EFEK EKSTRAK PEGAGAN (Centella asiatica L.) TERHADAP SENSITIVITAS INSULIN PADA
KO-KULTUR SEL ADIPOSA

3T3-L1 dan SEL MAKROFAG RAW 264.7 TERINDUKSI INFLAMASI

UNIVERSITAS SISKA ANDRINA K, dr. Dwi Aris Agung Nugrahaningsih., Ph.D.; Prof. Mae Sri Hartati Wahyuningsih., Apt., M.Si

GADJAH MADA Universitas Gadjah Mada, 2019 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR PUSTAKA

Caprio, M., Feve, B., Claes, A., Viengchareun, S., Lombe¢s, M., Zennaro, M.C.,
2007. Pivotal role of the mineralocorticoid receptor in corticosteroid-induced
adipogenesis. FASEB J. 21:2185-2194.

Chauhan, P. K., Pandey, I. P., Kumar-Dhatwalia, V., 2010. Evaluation of the anti-
diabetic effect of ethanolic and methanolic extracts of Centella asiatica
leaves extract on alloxan induced diabetic rats. Adv. Biol. Res. 4(1): 27-30.

Cao, S., Wang, W., Nan, F., Liu, Y., Wei, S., Chen, L., 2018. Asiatic acid inhibits
LPS-induced inflammatory response in endometrial epithelial cells. Microb.
Pathog. [serial online] [cited 2018 Mei 01];(13 screen). Available from
URL: https: 10.1016/j.micpath.2018.01.022.

Chen, H., Hua, X., Ze, B., Wang, B., Wei, L., 2017. The anti-inflammatory
effects of asiatic acid in lipopolysaccharide-stimulated human corneal
epithelial cells. Int . J. Opthalmol 10: 179—185.

Chinna, K., Qvist, R., Ismail, 1., 2012. Glucose uptake and serine phosphorylation
in differentiated adipocytes co-cultured with macrophages.Biomed. Res-India
23: 475-482.

Choi, K., Kim, Y.-B., 2010. Molecular Mechanism of Insulin Resistance in
Obesity and Type 2 Diabetes. Korean J. Intern. Med. 25: 119.

Choi, M., Zheng, H., Kim, J. min, Lee, K. wan, Park, Y., Lee, D., 2016.
Protective effects of  Centella asiatica leaf extract on

dimethylnitrosamine-induced liver injury in rats. Mol. Med. Rep. 14: 4521—
4528.

Cinti, S., Mitchell, G., Barbatelli, G., Murano, 1., Ceresi, E., Faloia, E., Wang, S.,
Fortier, M., Greenberg, A., Obin, M., 2005. Adipocyte death defines
macrophage localization and function in adipose tissue of obese mice and
humans. J. Lipid Res. 46: 2347-2355.

Fite, A., Abou-Samra, A.B., Seyoum, B., 2015. Macrophages Inhibit Insulin
Signalling in Adipocytes: Role of Inducible Nitric Oxide Synthase and Nitric
Oxide. Can. J. Diabetes 39: 36—43.

Gnanapragasam, A., Ebenezar, K. K., Sathish, V., Govindaraju, P., Devaki, T.,
2004. Protective effect of Centella asiatica on antioxidant tissue defense
system against adriamycin induced cardiomyopathy in rats. Life Sci. 76 (5):
585-597.

88



EFEK EKSTRAK PEGAGAN (Centella asiatica L.) TERHADAP SENSITIVITAS INSULIN PADA
KO-KULTUR SEL ADIPOSA

3T3-L1 dan SEL MAKROFAG RAW 264.7 TERINDUKSI INFLAMASI

UNIVERSITAS SISKA ANDRINA K, dr. Dwi Aris Agung Nugrahaningsih., Ph.D.; Prof. Mae Sri Hartati Wahyuningsih., Apt., M.Si

GADJAH MADA Universitas Gadjah Mada, 2019 | Diunduh dari http://etd.repository.ugm.ac.id/

Gayathri, V., Lekshmi, P., Padmanabhan, R., 2011. Anti-diabetes activity of
ethanol extract of Centella asiatica (L.) Urban (whole plant) in
Streptozotocin-induced diabetic rats , isolation of an active fraction and
toxicity evaluation of the extract. Int. J. Med. Arom. Plants 1: 278-286.

Goers, L., Freemont, P., Polizzi, K., 2014. Co-culture systems and technologies:
taking synthetic biology to the next level. J. R. Soc. Interface 11: 20140065—
20140065.

Greene, M.W., Sakaue, H., Wang, L., Alessi, D., Roth, R., 2003. Modulation of
Insulin-stimulated Degradation of Human Insulin Receptor Substrate-1 by
Serine 312 Phosphorylation. J. Biol. Chem. 278: 8199-8211.

Grisouard, J., Timper, K., Radimerski, T.M., Frey, D.M., Peterli, R., Herrmann,
P., Kra, S., Christ-crain, M., Keller, U., Mu, B., 2010. Mechanisms of
metformin action on glucose transport and metabolism in human adipocytes.
Biochem. Pharmacol. 80: 1736—1745.

Hashim, P., Sidek, H., Helan, M.H.M., Sabery, A., Palanisamy, U., Ilham, M.,
2011. Triterpene composition and bioactivities of centella asiatica. Molecules
16: 1310-1322.

Hawas, A.A., Nugrahaningsih, A.A.A., Solikhah, E.N., Syarifuddin, A.,
Wijayaningsih, R.A., Ngatidjan, 2017. Anti-inflammatory effect of Centella
asiatica extract on prevented aortic intima-media thickening in diabetic rats.
J. Pharm. Sci. 41: 1-7

Hoehn, K.L., Hohnen-behrens, C., Cederberg, A., Wu, L.E., Yuasa, T., Ebina, Y.,
James, D.E., 2010. IRS1-Independent Defects Define Major Nodes of Insulin
Resistance. Cell Metab. 7: 421-433.

Hsieh, C.C., Chou, M.J., Wang, C., 2017. Lunasin attenuates obesity-related
inflammation in RAW264.7 cells and 3T3-L1 adipocytes by inhibiting
inflammatory cytokine production. PLoS One 12: 1-19.

Hyun, B., Shin, S., Lee, A., Lee, S., Song, Y., Ha, N., Cho, K.-H., Kim, K., 2013.
Metformin DOwn regulated TNF-alfa supression. Immune Netw. 13: 123—
132.

Ikawati, Z., 2014. Farmakologi Molekuler: target aksi obat dan mekanisme
molekulernya. Yogyakarta: Gadjah Mada University Press

Jiang, G., Dallas-Yang, Q., Biswas, S., Li, Z., Zhang, B., 2004. Rosiglitazone, an
agonist of peroxisome-proliferator-activated receptor y (PPARY), decreases
inhibitory serine phosphorylation of IRS1 in vitro and in vivo. Mol.
endrinology Diabetes 377: 339-346.

89



EFEK EKSTRAK PEGAGAN (Centella asiatica L.) TERHADAP SENSITIVITAS INSULIN PADA
KO-KULTUR SEL ADIPOSA

3T3-L1 dan SEL MAKROFAG RAW 264.7 TERINDUKSI INFLAMASI

UNIVERSITAS SISKA ANDRINA K, dr. Dwi Aris Agung Nugrahaningsih., Ph.D.; Prof. Mae Sri Hartati Wahyuningsih., Apt., M.Si

GADJAH MADA Universitas Gadjah Mada, 2019 | Diunduh dari http://etd.repository.ugm.ac.id/

Kanda, H., Tateya, S., Tamori, Y., Kotani, K., Hiasa, K., Kitazawa, R., Kitazawa,
S., Miyachi, H., Maeda, S., Egashira, K., Kasuga, M., 2006. MCP-1
contributes to macrophage infiltration into adipose tissue , insulin resistance ,
and hepatic steatosis in obesity. J. Clin. Invest. 116 (6): 1494-1505

Kuang, J., Yan, X., Genders, A.J., Granata, C., Bishop, D.J., 2018. An overview
of technical considerations when using quantitative real-time PCR analysis
of gene expression in human exercise research. PLoS One 13: 1-27.

Lambert, P.P., 2018. Efficacy of metformin on glycemic control and weight in
drug-naive type 2 diabetes mellitus patients: a systematic review and meta-
analysis of placebo-controlled randomized trials [serial online] [cited 2018
Mei 02];(25 screen). Avalilabel from URL:
https://doi.org/10.1016/j.therap.2018.01.006

Lumeng, C.N., Bodzin, J.L., Saltiel, A.R., 2007. Obesity induces a phenotypic
switch in adipose tissue macrophage polarization. J. Clin. Invest. 117: 175—
184.

Lumeng, C.N., Deyoung, S.M., Saltiel, A.R., 2007. Macrophages block insulin
action in adipocytes by altering expression of signaling and glucose transport
protein. Am J Physiol Endocrinol Metab. 292: 1-23.

Mala, A., Tulika, T., 2015. Therapeutic efficacy of Centella asiatica (L.) and
Momordica charantia: As traditional medicinal plant. J. Plant Sci. Spec.
Issue Med. Plants 3: 1-9

Martinez, L., Berenguer, M., Bruce, M.C., Le, Y., Govers, R., Martinez, L.,
Berenguer, M., Bruce, M.C., Marchand-brustel, Y., 2010. Rosiglitazone
increases cell surface GLUT4 levels in 3T3-L1 adipocytes through an
enhancement of endosomal recycling. Biochem. Pharmacol. 9: 1300.

Morrison, S., Mcgee, S.L., 2015. 3T3-L1 adipocytes display phenotypic
characteristics of multiple adipocyte lineages. Adipocyte 4: 295-302.

Mutayabarwa, C, K., Sayi, J, G, M., Jande, M., 2003. Hypoglycaemic Activity of
Centella Asiatica (L) Urb. East Cent. African J. Pharm. Sci. 6: 30-35.

Nakarai, H., Yamashita, A., Nagayasu, S., Iwashita, M., Kumamoto, S., Ohyama,
H., Hata, M., Soga, Y., Kushiyama, A., Asano, T., Abiko, Y., Nishimura, F.,
2012. Adipocyte-macrophage interaction may mediate LPS-induced low-
grade inflammation: Potential link with metabolic complications. Innate
Immun. 18: 164—170.

Olefsky, J.M., Glass, C.K., 2010. Macrophages, Inflammation, and Insulin
Resistance. Annu. Rev. Physiol. 72 (1): 219-246

90



EFEK EKSTRAK PEGAGAN (Centella asiatica L.) TERHADAP SENSITIVITAS INSULIN PADA
KO-KULTUR SEL ADIPOSA

3T3-L1 dan SEL MAKROFAG RAW 264.7 TERINDUKSI INFLAMASI

UNIVERSITAS SISKA ANDRINA K, dr. Dwi Aris Agung Nugrahaningsih., Ph.D.; Prof. Mae Sri Hartati Wahyuningsih., Apt., M.Si

GADJAH MADA Universitas Gadjah Mada, 2019 | Diunduh dari http://etd.repository.ugm.ac.id/

Orhan, LE., 2012. Centella asiatica ( L .) Urban : From Traditional Medicine to
Modern Medicine with Neuroprotective Potential. evidence-based
Complement. Altern. Med. 2012.

Oyenihi, A.B., Chegou, N.N., Oguntibeju, O.0., 2017. Centella asiatica enhances
hepatic antioxidant status and regulates hepatic inflammatory cytokines in
type 2 diabetic rats. Pharm. Biol. 55: 1671-1678.

Pahlavani, M., Ramalho, T., Koboziev, 1., Lemieux, M.J., Jayarathne, S.,
Ramalingam, L., Filgueiras, L.R., Moustaid-Moussa, N., 2017. Adipose
tissue inflammation in insulin resistance: Review of mechanisms mediating
anti-inflammatory effects of omega-3 polyunsaturated fatty acids. J. Investig.
Med. 65:1021-1027.

Pingale, S. S., Evaluation of effect of Centella asiatica on CCL4 induced rat liver
damage. 2008. Pharmacologyonline 3: 537-543.

Ramachandran, V., Saravanan, R., 2015. Glucose uptake through translocation
and activation of GLUT4 in PI3K / Akt signaling pathway by asiatic acid in
diabetic rats. Hum. Exp. Toxicol. 34: 884—893.

Rao, M. L.V.G., Mastan, S. A., 2007. Antidiabetic effects of methanolic extract of
Centella asiatica (Linn.) on induced hyperglycemic rats.  Biosci.
Biotech.Res. Asia 4 (2): 721-724.

Rotter, V., Nagaev, 1., Smith, U., 2003. Interleukin-6 (IL-6) Induces Insulin
Resistance in 3T3-L1 Adipocytes and Is, Like IL-8 and Tumor Necrosis

Factor- a, Overexpressed in Human Fat Cells from Insulin-resistant Subjects
.J. Biol. Chem. 278: 45777-45784.

Rui, L., Yuan, M., Frantz, D., Shoelson, S., White, M.F., 2002. SOCS-1 and
SOCS-3 Block Insulin Signaling by Ubiquitin-mediated Degradation of IRS1
and IRS2 . J. Biol. Chem. 277: 42394-42398.

Ruiz-Ojeda, F.J., Rupirez, A.l., Gomez-Llorente, C., Gil, A., Aguilera, C.M.,
2016. Cell models and their application for studying adipogenic
differentiation in relation to obesity: A review. Int. J. Mol. Sci. 17: 1-26.

Sah, S.P., Singh, B., Choudhary, S., Kumar, A., 2016. Animal models of insulin
resistance: A review. Pharmacol. Reports 68: 1165-1177.

Sampson, J. H., Raman, A.., Karlsen, G., Navsaria, H., Leigh, 1., 2001. In vitro

keratinocyte antiproliferant effect of Centella asiatica extract and
triterpenoid saponins,” Phytomedicine 8 (3): 230-235

91



EFEK EKSTRAK PEGAGAN (Centella asiatica L.) TERHADAP SENSITIVITAS INSULIN PADA
KO-KULTUR SEL ADIPOSA

3T3-L1 dan SEL MAKROFAG RAW 264.7 TERINDUKSI INFLAMASI

UNIVERSITAS SISKA ANDRINA K, dr. Dwi Aris Agung Nugrahaningsih., Ph.D.; Prof. Mae Sri Hartati Wahyuningsih., Apt., M.Si

GADJAH MADA Universitas Gadjah Mada, 2019 | Diunduh dari http://etd.repository.ugm.ac.id/

Sasikala, S., Lakshminarasaiah, S., Naidu, M.D., 2015. Antidiabetic activity of
Centella asiatica on streptozotocin induced diabetic male albino rats. World
J. Pharm. Sci. 3: 1701-1705.

Scheen, A. J., 2014. Pathophysiology of Type 2 Diabetes. Acta Clin. Belg. 110:
335-341.

Shi, H., Kokoeva, M. V, Inouye, K., Tzameli, 1., Yin, H., Flier, J.S., 2006. TLR4
links innate immunity and fatty acid — induced insulin resistance 116: 3015—
3025.

Soheili, Z., Samiel, S., 2005. Real time PCR: Principle and Application. Hepat.
Mon. 5: 83-87.

Somchit, M.N., Sulaiman, M.R., Zuraini, A., Samsuddin, L., Somchit, N., Israf,
D.A., Moin, S., 2004. Antinociceptive and antiinflammatory effects of
Centella asiatica. indian J Pharmacol 36: 377-380.

Sudha, S., Kumaresan, S.., Amit, A. David, J., Venkataraman, B. V., 2002. Anti-
convulsant activity of different extracts of Centella asiatica and Bacopa
monnieri in animals. Nat. Remedies 2 (1): 33—41.

Suganami, T., Nishida, J., Ogawa, Y., 2005. A Paracrine Loop Between
Adipocytes and Macrophages Aggravates Inflammatory Changes Role of
Free Fatty Acids and Tumor Necrosis Factor.pdf. Arterioscler. Thromb.
Vasc. Biol. 25: 2062-2068.

Sun, K., Kusminski, C.C.M., Scherer, P.E.P., 2011. Adipose tissue remodeling
and obesity. J. Clin. Invest. 121: 2094-2101.

Sun, W.E.N., Xu, G., Guo, X., Luo, G., Wu, L., Hou, Y.I., Guo, X., Zhou, J., Xu,
T., Qin, L., Fan, Y., Han, L.I., Matsabisa, M., Ma, X., Liu, T., 2017.
Protective effects of asiatic acid in a spontaneous type 2 diabetic mouse
model. Mol. Med. Rep. 16: 1333—1339.

Taciak, B., Biatasek, M., Braniewska, A., Sas, Z., Sawicka, P., Kiraga, L., Rygiel,
T., Kro, M., 2018. Evaluation of phenotypic and functional stability of RAW
264 . 7 cell line through serial passages. PLoS One 13: 1-13.

Trayhurn, P., Wood, L.S., 2004. Horizons in Nutritional Science Adipokines :
inflammation and the pleiotropic role of white adipose tissue. Br. J. Nutr. 92:

347-355.

Tripathi, P., Tripathi, P., Kashyap, L., Singh, V., 2007. The role of nitric oxide in
inflammatory reactions. FES Immunol Med Microb. 51: 443—452.

92



EFEK EKSTRAK PEGAGAN (Centella asiatica L.) TERHADAP SENSITIVITAS INSULIN PADA
KO-KULTUR SEL ADIPOSA

3T3-L1 dan SEL MAKROFAG RAW 264.7 TERINDUKSI INFLAMASI

UNIVERSITAS SISKA ANDRINA K, dr. Dwi Aris Agung Nugrahaningsih., Ph.D.; Prof. Mae Sri Hartati Wahyuningsih., Apt., M.Si

GADJAH MADA Universitas Gadjah Mada, 2019 | Diunduh dari http://etd.repository.ugm.ac.id/

Vishwanath, D., Srinivasan, H., 2013. Novel method to differentiate 3T3 L1 cells
in vitro to produce highly sensitive adipocytes for a GLUT4 mediated

glucose uptake using fluorescent glucose analog. J.cell Commun. Signal 7:
129-140.

Wang, X. S., Dong, Q., Zuo, J. P. , Fang, J. N., 2003. Structure and potential
immunological activity of a pectin from Centella asiatica (L.) Urban. Carbo.
Res. 338 (22): 2393-2402.

Xie, L., Ortega, M.T., Mora, S., Chapes, S.K., 2010. Interactive changes between
macrophages and adipocytes. Clin. Vaccine Immunol. 17: 651-659.

Yun, K., Kim, J., Kim, J., Lee, K., Jeong, S., Park, H., Jung, H., Cho, Y., Yun, K.,
Lee, K., 2008. Inhibition of LPS-induced NO and PGE 2 production by
asiatic acid via NF- k B inactivation in RAW 264.7 macrophages : Possible
involvement of the IKK and MAPK pathways. Int. Immunopharmacol. 8:
431-441.

Zand, H., Morshedzadeh, N., Naghashian, F., 2017. Signaling pathways linking
inflammation to insulin resistance. Diabetes Metab. Syndr. Clin. Res. Rev.

115:307-3009.

Zebisch, K., Voigt, V., Wabitsch, M., Brandsch, M., 2012. Protocol for effective
differentiation of 3T3-L1 cells to adipocytes. Anal. Biochem. 425: 88-90.

93



