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The purposes of the present study were to develop a self-microemulsifying drug delivery system
(SMEDDS) containing bortezomib, a proteasome inhibitor. The solubility of the drug was evaluated in 15
pharmaceutical excipients. Combinations of oils, surfactants and cosurfactants were screened by drawing
pseudo-ternary phase diagrams. The system exhibiting the largest region of microemulsion was considered
optimal. Bortezomib SMEDDS spontaneously formed a microemulsion when diluted with an aqueous medi-
um with a median droplet size of approximately 20-30nm. In vitro release studies showed that the SMEDDS
had higher initial release rates for the drug when compared with the raw drug material alone. Measurement
of the viscosity, size, and ion conductivity indicated that a phase inversion from water in an oil system to
oil in a water system occurred when the weight ratio of the water exceeded 30% of the entire microemul-
sion system. In a pharmacokinetics study using rats, the bortezomib microemulsion failed to improve the
bioavailability of the drug. The reason was assumed to be degradation of the drug in the microemulsion in
the gastrointestinal tract. However, bortezomib in Labrasol® solution (an aqueous solution containing 0.025%
Labrasol®) showed significantly increased area under the curve from 0-24h (4UC,_,,,) and maximum
plasma concentration (C,,,) values compared to the drug suspension. The findings of this study imply that
oral delivery of a bortezomib and colloidal system containing Labrasol® could be an effective strategy for the

delivery of bortezomib.
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Bortezomib, marketed as Velcade® in the United States, is
a proteasome inhibitor for the treatment of relapsed multiple
myeloma and mantle cell lymphoma. The mechanisms of the
drug associated with its anticancer activity are clear that pro-
teasome inhibition could promote degradation of anti-apoptot-
ic proteins and prevent degradation of pro-apoptotic proteins,
resulting in programmed cell death in malignant cells.”
Bortezomib is administered to the patients as intravenous or
subcutaneous injections. It was reported that the drug could
be orally available in the early stage of development. However,
oral delivery of the drug has been not investigated and there
has been no pharmacokinetic parameter related to oral absorp-
tion.? It was suspected that oral absorption of bortezomib was
limited due to low aqueous solubility of the drug and efflux
by P-glycoproteins (P-gp).**

Microemulsion is a colloidal system which consists of
oil, water, surfactants and cosurfactants. They can offer the
advantages including simple manufacturing processes, ther-
modynamic stability, nano-sized droplets and improved solu-
bilization of poorly soluble drug. Therefore, they could be
potentially excellent carriers for the drug with low solubility
and have been applied in various administrations such as oral,
intranasal and vaginal routes.®”'” Pre-concentrates of micro-
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emulsions are homogeneous liquids, which contain oil, sur-
factants and the drug without aqueous phase. They are known
as self-microemulsifying drug delivery system (SMEDDS).
When SMEDDS is in contact with medium such as water or
gastrointestinal fluid, it spontaneously forms microemulsion
with gentle agitation.

Labrasol is a pale-yellow liquid and composed of mixtures
of monoesters, diesters, and triesters of glycerol and monoes-
ters and diesters of polyethylene glycols with mean relative
molecular weight between 200 and 400.'V It is used as self-
emulsifying and solubilizing agents in oral and topical phar-
maceutical formulations'” in addition to increasing the intesti-
nal absorption of hydrophilic macromolecular drug.'? It is also
known that Labrasol may inhibit the function of P-gp in rat
ileum and colon, thereby increasing intestinal absorption and
bioavailability of P-gp substrates.'” In addition, results of our
preliminary study indicated that Labrasol might enhance the
permeation of the drug across Caco2 cell (unpublished data).

Therefore, our study put emphasis on the enhancement of
oral absorption of bortezomib by formulation of SMEDDS of
the drug. Labrasol was chosen as the vehicle for the SMEDDS
considering its promising effect on P-gp inhibition. The ob-
jectives of this study were to develop SMEDDS formulation
containing bortezomib and to evaluate its physicochemical
characterizations including solubility, droplet size, and release
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behaviors. Pharmacokinetic study was also performed in rats.

Experimental

Bortezomib was donated by Merck Millipore (Darmstadt,
Germany). Propylene Glycol Caprylate (Capryol 90), linoleoyl
polyoxyl-6 glycerides (Labrafil M2125CS), oleoyl polyoxyl-6
glycerides (Labrafil M1944CS), propylene glycol dicaprylate/
dicaprate (Labrafac PG), medium-chain triglycerides (Labra-
fac WL1349), caprylocaproyl polyoxyl-8 glycerides (Labrasol),
and highly purified diethylene glycol monoethyl ether (Trans-
cutol HP) were donated by Gattefossé (Nanterre, France).
Polysorbate 20 (Tween 20), polysorbate 80 (Tween 80), and
castor oil were purchased from Samchun pure chemical
(Seoul, Korea). Polyoxyl 40 hydrogenated castor oil (Cremo-
phor RH 40) and polyoxyl 35 castor oil (Cremophor EL) were
obtained from BASF chemical Co. (Limburgerhof, Germany).
Antipyrine, an internal standard for analysis, was purchased
from Sigma-Aldrich (St. Louis, U.S.A.). All other ingredients,
reagents and solvents were of analytical grade.

Solubility Studies The solubility of bortezomib in vari-
ous vehicles was determined. Fifty milligrams of the drug
were added into conical tubes which contained 1 mL of each
vehicle. Samples were placed in a shaking incubator (100 rpm)
for 24 h at 25°C prior to centrifugation at 3000rpm for 10 min
to remove undissolved drug. The supernatant was filtered
through a syringe membrane filter (0.45um, Whatman, GE
Healthcare Life Science, U.S.A.) and was diluted with mobile
phase. Concentration of the drug was analyzed by a validated
HPLC-UV method. Agilent 1100 HPLC system equipped with
Gemini-NX C18 column (250X4.60mm, 5xm) was used. The
mobile phase contained HPLC grade water (pH was adjusted
to 3.0 with formic acid) and acetonitrile in the volume ratio
of 4:6. The analytical conditions were as follows; injection
volume—100 4L, flow rate of the mobile phase—1.0 mL/min,
column oven temperature—25°C and UV wavelength for de-
tection—270 nm.

Construction of Pseudo-ternary Phase Diagrams Pseu-
do-ternary phase diagrams were constructed using water titra-
tion method. Briefly, mixtures of surfactants and cosurfactants
(S/CoS mixture) were prepared in the volume ratio of 1:3 to
5:1 and then S/CoS mixture was added to oil to form blank
SMEDDS. The weight ratio of S/CoS mixture and oil ranged
from 1:9 to 9:1. Distilled water was added drop-wise to blank
SMEDDS containing oil, surfactant and cosurfactant. After
vortexing, the mixtures were visually examined for transpar-
ency. The points at which the mixtures became transparent or
turbid were designated as microemulsion or emulsion region,
respectively. The area of microemulsion region was calculated
using Image-pro Express software (ver. 4.5, Mediacybernetics,
Silver Spring, U.S.A.).

Preparation of SMEDDS Containing Bortezomib
SMEDDS was prepared by mixing specific amounts of
bortezomib, oil, surfactant and cosurfactant. For Capryol
90-Labrasol-Transcutol HP mixture (CLT-Blank-SMEDDS),
Capryol 90, Labrasol and Transcutol HP were considered as
oil, surfactant and cosurfactant, respectively. For Labrafil
M1944CS-Cremophor EL-Labrasol mixture (L’CL-Blank-
SMEDDS), Labrafil M1944CS, Cremophor EL, Labrasol
mixture was considered as oil, surfactant and cosurfactant,
respectively. The excipients with larger non-polar parts
was designated as surfactants. Surfactant and cosurfactant
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were mixed with magnetic stirrer. Oil was then added and
mixed. Total amount of blank SMEDDS was maintained at
3g. UCL-Blank-SMEDDS with the weight ratio of Labrafil
M1944CS: Cremophor EL:Labrasol=2:6:2 was considered
an optimized composition and was employed for further in-
vestigations. Finally, Bortezomib SMEDDS was prepared by
adding 40mg of the drug into 3g of optimized L’CL-Blank-
SMEDDS and by mixing until transparent mixture was ob-
tained.

Dispersibility Studies Bortezomib SMEDDS was pre-
pared by adding 4mg of the drug into 300mg of blank
SMEDDS. Blank SMEDDS or bortezomib SMEDDS were di-
luted 10, 20, 50 and 100 times with distilled water, simulated
gastric fluid without enzyme (pH 1.2 medium), simulated
intestinal fluid without enzyme (pH 6.8 medium), fasted simu-
lated intestinal fluid (fasted SIF) or fed simulated intestinal
fluid (fed SIF). The droplet size of diluted SMEDDS was
analyzed using Zetasizer 3000HS (Malvern Instruments Inc.,
U.K.) with a scattering angle of 90° at 25°C.

Drug Release Behavior The encapsulation of the drug in
SMEDDS was evaluated using dialysis bag (MWCO 100000,
Cole-Parmer International, Vernon Hills, U.S.A.) and it was
confirmed that more than 90% of the drug was in the droplets
of SMEDDS by HPLC-UV method. Bortezomib SMEDDS
which contained 4mg of the drug in 300mg of blank
SMEDDS was manually instilled into the hard gelatin cap-
sules for in vitro release study. Release behavior of the drug
from SMEDDS was determined in U.S. Pharmacopeia (USP)
dissolution apparatus Il with a rotating speed of 100rpm in
500mL of simulated gastric fluid (pH 1.2, 37°C). Release
behavior of raw drug powder in hard gelatin capsule was also
evaluated. Five milliliters of samples were withdrawn at spe-
cific time intervals (5, 10, 15, 30, 45, 60, 90, 120 min) and were
filtered through a syringe membrane filter (0.45 ym, Whatman,
GE Healthcare Life Science, U.S.A.). The drug concentration
in the filtrate was properly diluted to be analyzed using HPLC
method described in Solubility Studies section.

Viscosity, Size, Ion Conductivity and Morphology of
Bortezomib Microemulsion Bortezomib SMEDDS was
diluted with distilled water to form bortezomib microemul-
sion at ten different ratios from 9:1 to 1:9. The viscosity of
the bortezomib microemulsion was evaluated using Brook-
field DVII viscometer (Model DVII+, Middleboro, U.S.A)).
The measurements were conducted with 1.5, 3 and 30rpm of
spindle rotating speed at 25°C and were carried out in trip-
licate. The droplet sizes of bortezomib microemulsion were
measured using Zetasizer 3000 HS.

Ion conductivity of bortezomib microemulsion was mea-
sured using ion conductivity meter (HI 8633, Hanna Instru-
ments, Woonsocket, U.S.A.). Both distilled water and isotonic
0.9wt% NaCl solution were used for dilution to measure ion
conductivity.

The morphology of bortezomib microemulsion was ob-
served using transmission electron microscope (JEM-2100F,
JEOL, Tokyo, Japan). After dilution with water (weight ratio
of SMEDDS to water=1:50), a sample drop was placed on a
copper grid. Samples were subsequently negative stained with
1% phosphotungistic acid solution for 30s and dried at room
temperature.

Stability Studies Bortezomib SMEDDS filled in hard
gelatin capsules was placed at room temperature for 24h. The
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stability of the formulation was assessed by analyzing concen-
tration of bortezomib with the HPLC method.

Ex vivo stability of the formulation was also evaluated.
Sprague-Dawley rats were fasted for 12h prior to sacrifice.
The tissues of stomach and intestine were excised from rats
and homogenized with 10mm phosphate buffer (pH 7.4) at
3000rpm for 3min. Then tissue juices were centrifuged at
10000 rpm for 10min and the supernatants were used. Ex vivo
tissue juice (ImL) was spiked into bortezomib microemul-
sion which consisted of 4mg of drug, 200mg of L’CL-blank-
SMEDDS and 3800mg of water. The concentration of drug
was analyzed by HPLC at 10, 20, 30 and 60 min.

Pharmacokinetic Studies Animal studies were per-
formed in compliance with the regulations of the Institutional
Laboratory Animal Resources of Sungkyunkwan Univer-
sity. Male Sprague-Dawley rats (8—10 week, body weight
240-290g) (Hyochang Science, Daegu, Korea) were kept in
plastic cages with free access to water and standard rat diet.
Rats were housed at 23+£2°C/50% relative humidity (RH) with
a 12-h light/dark and acclimatized for at least 1 week prior to
the experiment.

Rats were anesthetized by intraperitoneal injection (50 mg/
kg) of Zoletil 50 (Virbac Laboratories, Carros, France) and
cannulated in the jugular vein with polyethylene (PE) tubing
(0.58 mm i.d. and 0.96 mm o.d., Natume Co., Tokyo). Recovery
period more than 48 h was given to the rats. Rats were divided
into three groups for three different dosage forms; group 1 for
bortezomib in distilled water, group 2 for bortemzomib mi-
croemulsion and group 3 for bortezomib in Labrasol solution.

Bortezomib in distilled water was prepared by adding 8 mg
of the drug into 100mL of distilled water. For the bortemzo-
mib microemulsion, blank SMEDDS containing Cremophor
EL, Labrasol and Labrafil was prepared in the weight ratio
of 3:1:1. After addition of 20mg of drug to 8g of blank
SMEDDS, bortemzomib SMEDDS was diluted with distilled
water to correspond to 0.1 mg/mL of drug concentration. Bor-
tezomib in Labrasol solution was prepared by adding 5mg of
the drug into 0.025% Labrasol aqueous solution. Each dosage
form was orally administered to the rats using appropriate
feeding needles and dose of the drug was 0.2mg/kg. Because
of the difference in formulations, administered volume of
dosage forms varied in the range of 2 to 2.86 mL/kg. Blood

Chem. Pharm. Bull.

Vol. 64, No. 8 (2016)

samples (0.3mL) were collected from the jugular vein at pre-
determined time points (0, 5, 15, 30min, 1, 2, 4, 8, 12 and 24h
after administration) and equal volumes of heparinized saline
(501U/mL) were replaced. Plasma samples were harvested
by centrifugation at 15000rpm for 10min and were acidified
with 50% formic acid for stabilization. Samples were stored at
—20°C until analysis and were analyzed within a week.

Drug concentrations in the plasma samples were deter-
mined using an LC-MS/MS system. Agilent 6430 coupled
with Agilent 1200 HPLC system (Agilent Technologies, Santa
Clara, CA, U.S.A)) and Luna C8 column (150X2.00mm, Phe-
nomenex, Torrence, CA, U.S.A.) were utilized in the present
study. A mixture of aqueous formic acid and acetonitrile (in
the volume ratio of 55:45) was used as the mobile phase.
Analytical conditions are as follows; injection volume—10uL,
flow rate of the mobile phase—0.3 mL/min and column oven
temperature—30°C. The multiple reaction monitoring was on
the basis of transition of m/z, 367.2—226.1 for the drug and
189.1-76.8 for antipyrine (internal standard). The analytical
method was validated in the range of 0.5-500ng/mL (with
7?=0.9997 for the linearity) and the lower limit of quantifica-
tion (LOQ) was 0.5ng/mL. Pharmacokinetic parameters were
calculated using non-compartmental analysis in WinNonlin
software (Pharsight, Cary, NC, U.S.A.).

Statistical Analysis All statistical analyses were con-
ducted using one-way ANOVA with Minitab™ software (re-
lease 13.32, Minitab Inc., State College, PA, U.S.A.). p Values
smaller than 0.05 were considered statistically significant.

Results and Discussion

Solubility Studies The solubility of bortezomib in vari-
ous pharmaceutical vehicles are shown in Table 1. Among
the eight types of oil tested, Capryol 90 showed the high-
est solubility (43.70+0.44mg/mL). Labrafill M2125CS
(37.09+2.72mg/mL) and Labrafil M1944CS (34.67%0.72mg/
mL) exhibited similar solubility. These three excipients
were considered as candidates for the oil phase of SMEDDS
for further studies. Among the surfactants used in solubil-
ity studies, Labrasol (46.46+0.88 mg/mL) and Transcutol HP
(46.44+1.86mg/mL) showed highest solubility followed by
Cremophor EL (16.37=0.36mg/mL). Therefore, these three
surfactants were selected for further studies.

Table 1. Solubility of Bortezomib in Various Pharmaceutical Vehicles at 37.5°C (n=3, Mean=S.D.)
Catergory Name (Brand name) Solubility (mg/mL)
Oil Propylene Glycol Monocaprylate (Capryol 90) 43.70*0.44
Oil Linoleoyl Polyoxyl-6 Glycerides (Labrafil M2125CS) 37.09+2.72
Oil Oleoyl Polyoxyl-6 Glycerides (Labrafil M1944CS) 34.67+0.72
Oil Propylene Glycol Dicaprylate (Labrafac PG) 6.28+0.07
Oil Caprylic/Capric Triglyceride (Miglyol 812) 1.99+0.02
Oil Medium-chain Triglycerides (Labrafac WL1349) 1.45+0.05
Oil Cotton Seed Oil 0.2220.04
Oil Castor Oil 0.01+0.06
Surfactant Caprylocaproyl Polyoxyl-8 Glycerides (Labrasol) 46.46+0.88
Surfactant Diethylene Glycol Monoethyl Ether (Transcutol HP) 46.44x1.86
Surfactant Polyoxyl 35 Castor Oil (Cremophor EL) 16.37+0.36
Surfactant Polyethylene Glycol 400 (Lipoxol 400 MED) 3.42+1.06
Surfactant POE(5) Sorbitan Monooleate (Tween 20) 0.75%+0.08
Surfactant POE(20) Sorbitan Monooleate (Tween 80) 0.74%0.14
Surfactant Polyoxyl 40 Hydrogenated Castor Oil (Cremophor RH40) 0.01+0.08
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ME: microemulsion area, the marker (@) on the border line indicates the compositions which were experimentally prepared.

Identifying solubility of the drug in various pharmaceutical
vehicles should be carried out to optimize formulation. In the
case of the drug with low aqueous solubility such as bortezo-
mib, the importance of its solubility is even more emphasized.
However, there were only a few studies which dealt with solu-
bility of bortezomib. Six vehicles were chosen on the basis of
results of solubility studies. It was expected that high solubil-
ity of the drug in these vehicles would contribute not only to
solubilization but also to physical stability of formulations.'¥
Selected excipients have been commonly used for preparation
of microemulsion and there has been many studies which em-
ployed Capryol 90, Labrafil M2125CS or Labrafil M1944CS
as oil phase."” ' In addition, the efficiency of self-microemul-
sification is much more related to the hydrophilic—lipophilic
balance (HLB) value of the surfactants. Surfactants with HLB
value greater than 10 are greatly superior at providing fine,
uniform microemulsion droplets.'® Labrasol (HLB: 14) and
Cremophor EL (HLB: 12) had potential of self-microemulsifi-
cation due to their high HLB values.

Construction of Pseudo-ternary Phase Diagrams
Among various combinations of six selected vehicles, Capryol
90-Labrasol-Transcutol HP mixture (CLT-Blank-SMEDDS)
and Labrafil M1944CS-Cremophor EL-Labrasol mixture
(’CL-Blank-SMEDDS) showed large microemulsion area.

Pseudo-ternary phase diagrams of CLT and L’CL were shown
in Figs. 1 and 2. Area of microemulsion region was summa-
rized in Table 2.

In the case of CLT-Blank-SMEDDS, Capryol 90, Labrasol
and Transcutol HP were used as oil, surfactant, and cosurfac-
tant, respectively. The investigated weight ratio of surfactant
and cosurfactant in S/CoS mixture were 1:3, 1:1, 3:1 and
5:1. Phase behavior showed that the area of microemulsion
increased as the ratio of cosurfactant increased in S/CoS mix-
ture (Table 2) which corresponds to a reported literature.'”
Considering that larger area of microemulsion region in the
diagram indicates formation of stable microemulsion, the
surfactant to cosurfactant weight ratio of 1:3 was selected for
further studies. The percentage area of microemulsion region
of CLT was 31.95% when the ratio was 1:3.

For L’CL-Blank-SMEDDS, Labrafil M1944CS, Cremophor
EL and Labrasol were used as oil, surfactant and cosurfactant,
respectively. When the weight ratio of surfactant to cosurfac-
tant increased from 1:3 to 3:1, it produced a result opposite
to what was observed in CLT. The area of microemlulsion
region increased with decreasing surfactant proportion in S/
CoS mixture (Table 2). In both cases of CLT and L’CL, larger
amount of Labrasol in S/CoS mixture led to larger area of
microemulsion region regardless of its role in SMEDDS (sur-



1112

(A)

Chem. Pharm. Bull.

(B)

Vol. 64, No. 8 (2016)

S+CoS

Qil 0 10 20 30 40 50 60 70 80 90 100

(9

S+CoS

Qil 0 10 20 30 40 50 60 70 80 90 100

Water Qj| 0 10 20 30 40 50 60 70 80 90 100

(D)

Water Qil

Water
S+CoS

100
0 10 20 30 40 50 60 70 80 90 100

Water

Fig. 2. Pseudo-ternary Phase Diagrams of Microemulsions Composed of (A) Labrafil M1944CS, Cremophor EL, Labrasol and Water at S/CoS Ratio
of 1:3; (B) at S/CoS Ratio of 1:1; (C) at S/CoS Ratio of 3:1; and (D) at S/CoS Ratio of 5:1

ME: microemulsion area, the marker (@) on the border line indicates the compositions which were experimentally prepared.

Table 2. Percentage Area of Microemulsion Region in Phase Diagram

Composition

Surfactant : Cosurfactant

CLT (Capryol 90/Labrasol/Transcutol HP)

L’CL (Labrafil M1944CS/Cremophor EL/Labrasol)

31.95%
30.50%
25.20%
23.79%

—_— = W

1:
1:
3:
5:

36.28%
54.46%
62.90%
52.98%

factant or cosurfactant). The percentage area of microemulsion
region was the largest when the weight ratio of surfactant to
cosurfactant was 3:1 (62.90% of total area of phase diagram).
L’CL-Blank-SMEDDS with the weight ratio of surfactant
to cosurfactant=3:1 was selected for further studies on the
basis of the area of microemulsion region. The weight ratio of
Labrafil M1944CS: Cremophor EL:Labrasol in chosen L’CL-
Blank-SMEDDS was 2:6:2.

One of the advantages of the microemulsion over coarse
emulsion is its thermodynamic stability.?” It is clear that the
microemulsion formation depends on the amount of surfactant
and cosurfactant in the system which led to low interfacial
tension between oil phase and water phase. Nevertheless, mi-

croemulsion could be formed with relatively low amount of
surfactant and cosurfactant when optimized combination was
established.

Dispersibility Studies Dispersibility of LCL-Blank-
SMEDDS was investigated by dilution with various media.
The investigated weight ratios of blank SMEDDS to dilution
media were 1/10, 1/20, 1/50 and 1/100. As shown in Fig. 3, the
median droplet size was maintained between 20nm to 30nm
regardless of dilution media type, which indicated that blank
SMEDDS spontaneously formed microemulsion with various
media. When the drug was incorporated into the L’CL-Blank-
SMEDDS, microemulsion showed similar median droplet size
to blank SMEDDS as displayed in Fig. 3(B). The transmission
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The weight ratio of Labrafil M1944CS: Cremophor EL :Labrasol in L’CL Micro-
emulsion=2:6:2.

electron microscope (TEM) image of bortezomib microemul-
sion with 1:50 weight ratio of SMEDDS to water was shown
in Fig. 4.

The formation of microemulsion with nano-sized droplets
was due to the optimized combination of the vehicles selected
on the basis of phase diagrams. The droplet size is an impor-
tant parameter of the colloid system and microemulsion with
bigger droplet size causes agglomeration of globules that may
result in unstable system.”? In addition, the droplet size
of microemulsion was a crucial factor in self-emulsification
performance because it is concerned with the rate and extent
of drug release, as well as absorption.”® It was confirmed
that L’CL-Blank-SMEDDS and drug loaded L’CL-SMEDDS
(bortezomib SMEDDS) could form stable and nano-sized mi-
croemulsion which was not affected by pH and compositions
of the media.

Drug Release Behavior As shown in Fig. 5, approxi-
mately 100% of bortezomib was released from SMEDDS
within Smin. The drug release maintained a plateau level for
120min without any sign of precipitation. Results indicated
that release of bortezomib from SMEDDS was significantly
faster than that of raw drug powder in pH 1.2 medium. In
addition, the solubility of bortezomib SMEDDS in distilled
water was 12.46mg/mL at 2h and 15.80mg/mL at 24h (data
not shown), which were significantly higher than the reported
aqueous solubility of the drug (0.5-1 mg/mL).” In the case of
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Fig. 4. Representative TEM Image of Bortezomib Microemulsion

Weight ratio of SMEDDS to water=1:50, Scale bar: 50nm.
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Fig. 5. In vitro Release of Bortezomib SMEDDS in pH 1.2 Medium
(n=3, Mean*S.D.)

the raw drug powder, it took 120min to reach 100% release of
the drug and large variations among the samples at each time
point were detected. Not only the aqueous solubility but also
the release rate may influence the absorption and bioavailabil-
ity of the drug.? When in contact with the dissolution media,
bortezomib SMEDDS resulted in spontaneous formation of a
microemulsion with nano-sized droplets which led to faster
release rate. It was supposed that solubilization effect of sur-
factants of SMEDDS also contributed to the results.?

Viscosity, Size, Ion Conductivity and Morphology of
Bortezomib Microemulsion Bortezomib SMEDDS was
diluted with distilled water to investigate its physicochemical
properties and behaviors in gastrointestinal environment as
microemulsion.

The viscosity of bortezomib microemulsion was measured
at 1.5, 3.0 and 30rpm and the results were displayed in Fig. 6.
Viscosity of bortezomib SMEDDS decreased with increasing
rotation speed with all water proportion. Newtonian fluid had
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the constant viscosity regardless of shear rate (e.g., water) and
it is a decisive feature of microemulsion due to its equilibrium
structure.**”) However, change in viscosity of bortezomib
SMEDDS was observed with different rotation speed, which
indicated non-newtonian flow. It was relatively high viscosity
of the bortezomib SMEDDS that resulted in this rheological
behavior.

A steep increase in viscosity was observed with water pro-
portion of 30-50%. When the weight ratio of water is lower
than 30% or higher than 60%, the viscosity was lower and
not susceptible to change in the ratio. The isolated droplets of
water in oil phase (or the reverse) spontaneously led to a low
viscosity.?® The increase in viscosity is presumably associated
with compositional and structural effects derived from the
interfacial packing.”” Therefore, it was supposed that diluted
bortezomib SMEDDS was in a bicontinuous state which is
the state of phase inversion from W/O emulsion to O/W emul-
sion.3?

Viscosity values decreased back to original levels at point
where the water proportion exceeded 50%. When water con-
tent in microemulsion was 50%, the maximum viscosity value
was reached due to percolation transition, which represents the

Chem. Pharm. Bull.

Vol. 64, No. 8 (2016)

B 40 -

120
100
80 1
60
40 1

lon coductivity, uS

20 -
0 s

®) Water content in microemulsion, %
12000 1
10000 -
8000 H
6000 -
4000 -

2000 -

lon coductivity, uS

Water content in microemulsion, %

Fig. 8. Effect of Water Content on Ion Conductivity of Bortezomib
Microemulsion

(A) without 0.9wt% NaCl; (B) with 0.9wt% NaCl (n=2).

transition from bicontinuous state to O/W microemulsions.>”

As shown in Fig. 7, the droplet size of microemulsion
showed decreasing trend with the increasing water proportion,
which corresponds to reported results.*’ When small amount
of water was added, W/O emulsion with the larger droplet size
was formed. It was thought that coalescence of water drop-
lets occurred with increase in water content from 10 to 20%,
which led to increase in droplet size. Droplet size decreased
to 200-300nm as the ratio of water in the microemulsion
increased, which suggested formation of bicontinuous state.
When water content was higher than 60%, droplet size was
maintained at 20nm and it was thought that stable O/W mi-
croemulsion was formed.*?

The ion conductivity of bortezomib microemulsion was
shown in Fig. 8. Because of the electrolytes, diluting with iso-
tonic 0.9% NaCl solution resulted in higher ion conductivity
than with distilled water. Regardless of the composition and
type of diluents, the ion conductivity increased steeply when
the water content in microemulsion was higher than 30%.

The increase of conductivity can be explained by the ex-
istence of network of conductive channels. This can explain
why W/O microemulsion shows limited conductivity com-
pared to O/W emulsion.®® As water amount increases, the
formation of water channels is triggered in an oil phase due
to the attractive interactions between microdroplets of water
phase in the W/O microemulsion.*®

When the weight ratio of water to SMEDDS was higher



Vol. 64, No. 8 (2016) Chem. Pharm. Bull. 1115

(A) (B)

00 g9 100 ¢ ] .
80 - 80 -
4 -—
-— =
3 60 - 2 60
s 3 —e— Bortezomib
© 40 | = 401 —o— Unknown
B —v— Bortezomib+Unknown
—e— Bortezomib
20 —o— Unknown 20 -
—v— Bortezomib+Unknown
0 T T T T T | 09 T T . |
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time, min Time, min
(©) (D)

00— s 1y e

80 4 80 !'\o——-\.\.

= 1 g

= [}

2 60 \\ = 60 - —e— Bortezomib

3 o —o— Unknown

< R 40 —v— Bortezomib+Unknown

0 -W
—e— Bortezomib 20 -

20 - L
—o— Unknown
—v— Bortezomib+Unknown 0
0 . T T T . " T T T T T T 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Time, min Time. min

Fig. 9. Stability of (A) Bortezomib Microemulsion Exposed to Gastric Tissue Juice; (B) Bortezomib Raw Material Exposed to Gastric Tissue Juice;
(C) Bortezomib Microemulsion Exposed to Intestinal Tissue Juice; and (D) Bortezomib Raw Material (Bortezomib in Water) Exposed to Intestinal
Tissue Juice (=3, Mean*S.D.)

‘Unknown’ indicates the unknown peak detected in HPLC chromatograms.

100 4
—&— Bortezomib in water
100 —O— Bortezomib microemulsion
10 A —w¥— Bortezomib in Labrasol solution

|
£
2

. 10
c
K]
s
c
o
5}
c
o
o

© 1
£
n
Y
o

0.1

0 20 40 60 80 100 120 140
Time, h

Fig. 10. Bortezomib Plasma Concentration versus Time Curves after Oral Administration (=5, Mean*S.D.)

than 0.3, the ion conductivity increased steeply, which indicat-  structural transitions during the increase of water phase frac-
ed phase inversion of microemulsion. It was inferred that the tion. The results of viscosity, droplet size and ion conductivity
conductivity and viscosity data have confirmed the continuous of SMEDDS indicate that a bi-continuous state was formed
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Table 3. Pharmacokinetic Parameters of Bortezomib after Oral Administration
Parameter Bortezomib in distilled water Bortezomib microemulsion Bortezomib in Labrasol® solution
t, (h) 91.72%+22.09 277.74+249.65 168.97+52.39
toax (D) 0.12%0.08 0.18+0.07° 0.100.04°
C,.x (ng/mL) 7.92+4.38 3.44+0.819 15.59+13.679
AUC, 4, (ng-h/mL) 15.97+2.19%Y 8.62+4.41%9 27.58+6.68>
V,JF (L/kg) 134.6+11.929 246.44+100.99% 107.34+33.96°
CI/F (mL/min/kg) 17.79%+5.19 16.85+10 8.05+3.26

a) Bortezomib in distilled water vs. Bortezomib microemulsion (p<<0.05). b) Bortezomib in distilled water vs. Bortezomib in Labrasol® solution (p<<0.05). ¢) Bortezomib

microemulsion vs. Bortezomib in Labrasol® solution (p<0.05).

when the weight ratio of water to SMEDDS ranged from 0.3
to 0.6.

Stability Studies The drug in SMEDDS was stable after
storage at 25°C for 24h (99.22+5.64%). It was reported that
bortezomib was stable for up to 15d when stored at 4°C in
the original packaging.’¥ However, the content of the drug
was gradually decreased with time when the raw drug was in
contact with gastrointestinal tissue juice as shown in Fig. 9.
Considering mass balance of the sample, the unknown peak
detected in HPLC chromatograms was inferred to main de-
gradant of the drug.

The degradation was more pronounced in intestinal tissue
juice than in gastric tissue juice. Previous study reported that
bortezomib showed significant degradation under stress condi-
tions of heat, acid and oxidation but not under basic environ-
ment.*> Because no sign of degradation in dissolution medium
(pH 1.2 medium) and in vehicles used for solubility studies
was detected, it was thought the main reason of degradation
was related to compositions of tissue juice including enzymes,
not compositions of SMEDDS.

In addition, raw drug was relatively stable compared to
bortezomib microemulsion in gastric tissue juice. In intestinal
tissue juice, the stability of raw drug was similar to that of
bortezomib SMEDDS. Considering that bortezomib SMEDDS
was stable for 24h as previously mentioned, it was suspected
that generation of interfacial between oil and water phase of
microemulsion affected drug stability.

Pharmacokinetic Studies Bortezomib plasma concentra-
tion versus time curves after oral administration of bortezo-
mib in various dosage forms were displayed in Fig. 10 and the
pharmacokinetic parameters acquired by non-compartmental
analysis were summarized in Table 3.

Considering time to reach C, . (7, (0.10-0.18h) values,
the drug appears to be absorbed quickly with all dosage forms
after oral administration. Plasma concentration—time curves
have two phases, distribution phase and elimination phase and
the drug was eliminated bi-exponentially. It took less than
30min for drug distribution and then plasma concentration
maintained the plateau until 144h, the last sampling point.
The elimination half-lives were markedly long ranging from
91.75 to 277.74h. As there was no significant difference among
elimination half-lives of treatments, a broad range of half-
lives was a result of modeling with extremely long half-lives.
There have been researches which reported similar plasma
concentration versus time curve patterns; short distribution
phase and extremely long elimination phase.***” Therefore,
it is logical to presume that the results from the present study
are reliable.

Among the three different dosage forms, it was bortezomib

in Labrasol solution which showed the highest area under the
curve from 0 to 24h (4UC, ,,,) and maximum plasma con-
centration (C,,,) values. The C,,, of bortezomib in Labrasol
solution was 15.59%13.67ng/mL, which was 1.9- and 4.5-fold
higher than bortezomib in water and bortezomib microemul-
sion, respectively. The AUC, ,,, of bortezomib in Labrasol
was 27.58*6.68ng-h/mL, which was 1.7- or 3.3-fold higher
than that of bortezomib in distilled water and bortezomib
microemulsion, respectively. Therefore, Labrasol has some
effects on improvement in bioavailability of the drug, but
microemulsion containing Labrasol caused the reduction in
bioavaiability of the drug due to the drug stability problem.

Bortezomib was stable in SMEDDS but when bortezomib
microemulsion was formed and exposed to gastric environ-
ments, degradation of the drug occurred. Therefore, it is
conceivable that actual dose of bortezomib microemulsion
exposed to the rats was less than expected. As mentioned
in stability section, generation of the interface between oil
and water was thought to be the reason of drug degradation.
Therefore, drug in Labrasol solution might have better stabil-
ity than SMEDDS. In addition, drug in Labrasol solution led
to improvement in bioavailability, which implies it could be
promising oral delivery system for bortezomib.

Conclusion

The present study investigated the preparation of SMEDDS
containing bortezomib. It was confirmed that physically stable
SMEDDS with nano-sized droplets could be formulated on
the basis of optimized combination of oils, surfactants and
cosurfactants. It was thought that the fast release of the drug
from the SMEDDS was attributed to fast dispersibility and
nano-sized droplets of SMEDDS. In the pharmacokinetic
study, bortezomib microemulsion failed to improve bioavail-
ability of the drug due to drug stability in the formulation.
However, bortezomib in Labrasol solution showed signifi-
cantly increased AUC, ,,, and C,,, values compared to those
of drug suspension. The result implies that colloidal delivery
system containing Labrasol could be an effective strategy for
oral delivery of bortezomib.
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