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Effects of Juakium-derivative on Experimental Aplastic Anemia

Shin-Myoung Park, Young-Chul Kim, Jang-Hoon Lee, Hong-Jung Woo
Department of Internal Medicine, College of Oriental Medicine, Kyunghee University

Objectives: Korean traditional medicinal herbs have been used to improve the function of the hematopoietic system. The
purpose of this study is to examine the hematopoietic effects of Juakium-derivative on aplastic anemia.

Methods: In vitro, after bone marrow cells of mice with aplastic anemia induced by benzene were cultured with Juakium-
derivative, we measured the gene expressions of hematopoietic cytokines, the intracellular TPO and SCF expression and the
colony number of CFU-GEMM and BFU-E.

Results: The results are summarized as follows:

1. The gene expressions of hematopoietic cytokines (TPO, c-mpl, SCF, c-kit, IL-3, EPO, EpoR, GM-CSF) and the TPO and
SCF expression of the group treated with Juakium-derivative increased significantly more than those of the control group.

2. The colony number of CFU-GEMM and BFU-E in the rEPO plus rTL-3 plus Juakium-derivative group increased
significantly compared with the only rEPO plus rIL-3 group.

Coneclusion: It was acknowledged that Juakium-derivative has hemato-potentiating effects on aplastic anemia induced by
benzene and it is expected that Juakium-derivative can be used clinically for the patient with hematopoietic system disorder.
This study could also be used further as important research data for Korean oriental medicine about hemato-potentiating, The
exact mechanism explaining our study would need to be studied further. (J Korean Oriental Med 2002,23(1):133-144)
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1.0z
1) AJeF
Benzene, Dulbecco’s phosphate buffered saline(D-
PBS), corn oil, Diethyl pyrocarbonate(DEPC),
chloroform, RPMI-1640 Hjj k<l HYrs
3 A(RBC lysis solution), ethidium bromide(EtBr),
formaldehyde, polyacrylamide, magnesium chloride
MgCL)¥E SigmarHUSA) A| & X185} 2™, Taq
polymerase?} Deoxynucleotide triphosphate(dNTP):=
TaKaRa(Japan)Al A F-&, & A AR 4~ (Moloey Murine
Leukemia Virus Reverse Transcriptase ; M-MLV RT)
9} RNase inhibitort Promegail(Madison, USA) A &
<, RNAzolBE Tel-TestAlUSA) A &2, $-ejold A
(fetal bovine serum, FBS)& HycloneAl A&, 18|31
Agarose= FMCAHUSA) A& 5& AH8-3F 3, #-A1
T BB A}LE PE-anti-CD34%= Pharminogen
AHTorreyana, USA)®] A& TFstH A, 7]el 4
Bh AJeke S5 AlekE AHEEIATH

, isopropanol,

D) 5E %A 24

B AYS 9sto] AL CSTBLE6 -2 3=
3}t Fhol A Boitol AABANA THAIR(R
Tl 22.1%0] 4, 22 8.0%0°] 3}, 2AH 5.0%°]
3l, 238 8.0%°18}, ZgF 0.6%°14, 3 04%0°] 4
Fotn A& 2+2CE 74]
X

AN F 4

3) oA

2 Ao A3 kS ST B
Fadvd #sidon, A4 dAle Asd
e kA Ho A FUAT F PAst] AHE
A 1339 e $32 oS 2o
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Prescription of Juakium-derivative(JKUD)

o g 4 oF e £33
A Rehmanniae Radix Preparat Rehmannia glutinosa 5.3
11 ZE Dioscoreae Rhizoma Dioscorea japonica 27
FACTF Lycll Fructus Lycium chinense 2.7
¥ b Eucommiae Cortex Eucommia ulmoides 2.7
UIZEE Comni Fructus Cornus officinalis 2.5
Loy 7 3 Achyranthis Bidentatae Radix Achyranthes japonica 2.5
T Cuscutae Semen Cuscuta.chinensis 2.5
AR Cervi Cornus Colla Cervus nippon 2.5
HER Glycyrrhizae Radix Glycyrrhiza uralensis 1.3

Total 249

FHAg7 L 34 EFd T/ 1300mS 718t
o e F27)00A AT FEE] L AL T4
o] 7}3led o] & 7F4E7F A x| (Rotary evaporator,
BUCHI B-480, Switzerland)2 ¥%3}lo], 0] & T}A|
S A7 2 7] (Freeze dryer, EYELA FDU-540, Japan)&
o] &3t AzatFom, Aozl A2 TE YE(-84
) R A3 yE2 348l Algatgith

2.4

1) Aplastic anemia &

C57BL/6 v}-%-2 10n}2]o]| benzenes 2mlkg(20%
benzene/corn oil, B20)°. 2 ul$-A X296 FA}E
Aot FARE oF 504/25g8 15 33(Y, 7, &) F4
&} aplastic anemias LA Zth

) ETAIE 22 2 GEATY

Benzene A 7¢ & QB FZd A ZE4(bone
marrow, BM)E 22| &ted 2000rpmol 4] 587 g4l
E2l3 & T4 E(bone marrow cells)E 3] 53815]
t}oolof] AEFEEA 2mlE YW 37C FFR
583 B ek 283 YA FA] 10mle] D-PBS
£ A7isted 2000rpmol| A SE3F A4 vk
ZFAELE SHjolE A ZAY RPMIL640 vl 2l ol A
X < Mg 3 A7 22100, 50,
10, 1 wg/mhE A28, 3217+ vl (37C, 5%
CO:, Lapco, USA)| vl oF&} it}

3) AL 2824 fAA £Y

oft

3A1ZF w9k F 2000rpmell A 587 DA 228t
gl & RNAzoIB 5004 211 lysis
st o &3 B chloro-

A 1587 B Al 13,000pmol A Al E
2l3 3 80% EtOHZ A3t 3¥-7F vaccum pump
o4 Axse RNAE $239T. 2% RNAE
diethyl pyrocarbonate(DEPC)E @13t 2049 ZF
42| 5o heating block 75Tl Al B&A 35} A7l &
first strand cDNAZH] of] ARt}

) GAA-THES dHkS

< A AHreverse transcription) WHg-& FH|E total
RNA 3ug S 75ColA 5% &< ¥4 (denaturation)A]
7)1, oo 2.54 10mM dNTPs mix, 14 random
sequence hexanucleotides(25pmole/25 ), RNase
inhibitor 20U/ ), 144 100mM DTT, 4.5.4 5XRT
buffer(250mM Tris-HCI, pH 8.3, 375mM KCl, 15mM
MgCh)E 7}3F &, 142] M-MLV RTQ00U/u)E
A 7Féta DEPC M el¥l S/HT2A HF F571 20
M7k A= ek o 0u9) W EFAL 2 4
£ ¥ 2000rpmef A 527F YAAAs] 37C F2
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FFoA 607 E<t WF-3-A)A first-strand cDNA S &
3

A3 oh-E, 95l A 58 B¢ kRl Ele] M-MLV RT
g 2843 A T 4ol ¥5d cDNAE

polymerase chain reaction(PCR)<l) A}-8-3}53th.

(3)cDNA PCR

PCR-& Primus 96 Legal PCR system(with high
pressure lid, MWG in Germany)E o] &3} 3315
th ¥k o|u| F4H 349 cDNAE FP2 2 A}
£33, 8o thal primere F-actin, interleukin-
3(IL-3), granulocyte macrophage-colony stimulating
factor(GM-CSF), stem cell factor(SCF), thrombopo-
ietin(TPO), c-kit, 28] 3L c-mpl& ZFEZ3}7] 93}
sense primer(20 pmole/s4 )2} antisense primer
(20pmole/ 1) e T3t 1 E 7}staL, TA] 34
2.5mM dNTPs, 34 10 XPCR buffer(100mM Tris-
HCI, pH 8.3, 500mM KClI, 15mM MgCl:), 28] 31 0.18
# Taq polymerase(SU/ ) S Z 713t vhg 3 & 3o
7} 304 H=E A FHFSFE 718t predena-
turation; 957, 5%, denaturation; 95, 1+, annealing;
55, 1%, elongation; 72T, 1¥& 25cyclesd %
postelongationd 72Col|A 3% Fete] 7oz
PCRE 433} t}. zF PCR products: 2044 1.2%
agarose geldl loading3dted 120V ZA A 2087 A
NdES Ead B,

PCR product?] %<& Windows 1D main prog-
ram(AAB, USA)S o}23le] Z gk(height, HHo 2
25e9n:

4)ELISA°] 93t 2324 dld 2y
FFAEE 12well platec]] 2x10° A 5 2} wello]] ¥
8 T 2elo}d A RPMII6A0 v okl o 2 wfjoFs}

/ml)S 231, A7 E9F 5% CO. 22| k7] ol A
et Mg T& F A vl FA-E 2000pmel A

583 AR st AFAe 3], TPO 183 SCF
enzyme-linked immunosorbent assay(ELISA) kitR&D
system) S 2 AAFES S 31T
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5) Semisolid clonogenic assay

Benzene2 2ml/kg(20% benzene/com oil, B20)e 2
ok SR90] 15 33(H, %, F) T2, CSTBL
whoo) e RolA BEALE Rtk 254
Z(1x10%ells)9} Iscove’s modified Dulbecco’s
semisolid matrix culture medium(0.8% methylcellulose,
30% fetal bovine serum, 1% bovine serum albumin,
2.0mM L-glutamine, StemCell Technologies,
Vancouver, Canada), 3units/ml erythropoietin (EPO,
R&D system), 20ng/ml interleukin-3(IL-3, R&D
system)& &9 F A7 FEE (100ug/ml,
10pg/ml, 28] 3 lug/ml)S 22t A 2ldted 35-mm
Petri dish(grid, Nunc)dl| A 144 7F v oFalsict. vjok
% colony & Z ¥ &7 (inverted microscope,
Nikon, Japan) .2 A|4=3}%1 £, CFU-GEMM colony
T & colonyel|] A 2 AEFAVL 23 A$2
7 2] 319 12 BFU-E colonye 2| 412] M 47} ¥£3H4 3
7H o]/ cluster7t 2 7352 Holstict

3. XAz
Tt Ao 25 E 42 ZA7E meantstandard
eror2 7] 239t -9 HAZE=L student’s t-test &

4 g o] §3te) RS,

Oligonucleotide®] ¢71Hig & oh-&3} 2t}

Gene Primer Oligonucleotide
TPO sence 5’ -CCTCTTCTTGAGCTTGCAAG-3’
antisence  5’-AGCCCATGAGTTCCATTCAC-3’
sence  5-TAGAAGTTTGGCAAGGCTC-3
antisence  5’-CGTGTACAGCTTCAGTTTCC-3’
L3 sence  5-GAAGTGGATCCTGAGGACAGATACG-3
antisence 5-GACCCATGGGCCATGAGGAACATTC-3
GM-CSp  Sence 5-TAGAAGTTTGGCAAGGCTC-¥
antisence 5’-CGTGTACAGCTTCAGTTTCC-3’

c-mpl

SCF sence  5-TAACCCTCAACTATGTCGCA-3’
antisence  5’-CGTGTACAGCTTCAGTTTCC-3’
kit sence 5 "-ATGGCCT AGTCAGTCTCTAAAC-3’
antisence 5 -GTCACAGTCAGCTGTATAGGA-3’
EPO sence  5-CCTCTTCTTGAGCTTGCAAC-3
antisence  5’-AGCCCATGAGTTCCATTCAC-3’
EpoR sence 5-ATGAACTCCTTCTCCACAAGCGC-3°
antisence5’-GAAGAGCCCTCAGGCTGGACTG-3’
Bractin sence 5'-TGGAATCCTGTGGCATCCATGAAAC-3

antisence 5-TAAAACGCAGCTCAGTAACAGTCCG-3
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1. TPO, c-mpl, SCF, c-kit, IL-3, EPO, EpoR,
GM-CSF F8A Wlol| 0|x|= g

ARG go] ZURA LS FH3 B2 FE
3l TPO, c-mpl, SCF, c-kit, IL-3, EPO, EpoR, GM-
CSF #3a 2o nlze d2 w7l st
C57BL/6 v}--20] Y& FoN STAEE £25l
A7 252 47 100, 10, 5, 1ug/ml o] W)
F5el BEZ N7 5 RS T Ao £

Table 1. Effects of JKUD Extracts on Hematopoietic
Cytokines mRNA Expression Level in Bone
Marrow Cells of Mice with Aplastic Anemia

Cytokines m-RNA expression (Ht)

Group TPO  cmpl  SCF oki
Media control 19 50 132 203
100 107 63 156 235

JKUD 10 74 16 40 241
(ulml) 5 55 83 164 218
1 n 79 153 209

Bone marrow cells were isolated from C57BL/6 mice pretreated with
benzene (2ml/kg, s.c. in the dorsal region three times a week). These cells
were cultured with JKUD extract for 3hrs and then the mRNAs were
isolated for RT-PCR. Amplified PCR products were electrophoresed in
1.2% agarose gel, and 1D-density program was used for the analysis. The
other methods for assay were performed as described in materials and
methods. The gene expression were observed on TPO, c-mpl, SCF, c-kit
mRNA expression and internal control(f-actin).

Table 2. Effects of JKUD Extracts on Hematopoietic
Cytokines mRNA Expression Level in Bone
Marrow Cells of Mice with Aplastic Anemia

Cytokines m-RNA expression (Ht)

Group IL3  EPO  BEpoR GMCSF
Media control 25 12 43 14
100 24 55 163 13
JKUD 10 91 40 138 37
(ug/ml) 5 73 13 63 62
1 52 12 47 13

Bone marrow cells were isolated from C57BL/6 mice pretreated with
benzene (2ml/kg, s.c. in the dorsal region three times a week). These cells
were cultured with JKUD extract for 3hrs and then the mRNAs were
isolated for RT-PCR. Amplified PCR products were electrophoresed in
1.2% agarose gel, and 1D-density program was used for the analysis. The
other methods for assay were performed as described in materials and
methods. The gene expression were observed on IL-3, Epo, EpoR, and
GM-CSF mRNA expression and internal control(8-actin).
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o] ¥g 28 RT-PCRE =74 819 tHTable 1,2).

1) TPO, c-mpl, SCF, c-kit §-3 2} W&ol v A& 4 &

Table 194 = ule} Zo] vl £F ¥x9 24
St Aol Al F4A X TPO, c-mpl, SCF,
c-kit F-84 LT RE A 2o H|sl] &
Al Urebsket

TPO §A AL B ZF9] 7%, 100ue/ml T AT
o] 5.63Hl, 10ue/ml B X2}l 3.808), Sug/ml 5
T MaEo] 2.89M), lug/ml 5 Ao 116w 2
=7 Jdehgth. £3) 100ug/ml % X2 FolA TPO
FAA g o] 2ol vls) 5] o)} A e}
t}.
c-mpl FAA} HEF] AL, 100ug/nl = Az
o] 1.26M, 10ug/ml =% X z}o] 2324, Sug/mi
=5 HalEo] 1.669), lug/ml % X E]Fo] 1.584)
2 A Jelyteh £3) 10ue/nl 5 ATl c-
mpl A Bd o] ol vl 28] o] =A
yErsTh

SCF #-3 2} wrd &) %, 100ug/ml & AT
o] 1.184l, 10ug/ml = X 2]Fo] 106, Sue/ml &
T A Fol 12484, lue/ml % A Fol Li6vj=
=7 Ve

ckit FA2 A AL 100ue/nl F& Al
o] 1168}, 10ug/ml = A g]ito] 11949, Sug/ml =
% Aol 1.074), lug/nl B% *2lFo] 1.03u=
= VYERsiT

3L

2) IL-3, EPO, EpoR, GM-CSF §-# 4} w& o] 1)
= 9%

Table 2014 H.= vie} o] ¥ 7/ =9 H4
S7H Ao A E4AE9] IL-3, EPO, EpoR,
GM-CSF 747 i ge giyie] 2% gz
v gt} EA eyt

IL-3 5247 dd %] AL 10ug/nl 55 2] Fo)
3.648, Spg/ml FE X To) 2.92v), Lug/ml BE X
2o} 2088 2 A vebst ot 100ug/ml Fx
glol A= 096u) 2 A Uehd) 100uw/nl F%

)
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Al dg Astane BE Mo gz v
3 IL-3 R-AA} 2@ o] 2u) o] 4 A ettt

EPO f7A} wd %] A%, 100ug/nl 5% M2
o] 4.58ul, 10ug/mi F% A B]F°] 3.33°), Sug/ml &
T Aol 1.088), lug/ml T AHlTto] LOv]=
F2AV 2A Jebgeh 53] 100ue/ml 9 10ug/ml 5
T AT EPO §-4 A & afo] tj 2ol 4]
3 3u] o]} A UEbsith

EpoR #7342 wa&e] A% 100ug/nl = AL
o] 3404}, 10ug/ml Fx= X &]To] 2.884l, Sue/ml &
T Aol 13182 24 Jebgd o, tug/nl 55
el e 0982 ¥ Wyt ok lueg/ml &
T AYTE A9slue ZE A TN izl
H]&f EpoR #42} W &Fo] =A Uetgon, 59
100ug/ml 9} 10ug/ml 5% el FdlAdE 3u] o)A =
Al ekt

GM-CSF ¢4} &g 2ol AL 10uw/nl 5 A€
0] 2644, Sug/ml F= AE|to] 4432 EA
et ot 100ue/mi et lug/ml 3= Helddde B
0922 @A Uehgth 53] 10ug/mi St Sug/ml
=% gl AE GM-CSF 432} Wd 2o gz
ol Bl3) 2u o] A YEbsith

2. TPO, SCFe| Miztof| olx|= Y&

FAZAA ] -&7budke 2lgt TPO, SCFe
AL vAlE e Yolir] st AR
o A7 FE2EE 247 100ug/ml, 10ug/nl, 1
uglml A F79 FE2 Aty 724 T &
Zol S olo] ELISAR &3 59 th(Table 3).

1) TPO production

Table 304l K wulo} o] A7t =55
o 2|3 TPO YL lug/nl F% A2 7(10416.9)
< Aestae z2dd Hste 25 24 Yehgrh
100ug/ml = A2 F(180L14. N = 27125
+9.8)q] Hl3le] 1.44u) & Ao® Yeyw
(P<0.01), B3] 10ug/ml F= A F272+11.3)014
= 2o Hlsted 2.18u) =L Ro g Yehgt)
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(P<0.001).

2) SCF production

Table 304 B ule} o] HA L7l 325
of olg SCF A4t-E gizdd 3l B% %7
vebstth 100us/nl 3% A2 7914+68.7)o A&
U ZF(665+38.7)0l H[dled 1.378] =& AHoZ
EFtThP<0.01). B3 10ug/ml 5% 28] F(753+
23.5)0 = iz v3) 1.134), lug/ml B A
T(784+45. )0 = L18H] E& Aoz Jebyrh
(P<0.05).

Table 3. Effects of JKUD Extracts on Hematopoietic
Cytokines Production Level in Bone Marrow Cells
Culture Supernatants of Mice with Aplastic Anemia

Cytokines Production Level (pg/ml)

Group

TPO SCF
Media control 125498 665+38.7
100 180+ 14.7++ 914 +68.7%+
(JK}JHS) 10 2724 113%+ 753423.5%
“ i 10469 784++5.1%

Bone marrow cells were isolated from C57BL/6 mice pretreated with
benzene (2ml/kg, s.c. in the dorsal region three times a week). These cells
were cultured with JKUD extract for 72hrs. The supematants were collected
after 72hrs of culture, and TPO, SCF concentrations in the culture
supernatants were evaluated by ELISA kit, and the other methods for assay
were performed as described in materials and methods. The results are
expressed as the meanz+ S.E (N=10).

Statistically significant value compared with control group data by T test
(*P<0.05, **P<0.01, ***P<0.001).

Table 4. Effects of JKUD on BFU-E and CFU-GEMM
Colony Number in the Presence of MethoCult™
H4533 and rEPQO plus riL-3 for 14 Days in BMCs of
Mice with Aplastic Anemia

Bone Marrow Cells Colony Number

Group BFU-E CFU-GEMM
Media control 0 7+£0.51
tEPO + IL-3 25418 29422
(EPO+IL-3 100 ATH30%F% 52 440kx
+JKUD 10 A5H28*FE  G0+5 4R
(ug/ml) 1 344275 36-2.3%

Data represent the mean + SEM of triplicate cultures containing mouse
bone marrow 1x10" cells/dish. All cultures contained MethoCult™ H4533
and 3U/mi rEPO plus 20ng/ml rIL-3.

Statistically significant value compared with rEPO plus rIL-3 group data by
T test (*P<0.05, **P<0.01, ***P<0.001).
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3. CFU-GEMM % BFU-E colony =0l o|x|=

Oo:i

od

C57BL/6 v}-$-20)| benzene(ZmifkgyS SFY ol <%
504/25g B 15 33] T3 YE TN EFAEE
Fdted gl Attt EFAEE semisolid
w %) o] EPO, IL-3¢} 100ug/ml, 10ug/ml, lug/ml 2 F=
g ARSI 25 W st 144
A o= CFU-GEMM¢2} BFU-E colony -8 #Ha3}%
3(Table 4), 3L A, 94, 144 A= FA€ CFU-
GEMM $} BFU-E colony & €] 2 #2351 thFig. 1).

1) BFU-E colony &=9l| #]x]= 93k

BFU-E colony®] 7% ob7 2% AejshA] g2 &
FHZNAME colony & 07§41, EPOSH IL-39H
E3tale] Aglg 459 colony & 25+1.871Ath
EPOS} IL-3 1ejx AL/ 3285 HY A
2)3F 73-%-9] colony 7 100ug/ml 55 Aol e
47307 (P<0.00DE I, 10ug/ml F= A TNXE

CFU-GEMM BFU-E

Day 9

Day14 .,

Fig. 1. The pattem of differentiation of CFU-GEMM or BFU-
E from primary hematopoietic cell by JKUD extract
treatment and photomicrographed at indicated time
points.

452287} P<0.00)F 2, Lug/nl B= A2 2ol
34+2.77)(P<0.01)& EPOS}H IL-37HS A2l gz

o Hlele] 25 frolgt $4 40| BAHLATH

fs(}:

AeeA g

2) CFU-GEMM colony =l u]x]&

CFU-GEMM colony2] 734 o}%-7
£ ZFAEANAE colony = 7+0.51709 1, EPO
o} IL-39h2 E3ste] A2 g 772 colony & 29
+227199 k. EPOS} IL-3 18] 11 &AHA-g7hu
22 w8 xalg 49 colony = 100ug/ml
Az FoN N 524427H(P<0.00)% 1L, 10ug/nl
Ae] FA M E 6045471 (P<0.001)F 0 1ug/nl
) Zol M= 36+2.371(P<0.05)2 EPOS} IL-3
23 g 2o sl BE fofd T ZEo] ¥
25900
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= A2 KEHEHelA (ke mime] &3
oo, e 5 Bl ARE D e ol A,
BRSO oehd BHEE Hme A= B4l
goho. o)Ay MBS mgbde 7V, Bl Bl
T Y M) Eel BF &M el gt ol
o} o] 9fzto] AMBFINHL F49 2PF|2
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A e dASTLR d7lde 271 XY
colony forming unite-granulocyte erythroid macro-
phage megakaryocyte(CFU-GEMM)3} burst forming
unite- erythroid(BFU-E)ol| 2}83}= granulocyte-
macrophage colony-stimulating factor(GM-CSF) 1]
3 IL-30]ch EA R, GUASToR $7)9 28 2
AbA) 32(CFU-E, CFU-Megakaryocyte, 18] . BFU-E)
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283 Bruno $7& c-mpl -7 2}e] @3 o] lineage-
committed 4| 259} AEHNIES )54 2R
A F(CD34+/CD38-)S1 megakaryocytic Al E2] A
SdA gl AT E AA Y EHS(RT-PCR, reverse
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