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Identification of Flavonoids from Extracts of Opuntia ficus-indica var. saboten
and Content Determination of Marker Components Using HPLC-PDA
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ABSTRACT This study aimed to establish an optimal extraction process and high-performance liquid chromatography
(HPLC)-photodiode array (PDA) analytical method for determination of marker compounds, dihydrokaempferol (DHK)
and 3-O-methylquercetin (3-MeQ), as a part of materials standardization for the development of health functional
foods from stems of Opuntia ficus-indica var. saboten (OFS). The quantitative determination method of marker com-
pounds was optimized by HPLC analysis, and the correlation coefficient for the calibration curve showed very good
linearity. The HPLC-PDA method was applied successfully to quantification of marker compounds in OFS after vali-
dation of the method in terms of linearity, accuracy, and precision. Ethanolic extracts from stems of O. ficus-indica
var. saboten (OFSEs) were evaluated by reflux extraction at 70 and 80°C with 50, 70, and 80% ethanol for 3, 4,
5, and 6 h. Among OFSEs, OFS70E at 80°C showed the highest contents of DHK and 3-MeQ of 26.42+0.65 and
3.88+0.29 mg/OFS 100 g, respectively. Furthermore, OFSEs were determined for their antioxidant activities by measur-
ing 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging and lipid peroxidation (LPO) inhibitory activities in rat
liver homogenate. OFS70E at 70°C showed the most potent antioxidant activities with ICso values of 1.19+0.11 and
0.89+0.09 mg/mL in the DPPH radical scavenging and LPO inhibitory assays, respectively. To identify active compo-
nents of OFS, various chromatographic separation of OFS70E led to isolation of 11 flavonoids: dihydrokaempferol,
dihydroquercetin, 3-O-methylquercetin, quercetin, isorhamnetin 3-O-glucoside, isorhamnetin 3-O-galactoside, narcissin,
kaempferol 7-O-glucoside, quercetin 3-O-galactoside, isorhamnetin, and kaempferol 3-O-rutinoside. The results suggest
that standardization of DHK in OFSEs using HPLC-PDA analysis would be an acceptable method for the development

of health functional foods.
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Table 1. Mobile phase condition for HPLC analysis
Time (min) % A (CHsCN) % B (1% H:PO4 in H,0)

Initial 10 90
40 40 60
60 100 0
70 10 90
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3}3F% 1(Dihydrokaempferol): [alp®+11.9°(¢ 0.135,
MeOH); ESIMS m/z 287.0668[M-H]; 'H NMR(400
MHz, CD;0OD): § 7.26(2H, d, /=8.8 Hz, H-2’, 6"), 6.75
(2H, d, /=8.8 Hz, H-3, 5), 5.84(1H, d, /~2.0 Hz, H-8),
5.79(1H, d, £2.0 Hz, H-6), 4.89(1H, d, /~11.6 Hz, H-2),
4.46(1H, d, £11.6 Hz, H-3); *C NMR(150 MHz, CDs;0D):
§ 198.6(C-4), 168.9(C-7), 165.4(C-5), 164.6(C-9), 159.3
(C-47), 130.5(C-2’, 67), 129.4(C-17), 116.3(C-3", 5),
101.9(C-10), 97.4(C-6), 96.4(C-8), 85.1(C-2), 73.7(C-3).

332 2(Dihydroquercetin): 'H NMR(400 MHz,
CD30D): § 6.86(1H, d, /~=2.0 Hz, H-2/), 6.75(1H, dd,
J=2.0, 8.4 Hz, H-6"), 6.70(1H, d, /=8.0 Hz, H-5’), 5.81
(1H, d, /£2.0 Hz, H-8), 5.78(1H, d, /~2.0 Hz, H-6), 4.83
(1H, d, ~11.6 Hz, H-2), 4.40(1H, d, /~11.6 Hz, H-3);
C NMR(100 MHz, CD30D): § 198.7(C-4), 169.2(C-7),
165.7(C-5), 164.9(C-9), 147.5(C-47), 146.7(C-3"), 130.3

=l

R - AR

(C-17), 121.3(C-6), 116.5(C-27), 116.3(C-5), 102.2
(C-10), 97.7(C-6), 96.7(C-8), 83.1(C-2), 74.1(C-3).

3132 3(Quercetin): '"H NMR(400 MHz, CD30D): &
7.64(1H, d, /2.0 Hz, H-27), 7.54(1H, dd, /2.0, 8.4 Hz,
H-67), 6.78(1H, d, /=8.4 Hz, H-5"), 6.29(1H, d, /~2.0
Hz, H-8), 6.08(1H, d, /=2.0 Hz, H-6).

8}32 4(3- O-Methylquercetin): 'H NMR(400 MHz,
CDsOD): § 7.53(1H, d, /=2.0 Hz, H-2/), 7.44(1H, dd,
2.0, 8.4 Hz, H-6), 6.81(1H, d, /=8.4 Hz, H-5"), 6.30
(1H, d, /~2.0 Hz, H-8), 6.10(1H, d, /2.0 Hz, H-6), 3.69
(3H, s, H-OMe); *C NMR(100 MHz, CD3;0D): § 180.4
(C-4), 166.3(C-7), 163.5(C-5), 158.8(C-9), 158.4(C-
2), 150.3(C-47), 146.8(C-37), 139.9(C-3), 123.3(C-1),
122.7(C-67), 116.9(C-5), 116.8(C-2/), 106.2(C-10),
100.1(C-6), 95.1(C-8), 60.9(0CHs).

3}3HE 5(Isorhamnetin): 'H NMR(400 MHz, CD30D):
§ 7.79(1H, d, /~2.0 Hz, H-2/), 7.66(1H, dd, /2.0, 8.4
Hz, H-6"), 6.86(1H, d, /=8.4 Hz, H-5), 6.33(1H, d,
/2.0 Hz, H-8), 6.11(1H, d, /=2.0 Hz, H-6), 3.87(3H,
s, H-OMe).

3182 6(Isorhamnetin 3- O-glucoside): 'H NMR(400
MHz, CDsOD): § 7.86(1H, d, /2.0 Hz, H-2/), 7.52(1H,
dd, /=2.0, 8.4 Hz, H-6"), 6.84(1H, d, /=8.4 Hz, H-5),
6.33(1H, d, /~2.0 Hz, H-8), 6.13(1H, d, /~2.0 Hz, H-6),
5.34(1H, d, £7.2 Hz, H-17), 3.84(3H, s, H-OMe), 3.67
(1H, dd, /~2.4, 12.0 Hz, H-67), 3.49(1H, dd, /~5.2, 12.0
Hz, H-6”), 3.43~3.65(2H, m, H-2”, 3”), 3.20~3.16(2H,
m, H-47, 57); *C NMR(CDs;OD, 150 MHz): § 179.4
(C-4), 166.0(C-7), 163.1(C-5), 158.6(C-2), 158.5(C-
9), 150.8(C-47), 148.4(C-3"), 135.3(C-3), 122.8(C-6),
123.1(C-17), 115.9(C-5"), 114.4(C-2’), 105.8(C-10),
103.6(C-17), 99.9(C-6), 96.7(C-8), 78.5(C-5”), 78.0
(C-37), 75.9(C-27), 71.5(C-47), 62.5(C-6"), 56.8(C-
OMe).

8}82 7(Isorhamnetin 3- O-galactoside): 'H NMR(400
MHz, CDsOD): § 7.96(1H, d, /=2.0 Hz, H-2"), 7.51(1H,
dd, /=2.0, 8.4 Hz, H-6"), 6.83(1H, d, /=8.4 Hz, H-5"),
6.33(1H, d, /~2.0 Hz, H-8), 6.13(1H, d, ~2.0 Hz, H-6),
5.27(1H, d, £7.6 Hz, H-17), 3.89(3H, s, H-OMe), 3.77
(1H, overlapped, H-4”), 3.74(1H, dd, /~8.0, 9.6 Hz, H-
27), 3.58(1H, dd, =5.6, 11.2 Hz, H-6”), 3.51(1H, t, .=
6.4, 11.2 Hz, H-67), 3.48(1H, dd, .=3.6, 9.6 Hz, H-37),
3.40(1H, brt, /=5.6 Hz, H-57); *C NMR(CD;OD, 150
MHz): 6 179.6(C-4), 166.1(C-7), 163.2(C-5), 158.7(C-
2), 158.5(C-9), 150.9(C-4"), 148.5(C-3"), 135.4(C-3),
123.6(C-67), 123.1(C-17), 116.0(C-5), 114.6(C-2"),
105.9(C-10), 104.4(C-17), 99.9(C-6), 94.8(C-8), 77.3
(C-57), 75.0(C-37), 73.2(C-27), 70.1(C-47), 62.2(C-6"),



57.0(C-OMe).

3}3HE 8(Quercetin 3-O-galactoside): 'H NMR(400
MHz, CDsOD): 6§ 7.73(1H, d, =2.4 Hz, H-2/), 7.49(1H,
dd, /~=2.0, 8.4 Hz, H-6), 6.77(1H, d, /~8.4 Hz, H-5),
6.31(1H, d, ~2.0 Hz, H-8), 6.11(1H, d, /~2.0 Hz, H-6),
5.05(1H, d, /~=7.6 Hz, H-17), 3.76(1H, brd, /3.2 Hz,
H-47), 3.72(1H, dd, /~8.0, 9.6 Hz, H-27), 3.54(1H, dd,
J6.0, 11.2 Hz, H-6”), 3.47(1H, m, H-37), 3.44(1H, dd,
6.0, 11.2 Hz, H-6”), 3.38(1H, brt, /=5.2 Hz, H-5”).

3}3FE 9(Narcissin): 'H NMR(400 MHz, CDs;OD): &
7.87(1H, d, ~2.0 Hz, H-2/), 7.55(1H, dd, ~2.0, 8.4 Hz,
H-67), 6.84(1H, d, /=8.8 Hz, H-5), 6.33(1H, d, /~=2.0
Hz, H-8), 6.13(1H, d, /~2.0 Hz, H-6), 5.16(1H, d, .F7.6
Hz, H-17), 4.45(1H, d, /~1.2 Hz, H-177), 3.88(3H, s,
H-OMe), 3.76(1H, dd, /~=1.2, 11.2 Hz, H-6”), 3.53(1H,
dd, ~1.2, 3.2 Hz, H-27), 3.42~3.35(5H, m, H-2”, 37,
3”7, 57, 6”), 3.18(2H, m, H-47, 47), 1.02(3H, d, /~=6.4
Hz, H-677); "C NMR(100 MHz, CD30D): § 179.7(C-4),
166.4(C-7), 166.3(C-5), 159.3(C-2), 158.8(C-9), 151.2
(C-47), 148.7(C-3/), 135.9(C-3), 124.4(C-6”), 1234
(C-17), 116.5(C-5"), 115.0(C-2,), 106.1(C-10), 104.9
(C-17), 102.9(C-1), 100.4(C-6), 95.4(C-8), 78.6(C-5
7), 77.7(C-37), 76.3(C-27), 74.2(C-4"), 72.7(C-3"),
72.5(C-27), 72.0(C-4”), 70.2(C-5), 68.9(C-6”), 57.2
(OCHs), 18.3(C-6").

3}3HE 10(Kaempferol 3- O-rutinoside): 'H NMR(400
MHz, CD3s0D): 6§ 7.99(2H, d, /=9.2 Hz, H-2/, 6/), 6.81
(2H, d, ~9.2 Hz, H-3/, 5, 6.33(1H, d, /=2.0 Hz, H-8),
6.13(1H, d, ~2.0 Hz, H-6), 5.04(1H, d, .£7.6 Hz, H-17),
4.43(1H, d, /1.6 Hz, H-177), 3.73(1H, dd, .~1.2, 11.6
Hz, H-67), 3.54(1H, dd, /~1.6, 3.2 Hz, H-2/7), 3.46~
3.34(5H, m, H-27, 37, 3, 57, 6”), 3.18(2H, m, H-4”,
47), 1.04(3H, d, /~6.0 Hz, H-6"7).

3132 11(Kaempferol 7- O-glucoside): 'H NMR(400
MHz, CDs0D): 6§ 8.06(2H, d, .=8.8 Hz, H-2/, 6/), 6.84
(2H, d, ~8.8 Hz, H-3/, &), 6.71(1H, d, /~2.0 Hz, H-8),
6.40(1H, d, ~2.0 Hz, H-6), 4.99(1H, d, /~7.6 Hz, H-17),
3.86(1H, dd, .~1.2, 12.0 Hz, H-6”), 3.64(1H, dd, /5.6,
12.0 Hz, H-6”), 3.48(1H, m, H-5”), 3.43(1H, m, H-3"),
3.32(1H, t, /=9.6 Hz, H-47).
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S FFF 07 9] Bradford protein methodell ¢]3}e] A
23}t A A A8 AL Sanz S(21)¢] WHES ok
2+ WEsle] o]&3 ). 1F #& N (10 mg protein/mL)

300 pL, 10 uM FeSOy4, A1 ¢F= 10 ul, 0.4 mM ascorbic
acidell 50 mM Tris HCl(pH 7.5)2 % #37} 1 mL7} 5=
= 7FsE the 37°Cell A 30% 5o ki), vk $-of
TBA-TCA &94(0.375% thiobarbituric acid, 15% trichlo-
roacetic acid, 0.25 N HCI, 0.01% butylated hydroxytol-
uene)S 7Fstod 95°Col A 30+ &<t HHSAIZl $ WAAIA
10+ &3F HAEE(5,000%2) 3to] s S 535 nmell A
SHEE ST AR} A ass vlasty] Hg
SFE 2 TroloxE ©] €333 control Alg & 4l
DMSOE Ab&atalon, 33 wkE S7ste] H4ksh] 4 ¢
A4S 50% ABlsh= ol Bag A5 E(1C0)E 573

g

Sute A1 70% ol €hE FEE(OFS70E)24-H dia-
ion HP-20, sephadex LH-20, preparative HPLC & U
AAGte] 1159 £ R =
ol= F%4| dihydrokaempferol(1), dihydroquercetin(2),
quercetin(3), 3—- O-methylquercetin(4), isorhamnetin(5),

3+ column chromatography S

isorhamnetin 3-O-glucoside(6), isorhamnetin 3—-O-ga-—
lactoside(7), quercetin 3-(-galactoside(8), narcissin(9),
kaempferol 3-O-rutinoside(10), kaempferol 7-O-glu—
coside(1D)E &8tk (Fig. 1).

3eE 1S FA4E 282 TLCAA 10% 3HAF vha 4]
Fo WAy HFEE [alp®+11.9°(c 0.135,
MeOH)Z et} ESIMSe| 4]+ molecular ion peak”7}
287.0668([M-H]") = Yelgton, UV ~HEG A= 290
nmell A Hdf F4EE Yehfa 9ltkFig. 2). 'H NMRelA
§ 5.84(1H, J=2.0 H2)¢} 5.79(1H, /=2.0 Hz)2] doublet

peaks+ A ringol A 7]¢13}= peak® A Z meta coupling
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1.R=H ; Dihydrokaempferol 3. Ry =Ry =H, R3 = OH ; Quercetin
2. R = OH ; Dihydroquercetin 4. Ry =H, R, = CH3, R3 = OH ; 3-O-Methylquercetin
5. Ry =H, R, =H, R3 = OCHj ; Isorhamnetin
6. R; = H, R, = Glc, R; = OCHj3 ; Isorhamnetin 3-O-glucoside
7. R1 =H, R, = Gal, R3 = OCHj3 ; Isorhamnetin 3-O-galactoside
8. Ry =H, R, = Gal, R; = OH ; Quercetin 3-O-galactoside
9. R = H, R, = Glc(6-1)Rham, Ry =OCHj ; Narcissin
10. Ry = R3 = H, R, = Glc(6-1)Rham ; Kaempferol 3-O-rutinoside
11. R4 = Glc, R, = Rz =H ; Kaempferol 7-O-glucoside
Glc = Glucose Gal = Galactose Rham = Rhamnose
Fig. 1. Structures of flavonoids isolated from the stems of O. ficus-indica var. saboten.
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Fig. 2. Calibration curves and UV spectra of (A) DHK and (B) 3-MeQ.
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Fig. 3. Chromatogram of (A) DHK, (B) 3-MeQ, (C) OFS70E at 280 nm,

Table 2. Accuracy and repeatability of DHK and 3-MeQ

Minutes

and (D) OFS70E at 3

60 nm.

Standarg  Fortified conc.  Observed conc. Peak area (V Xsec) Recovery RSD LOD LOQ
(ng/mL) (ng/mL) Mean SD (%) (%) (ug/mL)

125 122.9+1.68 1,285,539 14,343 98.3£1.34 1.12

DHK 62.5 63.0+£0.28 654,008 2,911 100.8+0.46 0.45 1.38 4.18
31.2 31.6+£0.16 322,515 706 101.0+0.50 0.22
125 125.7+4.16 2,535,209 84,887 100.5+3.33 3.35

3-MeQ 62.5 60.7+£0.45 1,210,936 9,251 97.2+0.73 0.76 3.49 10.6
31.2 30.3+0.52 590,364 10,589 96.9£1.66 1.79
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Table 3. Accuracy and repeatability of analytical results for DHK and 3-MeQ in calibration standards
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Observed conc. (pug/mL)

Concentration (pg/mL) Mean SD Recovery (%) RSD (%)]) RE (%)2)
500 503.51 10.12 100.7 131 0.70
250 249 .84 492 99.9 1.36 0.06
125 121.98 0.82 97.6 0.23 241
Intra-day” 62.5 62.85 0.12 100.6 0.31 0.56
312 31.65 0.13 101.3 0.14 1.29
15.6 17.04 0.34 109.0 0.36 9.02
7.80 9.05 0.18 115.9 2.08 15.8
DHK
500 510.97 0.43 102.2 0.08 2.19
250 248.10 7.39 99.2 2.99 0.76
125 123.63 1.52 98.9 1.24 1.09
Inter-day” 62.5 63.05 0.39 100.9 0.63 0.87
312 31.50 0.09 100.8 0.31 0.79
15.6 17.04 0.35 109.0 2.14 9.05
7.80 9.00 0.11 115.2 1.34 15.2
500 498.62 8.78 99.7 1.76 0.28
250 24781 1.06 99.1 0.43 0.87
125 123.64 3.12 98.9 2.55 1.09
Intra-day 62.5 60.63 0.60 97.0 1.01 2.99
31.2 30.44 0.62 97.4 2.14 2.59
15.6 16.47 0.27 105.4 1.76 5.38
7.80 8.28 0.40 105.9 5.76 5.93
3-MeQ
500 503.08 2.47 100.6 0.49 0.62
250 252.35 7.48 100.9 2.98 0.94
125 127.80 2.76 102.2 2.18 2.24
Inter-day 62.5 60.55 0.49 96.9 0.84 3.11
312 29.98 0.02 95.9 0.09 4.05
15.6 16.41 0.19 105.0 1.26 5.03
7.80 8.31 0.44 106.3 6.37 6.34

YRSD: relative standard deviation. *RE: relative error.

“ntra- and inter-day: three times per day and two times analysis of DHK and 3-MeQ for two days, respectively.
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Table 4. Yields and contents of DHK and 3-MeQ in the OFSEs

Dihydrokaempferol 3-O-Methylquercetin
Temp. Sample Yields (%) DHK 3-Me

% Contents (mg/OFS 100 g) % Contents (mg/OFS ?00 2)

80% EtOH-3h 13.7+0.38 0.02067 20.67+3.18 0.00323 3.2340.13

-4h 13.1+0.39 0.02313 23.13+2.86 0.00317 3.17+0.31

-5h 13.9+0.42 0.02440 24.40+2.22 0.00338 3.38+0.44

-6h 13.5+0.29 0.02779 27.79+5.40 0.00371 3.71+0.50

70% EtOH-3h 16.3+0.15 0.02222 22.224+2.80 0.00338 3.37+0.20

70°C -4h 16.2+0.23 0.02756 27.56+2.46 0.00365 3.65+0.01

-5h 16.4+0.20 0.02514 25.144+2.68 0.00360 3.60+0.22

-6h 16.4+0.69 0.02620 26.20+3.76 0.00365 3.65+0.34

50% EtOH-3h 19.7+0.13 0.02383 23.83+1.10 0.00336 3.36+0.18

-4h 20.0+£0.67 0.02328 23.28+3.93 0.00362 3.62+0.50

-5h 18.4+0.33 0.02411 24.11+1.50 0.00370 3.70+0.37

-6h 20.0+0.08 0.02376 23.76+1.44 0.00314 3.14+0.07

80% EtOH-3h 13.9+1.10 0.02457 24.57+3.37 0.00348 3.48+0.29

-4h 14.8+0.24 0.02699 26.99+6.21 0.00361 3.61+0.45

-5h 14.1+0.21 0.02473 24.73+0.83 0.00384 3.8440.15

-6h 15.7+0.60 0.02494 24.94+3.17 0.00356 3.56+0.35

70% EtOH-3h 18.3+0.63 0.02400 24.00+2.18 0.00367 3.67+0.44

30°C -4h 18.8+0.54 0.02396 23.96+0.37 0.00375 3.75+0.37

-5h 18.2+1.82 0.02285 22.85+2.43 0.00379 3.79+0.49

-6h 18.1+0.20 0.02642 26.42+0.65 0.00388 3.88+0.29

50% EtOH-3h 18.9+0.27 0.01935 19.3543.12 0.00291 2.91+0.59

-4h 17.6+£0.12 0.02031 20.31+2.79 0.00323 3.23+0.24

-5h 17.7+£0.96 0.02545 25.454+2.57 0.00335 3.35+0.40

-6h 19.1+0.28 0.01887 18.87+1.12 0.00271 2.71+£0.16
Table 5. Antioxidant activities of OFSEs HFdonFE daAsR %) 0. 99989] -3k A4}
ICs0 (mg/mL) intra—day ¢} inter—-day ®Aloll A 97% o149 3483 3%
Sample Scavenging effects  Inhibitory effects ulwte] RSDE YE AR A S ‘-‘Q%E}S’i‘?}. 3=
of DPPH radicals of LPO" MeQe] 7Moo 7 HE AL_L}y:]]_r(R) 19] -3 2 XA 3}
7OOC'50Et'glﬁ 32 iizigég intra-day$} inter-day ¥4l A 95% °]32] 35&3} 7%
70°C-70Et-4h 1.79+0.43 0.88-0.06 vlke] RSDE wehd gt e S f5staltn. DHK
-6h 1.19+0.11 0.89+0.09 o] HZ&3 A= 1.38 ng/mL, EFSFAE= 4.18 ng/mL=E Y
70°C-80Et-4h 1.38+0.19 0.98+0.16 Bhdom 3-MeQe] 7E87= 3.49 pg/mL, A2EHA =
csopdh  ons 001203 106 ug/mL2 e EtAY AgE $E
6h 75 1 682039 (OFSEs)& 703} 80°CellA 50, 70, 80% ol€+&= 3, 4,
80°C-70Et-4h 1.81+0.66 0.99+0.10 5, 6AIZE Bt 4 & o, A REAY] AFIAS
-6h 1.42+0.17 0.87+0.14 g83}o] ztzbe] OFSEsZ2XHE T %9 A gE2 Fgeks
80°C-80Et-4h 1.40+0.37 0.87+0.20 AT B AW o w BAs x| B Ao dHeke 80°C
__ th 138015 082:0.23 oA %23 70% OFSE7} DHK 26.42+0.65 mg/OFS 100

Positive controls ICs0 (uM) _

) g, 3-MeQ 3.88+0.29 mg/OFS 100 g¢| =2 YE 7}
Quercetin 20.69+7.72 4.37+0.24 5 oo . JR N o
Resveratrol 124.0+18.6 43.16:0.61 T3 ”fE]f oF. kst OFSEsel skl DPPH At
Ascorbic acid 37.88+3.56 NT g 2AaTH F 7 dE NS o] &gt AWtk ?<1
Trolox NT? 39.49+0.94

YLPO: lipid peroxidation. ”NT: not tested.

o] g¢-at%l o, 280 nm Il A= DHK
A= 3-MeQE AE% 92 AH
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q

O

XA, QX

. 360 nm 54l
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