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Abstract

In previous studies, we evaluated the effect of the 6 energy-tonic or blood-building prescriptions of tradi-
tional oriental medicine, and observed that Si-Wu-Tang and Bu-Zhong-Yi-Qi-Tang showed high activity
in the protection of the gastrointestinal and hematopoietic organs in irradiated mice. But any of these
prescriptions did not show a high activity in the activation of the immune cells. We performed this study
to design an herb mixture which protects the self-renewal tissues and also promotes recovery of the immune
system against radiation damage. In order to meet all the requirements, we designed a new mixture of 3 edible
herbs listed in Korean Food Code. The mixture of Angelica gigas radix, Cnidium officinale rhizoma and Paeonia
Jjaponica radix was decocted with hot water, and the activities of the water extract (HIM-I) were evaluated.
HIM-1 stimulated the immune cells in a much higher extent than the traditional prescriptions, and promoted
dramatically the growth of bone marrow stem cells in vitro. Also, HIM-1 protected digestive and hematopoietic
organs against radiation as effectively as the 2 prescriptions, Si-Wu-Tang and Bu-Zhong-Yi-Qi-Tang. On
the other hand, it showed high in vitro antioxidative activity that might be considered as a mechanism of
the protective effects against radiation. Although the detailed mechanisms of those effects remain to be
elucidated, these results indicated that HIM-I might be a useful agent for protection and recovery of body
from various risk factor as well as radiation, especially since it is a relatively nontoxic natural product.
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A AR T AT A dahulo] e A(F)NA T
3 T2 23+1°CE, $52 55~60%% F-A
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o2 AFgagen, TRHARS S48 Afzo) TR

AlZ2XIE=
QAL A AE B AR THESZ 247
Z7o) A AT ASES FUHAoH, AFHA 2FY

oz F5E FAsid 7
gui, Angelica gigas Nakai),

F Ak 3% 5, 2 (Dang-
A -F(Chuanxiong, Cnidium
officinale Makino), ¥ =te¥(Baishaoyao, Paeonia japonica
Miyabe)& U4 FAWEE ¢ F, EF AA 100
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Al g ol ALg-3F Al 2w oF - RPMI(Rosewell Park Me-
morial Institute) 1640 v X (pH 7.4)°] 2 mg/mL sodium bi-
carbonate, 20 mM HEPES, 100 U/mL penicillin, 100 pg/mL
streptomycin, 0.05 mM 2-mercaptoethanol, 2 mM L-glu-
tamine, 1 mM pyruvate, 1% non-essential amino acid 2
109% =+ 20%2] $-eio}d A (FBS; fetal bovine serum)-&
A7He HAHMNA S gl e, Al Fu ek 5% COg, 37
°C 2355 2719 AlEmFr]oA sdatadch 2E Ao
- GIBCO BRL(Praisley, UK)oll 4 Flslgen, opit 2-
mercaptoethanol- Sigma-Aldrich Co.(St. Louis, USA)ell
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RPMI 1640 sl #] o} 3-8-2] 71 ¥ 96-well plateel] +F3} 5}
(2X10° cells/200 nL/well). Z+7k2) & =7 v F wellell A 2.5
H7bek 3 Al Eackr] oA 29 2 37 vhokstdtl. [meth-
y1-*H]-TdR(Amersham Biosciences, Ltd, UK)& ul] o¥} o]}
A 7V8} (1.5 uCifwell) 4412 59k 712 viofst el A%
= cell harvester(Inotech, Switzerland) & ©]-&3}o] glass
fiber filter stripe] 7% ¥ liquid scintillation counter
(Packard Instrument Co, USA)E ©]-£-%}¢3 incorporation®
CH]-TdRY) %F& cpm(count per minute) 22 &3 3}l th,

A
ETAIE—E— A dEF2Ee Eelsle Abgsigcl
£ 20% FBS7t 3% RPMI 1640 i k) o —*ﬂr%
A7) % 24-well platedl] 2X 10°71/2 mL/well®] =2 &
stk FeAE mkdd ARE AVHE F A x| 7] ﬂ
A 104 7} vl k3t = trypan blue & G4 3led Aolgl= A%
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AF o gt ¥t 2ARE A4 v 2A7](Gamma-
cell Elan 3000, Nordion International, Ottawa, Ontario, Can-
ada) & AH-&-3te] Co ¥ A (A% 109 Gy/min)S 2 =24
2 AEAYAE 65 Gy, 24 AEAFol& 12 Gy, 2%

AZAF AGAE 2 Gy g A 18 A4 2=Aahin,

A 259 A7 otel® 1 mg & 50 mg/kg body weight
o) geko 2 WhALAl Za} A 36412k} 12417be]) 28] B
2 Fastar.
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Z 8 A 2 A% (bone marrow stem cells)2] HFA}A &4}
of it AlB9 W as & At AP vd = 283q
th(15). HYZEA Alxe ¥R o) 93bste] whabad
ZAH3~8 Gy) ¥ F43) A A Ha, 2 A o Yo
2Alghs WA E 5 B3] Y8 v o wat
(spleen)ol| M & 28 2b8-0] dojr}rmz A A (9~104)
A& F ol 39 g5 2EAZ e A5 4 9]
thoo] o, vjA e RHAE HE S T U4 Aol
T ZERAZ pof uleglth o] & o] g3l WAL &

AL Aol A 85 FATOENR S5 2H A X £419] A7)
HE=E TAYG 5 9Uvh(15).
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AT AFE A A ¥ A-E A # 3te] Bouin 314 ol
247t v Ao v AR PAE 2P AL AAY
e fEsHTH2D).
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A%E MEAE (intestinal crypt survival)

AN A ZA o] ARl EAbell Rl A1 B9 Hhel &9 S
AT AR DR Ag3qdch x;AQ A PzA ] shiagl
Z7h-g-(intestinal crypt)> A3 o] W12 Gy °)
Aol =EEW, 3~4% F B2 YEo] 2AEA F} o]
) HhALA ZAb Aol A RE Foqgro 2y 23] &ake] Azt
A=g YL 5 4.

AY -2 A 2T, A13A2 Gy) 24 27 7
Algy s FolFog rw, 4 AT ICR A Z 6}
24 Fslodct A o A FBE R3O WAL S 24}
A7 T35 AHE FAAA 22 FH) £ 5 AF sl
o] Carnoy 323 Yol 1417 w3 slgct. 2 A5 © 8~1070
o) A& FAAQ vl v} etk Eelsta A S
Axsisdct 2+ AH 2 gle £ AR E ARl
o $1A 8z 2R (eryp)®] 5 B g o g =25
2 AFTE Hi 2 AARE A s d4).

2&Z ME X4 X (apoptosis of intestinal crypt
cells)

A A& vFALA (2 Gy ol3h)oll o §F A xA 2 &k of
3 AR wolad #AS A HYrdR AEdsc)

AR A 2T, BAMA Q2 Gy) 22 W27 7 A
B FATOE v, 4 A¥ T ICR AHE 47t
A F33lsch A ol A8 E T3 of 5 Ak E AR
71 36217kl AFHE F A A 23 (FA) 95 A3 5o
Carnoy I Yol 248}, 7} whg-2d 8~10708) 274
S FAMA W wiel seld E2riste] RS A=Ay
t}. Hematoxylin-eosin <34 2 DNA fragments %< 9
3}e] in situ apoptosis detection kittAPOPTAG™, Oncor,
Gaithersburg, MD, USA)E AF4-3}4 in situ DNA end-
labelling(ISEL)& A Al stdct. 2bs] 73, 28<
o]X.of| terminal deoxynucleotidy! transferase® &7}3o
Z4 fragmented DNA| digoxigenin-nucleotides& # 3
A1 7] 22, anti-digoxigenin-peroxidase antibody S H & & A
W o 2 AgA7) F diaminobenzidine(Sigma Chemical Co.,
MD, USA)E A143l= A3 v S 2 peroxidase en-
zyme -9 & HAA ) A =l o 4070 (8 F 16071)
o 2AFE VAo E HASATE A% HE A
E57H177) o] 422 Paneth A 2.9} W7Fo] dodsty B &
3] 4% 292 Hdelsle] apoptotic cell®] 5 24314
) 22 Paneth Al £S5 A 98 4514 Al 71X & 71 A
- (base)Z 3}, apoptotic cell-& 7] A -9} A A A7 29
A AFE e F4HE FRE ARSI THE6).
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DPPH radical 227 &4 : 43} a315 dolxnr] ¢
A A 57} gy Bxlo] AXE FoIsE 53 (electron
donating ability)< DPPH(1,1-diphenyl-2-picrylhydrazyl)
radicalZ ¢]-8-38le] S shgict wH-3-2 A1& 10 L, 0.2 mM
DPPH 099 mL& E§% % 308 & v-gAA F3=s
517 nmell A &2 319 v}, DPPH radical 47 842 o}-g-3}
Ze Ao upe} AAbstd th37).

Acontrol - Asample

EDA (Electron donating ability) (%)=
Acomrol

%100

Acontrol! *LEJ. 51%7}-%9/] o) 5o
Asample: A]E 73 7]—%3] %‘—%E

A A Akt oA &4 - (A Ak} dA) AP 3 F
(rat)®] kel A} %22 microsomeg ©}-&3}< TBA(thiobar—
bituric acid) ¥H-&-4-% &) 35 Aok A A 245 vk-g-
A& 10 pL, 50 mM phosphate buffer(PH 7.4) 740 11L,
microsome 50 ML(10 mg protein/mL), 0.8 mM FeSQy -
7H;0O 100 pL, 2 mM ascorbic acid 100 uLLE &35H3 vl-2- o)
£ 37°CAA] 1A 2} T EEHA 33t ) o] w) YA =
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TBARS (thiobarbituric acid reactive substances)s &34 3}
7] $13ke] 20% TCA 250 nLe} 1% TBA 250 uLE& g &8
8} 31 95°CellA] 158 E¢F 7}<d & & 10,000 rpmol| 4] 5% &
ot A4lsle] AAES A Az, AAEA FHEE 532 nm
oA EAshoivh A A Hakst A A &AL ohE3 L 4]
off wpet Al4bekodoh(38).

Aconrrol - Asample

Inhibition of lipid. idation (%)=
ibition of lipid peroxidation (%) Aol — Ak

X100
Aconro: FeSOy/ascorbic acid 27}, A1 & w7129 &
Asample: FeSOx«/ascorbic acid 27}, Al B A7h-e] £33 %
Apian: FeSOs/ascorbic acid 8137}, A 8 8|3 7179 &

Al -7F zpolo) gl 8214 7 AL Student’s t-testE
S¥sho] BAstgdon B4 T2 7o 2= SPSS 7.0 for
windows(SPSS Inc., IL, USA)E A}&-3heict,
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Ao A0z 2ae) woipat ohfe} o} 3pH o A

I & - o]l A - - A7)

A% A3} =% 2 ZRE A Zekdch(Fig. 1.
mpba], A2} 5-& wAA kel Bt 27 whoj e} w1
A deidlE Azd A%z
=3, S AR B &) 4
T2 Ek] o] 7.]_,] = AABE A3 _,,]EH Al Sz:v_z-] A}
o 4F9 F98 FL Fd8s A AEZaAE e
2 stglrt #61, A el A o] 74 Ao zZhzhe) 24 Wb
AEFHE vuA ey, FHO R 7 Tl Aok HAAE
443} A5 AT ARE uE o2 4 AR FF Bl
A F2 AFHE el ASEFES =Estax) ok
F, 27, AT, dgs Fd FA vlEE £t dF
%% Z1¢ HIM-10.2 ®9sta 1 &35 @3siqdrh.
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MorEsrE (HIMHFD S| HAYM=E 435t 211 AT
Al el A 87t JEZTE AF3he] FA A7) A
=8 A3 A, AGEFE HIM-T Aelfol 29 ¥
3 vk Fofl [3H]-TdR ¥ A =(cpm)7} S4 )70
Al Z7 =l gdeh(Fig. 2A). o] kx4l 62
_\,}—— 101 11017]141\:]. 3u}] o]xl— =o
A= FH 2 AT ATl A
A anlﬁ Hyllogn, o]5o] HAA X
24 EMI & B @i Agste BFoR F5ANE e
e Aoz ArEgeh =3, AdE3tE HIM-1 A2 5
T ¥W2 2y 100 nig/mL S =74 FAsA 2748z 200
ug/mL ¥% o)Aell Al = plateaud +reh A oh(Fig. 2B).
AyorE BhE (HIMH) o] =87 —’?—‘.-._IEEF A=
EZFAE ZA & 28A &3 }
of, A1 @ el F5
A
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Fig. 1. Effects of traditional oriental herb prescriptions on the lymphocyte proliferation.
Mouse lymphocytes were cultured in the presence of samples (100 ug/mL) for 2 or 3 days, and their proliferation was measured

by *H]-thymidine incorporation assay (meanxSD).
"p<0.01 as compared with the negative control.
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Fig. 2. Effects of HIM~1 and its ingredient herb extracts on the lymphocyte proliferation.
Mouse lymphocytes were cultured in the presence of samples (100 ug/mL) for 2 or 3 days (A), or in the presence of various concentrations
of HIM-I for 3 days (B). At the end of the culture, lymphocyte proliferation was measured by [*H]-thymidine incorporation (mean=SD).

*p<0.01 as compared with the negative control.

7Yysted e (Fig. 3A). TAl Aok Fol|A &= Wzkel 1 o>
28 &2 §8 FAZ A gy Fgor A5anE )
s Aoz HrlE gl 23 AkEsHE HIM-T A ¥
FrEwWe 29 100 pg/ml FE7A] AEF7F FASA F
7F8}a 200 ug/mL F% o}A oA & plateaud veb Htk
(Fig. 3B). &3], 28 A8 v|A#AA N FFPAANEE X
g 23 o8] 714 cytokined Aty =HEATF
Azole] HE:AF 5-& B3l FIFHLE 2FATAE
9 23=AE EAA T R gEA T 9ler 2 (39,
40), & /‘E"—Fifﬂ“% liP‘ 22 ZFUAAZE A3
FAA 2N 2EEAEAHRE el A o2 Y7Ec)

-

MorE SR (HIM-) el ZHA Yoi2nt AS
A(65 Gy) 24 A Bdeld 2PRAZ o &

(A)

Cell number (10%/mL)

Hg A7) f3te] vl A 2EAE Y £ E
A stodch. o A, AFEFE HIM-1 7o Toll A= WAt
A F2A 2T vl e oF 549 (p<0.05) 2 v A ZHAE
A ot f-2l 3 A F7HE ek (Table 1). o) = A4
6% 5 =& A%E B EEre % AHEREY v
EFL TN TH30,34). T4 Ak Fell A Wt 2 AT
Fo Tl A vl gt A A (p<0.05) FrHE 224,
o]Eo] & EAR A&t Aoz vehydth

l

lul

I

Mor=sta (HIM-D 2| A =X| glojgnt AT

2 AE Z7 5 B Agﬂ% J HIM- I % T
Aofo] BA AAY2A ] sl 4 of] =]%]
T AFeA 2 A5 AN 91 l%'&ﬂd 5
e B 1570 e, A & ) HE

(B)

Cell number (105/mL)

0 1 1 " L
0 100 200 300 400
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Fig. 3. Effects of HIM-I and its ingredient herb extracts on bone marrow cell growth.
Mouse bone marrow cells (1 X 10° cells/mL) were cultured in the presence of samples (100 ug/mL) for 10 days (A), or in the presence
of various concentrations of HIM-I (B). At the end of the culture, the viable adherent cells were counted by trypan blue exclusion

assay (meanzxSD).

"p<0.01 as compared with the negative control.
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Table 1. Effects of HIM-1 and its ingredients” on endog-
enous spleen colony formation in irradiated mice

Groups Number of  colony
Irradiation control (6.5 Gy) 1.75+2.25
HIM-1 +irradiation 9.56+8.90"
Irradiation control 1.13+1.25
Danggui + irradiation 6.50%+6.30"
Chuanxiong +irradiation 9.38+15.73
Baishaoyao +irradiation 15.00%=17.33"

PHIM-1 or its ingredients (50 mg/kg of body weight) were
given 1.p. at 36 and 12 hours before irradiation.

“Mean*SD.

'p<0.05 as compared with the irradiation control group.

=202 943 kit AFEE HIM-1 4 9 5o
ol A= WA A} 2Tl vl E] 2AE AE 7164
) (p<0.05) 2 4] 8+ Al Z7}= ¢t} (Table 2). o] - ghokur

A 6% T wE E*ﬂle Bl b ALERH o} tha
o HH ke ng o) A 7ke] HxE Feksid A9
Ze —c°l‘%it}(30,34). T8 Ao FellA e Mt 2 3

Table 2. Effects of HIM-1 and its ingredients" on intestinal
crypt survival in irradiated mice

FoATAA 222 BE) 28 (p<0.05) F7HE 224,
ol Eo] & Qi 2hegt o2 Azt ek

e ]E X}é_}(apoptosas) A A3} 32 i
ol o35 & A 32.9) 2} (apoptosis) el H & vlo]
?Jr % }“D} 1 234, apoptotic cell& 2] 7]4 -
549‘;{ D% H&E G A A} ol 4] Ald AAl 1) A FA] )
% 2 AsAg A xA ) 545 Vel 9L ISEL S A ol A

43¢ A& % apoptotic body7} 2= ¢l cH(Fig. 4). Apop-
totic cell®] =& &3 ZA 3 (Table 3), AAHE T &
T B 0084787} ARG o, A 242 Gy) HET
A& dAslA E7istd . HIM-1 33 ST & 1
AR AL et 2o vl a9 31 A (p<0.01) ZHAE A eH (G Al
§ 374%). ol £ A9E ¥l A Ee g uEe]r|guc
tha ¥ Be)lth(30,34). A Aok FollA] e WAtk Bl
A3 Fo 79| 4 apoptoic cell®] =71 A 8}A|(p<0.05) 74
gozy o]Fo] fi EAR zgilE oz eyt

Pl
tl
HA

o °¥F -{N F°1'
09_ 4o

Table 3. Effects of HIM-1 and its ingredientsl) on the
incidence of cell death by apoptosis in crypt of intestine
following irradiation

Apoptotic cells per crypt

Groups
Groups Crypts per circumference Base Total
Unirradiated control 157.25+6.05° Unirradiated control 0.062+0.032%  0.084+0.024
Irradiation control (12 Gy) 21.29+9.71 Irradiation control (2 Gy) 3.688%0.444 3.906+0.536
HIM-1 +irradiation 35.12+11.00 HIM-1 +irradiation 2.212+£0415™ 2.444+0.368"
Unirradiated control 157.0014.82 Unirradiated control 0.068%+0.032 0.084£0.024
Irradiation control 21.82+12.31 Irradiation control 4688+1.138 4.938+1.194
Danggui+ irradiation 50.54+6.09" Danggui+irradiation 386110469  4.081+0.387
Chuanxiong +irradiation 42.67+22.01 Chuanxiong +irradiation 2519+0.335° 2.856+0.478"
Baishaoyao+ irradiation 49.05+12.64™ Baishaoyao+irradiation 2594+0.464" 2.806+10.429

YHIM-1 or its ingredients (50 mg/kg of body weight) were
glven 1p at 36 and 12 hours before irradiation.

“Mean* SD

"p<0.05, "p<0.01 as compared with the irradiation control
group.

Fe

YHIM-1 or its ingredients (50 mg/kg of body weight) were
given 1.p. at 36 and 12 hours before irradiation.

PMean *SD.

'p<0.05, “p<0.01 as compared with the irradiation control
group.

Fig. 4. Intestinal crypt cell apoptosis in mice exposed to 7 -irradiation.
Mice were exposed to 2 Gy of y -irradiation and sacrificed 6 hours after the exposure. The slides in intestinal sections were observed
under microscope (X330) after hematoxylin-eosin staning (A) or in situ DNA end-labeling (ISEL) (B). The arrow in (A) indicates
the cell exhibiting pyknosis, and the arrow in (B) indicates the apoptotic cell.
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Fig. 5. Antioxidative activities of HIM I and its ingredient herb extracts.
The antioxidative activities were measured by electron donating abilities (EDA) of samples toward DPPH radical (A), and by inhibitory
activities on Fe’/ascorbate-induced lipid peroxidation of rat liver microsome (B).
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