression of TNF-α and VEGF was in the 

untreated group, while the lowest was in the MMC 0.4 mg/ml. TNF-α and VEGF expression 

of 50 µM showed higher suppression than the untreated group, while 150 µM showed lower 

suppression than MMC 0,4 mg/mL group. EGCG 100 µM EGCG showed lower expression 

than the 50 µM EGCG while having stronger expression than 150 µM EGCG. One-way 

ANOVA test showed a statistical significance of difference among all groups (p < 0.001). 

Tukey tests show that the TNF-α and VEGF expressions between groups are significantly 

different at p < 0.05. Pearson’s test showed a significant correlation (p < 0.001) between both 

expressions. 
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Table 1. TNF-α expression based on corrected total cell fluorescence 

 Mean CTCF Standard Deviation  

Untreated 23.738.727 2.519.470,114 

p < 0,001* 

EGCG 50 µM 17.955.308 2.436.117,91 

EGCG 100 µM 10.517.833 1.441.698,329 

EGCG 150 µM 4.443.017 1.139.406,713 

MMC 0,4 mg/mL 1.083.169 229.620,7551 

*tested by one-way Anova, considered significant if p< 0.05 

Table 2. VEGF expression based on corrected total cell fluorescence 

 Mean CTCF Standard Deviation  

Untreated 99.072.597 5.876.010,459 

p < 0,001* 

EGCG 50 µM 77.440.835 2.274.680,478 

EGCG 100 µM 41.104.888 1.743.271,169 

EGCG 150 µM 22.720.365 2.794.650,466 

MMC 0,4 mg/mL 7.119.833 804.646,729 

*tested by one-way Anova, considered significant if p< 0.05 

Figure 3: Correlation between TNF- α and VEGF expression across different group 
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Figure 4. Human Pterygium fibroblast cells stained with TNF-α, DAPI, and VEGF antibodies, 

photographed with a fluorescence microscope at 40x magnification, comparing the untreated 

group, EGCG 50µM, EGCG 100µM, EGCG 150µM, and MMC 0.4 mg/ml 

Pterygium is a disease of the ocular surface that can result in vision loss. The 

pathogenesis of pterygium and its recurrence are thought to be due to numerous pathways, 

including cell inflammation, proliferation, migration, and angiogenesis. Identification of 

medication capable of suppressing these pathways could hugely affect pterygium treatment.  

Recurrence after pterygium excision depends on several factors, such as younger age, 

because TNF–α and VEGF expression are higher than in older people. UV-B rays effect also 

plays an important role in inducing TNF–α and VEGF expression in pterygium through 

inflammation and angiogenesis. MMC as adjuvant therapy is often used to reduce the 

recurrence rate in pterygium, but complications and ocular surface toxicity are still debatable; 

thus, safer and more effective treatment is needed to replace MMC. 

The CCK-8 assay was performed in the pre-experimental study to assess the IC 50 dose 

of EGCG 102,17 µM. Therefore, the EGCG doses used in this study were 50, 100, and 150 
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µM. This is in line with research by Yang et al., 2021 that the treatment of 25 and 50 μM EGCG 

could significantly reduce human primary pterygium cells survival compared to control. 

Another study by Wu et al., 2019 stated that EGCG with doses ranging from 25−200 μM could 

also inhibit cell proliferation, viability, migration, and increased apoptosis activity (Yang et al., 

2021; Wu et al., 2019) 

TNF – α and VEGF expression in human pterygium fibroblast cells that had been given 

the intervention were observed within 48 hours, then performed immunofluorescence staining 

with TNF – α and VEGF antibodies. The dose of EGCG used in this study is 50 − 150, and it 

concluded that it has a dose-dependent inhibitory effect. A study by Toju et al., 2018 stated 

that TNF-α was significantly increased after 30 minutes of UV exposure, and suppression was 

found in the dose-dependent EGCG group. Another study by Dong et al., 2016 found that 

VEGF protein significantly increased 48 hours after TNF-α stimulation (Dong et al., 2016; 

Toju et al., 2018). 

This study showed that EGCG and MMC significantly decreased TNF–α and VEGF 

expression in human pterygium fibroblast cells after 48 hours of intervention. There were 

differences in TNF – α and VEGF expression of the three EGCG doses, MMC and untreated 

group. MMC had the lowest TNF – α and VEGF expression compared to the untreated group 

and EGCG. This is similar to the experiment by Abdurrauf et al., 2022 where MMC was the 

most potent agent in reducing pterygium recurrence. However, this result slightly differs 

from a study by Guo et al. 2019 that showed MMC 0.4 mg/mL effectively reduced VEGF 

levels in pterygium tissue but had no effect on TNF – α level (Abdurrauf et al., 2022; Guo et 

al., 2019). 

EGCG had a higher suppression effect of reducing TNF – α and VEGF expression 

when compared to the untreated group hinting that EGCG may have anti-inflammatory and 

anti-angiogenic activity. An experiment conducted by Li et al., 2019 supports this idea 

because the result shows that EGCG effectively downregulated TNF-α expression and other 

interleukins in retinal tissues from experimental autoimmune uveitis mice by targeting the 

Th17-associated pro-inflammatory gene expression. In another study by Koh et al., 2014 

using corneal neovascularization animal models receiving topical EGCG, VEGF expression 

was effectively suppressed, suggesting that it has an anti-angiogenic effect (Li et al., 2019; 

Koh et al., 2014). 

TNF – α and VEGF expression inhibition might have some mechanism affecting each 

other, shown by significant correlation in this study. This is consistent with an experiment by 

Dong et al., 2017 where TNF-α mediates VEGF expression in cultured human pterygium cells. 

A study by Kim et al., 2017 also concluded that human pterygium fibroblast showed increased 

expression of HIF-1α and VEGFR upon stimulation with TNF-α. Another study by Xu et al., 

2020 found similar results where pro-EGCG could suppress the expression of HIF-1α and 

VEGF in the inner segment/outer segment and RPE layers while could also downregulate the 

expression of TNF-α. A review by Rashidi et al., 2017 even stated that EGCG inhibited TNF-

α induced activation of NF-κB, which also inhibits VEGF binding to its receptor through 

blocking ERK and Akt phosphorylation by repressing the expression of HIF-1. However, in an 

experiment conducted by Lee et al., 2011 there seemed to be no association between TNF-α 

level and EGCG treatment. The levels of VEGF were lower with EGCG treatment, but the 

differences were not statistically significant (Xu et al., 2019; Rashidi et al., 2017; Lee et al., 

2011; Dong et al., 2016; Kim et al., 2017). 
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Conclusion 

In conclusion, this study shows that EGCG could be an adjuvant treatment for 

pterygium recurrence by downregulation of TNF–α and VEGF expression as one of the 

pathways causing pterygium growth. This showed the potential of EGCG as an alternative 

therapy for post-pterygium excision besides MMC. This is the first study to compare and 

correlate the effects of EGCG with MMC in reducing TNF–α and VEGF expression on human 

pterygium fibroblast in vitro. In the future, it is necessary to test other expression markers, such 

as those that induce cell proliferation, migration, or apoptosis as one of the pathogeneses of 

pterygium recurrence, and the use of EGCG as topical eye drop preparations that may be 

possible. 

Acknowledgments 

We want to thank the staff at the Faculty of Medicine and Faculty of Pharmacy at 

Airlangga University, Surabaya – Indonesia, and Tritya Eye Clinic, Surabaya – Indonesia. 

References 

Abdurrauf, M., Ramadhan, F., Zuhria, I., Tambunan, B. A., Notobroto, H. B., Surahman, B., 

& Komaratih, E. (2022). Mitomycin C, curcumin, and fibrin glue inhibit the cell 

proliferation and expression of TGF-β in human pterygium fibroblast. Bali Medical 

Journal, 11(1), 228–233. 

Abegunde, K. A., & Owoaje, E. T. (2013). Health problems and associated risk factors in 

selected urban and rural elderly population groups of South-West Nigeria. Annals of 

African Medicine, 12(2), 90. 

Ardianty, D. P. (2018). Hubungan Faktor Risiko Dengan Kejadian Pterygium di Poliklinik 

Mata Badan Layanan Umum Daerah Rumah Sakit Umum Cut Meutia Kabupaten Aceh 

Utara Tahun 2015. AVERROUS: Jurnal Kedokteran dan Kesehatan 

Malikussaleh, 2(1), 64-78. 

Belmonte, C., Tervo, T., Gallar, J., Levin, L., Nilsson, S., Ver Hoeve, J., ... & Alm, A. (2011). 

Sensory innervation of the eye. Adler’s physiology of the eye. Elsevier, 363–84. 

Byrne, A. M., Bouchier‐Hayes, D. J., & Harmey, J. H. (2005). Angiogenic and cell survival 

functions of vascular endothelial growth factor (VEGF). Journal of cellular and 

molecular medicine, 9(4), 777–794. 

Cardenas-Cantu, E., Zavala, J., Valenzuela, J., & Valdez-García, J. E. (2016, November). 

Molecular basis of pterygium development. In Seminars in ophthalmology (Vol. 31, 

No. 6, pp. 567-583). Informa Healthcare. 

Chakrabarti, A. (2014). Cataract surgery in diseased eyes. JP Medical Ltd. 

Chui, J. J. Y., & Coroneo, M. T. (2012). Pterygium pathogenesis, actinic damage, and 

recurrence. In Pterygium: Techniques and Technologies for Surgical Success (pp. 1–

26). Slack Thorofare, NJ. 

Detorakis, E. T., & Spandidos, D. A. (2009). Pathogenetic mechanisms and treatment options 

for ophthalmic pterygium: trends and perspectives. International journal of molecular 

medicine, 23(4), 439-447. 

Dong, Y., Kase, S., Dong, Z., Fukuhara, J., Tagawa, Y., Ishizuka, E. T., ... & Ishida, S. (2016). 

Regulation of vascular endothelial growth factor-C by tumor necrosis factor-α in the 

conjunctiva and pterygium. International Journal of Molecular Medicine, 38(2), 545-

550. 



  
 

Res Militaris, vol.12, n°4, December Issue 2022 2027 
 

Erry, E., Mulyani, U. A., & Susilowati, D. (2011). Distribusi Dan Karakteristik Pterigium Di 

Indonesia. Buletin Penelitian Sistem Kesehatan, 14(1), 21259. 

Feghali, C. A., & Wright, T. M. (1997). Cytokines in acute and chronic inflammation. Frontiers 

in Bioscience-Landmark, 2(4), 12–26. 

Fonseca, E. C., Rocha, E. M., & Arruda, G. V. (2018). Comparison among adjuvant treatments 

for primary pterygium: a network meta-analysis. British journal of 

ophthalmology, 102(6), 748-756. 

Guo, B., Lu, P., Chen, X., Zhang, W., & Chen, R. (2010). Prevalence of dry eye disease in 

Mongolians at high altitude in China: the Henan eye study. Ophthalmic 

epidemiology, 17(4), 234-241. 

Guo, Q., Li, X., Cui, M. N., Liang, Y., Li, X. P., Zhao, J., ... & Quan, X. H. (2019). Low-dose 

mitomycin C decreases the postoperative recurrence rate of pterygium by perturbing 

the NLRP3 inflammatory signaling pathway and suppressing the expression of 

inflammatory factors. Journal of ophthalmology, 2019. 

Jin, Y., Xi, C., Qin, J., & Yong, J. (2019). Molecular pathways, green tea extract,(−)-

epigallocatechin gallate, and ocular tissue. In Handbook of Nutrition, Diet, and the Eye 

(pp. 303–320). Academic Press. 

Kim, K. W., Lee, S. J., & Kim, J. C. (2017). TNF-α upregulates HIF-1α expression in 

pterygium fibroblasts and enhances their susceptibility to VEGF independent of 

hypoxia. Experimental eye research, 164, 74-81. 

Kim, Y. H., Jung, J. C., Jung, S. Y., Kim, Y. I., Lee, K. W., & Park, Y. J. (2015). Cyclosporine 

A downregulates MMP-3 and MMP-13 expression in cultured pterygium 

fibroblasts. Cornea, 34(9), 1137–1143. 

Koh, C. H., Lee, H. S., & Chung, S. K. (2014). Effect of topical epigallocatechin gallate on 

corneal neovascularization in rabbits. Cornea, 33(5), 527-532. 

Lee, H. S., Chauhan, S. K., Okanobo, A., Nallasamy, N., & Dana, R. (2011). Therapeutic 

efficacy of topical epigallocatechin gallate (EGCG) in murine dry eye. Cornea, 30(12), 

1465. 

Lee, I. T., & Yang, C. M. (2012). Role of NADPH oxidase/ROS in the pro-inflammatory 

mediators-induced airway and pulmonary diseases. Biochemical pharmacology, 84(5), 

581-590. 

Li, J., Du, L., He, J. N., Chu, K. O., Guo, C. L., Wong, M. O. M., ... & Chu, W. K. (2021). 

Anti-inflammatory effects of GTE in eye diseases. Frontiers in Nutrition, 1092. 

Li, J., Yip, Y. W. Y., Ren, J., Hui, W. K., He, J. N., Yu, Q. X., ... & Chu, W. K. (2019). Green 

tea catechins alleviate autoimmune symptoms and visual impairment in a murine model 

for human chronic intraocular inflammation by inhibiting Th17-associated pro-

inflammatory gene expression. Scientific reports, 9(1), 1-9. 

Malkov, M. I., Lee, C. T., & Taylor, C. T. (2021). Regulation of the hypoxia-inducible factor 

(HIF) by pro-inflammatory cytokines. Cells, 10(9), 2340. 

Martens, P. (2013). Health and climate change: modeling the impacts of global warming and 

ozone depletion. Routledge. 

Mukhopadhyay, D., & Datta, K. (2004). Multiple regulatory pathways of vascular permeability 

factor/vascular endothelial growth factor (VPF/VEGF) expression in tumors. 

In Seminars in cancer biology (Vol. 14, No. 2, pp. 123–130). Academic Press. 

Ramadhan, F., Jamaluddin, J., Zuhria, I., Indriaswati, L., & Komaratih, E. (2022). Matrix 

Metalloproteinase-3 Down-Regulation and Cell Migration Inhibition in Human 

Pterygium Fibroblasts by Mitomycin-C, Curcumin, and Fibrin Glue. The Indonesian 

Biomedical Journal, 14(2), 172-9. 



  
 

Res Militaris, vol.12, n°4, December Issue 2022 2028 
 

Rao, S. K., Lekha, T., Mukesh, B. N., Sitalakshmi, G., & Padmanabhan, P. (1998). 

Conjunctival-limbal autografts for primary and recurrent pterygia: technique and 

results. Indian journal of ophthalmology, 46(4), 203. 

Rashidi, B., Malekzadeh, M., Goodarzi, M., Masoudifar, A., & Mirzaei, H. (2017). Green tea 

and its anti-angiogenesis effects. Biomedicine & Pharmacotherapy, 89, 949-956. 

Rezvan, F., Khabazkhoob, M., Hooshmand, E., Yekta, A., Saatchi, M., & Hashemi, H. (2018). 

Prevalence and risk factors of pterygium: a systematic review and meta-

analysis. Survey of ophthalmology, 63(5), 719–735. 

Salazar-Onfray, F., López, M. N., & Mendoza-Naranjo, A. (2007). Paradoxical effects of 

cytokines in tumor immune surveillance and tumor immune escape. Cytokine & growth 

factor reviews, 18(1-2), 171-182. 

Shahraki, T., Arabi, A., & Feizi, S. (2021). Pterygium: an update on pathophysiology, clinical 

features, and management. Therapeutic Advances in Ophthalmology, 13, 

25158414211020152. 

Sharifi-Rad, M., Pezzani, R., Redaelli, M., Zerzan, M., Imran, M., Ahmed Khalil, A., ... & 

Sharifi-Rad, J. (2020). Preclinical activities of Epigallocatechin gallate in signaling 

pathways in cancer. Molecules, 25(3), 467. 

Sprague, A. H., & Khalil, R. A. (2009). Inflammatory cytokines in vascular dysfunction and 

vascular disease. Biochemical pharmacology, 78(6), 539-552. 

Toju, A., Udaka, Y., Tsuji, M., Oyamada, H., Kizaki, J., Tomoyori, E., & Kiuchi, Y. (2018). 

Suppressive effects of catechins in UV-induced cytotoxicity of human corneal 

epithelial cells. Showa Univ J Med Sci. 30(1), 73-85. 

Vogel, C. F., Sciullo, E., & Matsumura, F. (2004). Activation of inflammatory mediators and 

potential role of ah-receptor ligands in foam cell formation. Cardiovascular 

toxicology, 4(4), 363-373. 

Wang, Y., Shan, G., Gan, L., Qian, Y., Chen, T., Wang, H., ... & Zhong, Y. (2020). Prevalence 

and associated factors for pterygium in Han and Mongolian adults: a cross-sectional 

study in inner Mongolian, China. BMC ophthalmology, 20(1), 1–14. 

Wu, D., Liu, Z., Li, J., Zhang, Q., Zhong, P., Teng, T., ... & Li, Y. (2019). Epigallocatechin-3-

gallate inhibits the growth and increases the apoptosis of human thyroid carcinoma cells 

through suppression of the EGFR/RAS/RAF/MEK/ERK signaling pathway. Cancer 

cell international, 19(1), 1–17. 

Xu, J., Tu, Y., Wang, Y., Xu, X., Sun, X., Xie, L., ... & Song, E. (2020). Prodrug of 

epigallocatechin-3-gallate alleviates choroidal neovascularization via down-regulating 

HIF-1α/VEGF/VEGFR2 pathway and M1 type macrophage/microglia 

polarization. Biomedicine & Pharmacotherapy, 121, 109606. 

Yang, Y., Chen, S. L., Xu, Y., Yao, Y., Liang, J. J., Wang, L., ... & Ng, T. K. (2021). Green 

tea catechins attenuate human primary pterygium cell survival and migration via 

modulation of ERK p42/p44 and p38 pathways. Journal of Agricultural and Food 

Chemistry, 69(41), 12209-12218. 

Zidi, S., Bediar-Boulaneb, F., Belguendouz, H., Belkhelfa, M., Medjeber, O., Laouar, O., ... & 

Touil-Boukoffa, C. (2017). Local pro-inflammatory cytokine and nitric oxide responses 

are elevated in patients with pterygium. International Journal of Immunopathology and 

Pharmacology, 30(4), 395-405. 

Zulkifley, M. A., Abdani, S. R., & Zulkifley, N. H. (2019). Pterygium-Net: a deep learning 

approach to pterygium detection and localization. Multimedia Tools and 

Applications, 78(24), 34563-34584. 

Nura Bawa, Hafsat Yusuf Imam, & Aishatu Jibril Bello. (2022). Undergraduate Students’ 

Perceptions of the Use of Moodle Learning Management System in Usmanu 

Danfodoyo University, Sokoto. Journal of Artificial Intelligence,Machine Learning and 



  
 

Res Militaris, vol.12, n°4, December Issue 2022 2029 
 

Neural Network (JAIMLNN) ISSN: 2799-1172, 2(03), 1–8. 

https://doi.org/10.55529/jaimlnn.23.1.8 

Abubakar Musa, & Bala Bakwai Kwashabawa. (2022). Classroom Crisis in Higher Institutions 

of Learning under the New Normal: Administrative Coping Strategies. Journal of 

Artificial Intelligence,Machine Learning and Neural Network (JAIMLNN) ISSN: 

2799-1172, 2(03), 9–16. https://doi.org/10.55529/jaimlnn.23.9.16 

Dr. Ishaan Tamhankar. (2022). “A Combine Model for Email Classification in Hindi Language 

using Supervised Learning (NB, K-NN, DT, SVM)”. Journal of Artificial 

Intelligence,Machine Learning and Neural Network (JAIMLNN) ISSN: 2799-

1172, 2(03), 17–23. https://doi.org/10.55529/jaimlnn.23.17.23 

Mark Kevin V. Rimando, & Reynaldo R. Corpuz. (2022). A Real Time Tracking System for 

School Forms Using QR Codes with Watermarking Algorithm. Journal of Artificial 

Intelligence,Machine Learning and Neural Network (JAIMLNN) ISSN: 2799-

1172, 2(03), 24–33. https://doi.org/10.55529/jaimlnn.23.24.33 

johnny Q. Tagupa Msit. (2022). Acceptability Level of Operator Interface Controller of 

Robotic Arm. Journal of Artificial Intelligence,Machine Learning and Neural Network 

(JAIMLNN) ISSN: 2799-1172, 2(03), 34–38. 

https://doi.org/10.55529/jaimlnn.23.34.38 

Shokhjakhon Abdufattokhov, Nodira Normatova, & Makhbuba Shermatova. (2022). Artificial 

Neural Networks Based Predictive Model For Detecting The Early-Stage 

Diabetes. Journal of Artificial Intelligence,Machine Learning and Neural Network 

(JAIMLNN) ISSN: 2799-1172, 2(04), 1–8. https://doi.org/10.55529/jaimlnn24.1.9 

Dr.Ishaan Tamhankar, & Ms.Ritu Bhatiya. (2022). “An Analysis on Email Classification on 

Hindi Language using Bayesian Classifier”. Journal of Artificial Intelligence,Machine 

Learning and Neural Network (JAIMLNN) ISSN: 2799-1172, 2(04), 9–15. 

https://doi.org/10.55529/jaimlnn.24.9.15 

Anuradha Reddy, Dr. Viswanathan, Vikram Gude, Mamatha K, & D. Nageswara Rao. (2022). 

Smart Waste Management Systems by Using Automated Machine Learning 

Techniques. Journal of Artificial Intelligence,Machine Learning and Neural Network 

(JAIMLNN) ISSN: 2799-1172, 2(04), 16–25. 

https://doi.org/10.55529/jaimlnn.24.16.25 

Eeva N. Kapopara, & Dr. Prashant P. Pittalia. (2022). A proposed approach for the key 

generation in cryptography to enrich the data confidentiality while sharing data over 

the network. Journal of Artificial Intelligence,Machine Learning and Neural Network 

(JAIMLNN) ISSN: 2799-1172, 2(04), 26–32. 

https://doi.org/10.55529/jaimlnn.24.26.32 

Almighty C. Tabuena, Yvon Mae H. Tabuena, Dr. Oscar Lauber, & Ángel Geovanny Rochina 

Chisag. (2021). an Examination of the Effects of a Research-Based Instructional Model 

on Students’ Critical Thinking Abilities in an Introductory Science 

Course. International Journal of Research in Science &Amp; Engineering (IJRISE) 

ISSN: 2394-8299, 1(01), 1–12. https://doi.org/10.55529/ijrise.11.1.12 

Abdulhalim Musa Abubakar, Zahra Soltanifar, Yusufu Luka, Eme William Udoh, & 

Mamoudou Hamadou. (2021). Analysis of Microbial Growth Models for 

Microorganisms in Chicken Manure Digester. International Journal of Research in 

Science &Amp; Engineering (IJRISE) ISSN: 2394-8299, 1(02), 1.24. 

https://doi.org/10.55529/ijrise.12.1.24 

Esraa Mohammad Ahmad Jaradat. (2022). Load Prediction Techniques in Cloud 

Environment. International Journal of Research in Science &Amp; Engineering 

(IJRISE) ISSN: 2394-8299, 2(01), 1–10. https://doi.org/10.55529/ijrise.21.1.10 



  
 

Res Militaris, vol.12, n°4, December Issue 2022 2030 
 

Dr. Bilal Ahmad Sheikh, Dr. Imran Mehraj Dar, Dr. Omar Fayaz Khan, & Iftikhar Bashir Wani. 

(2022). Value Engineering as a Sustainable Tool in Construction Industry. International 

Journal of Research in Science &Amp; Engineering (IJRISE) ISSN: 2394-8299, 2(02), 

1–7. https://doi.org/10.55529/ijrise.22.1.7 

Richard D. Hortizuela. (2022). Towards Web Equality: Efforts on Web Accessibility for 

Persons with Cognitive Disability. International Journal of Research in Science &Amp; 

Engineering (IJRISE) ISSN: 2394-8299, 2(03), 1–16. 

https://doi.org/10.55529/ijrise.231.16 

D.K. Mishra, V. Shinde, & S.K. Bharadwaj. (2022). A Convergence Study of Firefly 

Algorithm. International Journal of Research in Science &Amp; Engineering (IJRISE) 

ISSN: 2394-8299, 2(03), 17–25. https://doi.org/10.55529/ijrise.2317.25 

Wiki Widodo, Tri Susilowati, Widianto, & Andino Maseleno. (2022). Web-Based Sales 

Information System Of Sengon And Chocolate Seeds. International Journal of 

Research in Science &Amp; Engineering (IJRISE) ISSN: 2394-8299, 2(03), 26–47. 

https://doi.org/10.55529/ijrise.2326.47 

Asha Chauhan, A K Shrivastav, & Anjali Oudhia. (2022). Boosting the Power Conversion 

efficiency of CsPb0.75Sn0.25IBr2 Alloy-based Perovskite Solar Cell with Charge 

Transport Layer Mg:SnO2: A Theoretical Study. International Journal of Research in 

Science &Amp; Engineering (IJRISE) ISSN: 2394-8299, 2(03), 48–60. 

https://doi.org/10.55529/ijrise.23.48.60 

Bassey Bridget Jones, Nyong Bassey E, Edim Moses M., Ita Obo Okokon, & Asuquo Esther 

Offiong. (2022). Advances in the Modification of Natural Polymers for Applications in 

Food Packaging and Preservation. International Journal of Research in Science &Amp; 

Engineering (IJRISE) ISSN: 2394-8299, 2(04), 1–9. 

https://doi.org/10.55529/ijrise24.1.9 

Anumandla Mounika Reddy. (2021). Unique Privacy Aspects of Internet of 

Things. International Journal of Information Technology &Amp; Computer 

Engineering (IJITC) ISSN : 2455-5290, 1(01), 1–6. 

https://doi.org/10.55529/ijitc.11.1.6 

Vivek Thoutam. (2021). An Overview on the Reference Model and Stages of Iot 

Architecture. International Journal of Information Technology &Amp; Computer 

Engineering (IJITC) ISS 2455-5290, 1(01), 7–14. https://doi.org/10.55529/ijitc.11.7.14 

Vivek Thoutam. (2021). Unique Security Challenges of Iot Devices and Spectrum of Security 

Considerations. International Journal of Information Technology &Amp; Computer 

Engineering (IJITC) ISSN 2455-5290, 1(01), 15–21. 

https://doi.org/10.55529/ijitc.11.15.21 

Muhammad Muslihudin, Rizky Purnama, & Uning Lestari. (2021). Application Design for 

Identification of Car Garbage Prone Points for Pringsewu Regional Government 

Cleanliness Based on Mobile Web . International Journal of Information Technology 

&Amp; Computer Engineering (IJITC) ISSN 2455-5290, 1(01), 22–36. 

https://doi.org/10.55529/ijitc.11.22.36 

P.Leo Dominic, & Dr.S.Praveen Kumar. (2021). An Empirical Study on Talent Landscaping 

in Information Technology Industry. International Journal of Information Technology 

&Amp; Computer Engineering (IJITC) ISSN 2455-5290, 1(02), 1–11. 

https://doi.org/10.55529/ijitc.12.1.11 

Vivek Thoutam. (2021). A comprehensive review on communication enablers and 

Communication models of iot. International Journal of Information Technology 

&Amp; Computer Engineering (IJITC) ISSN 2455-5290, 1(02), 12–18. 

https://doi.org/10.55529/ijitc.12.12.18 

https://doi.org/10.55529/ijitc.11.1.6


  
 

Res Militaris, vol.12, n°4, December Issue 2022 2031 
 

Gargi Kale, Prashant Bhaware, Rohit Ingle, Sayali Sulbhewar, Yash Gugaliya, Mayur Kaware, 

& Parag Thakare. (2022). Real Time Face Mask Detection-A Survey. International 

Journal of Information Technology &Amp; Computer Engineering (IJITC) ISSN : 

2455-5290, 2(01), 1–4. https://doi.org/10.55529/ijitc21.1.4 

Dr. Engr. Rt. Ln. Arun Kanti Howlader PMP. (2022). Infinite particles of infinite singular mass 

are the reason behind infinite universal particle and events which is equal. International 

Journal of Information Technology &Amp; Computer Engineering (IJITC) ISSN 2455-

5290, 2(01), 5–7. https://doi.org/10.55529/ijitc.21.5.7 

Peter Ayoola Ajelabi, & Adebimpe Adenike Ajelabi. (2022). Application of Technologies to 

Instruction in Nigeria’s Tertiary Education System: Panacea In The Midst Of National 

Challenges. International Journal of Information Technology &Amp; Computer 

Engineering (IJITC) ISSN 2455-5290, 2(01), 8–18. 

https://doi.org/10.55529/ijitc.21.8.18 

Dr.Navdeep Kaur, & Mrs.Maninderpal Kaur. (2022). Role of Technology for Equality, 

Diversity and Inclusivity. International Journal of Information Technology &Amp; 

Computer Engineering (IJITC) ISSN 2455-5290, 2(01), 19–29. 

https://doi.org/10.55529/ijitc.21.19.29 

Arun kanti Howlader. (2022). A literacy review of tertiary levels teacher’s modern 

technological literacy ratio in rural area of Bangladesh. International Journal of 

Information Technology &Amp; Computer Engineering (IJITC) ISSN: 2455-

5290, 2(02), 1–11. https://doi.org/10.55529/ijitc22.1.11 

V. Shavali, S.Anees fathima, & T.Reshma. (2022). Controlling and Scheduling of Homely 

Devices by Minimizing Power and Traffic Using IOT with Google 

Assistant. International Journal of Information Technology &Amp; Computer 

Engineering (IJITC) ISSN: 2455-5290, 2(02), 12–16. 

https://doi.org/10.55529/ijitc.22.12.16 

Muzamil Hussain ALHussaini. (2022). A Charter to Machineries Universally Used by School 

Learners. International Journal of Information Technology &Amp; Computer 

Engineering (IJITC) ISSN: 2455-5290, 2(02), 17–21. 

https://doi.org/10.55529/ijitc.22.17.22 

M. Islam Mahdi, & Agus Suryana. (2022). Mobile Web-Based Learning 

Application. International Journal of Information Technology &Amp; Computer 

Engineering (IJITC) ISSN: 2455-5290, 2(02), 22–33. 

https://doi.org/10.55529/ijitc.22.22.33 

Ahmad Khumaidi, & Iqbal Ramadhan. (2022). Android-Based Mobile Learning as an English 

Language Learning Media during Pandemic Times. International Journal of 

Information Technology &Amp; Computer Engineering (IJITC) ISSN: 2455-

5290, 2(02), 34–46. https://doi.org/10.55529/ijitc.22.34.46 

Sri Ipnuwati, Andino Maseleno, & Bastyan Dimas Prayoga. (2022). The Design of Goods Data 

Storage Application based on Android using Barcode Scanner. International Journal of 

Information Technology &Amp; Computer Engineering (IJITC) ISSN: 2455-

5290, 2(03), 1–12. https://doi.org/10.55529/ijitc23.1.12 

R. Arun Patrick, R. Gowrishanka, K. Cinetha, & T. Palani Raja. (2022). Efficient Data Access 

Control Scheme Using Splitting Technique In Clouds. International Journal of 

Information Technology &Amp; Computer Engineering (IJITC) ISSN: 2455-

5290, 2(03), 13–18. https://doi.org/10.55529/ijitc23.13.18 

Mrs.M.Jebakumari, Mr T.Palaniraja, Mr.K.Arun Patrick, & Ashwini. (2022). Blocking Of 

Spam Mail Using K-Means Clustering Algorithm. International Journal of Information 

Technology &Amp; Computer Engineering (IJITC) ISSN: 2455-5290, 2(03), 19–24. 

https://doi.org/10.55529/ijitc23.19.24 



  
 

Res Militaris, vol.12, n°4, December Issue 2022 2032 
 

Rina Wati, Novita Andriyani, & Tri Susilowati. (2022). Delivery Order Information System in 

Raya Family Restaurant Based On Android Application. International Journal of 

Information Technology &Amp; Computer Engineering (IJITC) ISSN: 2455-

5290, 2(03), 25–35. https://doi.org/10.55529/ijitc23.25.35 

Agus Irawan, Siti Mukodimah, Afrizal Martin, & Yunaida Ervika. (2022). Design and 

Development of Lampung Script Educational Game. International Journal of 

Information Technology &Amp; Computer Engineering (IJITC) ISSN: 2455-

5290, 2(03), 36–48. https://doi.org/10.55529/ijitc23.36.48 

Muzamil Hussain AL Hussaini. (2022). Effect of Information Technology on 

Education. International Journal of Information Technology &Amp; Computer 

Engineering (IJITC) ISSN:2455-5290, 2(04), 1–5. https://doi.org/10.55529/ijitc24.1.5 

Showkat Ahmad Dar, & Dr. Naseer Ahmad Lone. (2022). Make In India An Analytic Study of 

the Country’s Technological shift for Transformation. International Journal of 

Information Technology &Amp; Computer Engineering (IJITC) ISSN: 2455-

5290, 2(04), 6–16. https://doi.org/10.55529/ijitc.24.6.16 

Aadil Ahmad Shairgojri, & Showkat Ahmad Dar. (2022). Emerging Cyber Security India’s 

Concern and Threats. International Journal of Information Technology &Amp; 

Computer Engineering (IJITC) ISSN: 2455-5290, 2(04), 17–26. 

https://doi.org/10.55529/ijitc.24.17.26 

Panneerselvam. (2022). Framework and Challenges of Cyber Security in India: An Analytical 

Study. International Journal of Information Technology &Amp; Computer Engineering 

(IJITC) ISSN : 2455-5290, 2(04), 27–34. https://doi.org/10.55529/ijitc.24.27.34 

Aminu Adamu Ahmed, Abubakar Yusuf Dutse, & Mangai Josiah Mallo. (2022). Influencing 

Factors Determine Students’Behavioural Intentions to Adopt an E-Learning System in 

Tertiary Institution. International Journal of Information Technology &Amp; 

Computer Engineering (IJITC) ISSN: 2455-5290, 2(04), 35–63. 

https://doi.org/10.55529/ijitc.24.35.63 

Dr. V Vasanthi, T Vijayavarthini, Vishnu Satheesh, & Manimaran.M. (2021). Block Chain 

Technology and Its Future Scope. Journal of Image Processing and Intelligent Remote 

Sensing(JIPIRS) ISSN 2815-0953, 1(01), 1–4. https://doi.org/10.55529/jipirs.11.1.4 

Peer Amir Ahmad. (2021). Cyber Security Is More than Just a Question of Information 

Technology. Journal of Image Processing and Intelligent Remote Sensing(JIPIRS) 

ISSN 2815-0953, 1(02), 1–7. https://doi.org/10.55529/jipirs12.1.7 

P.Rajalakshmi. (2021). A Dual-transformer DC–DC with Variable frequency modulation 

Technique. Journal of Image Processing and Intelligent Remote Sensing(JIPIRS) ISSN 

2815-0953, 1(02), 8–16. https://doi.org/10.55529/jipirs.12.8.16 

S.Renukadevi. (2021). Switching Sequence Control 31-Level Asymmetric Cascaded of 

Reduced Switch Count Multilevel Inverter with Multi Carrier Pulse Width 

Modulation. Journal of Image Processing and Intelligent Remote Sensing(JIPIRS) 

ISSN 2815-0953, 1(02), 17–26. https://doi.org/10.55529/jipirs.12.17.26 

Dr. Nimisha Beri, & Shivani Gulati. (2022). Cyberloafing As A Challenge For Integration Of 

Ict In Education. Journal of Image Processing and Intelligent Remote Sensing(JIPIRS) 

ISSN 2815-0953, 2(01), 1–5. https://doi.org/10.55529/jipirs21.1.5 

Dr. Dinesh kumar, & Abdulhamid Sanusi Ahmad2. (2022). Theoretical Models Of Technology 

Acceptance: A Critical Analysis & Design For Future Research. Journal of Image 

Processing and Intelligent Remote Sensing(JIPIRS) ISSN 2815-0953, 2(01), 6–17. 

https://doi.org/10.55529/jipirs.21.6.17 

Rashid Manzoor Bhat, & Peer Amir Ahmad. (2022). Social Media and the Cyber Crimes 

Against Women-A Study. Journal of Image Processing and Intelligent Remote Sensing 

(JIPIRS) ISSN 2815-0953, 2(01), 18–22. https://doi.org/10.55529/jipirs.21.18.22 

https://doi.org/10.55529/ijitc.24.17.26


  
 

Res Militaris, vol.12, n°4, December Issue 2022 2033 
 

Fowsiya P A, Rajesh P, Rajkumar G, & Maheswaran K. (2022). Optimization of Energy 

Conversion Efficiency of PV System. Journal of Image Processing and Intelligent 

Remote Sensing (JIPIRS) ISSN 2815-0953, 2(02), 1–10. 

https://doi.org/10.55529/jipirs22.1.10 


