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Quantitative Analysis of Luteolin 5-glucoside in Ajuga spectabilis and Their
Neuroprotective Effects
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Byeongkwan An, Jung Hee Cho, and Hyun Woo Cho*
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Abstract — In the course of our continuing search for biologically active components from Korean medicinal plants, we isolated
the main compound, luteolin 5-glucoside from aqueous fraction of 4juga spectabilis. The structure was elucidated by the basis
of 'H and °C NMR and TOF ESI-MS data. Quantitative analysis of luteolin 5-glucoside was carried out on a XBridge C18
column (S-5 pm, 4.6x250 mm) with gradient elution composed of acetonitrile:water. The results exhibit that the average content
of main compound in 4. spectabilis were 0.048%. Oxidative stress plays a major role Alzheimer’s disease (AD) and other neu-
rodogenerative disease. AD is major health problem and there is currently no clinically accepted treatment to cure or stop its
progression. Pretreatment with luteolin 5-glucoside markedly attenuated H,O,-induced cell viability loss in a dose-dependent
manner. Luteolin 5-glucoside also inhibited the formation of intracellular reactive oxygen species in SH-SYSY. The results sug-
gest that luteolin 5-glucoside from A. spectabilis has protective effects against oxidative stress-induced cytotoxicity, which
might be a potential therapeutic compound for treating and/or preventing neurodegenerative disease implicated with oxidative

stress.
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= ATA quercetin®] &=slolH FER YA GSHE
S7MIZ1AL AENA TS ARl et dzstolm o] ]
AN 7S vepon ) 15w oA FalE

apigenin, luteolin, luteolin 7-glucoside,
ARRS g3E FHsIAth 2 F
luteolin H,0,0l 3l =% SH-SYSY A|Zej|xe] A&
2 =°]3 ROS S do=M feld 22 5 7P
2 AAAEZRS Z3E JepliAeh” S5, luteolin}
7 A BEk e A7) o]FoA 1L itk H A
52 luteolin 5-glucoside”t RAW 264. 74| o4 &its] 9l
FEF e 7RIt Basielnh webs, & Aol
= A&Z(4juga spectabilis)o| A F-2]E X]J—i*é 3 luteolin
5-glucoside®] 2173A3Z 2] ksl &g tish HE S 3
7¥l7] Sste] H0.00 28] =% SH-SY5Y AlE2] AP
of tigt B g3& FAs3t

flavonoid =4 1
luteolin 7-glucuronide®]
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7171 o Algf - F= 9 28 A°F, TLC 3 columng-
A 58 EF A S AE-3F T Thin layer chromato-
graphy-8& plate= precoated silica gel 60 F,s,plate(layer
thickness 0.25 mm, 20x20 cm. Art. 5715, Merck)$} precoated
RP-18 F,5¢plate(layer thickness 0.25 mm, 20x20 cm. Art.
5423, Merck)E AHS-819101, UVE] A4 25491 365 nm
o 243t} Column chromatography2] &%1A= YMC
gel ODS-A(50 pm)E ARS8, T sighae] +2&5 +F
Hat7] 98] o]83 NMR(Nuclear magnetic resonance)
spectrum<> Varian 600 spectrometer(lH: 600 MHz, “C:
150 MHz)E AME-sled 431932, NMR 84= Sigma. Inc
(USA)2] DMSO-d.5 AFE-3IATE Al Bl Minimum
Essential medium(MEM)=} FBS, Streptomycin®] A3 8] %F
A1 9FE-& Gibeo(USA)OIA )8l A8, 3-(4,5-
dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium(MTS, CellTiter 96AQueous One
Solution Cell Proliferation Assay)= promega(USA)ol| A1,
H,0,, 2'7"-dichlorofluorescin diacetate(DCFH-DA)+ Sigma
(USAPIAL 7533te] ARg-stict.

F£ 9 28 _Agkx A% 1.7kl methanoks: 713}
A7 52 33 RYA FE F A sFsl vee &
=5 284 g& AUt ©1= 10% MeOHol| YA 5, p-
hexane, H,0 w02 #8310l 7t B8 =S 7, 55351
n-hexane ¥ E 40 g7} H,0 £ E 220 g& AU

X722 22| -H,0 #IES ODS gel(50 pm, YMC,
Japan) 500 go] 71 glass column(16 cmx80 cm)ol &%
A7l 3 water(in 0.02% formic acid)-ACN 3-8 (90:10,
80:20, 70:30, 60:40, 50:50, 40:60, 0:100)2 A/j&vj= 3}
o] open column chromatographyS 7183t om, 114 1+
o} TLCE 2=gdale] 57]¢] ARIES AUTHASWI-
5). ©] & ASW4(15 )& 4] S/FTE Ho] dgA7|L
ODS gel(20 um, YMC, Japan) 250 g= glass column(5 cm
x70 cm)oll SFIA)Z] 2L water(in 0.02% formic acid)-ACNS]
E5-8-1(90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 0:100)
2 15mL/min®] 22 A3 FEAA 500 ml¥ wof
TLC IS &Rt yhe] Yoz UrATHASWAE-
1-9). 72 & main compound’} ¥ ASW4-9(5 gy Hlgk
<9 =<1 th Sephadex LH-20(Sigma, Sweden) 200 g©]
Z31E glass column(2.5 cmx70 cm)l] 2YAI712Z MeOHZ
A7Nsted 50 mi 20705 & § TLC dataZ WSR3
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Fig. 1. Chemical structures of compound 1.

7}e] AR O Z FEITHASWA-9-3). Z8]3L o] 5 ASW4-
92014 WghE: 4TS o] AARSE F=dte] 30 mgs
sl 22l skt th(Fig. 1).

Luteolin 5-glucoside (1) Yellow powder; 'H NMR (600
MHz, DMSO-d,) 6 738 (1H, dd, J=8.5, 2.0 Hz, H-6'),
736 (1H, brs, H-2), 6.88 (1H, d, J=8.0 Hz, H-5', 6.79
(1H, d, /=2.0 Hz, H-8), 6.69 (1H, d, /=2.0 Hz, H-6), 6.55
(1H, s, H-3), 4.70 (1H, d, J=7.0 Hz, H-1"), 3.76 (1H, dd,
J=12.0, 2.0 Hz, H-6"a), 3.55 (1H, dd, J=11.5, 5.5 Hz, H-
6'p); °C NMR (150 MHz, DMSO-d,) & 1769 (C-4),
162.7 (C-2), 161. 3(C-7), 158.6 (C-5), 158.3 (C-9), 149.2
(C-4), 145.6 (C-3), 1214 (C-6), 1185 (C-1'), 1159 (C-
5, 113.0 (C-2'), 108.1 (C-10), 105.6 (C-3), 104.5 (C-1"),
104.4 (C-6), 98.2 (C-8), 77.5 (C-3"), 75.5 (C-5"), 73.6 (C-
2", 69.6 (C-4"), 60.8 (C-6"); LC ESI IT-TOF MS: m/z
447 [M-HJ .

EEEY XN - AFEEFE GAIT AFEZ luteolin
5-glucosideE 2.07 mgs 3] 3l MeOHE 10 mL7}st
o] stock solutione FA|3FA AL, ©HAIH (207, 103.5, 51.75,
25.88, 12.94 ppm)= 3|43}t AL8-3FAATE

HH =N — AH2E E2ske] oF 1.0 g& B8] A7
3lar, &uE (MeOH, 50% MeOH, EtOH)Z 2HzF 10 mL¥
A7kt 30 £7F 229 3=, o3 F ARSI =
27 (EST 308, 30% 23], 603 3HF 30+, 30 23],
60 F2)o e g B4 FYS WHoR A T
MeOH 10 mLE 7}, o3} § AH o2 AE-3513]th

HPLC 24 = —AgAd+o=2 249 luteolin 5-
glucosideS Table 119} 7o) A A 3 shafiad g A4
skt

H2M 2 ZMM(Linearity) - A £ &2 luteolin 5-
glucoside?] o W AAZAQ S Els] sl
A4S AESAT EFE9S McOH=E T 4207,
103.5, 51.75, 25.88, 12.94 pg/mL) .2 3] 4] 5}e] HPLCE
At A y=ax+b(y: peak HE, x: A|EFE, a:
2129] 71271, b: ydH)e] FEHZ 23T

M= Hi2F — Human Neuroblastoma cell line?] SH-SYSY
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= A EFEoA Pt ARE-SHI S ™, Minimum
Essential medium(EMEM, ATCC, USA)°| 10% Fetal
bovine serum(FBS), 100 U/ml streptomycing &313h vl #]
£ ARE3ted 37°C, 5% CO, Incubatorell ¥ FatSic.

M= =4 —96 well platedl] 5x104 cells/well?] SH-SYSY
S Bl 3AZF E1F widet & X85 HUtelal 24
AIZE ST u TR 10 pLe] MTT solutions: 71k £
CO, WiF71(37°C, 5% CO,)°lA 3AI1ZF o] AR &, =
Al 490 nmA F352] WskE S4ste] thxatol] gk Al
X AEES WEEE A

MBEMZEES S — A|EZZ 96-well platesdl] 5x104 cells/
well =2 100 uL 2 58 F 2447 F2F st o
AEE AP3IaLl 2447 F H0,(FHFFE 100 uM)E 3
7F8kal 3027 o] vikst & MTT assay= M E2] AE&
< S48k

M=Z Wl ROS &8 - A% U ROS 542 2.7-
dichlorofluoroescein diacetate(DCFH-DAY} Al W2 F3}
B % opMg”717}t f2lE 2,7-dichlorofluoroescin(DCFH)2]
FejellA ROS9} vES3le] F3E4S Adshs e o]
43It} SH-SYSY MEE 96 well plateol] welld <F
8,000 celle] F=F FFslo] vt & 70-80% confluency
7F =S W luteolin 5-glucosideS PBSol| = 3047+ A
g3ttt o] Zojdl 3 10 uM DCFH-DAZ tHA] 40%
7+ A 2]k 3 flow cytometer(Beckman Coulter, Inc., Brea,
CA, USA)Z Z43t)

A7t 9 T

(o

XNEME 7= 24 —AFELS =3 7152 2143
HA0m, TLCEAo14 Aninalehyde 248 AJoF HI. % 7}
GA] =ehE Ve o] flavonoid® F8&Fitt. ESI IT-
TOF MS spectra®ll A &2+ 447 [M-H] = &<13t% 2,
MSMS E4olA] 212l [uteolin ¥4+ 285 [M-H] < 3
712 #elaih? "TH-ANMR spectrumellA] 8, 7.38(1H, dd,
J=8.5, 2.0 Hz, H-6), 736(1H, brs, H-2), 6.88(1H, d,
J=8.0 Hz, H-5"°1*] flavonoid B-ring®] 1,3,4-x|3+= 37)]<]
proton peak2 213193, §; 6.79(1H, d, /2.0 Hz, H-8),
6.69(1H, d, /=2.0 Hz, H-6)°1*] A-ring®] meta couplings}
= 271¢] doublet peak, §;; 6.55(1H, s, H-3)ol| A1 C-ring<]
single peaks RIS T) F7H 92 2] anomeric proton
8, 470(1H, d, J=7.0 Hz, H-1"& #Z33th "C-NMR

B

M

Table I. Calibration data for analysis of luteolin 5-glucoside
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Table II. HPLC condition of luteolin 5-glucoside

Instrument HPLC (Shimadzu 20 AD)

Flow rate 1.0 mL/min
Injection volumn 10 uL.

UV length 360 nm

A : 0.1% formic acid in water
B : 0.1% formic acid in ACN

Mobile solvent

Mobile phase Time A (%) B (%)
0 87 13
30 77 23

Table III. The contents of luteolin 5-glucoside by extract
solvents

Content (%)
MeOH 50% MeOH EtOH
0.036 0.035 0.006

Solvents

spectrum® A1 1571 2] flavonoid 23] peak®} T2 carbon
peak[8. 104.5(C-1", 77.5(C-3"), 75.5(C-5", 73.6(C-2"),
69.6(C-4"), 60.8(C-6"]°] Ta= A}, 2] anomeric proton
] coupling constant ko] 7.00.2 BAEN = gelatgirt?
Luteolin 7 12l glucose”’} AT =A< o 'H-NMR
spectrum A1 §; 6.88(1H, d, J/~1.8 Hz, H-8), 6.77(1H, d,
J=1.8 Hz, H-6) 2|3 "C-NMR spectrumolA] &. 99.5(C-
6), 94.7(C-8)°] HloIES Plaste] 59 f1xlof Aed &
selslgiet.” ool AAE nigo g 71Ee] £} vl
&to] luteolin 5-glucoside® % A sk3Ach”

EEEN - AekxodlA EE3 luteolin 5-glucosides A
FAQEOF o] HPLC A1HS SHstara) si8itt. Table
e} 722 Aoz sl wEF A7 1.4 minol 4]
gl = AATHEFIg. 2). o] FAYES o R FE§
o] wE AFAAE T HAL Al MeOH F=ellM 7S =
S §8S WA (Table II), MeOHS o] &3 =271
A B FF 308 23] whRolA 7P w2 888 91l
SIS TH(Table IV). A F =4 9] FF8HS 1~200 pg/mLe]
Belol A A JAAFRR)S 100002 = AANS
el AtHFig. 3). o9} 22 WhHo R 3R] T
T3, L A3 AFZ MeOH FEE| 0.048%2
luteolin 5-glucosides 3+ TH(Table I).

MEZMZEE — Luteolin 5-glucoside®] AlFE5A1S- Leh)

i

Regression equation

Compound y=axtb C(?rrllt?n)ts R’ ( Lg?rr]?L) ( L?n?L)
Slope(a) Intercept(b) ge H He
Luteolin-5-glucoside 15632.17 3317.25 0.48+0.00 1.0000 0.07 0.22
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Fig. 2. HPLC chromatogram of luteolin 5-glucoside (A) and Ajuga spectabilis (B).
Table IV. The contents of luteolin 5-glucoside by extraction time and methods
Extraction method Sonication Reflux
Time (min) 30 30%2 60 30 30%2 60
0.031 0.031 0.035 0.042 0.04s9 0.048
Content (%) 0.031 0.034 0.030 0.038 0.047 0.042
0.032 0.032 0.036 0.043 0.048 0.041
SD 0.032 0.032 0.034 0.041 0.048 0.044
Average 0.001 0.002 0.003 0.003 0.001 0.004
Luteolin-5-glucoside Luteolin 5-glucosidex= 6.25, 12.5, 25 uM2] == 2|5}
g o mE AZAA AEEAo] YR eIth(Fig. 4).
3E406 H,0,2 FEE A58 AEsA MEHOM Luteolin 5-
g= 15632 + 33172 Glucoside MBMEESEH — d=slolH= 71 58I
£ 26406 o AT Ho] FEHE WEEES 7L e H3A HA
. A ABoZA AEH 2 2] o3 ¥ AAAE A}
Hof| oJaf WA=, A st A9 S|, &
0.E+00 gilE T2 Asld 2EY A2 RE AANE BE g9t
0 50 100 150 200 250

Concentration [ppm]

Fig. 3. Calibration curve of luteolin 5-glucoside.

TEE Yolry] fJE] MTS EA1H S o] &ato] AEAE
&2 =439t MTS(3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)+=
Ao} Ql= MEZe 9= Mitochondrial NADH-dehydrogenase
o} WH-&-3}o] tetrazolium salts: FHUAA|A MAFS zHe
formazans B/d3te] AolQle= AEE A3t & F o

Holt Aoz ByHEy Yot

MTSHS o831 luteolin 5-glucoside®] H,000 J3l
¥ 2kelA 2~Ed 2 AdejolA SH-SYSY AlEZFol thgh
AAAE B gt gk A= Fig. 5ol YERIATE oF
FAE A2sA] %2 control-oll Hl&] H,0,7HS A 2] gt
FAME 72%2] AEES YE S, luteolin 5-glucoside
A2 FEOEH O R AXE AEE0] Ttk AR Y
ERsttt. o] Z3ZHE luteolin S-glucoside 2173 EA EF
o] akslA g=adol 3t AlE HE 35 Z2H e A
2 gRI= Ik

[o o
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Fig. 4. Effect of luteolin 5-glucoside on cell viability in SH-
SYSY cells.
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Fig. 5. Effect of luteolin 5-glucoside on hydrogen perxide-
mediated cytotoxicity in SH-SYSY cells.

592, DCFH-DA= A ZWE B w3 254 T2
X2k A ZEY esterased] ¢J&] DCFHE At o) zit) A
¥ DCFHE Al X Fapgdo] vrol Al vjof] 8= Al
Z ROSE EAIE 79 o]} whg-ate &]"’]’Eﬂi g
511:} Fig. 62 luteolin 5-glucosideE WA A 2]gh & fA
E EAE Fate] AEU ROS TS ST A3E vet
WAt} luteolin 5- glucomde—‘ A2 et BE oA H,0,%
23t 2ol v Troj&H oz ROSEHo] Fejdo=z
AT R %~ Raw 264.74 Z1 A luteolin 5-
glucoside’t ROSAAS SJAIgITIaL Bsllom, & A4
o| A= luteolin S-glucoside”} ROS AJ/8-& TLoEH o2
Ed bt

A 5o By W= luteolin®] SH-SYS5YA FE A
MO,2 FES AEEHE oalel] HEAEES o7

b

N
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(A) Unstaining (B) Control

P2(0.19 %)
A

P2(0.00 %)

(D) Luteolin 5-glucoside 6.25

I
P2(74.95 %) 2(44.76 %)

Count
200
1

100
L

010 104 10% 10° 107 010° 0% 10° 10° 107
DCF DCF

(E) Luteolin 5-glucoside 12.5 (F) Luteolin 5-glucoside 25

300

2(38.00 %) 4 2(36.04 %)

8 84
= =
3 8

84 '8_<

o =

0100 10* 10° 10° 107 0 1¢F  10* 10° 10° 107
DCF DCF

Fig. 6. Effect of luteolin 5-glucoside on hydrogen peroxide-
mediated ROS induction in SH-SYSY cells.

MAPKs®| 2738 ATl we} A73A 2R S 2k8-0] Aok
3 WS TE B3 luteoline Nrf22] 24 —% ZA 5}
ROS A& SAlete] itsled s S7MIA AZRS &
7} ek By g v 9ok 2 A% luteoling] Bl
A1 luteolin 5-glucoside”F M| ZEAPE S A5l A3
ROS AAE& 7HaN 7o) wke} ROSO 2]8) B3l Al

Aol el B zhg-o] Qes & AOE AlgEH, 3

luteohn 5-glucoside®] 221 7] A7} FgY =] ofok
Q Zloltt.

4 =

Az HE2HE X]E/‘ <! luteolin 5- g1u0051de )
S ZYARRE RIS ol &3te] s, H, PC
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NMR#} TOF-ESI MSE ©|§3l #2254 3iSlth w2€
A FAES o] &3l ATz BAHS d73sle] MeOH
3HF 308 23] HHE FE 2] 0.048%°0.2 7MY Be 4
SHrsle AR HEEUTE AE479] luteolin 5-glucoside
7F H,0,00 oJ8l fres= Aksld 2E# 2 AdEllA ROS
e AR AL, NERSES S7HIR wet 21734
F B8 AASAY BIaIT) e AoR Algdn
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