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ABSTRACT

Gamma irradiated-treatment of natural medicinal plants can be used to improve extraction transference

number and for qualitative improvement of color when applied to functional material exploration. This study investigated
the biological activities of Aralia elata cortex extracts upon gamma irradiation. In addition, different physical techniques
[photostimulated luminescence (PSL) and thermoluminescence (TL)] were used for irradiation identification of Aralia
elata cortex. In PSL analysis, non-irradiated (0 kGy) sample showed a negative result of 400 photon counts (PCs),
whereas irradiated (5, 10, and 30 kGy) samples showed positive results of 90,100.00, 312,614.33, and 321,661.67
PCs, respectively. In the TL method, growth curve showed very unusual behaviors around 200°C upon natural-irradiation
of the non-irradiated (0 kGy) sample and around 150 ~250°C for the irradiated (5, 10, and 30 kGy) samples. The
TL ratio was 0.1 in non-irradiated samples at 0.011, whereas the values of irradiated samples (5, 10, and 30 kGy)
were 0.1 at 1.105, 1.009, and 2.206, respectively. For phenolics of gamma-irradiated Aralia elata cortex, water and
50% ethanol extracts had the highest amounts, 17.30+0.40 mg/g and 18.87+0.46 mg/g at 10 kGy irradiation, respectively.
The inhibitory activities of angiotensin-converting enzyme and xanthin oxidase were higher in both irradiated water
and 50% ethanol extracts than in non-irradiated ones. For pancreatin a-amylase and o-glucosidase inhibitory activities,
water and 50% ethanol extracts containing 200 pg/mL of phenolics showed high inhibitory activities of 60~ 100%
at all irradiation doses (0~30 kGy). This result confirmed that Aralia elata cortex extracts have greater anti-diabetic
effects than acabose as a diabetic remedy. Gamma-irradiated Aralia elata cortex extracts are useful as a functional
material with anti-diabetic effects. Thus, Aralia elata cortex extracts can be used as a functional material with various
biological activities, and gamma-irradiation can be used to amplify biological activities in plants.
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Frjstg o, A 223 A|E2 PSL screening system
(Serial 0021, Scottish Universities Research And
Reactor Center, Glasgow, UK)& ©]-&3le] 7+ Al5d 23]
HHE 2 3Qltt. o) w) Alg 2k ApEE A AA S
il PSL A3 Z71& cycle 60 sec, dark count 21, light
count 2301t} AL o5 FHS I3} threshold values
T1(700 count/60 sec) P ¥Fo]|H S/ Al E(negative, H] 3
AP AlE)E ksl ar Tw(5,000 count/60 sec) Z3po]d oF
A A FE(positive, A} A F2)E Bkt T3 Ty Aol 9
e S &E(intermediate, A 52 #dd = gle=
Al:)E A TH16,18).
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luminescence, TL) 24
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Table 1. Analyzing condition for thermoluminescence

Specification Condition
Flow gas N2 (99.999%)
Final temperature 400°C
Pre-heat temperature 50°C
Heating rate 5.00/sec

ol ZA3 TLD system(Harshaw 4500, Waltham,
MA, USA)E o] &3Fo] 50°Coll A HE 400°C7HA] 5°C/sec
o £ 255 ASA7IHA FH3 HTable 1). &4
7171 ZkA1 9] noise B 9|F-E=5-E 9] noiseE A7 &7 918t
o 3% Fx7k2(high pure 99.999% No gas) 27 ol A
=3 G dutd o 2 HRal A o] FALE Al EE 150~250
°C ol HUHEE Hol= glow curves LERRA T
W ZAEE EA A glow curveE YWERNA AU
300°C o] ol Al ApAdgAatAd el o) &k =45 yERATHII).
el TL 548 53] 2 glow curve? ®H (150~
250°0)& TLio.&2 AAstar AZ=AKL kGy) & S48 92
glow curve?] WAZE TLoZ Ao WAL A} A5%
o] Yel = TL glow curve? TL ratio(TL1/TL2)E 4AH&
3 TH20). o] g d# 9] S normalizationo] 2 3}
o] %3] A=% TL ratio #to] 0.1 o]3}o]™ B ZA}FE,
0.1 o]golH ZAMFE A3 th(19,20).
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o 24A17F FF gk &34 21, ethanol 52
oA FEE0] 7Y EUW 50% ethanolS A&
Zy B2 1 go] 50% ethanol 100 mLE #7}3}e] 244 7¢
¢t shaking incubatoroll A Wyt F&&AT} 2 FEELS
Whatman No. 1 filter paper(Advantec, Tokyo, Japan)=
ot T
NE, Tokyo, Japan)ei| 4]

LH

I Q9 we} rotary vacuum evaporator(Eyela
ss3ae] AR Agatelth

Total phenolic HZk

FZE% 1 mLel 95 % ethanol 1 mLe} 5575 5 mL=
7133l 1 N Folin-Ciocalteu reagent 0.5 mLE 2+ 4] o]
5E7F A8 3 Na,COs 1 mLZ 7}ste] &3 % 725 nmol
A 1AIZE ofjell S48 gallic acidE ©]-&37F FE=412
Z2RYH 48 gD,

Angiotensin converting enzyme(ACE) Msll€z} X

ACE Asla¥ 542 Cushman¥} Cheung9l HJHS(ZZ)
of o3 A3kt vh&-F+ 0.3 M NaCl&
M potassium phosphate buffer(pH 8.3)ol =<1 7]&H
2.5 mM hippuryl-L-histidyl-L-leucine(HHL, Sigma-

PEE R AFE - 2GA

pul o %

Aldrich Co., St. Louis, MO, USA) 0.15 mL%} A& 0.1
mLE ¥, gzl AR gl F/FTE 0.1 mLE 7}
st 37°C°ﬂ"1 303 WA - F5A19F 1 N HCL 0.25
mLE 7}3}al ethyl acetate 3 mLE #7}8}sic}h. Ethyl
acetateol] 9|3l L€ olTF T T AN EHT ¥ T
AZA)A hippuric acid® F&3}al 5% hippuric acidZ
2 mLY THTE *}%OP@ A-g-3l8te] S % 280 nmell A
SA43t3ith ACE A aze ths A o2 Aal&s 543
At

Inhibition _ (1 _
rate (%)

ofj

m{w 01

Hippuric acid content of sample)xloo
Hippuric acid content of control

Xanthin oxidase MsiEzl X
Xanthine oxidase A& &I =HL Stirpe?t Della
Corte®] MH(23)°l F3l SA3%TE & ¥-g7+ 0.1
M potassium phosphate buffer(pH 7.5)l <21 71&H 2
mM xanthine 3 mLo &4 27(0.05 U/0.1 mL) 0.1 mL%}
AlE 0.3 mLE ¥, gixTole Als gl 7‘%—?3 0.3
mL #7}sle] 37°Coll A 583 HH-&-A]7
TCA 1 mLE 7}3F & Whg A& %ﬂév‘f—ﬂ 3t E‘r““xe]
AAstL AAAAE uric acidE STH=
o5 o= As&s gl

Uric acid content of sample

Inhibition _ (; _

rate (%) — )XIOO

Uric acid content of control
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Pancreatin a—amylase Xsi&1 3
Pancreatin a—amylase # ﬁﬂi =72 agar diffusion
W24l F3te] S35kt Pla 5 g9 agar$} 5 g9
soluble starchE /5ol ¢ Je%i 5 121°C= 15%&3¢
Y&l 15 mLA petridishol] i1 %04 A 251 *}%3}
St A= plated] A& 10 mm disc papergs 23 &
Alg 0.8 mLe 249 0.2 mL(1,000 UmL)E &% 3}1
disc paperell 242} &F38kaL v o= A5 gl &
FE Yo 37°Coll A 3¢zt mldgt £ I/KI(G mM Iy in 3%
KD 3 mLE 7F8te] 1583 dAA 7] § thgo] A o= A3
&5 ALt
Inhibition:( 3 Area of sample
rate (%)

(D‘\—‘_'_

7 rlr _1)11 I

x1
Area of control ) 00

a—Glucosidase XMalisat =X
a-Glucosidase A3 &3 =742 Tibbot¥} Skadsen]
W (25)0] =3t S 3F3ith 50 mM sodium succinate
buffer(pH 4.2)°l p-nitrophenol-a-D-glucopyranoside
(PNPQ)E €A A 1 mg/mL 3= 7|4S wE3 713
1 mLo} @49 0.1 mLE £33t vh&Fol+= A5 0.1
5, dx2Tolle 75 0.1 mLE €9l 37°ColA 30&3t
WA - A AT SF 1 N NaOH 0.1 mLE 3 7FshSith
olw] WA ¥ p-nitrophenolS FFrAol Ysle] FS 3
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rate (%) ~ \*

e
x100
p—Nitrophenol content of control)

Tyrosinase Mgt X
Tyrosinase Al &3} SA 2 Hearing?] WH(26)°] <=
3l A3t} ¥+ 0.1 M sodium phosphate buf-
fer(pH 6.8) 2.3 mLe} 7|2 1.5 mM L-tyrosine &
0.4 mLe] 3N mushroom tyrosinase(250 U/mL) 0.1
mLe A E 0.2 mLE ¥l tixTole A8 di S/TE
0.2 mLE #7I3te] 37°Col A 2083 H-eA1A S3= 475
nmel Al SA3te] Tk Ao o8 A &S Artstith
Absorbance of sample
Absorbance of control

Inhibition (1_
rate (%) ~

)x100
Elastase Mallgat &3

Elastase A3l &3 F4 S Kraunsoe 52 WHEQ27) =
st A8k W= 0.2 M Tris-HCl buffer(pH 8.0)
1 mLell 7@ 0.8 mM N-succinyl-(Ala)s—p—nitroani-
lide €9 0.1 mLe &3t 1.0 U/mL porcine pancre—
atic elastase(PPE) 2489 0.1 mLe} A& 0.1 mLE
I g z2TFeo= Al gl /7 0.1 mLE 3H7hekd 25°C
ol 2087t ¥+ A7 p-nitroaniline A HEFS S3 = 410
nmol A ZA438te] b Ao 93] AES A
Absorbance of sample
Absorbance of control

Inhibition (1_
rate (%) ~

Hyaluronidase(HAase) Xalilsat =X

HAase A3l &4 Z4 -2 Reissig 52 W (28) &3}
o] sodium-hyaluronic acid(HA)Z4-H A% N-acetyl-
glucosamineS glucoxazoline =42 W3 A1 & DMAB
2 BAAA FFEE FA45A S 0.1 M acetate buf-
fer(pH 3.5)9l ¢l HAase(7,900 U/mL) 0.05 mL%} A&
0.1 mLE &&ste] 37°CellA 20&7} HESAIZT 12.5
mM CaCly 0.1 mLE 7}t 3 & tpA] 2083 vl sk
t} 71424 0.1 M acetate buffer(pH 3.5)° %<1 HA(12
mg/mL)E F7}8le] thA] 4083 viFstar 0.4 N potas—
sium tetraborate 0.1 mL<} 0.4 N NaOH €< 0.1 mL&

Table 2. Photostimulated luminescence determinations of gamma-irradiated Aralia elata cortex

A7 sl 3% F9F water bathol|A] Wk-g- & $+A3] WzhA]
ATt WZEA 7] B2 olo] umu]ok DMAB A9} 3 mLE 7}
sto] 37°Ceol| A 207 HHgAIZ1 $ 600 nmoll A F2H-&(%)
= SAst] g Hoem Adlss ekl
Absorbance of sample
Absorbance of control

(1 et
SAXzE|

2 Ayl Ak 33 whasto] SAHE Fd kS ek
Ao HriFate Yeyidtk. A= SPSS
7.5 for windows(Statistical Package for Social Science,
Chicago, 1L, USA) L2138 o]g3lo] EA A a3 x
22X (analysis of variance) ¥ Duncan®] t5%¥ 93
¥ (Duncan's multiple range test) 2.2 95% ol A

e AP

At o

Al22| ZiopM ZEAL o 21012 2|5t ZXI= dhai(psL) 2
g (T Ed e

PSL2 ZAvhd 2Ab o 5 &15 913 screening 54 &

2 AR = wE gy skl th(29). el =

Aste FEAe kA Ak o) ouA= ziﬂo} o)

Qe erol Ao 23y AR o UxE uE3

=, olw W& = YAlWAE photon counts(PCs)Z A
Abste] Zhwbd Z=AF ojll‘%% geld 4 9Jrh(29,30). T5]
o] ZAAE W& PSL 4 ﬁj}i Table 204 2} Zo]
H] ZAFF A 400.00 PCs® 700 PCs ©]3}2] =315 Uehy
S (negative) AlEZ HFHFEA oW, 5 kGyell A4 90,100.00
PCs, 10 kGy°llA 312,614.33 PCs, 30 kGy°ll~4 321,661.67
PCsZ 5,000 PCs ©]/d¢] x5 Yeo] S (positive)
AE2E Z% F gt o= sJEFY A8 5 EY
frefe] Fr)d o] FEs] 23 A FEol thdk screen-

ing =2}l 4 ELO}E‘r—H Kwon 5(29)¢] 219} fA}ek A}

=

& YeRlY 3 Kim 5(30)9] B w2 2o
Hl2toll tjal] PSLS #1838 A3} A Fo] F7hol whet
214 <1 photon counts®] ZFo]E& gle 5= glow o|z]gh
A&k 2421 photon counts®] ¥} ARl EUE 1Y

(Unit: photon count/60 sec)

Irradiation dose (kGy)

Sampl
ample 0 3

10 30

400.00+77.87"
(—) ()

Aralia elata cortex

90,100.00+13,699.14°

312,614.33+49,804.36° 321,661.67+14,597.37¢
(G (G

Meanztstandard deviation (n=3).

Threshold value: T;=700, T»=5,000, (—)<T), Ti<M<T,, (+)>Ta.
—: negative (non-irradiated), M: intermediated.

+: positive (irradiated),

Meanztstandard deviation (n=6). Means with different superscripts (a-c) are significantly different at P <0.05 by Duncan's multiple

range tests.
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Fig. 1. Typical TL glow curves of minerals separated from Aralia
elata cortex.
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A= B ZALTYE ZAME 7Eo] low curve FEIS Ha
peak intensity2] =% H{Jo A W&k 2}o]l & HER O 7
upA ZA} o BE Fold 4= 9lom TL ratio(TL1/TL2)<Y
threshold valueol| ¢J&l &3] WHE 5= JAH29). F5
o] A W& TL 54 Z¥+= Fig. 16149 2] H|x
AR 0 kGy9l 45 AFAAR el 93 200°C F-oll A #
I peak intensityE 7FA= glow curves UrE}”J o L} E
T 5, 10, 30 kGyT= 150~250°C2] F-Fol A 579 glow
curveS UERITH TL intensity® ZAMA o] 57}%“’“ }

)

WA

it

o}ll -
r&l' PH

o

LA

lo

>

3k normalization WS o]-&3ke] -3+ TL ratio9] 74
5 TL1 A& F8l 7 224} 5430] ghds] Akl LEJ-
(M) 1 kGyE AZAFSFS Zdobd 2AF ol A
WHAskE 549 glow curvedl TLE B & A =&
o], o]2 st TLi# TLpo 54 2=t 9e] TL,/TL, vl&
< Hlaste] AR I o F-E E1gH(29). TL ratiow
Table 304 ¢} o] B]ZAF 0 kGyolA 0.011% e
0.1 o]3te] H|ZAMFRE gRIFow, XA 5, 10, 30
kGy+= Z+7} 1.105, 1.009, 2.206 2.2 0.1 ©]9] k= el
Wt o/de] AitE Fall TLE o] &3 539 HlxA}
ToF AR 2Fe] AR AL AARE F1E 5 9
ZioprM EAF XMElEl AR FEE9| total phenolics &2f
£3
21 8-0] 24} AMAEE2] phenolic compounds: 2] &7
o tigF Ex o] 9o, % Y| phenolic hydroxyl”]
3 glo] gy e w8z StET A3ehe
2 28] dikstE vl Eete] dat &4, FAT 24,

Aol K12 A T ek

ATl A = TheFeE A0, 5, 10, 30 kGy) 2
2 WA 24 AYE S FHIZEE FEEY total
phenolics %8 5743} H]J_J’—’S}oﬂ‘;} %537 Table 4
ol e} o] A4 L 50% ethanol 55 % 10 kGyE FAF
gt AlBOA 71 2 §E2FS YEIA A, B ZA
H|slo] ZAMA o] FoldisE 8582 oA E AES

O
mlo

- o=
UeER Qo 30 kGyY A AL A E 23] total
phenolics®] §&%0] g(ﬂc% AE&e YeEhddh 10

kGyE ZFALSE 253 F£E59] total phenolics 32 4
T 2 50% ethanol %%Eoﬂjﬂ 27y 17.30+0.40 mg/g,

et froldes Srkeke As &A= ATk 18.87+0.46 mg/go 2 HXE vehlidch
Table 3. TL ratios (TLi/TL,) of minerals separated from irradiated Aralia elata cortex
Irradiation dose (kGy)
TL glow 0 5 10 30
TL; (nC)" 24.390+2.843" 2,033.000+203.647" 4,212.000+2,250.014° 9,468.000+1.414°
TL, (nC)” 2,331.500+232.638" 1,880.500310.420" 4,020.500+1,238.144° 4,298.000+239.002°
TL ratio” 0.011+0.002° 1.105+0.291° 1.009+0.249° 2.206+0.123°

UIntegrated TL, intensity at 150~250°C. 2)Integrated TL, intensity at 150~250°C. ITL)/TL,.

Meanztstandard deviation (n=6).

Means with different superscripts (a-c) in the same row are significantly different at P<0.05 by Duncan's multiple range tests.

Table 4. Total phenolic content of extracts from gamma-irradiated Aralia elata cortex

Total phenolic content (mg/sample g)

Extracts Irradiation dose (kGy)
0 10 30
Water 14.51+0.31° 13.64+0.53° 17.30+0.40° 16.57+0.76°
50% ethanol 13.99+0.31° 14.07+0.42° 18.87+0.46° 17.88+0.61°

Meanztstandard deviation (n=6). Means with different superscripts (a,b) in the same row are significantly different at P <0.05 by

Duncan's multiple range tests.
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ACE X3H&at
A ellA T it s 24

3}o] angiotensin 1 & AA S, A I A x| =4
3= ACECl 93l 458 s d #5282 714 angiotensin
I % A3kFE ). Angiotensin I+ AWolA] LxEAES 2

2} aldosterone?] #H]E £ A7 =3} Na’ #jAdS <A
AA T8 ZAE 77 88} dAFS ST,
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ABRAo =z HetEs AsA7le 9FE&

2 AFdAE 59 45 FEEF 50% ethanol F
=9 ACE Adlads
e AT Anbd s 2ABHA @2 T5Ie] 4 FE2E
2] 7% 200 pg/mL phenolics 5% 2] Al 30.63%2] A
39S el o, 50% ethanol 59 7% 200 ng/
mL phenolics &% A2 Al 38.01% I ax7} &=
th gk 2AF F53) FE2E9 ACE A8l 4odel v
E A3S Dolr 7] 9ol 5~30 kGyZhA AP TS H
A7 gopa S 24138 A3 Fig, 2(B-D)oll A eF 2ol
10 kGy$} 30 kGy 2 FAF A3 = FE553 5 kGy 9}
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Fig. 2. Inhibitory activity of extracts from irradiated Aralia elata cortex on angiotensin converting enzyme. A: 0 kGy, B: 5 kGy,
C: 10 kGy, D: 30 kGy. Meantstandard deviation (n=6). Means with different letters (a-c) above the bars are significantly different

at P<0.05 by Duncan's multiple range tests.
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Fig. 3. Inhibitory activity of extracts from irradiated Aralia elata cortex on xanthine oxidase. A: 0 kGy, B: 5 kGy, C: 10 kGy,
D: 30 kGy. Meantstandard deviation (n=6). Means with different letters (a-c) above the bars are significantly different at P<0.05

by Duncan's multiple range tests.
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a-Amylase A3A= 2FdA HAES 753t
glucoseS A= M3 a4 a-amylaseS A alsle] &
o] Bala¥dE A7 glucosed] FTFE AAAA T
Y x5 g9 2ddte H4o 2 o] &HTH36). ©]
3 Y] E o]&3}] agar diffusion Wl 93 pan-
creatin a-amylase A3 AHE &1s A} Table 5o Y

fo
e

Bl A3} o] nHjxAL Z83] 9] ¢ 4 50% ethanol %
£S5 200 pg/mL phenolics 3% 2] A 70% ©]49] =&
A &S HERH 2™, o]& positive control@ AF-&3t
acarbose 200 pg/mL 5% 8] A] 53.88%<2 A3} v|nLs}

Fe wf 1 S FEYS AT F AT E o
amylase A8 S &35 Zdvld ZAMAEE R v wsES]
S wl 4 2 50% ethanol F&& 25 10 kGy2}t 30 kGy
£ ZAMGlS W Al aart wokA= o] ElHdar 7+
S 10 kGy o/ 2AFHlS ol E49A1Y S a9E

Table 5. Inhibitory activity of extracts from irradiated Aralia elata cortex on o-amylase

Inhibitory activity (%)

1;:::1?1?((‘,)“) Extracts type Phenolics content (ug/mL)

v 50 100 150 200
0 Water 27.83+1.51° 39.13+1.51% 45.22+2.61° 71.3042.61°
50% ethanol 27.83+1.51° 40.87+1.51%° 48.70+1.51° 74.78+1.51°
s Water 20.87+1.51° 25.22+1.51° 36.52+1.51° 60.00+1.51°
50% ethanol 435£1.51° 35.65+1.51° 40.87+1.51" 67.83+1.51°
10 Water 31.30£1.51° 35.65+1.51° 57.39+1.51° 74.78+1.51°
50% ethanol 37.39+2.61° 40.87+1.51° 74.8342.61° 100.000.0°
30 Water 31.30£1.51° 46.96+1.51° 61.74+1.51° 73.91+2.61¢
50% ethanol 36.51+1.51° 56.52+1.51% 62.61+1.51° 100.000.0°
Acarbose (positive control) 23.28+1.49" 37.50+0.75" 44.40+1.29™ 53.88+1.98°

Meantstandard deviation (n=6). Means with different superscripts (a-d) in the same row are significantly different at P<0.05 by

Duncan's multiple range tests.
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Fig. 4. Inhibitory activity of extracts from irradiated Aralia elata cortex on a-glucosidase. A: 0 kGy, B: 5 kGy, C: 10 kGy, D:
30 kGy. Meantstandard deviation (n=6). Means with different letters (a-c) above the bars are significantly different at P<0.05

by Duncan's multiple range tests.
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