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Protective Effects of Eunsiho (Stellaria dichotoma) Extract in Radiation Induced

Bone Marrow Damage Mouse Model
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2AS M Hognt

A7) wiEol| TEggelM ] AFA AR A EL Favt
At} A LA 7] (International Atomic Energy Agency,
IAEA) % =A% 9ZX 8 7to|=giloly Z73]5-S ¢l
255 o] G glon olejgt AgHoRE Agh &4
< 3ET £ glo] AR &l o AT deH, G-
CSFe] SRl ARS- W 5 A7l vk d77F 57t
Aoz HQasit} (Berger et al, 2006; Drouet and Hérodin,
2010; Dainiak ef al, 2011). TE0], iR AT A] 37}
G-CSF9| 37} el 3= BR o] thx] Red 482 o9
dho] H st

a8y o]& AESH AlAlE atela, B4 276
& 7Vssithe dAIdel EAlgt. 58] ot WA
SollM= 2T A8 Aokl A7) wEe, o]
e o A= ASA HAAE 7Rk AAZEA] e tigh
8Ado] A&EAHeZ A7 ATt (Yu et al, 2022; Gamboa
et al., 2024).

ol2fgt HjZgolx, g oJstoll SEEo] & kg A EE
gk Aol o] FR|L JloH, I F XS T H
Alofel Fxste thdA ZEQ Sellaria dichotoma Linné
var. lanceolata Bge®| YT IFFE (BHR), 3= (FH),
ol (R 5 A W Astel AdE WEHE A
83t= d AFgEo] $htd (Liu et al, 2023; Ma et al,
2024). TEolH7t; T U A% el mEWH, 2A5=
A3 Y (FEHYS T2 850F 3, 98 F5o7 Qs
HY Aa} o] 35S F= oOFEE L FET (Heo, 2013).

ghgte| St AT dollM ek Aeolsy Y 282+
S SEote] st F7 &4 E oW Z3e] aE JgE
T AUS FloR Holglom FhelotA yilox] WARdY] &gk
T2 A7) (ER)S 4 S8R F §1d syl 2E
o= e, ol 2AS9 GEF A& 7FeAF olEF
o7 Hogitt

ofgjetzlow 2A|gole AlEd, EetrReols, E2jHE
T g =do] o FE Jlom, A8 A w2
H o]E A2 AT, FAks], apoptosisE oAl G3E F3l
z7 &4 35| #ogit} (Bae er al, 2018; Dong er dl,

Toll-like receptor (TLR) AZE w72

Skl
ke FEgoEM Ay 4
o 719g 4 d= HAHEE 2= (Wang ef al., 2023).

2 ATE AR of§k I & oA, 2Alse] |
A3Hy gedt sy 2871dS I gAage =, dr
o8l A5 ofste] g 7Nk Y & ze] rsAS ¥
7¥etarat gtk 53] AEE, € 5

o

-
o
J

HAME =

=

AEE FHOE BHFORA, WSty 711 ngoz I
Fd AR Had WA AP A 00 FE BAYS
AQH o AFHaA B,

M o
. BN F220| Mz

Aol ARE A2 FrHFAF (AhelA 7Y s
m, Fazof vl (ghgte st )e] FEirE S AX AF
of AMEERTE FE Shgte]std o] B Folth
(specimen no. 2-16-0191). SA1& 793 g& 27| Hdsl] F7
T 10HE WAL 100TaHA 3A7F 752 &, 27 FE2E
S WFEE71E AR 45CM 5 § SAARTE 9]
f3lo] FEE 33195 g2 AZIIAY (FEE 41.86%, wiw).

2. MIZ Hfjt

B Ao ARg-E A|3E2] bone marrow-derived mouse stromal
cells, OP9 A|= American Type Culture Collection (ATCC,
Manassas, VA, USA)ZHE +sle] A3l Alxe 3
AA 2 GAZA 100 UmLel slUA3 100 pug/mLe]
streptomycing 718k 20% FBSE 3 718F o-MEM Hj=] ]l
A 5% CO,Sl ek ti7], 37C9] 27102 vt

3. LAE (Reactive Oxygen Species, ROS) &&

2AZE FEEY Al 2EF 2 Uig B g5 891
al7] Sl Ikslra A7 & AE ASES RISt AE
Ul ROS+= 2',7-dichlorodihydrofluorescein diacetate (DCF-DA)
S ARESle] 25T OP9 AlXEo 2AlE FE2E (5, 10,
50, 100 pg/mL)z 1mMe] FitslasE ZH2E AEsial 24
AZr #jFet & A|EE PBSE AlF3le] 100 M DCF-DA
] & 37ColA 30 7 WE§AIZATE DCF-DAS AlA
the AlZE T4 PBS & AlF3E & JFAn7S o]8-at]
A3Y DCF-DA2S] 2 #2sIitt. ¥ 7J=+ microplate
readerE AME-3}0] excitation wavelength 485 nm, emission
wavelength 520 nmollx =743}

2 SR gk o] AdEE AN clean roomollA Auto
controllerd] €J&ll, €% 22 + 1C, % 50 + 10%, ZHA|7F
12 Light: 12 Day cycle® A3}, Hd¥ ASE 35 ¥



g ol -
B2 et B3 A FAAAT (35
3] 591: 2018-0070).

5. WARZEAL
AR ZARES 6CO ZPHdE o]8dle] 351 Gy/mingl
ARFEE 5 91 10 Gy Al 2ARIon thaat 22 3
S 7RG A S AlgeA] skt
6. 2AE S0i
WA ZARES 2A S FEES AFY 50, 100 mg/kee]
SFoE HAgol] = 1° 18] A7 Folaislen, tha
= FARIIE. Tl AR =
103] Fo813l

o= vehicle?hs 7+ HpHo g
AL oY HFE Z2AF FL7EA]

7. Ngdzel 24
”W AAEFe] WA (10 Gyye Halel] ZARIL 24
S Fofsle] phee] AAReS WrbeiiTh 7 w9 109F
2le] UH—*JP AN Bl ARSI AT Egt REAARS- e
WA (5 Gyye AAle] A8l Az R o wsks #Es)
AR PE T AT Fojo wE WBE AEsle], &
Aze] AR T ol 2829 A80] ThedS W

(A)

Cell line : OP9

o} wEARR Rl 7P 5 GyE Al ZAREAL 0.5, 3,

10, 2199 PH-2E Sslsich. vhe2el Bopgue 4
B AHsn BB, YL, B, YT 50 WIS

BB oR vge] FAl 9 5o A W 5

H7FelAT (Kim et al., 2015).
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Fig. 2. Protective effect of Stellaria dichotoma extract (SDE)
on survival after lethal whole-body irradiation. Mice
were treated with SDE for 10 days, starting from 9 days
before whole-body y-irradiation (IR) at 5 Gy. Survival
rates were monitored daily for 20 days and analyzed by
the Kaplan-Meier method. The SDE-treated group exhibited

si nlflcantly higher survival rate compared with the
irradiation-only group (n = 10 per group).
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Fig. 1. Antioxidant effect of Stellaria dichotoma extract (SDE) in OP9 cells. OP9 cells were pretreated with SDE (5, 10, 50, or 100 pg/ml

and then exposed to T mM H,O,. (A) Intracellular reactive oxygen species (ROS) levels were detected using
dichlorodihydrofluorescein diacetate (DCFH-DA) staining and visualized by fluorescence microscopy. (

2,7
Quantlﬂcatxon of

fluorescence intensity was performed usin 3 Image) software and expressed as a percentage of the control. Data represent mean
= SD (n = 3). ‘p < 0.05 vs. control; #*p < 0.001 vs. H,O,-treated group.
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Fig. 3. Effect of Stellaria dichotoma extract (SDE) on hematopoietic recovery after sublethal whole-body irradiation. Mice were
treated with SDE for 10 days, starting from 9 days before whole-body y-irradiation (IR) at 5 Gy. Peripheral blood counts were
analyzed at days 3, 10, and 21 post-irradiation, including (A) white blood cells (WBC), (B) neutrophils (Neu), (C) Iymphocyte
(Lym), (D) platelets and (E () red blood cells (RBC). Data represent mean = SD (n = 6 per group). ‘p < 0.05, "p < 0.01, 'p <
0.001 vs. sham group; *p< 0.05,

*#p < 0.001 vs. IR only group.
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HEY - 02 - 23 - ZFH -
(10% neutral buffered formalin)ll 743} T). o] dutxQl
el wet siepd ¥ulE AAIEHL, 4 um FAE s

o} A¥ 22L& hematoxylin & eosin (H&E) 942 Al8Y3}
of A WslE ST

9. Sl x|

tlolEl= ¥+t + EFHA} (Standard Deviation, SD)=
FAlBIR oM, SAEAS dAEIHEA] (One-way ANOVA) 5
Student-Newman-Keuls AF+A4 S F3 F33Acth p <
0.055 TAXCE o3k Rpolz 7H53l3itt.

|

-y
2=

=

il

rtir

X

2
1. 2N= FE29| st g1}
AT FEEC] e BAS FlE] sl DCF-DA ¢
ARG ARgEA] ME o] BT S BRI
I mM IEslde] 2ol o8] FAsH S78IRE Ax
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2 selaiick. A 10 Gyo)
S ZAPRS o] A% AL F 102 RERE Abslel
16206l 25 Algalit. A5 Folze] Aol WA w
= 2k} vlasle] B AESS HIsgion ol B3
of WA 1% A] Aol BAESHE st (Fig. 2)

3. RIS YA A 5 LRS00 Bislol] CsH 2AIZO)
AN2A5

5 Gy WAMd AL 5 2xdoe] Wsks Asiich A4
zZ

ML F ZA} 3URE 7HAE7] AZsle] 219714] 38
2] 9t} (Fig. 3A). 2AF 1287 A AN 357 27}
(B) Spleen Weight
0.10-
S 0.08 * xxk kxx
b= — —
S 0.06+
[
3
E 0.04-
& 0.02-
Sham 12h 3d 10d 21d
Em Sham
= R

=1 IR+SDE(Low)
=3 IR+SDE(High)

21d

[

Sham IR IR+SDE
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Fig. 4. Effect of Stellaria dichotoma extract (SDE) on spleen recovery after sublethal whole-body irradiation. Before 5 Cy y-
irradiation (IR), mice were treated with SDE for 10 days, with the treatment endinC? on the day of irradiation. Body weight (A),

Sspleen weights (B), and spleen weight/body weight (5.W/B.W; C) were measure

on days 3, 10, and 21 post-irradiation. (D)

Representative spleen images demonstrate enhanced spleen size recovery in SDE-treated groups compared with the irradiation-only
group. Data are presented as mean + SD (n = 6 per group). p < 0.05, "'p < 0.007 vs. sham group.
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Fig. 5. Effect of Stellaria dichotoma extract (SDE) on plasma Fms-related tyrosine kinase 3 (FLT3) ligand levels after irradiation.
For 10 days, from 9 days before to the day of 5 Gy whole-body y-irradiation (IR), mice were given oral doses of SDE. (A)
Cellularity of Bone marrow was analyzed at days 3, 10, and 21 post-irradiation. (B) Plasma concentrations of FLT3 ligand were

measured at 12h, 3d, 10d, and 21d after irradiation. Data are p
0.001 vs. sham group; *p < 0.05, *p < 0.01,

Hkk

001, p<

= AT HYoU PEps e
&S JERITH (Fig. 3B, 3C). A3

SEO
o=
oM FSigh adks FRAHA sk

-y oxl

=

,‘_"5__

ko), TFrollA 2]
L eyt Uehith 24) 3ol 33 47} 4 34
AFAR, AT Folzaie 0l Sleke A% u
om, 102FEE Fo3 Z7F BFEAT (Fig. 3B). vhd
YET S 2AE Fofol] w Rjol7} glol, L4150l Ex
b YET Msuths WA 5 3RS FE A48YL el
g 4= AT} (Fig. 30).

AW A3 PR 2L F 10040 F7P1 ekge
H, o] WMIF HlHT; A ARET 53] AL 2190
= oAE g Folpold WAk FARR] Hls) Baw

7k Frelspll S71KAt (Fig. 3D). AR © 2AkzelA
£ RBC 207} 24} 39AE] 43] gasiglon, 53]
108A14 7V Fd st BAEch W 2N
ofzo e RBC %o folat wsbh vheh i) egiet (Fig
3E).

o
P

~ >~

7

ul

olefat Ashe £AE FEEo] WA o8 fusle &
B oA L AgA £YS BRHoE ds, 5] 57
o BE P AL AT F US A
4. HEO| A0 5l

5 Gy WA 2A B AZelAE st vaste]
3 wislh #auEA st

(Fig. 4A). 22iv v A=
ZAF 127 ZAaakr] AlAste] 2197EA] tiztol Hlsh
frelaAl Water, o] A7 B o R I HEA o
kc} (Fig. 4B).

SAS FofFelA= ZAF 12A17HE 109717 AR &
= ARl Hjs) v AL SUvehe AR Bdo f
ode AT thr 21 o]Fell= A TS HoMle F
717F FRlEA 53] SAlE IEH FoFoMe A} 12
AIZHRE B 2719 5717 #=EQIY (Fig. 4D).
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resented as mean + SD (n = 6 per group). p < 0.05, “p <
##p < 0.001 vs. IR only group.

5. SAS9 WA ZTAL § 359| MEZZAE X S
2 &% FIT3 ligand WS =X g1}
ey A =

XA A HIbA A HAM SdEFS AEFAE
(cellularity)®] FA3F 744} 2A|E Do) B3)7} #2EQ)
o} 2y 2AE FoFeMe ol At ghslEgl o,
53] 2AF 3 AlFA HAXE B3] AR Tl H]s]
frolsh =2 MEFAEE BRI 4= AT} (Fig. 5A).

WA Z2AF & 8% U FLT3 ligand %=+ sham oo
H8) frolshAl S71skRa, ole 28 dAlxe] U3
b 2LEASS AR IR ©Eos AL 124]
o]H FLT3 ligand7} 71 WM, SA|S FoFolx=
AR AL 3Y o] FRE 7P #EEIeH, T Al
Al IR BEHET folsh @ 52 fASITh oS
SAZ7F AR A} F FLT3 ligand 28-S A1
25 AExZAEe] 35S Fleke 8945 7K F
AAFelt} (Fig. 5B).

=1

=)
Rl
7k

g

2

]

e 2387] 9 HWIA &
A% ek SAlze AEsHy 38 aas

gatsl a9s 1 = AU

10 Gy XAREF ZAPIAM = di22dlA gy A7 14
Y ol Al wbA,| 2A|F T AEL0] Folst
Al FFE] AR el gk Be g3E AlAEIT
(Fig. 2). 5 Gy AR 24 & WP 9 555 571
FAE ke, SAlE FoFe 108 2 21 Ao #<]
3 3]E oS BT (Fig 3). 84% &L vwd W=
A UYepto, ol SAlZ RERME 2 A7 e A
< 9 & 38Ho= IS A ¥ FAE

==3
WA 2} 3 o), eAE Folgele 1749l 8



PSEERE

o] AZENOH (Fig. 4), ol= HMAME AF+EH =7 3
o] XYHAJ=S ofnlght. vhd gzt 352 Jrzoz
Hjujste], 2A|E7F F2 ZA & 2g3hS AlAFg

AR FAF - FLT3 ligand S5 IAFoR 27161902
U A} gHste S Bk v, 2A|S Foii e
FLT3 ligand =7} folsH O =7 A= oH 4 &
= ghakslitt. ol 2A1S7F FLT3 ligand 28 %313}
of 28 35S 7RESIslal A SRR E B 89E
AgehE ArFeTE b SAlSE AR e 2E o
Aol gk A X8 AR &8d 5 US Flolth

SHEAE, SAEE HET F HskllE ARl 93
ByoH, ole 3d oFEe] 2 Z4l (myeloid lineage)
Fhle] AAAE 3lEo) 283HE AAfgiTh of2fdt el |
o 3& EAL g5 A 35S 913k A RAeke] Bt
A& 7S AAIST (Bakos et al, 2018; Venet et al,
2021). FZF A7) A WAk &4 F 49 s E
F7PAI713L, 4717 WY 715 AstE olojd & 7] e,
250 MelA g P HE oy AA SHAAN T8
Sk TAME A3t (Kusunoki and Hayashi, 2008; Wirsdorfer
and Jendrossek, 2016; Hollingsworth et al., 2023).

SR o2 A= HEE (HEH) 2 BHe HikE) 28
< Bl G4 ARA A AReEo] ghom, o]gt a5
Ak 33 3 Ueive 53 S8 2 A4 1Y A5t dE
o} WA FAMIS Zheth B AF AFex A5 M2
2t AA|, diksl 9 FAZE-S Sl 22 &4 gdslst

do o

g2 2AE Algshe 23 & 5 Ak (Bae et al, 2018;
Dong et al., 2021).

S, 2A|S Fojoll i e HEA Y (ERERY), Ea il
k2) a5l Foishe Aed wkgo=H], 28 35 XA ¢
A g A 9 esPrF #EEQH 53] 2AE= AR
S 2 apoptosis A, F4tsl, FHS 2§ Fol BaH uf
ow, olejgt Aol MAMT 4o = 1%t MxE &4
HY Ao tte] BE 2 3)&E aIE veRd 7sAo]
oh B 2A57 7R g 71 23 W IL-6, TNF-02t
22 AT AlRlEZIRIS] IS AAleta, H=gt HY wk
o= QI3 23} &L Fole Hl 719 & Urk (Bae er
al, 2018; Zhou et al, 2023). = WAM X8 & vep}
= W dE O Qg 2 ARs)t ol SHAME 24
39] 7FsdES AlAFeT
HAEAO R, 2A = AN &4 mE AEE Ash =
715 A, "y A7) 915 5 54 e Aol el

¥ N2 32

% A IR
WelzdAl 2 24 noARA B89 5 Ak KA A
3|

AR GOl LAES) Fa HE A T, AL 2 2

Ol - WS - AFY - 2EE - ORIY - ANY - 2UBM -

A o] g 1A B4, 2Eal 718 AR 38R 9k
HE axel tigk AAA A4t Hasith 53], AEE &
A AR SR, B FehEieolE F)o 2PAME
o thek ZHA 2HE o F, HANE £} AHReAM] A5
A wAYZ (SCF/eKit, IL-3, GM-CSF pathway 5)ol| th

& BHe e QaHoR WS 28 5 A7 HA
e}
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