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In vitro and DFT studies on DPPH radical scavenging activities of
isoflavonoids present in rhizomes of Iris domestica (L.) Goldblatt &

Mabb

Jongkeun Choi

Department of Chemical and Biological Engineering, Chungwoon University

2 & 2 Afe BEAY FIo EAct:s clAEHELo|EEY A B in vitro NEHLOE Bristn

= &oto] F4Ast 712E ZRAFSE] fJste] £ E QIS WA, UPLC-PDA-MSE &8st 22 A &
HEHEY UV AHEFHES 7|&0 wie Zye}t v|wsla] 529 FQ IIHE, = iridin, 1r1gen1n tectoridin,
tectorigenin 12]1l irisflorentin& &915}3tt. DPPH oz AA% H7MJA Yekg FEEF iridin,
irigenin 12]3 tectorigenin FAFSE B HTh HFHO tectoridin® irisflorentin®] 842 &d8 4 ¢l
Qltt. olaZgtR ol=o] ti5to] hydrogen atom transfer (HAT), single electron transfer followed by
proton transfer (SET-PT) 183l sequential proton loss electron transfer (SPLET)«] Z A A 717
S 95|1x; 74T} AAE2T E)olA B3LYP/6-311++g(d,p) &4 HUTTRE H &3t A4S
vigog A 7iY 71 #AE] Sl TAY e dEEES -E—QO]'@“:]' =4 7‘]4', 1r1d1n:4- irigenin &
olAZetEolEo] H|gl F o =2 S BEL M ALE ASHAUY. EF VoA e FAEPReR
HATO] & ©f 7Fs/4dol &1 oebe&at BolAls HATEY ofat SPLETZE SAIE Aoa was 9t

Abstract This study was conducted to evaluate antioxidant activities of isoflavonoids from rhizomes of
Iris domestica (L.) Goldblatt & Mabb. by in vitro assay and to investigate antioxidation mechanisms by
theoretical calculation. Fist, five major chemical constituents, namely iridin, irigenin, tectoridin,
tectorigenin and irisflorentin were identified by comparing mass and UV spectra obtained with
UPLC-PDA-MS to previously published result. DPPH radical scavenging assay revealed that methanol
extract, iridin, irigenin and tectorigenin showed antioxidant activity. On the other hand, antioxidant
activities of tectoridin and irisflorentin could not be observed. Density functional theory (DFT) at
B3LYP/6-311++g(d,p) level was applied to elucidate three well-known antioxidant mechanisms including
hydrogen atom transfer (HAT), single electron transfer followed by proton transfer (SET-PT) and
sequential proton loss electron transfer (SPLET) of isoflavonoids in the gas and liquid phase (ethanol and
water). On the basis of the calculated results, five reaction enthalpies related with three mechanisms
were analyzed. As a result of analysis, it was expected that iridin and irigenin have higher antioxidant
activity then other isoflavonoids. And the results also suggested that HAT is more favored mechanism
in gas phase and SPLET as well as HAT is preferred in the ethanol and water.
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1. M2
EELolEx A, oy 5 QIZto] HF = AE
of &otA EAol= 22 AKIER o] g2 TAE 9
t|sh= gtEojoA fEstRicH1,2]. ol&2 AAE=T

3} 27t FARSHE oAERA 859 T 9 A
3I7L gRlEo] AEY JAERACRE EF97|E §t
3], EEtEo|E= ot FPU=stolw, FEWAD},
IS 190 Fedt G50] qlo] YokE, AE, 3
o] AA A8E AMET AHHR] dAS FES Wt
ATH1]. EgtE o= EdHE 2E 7K A=Y 2
2} AIER Fig. 10 BQ1 A} Zo] 5= 789 phenyl
78 A, B& heterocyclic 18 C7F 2gE 1RE 7}
A3 IEH3LL 71EFRNA gt FEAE0] Tl
Z 4 lon anthocyanidin, flavanone, flavonol,
isoflavone, flavone, flavan-3-ol9] 3}9] 1HC&2 &
ok QItH4l. olAZetilo|Exs et o|Eet
X7t FArSE SIRIEERE 118 C9] 29 g4Vt ofd 39
g4 18] B9 phenyl”|7} A3 3-phenylchroman
9] Z4 & 7HItHE]. olaERtEo|E= AE B9, T
TAEo] v EA5t AlEoA= R I Hojst
+ phytoalexin 715& 7HAaL Ut} weba| ojdEe
AP} AEH A o]aEHE 0| E9] S SXIRIT
5.

HEAe AR oRE B9 ZEiKIridaceae)
of &l ohdAdl AEE Hee 92 24 4o,
20~120 c7tA ATH6,7). SHHL /ris domestica
(L.) Goldblatt & Mabb.oJ¥ A HEAS] sy
Belamcanda chinensis (L.) DC.2]91.24 2005 DNA
E9EIE TAZ [risg o2 A EHFEHIIH6,8]. BH
A= 2738, A& 181 o olgH Fu
o W= F2 2ol £ v W Z1XsHAY 9 WAzt
= A, 997t B2 A& A5 5 oy HAkE ©)

At} JAbE= WSk Zlo] Erhal girh HEA
= ZgtH-0]E, terpenoid, quinone, ¥714t 5 100
dF9 RtEol A= FFEAHT9L.
tectoridin, iridin, tectorigenin, irigenin 2] °]4&
EEo|EE2 HEX Y 38 ALY B4R I,
MRS, 5HAHE, S5 ¥ A8 A= a9t
LHATHI0-14]. & ArolAEs HEX F8 HJES
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Isoflavones

Flavones

Fig. 1. Skeleton structure of flavonoids and isoflavones
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Aol AHEE BIEAY REE7]= SR @
FHS| B(FAL S=hollA st AR g thy
—20 T Y& Basiyich. |visE, Al A9 A
23t WEe 9 ofek22 Fisher Chemical Ab
(Loughborough, UK)9] HPLCEZ AkR&st3oH
dimethyl sulfoxide (DMSO)& 4FH3S}HAE, TH=)9]

GRFS Aottt d4st €4 SXoi] st
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical,

quercetin 183 LC-MS &9 formic acid&
Sigma-Aldrich (St. Louis, MO, USA)AMIA] 145
o} EgtH Lol BEFEOCR AMSH iridin, irigenin,
tectoridin, 18]l tectorigenine FOMAO|AA(AE,
SEDAA st AMgSRgItt. F&EC] EAcke
ZgtH ol B EXo= Aquity photodiode array
(PDA) #&719} micromass Quattro Micro APl mass
spectrometer (MS)7} AE7|Z A2 WatersAt
(Milford, MA, USA)®] Aquity ultra performance
liquid chromatography (UPLC) AlAEE ARESIR
o E3F 4% =A== Molecular DevicesAt
(Sunnyvale, CA, USA)9] SpectraMax Plus 384 u}o]
AREY0|E YEE ARESHYITE 1Hto] Aol ARgRE
7172t A9k GAREStalst 82 Sigma-AldrichA]
Al YT AL ARESHATh

st o] WatersAte] Aquity UPLC-PDA-MS A|AH]
o] Z{jote] 9 179 UVAHEHEY AFAHEY
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= O

52 dith B2 Ealoj: Acclaim® C18 Z#(100

2 mm id., 3 gm, Thermo Scientific
Dionex, Sunnyvale, California, USA)& ARSI O
o, o]5A2 0.1% formic acid F&H(A)I 0.1%
formic acid OMHEUEZHB)S Ar8ste] 30&7E
10% B4l 100% B7HA] ¥3Hs WA 0.4 mL/min®|
FFoz ZHF

<3}
=
mm X

o]

2.3 DPPH 20| AHs

HEA Herg =259 DPPH #dZd &AL
Dietz 59 W< ool EAsIUcH1A). vgkE 5
28 100 puLE 48 well Hlo]Z2Zgo]|E0 YW1
DPPH ofe-24(0.01 g/ mL) 100 xL& 2715t e &
Eo] A1 A 3087 HRSAIA L oEeS de

well& HEO.2 570 nmol|A SpectraMax Plus 384

vlolazEdolE ez FHEE St 2T

= 239 o] ofhge Yolesl ofel ez

DPPH oz &7 &4 AAbstdth

DPPH radical scavenging activity (%) =
Ap—Ay
i, x 100
where Ac is the absorbance of the control
without sample, and Ar is the absorbance of the

reaction mixture with test sample.

2.4 DFT A4t gt

WA ek &
S0l izl o
16 (RevC.01, Gaussian Inc., Wallingford CT,
UsA)ielelleor a4 x| FH|et At siA
GassView 6.0 (Semichem Inc., Shawnee Mission,
Kansas, USA)[1719] ¥4} J1gigA T2 S 0]89]
At B3LYP/6-311++g(d.p) &old wHE=g
(DFT)E #&sto] o]aZetH 0| EES] 25 223}
Stal s (frequency)FE ALttt E3F Sujayt
9] BAR= integral equation formulation-polarized
continuum model (IEF-PCM) AR&-35}lo] AAlsE O
o, FARet HAe] digy] e 3ol Had g2 A
B5F3IrH18,191.

EHEY HFE S ERASEAA ¥ 3= Y
9 ol2F o= Al 7HA] A= thE 71&, & “hydrogen

atom transfer” (HAT), “single electron transfer

=
ZolA EHE o]aFEeti o=

St AT E Qo] Gaussian
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followed by proton transfer” (SET-PT) 183
“sequential proton loss electron transfer” (SPLET)7}
A= QEH20-22]. &2 AFolAE B3LYP/6-311
++g(d,p) oA RIEET 49 vAEEY A
g1 ZHSum of electronic and thermal enthalpy)E
& Foto] BRE712E EASHT
WA HAT 7122 242 2HZ(Re)o] EH=Y ¢
AZ|(ArOH)Z2HE] =4 YAE o} QHYe Bx7t =
£ Zolth. wEbA HAT 7] 3= O-H Z2%Y
sl2] ML (BDE: bond dissociation energy, °l3k
BDE)®} 43t &, BDE o] F&E gz 47
50l & AR it 4 Sk
Re + ArOH — RH + ArO-
BDE = H(ArO) + H(H+) - H(ArOH)
Where, H represents enthalpy.
SEP-PT 7oA EdjHEe WA AR Hddsto]
Al Ao g RS ¢lo] ofd FHZH(ArO-)
o] E= Aot} o]AL o]23} oHA(IE: ionization
energy, °|5} IE)e} A} sj2] AE T (PDE: proton
dissociation energy, ©15} PDE)2} A7} o
ol AZ5E kst o] At
Re + ArOH — R™ + ArOH" — RH + ArO-
IE = H(ArOH'*) + H(e) - H(ArOH)
PDE = H(ArO*) + H(H") - H(ArOH")
npAEte. g, SPLET 7122 E¥wl=o] sfaj=o] &
o]2o] EI oJojA HAE AlFol= 7|FoRE PR
XIS} (PA: proton affinity, ©]8} PA)S} AAF A <l
g1 ZHETE: electron transfer energy, ©|5} ETE)ll
OJE3IT
ArOH — ArO” + H', R* + ArO" — R + ArO¢,
R + H — RH
PA = H(ArO") + H(H") - H(ArOH)
ETE = H(ArO*) + H(e) - H(ArO)

o =
2 &

olE

= = =
3.1 UPLC-PDA-MS 22 S5t #ex) £520|
shate 24
HRA vekg 2580 ZASH: 7o HES Belet
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of Fig. 20 59l 23 2L ARotEIHS Ak 2
ze] Wj=9] UV AMEYST Wk AMEYSS Bel

vl wslo] 5%°] 9 AR (iridin, irigenin, tectoridin,
tectorigenin, Z18]1L irisflorentin)& &t
tHTable 1)[9,23,24]. T3t Z+2+9] A
Ut EEFFS 18319 UPLC-PDA-MS
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UPLC peak profile of /ris domestica (L.) Goldblatt
& Mabb. methanol extracts. (@) UPLC chromatogram
detected at 254 nm (b) UPLC chromatogram
obtained with mass spectrometer.
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3.2 DPPH ziC|z A7 &4

HEA wehg $EE3} UPLC-PDA-MS &4 2%}
gld F8 AFEEol st DPPH g &AL
Z7oFAtHFig. 3). ¥R EZE querceting
ARgSE o 30 pg/mLolAl 74 %9l AHETE et
Wt o]AL o]Aof BH quercetin® DPPH A7
43 FARSE Afo|t}25-27]. HEA HEhe FEE
2 310 pg/mLollA] 48 %9 A8 a5 B o o]4
ER0|=E £ iridind irigenin® 100 ug/mLojlA]
28 %9 Aarts Bt ESH AITIF O & tectorigenin
2 Z/go] ¥kor tectoridint irisflorentine &4
= gRI% 4= Utk

o fu
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Table 1. Structures of compounds identified with
mass spectra.

Compounds Mass spectra
1: Iridin m/z=521.4 (ES-)
Gle-O. 0. L
H,CO O O OH
OH
o
OCH;,
OCH; bas ”‘ s
MW=522.45 g/mol B
2: Irigenin m/z=359.3 (ES-)

ESou

MW=360.31 g/mol

m/z=461.4 (ES-)

3: Tectoridin

Glc-0. O 1
HyCO
on
OH

MW=462.40 g/mol

ot

m/z=299.3 (ES-)

4: Tectorigenin
HOL s i

HyCO' 7
o
OH

MW=300.26 g/mol

m/z=387.3 (ES+)

5: Irisflorentin

<0 O O
o O
o
- o
i
_o

MW=386.36 g/mol

irisflorentin®] 3% free O-H 28717} ¢l7] H&
o oz AaAse] *2 AexR AAHry IFn
monohydroxyl B-ring®] tectorigenin®} tectoridin
Ho4= iridind irigenin®] & 7§S] methoxy 28717}
HaljX B-ring?] F&2E 7HI Qlo], & AHiFo=
B-ringl A}t Fofso] & Abart B Wol A= o]
7] wiizol w39 A3t AE HoidE & o sk
= Z A0 g AZdrt oA 3719 O-H #8717t
A%E gallic acidZ7t 2709] O-H 7|2 A|%d
protocatechuic acidof B]gto] &2 JASIES Hof
& 728,291 /AR AR gz IgARE
hydroxy 15°] methoxy 150 H|5to] Stjd 47
52 =ole Ul & o anERl 2R d#FtH30l. o
24 quercetin© B|stY iridin¥} irigening] E4J0]
$2 Foz AZbEr

=
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Fig. 3. DPPH radical scavenging activities of 30 g

g/mL quercetin (positive control), 310 xg/mL
methanolic extract from Iris domestica (L.)
Goldblatt & Mabb., and 100 pgg/mL
isoflavonoids found in methanol extract.
Values are presented as mean * standard
deviation (n=3).

3.3 DFT AAt

3.3.1 3XHgl X FH| LU XX}

i skkEo] 271 32+ F2+= PubChemolA W
2| dro} ARB5ITE oA hYdYOXY1 group?] ¥&

» abast AgEo] 9 BAMGE stk 24
EAET olg9 o2 ¥ g7 —TLZE«] TZ A5}
o= B3LYP/6-311++G(d,p) $FNA AAS £33}
oot F-gke] 7] 3234 7‘553 GaussView= 0]
gato] EAY $4 Fgto] PHEHEF conformerES
273t T} 7hzhol Aok ol x| %I
Hlwsto] A9 1RE Stoitt. o]F9] AR o]
= A3 I1xE stof =359t

ton

2%
TXE

==
A
Hoga

Hl
EEI

3.3.2 HAT 7|&f
HAT 712] o3t &

O-H 227171 -5 E3li(homolytic cleavage)9]
2 A5A 0 A4S Agste] A= 58S
3HH20,31]. 287 o] 7|0 o3t FHAkelE S d=35)
7] $igt w7 BDEC]TH20,31]. WA, op&%am
LolEEY 47t AA" FREHDES o=
B3LYP/6-311++G(d,p) °|& $FolA :,L = A3}
st 298 KolA %3t &S A5t “Sum of
electronic and thermal Enthalphy’#+& AAsF3ATE
ESE, AL AT ol8sto] EetElo]EES] O-H 2
&9 sfg] AJAI(BDE)E Fot{thTable 2).

Table 20 Yehdl A3} o] O-H 59| BDE %>

Astele o] aZetiico|EE

=
s

7

o o
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77.0914 91.7 kecal mol™ o]gled 7|4A} & 3t
7°14 BDE #9] Aol= 2R L3ttt 3 BDE A4t
A7} iridin®] 03'-HO| 48t &/go] 7Hg 2 2ol

= A< Bt o|8gt A3= DPPH St &4 &
AJollAl iridin®] AF ATt X|7HH(Fig. 3). TZX|qt
BDEAKT O 2 tectoridin®] EAo] gl A& o
5171 ofgrta waE

Table 2. Calculated BDEs at O-H bonds in gas phase
and water and ethanol solvents (kcal/mol)

Compounds Bond Gas Water Ethanol
phase
06-H 81.2 81.2 80.1
Iridin -
03'-H 77.0 78.7 77.4
06-H 91.7 88.3 87.4
Irigenin 08-H 85.6 88.3 84.6
03'-H 82.7 81.3 80.1
06-H 82.3 81.2 80.1
Tectoridin
04 -H 80.6 81.4 80.2
06-H 92.0 88.2 87.3
Tectorigenin 08-H 85.6 87.1 84.6
04'-H 81.6 81.9 80.7

3.3.3 SET-TP 7|#

FAISHA 9] MR Ao A A=l o]ojA] G4
A7F Agsto] ] A7 wEgo] YAEE 7R o]
SET-TPeItH20,31]. & A WA @Al |23} dA7}
ks AAE FHetttn & & Qo o235} o|AE
basis set& 6-311++G(d,p)= A3} B3LYP T
2 DFT AlkkE Agst 23} o] 238} o A(IE)E Table
39} Zt}. ALAT BDEQF VEIZHA R [EX iridin®] %
o] 7Pg Aekor E3} ofjghE &1 oA 714
A9k vlwste] 38 ~ 57 kcal/mol T RolAl= FEF

Atk AR 80 keal/mol W29l & X1 BDE
o} ¥]we W 104 ~ 168 kcal/mol®] gk SET-TP 7
Zro] dojuprofl= & #o2 AZH. Bayat 52

=
=

Table 3. Calculated IEs in gas phase and water and
ethanol solvents (kcal/mol)

Compounds Gas phase Water Ethanol
Iridin 153.6 103.5 115.9
Irigenin 162.3 111.9 119.4
Tectoridin 161.8 111.1 118.3
Tectorigenin 168.0 111.1 118.6
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gHol=o] U=Ql fisetinol T3t FAISE 717F A
A3, 23 #Ae g FAFNA Hd A HE

(single-electron transfer, SET)& @gstzog 715
51A] gty Huglom o|A2 929 Auke}t Azttt
[32]. 318 PDE &2 7141404 230 keal/mol We
2 EF} ofeh&oA49] 10 kcal/mol Wel9] FHHECh uf$-
2 & o] FtKTable 4). o]A2 A9l &3}
R]7} EoflA —252.2 kcal/molQl AT} oo A
—255.4 keal/mol9] & 711 9171 wizeltH18,19].
E3} ofghZollA] o]laETR -olE Fol2E9] PDE #
0] dHF o R W] wfjZo] & DAA EtEo|lE
QFol2o] 7tk F/gAe] sf=|et AALE wof ol
o] ® DPPHO| FdAFek= ApdHog dojd Zo=w
o &=t

Table 4. Calculated PDEs at O-H bonds in gas phase
and water and ethanol solvents (kcal/mol)

Compounds Bond Gas Water Ethanol
phase
06-H 2435 15.9 7.0
Iridin
03'-H 239.4 13.3 4.3
06-H 245.3 14.6 10.9
Irigenin 08-H 239.2 14.6 8.1
03'-H 236.3 7.6 3.6
06-H 236.3 83 4.6
Tectoridin
04'-H 234.7 8.5 4.6
06-H 233.4 14.2 8.9
Tectorigenin 08-H 229.5 8.9 5.0
04'-H 239.9 15.3 11.6

3.3.4 SPLET 7|%f

upRjeko 2 SPLET 7]&He] 7hsAdoll thafial Ak
o} 5h&9] A wA 9 BEo] Sl PA FE2 714olA
+= 330 kcal/mol olido|9lon &3} ogkZ fujx7]
olAE 33 ~ 43 kecal/mol& Ho] FUtKTable 5). w
2tA 7)Aol As SPLET 71%H9] 7HsAo] Qis Aoz
e = ok E3 ofgh& o] 84 2HollAE o 7]
Zo] A WA GAEY vlwd o 7P 2L ghol7] giE
o] SPLET 7|&o] =4 &ull 274 | 5k 712
oz Azttt SRA|T, ooj= whgEt #Ro] Y=
ETE #5< BDE #ET fAR #EE HoiFdt
(Table 5). wetx] S4 & G042 P} -2
SPLET7} 23t W8 71Z&o| ALt 7Z-9of wEhA] HAT
I} SPLET 71&0] BAAH oz dojd Aoz A7)
ot ETEQ] gk FolM 71 W2 ¢2 iridin®] 03'-H
IEol¥e thA|Z  irigenin, tectoridin I3
tectorigenin =22 Eobfrh o|A2 AF A iridin
9] DPPHE| &7A%50] 7F¢ 9=t A3t YA[gt Ajo|ct.

4, Z8

Heke &2 ti4tog UPLC-PDA-MSE
E443} 539 o|AZgHLo|lEE ERIT
1§ olA&ZetEolEE9] 412 DPPH
23} quercetinEth TA|&= U9FA|
T 4= QI9lt}. o]AZER kolE 2t

. O

Table 5. Calculated PAs and ETEs at O-H bonds in gas phase and water and ethanol solvents (kcal/mol)

PA ETE
Compounds Bond
Gas phase Water Ethanol Gas phase Water Ethanol
06-H 329.8 36.4 35.7 67.3 83.0 87.2
Iridin
03'-H 339.2 42.2 34.8 53.7 74.6 85.4
06-H 342.0 42,9 41.6 65.6 83.6 88.7
Irigenin 08-H 330.2 34.4 32.7 71.2 92.1 94.7
03'-H 340.9 41.2 39.6 57.6 78.3 83.4
06-H 333.2 36.9 35.5 65.0 82.5 87.4
Tectoridin

04’ -H 340.9 40.3 38.8 55.6 79.3 84.2
06-H 330.8 34.5 32.9 70.7 90.8 94.6
Tectorigenin 08-H 336.6 39.6 38.0 61.0 80.4 85.5
04'-H 342.7 43.1 41.7 65.2 107.4 106.0
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o= iridin®] AkstEo] 7 Q=519 21 irigenin
T} tectorigenin® AP E RIS 4= 99t o]-Z]
9t tectoridin®} irisflorentin®] 42 Q1% &

t}. B3LYP/6-311++G(d,p) =14 DFT 7%1*&2&
BDE, IE, PDE, PA, ETE @52 @1 st o5
o 2y, oE olaEFHkol=o] HIstY iridind
irigenin®] 4}t o] =& AL R ST} E3L
AN7HA] &Hatst 71249 o A, JIER] gejo] EAfst
< OlAaESE o] E5E 7|4dollAl= HAT 7]&gto] 7}
5ok ofgk&Tt B9 -&ulj 2o A= HATHERE ofy 2}
SPLET7} #A41% Z o= &= gich
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