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i  

RINGKASAN 

 

Baidho, Fidurroty. Fakultas Kedokteran, Universitas Islam 

Malang, Januari 2021. Systematic literature review : pengaruh 

delima (Punica granatum L.) terhadap kadar matrix 

metalloproteinase-9 pada kondisi inflamasi. Pembimbing 1: Doti 

Wahyuningsih. Pembimbing 2: Yoyon Arif Martino. 

 
Pendahuluan: Matrix Metalloproteinase-9 (MMP-9) merupakan 

suatu enzim yang dilaporkan meningkat pada keadaan radang akut 

maupun kronis. Beberapa penelitian melaporkan, peningkatan kadar 

MMP-9 dalam tubuh akan menyebabkan komplikasi pada organ 

vital. Delima (Punica granatum L.) dilaporkan memiliki sifat anti 

inflamasi sehingga mampu menurunkan kadar MMP-9. Zat aktif 

ellagitannin, punicalagin, punicalin, ellagic acid, punicid acid dan 

luteolin dilaporkan mampu menurunkan kadar MMP-9 pada 

kondisi inflamasi. Tinjauan ini melaporkan pengaruh delima 

terhadap kadar MMP-9 pada kondisi inflamasi akibat infeksi dan 

non infeksi dalam penelitian in vivo dan in vitro. 

Metode: Systematic literature review mengenai pengaruh delima 

terhadap kadar MMP-9 pada kondisi inflamasi dilakukan dengan 

melakukan pencarian data pada Google Scholar, PubMed Central, 

dan PubMed. Kata kunci yang digunakan adalah “punica granatum 

AND inflammation AND MMP-9”. Dari 953 jurnal, sebanyak 931 

jurnal dikecualikan dan terpilih 22 jurnal sesuai dengan kriteria 

inklusi yang telah ditetapkan antara lain tahun terbit antara 2007-

2020, original article, terindeks SCOPUS dan dapat diakses secara 

full text. 

Hasil: Zat aktif delima ellagitannins, punicalagin, punicalin, 

ellagic acid, punicid acid, dan luteolin dilaporkan mampu 

menurunkan kadar MMP-9 pada kondisi inflamasi. Mekanisme 

hambatannya yaitu hambatan pada jalur NF-kB, jalur TIMPs, jalur 

MAPK dan jalur PI3K, serta mampu menurunkan sekresi mediator 

inflamasi TNF-α dan memicu terjadinya autofagi dan apoptosis. 

Kata Kunci : Pomegranate, Inflammation, MMP-9 
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SUMMARY 

 

Baidho, Fidurroty. Faculty of Medicine, Islamic University of 

Malang, December 2020. Systematic literature review : Effect of 

Punica granatum L. on matrix metalloproteinase-9 serum in 

inflammation. Supervisor 1: Doti Wahyuningsih. Supervisor 2: Yoyon 

Arif Martino. 

 

Introduction: Matrix Metalloproteinase-9 (MMP-9) is an enzyme that 

reported to increase by the acute or chronic inflammation. Some 

studies reported the increasing of MMP-9 value in the body will affect 

the vital organ condition. Pomegranate (Punica granatum L.) reported 

to have anti-inflamatory effect so it can decrease the MMP-9. 

Substance of pomegranate, named ellagitannin, punicalagin, punicalin, 

ellagic acid, punicid acid, and luteolin can decrease the MMP-9 at the 

inflammation phase. This study aims to report the pomegranate effect 

on MMP-9 value at the inflammation and non-inflammation phase by 

in vitro and in vitro study. 

Method: Systematic literature review about the pomegranate effect on 

MMP-9 value at the inflammation phase will be conducted by looking 

for the data in Google Scholar, Pubmed Central, and PubMed. The 

keyword used is “punicagranatum AND inflammation AND MMP-9”. 

In the screening step, 931 journals were excluded and 22 journals were 

selected according to the inclusion criteria, the year published between 

2007-2020, original article, detected SCOPUS and can be accessed in 

full text. 

Result: Ellagitannins, punicalagin, and punicalin, ellagic acid, punicid 

acid, and luteolin, substance of pomegranate, reported to decrease 

MMP-9 value at inflammation phase. The inhibiting mechanism of NF-

kB, TIMPs, MAPK, PI3K, decreases the secretion of the inflammatory 

mediator TNF-α and causes autophagy and apoptosis.  

 

Keyword : Pomegranate, Inflammation, MMP-9 



BAB I 

PENDAHULUAN 

1.1 LATAR BELAKANG 

Penyakit infeksi dan non infeksi dilaporkan didasari atau diawali oleh 

mekanisme radang ((Parks et.al, 2014). Mekanisme radang pada penyakit infeksi 

dipicu oleh beberapa patogen antara lain bakteri, jamur, parasit atau virus, sedangkan 

pada penyakit non infeksi dipicu oleh beberapa penyakit seperti halnya penyakit 

degeneratif, kanker, dan penyakit lain yang dapat menimbulkan kondisi radang (Baud 

et.al., 2009). Dalam proses ini terjadi peningkatan sitokin proinflamasi yang dapat 

meningkatkan MMP-9 (Korochina et al., 2016). 

 Matrix Metalloproteinase (MMPs) merupakan peran utama dalam proses 

inflamasi (Sternlicht & Werb, 2011). Terlepasnya MMPs dapat dijadikan sebagai 

parameter telah terjadi produksi sitokin proinflamasi yang akan mengakibatkan 

kondisi peradangan dalam tubuh. Terdapat banyak jenis MMPs yang memiliki 

kesamaan dalam strukturnya dan berbeda pada kekhususan substratnya. Salah satu 

jenis dari MMPs adalah MMP-9 (Manicone et.al, 2008). Beberapa penelitian 

menyebutkan kadar MMP-9 meningkat pada penyakit radang baik akut maupun 

kronis, penyakit tersebut antara lain hipertensi, aterosklerosis, gastritis, rheumatoid 

artritis, hingga malaria (Ahmed et al, 2017; Wahyuningsih et al., 2020; Gomez et al., 

2020). 

 Peningkatan MMP-9 diperantarai oleh terlepasnya kandungan protease pada 

neutrofil ataupun melalui mekanisme makrofag yang mensekresikan sitokin TNF-α. 



Sebuah penelitian melaporkan saat kadar MMP-9 meningkat dalam tubuh yang 

ditemukan pada penyakit radang sendi, hal tersebut akan mempengaruhi kondisi 

jantung. Gangguan sirkulasi mikro yaitu insufisiensi vascular perifer berat yang 

terjadi pada radang sendi, selanjutnya berpengaruh pada hemodinamik sentral yang 

akan mengakibatkan komorbiditas gagal jantung kronik (Korochina et al., 2016). 

Penelitian lain juga melaporkan bahwa kadar MMP-9 tinggi pada penyakit akut 

pankreatitis, selanjutnya akan disertai dengan penurunan kapasitas pernapasan yang 

menandakan adanya komplikasi pada paru (Keck et al., 2006). 

 Allah SWT menurunkan air hujan dan kemudian air tersebut yang 

menumbuhkan berbagai tanaman di muka bumi, salah satu tanaman tersebut adalah 

buah delima. Dan sesungguhnya demikian tersebut mengandung tanda-tanda 

kekuasaan Allah (QS. Al-Anam ayat 99 dan 141). Sehubungan dengan hal tersebut, 

banyak penelitian melaporkan bagian dari buah delima memiliki kandungan yang 

bermanfaat untuk pengobatan (Rajan et al., 2011). Ellagitannins, punicallagin, 

punicalin merupakan senyawa fenolik utama yang terdapat pada kulit, biji ataupun 

sari dari buah delima berperan sebagai antioksidan dan anti inflamasi dengan 

menghambat pembentukan Reactive Oxygen Species (ROS) dan sitokin pro inflamasi 

(Rahmani et al., 2017; Newman et al., 2014). Senyawa tersebut bekerja dengan 

menghambat mitogen-38 dan mengaktifkan protein kinase jalur (p38-MAPK dan NF-

KB). Molekul p38-MAPK dan NF-KB membantu mengaktifkan sel B dan 

berhubungan dengan peningkatan ekspresi gen MCP1, COX-2, IL-1β, TNF-α, dan 

iNOS (Camp et al., 2013). Satu penelitian melaporkan bahwa delima merah yang 



digunakan dalam penelitian tidak ditemukan efek sitotoksisitasnya atau masih dalam 

kategori tidak beracun (BenSaad, 2017). 

 Oleh karena dilaporkan banyak peningkatan kadar MMP-9 pada berbagai 

kondisi inflamasi dan pengaruh delima sebagai anti inflamasi, sehingga banyak 

penelitian dilakukan untuk menguji pengaruh delima terhadap penurunan kadar 

MMP-9 pada kondisi inflamasi. Namun, dalam pelaporan hasilnya masih terdapat 

perbedaan. Beberapa penelitian menunjukkan adanya pengaruh delima dalam 

menurunkan kadar MMP-9 pada kondisi inflamasi dan penelitian lain menunjukkan 

hasil penurunan yang tidak signifikan. Tujuan dari penelitian systematic literature 

review ini adalah untuk mengkaji dan membuktikan hasil riset kemampuan delima 

terhadap kadar MMP-9 pada kondisi inflamasi sebagai dasar teori pengetahuan dan 

dasar terapi pengobatan alternatif. 

1.2 Rumusan Masalah 

Apakah systematic literature review yang dilakukan mampu membuktikan 

pengaruh delima (Punica granatum L.) dapat menurunkan kadar Matrix 

Metalloproteinase-9 pada kondisi inflamasi? 

1.3 Tujuan Penelitian 

Systematic literature review ini membuktikan pengaruh delima (Punica 

granatum L.) menurunkan kadar Matrix Metalloproteinase-9 pada kondisi inflamasi.  

 

 

 

 



1.4 Manfaat Penelitian 

1.4.1 Manfaat Teoritik 

Systematic literature review ini diharapkan dapat memberikan dasar teoritis 

delima (Punica granatum L.) terhadap penurunan kadar Matrix Metalloproteinase-9 

pada kondisi inflamasi. 

1.4.2 Manfaat Praktis 

 Systematic literature review ini diharapkan dapat menjadi dasar ilmiah 

penggunaan delima (Punica granatum L.) sebagai terapi alternatif pada kondisi 

inflamasi yang ditandai dengan penurunan kadar Matrix Metalloproteinase-9. 

 



BAB VII 

KESIMPULAN DAN SARAN 

1.1 KESIMPULAN 

Ekstrak daun, ektrak kulit, ekstrak buah, bubuk, dan jus delima 

(Punica granatum L.) dilaporkan memiliki kandungan zat aktif polifenol 

ellagitannin, punicallin, dan punicallagin . Selain itu, dilaporkan juga 

terdapat zat aktif lain dalam delima (Punica granatum L.) yaitu ellagic acid, 

punicid acid, dan luteolin. Zat aktif tersebut diatas yang dilaporkan 

berperan sebagai anti inflamasi dan mampu menurunkan kadar MMP-9 

pada kondisi inflamasi. 

1.2 SARAN 

1. Melakukan penelitian systematic literature review mengenai mekanisme 

NF-kB terhadap lepasnya MMP-9 pada kondisi inflamasi. 

 



DAFTAR PUSTAKA 

Afaq, F., Zaid, M.A., Khan, N., Dreher, M., Mukhtar, H., 2008. Protective effect of 

pomegranate-derived products on UVB-mediated damage in human 

reconstituted skin. Exp. Dermatol. 18, 553–561. 

https://doi.org/10.1111/j.1600-0625.2008.00829.x 

Ahmed, H.H., El-Abhar, H.S., Hassanin, E.A.K., Abdelkader, N.F., Shalaby, M.B., 

2017. Punica granatum suppresses colon cancer through downregulation of 

Wnt/β-Catenin in rat model. Rev. Bras. Farmacogn. 27, 627–635. 

https://doi.org/10.1016/j.bjp.2017.05.010 

Akhtar, N., Khan, N.M., Ashruf, O.S., Haqqi, T.M., 2017. Inhibition of cartilage 

degradation and suppression of PGE2 and MMPs expression by pomegranate 

fruit extract in a model of posttraumatic osteoarthritis. Nutrition 33, 1–13. 

https://doi.org/10.1016/j.nut.2016.08.004 

Asgary, S., Javanmard, S., Zarfeshany, A., 2014. Potent health effects of 

pomegranate. Adv. Biomed. Res. 3, 100. https://doi.org/10.4103/2277-

9175.129371 

Baud, Y.H.Vb., Delhasesl, M., ZhangZ, P., Deerinckn, T., Karin, M., 2009. 

Abnormal Morphogenesis But Intact IKK Activation in Mice Lacking the 

lKKa Subunit of IKB Kinase 284, 5. 

Bekes, E.M., Schweighofer, B., Kupriyanova, T.A., Zajac, E., Ardi, V.C., Quigley, 

J.P., Deryugina, E.I., 2011. Tumor-Recruited Neutrophils and Neutrophil 

TIMP-Free MMP-9 Regulate Coordinately the Levels of Tumor Angiogenesis 



and Efficiency of Malignant Cell Intravasation. Am. J. Pathol. 179, 1455–

1470. https://doi.org/10.1016/j.ajpath.2011.05.031 

BenSaad, L.A., Kim, K.H., Quah, C.C., Kim, W.R., Shahimi, M., 2017. Anti-

inflammatory potential of ellagic acid, gallic acid and punicalagin A&B 

isolated from Punica granatum. BMC Complement. Altern. Med. 17, 47. 

https://doi.org/10.1186/s12906-017-1555-0 

Black, R.A., Durie, F.H., Otten-Evans, C., Miller, R., Slack, J.L., Lynch, D.H., 

Castner, B., Mohler, K.M., Gerhart, M., Johnson, R.S., Itoh, Y., Okada, Y., 

Nagase, H., 2006. Relaxed Specificity of Matrix Metalloproteinases (MMPS) 

and TIMP Insensitivity of Tumor Necrosis Factor-a (TNF-a) Production 

Suggest the Major TNF-a Converting Enzyme Is Not an MMP. Biochem. 

Biophys. Res. Commun. 225, 6. 

Camp, T.M., Tyagi, S.C., Senior, R.M., Hayden, M.R., Tyagi, S.C., 2013. Gelatinase 

B(MMP-9) an apoptotic factor in diabetic transgenic mice. Diabetologia 46, 

1438–1445. https://doi.org/10.1007/s00125-003-1200-y 

Cañete Soler, R., Gui, Y.-H., Linask, K.K., Muschel, R.J., 2005. MMP-9 (gelatinase 

B) mRNA is expressed during mouse neurogenesis and may be associated 

with vascularization. Dev. Brain Res. 88, 37–52. 

https://doi.org/10.1016/0165-3806(95)00079-S 

Chaudhari, S.M., Patel, K.Y., Badole, S.L., 2014. Punica granatum (Pomegranate 

Fruit), in: Polyphenols in Human Health and Disease. Elsevier, pp. 1393–

1400. https://doi.org/10.1016/B978-0-12-398456-2.00106-7 



Chen, F., Eriksson, P., Hansson, G., Herzfeld, I., Klein, M., Hansson, L.-O., Valen, 

G., 2005. Expression of matrix metalloproteinase 9 and its regulators in the 

unstable coronary atherosclerotic plaque. Int. J. Mol. Med. 

https://doi.org/10.3892/ijmm.15.1.57 

Choi, B.-R., Ku, S.-K., Kang, S.-J., Park, H.-R., Sung, M.-S., Lee, Y.-J., Park, K.-M., 

2017. Selection of the optimal herbal composition of pomegranate 

concentrated powder from aqueous extracts of and to treat osteoarthritis in 

rats. J. Korean Med. 38, 11–40. https://doi.org/10.13048/jkm.17037 

Dell’Agli, M., Galli, G.V., Bulgari, M., Basilico, N., Romeo, S., Bhattacharya, D., 

Taramelli, D., Bosisio, E., 2010. REelsleaarcghitannins of the fruit rind of 

pomegranate (Punica granatum) antagonize in vitro the host inflammatory 

response mechanisms involved in the onset of malaria 9. 

Dila, K.A.S., n.d. TELAAH KRITIS ARTIKEL REVIEW SISTEMATIK DAN 

META ANALISIS 16.2012. 

Ducharme, A., Frantz, S., Aikawa, M., Rabkin, E., Lindsey, M., Rohde, L.E., Schoen, 

F.J., Kelly, R.A., Werb, Z., Libby, P., Lee, R.T., 2005. Targeted deletion of 

matrix metalloproteinase-9 attenuates left ventricular enlargement and 

collagen accumulation after experimental myocardial infarction. J. Clin. 

Invest. 106, 55–62. https://doi.org/10.1172/JCI8768 

Gómez-García, F.J., López López, A., Guerrero-Sánchez, Y., Sánchez Siles, M., 

Martínez Díaz, F., Camacho Alonso, F., 2020. Chemopreventive effect of 

pomegranate and cocoa extracts on ultraviolet radiation-induced 



photocarcinogenesis in SKH-1 mice. PLOS ONE 15, e0232009. 

https://doi.org/10.1371/journal.pone.0232009 

González-Sarrías, A., Espín, J.-C., Tomás-Barberán, F.A., García-Conesa, M.-T., 

2009. Gene expression, cell cycle arrest and MAPK signalling regulation in 

Caco-2 cells exposed to ellagic acid and its metabolites, urolithins. Mol. Nutr. 

Food Res. 53, 686–698. https://doi.org/10.1002/mnfr.200800150 

Guo, C., Wei, J., Yang, J., Xu, J., Pang, W., Jiang, Y., 2008. Pomegranate juice is 

potentially better than apple juice in improving antioxidant function in elderly 

subjects. Nutr. Res. 28, 72–77. https://doi.org/10.1016/j.nutres.2007.12.001 

Halade, G.V., Jin, Y.-F., Lindsey, M.L., 2013. Matrix metalloproteinase (MMP)-9: A 

proximal biomarker for cardiac remodeling and a distal biomarker for 

inflammation. Pharmacol. Ther. 139, 32–40. 

https://doi.org/10.1016/j.pharmthera.2013.03.009 

Hong, M.Y., Seeram, N.P., Heber, D., 2008. Pomegranate polyphenols down-regulate 

expression of androgen-synthesizing genes in human prostate cancer cells 

overexpressing the androgen receptor. J. Nutr. Biochem. 19, 848–855. 

https://doi.org/10.1016/j.jnutbio.2007.11.006 

Jaiswal, V., DerMarderosian, A., Porter, J.R., 2010. Anthocyanins and polyphenol 

oxidase from dried arils of pomegranate (Punica granatum L.). Food Chem. 

118, 11–16. https://doi.org/10.1016/j.foodchem.2009.01.095 

Jin, Z., Yu, Y., Jin, R.-H., Wang, Y.-B., Xu, H.-Y., n.d. Effect of granatin B on the 

glioma cancer by inducing apoptosis 6.2016. 



Kang, S.-J., Choi, B.-R., Kim, S.-H., Yi, H.-Y., Park, H.-R., Song, C.-H., Ku, S.-K., 

Lee, Y.-J., 2017. Beneficial effects of dried pomegranate juice concentrated 

powder on ultraviolet B-induced skin photoaging in hairless mice. Exp. Ther. 

Med. 14, 1023–1036. https://doi.org/10.3892/etm.2017.4626 

Keck, T., Jargon, D., Klünsch, A., Thomusch, O., Richter, S., Friebe, V., Adam, U., 

Hopt, U.T., 2006. MMP-9 in Serum Correlates with the Development of 

Pulmonary Complications in Experimental Acute Pancreatitis. Pancreatology 

6, 316–322. https://doi.org/10.1159/000092797 

Khan, N., Syed, D.N., Pal, H.C., Mukhtar, H., Afaq, F., 2012. Pomegranate Fruit 

Extract Inhibits UVB-induced Inflammation and Proliferation by Modulating 

NF-κB and MAPK Signaling Pathways in Mouse Skin†. Photochem. 

Photobiol. 88, 1126–1134. https://doi.org/10.1111/j.1751-1097.2011.01063.x 

Korochina, K.V., Polyakova, V.S., Korochina, I.E., 2016. Morphology of Synovial 

Membrane and Articular Cartilage in the Knee Joint in Experimental Chronic 

Heart Failure. Bull. Exp. Biol. Med. 160, 376–380. 

https://doi.org/10.1007/s10517-016-3175-y 

Lame, G., 2019. Systematic Literature Reviews: An Introduction. Proc. Des. Soc. Int. 

Conf. Eng. Des. 1, 1633–1642. https://doi.org/10.1017/dsi.2019.169 

Lee, C.-J., Chen, L.-G., Liang, W.-L., Wang, C.-C., 2010. Anti-inflammatory effects 

of Punica granatum Linne in vitro and in vivo. Food Chem. 118, 315–322. 

https://doi.org/10.1016/j.foodchem.2009.04.123 

Li, Y., Yang, F., Zheng, W., Hu, M., Wang, J., Ma, S., Deng, Y., Luo, Y., Ye, T., 

Yin, W., 2016. Punica granatum (pomegranate) leaves extract induces 



apoptosis through mitochondrial intrinsic pathway and inhibits migration and 

invasion in non-small cell lung cancer in vitro. Biomed. Pharmacother. 80, 

227–235. https://doi.org/10.1016/j.biopha.2016.03.023 

Lim, S.-C., Hwang, H., Han, S.I., 2019. Ellagic Acid Inhibits Extracellular Acidity-

Induced Invasiveness and Expression of COX1, COX2, Snail, Twist 1, and c-

myc in Gastric Carcinoma Cells. Nutrients 11, 3023. 

https://doi.org/10.3390/nu11123023 

Liu, H., Zeng, Z., Wang, S., Li, T., Mastriani, E., Li, Q.-H., Bao, H.-X., Zhou, Y.-J., 

Wang, X., Liu, Y., Liu, W., Hu, S., Gao, S., Yu, M., Qi, Y., Shen, Z., Wang, 

H., Gao, T., Dong, L., Johnston, R.N., Liu, S.-L., 2017. Main components of 

pomegranate, ellagic acid and luteolin, inhibit metastasis of ovarian cancer by 

down-regulating MMP2 and MMP9. Cancer Biol. Ther. 18, 990–999. 

https://doi.org/10.1080/15384047.2017.1394542 

Manicone, A., Mcguire, J., 2008. Matrix metalloproteinases as modulators of 

inflammation. Semin. Cell Dev. Biol. 19, 34–41. 

https://doi.org/10.1016/j.semcdb.2007.07.003 

McMillan, S.J., Kearley, J., Campbell, J.D., Zhu, X.-W., Larbi, K.Y., Shipley, J.M., 

Senior, R.M., Nourshargh, S., Lloyd, C.M., 2005. Matrix Metalloproteinase-9 

Deficiency Results in Enhanced Allergen-Induced Airway Inflammation. J. 

Immunol. 172, 2586–2594. https://doi.org/10.4049/jimmunol.172.4.2586 

McQuibban, G.A., Butler, G.S., Gong, J.-H., Bendall, L., Power, C., Clark-Lewis, I., 

Overall, C.M., 2011. Matrix Metalloproteinase Activity Inactivates the CXC 



Chemokine Stromal Cell-derived Factor-1. J. Biol. Chem. 276, 43503–43508. 

https://doi.org/10.1074/jbc.M107736200 

Miguel, M.G., Neves, M.A., Antunes, M.D., n.d. Pomegranate (Punica granatum L.): 

A medicinal plant with myriad biological properties - A short review 12.2014. 

Newman, K.M., Ogata, Y., Malon, A.M., Irizarry, E., Gandhi, R.H., Nagase, H., 

Tilson, M.D., 2014. Identification of matrix metalloproteinases 3 

(stromelysin-1) and 9 (gelatinase B) in abdominal aortic aneurysm. 

Arterioscler. Thromb. J. Vasc. Biol. 14, 1315–1320. 

https://doi.org/10.1161/01.ATV.14.8.1315. 

Pan, L., Duan, Y., Ma, F., Lou, L., 2020. Punicalagin inhibits the viability, migration, 

invasion, and EMT by regulating GOLPH3 in breast cancer cells. J. Recept. 

Signal Transduct. 40, 173–180. 

https://doi.org/10.1080/10799893.2020.1719152 

Papazafiropoulou, A., Perrea, D., Moyssakis, I., Kokkinos, A., Katsilambros, N., 

Tentolouris, N., 2010. Plasma levels of MMP-2, MMP-9 and TIMP-1 are not 

associated with arterial stiffness in subjects with type 2 diabetes mellitus. J. 

Diabetes Complications 24, 20–27. 

https://doi.org/10.1016/j.jdiacomp.2008.10.004 

Parameswaran, N., Patial, S., 2010. Tumor Necrosis Factor-α Signaling in 

Macrophages. Crit. Rev. Eukaryot. Gene Expr. 20, 87–103. 

https://doi.org/10.1615/CritRevEukarGeneExpr.v20.i2.10 



Parks, W.C., Wilson, C.L., López-Boado, Y.S., 2014. Matrix metalloproteinases as 

modulators of inflammation and innate immunity. Nat. Rev. Immunol. 4, 

617–629. https://doi.org/10.1038/nri1418 

Pitchakarn, P., Chewonarin, T., Ogawa, K., Suzuki, S., Asamoto, M., Takahashi, S., 

Shirai, T., Limtrakul, P., 2013. Ellagic Acid Inhibits Migration and Invasion 

by Prostate Cancer Cell Lines. Asian Pac. J. Cancer Prev. 14, 2859–2863. 

https://doi.org/10.7314/APJCP.2013.14.5.2859 

Rahmani, A.H., Alsahli, M.A., Almatroodi, S.A., 2017. Active Constituents of 

Pomegranates (Punica granatum) as Potential Candidates in the Management 

of Health through Modulation of Biological Activities. Pharmacogn. J. 9, 

689–695. https://doi.org/10.5530/pj.2017.5.109 

Rajan, S., Mahalakshmi, S., Deepa, V., Sathya, K., Shajitha, S., Thirunalasundari, T., 

2011. ANTIOXIDANT POTENTIALS OF PUNICA GRANATUM FRUIT 

RIND EXTRACTS 3, 8. 

Rasheed, Z., 2016. Intake of Pomegranate Prevents the Onset of Osteoarthritis : 

Molecular Evidences. Int. J. Health Sci. 10, v–viii. 

https://doi.org/10.12816/0048807 

Seeram, N.P., Henning, S.M., Zhang, Y., Suchard, M., Li, Z., Heber, D., 2006. 

Pomegranate Juice Ellagitannin Metabolites Are Present in Human Plasma 

and Some Persist in Urine for Up to 48 Hours. J. Nutr. 136, 2481–2485. 

https://doi.org/10.1093/jn/136.10.2481 

Spilmont, M., Léotoing, L., Davicco, M.-J., Lebecque, P., Miot-Noirault, E., Pilet, P., 

Rios, L., Wittrant, Y., Coxam, V., 2015. Pomegranate Peel Extract Prevents 



Bone Loss in a Preclinical Model of Osteoporosis and Stimulates Osteoblastic 

Differentiation in Vitro. Nutrients 7, 9265–9284. 

https://doi.org/10.3390/nu7115465 

Srigopalram, S., Jayraaj, I.A., Kaleeswaran, B., Balamurugan, K., Ranjithkumar, M., 

Kumar, T.S., Park, J.I., Nou, I.S., 2014. Ellagic Acid Normalizes 

Mitochondrial Outer Membrane Permeabilization and Attenuates 

Inflammation-Mediated Cell Proliferation in Experimental Liver Cancer. 

Appl. Biochem. Biotechnol. 173, 2254–2266. https://doi.org/10.1007/s12010-

014-1031-y 

Sternlicht, M.D., Werb, Z., 2011. How Matrix Metalloproteinases Regulate Cell 

Behavior. Annu. Rev. Cell Dev. Biol. 17, 463–516. 

https://doi.org/10.1146/annurev.cellbio.17.1.463 

Syed, D., Afaq, F., Mukhtar, H., 2007. Pomegranate derived products for cancer 

chemoprevention. Semin. Cancer Biol. 17, 377–385. 

https://doi.org/10.1016/j.semcancer.2007.05.004 

Taherian, Maghsoudi H, Vaziri A, Alebouyeh M. Investigation of Punicic Acid 

Effects on Matrix Metalloproteinase Genes Expression in Bovine Fibroblast like-

Synoviocytes as a Model of Osteoarthritis. J. Med. Plants. 2018; 17 (67) :31-44 

Tallant, C., Marrero, A., Gomis-Rüth, F.X., 2010. Matrix metalloproteinases: Fold 

and function of their catalytic domains. Biochim. Biophys. Acta BBA - Mol. 

Cell Res. 1803, 20–28. https://doi.org/10.1016/j.bbamcr.2009.04.003 



Tang, J., Li, B., Hong, S., Liu, C., Min, J., Hu, M., Li, Y., Liu, Y., Hong, L., 2017. 

Punicalagin suppresses the proliferation and invasion of cervical cancer cells 

through inhibition of the β-catenin pathway. Mol. Med. Rep. 16, 1439–1444. 

https://doi.org/10.3892/mmr.2017.6687 

Toklu, H.Z., Sehirli, O., Sener, G., Dumlu, M.U., Ercan, F., Gedik, N., Gökmen, V., 

2007. Pomegranate peel extract prevents liver fibrosis in biliary-obstructed 

rats. J. Pharm. Pharmacol. 59, 1287–1295. 

https://doi.org/10.1211/jpp.59.9.0014 

Tschesche, H., Zölzer, V., Triebel, S., Bartsch, S., 2005. The human neutrophil 

lipocalin supports the allosteric activation of matrix metalloproteinases: HNL 

activation of MMPs. Eur. J. Biochem. 268, 1918–1928. 

https://doi.org/10.1046/j.1432-1327.2001.02066.x 

Vu, T.H., Shipley, J.M., Bergers, G., Berger, J.E., Helms, J.A., Hanahan, D., Shapiro, 

S.D., Senior, R.M., Werb, Z., 2008. MMP-9/Gelatinase B Is a Key Regulator 

of Growth Plate Angiogenesis and Apoptosis of Hypertrophic Chondrocytes. 

Cell 93, 411–422. https://doi.org/10.1016/S0092-8674(00)81169-1 

Wang, W., Bai, J., Zhang, W., Ge, G., Wang, Q., Liang, X., Li, N., Gu, Y., Li, M., 

Xu, W., Yang, H., Xu, Y., Geng, D., Zhou, J., 2020. Protective Effects of 

Punicalagin on Osteoporosis by Inhibiting Osteoclastogenesis and 

Inflammation via the NF-κB and MAPK Pathways. Front. Pharmacol. 11, 

696. https://doi.org/10.3389/fphar.2020.00696 



Wang, Y., Ren, F., Li, B., Song, Z., Chen, P., Ouyang, L., 2019. Ellagic acid exerts 

antitumor effects via the PI3K signaling pathway in endometrial cancer. J. 

Cancer 10, 3303–3314. https://doi.org/10.7150/jca.29738 

Yan, L., Borregaard, N., Kjeldsen, L., Moses, M.A., 2005. The High Molecular 

Weight Urinary Matrix Metalloproteinase (MMP) Activity Is a Complex of 

Gelatinase B/MMP-9 and Neutrophil Gelatinase-associated Lipocalin 

(NGAL): MODULATION OF MMP-9 ACTIVITY BY NGAL. J. Biol. 

Chem. 276, 37258–37265. https://doi.org/10.1074/jbc.M106089200 

Zaid, M.A., Afaq, F., Syed, D.N., Dreher, M., Mukhtar, H., 2007. Inhibition of UVB-

mediated Oxidative Stress and Markers of Photoaging in Immortalized 

HaCaT Keratinocytes by Pomegranate Polyphenol Extract POMx: 

Photochemistry and Photobiology, 2007, 83. Photochem. Photobiol. 83, 882–

888. https://doi.org/10.1111/j.1751-1097.2007.00157.x 

Zhao, W., Shi, F., Guo, Z., Zhao, J., Song, X., Yang, H., 2017. Metabolite of 

ellagitannins, urolithin A induces autophagy and inhibits metastasis in human 

sw620 colorectal cancer cells. Mol. Carcinog. 57, 193–200. 

https://doi.org/10.1002/mc.22746 

Zioud, F., Marzaioli, V., El-Benna, J., Bachoual, R., 2019. Punica granatum and 

Citrillus colocynthis Aqueous Extracts Protect Mice from LPS-Induced Lung 

Inflammation and Inhibit Metalloproteinases-2 and -9. Indian J. Pharm. Educ. 

Res. 53, 503–510. https://doi.org/10.5530/ijper.53.3.82 

 


	COVER.pdf (p.1-3)
	ABSTRAK BAHASA INDONESIA DAN INGGRIS.pdf (p.4-5)
	BAB I PENDAHULUAN.pdf (p.6-9)
	BAB V PENUTUP.pdf (p.10)
	DAFTAR PUSTAKA.pdf (p.11-21)

