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Protective Effects of New Herbal Composition (MH-30) against
Radiation Injuries in Hematopoietic and Self-Renewal Tissues

Uhee Jungl’Z, Hae-Ran Parkl’z, Ho-Yong Leel, Ga-Young Baekl, and Sung-Kee Jol’2

!Radiation Biotechnology Research Division, Korea Atomic Energy Research Institute
“)Department of Radiation Biotechnology and Applied Radioisotope, University of Science and Technology

ABSTRACT

We previously developed an herbal composition (HemoHIM) based on the water extracts of Angelica

gigas radix, Cnidium officinale thizoma, and Paeonia japonica radix to protect and recover hematopoietic and intestinal
tissues against radiation injuries. In this study, to develop a composition with improved activities based on enhanced
fat-soluble polyphenol contents, we prepared a new herbal composition, MH-30, from the above three herbs by 30%
ethanol extraction and hot water extraction. HPLC analysis of the ethanol fractions of MH-30 and HemoHIM revealed
that MH-30 had higher contents of many fat-soluble polyphenol compounds than HemoHIM (8.7-fold increase for
decursin), whereas contents of water-soluble polyphenol compounds showed little differences between the two compo-
sitions. Then, we evaluated MH-30 and HemoHIM for their in vitro antioxidant and immune cell-stimulating activities
as well as in vivo protective effects against radiation injuries in hematopoietic and self-renewal tissues. In antioxidant
activity assays, MH-30 showed higher hydroxyl radical scavenging activity than HemoHIM (1.4- to 1.9-fold for composi-
tions and 2.3- to 4.5-fold for ethanol fractions). On the other hand, MH-30 and HemoHIM exhibited similar immune
cell-stimulating activities as measured by in vitro lymphocyte proliferation. MH-30 increased endogenous spleen colony
formation, decreased bone marrow cell apoptosis, and enhanced survival of intestinal crypts in irradiated mice, demon-
strating effective protection of MH-30 against radiation-induced injuries in hematopoietic and self-renewal tissues.
The 30-day survival rate of lethally irradiated mice, a comprehensive index for radioprotective efficacy, was also elevated
by MH-30. Noticeably, MH-30 showed higher protective effects than HemoHIM in all mouse experiments. These
results demonstrate that MH-30 can protect hematopoietic and self-renewal tissues against radiation injuries more effec-
tively than HemoHIM. Therefore, MH-30 can be a good candidate to reduce radiation injuries in hematopoietic and
self-renewal tissues incurred by radiation accidents or cancer radiation therapy.
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A (Angelica gigas Nakai)9| 2], A (Cnidium of-
ficinale Makino)®] &7 % Z}eK(Paeonia japonica Mi-
yabe)®] HElE o oFE A5 ¢HoFA vl A (4 S AL

AFA TS Seoul, Korea)ZH-E Fujato] A ekzAlE MH-
30& Alxste Hl ARSIt dxd B, AT, ks
Y FA vER 3% 5 £ AokAlel 10819 30%
eSS 718 o 70°Col A 22413t Bt FESH 13 S
SES AT F2 AL 23]d] A A ZF 10852 5HlS
o FHTE 7 = 7 AN E 1ARE Bt BAA FE3)

23

A FEBS AAY. 7 FFES ABsa 2%

A& MH-309 WAHd w3 853 949

FE Hstel 21 % 3z} FEE

3} EGE b, TGRS 40 $319) 95% ol HE(FA)S

Hrksha AedA 2403 3Aste] B30 FAES £
A

AL HHE(FYY, crude polysaccharide)

FHE} EGT F 0GE Fol
o} 60% HIE% ¥ FHeke] MH-302 29ch. o) %
DL F mohge] ol A4 W(E35-45%)7F HES 3
gleh. MH-303} v wsl/] 913 A B2re] Jepry B
HemoHIME 59 Aok E o] §ako] /1 &e] magl
(26)9) whet A3kl eh YoFESE MH-30 % HemoHIM

o] oet& #3(ethanol fraction) ¥ 2t E2(crude
polysaccharide fraction)< 47| 938l 7 AL ES
IYE o] o 1097t HESF THTE A F 4u)4
2] 100% &S @il 24A17F HAAAIZ ohs, AR E
Zote] A5 deke w3 A" 2ud EE5S 2

T A4 wEIY

Z2|hlEs d20) gt HPLC 24

7y Aok o] oleks 38 25 mg/mLe $EZ 50%
N Ehe Fg o) 3|43 5 0.45 tm ZEHE o] &) o] 3k
th& HPLC £41& Aldsksitt. LC-20A HPLC(Shimad-

zu, Kyoto, Japan)o|4] Cosmosil C18-PAQ(Phenomenex
Inc., Torrance, CA, USA) Z4H & o] 83} o] 5/d0.1%
formic acid 8 2 100% acetonitrile)2] &%= F-ujol
uhet s ekl en, 230 nm 3o HEVIE 24 A
o] IaE AESAY. 7F9 Fo ZEHE A E(gallic
acid, chlorogenic acid, albiflorin, paeoniflorin, benzoic
acid, nodakenin, decursin)oll & A 35le] 2+

M,
o

EH RFEFS 4.5~900 ug/mL 9] FEHE 50% #
B g galg & AT)eE el A A S Al dEte]
EFAFIAE Ao 4 IR ES] s 8 U 7
Ao TS A=kl
AESE

H U 2842 334 A8, 248 A& Y 2
30Y AEE Aol e 77H 9 47 ICR vh-2=5 224l
E(5)(Gyeonggi, Korea)OH/H Qlale] 132Ut Al 2
AR 2SS 1R F ARR ST B2 AR S 2
EE 23£1°C, 55 55~60%F FAsta Heksio] 12
AZE 91 R A= AR A CA AlEH o n 1 ALE o
S5E AFRo] FFIIGL BE FEAYL g
AT TEAI LYY FAKAERI-IACUC-2013~
011)% ol Al &3}3L.
M| ZEHH 2

Ago] AL Al Erjgde RPMI 1640 BiA](pH 7.4)0l
2 mg/mL sodium bicarbonate, 20 mM HEPES, 100 U/
mL penicillin, 100 pg/mL streptomycin, 0.05 mM 2-
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mercaptoethanol, 2 mM L-glutamine, 1 mM pyruvate,
1% non-essential amino acid & 10%<] $-e¢} 3 % (FBS;
A7k b A & AR o,
FopEE 23] Az
Zujd-g AleFS Gibco BRL(Pais-
3199 2™ 2-mercaptoethanol Sigma-

se} AHg3H9]

fetal bovine serum)=
M EA] LS 5% CO,, 37°C,
Al kgl BE A
ley, UK)elIA -]
Aldrich Co.(St. Louis, MO, USA)el A <]
}.

HEARM AL

ulg-2=of o st AR FAL= GammaCell 40 Exactor
(MDS Nordion, Ottawa, Canada)E& ©|-&3}¢] Cs-137 7+
S 0.92 Gy/min®] A#FE= AlFagivh WAg v
et AdolE 6.5 Gy, 2% AE A FolME 12
Gy, 30¥ A& AFodA = 8 Gyl TvbdS vhg-2=o Al
ZAFE AT
M5 2ol A 2d 5H
Al&9] 413} 2] Z(hydroxyl radical, -OH) &7 &4
2-deoxyribose oxidation W o8 =A3}ATH36). Al
oA 0.1 mM FeSO«/EDTA €9 0.2 mL, 10 mM 2-
deoxyribose 0.2 mL, Z}7] ©}& 5% A|89 0.2 mLe} 0.1
M phosphate buffer(pH 7.4) 1.2 mLE 7}3}at, 10 mM
Hs02 0.2 mLE& 7]—“6‘]—0% HES-S- JAI A F T} 37°C 4=8-Z0
A 4N 7 8RS A7) B 2.8% TCAltrichloroacetic acid) &
A 1 mLE 7}sle] whe-S TAAYIAL, 1% TBA(Z—thm—
barbituric acid) &9 1 mLE 7}ate] 95°Cell A 10%-3

T WYZEta UV-E3433 A E o] 83} 532 nmoﬂ’\1

n°1' rlo

%%EE Sgsleh. Fabe Bz 24 B4 PTE
T ABT FYE Ao F PYYET S S ET)
FYE Aol W WPEE Ve,
Hydr.oxyl re}d%cal _ Ac— A %100
scavenging activity (%) Ac— A,

AR B0, BT B7FH 98 ST YR
ARE A B3 IL0R AHE FAUET F
S1A S ey

Ag N B9 H02 B5F H7H Ad e 3=

oMstE 2012 A Y &3

A g9 HAakstE £o]&(superoxide anion) £A A&
xanthine¥} xanthine oxidase Wh§ A]2EloA] CCK-8
(Dojindo Molecular Technologies, Inc., Rockville, MD,
USA) AloFE o] &3te] 54313 tH37). 96 well plate ]
wellell 5 pLe] A]&E 50 pLe] 50 mM sodium phosphate
buffer(pH 7.4, 1 mM EDTA, 10 mU/mL xanthine oxi—
dase ¥3He} £33 F 5 ule] CCK-8 Aloke 37 =&s)
of 123t AollA AR o171l 40 plLo] 2.5 mM

58 - 07hed . 247

xanthine &9-& H7kste] W& /MAIAI AT 37°CellA
3087 ¥EAIZ $ 450 nm el M FHEE ST
(reference 37 650 nm). 2ts} Fol2 2A &2 A
2Tk Al TS FFE zlolE FANETS Sz

T FFE zbold tig WEE2 e AT
Superoxide anion radicalz Ac—As <100
scavenging activity (%) Ac— Ao

Ao: 5.9} xanthine oxidase B H71shA] 932 A=
T FHE=

A AEE #H718HA] 831 xanthine oxidaseRt 718k oA
=T 3=

A A 29} xanthine oxidase B A7} A g9 §3 =

w23k & Tris-NH,Cl §9& 174 oh
HBSS® 23] Ml#slo] A28 5743 o8 10% FBS7F
3k RPMI #i Ao A F-FA1A v JZ35 F1]3skel
t}. 96 well plated] 7+ welld 2x10°71¢] v)g d =L
P F(seeding)dtal Zt A EE sEHE 37lsle] HF wl%d
N I E 200 uLE wHE ¥ 3¢ %OJ o Fakdeh. vl
% CCK-8 AloFs ZF welld

450 nm FFA A EFLEE =A 3}04(reference a4+ 650
nm) Al o v o F258 Hrtedt
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AR ZAE 1097 vh-2E SAAA HE A ES
ot A& ¥)%-2 Bouin g ol 293+

27| LY MEe| AFH AIE

WAL e o gk Z2F A E AME =
ol W% adE Hrtshr] sl c]'*]’ﬁ A ZAL BRg-29
=7, 4 2 FAAMEY] AEAPE S Ptttk AR F
o] = MH-30< 100 mg/kg-BWe &&= A
A7F mi Y, 285 AR AL A5 13 BAFALR A
3Tt mhg-2ol 4 Gyo] vbadS A4l ZARSEAL OF 44]
A w928 3| Aste] EFAE, AR 2 FAAEE
2231tk Tris-NHCl €S o]83}o] 2| M ZolA
A2 AASAT. Agarose gel M”19l 23 apop-
totic DNA fragmentation %42 7] By 3 (39)
of wa} AlP3t3iTt. Flow cytometryE ©]-&3% apoptotic
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cell #4118 7)o B propidium iodide &2 (40)
= Y7 FASA v 2ol AldEglth wElE AR
D HAAELE 70% olEs &NES AT F -20°CollA
2A1ZF BoF AT A g NS A A F 0.5 mg/
mL RNaseA¢} 0.1 mg/mL propidium iodide”} ¥3+s
phosphate buffered salinel AF-FA1A G 0%
F WA & Cytomic FC 500 flow cytometer(Beckman
Coulter Inc., Brea, CA, USA)E ©o]&3l A3 U DNA
contentE #2443}tk M¥ 2] AVE A %=+= sub-G1 phase

of 9= Alxe] Mg YEhgdth

AZ2(intestinal crypt) A& AIE
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@}5— 8 Gy®| Zrmpil g vls- el 21 zAregl o, Als
FolE 100 mg/kg-BWO] §3o & WAk AL A 393
B 24} 5 209744 WY AA) AR 2 At
AP ZAL F 3097 Wi aFE AEANAFE sk

AEES Atk

SA=EM
AT 7F zpold gk ‘IQI’-/] A AAL Student's ttestS
FPste] EAEgon A 730 2= SPSS Sta-

tistic 22(IBM, New York, NY, USA)E AF-&313 ).
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0z

OXME MH-30 HIE U +S8
w APl 84 FelslE BB Fol7] Slstel
A, WE, Aekel £F Aokl sl 30%
WA AW g, Fe AR YA YRS
Q7] Slstel 23k % 33 A5 FHE AP AT
3 ) 20hg gl QAW(35~45%)7 HES
sho] 30% ke F28 AHF3) 23 2 3% &

zre 2o PO 0g AT D9l 30% O HS
3 Egete] AokEdE MH-302 Azssth 1 A3

= gov 7]
E2 25.8%% e
Eolle 2 A7t gl

9] W] W& HemoHIMS] 4%
MH-303 HemoHIM®] A% A 4
Aoz Vel olE A A]).

[y

OlEtE 220l M2 &4

A Aok AxTH dv] 2AES] Ax F5ES
MH-303} HemoHIMol| A & Z}o]7} 9l Aoz YElgto
t, 30% olereE: & A4 ool wet 2= EeHE
Q] wEE IA e R oR ofidste] 7 Aok Ee]
et B3 JES HPLCE A8ttt 2 23 MH-
309 ollghg FEoA = A8 ELo] &&Ho Yo e
Azt ol A HemoHIM®] ol gH& 3]0 A= s =] okl
tekst A FaEo] A ke Aol BEE oM, 53

decursin®] F A7} AR5 F7He AE sk vHFig. 1.
HPLC A Ag o] gste] I, A, 2okl wol 2%

H 7MY dlE 4RSS A% A3 (Table 1), Hemo
HIM«] o ehs FE H U MH-309] o &h& RE A x84
Z & AR decursin® o] 8.7HIE A 3] A

Uebg vk =84 ZE e AR 7ol chlorogenic
acid”} 1.84l, nodakenin®] 1.2v] A% glako] ZF7}5} oL
30
&2 4 HemoHIM ethanol fraction
2.0
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Fig. 1. HPLC profiles of ethanol fractions of MH-30 and Hemo
HIM. The polyphenol fractions of MH-30 and HemoHIM were
analyzed by HPLC with Cosmosil C18-PAQ column with a gra-
dient of two mobile phases; 0.1% formic acid and 100% acetoni-
trile. The peaks were detected at 230 nm. Arrows indicate the
peaks that showed remarkable difference between MH-30 and
HemoHIM.
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Table 1. Contents of major compounds in ethanol fractions of
HemoHIM and MH-30

Contents (mg per g of dried fraction)

Compounds HemoHIM MH-30

Gallic acid 3.12+0.65 3.13+0.4

Chlorogenic acid 3.11£0.51 5.73+£0.60
Albiflorin 7.41+0.84 7.23+0.27
Paconiflorin 23.62+2.50 23.73+£1.98
Benzoic acid 2.88+0.15 3.23+0.29
Nodakenin 7.69+1.76 9.39+1.32
Decursin 1.65+0.21 14.42+1.95

Values represent mean+SD of triplicate data.

gallic acid, albiflorin, paeoniflorin, benzoic acid= F+ A
b Bo] oghe R EE 27l FEE ek
Ak o] 3 A= MH-303 HemoHIMS L3+ 2,
A3 2 Aope] £ Rz Y AxH ot 30% o &

 H puS

& 22348 3748 o Azs MH-3004 % 78
4 EeE Al 27 F7hE AL s
MOIRME 9 OIEHS 2Eo| BhriT AN B
Aol og ANEA 2 AREA £ Fa gl
& = BATL BAA] o8] ol £8¥o] WIS hydroxyl

radical, superoxide anion

RAAEALL] &4 Do)V wiolghal B EATH2). w

24 MH-30 ¥ HemoHIM®] AR W& G35 WA A

34 Yol A vlx AES7] Y3le] hydroxyl radical =

superoxide anions TAYA 7= AFAAA 7 AFRAH =

of o5 ehrl7He AAsHE walE Sk WA 7t A
o

7}
SFZ A E 2] hydroxyl radicalel] gk A2A A& 543
Z o

2>

3

Y

=75
A3 MH-30°] HemoHIMol| H]3] ZE FEolA Fol& o
2 5L A4S Yo, w50 W 1.4~1.94 &
hydroxyl radical 27 48 JelYS 3l th(Fig.
2A). 7t A2 ES] de-& 38 9] hydroxyl radical 4
71 BA4E SHTS A= MH-309] og-g #3o
HemoHIM®] o &t-& £ Rt} sioo] upe} 2.3~4.5412] &
A8HA =& hydroxyl radical 27 &4& YErAT
st A A48 54

(Fig. 2A). 38 superoxide anion©] 4
2448

St A3} AyekxAlE MH-303 HemoHIMS #AFSH 3

eSO, o &h8 89 9ol MH-309] dehs
=¥ 0] HemoHIM®] o gt 3R} BE FXoA] 2
o7 gAo] o o et 1.6~1.94 & su-
peroxide anion A7 4S5 YA THFig. 2B). 4719
AY A2 RE Al o3 vk B o U
A hydroxyl radical®} superoxide aniong MH-309°] H
o g3 o2 AASE Ao s el MH-300] 2A
AP 4 W3l = HemoHIMel Hl3] o =& 248 Yl
A AVEFS] .1, MH-300] HemoHIMel| ] 3}
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FS gz 27 248 Hole A2 A8 Syl AE
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B Compositions Ethanol fractions
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0 0

HemoHIM MH-30 HemoHIM MH-30

[J100 pg/mL []300 pg/mL [l 1000 pg/mL. [1100 pg/mL []300 pg/mL [l 1000 pg/mL.

Fig. 2. Antioxidant activities of MH-30 and HemoHIM. The
hydroxyl radical scavenging activity was measured by 2-deoxy-
ribose oxidation method (A), and the superoxide anion scaveng-
ing activity was measured by xanthine/xanthine oxidase method
(B), as described in Materials and Methods. Values represent
mean+SD of triplicate data. *P<0.05, P<0.01, P<0.005.
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A Compositions
1.2
B
1.0 1
3 [ 125 pg/mL
S 0sq{ [ 250.g/mL
- Il 500 ug/mL
= 061
S
T 04
L
S 02/ ’—x—‘
o
0.0
Control HemoHIM MH-30
B Crude polysaccharide fractions
2.57
mn
2 50
£ 20
2 [] 125 pg/mL
2 15] [ 250 pg/mL
21,
S I 500 pg/mL
.5 1.0 1
©
8
'5 0.54
- ]
0.0
Control HemoHIM MH-30

Fig. 3. Effects of MH-30 and HemoHIM on lymphocyte pro-
liferation. Mouse spleen lymphocytes were cultured in the pres-
ence of MH-30 or HemoHIM (A) or their respective poly-
saccharide fractions (B) for 3 days, and their proliferation was
measured by CCK-8. Values represent mean+SD. "P<0.05.

pA Y] WAL Ao =EE Aol s AR 773k
HxPo gl wx P o] WANESTE §43] A
s, ole] &g A3 WAME] A Al =5 vl
FERA X7 G2 x| Ro = o)Fste] S5 "t
Hgo R o]Fale 2HRAEI} S8k ko] PA
), olnf FAE = et = YA FAF Ale] ZEEA
¥ol W3 9 AUA T ARE AFEE AL JTHES). A
kA E M —Soer HemoHIM®] #FAFA o] thah 23 2 A
DA JJrE olr 7] 91ste] mhg-2=ef 6.5

10 ol v ol F4d =9
= HEs }“E}(Flg 4). 71 A3 MH-30 F+
SARY A Bz B fekaert 202 2 sl
S 7Fakol 21 (7%X0.05), HemoHIMel| HlsIA &= F2o42
%i?izur 2EAE Fetrt S7beks el BEE A
MH-300] ®AR A} -0 4] 2 RA 9]

9 AAWARES 78 A7 o, HemoHIMe| H]
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Fig. 4. Effects of MH-30 and HemoHIM on the endogenous
spleen colony formation in irradiated mice. Samples were given
by oral intubation daily at 100 mg/kg-BW from day 3 before
irradiation to day 9 after irradiation. Mice (n=15 or 16) were
irradiated at 6.5 Gy and sacrificed on day 10 after irradiation.
The colonies formed on the spleens were counted after staining
with Bouin's solution. Values represent mean+SE. "P<0.05.
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Fig. 6. Effects of MH-30 and HemoHIM on the intestinal crypt survival in irradiated mice. Samples were given by oral intubation at
100 mg/kg:BW daily from day 3 before irradiation to day 3 after irradiation. Mice (n=9) were irradiated at 12 Gy and were sacrificed
on 3.5 days after the irradiation. The jejunum specimens were fixed, paraffin-embedded, and stained with hematoxylin and eosin (A).
The survived crypts per each jejunal circumference were counted under the microscope (B). Values represent mean+SD. "P<0.001.
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