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Antioxidant Activities of Ethanol Extracts from Solidago virga—aurea var. gigantea
Yoon—Sun Ji#, Nam—Sun Lee, Ki—Jung Kil, Ji—Hyun Yoo

Department of Herbal Health & Pharmacy, Joongbu University, Geumsan 312—702, Korea

ABSTRACT

Objectives : This study aimed to analyze contents of chlorogenic acid among major ingredients and determine the
optimal solvent for the antioxidant activity from Solidago virga—aurea var, gigantea(SV) aerial part,

Methods : Mature aerial part of extracted SV at the first crop on June 2018 was used. SV was mixed with each at
the ethanol concentrate rates of water, 10, 30, 50, 70, and 100% and extracted them for three times for eight
hours at 70C. The contents of chlorogenic acid and seven kinds of antioxidant activities were measured in SV
extracts,

Results : The highest the contents of chlorogenic acid was from 10% ethanol extracts showed. Total polyphenol and
flavonoids of SV extracts were 126,16 mg/g and 105.84 mg/g, respectively. Scavenging activities of DPPH, ABTS,
and hydroxyl radical significantly increased in a dose—dependent in SV extracts, while it was almost similar with
control at the concentration of 500 pg/mL. Fe®* chelating activity significantly increase in a dose—dependent in SV
extract, it was lower than control,

Nitrite scavenging activity increased, dose—dependent in the sequence of pH 1.2) pH 3.0 > pH 6.0 in SV extracts,
while it was almost similar with control at the concentration of 500 pg/mL, pH 1.2, and pH 3.0.

Conclusions : Thus, this study found that higher contents of chlorogenic acid and excellent antioxidant activity
were contained in 10% ethanol extracts in mature aerial part of SV, It is expected to be used as basic data as

natural antioxidant materials,
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Aot AT o] AA WolA 4%, FP4Ae, SHA

F %2 4L LAY =35 “flxﬂﬂlﬂ Ad ?‘%ﬁﬂﬂlﬂ o

< a9 Aoz Hugo] glof FHokA, HAE E& o

LAER B A Zgof B3 A 5ol “}01 o] Fo 2| 1L
Aot e=2u\"H(Solidago virga—aurea var., gigantea)
£ =3 (compositae)oll &dh= Thd 2Eo2 wH9H
(Solidago virgaurea L,)&] HZ o2 3oy Ux3}s}
2 FEHARE ALEE AR, AEE A, 32 Hu
2o s AL 2], AE, W, d99, 4g, A%
T, WY, 2ol T, 2, 1, HREE, A A9, oA
% AR Fo akol Yot Y nizkayons A9 4 of
EARE B8E0] gt ¥ mdH o) 445 chlorogenic
acid, AE, caffeic acid, rutin, astragalin, quercetin,
tannin, saponin, flavonoid 5% g&o] F-F5 011:]-8).
A4 Fe] mdF] Fa AU RE 22w Ay 1Fo|
Y FEEHe dEES Aiste A4Ao, 1 w"ﬂ’ﬂE

=5 =7F 70 ha HAA AP+ 200 M/THEZ AT
o wlste] WEHA ol AujEs Aow FaiA Yo 0,

n gAY B A= BN 2IAE 75 Ast
2 A% ZoA 2™ B A7, AN B4 A%

+57] SRFEFAY MNFYA SDE WHOoE &39S
o AFolA HE2H S3temi7] 45tE FEj7t Wo| FEE
SAThe ATV} Aol AL XAk 714 9§ ofu]
Ak el ot shant

kst A7RE veFe AU HRAAE Faskiol
A BHTSF a—tocopherole] H|3| om'? g2n|
o) Tl wel'? ggn|dH 0% e F2E, At

- dx2)et 22093 o7 9'”, Burs-Uludag Kaplicakaya
FHolA 109 S8t oA 9 mxga 1w Alo] 4
3 ohore] wgHES ZT AUENY 253 Fakst
BIE AT B0l °‘EP

olo} Zo] ket e AYT gl el Fe] fste] o
2ol A7ATIF BmuEG o), ASE AR, 27 B
)l tigt AF2E obF] u]Etnh. wEbA & Aol
F8 YA Q] ST oA AujEE STUHFH NGRS A
g3l 9 AE<Ql chlorogenic acid?] 3 ZAste] & 3Z
o & 8WE AT & 4 anE gotEn, 754 A
g Ed ¢ 24@5“}35} 22X &§ 7Hede BXIs)
a2 4 Byt

I A=z e
1. A=

B Ao AMEE 23u|dFHE AAEE 2SN
2018¥ % 6¥o) A o2 &g AAR(Y, 7] EFE)
E AHE A& 25 =Y (Ulleung, Korea)olA st &

£2e AAT T Bafetel FRUSE SYRAA AT
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g =
30%, 50%, 70%, 100% s=& Z+Z} 300 m
70celA 8AIE 38 W RS,

(Whatman NO, 2)& AR3le] o3t & AR FFH7] o
=44z

A T 55t FEAX ST o] W FEAXR BT A

L =229 o8 10%, 30%, 50%, 70%, 100% SZ9
A Z+zZr 25.84%, 23.01%, 20.04%, 18.84%, 18.05%,
15.74%2 5= ).

3, Chlorogenic acid &3 £4]

351939 & 1 F=E AA5H] $84] chlorogenic
acid ¥ B354t HPLC A28 Agilent 1200 HPLC
ChemStation™™ (Agilent, USA)S AML3lATH 24 AP
eclipse XDB-C18(4.6 X 12,5 mm, 5 um, Agilent, USA)

2 ARESEE A, cloumn oven? 2= & 30CE AATIFC
Uﬂ UV AE7]= 254 nmZ —1—7‘401-_1_ E NEFYFS
10 pLZ FY3tAt, 271K E48u] 9 gradient 24 =4
02X 0.1% trifluoroacetic acid(TFA, A), methanol(B)
< Mg, BEUWE 0~158 53 5~40%, 15~30% 5
ot 20%, 30~40F E<F 60~100% & 3} 0.7 mL/min &
=2 ZHFA

= olin—Denis‘ﬂZo)
< 38319} A& $25 100 pLell 0. 1N Folin—Ciocalteau’s
phenol reagent 400 pLE EF3}o] AL2oA 187 H-3A]
A5 1M NasCOr& 500 uL& H7Hstsiet. ALolq 247t
HE2-A1Z1 & UV spectrophotometerS AHE3FS] 765 nmol
F=E 2434t EEEZ L garile acidE A3
AHS B8 ¥ Eelol Bk Foiac
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2) & EatEL0|E &2k B

g3 2289 % Fehuwols FFS Zhishend?'
S8t ZA5HAT. SHS 1 mLoll AR FEE 100 uLE
33t ¥ 5% NaNO; 30 pLe}t 10% AICL, & 7hste] Egst
5 Ao 587 vreA 71T} H}—g—QHOH 1M NaOH 200 gL
£ 718l %4 1 mlLE 7]— % UV spectrophotometer
AHE5te] 510 nmoA SHEE S5 ZEEZ=R
< querceting A&t HQ} 22 o g g HAFALS
2% & EetR ol TS kit

I e

3) DPPH 2}C|ZH AHEN =
DPPH 2zt &7 242 Bloise] W™l weka 24

02



=509 AFEFEEY FAS 24 111

st A8 2% 100 Lot DPPH €94 100 puL ¥

S & A2oA 1587 vEEART, o] HedE UV
spectrophotometerE ARE3}Y] 517 nmojA EZ=E &4

ato] gtz 2 AT S ANSI AT

o

4) ABTS 2tC|Z A& &F

ABTS )z 274 4L ReS H™2 Wyste] 24
3tAtE, 7 mM ABTS9} 2.4 mM potassium persulfate-8<Y
< TFete] 24X 59t XSt ¥EAIZl &, 734 nmel
A o&EE olgste] 3Aste] FFE 0.8+£0.022 B}
fh AR FE2E 20 uLE FA43 ABTS €9 980 pLoll 3
7tete] Zpgste] 3087t ¥-&-A1Z1 & UV spectrophotometer
£ AHESHY 734 nmolA FFEE EHst BOg AAE
A& AAste] A&t

5) Hydroxyl 2tC|Z AHEN =4

Hydroxyl 2t} &A &AL Smirnoff and Cumbes %
Yol ek WPstel 243t 1.5 mM FeSO:9t 6 mM
Hy0-8 5 : 3.5 HI&E 3|43ttt 3|45 &4 760 ul, Al
#F 3225 40 pL 9 200 mM sodium salicylateE 200 uL
HA7rete] EAZ & 37C 7] olA 3087 vhE-S T
UV spectrophotometerE A3l 562 nmolA SL=E
EZAsto] g LA E A4St AEst e

6) Fe™" Zizo|el &M =X

Iron—chelating &3 Hus®] W3*o] ule} Mgsle] &
4 sQth AR $&E 150 puL 2 mM FeCly 15 pLE 713}
I FFRF 605 pLE A7t A-2o)A 3083 A7
LS gollo] 5 mM ferrozine 30 plg &8 T Fe? -
ferrozine complexE FE3l1 10E F9 AL20A4 WA
71 & UV spectrophotometerE A3} 562 nmolA &%
& S5t Aoy S4& AAdste A&t

7) ObEiAle] AT EN £

olAArY 2ABAL Grayet Dugan®of uwel w&ste]
ZAs 9k AR 2% 40 pLo] 1 mM NaNO; 20 pLE
H7V8t3 0.2 M Citrate buffer (pH 1.2, 3.0 2 6.0) 140
pLg 7vste] 37T wjg7]olAl 1AIZE ¢t BEg-sklet, Wk
3t &Hof| 2% acetic acidE 1 mL%} griess &N 80 uL
< T3 T Apgste] Ad2olA 1587 ¥SAIRl & UV
spectrophotometer& AFE-3}4] 520nmoA TZ=E =3

sto 2ABYE At AESA,

3. AA=

BE AR BEAZn: 4749 #HEE FA4n 2EHA
(mean+SD)E UetHom, BE AF| HAAo] FA £
28 SPSS(Version 22.0, IBM, Armonk, NY, USA)&
2IHE o]&sto] AiAEARRAHE Ao,
At ko] {942 Duncan® tEHS AFYHOe
p<0.05 oA 94 Aeol& AFsHATh
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1. Chlorogenic acid 3= 24

3G H s FE8WY sE2US A5 Yt
o F9/HE F chlorogenic acid FFE 2454 Ae-&
S=7F 10%) 30%) 50%) T0%) 0%y 100% =22, 10% o
&4 chlorogenic acid o] 7MF =A uUesth
(Table 1). Chlorogenic acid &&o] 7}& =& 10% et
FEES AAsto] st A4S S5

Table 1. Chlorogenic acid contents of SV by extract condition

Extract condition Chlorogenic acid contents (%)

0% 10.05

10% 13.55

30% 12.49

EtOH

50% 12.15

70% 11.89

100% 0.12
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Table 2. Total polyphenol and total flavonoid contents of SV
extract

Total polyphenol content Total flavonoid content
(mg/g GAE)" (mg/g QE)”
126,16 £ 0.15 105.84 £ 1,90

The data were expressed as the mean = SD (n=3)

1) Garlic acid equivalents, 2) Quercetin equivalents.,

3. DPPH A& £2A84
593 289 DPPH 2tz 2ASAH S S4% 2

M Solidago virgaurea B Ascorbic acid

[y

(=]
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a a

60 A

20 A

DPPH radical scavenging activity(%)

500 pg/mL

20 pg/mL 100 pg/mL

Fig. 1. DPPH radical scavenging activity from SV extract.

The data were expressed as the mean + SD (n=3) deviation of
triplicate tests. Means with the different letters are (a—c) significantly
different (0{0.05) by Duncan's multiple range test.
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I F& YEHoE FY5HA FrtstE e, 20 pg/mL, 100
pg/mL, 500 pg/mLo B=oA ZFzZ 10,.91%, 38.45%,
86.46%= UMYt 3 500 pg/mLe] HEoA 87% o]
A A B YElE gi232 ascorbic acid} AR &
A &4& R9H(Fig. 1.).

4. ABTS A2 £2AEA

35193 FE2EY ABTS @7 2ASHSE 53T 2
I 5k gEHO R JY5HA FrtstE e, 20 pg/mL, 100
pg/mL, 500 pg/mLe EZo|A ZtZF 23.15%, 79.08%,
95.18%= YErITE A 500 pg/mLe) =X 95.62%
9] A &S YEPH 2720 ascorbic acid®} AR &
A &9E& BHtk(Fig. 2.).

M Solidago virgaurea W Ascorbic acid
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ABTS radical scavenging activity(%)

20 pug/mL 100 pg/mL 500 pg/mL

Fig. 2. ABTS radical scavenging activity from SV extract.

The data were expressed as the mean * SD(n=3) deviation of
triplicate tests. Means with the different letters are (a—c) significantly
different (0{0.05) by Duncan's multiple range test.

5. Fe*" chelating &4

25093 2289 F” Aoly B4 A% AT ¥
T YEH o FolstA STkt eH, 20 pg/mL, 100 pg/mL,
500 pg/mLe Hxo A Z}ZF 12.3%, 18.53%, 47.75%% Y
ERUiQITh, OiR2F3 2 ARR3E deferoxamine 100, 500 pg/mL
9] FEOA 73.52% o] Adol® S B, £51
HH FEE & Eskow, FATgHLE {3t zolE
Hoh(Fig. 3.).

6. Hydroxyl gtz &2AEA

L5093 FE2E9) hydroxyl &tHZd 2AGAHE 4T
23 5= 2RO feSH FIHROH, 20 pg/mL.

Table 2. Nitrite scavenging activity of SV extract

— Vol. 34 No. 1, 2019

M Solidago virgaurea W Deferxamine

Fe?* chelating activity(%)

20pug/mL 100 pg/mL 500 pug/mL

Fig. 3. = chelating activity from SV extract.

DFXM : deferoxamine. The values are expressed as mean=+SD
deviation of triplicate tests. Means with the different letters are
(a—e) significantly different (p<0.05) by Duncan's multiple range
test.

100 pg/mL, 500 pg/mLe] =X 2tz 16.62%, 25.94%,
44 59%= JeR It 5093 500 pg/mLe] FXZof A
= ascorbic acid¢t AR &S YERH ItH(Fig. 4.).

W Solidago virgaurea W Ascorbic acid

Hydroxy! radical scaveniging activity(%)

20 ug/mL 100 pg/mL

500 pg/mL

Fig. 4. Hydroxyl radical scavenging activity from SV extract.

The data were expressed as the mean = SD (n=3) deviation of
triplicate tests. Means with the different letters are (a—d) significantly
different (p{0.05) by Duncan's multiple range test.

7. oFAAIE AAEA

2509H FEE opEid 4AEAEL2 pH 1.2, pH
3.0 ¥ pH 6.0°A &332t Zt= Table 29 Zth pH 1.2,
pH 3.0 ¥ pH 6,014 &519H 28 5=7F 37F
upet opFAtY AAEAo]l FUIsHAT pH 1.29] ZHLole
L2093 225 100 € 500 pg/mLe) EEoA zHz:
56.85%, 82.88%% thZT BHTS §-ASH ofdAtd 274

Conc. pH 1.2 pH 3.0 pH 6.0
(1g/mL) sV BHT BHT SV BHT
20 32.19+1.85 49.39+4,53° 27.85+3.13¢ 41,32+3.84° 14.80+1.65" 25.87+0.88°
100 56.85+4.65™ 59.98+3.70" 43.05+1.49° 57.38+2.50" 15.64+0.55" 33.14+1.10
500 82.88+0.93" 85.51+0.68" 71.39+0.42° 75.14+1,23" 25.10+1.16° 41,1440.44

The data were expressed as the mean + SD (n=3) deviation of triplicate tests., Means with the different letters are (a—d) significantly

different (p<0.05) by Duncan's multiple range test.
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FYL BY pH 3.09 APol: &3v9F FEBL
500 pg/mLe] BZoA 71,39%2 2= 75.14%2 FAF
@ B4e Bk pH 6.09 FoolE LFUIGH 2EEL
g7 me ke W BYE welT

v, #

A= AW D ALY A= A A4S BT 9 Hho
517] fiste] HAANES F4] B 43t 3) ot
FAAAZORHE £FE BHI3IE WO AS 71X ¢
o ggaragel AT wol AlAE Kojo] BFFPo
2 st A W A= ASHE 2 ste] Tl 9 23
THiES}, DNA, A|zZer, 540t THXZ 5 WA ARt &4
< z2ste] =52 v ET ZF HAPS e,

olf EYE ST ORRE QIAE B3 & Sl=
FAEA ol gt A7F Eds] AP Glont, FAAFAEAIY
butylated hydroxyanisole(BHA)2} butylated hydroxytoluene
(BHT)& 7Hg o] A@sta g4kstg 7Fatx|qt geof oigt <
Aol ¥ Wol T FAdo] Uk, T HFH Al Aol o
g o 9 theret #2728 W 54 5 P84 SHAlA Z2A7L
o H3 g, HZole Ao ehdsta gatst E4o]
43 E2E JNEst] Q8 ek 2 HAE FHERH
24 B gt A7 Qg B AEY 71548 AR
A o] Eg 7ol g At Bits) o] Roj R m ok #

Chlorogenic acide Zd¥& 339 dFolv, A9F
E7Y 2 A B4R AR, 170t AAo| = o] g
o] itk AA HolA Airst XA B AAazt, Z9
2HE AYAE A, T D A LS v gEA
%qiﬂ, 35).

FE2E&MEEE A5 dl 93 8 48 F
3FtQl chlorogenic acide& &A% A3t 10% ofgh-ZolA 7}
& =7 YErstth. wekA chlorogenic acid @] 7 w2
10% o&te 2255 AAgsto] 4tat S4E S5

e e g 2 BEAFS 7Y A
3}3H= 9 phenol hydroxyl 715 3 &<, F4tst # &
Y BHEEE U AU, AEA 98 EEEHo] 4=
Zad 9 Axy ggdR 53 oAHZE A st AR
AA U, BEhRicolEE A Ei R G T
A4 FRHER 06-C3-C69] Wiz E 7 EZF& AU ¢l
on, AE Foe diEE I Z2F8E WA FHE EA 5t
o A& ot 25, Hey AFgE &3k Aoz ¢
HAA Ak,

2 AgoA & Eusd § S0l FFSE
3 A3 & Z2)9E o] 126,16 mg/g, £ ETHE 0]
o] 105,84 mg/g o2 EA YEET

%, Woo 572 49 2 £33 3093 oAU 80%
erE FEES FAURT o MAEATAEY =2
55.82 mg/g9] ¥ HEdFE B3, & Ei ot FF
T 24,25 mg/gE =A Ut 21 s, £ dA4E
o} vlwEtH S5u|GFH AAFRo)A 2u] oY F E
= % T EExolE o] w3t ol 4 £ F

AN
[ o

220|939 FoAEQ Z8HEA 9 chlorogenic acid®
At Aoz AZtEY, FrpH<Ql Ao = ojof gt
At ),

DPPH #ttjZh ¥h-g-2 <Hg3t A et d 2 A SFEHA]2,
A2 Qlat e gk 3k obw|i=Akd} ascorbic acid R bRl
SHtE ol 93l FrEo] G RE H|w A 7hHskal v
o] AYe AEHH F HUE thofdt AALANZ R FAkst
ARG ANt go] olgHm b’ B AN &5
093 FEE9Y DPPH ]z 2AGAHL & EF o=
FEHA F7Me HPa, 500 pg/mLe HEAAE ti=
T ascorbic acid®t F-olsHA FAFgE &4 LUEbT

] j 3 o] DPPH £A 40 at oA dAtolA v 502
E5uFH 70% oEE EE 100 pg/mL F=oA 50.73%
o] 2A8AL Bustgod, Hilya Demir 5P Burs-
Uludag Kaplicakaya ¥4 109 33 g3 ol
9] 100 pg/mL FE=oNA B4 FEE(30.67%) 2ot HeE
FE2E(64.26%)04 w2 £AGHE A 39t &
Ardatel vlus) B U s 94 FEE Kok
L2 4 B4 RYAT, 70% e U v &5
A thh B @A Afolg Bt ol AR AFHAY, A
ujz], A gREL] 719, £, &80 9 Iy Soll WE &
aAYEC] Zolof 7|Agt AR AtRH T

ABTSE 645, 734, 815 nm2| whgolA o] 3=
7HABE FE2E 1§59 i o3t Fgo] i3ty
DPPHO A Bt} &gt AtstA o] §-55 Eelst= ¥
o g2u]9 22204 ABTS gtz 2ABA| B=
SEH R FO5HA F7ItR e, 500 pg/mLe FEZof A
L tfxF2l ascorbic acid®} AR A7 EAS Rt
Lee 579 A7olA &5ud3 e 4 ¥ 80% were 3
EE9] ABTS &z &4 &4& <l 23 100 pg/mL
EoA 97.42%, 98.59%C.2 Rustgch & ATtel 500
pg/mL FEAA 95 18%2 FARE AAEAEE Yyl
olfgt oA A AolE Hole olf AFHAY], A,
AGAES 719, 79, 258 2 By 59 Aol2 s}
o gz aAso| A AstEAU, ABHEH 2EH
o w2 ZpolQl Ao 2 YztEr

Ferrozine Fe’ 9} &A1& A5t Batilg el
o, A& 9 Zdoly ARE W EZo| Fe’'ol2g AA
3to] Fe’' —ferrozine 23142] 4L Wafste] WAL 7
AZIth 3H SFEE S B Axes F4 ol &
Age dehdoh?, 23093 2229 re’ A old 84
2 & YEHo R FIeIAL, 2T 20 pg/mL AT
3193 FEE 500 pg/mL AT} FARE /448 Ve
weleh, & dAtdats 509F oA kst A4
e} g1 Adold AL UehdS o 4 AT ol
22 A £5u9HE AGR EA45ts =49
chlorogenic acid®] EZo] 34 o] &4 a3& 7K+ A
o & AREHAT FE EAL e} 22 AN A7t Bad
Ao g2 AAAXT

Hydroxyl 2ttjZ(-OH)-> &/4d4t4 F vh8-4d o] vi¢- 73t
of A 4tste] Fagh JEg s, DNAS At
£4E doA Eduol, AEEA P et

of
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2] E ofehg 2&E 20~500 pg/mLe FEoA hydroxyl
gtz AAZA 0| 2.44~38.74%= LEbA Aztel b w3
2y 280|9F 22 EA 16.62~44.59%2 B} £& &
A< Beld 4 Atk Hydroxyl 2z 2A8A4L HEd
e AT Fo) ABBAY dvkw 2109 8 Qi)
2819F 2580 oo Yt HEA IFER A
hydroxyl 2tt1Z 284S &9 Aog Bz}
L£EudF 289 olAAY 2ARHL pH 1.2) pH
3.0y pH 6.09] 222 % &0z 2/slqt EF &
2ug3 228 500 ug/mLe FEIHE pHEl Aol
25 2T BHTY AL G obdAtd 2AEAS et
itk Yoon 57 dAFtelA o]FUR HLFEZEL pH
1.29] A9 1 mg/mL =4 59.32~66.16%2 A2AZA
o A7ATe} Hlwa) & o, £E50IH] 225 500 pg/mL
o] Lo A 83% oJAHY] E& ol 2ATAS Bl T
4 9lgith. Kytopoulos'’= pHo| uj & o]&H o] pH7} &
252 o}AAY aA%o| FAETT 391, Kim 57&
oFRAE-L ke pHo|| A ofalFe} vhate] UE R3S} uhe-
B3 A UERAS FA5T, AR oAt Zo] A
A oA LAste] A fEEts oz Bustgc &
ARAT A L8| F 2E2EL pHIl £S48 e opd
A 2ATHLS BAT, pH 1,294 AR $JoflA] o} -AL
o BajgRoz YERAY AL anroz AR A7

o

oo AiE HlFo] E o 51|93 AR 10% ol
& FEE0l oY chlorogenic acid7} =] Jom, £
3 FAst Ao e ST wEka 2 A At
N
]

AAF4AEA A9 712 ARE S&EH7E 7]dhshH,
& ATE SS9 HY AHAT, AuiirA], ALHE9
4, 79, =289 9 gy S wE chlorogenic acid
g st 9 g4ks DAY A g F71E<
A7t R Eojof & Ao R A7t

V.2 &

T

1. 5193 FE81 5= 24 HAPeE Fa HEQ
chlorogenic acidE 43 23}, 10% ot FE5E9
A] chlorogenic acid $¥o| 7H4F =4 UEg T

2. ESV9d FEEY ¥ EYus T2 126.16 mg/g
2, F STt ol= FFF2 105.84 mg/gE UEFH T

2. €3993 F&£E9 DPPH, ABTS ¥ hydroxyl 2tdZ
2A AL T J2F o2 FY5HA FUkekeaL, 500
ng/mL FEZo M= FAFAEAR] ascorbic acid®F FA

ik

fle

4L Bt

N3 2259 Fe'' ZHoly THL FE 923

FostA S7Fet AT, 27l deferoxamine®
v tha e &4 Yetl it

4, E30|9H FEEY ofHAE £2AEAHL2 pH 1.2 ) pH
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