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Effects of the Young Branch of Prunus persica Methanol Extracts and
Solvent Fractions on ROS, RNS and Oxidized Low-Density Lipoprotein

Jin Young Moon+, Ju Yeon Park

College of Korean Medicine, Dongguk University

This study was designed to analyze the effects of methanol extracts and solvent fractions of the young branch
of Prunus persica on scavenging activity of ROS, RNS and inhibiting activity of oxidative modification in human LDL
induced by copper ion or free radical generator. The scavenging capacities of the fractions on DPPH radical,
superoxide radical, nitric oxide and peroxynitrite were exhibited the highest in ethylacetate fraction, followed by butanol
fraction. In the copper-induced LDL oxidative modification system, the highest antioxidant activity was revealed in
ethylacetate fraction, and butanol fraction exhibited a similar activity. However, solvent fractions of the young branch

of Prunus persica showed a relatively low antioxidant activity in the AAPH-mediated LDL oxidation.

In addition,

ethylacetate and butanol fractions also inhibited the copper-mediated LDL oxidation in the REM assay, which was
comparable to that of the positive controls, including EDTA, ascorbic acid and BHT. Futhermore, a content of total
phenolics in these two fractions was higher than that of the other fractions. These results indicated that ethylacetate
and butanol fractions of the young branch of Prunus persica were useful for the prevention of the free radical- or metal

ion-induced oxidative damages.
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1. AloF

X

Age] AME-E 1,1-diphenyl-2-picrylhydrazyl (DPPH),

ethylene-diamine-tetraacetic acid (EDTA), a-tocopherol, ascorbic

.

acid, hydroxytoluene (BHT), DL-penicillamine, hypoxanthine,
nitro blue tetrazolium (NBT),
(H202),

4 5-diaminofluorecein

xanthine oxidase, hydrogen
3-morpholinosydnonimine (SIN-1),
(DAF-2), copper(Il) (CuSOy),
human LDL, gallic acide SigmaA} (St. Louis, Mo, USA)ol| A
F938tAtt. 2 9 dihydrorhodamine 123 (DHR 123)&
ProbesA}t USA)ol A,

reagent= (Germany),

peroxide

sulfate

Folin-Ciocalteu’s
2,2-azobis  (2-
Wako A}

Molecular (Eugene,
phenol MerckA}
methylpropionamidine) dihydrochloride (AAPH)<

(Osaka, Japan)9] A&FS FY3st A8t A
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Bk (the young branch of Prunus persicd~
HAE Az Aeg Beol g 47 A4
Oﬂoﬂkl 24 73 F53td B, AAT o5, IREF A4
< g F, AP AHEESTE i 600
743k 70°Cell A 48A]7F —’?%’3}3—
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.
3. DPPH radical &274% &7

#hk: 5%E 2] DPPH radical 2758 $437] A3 & 4
FollMe T=EE i FEEFS F R A
a-tocopherol ‘%‘ ascorbic acid& ok“EHZ o= 3ty Z+7+ 50
mL¥ 9] A]§E 0.1 mM DPPH ethanol €< 1 mLo] 7}3F H,
Tris-HCI buffer (50mM, pH 7.4) 450 uL& ZJE] 3ttt o] £
|4 F EFS oy, AdAd A RREATE,

of

1z

spectrophotometer (UltroSpec 6300 Pro, Amersham, UK)& ©]
&3t 37 517 nmoll A FFEE S83AT
4. Superoxide radical 2A% &7
Pit: &5 9] superoxide radical (Oy-)oll He £2AFE

A7) Yt B APy e w2l #hi FEE FHUE
A& 747} EDTA (30 mM, pH 7.4) 100 uL, 50 mM2] NaOH®l
434171 30 mM hypoxanthine 10 pL, 8|3 1.42 mM NBT
200 pLe} T3t ATE A2olA 387 #HgAIZ H, o] EFEA
o] 05 U/mL xanthine oxidase 100 pLE 7}3la, 50 mM
phosphate buffer (pH 74)E #713std HF

T2 A3 Aol A 2087 ¥HEA|
radical®] A4 Ad| & T+ 560nmol A
o A 3 Elstdh

=
=
zZE

volumeS 3 mLo]
A7 T, superoxide
FHEE S48k NBT

=
=

5. Hydroxyl radical £4% &%

Beb: %59 hydroxyl radical (- H)Oﬂ e 2A5S A
E3t7] Y5t #hi FEES FHUREADS 1.25 mM HO0,%

0.2 mM FeSO; &8l H7bakiet. 37 Coll A 5&1F w st 5,
esterase-treated 2 yM H,DCFDAE &3 &) 7}3}1, 3]% &%
< 250 uL/wello] H &2 ZHadch dRro WHils =43}
7] %184 fluorescence microplate reader (GENlos—ba51c,
TECAN, Austria)E AM8-3}] excitation 37 (485 nm) %
emission ¥ (528 nm)oll A 30& T FF A= HE FA
a3tk

6. Nitric oxide 245 &4

Pt: FE &9 nitric oxide (NO) &A% & &3}
DAF-2 &9& FHlatdth WA 1 mge DAF-
mLol &3A17] 5§, 50 mM phosphate bufferg AH&-3kef  400H)
At e w29 i FEEY FHUEEZ 10 4L
A& 50 mM phosphate buffer (pH 7.4) 130 yL3} &3}s}aL, o]
oA 40 mM SIN-1 10 yL9} DAF-2 €9 50 uLE 7}std el H&
oA 10&3F ¥Hg-AIZl &, F =& excitation 37 (495 nm)
m

2 emission 37515 nm)°ﬂ/ﬂ =4 3tA

7] $18ked
25 DMSO 0.55

7. Peroxynitrite 22A% &4
Pt FE89 peroxynitrite (ONOO-) &A5S Z43}7]
Aste =¥ Bk FEE T peroxynitrite 22 2 ¢

71 penicillamine S FAdNZEZZ AHE35te z42be] Al8 10 ul

[e]

= 50 mM sodium phosphate dibasic, 50 mM sodium
phosphate  monobasic, 90 mM chloride, 5 mM
potassium chloride’} £ 3% rhodamine buffer (pH 7.4) 175.8
uLS} £33k 5 mM DTPA 4 uLS 5 mM DHR 123 0.2
uL 7}t §, 10 uM peroxynitrite 10 uLE 7FF2ZH WS 7|
AlEFA T ALoll A 1087F WEA1Z] ¥, excitation (480 nm)Z}
emission (530 nm)Y] W}FoNX FF =5 ZHFTO 24 DHR

123 23kel A3 AEE AdsAt

sodium
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8. CuSO,¢t AAPHE # =% LDLY Arslukg-o 3t
=4

CuSOs9t AAPHZ w7 == LDL 4tghell o st Bl
o AHEHE S stH . CuSO.=E w7} &= LDL 439
< 913l PBS (pH 7.4) o LDL (100 ng protein/mL)& 713}
=9 #ki FE2E (150 ng/mL) F2 FAUZE
g, 10 uM CuSOsE 718t th 37 C oAl 4412t B2t HH oh‘a
LDL A3te] A= S =434ttt AAPHE #j/i =& LDL 4k}
=4317] 918 PBS (pH 7.4)9l LDL (100 ng protem/mL)%
ot bt FE2E v FAUREAY EFsIATh s S
FE3t7] 95t 4 mM AAPHE 7}stdom, 37°ColA 4 l{
o e %, 1 mM EDTAZ 7}sle] w88 8394
CuSO4 2 AAPHZ $%¥ LDLY 213}¥h3o] F=E TBARS
A8t At

=

assay =

9. Relative electrophoretic mobility (REM) assay

LDL (120 pg protein/mL)& H=9 Hiky & (1.0, 20
and 50 pg/mL) £ YANZEAR TS thg, 10 uM
CuSO;& 7Ftal ol 37Tl 12413 Tk whataiet. wi
AlZtol F3E Ao ¢F 3 ngel LDL proteing 0.7% agarose
geloll loadingdte] 85VelA 1A &< A719Faidh 2 &,

gelZ AL A 142t % AFAZ] T, Coomassie brilliant
blue R2505 AR&-ste] 147F §¢F AR5 fshih

*JE& Uﬂ =

4 gt

& 328

o
3 E 9] total phenolics®] ¥
2 Folin-Ciocalteu reagents ©|-8-3te] S48 Ath. ke W&
F2E5Y §i¥ £3E 40 uLE Folin-Ciocalteu reagent 200
uL¥ E3skal 1160 uLe 7rete £d=S A
A 3EZF &8l 2 20% sodium carbonate 600 pLE 3 713k

=
=

&

o

Zza 2
ST T =

=)

Atk 2417 & 37 765 nmoll Al spectrophotometerE ©] &3}
FHEE SANIeH, & A FHEY FHFS gallic acid
S o] &3 nEFAoZ At

Table 1. Extraction yields and DPPH radical scavenging activity

a
Sample Yields of extract (ICgDo,PngL)
Methanol 199.2 g (33.2%) 11.29+0.39
Ethylacetate 177 g 6.28+0.09
Butanol 143 g 8.16+0.05
Hexane 265 ¢g 24.45+0.16
Chloroform 184 g 40.51+1.48
Aqueous 231 ¢
Ascorbic acid” 303006
BHT 543£0.19

® Values are mean + SD of three replicates. ® Used as a positive control.

| 7
1. DPPH radical &A%
e mers 553 ¥ 352 DPPH radical 47
TS SAYOEN AFY] AT U 2945 HEINGL &

al
=

ARE Agde] dae) vAE w3

AU 2T O 2= ascobic acid9} BHT7} AH8-5] 9}
#}Z DPPH radical & 50% AAA7]E IC5o 2 3}
Az, FAUZTS ascobic acid, BHT) A
At g phke] &uipd 28
ethylacetate, butanol #¥&o©
A9 fFAL FF9 AT %
E5 20 pg/mLe & Lo
HE3 AF A= ethylacetate, butanol F+&&
P AT Z <1 ascobic acid % BHTS #-AFSHA Yely
hexane @ chloroform F&%2] A7) AAHTL HlL
Ao w #HFH AT (Fig. 1).
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Concentration (20pg/mL)

DPPH radical scavenging activity. The free radical scavenging
activities of methanol extract and solvent fractions from the young branch of
Prunus persica at the same concentration (20 xg/mL) were tested. The results are
the means=SD of three separate experiments. Ascorbic acid and BHT (20 xg/mL)
were used as a positive control.

Fig. 1.

2. Superoxide ¥ hydroxyl radicalell g &A%

ek Wegg FE2E9% 8o #5859 superoxide radical
o W3 AATES HESY] 9389  hypoxanthine-xanthine
oxidase ¥F&AE o] &3t NBTY FA7} faste =S 5

Attt 1 A3, ethylacetate®} butanol £&& % methanol
A3 Z A}8-H caffeic acid Bot d A
2 HYth ethylacetate -] & A]
caffeic acid®] <F 2ujjo] & F3l= AL Ve ik
whH L pkkL 2] hexane®} chloroform 2 Y REAZ A}
&% ascobic acid®} BHTE superoxide radicalell o3t 27
247y AzstAY BFER @ik SA ki dge FEES
S 25| hydroxyl radicalel W3 2A%E vla #2a}
7] 913t H,0,9F FeSO.& A 7Hst H A4 5= hydroxyl radical
3} DCFA-DA°] ¥#4E4< DCFE fEdie i3S o] 43}
o 243 Ath H0,9 FeSOs7t ¥H3-314 hydroxyl radicalo] A3
4=t old DCFHe #1838t FFEAQ DCF=E AHstAI7]
ok 2 A3 A, ethylacetate T EAA 71 Hold &A
S HyoH, o]l butanol #&E 7} methanol gg«]
o] A8 AR FEoE U, I g Fddzx
trolox$} ascorbic acid®] +o2 %ﬂr’g Huth W hydroxyl
radicaloll g £2A% Ao M= chloroform¥ hexane ¥ 32 &

THE
Az& AFRE H YK (Table 2).
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Table 2. Scavenging effects on superoxide and hydroxyl radical

Superoxide radical® Hydroxy! radical®

Sample

(ICso, ug/mL) (ICs0, #g/mL)
Methanol 10.55+0.06 20.42+0.14
Ethylacetate 7.64+0.07 8.78+0.16
Butanol 8.27+0.31 20.74+0.74
Hexane NA 86.34+1.90
Chloroform NA 58.73+0.87
Ascorbic acid® >200 27.75+0.40
Caffeic acid® 13.46+1.71 NT
BHT® NA NT
Trolox® NT 2544+1.35

? Results are exgressed as ICs values, where each value represents the mean+SD of
three replicates. ~ Used as a positive control. NA, not active. NT, not tested.

3. Nitric oxide 227153 peroxynitrite =A%

peE: AeE 228 &l ZHE9] FHELT T

pid

2AEHE FA37] Y3 nitric oxide®} peroxynitrite ¥Hg-7l
2 o] &3la) AESHY. WA nitric oxided] T 2ATE £
435}7] 918 DAF-29} NO ¥4 A1 SIN-1¢] ¥H&- 0 2 HE A
%= triazolofluorescein®] FX& Z43Jth. 2 A, FAY
ZE A9 caffeic acid®} ascorbic acid®| A nitric oxided] ™3+ A
Asol 71 =A JEgt. 1 5o 2 ethylacetate 8%,
butanol #3& &, methanol & &2 02 #AFHUL B A4
A= chloroform¥ hexane #8&& Atz oz o A4S

A XXFE0)

Btk 9 &2 4F 20 peroxynitrites superoxide anionZ}
nitric oxide?] ¥F-g-o] &) WA= LDLY 23S ¥ o 7|1
WA &5 ob7lete] THASE HA%t 2 A
© peroxynitrite®] 93+ DHR 1239 48} A=& ST ZH

=
2%

Mk 28 2 2859 peroxynitritedl] o g < 233t
S 1 dx, FAUEEZQ penicillamineo] 71 & 4 A
d4E B3, I SO Z ethylacetate ¥ &, butanol &3
&, methanol FEE9 £o2 £& A4S gt v
chloroform¥} hexane #3&2 JujFdoz xe LALYS

HAoh oo AdZAFAA Bk &wiE EEE F
ethylacetate 9} butanol ¥ & 424 % 2 A LF ol
g L2ARS0l AsA UehdS & 4 UUTH(Table 3)

Table 3. Scavenging effects on nitric oxide and peroxynitrite

Nitric oxide® Peroxynitrite”
Sample (ICs0, 4g/mL) (ICso, ug/mL)
Methanol 2.25%0.15 2.20+0.01
Ethylacetate 1.29+0.08 1.27+0.02
Butanol 1.47+0.14 1.99+0.04
Hexane 9.83+0.37 7.66+0.23
Chloroform 8.87+0.21 5.64+0.11
Ascorbic acid” 0.500.01 NT
Caffeic acid” 0.46+0.01 NT
Penicillamine® NT 0.47+0.03

* Resllts are exgressed as ICs values, where each value represents the mean+SD of

three replicates. ~ Used as a positive control. NT, not tested.
4. CuSOs; 2 AAPHO| &8 f=% LDL A3} oA a3}

Bk guiE RyEe Pt mns Ay s
CuSOs$} AH+-7] AAAQl AAPHE f %5 += LDL 4+3} whs =
45 o]§ste] P aHE FAHAY. YMLFTH 2494

of
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Bl
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AL

7

caffeic acid, HkF; butanol

ascorbic acid®] £AME Atz 48 YeRddoh @4,
AAPHE AEF=A12 A8 A9, FAHAWZEZAQA caffeic

(¢}

acide dA e 23l A E%8 B ¥, ascorbic acide= 43}
A &wel AdHoR WA Uetwth @3 ethylacetate$t
butano caffeic acid®Th= il ascorbic acid® th=
Bk 13y AAPHE As=A2 s
78Fole CuSOs= =8 LDL| 4tstol] thgh phk: #8&9] <
Ars 2ot F Aoz Azxgs &
oA fii TEELS AFHLE A{VIE LA
£ ZHo|Edle A% S T3 LDLY 4tstE
T AeS & F UTH(Table 4).

Table 4. Inhibitory effects on LDL oxidation induced by CuSOs4 or
AAPH

Sample CuSO;y (ICs, xg/mL) AAPH (ICsp, 1g/mL)*
Ethylacetate 2.41 35.46

Butanol 3.69 55.73
Ascorbic acid” 7.17 86.02
Caffeic acid” 2.86 6.77

® The level of LDL oxidation was measured by IBARS assay and the results are
expressed as mean of three separate experiments. = Used as a positive control.

5. REM assayE ©]-&3 4+s} LDLo| w3k oA &

oMo H#elA ki ethylacetate$} butanol +&2E o]
CuSOs=2 fr=¥ LDLE| Ats}e] thsle] @A A aAE B
o ol A5S Bok AEIA ] st & ARelA
+ REM assayE ©]&3ta] CuSOE2 F¥ LDLY 4hshik-g-of
e dAasE A7|95S T3l B8k 2 23, Fig. 290
AAE, B4 LDLL ()5 HEL o, CuSO,T A& ste]

AYFANE ()F HOZ FIF olFe] WY

S U F U &A, o2 e CuSOE FE ¥ AFshekEo] o3
WA LDLY o] 52 g&0l2S Zyoldate 7S Ad &
4iZE4 EDTA (10 pM)9] A2 Q13| A FT FFo2
AA =] A}, A, Phii ethylacetate ¥ 2& 7} butanol &3 E9
M 43 AAEHE BYEl, 53] Ehtylacetate 8 &S 5.0

¢

ng/mLe] TE2 A AP e FYHNEREEAE AEE
EDTA9 &5 Huve 2t ¥ 30|24, ascorbic acid (20
ug/mL) 3 BHT (10 ng/mL)%} HIR @& o Ao FA FE2

23t AAEYS eSS =3 B ethylacetate 8 &2
butanol &8 Hte] Ho} gt istasol &S ¢ &

9131 tHFig. 2).
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B HEs FE2E

compounds®] %S Folin-Ciocalteu assay AZE gallic acid
equivalent (GAE, mg of gallic acid/g of sample) kst U
Bt dAdEY ety e 1 EFo] XF3E total
phenolic contents¢} #& o] At & AP A Hhkio] wghE 5

23 &y BELS H4 1000 mg/glARE AW 4113
mg/g7tA 1EE9 total phenolic compoundsE &3t A
o 7YY 2 ethylacetate &&= 7} butanol &%= A
=9 total phenolic compounds®] X7} ¥A Yehgoy, &
ethylacetate &g E)A 1 FaFo] vl§ =55

(Table 5).
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8 9 10 1

Fig. 2. Effect on the relative electrophoretic mobility of LDL. Human
LDL (120 pg protein/mL) was added to ethylacetate and butanol
extracts from the young branch of Prunus persica. The LDL oxidation
was initiated by adding 10 uM CuSOQ4 and was incubated for 12 h at 37 C. And
then, 3 pg of LDL protein was loaded on 0.7% agarose gel for 1 h, and was
stained with Coomassie brilliant blue R-250. Lane 1, native LDL; lane 2, oxidized
LDL; lanes 3-5, ethylacetate fraction (1.0, 2.0 and 5.0 ng /mL, respectively); lanes
6-8, butanol fraction (1.0, 2.0 and 5.0 ug /mL, respectively); lane 9, EDTA (10 uM);
lane 10, ascorbic acid (20 pg/mL); lane 11, BHT (10 pg/mL).

Table 5. Total phenolic contents of methanol extract and solvent
fractions from the young branch of Prunus persica

Sample
Methanol
Ethylacetate
Butanol
Hexane
Chloroform

Total phenolicsa (mg/g)
2226
4113
265.2
100.0
206.3

gallic acid equivalent. Values are mean of three

a

mg total phenolics/g fraction :
replicates.

=

£ AR Fol wag o) AN bkt F
Fo] Af7lo] U AR FolB, AANRNE W oA n,
A% BYALTO UF 2ALN 2 IA AYE A

™

ke

stk AA P BEEY AR 2AE T
3l DPPH radical scavenging assay S
AESYGY. 2 23, Pk ethylacetateﬂ— butanol £3&
A A7) 270 BEHNCER Mt £YEo
el A i Toleo] dee o 38 &4

superoxide dismutase &}

F AA

Zoll Al superoxide radical-

3}o] hydrogen peroxideE A4 3}H, hydrogen peroxide

al
=

ARE Agde] dae) vAE w3

Zo
-0

Fenton ¥+3-& 53 Bt} 3 4944
o] MG o}7]3 & Yo, 3 s superoxide radical> A& 3
Aol sty &S doA FHAS LA 2R 9F8S
3l Aoz 4HAHT®. E3] xanthine oxidase”} hypoxanthine
7wk acidZ  HEA7]|HA
superoxide radical®] AJ/d=™, superoxide radical® NBTZ
diformazan FE|Z AZANG?. B AFA phki EIgo
< BEstaA hypoxanthine—xanthine
459

1 hydroxyl radical

hypoxanthine  uric

superoxide radical &% &
oxidase system< ©]-8-3}% superoxide radical ¥4 -&
©. 1, superoxide radical®l] &3] 4/d¥ NBT reduction®] J=
& S A. L A, #hE ethylacetate$} butanol 8 & o 4]
2 AATe] BHEHASEZ, BEi7} superoxide radicaldl] <]
P s Wolsled §838 Aoz AoET AL
Zol e Pk 2YEY 2ASE Bt A=A 1] 9
3t hydroxyl radicalel Wdt 285 HESIT. dutgdoz
hydroxyl radical> 1 AA|7} §k-g-Ao] 7 2 {72 &

O
£4s

N ol I

24 don, peroxy radical?] AL o1 4 Yo EE AE
o] sty &4, 5 AA RN S frEste g 2%
29l dghg drka B E vk Ao, Bk #2889 hydroxyl
radicale]l & A2ASES FHsZ] st 2 AFdAME
hydrogen peroxide®} FeSO:Z T3 ¥ Fenton HH-3- A|ZHlS o]
&3} hydroxyl radical®] ¥4& T"rEﬁ}S’dE} I Ay, Bk

ethylacetate B EANA 71 7«3}
=922 butanol #EEH HeE FEE
A& Bt o] AHelA HE&’— Af7] TAME 7Hg Rt
73 hydroxyl radicale &Aoo 2H 248t &S
g dE Ao AdEnh o) Aol Bkt
superoxide radical ¥ hydroxyl radicalZ} -2 &44kaF ol o
3 BHHQ AAANR A& & Atk ol
nitric oxide®} peroxynitrite generating system< o]-§-3}
FHALZE Y3 2ASS AEFOZHN B EI Fasld
o wug :rL;q]z% o2 ot} stk Heki 8 E9] nitric
< ] Hste] & delAE SIN-1S o] &3t
o] nitric ox1de«] WAL FE39 11, nitric oxide?} DAF-2E ®F
SAHOZN AAH triazolofluorescein®] BF I TS 4319
ok 1 Ax, FANETQ caffeic acid®} ascorbic acidol] B}
ot v FA4S drhidled, #i E£9=
ethylacetate$} butanol #&Eol|A HlaF 3 A
th @8 FAFEALFQ peroxynitrite= A A superoxide
radicalZ} nitric oxide?] ¥H&-ol 9&) AAHHETGT LA o
superoxidet} hydrogen peroxide$} -2 &/d4tAFell Hla]A
2 E& W8S AY Wik oy}, A= ol
e Fe7|7t AodEo] gleng dshE &4
4 Stk A peroxynitrite 2}
Hao] ostd A BN H E)A superoxide radicalZ}
nitric oxide, & o A F JoBZ, 0|59 F5 AL 95}
o] @Yol peroxynitrite’t FAHE Ao LA Ao
T3 o] BAgo A MAH peroxynitriteo] 93] AHatH WE S A
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ARAQ AR AEIYY.
peroxynitriteo] ]3] 4tsl® DHR 1239 A&
ek +58 9 £8E 9 peroxynitrited] g
Rk 1 A, peroxynitrite 2AAZ G2 A U
Boe ot w2 #4s BIoY, Mk £9E FdA
ethylacetateol 4 7}¢ 238 2ASES HJx, 2
butanol ¥ & To|ATh

o] A ATNA Bkl EviE EHE F, ethylacetate®}
Eolx &4 GAALTA dg A
27T AANLBR, o] 2F9 FEEo] LDLY 23t WIS
Adsted {88 o2 dAdEe], Tl (copper) %
AAPH (peroxy radical generator) o €3 %% human LDL
o AbstA W oig AdAEHE HESGAT. 1 A, FE o
222 fE9 LDLY AstA wigd digt dARHE bk
ethylacetate 80| 714 &4 Uet o, ojojA I =&
A9 caffeic acid, 7 T+ 2.2 butanol ¥ & o]t} A #}
71 & FTESE AAPHE ol &3 AdAa e FEols
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