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Oleoyl triterpene glycoside biotransformed from ginseng

suppresses growth and metastasis of murine B16-F10
melanoma vie¢ immunostimulation
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Abstract

The effects of 20(S) -protopanaxadiol 20- O-g-D-glucopyranoside (M1) and 3-O-oleoyl M1 (OM1)
on the growth and metastasis of murine B16-F10 melanoma cells were examined in C57BL/6 mice. A
single co-injection of M1 (5 mg/kg) with B16-F10 cells into the liver inhibited tumor growth at the
inoculation site by 23 % (not significant compared to untreated control). In contrast, the same dosage
of OM1 caused a 2.6-fold suppression of tumor growth, compared with M1 treatment (p<0.02).
Concerning the pharmacokinetics, both M1 and OM1 were selectively taken up into the liver soon after
i.v. administration (30 mg/kg). Thereafter, M1 was cleared immediately from the liver ; however, OM1
was retained in the liver at a level of more than 25 9% of the administered dose for 24 h after administra-
tion. Thus, the antitumor activity paralleled the pharmacokinetic behavior. Moreover, three consecutive
i.v. administrations of OM1 (30 mg/kg) inhibited the liver metastasis produced by intrasplenic inocula-
tion of B16-F10 cells by 95 9. OM1 did not directly affect tumor growth in vifro, whereas it promoted
tumor cell lysis by lymphocytes, particularly non-adherent splenocytes, in a concentration-dependent
manner. These results suggest that fatty acid esterification of M1 potentiates the antitumor activity of
the parental M1 through delay of the clearance and through immunostimulation.

Key words ginsenoside, intestinal bacterial metabolite, fatty acid triterpene ester, antitumor
effect, immunostimulation.
Abbreviations M1, 20 (S) -protopanaxadiol 20- O-8-D-glucopyranoside ; OM1, 3-0O-oleoyl-20(S) ~

protopanaxadiol 20-O-g-D-glucopyranoside.

Introduction

Ginseng (the root of Panax ginseng C. A. MEYER,
Araliaceae) is frequently used as an orally taken drug
in the traditional medicine of China, Korea, Japan,
and other Asian countries for the treatment of dis-
eases including psychiatric and neurologic diseases
and diabetes mellitus. Recent epidemiological studies
have identified an association between Ginseng intake
and decreased incidence and growth of tumors.”"” The
major active components of ginseng are ginsenosides,

glycosides containing an aglycone (protopanaxadiol
or protopanaxatriol) with a dammarane skeleton. We
have found the antitumor activities of ginsenosides,
namely inhibition of tumor-induced angiogenesis and
prevention of tumor invasion and metastasis.” "
Orally administered ginsenosides pass through the
stomach and small intestine without decomposition by
either gastric juice or liver enzymes into the large
intestine, where intact ginsenosides are hydrolyzed to
active forms by colonic bacteria (e.g. Prevotella ovis) and
subsequently absorbed into the blood {(Chart 1).5'10)
20 (S) -Protopanaxadiol 20-0-S-D-glucopyranoside,
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Chart 1 Metabolism of protopanaxadiol-type ginsenosides after oral administration.
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referred to as M1 "or compound K
intestinal bacterial metabolite of protopanaxadiol -
type. We showed that the antitumor effects resulting
from oral administration of ginsenosides are caused
by their intestinal bacterial metabolites, including
ML """"In addition, incubation of tumor cells with
more than 30 uM M1 induces cell cycle arrest and
apoptosis within 24 h'?

Recently, we found that M1 is further biotransfor-
med to the fatty acid esters, including 3-O-oleoyl M1
(OM1), in the liver after the oral or i.v. administration
of M1 (Chart 1)." These esters are not excreted as
M1 is, and consequently sustained in the liver longer
than M1. These findings necessarily raise the question
whether the fatty acyl M1 is related to the antitumor
activity of ginseng. In the present study, we examined
the antitumor activity of OM1 in comparison with M1,
and found that OM1 possesses the antitumor activity

that functions via the activation of immune responses.

4

Materials and Methods

Mice: CH57BL/6 mice, colonized with intestinal
anaerobes such as Bacteroides/Prevotella and
Lactobacillus to an extent similar to that seen in
humarls,lm were maintained and inbred in the Animal
Experimental Laboratory, Itto Institute of Life Sci-
ence Research in accordance with the institute’s ani-
mal care guidelines. The animals were housed in
plastic cages with wire tops and sawdust bedding with
a 12-h light-dark cycle under conventional conditions.
Food and water were supplied ad [ltbitum. Mice that
were 12-16 weeks of age at the start of the experi-
ments were used.

Chemicals: M1 was prepared by fermentation of
protopanaxadiol glycosides by human flora as de-
scribed.” OM1 was synthesized by the esterification
of M1 with oleic acid as reported previously.mDimyr»
istoylphoshatidylcholine (DMPC) was purchased from
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NOF Co., Tokyo, Japan. M1 or OM1 was encapsulat-
ed into DMPC liposomes (drug : DMPC, 1 : 9 mol%)
using the reverse-phase evaporation method as repor-
ted.”” Liposomes were used as drug matrices in subse-
quent i vivo and in wvitro experiments because of
hematological safety.“)

Detection of drugs in the lLiver : Mice were given
a single i.v. injection of M1 or OM1 at a dose of 30
mg/kg (0.1 ml/20 g body weight). At the indicated
times after administration, the dose recovery of M1
and OM1 in the liver was determined by the reported
method."”’

Tumor cells: A highly metastatic subline of
murine B16 melanoma, B16-F10, was kindly provided
by the Cell Resource Center for Biomedical Research,
Institute of Development, Aging, and Cancer, Tohoku
University (Sendai, Japan). The cells were
maintained as monolayer cultures in RPMI 1640
medium (Nissui Pharmaceutical Co. Ltd., Tokyo)
supplemented with 10 9% fetal bovine serum (CSL
Ltd., Parkville, VIC, Australia), 100 xg/ml streptomy-
cin {(Wako Pure Chemical Industries Ltd., Osaka,
Japan), 60 ug/ml kanamycin (Wako) and 100 U/ml
penicillin (Sigma, Chemical Co., St. Louis, MO)
(referred to as complete medium).

Tumor growth and wmetastasis by intrahepatic or
intrasplenic implantation of Bl6 - FI10 cells . Log-
phase cultures of B16-F10 cells were harvested by
trypsinization, washed, and resuspended at 1.5X107
cells/ml in Hank’s balanced salt solution containing 1
mg/ml Matrigel (Becton Dickinson Labware, Bedfor-
d, MA). Matrigel was used to prevent the cell suspen-
sion from leaking out of the liver or spleen.zm Intrahe-
patic implantation of tumor cells was performed as
described by Cameron ef al” Briefly, mice were
anesthetized with an i.p. injection of pentobarbital (50
mg/kg) and given a single injection of B16-F10 cells
(2x10° cells) with or without M1 and OM1 (5 mg/kg
drug/mouse) into the liver. Ten days later, the mice
were sacrificed, and the tumor in the liver was
removed and weighed. In other experiments, mice
were given an intrasplenic injection of B16-F10 cells
(2x10°/mouse) to form multiple metastases in the
liver. OM1 (30 mg/kg) was administered intravenous-
Iy on days 0, 2, and 4 after tumor inoculation. The
spleen with the primary tumor was removed on day 7

after inoculation and the weights of tumors and the
spleen without tumors were measured. The mice were
sacrificed 17 days after implantation and the number
of tumor colonies in the liver was counted manually.

Preparation of lymphocytes : Lymphocytes from
mice were prepared essentially as described by Goos-
sens ef al. 22)Briefly, the liver or spleen was passed
through a stainless steel mesh, suspended in red blood
cell lysis solution [0.17 M NH,CI, 0.01 mMm EDTA, and
0.1M Tris (pH 7.3)], and centrifuged at 100X g for 6
min at room temperature. The cell pellets were wa-
shed twice with complete medium. Lymphocytes were
resuspended at 5X107 viable cells/ml in complete
medium. For culture of hepatic lymphocytes, 20 M 2-
mercaptoethanol was added to complete medium.

Cell - mediated tumov cytotoxicity assay : Log -
phase cultures of B16-F10 cells were harvested by
trypsinization, washed, and resuspended at 2X10°®
viable cells/ml in complete medium. Tumor cells (1 X
105/well) were cultured with hepatic or splenic
lymphocytes (1-3x10%/well) in complete medium in
the presence or absence of OM1 (0.1-10 M) at 37°C in
a humidified atmosphere of 59 CO,. Three days
later, the adherent cells were harvested with trypsin
and the number of viable tumor cells was visually
counted under a microscope. In the other series of
experiments, splenic lymphocytes (1.5X10%) were
pretreated with OM1 (0-240 uM). Two days later, the
lymphocytes were fractionated into adherent and non-
adherent cells and individually cultured with B16-F10
cells (2x10%). In parallel, tumor cells were cultured
with OM1 alone. One day later, the number of viable
tumor cells was counted. The ability of lymphocytes
to lyse tumor cells was calculated using the following
formula: specific lysis (%) = (1- tested group/control
group) X100, where tested group=the number of
viable tumor cells in the culture with lymphocytes in
the presence or absence of OMI1 ; control group=the
number of viable tumor cells in the culture without
lymphocytes.

Statistical analysis - The statistical significance of
differences between the groups was determined by
applying Student’s two-tailed {-test.
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Results

Antitumor activities of M1 and OMI

We investigated the antitumor effect of M1 or
OM1 co-injected with B16-F10 cells in the liver of
mice. The weight of tumors grown in the liver was
measured on day 10 after the implantation. As shown
in Fig. 1, the co-injection of M1 (5 mg/kg) with tumor
cells tended to inhibit tumor growth at the inoculation
site by 23 % (not significant compared to untreated
control). In contrast, the treatment of OMI1 at the
same dosage as M1 caused a significant inhibition of
tumor growth compared with either the untreated
control (p <0.002) or Ml-treated group (p<0.02).

Hepatic levels of M1 and OMI after the iv. adminis-

tration

We next investigated the relationship between the
antitumor efficacy of 30 mg/kg of M1 or OM1 and
their levels in the liver after the i.v. administration.
Consistent with our previous study,“) M1 was selec-
tively taken up into the liver soon after its administra-
tion, peaking within 10 min (Gyax, 65 % recovery), and
was thereafter cleared rapidly from the liver (Fig. 2).
On the other hand, OM1 was also rapidly accumulated
in the liver (Tnax 40 min; Guax, 43 9% recovery), but

Control
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Tumor weight (mg)
Intrahepatic injection of Day 10 .
tumor cells with drugs Tumor growth in the liver

Fig. 1 Effect of M1 and OM1 on the growth of B16-F10
melanoma after intrahepatic implantation. Mice were
given a single injection of B16-F10 cells with or without
M1 or OM1 (5 mg/kg) into the liver. Ten days later, the
mice were sacrificed and the livers were removed to
measure tumor weight. Each column represents the
mean®S.D. of 6 animals. #, p <0.002 vs. untreated con-
trol; *, p<0.02 vs. M1.
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Fig. 2 Time course of the hepatic levels of M1 and OM1
after i.v. administration. Mice were given a single i.v.
administration of M1 or OM1 (30 mg/kg). At the indicat-
ed times after administration, the dose recovery of M1
and OM1 in the liver was determined. Each point repre-
sents the mean value of % dose recovery from 2 to 3
animals (@, OM1; O, M1 ; @, M1 deacylated from OM1).

the OM1 level decreased gradually with time, and over
25 9% of the dose (120 ug/g wet tissue) was sustained
for 24 h after administration. These results indicate
that the antitumor efficacy of the drug was dependent
on the hepatic accumulation. Since only a small
amount of M1 resulting from deacylation of OM1 in
the liver was detected, the rate of deacylation of OM1
in the liver appears to be very low. In addition,
because OM1 is not excreted as bile as M1 is,“) it
must be cleared very slowly from the liver and ac-
cumulated in the liver for a longer period than M1.
Amntimelastatic activity of OM1

To evaluate the antimetastatic efficacy of OM1,
mice were given an intrasplenic injection of B16-F10
cells to form multiple metastases in the liver, followed
by three consecutive i.v. administrations of OM1 (30
mg/kg/day). The treatment of OM1 did not show any
significant changes in body weight, indicating that the
dose was not excessively toxic (data not shown).
OM1 treatment did not inhibit tumor growth at the
inoculation site (spleen) (Fig.3A), but markedly sup-
pressed hepatic metastasis (Fig. 3B and 3C). In addi-
tion, the weight of spleen without tumors was signifi-
cantly increased in OM1-treated mice (Fig. 3A). This
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Fig. 3 Effect of OM1 on the liver metastasis produced by
intrasplenic injection of B16-F10 cells. Mice were given
an intrasplenic injection of B16-F10 cells. OM1 was ad-
ministered intravenously (30 mg/kg) on days 0, 2, and 4
after tumor inoculation. The spleen with primary tumor
was removed on day 7 of inoculation. The mice were
sacrificed 17 days after implantation and the number of
tumor metastasis in the liver was visually counted. Each
column represents the mean=S.D. of 5 animals. *, p <0.02
and #, p <0.05 vs. untreated control.

A Weights of tumors (closed column) and the spleen
without tumors (open column) on day 7.

B : Number of tumor colonies in the liver on day 17.

C: Photographic view of hepatic metastasis.

finding implies that the suppression of metastasis may
involve the stimulation of the immune system by OM1.

Activation of immune responses by OMI1

To investigate whether OM1 acts as an immunos-
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Fig. 4 Effects of OM1 on the lysis of B16-F10 cells by
lymphocytes. Hepatic or splenic lymphocytes were co-
cultured with B16- F10 cells in the presence or absence of
OM1 (0.1-10 uM). Three days later, the adherent cells
were harvested with trypsin and the number of viable
tumor cells was determined by visual inspection. Each
point represents the mean= S.D. of 3 dishes (O, untreated
hepatic lymphocytes; @, OMIl-treated hepatic
lymphocytes ; O, untreated splenocytes; 4, OM1-treated
splenocytes). *, p< 0.01 and **, »< 0.001 vs. untreated
control.

A : Tumor cell lysis by OM1-treated lymphocytes at the
E/T ratio of 15.

B : Effect of E/T ratio on tumor cell lysis by lymphocytes
treated or not treated with 10 gm OMI1.

timulator, the effect of OMI1 on the lymphocyte -
mediated tumor cytotoxicity was examined in vitro.
When B16-F10 cells were cultured for 3 days with
hepatic or splenic lymphocytes in the presence or
absence of OMI, lymphocyte-mediated tumor cell
lysis increased in concentration- and E/T ratio-
dependent manners (Fig. 4). To analyze the lympho-
cyte populations with respect to the lysis, OMI -
pretreated splenocytes were fractionated into adher-
ent and non-adherent fractions and then individually
incubated with B16-F10 cells. As shown in Fig. 5, the
incubation of tumor cells with the non-adherent frac-
tion of OM1-pretreated splenocytes caused concentra-
tion-dependent inhibition of tumor growth in vitro,
whereas the adherent fraction of the treated
splenocytes did not affect the tumor cell lysis. OM1
did not show any direct cytotoxicity against tumor
cells (Fig. 5), and also M1 was not detected in the
conditioned medium (data not shown). These results
indicate that OM1-induced inhibition of tumor growth
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Fig. 5 Cytotoxic activity of fractionated OMI-treated
lymphocytes against B16-F10 cells. Splenic lymphocytes
were pretreated with OM1 (0-240 gm) for 2 days,
fractionated into adherent and non-adherent cells, and
individually cultured with B16-F10 cells. In parallel,
tumor cells were cultured with OM1 alone. One day later,
the adherent cells were harvested with trypsin and the
number of viable tumor cells was determined by visual
inspection. Each point represents the mean+S.D. of 3
dishes (O, adherent cells ; O, non-adherent cells; @, OM1
alone). *, p< 0.01 and **, p< 0.002 vs. untreated control.
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and metastasis may be partly related to the stimula-
tion/activation of non-adherent lymphocytes to the

tumoricidal state.
Discussion

We demonstrated that fatty acid esterification of
M1 resulted in a marked increase of the antitumor
potential of M1 (Fig. 1), and that the antitumor activ-
ity paralleled the pharmacokinetic behavior (Fig. 2).
So far, improvement of antitumor drugs by fatty acid
esterification has been experimentally attempted with
the aim of increasing the cellular uptake of the drugs
and delaying their metabolic deamination and clear-
ance. Breistél ef al‘wreported that a fatty acid ester
derivative of cytarabine is more effective for the
treatment of hematological malignancies than cytar-
abine. Thus, the enhanced antitumor effect of OM1
may be closely associated with its persistent retention
in the liver.

OM1 consists of a lipophilic moiety containing
dammaranediol and oleic acid, and a hydrophilic

(HO),0PO OH
NH Ho OPO(OH),
NH

O

C D

Fig. 6 Chemical structures of OM1 (A), cholesterol oleate (B), an «-galactosylceramide®?® (C),

and a lipid A analogue®” (D).
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glucose moiety (Chart 1 and Fig. 6). The chemical
structure of the dammaranediol in OM1 is very simi-
lar to that of cholesterol. Although M1 shows relative-
ly selective cytotoxicity against tumor cells compared
with normal cells vitro,11'12>excessive intracellular
M1 may become toxic to normal cells. Since the
esterified M1 exhibits less cytotoxicity against tumor
cells than M1 » vitro,mthe fatty acid esterification of
M1 seems to attenuate the cytotoxicity of M1. Thus,
this may indicate a detoxification reaction, just as
cholesterol esterification has been shown to prevent
the cytotoxicity of excessive intracellular choles-
terol. 24)However, neither M1 nor cholesterol oleate
(Fig. 6B) stimulated splenic lymphocytes to become
cytotoxic to tumor cells (data not shown), while OM1
promoted the tumor cell lysis by lymphocytes, particu-
larly non-adherent splenocytes, in a concentration-
dependent manner (Figs. 4 and 5). Some glycolipids,
such as a-galactosylceramide and a lipid A analogue
(Figs. 6C and 6D), have been reported to stimulate
host immune responses vig surface molecules, includ-
ing CD1, for T cell recognition of glycolipids.zs) Thus,
fatty acid esterification of M1 may induce such host
immune responses.

In conclusion, the present and previous studies
support the following possible scenario concerning the
expression of the antitumor actions of ginsenosides
(ginseng)
hydrolyzed to active forms (e.g. M1) by intestinal

in the body. Ingested ginsenosides are

bacteria and then absorbed from the intestine.” ' M1
directly exerts antitumor effects such as induction of
apoptosis and cell cycle arrest;“'lz)however, much
higher doses of M1 may be toxic to the host. Thus,
most of the absorbed M1 is excreted rapidly, and some
M1 (approximately 25 9% of the dose) is esterified
with fatty acids in tissues. " The resulting fatty acyl
form, 7.e. OMI1, however, may also act as an active
molecule to induce the expression of the antitumor
properties of ginseng vie its immunostimulation.
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