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Persimmon leaves were commonly consumed as beverages, but were also used as popular folk medi-
cine in Asia. The purpose of this work was to assess the biological activities of Diaspyros Lotus L. ex-
tracts (DLLE). Various solvent extracts, including rzHexnae, CHCl;, EtOAc, and 7BuOH fractions,
were obtained from the methanol extract of Diaspyros Lotus L. leaves. The increasing interest in the
powerful biological activity of plant phenolics and flavonoids outlined the necessity for determining
their content in medicinal herbs. In this study, the total polyphenol and flavonoid contents (TPC and
TFC) in the EA fraction were higher than those of other fractions. The biological activities of DLLE
were tested using the 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS) radical scavenging activity assay, as well as superoxide dis-
mutase (SOD) activity as an anti-oxidant effect and a-glucosidase inhibitory activity as an anti-diabetic
effect. The EA fraction with high TPC and TFC values showed the highest anti-oxidant effect and high
a-glucosidase inhibition. The EA fractions were further purified into eight fractions using open col-
umn chromatography. Higher anti-oxidant and anti-a-glucosidase activity were observed in polar
fractions. The content of the flavonoids, including quercein-3-O-rutinoside, kaempferol-3-O-glucoside,
myricetin, luteolin, and kaempferol, were analyzed in effective fractions using high-performance liquid
chromatography (HPLC). The results suggest that DLLE have anti-oxidative and anti-diabetic effects
and thus, have the potential as anti-diabetic materials and as a source for natural health products.
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FHF Ao T2 9T < v, A 2EF 20 o)

O~
WA, A % DNAY WS FESHY ol AZEY 2

2 @%LOML DLLEQ} JCLUHA l*é °]83
umn chromatography & &8
A 2 g-glucosidase AT %5 & H] B39, £¢ &4
of #3898 Aol thExH o= Yzl S0l
TR % quercein-3-O-rutinoside, kaempferol-3-O-glucoside,
myricetin, luteolin, kaempferol & 3 #-& HPLCE ©| &3}
A% A%E Hustun @

Xz o sk

oHd
M=

of AHgd &Y AYHEE FUF EAY £z
A7 ok A A E e YRE5REH fHgon, 1&UF
o FFY AL EFURH AL, 7 WY vEAE
AEFE Flstgon, HFHoE At o)A g
ExUAGgnA 1E3F 25902 RE 4 & Ukt 28
A S(E-5-15) ¢ AFdsta fAAZ R egE A7 B
ATk AHE 1 &AL AAMF B2 AHF T 58 )2
AT ALo)M HAz3 H 40CoA 1243 B A=z5H)

>

|2

£ Ag o] A8 o-glucosidase, p-nitrophenyl-a-D-gluco-
pyranoside (p-NPG), 1,1-diphenyl-2-picrylhydrazyl (DPPH),
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) dia-
mmonium salt (ABTS), gallic acid, Folin & Ciocalteu’s phe-
nol reagent, sodium carbonate (NaCOs), aluminum chloride
(AICly6H20), quercetin, quercetin-3-O-rutinoside, myrcetin,
luteolin, kaempferol & Sigma-Aldrich (St. Louis, MO, USA)
Z5E 7Ystd AHE3t% T Open column chromatography
£ FHAEA U silica gel < Kieselgel 60 (Merck, Germany)&
A+&-3t 9 th. Thin layer chromatography (TLC) & Kieselgel
60 Foss 9F RP-18554 (Merck)E AHE3H 2, A g0 A& B
T A% SFANSE AHgaT

s 4 28
AzE 18Y& BT WE F 420 g2 108 7hFY

methanoll% Egeto]l F2AA 1247 % FEAT FE
¢S ¥ Whatmann (filter papers 5, 110 mm)& o 73
o H& 40C 873l A rotary vacuum evaporator (N-1000,
EYELA, Tokyo, Japan)E &%3to] F%5(76.85 g)< At
FEES SHFTY methanol EF A9 FEAT & 22

%9] mhexane (Hx), chloroform (CHCls, C), ethyl acetate
(EtOAc, EA) 2 nbutanol (BuOH, Bu)Z <A =2 &1 £33}
of Hx £38 258 g, C #3 024 g, EA ¥ 580 g Bu ¥
1080 g= 27 A3ith &4k3 9 g-glucosidase #40] -5
g EA #8 5 g& silica gel column chromatography S 4 Al
6}04 87Hﬂ %ﬂ— XéxﬂEDﬂ(Fr 1~8)= At F& AAD
g T £YoA EEx

& = '3-:' ERT0E S

F HE dFE ¢FL Folin-Denis FH[13]S HE 5o
ZAdAoH, 2t 2 2 BYES 1 mg/ml 552 AT
S, NEH 24 plol F74 72 ulE 782, Folin-ciocalteu
reagent 24 plE ol & AolFy, 5L AT F, 7%
NayCO; 24 pl&} S5 56 plE H7He & 142 3023 ¢4
%28 & 725 nm (Perkin Elmer, Victor’ 1420 Multilabel
counter)l A FFEE FH3AU T Gallic acidg ©] &3 E&
SRR E ¢S @Gt

% ZgtHxolE §F 2 Zhishen 53019 HEH W
w2t ZASET AEY 75 uldll FFF 50 ple} 5% NaNO,
49 75 s A7 H 5 128 5, 10% AlCly6H,0

T899 15 pE 7hske 683t A AT 6% F IN-NaOH

b .
7hkal 103t A=A #-&A1Z F 450 nm
)

FE&9 50 uE
A FFEE 2334 Querceting EFH I Hl w3t
gFs At

&3l 55

48 %L Arnao [2]9 HE S WEste A5G0

0
DPPHe| t& #4352 A5 100 ul9} DPPH £ 100
uls 96-well plated] EFsto] 307+ A 2ol LA
540 nm oA £33 =7 (Perkin Elmer, Victor” 1420 Multlla-
bel counter)2 ZA3AtH A 8E H7tskA &E dzT
Hlastel et d 2A GRS et 2ol At Wi
&(%)2 YErH T

Inhibition (%) = [1-(AN &Y FRE=-3ANEYY FHFE)/

7‘47} o F3%)] x100

ABTS#HH Z 275 & 74 mM ABTS &% 0| 26 mM po-
tassium persulfates 1_?:1‘0}04 GadlA of 1247 ¥ A7
T 734 nmol A FFE o] 11017} H =5 2483¢ ABTS sol-
ution AF&3F9 T} ABTS solution 285 pl2 #3te] 24 &
H AR 15 pE EFete] dadlA 3027t WA 734nm
dA FFEE FHAT. 23 gL FE2E A A
7HHE vlwste gHz Y £A5e HEE(%)E e
.

Inhibition (%) = [I-(A &4 FIF=-FAEA §35)/
X



A7k 2BHTE N aste g (%)%

a-Glucosidase s &4

a-Glucosidase A3 #4& Z437] 93k Tibbot 59
W R71e] wet 9h-g £ H-L2 50 mM sodium succinate buf-
fer (pH 4.2)°l p-nitrophenol-o-D-glucopyranoside (PNPG)E
EHAA 1 mg/mld] =2 7|2 HEAT 712 50 pl o
AN B UE EFEAL 2T e FFF 5, HSFoe
A& (0.1 mg/ml) 25 pl& o] 37Co A 30%7F A7 &
IN-NaOH 25 pl& #7bsto] TAAZ T, ojuf HAH pnitro-
phenol (PNP)& 400 nmoll A §FEE A5 0H, 1 &
#£F& 4 p-nitrophenol =78 A4 EEFHO2RH T
dtol B9 4oz Ael&S 7ot Acarbose (1.0 mg/
m)& ¥4 zFE AL

Inhibition (%) = (1-¥+-& < PNP B4 ZF /=

A4 %) x100

1M

9 PNP

NEZYZEE ZFH(MTT assay)

FEE ¥ B2 AxSA #FE 298] Y8 HEK-
293T cells (American Type Culture Collection, USA)E AH-&
8tod MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-dipheny! tetrazo-
lium bromide) assayE 3t¢ o™, A F< 93 10% FBS
(fetal calf serum, Thermo Scientific, USA)QJr antibiotic-anti-
mycotice §+% DMEM (Dulbecco’s Modified Eagle
Medium, Thermo Scientific)?l A 37°C, 5% CO, 7 2.2 Hl
F3tAth 96 well microplateo] 1x10° cells®] ¥ =2 &3}
o] 48417 F 3 vl F3t A Th HEK-293T celldl & &S 100
ng/mle FE=2 Mgt 4847 & 5 mg/mle] MIT &
10 ple A7bsta 4N F7F Wl & JHES DMSO
(dimethyl sulfoxide)& 7}3to] &34l F ELISAE ©] &3}
o 540 nmel| A FFEE ST 27 FFEE VIS

o] & A&ttt A4 Lz i N5 B 045 um filter2
15 ul= HPLCO] 93
A& Agsid.

HPLC £47]7]& Agilent 1200 series (Agilent Technolo-
gies, Santa Clara, CA, USA)E A3t 21, columne
Phenomenex Gemini NX C18 (4.6x150 mm, 3 ym), =5
30 T2 stglth. #&7]+ Agilent DADE AF4-3}91 11, wave-

Journal of Life Science 2014, Vol. 24. No. 9 937

length & 254 nmZ 3¥ . F%2 0.6 ml/min, 15 plE
jection volumn® 2 2A 3t o] &< 05% formic acid
T84 (A)F acetonitrile (B)E 5% B-3 min, 10% B-8 min, 10%
B-12 min, 15% B 15 min, 15% B-20 min, 40% B-27 min, 40%-B
32 min, 65% B-39 min, 65% B-43 min, 30% B-48 min, 10%-B
50 min7}A] gradient 27 0. 43} T}, External standard
+ quercein-3-O-rutinoside, kaempferol-3-O-glucoside, myr-
icetin, luteolin, kaempferolg AHgEtgon 249 22532
o] A4 9 AFL retention timed} I EEFIF B W3}
of ¥ O 27 DLLEwS DLLEp £8 % ¥ silica column
chromatographyE ©| &3 fraction®] #&F A#4E AT

A2

EE AL 33 w8 st W+ FFEUAE YE
At FAH £4-& ANOVA (one-way analysis of variance)
2 Student's ttestS AHE&3H] 0. <0059 AS T Ao
2 A

089 55 U £y
A28 149 420 g& E2ahd methanol (5 ol 1247

o4 AAN T 3, Betehd ATNEL £58 1830%E
At 2282 2 e 11(9-1)01] CERE]

A3} phexane
Hx), CHCls, EtOAc (EA) 2 »BuOH (Bu ) v8Es 4%
E dSlth(Table 1).

Z2|El=(total polyphenols,

TPC), E2tH0|=(total flavonoids, TFC) &2
HE=4 JFES FHMLE AAGY sl A F 3
g3 2 FUP27] 5 ggFd A2 237 9lgel
HA Ao =g %E}HEOIEE Tgk ool A A g st
A7tA Had fxHQ &

off & e Eif

Table 1. Total polyphenol and flavonoid content (TPC and TFC)
in the extract and fractions of Diaspyras lofus L. leaves

(DLL)

Sample” Extraction TPC TFC

P yield (%)  (mg GAE/g)  (mg QE/g)
DLLEm 18.30 98.54+5.08" 298.59+4.52
DLLEuy 0.61 26.50+0.40 267.93+3.99
DLLEc 0.06 37.01+1.07 214.04+0.23
DLLEga 1.38 324.30+7.16 298.50+5.46
DLLEgy 2.57 168.58+2.11 324.34+2.89

"M, methanol; Hx, r+hexnae; C, chloroform; EA, ethyl acetate;
Bu, rbutanol; GAE, gallic acid equivalent; QE, quercetin
equivalent. *Values represent means + SD (n=3).
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gz &7 Fig. 1AA ettt @4 oA ABTS?]

dol & gz FRETt FASA o s A HE Aol
71z38te JeE ABTS ettZ AAGAH L =T
trolox®t vl ste] el 4 o9 invivo % in vitrl A &
gAarsts S SA57] A HOE AHEE I St ABTS9
potassium persulfate® @40 WX 3H A4 == ABTS rad-
ical (ABTS")& A &9 gatsteol] s 42AH o 52 4
o] gAE = s A5t ABTS gtHZ A7 5E 54
T Ut 4 253 BYE59 AFE Fig 1BAA UEHY

o2

VAR
=

7 Fig. 1Co YERH AT

DLLEY &9z AAEA g vitamin C 2 trolox$} H| 2 g
A3 pHx, CHCh 2 &< #1938 MeOH, EA, nBuOH %
oA $8 A4S JEIL, EA FE2E80] 7 7HA B
UEOM M S 8% 91@ E3, SOD FrAHEA

wZA3 ¢ EA £Y 50| /M $43 %W& Hol& 7o
2 UrE}kM. TPC, TFC &% £4] 7&49} FAE AE B

o Aoz BAT 4 Yok

122 EA 2&29 open column chromatography
fraction (Fr)e TPC, TFC % 2IC|Z A

14 REE F M £ AU 245 YE
EA 2959 371 #¢ AAE 94 silica gel column chro-
matography (CHCl; : MeOH =100:0 — 0:100, gradient)& &
43t 8719 fraction (EA-Fr 1-8)& ¥%12m, 7 fraction
TPCS} TFCE A3 A3} TPCE EA-Fr 5~84|4 & gFo
2 45913, TFCE EA-Fr 1~3, EA-Fr 6914 A 2l =2l
T}(Table 2).

7 fraction®] 217 2A% 247 SOD FAHE4 S EA-Fr
6~80] $-3 A= FAH YT (Fig. 2). A iﬂ@gi TPC ¥

TFC &Fo] 1 a}qg *7%01 e $8 e EAFr
72 7V 4 G5 VA s Ao dd f& F AR
o} E3], 21 &Y %L%ﬂfﬂ de JEA dFEY HE
DPPH ¥ ABTS 2tz 274 A4 F23 4L nA &
Ao &g 4 gt} o] 189 EAFrd 343 8439

FRBAE AN S %%}04 #4¢ 23 TPCe DPPH,

At ABTS 07 &7484 2 SOD FAA 7] 437 4R

SOD + A WA superoxide (02)F HO0x% 874 4 Hl ol >08 A HA=A4 ?ﬂrJiﬂr oz 27459 F948<
o OE AN e 9&E . SOD AN =4 & 24 F5T 5 AAT(Fig. 3).
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Fig. 1.

Radical scavenging activity of Diaspyros lotus L. leaves (DLL) methanol extracts and solvent fractions. (A) DPPH radical

scavenging activity and (B) ABTS radical scavenging activity. M, methanol; Hx, n-Hexane; C, chloroform; EA, ethyl acetate;
Bu, rrbutanol; AA, ascorbic acid. Data represent the mean + SD of at least three independent experiments.
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Fig. 2. Antioxidant effect of DLLEga silica column fractions. (A) DPPH radical scavenging activity (B) ABTS radical scavenging
activity (C) SOD activity of DLLEga-Fr. Data represent the mean + SD of at least three independent experiments.

Table 2. TPC and TFC in the EA column fractions of Diaspyros
lotus L. leaves (DLL)

EAr No TPC (mg GAE/g) TFC (mg QE/g)
1 7.20+1.18 181.76+9.13
2 16.79+0.26 161.04+7.97
3 57.95+1.40 190.36%9.34
4 49.00+0.34 110.57+4.28
5 103.02+1.78 86.49+2.58
6 204.87+1.84 198.16+4.45
7 255.65+1.39 72.63%1.30
8 125.42+1.27 73.29+1.56

GAE, gallic acid equivalent; QE, quercetin equivalent.
*Values represent means * SD (n=3).
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= EDPPH
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[} 50 100 150 200 250 300
-20
TPC (mg GAE/g)
Fig. 3. Relationship between DPPH radical scavenging activity,

ABTS radical scavenging activity, and SOD activity of
DLLEga-Fr, and their content in total phenolic com-
pounds. Solid lines represent linear regression curves.
The regression coefficient () and the equation of curves
are given.
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Fig. 4. o-Glucosidase activity inhibition and cytotoxicity of ex-
tracts or fractions from DLL. (A) o-Glucosidase inhibition
effect. (B) Cytotoxicity of extracts or fractions from DLL
in HEK-293T cells. Data represent the mean + SD of at
least three independent experiments.
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Fig. 5. Representative HPLC chromatogram of (A) standard flavonoid compounds. (B) methanol extract of DLL. (C) EA fraction
of DLLE. (D) DLLEga-Fr 7 and (E) DLLEga-Fr 8. 1: Quercetin-3-O-rutinoside; 2: Kaempferol-3-O-glucoside; 3: Myricetin; 4:

Luteolin; 5: Kaempferol; 6: Quercetin; 7: Unknown.
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(%)= 3319 21, standard solution & A &H HAHFA g Mol e intra-day ¥ inter-dayll W& RE (%)< table 37}
81 A%} linearity (A099)= )3} THTable 3). &Y & 24 49 A} H%o], 10% ©]3tZ ICH guide linedll §H&3}aL, QCol

Table 3. Accuracy (%) of calibration curve in inter-day by HPLC

Administrated Conc. Acquired results 0 o
Compound (ug/ml) (ug/ml) Accuracy (%) RE (%)
0.5 0.53 105.97 597
1 1.00 100.26 0.26
Quercetin-3-O- 2 1.95 97.56 244
rutinoside (1) 5 4.64 92.73 -7.27
10 10.11 101.07 1.07
20 20.04 100.18 0.18
0.5 0.51 101.71 171
1 1.01 100.50 0.50
Kaempferol-3-O- 2 1.98 99.11 -0.89
glucoside(2) 5 4.64 92.88 =712
10 10.08 100.79 0.79
20 20.04 100.22 0.22
0.5 0.58 116.20 16.20
1 1.00 100.48 0.48
Myricitin 2 1.90 95.11 -4.89
(3) 5 4.54 90.72 9.28
10 9.99 99.89 011
20 20.13 100.63 0.63
0.5 0.55 110.70 10.70
1 1.00 100.46 0.46
Luteolin 2 1.92 95.95 -4.05
4 5 4.58 91.65 -8.35
10 10.05 100.49 049
20 20.08 100.40 0.40
0.5 0.55 110.81 10.81
1 1.01 100.51 0.51
Kaempferol 2 1.93 96.45 -3.55
©®) 5 4.56 91.30 -8.70
10 10.07 100.74 0.74
20 20.07 100.36 0.36
Table 4. Precision (%) of QCs (LLOQ, LQC, MQC and HQC) in intra-day by HPLC
Administrated Conc. Acquired results o o
Compound Sample 1D (ug/ml) (ug/ml) RE (%) CV (%)
LLOQ 0.5 0.52 4.45 2.88
Quercetin-3-O- LQC 1 0.92 -7.81 12.01
rutinoside (1) MQC 5 5.03 0.55 0.39
HQC 10 10.03 0.31 0.44
LLOQ 0.5 0.51 2.89 4.03
Kaempferol3-O- LQC 1 0.90 9.92 13.03
glucoside (2) MQC 5 5.03 0.56 0.31
HQC 10 10.01 0.08 0.37
LLOQ 0.5 0.59 18.03 7.26
Myricitin LQC 1 0.97 -2.64 8.48
3 MQC 5 4.86 -2.87 1.59
HQC 10 9.87 -1.33 0.66
LLOQ 0.5 0.59 17.79 2.94
Luteolin LQC 1 0.93 -6.63 11.88
4 MQC 5 4.94 -1.11 0.22
HQC 10 9.98 -0.24 0.43
LLOQ 05 0.59 18.95 1.58
Kaempferol LQC 1 0.93 -6.59 10.26
©) MQC 5 497 -0.66 0.77
HQC 10 10.07 0.69 0.67
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Table 5. Precision (%) of QCs (LLOQ, LQC, MQC and HQC) in inter-day by HPLC

i Sample Administrated Conc. Acquired results 0 0
Compounds D (ug/ml) (ug/ml) E (%) CV (%)

LLOQ 0.5 0.53 542 1.00

Quercetin-3-O- LQC 1 0.97 -2.76 5.99

rutinoside (1) MQC 5 512 2.39 0.23

HQC 10 10.09 0.90 1.00

LLOQ 0.5 0.52 317 217

Kaempferol 3-O- LQC 1 0.96 -4.47 5.80

glucoside (2) MQC 5 5.10 2.08 0.11

HQC 10 10.05 0.49 0.84

LLOQ 0.5 0.60 19.04 2.03

Myricitin LQC 1 1.02 2.23 451

3) MQC 5 4.95 -1.04 1.35

HQC 10 9.96 -0.45 0.43

LLOQ 0.5 0.59 18.74 249

Luteolin LQC 1 0.99 -0.52 5.55

4 MQC 5 5.07 1.33 0.24

HQC 10 10.06 0.61 0.69

LLOQ 0.5 0.59 18.43 1.61

Kaempferol LQC 1 0.99 -1.40 5.09

) MQC 5 5.06 122 0.39

HQC 10 10.16 1.57 0.68

Table 6. Regression equations and correlation coefficient () values of each component
. yax + b . 2 . .
Compounds* Correlation Coefficient(#)  Detection (nm)  Range (ug/ml) tz (min)
Slope (a) V (%)

1 48.560 0.66 0.99942 254 05~ 20 274

2 48.671 0.66 0.99949 288

3 71.211 243 0.99911 299

4 90.447 0.73 0.99932 317

5 77397 0.91 0.99931 347

"1, Quercetin-3-O-rutinoside; 2: kaempferol-3-O-glucoside; 3, myricetin; 4: luteolin; 5, kaempferol.
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Table 7. Accuracy (%) of calibration curve in intra-day by HPLC

Administrated Acquired Accuracy  RE

Compound Conc. results 0 0
(wg/m)  (ug/my O (%)
0.5 0.53 106.66 6.66
Quercetin- 1 097 9739  -261
3.0- 2 1.99 99.27 -0.73
rutinoside (1) 5 5.03 100.69 0.69
10 9.99 99.89  -011
20 20.00 99.99  -0.01
0.5 0.50 100.30 0.30
Kaempferol 1 0.99 98.99 -1.01
3-0-glucoside 2 2.03 101.28 1.28
0 5 5.01 100.24 0.24
10 10.02 100.16 0.16
20 19.99 99.93 -0.07
0.5 0.52 103.47 347
1 091 91.13 -8.87
Myricitin 2 1.97 98.32 -1.68
®3) 5 491 9817  -1.83
10 9.92 99.23 -0.77
20 20.07 100.34 0.34
0.5 0.54 108.81 8.81
1 0.96 96.28 -3.72
Luteolin 2 1.96 98.00 -2.00
@) 5 496 929 071
10 9.98 99.82  -0.18
20 20.02 100.11 0.11
0.5 0.54 108.35 8.35
1 0.98 97.75 -2.25
Kaempferol 2 1.97 98.35 -1.65
©) 5 4.94 9884  -1.16
10 9.94 99.44 -0.56
20 20.05 100.23 0.23

Table 8. Concents (ug/mg) of standard components in MeOH
extracts or EA fractions of DLL

Acquired results (ug/mg)

Sample

1 2 3 4 5
DLLEm 1.28 047 221 N.D. 0.53
DLLEEga 5.78 3.56 2715 N.D. 0.90

DLLEga-Fr 7 3.22 7.67 2.51 N.D. 221
DLLEga-Fr 8 6.26 2.05 2.29 N.D. 0.67
1, Quercetin-3-O-rutinoside; 2, kaempferol-3-O-glucoside; 3,

myricetin; 4, luteolin; 5, kaempferol.
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