
 
 

80 
 

DAFTAR PUSTAKA 

Abdalla, M.M.I., 2024. Therapeutic potential of adiponectin in prediabetes: 

strategies, challenges, and future directions. Ther. Adv. Endocrinol. Metab. 

15, 20420188231222371. https://doi.org/10.1177/20420188231222371 

Abdullah, N., Kasim, K.F., 2017. In-vitro antidiabetic activity of clinacanthus 

nutans extracts. Int. J. Pharmacogn. Phytochem. Res. 9, 846–852. 

Afzal, S., Sattar, M.A., Johns, E.J., Eseyin, O.A., Attiq, A., 2021. Antioxidant 

potential of adiponectin and full PPAR-γ agonist in correcting 

streptozotocin-induced vascular abnormality in spontaneously hypertensive 

rats. PPAR Res. 2021, 1–17. https://doi.org/10.1155/2021/6661181 

Ağagündüz, D., Yeşildemir, Ö., Koçyiğit, E., Koçak, T., Özen Ünaldı, B., Ayakdaş, 

G., Budán, F., 2024. Oxylipins derived from PUFAs in cardiometabolic 

diseases: mechanism of actions and possible nutritional interactions. 

nutrients 16, 3812. https://doi.org/10.3390/nu16223812 

Agu, P.C., Afiukwa, C.A., Orji, O.U., Ezeh, E.M., Ofoke, I.H., Ogbu, C.O., 

Ugwuja, E.I., Aja, P.M., 2023. Molecular docking as a tool for the discovery 

of molecular targets of nutraceuticals in diseases management. Sci. Rep. 13. 

https://doi.org/10.1038/s41598-023-40160-2 

Alam, A., Ferdosh, S., Ghafoor, K., Hakim, A., Juraimi, A.S., Khatib, A., Sarker, 

Z.I., 2016. Clinacanthus nutans: a review of the medicinal uses, 

pharmacology and phytochemistry. Asian Pac. J. Trop. Med. 9, 402–409. 

https://doi.org/10.1016/j.apjtm.2016.03.011 

American Type Culture Collection (ATCC)., 2021. C2C12 CRL-1772. American 

Type Culture Collection, Virginia. 

Awaluddin, F., Mas Jaya Putra, A., Supandi, S., 2015. Molecular docking studies 

of flavonoids of noni fruit (Morinda citrifolia L.) to peroxisome proliferator-

activated receptor-gamma (PPAR-γ), in: advances in computer science 

research. Presented at the 3rd International Conference on Computation for 

Science and Technology (ICCST-3), Atlantis Press, Bali, Indonesia. 

https://doi.org/10.2991/iccst-15.2015.18 

Azemi, A.K., Mokhtar, S.S., Sharif, S.E.T., Rasool, A.H.G., 2021. Clinacanthus 

nutans attenuates atherosclerosis progression in rats with type 2 diabetes by 

reducing vascular oxidative stress and inflammation. Pharm. Biol. 59, 

1430–1438. https://doi.org/10.1080/13880209.2021.1990357 

Baker, E.J., Miles, E.A., Calder, P.C., 2021. A review of the functional effects of 

pine nut oil, pinolenic acid and its derivative eicosatrienoic acid and their 

potential health benefits. Prog. Lipid Res. 82, 101097. 

https://doi.org/10.1016/j.plipres.2021.101097 

Chiu, Y.-J., Lo, Y.-H., Yang, J.-S., Kuo, S.-C., Tsai, S.-C., 2021. Curcumin 

derivative MTH-3 regulates palmitate-induced insulin resistance in mouse 

myoblast C2C12 cells. In Vivo 35, 3181–3191. 

https://doi.org/10.21873/invivo.12613 

Choi, S.H., Chung, S.S., Park, K.S., 2018. Re-highlighting the action of PPARγ in 

treating metabolic diseases. F1000Research 7, 1127. 

https://doi.org/10.12688/f1000research.14136.1 

Efek Fraksi Daun Dandang Gendis (Clinacanthus nutans L.) Pada Sel C2C12 Resisten Insulin:
Analisis
Konsumsi Glukosa, Identifikasi Senyawa, dan Molecular Docking PPAR-?
Dia Indicasary Rupilu, Prof. Dr. Mae Sri Hartati Wahyuningsih, M.Si., Apt ; Dr.rer.nat. Apt. Arko Jatmiko Wicaksono, M.Sc
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



81 
 

 
 

Choi, S.-S., Park, J., Choi, J.H., 2014. Revisiting PPARγ as a target for the treatment 

of metabolic disorders. BMB Rep. 47, 599–608. 

https://doi.org/10.5483/BMBRep.2014.47.11.174 

Da Paixão, A.O., Bolin, A.P., Silvestre, J.G., Rodrigues, A.C., 2021. Palmitic acid 

impairs myogenesis and alters temporal expression of miR-133a and miR-

206 in C2C12 Myoblasts. Int. J. Mol. Sci. 22, 2748. 

https://doi.org/10.3390/ijms22052748 

Dekina, S., Alexandrov, T., Drotleff, B., 2024. EMBL-MCF 2.0: an LC-MS/MS 

method and corresponding library for high-confidence targeted and 

untargeted metabolomics using low-adsorption HILIC chromatography. 

Metabolomics 20, 114. https://doi.org/10.1007/s11306-024-02176-1 

Denes, L.T., Riley, L.A., Mijares, J.R., Arboleda, J.D., McKee, K., Esser, K.A., 

Wang, E.T., 2019. Culturing C2C12 myotubes on micromolded gelatin 

hydrogels accelerates myotube maturation. Skelet. Muscle 9, 17. 

https://doi.org/10.1186/s13395-019-0203-4 

Deng, Y.-T., Chang, T.-W., Lee, M.-S., Lin, J.-K., 2012. Suppression of free fatty 

acid-induced insulin resistance by phytopolyphenols in C2C12 mouse 

skeletal muscle cells. J. Agric. Food Chem. 60, 1059–1066. 

https://doi.org/10.1021/jf204496f 

Dewinta, N.R., Mukono, I.S., Mustika, A., 2020. Pengaruh pemberian ekstrak 

dandang gendis (Clinacanthus nutans) terhadap kadar glukosa darah pada 

tikus wistar model diabetes melitus. J. Med. Vet. 3, 76. 

https://doi.org/10.20473/jmv.vol3.iss1.2020.76-81 

Diabetes Atlas 2025, 11th edn, International Diabetes Federation, Brussels 

Dimitriadis, G.D., Maratou, E., Kountouri, A., Board, M., Lambadiari, V., 2021. 

Regulation of postabsorptive and postprandial glucose metabolism by 

insulin-dependent and insulin-independent mechanisms: an integrative 

approach. Nutrients 13, 159. https://doi.org/10.3390/nu13010159 

Feng, X.-T., Wang, T.-Z., Leng, J., Chen, Y., Liu, J.-B., Liu, Y., Wang, W.-J., 2012. 

Palmitate contributes to insulin resistance through downregulation of the 

src-mediated phosphorylation of Akt in C2C12 myotubes. Biosci. 

Biotechnol. Biochem. 76, 1356–1361. https://doi.org/10.1271/bbb.120107 

Freeman AM, Acevedo LA, Pennings N. Insulin resistance. [Updated 2023 Aug 

17]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 

2025Jan. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK507839/ 

Fu, W.-C., Li, H.-Y., Li, T.-T., Yang, K., Chen, J.-X., Wang, S.-J., Liu, C.-H., 

Zhang, W., 2021. Pentadecanoic acid promotes basal and insulin-stimulated 

glucose uptake in C2C12 myotubes. Food Nutr. Res. 65. 

https://doi.org/10.29219/fnr.v65.4527 

GBIF. (n.d.) Clinacanthus nutans (Burm.fil.) Lindau. [online] Available at: 

https://www.gbif.org/species/3774284 [Accessed 11 May 2025]. 

Goyal R, Singhal M, Jialal I. Type 2 Diabetes. [Updated 2023 Jun 23]. In: Stat 

Pearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2025 Jan. 

Available at: https://www.ncbi.nlm.nih.gov/books/NBK513253/ 

Efek Fraksi Daun Dandang Gendis (Clinacanthus nutans L.) Pada Sel C2C12 Resisten Insulin:
Analisis
Konsumsi Glukosa, Identifikasi Senyawa, dan Molecular Docking PPAR-?
Dia Indicasary Rupilu, Prof. Dr. Mae Sri Hartati Wahyuningsih, M.Si., Apt ; Dr.rer.nat. Apt. Arko Jatmiko Wicaksono, M.Sc
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



82 
 

 
 

Hu, S., Yao, J., Howe, A.A., Menke, B.M., Sivitz, W.I., Spector, A.A., Norris, 

A.W., 2012. Peroxisome proliferator-activated receptor-γ decouples fatty 

acid uptake from lipid inhibition of insulin signaling in skeletal muscle. 

Mol. Endocrinol. 26, 977–988. https://doi.org/10.1210/me.2011-1253 

Jang, J.H., Park, J.E., Han, J.S., 2020. Scopoletin increases glucose uptake through 

activation of PI3K and AMPK signaling pathway and improves insulin 

sensitivity in 3T3-L1 cells. Nutrition Research. 74, 52–61. 

https://doi.org/10.1016/j.nutres.2019.12.006 

Jung, T.W., Kim, H., Park, S.Y., Cho, W., Oh, H., Lee, H.J., Abd El-Aty, A.M., 

Hacimuftuoglu, A., Jeong, J.H., 2022. Stachydrine alleviates lipid-induced 

skeletal muscle insulin resistance via AMPK/HO-1-mediated suppression 

of inflammation and endoplasmic reticulum stress. J. Endocrinol. Invest. 45, 

2181–2191. https://doi.org/10.1007/s40618-022-01866-8 

Kakisina, 2024. Uji Mekanisme Aksi Sediaan Poliherbal Sebagai Analgesik: Kajian 

In vivo dan In silico. [Thesis]. Universitas Gadjah Mada, Yogyakarta. 

Kampmann, U., Christensen, B., Nielsen, T.S., Pedersen, S.B., Ørskov, L., Lund, 

S., Møller, N., Jessen, N., 2011. GLUT-4 and UBC9 protein expression is 

reduced in muscle from type 2 diabetic patients with severe insulin 

resistance. PLoS ONE 6, e27854. 

https://doi.org/10.1371/journal.pone.0027854 

Kopál, M., Muchová, J., Ďuračková, Z., 2013. Modulation of insulin resistance by 

PUFA in metabolic tissues. Eur. J. Lipid Sci. Technol. 115, 475–482. 

https://doi.org/10.1002/ejlt.201200229 

Kosgei, V.J., Coelho, D., Guéant-Rodriguez, R.-M., Guéant, J.-L., 2020. Sirt1-

PPARS cross-talk in complex metabolic diseases and inherited disorders of 

the one-carbon metabolism. Cells 9, 1882. 

https://doi.org/10.3390/cells9081882 

Kroetz, D.L., Zeldin, D.C., 2002. Cytochrome P450 pathways of arachidonic acid 

metabolism. Curr. Opin. Lipidol. 13, 273–283. 

https://doi.org/10.1097/00041433-200206000-00007 

Kroker, A.J., Bruning, J.B., 2015. Review of the structural and dynamic 

mechanisms of PPAR-γ partial agonism. PPAR Res. 2015, 1–15. 

https://doi.org/10.1155/2015/816856 

Kumar, N., Goel, N., 2019. Phenolic acids: Natural versatile molecules with 

promising therapeutic applications. Biotechnol. Rep. 24, e00370. 

https://doi.org/10.1016/j.btre.2019.e00370 

Kuna, M.R. & Mappa, M.R., 2022. Isolasi dan identifikasi senyawa flavonoid 

ekstrak metanol biji buah dumbaya (Momordica cochinchinensis) 

menggunakan metode liquid chromatography-mass spectrometry. Jurnal 

Farmasi Tinctura, 3(2), pp.72–83. 

Lankatillake, C., Huynh, T., Dias, D.A., 2019. Understanding glycaemic control 

and current approaches for screening antidiabetic natural products from 

evidence-based medicinal plants. Plant Methods 15, 105. 

https://doi.org/10.1186/s13007-019-0487-8 

Efek Fraksi Daun Dandang Gendis (Clinacanthus nutans L.) Pada Sel C2C12 Resisten Insulin:
Analisis
Konsumsi Glukosa, Identifikasi Senyawa, dan Molecular Docking PPAR-?
Dia Indicasary Rupilu, Prof. Dr. Mae Sri Hartati Wahyuningsih, M.Si., Apt ; Dr.rer.nat. Apt. Arko Jatmiko Wicaksono, M.Sc
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



83 
 

 
 

Lee, S.-H., Park, S.-Y., Choi, C.S., 2022. Insulin resistance: from mechanisms to 

therapeutic strategies. diabetes metab. J. 46, 15–37. 

https://doi.org/10.4093/dmj.2021.0280 

Leonardini, A., Laviola, L., Perrini, S., Natalicchio, A., Giorgino, F., 2009. Cross‐

talk between PPAR-γ and insulin signaling and modulation of insulin 

sensitivity. PPAR Res. 2009, 818945. https://doi.org/10.1155/2009/818945 

Li, J., Dou, X., Li, S., Zhang, X., Zeng, Y., Song, Z., 2015. Nicotinamide 

ameliorates palmitate-induced ER stress in hepatocytes via 

cAMP/PKA/CREB pathway-dependent Sirt1 upregulation. Biochim. 

Biophys. Acta BBA - Mol. Cell Res. 1853, 2929–2936. 

https://doi.org/10.1016/j.bbamcr.2015.09.003 

Mackenzie, R., Elliott, B., 2014. Akt/PKB activation and insulin signaling: a novel 

insulin signaling pathway in the treatment of type 2 diabetes. Diabetes 

Metab. Syndr. Obes. Targets Ther. 55. 

https://doi.org/10.2147/DMSO.S48260 

Medjakovic, S., Mueller, M., Jungbauer, A., 2010. Potential health-modulating 

effects of isoflavones and metabolites via activation of PPAR and AhR. 

Nutrients 2, 241–279. https://doi.org/10.3390/nu2030241 

Merz, K.E., Thurmond, D.C., 2020. Role of skeletal muscle in insulin resistance 

and glucose uptake, in: Terjung, R. (Ed.), Comprehensive Physiology. 

Wiley, pp. 785–809. https://doi.org/10.1002/cphy.c190029 

Morris, G.M., Lim-Wilby, M., 2008. Molecular docking. Methods Mol. Biol. 

Clifton NJ 443, 365–382. https://doi.org/10.1007/978-1-59745-177-2_19 

Muralikumar, S., Vetrivel, U., Narayanasamy, A., N. Das, U., 2017. Probing the 

intermolecular interactions of PPARγ-LBD with polyunsaturated fatty acids 

and their anti-inflammatory metabolites to infer most potential binding 

moieties. Lipids Health Dis. 16, 17. https://doi.org/10.1186/s12944-016-

0404-3 

Murini, T., Wahyuningsih, M.S.H., Satoto, T.B.T., Fudholi, A., Hanafi, M., 2018. 

Isolation and identification of a naturally occurring larvicidal compound 

isolated from Zingiber zerumbet (L). J.E. SMITH. Asian J. Pharm. Clin. 

Res. 11, 189. https://doi.org/10.22159/ajpcr.2018.v11i2.21703 

Mustika, A., Fatimah, N., Safitri, I., Susanti, N., Noor, N.S., 2023. Clinacanthus 

nutans L extracts reduce the serum tumor necrosis factor-α, 

malondialdehyde, and interleukin-6 levels and improve the Langerhans islet 

area in diabetic rat models. Clin. Med. Insights Endocrinol. Diabetes 16, 

11795514231196462. https://doi.org/10.1177/11795514231196462 

Pereira, R.M., Moura, L.P.D., Muñoz, V.R., Silva, A.S.R.D., Gaspar, R.S., Ropelle, 

E.R., Pauli, J.R., 2017. Molecular mechanisms of glucose uptake in skeletal 

muscle at rest and in response to exercise. Mot. Rev. Educ. Física 23. 

https://doi.org/10.1590/s1980-6574201700si0004 

Perry, B.D., Caldow, M.K., Brennan-Speranza, T.C., Sbaraglia, M., Jerums, G., 

Garnham, A., Wong, C., Levinger, P., et al., 2016. Muscle atrophy in 

patients with Type 2 Diabetes Mellitus: roles of inflammatory pathways, 

physical activity and exercise. Exerc. Immunol. Rev. 22, 94–109 

Efek Fraksi Daun Dandang Gendis (Clinacanthus nutans L.) Pada Sel C2C12 Resisten Insulin:
Analisis
Konsumsi Glukosa, Identifikasi Senyawa, dan Molecular Docking PPAR-?
Dia Indicasary Rupilu, Prof. Dr. Mae Sri Hartati Wahyuningsih, M.Si., Apt ; Dr.rer.nat. Apt. Arko Jatmiko Wicaksono, M.Sc
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



84 
 

 
 

PERKENI, 2021. Pedoman pengelolaan dan pencegahan diabetes mellitus tipe 2 di 

Indonesia 2021. PB PERKENI. 

Phua, W.W.T., Wong, M.X.Y., Liao, Z., Tan, N.S., 2018. An aPPARent functional 

consequence in skeletal muscle physiology via peroxisome proliferator-

activated receptors. Int. J. Mol. Sci. 19, 1425. 

https://doi.org/10.3390/ijms19051425 

Pinel, A., Morio-Liondore, B., Capel, F., 2014. n−3 polyunsaturated fatty acids 

modulate metabolism of insulin-sensitive tissues: implication for the 

prevention of type 2 diabetes. J. Physiol. Biochem. 70, 647–658. 

https://doi.org/10.1007/s13105-013-0303-2 

Pinzi, L., Rastelli, G., 2019. Molecular docking: shifting paradigms in drug 

discovery. Int. J. Mol. Sci. 20, 4331. https://doi.org/10.3390/ijms20184331 

Prasetyo,Y.C., 2023. Efek fraksi aktif herba ciplukan (Physalis Angulata Linn) 

terhadap konsumsi glukosa sel C2C12 myotube resisten insulin. [Thesis]. 

Universitas Gadjah Mada. 

Rakhmawati, R., 2024. Bioassay guided isolation senyawa aktif herba ciplukan 

(Physalis angulata L.) termonitor glucose consumption assay: isolasi dan 

identtifikasi, molecular docking, dan penelusuran mekanisme aksinya pada 

sel myoblast [Disertasi]. Universitas Gadjah Mada 

Ríos, J., Francini, F., Schinella, G., 2015. Natural products for the treatment of type 

2 diabetes mellitus. Planta Med. 81, 975–994. https://doi.org/10.1055/s-

0035-1546131 

Sabindo, N.H., Yatim, R.M., Ponnuraj, K.T., 2024. Phytochemical composition of 

Clinacanthus nutans based on factors of environment, genetics and 

postharvest processes: A review. BioMedicine 14. 

https://doi.org/10.37796/2211-8039.1451 

Sands, C.J., Gómez-Romero, M., Correia, G., Chekmeneva, E., Camuzeaux, S., 

Izzi-Engbeaya, C., Dhillo, W.S., Takats, Z., Lewis, M.R., 2021. 

Representing the metabolome with high fidelity: range and response as 

quality control factors in LC-MS-based global profiling. Anal. Chem. 93, 

1924–1933. https://doi.org/10.1021/acs.analchem.0c03848 

Sari, I.W., Junaidin, J., Pratiwi, D., 2020. Studi molecular docking senyawa 

flavonoid herba kumis kucing (Orthosiphon Stamineus B.) pada reseptor α-

glukosidase sebagai antidiabetes tipe 2. J. Farmagazine 7, 54.  

https://doi.org/10.47653/farm.v7i2.194 

Schrimpe-Rutledge, A.C., Codreanu, S.G., Sherrod, S.D., McLean, J.A., 2016. 

Untargeted metabolomics strategies-challenges and emerging directions. J. 

Am. Soc. Mass Spectrom. 27, 1897–1905. https://doi.org/10.1007/s13361-

016-1469-y 

Septaningsih, D.A., Darusman, L.K., Afendi, F.M., Heryanto, R., 2018. Liquid 

chromatography mass spectrometry (LC-MS) fingerprint combined with 

chemometrics for identification of metabolites content and biological 

activities of Curcuma aeruginosa. Indones. J. Chem. 18, 43. 

https://doi.org/10.22146/ijc.25456 

Efek Fraksi Daun Dandang Gendis (Clinacanthus nutans L.) Pada Sel C2C12 Resisten Insulin:
Analisis
Konsumsi Glukosa, Identifikasi Senyawa, dan Molecular Docking PPAR-?
Dia Indicasary Rupilu, Prof. Dr. Mae Sri Hartati Wahyuningsih, M.Si., Apt ; Dr.rer.nat. Apt. Arko Jatmiko Wicaksono, M.Sc
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



85 
 

 
 

Sharma, V., Patial, V., 2022. Peroxisome Proliferator-Activated Receptor gamma 

and its natural agonists in the treatment of kidney diseases. Front. 

Pharmacol. 13, 991059. https://doi.org/10.3389/fphar.2022.991059 

Shi, L., Jia, W., Zhang, L., Xu, C., Chen, X., Yin, L., et al., 2019. Glucose 

consumption assay discovers coptisine with beneficial effect on diabetic 

mice. Eur. J. Pharmacol. 859, 172523. 

https://doi.org/10.1016/j.ejphar.2019.172523 

Stöckli, J., Fazakerley, D.J., James, D.E., 2011. GLUT-4 exocytosis. J. Cell Sci. 

124, 4147–4159. https://doi.org/10.1242/jcs.097063 

Susanti, N., 2023. Potential of Clinacanthus nutans as an alternative therapeutic 

agent for diabetes mellitus, in: Yueniwati, Y., Tchoyoson, L.C.C., Hamid, 

H.B.A., Arsana, P.M., Nakagoshi, N. (Eds.), Proceedings of the 

International Conference of Medical and Life Science (ICoMELISA 2021). 

Atlantis Press International BV, Dordrecht, pp. 27–36. 

https://doi.org/10.2991/978-94-6463-208-8_6 

Syarif, R.A., Wahyuningsih, M.S.H., Mustofa, M., Ngatidjan, N., 2019. 

Antiplasmodial and onset speed of growth inhibitory activities of Tithonia 

diversifolia (Hemsley) A Gray leaf fractions against Plasmodium 

falciparum. Trop. J. Pharm. Res. 17, 2213. 

https://doi.org/10.4314/tjpr.v17i11.15 

Tontonoz, P., Spiegelman, B.M., 2008. Fat and beyond: the diverse biology of 

PPARγ. Annu. Rev. Biochem. 77, 289–312. 

https://doi.org/10.1146/annurev.biochem.77.061307.091829 

Umeno, A., Horie, M., Murotomi, K., Nakajima, Y., Yoshida, Y., 2016. 

Antioxidative and antidiabetic effects of natural polyphenols and 

isoflavones. Molecules 21, 708. 

https://doi.org/10.3390/molecules21060708 

Verma, N.K., Singh, J., Dey, C.S., 2004. PPAR-γ expression modulates insulin 

sensitivity in C2C12 skeletal muscle cells. Br. J. Pharmacol. 143, 1006–

1013. 

Wahyuningsih, M.S.H., Putri, S.U., Viktaria, V., Nugrahaningsih, D.A.A., 

Wicaksono, A.J., 2025. Bioassay-guided partition of dandang gendis 

(Clinacanthus nutans L.) monitored by glucose consumption assay on 

myoblast cells and GLUT-4 molecular docking analysis. Trop. J. Nat. Prod. 

Res. 9. https://doi.org/10.26538/tjnpr/v9i3.31 

Wahyuningsih, M.S.H., Rakhmawati, R., 2024. Penemuan dan pengembangan 

senyawa obat dari bahan alam. Gadjah Mada University Press, Yogyakarta. 

Wahyuningsih, M.S.H., Wijayanti, M.A., Budiyanto, A., 2015. Isolation and 

identification of potential cytotoxic compound from Kembang Bulan 

[Tithonia Diversifolia (Hemsley) A Gray] Leaves. Int. J. Pharm. Pharm. Sci. 

7, 298–301. 

Wahyuningsih, M.S.H., Wiwekananda, K.S.S., Putri, A.P.R., Nugrahaningsih, 

D.A.A., Yuniyanti, M.M., 2023. Bioassay-guided fractionation of Ciplukan 

(Physalis angulata L.) monitored by glucose consumption assay and thin-

layer chromatography on myoblast cells. Maj. Obat Tradis. 28, 22. 

https://doi.org/10.22146/mot.79783 

Efek Fraksi Daun Dandang Gendis (Clinacanthus nutans L.) Pada Sel C2C12 Resisten Insulin:
Analisis
Konsumsi Glukosa, Identifikasi Senyawa, dan Molecular Docking PPAR-?
Dia Indicasary Rupilu, Prof. Dr. Mae Sri Hartati Wahyuningsih, M.Si., Apt ; Dr.rer.nat. Apt. Arko Jatmiko Wicaksono, M.Sc
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



86 
 

 
 

Wahyuningsih, M.S.H., Yuliani, F.S., Rahmawati, D.Y., Pratiwi, A.N., 2018. Efek 

antifibrotik ekstrak etanol Nerium indicum Mill. dengan marker 5α-

oleandrin pada sel fibroblas keloid. Tradit. Med. J. 23, 70–78. 

Wang, L., Waltenberger, B., Pferschy-Wenzig, E.-M., Blunder, M., Liu, X., 

Malainer, C., et al., 2014. Natural product agonists of Peroxisome 

Proliferator-Activated Receptor gamma (PPARγ): a review. Biochem. 

Pharmacol. 92, 73–89. https://doi.org/10.1016/j.bcp.2014.07.018 

Wang, Y., Ma, L., Zhang, M., Chen, M., Li, P., He, C., Yan, C., Wan, J.-B., 2019. 

A simple method for peak alignment using relative retention time related to 

an inherent peak in Liquid Chromatography-Mass Spectrometry-Based 

Metabolomics. J. Chromatogr. Sci. 57, 9–16. 

https://doi.org/10.1093/chromsci/bmy074 

Wong, Chun Y, Al-Salami, H., Dass, C.R., 2020. C2C12 cell model: its role in 

understanding of insulin resistance at the molecular level and 

pharmaceutical development at the preclinical stage. J. Pharm. Pharmacol. 

72, 1667–1693. https://doi.org/10.1111/jphp.13359 

Wulan, F.F., Astuti, E., Prasetyo, N., Kumar, N., Wahyuningsih, T.D., 2025. 

Investigating chlorothiophene-based chalcones as anticancer agents: 

Synthesis, biological evaluation, and computational insight via the p53-

targeted pathway. Arab. J. Chem. 18, 312024. 

https://doi.org/10.25259/AJC_31_2024 

Yahfoufi, N., Alsadi, N., Jambi, M., Matar, C., 2018. The immunomodulatory and 

anti-inflammatory role of polyphenols. Nutrients 10, 1618. 

https://doi.org/10.3390/nu10111618 

Yang, M., Wei, D., Mo, C., Zhang, J., Wang, X., Han, X., Wang, Z., Xiao, H., 2013. 

Saturated fatty acid palmitate-induced insulin resistance is accompanied 

with myotube loss and the impaired expression of health benefit myokine 

genes in C2C12 myotubes. Lipids Health Dis. 12, 104. 

https://doi.org/10.1186/1476-511X-12-104 

Yang, Z.-J., Huang, S.-Y., Cheng, J., Zeng, J.-W., Wusiman, M., Li, H.-B., Zhu, 

H.-L., 2025. Betaine: a comprehensive review on dietary sources, health 

benefits, mechanisms of action, and application. Trends Food Sci. Technol. 

159, 104993. https://doi.org/10.1016/j.tifs.2025.104993 

Yoon, G., Park, S., 2014. Antioxidant action of soy isoflavones on oxidative stress 

and antioxidant enzyme activities in exercised rats. Nutr. Res. Pract. 8, 618– 

624. https://doi.org/10.4162/nrp.2014.8.6.618 

Yudhani, R.D., Sari, Y., Nugrahaningsih, D.A.A., Sholikhah, E.N., Rochmanti, M., 

Purba, A.K.R., Khotimah, H., Nugrahenny, D., Mustofa, M., 2023. In vitro 

insulin resistance model: A Recent Update. J. Obes. 2023, 1–13. 

https://doi.org/10.1155/2023/1964732 

Zhang, N., Zhang, W., Guo, X., Liu, J., Li, S., Zhang, H., Fan, B., 2022. Genistein 

protects against hyperglycemia and fatty liver disease in diet-induced 

prediabetes mice via activating hepatic insulin signaling pathway. Front. 

Nutr. 9, 1072044. https://doi.org/10.3389/fnut.2022.1072044 

Zhang, P., Ang, I.L., Lam, M.M.T., Wei, R., Lei, K.M.K., Zhou, X., Lam, H.H.N., 

He, Q., Poon, T.C.W., 2021. Susceptibility to false discovery in biomarker 

Efek Fraksi Daun Dandang Gendis (Clinacanthus nutans L.) Pada Sel C2C12 Resisten Insulin:
Analisis
Konsumsi Glukosa, Identifikasi Senyawa, dan Molecular Docking PPAR-?
Dia Indicasary Rupilu, Prof. Dr. Mae Sri Hartati Wahyuningsih, M.Si., Apt ; Dr.rer.nat. Apt. Arko Jatmiko Wicaksono, M.Sc
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



87 
 

 
 

research using liquid chromatography–high resolution mass spectrometry 

based untargeted metabolomics profiling. Clin. Transl. Med. 11, e469. 

https://doi.org/10.1002/ctm2.469 

Zhang, Q., Kong, X., Yuan, H., Guan, H., Li, Y., Niu, Y., 2019. Mangiferin 

improved palmitate-induced-insulin resistance by promoting free fatty acid 

metabolism in HepG2 and C2C12 Cells via PPARα: Mangiferin Improved 

Insulin Resistance. J. Diabetes Res. 2019, 1–13. 

https://doi.org/10.1155/2019/2052675 

Zhou, M., Konigsberg, W.H., Hao, C., Pan, Y., Sun, J., Wang, X., 2023. Bioactivity 

and mechanisms of flavonoids in decreasing insulin resistance. J. Enzyme 

Inhib. Med. Chem. 38, 2199168. 

https://doi.org/10.1080/14756366.2023.2199168 

Zulkipli, I.N., Rajabalaya, R., Idris, A., Sulaiman, N.A., David, S.R., 2017. 

Clinacanthus nutans: a review on ethnomedicinal uses, chemical 

constituents and pharmacological properties. Pharm. Biol. 55, 1093–1113. 

https://doi.org/10.1080/13880209.2017.1288749 

Efek Fraksi Daun Dandang Gendis (Clinacanthus nutans L.) Pada Sel C2C12 Resisten Insulin:
Analisis
Konsumsi Glukosa, Identifikasi Senyawa, dan Molecular Docking PPAR-?
Dia Indicasary Rupilu, Prof. Dr. Mae Sri Hartati Wahyuningsih, M.Si., Apt ; Dr.rer.nat. Apt. Arko Jatmiko Wicaksono, M.Sc
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/


