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					ABSTRACT  

					ARTICLE INFO  

					Breast cancer in Indonesia occupies the first position in cancer cases that cause death in women.  

					Recent studies have shown that cowanin is effective as a cytotoxic by inhibiting T47D cell cycle  

					regulation in the G0-G1 phase. This study was conducted to determine the effect of cowanin on  

					signal transduction by looking at the expression of extracellular regulated kinase (ERK)1/2 and  

					phosphorylated-ERK1/2 (p-ERK1/2) proteins. The treatments were divided into 3 groups:  

					negative control, cowanin, and doxorubicin. The administration of cowanin is IC50 11.11 g/mL,  

					and doxorubicin is 0.125 g/mL. The western blot steps include lysing cells and separating them  

					by gel electrophoresis, transferring protein bands from gel to membrane, and detecting protein  

					bands by adding antibodies that react with the substrate. Parameters that will be observed are  

					surface area and protein density using ImageJ. The results showed that cowanin could affect the  

					expression of the ERK1/2 protein by significantly reducing the area (p<0.05) and the protein  

					density of the ERK1/2 protein band significantly (p<0.05) followed by the post hoc Duncan test,  

					there was a difference in the effect from treatment. Cowanin suppresses the expression of the  

					ERK1/2 protein, which inhibits replication by decreasing the area and density of the ERK1/2  

					protein.  
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					This pathway includes many proteins, including MAPKs originally  

					named Extracellular signal-regulated Kinase (ERK), which transmit  

					Introduction  

					Cancer is caused by abnormal cells or tissues that continue to grow  

					uncontrollably and can then attack and move through blood vessels and  

					lymph vessels to attack other organs and can cause death. According to  

					the World Health Organization (WHO), cancer is the leading cause of  

					death before the age of 70 in 112 out of 183 countries. Based on data  

					presented by the Global Burden of Cancer (GLOBOCAN), in 2020,  

					there were 19.3 million new cases with a death toll of 9.9 million. The  

					most common cancers suffered by patients include breast cancer, lung  

					cancer, colon cancer, prostate cancer, skin cancer, and stomach cancer.  

					Indonesia ranks 8th in Southeast Asia and 23rd in Asia in cancer cases,  

					and breast cancer in women ranks first with 42.1 per 100,000  

					signals by phosphorylating many proteins as specific transcription  

					factors such as Elk-I, c-Myc, Jun, Fos, ATF2, and Max that regulate the  

					expression of genes involved in cell proliferation or differentiation.4–6  

					Dysregulation of this pathway is most often found in cancer, especially  

					Ras protein mutations, which are one of the main triggers in cancer  

					development because Ras is one of the most abundant oncogenic factors  

					in cancer. ERK1/2 expression is significantly higher in breast cancer  

					tissue than in benign hyperplastic breast tissue, and ERK1/2  

					phosphorylation is increased in severe atypical hyperplasia and breast  

					cancer tissue compared with benign proliferating breast tissue,  

					indicating that abnormally increased ERK1/2 activation plays an  

					important role in the development of atypical hyperplasia into cancer  

					and can stimulate breast cancer cell proliferation. Phosphorylated  

					ERK1/2 (p-ERK1/2) enters the nucleus to phosphorylate specific  

					transcription factors such as c-Myc and c-Jun. Phosphorylated ERK1/2  

					will also modulate the phosphorylation and degradation of Forkhead  

					populations with a mortality rate of 17 per 100,000 population.1-3  

					.

					Unlimited proliferation, dedifferentiation, and lack of apoptosis are part  

					of the characteristics of cancer cells. In normal cells, growth signals are  

					needed to proliferate. In cancer cells, there are changes in extracellular  

					signals due to changes in transducers, and transcellular signals are  

					caused by the deregulation of the receptor surface so that cells become  

					more responsive, even stimulating autocrine. The signalling is one of  

					the Mitogen-Activated Protein Kinase (MAPK) pathways. The MAPK  

					signalling pathway regulates cellular functions, including cell  

					proliferation, cell division, cell stress response, inflammation, cell  

					differentiation, metabolism, and apoptosis.  

					box  

					O

					(FOXO) tumor suppressors, leading to the decreased  

					antitumorigenic activity of proteins in the mammary glands. 4,5,7  

					There are several treatment methods for treating cancer, including  

					surgery, radiation, and chemotherapy. These methods are used  

					depending on the type of tumor and its stage of development; among  

					the various treatments for treating cancer, such as chemotherapy,  

					certainly have side effects. Chemotherapy is one of the treatments that  

					uses drugs to inhibit or kill cancer cells. Chemotherapy not only affects  

					physical conditions but also psychological conditions caused by the side  

					effects of chemotherapy. The side effects that arise are nausea,  

					vomiting, alopecia, thrombocytopenia, myalgia, hematology,  

					gastrointestinal toxicity, oral toxicity, and follicle toxicity. These side  

					effects can occur depending on the dose regimen given. 8,9  
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					The use of natural ingredients can be an alternative to reduce or even  

					prevent side effects from cancer treatment.10-13 The plant with the Latin  

					name Garcinia cowa is known as Kandis. This plant originates from  

					West Sumatra and is usually used as a spice. In addition, many people  

					use the Kandis acid plant as a traditional medicine, such as an  
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					antipyretic, expectorant, laxative, etc. Kandis acid contains various  

					metabolite compounds, including 1,3,6-trihydroxy-7-methoxy-4-(4-  

					acetozy-3-methyl-2-butenyl)-8-(3,7-dimethyl-2,6 octadienyl) xanthone  

					and cowanin. 14,15  

					filter paper. The absorbance pad was placed on the top stack. This sheet  

					was inserted into the device, and the device was turned on. The gel was  

					transferred after 7 minutes.20  

					In previous studies, it was explained that ethanol extract from Garcinia  

					cowa Roxb leaves can inhibit the growth of T47D cells at  

					concentrations of 10 µg/mL and 100 µg/mL within 24 hours with an  

					IC50 of 6.13 ± 3.51 µg/mL. Ethanol extract from the bark of Garcinia  

					cowa Roxb. showed a toxic effect on T47D cells at concentrations of  

					0.1; 1; 100 µg/mL after 24 hours with an IC50 of 5.10 ± 1.68 μg/mL. In  

					a study, cowanin isolated from the bark of Garcinia cowa was able to  

					inhibit the growth of T47D cells at concentrations of 0.1; 1; 100 µg/mL  

					within 48 hours with an IC50 of 11.11 µg/mL using the MTT assay  

					method. It has anticancer activity on T47D cells by flow cytometry to  

					stimulate and inhibit cycle regulation in the G0-G1 phase, and scratch  

					migration assay reduces the migration of T47D cells. 15–17  

					Research using T47D cells has been widely conducted, but in Indonesia,  

					few have researched T47D, especially using the western blot method.18  

					Based on previous studies, researchers are interested in further  

					evaluating the effects of cowanin administration on T47D cells in breast  

					cancer. This study aimed to contribute to the discovery of breast cancer  

					drugs from natural phytochemicals.  

					Blotting procedure  

					Starting Block T20 Blocking Buffer (blocker) was poured sufficiently  

					into a container containing the membrane and incubated at room  

					temperature for 1 hour (on a shaker). The blocker solution was  

					discarded. The primary antibodies, Polyclonal Antibodies phospho-  

					ERK1/ERK2 (Thr185, Try187) and ERK1/ERK2 were dissolved with  

					Starting block T20 Blocking Buffer at a ratio of 1:500 and 1:1000,  

					respectively. The antibody solution was added to the membrane and  

					incubated at room temperature for 1 hour (on a shaker) and at 4°C  

					overnight. The membrane was transferred to a new container, and 1 ×  

					PBS Tween 20 buffer was added. The membrane was washed by  

					replacing the buffer every 10 minutes 3 times. The secondary antibody  

					was dissolved with Starting Block T20 Blocking buffer, poured onto the  

					membrane, and incubated at room temperature for 1 hour (on a shaker).  

					The membrane was washed with 1 × PBS Tween 20 buffer and replaced  

					every 5 minutes 5 times. I-Step Ultra TMB-Blotting Solution was added  

					to the membrane, and the formation of bands was observed and washed  

					with dH2O.20  

					Materials and Methods  

					Results and Discussion  

					This study used cowanin from the bark of the Kandis acid tree (Garcinia  

					cowa Roxb). It was previously known that cowanin stimulates the  

					inhibition of cycle regulation in the G0-G1 phase of T47D cells. This  

					study is a follow-up in vitro study using T47D cells, with an IC50 of  

					cowanin of 11.11μg/mL. T47D cells are cells isolated from the breast  

					tumor tissue of an elderly woman. T47D cells, also called Continuous  

					Cells, are commonly used in in vitro cancer research because they have  

					unlimited replication capabilities, are easy to handle, have high  

					homogeneity, and are easy to replace with frozen stock if contamination  

					occurs.21  

					Materials  

					Cowanin (Garcinia cowa Roxb) has been identified according to  

					previous studies16 isolated from the bark of the kandis acid tree  

					(Garcinia cowa Roxb) and available in the Andalas University  

					Pharmacy Laboratory. Ethanol (70%), distilled water, T47D cells  

					(Gajah Mada University), Roswell Park Memorial Institute (RPMI)  

					(Gibco), 10% fetal bovine serum (FBS) (Gibco), dimethyl sulfoxide  

					(DMSO), penicillin-streptomycin 1% (v/v) (Gibco), trypsin-EDTA  

					0.25% (Gibco), Phospate Buffer Saline (PBS), RIPA Buffer (Thermo  

					Fisher Scientific®), protease Inhibitor (Thermo Fisher Scientific®),  

					phosphatase (Thermo Fisher Scientific®), trypan blue 0.4%, Running  

					Buffer (Novex®), Qubit protein Buffer (Thermo Fisher Scientific®),  

					Qubit protein standard (Thermo Fisher Scientific®), Dye, Bolt TM 4-  

					12% Bis-Tris Plus (Thermo Fisher Scientific®), starting block T20  

					blocking buffer (Thermo Fisher Scientific®), 1-Step Ultra TMB-  

					Blotting Solution (Thermo Fisher Scientific®), Pierce 1X PBS Tween  

					20 buffer (Thermo Fisher Scientific®), primary antibody (Thermo  

					Fisher Scientific®), secondary antibody (Thermo Fisher Scientific®),  

					ethanol 70%, dH2O, starting block T20 blocking buffer (Thermo Fisher  

					Scientific®), pierce 1X PBS Tween 20 buffer (Thermo Fisher  

					Scientific®), 1-Step Ultra TMB-Blotting Solution (Thermo Fisher  

					Scientific®).  

					The bands of ERK1/2 protein, as shown in Figure 1, have been  

					converted and reduced by background by adjusting the  

					brightness/contrast.  

					Methods  

					Lysis preparation  

					The medium from each well plate was removed and added with cold  

					PBS twice to wash the cells. RIPA buffer was added to the cells with  

					the appropriate amount for each well, and phosphatase and protease  

					inhibitors were added. The flask was placed on ice for 5 minutes and  

					shaken occasionally; furthermore, it was centrifuged at a speed of 14000  

					x g for 15 minutes. The supernatant formed was transferred into a new  

					tube for further analysis.19  

					Figure 1: ERK1/2 protein bands. a) replication 1, b)  

					replication 2, and c) replication 3. Negative control (left),  

					Cowanin (centre), and Doxorubicin (right).  

					Electrophoresis  

					The sample was taken (adjusted to the results of the protein calculation  

					obtained) and added 10 µL Bolt Lithium Dodecyl Sulfate (LDS) sample  

					buffer (4x), 4 µL Bolt reducing agent (10x), and dH20 up to 40 µL and  

					homogenized. It was heated at 70oC for 10 minutes, and electrophoresis  

					(Gel Electrophoresis-Western Blot, Invitrogen™ Mini Gel Tank,  

					Thermo Fisher Scientific®, USA) was performed with a voltage of 200  

					volts for 20 minutes.20  

					The bands that were visible before analysis show slightly fainter bands  

					than those of β-actin protein. The bands obtained from ERK1/2 protein  

					were analyzed, and the surface area value from ImageJ was obtained  

					(Table 1).  

					The data in Table 1 was obtained from ImageJ, and the average was  

					calculated. Then, the area data was tested by ANOVA to see the  

					difference between treatments in the area. The results obtained showed  

					that the area of the ERK1/2 protein was significantly affected by the  

					treatment group (p <0.05). Based on the results of the Duncan test from  

					Protein transfer  

					Protein transfer using the Invitrogen™ iBlot™ 2 Gel Transfer device.  

					The gel was placed on the membrane. The filter paper was moistened  

					with dH2O and placed on the gel. The top stack was placed on the Iblot  
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					the three treatments, there was a decrease in the area of T47D cells with  

					cowanin administration compared to the negative control.  

					photomicrograph, but when viewed with the naked eye, these two  

					proteins were obvious. One can only be seen in replication, while two  

					and three are not visible for replication. So, when read by ImageJ, the  

					p-ERK1/2 protein is not detected, which affects the analysis results.  

					Table 1: Protein Band Area of ERK1/2  

					Protein Band Area (ppi)  

					Mean  

					SD  

					±

					Treatment  

					Replicatio  

					n 1  

					Replicati  

					on 2  

					Replication  

					3

					Negative  

					control  

					14917.73  

					± 453.8c  

					15313.38  

					13448.29  

					15157.55  

					11924.93  

					14282.27  

					10126.48  

					Cowanin  

					11833.23  

					± 1357.6b  

					7477.419  

					± 1245.7a  

					a.  

					b.  

					c.  

					Positive  

					control  

					(doxorubic  

					in)  

					8655.497  

					8022.892  

					5753.868  

					Figure 2: p-ERK1/2 protein bands on western blot membrane.  

					a) for the first replication. b) for the second replication. c) for  

					the third replication. Negative control (left), Cowanin (middle),  

					Doxorubicin (right).  

					NOTE: The different superscripts a, b, and c indicate significant  

					differences.  

					The bands for the p-ERK1/2 protein in the p-ERK1/2 protein cannot be  

					converted in the ImageJ application because this protein is too thin  

					compared to the ERK1/2 protein. The use of p-ERK1/2 protein in  

					western blot is common in determining the activity of the ERK1/2  

					protein. The suspected factor causing the bands from the Western blot  

					to be invisible is storage or too weak. First, the protein supernatant  

					exceeding 3-5 days causes degradation of the p-ERK1/2 protein, so the  

					supernatant cannot be used. Therefore, western blot testing is carried  

					out immediately after making the supernatant. Second, the total amount  

					of p-ERK protein inserted into the electrophoresis well is generally 500  

					µL, then increased to 700 µL because too small protein weakens the  

					western blot bands. Third, when the incubation time after introducing  

					the Western blot dye is too short, it results in bands not being visible or  

					not visible. There is no fixed time for membrane exposure to western  

					blot dye. The exposure time should also not be too long because it can  

					cause the formed bands to disappear. Finally, inappropriate primary  

					antibodies are one factor that causes bands not to appear, so further  

					optimization is needed regarding the appropriate antibodies used to  

					produce western blot bands.22 Doxorubicin is one of the anthracycline  

					antibiotics used as one of the chemotherapies for breast cancer  

					patients.23  

					Still, the reduction in the area of T47D cells was not greater than the  

					positive control (doxorubicin). This indicates that the smaller the area  

					value, the lower the expression of the ERK1/2 protein, but when  

					compared to the positive control (doxorubicin), the cowanin area value  

					is greater, which means that doxorubicin has a greater effect on  

					reducing ERK1/2 protein expression.  

					Data in Table 2 shows that the density of ERK1/2 protein is  

					significantly affected by the treatment group (p<0.05). This indicates an  

					effect on T47D cells from the treatment obtained from the decrease in  

					ERK1/2 protein density.  

					Table 2: Protein Band Density of ERK1/2  

					Protein Band Density (ppi)  

					Mean  

					±

					SD ± SD  

					Treatment  

					Replicatio  

					n 1  

					Replicatio  

					n 2  

					Replicatio  

					n 3  

					In addition, T47D cells are indeed more sensitive to doxorubicin than  

					MCF7 cells because MCF7 cells express ERα+, which is resistant to  

					doxorubicin, while T47D cells express Erβ, which is sensitive to  

					doxorubicin18. Research by Ibrahim et al. (2019) showed that  

					garciaxanthone derived from Garcinia mangostana has significant  

					cytotoxic properties against MCF7 and A549 cell lines with IC50 values  

					of 3.0 and 4.2 µM compared to doxorubicin.24 Doxorubicin works by  

					intercalating with DNA to affect transcription and replication.  

					Doxorubicin is usually used with anticancer agents such as cisplatin,  

					cyclophosphamide and 5-FU to reduce side effects in monotherapy.  

					Another xanthone compound that can increase the effectiveness of  

					doxorubicin is the ethanol extract of mangosteen (Garcinia  

					mangostana), which increases the sensitivity of doxorubicin in MCF7  

					cells.26 A research conducted by Akao et al. (2008), α-mangostin affects  

					the cell cycle in the G1/S phase. It can induce apoptosis through the  

					activity of the intrinsic pathway following the MAPK/ERK1/2  

					signalling cascade in DLD-1 cells. However, this mechanism of action  

					depends on the type of cell.27  

					Negative  

					control  

					306159.  

					304225  

					309271  

					304982  

					3

					±

					2221.8c  

					284686  

					±

					Cowanin  

					272035.5  

					289512.7  

					292509.7  

					9028.5b  

					Positive  

					control  

					(doxorubicin  

					)

					266998.  

					263251.3  

					269751.3  

					267992.8  

					5

					±

					2745.1a  

					NOTE: The different superscripts a, b, and c indicate significant  

					differences.  

					Excessive expression of ERK1/2 protein increases in cancer conditions,  

					but ERK1/2 phosphorylation will increase, especially in cancer that has  

					developed into severe atypical hyperplasia. This shows that ERK1/2 is  

					vital in stimulating breast cancer cell proliferation. The p-ERK1/2  

					protein could not be analyzed because the western blot bands did not  

					appear due to the suspected causal factors explained above, so the p-  

					ERK1/2 protein needs to be further optimized. Cowanin is one of the  

					xanthone compounds. The presence of a dibenzo-g-pyran skeletal core  

					Cowanin treatment affects decreasing ERK1/2 protein density on T47D  

					cells compared to control (-), but compared to the reduction of ERK1/2  

					protein density by cowanin, but not greater than the positive control  

					(doxorubicin), which means cowanin can affect the decrease in  

					expression of ERK1/2 protein but not as strong as doxorubicin. In  

					Figure 2, the appearance of p-ERK1/2 bands was not very clear in the  
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					characterizes xanthones. Xanthones found in nature are in the form of  

					their yellow oxygenated derivatives. It is found in two plant families,  

					namely Guttiferae and gentianaceae. Garcinia is one of the Guttiferae  

					families, and its main content is xanthone in oxygenated and prenylated  

					forms.28  

					Cowanin (Figure 3) is almost similar to the Garcinia mangostana  

					compounds, which are also effective as an anticancer. Cowanin, γ-  

					mangostin and α-mangotin have isoprenyl groups at positions C-2 and  

					C-8. At C-7, there is a hydroxyl group for γ-mangostin, a methoxy  

					group for Cowanin, γ-mangostin and α-mangostin. For this reason, it is  

					expected that cowanin can also be developed into an anti-cancer drug.  

					4. Zhang S, Xiao X, Yi Y, Wang X, Zhu L, Shen Y. Tumor initiation  

					and early tumorigenesis: molecular mechanisms and interventional  

					targets. Signal Transduct Target Ther 2024; 9:1-36.  

					5. Zhang J, Sun M, Hao M, Diao K, Wang J, Li S. FAM53A Affects  

					Breast Cancer Cell Proliferation, Migration, and Invasion in a p53-  

					Dependent Manner. Front Oncol. 2019; 9:1–13.  

					6. Kong T, Liu M, Ji B, Bai B, Cheng B, Wang C. Role of the  

					Extracellular Signal-Regulated Kinase 1/2 Signaling Pathway in  

					Ischemia-Reperfusion Injury. Front Physiol. 2019; 10:1–10.  

					7. Whyte J, Bergin O, Bianchi A, McNally S, Martin F. Key signalling  

					nodes in mammary gland development and cancer. Mitogen-  

					activated protein kinase signalling in experimental models of breast  

					cancer progression and in mammary gland development. Breast  

					Cancer Res. 2009; 11(5):1–14.  
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					breast and bone cancer cell lines. J Ethnopharmacol. 2011; 137:  

					1003-1010.  

					Figure: 3. The chemical structure of cowanin  

					The results of this study indicate that cowanin can affect T47D cells by  

					reducing the expression of ERK1/2 protein, indicated by a smaller area  

					and density value compared to the control in T47D breast cancer cells  

					(p<0.05). Still, for the p-ERK1/2 protein, further optimization is  

					needed.  

					12. Falodun A, Sheng-Xiang Q, Parkinson G, Gibbons S. Isolation and  

					characterization of a new anticancer diterpenoid from Jatropha  

					gossypifolia. Pharm Chem J 2012; 45:636-639.  
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					706.  
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					15. Husni E, Nahari F, Wirasti Y, Wahyuni FS. Cytotoxicity study of  
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					Conclusion  

					Cowanin administration can affect T47D cells by reducing the  

					expression of ERK1/2 protein, which was observed from the parameters  

					of area and density smaller than the control with a p-value <0.05.  

					Further studies are needed towards the development and optimization  

					of cowanin as a potential candidate in the management of T47D  

					cancers,  
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