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Abstract

In our previous study, a novel herb mixture (HIM-I) of Angelica gigas radix, Cnidium officinale rhizoma,
and Paeonia japonica radix was developed to protect the intestinal and immune systems and promote its
recovery against radiation damage. In this study, a new herbal preparation (HemoHIM) with the high immune
modulating activity was developed from HIM-1. HIM-I was fractionated into ethanol fraction (HIM-I-E) and
polysaccharide fraction (HIM-I-P). And HemoHIM was prepared by adding HIM-I-P to HIM-1. The protective
activities against 7y —irradiation were compared among HemoHIM, HIM-I and the fractions. HemoHIM and
HIM-I significantly decreased the radiation~induced DNA damage in vitro, and scavenged hydroxyl radicals
in a dose-dependent manner. HemoHIM showed similar activity to HIM-1. In vitro proliferation assay with
mouse lymphocytes and bone marrow cells showed that HIM-I-P was remarkably higher than HIM-I and
HIM-I-E in cell proliferating activity. HemoHIM showed higher activity than HIM-I and this might be
associated with the higher polysaccharide content. The in vivo protective effects of HemoHIM and HIM-1
were investigated in 7 —irradiated mice. HemoHIM increased the surviving intestinal crypts to a similar extent
compared with HIM-I. In contrast, HemoHIM appeared to be more effective than HIM-I in endogenous spleen
colony formation assay. The recovery of white blood cells and lymphocytes in irradiated mice were significantly
enhanced by the administration of HemoHIM. Also HemoHIM administration prolonged the survival of
irradiated mice. These results showed that the novel herbal preparation, HemoHIM, effectively protected the
self-renewal tissues and immune system, and promoted the survival of irradiated mice. Moreover, in
comparison with HIM~I, HemoHIM maintained similar activity in the reduction of oxidative damage of self-
renewal tissue but exhibited the higher activity in protection and proliferation of immune and hematopoietic
cells. These results suggested that HemoHIM might be more effective than HIM-1 in immune modulation as

well as radioprotection.
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HhARAd off o7k A A &4 DNA, &2 24 52 A A
TEAZE whAbA 9] TeuA] el 2l3te] AR AR 3t H
A} AR Q] EE )] o] 2312 A H =)z, 53] £4t
sl Z( - OH)ol| o) 5te] &AHE g o 24 vhehdth(3).
2371 A, A 28 A 5 AAAL whAA ol o7 AAE
Aboll W1zkate] whabAlofl 3 FA Aol = o] & A A ZRA
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9127 (20-27), &, A g, W=k 3F2] Ak E o] &3t
Ao 2 2E 4w 2 AAZEAE REdI $A4
HAx2d7)5S 347 H2E AUEE HIM-IE
7§ ubgk v} Qleh(28). HhARA A AlEake] uhs B 3] 8-S 9] 3
A A el 24 et ofye o] aH el g 2Y
Ao FBZal0] v & FosT WAZ Y50l ¥ A
AR e oy 2 Ao FFA HE-& Tt olH T #
AellA, & A FelAE HIM-I24H A9x8F53 550
o4 AsE A2e sz ES /N skua HIM-I
ol 7 Zrh #8o] 7% HemoHIME A Z=3t5 o,
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(Danggui, Angelica gigas Nakai)®] #-2], A (Chuanxiong,
Cnidium offinale Makino)¥] 73, ¥ =-2¥(Baishaoyao, Pae-
onia japonica Miyabe)®] -2l & §d3 A8 &= £33
%, &3 A%A 100 g9 74 1000 mLE& 7}shar 442t
de FEaqch FEE I XS AAs T g5
o AFEZLE HIM-IE vt HIM-18] 4%-& 33}
e H92] 100% &S F4& H7Eeka 25°C o] 3ol A
1641 2F A X &k F, A4 2 ste] AR 2o 8 (HIM-
[-P)3} 4459 deE 23 (HIM-I-E)& A5kt 57
g 2oid #39| d¥-F oo 3= HIM-Tol A 713}
Aok B x4 & HemoHIM-S A| %3t4i v}, HIM-1, HIM-I-
E, HIM-I-P, HemoHIM-& A7 &3}e] Y& AA3sH 2
o, A9 AR FF5el %ol ALasich

=

A& (intestinal crypt) A& A1 o)
732 8] 47 ICR vh9-AE AFgsted oo WalAd )
AR e A Yol &= 7539 +2 ICR v 2 AF4-3519
o}, ﬁ WA E A ARl ME 7339 o2 C57BL/6 vt
$r2 Aeag ) et tgule] H 2 (F)A Tl
Blo}, AFSA 2R 2 2311°CE, F55 55~60%2 A Al
713 Hepegel 1247 A9 2 2L BE AL
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Aol A-43 4] okl & RPMI(Rosewell Park Me-
morial Institute) 1640 ¥l A (pH 7.4)°] 2 mg/mL sodium
bicarbonate, 20 mM HEPES, 100 U/mL penicillin, 100 ng/
mL streptomycin, 2 mM L-glutamine, 1 mM pyruvate, 1%
non-essential amino acid % 10% Et 20%2] $-sjol& A
(FBS; fetal bovine serum)-& #71& bdwj=] & A}-4-314
ou A EalFe 5% COy 37°C 3 EE 7 9) Al Zu) ok
7)o A gt ' Al GIBCO BRL(Praisley,
UK)ell A 9d8t¢l 2w, o}ut 2-mercaptoethanol Sigma-
Aldrich Co.(USA)llA F3i8fo] Apg-aksith.

A TAL
BAN AL FTAAGATE oA AFY Ao 2

A}A1 A (Panoramic Co-60, UKAEA, UK)el| 4 Co-60 Z+wt
AL 1 Gy/E9 Agkg 2 AR o 232 AEA A
=12 Gy, WAA w1 =8 Al elAl= 65 Gy, A
E A AF A E 4Gy, FEAPANA = 8 Gy ZHohA
ol 2ol AAlFA}EM] 2w, DNA 4 A A A=
2 Gy9] #Artdg FZ2F FHdel zAbsgh

o

CtZ M7|HSH(single-cell gel electrophoresis;
SCGE, comet assay)

A s2x32 9 DNA &4 4 vpexo o
23} Ficoll-Histopaque gradient W 2.2
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3} Hanks' balanced salt solution(Sigma-Aldrich Co.,
USA)2 2 23] 4% 10% FBSE %33 RPMI 1640 34
v A] o] F-f-A Aok EelE "M 2P A 8E 400 pg/mL F
E2 Ae] F 347 vl Fe oS 2 Gy et & 2448k
o}, ZhatAdol ZAME HEZ T DNA $5-& 3aslr] 93}
o] A71d%5E APslr] A7A] £°C2 KA

&etol= ] 2 A7 %F ¢ Singh 5299 W b
2} Y EZX 5 low melting agar(Life Technologies, Inc.,
USA)el A7) F &eto]mel maslgd on, A7) d 52
odze] 27AM ¢33t

A4 9 fAF: Eetol=F A: A F 60 ul® eth-
idium bromide(20 ug/mL)Z A3tk CCD 7}= b7}
2k5 3333 v] 7 (Leica, Germany)S A}-£-3}¢ 515~560 nm
2} excitation filter} 590 nm<] barrier filterel]A] &&=
4001 ] wi &2 A}l A 28] DNA &4 EE o] v %]
224 = 2 13 (Komet 4.0, Kinetic Imaging Ltd., UK)& %
8 6070 AEE FAHE AdHst] EA gt DNA &
A T = tail Aol tail W DNA I#HE $231 A7) tail
moment(TM)Z. Vel Sl o9, TM 3ho] F71855 DNA

o Eake ol e AL oulgd,

A5 2iEj2 &7 84 £8(2-deoxyribose AtEHE)
]E«] Ak} ele] Z(hydroxyl radical, - OH) A7 34

& 2-deoxyribose oxidation B .2 &3 441 tH(30). A ¥
Foll4 0.1 mM FeSO4EDTA £ 02 mL, 10 mM 2-
deoxyribose 0.2 mL, Z}7] t}& % A8 0.2 mLs} 0.1
M phosphate buffer(pH 7.4) 1.2 mLE& 7}3t37, 10 mM HoO2
0.2 mL%& 7}&hed ub-3-& /WA A g 37°C +8-F ol A 44]
73 9k-e A7) & 2.8% TCA(trichloroacetic acid) 49 1 mL
& 7hsle] wkES SAA17)2, 1% TBA(2-thiobarbituric
acid) 49 1 mLE 7}3ted 95°Coll A 1087 Febgt 5 W7
3 UV-#33 A& o] 43t 532 nmellA FHE=F &
At A8 Bl AARAY L A B e T}

o FHE ALAelE WEER vhehligich
Hydroxyl radical As— A, 9
scavenging activity (%) =1- ( A.—A, )XIOO (%)

Ay Al B HiOE AH718HA] 2 AT 4%
Al A BRE HoEeA €L HOr HEdxz2Te &3=
Ag A|EE AR HO. Al F34s

Aghl 2l=7o 2ost 0t £

w4 Y=o #8431 &9 [PH)-thymidine incorpo-
ration WH o2 A Q3. vl A2 e Rl Y=

£ 10%<] FBS7} £3¥ RPMI #i#|ol] A7) F 96-
well plateell #3319 TH2 X 10° cells/200 nL/well). A} &%
v okl ol] gt & A EmoF7](37°C, 5% COz)ollA] 34 7
v okstdth. [methyl-"H]-Thymidine(Amersham Biosci-

E(HemoHIM)S] A AZ4 4 HdA 43 . 3822 a3 807

ences, Ltd., UK)E #l koo H7}F81a(1.5 uCi/well) 447
Eol 2712 wjeksll )l Cell harvester(Inotech, Switzer-
land)E o] &3l A EZE glass fiber filter stripell A%k
% liquid scintillation counter® ©]-4-3}¢d incorporation®
[*H]-thymidine®] <& =33}5ic}h.

AlH 2 S2FMEZe| YEEZT 50 FF

FFAEE 29 dEFERE Feldte] AHg-Etgl
t}h F4A ZE 20% FBS7F 285 RPMI 1640 $H4 ] %] o)
Be N7l & 12-well plated] well(2 mL) % 1.7x10°712]
ETAE 7} ZPHEE BFaoinh AZ wekdel A 5E
A
a4

_IlH'

7}&E 3 Al EufjoF7] ol 4] 104 7k wioFg & trypan blueE
E Agsdch

232 (intestinal crypt) AEAIE

A= A (12 Gy)oll ek i3 23 Aa-g 913 A1y
RY A AAE WZ A Y-S Withers®} Elkind(32)9] MY
o whet st 4 A TG 67te] Y wheAE AF4-3)
Qom, 12 Gyel WA ZALE 3596 EE-2 3 YA A
24545 Ay 7 v g7l AH-g §AMEA
b o] ujet et Eujsle] 22 Fefo]| =g A AbEkT
Zh by 870 A% & RO ARl o $x]3
2AEe 45 FEn A o 2y AYTEH Fo
AxE A st
LHXHA B|ZE ZEAME
ony) 4AH

FAFY AL (65 Gy)ell didt g z2¥A w3E 539}

24L& AT AP Rd2A A vA 2¥AZ H2HA
AEE st 2 AQTE ovte] o] vk E ALS-3

shel Arolgl ¥AA AL

N e

Zl2H(endogenous spleen col-

Ao, 65 Gy WA 2AE 94 EE 10 el vhg-2F
YA A 8] AH 3k Bouin €4l A3t ol
AR 2EAE AEE AAEIA 2 BEATH3EI).

= HAMZ MY ZH AY
%{{%91 HW*M Gy) 24} 3 "H9AZ 38 Fx
S AR AR ZA YT 2 HEF59 3
AL ¢r 33}gich C57BL/6 vh-2~F whA 2414 36
2 1241703 ZALE 308 E 24417t Foll A BE B o
(300 mg/kg B.W.)BHA o} WFAMI Z2AH4 Gy) § 3,7, 14, 21,
35,48% Fof] v}-9-22 qheli w0 2 HE] P& A F 5]
-5 A (EDTA)ZE 235 A ¥ tubeel] Ftch F ) I
=3 2 ¥ FeE 93y £47(HEMAVET 850+,
CDC Technologies Inc., USA)E o]-&3} & stgc =+
2§ 6nte] e vt a2 RE dojdl FFAE AHEE )

¢

-

oppAol MZE AH
WAl o] gl vl a S g oz Yrlels) 93 A
2 WA ZAL vafg- 0] AEAY S Sty ch34). 753
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2o 97 ICR "8 7 AT 207ty e g she
2T, ATFAT, BRI
2 Urdeh A5 A A8E S8ol 1 mg/mLE
34 sto} WhAbd A 7R FE A "]"’J Alee Al F
BAZA] Fodtgl on, BFFo] ) A wpabd 2ALA 36,
12A)7k3} 2413 304, 24417kl A & % Zdiell FAbslad
tH25 mg/kg B.W.). 8 Gy WAL & w2l ZALZALSH
F 3047 Wi 2FE ASNATE st 30dF9
AEEH Fd TS Ak

oX
o
2
By
=l
o

S
2
BN
>
2

A =4

AT Aol digt 24 A2 Student’s t-test2}
Chi-square test& 33} Bzl on] ¥4 zz g3
2 2+ SPSS 7.0 for windows(SPSS Inc., USA)E- A}-8-3}

s

Hr

l‘-Ll

Yorsgzda W 28 Mz

HapAlell o7t #2488 FE}7) s e WAkl el ®l
A Az D A2 EAE Rty 1 35S FA04
71& 2] T3t} 7]1E8) el A l4H(35,36), F(37),

FH(38), 7141271 (15) 5 @ Aok o} Al o) ek (2],
39), AHEEH26,27,40), Au]EH22,41) 59 ZHeFx kAo wb
AbAdel Higt R AN Bus o £ AT e 7S
2] Aeka) o oA ubA FohA WA WA U Y E
875 SR AR NS Falo] A7 Holnd AgA) =¥
(29, AZ, Yatep)& Adsie] AFRgtE HIM-1E 7E
A oh(28). 27, A g, Wafef 2h7h-g whatAl o 2 e A A
ZzA o] B3 &y, s A, we A9 ZE8As £
7F ot dHg o2 v 759 vh(37,38,42-44). B 1T
A uaba AAERY W Y 3R gloid AdxpAal
Z 2 0] b3 ol F Ao HAZHA Y FHo] v K F
835, 19285 A EAL A3 o) = A
A -z o2 A4l ubel A3 FAF e 5 gl
th= B o)A HIM-19] 92 87]5% o] S Sl A 7] a4}
HIM-Tol] Z2ch -85 vl 71gF A k524§ HemoHIM
£ Nsted oo, HemoHIM3} HIM M- % 2o RHe] a5
EIETARE A1 e i)

3, AT, Wz 5 kA 3% EEES
o HIM—I—°— 3L, o2 AR E Fate] Ak Y (HIM-
I-E) ¥ =t} %Q(HIM—I—P)£ EEA= Al
o] b ¥-5o] dlo
u} 9l 3(16,42,44), = °3%L°M Fopvd $3ef 2
2 Zxo] dd A3 A3 E B2 HE2Er5E
tistz] ¢3ked HIM-Io| 2o} 288 A
A E- HemoHIM-% A Z3}% o).

TR FERR L

o5t DNA &4 oM o =451 2ozt &
DNA®] &A-2 whabAlof] 23 A A2=] 2 A28
EAe] Falo] B, F8271 whARA o 9] 8] °l£§}51 01
WA E = pabslelbt]zto] DNAES Z3He QA 2212 &
< Bedeozidy B dok3). waka] whalAd 6 4@
DNA €4t A 235 #7}817] $)8}ed HemoHIM# HIM -1
2 1 #39 Y= DNA &4 JH e} fatstelo g &
ARHRE v A 3ol A& 2418 I =59] DNA
EAAEE Az G o #23 A (Fig. 1), 2
Gy®l 7hebAd 2 ALl o3 ) =-72] DNA &4bo] =A F7)st
Gt a2 A 82E Aelg Al oA Fhulid-g Z2AMEE A4
DNA $4to] #2d o2 745 9 th(p<0.05). HemoHIM,
HIM-1 % 23 7o DNA &4 7h &3bd] §2]Aql
o) 5 FAL 4 it &9, WAl el 2l gk A A &4}

F8 89lal 43 Byl Wi A B AWE A
3} HemoHIM, HIM-T 9 7z} 232 5 ojEzx o it

3t ez A 84S Ve i chFig. 2). 38 Sl o ®
< ¥ #Ao| Ert 3 A uct A Jepdo
HemoHIM-2- HIM-Iol| &Ade] -2 Zobg 388 373}
o] A Fslg L E £ HIM-18} v)5:3r =& &8A-8
vrel gl wlelA B A A5 HemoHIM-S BHARA o] 2]
gk DNA £4-& JAsta 4tstel)a-& oA st 295
Relon, HIM-I9} v)%3 F& A48 §# st

HAME 243 Y SPME HEEE 2O}
A i

WA 2ARE A A el A e WAL o] ®173sE HA A 2
EELBESSOEE R LR AREVE S ER Rt
2.5
20 |} ,
g 15 | / .
: .
%
%

¢ O X X X
¥OE

Fig. 1. Inhibitory effects of HemoHIM and its fractions on
radiation-induced DNA damage.

Lymphocytes isolated from mouse peripheral blood were irra-
diated with 2 Gy of 7 -ray in the absence or presence of samples
(400 pg/mL). The extent of DNA damage was measured by
alkaline single cell gel electrophoresis (mean*SE). NC, normal
control; RC, irradiation control. *p<0.05 as compared with irra-
diation control.
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Fig. 2. Hydroxyl radical scavenging activity of HemoHIM
and its fractions.

The hydroxyl radical scavenging activity was measured in trip-
licates by 2-deoxyribose oxidation method (mean=*=SD). Values
at the same concentration of the samples are compared, and those
with same alphabet letters are significantly different (p<0.05,
Student’s t-test).

A o) MESL X 2 AAbo] Fag 89lo] HTH56).
whetA] HemoHIM, HIM-1 % L ¥& o] WA %2 &4 3}
o 2HA Z Aol ot dFS =

(Fig. 3). M EZF F215 SA-& 53 A9 A E 243} A8
A 2o F3o) 1A & @4S Vgl o, oetg
238 7 #@A o] §A38) oA Jelutol(Fig. 3A). HemoHIM
Zoig £33 W obs g4 o] of7k gk ot HIM-Tol ]3]
< 1 8A4o] AX A el A EE o] 83 =
A Z 22 AN e oy o] 713 =2 &3
E Uehid T ol &g 8] /b I AFE vehigic)
(Fig. 3B). =3 HemoHIM-2 zuviw} B&Hrhi= yhglkor}
HIM-TEth= 52 E35 vebli et ol 2otz e 2
thg E3o] MMz FAstel AT AR 5

iy

ok 3 rle

(A) Lymphocyte proliferation

4 2(HemoHIM)®] AAZA 9 weiz w3

160 | [0—HIM1 —O—HIM--E —o—HIM-ILP —8—HemoHIM]

140 | 4{%

120
100
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40
20
0 . 1 L 1

cpm (x103)

0 0.2 0.4 0.6 0.8 1.0

Concentration (mg/mL)

E8&2 a5 809

23713 QA2 24 A 2 5] F2¥ 279
3l 2 whol 5o x| 1 9l th(45-47). ¥ A H A= 2 139
7128 Lot r 7] $8 HIM-19} = 3-8 481 uje}
F0]3 A& (experiment 1)3 HemoHIMS] $oiuly-& &
2] slo] Fol3 A3 (experiment 2)& SR Aoz F3314
t}. Table 14 et Ble} 7o) experiment 13} experiment
2 2% AAG 2T A5 4% circumference & 3 <F
1607 Axe] &Ag-o] FF =0 12 Gy WA
AL A A 2] Aol 10~20708) &g
Zrs]o] yhalAd zabel] o3l Ao AEEo] dA3F] A
9} Experiment 194 HIM-1¢} o &bg £ 8& &7} &
o 3k F A S AL D F oA = AR 2 el v s
freHes AE 2AE9 71 1.6~1.99 Frletel o,
207 +8E FA¢ 1504 FAALE e B
oA = ket Ftehe A Vel ) o] 24E] &
A58 AE o Eg FFo] J1A ZA 7S G F 3
it Experiment 294 HemoHIM-& AR ZA1A &=
ZALF o] B} oA ME 4A-L-o] Zhztk 24u) 9} 204 F
7Fet 1 2.7 (p<0.05), BT FAT Aol = F7hste A%
= Yelfigich olzlg A2 R¥ WAl o7 &% )
22 A4S A7 7] E el ¢l 4] HemoHIM-& HIM-1
v FHE3 vt v e3AY 2 945 Jebd &
4 Aok

il

Moo g g

(o]

O

(B) Bone marrow cell growth

|
1

Cell number (x105/mL)
w

el

0 I E 1 1
> > & R
© N N N N\

\2\0

Fig. 3. Effects of HemoHIM and its fractions on lymphocyte proliferation and bone marrow cell growth.

(A) Mouse lymphocytes were cultured in the presence of samples for 3 days, and their proliferation was measured by [BH]—thymidine
incorporation (mean=SD). (B) Mouse bone marrow cells (85X 10° cells/mL) were cultured in the absence or presence (100 ig/mL)
of samples for 10 days and the total numbers of adherent cells were counted (mean=SD). "p<0.05 and “p<0.01 as compared with

control (Student’s t-test).
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Fable 1. Effécts of HemoHIM and its fractions on the intestinal crypt survival in irradiated mice

Group (N=6) Crypt per circumference (mean=*SD)
Untreated control 157.25*6.05
Irradiation control (12 Gy) 21.291971
Experiment 1 HIM-I (50 mg/kg B.W.)" +irradiation 35.12+11.00"
HIM-I-E (41 mg/kg B.W.)" +irradiation 39.47+9.84"
HIM-I-P (9 mg/kg B.W.)"+irradiation 26.04+18.90
Untreated control 158.52+9.26
Irradiation control (12 Gy) 10.75£7.45
Experiment 2 HemoHIM (50 mg/kg B.W.)”+irradiati01g) 26.17+£10.79"
HemoHIM (2 mg/mL of drinking water)” +irradiation 1827£14.11
Irradiation + HemoHIM (50 mg/kg B.W.)S) 21.42+705
Irradiation + HemoHIM (2 mg/mL of drinking water)” 14.83*6.09

”Samples were given i.p. at 36 and 12 hr before irradiation.
2)Sample was given p.o. for 7 days before irradiation.
B)Sample was given Lp. at 30 min and 24 hr after irradiation.
4)Sample was given p.o. for 3 days after irradiation.

The mice were sacrificed on day 3.5 after irradiation.

*p<0.05 as compared with irradiation control group (Student’s f-test).

Hyxg wE 4 ER7 &1
whatdo] AR QAo e D28y 2wz YL
o] A A E47) FA] FFad v, ZHad " A 2 A
AN B4 2ERAFE/} T2 xR0 o] %3}
of FAjgch olw] vl el 2F A E] FA o 7
Alete] YA, whabd ZALE vl A AW A FHe
S zYER AT UE 9 PP 2 (R AJLE ]
A1 3 9 tH48). B AY o= 7 B89 7o =g dolr 7]
s HIM-13 2 238§ F§uo w2t T A3 (ex-

o
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Table 2. Effects of HemoHIM and its fractions on the endogenous spleen colony formation in irradiated mice

Group (N=9)

Number of colonies (mean=®SD)

Irradiation control (6.5 Gy) 267£3.24
Experiment 1 HIM-1 (50 mg/kg B.W.)“+1§rradiation B22%6.74"
HIM-I-E (41 mg/kg B.W.)" -+irradiation 11.09%£10.13
HIM-I-P (9 mg/kg B.W.)" +irradiation 1422+974"
Irradiation control (6.5 Gy) 2.50%£3.29
HemoHIM (50 mg/kg B.W.)"+irradiation 11.33£9.47
Experiment 2 HemoHIM (2 mg/mL of drinking water)? +irradiation 522+755
Irradiation + HemoHIM (50 mg/kg B.-W.)¥ 9.11£762"
Irradiation + HemoHIM (2 mg/mL of drinking water)” 3.75£0.52
Irradiation controt (6.5 Gy) 5.20£2.73
Experiment 3 HemoHIM (100 mg/kg B.W.)::-Hrradiation 10,92i7.62:
HemoHIM (200 mg/kg B.W.)” +irradiation 9.94+583
HemoHIM (400 mg/kg B.W.)”+irradiation 10.20%£6.03"

l)Sample was given 1.p. at 36 and 12 hr before irradiation.

2)Samples were given p.o. by drinking water for 7 days before irradiation.

¥Sample was given ip. at 30 min and 24 hr after irradiation.
4)Sample was given p.o. for 9 days after irradiation.

5)Sample was given p.o. daily by intubation from 3 days before irradiation to 9 days after irradiation.
The mice were sacrificed on day 9 after irradiation in Experiment 1 and 2, or on day 10 after irradiation in Experiment 3.
"p<0.05, “'p<0.005 as compared with irradiation control group (Student’s t-test).
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Fig. 4. Effects of HemoHIM on the regeneration of white blood cells and lymphocytes after irradiation (4 Gy).

C57BL/6 mice were ip. administered with saline or HemoHIM (300 mg/kg B.W.) at 36 and 12 hr before and 30 min and 24 hr after
irradiation (4 Gy). At 3, 7, 14, 21, 35 and 48 days after irradiation, whole blood samples were collected, and the numbers of white
blood cells and lymphocytes were counted by automatic hematological analyzer (mean®SD). "p<0.05 as compared with the irradiation
control group (Student’s t-test). —A— Irradiation control, —@— HemoHIM (300 mg/kg B.W.).

Table 3. Effect of HemoHIM administration on the survival of irradiated mice

Group (N=20)

30-day survival rate (%)

Mean survival time (days, mean+SD)

Normal control
Irradiation control”
HemoHIM (p.0.)? +irradiation”
HemoHIM (i.p.)® +irradiation”

30.0£0.0
13.7+6.0
17.8£86
19.4+95"

DMice were whole-body irradiated with 8 Gy of ¥ -ray.

YHemoHIM was given p.o. (1 mg/mL of drinking water) from 7 days before irradiation to the day of death or the end of the

experiment.

YHemoHIM was given ip. (25 mg/kg B.W.) at 36 and 12 hr before irradiation and 30 min and 24 hr after irradiation.
“p<0.05 as compared with irradiation control group (Chi-square test).
p<0.05 (Student's t-test) as compared with irradiation control group.



812 247]

HemoHIMo| 914 o WezdA ) Ayzde] &4t&
AAstn 2 5B 207 2 Fehd A A e,

fO

gllc

2 ATYel A A o2 S4BT QA2 YAF
2E37] flete] 3, AT, WA 2y e A2 Aok
TE HIM-IS A4 v} ol & dpolae At 35

3 01]/‘1 HIM- Ii—rEi Hg 2

49l féaa-;— f&u}%
7155 B8 £ A7 AFEg24E HemoHIM S A 23}
o] 1 A% L 725t HIM-1E o &g 3 %] 51 of| ek
EIA(HIM-1-E)3} Fo5 33 (HIM-1-P)& 9-& 5 HIM-T
o] 2t} 238 A 7}so] HemoHIM 2 Al 23t th o) % A

& HemoHIM, HIM-1 2 7z} 34| tisle] fAx3 2
A A e} 3822 AAE ¥R 7539 ok HemoHIM
7} HIM-T+= Al 3 3y ol A ukapAd ol 2§ DNA £4H& -2
Aoz AAsta A3 oA g 2A3E AT ol
s gl oo, HemoHIM#} HIM-I3= 79 w523 4%
vetiglch A3 B A2 A8kl A E QRS
2l A3 oA & HemoHIMo] HIM-Iel H]3}te] &2 &A1S
Bolon, o)z HIM-Io H]3] ¥ 2ohd &3l 7]
7oz wolt) 7bulil FA} A E o] £3) A WEEF
At B A3 HemoHIM-2- HIM-19} ¥] 52§ A2 9] 42
NEE S/ EFHE By o WAA HW A 24
3] 4] A 8 o]} 4 = HemoHIM-& HIM-1®.v} %2 &35 e}
Ak =7 WA AL “} 2204 HemoHIM®} %o +=
ALY AL FAS A 22 IR HE T 2 I
FUHA 7= Ao T2
£ HIM-Io| o} §3

= o do mlm
s

& mao
me: mlo

5. ol 4ke) sk o
< Azbste] A2 A2 53x4 % HemoHIM®]
ababAlol oo SuE AR Y WA 2H 9 &

AA AEE Z7H7 e A3 dS& AlAlsksich 53
HemoHIM-& HIM-I8} w] swa}od =) A 22 o] Absba] ¢Abo]
Al B3 HlR 6}711 FAHHAE A 2 A x w3 9 3
Bz g7 2L A2 Fas o] ulapd ulsa 2] ¥
W oliet AR FAAZA F83H] B4 5 2
<+ Ao Agd

0
o
e

g

o M

INEE

®ATE Belere] AAYATANE AR A
4] (M2-0305-02-0002) 7} Al 43} A} (M2-0366-05-0000)2]
Mg wot FaAstszlo] A=Y,

rah

=
(L

1. IAEA safety series No. 47. 1978. Manual on Early Medical

cubaet - G 98] -

R

(o3}

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

- o] AlEf

Treatment of Possible Radiation Injury. IAEA, Vienna. p
74.

. NCP report No. 65 1980. Management of Persons Acciden-

tally Contaminated with Radionuclides. p T1.

. Halliwell B, Gutteridge JM. 1999. Free radicals in biology

and medicine. 3rd ed. Oxford University Press, New York.
p 604-607.

. Hendry JH, Roberts SA, Potten CS. 1992. The clonogen

content of murine intestinal crypts: dependence on radiation
dose used in its determination. Radiat Res 132: 115-119.

. Schwartz GM, Neta R, Vigneulle RM, Patchen ML, MacVittie

T]J. 1988. Recovery of hematopoietic colony-forming cells
in irradiated mice pretreated with interleukin-1 (IL-1). Exp
Hematol 16: 752-757.

. Travis EL, Fang MZ, Basic 1. 1983. Protection of mouse

bone marrow by WR-2721 after fractionated irradiation.
Intl J Rad Oncol Biol Phys 15 377-382.

. Milas L, Hunter N, Reid BO, Thames HD Jr. 1982. Pro-

tective effects of S-2-(3-aminopropylamino) ethylphos-
phorothioic acid against radiation damage of normal tissues
and a fibrosarcoma in mice. Cancer Res 42: 1888-1987.

. Milas L, Murray D, Brock WA, Meyn RE. 1988. Radio-

protectors in tumor radiotherapy: Factors and settings
determining therapeutic ratio. Pharmacol Ther 39: 179-189.

. Neta R, Douches S, Oppenheim ]].. 1986. Interleukin 1 is

a radioprotector. J Immunol 136: 2483-2485.

Neta R. 1988. Role of cytokines in radioprotection. Phar-
macol Ther 39: 261-266.

MacVittie T], Monroy RL, Patchen ML, Souza LM. 1990.
Therapeutic use of recombinant human G-CSF (thG-CSF)
in a canine model of sublethal and lethal whole body irra—
diation. Int J Radiat Biol 57: 723-736.

Zneg XL, Li XA, Zhang BY. 1992. Immunological and he-
matopoietic effect of Codonopsis pilosula on cancer patients
during radiotherapy. Chung Kuo Chung Hsi I Chieh Ho
Tsa Chikh 12: 607-608.

Li NQ. 1992. Clinical and experimental study on shen—qi
injection with chemotherapy in the treatment of malignant
tumor of digestive tract. Chung Kuo Chung Hsi I Chieh
Ho Tsa Chih 12: 588-592.

Mei QB, Tao TY, Cui B. 1991. Advances in the phar-
macological studies of radix Angelica sinensis (Oliv) Diels
(Chinese Danggui). Chin Med J Engl 104: 776-781.

. Miyanomae T, Frindel E. 1988. Radioprotection of hemo-

poiesis conferred by Acanthopanax senticosus Harms
(Shigoka) administered before or after irradiation. Exp
Hematol 16: 801-806.

Wang Y, Zhu B. 1996. The effect of angelica polysaccharide
on proliferation and differentiation of hematopoietic pro-
genitor cell. Chung Kuo Chung Hsi I Chieh Ho Tsa Chih
76: 363-366.

Ohta S, Sakurai N, Sato Y, Inoue T, Shinoda M. 1990.
Studies on chemical protectors against radiation: Radio—
protective substances of Cnidii rhizoma. Yakugaku Zasshi
110: 746-754.

Hsu HY, Lian SL, Lin CC. 1990. Radioprotective effect of
Ganoderma lucidum (Leyss. ex. Fr.) Karst after X-ray
irradiation in mice. Am J Chin Med 18: 61-69.

Quan HX, Li HS. 1994. Effects of Radix Astragali on
hemopoiesis in irradiated mice. Chung Kuo Chung Hsi I
Chieh Ho Tsa Chih 19: 741-743.

Kim SH, Lee SE, Oh H, Kim SR, Yee ST, Yu YB, Byun
MW, Jo SK. 2002. The radioprotective effects of Bu-
Zhong-Yi-Qi-Tang: A prescription of traditional Chinese
medicine. Am J Chin Med 30: 127-137.



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

A A R AopgE

Jo SK, Yu YB, Oh H, Kim SR, Kim SH. 2000. The effects
of Shi-Quan-Dai-Bu-Tang and its ingredients on the
survival of jejunal crypt cells and hematopoietic cells in
irradiated mice. J Korean Soc Food Sci Nutr 29. 93-98.
Kim SH, Lee SE, Oh H, Yang JA, Chung CY, Jang JS, Yu
YB, Jo SK. 1999. The radioprotective effect of Kuei-Pi-
Tang as a prescription of traditional Chinese medicine in
mice. J Korean Soc Food Sci Nutr 28 698-704.

Oh H, Park HR, Jeong IY, Kim SH, Jo SK. 2002. Protective
effects of Paeonia japonica against radiation-induced dam-
age. J Korea Asso Radiat Prot 27: 181-188.

Kim SH, An MR, Nah SY, Lee JH, Kim JH, Jo SK, Jang
SJ, Shin DH. 2001. The effects of herbs on the radiation-
induced apoptosis in intestinal crypt cells. J Korea Asso
Radiat Prot 26: 27-33.

Kim SH, Oh H, Kim SR, Jo SK, Byun MW, Kim KS, Lee
JH, Shin DH. 2001. The radioprotective effects of radices
herbs. Korea J Vet Res 41: 105-111.

Lee SE, Oh H, Yang JA, Jo SK, Byun MW, Yee ST, Kim
SH. 1999. Radioprotective effects of two traditional Chinese
medicine prescriptions: Si-Wu-Tang and Si-Jun-Zi-Tang.
Am J Chin Med 27: 387-396.

Kim SH, Oh H, Lee SE, Jo SK, Byun MW. 1998. Effect
of Si-Wu-Tang and Si-Jun-Zi-Tang on the survival of
jejunal crypt cells and hematopoietic cells in irradiated
mice. Korean J Food Sci Technol 30: 888-894.

Park HR, Kim SH, Yee ST, Byun MW, Jo SK. 2005. The
effects of a herb mixture (HIM-1) on the protection of the
hematopoietic-immune system and self-renewal tissues
against radiation damage. J Korean Soc Food Sci Nutr 34:
605-612.

Singh NP, Stephens RE, Schneider EL. 1995. Induction of
DNA single-strand breaks in human lymphocytes by low
doses of 7y -ray. Int J Radiat Biol 66: 563-569.
Gutteridge JM. 1984. Reactivity of hydroxyl and hydroxyl-
like radicals discriminated by release of thiobarbituric
acid-reactive material from deoxy sugars, nucleosides and
benzoate. Biochem J 15. 761-767.

Hartzman R]J, Bach ML, Bach FH. 1972. Precipitation of
radioactivity labeled samples, a semi—automatic multiple—
sample processor. Cell Immunol 4: 182-186

Withers HR, Elkind MM. 1970. Microcolony survival assay
for cells of mouse intestinal mucosa exposed to radiation.
Int J Radiat Biol Relat Stud Phys Chem Med 17: 261-267.
Milas L, Hunter N, Ito H, Peters LJ. 1984. In vivo radio-
protective activities of diethyldithiocarbamate (DDC). Int
J Radiat Oncol Biol Phys 10: 2335-2343.

Fedorocko P, Mackova NO. 2000. Radioprotection of hae-
matopoietic stem cells by a single injection of bacterial
lysate-IRS-19 administered to mice before or after irra-
diation. Int J Immunopharmacol 22: 989-999.

Zhang JS, Sigdestad CP, Gemmell MA, Grdina DJ. 1987.
Modification of radiation response in mice by fractionated
extracts of Panax ginseng. Radiat Res 112: 156-163.

41 & (HemoHIM)9] =}

36.

317.

38.

39.

40.

41.

42.

43.

46.

47.

49.

50.

A9 W5 H%EA 1 813

Kim SH, Son CH, Nah SY, Jo SK, Jang ]S, Shin DH. 2001.
Modification of radiation response in mice by Panax
ginseng and diethyldithiocarbamate. In Vivo 15: 407-411.
Ohta S, Sakurai N, Sato Y, Inoue T, Shinoda M. 1990.
Studies on chemical protectors against radiation. XXX.
Radioprotective substances of Cnidii rhizoma. Yakugaku
Zasshi 110: 746-754.

Wang Y, Zhu B. 1996. The effect of angelica polysaccharide
on proliferation and differentiation of hematopoietic pre-
genitor cell. Chung Hua I Hsueh Tsa Chih 76. 363-366.
Hosokawa Y. 1996. Radioprotective effect of Chinese me-
dicinal prescriptions in mice. J Med Pharmacol Soc for
Wakan-Yaku 3: 164-169.

Hsu HY, Ho YH, Lin CC. 1996. Protection of mouse bone
marrow by Si-Wu-Tang against whole body irradiation.
J Ethnopharmacol 52: 113-117.

Hsu HY, Hau DM, Lin CC. 1993. Effect of kuei-pi-tang
on cellular immuno-competence of gamma-irradiated mice.
Am J Chinese Med 21: 151-158.

Han SB, Kim YH, Lee CW, Park SM, Lee HY, Ahn KS,
Kim IH, Kim HM. 1998. Characteristic immunostimulation
by angelan isolated from Angelica gigas Nakai. Immuno-
pharmacology 40. 39-48.

Ohsugi M, Fan W, Hase K, Xiong Q, Tezuka Y, Komatsu
K, Namba T, Saitoh T, Tazawa K, Kadota S. 1999. Active-
oxygen scavenging activity of traditional nourishing-tonic
herbal medicines and active constituents of Rhodiola sacra.
J Ethnopharmacol 67: 111-119.

. Tomoda M, Matsumoto K, Shimizu N, Gonda R, Ohara N,

Hirabayashi K. 1994. An acidic polysaccharide with immu-
nological activities from the root of Paeonia lactiflora. Biol
Pharm Bull 17: 1161-1164.

. Milas L, Hunter N, Ito H, Peters L]. 1984. In vivo radio-

protective activities of diethyldithiocarbamate (DDC). Int
J Radiat Oncol Biol Phys 10: 2335-2343.

Ijiri K, Potten CS. 1987. Further studies on the response
of intestinal crypt cells of different hierarchical status to
eighteen different cytotoxic agents. Br J Cancer 55: 113~
123.

Orazi A, Du X, Yang Z, Kashai M, Williams DA. 1996.
Interleukin-11 prevents apoptosis and accelerates recovery
of small intestinal mucosa in mice treated with combined
chemotherapy and radiation. Lab Invest 75 33-42.

. Talmadge JE, Tribvle H, Pennington R, Bowersox O,

Schneider MA, Castelli P, Black PL, Abe F. 1989. Protec—
tive, restorative, and therapeutic properties of recombinant
colony-stimulating factors. Blood 73: 2093-2103.
Patchen ML, MacVittie TJ, Williams JL, Schwartz GN,
Souza LM. 1991. Administration of interleukin-6 stimulates
multilineage hematopoiesis and accelerates recovery from
radiation-induced hematopoietic depression. Blood 77: 472~
480.

Hall EJ. 1988. Radiobiology for the radiologist. 3rd ed. J.B.
Lippincott company, Philadelphia. p 365-376.

(200543 4% 119 A< 20056 64 23U A=)



