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The cffects of THI01, a ginseng intestinal metabalite, on the antitumor activity and cardistoxic adverse
cffect of doxernbicin were investigated in sarcoma-IRO ascitic tumar-bearing mice. To cvaluste the
cnhancing cffect on the antitumor activity of doxerubicin, TH30I (50 mg/kg) was orally administered
for 28 days, in combination with intraperitoncal injection of dexerubicin (3 mg/kg) en days S, 12, 19
and 24, to mice infraperitoncsily moculated with ! % 16° sarcoma-1 36 eclis. The bedy weights of tumor-
bearing mice dramatically fmcreased frem 10 days following tumer inoculation, leading ta a mean
survival time of 17.3 days. In eontrast, such an increasc in bady weights induced by the ascitic tumar
growth was markedly attenusted by dexorubicin (3 mg/kg} administration, resulting in a long lifcspan
of 34.9 days. Infercstingly, the body weight gain was further suppressed by the combination of 1H901
(56 mg/ke), leading to a nermal feature. In addition, the mean survival time was extended by 1293%,
reaching 39.7 days, although IH90] was inactive alenc. Scparately, for the evaluation of protective effect
on the cardiotoxicity of dexerubicin, 1H901 (50 mg/kg) was orally administered for 14 days, in
combination with intraperiteneal injection of dexerubicin (S mg/kg) on days 5 and 9 to tumor-bearing
mice. Although the heart weight of tumordnoculated mice decreased fo about 75% of normal, such sn
atrophy was remarkably recovered by coadministration of THO0T. Furthermore, IH901 substantially
reversed the dramatic deerease in mRNA of myocytic phosphelipid hydroperoxide glutathione
perexidase, an antioxidant cnzyme, as well as histopathological changes such as cytoplassnic vacuelization,
mitochondrial swelling, and loss of myofibrils and intercalated dise induced by dexorubicin. Taken
together, it is suggested that 1H90! could be a potcntial adjunct for the potentiation of antitwraoer
activity and reduction of cardiotoxicity of chemotherapeutic agents including doxerubicin.
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Introduction

Although surgery and radiotherapy exert successful prog-
noses in oa part of cancer palients, most of cases need
chemotherapy for prolongaiion of survival fime In the
50 years of ifs development, chemotherapy has yielded
importani  achievements. In spile of effectiveness of che
motherapy, however, there is a limilation in using chemo-
therapeutic agents'.

Anthracyeling antibiolice such as doxorubicin are one
of the most-widely used antineoplastic drugs. Doxorubi-
cin has been proven lo be effective in fhe frealmenl of
acule leukemia, lymphoma and & number of solid human
tumors™, In spite of its high anticancer efficacy, how-
ever, the oplinal use of doxorubicin is limited by adverse
effects, for example, nausea, cardiomyopathy, arhythmia,
congestive heart failure, myelosuppression, and nephrotox-
icity. Cardiomyopathy and congestive heart failure, as
wrevemsible chronic side effects, were considered main
harmful effects following chronic freatments™®,

Doxorubicin may exert its anfineoplastic effect via free
fadicak-independent  mechanisms, including inhibiion of
the topoisomerase 11, binding of drug-iron complex o
DNA, and infercalation between DNA base pais™. In
comparison, il was suggested thal cardioioxicity of doxo-
rubicin is patially due 1o the high enemgy requirement
of the hearl, showing somewhat different action mecha-
nism from its antineoplastic effect®®. Doxorubicin is well
known for its complex cylotoxic mechanisms involving 1)
inhibition of enzymes such as {opoisomersse 1, RNA
polymerase, cytochrome ¢ oxidase and others, 2) inferca-
lation info DNA, 3} chelation of iron and generation of
reaclive oxygen species (ROS), and 4} induction of apop-
tosis™. Such diverse cyloloxic actions demonsiate that
the cause of anthracyeline-induced cardiomyopathy is poba-
bly multifactoral and complex, bui most of these changes
could be aftributed 1o free oxygen radical production and
lipid peroxidation. In the presence of oxygen, redox cycling
of doxorubicin-derived quinone-sermiquinone  vields super-
oxide radicals which are calalyzed o hydrogen peroxide
by superoxide dismutase. Futhermore, hydrogen peroxide
subsequently forms hydroxyl radicals which react with
polyunsaturaled  fatty acids, producing lipid peroxides™.
Moreover, in (he presence of (lransitional metal ions, the
chain reaction confinues and free iron appears o play a
particulasly imporiant role in doxorubicin-nduced fipid per-
oxidation™. Since doxorubicin-induced cardioloxicity occurs
most likely via an oxidative stresses, moderation of this

activily may rvesult in an improved therspeutic index for
this compound!'®,

Fanax ginseng C. A, Mayer (Arnaliacese) is a herbal
tool that has been used in folk medicine of oriental
countries for the lreatment of psychiatric and newrclogic
diseases as well as disbetes mellitus. Ginseng saponing
(ginsenosides} are regarded as the principal component
responsible  for the pharmacological  activilies of gin-
seng’". Ginsenosides such as protopanaxadiol and proto-
panaxairiol are composed of Peglucosides containing an
aglycon with dammarane-iype ftriterpene  skeleton. Ginseng
B-glucosides are melabolized by neither gasiric juice nor
inlestinal enzymes. Rather, it was reporled that orally
administered ginsenosides are detected not in as  their
infact form but in an intestinal baclerial metabolite form
in blood"*™ Thus, Hasegawa et of'® demonsirated the
biotransformation of ginsenosides by Prevorella oris, nor-
mal intestinal microflors isolated from human  inlestinal
feces. 1t has been reported that protopanaxadiol-lype gin-
senosides such as Rb, Rb, and Re are metsholized by
intestinal bacteria o 20-0-B-D-glucopyranosyl-20(s}-profo-
panaxadiol, which is referred (0 M1, compound K or
IHOOE"™. Recently, # was also found that the infessi-
nal baclerial metfaboliles of pinsenosides were absorbed
fiom the intestine fo blood and excreled into wine, and
that the metabolites were believed to be the primary
active principle of ginseng saponins.

IH9GL is a major intesiinal metabolite formed from
ginseng profopanaxadiol saponins and has been shown 1o
possess some pharmacolopical activities such as the inhi-
bition of glucose uplake by tumor cells"? and the rever
sal of mulidrug resisfance in bacteria and tumor cells™™
Also, THY0! exhibited anfitwmor activifies iw o and in
vivo, displaying prevention of cancer development'™'". fn
vir conditions, TH901 inlubiied the proliferation of the
cancer cells such as human imyeloid levkemia (HL-60),
pulmonary  adenocareinoma  (PC-14), pastric  adenoccarcinoma
(MKN-43), hepatoma  (Hepd2), and CDDP-resistant PC/
DDP cell lines™. Moreover, il was found fhat 1HOUI
has antiplatelet aggregation”™, antiangiogenic™, antigeno-
foxic and anfiinvasive activities™. In case of in vive study
on IH90L, both anfimetssiatic aclivities on Lewis lung
carcinoma’™ and colon 26 cell fines and anticarcinogenic
effects in ginseng-hydrolyving bacteria-colonized mice aginst
L, 2-dimethylhydrazine administration™ were confirmed.

Phospholipid  hydroperoxide  glutathione
(PHGPx), known as glulathione peroxidase 4 (GPxd), is
an unique intraceliular antioxidant enwyme thal protects

peroxidase
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cells from lipid peroxidation-mediated damage by cala-
lyang the reduction of lipid peroxides®™ " Joiti et /@
reporfed that membrane PHGPx might be involved in the
celtular mechanising of adapiafion in the hear! to the
loxic effecls of doxorubicin. U was demonstrated {hat
profopanaxadiol ginsencsides RbI and Re enhance glu-
tathione peroxidase activity, and thai Rb! induces super-
oxide dismutase 1 gens expression. Although 1H9GI, as an
aclive principle of profopmnaxadiol ginsencside, is expected
fo have an antioxidant activity, it is not yei clarified™.

In this context, the efficacy of IH9CI, in combination
with doxorubicin, was evalualed on the bases of both
tumorsuppressive and  side-effect-reducing  effects. In the
presenl study, 1H901 was coadministered with doxorubi-
cin 1o check wether il polentintes the antitumor effect
and lowers cardioloxicity of doxorubicin in %180 jumor
bearing mice.

Materials and Methods

Animals

Male ICR mice (6 weeks old) were obfained fiom
Samtako Co. (Osan, Kowea), housed in polycarbonale cages,
and used 1 week afler acclimation to an environmen-
tally controfled room with temperature 23 +2°C, relative
humidity 504 10%, frequent ventilation, and 12 light
cycle. The mimal were fad with commercial pellet foed
(Samyang Co., Korea) and tap waler ad [fhitum (hrough-
oul the experimental period.

Materials

Doxorubicin  hydrochloride was  oblained friom Hdong
Co. (Seoul, Korea), and 1HO901 (Fig. 1) was a generous
gifl from Ceniral Research Institute, llhwa Co. (Seoul,
Korea). Doxorubicin and 1H90! were dissolved in ster-

HOCH,
Je gy “\_‘
% O N C¥L
N\ ; S “H.
o l~( TE O ™~ -'i’,{;\\/" Ty A4
o ¥ ? '{
PN, NN
G t.tEI_-;i >
.x"\‘\vﬁ)/’!\\? : vy
L—‘ L ]/CH}
BOP e e
FEs  €oET,

Fig. 1. Chemical structure of TH%01.

ile physiological saline and Cremophor RH40  immedi-
alely before use, respectively.

Exparment 1 {antitumor activity)

The sarcoma-180 (8-180) cell line was maintained by
intraperiloneal  passage at weekly infervals in mice. For
ihe induction of ascitic fumors, the passaged S-180 cells,
IXIG cellsimouse i G.2mi RPMI 1640, were inocu-
laled intraperitoneally on day 0. IH901 (50 mgfkg), alone
(B mghkg), was
adminisiered info the fumor-bearing mice in a volume of
[0 mlkg. 1H90! was onally administered everyday for 28
days 2 hr prior to iniraperitoneal administation of doxoru-
bicin on days 5, 12, 19 and 24, The anlitumor effect
was defined as the percen! increase in lifespan (%ILS)
caleulated according fo the following equation™;

or in combinaiion with doxorubicin

BILS = [(T-CYC]x 100%

where T and € represent the mean survival days of the
treated and control groups, respectively.

Experiment 2 (cardioprotective activity)

Mice were transplanted with S-180 cells as described
in anfitumor assay. 1H9 (50 mp/kg), alone or in eombi-
nalion with doxowbicin (Smg/kp), was administered inlo
the lumorbearing mice in 2 vohume of 10mikg 1H90I
was orally administered everyday for 14 days 2 hr prior
io intraperofoneal injection of doxorubicin on days 4 and
9. At the end of 2-week treatment, mice were sacri-
ficed for the histopathological examination and reveme
transeription-polymerase  chain reaction (RT-PCR) analysis
of PHGPx mRNA expression in the heart.

Light and clectron micruscopic examination : The heart
removed was fixed in [0% formalin solution. For fhe
evaluation of cardiomuscular injuries, paraplast-embedded
tissue sections {(4pm in thickness) were stained with
bematoxylin  and eosin, and examined under a light
HHCrOSCope.

To examine ultrsstructural lesions, a piece of cardiac
lissues was fixed i 2.5% plutaraldehyde solution fol-
lowed by posi-fixation in 1% osmium leiroxide solution.
Epon-embedded thin sections (40nm in fthickness) were
stained with uranyl acefate and lead nitrale, and exam-
ined under a iransmission eleciron microscope.

Total RNA isolation and RTPCR  analysis : Total
RNA was isolaled from the heat using TRIzol™ reageni
(GIBCO BRL, New York, USA) according fo the manu-
facturer’s instructions. Quantity and quality of the iofal
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RNA isolated were determined by a spectrophofometer al
260 nm and also by ultraviolel Hght visualization on
agarose gel stained with ethidium bromide.

The first strand ¢DNA was synthesized using a power
cDNA  synthesis kit (Intron Co, Korea).
tion of RNA with Oligo(dT},,, primer, ensyme mixiure
composed transeription  buffer, dithiothreitol,
RNase inhibitor, dNTP, and AMV reverse lranscriplase was
added. Following 60-min incubation at 45°C, (he reaction
was lermnated by increasing femperature 1o 70°C.

To investigaie the gene expiession pallerns of PHGPx,
¢DNA was amplified by a thermal cycler (MB Research,
USA) wsing specific primers (sense pwimer, S-ATGCAC-
GAATTCTCAGCCAAGSY, anlisense primer, S-GGCAGGCT-
TCCCTCTAT3Y®. The RT-PCR mixture was made as
iTag DNA polymerase, dNTP PCR
buffer containing MgCl,, each sense or anfisense primer, and
cDNA in uliradistilled water. PCR amplification was carried
out in the thermal cycler using a protocol of denaturing,
anealing, and extension. The PCR products were nm on a
[.5% agarose gel, using B-actin primer as a reference con-
trol. The opfical densilies of PHGPx mRNA fiom each
group were amlyzed with AlphaCase lmage software (Alpha
Innotech Co., USA) and expressed a5 mean value.

Afler incuba-

of reverse

following; ixiure,

Resulis were presented as meantS.D. and the siatisti-
cal significance of difference was evaluated by Sludent’s
t-lesl.
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Fig. 2. Effects of doxorubicin (3 mg/kg), TH01 (50 mg/ky)
or their combination on the change in mean body weights of
5-180 tumor-bearing mice. ¥, S-180 alome; B, §-
180-+doxorubicing €, S-180+TH01; 4, S-180+doxorubicint
TH901.

Table 1. Effects of doxorubicin (3 mgiky), THY01 (530 me/ks)
or their combination on the lifespan of 5-180 tumeor-bearing
mice

Lifespan
Treatmeni
Mean (day) %ILS
S-1R0alone 173+095 0.0
5-186 + doxeorubicin 34 0+ 8 40* 101.7
S-180+ TH90! 173241 0.0
5-180 + doxorubicin + TH901 3074+ 10.86% 1203

*Signilicaruly dillerent from 3-180 alone (p < 0.05)

Resulis

Antitumor activity

The mice treated with vehicle or 1H9G1 alone showed
sleep asceni in their body weights from days 9-11 fol-
lowing S-180 twmor inoculalion (Fig. 2). In confrast,
such an increase in body weights of mice induced by
S-180 was markedly attenuated by doxorubicin (3 mg/kg)
adminisiration on days 5, 12, 19 and 24 afler
transplantation. Inlerestingly, the body weight increase was
further suppressed by the combination of IH90! (50 mg/
kg), leading io a normal profile.

S-180  lumor-bearing mice freated with vehicle sur-
vived -only - for -1 7.3 £ 0.95-days- (Table 13— Alse,~the - mice-
treated daily with 1HS01
did not survive longer than the animals received vehicle
aloe.

fumor

dlone afler tumor inoculation,

In conirast, the survival time of mice freaied with
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Fig. 3. Effects of doxorubicin (3 mg/kg), TH9®1 (50 mg/ky)
or their combination on the change in mean body weights of
5-180 tumor-bearing mice. @, Normal control; ¥, §-180
alone; B, S-180 + doxorubicing @, S-180 + TH901; 4, S-180
+ doxorubicin + TH201.
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Tahle 7 Aheolute gud relative Hiver waights of mice treated with dovorabicin (8 mefke) andior THO0T (50 mu/kod

. - 51860 S-18() S-1R0+ doxomubicin

Treatment Normal $-180 alone + doxorubicin + 901 + TFH901
Abszolute liver weight (g) 02260033 0.17020.083 0168 0.037 184 10.034 0.206 T 0.02(F
Relative liver weight (%) 0.549+0.076 63200045 0440+ 0.088" (.345£0.095 0.550+0.032>

“Signilicanty dillorent [rom normal control (p < 0.05).
"Signilicantly differont [rom S-180 alone (p < 0.05).
“Significandy dilTerent [fom 8-180 | doxorubicin (p < 0.05).

PHiaEy 481 by

fi~arrin Y
120 -
160
0 -

e -

PHGPx mRNA %

Mormal 2180 S480 S-180 8180
+oxg HHEM  tdoxe

Fig. 4. Reverse transcription-polymerase chain reaction
(RT-PCR) analysis for phospholipid hydroperoxide glutathione
peroxidase (PHGPx) mRNA expression in the heart of &-
18¢ tumortransplanted mice treated with doxerubicin
(doxo, 5 mgkg) and/or THO01 (836 mg/ke); upper, The 461
and 376 bp fragments represent PHGPx transeript and §-
actin, an internal standard, respectively; lower, Relative
Tevels of PHGPx mRNA expression was presented compared
to the values for Bractin mRNA.

doxorubicin was exlended to 3491840 days in spile of
withdrawal of the drug on day 25, resulting in 1017 of
%ILS. Moreover, the effect of doxorubicin was remark-
ably enhanced by coadmimsiration with 1H901, leading to
39711086 days of survival lime and 1293 of %ILS.

Cardioprotective activity

All the animals survived (lroughout the experimenial
period of 14 days (Fig. 3). The body weighls of S-180
umor-bearmg  mice freaed with IHIGL (S0mgkg) or s
vehicle alone greaily increased, above those of normal
tumorfiee rats, from 10 days following tumor inocula-
tion. Such an increase in body weights induced by
tumor growth was compleiely blocked by adminisiration
with doxorubicin (5 mg/kg) on days 5 and 9, leading o
oversuppression below the normal body weight gain. No
further suppression of body weights was induced by

Fig. 5. Representative Jongitudinal sections of cardiac
muscles. A, mormal; B, $-180 + dexorubicin (8 mgrkg); C, §-
18¢ + doxorubicin (8 mg/kg) + TH90I (30 mg'kg). Note
eytoplasmic vacuolization and loss of myefibrils in B, in
comparison with mild lesions in C and normal features in A.
Hematoxvlin & cosin, X 200.

coadministration of 1H901.

The absolute heart weighis
reduced to 80% of thai of normal animals, implying a
cardiae atrophy (Table 2). However, such a decrease in

of {umor-bearing mice

heari weights was reversed by the combinational treat-
ment of IH901 with doxombicin. In comparison, a marked
decresse in relative heart weights caused by fumor inocu-
lation was atiemamted by doxorubicin, but not by IHY90L,
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Fig. 6. Representative cardiac muscle cells. A, normal; B, §-
180 + doxorubicin (5 mg/kg); C, 5-180 + doxorubicie (5 mg/
kgy + TH201 (50 mg/kg). Note swollen mitochondria and Joss
of myofibrils and intercalated disc in B, in comparison with
mild lesions in C and normal features in A. Uranyl acetate
& lead mitrate, % 15,000.

which might be due to an effect on body weight chanpes.
However, il is of inieresi io note that the combination
of 1H90I and doxorubicin finther recovered the relalive
heart weights fo normal level, instead of similar body
weights to those of rats given doxorubicin alone.

The PHGPx mRNA level analysed in the heart afler
ihe fermination of the experimeni, using PB-aclin mRNA
level as an intermal standard, greatly decreased following
(Fig 4.
such a reduction was fully recovered by coadministra-
tion of IH9GI, although [H901 alone somewhat sup-
pressed the mRNA expression.

Light microscopic examination showed moderate cylo-
plasmic vacuolization and loss of myofibrils in the heart
of mice ireated with doxorubicin (Fig. 5B). However,
IH90! remarkably attenuated the doxorbicin-induced myo-
cardial lesions, especially the focal degeneration and dis-

doxorubicin  treatment Inferestingly, however,

crpanization of myofibeile (Fig. SO Yerwmtely the hear
lissue of rals administered with IH901 alone did not
show any specific lesions (data not shown), sumilar 1o
the features of normal liver (Fip. 5A)

In the electronic microscopic examinalion of the heart
tissues, doxorubicin freafed s showad swollen mitochon-
dria, and loss of myofibrils and intercalated dise (Fig.
6B). Meanwhile, 1H90! markedly atienuated the myocar-
dial lesions induced by doxorubicin, leading 1o normal
features (Fig. 6C). In addition, 1HY0! alone did not
cause any specific lesions in the heart (data not shown),
as shown in normal animals (Fig. 6A).

Discussion

In cancer irealmend, chemotherapy is shll one of the
most promising measures because chemotherapeutic agenis
show supenor efficacy fo surgery and radiotherapy. In
spite of the efficacy, there are serious problems using
the agents in terms of side effects and the appearance
of resistanl cells®™; fhat is, ome of the major limiling
factors in chemotherapy is narrow  lherapedtic window 1o
kill neoplastic cells without influencing normal  eells®,
resulting in serious harmfid effects in patients. Thus, in
addihon {o careful dosing, sirglepy io diminish the side
effecis of anficancer drugs with preservation of their effi-
cacy are necessary”,

In order to overcome the mullidrug resistance and
dose limilation, combinational and alletnative therapies
have been applied as one of the considerable approaches

in trealing cancers®™®,

Combinational therapy usually uti-
lizes diverse cyloloxic agents which are different in
action mechanism or adopt specific dosing schedule to
reduce side effects and o achieve a2 synergistic efficacy.
However, there is & possibility that the combination of
chemotherapeutic agents rather subsianfially increase the
D Pierga ef ol PO fried (o evaluste the combi-
national efficacy of doxorubicin with etoposide, 5-fluo-
Although
chemotherapeutic agenls was effeclive in metasiatic endome-

toxicily

rouracil or cisplatin. combination of the
trial carcinoma, the enhanced foxicity was unacceptable.

In {his confexi, diverse combinations of a chemothera-
peutic agent with aliemative or adjunctive agents have
been studied®™. Singal et o/ proposed that such comibi-
nations could be successful to broaden the antineoplastic
spectrum 25 a stralegy for the jreveniion of doxorubicin-
induced cardiotoxicity. Alternative fherapies include apenis
mainly derived from plants or animals. Among them,
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herbal products represent a specialived subset of slfema-
tive therapies, since many people have traditionally expe-
rienced diverse plants and their exiracis®® For example,
Aswagalus, Fssiae, ginseng, green lea, pgalic, and feca-
dor Tave comumonly been used in cancer prevention and
freatment™®,

The present study was designed to explore the possi-
ble synemgistic application of doxorubicin in combination
with 1H9CG!, a maor intestinal mefabolite formed fiom
ginseng pansxadiol saponins. S vive  antitumor a55AY,
doxorubicin successfully suppressed the increase in body
weights following ascilic tumer growih, and thereby pro-
longed the survival time of mice, showing 101.7% incresse
in lifespan. Interestingly, synergistic antitumor effects were
achieved by combination of 1H90! with doxorubicin,
leading fo further suppression of body weight gain and
prolongation of lifespan (129.3% ILS).

Meanwhile, 1H901 alone neither suppressed tumor growth
nor increased the life span in ascitic (umor-bearing mice.
Wheress, it has been reporied that 1H90! exerted i vivo
antineoplastic  activities on lewis lung carcinoma® and
colon 26 cell lines™, and cyiotoxicity in human myeloid
leukemia (HL-60), pulmonary adenocarcinoma (PC-14), gas-
fric adenccarcinoma (MKN-45), hepatoma (Hep(i2) and
CDDPaesistant  PC/DDP cell lines"™™ Moreover, 1| was
demonstrated that 1H901 induced apoplosis of HL-60 cells
through  activation of caspase-3 prolease, which occumed
via mitochondrial cytochrome ¢ release independently of
bel-2 modulation™™. In the present study, the results sug-
gest that the f» vhwo anfilumor activity of 1HY0! was not
cawsed by direct cytoloxicily to $-180 ascitic tumor cells.

Next, we tried to clarify whether 1HOGI alienuates car
diotoxicity induced by doxorubicin. Morphologically, the
most characteristic ulirastruciural features of doxorubicine
induced cardiomyopathy include foss of myofibrils, dilata-
tion of sarcoplasmic reficulum, cyloplasmic vacuolization,
swelling of mitochondria, and increased number of lysos-
omes. These siruciumal allerstions have been noticed in a
variety of experiment amimal models such as rabbits,
mice and s In the present study, pathological evi-
dence of myocardial damage was also observed i S-
180-transplanted mice freated with a relatively high dose
(5mg/kg} of doxombicin. The changes “included disrup-
tion of several subeellular elements, such as mitochon-
disorganization of myofibrils, loss of
intercalated dise, and cytoplasmic vacuolization. Inieresi-
ingly, such lesions were greaily aftenusied by 1HSOG!.

drial  swelling,

As an action mechanism, it is well known ihat doxo-

bicin induces  Hpid  peroxidetion resulting fom  BOS

Sequentially, secondary
products such as hydroxy fatty acids produced during
peroxidation of polyunsaturated fatty acids are highly
cylotoxic. They react with different kinds of biomole-
cules, and thereby induces cell membrane injuries, lead-
ing o fally aecid decomposition™®. Fulhermore, the ROS
induces rapid depleiion of sanfioxidant enzymes in the

(30 :

generated via redon cyeling

of antioxidant
defense system. Therefore, the heart is fhe most sensi-
live tamgel omgan

heart  possessing  relatively  low  levels

of anthracycline anficancer agents
including doxorubicin.

PHGPx is a selenium-containing antioxidant that inter-
acts directly with peroxidized phospholipids and choles-
terol in biomembranes™. Accordingly, PHGPx are primarily
depleled under oxidafive stresses during  body-prolective
action. In our RI-PCR analysis, doxorubicin decreased
the PHGPx mRNA expression in the heart of S$-180
tumor-bearing mice. However, 1H90! reversed the PHGPx
expression 1o the comtrol level. Kang ef af® suggested
that doxorubicin directly affect spermatogenic cells by
triggering the reduction of PHGPx mRNA fevel in the
testes, and that ginseng intestinal melabolite-1  may
enhance the transcription of PHGPx, and thereby protect
the spermatogenic cells against oxidative damages. How-
ever, il is unlikely thai 1H9G1 exent cardioprotective
aclivity through same mechanism, since 1H90! alone
rather reduced the PHGPx expression. Therefore, # is
supgesfed that 1H901 might have another action mecha-
nism such as ils antioxidant function, displaying activity
under oxidative stresses.

To date, there have been a number of studies that
reporled  aftenuation of doxorubicin foxicily using various
natwral  and  artificial compounds such as  vilamin LR,
ascorbic acid™, reduced ghutathione™, SODY® and an iron
chelator ICRF-187%. However, most of fhe antioxidanis
and iron chelators filed to show substantial protection
against  doxorubicin-induced  cardiomyopathy, and it still
remains whether their combination mmintaing or increases
the anlitumor activity of doxorubicin in tumor-bearing ani-
mals. While IH901 did not show an antitumor poperty in
S-180 wwmorbearing mice, ils combination with doxorubi-
cin showed noficeable enhancement of antitumor efficacy
as well as reversal of cardiolonie adverse effects.

Based on the results, it is believed that 1HOCI exert
anlilumor-enhaneing  effects by not  suppressing  fumor
growih, bul protecting body from oxidative damages
induced by doxorubicin. Although the exaci action mech-
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anisivs remainad fo be olanfied 1HO01 wme foumd o he
a potential candidale as an adjunct lo chemotherapeutic
agenis.
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