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Abstract. Brucea javanica oil-loaded liposomes (BJOL) were prepared through thin film hydration
method and characterized by transmission electron microscope, dynamic light scattering, and differential
scanning calorimetry. Acute toxicity of B. javanica oil (BJO) in liposomes was assessed by determining
the number of deaths of Kunming mice over intravenous treatment for 2 weeks. The pharmacokinetic
behavior of the main active component (oleic acid) was studied in SD rats. The pharmacodynamics of
BJOL was investigated using MMC-7721 cell lines and mice with Lewis lung cancer. The commercial
emulsion of BJO (BJOE) was used as a reference. The data showed that BJOL had an average diameter
of 108.2 nm with a zeta potential of —57.0 mV, drug loading of 3.60%, and entrapment efficiency of
92.40%. The area under curve of BJO in liposomes and emulsions were 2.31 and 1.15 mg min/ml,
respectively. Compared with BJOE, mean residence time and elimination half-time (#,) increased 2.8-
and 4.0-fold, respectively, and the clearance (CL) decreased 0.5-fold. In the acute toxicity test, the
median lethal dose (LDsg) of BJOE was 7.35 g/kg. In contrast, all mice treated with liposomes survived
even at the highest dosage (12.70 g/kg). The ICs, value of BJOL group was one third of that of BIOE
group (p<0.01), and a less weight loss was observed in the BJOL-treated animals (p<0.05). In
conclusion, the present study suggests that BJOL significantly decreased toxicity of BJO and enhance the
antitumor activity. Therefore, liposomes may be a potential effective delivery vehicle for this lipophilic
antitumor drug.
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INTRODUCTION

Brucea javanica oil (BJO), extracted from the nucleoli of
B. javanica which widely distributes from Southeast Asia to
northern Australia, has been used in treatment of various
ailments including cancer, amoebic dysentery, and malaria.
BJO is a complex mixture of fatty acids and fatty acid
derivatives, and its main activity components are oleic acid
and linoleic acid with content of 63.3% and 21.2%, respec-
tively (1). The mechanisms of antitumor activity of BJO
include inhibiting DNA polymerase activity (2), overcoming
tumor multidrug resistance (3), and destructing cancer cell
membrane system (4). It has been used clinically to treat
hepatic, esophageal, rectal, pulmonic, renal, and prostatic
carcinomas (5,6), commonly administered as BJO emulsion
(BJOE) alone or in combination with chemotherapy. How-
ever, the long-term use of BJOE could induce phlebitis,
sclerosis of blood vessels, hemangioma (7), anaphylactic
response (8), and some irritation on muscles and blood
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vessels, which possibly resulted from the abundant surfactant
required to stabilize the BJOE in the formulation and the
administration of a comparatively high dose. Moreover, due
to the thermodynamic instability of emulsions, BJOE easily
delaminates, flocculates, and rancidifies during the storage.

Liposomes have been developed as effective drug carriers,
particularly in anticancer therapy, due to their ability to deliver
encapsulated drugs to specific target sites, provide sustained
drug release (9,10), and protect encapsulated therapeutic
agents. Compared to emulsions, less surfactants are used in
the liposomes mainly consisting of phospholipids and choles-
terol, which are biocompatible and biodegradable. Therefore,
liposomes were chosen as a potential delivery system of BJO in
antitumor therapy though intravenous administration.

The aim of the current study was to develop liposome
formulation (B. javanica oil-loaded liposomes (BJOL)) by thin
film hydration method with the objectives to optimize the
pharmacokinetic profiles of BJO, enhance antitumor activity,
and reduce toxicity of BJO associated with the emulsion
formulation. Commercial product, BIOE was used as a control.

MATERIALS AND METHODS
Materials

BJO (63.3% oleic acid) and bruceolic oil emulsions were
obtained from Mingxing Pharmaceutical Co. Ltd. (Guangzhou,
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China). Soybean phospholipid was purchased from Degussa
Co. Ltd. (Germany). Cholesterol was supplied by Sinopharm
Chemical Reagent Co. Ltd. (Shanghai, China). Oleinic acid
(9-octadecenoic acid) and daturic acid standards were pur-
chased from Sigma-Aldrich Chemical Co. Ltd. (St. Louis,
MO, USA). Cyclophosphamide (CTX) was obtained from
Hengrui Pharmaceutical Co. Ltd. (Jiangsu, China). All
reagents used were of analytical grade except methanol and
acetonitrile of chromatographic grade.

Human hepatoma cell line SMMC-7721 and mice Lewis
lung cancer cells were offered by Pharmacology Laboratories
of China Pharmaceutical University (Nanjing, China). Fetal
bovine serum was from Gibco (Grand Island, NY, USA).

Kunming mice (weight, 18-22 g; half male and half
female) and male SD rats (200+20 g) were purchased from
Experimental Animal Center of China Pharmaceutical Uni-
versity. The animal studies were in the compliance of the
university conduct and adhered to the principles of Institu-
tional Animal Care and Use Committee Guidebook (http://
en.wikipedia.org).

Preparation of BJO Liposomes

BJOL were prepared by thin film hydration method (11).
Briefly, the lipid phase, a mixture of 8% (w/w) BJO, 80% (w/w)
phospholipid, and 12% (w/w) cholesteryl, was dissolved in
sufficient dehydrated alcohol by sonication (DL-720, Shanghai,
China), then transferred to a round bottom flask and submitted
to a rotary evaporator (RES01, Nanjing, China) at 50°C to
remove the dehydrated alcohol. The film obtained from the
flask wall was then hydrated by adding to phosphate buffer
saline with a pH of 7.4 under vigorous mechanical shaking with
a vortex mixer. After being hydrated thoroughly followed by
being sonicated for 45 min, BJOL were obtained.

Quantification of BJO

Since oleic acid (9-octadecenoic acid) has been reported
to be the main active component in BJO (12), it was taken as
the essential component for determination of BJO. The com-
pound has only ultraviolet (UV) end absorption; pre-column
derivation was employed in combination with reversed-phase
high-performance liquid chromatography (HPLC) (13-15).

Before analysis, Na,SO, was added to liposome suspen-
sions, and then heated for 30 min in an 80°C water-bath in order
to demulsify the liposome suspensions. Then, 9-octadecenoic
acid was extracted by adding a mixture of dimethyl carbinol-
skellysolve C-glacial acetic acid (40:10:1, v/v/v) to the above-
mentioned suspensions followed by 50 pl internal standard
solution (1 mg/ml). Fifty-microliter ®-phenacyl bromide
(20 mg/ml) and 50-pl triethanolamine (TEA, 25 mg/ml) were
employed to connect a UV-absorption group to the molecular
structure at 100°C. The resultant was dried by N, and
redissolved in 500-ul methyl alcohol. The supernate fluid was
obtained and determined by reversed-phase HPLC (Shimadzu
LC-10A, Kyoto, Japan) equipped with a UV detector set at
242 nm and a Shim-pack VP-ODS column (150 mmx=4.6 mm)
maintained at 28°C. The injection volume was 20 pl. The
mobile phase was a mixture of methanol-methyl cyanide-water
(65:27:8, v/v/v) with a flow rate of 1 ml/min. Drug and excipients
were validated to have no interference with each other.
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Quantification of 9-octadecenoic acid was done by using
a calibration curve. The straight-line equation was

A =0.0346C — 0.0063, 7> = 0.9978 (1)

where C is drug concentration (micrograms per milliliter),
and A is the peak area ratio (sample/internal standard). The
linearity of the method was studied in the range of 9.83-
196.50 pg/ml.

Characterization of BJO Liposomes
Visualization by Transmission Electron Microscopy (TEM)

The ultra-structure of BJOL was examined by trans-
mission electron microscopy (TEM; H-7000, Hitachi, Japan)
with negative stain method (16). A drop of each sample was
applied to a copper grid coated with carbon film and air-
dried; 2% (w/v) phosphotungstic acid solution was then
added onto the grids. After being negative stained and air-
dried at room temperature, the samples were accomplished
for the TEM investigation.

Measurement of Size and Zeta Potential

Size and zeta potential of liposomes were measured by
dynamic light scattering with a Zetasizer 3000 HAS (Malvern,
UK). Samples were diluted appropriately with double dis-
tilled water for the measurements.

Determination of Entrapment Efficiency (EE)

BJOL suspensions (0.5 ml) were eluted by phosphate
buffer (pH7.4) in a Sephadex-G50 column (1.5x20 cm), and
then the opalescence part of the eluate was collected (17). 9-
octadecenoic acid in the eluate and in the suspensions was
determined by HPLC. Entrapment efficiency (EE) was
calculated with the following formula:

EE(%) = C/Cp x 100% )

where C is the amount of drug in eluate, and C, is the total
amount of drug in liposome suspensions.

Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) thermograms
were obtained using a differential scanning calorimeter DSC
204 (NETZSCH, Germany). Samples were weighted indi-
vidually into a standard aluminum sample pan and heated from
20°C to 250°C at a rate of 10°C/min under a constant nitrogen
stream (30 ml/min).

Acute Toxicity in Mice

To determine the acute toxicity of BJOL, the values of
LDsg of both BJOL and BJOE were calculated using the Bliss
method (18).

Kunming mice (half male and half female, 18-22 g) were
housed under normal condition with free access to food and
water. Mice were randomly divided into two treatment
groups, BJOL and BJOE. Each group was further divided
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Table I. The Dosage Regimen of BJOL and BJOE on Mice Trans-
planted Lewis Lung Cancer by Intravenous Administration (n=10)

Groups Number Dose (mg/kg)
Control (blank) 10 RPMI-1640 (100 pl)
CTX 10 25
Emulsion 10 180

10 60
Liposomes 10 120
10 180

into six subgroups according to the dose (n=10 each
subgroup). The BJOL and BJOE were injected via tail vein
with various doses of 3.01, 4.02, 5.36, 7.14, 9.53, and 12.70 g/
kg (BJO). Mice were observed for 2 weeks in all groups, and
the number of mice surviving was recorded. The LDsy of
BJOL and BJOE were calculated using LDS0CALC Soft-
ware Version 2.0 (JSS Software Studio, China).

Pharmacokinetic Studies in Rats

Pharmacokinetics of BJO liposomes was investigated in
rats following intravenous administration at a dose of 200 mg/
kg (BJO), while BJOE were chosen as a reference formulation.

Animal Experiments

Twelve male SD rats (200+20 g) were fasted with water
allowed for 12 h prior to initiation of the study and randomly
divided into two groups. On the first day of the experiment,
blank blood samples (0.50 ml) were obtained by retro-orbital
puncture at 5, 15, 30, and 45 min and 1, 1.5, 2,3, 4, and 6 h
from both groups. On the seventh day, rats were anesthetized
by light ether and intravenously administered BJOL or BJOE
at the same dose of 200 mg/kg by femoral vein injection. Time
taken for administration was 30 s. Blood samples (0.5 ml)
were obtained with the above-mentioned method after intra-
venous injection. Plasma was separated by centrifugation at
3,000 rpm for 15 min and stored at —20°C until analysis.

Extraction of 9-Octadecenoic Acid

Prior to extraction of 9-octadecenoic acid, frozen plasma
samples were thawed at ambient temperature. One hundred
microliters of serum was pipetted into a 10-ml glass centrifuge
tube containing 50 pl internal standard solution (1 mg/ml).
Then, the 9-octadecenoic acid was extracted by adding a
mixture of dimethyl carbinol-skellysolve C-glacial acetic acid
(40:10:1, v/v/v).

Determination of 9-Octadecenoic Acid in Plasma

The derivatization and determination of 9-octadecenoic
acid in plasma were conducted with the method as described
above. Blank rat plasma was extracted and analyzed for the
assessment of the level of endogenous oleic acid. At each
time point, the oleic acid concentration measured was
corrected by the oleic acid concentration in blank plasma.

Quantitative analysis of 9-octadecenoic acid was per-
formed using the internal standard method. The standard
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curves ranging from 2.0 to 0.10x10°pg/ml were linear (>
0.99). Each solution was injected three times. The linear
regression equation is C=135.784-24.381 (n=3, r=0.9982),
where A is the peak area ratio (sample/internal standard),
and C is the concentration of 9-octadecenoic acid. No
significant difference was observed in the slopes of standard
curves (analysis of variance (ANOVA), p>0.05). Intra- and
inter-day variabilities were less than 10%. All of the absolute
recoveries were above 80%, with all coefficients of variation
less than 15%.

Pharmacokinetic Analysis

Standard compartmental pharmacokinetic parameters
(+SD) were calculated using the pharmacokinetic programs
3p97, edited by the Committee of the Mathematic Pharma-
cology, the Chinese Society of Pharmacology. Statistical
comparisons between groups were performed by an overall
ANOVA. Values were reported as mean+SD, and the data
were considered as statistically significant as p<0.05 or p<0.01.

Pharmacodynamic Investigation

Inhibition Effects on Human Hepatocellular Carcinoma
SMMC-7721 Cell Lines

Human hepatocellular carcinoma SMMC-7721 cells were
cultured in RPMI-1640 containing 10% fetal bovine serum at
37°C in an incubator containing 0.5% CO, (19). When the
cultured cells went into logarithmic growth phase, the cells
were detached by trypsinization, centrifuged at 1,000 rpm/min
for 5 min, and re-suspended in fresh complete medium at a
density of 2x10°cells/ml. Then, 100 ul of cells suspension per
well was distributed in a 96-well plate and incubated in 5%
CO,—air mixture at 37°C. After 12 h, 100 ul of BJOL or
BJOE diluted in RPMI-1640 (at concentrations of 0.18, 0.35,
0.70, 1.40, and 2.80 mg/ml, respectively) per well was added to
plates, respectively, whereas only 100 pl of RPMI-1640 was
added in the control cells. After incubation of 48 h, 20 ul
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, 5 mg/ml) was added, and then cultivated for 4 h

b0 D333
Fig. 1. Microphotograph of BJOL by transmission electron micro-
scope (original magnification x60,000). Under electron microscope,

BJOL showed a global, regular contour with homogeneous size and
distribution
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Fig. 2. Overlaid DSC thermograms of soybean phospholipid A, cholesterol B, BJO C, unloaded liposomes D, and BJO
liposomes E

before 100 pl DMSO was added to dissolve crystal and
oscillated for 5 min. Absorbance readings were performed at
570 nm that serves as a measure of cell viability (20,21). The
percentage of tumor cell inhibition was calculated according
to the following formula:

Inhibition( %) = (Acontrol - Atreated)/Acontrol x 100% (3)

where Aconwol 1S the absorbance at 570 nm of the control
group, and Aqeateq 1S that of treated cells.

Inhibition Effects on Mice Lewis Lung Cancer

Sixty Kunming mice were inoculated with transplantable
Lewis lung cancer cells. Twenty-four hours later, the mice
were randomly divided into six groups (n=10, half male and
half female). Cyclophosphamide (CTX) was used as positive
control. As shown in Table I, drugs were administrated once

daily for 10 days via tail vein. In the 11th day, tumor-bearing
mice were weighed, sacrificed, and tumors were excised for
being weighed immediately. The tumor inhibition ratio was
calculated according to the following formula:

Inhibition rate = (Wcontrol - erealed)/Wcomrol

)

where W oniro i average tumor weight of control group, and
Wireated 18 average tumor weight of treated group.

RESULTS AND DISCUSSION
Characterization of BJO Liposomes

Preliminary experiments were performed to determine
the optimal component for the liposomes. The ratio of drug:

cholesterol:lipid of 2:3:20 was selected for the final BJOL
formulation. As shown in Fig. 1, the BJOL was found to be

Table II. LDs, for BJOE After Intravenous Administration to Mice and Its Confidence Interval (n=10)

Dose (mg/kg) Log dose (x) Death number

Mortality (%)

Regression probit (Y) LDso and 95% CI (g/kg)

12,700 4.1038 10
9,525 3.9789 6
7,144 3.8539 5
5,358 3.7290 2
4,018 3.6040 1
3,014 3.4791 0

100 6.4094
60 5.6679
50 4.9265 7.3510
20 4.1851 6.2170~8.8420
10 3.4433
0 2.7022
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regular spherical shapes under a TEM, the size was uniform,
and the bilayer membrane can be clearly seen. BJOL had an
average diameter of 108.2 nm with a zeta potential of
—57.0 mV, drug loading of 3.60% with a high drug EE of
92.40%.

DSC (Fig. 2) of cholesterol and soybean phospholipid
showed a main transition peak (7y,) at 149.8°C and 223.2°C,
respectively, corresponding to their gel-to-liquid crystalline
transition temperature. While with unloaded liposomes, a
single main 7}, was observed at 207.4°C, signifying that the
phospholipid and cholesterol interacted with each other to a
great extent when forming the lipid bilayer. In comparison,
the drug-loaded liposomes (BJOL) produced substantial
change in the DSC thermogram with no peak of BJO
(233.0°C) observed. The enthalpy decreased because of the
interaction between the hydrocarbon chains of the phospho-
lipid and the drug. These results suggest that the lipophilic
drug interacted strongly with the lipid bilayer of liposomes
and may be potentially released slowly in vivo.

Acute Toxicity in Mice

The LDs, was used to determine the acute toxicity as
described in methods.

The toxic response such as severe prostration, respira-
tory distress, and catatonia were observed. After 7 days of

Table III. Pharmacokinetic Parameters of BJO Liposomes Following
Intravenous Administration in Rats (n=6)

Parameter Unit Value (mean=standard error)
A pg/ml 16.58+0.331
a 1/min 0.054+0.0224
B 16.79+0.241
B 1/min 0.0084+0.00811
V(d) L/kg 6.00
Tl/Zoc min 12.9
T] 2p min 82.8
K> 1/min 0.031
K]() 1/min 0.018
K 1/min 0.017
AUC mg min/ml 2.31
CL(s) L/(kg min) 0.086
AUMC mg min*/ml 150.62
MRT min 102.5

Cui et al.

Table IV. Pharmacokinetic Parameters of BJO Emulsion Following
Intravenous Administration in rats (n=6)

Parameter Unit Value (meanz+standard error)
Co pg/ml 35.71+0.632
Ke 1/min 0.031+£0.00285
V(d) L/kg 5.60
T] 2(Ke) min 22.3
AUC mg min/ml 1.15
CL(s) L/(kg min) 0.17
AUMC mg min®/ml 47.26
MRT min 36.3

dosing, the survivors were gradually recovered. The mice
mortality and LDsg of BJOE were shown in Table II. The
LDsy of BJOE and its 95% confidence limits were 7.35 and
6.22-8.84 g/kg, respectively. In contrast, the LDs, of BIOL
was not detected at the investigated dose range, as no animal
death was observed in any subgroups following the treatment
with the liposomes. Maximal tolerance limit of BJOL will be
determined in further study. These parameters indicated that
the BJOL were less toxic than BJOE.

Pharmacokinetics in Rats

The plasma drug concentration curves versus time after
intravenous administration were shown in Fig. 3. All phar-
macokinetic parameters evaluated were reported in Tables 111
and IV.

Encapsulation of BJO in the liposomes produced a
significant change in drug pharmacokinetic parameters com-
pared to the emulsion formulation. After bolus intravenous
administration, the pharmacokinetic data of BJOE can be
best described using one-compartment open model. In
comparison, the data of BJO liposomes were processed
following a two-compartment open model with a distribution
phase (#12o=12.9 min). The area under curve (AUC)_ value
of the BJOL (2.31 mg min/ml) was approximately twofold
higher than that of BJOE. Compared with BJOE, higher
mean residence time (MRT, 2.8-fold), #, (4.0-fold), and
lower CL (~50%) were obtained after the administration of
BJOL. These results indicated that the encapsulation of BJO
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Fig. 4. Inhibition effects of BJOL and BJOE on 7721 human liver
tumor cell. Diamonds, BJOE. Squares, BIOL. Each point represents
the mean+SD (n=3)
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Fig. 5. The weight of transplantable tumor on mice after treatment with BJOL and BJOE
at different doses of BJO. Each point represents the mean+SD (n=10). A Control. B
Cyclophosphamide (CTX). C Emulsions 180. D Liposomes 60. E Liposomes 120. F
Liposomes 180. Results were tested for significance using ¢ test. Significance levels: single

asterisk, p<0.05; double asterisk, p<0.01

in the liposomes could prolong the drug circulation in the
blood and tissues for a longer period of time. V4 of BJOL was
slightly larger than that of BJOE, although not statistically
significant (p>0.05).

The obvious increase in AUC,; and the prolonged
circulating time of BJOL may be attributed to delayed
elimination of BJO when incorporated into liposomes and
the reduction in uptake by the RES in the liver and spleen
due to the small size, as reported by other researchers (22,23).
In addition, the significant increase in elimination half life and
the obvious decrease in CL could be ascribed to the
protection of the lipid bilayer membranes and the slow
release of BJO from liposomes. The slight increase of V4
indicated that more BJO could distribute to peripheral tissue
or organ in liposomes than in emulsions.

Pharmacodynamic Investigation

Inhibition Effects on Human Hepatoma Cell Line
SMMC-7721

In vitro, both formulations showed a dose-dependent
cytotoxicity effect against human hepatoma cell line SMMC-
7721 in the MTT assay (Fig. 4). However, the inhibition ratios
of liposomes were higher than that of emulsions except for
that at the highest dose, at which both formulations showed
the maximum cytotoxicity. The ICs, values obtained in
liposomes group and emulsions group were 0.20+0.02 and
0.59+0.12 mg/ml, respectively (n=3). The ICs, value of
liposomes group was one third of that of emulsions group
with statistical significance (p<0.01). The higher inhibitory
effect of the liposomes to the cells than emulsions might be
resulted from their enhancement of intracellular delivery of
BJO by fusing with the cell membrane (24). Furthermore, the
tiny size of liposomes could increase their contact areas with
tumor cell significantly, which might generate an apparent
improvement in tumor inhibition effect.

Inhibition Effects on Mice Transplantable Lewis Lung Cancer

Figure 5 shows the inhibition effects of BJOL and BJOE
on mice transplantable Lewis lung cancer. Compared with
blank control group, significant inhibition effects on Lewis
lung cancer was observed in liposomes groups with middle
dose (p<0.05) and high dose (p<0.01), whereas in emulsions

groups, significant effect was only observed with high dose
(p<0.05). Moreover, the liposomes groups had less weight
loss than emulsions groups (p<0.05, Fig. 6). These results
indicated that BJOL had stronger antitumor activity with a
lower toxicity than BJOE. Moreover, given the increase of
V4 coupled with the enhanced antitumor activity compared
to BJOE, it may conclude the targeting effect of BJOL to
tumor tissue in some extent (25).

The likely explanations for the improved therapeutic
activity and decreased toxicity of BJOL were as follows.
Generally, tumor tissues proliferate rapidly with abundant
vasculogenesis, which may strongly increase the uptake of
BJOL to the tumor. It has been reported that the cytocidal
effect of anticancer drug depends on its concentration and
duration of exposure to tumor tissues (26). Accumulation of
biodegradable liposomes containing BJO in tumor tissues
created not only a high concentration in tumor tissues but also
a greater gradient of drug concentration for a massive and
prolonged diffusion of the free drug towards neoplastic tissues,
which remarkably enhance the inhibition of proliferation of
tumor tissues. In addition to the targeting ability of liposomes,
the decreased toxicity might also be largely ascribed to the slow
release of BJO from liposomes (9,27). In rats, the BJOL
produced a more favorable pharmacokinetic profile compared
to the emulsion. The comparative pharmacokinetic data

8.

the weight change of mice(g)
- wm
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——

& B C D E E
Fig. 6. The weight change of mice (grams) after treatment of BJOL
and BJOE. Each point represents the mean+SD (n=10). A Control.
B Cyclophosphamide (CTX). C Emulsions 180. D Liposomes 60.
E Liposomes 120. F Liposomes 180
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showed that BJO distributed to the body following the two-
compartment model from the liposomal system compared to the
one-compartment model in the emulsion. This suggests that
distribution of the liposome-associated lipophilic drug to the
interstitial fluids was restricted due to the limited tissue acces-
sibility of the particular carriers before the drug was released
(9). As a result, BJOL gave a larger AUC and longer half life,
which could have increased the drug contact time with the
tumors and consequently enhanced the antitumor activity.
Therefore, liposomes may provide highly desirable character-
istics as delivery vehicles of lipophilic antitumor drugs like BJO.

CONCLUSIONS

In conclusion, BJOL were successfully prepared for
intravenous administration and investigated in vitro and in
vivo. Compared to the emulsion formulation, the liposomal
BJO showed more efficacious antitumor activity, more
favorable pharmacokinetic parameters, and a decreased
toxicity to animals. Data obtained from human subjects will
be required to support the conclusion of this study in clinical
settings. Particle aggregation or hydrolysis of liposomal
preparations could occur during long-term storage due to
the existence of BJOL in the aqueous medium; further study
will be carried out to investigate the stability of BJO
liposomes, and technology using freeze drying may be used
to enhance the shelf life of BJOL.
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