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            Abstract
          
        

        
          A new flavonol, macagigantin A (1), and three known flavonols (2–4) were isolated from Macaranga gigantea leaves. The structure of macagigantin A was fully assigned by 1D and 2D NMR, UV, and high-resolution mass spectra data. The cytotoxic activity of 1–4 was evaluated against 4T1, P-388, and HeLa cells. Compound 1 showed potent activity against 4T1 cells with an IC50 value of 1.18 μg/mL, and compound 3 showed moderate activity against P-388 cells (IC50 value of 2.54 μg/mL).
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      Introduction
      The genus Macaranga is a pioneer plant usually found in the secondary forests and a member of the Euphorbiaceae family. The leaves of Macaranga are empirically used for treating fever, wounds, coughs, and cancer. The leaves of M. recurvata were traded for cancer treatment by the Dayak community in Kalimantan, Indonesia.1-2 The secondary metabolites commonly found in the leaves of the Macaranga plant include flavonoids, terpenoids, and stilbenoids, and exhibit biological activities such as antimalaria, antioxidant, anti-inflammatory, antibacterial, and anticancer.3-8 Flavonols and flavanones are the major flavonoids in the Macaranga plant. Kaempferol and quercetin derivatives with terpenyl chains on both aromatic nuclei are characteristic of the genus Macaranga. 9-12

      Macaranga gigantea (Rchb.f & Zoll.) Mull. Arg is one of the plant species that first grew in damaged forests. M. gigantea makes open areas quickly become secondary forests. M. gigantea is a type of plant that grows throughout the Indonesian archipelago. Four flavonol derivatives were isolated from the leaves of M. gigantea, including a new compound, macagigantin A (1), and three known flavonols, macagigantin (2), broussoflavonol F (3), and meliternatin (4). The cytotoxic of flavonols 1–4 was evaluated against breast cancer cells (4T1), leukemia (P-388), and cervical cells (HeLa).
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          Flavonols 1–4 from M. gigantea.
        
        

        

      

    

    

  
    
      Experimental
      General experimental procedures – The instrumentation used in determining the structure of flavonols 1–4 used a UV spectrophotometer, mass spectrometer, and NMR spectrometer operating 400 MHz. The λmax of flavonoids 1–4 was measured with a Shimadzu UV-Vis spectrophotometer series 1800 in the λ 200–400 nm. The chemical formulas 1–4 were determined using a high-resolution ESIMS spectrometer (Waters-LCT Premier XE). The chemical shifts (δH and δC) of 1–4 were measured with an NMR JEOL ECA-400 spectrometer, operating 400 MHz (1H NMR) and 100 MHz (13C NMR). Silica gel 60, Sephadex LH-20, and PF254 were used as the stationary phase in the gravity column chromatography (CC) and chromatotron.

      Plant materials – The leaves of M. gigantea with no. Specimen DMG-20200509 was gathered from Pijor Koling Village, Southeast Padangsidempuan, North Sumatra, Indonesia, in May 2020. Dr. Nuraina identified the materials specimen at Herbarium Universitas Andalas ANDA, Padang, Indonesia.

      Extraction and isolation – The dried leaves of M. gigantea (1.5 kg) were extracted with hexane by maceration at room temperature for 24 hours (4 L, two times) to produce a thick hexane extract (130 g). Furthermore, extraction with 90% EtOH and partitioned with ethyl acetate obtained a viscous EtOAc extract (12 g). The separation of the EtOAc extract by silica gel CC, eluting with hexane-EtOAc 7:3 v/v to obtain fractions A (2.1 g) and B (3.1 g). The Sephadex LH-20 CC of fraction A (2.1 g) with MeOH afforded subfractions A1 and A2. The purification of fraction A2 (735 mg) by silica gel chromatotron, eluting with hexanediisopropyl ether (19:1 to 4:1 v/v) to give 1 (5 mg), 2 (31 mg), 3 (12 mg), and 4 (14 mg).

      Macagigantin A (1) – Yellow solid; UV (MeOH) λmax (log ε): 220 (4.54), 256 (4.40), 270 (4.28), and 355 nm (4.19); IR (KBr) νmax: 3456, 1630, 1542, and 1445 cm–1; For the NMR spectral data, see Table 1; HRESIMS m/z [M+H]+ calculated for C30H35O6 491.2434, found 491.2453.

      
        Table 1. 
				
        

        
          NMR data of macagigantin A (1)
        
        

      

      
        
          
            	No.C
            	δH (mult, J in Hz)
            	δC
            	HMBC
          

        
        
          	2
          	-
          	149.6
          	-
        

        
          	3
          	-
          	137.5
          	-
        

        
          	4
          	-
          	177.3
          	-
        

        
          	4a
          	-
          	103.7
          	-
        

        
          	5
          	-
          	159.8
          	-
        

        
          	6
          	6.34 (s)
          	98.7
          	C-4a, C-5, C-7, C-8
        

        
          	7
          	-
          	162.0
          	-
        

        
          	8
          	-
          	107.1
          	-
        

        
          	8a
          	-
          	154.9
          	-
        

        
          	1´
          	-
          	123.9
          	-
        

        
          	2´/6´
          	8.00 (s)
          	128.0
          	C-2; C-2´/6´; C-4'; C-7'/12'
        

        
          	3´/5´
          	-
          	128.9
          	-
        

        
          	4´
          	-
          	155.2
          	-
        

        
          	9
          	3.56 (d, 7.1)
          	22.2
          	C-7, C-8, C-8a, C-10, C-11
        

        
          	10
          	5.36 (t, 7.3)
          	123.1
          	C-12, C-13
        

        
          	11
          	-
          	132.1
          	-
        

        
          	12
          	1.64 (s)
          	18.1
          	C-10, C-11, C-13
        

        
          	13
          	1.79 (s)
          	25.9
          	C-10, C-11, C-12
        

        
          	7´/12´
          	3.44 (d, 7.3)
          	29.3
          	C-2´/6´; C-4'; C-8´/13´; C-9´/14´
        

        
          	8´/13´
          	5.38 (t, 7.4)
          	122.8
          	C-10´/15´, C-11´/16´
        

        
          	9´/14´
          	-
          	133.8
          	-
        

        
          	10´/15´
          	1.73 (s)
          	17.9
          	C-8´/13´, 9´/14´, C-11´/16´
        

        
          	11´/16´
          	1.75 (s)
          	25.8
          	C-8´/13´, 9´/14´, C-11´/16´
        

        
          	5-OH
          	12.11 (s)
          	-
          	C-4a, C-5, C-6
        

      

      

      Cytotoxic activity – The cytotoxic activity of 1–4 against human cervical cells (HeLa), leukemia (P-388), and human breast cells (4T1) were assessed by the MTT assay according to the experiment previously.9-11 HeLa, P-388 and 4T1 cells were cultured in the RPMI-1640 medium containing 10% FBS at 37oC flowed with 5% CO2 for 48 h. The Hela, P-388 and 4T1 cells were added compounds 1–4 in the 96-well, incubated at 37oC and flowed with 5% CO2 for 24 h. The active compound’s ability to kill cancer cells was evaluated by the microplate reader spectrometer at λ 590 nm.13-16 Doxorubicin is used as the positive control for the cytotoxic assay.

    

    

  
    
      Result and Discussion
      Four flavonol derivatives were isolated from M. gigantea leaves, including a new flavonol, macagigantin A (1), and three known compounds, macagigantin (2), broussoflavonol F (3), and meliternatin (4). The NMR spectra of compounds 2–4 are identical to the chemical shifts with the same M. gigantea and Melicope glabra compounds.17-18

      Macagigantin A (1) was obtained as a yellow solid, showing the chemical formula C30H35O6 at the ion peak [M+H]+ m/z 491.2453 (calculated mass: 491.2434) by high-resolution mass spectrum. The UV spectrum of 1 showed the maximum absorption at 220 (4.54), 256 (4.40), 270 (4.28), and 355 (4.19) nm characteristics for flavonol moiety.3 The FT-IR spectrum of macagigantin A, showing the functional group that consists of a hydroxy (3456 cm-1), aromatic C=C (1455 and 1542 cm-1), and C-O-C ether groups (1176 cm-1). The 1H NMR spectrum of macagigantin A (Table 1) exhibited two singlets proton of two aromatic units (A and B rings), a signal at δH 6.34 (1H, s, H-6) for a 1,2,3,4,5 pentasubstituted benzene system (A ring) and a resonance of δH 8.00 (2H, s, H-2'/6') for a symmetrically of 1,3,4,5 tetrasubstituted benzene system (B ring). The proton signal of the hydrogen-bonded of hydrogen group showed at δH 12.11 (1H, s, 5-OH), an isoprenyl chain [a vinylic, δH 5.36 (1H, t, J = 7.3 Hz, H-10, δC 123.1), a methylene, δH 3.56 (2H, d, J = 7.1 Hz, H-9, δC 22.2), two methyls, δH 1.63 (3H, s, H-12, δC 18.1), δH 1.79 (3H, s, H-13, δC 25.9)], and a symmetrically of isoprenyl chain [a vinylic, δH 5.38 (2H, t, J = 7.4 Hz, H-8'/13', δC 122.8), methylene, δH 3.44 (4H, d, J = 7.3 Hz, H-7'/12', δC 29.3), two methyls, δH 1.73 (6H, s, H-10'/15', δC 17.9), δH 1.75 (6H, s, H-11'/16', δC 25.8)]. The 13C NMR spectrum of macagigantin A (Table 1) showed 23 signals from 30 carbons based on the HRESIMS spectrum. Among them, two oxygenated carbons [δC 149.6 (C-2), δC 137.5 (C-3)], four oxy-aryls [δC 162.0 (C-7), δC 159.8 (C-5), δC 154.9 (C-8a), δC 155.2 (C-4')], and one carbonyl (δC 177.3, C-4) characteristic for a kaempferol derivative.3 The HMBC correlations (Fig. 2) described the isoprenyl chain in the kaempferol skeleton. Long-range correlation of the HMBC spectrum, the hydrogen bond of the hydroxy group at δH 12.11 shows a correlation with δC 103.7 (C-4a), δC 159.8 (C-5), and δC 98.7 (C-6). An isolated aromatic proton at δH 6.34 (H-6) correlated to C-4a, C-5, δC 162.0 (C-7), and δC 107.1 (C-8), indicating an isoprenyl chain bonded at C-8. The methylene proton at δH 3.56 (H-9) from the part of the isoprenyl chain correlated to C-7, C-8, δC 154.9 (C-8a), δC 123.1 (C-10), and δC 132.1 (C-11) also supporting the presence of the isoprenyl chain at C-8. The HMBC spectrum, correlations of a symmetric aromatic proton at δH 8.00 (H-2'/6') to δC 149.6 (C-2), δC 128.0 (C-2'/6'), δC 155.2 (C-4'), and δC 29.3 (C-7´/12´) revealed a symmetric isoprenyl chain at C-3'/5'. The signal of methylene from a symmetric isoprenyl chain at δH 3.44 (H-7'/12') correlated to C-2'/6', C-4' δC 122.8 (C-8'/13'), and δC 133.8 (C-9'/14') supporting that a symmetrically of the isoprenyl chain at C-3'/5'. Based on the spectra data above, the structure of macagigantin A (1) is 8,3',5'-triisoprenylquercetin.

      
        
        

        Fig. 2. 
				
        

        
          Selected HMBC correlations of 1.
        
        

        

      

      The cytotoxicity of flavonols 1–4 against Hela, P-388, and 4T1 cells using the MTT assay by the colorimetric method at 590 nm. Investigation of flavonols 1–4 against HeLa, P-388, and 4T1 cells were evaluated using MTT assay by the colorimetric at 590 nm. Compound 1 showed high activity towards 4T1 cells (IC50 value 1.18 μg/mL) and weak activity against HeLa and P-388 cells (IC50 = 7.12 and 5.98 μg/mL) (Table 2). Compound 3 exhibited moderate activity towards P-388 cells (IC50 value 2.54 μg/mL) and very weak toward HeLa and 4T1 cells (IC50 = 5.60 and 6.42 μg/mL). Compound 2 exhibited very weak towards P-388 cells (IC50 value 6.45 μg/mL) and inactive toward HeLa and 4T1 cells (IC50 = 5.60 and 6.42 μg/mL). Compounds 1 and 3 show the presence of the isoprenyl chain at C-8, and ring B was revealed to increase cytotoxic against three cancer cells.13-15

      
        Table 2. 
				
        

        
          Cytotoxic activity of flavonols 1–4
        
        

      

      
        
          
            	Compound
            	IC50 (µg/mL)
          

          
            	HeLa
            	P-388
            	4T1
          

        
        
          	Macagigantin A (1)
          	7.12
          	5.98
          	1.18
        

        
          	Macagigantin (2)
          	> 50
          	6.45
          	> 50
        

        
          	Broussoflavonol F (3)
          	5.60
          	2.54
          	6.42
        

        
          	Meliternatin (4)
          	> 50
          	> 50
          	> 50
        

        
          	Doxorubicin
          	0.90
          	0.80
          	0.80
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