
Abstract. Background/Aim: A mixture of anticancer agents
and iodized poppy seed oil (IPSO) has been widely used for
intra-arterial chemotherapy of hepatocellular carcinoma.
However, the anticancer agents can easily separate from IPSO,
so the therapeutic potential is limited. We developed epirubicin-
entrapped water-in-oil-in-water emulsion (WOW-Epi) using a
double-membrane emulsification technique. Materials and
Methods: We delivered WOW-Epi through a hepatic arterial
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injection to VX2 hepatic tumor rabbit model (1.2 mg/kg).
Results: VX2 tumor growth was selectively suppressed in the
WOW-Epi-treated group compared with the control treated
groups. The accumulation of WOW in nearby cancer cells was
confirmed via electron-microscopy. Endocytosis seemed to be
the mechanism underlying the uptake of WOW. Conclusion:
WOW-Epi led to tumour growth suppression in vivo. WOW does
not cause toxicity to arterial vessels. WOW-Epi will be hopefully
used for repeated intra-arterial chemotherapy to HCC patients
in the near future.

Hepatocellular carcinoma (HCC) is one of the most hard-to-treat
cancers. HCC is often associated with complications, including
liver cirrhosis or multiple intrahepatic tumors; consequently, only
30% of the patients with HCC can be operated. Nakakuma et al.
first reported that iodized poppy seed oil (IPSO) can accumulate
within HCC cells; anticancer agents were mixed with IPSO and
administered via an intra-arterial injection (1). Kanematsu et al.
reported a method of mixing a water-soluble anti-cancer agent
with IPSO for intra-arterial injection (2). Konno et al. also
reported targeted chemotherapy with styrene maleic acid
neocarzinostatin dispersed in IPSO (3). Many modifications of
this method in intra-arterial chemotherapy have been reported
(4-6). However, anticancer agents are easily separated from
IPSO within the first few hours; consequently, the anticancer
agents may fail to accumulate within the tumor to produce the
desired cytotoxic effect.

Higashi et al. reported epirubicin-entrapped water-in-oil-
in-water emulsion (WOW) for intra-arterial chemotherapy for
HCC patients (7, 8). The WOW was prepared with a
membrane emulsification technique (9, 10). Emulsification
using a fine glass membrane of equal pore size can prepare
equal sized lipid microdroplets. In WOW emulsion, fine
vesicles of the aqueous solution of an anti-cancer drug are
dispersed in IPSO, which is also dispersed as fine vesicles of
a particular size in the external aqueous phase. Higashi et al.
reported the tumor growth suppression and the decrease in
serum alpha-fetoprotein (AFP) levels in HCC patients (11).

In this non-clinical laboratory study, we prepared epirubicin-
entrapped WOW (WOW-Epi) as per the good laboratory
practice (GLP) guidelines. We employed the double-membrane
emulsification technique and performed intra-arterial injections
to reach the hypervascular tumor. Our results showed that the
WOW-Epi exhibited selective accumulation in the tumor and
demonstrated tumor growth suppression. The WOW technique
for intra-arterial chemotherapy could be applied to treat
patients with hypervascular tumors.

Materials and Methods
Chemicals. IPSO (Lipiodol Ultrafluid, Kodama, Co., Ltd., Tokyo,
Japan) is composed of iodized ethyl esters of the fatty acids obtained
from poppy seed oil and contains 37% iodine. Epirubicin
hydrochloride was purchased from Kyowa Hakko Co., Ltd. (Tokyo,

Japan). Polyglycerol esters of polycondensed fatty acids from castor
oil were purchased from Sakamoto Yakuhin Kogyo Co., Ltd. (Osaka,
Japan). Purified polyoxyethylene sorbitan monooleate (polysorbate80)
was purchased from NOF Corporation (Tokyo, Japan).

Preparation of epirubicin-entrapped WOW. The WOW was prepared
via the double-membrane emulsification technique (7). The
controlled-pore glass membrane was prepared with a pore size of 5
μm or 20 μm. Sixty mg of epirubicin was dissolved in 3 ml of a 5.8%
(w/v) glucose solution and mixed with 5 ml of IPSO and 500 μg of
polyglycerol esters obtained from the polycondensed fatty acids of
castor oil to form the water-in-oil (WO) emulsion; this was achieved
by filtration with a hydrophobic-controlled, emulsifying pore glass
membrane (7). The WO emulsion was injected through a hydrophilic
controlled pore glass membrane at a rate of 10 ml/h into 7.5 ml of
physiological saline containing 1% (w/v) polysorbate 80 to prepare
WOW-Epi. The final volume of WOW-Epi was 15 ml, which was
achieved using a double-membrane emulsifying machine (SPG
Techno Ltd., Miyazaki, Japan) (7, 10). The WOW-Epi consisted of
numerous IPSO microdroplets containing vesicles of the aqueous
solution of epirubicin. The controlled pore glass membrane module
was placed on a magnetic stirrer, and the agitation rotor was spun in
the double-membrane emulsifying machine (1,200 rotations/min).
These procedures were performed at room temperature (7, 10).

Microscopic characterization of WOW and the measurement of
particle size distribution. Microscopic observation of the prepared
WOW was performed using an optical microscope (BHS-323;
Olympus Optics Co., Tokyo, Japan). The particle size distributions
of the WOW and IPSO microdroplets were determined by a laser-
diffraction particle-size analyzer (SALD-2000; Shimadzu Corp.,
Kyoto, Japan).

Targeting tumor cells in rabbit models. Male New Zealand White
rabbits were purchased from KITAYAMA LABES Co. Ltd. (Nagano,
Japan). VX2 tumor-bearing Male New Zealand White rabbits were
purchased from Japan SLC Ltd. (Hamamatsu, Japan). VX2 tumor
tissues from the original tumor-bearing rabbit were transferred to
healthy rabbits. The rabbits were inoculated in the left lobe of the liver
and, subsequently prepared as hepatic cancer models; their mean body
weight was 2 kg. In each experiment, rabbits of similar age and weight
were selected. After 2 weeks of tumor inoculation, WOW-Epi was
administrated with intra-arterial injections via the proper hepatic artery
and compared with the tumor size by injection of WOW-Epi or
epirubicin solutions (1.2 mg/kg) in VX2 rabbit hepatic tumor models.
Plasma epirubicin concentrations were measured at 6, 12, and 24 h after
arterial injection. One day after the arterial injections, the epirubicin
concentration of the tumor nodules and normal liver tissues was
measured. Tumor size was measured via abdominal echogram 3 days,
7 days, and 14 days after treatment. Histological and electron
microscopic observations were also performed 14 days after treatment.
The procedures for tumor implantation and sacrifice of the animals
were conducted according to the approved guidelines of the Institution’s
Animal Ethics Committee and the Declaration of Helsinki.

In vivo experiments. Before tumor implantation, the rabbits were
anesthetized by isoflurane (inhaled concentration; induction: 2-4%,
and mainrain: 2-3%) (anesthetic adjunct: dinitrogen monoxide;
concentration: 50-70% in Oxygen). VX2 tumor fragments of
approximately 1 mm3 were injected intraparenchymally into the left
lobes of the liver after laparotomy (12). To investigate the efficacy
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of WOW-Epi (1.2 mg/kg) in tumor growth suppression, the animals
were divided into four groups injected with WOW-Epi (n=3),
WOW-entrapped 5% glucose (WOW-Bare; n=3), epirubicin solution
(n=3), or saline (n=3). Animals in all four groups received
interventional therapy at 2 weeks after tumor inoculation. A
polyethylene catheter (inner diameter, 0.3 mm; outer diameter, 0.5
mm) was retrogradely inserted into the proper hepatic artery and
WOW-Epi, WOW-Bare, epirubicin solution, or saline was manually
injected. The groups other than the WOW-Epi injected group are
control groups. 

Measurement of the concentration of epirubicin accumulated in
each organ in vivo. To detect the efficiency of the delivery of
WOW, the epirubicin concentration in the tumor or normal liver
tissue was measured. Animals were divided into two groups: those
injected with WOW-Epi (n=2) and those injected with epirubicin
solution (n=3). The animals in these groups received interventional
therapy 14 days after inoculation of the tumor. The animals were
sacrificed 1 day after injection; tumors and normal liver tissues were
removed and epirubicin concentration was determined by liquid
chromatography at Miyazaki University. The tissues were weighed
immediately after dissection.

Evaluation of anti-tumor effects. Tumor size was measured with an
abdominal echogram (Aplio SSA-700A, Toshiba, Japan) on days 3,
7, and 14 after treatment. We evaluated the anti-tumor effects by
measuring the tumor volume with the calipers. The calculation was
performed as follows: tumor volume (mm3)=0.5×a×b2, where a is the
length of the major axis and b is the length of the minor axis (13). 

Pathological findings in tumors following intra-arterial injection of
WOW-Epi. Histological analysis and electron microscopy were also
performed. The rabbits were sacrificed 14 days after the injection
of WOW-Epi; the livers were resected and stored in optimal cutting
temperature compounds frozen at –80˚C. Each section was stained
with hematoxylin and eosin (HE) stain and with Oil Red O (fat-
soluble dye) for light microscopy. 

Statistics. Mean values and standard deviations were calculated.
Statistical analysis was performed with a computer system (Provantis®)
in LSI Medience Ltd. Co. Bartlett’s test was used to compare the
variances between the group data. The levels of 1% and 5% were
considered to be significant, and the two-sided test was adopted.

Results

Characterization of WOW-Epi. The microscopic examination
of WOW revealed numerous IPSO microdroplets suspended
in the physiological saline containing polysolvate 80. The
IPSO microdroplets contained many vesicles of the epirubicin
solution (Figure 1a-b). The mean epirubicin concentration in
WOW-Epi was 4 mg/ml. The median particle size of WOW
was controlled to 70 μm (mean±SD, n=3) (Figure 1c). The
median particle size of the vesicle of the solution of
epirubicin in WO emulsion was measured to be 500 nm
(mean±SD, n=3). The separation of the WOW emulsion into
oil and water did not occur for ≥120 days when kept at a 4˚C.

Distribution of WOW-Epi after intra-arterial injection. VX2-
rabbits were injected intraarterially with 2.4 mg/kg body
weight of WOW-Epi (Figure 2). The accumulation of
epirubicin in the tumor of animals injected with WOW-Epi
was greater than that in the tumor of those injected with
epirubicin alone.

Tumor growth suppression by an intra-arterial injection of
WOW-Epi. The hepatic echogram showed tumor growth
suppression and fibrosis on day 14 following the intra-
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Figure 1. Characterization of WOW-epi. (a) A representative
photomicrograph of WOW (Black bar=100 μm). (b) Higher magnification
(Black bar=50 μm). Note the almost equal-sized monodispersed lipid
microdroplets. Each lipid droplet contains aqueous fine microdroplets
including epirubicin. (c) The distribution of the particle size of WOW
measured by a laser-diffraction particle-size analyzer (the median particle
size of IPSO microdroplets in WOW: about 70 μm).



arterial injection of WOW-Epi. Tumor growth suppression
was confirmed by regression analyses that compared the
WOW-Epi group with the group that received the epirubicin
injection alone; conversely, no tumor growth suppression
was evident in the WOW-Bare and saline control groups
(Figure 3). Tumor growth suppression was obvious following
the intra-arterial injection of WOW-Epi compared with that
in the control groups. The control groups (saline, epirubicin,
and WOW-Bare) were accompanied by peritoneal
dissemination, but the WOW-Epi group was not (Figure 4a).
In the WOW-Epi group, the tumor was significantly
suppressed after the intra-arterial injection when compared
with that in the control groups (epirubicin, WOW-Bare)
(p<0.01). Complete suppression of the growth of VX-2
tumor tissues was obtained, caused by fibrosis and necrosis

of cancer cells, so no disseminations were observed in the
abdominal cavities of the WOW-Epi-treated group. Serum
levels of serum glutamic oxaloacetic transaminase (sGOT),
serum glutamic pyruvic transaminase (sGPT), lactate
dehydrogenase (LDH), and total bilirubin were almost within
normal range before and 14 days after treatment in all
experimental groups (Tables I, II, III and IV). 

When we tried to inject the IPSO-Epi conventional
emulsion intraarterially, epirubicin separated, and IPSO easily
accumulated in the hepatic artery. Consequently, we could not
perform the injection using the same volume (1.2 mg/kg) of
epirubicin and IPSO in the rabbit model and thus, we decided
to exclude this treatment strategy (data not shown).

Pathological findings of a VX2 tumor after intra-arterial
injection of WOW-Epi. The VX2 tumor tissues showed marked
necrosis with reactive changes, and no remarkable damage was
observed in the background hepatocytes after injection with
WOW-Epi, as shown via H&E staining (Figure 4b).
Accumulation of WOW in the VX2 tumor on day 3 following
the intra-arterial injection, demonstrated that the WOW was
drained from the normal liver on the same day. Oil Red O
staining demonstrated the accumulation of lipiodol in the tumor
tissues accompanied by accumulation in the cytoplasm of VX2
tumor cells (data not shown). Droplets of lipiodol were flushed
out of the hepatocytes 7 days after injection. 

Under the electron microscope, mitochondrial degradation
and severe destruction of the cytoplasm and nucleus of the
VX2 cancer cells was observed 14 days after the intra-
arterial injection of WOW-Epi. Many small droplets of
WOW were seen in the cytoplasm of the cancer cells; these
droplets conjugated into large droplets; the small droplets
fused to the cell membrane in some cancer cells. Tumor cells
treated with epirubicin solution exhibited mitochondrial
degradation and cell destruction at the margin of the tumor
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Figure 2. Measurement of epirubicin concentration in the liver in vivo.
(a) Serum concentration of epirubicin after injection. The serum
concentration of epirubicin was measured 6 h, 12 h, and 24 h after
intra-arterial injection of WOW-epi, or epirubicin solution (2.4 mg/kg
of epirubicin). (b) Concentration of epirubicin in the liver. The
concentrations of epirubicin in VX2 tumor, tumor border site, and
normal liver were measured 24 h after intra-arterial injection using the
same procedures. Tissues were weighed immediately after dissection
and recorded as “wet weights”. 

Figure 3. Tumor growth suppression by intra-arterial injection of WOW-
Epi in VX2 hepatic tumor bearing model. The tumor growth suppression
was recognized by intra-arterial injection of WOW-Epi. Emulsion
compared to control groups. Statistical analysis was performed using the
Dunnett’s multiple test (each value represents the mean±S.E. *p<0.01).



and normal tissues. In the control groups (saline, epirubicin,
and WOW-Bare), there were no small droplets of WOW;
however, there were irregularly shaped nuclei and increased
number of mitochondria in the cancer cells when compared
with normal hepatocytes (Figure 5). These results show that
WOW-Epi can be used to deliver and reserve epirubicin
within cancer cells in tumor tissues.

Detection of the cellular uptake mechanisms of epirubicin by
WOW. Ten μl of WOW-Epi (7.6 mg/ml) or epirubicin solution
(7.4 mg/ml) was added to the Hep G2 cells (3×104 cells),
cultured in 800 μl of medium supplemented with 2.0 μg/ml
of FITC-Dextran in a 14 mm diameter glass-bottom dish
(Matsunami Ltd., Tokyo, Japan), and incubated at 37˚C or
4˚C for 90 min. The cells were observed under the

fluorescence microscope (Research inverted system
microscope; Olympus IX-71).

From the in vitro fluorescent observations, we observed
the spots of FITC-Dextran in the cytoplasm of cancer cells.
The accumulation of epirubicin delivered by WOW-Epi
demonstrated remarkably strong fluorescent intensity of
rhodamine at 37˚C, but it was suppressed at 4˚C, due to
endocytosis, one of the mechanisms responsible for
delivering WOW-Epi into the cancer cells (Figure 6). 

Discussion

Intra-arterial chemotherapy and transcatheter arterial chemo-
embolization (TACE) have been widely used as one of the
effective, first-line treatments for HCC (4, 14). Oil-in-water
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Figure 4. Gross and pathological findings of VX2 tumors after intra-arterial injection of WOW-Epi. (a) Gross findings of VX2 tumors at 14 days
after intra-arterial injection of WOW-Epi, WOW-Bare, epirubicin solution, or saline control (left: laparotomic findings, right: cut surface of the
hepatic tumors). Yellow arrows indicate peritoneal disseminations. (b) Representative microphotographs of H&E staining, after intra-arterial injection
of WOW-epi in VX2 tumor. Note vacuolation suggesting the accumulation of emulsion (yellow arrows; left, objective 4×; right, objective 20×).
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Table I. Effect of Epi-WOW emulsion on biochemical findings in rabbits (before administration).

Groups Number TP ALB A/G T-BIL AST ALT ALP T-CHO TG PL GLU 
of animal (g/dl) (g/dl) (mg/dl) (IU/l) (IU/l) (IU/l) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Saline 3 5.4±0.1 4.4±0.1 4.40±0.12 0.0±0.0 18±2 41±11 410±86 44±2 45±11 92±2 133±2
Epirubicin 3 5.6±0.1 4.7±0.1 5.11±0.59 0.0±0.0 16±2 41±8 352±48 47±8 56±24 94±14 133±6
WOW-saline 3 5.4±0.1 4.3±0.1 4.04±0.11 0.0±0.0 16±2 29±3 387±43 50±5 61±20 97±4 121±2
WOW-epirubicin 3 5.5±0.0 4.5±0.0 4.57±0.30 0.0±0.0 19±1 28±2 457±73 48±3 60±14 95±3 115±5

Groups Number BUN CRE Ca IP Na K Cl 
of animal (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mEq/l) (mEq/l) (mEq/l)

Saline 3 20.3±0.7 1.1±0.0 12.4±0.3 7.3±0.0 141.6±1.4 3.34±0.26 101.8±0.7
Epirubicin 3 19.5±0.8 1.2±0.0 12.9±0.3 6.7±0.2 144.0±0.4 3.38±0.13 104.2±1.2
WOW-saline 3 21.0±1.4 1.0±0.0 12.6±0.1 7.6±0.2 143.0±0.5 3.15±0.07 105.5±2.4
WOW-epirubicin 3 23.2±0.9 1.1±0.1 13.0±0.1 7.6±0.3 143.1±0.7 3.18±0.09 98.4±1.0

Each value represents the mean±S.E.

Table II. Effect of Epi-WOW emulsion on biochemical findings in rabbits (after administration).

Groups Number TP ALB A/G T-BIL AST ALT ALP T-CHO TG PL GLU 
of animal (g/dl) (g/dl) (mg/dl) (IU/l) (IU/l) (IU/l) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Saline 3 5.5±0.2 3.9±0.3 2.37±0.32 0.0±0.0 26±6 23±1 154±39 70±14 246±113 146±26 117±6
Epirubicin 3 5.89±0.3 3.9±0.3 2.09±0.42 0.0±0.0 25±5 23±2 121±32 75±17 203±93 139±31 112±6
WOW-saline 3 5.7±0.1 4.0±0.2 2.40±0.23 0.0±0.0 28±6 23±2 213±61 67±8 206±48 139±13 121±5
WOW-epirubicin 3 5.7±0.1 4.3±0.2 3.06±0.34 0.0±0.0 23±5 52±27 330±2* 101±44 114±40 132±25 108±4

Groups Number BUN CRE Ca IP Na K Cl 
of animal (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mEq/l) (mEq/l) (mEq/l)

Saline 3 28.1±10.7 1.1±0.0 13.0±0.3 7.6±0.9 143.0±1.8 4.13±0.43 100.6±2.1
Epirubicin 3 19.4±2.0 1.2±0.1 13.1±0.2 6.9±0.4 143.0±1.2 3.76±0.03 100.2±1.0
WOW-saline 3 23.1±0.4 1.2±0.0 13.2±0.2 7.0±0.2 144.7±1.1 3.58±0.13 101.2±1.5
WOW-epirubicin  3 20.3±1.0 1.2±0.1 13.7±0.5 6.9±0.3 142.6±0.6 3.98±0.26 99.7±1.0

Each value represents the mean±S.E. *p<0.05; Significant difference from Vehicle (Dunnett’s multiple test).

Table III. Effect of Epi-WOW emulsion on hematological findings in rabbits (before administration).

Groups Number WBC RBC HGB HCT MCV MCH MCHC PLT
of animal (103/μl) (104/μl) (g/dl) (%) (fL) (pg) (g/dl) (104/μl)

Saline 3 7.55±1.18 618±4 13.5±0.2 38.1±0.4 61.8±0.7 21.8±0.2 35.4±0.5 37.6±6.7
Epirubicin 3 9.50±0.57 650±23 14.1±0.4 40.2±1.0 61.9±0.7 21.7±0.5 35.1±0.5 24.0±6.0
WOW-saline 3 8.48±0.21 610±4 13.3±0.2 38.4±0.9 62.9±1.3 21.8±0.3 34.7±0.2 49.0±14.1
WOW-epirubicin 3 9.17±0.21 671±5 14.2±0.1 40.1±0.8 59.9±1.2 21.1±0.2 35.3±0.4 35.4±0.5

Groups Number NEUT LYMP MONO EOS BASO LUC RET
of animal (%) (%) (%) (%) (%) (%) (%)

Saline 3 30.1±1.0 58.4±1.4 3.8±0.3 1.1±0.3 6.2±1.5 0.4±0.1 2.7±0.2
Epirubicin 3 39.8±12.6 47.8±12.5 5.4±0.7 0.9±0.1 5.7±0.7 0.4±0.1 3.8±0.6
WOW-saline 3 32.3±5.8 55.8±6.3 6.0±0.5 1.2±0.1 4.4±0.1 0.4±0.0 3.4±0.1
WOW-epirubicin 3 27.6±2.3 60.9±2.6 4.1±1.0 1.6±0.2 5.3±0.7 0.6±0.3 2.5±0.3

Each value represents the mean±S.E. *p<0.05; Significant difference from Vehicle (Dunnett’s multiple test).



(OW) emulsion prepared by mixing IPSO with a solution of
an anticancer drug is a conventional intra-arterial
chemotherapy. The range of particle size distribution of IPSO
droplets in a conventional OW emulsion is a few μm to
1,000 μm. It is difficult to produce lipiodol microdroplets of
uniform size. The solution of anticancer drug is easily
separated from the IPSO and the anticancer drug is flowed
away from the liver, retaining IPSO in the tumors (2, 7). If
IPSO microdroplets are too small for the inner diameter of
the tumor vasculature, they may pass through the tumor
tissues and normal tissues; if the microdroplets are too large,
they are trapped proximal to the tumor vasculature (15, 16).

Drug-eluting beads (DEBs) have been developed for
transcatheter treatment of HCC because DEBs can deliver
higher dose of the anticancer agents and prolong the contact
time with the tumor (17-21). Treatment with DEBs reduces
the amount of anticancer agent reaching the systemic
circulation (18). TACE with DEBs for patients with HCC has
reported either equal or surpassing results compared with
conventional TACE using lipiodol (22). However, several
side effects have also been reported in TACE with DEBs.
There are risks of gall bladder ischemia, acute cholecystitis,
hepatic abscess formation, delayed intra-tumoral hemorrhage,
post-embolization syndrome, and biliobronchial fistula,
resulting in the development of adult respiratory distress
syndrome after TACE (23-26). 

Higashi et al. reported that microdroplets sized 70 μm
were adopted for use with the WOW (15). The WOW has an
embolic effect on the peripheral hepatic artery, and also
WOW shows rapid washout from the normal hepatic
parenchyma (15). The slow release of anticancer drugs from
the WOW can minimize cytotoxic damage to the normal
hepatic parenchyma. Ikushima et al. reported that the 3-year
survival rate of patients with HCC following intra-arterial

chemotherapy with WOW was 76% (27, 28). The WOW can
deliver higher dose of the anticancer drugs and prolong the
contact time of drugs with the tumor. The WOW does not
contain embolic substances, so temporal ischemic change
occurs after intra-arterial chemotherapy. Thereafter, WOW is
easily flushed out through the venous and lymphatic drainage
systems in normal hepatic tissues (7, 27, 28). 
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Table IV. Effect of Epi-WOW emulsion on hematological findings in rabbits (after administration).

Groups Number WBC RBC HGB HCT MCV MCH MCHC PLT
of animal (103/μl) (104/μl) (g/dl) (%) (fL) (pg) (g/dl) (104/μl)

Saline 3 17.58±2.56 591±22 12.6±0.7 37.3±1.9 63.1±1.0 21.3±0.4 33.8±0.2 57.8±16.3
Epirubicin 3 21.08±4.59 636±21 13.6±0.5 39.4±0.8 61.9±1.3 21.3±0.4 34.4±0.7 50.3±8.2
WOW-saline 3 14.42±1.90 623±13 13.5±0.4 39.5±1.6 63.3±1.3 21.7±0.3 34.3±0.3 59.8±12.0
WOW-epirubicin 3 14.02±2.46 683±31* 14.3±0.3 40.9±1.5 59.9±0.9 20.9±0.5 34.9±0.5 45.3±2.5

Groups Number NEUT LYMP MONO EOS BASO LUC RET
of animal (%) (%) (%) (%) (%) (%) (%)

Saline 3 56.1±8.8 32.4±9.0 6.7±0.8 0.8±0.2 3.5±1.7 0.6±0.1 3.4±0.5
Epirubicin 3 57.9±6.3 26.4±6.0 9.1±0.5 1.3±0.3 4.2±0.7 1.2±0.3 4.0±0.7
WOW-saline 3 46.4±7.2 41.9±8.2 7.4±1.2 0.6±0.1 2.9±0.2 0.9±0.3 3.6±0.4
WOW-epirubicin 3 38.8±5.3 49.9±7.2 5.1±1.1 2.1±0.5* 3.9±0.6 0.3±0.1 2.6±0.5

Each value represents the mean±S.E. *p<0.05; Significant difference from Vehicle (Dunnett’s multiple test).

Figure 5. Electron microphotographs of WOW-epi 14 days after the
intra-arterial injection (×5,000). Note the emergence of nuclear
irregularity and degenerated mitochondria in the VX2 cancer cells
treated with WOW-epi.



We realized that our WOW sized 70 μm was stable 10
months after preparation. The accumulation of WOW was
shown by soft X-ray imaging. The radiosensitive
component, lipiodol, showed selective accumulation in the
VX2 tumor. The accumulation of the WOW was diffuse
compared with the lipiodol mix solution. The IPSO deposits,
a component of the WOW, in the tumor tissues, was
recognized by Oil Red O staining; accumulation of the
WOW in the cytoplasm of cancer cells was observed under
electron microscopy. The accumulation of lipid capsules that
occurred with the WOW in the VX2 cancer cells was
recognized by electron microscopy. Detection of the uptake
mechanism of the WOW into the cancer cells is important.
It is thought, that the WOW can easily accumulate in cancer
tissues due to the poor drainage through the lymph tissues
around the tumour.

The mechanisms underlying uptake from the cancer cells
are thought to be (I) endocytosis, (II) cell membrane fusion
with a surfactant of the WOW, (III) lipid uptake using a
transporter protein in the cell membrane, and (IV) physical
fusion that causes attachment between the WOW and cancer

cell membrane. The uptake of FITC-dextran and epirubicin
from Hep-G2 cancer cells was controlled in a temperature-
dependent manner, so the mechanism of uptake of WOW from
cancer cells is thought to be endocytosis. It is also thought that
the fusion between lipid components in the cell membrane and
the surfactant in the WOW easily occurs, and that lipid
components of the WOW are transported into the cytoplasm
of cancer cells. Using electron microscopy, we aim to assess
the uptake of the WOW in cancer tissues in the early stages
following intra-arterial injection using electron microscopy.

The accumulation of epirubicin in the cancer cells
increased after using the WOW; this is thought to be caused
by endocytosis. We hope that the WOW will be applied to
standard therapies for HCC. The use of the WOW decreases
the damages that occur to the normal liver parenchyma by
the minimal embolic effects on the peripheral artery and the
slow release of the anticancer agent. 

According to these advantages, we are able to use the
WOW emulsion safely in patients with recurrent HCC after
surgical resection. These results showed that an epirubicin-
entrapped WOW is capable of delivering and reserving the
anticancer agent to the tumor, thus the WOW is most useful
for intra-arterial delivery as a carrier of intra-arterial
chemotherapy in cases of HCC.

Tumor growth suppression was observed using the intra-
arterial injection of WOW-Epi to hypervascular tumors. We
hope to prepare a boron-compound-entrapped WOW (WOW-
Boron) and would like to apply intra-arterial chemotherapy
techniques using WOW-Boron for boron neutron-capture
therapy for hypervascular tumors in the liver in the near
future (29-32).

Conclusion

Anticancer agent-entrapped WOW led to tumor growth
suppression in vivo. Our results provide evidence for feasible
further evaluation of intra-arterial chemotherapy using WOW
in the treatment against HCC. As WOW does not produce
toxicity within the arterial vessels, repetitive trans-arterial
chemotherapy could be performed to improve the therapeutic
strategy for targeting HCC.
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