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Abstract

Phloridzin is a predominant member of the chemical class of dihydrochalcones and mainly found in apple. The
biological activity of phloridzin treated with dielectric barrier discharge (DBD) plasma was evaluated to investigate
whether exposure to plasma can be used as a tools to enhance the biological activity of natural resources. DBD
plasma treatment of phloridzin was camried out for three different exposure times. The antioxidant effects of degraded
phloridzin for different reaction time were evaluated via radical scavenging assay using DPPH radical. In addition,
the anti-diabetic and anti-obesity properties of the degraded phloridzin were measured based on a-glucosidase and
pancreatic lipase inhibitory activities. Phloridzin treated for 60 min showed significantly higher radical scavenging,
a-glucosidase and pancreatic lipase inhibitory activities compared to the tested positive controls. Degradation of
phloridizin induced by DBD plasma might be responsible for enhancing the biological activity of phloridizin.
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o ehQo1). MY Fekavk /l&e HES) BYEE A

ek 715 ol9dl &4, o8 FokllA it 2 A5V
2 NEE I o, AFe] At sleHA, 7]5A H sl
gk A= oF2 &gk Ao th. Phloridzin phloretin
ol glucose’} 2%+ P2l chalcone Bl 3}5HE 2 A
Abte] TS E = H| 28521 Aol Aol Ho] 3]
o] o], AFES] AFA A= A2 Holth22). &
AFelM s o] Aol Hagh H|g Zet=nt 22
93| naringin - Z 5 Y H 25t slgHEe] gitst g4
o Fse Y5 AE Y L HER)HE Zep=ut
12|t phloridzin©. 258 A/dHE A E] thell DPPH
gz 27, a-glucosidase A3 &4 2 pancreatic lipase
A S #3t AFE TP

R
AleF R 2171
£ Hgol|] A8 A< 2 phloridzin, 1,1-diphenyl-2-
picrylhydrazyl(DPPH), (+)-catechin, acarbose 2! Saccharomyces
cerevisiae 2] ¢] a-glucosidase= Sigma-Aldrich Chemical
Co.(St. Louis, MO, USA)ol| A F+35te] ALg3t3iz, 1 &

A243A A3Z (2017)

o] AHgE gl F AR BE A oo THS AHES
21t} HPLCE Shimadzu LC-10A(Tokyo, Japan)S A}-&-3}
gom o] EA] MeCN, MeOHE Sigma-Aldrich Chemical
Co.(St. Louis, MO, USA)°l| A st AHg-st] A =&
AT

Zgl=0o} X2| phloridzin BI2E M= U 24
Z2}2v} X 2] & dielectric barrier discharge(DBD)(250
W, 15 kHz, ambient air) Z2}21} 7]17](137%104%53 mm)=
AH8-8199 TH?20). Phloridzin 100 mgS MeOH 500 mLoll 9]
3 DBD Za}znjol| A 20, 40, 60 B¢k 223 T =4
&3 TE 2 A R Zek=ut2 X 2] g phloridzinl]
e A 10% #EHE(100 mL)ol| HEAIZ] 3 EtOACE #32]
3lod, 7} BtOAc 713582 56.0 mg(20% *12]), 48.6 mg(40
i A2)), 524 mg0% A2)S AATh Qo Az Al
FIES 94 HPLCE #4138t slstae] A2 g3t
At} HPLC £49] o] 5 g2+ 1% formic acid(solvent
A)<} acetonitrile(solvent B)E AF-8-3}¢] gradient elution=
23} o] 33Tt 0-5 min, 95% A; 5% B, 5-10 min,
85% A; 15% B, 10-15 min, 70% A; 30% B, 15-20 min,
50% A; 50% B, 20-30 min, 0% A; 100% B2] -&uj 24 o=
54 B4 & sl9om, o] 5] £52 1.0 mUymins A
39 3L 280 nmol| A 3HgHE-S &3 TE HPLC 4%
Z-4] & YMC-Pack ODS A-302 column(4.6 mm i.d.x150
mm; YMC Co., Ltd., Tokyo, Japan)= AF&-3lo] F2493191 )

DPPH 2it|Zt 2Hs5 &H

Eefzntol| 20, 40, 605 <+ #1 2] ¢k phloridzin®] A4}
o} %52 Blois WH4)el wel St 7 A 849 120
pLol 045 mMe| 3A3% 1,1-diphenyl-2-picrylhydrazyl
(DPPH) €9 60 LS Y1 wuter 5 1587 W3 oS
517 A FFEE St AT TS A&
o A7k RN FHE AolE MEE R Ueh)
Atk

a-Glucosidase Xsli&Md =4
a-Glucosidase #] 3] &2 Eom(25) S°] a3 Wi ¥
golo] a7 ARES-S o] g3t EFskx] who g =

=
St} =, 1 UmL a-glucosidase 90 pLol] A5 22 0.

1 mM pNPG 100 uLE 37}t & 581t vhgA| Itk 1t

< 405 nmol|A] ELISA readerg ©] &3t §4=E 543
o =24 71AZ258H #2859 Y42 p-nitrophenols =7
St FA U ZT 2 2= a-glucosidase A3 Al 2 L%
acarboseE A1 2 M a-glucosidase A3 &S A5 &
Ho| H7brd TS FHRE fasR UERA T
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Pancreatic lipase Ma|&M &3

Pancreatic lipase #1311 &4 =72 Kim(26) 5] a3t 1
e WHEPsto] AASAH = enzyme buffer(10 mM
MOPS, 1 mM EDTA, pH 6.8)1| porcine pancreatic lipase S
0.5 g/200 mLe| F== 4TS FAshaA galstaL 4,000
pmo 2 A4 £2lg & FSH & AFESto] 169 1L Tris
buffer(100 mM Tris-HCI, 5 mM CaCl,, pH 7.0)¢} 6 1L
enzyme buffer& &3¢l AE-2 DMSOZ &2t final
SE7F3%7t HEF g F Uk == A eto] g
t}. 7|2 8N 02 pnitrophenyl butyrate(p-NPB)< 10 mM
o] =7 DMFl| 8318 & 37°ColA 158 <t nlg] kA
7Aook AZ S Hrksto] thA] 37TolA 358
FoF WES-A| 71t} HH8-5-5 shaking incubation A]7]1 ¥ 405
nmol|A] ELISA readerE ©]&3dlo] SH=E =% 5T
Pancreatic lipase A3l &3-S Al2&9e] A7y F371
o FRE AaER eIt

=Y bSE

A A3}= SPSS package program(version 20.0, SPSS
Inc., Chicago, IL, USA)< o] &3t i3 ZFAAE +
stom A&t abol9] {242 one-way ANOVAC]
oJgte] p<0.05 FTllA HFsHATh

Zda g nE

Zgl=o}l X2l phloridzing & 2 24

Phloridzin< phloretin®] glucose”} A= o] = w24
SHtERA AlFtel] ®ol ¥ o] 31= polyphenol 33t
oth. HEgh phloridzine A2te] & HUb= B 2859191
A4, A, Aol 7P ol s 2lol, MEA| = B2 E-
Z U8R o] vt AEAS WS 53 A2 A
AelgA] B4 sfato] F a3k A o|th22,27). ¥ AT
oAM= At tiFF o2 EAshe Bl A sehE
1 phloridzing 20, 40 % 60 &% A2 Fef=nt=E A g
T AAE vx 9 3EES 1% formic acid 2 MeCNS
o]5 /¢ o2 sto] 280 nmell A /¢ HPLCE &-8-3te] 4
sttt 71 A7, Table 1914 YERH 212 22o] phloridzin®]
W slo] ofgt A Eo] AEHULH, 1 Sl A= phloridzin
o] 60+ Ft Fehznt ATk Al 5ollA mA o 24 5%
(UI-1-5)°] A== 3e g1t om, Ul-1(4&: 16.6 min)
o] 73§- 208 <t 2 2)3F phlorizin®] Al BollA HZEo] <)
1, 605 =<+ 2 2] 3} phloridizin®] A Foll A UI-19] Ath
2 242% phlorizin TS 0.2 7P =& A ks
ZRlstt. B, 20 A 2] ¢k phlorizin®] Al 54 HE
%2 %A UL3(&: 19.3 min) -5 403 *{ 2] ¢+ phlorizin
o] A goA HEo] ¥, 607 #]2] g phlorizin®] A &

AZE A 139%2] FUFFo R Ul thao = =& 4
o kS gholalglth(Table 1, Fig. 1). U2, 4 2 5% 605
212] 3t phlorizin®] AlRlM 2F o] H%la, ek}
o] =& = AlZte] Eolddl we} phloridzin S 25 A
F A E RS FAe3Th ezl 93] HAE
& Wt B 7l She deE Ao dsto =A
Z19] 9] 229k 491 naringing DBD Z&}zn} * 2ol 2|4
g -2l methoxymethyl”] 7} 234 A7t sh3hEo] A4
3} o] & 3gHE2] 973 DPPH % ONOO 47 A&
GIatth23). & AFE Bl AP sjEel tia uv
Inax#t©] 288 nm F-Zo A Hdl FFogE veRd A7)
HCIZ 2WHeiel & §st] dojxl Bias TLCR 24
3o glucose® T3 AR E Al 2 T o§Eo A
3 717 9 GRS T L Slste] Aa=EnE ey
& &8s 549 v ¢ 7% o] Fasitta Ated

o

Table 1. Relative amounts of individual components in the
degraded mixtures

Content (%)
Compouds Retention time (min) - - -
A (0 min) B @0 mn) C (60 min)
Phloridzin 14.0 935 78.8 47.1
ur'-1 166 65 166 242
Ul-2 16.9 - - 6.1
UL-3 194 - 4.6 139
Ul4 204 - - 33
UL-5 279 - - 54

"I is unidentified compounds.

DPPH 2iciz 475 &3
HahAlo] DPPH 2Ht) 22 84 B2 520 nm F-Zoll

|
H-gslo] Hepdo] webio 2 WAy 3 T w gro] 7hA
SHA| 1 TH28). Phloridzings Z2k=nH= 20, 40 2 60F A 2]
sto] Aozl 7t AapEel thste] DPPH 2tt]Z &aAS &
718k h 1 23 Table 2904 phloridzin®] 72-% ICso
#ko] 500 pg/mL o3 o= gz Aol iAo oF
g 4L stk Z=vkel 20 min A2 g
phloridzin ¥H-&-52] 7 2] ICs ke 500 pug/mL ©]7, 40
min Z2}=v} A2t A7E2] - 1Cs ko] 198.342.1
pg/mL, 60 min A 2|3+ AI}E2] Z$ ICs #k°] 100.5+2.9
ng/mLE Fekzul A 2] A7t whet gz A 24 o]
7k A &9 skt 607 Bt Zehk=ul A e gt
phloridzin ¥ 3}&2] 2}t]d 47 242 positive control &
AMEE A gaksl AR (+)-catechin®] ICso #<
13.0+1.0 pg/mL BUh= thAa oFeiA| vt Zaeh=n) 2] AH
o} 5ul) o)) et S-S U] At g Ve
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= n|x] g5 47} AAE Y. Z & DPPH gt
2ATE = sleree] sty W ATt 9

£ B129)9] A 38ko] phloridzin Zahzv} A 2o <] g
W3l YA ELS Fig 1 9 Table 1014 vebd ule} o)
phloridzin °]€lell AjFA AdH w#]e] sdtedt de
HHAE 9ol AAESITE F 2 A Aol 2w o}
ZW - (Lophira alata)®] =71 A4 £2]¥ chalcone
3}51&<1 lophirone B ¥ lophirone C7} 573+ 2jt]Z &7
24 & JER1 2™ (30), ©]E chalcone =42 &4kl

24 FEemA e 7 d& A8 BE7E naringin
o Zekzrt AE Fote] Ao At sEEdd

A243A A3Z (2017)

narinplasmin A 2 narinplasmin BS] DPPH 2}t|Z A7 52
Zetznt A2 E A 22 naringin®] ICso 5300 1M ©]4)
Ho} $53F ICs <) 57.3+2.3 1M 2 148.2+3.8 1M9]
ghe 23lvh23). B, Sek=rt 22| ¥ phloridzin W3-
o A% s 2 At A4 IR SEEQ] U159 w8l
&%t DPPH 2t ZaAgA Aol % 540 sttt
il AbRET

a-Glucosidase A3l 28 &4
PP BHoz ARHE YEAY Y A

=
° I
acarbose 9} voglibose 5°] $loH, o] & 3tES HFH e

Y
f

(D2 280nm =
Q
A Phloridzin
{ U1 2
| i A A
B.02280nm ]
B Phloridzin |
Ul £
BD2230nm =
=
Cc Phloridzin
Ul-5
=
1]
P
L S T ™7 T T T T T v T T '—T-/'\’:
0 25 50 75 100 125 50 175 20 Z5 250 -1 mn

Fig. 1. HPLC chromatograms of plasma-treated phloridzin for three different times 20 (A), 40 (B), and 60 (C) min.

Experimental condition in the materials and methods section. UI is unidentified compounds.

Table 2. DPPH radical scavenging activities of plasma-treated phloridzin for three different times 20, 40 and 60 min.

Inhibition (%) ICs

Samples L

500 250 125 625 313 (ug/mL)

Phloridzin 104205 6.5£04° 39403 24203 0.520.1° >500

20 min treated phloridzin 235511 108208’ 6.1:09" 48+12' 3.6£0.5° >500
40 min treated phloridzin 785515 545513 38.0£1.2° 205:09° 87+0.7° 198312.1
60 min treated phloridzin 84.3:18" 73917 56.0+1.3" 394+0.8° 212409 100.5+2.9
(+)-Catechin” 99.9+1.1° 95.7+1.3" 91.5+13" 88.2£1.0° 740:1.0° 13.0£10

DAll samples were examined in triplicate experiments. Means with different letters (a-e) within the column differ significantly (p<0.05).

Used as a positive control.
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o=t #st= B2 a
Aoz &g Jepdth3l).
X]E}O]g %.:11 ]_IEJ_ E%]ﬂ'%oa T:FLE/HA}'*‘
H| 28k BHaubgt 5o Al7kel Fakgo] 2 & ¢ 1o
B2 Hr} PHeAA A $e I 7ete] E*O] 403‘/}
Az 2o iAol Hgt Aol g
(32). Abtell T EAete A WAl phlondzm—* z
gtzutE A glste] dojzl A tisie] g s
M-S ERZ a-glucosidase A& H7HE 4313
t}. 71 A3} Table 34 ‘/}ﬂ"{ﬂ ule} o] Zetznl A&
SFA] 22 phloridzin®] 7% ICso #t©] 300 pg/mL ©]/¢ o2
Hl A ge A4 s YeEla, 208 Aele 23E
_4 73_,:,_ ICso 7Lo] 300 pg/mL o] Aoz 1/1—_0_ x1 sﬂil—/ﬂ o]
Uebl At Z2t=nkR 404 A 2] phloridzin ¥H-g-&9
ICso B2 71.5%2.3 pg/mlL, 60 %] g+ A2HE9] ICs ah2
43.5+2.2 ng/mLE ehfo] &Xdo] =713E Rlsl e
w, o]E &AL positive control?] acarbose®] ICso 7k
541.3+1.9 pg/mLE T} 73k G4 S JERU ol &
Zu} #2] phloridzin®] &4 452 Table 194 el
ukel Z-o] phloridzin®] & 7HA 2 WA 3gH=o] S
7o} & ARG S AlAFERS
o|He] Aol A ©FH (Ainsliaca aceriolia) Nz %
59| ICs @2 4825 ngmL(33), WlEFAH Emu}a
(Xanthium strunarium) Gl FEE2] 1Cs 342 350 ug/ml,

A Z(Plantago asiatica) X]735-2] ICso #k-2 55.0 pg/mL,
Q24 E U Oroxylum indicum) A2 1Cs 7E-S 31.9
ug/mL(34)9] a-glucosidase®l] g+ Al &/do] Haixof 9l
o} w3 BUR o &8s S (Humulus lupulus 1)1 A
2] ¥ prenylated chalcone 3}3&<! xanthohumol 2] ICso
%ol 8.8 IMZ 73t a-glucosidase A3l E/do] HaE o]
ATK35). & ATelM e AL Sek=rtz A 2]g phloridzin
o] Wh-g-Eol thete] i D4 H7Ee 12} 2=
85 = a-glucosidase A3l &3S 3 7tsto] Fekznt A
2] & AE= sk 715 aAEAL ThsA e 2
Stk % Eek=rt A2 £ phloridzin©. 2 -8 BAE
n|z19] ggtEg A AaRntEa g B 77174 E9
o £ B Fx 2= Fdste ol EH @4 AF
9 7 A AT 2gge] Fedirta AlRE T

Pancreatic lipase XNsllg2d &3

Azl tEA Q1 H]9E X SAZ oistat7} 12™, o=
triglyceride & w3l ol 28 5}‘:— pancreatic lipase S %
A 3Ir I 0. 2 A triglyceride 2 cholesterol®] &5 =4
T3} Al A7 = V1Rt et S5 YEE
Aol delA uth kARt o]2f gt vt X B5A| & H-8-3)
W 5R3F 9 AAL 5] Fahgo] #AH o= 18t (36),

o5 Hatgo] gl A T Al ALL 91F AT}
sl o] %o} A3 ek ARAES B3 P AE

Table 3. a-Glucosidase inhibitory effects of plasma-treated phloridzin for three different times 20, 40 and 60 min.

Inhibition (%) IC

Samples ISI(iL

200 100 50 25 125 (ug/mL)

Phloridzin 3124137 216£L1° 6.140.5° 32408 0440,1° >300

20 min treated phloridzin 34206 26.140.6° 8340.3° 53tL1° 24409° >300
40 min treated phloridzin 88.8+1.6" 68.920.7° 295:05" 112£05° 43102° 71523
60 min treated phloridzin 98.2+1.1° 84.7+1.1° 537+1.0° 27.0:0.9° 12,9403 43522
Acarbose” 38.842.1° 29.942.1¢ 11£15° 1742.1° 144+1.1° 5413419

All samples were examined in triplicate experiments. Means with different letters (a-c) within the column differ significantly (p<0.05).

MUsed as a positive control.

Table 4. Pancreatic lipase inhibitory effects of plasma-treated phloridzin for three different times 20, 40 and 60 min.

Inhibition (%) ICs
Samples L
200 100 50 2 125 (ug/mL)
Phloridzin 27.9+1.0% 205%1.2° 19.30.5° 17.40.9° 12.10.° 300
20 min treated phloridzin 253+1.1° 18.420.8° 16240.3° 150£1.1° 14.6:0.6° >300
40 min treated phloridzin 573+12° 541205 51.00.5" 483405 29.7+0.1° 65.5+2.1
60 min treated phloridzin 75.8+1.1° 65.9+1.1° 64.3+1.0" 464207 36.0£02" 29820
Orlistat” 99.841.1° 942+41.2° 903+1.1° 87.8+1.1° 81.0+1.1° 0240.1

All samples were examined in triplicate experiments. Means with different letters (a-c) within the column differ significantly (p<0.05).

Used as a positive control.
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EAMNES 53X phloridzing Z2F2v} 20, 40 2 60+
A g ¢ A=l st pancreatic lipase #1elEd =
37} ettt 7L A7 Table 404 UeRd vk} o] Zet=
nhE A2 5hA] %2 phloridzin®] 7 ICso #t°] 300 ng/mL
oj4to & ko 248 VEhHQ) 1, phloridzing Zaf=n}
204 *2] & phlorizin ¥H&-&2] 79 9A] ICs ko] 300
ng/mLe] $t& 2/d o] UEFSTE Phloridzins Z2}2w} 40
i A 2] 3 phlorizin W35 ICso #k©] 65.5+2.1 pg/mL,
Zal=nlE 605 *12] 3} phlorizin WH-22] 7% ICs Fko]
29.842.0 pgmLE FAo] F713F A& &<l sk

o|A o] AFAA Z(Glycyrrhiza uralensis)ol| A 2] €
licochalcone A 3}3-5-°] pancreatic lipase A|3]&4] A& o
Al 1Cso #k°] 1034 1M %573 &35 R 2H(37),
WU (Morus alba)®] o4 £2]H morachalcone A2] 3}
gHE-o] ICs #k°] 6.2 M 2.2 7J3F pancreatic lipase #]3fl &
Aol Bagn} 9lk3s). &5 Zeh=v} A2] 3 phloridzin®]
n|2] 9] 3}eHE2 #2]5ke] pancreatic lipase #1312/ 4%
o] #x B o] asirta AlRHT

o (o]
L =

2 AFME A2 Eet=ntE E-8-3to] phloridzine
20, 40 9! 603 Bt AHElste] dojxl Az st
DPPH 2}t]Z 47, a-glucosidase 2! pancreatic lipase #] 3]
235 Hrketsith L 23, DPPH &tz &AL &
gtzul2 A 2] s1A] %2 phloridzin®] ICso Fte] 500 pg/mL
o] Folglon, o]e} Hlwale] Eetzn} 60 A W=
o] 9 1Cs %ol 1005+2.9 pg/mL VERfo] gHiks} /o]
353t As Folelit) =3 a-glucosidase A 3)| Ed &
60 - Bt Zek=n} A 2] 3 phloridzin®] ICs 740 43.542.2
pg/mLe] 7H g A g & UERler o] S
Fd 21?1 acarbose®] ICso 7S] 541.3+1.9 pg/mL E.t}
10u] ©]3 733l gAd o]t} Pancreatic lipase A3l &4 &
604 Z2}=vlE X 2]3t phloridzin®] ICsy %to] 29.8+2.0
pg/mL=Z 7HY 958 23S YeRQITh &% ol & Rk
ot AAE SFES g B 54 £y 2
TZ %< B3t DPPH &tz 244, a-glucosidase
9! pancreatic lipase A3 &4 WAUSE AF2 T o
do] vt At H T

o e

ZAe 2

o] =22 20179 (S He] Adoz =l
Aol APE Pol  FYH I ZATFAI U No.
2017R1A2B4003145).

A243A A3Z (2017)
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