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Isolation of antioxidant components from Corni fructus
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25381 - 7]l - A g2
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Abstract

A 90% ethanol extract of Comi fructus was fractioned and the active components (i.e., morroniside, loganin) were
isolated for functional food materialization. More specifically, the ethanol extract was fractioned according to the
solvent polarity (i.e., n-hexane, ethyl acetate, and n-butanol), and the ethyl acetate fraction was found to exhibiti
the highest antioxidant capacities (i.e., total phenolic content = 145.84 GAE mg/100 mL, DPPH radical scavenging
activity = 7.91 mM GAE, FRAP activity = 18.86 mM TE, ABTS radical scavenging activity = 13.36 mM TE).
Diaion HP 20 gel was used for separation of the ethyl acetate fraction, and 20%, 40%, 60%, and 80% ethanol
fractions were also examined. The 40% ethanol fraction was found to exhibit the highest DPPH radical scavenging
activity (10.22 mM GAE), ABTS radical scavenging activity (37.29 mM TE), and FRAP activity (27.32 mM TE)
(p<0.05). The total phenolic compound content (580.84 GAE mg/100 mL), total flavonoid content (166.24 CE
mg/100 mL), and total anthocyanin content (0.74 mg/100 mL) followed a similar trend, again being the highest
for this fraction. Two components (i.e., morriniside, loganin) were identified in the ethyl acetate and 40% ethanol
fractions, and their contents were determined by high-performance liquid chromatography. Furthermore, the 40%
ethanol fraction contained the highest quantity of total active components (p<(0.05), and the presence of morroniside
(405 [M-H]" and 451 [M+COOH-H]) and loganin (389 [M-H] and 435 [M+COOH-H]|) were confirmed by
ultra-performance liquid chromatography-mass spectrometry.
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N E gare] oFgaAlE AFSWIA HEHo] 1 FFol
ou] ¥Hal7 797} Bowl, thekek A e vekdth
o doll= AW Xgu d-E f38) ek #E ol & 3 28 A AHKKim -, 2016). ©]# gk k& &5

sto] o] 7164 AEL fEated ALga o, A
dlo] e At o] FAA AT A7 ol B3 BAlo] =tHd ub
2t EAT} B2k8o] AL okg A Byl 2o HAES A
Stazl sk 42871 531 AtH(Dhama -5, 2015). ©]° whe}
A== o83 A 7158 A5 Aol AAu

o], thekel A7 A3 UThLee, 2013).
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7157 AEe BE7] ddiAe Eee Ueile 24

AR APy Ay AP0 AgEE Ao] Fedh,
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A F(Cornus officinalis) = oW T2l &3t 94
BgLTE T 10| BE QS ol FAS A
Agh A AolE ohgAAR AFERl ArhPark 5,
2012). Aol F9 At morroniside(Du &, 2008),
loganin(Jang 5, 2016), ursolic acid(Yu &, 2006)9} 22
terpenoid$} anthocyanin(Park &, 2017), gallic acid(Wang
5, 2003) 5ol Ut} 254 53] morroniside®} loganin
& gl ofdoll A Aol AR RO R A E o
lem, 7 F8 AR ] Fol 12% ol g st
ATHMFDS, 2019). T3k 2 Fulle] Eta2ES 2
oFAl oA JHERIA Y WAV FLRE A HoH,
olof| e} A7t 1A 715748 2AEA &8 o e
AAdzAg & 5 Uk

b rll(Comi fructus)€F 22 FEAA2HE &4
s s flEaixe =, Este A& AR
WH(Choi &, 2011), B2 22| F2 5l Eeld F=
AHgERE g 34 S2AE o] 8-3tH(Choi &, 2011).
olydt T3 T FEHAY FTFHol= chromatorex,
sephadex, Diaion HP 20 5°] )™ Noriko &, 2007), =L
%> Diaion HP 20-2 styrene®} divinyl benzene©| 353 =
olFolA e i A T4 F2A ol thBasso 5, 2013).
b Aol = morroniside £} loganin¥}t 22 vl gl 71
EAE] o Zoll FRAE AHESte] felske]of Blw A
27t & o] Folvtar 4 A Sltk(Liang 5, 2013).

Hge) AAATRE AR BE olshetd &
A(Kim 5, 2019), A% FZ27(Kang 5, 2018), B E
FA(Kim 5, 2003)% &5 #HAE ksl (Tural
Koca, 2008), &35 (Kim¥} Son, 2016), &&= (Kim, 2005)
T T A7 A EA o, Abefre] 24 AR
w3k A= vH|E Aot

kA B AgeM s 1% 7154 AF 2AEE
o7 AR GHlE 90% R R FESla, &
1523} 31 Diaion HP 20 gel chromatography® 4] &
< Tt ditslsE EAHL HPLCE 435kt
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2 Eull(Comni fructus)= 74 5 &t el A] 2018
el ke 2o) blelel 39 2102 21 A3E
28] 19%0oll AF131o] HA1 8 FAlek Alslalsich <)
Az % pastel ARz Agasich
Alef 8t 7|7
B Ao A= gallic acid, (+)-catechin, trolox, 2,2’-azino-

bis-3-ethylbenzothiazoline-6-sulfonic acid(ABTS), potassium

chloride, 2,2-diphenyl-1-picrylhydrazyl(DPPH), 2,4,6-tris(2-
pyridyl)-1,3,5-triazine(TPTZ), sodium acetate, ferric chloride
= Sigma Chemical Co.(St. Louis. Mo, USA)Z AH&-3}31t}.
F= 4 &) £33 809l ethanol, n-hexane, ethyl acetate,
n-butanol2 Duksan Co.(Seoul, Korea)= A}-8-3}it}. Ak
s} A7 ksl dFS A7) $l8l UVivisible spec-
trometer(UV-1601, Shimadzu Co., Kyoto, Japan), microplate
reader(Multiskan GO, Thermo Scientific, Waltham, MA,
USA)E AH&3H3]

H 4
& 734 22

S5 B03} 90% ethanol S 1 : 20(whv) B]& =2 229
A 3AZE FE381] o] & o] FX|(Whatman No.2)ol| o] 3}-3}
o A 2FEES o] 53T ©] & 10% ethanol
o @Eslo] n-hexane, ethyl acetate, n-butanol®] =S 2

4] 53] 9 F=38lo] p-hexane, ethyl acetate, n-butanol,
water 8-S ATt

)
S

3t gatsls2 e ethyl acetate -2 Diaion
HP 20 gel2 F713F column(23x500 mm)2-& Diaion HP
20 gel column chromatographyS % A 3}1t}. Diaion HP
20 gel= 20% ethanolZ column®l| slurry packingd}3i i,
80 mg/mL F=9] ethyl acetate €% 2 mLE geloll 5217
t}. o] 57 &1l 2 ethanol®] §X=(20%, 40%, 60%, 80%)E
A o2 2.5 mUmin®] F&HC 2 &E60 L, 4]

2
928 Qo AdEE F APol AHEHAT.

Jo
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Fos 2d 58
DPPH 2}t]Zt &7 24 Blois(1958)9] W2 W&l s}
S8ttt A= 20 pLoF 200 uM DPPH Al 180
uLE E3Fate] 3027t A HAAIZ] £ 517 nmel|A]
2931 th DPPH o2 &4 &AL gaallic acidE A
skl HFd o 31942 o83 mM GAEE YERH ST

ABTS 2}t]Zt &7 AL Re 5(1999)2] WS 0] &3]
o] =43}t ABTS solutione 7.4 mM 2,2’-azono-bis
-3-ethylbenzothiazoline-6-sulfonic acid(ABTS)$} 2.45 mM
potassium persurfateS- 1 : 1(v/v)2 3+ 5 2443 F<t
ohalof A "E-g-AJZ Y 1 3 ABTS solutionS 734 nmol| 4]
SF =7} 1.00] =5 ethanolZ 3]4] 3} T} 96 well plate
ol sample 20 pLel| 3213+ ABTS solution 180 uLE ¥ 1L
SEZE Ao WAE T 734 nmel| M FHEES S5
t}. TroloxE AH&-ste] HiFde] 3]92)< o] mM TE
2 YepfAch

FRAP 2 Benzie?} Strain(1996)9] WS- o] £3}0]
=781t} Acetate buffer(300 mM, pH 3.6), 10 mM 2,4,6-
tris(2-pyridyl)-1,3,5-triazine(TPTZ) in 40 mM hydroxy acid,
20 mM ferric chloride solutionS 10 : 1 : 12 &35}
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cocktail solutione #| %3+ t} Sample 25 uLell cocktail
solution 175 pLE ¥ 3L 3083t FadellA] WA £, 590
mmol| A FFEE S AT TroloxE AHE-8te] 7 &4

o] 342 o] &al mM TER YeEhAATh

ghite) gtek £3
FH =4 33HE S Prussian blue assay(Graham,
1992) W= WEste] stk 96-well plate]]
distilled water 75 pL, sample 20 uL, 0.02 M ferric chloride
in 0.1 M hydrogen chloride 25 pL, 0.016 M potassium
ferricyanide 25 L& A4 0. & E8ste] 18 o & A
oA 1587t Whx| 8l a1, stabilizer(distilled water : 1% gum
arabic : 85% phosphoric acid = 3 : 1 : 1, v/v/v) 125 pLE
2718t & 700 nmol|A] microplate reader(Multiskan GO,
Thermo Scientific, MA, USA)Z &3 =5 S35t &
=383 E S gallic acidE o] 8-3to] A< 3
F21& o] 83 GAE mg/100 mL= YERATH

FZetE o= SR Jia 5(1999)2] WS o] 83}
73t Sample 70 uLoll 50% ethanol 430 pL, 5%
sodium nitrate 50 pLE 2 3L 30%-7F A 204 HE-SA]Z T
21 % 10% aluminium nitrate nonhydrate 50 pLE 23 &%+
3k & 5EZF A 2o HES-A]F] a2, 1 N sodium hydroxide
500 pLE ¥ Z3slke] 510 nmol|A] UV-visible spectro-
meter(UV-1601, Shimadzu, Kyoto, Japan)E A}-8-3lo] &%
T2 =233t 22 E o= S (+)-catechinS:
o]-&-3to] HaFde] 324 o] €3l CE mg/100 mLE 1}
ISEba=

FUEA 0P ke Lee 5(2005)2] WS W5l
Zstlen, 2328, &1 &5 5 mgmle] FE=
A& o] A8-31% T} Sample 0.5 mLeY 0.025 M potassium
chloride buffer(pH 1.0) 0.5 mL<} 0.4 M sodium acetate
buffer(pH 4.5) 0.5 mLE Zt7} 7}sted wbEA| AT 1 &
530 nm} 700 nmel| A FF =S S5 oM, ofef 2ol

Qefe] AT,

or

Total anthocyanin contents (mg/100mL)
A x MW x D x 100
e x 1
A= (A53Onm - A700nm)pH1‘0 - (A530nm - A700nm)pH4.5

MW (molecularweight) = 449.2 g/mol
D: dilution factor

e: molar absorption coeffcient(26,900)

HPLC =4 % UPLC-MS &4
HPLC #2412 Kim 5(2009)°] S ©]-8-351] 2 mgmL

Tro] 253EE, 8 52 045 um syringe filterol] o2}
3lo] 23 o] A}-8-3FI T} HPLC(1260 Infinity Quaternary
LC System, Agilent Technologies, Palo Alto, CA, USA)ell
Develosil ODS-HG-5 column(4.6x150 mm, 5.6 pm, Nomura
Chemical Co., Ltd, Seto, Japan)E A}-&-8}] 240nmol| 4] &
st} B4 271 © 2= column temperature 20C, injec-
tion volume 10 pL, mobile phase+= acetonitrile : methanol
: 0.1% acetic acid in water(10 : 5 : 85, v/v/v), flow ratex=
0.5 mL/minZ #243}$ ). EFE-2 morronisiede, loganin
= A3 AL, Al 59} retention times B3] =A<
3 AL o] gal FFEHmg/100 @) Ar=EEIt)
UPLC-MS+ UPLC-MS(Waters UPLC system, Waters
Xevo TQ-S Smicro, Milford, USA)°ll UPLC BEH ODS
(2.1x50 mm ID, 1.7 um, Waters)E A}-8-5}o] ESIE. =0l A
Bt A Z71 22 mobile phaseE acetonitrile :
methanol : 0.1% acetic acid in water(10 : 5 : 85, v/v/v),
injection volume 3 pL, flow rate:= 0.2 mL/min< ©|-8&3}o]
positive®} negative ion modeol|A] 213} T}

A e

RE ARE 33 viReigleon, O A3E Hdd BF
A2 YERNRIY. Statistical analysis system(SAS)(9.4,
SAS Institute Inc., Cary, NC, USA)= A}-&-3}o] Duncan®]
Al wet folak A% s A THp<0.05).

= Ll gio] kslks
< Table 19 VERAAT. &0 &3£°] DPPH itz &7
22 ethyl acetate 25 TF- S 2 n-hexane €4, n-butanol
g, water §F TR o] YrolA oM (p<0.05),
ABTS &7 &L ethyl acetate -4 71 =& 24
< YEFATHp<0.05). FRAP /32 0.31 - 18.86 mM TE<]
WS HOM, ethyl acetate FFoA 7 =9kt}
(p<0.05). 343} B4 2 F ethyl acetate & oA 713
E%om, ol HeA FEY TR = vEhd
Ao g AbmHrnt Bk Ak Gule] 80% methanol -5
B 8 238 S W ethyl acetate & F-ol|A 7P =2
gHital 244(DPPH 2 ABTS ]z &7 24)S ek
Y Ba¥E 8 JoHKimZ Son, 2016).

Sl 2o FHEd SHeHE S 2.53 - 145.84 GAE
mg/100 mLe] WHHE UEIH O, ethyl acetate &,
n-hexane &5 n-butanol &, water & £ 02 Yrolx
(p<0.05). Ethyl acetate= A+ vl ] #=4 &+
7P g om 28 4 vk 424 Aok(Stankovie
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Table 1. Antioxidant capacities of the obtained solvent fractions from Comi fructus

Fraction 90% Ethanol extract n-Hexane Ethyl acetate n-Butanol Water
1§

(m]i/I[)P(I}{AE) 1.64+0.09 2.85:0.02° 7.9120.10° 1.530.11° 0.130.02°
( m’}\?TTSE) 1.94+0.13¢ 3.94+0.11° 13.36+0.18° 2.4320.10° 0.3120.01¢
(m) 2.8240.07° 33320.13° 18.86+0.32° 3.070.02% 0.3120.01°
TPC 24.78+1.37° 47.48+0.56° 145.84+0.95° 24.20+0.61° 2.5340.04¢

(GAE mg/100 1) 781, 4820, 840, 2020, 5320,
TFC 6.830.25¢ 85.67+0.87" 48.67+0.12° 4.1540.04° 0.48+0.00°

(CE mg/100 mL) 830, 6720, 6720, 1520, 480,
TAC c d b a c
(mg/100 mL) 0.600.01 0.46:£0.00 0.70+0.01 0.97+0.01 0.0120.00

YDPPH, 1,1-diphenyl-2-picrylhydrazyl; ABTS, 2,2’-azono-bis(3-ethylbenzot hiazoline-6-sulfonic acid); FRAP, ferric ion reducing ability; TPC, total
phenolic contents; TFC, total flavonoid contents; TAC, total anthocyanin contents.
YValues represent the means + SD (n=3) and different letters indicate significant differences (p<0.05).

5, 2014). FZHE o] == 0.48 - 85.67 CE mg/100 mL2]
HRE Yeh o, n-hexane EiEollA 71 E3THp<0.05).
ForEAlobd e 0.01 - 0.97 mg/100 mLe] WS Y
Ebl o, p-butanololl X 7Y =A UERSTHp<0.05).
n-Hexane> B|57d A& A|AsH] Hste] T2 ALE-H
™ (Han &, 2013), n-butanol< tEAJOlI A E-S &85
o7 £ & Jdvn HudE v kKo 5, 2017).

7 dof 22 2E29 Edtsts
A gl Sl FiRe] kstee FRACE 1
311S uf ethyl acetate -2] Edo] 71 =9kom, o

-2 ©]-8-3}°] Diaion HP 20 gel column chromatography
A8 AL, Z47te] gite] gHiksksE Table 200 e}
WATh 40% ethanol & ¥4l DPPH &t)z AA &4,
ABTS 2tz 27 &4, FRAP 42 2H2F 0.00 - 10.22
mM GAE, 041 - 3729 mM TE, 031 - 27.32 mM TES] ¥
= e DPPH 2tt)Z &7 &4 80% ethanol -
oA &Aool A gl Ao = YElE o™, ethyl acetate
g Ho] 1022 mM GAEZ 7}F =& &4< Jehith
(p<0.05). ABTS =}tz &7 &3 FRAP 42 40%
ethanol 8ol z}7} 37. 29 mM TE, 27.32 mM TEE
7V ko, DPPH #HHZ &7 47 22 A4S

T

Table 2. Antioxidant capacities of fractions from Comi fructus by Diaion HP 20 gel column chromatography

Fraction 20% EtOH 40% EtOH 60% EtOH 80% EtOH
D

( m‘i}[’PgAE) 0.68:0.08° 10.2240.15" 3.56+0.19° 0.00£0.00°

( ml}\/IBTTS'E) 4.4240.05° 37.2941.00° 18.6640.37° 0.410.00"
(HENI/{IATPE) 6.1620.05° 27.3240.14* 20.56+0.17" 0.3120.01°
TPC 51.9740.32° 580.84+7.45° 239.82+9.32° 5.3120.12¢

(GAE /100 L) 970, 8447, 8249, 3140,

TFC ¢ a b d

(CB mg160 L) 16.67+0.14 166.24+1.31 54.1840.13 42240.10
@ g/F{OAOC i) 0.01£0.00" 0.74+0.02° 0.040.00° 0.040.02°

YDPPH, 1,1-diphenyl-2-picrylhydrazyl; ABTS, 2,2’-azono-bis(3-ethylbenzot hiazoline-6-sulfonic acid); FRAP, ferric ion reducing ability; TPC, total
phenolic contents; TFC, total flavonoid contents; TAC, total anthocyanin contents.
DValues represent the means + SD (n=3) and different letters indicate significant differences (p<0.05).
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B ATHp<0.05). B2} D72 Diaion HP-202. 2 24 4
T2 Edtsle o DPPH 2toZ &4 &4 9 ABTS
gz 2A o] 7MY Esktta BaE bl 9lok(Choi
=, 2011).

Diaion HP 20 gel& ©]-8-slo] &2 72] Fol=/d et
E &% S5 wolE 3, FAEA oM ke 27t
5.31 - 580.84 GAE mg/100 mL, 4.22 - 166.24 CE mg/100
mL, 0.01 - 0.74 mg/100 mLe] HE YePit) Fd=4
313HE ek 40% ethanol &l 717 =3kom, 60%,
20%, 80% ethanol & <=0 & rolH th(p<0.05). T3},
ethyl acetate &FEH T} oF 3.98v) S7tste] 71 =& &
= UERTHp<0.05). T&etE ol = ghaf 9l FrEA o}
3T 40% ethanol & R4 71 =% THp<0.05).

AR Aol 22 2EE2 24 ME 24

44 JES HPLCE #4431, FFedS sRde
SRS Alaks] 73 2] 319248 AU} Retention time
o

2 10.16%-°l] morroniside, 20.95%-°]] loganin®] HZ% %<
H(Fig 1), 24 AE<] g2 Table 30 VERRRITE 4k
2] oekE FZEA morroniside®} loganin®] Z+z}
136.36 pg/mL, 53.29 pg/mL=Z Uebgtth ditslso] 714
=2 cthyl acetate & -0l 4] = morroniside<} loganin®] Z}2t
36.02 pg/mL, 149.72 pg/mLE YEFFTHp<0.05). &1 &2
< 3192 wl, morrniside= n-butanol &+, loganin-- ethyl
acetate giollA F7tete AoR2 FAH U

20% ethanol ¥l 4] = morroniside 2} loganin®] 22}
20.07 pg/mL, 16.66 pg/mL, 40% ethanol 2|34 80.05
ng/mL, 151.74 pg/mL= WEFSETE 40% ethanol €3l A
morroniside 2} loganin®] &Fro] 71 =3k 0 ™(p<0.05), 7}
e dksle e R ARelE 22 g UE
Ak Ak dulle] morronisidett loganin} 22
iridoid glycoside &2 -2 Diaion HP 20 o] &g uj £]7}
2 "t 2nd vh thWang 5, 2018). ¥ Ao A=
ewd0% ethanol &&-ol|l A loganin®] 7F4 =& kS el
ylow, 2 dujo] tsles Ueille T2 €4

—_

(A)mwor

wob

ob

1 2

wob

i A

(]

5 10 15 ﬂ? 25 min

Fig. 1. HPLC chromatogram of standard compounds (A), ethyl
acetate fraction (B), and 40% ethanol fraction by Diaion HP 20
gel column chromatography (C).

1, morroniside; 2, loganin.

Ao AlsETh

40% ethanol &%-2] HPLCZ 213} 2kf-2] & A&
1 morroniside ¥ loganinS- UPLC-MS® ¥ <+%3} H|wa}
o] EaFS &5k th(Fig. 2). Negative 271014 mor-
ronisde®} loganin Z}Z} 405[M-H]-2} 451[M+COOHH]-,
389[M-H]-¢} 435[M+COOH-H]- & UElykom, o]& zhz}
FAFF] parent iono]2kal E ¥ B} QT Cao 5, 2011).

Table 3. Contents of morroniside and loganin of the obtained solvent fractions from Comni fructus (ug/mL)
Diaion HP 20 gel column chromatography
Fraction 900/;)(5;2?101 n-Hexane a]igtlzzicle n-Butanol ~ Water
20% EtOH 40% EtOH 60% EtOH 80% EtOH
Morroniside  136.36+2.97"" 2 36.02+0.7° 295.4949.14* - 20.07+1.04° 80.05+3.18" - -
Loganin 53.2042.04° - 149.72+5.37° 118.49+6.08" - 16.6620.58" 151.74+8.67" - -

Total 189.65+5.01° -

185.7446.06° 413.98+15.08" -

36.73+1.55° 231.79+11.51° - -

YValues represent the means + SD (n=3) and different letters indicate significant differences (p<0.05).

INot detected.
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(A) 4.00E+06

3.00E+06

2.00E+06

Intensity

451
[M:+COOH-HJ
405[M-H]

1.00E+06

0.00E+00

400 410 420 430 440 450 460 470 480 490
m/z

(B) 4.00E+06

3.00E+06

435
[M+COOH-HJ-

350 370 390 410 430 450 470 490
m/z

2.00E+06

Intenslty

1.00E+06

’ 389[M-HJ

0.00E+00

Fig. 2. UPLC-MS spectrums of morroniside (A), and loganin (B) from 40% ethanol fraction by Diaion HP 20 gel column chromatography.

o ok
I =

AbEf gl A7t l%*é 2 5}
auje] 90% oletE FEE5 &0 E¥ 5t
233}, od] 7|sl= %’r?\ #J E-(morroniside, loganin)S-
Diaion HP 20 gelZ FE|3lith At Enje] 5%
9 g 7e] ksks S 2, o] F ethyl acetate 1ol A
FAakskso]l 7HE #A YERETH(p<0.05). ©] & o] -85t
Diaion HP 20 gel column chromatography S A A| 8153 2.1,
20%, 40%, 60%, 80% ethanol &3-S AT} 40% Ethanol
g Bo A gHaksl &adel DPPH btz 27 244(10.22
mM GAE), ABTS #}t]Zt &7 24(37.29 mM TE), FRAP
242732 mM TE)S. 2 71 A YERSTHp<0.05). At
3t A2 Q1 TSR $(580.84 GAE mg/100
mL), ZZe}H o= 38K166.24 CE mg/100 mL) 2 <t
EAJobd 3HKH0.74 mg/100 mL)S 4ks) o] Aafel
2 73k ‘J'E]r”“’/} Ethyl acetate &< Diaion HP 20
gel 2 ©]-&3ste] FE3H31S Wl 40% ethanol 2]l 4] 4t
shsol 71 =4 UrE‘r ow, 24 Ze= <ot itst
sol T7k AE Btk dtskso] A UERd ethyl
acetate £47-2] &/ JE-Z HPLCE £418F Z 7} morroniside
9} loganin®] S 77} 36.02 pg/mL 2 149.72 pg/mLE

7Fd 2= tH(p<0.05). T3k, Diaion HP 20 gel S ©]-&-3}]
A2 ZF A morroniside®} loganin’d -2 HPLCZ w24
gt A7, 40% ethanol & F-0] 7HF =4 THp<0.05). UPLC-
MSE o] 835} 40% ethanol E&E29] &A] A &S EA3)
Z 3}, morroniside 3 loganin®] parent ion®] Z}7} 405[M-H]-
9} 451[M+COOH-H]-, 389[M-H]-2} 435[M+COOH-H]-&
YERstT) b, A Dele] 40% ethanol 22 &H4F
3}l loganin®] 7]ojdl= Aoz AlRHTH

mlm
0 L
P‘L
)
>
5
Jo
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