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CML/N*-(carboxymethyl) lysine ELISA Kit (& 22 )1
JEHT. W) A W, 78 ba VI TEREIT- 72,
AEHATE. UG % 0.1 M PBS T250f5 1AL 7-b @
AL 720 CMLE R, BRSO i & i L 72
CML AR E TR L7,

13) AGEsH RO &

AGEsO M fk & L T3-DG, GO, MGO% BE#t o 8@ b
HPLC-UV Y A7 ATl E L 72" FISEAYS0 uLics
pg/mL 2,3-butanedione 6 pL& AFEHELLTINZ, 22
WZERRTS UL A 720 IREWE ARV T v 7 A L7z 1k, 125
pL 6.0 % ¥ % I 2\ 12,000 x g T10 73 [ 52055 B
L7z0 EIIZI25 pL O Ml BRAKE F P 7 4 £ 12.5 ul
1 mg/mL 2,3-diaminonaphthalene % i& il L 72, Z O X
JBE % 4°CT— A v Fa~N—PL7, BH, KIBHEIC
FEfR =71 0.5 mL %N 2 TR AAC L 1,000 x g T1045
M OaEEL 720 RiEE 15 mLTy XY Fa— 7200
L. EF T CigfiL7zo €Dk, 100 uLOMeOHZ MR
AT L7z, 3-DG, GO, MGOIZ. Inertsil ODS-3 777
2 (5 um, 150 mm x 4.6 mm i.d., GL% A > Z) & 7z
HPLCTHM L7ze 7TV T UM RMhE, BEERAICH #
KE, BEHEEBIC1I00% 7= M)V AR L. 5551
T10%~414% 7t b= M) IWIREL L L) ICRREL
7o U#IX1.0 mL/min, M FIZ268 nm& L 72,

HEt AR

T R_TCOHETHAHT 1X GraphPad Prism 5 for Windows
(GraphPad Software, San Diego, CA) # I\ T1To72, #%
L FIME + R (SD) TR 2. METITIE. 7V —
T ORI D 72 12— TR E 53 BT 12 ft vV C Tukey
AEREHWTT W, p<0.05OEITEETHL LR R,

TER

RRV T2 )=V EBLORIIFIR /A&

MR 7z /=@ BLTRT7IR/ANEIE, ThEh
214.5 + 8.0 mg gallic acid equivalents/g extract 3% 18 146.6
+ 4.6 mg catechin equivalents/g extract TH o7, ZDfH
RO, A=) = NVVHEHIBI P ORY) T2 — VDR
70%\37 7K /A FTdhHAHI EDRINT,

PUBALIGTE

ML OFTERALVE S % Table 11271 L7z AL
DPPH Z 2 #Vil§2:i& M. ABTS T ¥ Vil G, SOD
BRI TEZ 7R Ly ICsofHiIE 2 21136.6 £0.2 pg/mL, 172.1
+ 6.5ug/mL, 39.5 £ 3.6 ug/mLT& - 7z, FHP & 7 A
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Luteolin 7-O-glucronide (2)

(—)-Rabdosiin (3)

Globoidnan A (6)

Salvianolic acid A (7)

Fig. 1. Chemical structures of the phenolic compounds isolated from holy basil.
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Table 1. Antioxidant activity of the crude extract of holy basil.

DPPH radical scavenging activity

Sample (ICs0; pg/mL)
Crude extract 36.6 = 0.2¢
Gallic acid 3.5 £ 0.6%
Ascorbic acid 11.8 = 1.0°

ABTS radical cation scavenging activity

Glycative Stress Research

SOD-like activity

(ICs0; pg/mL) (ICs0; pg/mL)

172.1 = 6.5¢ 39.5 = 3.6°
12.4 £ 0.2 0.6 = 0.32
61.8 £ 9.5 179.0 = 1.9

Values represent mean + SD from three independent experiments, and means within columns with the same superscript letters are not significantly different
(p <0.05). DPPH,1,1-diphenyl-2-picrylhydrazyl; ABTS, 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); SOD, superoxide dismutase; ICs0, 50 %

inhibitory concentration; SD, standard deviation.

IV CEEOPIEEILE M K9 4 & . DPPHB X UNABTS
T TN I FEIHEEDIC ol 12491/3 T, SODKEIGPEIZ 4.5
%%\/"fﬁf&) D 7:0

W LA W O R IRAT

A= =T oMY % DIAION HP-20 7 7 435 &
¥ Sephadex LH-20% 72470~ b 75 7 4 — |2 X400
L. 0 CHPLC 12 & % 43 HE#5 3L T luteolin 5-O0-glucoside
(1), luteolin 7-O-glucuronide (2), (-)-rabdosiin (3), apigenin
7-0O-glucuronide (4), rosmarinic acid (5), globoidnan A (6),
salvianolic acid A (7) & H.f L 72 (Fig. 2)o L6 L&)
L SCEE TP LT 2 S LIS K DB L. Fo, M
LA O FEENMEIL. Supplemental datalZFtik L 7z. L&
W1, 2,3, 4, 5134 A RSN TV EH, LG
6,7 A=) =NV o@D THRE SN,

HOGYE AGEs @ A Bk 975 BHEE P

HOEE AGEs DA K IZx S B R — 1) — 3 DOV oMLl
& HE LAY O HEEYE % Table 21278 L7z, Ml B X
OHEE LA X, Wb HOU1 AGEs DA & [HSE L 72,
IS OMEEEIEEESRE LTHW T 77 =Y
YEDRWBDOTH o, IS, LEW3,5,6,7 1. H#G
T4 AGEs DA 5 & BE 35 | 230 L 72

CML B & O° AGE HARAR AT 3 % BHAEG

I OGEAGES DA BRI K 3 2 BRI 2 P2 72912,
AGEs®D—2T&» %5 CML=E4XELISA® THllE L 72, Fig. 3
WRT LIS, R—Y =NV Lo & BB AL,
CML DR &I L 72 MR, LW 1,2,4 12817
HCMLARDOHERIZI0% ~20% FEETH - 720 — T
1L&w3,5,6,71%, ML Lawl, 2,4 L o) %
CMLIEB S A R L7z

WIS, =) =NV O & HEE L& OAGE H
BRI B R 3 2 28 % 574l L 72 (Fig. 4). HPLC-UV%
B o, HEALBISIZ £V 3-DG, GO, MGO ® 3 FFH O i [

(6)

RSB L T D Z EDTHERE S 7z HIMLY B X OV HLEE
1L&EwIE. WFNb3-DG, GO, MGO D A i % il L 72,
¥z, ALEW 3,5, 6, 713 AGE H A0 E R & A5 Z 13
L7z MY 3-DGEK Iz L TH 30 % FHLE 5
L. bEW1,2,4 TIEHS50%. LG 3,5,6,7 Tlk
#3170 % ODEWCHEGETH - 720 GOEMGOIZB W T,
HAHE B X OLEWL, 2, 41340 % ~ 50 %D HLIEG %
1t&¥3,5,6,71360% ~ 70 % & 5877 7 AGE [ 44 A5 ik
BHEREA R L7z,

f

AN OBELA b L 2B R A iEEH E R O K o —
DTHY ., HELIZ & HAGEs ERUIERL S & B LT v
bo T/ T T =Y VIEAGEs A & #3225, BT %
CETHEM, FFEE, CSIVBORZAREDRIERANAEL
5, ZZ T, 3 H 5 luteolin, cyanidin 3-O-galactoside.
rhodanthenone BZ & O# L WHIHE L S s T &
7:25-27)o

A= =D, Ih=ToxFE], [HELRZZLDL
[7T—=2ZV T == BT HHERF O 58 E] L HIFE
N AERERICBWTEERN-TTH LD, K—1)—N
DIViE A YRR T TSR & LT 3000 4L
L OREERD Y BIEMICHERELZE TS N—T Th b,
ARWFZETIE, POREALIERZ IR, A=) =Y Vo4
BEBEZ BRA L 720 AR — 1 — NPV o BUKI P 5R v B
PEALE AR L. 2 OfLIZi&, luteolin 5-O-glucoside
(1), luteolin 7-O-glucuronide (2), (—)-rabdosiin (3), apigenin
7-O-glucronide (4), rosmarinic acid (5), globoidnan A (6),
salvianolic acid A (7)) & W o7 R 7o /) — V& FNT
Wzo B ALEW 6, TIdIR—1) — NIV 54 & T HBE,
[[7E S N7ze TNHDESTE Wi d U LR R OE PRk
3TH DT EDHER S NI, FRIZ. LAY 3,5,6,71F. 1L
G, 2,4 Lo Z2FHEE LD SROCEURELIE 2R L7z
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Fig. 2. HPLC chromatogram of the phenolic compounds isolated from the crude extract of holy basil.

Detection: PDA detector (280 nm); gradient condition: 5% ~ 100 % acetonitrile containing 0.1% formic acid. 1: Luteolin
5-0-glucoside (1), 2: Luteolin 7-O-glucronide (2), 3: (-)-Rabdosiin (3), 4: Apigenin 7-O-glucronide (4), 5: Rosmarinic acid (5),
6: Globoidnan A (6), 7: Salvianolic acid A (7). HPLC, high-performance liquid chromatography; PDA, photodiode array.

Supplementary data
Spectroscopic data of compounds 1-7

Luteolin 5-O-glucoside (1): yellow amorphous powder; UV (MeOH) A, = 248, 346 nm; HR-ESI-MS m/z 447.0945 [M-
H]", calcd. for C5;H,,04,448.1018; '"H NMR (600 MHz, MeOD): & 7.37 (dd, 1H, J = 7.6, 2.0 Hz, H-6'), 7.35 (brs, 1H,
H-2"),6.89 (d, 1H, J = 8.2 Hz, H-5"), 6.81 (d, 1H, J = 2.0 Hz, H-6), 6.69 (d, 1H, J = 2.0 Hz, H-8), 6.52 (s, 1H, H-3), 4.83
(d,1H,J=7.6 Hz,H-1"),3.94 (dd, 1H, J = 12.0, 1.4 Hz, H-6"a), 3.75 (dd, 1H, J = 12.0, 5.5 Hz, H-6"f), 3.58-3.60 (m,
1H,H-2"), 3.42-3.50 (m, 3H, H-3", H-4", H-5"); '*C NMR (125 MHz, MeOD): 6 180.4 (C-4), 165.3 (C-7), 164.4 (C-2),
160.7 (C-9), 160.1 (C-5), 150.8 (C-4"), 147.0 (C-3'"), 123.5 (C-1"), 120.1 (C-6"), 116.8 (C-5"), 114.0 (C-2"), 109.2 (C-10),
106.5 (C-3), 105.1 (C-1"), 104.9 (C-6), 99.3 (C-8), 78.6 (C-5"), 77.3 (C-3"), 74.7 (C-2"), 71.2 (C-4"), 62.5 (C-6"). The
above data were in consistency with the reported values of Luteolin 5-O-glucoside (Sevindik et al.,2015).
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Luteolin 7-O-glucronide (2): yellow amorphous powder; UV (MeOH) A, = 253,266, 347 nm; HR-ESI-MS m/z 461.0729
[M-HT", calcd. for CyH;0;,, 462.0798; '"H NMR (600 MHz, MeOD): § 7.43 (d, 1H, J = 7.6 Hz, H-6'), 7.41 (s, 1H,
H-2"),6.90 (d, 1H,J = 8.3 Hz, H-5"),6.82 (d, 1H, J = 2.1 Hz, H-8), 6.60 (s, 1H, H-3),6.49 (d, 1H,J = 2.1 Hz, H-6), 5.10
(d, 1H,J = 7.6 Hz, H-1"), 3.93 (d, 1H, J = 9.0 Hz, H-5"), 3.53-3.57 (m, 3H, H-2", H-3", H-4"); 3C NMR (125 MHz,
MeOD): 6 184.1 (C-3), 175.0 (C-6"), 166.9 (C-2), 164.9 (C-7), 162.8 (C-5), 159.0 (C-9), 151.2 (C-4"), 147.1 (C-3"),
123.5 (C-1"), 120.5 (C-6"), 116.8 (C-5"), 114.3 (C-2"), 107.2 (C-10), 104.1 (C-3), 101.6 (C-1"), 101.4 (C-6), 96.1 (C-
8), 77.5 (C-3"), 76.6 (C-5"), 74.5 (C-2"), 73.3 (C-4"). The above data were in consistency with the reported values of
luteolin 7-O-glucronide (Bhatarrai et al., 2019).

(-)-Rabdosiin (3): light brown amorphous powder; UV (MeOH) A, = 255, 285, 345 nm; [a]D =-37.6 (¢ = 0.50, MeOH),
HR-ESI-MS m/z 717.1475 [M-H]", calcd. for C3H3,0 6, 718.1549; '"H NMR (600 MHz, MeOD): & 7.58 (s, 1H, H-4),
6.79 (s, 1H, H-5),6.74 (d, 1H,J = 2.1 Hz, H-2"), 6.68 (d, 1H, /= 1.4 Hz, H-2"), 6.66 (d, 1H, J = 8.2 Hz, H-5"), 6.64 (d,
1H,J=7.6 Hz,H-5"),6.60 (d, 1H,J=8.2 Hz,H-5"),6.55 (d, 1H,/J=7.6 Hz, H-6"),6.50 (d, 1H, /= 8.0 Hz, H-6"), 6.49
(s,1H,H-8),6.35(d, 1H,J=8.2,2.0 Hz,H-6"),6.33 (d, 1H,J=2.0 Hz,H-2'),5.04 (dd, 1H,/=7.9,4.8 Hz, H-8""), 4.97
(dd, 1H,J=6.9,4.8 Hz, H-8"),4.44 (brs, 1H,H-1),3.88 (d, 1H,J=1.5Hz,H-2),3.03 (dd, IH, J = 14.5, 4.1 Hz, H-7"),
2.98 (dd, 1H, J = 13.8, 3.8 Hz, H-7"), 2.91-2.96 (m, 2H, H-7"); 3*C NMR (125 MHz, MeOD): § 174.3 (C-9"), 173.7
(2-C0O0-), 173.5 (C-9") , 168.0 (3-COO0-), 149.1 (C-7), 146.1 (C-3"), 146.0 (C-3"), 145.9 (C-4™"), 145.4 (C-6), 145.1
(C-4"), 145.1 (C-3"), 144.8 (C-4"), 140.9 (C-4), 136.8 (C-1"), 131.4 (C-9), 129.6 (C-1"), 129.5 (C-1"), 124.7 (C-10),
122.0 (C-6"), 121.4 (C-6"), 120.5 (C-3), 119.9 (C-6"), 117.7 (C-2"), 117.6 (C-2"), 117.5 (C-8), 117.3 (C-5), 116.4 (C-
5", 116.3 (C-5"), 116.3 (C-5"), 115.6 (C-2'), 75.7 (C-8"), 75.7 (C-8"), 49.9 (C-2), 46.1 (C-1), 38.1 (C-7"), 37.7 (C-
7"). The above data were in consistency with the reported values of (—)-rabdosiin (Ozgen et al., 2010).

Apigenin 7-O-glucronide (4): yellow amorphous powder; UV (MeOH) A, = 235, 265, 340 nm; HR-ESI-MS m/z
445.0765 [M-H]", calcd. for C,;H 30, 446.0841; "H NMR (600 MHz, MeOD): & 7.87 (d,2H, J = 7.6 Hz, H-2', H-6"),
6.92 (d,2H,J=8.3 Hz,H-3',H-5"), 6.81 (d, 1H, J = 1.8 Hz, H-8), 6.64 (s, 1H, H-3), 6.48 (d, 1H,J = 1.4 Hz, H-6), 5.13
(d, 1H,J = 7.6 Hz, H-1"), 4.03 (d, 1H, J = 8.3 Hz, H-5"), 3.53—3.60 (m, 3H, H-2", H-3", H-4"); 3C NMR (125 MHz,
MeOD): 8 184.1 (C-4), 175.6 (C-6"), 166.8 (C-2), 164.6 (C-7), 162.9 (C-5), 162.9 (C-4'), 159.0 (C-9), 129.7 (C-2"),
129.7 (C-6"), 123.1 (C-1'), 117.0 (C-3"), 117.0 (C-5"), 107.2 (C-10), 104.1 (C-3), 101.4 (C-1"), 101.2 (C-6), 96.0 (C-
8), 77.3 (C-3"), 76.6 (C-5"), 74.4 (C-2"), 73.1 (C-4"). The above data were in consistency with the reported values of
apigenin 7-O-glucronide (Moussaoui et al., 2010).

Rosmarinic acid (5): brown amorphous solid; UV (MeOH) A, = 235 and 330 nm; HR-ESI-MS m/z 359.0776 [M-H]",
calcd. for C gH,405, 360.0845; 'H NMR (600 MHz, MeOD): § 7.54 (d, 1H, J = 15.8 Hz, H-7), 7.03 (d, 1H, J = 2.1 Hz,
H-2),6.95 (dd, 1H,J=8.3,2.0 Hz,H-6),6.77 (d, 1H,J=7.6 Hz, H-5),6.74 (d, 1H,J = 1.5 Hz, H-2'),6.68 (d, IH,/ = 7.6
Hz, H-5'), 6.61 (dd, 1H,J =8.2,2.1 Hz, H-6'),6.26 (d, 1H, J = 16.5 Hz, H-8), 5.17 (dd, 1H, J = 8.3, 4.1 Hz, H-8"), 3.09
(dd, 1H, J = 14.5, 4.1 Hz, H-7'at), 2.99 (dd, 1H, J = 14.5, 8.3 Hz, H-7'B); '*C NMR (125 MHz, MeOD): 6 173.7 (C-9"),
168.5 (C-9), 149.7 (C-4), 147.7 (C-7), 146.8 (C-3), 146.1 (C-3"), 145.2 (C-4"), 129.4 (C-1"), 127.2 (C-1), 123.1 (C-6),
121.8 (C-6'), 117.6 (C-2'"), 116.5 (C-5), 116.3 (C-5"), 115.2 (C-2), 114.5 (C-8), 74.8 (C-8'), 37.9 (C-7'). The above data
were in consistency with the reported values of rosmarinic acid (Sevindik ez al., 2015).

Globoidan A (6). light brown amorphous powder; UV (MeOH) A, = 261 and 318 nm; HR-ESI-MS m/z 491.0987 [M-H]",
caled. for CycHy0010,492.1062; 'H NMR (600 MHz, MeOD): & 8.24 (brs, 1H, H-4),7.62 (d, 1H, J = 1.4 Hz, H-2), 7.26
(s, 1H, H-8), 7.24 (s, 1H, H-5),6.87 (d, 1H, J = 8.3 Hz, H-5"), 6.86 (d, 1H, J = 2.0 Hz, H-2'"), 6.79 (d, 1H, J = 2.0 Hz,
H-2"),6.75 (dd, 1H,J=8.2,2.0 Hz,H-6'),6.68 (dd, 1H,J=8.2,2.0 Hz, H-6"), 6.65 (d, 1H, J = 8.2 Hz, H-5"), 5.24 (dd,
1H,J =9.6,3.4 Hz, H-8"), 3.16 (dd, 1H, J = 13.4, 3.4 Hz, H-7"), 3.05 (dd, 1H, J = 14.5,9.6 Hz, H-7"); 3C NMR (125
MHz, MeOD): § 174.2 (C-9"), 168.4 (C-9), 150.2 (C-7), 148.3 (C-6), 146.2 (C-4"), 146.1 (C-3"), 1459 ( C-3"),145.2
(C-4"), 140.0 (C-1), 133.8 (C-1"), 131.9 (C-8a), 130.3 (C-1"), 129.8 (C-4a), 129.4 (C-4), 125.1 (C-3), 124.4 (C-2),
122.4 (C-6"), 121.9 (C-6"), 118.0 (C-2"), 117.6 (C-2"), 116.4 (C-5"), 116.3 (C-5"), 112.4 (C-5), 109.4 (C-8),76.0 (C-
8"),38.2 (C-7"). The above data were in consistency with the reported values of globoidan A (D’Urso et al).
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Salvianolic acid A (7): yellow amorphous powder; UV (MeOH) A, = 227 and 287 nm; HR-ESI-MS m/z 493.1147 [M-H]",
calcd. for C,4H,,00, 494.1220; "H NMR (600 MHz, MeOD): & 8.02 (d, 1H, J = 15.8 Hz, H-7'), 7.12 (d, 1H, J = 16.5
Hz,H-8),7.10 (d, 1H,J=8.9 Hz,H-6'),7.03 (d, 1H, J=2.0 Hz, H-2), 6.86 (dd, 1H, J = 8.3, 2.0 Hz, H-6), 6.74 (d, 1H,
J=7.6Hz,H-5"),6.73 (d, IH, J=7.6 Hz, H-5),6.71 (d, 1H,J =2.1 Hz, H-2"), 6.65 (d, 1H, J = 15.8 Hz, H-7), 6.62 (d,
1H, J = 8.3 Hz, H-5"), 6.54 (dd, 1H, J = 8.3, 1.4 Hz, H-6"), 6.29 (d, 1H, J = 15.8 Hz, H-8"), 5.12 (dd, 1H, J = 8.3, 2.7
Hz, H-8"),3.06 (dd, 1H,J = 14.5,3.4 Hz, H-7"),2.92 (dd, 1H, J = 13.8,9.0 Hz, H-7"); '*C NMR (125 MHz, MeOD): &
175.5 (C-9"), 168.9 (C-9'"), 148.2 (C-4"), 146.9 (C-7'"), 146.7 (C-4), 146.4 (C-3), 146.0 (C-3"), 145.0 (C-4"), 144.4 (C-
3", 137.8 (C-7), 131.4 (C-1), 130.0 (C-1"), 128.2 (C-2"), 126.2 (C-1'), 122.0 (C-6"), 120.6 (C-8), 120.4 (C-6), 120.1
(C-6"),117.3 (C-2"), 116.5 (C-5"), 116.3 (C-5), 116.1 (C-8"), 114.7 (C-5"), 114.0 (C-2), 76.3 (C-8"), 38.2 (C-7"). The
above data were in consistency with the reported values of salvianolic acid A (Zhou ef al., 2014).

Table 2. Inhibitory activity against fluorescent AGE formation.

Sample 1Cs0 value (mg/mL) 1Cs0 value (mM)
Crude extract 0.37 = 0.02° -

Luteolin 5-O-glucoside (1) 0.22 = 0.02¢ 0.49 £ 0.05°
Luteolin 7-O-glucronide (2) 0.25 = 0.01°¢ 0.55 = 0.01°
(~)-Rabdosiin (3) 0.15 = 0.019 0.21 £ 0.02¢
Apigenin 7-O-glucronide (4) 0.23 £ 0.01° 0.52 + 0.02°
Rosmarinic acid (5) 0.07 £ 0.01° 0.20 £ 0.04°
Globoidnan A (6) 0.08 = 0.01° 0.16 = 0.02¢
Salvianolic acid A (7) 0.09 + 0.01° 0.18 + 0.03¢
Aminoguanidine 0.49 = 0.04% 6.74 = 0.58?

Values represent mean + SD from three independent experiments, and means within columns with the same superscript
letters are not significantly different (p <0.05). AGE, advanced glycation end product; SD, standard deviation.
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Fig. 4. Effects of the crude extract of holy basil and the phenolic compound isolated from it on the formation of

AGE intermediate.

Extract and isolated compounds with indicated percentages were introduced into the BSA-glucose model and incubated at 60°C for
seven days. The AGE intermediates were detected using a HPLC-UV system: (A) 3-DG, (B) GO, and (C) MGO. Data were calculated
as the percentage of AGE intermediate formation compared to that of controls without sample addition and are presented as mean + SD
(n = 3). Different letters (a - e) for the same method represent statistically significant differences between samples (p < 0.05). AGE,
advanced glycation end product; BSA, bovine serum albumin; HPLC, high-performance liquid chromatography; UV, ultra violet; 3-DG,
3-deoxyglucosone; GO, glyoxal; MGO, methylglyoxal; SD, standard deviation.
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