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The Effects of Saenghyuldan(shéngxiéddn) on Bone Marrow Failure

Yeon-Weol Lee, Chang-Kyu Son, Chong-Kwan Cho

Dagjeon University Oriental Medical Hospital

Objectives : This experimental study was carried out to prove the effect of Saenghyuldan(SHD; shengxiédan) on bone
marrow failure induced by cyclophosphamide(CY) and irradiation in mice.

Methods : The following were performed; immunopathology, histopathlogical findings of bone marrow and in the smear of
myelocyte. hematopoietic cytokine(IL-3, GM-CSF, TPO), hematopoietic stem cell colony assay, humoral immunity(LPS
mitogen response), cell-mediated immunity (Con A mitogen response) and nonspecific immunity(macrophage adherence &

phagocytosis) in vitro or vivo.

Results : SHD showed a protective effect on bone marrow failure induced by cyclophosphamide(CY) and irradiation in
mice. SHD increased lymphoproliferative responses to LPS and Con A, and activated macrophage adherence and

phagocytosis to SRBC.

Conclusions : We expect that SHD can be used to treat bone marrow failure and immune suppression induced by the
chemotherapy or radiation. {J Korean Oriental Med 2001,22(1):33-45)

Key Words: Saenghyuldan(shéngxiadén), bone marrow failure, hematopoiesis, immunity
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ng/kg)olut WA (deGy) o2 EFFAE FLAR
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capillary tube(I.D.; 1.1~1.2mi, Chase Scientific Glass
Inc., U.S.A)E CSTBL/6 u}$-~0] Foteola) ull 24
ZFAAZHA AUTe 2 QY2 ko] 96well plateo]]
=& & plate rotator$]dl] oF 30 = L8 EUC
7} blood cell counter(HEMA VET, CDC Techno-
logies Inc., U.S.A)E o] &3t @1 &S AT
(Table 1).

@ Ao A5 L 7] F% 23

AEhS 397 Ead3 &, cyclophosphamide S
300mg/kg9] £Fo g B FAbeba, 3U7 A

S o BAsdnh AE7102 1592 3Ynict AF

o] WstE S, A FRYde A5 7R
SAAA HEAZ g, 2 v, S0 2
=2 3}9] “HFig. 1, Table 2).

Table 1. The Effect of SHD on CBC Count in CY-induced Myelosuppressed Mice

CBC Group 3rd day 6th day 9th day [2th day 15th day
Normal 6.71£1.100 6.62+0.63 7.32+1.64 7.20+1.76 797+1.62
WBC(10Y44) Control 7.02+1.35 0.87+0.20 1.65+1.16 1.83+1.20 3.01+1.84
SHD 100mg/kg 6.10+1.17 1.71+048* 297+0.26" 3.06+0.32" 3.44+1.20%
SHD 500mg/kg 6.80£1.63 3.16+0.85° 3.77+041 3.81+0.50* 4.3940.99*
Normal 11.80+1.04 11.30+0.19 11.03+0.54 10.92+0.50 10.66£0.30
RBC(I0Y ) Control 11.961+0.54 9.72+145 8.49+0.99 8.34+0.97 7.50+0.80
# SHD100mg/kg 11.88+0.64 11.00£1.03* 8.5440.6* 8.39+0.64* 844+0.46"
SHD500mg/ke 11.06+1.58 11.09+0.511 8.69+£0.54* 8.57+0.49* 8.31+0.70"
Normal 17.05+041 16.10+0.43 16.26+0.20 16.19+0.24 16.30+0.43
Heb(e/dl) Control 17.03+0.88 14.49+0.68 11.66+£1.49 11.50£1.66 10.59+1.07
gble/ SHD100mg/kg 17.34+0.44 15.514096' 12.1540.89* 12.08 +0.89* 11.38+0.62*
SHD500mg/ke 16.66+0.30 15.88+£0.56° 11.994-0.42* 11.814+0.29* 11.16+0.90*
Normal 689.5+£90.9 731.6%+141.0 1009.4+71.3 1013.8+64.6 925.6+ 1839
PI10Y 1) Control 672.1+£66.0 494.3+108.5 719.0+142.8 796.6£160.4 458.61+218.5
# SHD100mg/kg 680.01+68.7 584.84154.5* 857.4+77.1" 876.667.7* 534.4+211.6%
SHDS500mg/ke 663.9+111.8 651.3+104.5" 944.3+126.7" 971.8£1334" 6689+ 103.8"

» Mean = Standard Deviation

* : Statistically significant value compared with control by T-test(*: not significant, T :P<0.05, ¥ :P<0.01, §:P<0.001)
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Fig. 1. Body Weight change of CY-induced myelosup-
pressed mice.

Statistically significant value compared with control by T-
test(*: not significant, ¥ :P<0.05, ¥ :P<0.01)

capillary tube 2 x| sl &4 3 IL-3¢} GM-CSF,
TPO] ¥& & kitg °] &3l 33, AE
protocolol] Weka] A} 883141 TH(Table 3).

@ B TAEE 35459 deep freezero] R}
E-& RNAzolPE o] -8-3lo A 23] A}el| A
el WekA total RNAE F&31310 &+
23t RNAE diethyl pyrocarbonate(DEPC)E ] 2] 3¢
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<= 289bp, TPO= 342bp, SCF= 328bp, IL-6+= 532bp
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program(AAB, US.A)S o &3} | 313k(height, H)
o7 33k

A oM 9| cytokine £ LHEM S A
& 23k TFE FolTIA I3 fAe] U3
2.98), GM-CSF §-77}e) walo] 2.0u), EPO 44
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Table 2. Organ Weight Change of CY-induced Myelosuppressed Mice

Group Spleen weight(g) Liver weight(g) Thymus weight(g)
Normal 0.0540.01” 0.84+0.12 0.05x0.01
Control 0.10+0.03 0.79+0.09 0.01x0.01
SHD 100mg/kg 0.11+0.03* 0.80+0.08* 0.02+0.01%
SHD 500mg/kg 0.14£0.04! 0.831+0.14% 0.03+0.01"

= Mean =+ Standard Deviation

Statistically significant value compared with control by T-test(*:not significant, 1 :P<0.05)
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Table 3. Effect of SHD on Hematopoietic Cytokine of Mice Induced by CY

Group 1L-3(pg/mi) GM-CSF(pg/ml) TPO(pg/ml)
Normal 2.91+0.29° 14.96+0.71 392.6+19.06
Control 0.78+0.12 3.3240.32 312.54+20.54
SHD 100mg/ke 5.13+0.70° 6.13+0.29° 511.9+15.29°
SHD 500mg/kg 6.4040.36° 6.56+0.53° 496.5+22.83"
# Mean =+ Standard Deviation
Statistically significant value compared with control by T-test(§:P<0.001)
Oligonucleotide sequences of primers
Gene Primer Sequence Producty(bp)“
Practin hAct-S 5 -GTGGGGCGCCCCAGGCACCA-3 548
hAct-AS 5 -CTCCTTAATGTCACGCACGATTTC-3
L3 Sense Antisense 5 -GAAGTGGATCCTGAGGACAGATACG-3 549
5 -GACCCATGGGCCATGAGGAACATTC-3
. 5 -GGATCCTCAGAGAGAAAGGCTAAG-3 447
GM-CSF Sense Antisense 5 .GGATCCTGGGCTTCCTCATTTTT-3
EPO Sense Antisense 5 -TAGAAGTTTGGCGAGGCTG-3 289
5 -CGTGTACZGCTTCAGTTTC-3
. 5 -CCTCTTCTTGAGCTTGCAAC-3 342
TP S Anti , ,
o ense Antisense 5 -AGCCCATGAGTTCCATTCAC-3
SCF Sense Antisense 5 -TAACCCTCAACTATGTCGCC-3 328
5 -CGTGTACAGCCTTCAGTTTCC-3
L6 Sense Antisense 5 -ATGAACTCCTTCTCCACAAGCGC-3 532
5 -GAAGAGCCCTCAGGCTGGACTG-3
B3lo] Al5=319 th(Table 4). BEF ETE BEAANA B8 A T 33 69,
FAo %5 S48t i(Fig. 2, Table 6).
2) SAM ZAtol] ofst Z4=FHolf st =1} B) &5 22 B2 24 AxY =TE 28 4

(1) &= gon/x},} ab}

AEadE
4,104, 139 16°‘ 20011 A%AQ Lx WAkl
H3E £33 A =, heparin A
tubeheparin #] 2] ¥ capillary tube(I1D.; 1.1~1.2mi,
Chase Scientific Glass Inc., U.S.A)Z C57BL/6 t}-&
o Fehopg e HYgez APE 84 blood
cell counter(HEMA VET, CDC Technologies Inc.,
USA)E o] &3l EFE& £ tHTable 5).

) AFe] Wzt 2 A7) T &3

g 713k 2092, 8Y, 10
Az WstE %—@%}ﬁiJ_, "a“%‘

H capillary

139, 16, 209
ZaYo) s

C57BL/6 vh¢-8 2FEE 3vi2ly A& os,
AEGE T T, 38050 BARA S 4cGyr FA}
—3_]”_’3017]— o AEUS Edd T Ad JJA 64
vhe2E uhE HEAAAM A F,

E
°‘%§ T8 FE YHES AL 2/E0]

= 3 2204 gd4d) 11}
117% 8} Fo buffered formic acidol] @ 10] 23] 243
= AR, 449 2348 23S A Hema-
toxylin & Eosin 943, ¥ - 28 4748 A
Sttt HE &9 F42E dr|yes B33 4
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Table 4. Hematopoietic Stem Cells Colony Assay in CY-induced Myelosuppressed Mice

BFU-E CFU-GEMM
Normal 4731267 1100+ 6.0
Control 27.0%£26 63.0% 6.0
SHD 100mg/kg 53.142.6° 12394 6.1
SHD 500mg/kg 70.3+4.6' 164.0+10.7
“Mean = Standard Deviation Statistically significant value compared with control by T-test(§: P<0.001)

Table 5. The Effect of SHD on CBC Count in RTX-induced Myelosuppressed Mice

CBC Group 8th day 10th day 13th day 16th day 20th day
Normal 10.4242.000 10.30+1.38 1043+ 1.64 10.6141.74 11114128
WBC(10Y ) Control 9.15+1.73 432+145 3.3841.63 1.75+0.33 3.9610.56
SHD100mg/kg 10.58+2.34 6.27+2.30* 4.06+ 1.08*% 2.55+0.76" 5.03+1.06"
SHD500mg/kg 9.62+1.90 491+1.67* 4.48+1.22% 425+1.85! 6.32+1.09°
Normal 10.23+0.48 9.98+0.54 9.67+0.62 9.21+0.31 8.4610.62
RBC(10744) Control 1020047 9.71+0.65 8.23+0.64 7.60£0.20 7.6710.16
# SHD100mg/kg 10.16+0.31 9.79+0.34% 8.58+0.79* 7.84+0.38* 80710411
SHD500mg/kg 10.06+£0.45 9.23+0.50* 8.55+0.25* 7.87+0.30* 832+ 1.09*
Normal 13.95+0.33 13.741+0.25 13.30-+0.57 12.01£0.61 11.34+£0.58
Heb(/dl) Control 13.994+0.53 14.201+0.65 11.83+0.84 11.68+0.29 10.89+0.22
eb(g SHD100mg/kg 13.75+0.46 14.4440.32* 12.43+0.83* 11.74£0.34* 11.16£0.38*
SHD500mg/kg 13.834+0.26 13.45+0.48" 12.20+0.39* 11.89-4+0.38* 11.35+0.34"
Normal 470.0+£94.2 562.3+76.8 699.84:59.6 741441413 801.6£170.6
PI(10Y 1) Control 54944526 458.11+146.2 407.9+230.3 243.0+46.8 434.91490.9

SHD100mg/kg 544.5+95.2
SHD500mg/kg 509441394

575.94122.5% 572.6+130.0* 332.1+66.61 570.6+102.6"
542.94243.7* 564.5+55.6% 419.6+1353"  640.6+76.0°

» Mean = Standard Deviation

* . Statistically significant value compared with control by T-test(*: not significant, T :P<0.05, ¥ :P<0.01, §:P<0.001)

B.W.(g)

—o-Normal —m- Control —a-SHD100mg/kg - SHD500mg/kg

Fig. 2. Body weight change of RTX-induced myelosup-
pressed mice.

days after RTX

Statistically significant value compared with control by T-
test( T :P<0.05, ¥ :P<0.01, §:P<0.001)

Table 6. Organ Weight Change of RTX-induced Myelosuppressed Mice

Group Spleen weight(g) Liver weight(g) Thymus weight(g)
Normal 0.05+0.01» 0.84£0.05 0.0510.01
Control 0.08+0.02 0.80+£0.03 0.02+0.01
SHD 100mg/ke 0.08+0.01* 0.90+0.13# 0.04%0.01"
SHD 500mg/ke 0.104+0.02" 0.89+0.06' 0.04+0.01"

* Mean =+ Standard Deviation.

Statistically significant value compared with control by T-test(*:not significant, T :P<0.05, ¥ :P<0.01)
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Table 7. Histological Finding on Hematocyte of Bone Marrow Cell in RTX-induced Myelosuppressed Mice

Rate of leucocyte to erythrocyte(%)

Impuberal erythrocyte in the erythrocyte(1 X 10%)

Normal 43820
Control 29402

SHD100ng/kg 54403
SHD500mg/kg 6.6+0.47

203+ 2.5
66.7+ 7.6
1263+15.51
170.3+12.7°

* Mean &= Standard Deviation

Statistically significant value compared with control by T-test(*:not significant, T :P<0.05, §:P<0.001)

Table 8. Effect of SHD on the Hematopoietic Cytokine in RTX-induced Myelosuppressed Mice

Group IL-3(pg/ml) IL-3(pg/ml) GM-CSF(pg/ml) GM-CSF(pg/ml)
14th day 20th day 14th day 20th day
Normal 3254038 3.481+0.54 14.86+1.53 1521+1.15
Control 0.85+0.28 1.30+0.48 2691046 5.81+0.94
SHD 100mg/kg 2.81+0.46° 3.184045° 5.49+0.45° 7.85+1.05*
SHD 500mg/kg 2.80+0.39° 3.25+£0.23 5.59+0.94° 8.10+1.60"
“ Mean= Standard Deviation

Statistically significant value compared with control by T-test( T :P<0.05,§:P<0.001)
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Mo AT Fol| nlds AP E| A3k vl&
& A 45} thTable 7).

(4) Cytokine(IL-3, GM-CSF) 2%

Ad JNA] 6244 H&= el 1749] capillary tube 2
AL dtgen, HZ2dde ZdEdds 1L
3)dte] 4 3 IL-39 GM-CSFe] 355 A3 7|

Al F 1493 2099 kitE ol &3t FH et
(Table 8).

(5) B A X2 colony-forming assay

AEde] 5 Az tg 43 EFHE doliy]
Ad invitro A@ & AASHATE WAV & 2AFSH v}
$2 30l & JHE22 nHA L, HES B =
AN F,70% A" 2R 8] HA)o, 47
%o dE &g Eelatd €3 S vy Fulg) &
A9 10me] D-PBS7} EA4A Sl conical tubed) 1
ml® FAZIE ol &t ¢ AEE I8
MethoCult M3134 40ml9]] Isecovo s MDM 50ml ¢} 10
ml 2] FBSZ 412 %, conical ubes) 10m% V}5-of
FH)5l1, 0.25m 2] Isecovo s MDMol| A& IL-
3@AF FE 100U/n)9 EPOEHZF ¥ 3U/Mm) 2
A8 35 AE 025m3 X 10cell), HIFE 18
H2AZ 57} Ouwe/ml, Sug/ml, S0ug/ml, 500ug/ml)
0.5m# 2zt wbeol| T & 1, Hog FAE
petri dishol] 3mi# B33+ &, 377, 5% CO2 incubator
of 747t wlkstd, AE colonyrE AlFatdE
t], o]® burst forming unit-erythroid(BFU-E)#)] ¢}
colony forming unit-granulocyte erythroid macrophage
and megakaryocyte(CFU-GEMM)A| 2 83} Al
3} tHFig. 3).
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3) WA =& &1}

(1) Lymphoproliferation assay

@ v 4 AXe B 2 v

C57BL/6 v}t 1ulEl & B 22 nj3 A7) 2, W
29 W33 F4E 27 goh) 27kE D-PBS
7} @A 35mm petridishol] 2 11, Sml2] p-lunger® 7}
HA EeiA MEZEo] ZAAAA T, conical tubeo]]
74 SET WAG g, AAATE 12 HA
1,200rpm o 2 SE7F A 8281, NHaClE go] &
15 $3A17] T, D-PBSE 2¥ M 3, RPMI-
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Fig. 3. Hematopoietic stem cell colony assay in RTX-
induced myelosuppressed mice.
Statistically significant value compared with control by T-
test(*:not significant, T :P<0.05)
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Fig. 6. The effects on the adherence of peritoneal macro-
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AStatistically significant value compared with control by
T-test( T :P<0.05, §:P<0.001).
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