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Comparison of Dangguibohyel-tang and Erythropoietin
on Cyclophosphamide-induced Anemia in Rats

Soon Ah Kang, Mun Seog Chang', Myung Sook Oh?, Do Rim Kim?, Ji Sook Kim? Seong Kyu Park®*

Department of Applied Biology & Chemistry, Konkuk University,
1. Department of Medicine, Division of Newborn Medicine, Children’s Hospital and Harvard Medical School,
2: College of Oriental Medicine, Kyung Hee University

The aim of this study was to elucidate the mechanism of anemia associated with Dangguibohyel-tang (DBT) in
rats. Using cyclophosphamide-induced (30mg/kg BW) anemic rats, changes in weight gain, the levels of red blood cell
(RBC), hematocrit (Hct), platelet and hemoglobin (Hgb ), serum vitamin B12, ALT(GPT) levels and erythropoietin (EPO)
gene expression were monitored, and compared with DBT (1,000mg/kg BW, 14d)-treated and EPO (1,0001U/kg BW,
14d, s.c.)-treated rats. Food efficiency ratio (FER) were 31.6% in normal group, 28.1% in cyclophosphamide-induced
control group, 31.7% in DBT-treated group and 25.1% in EPO-treated group after 14 days. The levels of red blood
cell (RBC), hematocrit (Hct), platelet and hemoglobin (Hgb ) of DBT-treated group were significantly higher than those
of control. And DBT extract administered group showed dominant effects on the recovery of Hgb level. Serum vitamin
B12 and ALT(GPT) levels were significantly increased at DBT-treated groups. EPO gene expression was decreased
91,9% in control group, 79.6% in DBT-treated group and 53.9% in EPO-treated group, respectively. These results
suggest that administration of DBT could prevent human patient from chemotherapy derived anemia by improving

hematological value and EPO status.

Key words : cyclophosphamide, Dangguibohyel-tang (DBT),

erythropoietin (EPO), anemic condition
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A7 B vl o, Bkl thdt cyclophosphamide

2 QI3 S Sof % WAISHE oFEx| Sl o8 W] gk
AT ol SHEA YTk
EEHNES TRSMENER, o 259 OlF WRENS)

FEOE MER Q¢ B tHE S0 T2 850 2 Ao|
o, gAEEEY FHURE HRe EF T U oF=EoH,
74 nlg 519 FTIEE g A Rol EFoIrt
SOIR|T £ uMlshs BlE S49] ot 1 x| Zo] Heket
XEAE Mesky] Y8k BAIQl cyclophosphamideZ
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Rlg g R BFo EEHMmEe] BIE 35 nlAe S
g A7 ul, FAS ZHE G710l ool High= HiolEh
A L P

LAg o 52
1) dEs=

AHEEZ2 4589 Sprague-DawleyZl £ SF(MELL,
SHEE TEAIE (Y MEAE HEEEE, YYFAME
29 22 8] SFIEA 1F ol 484 SB(2x 22t
2T, &5 55¢5%, light/dark 12h)oll HEA17] & AMESIAC)
2) okl Bl Ale

Ag okle) EEE 2AE BT IRUA TUSHUL
FHE Z2S0U] AEoIA] ??:}6},‘,\1}}. Cyclophosphamide+
alkyroxan 500mg (Choongwae Pharma (o, Korea)Z,

recombinant human erythropoietin (tHuEPO)& recormon inj.
PFS 1,000IU (Choongwae Pharma (o, Korea)2 & AMZ3IA
CLNM Fe (Wako, Japan) A[%F, Cobas integra transferrin
(Roche, Germany), simul TRAC-SNB radioassay (Ien, US.A)E
A8l em, 1 9 dEol] ALSSH Aok BayerAHGermany)
HEE ARSSIACE
3) Aol XA

Ol 300 g2 round flaskoll @1l £F4 6,000mlE 713t
TS Y2718 RASK 2417HEQt 718 Thg oA 2 Aot
T8 AU S rotary vaccum evaporator(Eyela, Japan)E A}

s2og EAARs ABIATHE

o=

(Control, 8riz]),
(DBT, 8u}2]), BI&
niR)eE Lednt 48
30mg/kg BW/day=Z 33 =7 F
& 1,000mg/kg BW/day & 14
OFEZA] erythropoietin F0]
B0t 384 Tl FAE 14¢
ol sl dAHg AMFSIATE

1- érythropoietin BEAZ(EPO, 8
9] 918 Fe2 cyclophosphamideE
iLt B REY AEE
} AT Solgigic GHUE
£ 1,000lU/kg BW/dayE 15

S5l AgAlA 14

O

Q]
=

#

& UEY - DA - WL
2) Xlo] g &
HE AEEY AlolE AMEFUHoE SI0lrt 4
717 =0 HF 2L Y SHEFG I, ABFE 22U (HHE &
A5l Alo] §8 (food efficiency ratio: FER)2 48 A1ZHY
He] BAUMAE & AE7I0RE Bl AE 717 509 A
5 S71E 48713 S99 Ao] JFH-LE L] AHESIIrE
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FER = weigh gain (g/day) / food intake (g/day)
3 gAAF W 24
1) 24 JF

dole 3l4Alol heart puncturedlHOE Smlg FSIN
I, 1ml2 ethylenediamine tetraacetic acid (EDTA) Az|@¥

blood collection tube (BD vacutainer, USA)oll #EZl0] HEE
Z 5E50] 4Tol B33 48A1710lulol]l complete blood count
(CBC) 52 &X3Iict U g 4slsts £8g Ak
EDTA free tubeol B0} tabletop centrifuge vs-5000n (Vision
scientific Co, Korea) 3,000 rpmoli4| 1527+ Y14 2Ejsld &S

Ao, o] A|FE BLFMA 70T HESIA
2) "ot 24

EDTA tubeo] &2 H& (whole blood)2 H&+ 4= (red
blood cell, RBC), Wi 4= (white blood cell, WBC), 44
(hemoglobin, Hgb) BT, A&7 &% (hematocrit, Het), B4
87 84 (mean corpuscular volume, MCV), BFZE T &4}
Z4~2F (mean corpuscular hemoglobin, MCH), B8 g+ S A
&% (mean corpuscular hemoglobin concentration, MCHC), &

20 4 (platelet count)yE ADIVATM 120 hematology system
(Bayer co. US.A) 71718 AME3l &H5IA

2 AST(GOT) W X ALT(GPT) gkl &2 iron 8
4 % HZAF S@(total iron binding capacity, TIBC)2
ADIVA 1650 (Bayer, Germany) 7|71 Alg3dl] ZH3IC)
Transferrin Z3}¢ (TS)=

712 FFsIeH, €5 dlehl

(Hewlett Packard, US.A) 71712 &FsIArh

Cobas integra (Roche, Germany) 7]
B12 IS

ghzk2 gamma counter

4, RNA isolation and RT-PCR assay
74z2ro) AE T A A A] WS Bl = EPO FAARS] B
015}7] Y6l RT-PCRE Al&5HA
1) Total RNA isolation
Total RNAE Trizol (Invitrogen US.A)E A3l F&35)

us o
2=

&t

k. RA g} FZFQ| TrizolS 718k vortextingQ E 246t &
A2 5827} A3t & 1/5 B2k chioroformE W 43%UCh
48 941E7]7] (Eppendorf, US.A)E 0183l 4T, 12,000xg
oAl 15 B fRE olol 4BUE Atk s
isopropanol- 716l RNAZ AXAIZACE PoiZl RNA EHE
S DEPC (diethyl pyrocarbonate)”} X{z]¥ @o<oll =3irt

2) ¢cDNA synthesis and PCR-amplification
cDNAE 65CollA] denatured® total RNA 5 ug, oligo (dT)
primer, MMLV reverse transcriptaseS AFS5H 42°CollA] 1 A]
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reverse transcriptase®)

BHIBINCE 99TColA 587 71€sdld MMLV
gda MASIL daoli FdAlZTh
9 BFolA MEE HYU7IE9] DNA 5 nlE FHOE gl
10xPCR-buffer 2.5 ul, 25 mM MgCl, 1 ul, dNTPs 1 ul, Taq
DNA polymerase (2.5U) 0.5 ul, FRXI9] ULFEE primerg ALE
Sl PCRE 85It PCR 8 EA R 95TollA] 52 ghS4A]
70 & 95TolA] 30 &, 54TCollAl 1 8, 727CollA] 1 & 30cycle 4
AlBIS1aL PEX|Rel] 72°CollA] 1027F BRSAIZATE PCRoY) AFZ S rat
EPO gene primere forward 5-GTACATCTTGGAGGCCAAGG-3
reverse 5-GTATCGGCTTGAAGTGTTCG-30] AlEXIZC) PCR

2 Peltier Thermal Cycler (M] Research, US.A)E AFESId ¢
LTt 365 bp PCR AHE2 1.5% agarose gelol] M7 &5

olE] At

5. EAAE]
%u

t-testi= Z

7} Y=

AR

FA+EZAHMean:SD)Z  LIERNZISH,
S BT A0IE BHE wol Student's
o U o) EAROR |93 o]

Has

AR

(i

1 AE7 2l0] 58
8710 25AE
# RAHOR U
o Hlal Xﬂgol
erythropoietin 03t
olage 4T
FEC BAREE
2y 31.7% % 25.1%9)

= CYPE %

EEA
l o #F0l ﬁ%ﬂﬂ RUTE
o DH£ ofiAl Zt7} 31.6%Sk 281% 2 &
Fo 9 erythropoietin B0 ol A= 2+
&2 LERACE (Table 1).

Table 1. Weight Gain, Food Intake and Food Efficiency Ratio (FER)
of Experimental Animals

nitial wei inal weight eight gain  Food Intake
ioups” a(gv;/elght i o W(gg/da% ] (o/day)  ER
Normal 1361 + 607 2478 + 110 74 + 04 234 £ 35 0316
Confrol 1257 + 102" 2042 + 115" 52 + 07" 185 + 28% 0281
DRT 1251 91 2138+ 133 59+ 06 186 +32 0317
EPO 1249 £ 55 2008 +85 51+05 203+35 0251

1) Normal: cyc\opbosphamde non-treated group. Control: injection of cyclophosphamide
(30mg/kg BW, ip.). DBT: injection of cyc\ophosphamlde (30mg/kg BW ip) and oral
administration of Dangguibohyel-tang(DBT) extract (1,000mg/kg BW, 14d.). EPQO: injection
of cyclophosphamide (30mg/kg BW, ip) and subcutaneus inject\on of erythropoietin
(1,0C0U/kg BW, 14d). 2) Values are Mean + SD. # Significantly different from the
normal value (# p{005, ## pl0.01 and ### pd0.001). * Significantly different from the
control value (= p<0.05)

2. &9

1) HEF(red blood cell, RBC) W3}

ZYatoll vlgle] 2o He+taeE RS AE B

(6302 (x10°% vs 57203 (x10%), p<0.001), B REY B
oAE 61202 (x1092.2 FAHUE B2 Gt BaEU M

(p<0.01), FENZOFZEA] ZEH|Q! erythropoietin T ol A]

£ 6.8:03 (x1090F FYHUA FEHRACH (p<0.001)(Fig. 1).
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279 Wdof mX]= e HIN 7

2) &4 (white blood cell, WBC) H3}

ATY WET4E RY3 Z44g BHYDL 97616 (x10)

vs 4013 (x10), p<0.001), GAREE FojFolME 57+04

(1008 SAEUE 3= Foyt BEREFOH (p<0.05),

erythropoietin F.0] 2ol 41+ 8212 (x10) 08 S9&QIA 3=
H ATt (p<0.001)(Fig. 1).

3) g4 (hemoglobin, Hgb) =

21
SANA h:l:‘— S0

T’HZE—-\—LL—’] =71 o /] =
g/dl vs 11.9:0.8 g/dl, p<0.05), BAHEE Folroll4l= 127:03
Roem  (p<0.05),

g/dICR R|ONJE &= aW BE
erythropoietin 04 TollA1%= 14.0:08 g/dIOZ S04 YA 3
2590} (p<0.001)(Fig. 1).

4) g+ 23 (hematocrit, Het) ¥ 5}

HETY HET 882 R84 KL (39.5£1.7 % vs
372:0.8 %, p<0.05), BAREE ZojFollA= 386209 %E R
e 312 gt BEElom (p<0.05), erythropoietin Fod T+
oM 455516 %HE T AA FEHRACE (p<0.01)(Fig. 1).
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Hematoorit(%)

Mo
MCH(pg)

Normal Controf Normal Controt DBT EPO

o~

MCHC(%)

Fig. 1. Effects of administration of DBT extract on RBC, WBC,
Hgb, Het, MCH, MCHC, platelet count levels in
cyclophosphamide-induced anemic rats. 1) Normal : cyclophosphamide

non-treated group. Control: injection of cyclophosphamide (30mg/kg BW, ip). DBT:
injection of cyclophosphamide (30mg/kg BW, ip) and oral administration of
Dangguibohyel- anQ(DBT) extract (1,000mg/kg BW, 14d). EPO: injection of cyclophosphamide
(30mg/kg BW, ip.) and subcutaneus injection of erythropoietin (1,000U/kg BW. 14d.). 2)
Values are Mean = SD. # Significantly different from the normal valug (# p<00b5, ##:
<001 and ### p<0001). * Significantly different from the control value (% p<0.05, *«
p¢001 and ™ p(000n)



2X2 614121 fLoj B3k DH":T_Lc

SV HIL (p0.05), BHEEH
fLE 4 JZIph #E=Eed,
Al 67.0414 fLE 7YY UAA 5715

‘;L
RE
FoltolAl= 13
erythropoietin 0ol
AT} (p<0.01)(Fig. 1).

6) BRAYT Pais
Wt

9 gy

ZF (mean corpuscular hemoglobin, MCH)

& AH

ﬂl

A A2E 20540.6 pgoll HIBI thR T

2 214107 pgE RYYUE E7HE HYT (p<0.05), PARSE
FolToll A= 206404 pgE FOEUE 24 W) HEE oM

(p<0.05), erythropoietin g ollAl= 207405 pgE ZAZIUCE
7y Bo&EF gX4A 5% (mean corpuscular hemoglobin
concentration, MCHC) ¥ 3}

70 BaAgT g4 55 333104 %ol Hiskd o]
A2 332:05 %E HAAE HYL, ETHER FoToliMe
33.0£05 %E Z4 FI/F BEHASH, erythropoietin F0of 7+
ollAf= 308+0.7 %= FAH UA HAFUT) (p<0.001)(Fig. 1).
8) &4dt 4= (platelet count) ¥ 3}

HATO| AT 2 1027.4+74.4 (x103)oﬂ 5l DHEE%
74134545 (x107) Q2 ROMUYE UAE BT (p<0.001), B
BEE 2ojFollA]E 941.31988 (x10)0§ RAEUE QE
W7t BEEROH  (p<0.05), erythropoietin R FrolAlE
10662743 (x10)2F 7014 UA =} (p<0.001)(Fig. 1).

o

A
(=]

H SHE]
Z AST(GO
70 E% AST 312 100.0£14.6 U/Iof} H]8ld thE 22
1047109 U/ICZ UERICH, gAHEH FddoAde
103.0¢7.1 U/I Y erythropoietin F0d ol A1 = 100.5+6.2 U/T S
E fRIEE B 4 9
2) €% ALT(GPT) g

BT @& ALT gk 44.7+58 U/Iol |6l
46.9:41 U/122 [9I¢} 45E BA I (p<0.05), &
oo E 406440 U/ICE S8 JB F11E %FE‘—;
UL (p<0.01), erythropo1etm B0 oAl 48.145.8
QY.

3. &
D

i)

o

X

gy

Rax 114

=
=

(&)

+25.7

A=

ug/dlol viskd T
0 1/dIOZ OIS AT VRO (p<05), B
TollAE 200.6+39.7 ug/dICE 35 GHE HEE
%'9\1 rythropmetm FoollAl= 23354393 ng/dIC =
ISERES BEE = U/} (p<0.05).

53 (total iron binding capacity, TIBC)
EflA#EIY AE free iron binding site®] =} &
Aol wiEA B7I5HA Hetl Hdee 85
27.7 ug/dloll Blgkd thRTS 48814293 1
I5E HAI (p<0.05), GHEEE Folzof

748

e Aog HEY
TIBC 1 45462
g/dICRE 7

o]
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O
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Ale 4735238 pg/dICE g8 quE HEE 4 AL,
erythropoietin S0 Tl A= 449.3+144 1g/diCE FRHEUA

sEHREE HEe #
5 €

UKL (p<0.01).

&= HIER] B12 gREF

Hato] €5 nlel] B12 8}2F 1680.6+161.9 pg/mloi] B8]}
o NZRTFS 142794747 pg/mICE 98 LAS BIL

L=

(p<0.01), HAHEE BojTolAl= 1576.2157.9 pg/mICE &
ddle foet 2Em gie dBEE £ AAL(p<0.05),

erythropoietin 50 ol 415 1509.2+59.3 pg/mIO & F9149)l=

e gOE BEE & AT (p<0.05).
6) @& ferritin ST
£ ferritin ST OA] A4 EE ferritin H2F 0.16+0.21
ng/mioll 13l EZS 030016 ng/mlT A4S BT, &
AHEEY BoTolid= 0234018 ng/mlE 3|2 GIE kel
4= UKL, erythropoietin £ 7ol A= 0.1320.15 ng/mlE 79}

HEeL2 IRFS)E
Ree wWEs

HA =5 = AATH (p<0.05)(Table 2).
Table 2. Effects of Administration of DBT Extract on Serum AST,
ALT, Iron, TIBC and Vitamin B12 Level in Cyclophosphamide-induced

Anemic Rats

Groups” AST ALT fron TIBC Vitamin B12

(/A un (ng/d (ug/d) (pg/mi)
Normal 10001467 447458 2039257  4546+277 1680641619
Control  104.7+109  469+41° 1670£340° 4881£093° 14079+747"
DBT 103071 406340™ 2006+307 4735¢238 15762%157.9"
EPO 100562  48.1%58 2335:303° 4493+144™ 150024503

1) Normal: cyclophosphamide non-treated group. Control: infection of cyclophosphamide
(30mg/kg BW, ip). DBT: injection of cyclophosphamide (30mg/kg BW, ip) and oral
administration of Dangguibohyel-tang{DBT) extract (1,000mg/kg BW. 14d). EPO: injection
of cyclophosphamide (30mg/kg BW, ip) and subcutaneus injection of erythropoietin
(1000U/kg BW, 14d). 2 Values are Mean + SD. # Significantly different from the
normal value (# p(006 and ##: p(001). * Significantly different from the control value
(* p0.05 and ™ p(001)

4. EPO SXHAS] vksl st

ol vigle] tHETE 919%E 94 A EPO /7
ApO] wiEo] ZABIITH (p<00l). BAHEE BT 796% 8
4Bl oL, erythropoietin o142 53.9%F thx ol HIE}
o] EPO fAxNY) wsio] #XsIAl ZaslHrt (Table 3).

Table 3. RT-PCR Analysis of EPO Gene Expression of DBT Extract
in Cyclophosphamide-induced Anemic Rats

Groups” Mean(%) sD
Normal 100,00 000
Control 81.90 481
DBT 79.60 31
EPO 5391 15.33

1) Normal: cyclophosphamide non-treated group. Control: injection of cyclophosphamide
(30mg/kg BW, ip). DBT: injection of cyclophosphamide (30mg/kg BW, ip) and oral
administration of Dangguibohyel-tang(| DBT) extract {1,000mg/kg BW, 14d.). EPO: injection
of cyclophosphamide (30mg/kg BW, ip) and subcutaneus injection of erythropoietin
(1000U/kg BW, 14d)
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B, Bl BE S8 AEo, KAsM Bdafd 5528 K’
B4, e, BAL SEIR, A% 2 SE0ES ZE &
Y A5t e WHY, RS #MmAImsHe] 3848
2 BREESH= as0] Ao BEARIE, MARKSE Q1% #EE,
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RN, SEEE, TG 59 S48 Agan”.

Cyclophosphamide® Z¢EHAEHE FLSH

k=3
TE2 T

YE Y87 FA6HL AlST 4l0] HFE, Al B €
dakx 24g Adsl olgQ HIE gyiig’o] 23
gol mXle gk Z0 RYUHE BEBIA
Cyclophosphamide %0 & BABEE S0]70] AR
Blal AoldFH gkl Xol7} Gl &6k ASol EH:‘]- &)
olgEo] =hE A2 AFo] AloldF & ufFoll E7H ]
ohlZl GAREES BoE AEUAE HA So2ZM AE

7VE {58 Aoldi £ £+ it ¥HH erythropoietin —,—O:Hloﬂ
Al AloldF o] thET visld 71518 SLt A S0 tist
slo|ggo] A LiER cyclophosphamide Bajoll Qal 2%
ABY 8=l erythropoietin i7}t BEHS VXX R8 RO
2 Al

g Egyo] ZEAE n|X]Es FEe 3
ol "5l DH"?E% FOSE ME T 9 AT F
MR CFE EA] erythropoietin _,40:] TollAle Ha
1768 % L BAREE Bo) 22 Fa70 B sk 64.6 %9
IEFHUE LIERACE ZE A 0] erythropmetm 2o 5 i
o9 HEF £ AURA &76I5 o0 gARERe Fi
T3 BBl 646 BE P81 318 3} 1ol SEHIACE

P48k
E S8t e 409 Zavt SR o, )
E%&EH erythropoietin R0 TolAls &7 Hluskyd
Q]E_ ;mé 1}.7':1—?3‘1- 2= 9}1\04:11 DJ-_HE’S:!E]-
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0% 4o
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ZOHEFEA]  erythropoietin
1136 %% SAHUE 243
ARER B2 H4F 8 Hske 69.9 %
g HES & AU
01449} cyclophosphamideoi]
AP Aol BHREYE FoiTe
0 B= aiE UERI2H,
£Z (hematocrit, Het) §9] g&ol
b}EPLH?iD} gAY FolTo] DH
BOlE ASE Hot &

L
fu.

N
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>_I=:
%L;gtol'ﬁixol
T N g &R
oot g i Ho e

HA ] 71
Wy
transferrin 3% %/I
E UEIITE €5
9d Ae QJE‘B«‘/I'E‘ UER Roll dlole] &
erythropoietin F0j oA &
HAPEEY BEo& cyclophosphamide?] HZANR
715 Bolg MHdlkedl REE ASE AlPch

g Al JLEH

ol oA e
LT(GPT)oll thell &2

SHE

0

gd79 FHWHEES stem cell factor, thrombopoietin,
erythropoietin 52 Z&-JZR0IA | Q5 £HEH, 0lg2 I+
Azof Zigck] EMETY ETAEY Bilel 489 448
IE 7K} erythropoietine oAl ZEAMEY SAg &7
Al71e TEEOF erythropoietin SR W9 E7h= €&
erythropoietin - °%19] £718 dlgehtt B dfoiMe
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