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SUMMARY

I. Title

Development and products for heavy metal release, antioxidant effects form lemon,
Dendropanax morbifera

II. Purpose and Significance of the Study

The detoxification covers from secretion of heavy metals and antioxidant. The market
size for detoxification (especially lemon detoxification) is increasing, but there are few
scientific data for its effects and safety. In addition, there are health supplement for
excretion of heavy metals including lead, cadmium and mercury. Dendropanax morbifera has
been focused in recent years for functional foods because this plant is only grown in
southwest part of Korea. Development of the health supplement for heavy metal excretion
appears to be the most useful and alternative approach of detoxification in body. In
addition, the commercialization of Dendropanax morbifera extracts increases the incomes of
farmer and raises the statue of Korea.

III. Contents and Scope of the study

In order to develop a mnatural health supplement for heavy metal excretion and
antioxidants, animal experiment and human study was performed. The ultimate goal of this
study is the development of proto-type product with scientific evidence which will be
launched in the market.

First of all, we observed the safety of lemon and Dendropanax morbifera extracts based
on microbiological test as well as short-term and long-term toxicity test in rats. Secondly,
we investigated the effects of lemon and Dendropanax morbifera extracts on heavy metal
excretion, kidney accumulation, hippocampus accumulation, and the status of oxidative
stress and antioxidants in the hippocampus. Third, we developed proto-type of Dendropanax
morbifera leaf extracts and conducted the human study with 60 people to observe the effects
of Dendropanax morbifera leaf extracts on heavy metal excretion and the status of oxidative

stress and antioxidants in serum.



IV. Results

To collect basic data for the development of a health supplement, we firstly found the
standard compounds test of some functions materials in lemon and Dendropanax morbifera
extracts. We observed the strong antiodixant effects of Dendropanax morbifera extracts using
ESR spectroscopy compared to that in the lemon extract. In addition, we did not find any
cytotoxicity and single or repeated (13 weeks) toxicity of lemon and Dendropanax morbifera
extracts. In in vitro study, Dendropanax morbifera leaf extracts modulated the IL-1(3, IL-6,
mitogen-activated protein kinases and c-Jun N-terminal kinases in lipopolysaccharide
-induced oxidative stress conditions. In in vivo study, the administration of lemon and
Dendropanax morbifera extracts with lead, cadmium and mercury to rats for 4 weeks
significantly reduced the serum levels of heavy metals, accumulation of heavy metals in
kidney, but not in hippocampus. However, the administration of lemon and Dendropanax
morbifera extracts significantly reduced the lipid peroxidation induced by heavy metals and
increased the antioxidants including superoxide dismutase and catalase in the hippocampus.
These effects were most prominent in the Dendropanax morbifera leaf extract compared to
that in the lemon or Dendropanax morbifera stem extract. We conducted human study with
60 people (30 placebo and 30 Dendropanax morbifera leaf extract). In human study, the
supplementation of placebo or Dendropanax morbifera leaf extract for 2 months facilitated the
excretion of cadmium and mercury in serum and significantly increased the superoxide

dismutase levels in the hippocampus.
V. Research result and Expectancy effects

We published the data from the effects of Dendropanax morbifera extracts on heavy metal
excretion and antioxidants in cadmium exposed rats in October 2014 in BMC Complement
Altern Med. In addition, we submitted the manuscript about the effects of Dendropanax
morbifera extracts on oxidative stress in November 2014 to ] Med Food. We plan to
contribute this data to SCI-magazine with the results of experimental animal and human.
This allows to inform the excellence of the Dendropanax morbifera extracts which are grown
in very limited areas in South Korea. In addition, the commercialization of Dendropanax
morbifera extracts increases the incomes of farmer and raises the statue of Korea. Proceed to
commercialize the results of this study, based on its own, is scheduled to enter the market
through the ODM and OEM commercialization path is being maintained in the company.
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3
=

OB BUUD FTE HAY SHF7 WD —

-dod oerEso| SHAEZIEN BB

(¥ 1 437713 MSO= #9217 358

Ct = A = 23 z: = bl
s ai'uﬂfa 31% Jo;‘ !%ml-ﬂ | =Sy 9 in-vitro EHAI0JAQ 5 HF
O 534 WS 55 97} (in-vive A7TH) ALHIE 2 SRS
-HY U HLE EAE 59 534 yE B0 MEoE Y
O 48 55 B2} (in-vive AT
-HY U BF M BENA O BMSEL 5§ —_

O SES4HE FMe0] giE YHAE 0
-M&, @870 ¥2| BFENE ETRBE Y W

T [H2 gEaT) saoeta 259 2sE
g2y U jn-vitro S AAIS] &= TP

- lHo| 2 AL x';j = A =
(4% ' baE 234 aE 2 AIFIE = AEAS
- HoojM BHAL U TASEL BY — WEAINY

7k 48 2 FAUF FE=9 FE
» dE 2 BAUT sty & B, 95 2 £ FE UE 52 B9
FEEY FH
P AEAR 2 2 fFEHE 2He R 7 UH FE

o HE 2 FAUEF 524 gE ks &5 Hr)
p HZEMMIT Assay)E E5 F2E9 574 H7)
» DPPH Assay, ABTS Assay, DNA strand breaks, Analysis of
apoptotic cells W EL B9 22E9 ks 5% B9
» 24758 d Gene Expression €3t %9l
P FEEE EHUe B FE4AE v A4 24 vtH

% Y8 @ FAUT 22T WY B4 W} A9
» GRS SHAY
b 371 WEES = PN

g A B9 55 ¥ FEEAETY A ¢ Hless Bl

» B9 P EEE 2HE BU F2S 0E B9
y B9 P %43 AlelN BHHE B YAREL 5
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H 2 & L9 7]=71L s

A 132 surlend %

F2H FIEFS FHLE g HlE Fgo
# T vk =7FA E el
olw, ‘FI=FY si5H
Metallothionein ¥4¢l 1] &= 2lo] Selenium®] < 3F ?PE%OH o5t =g =48 (9
g7 &5, 1993y # ‘T At EE 55 fAF oA FtEE 43 wjde] v A= Vitamin ES
fEas 2 2 2 H GFEetER A, MU= d T A9, 2004y o olE AE W F

=
4 BT S AHzAL etk

O 2000d olFol] IolA dRHE sredAFARE thH grh
- 3Ake] Hee FEF94 HPLCE  &oke] 27149 A&, Leachianoner A3}
Sophoraflavone GE F4st 7t=Fol g &l =2-8-5 MIT assay®t 39| EHH SO
A (¥ 5, TAFd eI A, 2002)
- Nicotine % dioxin®ll Hg HFAEHAE Aok (W¥z, 557, 523, T34, 2=, 44
AP 40% AEE FEEL A 3HE 22 mousedl] 400mg/ 5 Foiste] H sl
AekA EHide] Al og viy] @ Rz Fof o] fEtHL TR AHdEHUAT
T R (B 5, s Eaets] 4, 2003)

ot ml

gl

P

o H&

T YEA AFAA 71 & S of= #E YEA Eokolt), tho]oEd
el Bad OE2e e Aol WEEE FA -9 f4 ddUEY FE gE2d
St tololE AFolils A Ee] 2 LRFUAM duidlEe] #Ae] =), AT Y&

%)
¥
o

<] A
O%zd] WalA 12 AA SA7 $EF $HE ek ARIEE FMS4. £ 7S
5% ABEUSS A oetel B A% D AN AFNE AYPOEA 259 Ay

o 438 OE2 AFS AL e

o gAE
- FAVYE dE2REH T ERGe R AR AEgo|t), #AEAUYE YI7Ea A AlEEH
A grom Fot, g, HY, ~EHA F %#ﬁf} S 77 Aow 4HA g X 3

& e AlFe] AREAR ol
el AR E o] 83 okE] A=
sted ARl O52 G%d F

Aure Ay BA wEel dddow AR &
A Zagc) SAT A2 FAUTe Aol §E
o) Aol Yuta) A Aow DALy B ATHE ol

=
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=

o

=

=3E Y stnA skl

T A

- FAWUS 2 A9 T AL 3=

AAATAT 99 F9/550s
A G0l ok FaAIRY FAREE Adads 5 %/10-0663284
FeBHe e FAYY F28 et | $2/10-0318019
32 492 o8¢ AFER A=Y 29 9 52/10-0M1645

- 3A Sldle ¢, &, 9] o s ZAuTo] ofg|eha A A o] oA
Pom, gavFeld de rutine] #Al<EFERE FEONA cJun N-terminal kinase2}
p38 mitogen-activated protein kinase T AZHAGAE &A%t =M ZE B
U =io] 5 (Park et al, 2014).

- 9 Fekol] g AollA, AbEe] M2 E(osteosarcoma) M EFE ©]-&F AT olA FH

Zl -2 ¢] dendropanoxide”} extracellular signal-regulated kinase 1 and 25 €4 3AA
M EAE FESTE =ao] AHEEFO 3lE (Lee et al, 2013). =3 Al #AldAzF5
o] 8¢l AeA] AT Fil 9 oleifolioside B7F AIZALE fEgths ST Ho 1S

(Jin et al., 2013).

A 22 morleNd

0 4&F F=& AYAE FuHY A
AT 7} in vitro} in vivoolA HATHelR 1 9]

&
of¥
dll
&b
=
Mz
=
E
Pl
i
i
T
o,
tof
I
I
ol
lo

- N HE AFEESE ZE2Uele] £EE5 chelidonine alkaloid 7} 71=H O fudH F&

22l (Koriem et al., 2013)

- 2RI FEE2 MeHgs AFAZ rhe-2ol 353 Fojsle] disag-2 FHlsilth
(Uchikawa 5, The Journal of Toxicological Sciences, 2011)

- g, 7tEE, UR 59 550 2949 gde sxE=4 Add o5t sisHe= 7%
< 93} (Feng 5, Journal of Hazardrous materials, 2010)

- EFgo] fE 2dE U2u weEE]l Bisphenol A2t Nonylphenol®] 3| =2tg 7359
T} (Saito 5, Journal of Bioscience and Bioengineering, 2004)

- A EF8 #elo] =9} phytochelating ©] &3 7l=F9| &]5%-8-& MAPKs pathway©ll A 7f
3} 9th. (Takagi ‘5, Journal of Biochemistry, 2002)

I
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0 HEx A=l 7ide whEod vim Fo AFe dFelMiE modified citrus pectin
(MCP)°| %% chelation 8ol F53lo] sj52H8-S dA7stn U FF T ¥FIE 9
FolAm 9tk w3 @aks 28, £3| glutathione® A 548 et A% L3

o] ol R i ek,

_

- AEoM ¢ glutathiones "H/HEE sl 52H8-¢ HAHUFO] FHEHA Stk (Dixon %,
Current Opinion in Plant Biology, 1998)

- o] flavonoidsell ¢|§ Xenobiotics (4 4l°]w) W& Carcinogen ("FdEd) HAIHAR]
71477 sl A3l dEolth (Moon T, Toxicology in Vitro, 2006)

- esterg H ¥ FH 9] carboxyl groupS 7HXl EE9 slew, 4F, 78, UA, 9, ok
s A3 WFAYEH FEE 79tk (Arslanoglu -5, Journal of Hazardrous
materials, 2009)
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H 3 & o7tild s=¥8LUE ¥ &3
A 1d 479 2%

1 dE 2 FAFEEY A=

O ETrFE
g 5 U 271, d B9 ol2dE AAT F BF(refluxing) FEZFAE A8t
7tEe FeFx 100°CoAlA 4NE AR Stk I Hol AEL AAEIS ] 45

o]
=
L
=10

(supernatant)7H= st T4 AxE st EEE Alzsto] A8-ahg]

Table 1. €535 &
T FAUE F7] FaE ¢ IR
& 34% 28% 24%

_22_



FAYR o

B oAqte] ARgE T
Table 2. o ¥2 F& F&

TR AR &7 gz )y 9 R

& 36% 30% 26%
2, & R FIAFSE AFHE 4
Fagd e g2uvy 9, £7] 799 ARGE B4E AFEsgTh JE FEES
Limonene, &2 F &7, ¥ F2E2 H$ amyrin® 2 21519 &
75 G2 FE2E2] AEHJE B4
AL =9 100 % DWE H7lgk & EHHYE sl HPLCE ol§s] ARFGE

e

0 008

& 008

Limonene 7J &S
2 o] MABARE Agolo] BAel3L.
ot
a0
a.204
0 104 ‘
o |
i
ate Al I
:\;‘ 500 “T”:"'—‘F;""\;K 2300 ';’r‘i‘; ﬂm a8 K Wm e 00 6000
Limonene &4 A3}

,28,

000 0

e

T T v
W0 400 03 3800 3060 600 M0 60 W8S
M

e $2F ¥4 27 (RT:3min)

s

800

S 43N 245nme] FF=o| A DWW ACNS nl&o| ZHZ) 56%, 34%%] &
_'|
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EREE
1=} 049%
22k 0.43%
3z 046%

Fig. 3 dl& &8 &4 2%

u FEuE o, 271 229 ASAE 24

0,100

&
b e
=L = = == == =
AR =7 FEE
| £
| £
: -]
s 2 . o
omars]
'.I'.:.'—.
o ‘_ L .""“-"w-ﬁ.-.r‘-' T s it e
|

*
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e o
A L o i St s B

a-amyrin p-amyrin
AR NN] . IS ARNR=Ae]] BAds =3
%LZL}T 2 aher AR 2] 7} g
Z7] 15} 0.81%
13k 0.95% >
23 0.90% 0.92% 2;_% 087 nes
33 0.91% 3 0.84%

Fig. 4 25 £7], ¥

- 24

225 ¥4 4% (RT : 2min)




FAYE E7], 4 F2E 104 32 DWE H71g & HEHHY S dte] HPLCE Ol%ﬁﬂ
A #AE g-amyrin, B-amyrin AEE 243, FEAUE F7)

2| DATAE HEom, 2F2] amyrin® 9A| B|xs Ae IA8+ Eags EOﬂE} 245nmﬁ
320l DWel ACNe| Hl&o] 242} 56%, 34%<¢] Sul= &k

A8 B %ﬂ'gﬂ B&FEZ 1§ DATAS F71E SRS Zoln, f57% A% 3’&?1‘ "7}
AEL X

At it rfw

=Y

P&, AR o] Zy] 22EL BF AR|E5AZT o g ALEA L Y= U5EY. ua
Al B dTE 98 2EEd duec] HvAE B FEE5eolM AT A A FF Al whEk A
qE A=
Table 3. WA= kA &<l
T &
bacteria
group
fungus
group
bacillus
group
coliform
group
A& A3} bacteria, fungus, bacillus, coliformol &le] % Bh&= gele] 59, ulebr
ATl AEE F2E 5 FEHHS S g ekdAde] svta #eA HAS F
& ¢tz AL VarianAl2| Spectra AA AP E o] g3l AA 33 HEE wet AFgsion, m
Tosel s A& #eletla(data not shown).
CHE B BAFEEY AESH §4
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FAvE 9, 27, b8y FAHAFEE] M= ’ﬁ}—oﬂ WA s YEs LPSE ASH
microglia®| Zell 4| LPSE Z33te &l gt Az 54 AAR= MTT assays T33td o™,
MTT =74 23 LPs 2 Fduvy ¢, £7], 929 7&‘1 —’T“—%% 7 908 Ee o] A
23 25 APTolA thzdd Hstd FEUF 27 FEEd Az AEEo] HIA Eue
EF]('Flg 6A) HAvT d HE FAFEES HI FE 50 mg/mldlA A7 27.38%, 19.61%

548 HYe &9 39 S(Fig. 5A, Fig. 7A). =3¢ AT ¢, £7], g9 A5 +
e FHAFEEN 42 YHeE AX A4 AAE ﬂ%‘iﬂi FAUR &7 252 €7

T3 =80 Walx] Agkom(Fig. 6C) FduUyT d¥ HE doxEsd JuFE
50mg/mlol| A 27t 25.82%, 17.89% ¢ Al Z=4de W=, (Fig. 5C, Fig. 7C)

m:]o
o

A5E 2487 fste] AAdEE a2 ARl LPS(100ng/me) = A}=% microglia
AZAA AA4EE olHAENOYE 5 2EF0FE A EeS HolvA EA43tdnh oE4t
ANO)e] 542 Griess A FE |3 NO assays A3t &duvy o 4 &8
A gk AZ A LPSel| ¢laix fF=== obE A (NO)2 8854058 |M=E thz o= AHE-§
1.72+0.06 nMdll Hlsle ¢ 52 2] F71E B on, AT 9 A FE2EF9 AedE 114
uMell vske] of g7vle] FrhE R A¥Tow FAUY do FAHFEES TEEE A
25 ¢ A3 7+7} 7.34+0.35, 6.52+0.27, 5.7+0.57, 4.02+0.32, 2.56+0.72, 2.05+0.27, 2.1+0.1 M=
ol AANO)S Fo] v YEHLE A4St Ag #A9l sy, dg FEE9 4=
9.87+0.79 1M, 9.21+0.67 uM, 8.78+049 .M, 7.42+041 uM, 642087 1M, 5.98+0.38 1M,
587+0.31 pM& obdAF(NO)e] dafe] ¥% ojEzow 7asle 21¢ #8989 S(Fig. 5B,
5D). ®=3 FAUF F7] FAHAFEES A2 AZAA LPsd 9diA fEHE ohEAMdE
(NO)2 8.68+045 (M& UlZ=T 0.2 AM&3F 1.82+0.08 Mol Hlsle] oF 48u]9 F715 RO
o, AT 27 d4EFEES AT A9os obdAd(NO)7T 8.23£0.38 (M T o &
AHERE 1.07+0.07 uMell HIBle] 779 F718le. AT E FAYST &7 FEEE TEHE
2 AHgls 3 43 47 891:098, 879+1.01, 7.71+031, 7.22+1.01, 5.69+1.39, 4.95+1.04
1.72+036 IME o}AAAANO)9] Fo] FE oA R Tadhe 4 &9 39n, F3Auy
27 d9FEES FEEE A3 A3E 812107, 8.09:0.64, 7.64+0.42, 7.42+0.59, 7.28+0.76,
6.32+0.54, 6.11£0.27 (M= o}EAE(NO)e] dEe] FxelE3or 4319 =(Fig. 6B, 6D).
HEe] F4FE=E At A=A LPSel o84 f =5 obd4ld(NO)-2 29.3+2.54iME
Wz o2 AFE-GF 3352041 uMell W3t <F 88Wle F7HE HYgon, deFEES A
A Zo| A LPSel & fE5HE obdilele 8234042 pME thxT- o= AMR3 1.03:0.1 1M
d "3 <kgHiel F7HE HES. AR FAVUR Y9 FHFEES TEUE AHHE @
Az} 7+7} 31.7542.30, 32.2+42.16, 25.17+3.09, 22.87+2.38, 22.34+2.91, 22.29+3.12, 12.64+1.57 1M
2 ofdAd(NO)e Feo] & dEHom iste Zg e sn, d44 FEs =
8.23+0.78, 8.12+0.71, 8.14+0.77, 7.32+0.78, 7.03+0.84, 6.02+0.29, 5.48+0.3 M= °} 4+ (NO)2|
ol T& JEHOE 74395 (Fig. 7B).
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Fig. 7 LPSZ A=3 microglia A 2ol HE2 FHZFEE
2 NO #& Asls #3. (A) H& FAFSE A=
NO4 W& As| &%. () d& IF-FEE] H=E 4
NO& #& A3 F%s.

e cell 42 AFDAANA SAHFETL 2 NO releases 3T 27, I FE= o 2]
FRAFEE €% She. oEtA AdEdl g A g

o] % AL FHAFESES o83l FIFHS.

AZ Aol sy :
7t He Ae FdEH

6. HE R FAFBEL BANL A ¥
Afagze A YoM XA B: 9Rd S AFse 48 osy] Aed FAY
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of A-FEo]Z A7 -F(free radical scavenging activity)= =73 3152
7}. DPPH radical =745 =7

DPPH+ HEtAo] #|md ¢hAEg A STz 24 kst dA9E257E 34s =245 244
s go] o891 ),1? DPPH #1072 A7%2 W& 5 (Nanjo et al, 1996)0] 7|23 #
He ARG TAFCE, FEUT 9, 27, HE FF= 20 mg/mlY TEF HILE S
2 1/23 A& Z}E AN DPPHY| 2o ¥ 1027t 3313, 100 ul HEZE FAM#H &4 2
i % ESR ~HE=ZnH 2 ZA4%%+5. ol 574 %72 Central field, 3475 G; modulation
frequency, 100kHz; modulation amplitude, 2G; microwave power, 5 mW,; gain, 6.3 x 105;
temperature, 298 K 2.2 3}5ith, I 4, Fig, 8o|4 E= viel o] %7‘“—}” d, 27 F&
2 0125 mg/mle] FZoAFE FAT activityE 0T & UR2H FE2 o He FH

I FTE 20 mg/mlo A activity?l EeolA| @S5 IS 1C50= %é_lurpr o, 7]
Zt7 0123 mg/ml, 03150 mg/ml°]3l=(Fig. 8). °1& &3t FAUF S o] DPPH 44t
a8 2A%0] A FE AL BY T 5 YU
DPPH
concentration  peak Syl 1k DPPH radical scavenging activity
control 3204 0.00 & 10 4
2.0 mg/ml 738 77.60 = e
Sl S| Sen = s : B e
o 0.5 mg/m| 716 B2 ey 8 60 % ob.E gl
0.25 mg/ml 690 7905 o % 50,25 meal
0125 mg/ml 1604 51.31 %1 40 % 20.125 me/ml
0.0625 mg/ml 3154 425 ; i | % 20.0625 mg/ml
2.0 mg/ml 668 7972 L %
. 1.0 mg/ml 587 8218 o = 0 N T—
' 0.5 mg/ml 825 7495 3 o I ye
025 mg/ml 1936 4123 2
y= 2.0 mg/m| 3839 -16.55
100+
S o .-"'\ M g 804
™
L 60y
con 2mg/ml Img/ml 0.5mg/ml E 0.
u
o
o
’ R " ” b
- 0-
ZdUmgml) 2 1 0.5 0.25 0.13 0.61
0.25mg/ml 0.125mg/ml 0.06125mg/ml DPPH radical ICs; : 0.1233mg/mé

Fig. 8 32 UF ¢, 27|, 9 &5 DPPH radical 444 A AT
1}, Alkyl radical 25 =7
FagF o gaf 4171 alkyl radical (R-)-= A F4= F3l diene¥ 8 (3% 234nm F
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ANAx FHZ=E e )E HE a1 o] Z o] ThA 4_1—5:9} ?‘?}5}&] peroxyl radical2S 33, &
AUR ¢, 7], 9% FE2E 20 mg/ml2 T=F 2 o2 1727 3439 DW 20 gi, A
S 20 u, AAPH 20 4, POBN 20 WS «x17 o= 7}6} 37°C %-24% (water bath)ol 4]
30 %< incubation 417! ¥ ESR spectrometer(Jeol Litd., Tokyo, Japan) = =83 A5 °l &
4 F72 Central field, 3475 G; modulation frequency, 100kHz; modulation amplitude, 2G;
microwave power, 10 mW; gain, 6.3 x 105; temperature, 298 K 2.2 3}%it}, & Z 3 Fig, 8
ol Al B+ wvief Zo] FAUR 8, 279 wEo wit v = 2/&%< alkyl radical f"‘ﬂ"oiﬁ"
el & 4 dsem, T4 HE) 22 H2 TEANN H2 84EE YT + U K50
= FAUF 2, 271 42 0.084 mg/ml, 0.044 mg/ml°|3i=(Fig. 9). 12 27t H}FJ?’}?‘]E
FE R oA 713 FL alkyl GA4bA9] AF5S B & 4 ARS-

Alkyl
concentration peak ;E?iﬁ;?;;g ICsa
coritrol 4054 - o Alkyl radical scavenging activity
10mg/m 159 96.08 3 10
05 mg/ml 242 94.03 = N _
025 mg/ml 398 90.18 g » N\ R
ol | smp'
0125 mg/ml 573 g5gy 0030336 3 6 % =
00625 mg/ml 1268 68.72 o § 0
003125 mg/ml 2114 4785 2 4w % i
10mg/ml 267 9341 = % At
05mg/m 416 89.74 2 20 §
025 mg/ml 682 8318 2
THR| . 2 04
B 6125 mg/ml 1219 e R 2 i
0.0625 mg/ml 1796 55.70 = =
0.03125 mg/ml 2200 4573
= 10 mg/ml 2350 4203
100-
i ’ . T S TR g o
S ©
con 1mg/ml 0.5mg/ml 0.25mg/ml E X4
2
= 204
<
e — e M o
ZH QY(mgml) 1 0.5 0.250.125 0.06 0.03
0.125mg/ml 0.6125mg/ml 0.30625mg/ml Alkyl radical IC;, : 0.0344mg/me@

Fig 9. F2AUF ¢, 7], g% FEE9 Peroxyl radical &41t4 A|AS FH<l
t}. Hydroxyl radical 2A% =73

Aol AU ZL vE 2 FAFo| 9+ Hydroxyl radical2 &4 AAFAA 714 F4 9|
Ao dud gleow, 1/10°0 o AP #ME £==2 HAAFARE 27, Hydroxyl 9]
z2x4e FAUE ¢, 27, HE F22 A= DMPO (55-dimethyl-I-pyrroline N-oxide),
FeSO, % H,0.& 1:1:1:18] HlE= xd= A7l %, 10270 43tA mwtg, 7 & vs =%
E& capillary tube= %7 ESR spectrometerol| A 2735 5. oW 24 F7-2 Central field,



3475 G; modulation frequency, 100kHz; modulation amplitude, 2G' microwave power, 1
mW; gain, 6.3 x 105; temperature, 298 K (]-Iyun et al, 2010)”6} Lo As) AT 9 F
71o14 = £]&% 2l Hydroxyl radical 2755 AT AlmJ— HEL AT HI =4
A g BATE FU9% 4 212 IC02 4] 0104 mg/ml, £7]19] A5 0159 mg/ml

= EJFO = 4 lYen, T Q FE2E2°04 71 F2 Hydroxyl radical 27152 <l

)u;! s 1:'
P s Hydroxyl radical scavenging activity
—
concentration  peak  Savenging g L
concentratior peak activity(%) IC - 100
| 3872 0 =
contro 3872 (
I0mg/ml 213 0443 T 804 f % = 20 mgiml
1.0 mg/m 356 90,78 -l % &z 10 maml
2 0.5 mg/ml 571 e c 60+ % E=3 0.5 mgimi
0.25 mg/ml 1122 71.01 =] = é b
0.125 mafml 1772 54.22 S 404 N é o
0.0625 mg/ml 2773 2837 = %‘ 3 = 0125 mg/ml
2.0 mg/ml 421 89.12 b4 20 S \ : - 00625 mymi
L0mg/ml 703 8183 = A |
_ 05 ma/ml 803 7911 . = S .
7 0159761 <] i 3 :
VAL oo gl | 14556 59.81 e s ©0
0.125 mg/ml 2945 4871 o 2 - -
0.0625 mg/ml 1985 23.94
of 2 2.0 mg/mil 2040 47,29 100+
<
S 80
™
- 5 o o ©
T 604
]
e
- I/ fasl 0 Seaia /) ;‘ 40‘
con 2mg/ml Img/ml 0.5mg/ml °
| -
-
> 204
I
- - . n
i Y(mg/ml) 2 1 0.5 0.25 0.13 0.0625
e Hydroxyl radical ICse : 0.104784mg/mi
0.25mg/ml 0.125mag/ml 0.06125mg/mi Y Y g

Fig. 10 #3415 4, €7, 98 FFE 9 Hydroxyl radical 27944 A 7w Fg
7 8AYE 4 2EEY 48E AEHA W ANE Y

Lipopolysccharide= A= 2 cell oA FAYE o F4 FFEY HErr AxY 45H
B2 B AES] 3HE interleukin cytokine ¥ MAPK(mitogen-activated protein kinase)
Y FAAAA Aus T HEE A=A HEY SIS Yo MEAFEY 714 ¥

T H U2 2] detoxification =& 7| HA2 el (1=

fl

_{

:
q,
;
=2
g
[t
r;d_'.
i,
ol
rle

178 A B9 olfE A FHE AYeNM SR

1]
T2 %2 B9 BIYE 9 2B 492 YRGS

Interleukin cytokine+ sampleS homogenization ¥ ¥ chloroform © = phase seperations
A7 isopropanold ©]831] RNA precipitaions #13t3<. 22T 75% FIOHE RNAE
washing= ¥ ¥ DEPC water®] RNAS ¥ 53t 1% (DNAE 43 RTPCR= ]
B3] BAE 3] FH3tEe.
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LPSE A58 AZe FAYT o FEEL s HYE 554 2 A3 LPSe| 44
=8 IL-1B cytokine2 FHAUF & S22 oot 55 ETHOE 4PN YA F
HE NEEAHC gle= 50 ug/mLe H2: =4 A Z Adse 2HL. =% IL6
cytokine= o7l 2 ZAUE d FEEY vE YE2HoE FATE vUEHUYALH B
ug/mLe] sxoAM 7 2 A EINE B =(Fig. 11).

(A) (B)
o I —— o ———

LPS(100 ng/mL) - + . + + + LPS(100 ng/mL) - + . + + +
gA(ug/mL) - ) 10 125 26 50  ©AY(ugimL) - 8 10 125 25 50
25- g #H
HHE
g 204
(=] —
5 = =3 4
. 5 454 gt
o 8 << Q
[T g o >
& © i g o
o ¥ =3 21
=& s £
0- 0-
LPS(100 ng/mL) - + : + + + LPS(100 ng/mL) - + ; + + +
BE(ug/mL) - ; 10 126 25 650  HY(ug/mL) - g 10 125 25 50

Fig. 1. #3d4T 4 52
cytokine®| v|A|= Fk
FE°| IL-62 vlA= 94

9] LPSE A8 452 2EgA g M FHE interleukin
(A) FAYF 4 F=E0] IR vlA= 9% @) FAYT 4 F
gk,

MAPKs 2| 2912 10-14% polyacrylamide gel= A3t electrophoresis 2 protein< A3t %
=. Protein2 427 =% (Towbin et al, 1992)°] ™} acrylamide =5 E PVDF membrane
2 transfer2 ©}5.2 1, blocking buffer o 2228 147 FEAMNFHE. 2 ©|F 01% Tween
0% F4% TBST £ = 15 ¥7+ 3 5 AHst7 MAPKs antibody® ##% blocking
buffer>] =+ -4Tol4 overnight*| 7 protein o] £ % ™, horse radish peroxidase link
H 27 A E €3 blocking buffers| A 422 & TAIZF A %2+ 0.1% Tween 202 &3
TBS-T 222 15 23 3 3 AFHs5=. AHe] €7 membrane> ECL kit LAS-3000
(FUJI, Japan)= °|-&3tdq SAo5=.

LPSE A=8 M=z HAYT o FE5FL THE AHYE stds. 2 A3 LPS &5 #
=8 p3gs HAUF 4 FEEFY 4ot Bx SFTHoE TAIGHoH 4 F£HE AZE
o] gl= 50 ug/mLe] HI w=oA 77 & AfsE EHE INK =3 ZIAYT o FF5
=2 Tx SEFH R FA e eI S W 50 ug/mLe] sxoM R Z AfEAE B
+ (Fig. 12).
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(A)

(B)

phospho-p38 I — —— .._‘ phospho-JNK | . = i = — |
Total p38 | N Sme— — —— — ‘ Total p38 |
LPS(100 ng/mL) - + + h + LPS(100 ng/mL) - + - + + *
2359 (pg/mL) 10 12,5 25 50 249 (ug/mL) - 10 125 25 50
g 7] z
[- 9 -
53" 534
© = o +
% g 301 %.3_ 34
E; 204 252
o O £ o
2= 104 &= 1
g £
0- 0-
LPS(100 ng/mL) - + - + + + LPS(100 ng/mL) - + . # + +
2418l (ug/mL) 10 125 25 50 T8l {pg/mL) . 10 125 26 50
Fig. 12. AR 9 F2E0] LPSE A58 433 AEfA 3 A4FEo #IEH MAPKs
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21 Fol Ao s #AE oL, X&A] ) Frt Fo] wEEHA ¢ko}l, A
AL Aol vehbE g A A3 e exteta ddE (Tables 5, 6).
= el =2 AT, 7%, ARHdHATE ST Fo FFo] zoletilez ©|
&3t HEHE AAT o, AFE T ¥HE AFS ths, gF= €95 AAE A
heparin®] £9°] Sl FHo| H#Aslgon, A5 Y2 4ToA 1,500 rpmO. 2 centrifuges
AAEtY AL B, #HE, FEUT FE2E0] gFAEd dig 9= &UAsr] A
AT, 48+ 4, 4% ¢, @447, rEINER, dPFHEE T& Fdsidon,
T, FE, oW g oAl Tl tidk d@2 #<lslr] slsll ALT, AST, ALP, total bilirubin,
cholesterol, triglyceride, glucose, creatinine, BUN, albumin, total protein T2 &<l3td o,
dof 1) Asfdol thet A& eyl 98l Na¥, K, Ca¥, ¢ ¥ & 52 Fusgs. 2 4
B e Ae RS AR A AZEY Zols AEHY 5 Ao, Fojde &<l
g g S FEV o FEEY Ae foEo R duedo] wA Az Ed o, Sy
o grfarete] AAA W A7 Hasivia A7 (Tables 4 and 5).
I 4 FE=0] 5%-4 A7) omRt dake VA=A #Uskr] fd iz A
2, 2t d3, A", 2 &3l FAE SHHES. 1 AR BE
ANl A7 FA Z}O] == FAUY + e (Table 6), HAH =2 &
FA7ZE F3{A #EEJAow, 2ATA o R

~

e B2

o4 HAAE Fd& E o, AEFES, FEAWT o FE=, FAVUF EVF EE2
o

@] 2 371 HhEEA 9 %#Oﬂ A
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Table 5. Changes of food intake (g) in male and female rats which are treated orally with Dendropanax

stem part, 1 g/kg) and lemon extract (LE, 1 g/kg) for 3 months (means+SD)

morbifera extract (DME, leaf and

D
RASEY D3 D13 D23 D33 D44 D54 D65 D77 D87 D96
Groups
oy | 248 2528 2.1 2775 246 219 9224 247 20.9 29.4 276
OOL 1 i934 | 1189  |:184 |+172  |:138 |:176  |+204  |+224 | :162 |352 | +312
- 943 939 95.3 9.3 93.0 %6.4 918 907 275 %.3 31.3
217 |+172 | £158 | +193  |:153 | +238« |+241 |:227 | 220« |:327 | 2410
Male
DME | 245 %5 244 24.0 197 924 9235 219 20.8 287 279
(leaf) |+186 |+203 |+175 | +164+ |+169% |200 |+198 |+247 |+188 |+284  |+320
DME | 246 216 959 %62 954 208 244 934 %64 937 989
(stem) |+198 |+257 |+194 |+208 |+233 |216  |+104 |#158 | +223¢ |+le2+ | +345
contea | 172 187 19.4 179 168 193 177 199 189 20.9 223
ontro
£119  |+148 |12 | +172  |:158 | +205 |+196 |:201 |18 |:208 |+230
- 169 183 177 168 175 189 208 907 187 915 188
£138  |+152 | +191  |+164 |+188 | +177 |+194 |+190 |224 |:178 | +218
Female
DME | 165 189 208 174 188 192 215 9224 1838 9235 214
(leaf) |+148 | +160  |+203 |+150 |+171 |+184 | +190 |+176 |+152 |+262 | +253
DME | 168 165 199 192 182 199 189 219 204 927 93.4
(stem) |+151 | +188 |+192 |4209 |+198 |+172 |:211 |225 |:194 |:217 |:298

*Significant from control group (P<0.05)
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Table 6. Changes of water consumption (mL) in male and female rats which are treated orally

1 g/kg) and lemon extract (LE, 1 g/kg) for 3 months (means+SD)

with Dendropanax morbifera extract (DME,

Pays | no D3 D13 D23 D33 D44 D54 D65 D77 D87 D96
Groups
oo | 409 449 2.7 462 38.8 473 431 419 387 408 46.7
+4.11 +4.35 +3.88 +4.60 +3.68 14,42 +3.83 +3.69 +5.10 +3.52 +4.83
. 25 419 401 406 2.4 392 413 36.4 403 4538 50.1
Male £364 | +358 | +409 |+391 |+415 |+377 |+420 |+410 |+399 |575 |536
DME | 378 431 408 X 41.0 426 30.8 85 41.4 441 436
(leaf) | +393  |*411  |+468  |+404 |+398 |+430 |#375 |+397 |+408 |+494 |x437
DME | 395 4.9 118 138 2.2 269 | 106 85 09 2.4 5.1
(stem) |+423  |+410 |+452  |+423  |+401 |+388 |+374 |+399 |+426 |+388 |+532
conteor | 229 95.4 28.1 27.2 246 2.8 239 28.3 %5 95.4 94.4
+2.99 +3.34 +3.15 +3.14 +2.89 +2.73 12.92 +2.64 +2.70 +2.71 +2.66
. 242 22.9 26.4 21.4 26.2 245 272 28.9 26.7 2.9 28.7
Female £317 | 4270  |+288  |+272  |+328  |+310  |+337 |+338 |+294 |:290 |285
DME | 267 2.8 276 243 23.1 9%8.4 2771 %5 93.4 295 %5
(leaf) | %332 |+298 |+268 |#328 |4268 |+304 |#266 |+276 |+218 |+274 | +276
DME | 259 243 2%5.9 28.4 295 315 288 29.7 308 32.9 29.4
(stem) |+279  |+310 |+299 |+354 |+314 |+355 |+294 |+309 |+342 |:276+ |+238

*Significant from control group (P<0.05)
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Table 7. Changes of hematological parameters in male and female rats which are treated orally with Dendropanax morbifera extract (DME,
1 g/kg) and lemon extract (LE, 1 g/kg) for 3 months (means+SD)

ameters | WBC | RBC HGB |PCV MCV |MCH |MCHC |PLT NEU |LYM |MON |EOSIN |BASO
Groups (A0PAL) | A®AL) | (g/dL) | (%) () (pg) (g/dLy | Q%L | A0PAL) | ACAIL) | Q0L | A0PAIL) | (10°AIL)

7.7 8.31 151 439 52.9 18.3 34.2 985 1.42 6.72 0.229 0.06 0.05
13112 | £0.425 | £0.62 +1.68 | £1.78 +0.61 +0.41 11458 | 0585 |+2.360 | +0.118 |+0.028 | +0.041

Control

8.12 8.52 14.8 432 54.1 18.4 34.3 945 157 6.21 0.198 0.05 0.04

LE
Male +3.263 | £0.511 | £0.51 +1.85 +1.99 +0.58 +0.37 +1124 | £0.449 | +2.118 | £0.087 | £0.032 | +£0.022
DME 8.35 7.98 146 424 527 18.7 345 931 148 6.34 0.235 0.08 0.05
(leaf) +3.320 | £0459 | +£0.49 +2.08 +1.59 +0.52 +0.44 +108.4 | £0492 | +1994 | +£0.107 | £0.041 | +0.019
DME 8.39 8.39 15.4 443 519 185 345 957 152 6.58 0.218 0.06 0.04
(stem) | 13524 | 0538 |10.72 12.24 12.14 +0.72 £0.39 11057 | 0625 | 2254 | £0.098 | £0.019 | x0.031
Contral 6.27 7.29 14.2 40.4 53.9 19.2 35.8 984 0.98 4.53 0.205 0.05 0.06
ontro
+2.892 | £0.458 | 057 +1.68 12.14 (.61 +0.89 +135.8 | £0.378 | £1.856 | £0.106 | £0.033 | +£0.029
v 5.87 7.50 14.4 415 52.8 18.6 349 1005 1.10 5.16 0.158 0.06 0.04
Fe 13127 | £0.398 | 042 +1.89 £1.82 +0.49 £0.58 1293 | £0422 | 2088 | £0.094 | £0.024 | +£0.022
male

DME |547 7.72 141 424 52.4 188 35.3 906 0.79 4.86 0.182 0.03 0.03
(leaf) 13281 | 0.447 | +0.48 +2.07 +1.69 +0.41 +0.68 1105 | 0338 | +1.963 | £0.117 | +£0.019 | +0.024

DME |598 7.58 14.2 418 52.8 191 34.8 998 0.84 496 0.198 0.05 0.03
(stem) |£2.968 |0413 | 2044 +2.18 +1.58 +(.39 +0.62 £109.7 | £0.398 | £1.726 | £0.104 | £0.019 | £0.025
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Table 8. Changes of serum biochemical parameters in male and female rats which are treated orally with Dendropanax morbifera extract
(DME, 1 g/kg) and lemon extract (LE, 1 g/kg) for 3 months (means+SD)

ameters Total Choleste | Triglyee . . , . . 94 _
ALT |AST |ALP belirabin | 4 Glucose | Creatinine | BUN | Alumin | T potein | Na K Ca Cl
in t
(U/L) | (UL |(U/L) dL) dl) | (mg/dl) | (g/dL) (g/dL) | (/L) | (o) | (o) | (ool
Groups (mg/dL) | (mg/dl) | (mg/dl) g/ o/ e/ @) £
Contr | 49.2 38.9 1089 |0.34 1056 | 1486 |1235 |1.09 176 4.62 7.18 1538 7.1 8.3 101
ol 438 | £11.8 | +£22.7 | £0.068 | 184 | +26.8 | +4.95 | £0.089 | +255 |+0.682 | £0.898 | +9.22 |+055 | 0.36 | 6.5
g 51.3 92.8 1165 | 0.36 1115 |1149 |1128 |1.15 17.2 3.98 7.53 1597 | 7.3 8.2 98
+394 | £975 |+149 | £0.072 |+215 |£159 | £3.37 | £0.104 | +223 |£0.772 | £0966 | 871 |+0.81 | 041 | 154
Male
DME | 487 94.5 1265 | 0.37 1186 | 1084 |101.8 |1.14 17.0 4.54 6.99 1551 |71 8.1 108
(leaf) | +4.18 | £12.7 |+224 | +0.066 |+22.7 |+204 | +399 | +0.092 |£196 |+0610 |+1.235 |+880 | 068 |+048 |45
DME | 50.9 95.9 1198 |0.33 1015 |101.1 |[1105 |1.13 17.3 4.29 7.33 1608 | 7.2 8.3 104
(tem) | 452 |+145 | £175 | +0.094 | 182 | x187 | 525 | +0.154 | 208 | 0812 |£1.192 |+962 | +152 |+05]1 |62
Contr | 41.6 104.1 |66.9 0.45 1086 | 1215 |[1159 |1.12 16.8 4.23 6.98 1637 |69 79 99
ol +3.85 | 129 | +17.3 | £0.079 | 176 | 175 | 457 | £0.110 | +1.84 | +0812 | £0612 | 1996 |+0.72 | +0.35 | 3.9
CE 387 1095 | 735 0.49 1024 | 964 1102 | 1.08 165 4.47 7.25 167.2 |72 8.1 100
Fe 427 | £143 | £129 | £0.062 | £248 | £149 | £3.08 | £0.094 | £2.09 | 0530 | £0.853 | 109 | +0.63 | +049 |+44
male | DME | 39.8 111.3 (648 0.42 116.4 | 90.5 102.1 | 1.09 17.3 3.80 7.41 1718 |71 7.6 105
(leaf) | £4.04 | 1954 | £149 | £0.057 | £189 | 186 | £399+ | +0.102 | £1.84 | 0441 |+0915 | 112 |+0.70 | +0.37 |58
DME |41.2 1152 | 679 0.44 111.7 |110.2 | 1127 |1.11 17.0 418 722 1698 |7.1 8.2 110
(stem | £5.12 | £13.1 |+122 |+0.094 | 199 | +204 | 485 | £0.117 | +1.69 | 0625 |+0.885 |+135 |[+0.82 |+051 |82

*Significant from CTL group (P<0.05)
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Table 9. The organ weight of male and female rats which are treated orally with Dendropanax morbifera extract (DME, 1 g/kg) and
lemon extract (LE, 1 g/kg) for 3 months (means+SD)

arameters .
. Adrenal . . Testis
Body weight Heart Liver Kidney Lung Spleen
gland /Ovary
Group
Control 580.42 0.07 1.87 14.38 3.99 2.39 0.81 359
ontro
" £37.22 £0.02 +0.24 +1.89 £0.23 £0.36 +£0.09 +0.28
1E 571.54 0.07 1.76 13.52 418 2.52 0.78 3.47
+33.57 +0.03 +0.27 +1.71 +0.19 +0.40 +0.07 +0.32
Male DME 575.69 0.08 1.82 13.95 4.05 2.35 0.77 341
(leaf) +34.42 +0.02 +0.25 +2.03 +0.25 +0.33 +0.08 +0.31
DME 590.76 0.08 1.84 14.19 4.22 2.29 0.82 357
(stem) +33.01 10.03 +0.30 +1.81 +0.27 10.35 +0.09 +0.27
299.15 0.06 1.10 8.12 1.96 1.68 0.49 0.10
Control
+20.18 +0.03 +0.15 +0.84 +0.17 +0.27 +0.04 +0.04
g 292.66 0.07 1.15 7.85 2.04 1.72 0.51 0.11
+19.61 +0.02 +0.21 +0.73 +0.25 10.24 +0.05 +0.06
Female DME 305.08 0.07 1.13 8.38 2.08 1.81 0.52 0.11
(leaf) +22.91 £0.03 (.18 +0.98 +0.23 +(.28 +0.04 +0.05
DME 291.45 0.07 1.12 8.25 2.12 1.77 0.54 0.12
(stem) +19.44 +0.02 +0.19 +0.83 +0.22 +0.24 +0.05 +0.05
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SHE ¥ Pb ¥A47F 2288 nmollA] BEFIE o] FolA = A& ol8dke] A7 HUlEglE

2 AHFY Fe dEz2ToA s @Y Fol Hi 472 ug/dLE #EE e, &
swollAl= F48HA S7tske] del =71 14037 ug/dLE dEHIlE. 3 ElEF
Foidt 7o A gl =7 F43A F4sted 7545 ug/dLE dEhAglen, v
F=E9 7§T 65.47 ug/dL %14"14 =7 —ﬁr‘-% 9 7% 74.87 ug/dL= vtebo] v
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Fig. 13. Serum analysis of lead in control, Pb, Pb+LE, Pb+DME (leaf), and Pb+DME (stem)
group (n = 10 per group; “P < 0.05 versus control group; "P < 0.05 versus Pb-treated

group). Data are presented as the mean + SEM.

do] FaolAe] 2L dy] gate] Lol dEH Slg sk qrel FS 0017
ug/gdl FEE BIY MW B Fold XEAA 5721 ug/ge. = TR o] 387a Z7a
G B F e ARFEES RIY AP RRAE) Ha4 FRANS dEEs
662%2 AL AL AL 7 AR T FAIT L FEE L FAUY 2] 18
o By ASE %504-301] H]éﬂ/ﬂ A 1%, 1% DA el AN FAol o
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Fig. 14. Kidney tissue analysis of lead in control, Pb, Pb+LE, Pb+DME (leaf), and Pb+DME
(stem) group (n = 10 per group; °P < 0.05 versus control group; "P < 0.05 versus
Pb-treated group). Data are presented as the mean + SEM.

H JIEEL dxEe @99 AE 412 ug/dL7t FAHAL. @ JlEFE 54T e
T FI=E w57 S48 718k, W 397 ug/dLE TEAE 5 UNE. HEFEEL
$ollE= Ft=F =7 Zasty JtEE BoFdd b8 79.8%E veldloed, AR o S
£E29| A% =g B Bl§ 751%2 FF=Ho| BAHG oL} S7 wEH EA A
frol g2 A1 F gl o9 FAUR =7 FEEY AT Fl=F FATY 67.8%<] 269
ug/dLe| 7t=Fo] Fax o] Fl=ge] A ALY AAH FEHL FAUT 7] FEE0| A
HHors Fo48 AFE = AL (Fig. 15).

W lo lo

Cd concentration (ug/dL)

Fig. 15. Serum analysis of cadmium in control, Cd, Cd+LE, Cd+DME (leaf), and Cd+DME



(stem) group (n = 10 per group; P < 0.05 versus control group; °P < 0.05 versus
Cd-treated group). Data are presented as the mean + SEM.

olg} ol TR ASF FEE dlxiel F9 0150 ug/dlt BRELE. ASF
o BF AREE BRI FASA T4, B 4365 ug/dLE BRY & 510) DI
@ TNE AAT 4 AU S, AEFBE, %%4_4‘3 % F2E, UG B FFEL

BE M AEFY w27} 7& }»5 & BB + AHod, A4 ASE Rew

Hsf 7t=w 557} 86.8%, 87.6%, 8 dor, 12-19% 2] 7l=Fo] TAF= AS ﬁg_é
o, 2o U@ EAH *F’rg % wE oM BAE S S (Fig. 16).
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Fig. 16. Kidney tissue analysis of cadmium in control, Cd, Cd+LE, Cd+DME (leaf), and
Cd+DME (stem) group (n = 10 per group; “P < 0.05 versus control group; "P < 0.05 versus
Cd-treated group). Data are presented as the mean + SEM.

seo gz A YT 0006 ppme VA 5 ol, WS¢ AL o] BIHYL.
sof Bl 29 A% WE 1394 ppmo] BAFel 557 B4 RAFQOH, HEFEE
2 Bel3l 29 49 1136 ppmel BEF o] 7aZ Ao}, AL A4S HUAY £
Qe B FAYE 9 £2EL 54 29 A$ 1172 ppmol BBH o] HEFZEH §
AF ko BARNL. FAUE 27 FHEL F9F 49 0889 ppms] o] HEH
o] Feg Rald Pol ula) foldow gasi AL HAY & UYL (Fig 17).
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Fig. 17. Serum analysis of mercury in control, Hg, Hg+LE, Hg+DME (leaf), and Hg+DME

10 per group; *P < 0.05 versus control group; "P < 0.05 versus

(stem) group (n
Cd-treated group). Data are presented as the mean + SEM.
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Fig. 18. Kidney tissue analysis of mercury in control, Hg, Hg+LE, Hg+DME (leaf), and
Hg+DME (stem) group (n = 10 per group; “P < 0.05 versus control group; "P < 0.05 versus
Cd-treated group). Data are presented as the mean + SEM.
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Fig. 19. Hippocampal tissue analysis of lead in control, Pb, Pb+LE, Pb+DME (leaf), and
Pb+DME (stem) group (n = 10 per group; °P < 0.05 versus control group; °P < 0.05 versus
Pb-treated group). Data are presented as the mean + SEM.

2o A FtEFS] A5 sivtel A= 0014 ug/gdl BEE AFAE ¢ UNE. t=ES B

A 75 0022 ug/go = FHeHs A U F AUoW, Yo Fo| W& FrlsE
A7t s we Ao HAHNS. dEFEE ¢ FAUR o FHE2L R4 A% 7
=R B $49 A= AER FE7F BFEG oW, FAUT £7] F2EL R A
- tEFe] TE7F FIER ©E Roie nle] 864%7F WHEol YN ashs AL AF
¢ dglont BAH fe4e B9 & ANS (Fig 20)
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Fig. 20. Hippocampal tissue analysis of cadmium in control, Cd, Cd+LE, Cd+DME (leaf),
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and Cd+DME (stem) group (n = 10 per group; “P < 0.05 versus control group; "P < 0.05
versus Cd-treated group). Data are presented as the mean + SEM.

27 dfintolAl 22 0.007 ug/g? == FHAT
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}e e HAT F AU, ARIREE
o] 821%7} #FHAYCL, ol UF FA
9 #2E, FANE F7] 2EL T

& ¢ don, 4 L BoTe 754%, 808% T o] #EHIE (Fig 21).
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Fig. 21. Hippocampal tissue analysis of mercury in control, Hg, Hg+LE, Hg+DME (leaf),
and Hg+DME (stem) group (n = 10 per group; °P < 0.05 versus control group; °P < 0.05
versus Cd-treated group). Data are presented as the mean + SEM.
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£9) AN FHE o AE YelFL Ao A, HEFS A T &
5e AU + GUS. £H AN FIE 249 By s FAGF O FIEel 17
Fe Zow FAHYS

1}, 3 r(hippocampus)oll 4 -4 4t (reactive oxygen species) A4+ =7

ofi

siotell Al BIFEE0] EAME A4S drhd FolEAE FAskr] Mgt 27,77
-dichlorofluorescin diacetate (DCFH-DA) &% Z= 1B E o] g3t IR, Ao &4
4t DCFH-DAE A8 A A DCFete 243 332 vehlle SdEE #Hale 22 o833
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Z3tal, SirHE-INEE "ol e mEZ=oivts Z#5t% . Bradford " (Bradford,
1976)°l 2] 4 bovine serum albuming TFoE sl mEZCgohle] dulAe A eksl g
. A4 TeERRE 42 vEZE ¥ 05 mg/mLe 37°ColA 60E37 10 uM
DCFH-DAS} W-8-A#H 2w, DCFY HF¥ S 488 nme| FEI7%, 527 nme| &1l A

g
Q
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°
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O
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o 1
55.2%% -z 2 1 4 en, FAUT E7] FE2E
o] ALox FEAT 684%T0] BAHo #HE, FAFZE Eoyt o o3 Fish
o] Z71E FoAHoE AL AT 4+ %S (Fig 22)

Fig. 22. Levels of intracellular reactive oxygen species production as determined by 2,7’
-dichlorofluorescein (DCF) levels in the hippocampus of control, Pb, Pb+LE, Pb+DME (leaf),
and Pb+DME (stem) group (n = 10 per group; °P < 0.05 versus control group; "P < 0.05
versus Pb-treated group). Data are presented as the mean + SEM.

3 FtEES F9% Z S DCF 3522 AT A3 171.9%7F #2EHAS. d&E5FF
& 5% A5 DCF 3ol 712F 5979 824%71A 74std o), fo4& F<l
& T gy B8 AU g FEEL 54T APdE AEFE FAT T 808%E
THEY ¢ dden, o] g FoAdE FHUY F AL 2EY FHAUSF 2] FFEE E
3 g Ft=g FoTel vEl 69.5%¢ DCF ¥3543L Jehdo] fodql Has gl
T U+ (Fig. 23)
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Fig. 23. Levels of intracellular reactive oxygen species production as determined by DCF
levels in the hippocampus of control, Cd, Cd+LE, Cd+DME (leaf), and Cd+DME (stem)
group (n = 10 per group; *P < 0.05 versus control group; "P < 005 versus Cd-treated
group). Data are presented as the mean + SEM.

4:%72: Tz A5 9 DCF %‘%’f%:%—% A vls 2139% 2 vebfie] ZPE 2 4bst

gt s, 38 dEREEe T AT FeFdTd 808%9) DCF 935EL
Bge fege AUT + PUL. W FIUY 4 FEES TR AS £ RAP
29 726%8 DCF 9B5F¢ BT 5 AYor, FAH P48 FUAY & AYS. 32

U Z7] FE2EL B4 A 4:% B bls) 805%2 DCF d@5FL vehflo] Zha
= 42 B2 5 glolE (Fig. 24).
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Fig. 24, Levels of intracellular reactive oxygen species production as determined by DCF



levels in the hippocampus of control, Hg, Hg+LE, Hg+DME (leaf), and Hg+DME (stem)
group (n = 10 per group; °P < 0.05 versus control group; °P < 0.05 versus Cd-treated
group). Data are presented as the mean + SEM.

HE ANE ST W, |, N=E, 7 59 S50 Fol= avelA] LANE
How FAA sfute &g M

, EEe BAU HAH YT, Fed A FAIR 2
EEol svtol A ALY P& FAROE FaNTE AL BAY £ JUL.

t}. sllvi(hippocampus)ll Al F=4ol 2k wild WAl #<l - protein carbonyl level

gulell Al FTde] Fojo 2%k wwd W (protein modification) & 21517 95+
protein carbonyl levelS Levine 52 % 'H{Levine et al, 1990)2. 2 &134S. 2 M HA 4
g AFHe] FHEE 370 nmellAd =451 2™, molar extinction coefficient (21 x
10°L/mol cm)2| Al4t4S 7 8319 nmol/mg protein® & EA| 5% S

Protein carbonyl level?- ‘&5 FHgh o] ¢ oo mlelA 219 F7istes As &<l
g 7 UUE HEFEES 5O Y dFTY 858%7 #EHR M, FAUST o FE
=2 F9% A-tolle dFATe] 73.6% Tho] #FH | protein carbonyl levele| #HAsth= A
£ #FUg 4 ey, FoAE #EY g gldds 3 FAUy 27 FEEE FAS
-9 FE ool vlEl 66.2% 2] protein carbonyl levelS 213 4 i9lon, o]i= FEoT
Hla] 2] A¢]l fdas #HAY = AUYS (Fig. 25).
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Protein carbonyls (nmol/mg protein)

Fig. 25. Protein carbonyl levels in the hippocampus of control, Pb, Pb+LE, Pb+DME (leaf),
and Pb+DME (stem) group (n = 10 per group; *P < 0.05 versus control group; "P < 0.05
versus Pb-treated group). Data are presented as the mean + SEM.
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Protein carbonyls (hnmol/mg protein)

Fig. 26. Protein carbonyl levels in the hippocampus of control, Cd, Cd+LE, Cd+DME (leaf),
and Cd+DME (stem) group (n = 10 per group; “P < 0.05 versus control group; P < 0.05
versus Cd-treated group). Data are presented as the mean + SEM.

T2& Fol3 747 protein carbonyl level2 tiZwol Hd) foFHom Frtstgien, gz
9] 288.0%°] protein carbonyl levelS &2 & 3USlE. & HEF2EL R 4F +
Foj o 783%° protein carbonyl levele &g + Usioy, FoAYd Faes U
s FAUR d FEEE FAT AfE 42 -‘15—0171’“01] Hlal 81.7%<°] protein
carbonyl levelZ 21 oy, 4% 24 e FIE 5 s FAUR &7 F2
£9 7% protein carbonyl levelo] B @o| #ZA3dta]l =2 Folgo 725% TS AT 4 9l
gort, 2 FEAAE da 497 ZFae FAT 5 ¢S (Fig. 27).
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Protein carbonyls (nmol/mg protein)

Fig. 27. Protein carbonyl levels in the hippocampus of control, Hg, Hg+LE, Hg+DME (leaf),
and Hg+DME (stem) group (n = 10 per group; P < 0.05 versus control group; P < 0.05
versus Hg-treated group). Data are presented as the mean + SEM.

o}, 3 vl(hippocampus)l A &<l o & ksl & 49 9 - total sulfhydryl

glofell A 272 7 ¢ total sulfhydryl =% 8.308 ug/mg protein® & I = o, ¢

B total sulthydryl 5571 #2422 7443to] 5306 ug/mg protein® = A2 5|0
fz7 HI3] 63.9%2 FFL 2 AFHIJE, HAEFEE, AT ¢ FE25, YT =7
FE= 2L 7 AeH, 44 45

2 5% 739 total sulthydryl %71 718 21&
ool vlE] 127.1%, 131.1%. 1321%%] total suthydryl2 &9 5 J9e. T#v} total
sulthydryl 571 9|3 foj4d2 & 5 gl9ls (Fig. 28).
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Fig. 28. Total sulfhydryl groups in the hippocampus of control, Pb, Pb+LE, Pb+DME (leaf),
and Pb+DME (stem) group (n = 10 per group; P < 0.05 versus control group; "P < 0.05
versus Pb-treated group). Data are presented as the mean + SEM.

FIEHE F9% 4T total sulfhydryl == W=7 8l f-oHe=w Zhihsie] 4442
ug/mg protein®. = FaF G ow, 272 535% FolA EARIHAUS. o dAEFEE, B
g o &=, FAUF £7] FEEL BT A5 total sulfhydryl 5571 foF o=
F7tote AL AT 7 AN en, E3 FHAYT £7] FE=9 Aol A =4 BAHIY
o, FJl=f Foje 8|3 1729%2] total sulfhydryl 352 218 5 23S (Fig. 29).

Total sulfhydryl (ug/mg protein)

Fig. 29. Total sulfhydryl groups in the hippocampus of control, Cd, Cd+LE, Cd+DME (leaf),
and Cd+DME (stem) group (n = 10 per group; °P < 0.05 versus control group; "P < 0.05
versus Cd-treated group). Data are presented as the mean + SEM.
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FEE B3 A$ total sulfhydryl ¥ =% dizite vlE] fodo=m 7Zhaste] 5306
ug/mg protein® & FAZAF oM, Tl 63.9% sElA FARAHUE. H A2
A o 28, FAUT €27 FEE5S FAT 2T total sulfhydryl =71 F2Fo] T
vl F7kske e & F ddley, A el AT+ /s LEY total
sulfhydryl& S7HN 7 &% dE3E2E, SAUYT 4 F2E, $AVT 27 2=

N2 @A 2718 e AT 5 NS (Fig. 30).
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Fig. 30. Total sulfhydryl groups in the hippocampus of control, Hg, Hg+LE, Hg+DME
(leaf), and Hg+DME (stem) group (n = 10 per group; °P < 0.05 versus control group; "P <
0.05 versus Hg-treated group). Data are presented as the mean + SEM.
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reductase?] E4o] FoFo=m Z5eE AL FUT & UYL 5
& F4g 7% glutathione reductase®| &4 =7} 9.0487H7 538t

$4e Vel e (Fig 31).

Glutathione reductase

Fig. 31. Activity of glutathione reductase in the hippocampus of control, Pb, Pb+LE,
Pb+DME (leaf), and Pb+DME (stem) group (n = 10 per group; P < (.05 versus control
group; "P < 0.05 versus Pb-treated group). Data are presented as the mean = SEM.

7I=E Fol7 ol A& glutathione reductase®] EH =7 FolF o2 7HA435k0] 36845
nom, ol | 37.8% FHAENE ARJMY F AUS dEFEESL FAT H3 7
F R 2 zolE AT 4 W whHd S UF  F2E, F3AUST 7
g Ao SteEF T ol Hlal] Al glutathione reductase®] E4o] foHo=

geld &= gllon, §A2 %2 glutathione reductase 242 UEF AL (Fig. 32).
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Fig. 32. Activity of glutathione reductase in the hippocampus of control, Cd, Cd+LF,
Cd+DME (leaf), and Cd+DME (stem) group (n = 10 per group; °P < 0.05 versus control
group; P < 0.05 versus Cd-treated group). Data are presented as the mean + SEM.
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Fig. 33. Activity of glutathione reductase in the hippocampus of control, Hg, Hg+LE,
Hg+DME (leaf), and Hg+DME (stem) group (n = 10 per group; °P < 0.05 versus control
group; P < 0.05 versus Hg-treated group). Data are presented as the mean + SEM.

ool AdE FHA £ W, H, F=HE, F2 T FTFHY FAE &uielA
glutathione reductase?] &4 A= 212 1T 4= glglor, AT A F£E, &
FEEL T35 oA HAE glutathione reductase®] B/d& FIAAFT
?z_ T A%len, 53 gy o FEE9 aAxrt P Holwke., v o
% glutathione reductaseo| /gl & FFE V|AA = 2 & AT + A

Hl, 3l tihippocampus)®l Al FF & o|gk G4kt 40 ¢l - glutathione-S-ransferase

diokell A FFEe Told o3 glutathione@d # 4o WHEE s $lstd
Glutathione-S-transferase (GST) ¥4 5% 7|2 = 1l-chloro-2,4-dinitrobenzeneE ©]-£5}] Haig
S(Habig et al, 1984)o] 7|3 W4l o8 S35k, NADPHE o|&ste 4kshd
glutathione 2 $HE FH| 2| glutathione© = ¥WEA|7|= glutathione reductase (GR)2] 55+
Horn¥ Burns®ll 2|g+ ¥ (Horn and Burns, 1978)2.= 374515+

Aokl A djxo 7S glutathione-S-transferase?] E42 81469 FASE Vel or, d
EoF e frodor GATI S48k 113625 vheRfio] 1395%0 =Tk F1E
T AL, B YEFEE, FEUT o FEE, FHLUF 2] FEEL FAF Adde
glutaﬂuone-S-transferasewl Aol FRATd vld iste A AAYE 5 Asdou, FA
Al fol & TawA] ook (Fig. 34).
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Glutathione-S-transferase

Fig. 34. Activity of glutathione-S-transferase in the hippocampus of control, Pb, Pb+LE,



Pb+DME (leaf), and Pb+DME (stem) group (n = 10 per group; °P < 0.05 versus control
group; "P < 0.05 versus Pb-treated group). Data are presented as the mean + SEM.
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Ft= g TolZo A% glutathione-S-transferase®] FH 57} folgow Z7}s}
eliglon, dxFed vls] 147.7%2] FHEE Qe £ YA, YEFEEL F
FlEH Fofe Bl8 glutathione-S-transferase®] &4 o] sl Z1& 1T + o,
ZHad gk f-oA<Ql Aol A geton, iz vl foFer w2 &8 By
£, 2 FAR 9 FEE, AT 27 FEEE FH8 A= J=FEFoEd vl
4| glutathione-S-transferase®| &gdo] f-oA o= Zhidls & FHAE 5 Qgloen, 53] &
AR Z7] FE2EL T3 FolA ool ¢ & AL BT 4= 9SS (Fig. 35).

20-

Glutathione-S-transferase

Fig. 35. Activity of glutathione-S-transferase in the hippocampus of control, Cd, Cd+LE,
Cd+DME (leaf), and Cd+DME (stem) group (n = 10 per group; °P < 0.05 versus control
group; "P < 0.05 versus Cd-treated group). Data are presented as the mean + SEM.

T2 FoFd A% glutathione-S-transferase|] &¢| Z7letql o, 13.870° EH=E e}
of dx=zdd & 1703%2 &4 < vellisls. dEsEs, FEUT o FE=5, FLUT
FEEE 5% A5 F25od v|8 A glutathione-S-transferase®| /o] Zhasl=
2l = Ao, FAA] wold2 BT 5 gl8l+E (Fig 36).
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Fig. 36. Activity of glutathione-S-transferase in the hippocampus of control, Hg, Hg+LE,
Hg+DME (leaf), and Hg+DME (stem) group (n = 10 per group; °P < 0.05 versus control
group; "P < 0.05 versus Cd-treated group). Data are presented as the mean = SEM.
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Fig. 37. MDA, SOD activity, catalase activity in the hippocampus at 4 weeks after cadmium

and/or extract (lemon exfract, Dendropanax extract from leaf and stem).
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Fig. 38. MDA, SOD activity, catalase activity in the hippocampus at 4 weeks after lead
and/or extract (lemon extract, Dendropanax extract from leaf and stem).
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Fig. 39. MDA, SOD activity, catalase activity in the hippocampus at 4 weeks after mercury
and/or extract {lemon extract, Dendropanax extract from leaf and stem).
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Fig. 44. Serum levels of cadmium before and after placebo and DMS in male and female
Data are shown to differences In caldmium levels before and after placebo and DMS
treatment. Data are presented as the mean + SEM.
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Fig. 45. Serum levels of mercury before and after placebo and DMS in male and female
Data are shown to differences in mercury levels before and after placebo and DMS
treatment. Data are presented as the mean + SEM.

=8 g ¢ A g4 AAEA, BAUE € Fee B AANTEA 25004 F9
e &7 578w HHE E3ien, 3AUR 2 FEEe B2 AAEAY 27t O &
< Ag FFE p AU C)HE deolue € gt 8A% 22 2w fAHA
2 delert deue Fdcletr 473 (Fig. 46).



[
(=]
]

=
L=
1

_|

Excretion (ug/L)

o
1

JE T b

Gl

Fig, 46, Serum levels of lead before and after placebo and DMS in male and female Data
are shown to differences in mercury levels before and after placebo and DMS treatment.
Data are presented as the mean + SEM.
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Fig. 47. Serum levels of total protein before and after placebo and DMS in male and
female Data are shown to differences in total protein levels before and after placebo and
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DMS treatment. Data are presented as the mean + SEM.
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Fig. 48. Serum levels of superoxide dismutase (S0OD) before and after placebo and DMS in
male and female Data are shown to differences in 50D levels before and after placebo and
DMS treatment. Data are presented as the mean = SEM,
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Fig. 49. Serum levels of catalase before and after placebo and DMS in male and female
Data are shown to differences in catalase levels before and after placebo and DMS
treatment. Data are presented as the mean + SEM
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Fig. 50. Serum levels of malondialdehyde (MDA) before and after placebc and DMS in
male and female Data are shown to differences in MDA levels before and after placebo
and DMS treatment. Data are presented as the mean + SEM.
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