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Abstract
In this study, we investigated the cellular protective effects and mechanisms of nicotiflorin and its aglycone kaempferol isolated

from Annona muricata. The protective effect of these components against 'O,-induced cell damage was also studied by using
L-ascorbic acid and (+)- @ -tocopherol as controls. Kaempferol exhibited the most potent protective effect, followed by (+)- « -
tocopherol and nicotiflorin. L-Ascorbic acid did not exhibit any cellular protective effects. To elucidate the mechanism under-
lying protective effects, the quenching rate constant of the singlet oxygen, free radical-scavenging activity, ROS-scavenging
activity, and uptake ratio of the erythrocyte membrane were measured. The results showed that the cell membrane penetration
is a key factor determining the cellular protective effect of kaempferol and its glycoside nicotiflorin. The result from L-ascorbic
acid demonstrated that the cellular protective effect of a compound depends on its ability to penetrate the cell membrane and
is independent of its antioxidant capacity. In addition, it is suggested that cellular protective effects of kaempferol and (+)- « -
tocopherol depend not only on the cell permeability, but also on free radical- and ROS-scavenging activities. These results
indicate that the cell permeability and free radical- and ROS- scavenging activities of antioxidants are major factors affecting
the protection of cell membranes against the oxidative damage induced by photosensitization reaction.
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2.1. Alef H 717

1,3-Diphenylisobenzofuran (DPBF), H,O,, luminol,
bengal, 1,1-diphenyl-2-picrylhydrazyl (DPPH):= Sigma Chemical Co.
(USA)°lIA 1%25]-01 AFE3FATE FeCls - 6H,0= Junsei Chemical
Co. (Japan) A& ARE3IATE &5-8-9 AlZo| A8-¥ Na,HPO,
12H,0, NaH,PO, * 2H,0, NaCl, trizma base, HCl ~12]1. H,SO,, °l|&+
Z(EtOH), uiEL&(MeOH) ool Eo] E(EtOAc), n-8F 5 Z&
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22017 5€ AsAINA TU3FSITE Silica gel 60 Fasy thin layer
chromatography (TLC)E Merck (USA)AFlA F+1sksitt Hlw a2
2 A3 (4)- a -tocopherol, L-ascorbic acid Sigma-Aldrich (Korea)
£ &3l Tdssith
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(USA) A&, UV-visible spectrophotometers= Varian (Australia)A}2]
Cary 50, 3}81247]+= Berthold (Germany)AF] 6-channel LB9505 LT
£, pH "Bl Hanna (Korea)At A5 ARSIl o, EARA4E 9
& HPLC+E Shimadzu (Japan)A}2] Shim-pack VP-ODS Cg column
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Nicotiflorin (Kaempferol—3—O-rutinoside)

Kaempferol

Figure 1. Chemical structures of the kaempferol and nicotiflorin
(kaempferol-3-O-rutinoside).
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pME- ]8It Aol rose-bengal 1 mL, DPBF 1 mLE Y17,
weEE AZs tekst F50 AR 1 mLE F7KSE ¥ 1 mindt &
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AR A B8 dotry] flEl DPPHY S ©]8-5k3ith v
k2o 234171 0.2 mM DPPH €9 1 mLo] o§He | mLE 37}3h
I oY &9 AR 1 mLE EFste] 412 oS A4 10 min
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sihibgo R S49 gk ths 20 @A 27 8% S AXlst
WAL, B 27 B AVIE P AZI7E 50% HdE
Hl FQ%k A59] F(reactive oxygen species scavenging activity,
OSCso) = 3E7]3I3iT

LIRL

qyrnwntr'ul - qﬂncx periment
qy’nwnl,rol - Cbm‘blank

ROS Scavenging (%) = = 100

27. HET M= HES

EA50] AdT 9 el fRlsk= o] dAte de vEhdl=
o] G w A=A dotry] fa) AT AXE RS AYS 1Y
SHAtt. FEEHE o] 83 X Be g3 A} 7P FARE 24
oA AL W] fl3l TS 2o APS AT T
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ZFFEATE vEAEEO 2 3,000 rpm O F 5 min 59 ¥4 25
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Table 1. Cellular Protective Effects of Kaempferol, Nicotiflorin and 2 Reference Compounds on Rose-bengal Sensitized Photohemolysis of

Erythrocytes
T 5o (half time of hemolysis)"
Concentration (uM) 1 5 10 25
Nicotiflorin 26.6 (+ 0.6) 27.1 (* 0.7) 273 (£ 0.2) 327 (x 2.4)
Kaempferol 400 (£ 1.5 589 (£ 1.6) 91.9 (= 4.5) 2063 (+ 2.3)
(+)- @ -Tocopherol 425 (* 1.8) 453 (£ 0.5) 48.6 (+ 5.9) 524 (£ 1.6)
L-Ascorbic acid - - 24.5 (= 0.1) 25.5 (= 0.1)

UControl, 75 = 25.0 + 1.0 min
Values are presented as mean + SD (n = 3).

100

80

60

% Hemolysis

a0

20 A

0 min 50 min 100 min 150min
Post-incubation time (min)

Figure 2. Cellular protective effect of kaempferol on the rose-bengal

sensitized photohemolysis of erythrocytes. Concentration of

kaempferol; [ : control, & : 1 uM, x : 5 uM, A : 10 pM, O :
25 pM. Values are presented as mean = SD (n = 3).

TE AR T AFAL PR, o2 Foln AN v
Tﬂ UV-scanT% %_H i—}?_]_:_]_— 7—}— }\]JE—‘—vo’l /1max ‘T)‘,]—Zg—oﬂlﬂ SPeCU"OphO‘
tometer® ©13) JYSA3Ack ARE ASlSHL ol H7151o) 5
31402 blanks S419L1, o] 0|88l 7 APEE WAl

AP JFE nAS

T Mol mlulof et M= BS &3t
Aol w=F =W F)Fo] A8k porphyrin} 22 -
Z Lxﬂ] PSS doA 1 singlet oxygen ('0,)¥} 72 44l
e e R B = AR = = i B *ﬂi‘i}oﬂ/ﬂ w24 2FsAksk Rk
oz MxdrE 15_\—%“‘]74"1 AZE AT 2 Ao+
SUAIR 2213 rose-bengal X AT AEE o] g3t 10,02 =
Akt AL ECEEE)el uist dntstAlY] BE avE Hrtet
Stk Egakasel] sl AdT- A7} 50% T E=d el AR 1 s)
o= iz 9@ PSS AE Be 535 vl Frkekich
E Ao AR FEE F8d A|AEA, nicotiflorin
2 kaempferol= 242} 1, 5, 10 & 25 pM9] 52 AHEstl 71 KT
FI= FR18FITTable 1). Nicotiflorin® 7 50> 1, 5, 10, 25 uMel|
A 247} 26.6, 27.1, 27.3, 32.7 min, kaempferol> Z+Z} 40.0, 58.9, 91.9,
2063 min® & F% 9EH AE B35 3= e, kaemp-

e
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Table 2. Singlet Oxygen Quenching Rate Constant of Kaempferol,
Nicotiflorin and 2 Reference Compounds

Compounds K, (M'S™
Kaempferol 1.4 x 10
Nicotiflorin 1.1 x 10°
(+)- @ -Tocopherol 1.7 x 10

L-Ascorbic acid 1.1 x 10

Values are presented as mean + SD (n = 3).

ferol=> 7 WAIQ] nicotiflorin®l] B3}l FEHRE 1.5, 2.2, 3.4, 631
H 2 B 5ads Btk vl th2ae] A8 A (+)- @ -to-
copherol F=3F 5= 2]EZQl a5 YERth AR 84 FAks)
Al L-ascorbic acidi= 42 BE 35 Yehfr] gttt &3]
kaempferol:= 25 puMOA] (+)- @ -tocopherol®l] H]3}o] 390 & B
72795 JeRtE % 252R] kaempferol®] MXEZ HE ET-E Figure

20 JERISIEE. Nicotiflorin@} H]w3ke] 7 o}=2]2<Q kaempferol 9]
A5 AE B o] oist AAUFS 18 O]-J_X]— kLt o) e}
M| kaempferol @} ~1 w1 nicotlﬂormJ AXE ®HE5 zteld o

W 4eg $AsuA sk

3.2. Singlet oxygen A2t {F Al

AE 1S a3t vepd ¢ e AR 5 s Type 1T 3570
HES-o] = AAEQ] singlet oxygens EHA 02 A% Al7]E Holth
oAl a8l Al 2T gke] 1o ® VP WA e 4 Qe A
3} 580l '0, 2% otk FS57A rose-bengaloll 2J3] AYAH
10,2 9 RESAJo] & BAAAR At 9] et A-g-S
AMAIAZ| AL o]oiA] Alxueks syfAzich webA 10,8 A Al
FatelA o] o)z AsbE-2] A GAIE AFAIZ 5 9l 10, &
I &% 45 F4N rose-bengalS AMESFITE HIO|El= Stern-
Volmer2]-S ©]83) U2 K, k2= YERSITKTable 2).

'0, 2% §% A5 S0IM R dxTFoRE 58 '0, &%
AR A7 B -carotenes ARSI & A3 A S4B -caro-
tene2] A HEAT 71 K= 2.1 x 10" M'ST 0.2 F3of|x] AA|
H EEAT26 x 100 M'SHeE fAksE ARE UERISITH22).
L-Ascorbic acid®} (+)- @ -tocopherol 2] K, #t ZH2} 1.1 x 10° M'S™
4 1.7 x 10° M'S"0]2]tk Nicotiflorin®} kaempferol 9] K, #k 212}
1 x 108 MT'ST, 1.4 x 108 M'ST2 UERdtE Kaempferol2] X X
3 &Y= (H)- @ -tocopherol RTF #AE] HolWtA|qt 0, 4% ol
Ae & AolE YERIAIE gttt o] 9} 2 A= kaempferol©]

—_



L)t -E

Table 3. Radical Scavenging Activities of Kaempferol, Nicotiflorin
and 2 Reference Compounds

Compounds FSCsp (uM)
Nicotiflorin 910.0 = 0.5
Kaempferol 6.8 + 0.8
(+)- @ -Tocopherol 12.8 = 0.1
L-Ascorbic acid 139 + 0.1

Values are presented as mean + SD (n = 3).

Holwh Al B35 AE Ashedls '0, 29 S ot o
2 7]o] AaEol & Ao wekEl,

3.3. ARECIZ &AM 2y

F57r Akgo] dojubd Type 1 HHS- 2.2 &)z FE50] A€ &
Qlt}. HES) singlet oxygen©ll oJsl] AlaEEr T34 A - Y BEAaAE
oA ezl "3”51 ol& AdIE; AAREES oF7]$itt o]
2 AR AE QAL 'AAEE Fglell AAE T Q7]

ol o) AT A ApA RS TR Kt weba] of o] vt
TZE FASHA st AE §8 o] dojubA dck
A 22A50] kaempferol®] 578 A BE &35 e}

U=t 7@ =XE ol izl skt Nicotiflorin % kaempferol
o] gz A EAJ(FSCso)> 217} 910.0 B 6.8 pME VEFOH,
B wEdE AME (- @ -tocopherol % L-ascorbic acidi 12.8 &
13.9 pMZ YERITE Kaempferol 9] 2]z AAEA)L w9 Zic) w}
g AR A o) AE BT Gl Z)ojst AR gt
Fk ¥ nicotiflorine W-¢- W2 2ozt A7 S HYET), 9]
A 2L 22 725 7R E-olgt: wjdAY {57 ksl &
Al w9 & FEFE Frhs S & AL webA] vgA 9} of
T2 Afole] A B$% zlolg Wsh Ayetal oj At 3§14
T L-ascorbic acide A3 H& G35 JERNA] A9hTh In vitroo A
2 a7 B0l =& o] MEFFAMY AX BE gIpt &
AL obdg HolFQlth
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Figure 3. ROS scavenging activities of kaempferol, nicotiflorin and 2
reference compounds. Data are presented as mean = S.D. *p < 0.05
compared with (+)- @-tocopherol and L-ascorbic acid.
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Figure 4. Erythrocyte membrane penetration efficiency of kaempferol,
nicotiflorin and 2 reference compounds. Data are presented as mean +
S.D. *p < 0.05 compared with (+)- -tocopherol and L-ascorbic acid.
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