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ABSTRACT

AIM: To examine the efficacy of Saenghyul dan and its components, Ginseng Radix, Paeoniae Radix Alba, and
Hominis Placentaextracts (SHD, GR, PRA, and HP, respectively) on the hemopoiesisin amyedosuppression model
sysem. METHODS: Susceptibility to cyclophosphamide (CP) and S180 carcinomawas determined in SHD, GR,
PRA, and HP-treated mice. Anaysisof periphera blood and bone marrow cells was demondrated by changesin
cell types and histopathologic examination. The expression of cytokine mRNAsinvolved in hemopoiess was
examined by RT-PCR. RESULTS: SHD and its seperated components (GR, HP, and PRA, respectively) g gnifi-
cantly increased the surviva in CP- and S180-treated mice. The hematology datademondrated that al the agents
augmented monocyte and leucocyte counts in the peripheral blood and increased bone marrow dendty and the ratio
of leukocyteto erythrocytein thebonemarrow. These findingswere postively correlated with the up-regulation of
cytokine mRNA expresson such as granulocyte colony-stimulating factor (GM-CSF), erythropoietin (EPO),
thrombopoietin (TPO), stem cell factor (SCF), and c-Kit. CONCLUSION: SHD isan effective remedy for the
bone marrow failure and mye osuppresson occurring during chemotherapy.

INTRODUCTION _ o _
_ _ suppression, nausea, vomiting, diarrhes, and alopedd*?.
the normal host cells aswell asthe cancer cells. Rap- gffect among them in cancer patients.  Chemotherapy

idly proliferating cellsin normal tissues such asbone causes leukopenia due to damage of bone marrow
marrow, lymphatic system, epithelium of the gas=  progenitors  Inthose afflicted, invasion and growth of
trointestinal tract, hair follicles and germina epithdium  opportunigtic bacteria pathogens are facilitated by the
are especialy sensitive to cytostatic drugs. Thecom-  reduced number or function of neutrophils which play
mon side-effects of these drugs are bone-marrow  gnjmportant role in theinitial defense againg infections.

Besides, therapeutic dosageof the drugs should belower
! Correspondence to Prof SON Chang-Gue than eff ective dosageand thefollowing treatment would
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common side-effects in chemotherapy for cancer pa
tients”. Recently, EPO and vaious colony stimulating
factors (CSFs) have been used for the treatment of
anemi a associated with renal di seases and neutropenia
of various causes However, their effects were reported
to be limited and unexpected sde-effects occas onally
occurred. Also they may havelittle ability to accderate
neutrophil or platelet recovery after extremely intensive
regimens such as high-dose etoposide and cyclophos
phamide (CP)®¥.,

Congdering the contemporary circumstances, the
development of new drugs and therapeutics for
myelosuppresson is absolutely required. A number of
herba agents were known to have effects on the he-
mopoietic system. T he mechanisms by which these
agents exert their hemopoietic effects are not well un-
dersood so far. Previous findingsfrom clinical and
experimental sudies demongrated that some herba
extracts or compounds had effectson anima models
and patients with myelosuppression’®*2,

Saenghyuldan (SHD) has been clinicaly used to
the patients suffering from myel osuppresson in Dagjeon
Univergty Orienta Medical Hospita for the past two
years based on the studies showing that SHD had sig-
nificant ef fects on the mye osuppression through the
previous laboratory findings*?. In the present study,
we investigated the action mechanism of SHD in pe-
riphera bloods and bone marrow of CP and S180 ad-
ministered mice as a myelosuppresson model sy stem.

MATERIALS AND METHODS

Preparation of Ginseng Radix (GR), Paeoniae
Radix Alba (PRA), Hominis Placenta (HP), and SHD
GR and PRA were purchased from Dagjeon University
Orienta Hospital. The roots were identified and au-
thenticated by Prof SI RIM. Voucher specimens (#GR-
2001-01, #PRA-2001-01) have been depodted at the
Ingitute of Traditional Medicine and Bioscience in
Dagieon Universty. GR was prepared from dried root
of Korean Ginseng Radix. Briefly, Dried roots of Ko-
rean Ginseng Radix were ground to powder and ex-
tracted with 25 % ethanol for 24 h. The extract was
then evaporated and |yophilized. PRA was prepared
from the dried fruit of Pasoniae Radix Alba by the same
way with that of GR. Thelyophilized HP was obtai ned
from Dong Duck Pharmaceutical Co (Korea; H90004).
SHD was received from Dagjeon Orientad Medica
Hospital. SHD is amixture of equa amounts of GR,
PRA, and HP, respectively. All theagents, GR, PRA,

HP, and SHD, were suspended by 200 g/L in digilled
water and given oraly to mice.

Experimental animals FemaelCR and BALB/c
mice were purchased from Dae-Han Laboratory Ani-
ma Research Center (Korea) and used at 5 to 6 weeks
of ages. The micewere given food (Samyang Feed Ltd,
Korea) and water ad libitum. The mice were main-
tained at 22 °C and 55 % relative humidity with 12-h
light/dark cycles.

Susceptibility test and the induction of
myelosuppression For susceptibility sudy, ICRmice
were intraperitonedly (ip) injected with 500 mg/kg of
cyclophosphamide (CP). At one-day post-administra-
tion of CP, themice were ip injected with Sarcoma 180
cells(S180; 2.5x10°/L) and orally adminigered 200 mg/
kg of GR, PRA, HP, or SHD for 9 consecutive days.
Control group was adminigtered oraly with didilled
water under the same condition'®. Survival rate was
determined at the end of treating period.

The mode system for myel osuppression was pre-
vioudy described™. Briefly, BALB/c miceweareipin-
jected with CP 250 mg/kg at 5 d after oral administra-
tion with 200 mg/kg of GR, PRA, HP, and SHD,
respectively. Controls were administered with ditilled
water followed by CP treatment. Cells in peripherd
blood and bone marrow (BM) were andyzed at 4 d
after CP treatment.

Analysis of the cells in peripheral blood and
BM Peripheral blood was obtained by retro-orbita
venous plexus sampling with heparinized capillary tube
(ID; 1.1-1.2 mL, Chase Scientific Glass Inc, USA).
Complete blood cell counts weredetermined using blood
cell counter (HEMAVET, CDC Technologiesinc, USA).

BM was obtained by flushing femora bones. For
the histopathologica evauaion, theBM tissuewas dis-
sected and fixed in 10 % neutra -buffered formalin. The
fixed samples were embedded in paraplast and sections
of 4 mmwere prepared. The sectionswere stained with
hematoxylin and eosin for histopathologica examina
tionafter decalcification. Concomitantly, BM cellswere
smeared on slide glasses, fixed with methanol and
gained with Giemsa solution.  We measured the ratio
of leukocytesto erythrocytesin the 1x10° BM cells.

Determination of cytokine mRNA expression
BM cells were aseptically isolated from untreated
BALB/c mice. Thecdls were washed twice and sus-
pended i n RPMI-1640 complete media containing with
L-dutamine penicillin/streptomycin, HEPES 25 mmol/
L, and 5% feta bovine serum (Sigma, USA). Thecdll
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suspension was transferred to 6 well plate (5x10° cells
per well), added with the indicated concentrations of
GR, PRA, HP, and SHD (1 mg/L or 10 mg/L), and
incubated at 37 °Cina5 % CO, incubator for 4 h.

Total RNA was extracted from the cell pellet with
TRIZOL (Gibco BRL, Maryland, USA) by manuf &
cturer’ srecommendation. RNA sample was reverse-
transcribed at 42 °Cfor 1 hina20 niL reaction mix (for
1 ng of total RNA) containing 40 U RNase inhibitor,
oligo dT,; 0.1 ng, 0.5 mmol/L of each dNTPs, Tris
HA 50 mmol/L (pH8.3), KCI 75mmol/L, Mgd, 3mmad/
L, DTT 10 mmol/L, and 200 U moloney murine leuke-
mia virus reverse trancriptase.  Samples were stored
at —80 °C until subjected to PCR amplification.

To determine the expression pattern of GM-CSF,
EPO, TPO, SCF, and c-Kit mRNA, 1 L of dDNA was
amplified by a thermal cycler (TaKaRa, Japan) using
the specific primers.  The PCR mixture was made as
fdlows, 1.5U of Tag DNA polymerase(Bioneer, Koreg),
3 nL of dNTPs10 mmol/L, 3 nL of 10xPCR buffer, 1
nmL of 10 pmol sense and antisense primers, and 1 miL
of cDNA in 19.7 nL of ultradidilled water. PCR am-
plification was carried out using a protocol of initia
denaturing step at 95 °C for 10 min, then 35 cycles of
amplification (at 95°C for 1 min, at 60°Cfor 40 s and
at 72°C for 1 min), and additiona extenson at 72°C
for 10 min. The PCR products were separated on a
2 % agarose gd in 0.5xTBE buffer and stained with
ethidium bromide. PCR primers for GM-CSF, EPO,
TPO, SCF, c-Kit, and b-actin were synthes zed as
follows.

GM-CSF primers, nse: 5'-GGCCTTGGAAGCA-
TGTAGAG-3; antisense 5-ATACTGCCCT CCAA-
CTGTGG-3;

EPO primers, sense 5'-TAGAAGTTTGGCAAG-
GCCTG-3'; antisense: 5'-CGTGTACAGCTTCAGTT-
TCC-3;

TPO primers, sense: 5-CCTCTTCTTGAGCTT-
GCAAC-3; antisense: 5'-AGCCCATGAGTTCCATT-
CAGC3;

SCF primers, sens: 5'-TAACCCTCAACTATGT-
CGCC-3; antisense: 5-TCACTAGTGT CAGATGC-
CAGC3;

c-Kit primers, sense: 5'-GACGTCATGAAGACT-
TGCTG-3; antisense: 5'-ACAGCAGCAAAGCCTGT-
TGG-3,

b-actinprimers, sense; 5'-ACCGTGAAAAGAT G-
ACCCAG-3; antisense: 5'-TCTCAGCTGTGGTGGT G-
AAG-3.

Statistical analysis Results were expressed as
the meantstandard deviation (SD). Statigtical anayss
of the datawas carried out by Student’ ss-test. A dif-
ference from the respective control data at thelevels of
P<0.05 and P<0.01 was regarded as statistically
sgnificant.

RESULTS

SHD isa cocktailed mixture of GR, PRA, and HP
extracts. Atfird, we examined if SHD and its compo-
nents had an effect on the survival of a myeosuppres-
son-induced mice. GR, HP, PRA aswell as SHD sg-
nificantly increased the survival of the | CR mice treated
with CP and S180 sarcomaby 20 %-30 % compared
to control group (Tab 1). To demondrate that the in-
creased survival is related with a recovery of the sup-
pressed hemopoiess, hematologica analysiswas per-
formed in blood beforeand after SHD treatment. Trest-
ment with SHD and its components positively influ-
enced on the increased cel | numbers of monocytes and
white blood cells (WBC) of the CP and S180 treated
mice. Itisnotablethat SHD and HP showed a robust
augmentation in WBC and monocyte counts (Tab 2).
Unlike WBC and monocytes, red blood cell (RBC),
hemoglobin, and platelet in blood remained congtant in
thetreatment with SHD, GR, HP, and PRA. These
resultsindicated that SHD and its componentsincreased
the cell types which was involved in primary defense
mechani sm.

Hemopoiesisismainly occurringinBM. To verify
that the increase in WBC and monocyte cdlsin blood
from the SHD-treated mice was due to an activation of

Tab 1. Effect of Saenghyuldan (SHD) and its each compo-
nent on the susceptibility to cyclophosphamide and S180
sarcoma-treated mice. n=8 mice. Mean+SD. "P<0.05 vs

control.
Group Meen surviva days/d TICY %
Control 1343 100.0
GR 16.2+42.4° 1275
HP 15+4 120.6
PRA 17+4° 130.4
SHD 16.0+£2.2° 125.5

1) T/C: Mean survivd time of treated mice/mean survival time of
control x100 %.



Son CG et al/ ActaPharmacol Sin 2003 Feb; 24 (2): 120-126 -123-

Tab 2. Effect of GR, HP, PRA, and SHD on the hematologi-
cal changes in cyclophosphamide and S180-induced
myelosuppression. #=6 mice. Mean+SD. "P<0.05 vs control.

Test Group Pre- Post-
trestment  treatment
10°xWBC/L™* Control 7.4+1.2 1.240.4
GR 7.7£1.6 1.61£0.6
HP 6.8+1.3 2.540.9°
PRA 7.3t1.4 2.040.6
SHD 7.4+1.2 2.7+1.0°
10"xRBC/L™* Control  837+0.20 8.4+0.8
GR 8.51+0.19 8.610.5
HP 8.5+0.5 8.410.5
PRA 8.5+0.5 8.510.4
SHD 8.6+0.4 8.510.4
10°xHemoglobin/gt.™ Control 11504  11.7+0.8
GR 11.3+0.5 11.2+0.8
HP 11.610.4 11.6+£1.2
PRA 11.2+0.6 11.6+1.0
SHD 11.610.8 11.5+1.2
10°xPlaelet/L™* Control 526+131 334454
GR 491+66 328+39
HP 5154128 347+40
PRA 505+14 313+74
SHD 528+58 328+106
10°xM onocyte/L™* Control  0.40+0.03  0.05+0.02
GR 0.3740.05  0.15+0.08"
HP 0.34+0.06  0.16+0.06"
PRA 0.38+0.09  0.14+0.02°
SHD 0.36+0.09 0.18+0.12°

hemopoiedsin the BM, higologica analysisof BM was
carried out. The CP and S180 treatment resulted in
low dendity of cellularity with largevacuole inthe BM.
However, SHD and HP treatment produced the higher
density of BM célularity with decreased number of
vacuoles compared with contol. Meanwhile, GR and
PRA treatment inhibited theformation of large vacuole
though they did not affectthe low density of BM cellu-
larity induced by CP and S180 adminigtration (Fig 1).
These resultsimply that GR, PRA, HP, and SHD acti-
vate BM functionsin myelosuppression. To further
characterize the effect of SHD on BM functions, the
ratio of leukocytes to erythrocytes was examined in the
myel osuppression-induced mice. SHD and its compo-
nent HP remarkably increased the leukocytes ratio to
erythrocytes (Tab 3). Thisresult demongrated that

Tab 3. Ratio of leukocytes to erythrocytes in the bone mar-
row from the cyclophosphamide and S180-treated mice. n=6
mice. Mean+SD. "P<0.05 vs control.

Ratio of leukocytesto

Group
erythrocy tes/%
Control 1047
GR 11+10
HP 37+20°
PRA 16+21
SHD 44127°

Fig 1. Histological analysis of bone marrow. The bone marrow tissues were isolated from mice treated with CP and S180 plus

GR, PRA, HP, or SHD. HE stain, x100.
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the main action of SHD was arecovery of leukocytes
inthe BM.

Toexamine the SHD-induced hemopoi etic cytokine
production, we measured cytokine mRNA expression
fromBALB/c BM cdls. These cellswere obtainedfrom
norma BALB/cmice. GM-CSF, EPO, TPO, SCF, and
c-Kit mMRNA wereamplified and qualitatively analyzed
by RT-PCR. All the treatment groups showed an in-
crease in GM-CSF gene expression by two times com-
pared with control group. Among them, HP treatment
showed a robugt inductionin GM-CSF mRNA expres-
son by 5 times more than in control. In expression of
theEPOmMRNA, GR (10 mg/L) and SHD (1 mg/L) trest-
ment enhanced a 1.5-fold induction of EPO gene
expresson. But mogt of herbal products- treated groups
except for HP (1 mg/L) showed a decreased expres
son of TPO mRNA compared with control group.
Furthermore, PRA (1 mg/L) and SHD- treated groups
had no expression under the tested condition. There-
sults were described in Fig 2. All of the herba prod-
ucts-treated groups showed an enhanced expression of
SCF mRNA. GR (10 mg/L), HP (10 mg/L), and SHD
(10 mg/L) treatments enhanced amog 2-fold induc-
tion in the SCF gene expresson. In expresson of the
c-Kit mRNA, GR (10 mg/L) and SHD (1, 10 mg/L)

Ireatmeant A GR HF FHA SHD

fud) B o1 10 1 10 1 10 1 10

XTIy

Peactin

Fig 2. Expression of GM-CSF, EPO, TPO, SCF, and c-Kit
mRNA in thebone marrow cells treated with GR, HP, PRA,
and SHD. Bone marrow cells were isolated and cultured in
the presence of 1 or 10 mg/L of the indicated agents. Total
RNA was purified and subjected to RT-PCR analysis as de-
scribed in Materials and Methods. One of the three inde-
pendent exp eriments was shown.

treatments enhanced 1.5-fold induction compared with
control group.

DISCUSSION

Myel osuppresson has been known as one of the
magjor drawbacks in cancer chemotherapy. Since tox-
icity associated with neutropenia and thrombocytope-
nia often limits the dose of chemotherapy, isolation of
agents that could accel erate granulocyte and pl atel et
recovery may prove to beclinically beneficial?.

The present study shows that SHD has positive
functions on up-regulating monocytes and white blood
cellsthat involved in hogt defense mechanisms. Ac-
cording to the experiments usng SHD and its compo-
nent extracts, this function of SHD might be due to
mogt likely HPin spite of requiring further characteriza-
tion. There are few reportson HP studies though it has
been widely used asan orienta medicine for various
diseases. Our results that SHD and HP gimulate he-
mopoiesis in myelosuppress on model provide the firgt
stientific clues on the usage of HP.

A gem cell is defined as acedll withthe ability both
to sdf renew and to differentiate. Stem cell s can sus-
tain self-replication for approximately 50 cell divisons,
whi ch are sufficient to maintain the hemopoi etic sys
tem of an adult for the wholelife span. The salf-repli-
cation and proliferation of BM can be maintained in
combination of soluble cytokines or growth factors.
Primitive hemopoietic stem cell s do not proliferatein
response to any single cytokine, but their growth is pro-
moted by combinations**®. Somecytokines havelittle
or noindependent effect on hemopoiess but act syner-
gigicaly with others.  SCF is one of the most potent
CSF acting synerggticdly. Itinteradswith many other
cytokines to promote growth of myeloerythroid and
lymphoid stem cells and hence increases the produc-
tion of al blood cells. SCF activaes multiple sgnaling
pathways and these pathways lead to avariety of bio-
logical responses. c-Kit is areceptor tyros ne kinase
that binds SCF, closdly related to the receptors for plate-
let-derived growth factor and colony-stimulating fac-
tort** 22 GM-CSF has an ability to simulate prolif-
eration and maturation of granulocytes and macroph-
age myeloid cdlls. Thiscytokine also simulates vari-
ous functional activitiesof leukocytesincluding cyto-
toxicity of granulocytes and macrophages, phagocytic
activity and degranulation of neutrophils. But in the
previous sudies, GM-CSF treatment resulted in the
decrease of platelet. Also GM-CSF had little effect on
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hemopoietic recovery after high-dose etoposide and
cyclophosphami de trestment'>2%,

Several cytokines have been shown to increase
platel et count inmyel osuppressed animals. For example
IL-2 and IL-6 had an positive eff ect on the therapy
againgt thrombocytopenia. However, the eff ect was
dowly occurring and IL -2 wasrequired for a longer
time. Inthe recent reports, TPO had favorable effects
on thromcytopenia without any apparent hematol ogic
or other toxicitied®.,

Hemopoiedsis controlled by at least 30 known
cytokines. Thereisno doubt that these cytokines re-
lated to hemopoiesisare clinicaly beneficid. Cytokines
regul ate each other in their production and activity
through competition, synergism, and mutual induction,
resulting in a complex network of cytokine cascades
and regulatory circuits with positive and negative
feedback. In addition, other types of biologic media-
tors have agonigtic or antagonistic effects on cytokine
activities. Owing to the complexity of cytokines
interaction, the therapeutic use of these agentsisdill in
itsinfancy™. Hence it might be better to rdease cyto-
kine not through artifica infuson but through natura
production in human body.

We previoudy demonstrated that administration of
SHD into normal mice showed a protective effect on
theBM failureinduced by CP and irradiaion. Thisstudy
also showed that ord adminigration of SHD signifi-
cantly inhibited areduction of leukocytes after CP-treat-
ment and accelerated recovery from CP-induced | eu-
kopenid™.

SHD contains 3 species of medicina herbs such
as GR, PRA, and HP. Among the herbs, HP-treated
group showed an obvious eff ect on al of the hemopoi-
etic lineages tested herein except erythroid. Especidly,
GM-CSF mRNA expression was enhanced in the HP-
treated group compared with control.  Even though
direct infus on of GM-CSF has sgnificantly reduced
neutropenia, the GM-CSF did not affect platelet recov-
ery and had no significantly postive impact on
thrombocytopenia.  On the contrary to thedirect infu-
son of GM-CSF, HP treatment increased the expres-
son of TPO and platelet count as well as GM-CSF ex-
presson as demondrated by RT-PCR. However basa
level of WBC count showed little difference compared
with control group. GR treatment enhanced more than
1.5-fold in gene expression of EPO compared with other
treated groups. Theseresults implies that GR has a
significant effect on hemopoiesisin erythroid lineage.

But the GR treatment had no significant effect on
neutropenia. PRA-treated group did not show asig-
nificant effect on the BM and periphera blood counts.
However, PRA treated group showed a significant ef-
fect on the survival of the S180 injected mice com-
pared with control and other treated groups.

Taken together, we demonstrated that SHD and
their componentsfunctioned in an enhancement of neu-
trophils and monocytesin the BM aswell as peripherd
blood in the chemicaly damaged mice. The effect of
SHD might resuited from theregulation of the cytokine
expresson which is responsble for hemopoi ess such
as GM-CSF, EPO, SCF, and c-Kit. Theseresults sug-
gest that SHD and their components are good candi-
dates for new drugs or therapeutics on chemotherapy-
associated myelosuppress on.
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