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ABSTRACT

Prunus Davidiana, known as wild peach, has been used as a medicinal material against various
inflammatory diseases since ancient times and belongs to the family Rosaceae. This study aimed
to investigate the effect of wild peach extract (WPE) on inflammatory bowel diseases IBD at two
different doses (10 and 100 mg/kg). Colitis was induced in mice (C57BL/6) by administering
2.0% Dextran sodium sulfate (DSS) in drinking water for 5 days. WPE treatment significantly
improved the disease activity index, addressing symptoms such as body weight loss, bloody stool,
stool consistency, and colon shortening. Furthermore, the increased levels of myeloperoxidase
and pro-inflammatory cytokines (IL-6 and IL-22) with the development of colitis following DSS
administration were significantly decreased by WPE. Histological analysis with Hematoxylin &
Eosin staining of the colon tissue suggested that WPE significantly reduced colon damage.
Additionally, pro-inflammatory cytokine (IL-8) and reactive oxygen species levels were reduced
in HT-29 cells. Based on these results, we suggest that P. davidiana can ameliorate DSS-induced
colitis in a mouse model. Furthermore, we anticipate that P. davidiana could serve as an effective
therapeutic candidate for the treatment of inflammatory bowel diseases.

Keywords: Dextran sulfate sodium, Inflammatory bowel disease, Prunus Davidiana (Carriére)
Franch, Ulcerative colitis, Wild peach
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Ak A}‘%—.—(Prunus Davidiana(Carriére) Franch. )= 71| 1}of] £551= A2 2 A] Q-2 Let A o o] ARz of| A 2}
gt Yadgdubtolt, dufi=3 em AL o] Gt Bk o g o] 11, 7Hof| ity AFRARYRTT 53 prunus
Zolle T4 AR A EEAN O] F7lito] 5] o] QLo (Lee et al., 1972a), | AE| 271 WA R4 =
AL EfZ2EL2AN Bt o gt A F &, LY =R 2 HE So] FHSZl oz A A QtkLee et al., 1972b). AHE
AftEo] ATt IR A A(Joe, 2012)01H} Fatst EAd Tt 2] hAts} A, GE5(Cha and Lee, 2004),
TR EZ 5K(Choi et al., 1991) 5ol tial] H w37, 71 Hiof| gh4kst 2 njulo]] digt §5(Kim et al., 2012)°]] tigh
I IR Ak T, A T uRe A RS o-gato] E U] A B e 1A A 1Y N 5
°] A7KKim, 2006)7} B 17 =] 3]},

A58 & d2H(inflammatory bowel disease)> Y/ T A(ulcerative colitis)?} ZE(Crohn’s disease) 2=
e WA A5 - AetolthXavier and Podolsky, 2007). A58 & EE2 FHolu = 5 54 159
AlETE 7yl FellA] &3] e R]RE X 5o ol A A5t wsto] et 71 FAe]l 2Ith(Chang et
al., 2005). B5-d 2 A 81 WSl Q1o oo Iy shr| & SEA|Th AE | AL oFE 53 -
A @RIyt o] Qlom, oz’ tieRet Yijlo] Eobx o2 2k8sl= 1o 2 AelA Qth(Ferenczi et al.,
2016; Kim et al., 2019). t&2] 9ol @5 52 Aol 7= deho = ubd AP et ‘?l A dirdazl
it d9t7} 22 5o &l XA ohelRt 2] &4l 7 Foll il 71&o]al Q|4 5= alEste] A
AE AAfjo] oifgt SAe] H g AJo] =0FX| Al QITH Currd et al., 2017). Dextran sulfate sodium(DSS)---5 T3 At
e A AP E kel ] EEE Qe HHlEA A addSel =Y ZﬂT%} 4, EH, AAL

[¢]

o] 95 5ol Ueht tidd 2t fakel o/ Sl LA Eth(Valatas et al., 2015). AHSARROl=
ROS /o] &S m]A|+=kaemperol 72| Z2tE e o| =7} o= RR-=]0] 11 (Jung et al., 2003), AFEARFR-E &

glo] 1] Aol 8717 A G e oL, AHE AR O] FAteHB e Z1 1 G5 AR AT ]
SO (Iung et al., 2003), 54 B% T8 3 shtel @34 F Dol that 49 A7 vleleh] 2] DSS-f=
9% 2DL o8 AHEARIRO] P Pl fHe] IS Bl1s) W B 7S Agstsict

2z Y

220

TFEaE=

AMEANY Prunus Davidiana(Carriére) Franch.) 7FA-,3)(A-A]S: &55%)0] FEE(wild peach extract,
WPE)Z $H= 8850t Am A 2ol A ol ARSI R S KPM031-092). Al 9o ARGS
FZ 52 dimethyl sulfoxide(DMSO; Sigma-Aldrich, USA)S ©]-851%] 100 mg/mL 2] 5% 2 =21 %, Phosphate-
Buffered Sahne(PBS)i 10 mg/mL 2] B & S|Asto] ARSIt B2 Ao AR FEE2 SHEAH Bk
A AP A AHEART E7]-0 9] AE(HHAY: S55%)S BTl oeheE 8vl= 1.5ARE B¢t
Sonication+ § oJfoto] ASBS FAAZ ST 2582 20.3%%.00, AF A PBSE T ko 9 &
g5to] ARESHIT.
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DSS-F= &= 2 A2t

A E5E2 tieHto] @ 3 H(Eumseong, Korea)oll A A4 6 — 755 29] 471, 20 —22 g©] C57BL/6N TF-AE
ARSI AT IR 77O e8P ITES A A ARl - ke AE AEste] ARSSIGIE ARsE S
12AIZF7FA 0 2 U HES 8 251500, AY] 2523 +2°C) 2 S5 (40 - 60%) 2 BAGZ 0 2 82515t s
% 5= B9 AR Qo] DSSE Eeh T = (=890l 2.0% 5= 4lo] AHia< FHIE AlEstth(Fig. 1).
5U712.0% DSSE AlE?t o1 DSS saa S0k, Al E= A7HA] Yit 58 wAlsto] Al5-5t3iet. PBS
QPAFEAIGR 225225 g0 vFAE 7|50 2 0.2 mL 85 2 feeding needle catheter(Zonde)E 774 W= 4
Qlalod S of] Eodalct. 2 AL Ak ol S |czs] B A A5 290191915 (Institutional Animal
Care and Use Committee, IACUC)2] 5%1(-51H 2 HIMH A23-02)& §ot 170 mha} #ssteict
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Fig. 1. Effect of wild peach extract (WPE) on disease activity index (DAI) considering body weight loss, bloody stool, and
stool consistency. The mice were administered 2.0% DSS with drinking water for 5 days. (A) Schematic diagram
illustrating the study design. (B) DAI score, (C) Weight loss, (D) Bloody stool score, and (E) Stool consistency score were
measured daily. *P< 0.05, " P< 0.01, ** P< 0.001, ***P< 0.0001 vs NC; *P< 0.05, ** P< 0.01, *** P< 0.001, **** P< 0,0001
vs 2.0% DSS.
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uX
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Fd2|4x(Disease Activity Index, DAI) 24
= w5 Jsk EH G, AAF TS Table 19] 7120l et 4glsto] 2} =50] A5 kbt
= V}é ATh(Berberat et al., 2005). & 7A12] H2k= A1 7HA] A S8 BFAE 71502 oY @0 2
To]] 24 257)|0] Hl&-& V|50 & Hslelglrt. FH BelS S, ui @ ZHS Al7to|| koS ZiTet

O]Z]|2 o]gotd M-S A5t aL, Coloscreen IlI(Helena Laboratories, USA)& ©|-8otf 2 555 29l

slaloict. EEH AL A 4718 He] Awe slelalo] sl wet asiaiart
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HZ AO|E7[2! L Myeloperoxidase(MPO) &2

/\E]ﬁnl 7H/\] ._,T-)_— 14C’E]Z7\H U]-_Or_/_\_% /‘\:]lU]-H o]— S 2y O]—_Q].oﬂ/\-] xﬂ_‘,]o]— ol g 2 500 I’pmoﬂj\'l 10__5_]_ 7} %}1\:]1%3]8]'0% = ;g_
Hajslo] BX5hct % 1L-6 H 1L-222] EH|ERS ELISA Kit(R&D systems, USA)S ©-8-510] 45199} &
&% Myeloperoxidase(MPO)+= Mouse MPO ELISA Kit(Invitrogen, USA)= ©|-8-0t] 4513t

ek
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Cift 22| arsiy 2

Ao T8 A iV 2 vl 2Este] WRE 287 9 Zolg S7dshal, W= AT iV 222 PBS=E
e AR & o Blge] FAE S4sHI 1%t 10% formalin 8010 = i YRS 14 s) F11,
Swiss rolling'H.0 2 TS Wol 2] 7148 7P| Eof ©al 10% formalin 820 2 1451t thge] g5 A
+= Hematoxylin & Eosin(H&E) @A .0 & SIQ1Ist3iTt. thide] H5 A= Table 29| 710l whet HAMIZ g
(0 - 373y 9 4 Hute] Fefsha] A HE(0 - 37) S SHAIeH A2 v WSt Urben et al., 2014). EF 3 3

=
2ol &4 A= A o] Avdo] A HHS-0] 2/3 oV}l F-A el AolE S7dsted A A Aol et vle= ARt
Sto] w1t vl s

Table 1. Disease Activity Index (DAI) for colitis

Score Weight Loss (%) Bloody Stool Stool Consistency
0 None None Normal
1 0-10% - Watery but still formed
2 10-15% Hemoccult (+) Loose stools
3 15-20% - -
4 >20% Gross bleeding Diarrhea

Table 2. Histological scores for colitis

Inflammatory cell infiltration Intestinal architecture
- Score 1 — - Score 2
Severity Extent Epithelial changes Mucosal architecture
Mild Mucosa 1 Focal erosion
Moderate Mucosa & submucosa 2 Erosion + Focal ulcerations 2

Extended ulceration
Marked Transmural 3 + granulation tissue 3

+ pseudopolys

Sumofscores1and2 0-6
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oJote A5}

QIZH ot A= HT-29 Al EF+= A L5238 (Korean Cell Line Bank, KCLB; Korea)olA] &<ato} uf
keIt HT-29 AJ3EE= 300 mg/L L-glutamine, 25 mM HEPES, 25 mM NaHCO;7} &35 Rosewell Park

MIEZHHE
Memorial institute(RPMI) 1640(Corning, USA)®I| 10% FBS2} penicillin-streptomycin= 34713t vY

S
o 37°C, 5% CO, AM|2ZH|%F7](Thermo Fisher Scientific, USA)llA] HiFsSATH
=30 - 1600 pg/mL)E 2] 524

FHS, WPEE &
1 A7} %5}t Microplate reader(Bio-rad,

M3z
A Bkt HT-29 Al ZZFE 48 well plateol|A] 24417 vl
AR
USA)E ©l-85t%4 450 nmelA 9] T35 S7d5191T. ©1F, WPES 0 pg/mL2] 5= A =|ot well©] OD %t 71

FO 7 ST & H|wslo] A ZAPEE-E Al tStct.
o WPES £LH= Aasto] 171 8leFst, 2.0% DSS2F WPES
27 EES A7

Y
M2 DCFH-DA(Sigma aldrich, USA)E #|2]s}] 37°CollA] 30
Tf(Molecular Devices, USA)E ©]-8-5}] 485 nm(Excitation)2}

HEOI 4151 St
48 well plate®]] HT-29 A|ZF5 a5,
FSH 5100 p -D

SER NI

=
SEEPCEL
MIZEoj|M 28|l Cytokine &4

6 well plate©]] HT-29 A|ZF-E HHjJ3E & WPES 2 2|5l 1417} 8i%Fs}tal, Tumor necrosis factor-

@ (TNF- a; PeproTech, USA)S 10 ng/mL 2] 52 #| 2|5} 3AI7HS ©f Bjdet & A Lafofel-S o] 8510 HA-S
Zgstelet. A Interleukin-8(IL-8) 2] +H]%-2 Human IL-8 ELISA kit(R&D systems, USA)E ©]-85}o] £

-B5to] FASIGITE Aol e
ANOVAZ 3}9loH, ALE

ot

e sl
SARE|
= 54 B2 Graphpad prism 8 version 8.3.4(Graphpad software, USA)E ©]
A= Hal(means) + M2} (standard deviation, SD)Z WERJ ) +7H2] H|w=
5+2 Dunnett’s multiple comparisons test= SFZICE. p3to] 0.05 0THd o] FAARQ1 -f-eldo] Q=710 2 715513t
2y oy
T
SR Dssol oJet A §3 HEE oRIs17] Sietel B sk, B1e] 47, el A A58
ol et nRe- 0] FRAlE Aarshal o] STFshH AN At okl P

selstolrt, ol
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Hol7| Ftk(Valatas et al., 2015). 2 AF-S 9519 2.0%2] DSSE 5U7F Foislo] a5 -Fas5Ha, DSS7H
FEofsl= 7|7t B5FA10] #isl7F 32 ottt st DSS Foi7t SR ER= AR sAARE B AR A4S

7] Al2Fsto] 9A7(85.38 + 5.05%)0ll 7Y B2 BRAFERIE QUL FE= Aol thE 55A HigtE A E,
WPEE 10 mg/kg(Ask) 02 Tl o= &5 7H49] xto]7t DSSwat xfo]& Holz] ¢iofont, 100
mg/kg(A5T). 0 2 FoiolgS mioll= Al ZHAT & 8 A (92.43 + 4.96%) 7HY W2 BEAIZFERIEI AL, 94 Ao
= 23] 5715F93.70 + 7.70% 2 DSS+-1} H| W3S o -5-2J3t 2fo & B Stk(Fig. 1C).

GH19) 73-9olk=DSS Foiet-EAlel o] Hol7] AlAtsted sdafjol= ERi0] 3.20 + 1.03.02 7Fe 71| b

RO ke Fofito] -9oli=2.00+ 1.63 02 @Hlo] Eol& ﬁ% i}iﬁe‘ 7 ASAet W As e = A2t

$oli=2.80 £ 110202 A5 H} s oA] EHo| thi 27| IE=|{c(Fig. 1D).
WSS TR0k AALe] e 5 A A3}, DSS Tci R M *W et ddd A
of| ¥H5l] WPE Fod-& 2355 0] 732001 1,40 + 0.55, 15T S FoJgh Aol 1.50 £ 0.58 % B 7 -F-ol6HA 745

Ak o]l DSSsTHe] Hlo A S 2RI 4= AU Th(Fig. 1E).

2] Wel, B, A HEE BE GAsle] IS R AES o5 5 Ik AFBYAFE B4}
3 7039, DSS 8 8UAR 7.1 + 162 71 371 S11 Highol, WPES: Folat A9l Aol Al 5.40 £
AUAR SUHICKFg 15) I BADSS] 7 =

1.14, 5o =4.50 + 1.000.2 F 2E2 0 =2 7t
1 PiZol AHARR 2380 28] SlEshe S QA
RE=EUP

RS
-
ok
ro,
ek
>
;9
l o
)
R
Ei
i)

o

ﬁr
H
2

CHEH L H|2H 3}

DSSE Fofoto] tiadSo] e 2ol G3AIE %{r | oI5l tgre] Aol= gokx] 1, vlRte] fA= 571
sH| =W, o]2gt SRS i E50] i A HrFeh= A|E7}F FthChassaing et al., 2014). Al@ F= A] o3
I} HAS ZEoto] Dot FAIE 5@8}91% o, EHZW‘Ol% oiL(7.9o +0.61 cm)]l B3] DSST0] 7.22 + 0.28

gl

Mﬂ(Fig. 2A, 2B). HIXJ% DSS{LOﬂH 110.5 £ 14.68 mgo & Zﬂz}ﬂ%ﬂ H|5f| 1.844) A Z7}519 oL, WPE &
ofo] oJaf] §-oJ61A| ZHAsteirh. B3] 1k Fol o A= 72.45 + 16.1 mg & @A]5] ATt AL sHeldr 4919
THFig. 2D).

g ESe] =L &) 2lEER= dPgollA] dide] lido] =AY AL FA7t 57 6HA| Ei=Tl|(Chassaing et
al., 2014), |5 B S & 717<1(26.2 + 1.09 mg/cm)©]| H|o| DSST-244.98 + 4.98 mg/em= @A 5] 7t 72 2}
2151e. SR WPES #3s-& & FolsldS wlofli=41.13 £ 2.39 mg/em O 2, VT 2 FoJsigl-g mlofl=32.08
+4.29 mg/em= AAE It (Fig. 2C). o1& &3l tidd5oll ot tide] &/4fo] AHRART 559 Fof 5k
O)FEA o 2 A4 H et dlE5d 4= 3l

2

2 AMO|E710! U MPO £H[Z |z

<94 % P [EZIRINIL-62 2] G5 REe= Fdohs ARIEZ Q1 0= Ao] Afu] Al o] B9l JT=
o3k v
o

Ad2iA] T Suzuki et al., 2011). T3 IL-22+ A4 A o] Aol

oll
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(Ouyang and O’Garra, 2019) 2= T @Zo] F8= o] o] 4ol wet 8% 1L-22 ol 571517 Htt. DSS=2
a5 LS o, DSST100.00 + 27.33%) 2] @5 IL-6+= /gl Blaf 154 o S71513 0 WPES
Fogto] wat A s o A= 30.86 + 23.59%, IS ENAE 13.73 £ 11.57%2 SEoE2 0 2 FA 5] 7HAsITt
(Fig. 3A). IL-22 9JA] HAR(59.75 + 34.75%) 1 H]3H DSSH(100.00 + 32.25%)°] T Hll 7}710] Z7151 2 LY, WPE
£ FoolslS = aste] s 2 Fofgh 73--0lk=25.89 + 14.10%2 oIt 2t & H Stk(Fig. 3B).

SEZ IR MPO 9A| DSSol| ofalf & Huto 2 AFA| 7T 2= A 7161 El=t] o] = <18l EF MPO
HA] Z7I51A FHth Chassaing et al., 2015). ©ofl W} @5 MPO ZH| S ZR16] =2 A7, 4/d=481.18 + 6.28%)
of| BI3l DSST99.99 + 8.75%) A -2loHAl 5712 2L, WPES A's k= Fo{5l3S 1] 88.34 £+ 4.91%= 4
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Fig. 2. Effect of WPE on colon shortening and spleen enlargement. (A) The colon and spleen morphology. (B) Colon
length increased with WPE (10 or 100 mg/kg) treatment. (C) Colon weight (per body weight), and (D) Spleen weight per
body weight increased with 2.0% DSS administration but decreased with WPE treatment. *P < 0.05, ** P < 0.0001 vs
NG; *P< 0.05, ***P< 0.001, ****P< 0,0001 vs 2.0% DSS.
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Fig. 3. WPE (10 or 100 mg/kg) suppressed inflammatory cytokines in the plasma of DSS-induced colitis. (A) IL-6, (B)
IL-22, (C) MPO expression levels were analyzed by ELISA. *P< 0.05, **P < 0.,0001 vs NC; **P< 0.01, ****P< 0.0001 vs
2.0% DSS.
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SIAT, TR FololS wlofi=85.19 + 7.71%E F OEH 0 & FolslA Zasto] AHARRY] Alo]E7}

1Y MPO &7 Aol E2-& & 4= 3= Ze ERIskIt(Fig. 3C). AT T A s 5T o+ =583
AROIEZIRIRNIL-6 E IL-22, BF AF 1] MPO B AHEARGR 250 oJaf] ZHAEQLY, o] = s &
3 J=E Frleled Fatt 7ol 2 4 gk

Z2|Ha|sH 4

DSS Fofoll ot A ute] &4 w5 Brlslr] flste] g 22]0llx9] A5 ML & =t 4 9t 529
A A 52 H&E FAH-S- o]-8510] H7FSHtH Urben et al., 2014). A&t A E swiss rolling 0.2
3R & O 24| o] tiH] &/dH-20] Aol & Z7dsto] /0] s vl w st

&/ A= Table 2] FA|H B7F 710l whet Jpat=|glo, JSA1E & Aot 72 &4 A s gibst
of Aok BAlof| w2 5 AL S vl EAGHITE ASAIE i B = tiR oA 5 3<0H| el 1s
T2 Fol619lS 1] 2.00 + 1.002 -Gol61 ZAastal.on, & &4 AE 4] 391 DSSe] Blal 1.67 + 1.1602
24519 (Fig. 4). ©lo Wt DSST- G5 2145271 6.00 + 0.00.0.2 A uf 24y A7t A2 o 2 A5 Leht
3 Sl A, A2 3.67 + 2,08 -FofolA| Aaste] &/4do] o ARk it A o] tiH] &4 A HA

A B ..
* o *
b T ‘é & K I — |
g 1 =
Q 6+ T £ 3
o £
i =
© [
S4 =2
e S
° ©
b1 £
n 24 1
T 5
E
0- 04
< p < v
< & & S & &
& R o ®
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C 4 D 25+
: #
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z £ 15-
S 2
52 £
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+ WPE (mg/kg) + WPE (mg/kg)
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Ky
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Fig. 4. Effect of WPE on colon histological analysis in DSS-induced colitis mice. (A) Histological scores, (B) Inflammatory
cellinfiltration scores, and (C) Intestinal architecture scores of the colon in colitis mice. (D) Severe injury of the colon. (E)
Representative images of the colon stained with H&E. Scale bar: 100 um. *P< 0.05, **#P < 0.0001 vs NC; *P< 0.05 vs
2.0% DSS.
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DSS(15.68 £ 4.70%) 0]l B]5l| A5 ol A=10.41 £3.42%2, 5ol =877+ 13.9%2 5k &4 o2 714
= A G5 o & Foll AFSARNT S50l ofol tide] a5 At et 7 et -9 &40 DSS

o=

il ]
ol Blsl EolE 2 &Qleklal, i dge] gebd 4 Alaa & 5 I

MIEZ(HT-29)0|M LEALIFL| BS 213t HS

AREARFE 2ZE(WPE)S 0 - 1600 pg/mL 2] 5= 2 HT-29 M Z3o] #2]5lo] WST1-S o]-83}o] MZAZE
S BRI51ITE. WPES 800 pg/mLE A5l I 97.24 + 1.28%2 A EEAS Ho|7] ¢ikoit, 1600 pg/mLoIA]
= 46.82 % 1.10%= S0 AH(Fig. 5A). ©] B HIF 2R o]0 Aol =200 pg/mL o5t 5= A5}
of Alzzelx 9] HF ks HEsHrt.

e AFSE P EE L EH<912.0% DSSE HT-29 Al 2250l Aefote] E/stAI S of, AlEellA] &
H| &)= B3 AR4(Reactive Oxygen Species, ROS)¢] %S DCFH-DA S o|-&3]| 211511t} 2.0% DSSell 2Jaf B4
o} 5191 i, ROSE thol| Hls]l 20 o4 71513, o1, WPER {13l DSS thH] 66.98 + 1.02%2 3-2151 7
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Fig. 5. Effect of WPE on reactive oxygen species (ROS) and pro-inflammatory cytokine interleukin-8 (IL-8) with WPE. (A)
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