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ABSTRACT

Objective: This study was aimed to develop oral microemulsions and to evaluate their ability to enhance stability, release and intestinal digestion of
mulberry stem extract (MSE).

Methods: The pseudoternary phase diagrams were constructed using caprylic/capric triglyceride (oil), PEG-8 caprylic/capric glycerides (S),
polyglyceryl-3 diisostearate (CoS) and an aqueous phase. The effects of S/CoS (Km) ratio and a cosolvent, i.e. polyethene glycol 400 or propylene
glycol (PG), were investigated. The optimized formulations were selected and incorporated with MSE. Then, they were then subjected to stability,
release and lipolysis studies. The control solution consisted of 50% PG and 50% water.

Results: The formation and characteristics of the microemulsions were influenced by Km and cosolvents. The two optimized formulations (F3 and
F4) consisted of 10% oil, 70% S/CoS mixture and 20% aqueous phase were chosen. The Km ratios of F3 and F4 were 4:1 and 3:1. The aqueous
phase of F3 and F4 was water and water mixed with PG, respectively. These formulations could improve the stability of MSE better than the control
solution. The accumulated release of MSE from F3, F4 and the control solution reached 100% while that of unformulated crude extract reached only
70% after 6 h. The lipolysis study showed that MSE incorporated in both F3 and F4 was digested more than double the percentage compared to that
of MSE incorporated in the control solution.

Conclusion: MSE was successfully developed in microemulsions. They are shown to be promising vehicles for oral delivery of MSE. Further animal

trials are suggested.
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INTRODUCTION

Various parts of the mulberry tree have long been widely used in
Ayurvedic and various traditional medical systems [1]. The root bark
is used as anti-tussive, anti-inflammatory and diuretic agents in
Korea [2]. The leaves, fruit and bark have been used in traditional
Chinese medicine to treat fever, improve eyesight, strengthen joints
and lower blood pressure [3, 4]. The leaves are also consumed in
Korea, Japan and Chile as anti-hyperglycemic nutraceutical foods for
patients with diabetes mellitus [5]. Recently, the ethanolic extract
prepared from aerial parts of the mulberry tree has been shown to
provide hypolipidemic, anti-inflammatory and antioxidative effects
which helped in alleviating obesity-induced liver diseases and
related metabolic disorder in rats [6]. However, the mulberry stems
which are often pruned and cut as normal cultivation practice are
rarely investigated for medicinal use.

Our previous study demonstrated the anti-inflammatory effects of
MSE through the inhibition of nitric oxide, inducible nitric oxide
synthase (iNOS) and cyclooxygenase (Cox)-2 productions in LPS-
activated RAW 264.7 macrophages [7]. In addition, this extract has
been investigated for antioxidant activities using various in vitro
antioxidant assays [8]. It was shown to possess a hydrogen-donating
ability, hydroxyl radicals quenching ability, superoxide scavenging
activity, nitric oxide scavenging activity and iron reducing capacity
[8]. It also has been investigated for the anti-nociceptive effect in
anterior cruciate ligament transection (ACLT)-induced rat model of
osteoarthritis (OA) [9]. Assessment of knee joint pain was
performed by determining the change in the hind limb weight
distribution between the operated and the non-operated

contralateral limb using the hind limb weight bearing tester. The
severity of cartilage damage to the knee joint on the operated limb
was also observed using the modified Mankin grading system. It was
found that oral administration of MSE at doses of 5.6, 56 and 560
mg/kg for 8 w significantly alleviated joint pain in a dose-dependent
manner. MSE at 560 mg/kg also demonstrated to delay the
progression of the articular cartilage degeneration. Considering
these background studies, MSE has potential to be used as a dietary
supplement for reducing OA pain or an alternative treatment for
inflammatory and oxidative stress-related diseases.

The benefit of using plant crude extracts is that they contain complex
mixtures of compounds which often contribute to the synergistic effect
[10]. The stem of the mulberry tree has recently been reported to
contain various polyphenolic constituents including flavonoids
(morusin), stilbenoids (mulberroside, resveratrol and oxyresveratrol)
and coumarins [2]. However, these polyphenols are also sensitive to heat
and a lack of long-term stability [11, 12]. From our previous study, the
effect of temperature on the stability of pure compound oxyresveratrol
and MSE was investigated [12]. It was observed that the degradation
occurred as a function of temperature and time. The degradation of
oxyresveratrol and the extract was more pronounced at high
temperature (45 °C) and was greatly observed after 45 d of storage.

In addition, the solubility of mixtures of compounds is also a major
challenge. The polyphenolic compounds are known to have poor oral
bioavailability due to low aqueous solubility and low dissolution rate
[13]. According to the biopharmaceutics classification system (BCS),
most of polyphenols belong to class II (low solubility and high
permeability) and class IV (low solubility and low permeability) [13].
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Therefore, formulation of plant extracts in modern drug delivery
systems in order to enhance the stability and dissolution/release
rate of polyphenols in the gastrointestinal fluid was considered
essential and thus was anticipated in this study. A formulation of
particular interest is a microemulsion.

Microemulsions are isotropic dispersions of two immiscible liquids
such as oil and water, stabilized by an interfacial film of surfactant and
cosurfactant molecules [14]. These systems are thermodynamically
stable, spontaneous formation, low viscosity and transparent
appearance [14, 15]. As pharmaceutical drug delivery systems,
microemulsions represent several advantages, including ease of
preparation, thermodynamic stability, stabilizing of active ingredients
and a long shelf-life [16-18]. It is also able to improve drug
solubilization, keep the drug in solution form as it is travelling along
gastrointestinal (GI) tract as well as enhance absorption in the
intestinal tract [18]. The enhanced absorption effect of microemulsion
in the intestinal tract is mainly due to the surfactant by disrupting the
structure of the lipid bilayer and opening tight junction of intestinal
epithelium [18, 19]. Therefore, the aims of this study were to develop
oral microemulsions and to evaluate their potential for enhancing the
stability of incorporated MSE. In vitro release and intestinal lipolysis
which were prognostic tools for oral absorption of the developed
microemulsions containing MSE were also investigated.

MATERIALS AND METHODS
Materials

Oxyresveratrol, isolated and purified from Artocapus lakoocha
heartwood or Puag-Haad, was prepared in-house using the method as
previously described [12]. HPLC grade acetonitrile and methanol were
purchased from RCI Labscan (Bangkok, Thailand). 4-
bromophenylboronic acid, pancreatin from porcine pancreas, sodium
taurodeoxycholate (NaTc), trizma maleate, L-a-phosphatidylcholine
and dimethylsulfoxide (DMSO) were purchased from Sigma-Aldrich
(Saint Louis, Missouri, USA). Caprylic/capric triglyceride was
purchased from Croda Singapore Pte, Ltd. (Singapore). PEG-8
caprylic/capric glycerides and polyglyceryl-3 diisostearate were from
Gattefosse (Lyon, France). PG was purchased from Srichand United
Dispensary Co., Ltd. (Bangkok, Thailand). Polyethylene glycol 400
(PEG 400) was purchased from Union Chemical 1986 Co. Ltd.
(Bangkok, Thailand). Potassium dihydrogen phosphate, calcium
chloride dihydrate (CaCl2.2H20) and sodium chloride were purchased
from Merck (Darmstadt, Germany). Sodium hydroxide (NaOH) was
purchased from Ajax Finechem Pty. Ltd. (Seven Hills, Australia).

Preparation of MSE

Mulberry stems were supplied by the Queen Sirikit Sericulture
Center, Tak Province, Thailand. Plant identification was done by Dr.
Pranee Nangngam and the voucher specimen was deposited at the
Faculty of Science, Naresuan University (Voucher Specimen No.
004067). The barks were removed, the stem woods were chopped
into small pieces and air dried for 2 d. The chopped stems continued
drying at 45 °C for 2 d using a hot-air oven (Memmert, Schwabach,
Germany). Then, they were extracted by the maceration technique
using 80% ethanol at room temperature. The filtrate was filtered
and evaporated under reduced pressure using a rotary evaporator
(Buchi Rotavapor R-114, Flawil, Switzerland). The drying process
was continued using a water bath (M25 Lauda, Deutschland,
Germany). The percentage yield of the extract was calculated by the
following equation:

vield (%) = (V% ) x 100

Where Wt; = weight in g of dried, chopped stem pieces and Wt; =
weight in g of dried crude extract obtained.

Determination of oxyresveratrol in MSE by HPLC analysis

An isocratic reversed-phase HPLC method was performed to
determine the amount of oxyresveratrol which was the bioactive
compound and found in high amounts in MSE. An HPLC system (LC-
20AT, Shimadzu, Kyoto, Japan) consisted of a UV-Vis detector (SPD-
204, Shimadzu, Kyoto, Japan), an auto-sampler (SIL-10ADVP,
Shimadzu, Kyoto, Japan) and a column oven. A C18 boned-silica gel
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column (Gemini, 5 um, 150x4.6 mm, Phenomenex, Torrance, USA) was
used. The mobile phase was acetonitrile mixed with 0.05 M phosphate
buffer pH 3 (1:3). The flow rate of 1 ml/min and column oven
temperature of 30 °C were set. The detection wavelength was 320 nm.

MSE (10 mg) was dissolved in 10 ml of 80% ethanol and then
further diluted to 0.25 mg/ml. The sample solution was mixed well,
filtered through 0.45 pm nylon membrane filters (Vertical
Chromatography Co. Ltd., Bangkok, Thailand) and analyzed for
oxyresveratrol by HPLC analysis. The amount of oxyresveratrol in
the extract was calculated from the calibration curve equation.

Construction of pseudoternary phase diagrams

The pseudoternary phase diagrams of caprylic/capric triglyceride
(oil), PEG-8 caprylic/capric glycerides (surfactant, S), polyglyceryl-3
diisostearate (cosurfactant, CoS) and water were constructed to
determine the area of microemulsions as previously described [20].
The weight ratio of S/CoS (defined as Km) varied as 2:1, 3:1 and 4:1.
The effects of the cosolvents including PEG 400 and PG on the
formation of microemulsions were also investigated. The cosolvent
was added to the water phase at ratio 1:1. All components were
weighed and mixed. Then they were allowed to equilibrate for at
least 24 h before characterizing for microemulsions by visual
inspection and polarized light microscopy. The formation of
microemulsions was confirmed by observing the appearance (i.e.
optically clear single-phase transparent) and birefringence under a
microscope (CHS 1K 6281, Olympus Optical Co., Ltd., Tokyo, Japan)
equipped with a cross-polarizer.

Characterization of the selected unloaded microemulsions

From the microemulsion regions in the pseudoternary phase
diagrams, microemulsion formulations were chosen and their
physical characteristics including particle size, viscosity and cloud
point were determined. The average droplet size and polydispersity
of microemulsion were detected by using ZetaPALS® (Brookhaven
Instruments, New York, USA) at 25 °C. The viscosity of the
formulations was measured by using a Brookfield DV-III
programmable with CP40 cone and plate rheometer (Brookfield
Engineering Laboratories Inc., Massachusetts, USA). Cloud point
measurement was performed by visual observation in the
temperature range 0 to 90 °C. The temperature at which a
microemulsion changes from transparent to turbid mixture was
recorded as cloud point. All measurements were carried out in
triplicate at 25 °C.

Preparation of Microemulsions containing MSE

The microemulsion formulations were incorporated with MSE at 2%
by weight and then subjected to further studies including stability
test, release and intestinal lipolysis study. MSE dissolved in a
solution consisting of 50% PG mixed with 50% water (the PG
solution) was used as a control.

Stability testing

The chemical stability of MSE incorporated in the selected
microemulsion formulations were investigated at 4 °C, room
temperature (RT) and 45 °C, 75+5% relative humidity (RH) for 6 mo.
The PG solution containing MSE was used as the control formulation.
At each time point, the samples were accurately weighed and
thoroughly mixed with an appropriate volume of 80% methanol.
Then, they were centrifuged at 4,000 rpm for 10 min. After that, the
supernatant was further diluted with 80% ethanol and filtered
through 0.45 pm nylon membrane filter. The percentage remaining
of MSE incorporated in all the formulations was detected based on
the marker peak, i.e. oxyresveratrol, by HPLC analysis as detailed
above. The HPLC analysis was performed in triplicate.

In vitro release study

The release of MSE from the tested formulations was determined
using dissolution apparatus II. Briefly, 600 mg of the selected
microemulsion formulations or the PG solution containing MSE at
2% by weight were filled in hard gelatin capsules. The capsules were
introduced into 900 ml of a release medium (phosphate buffer
solutions, pH 6.8) at 37+0.5 °C. The revolution speed of the
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dissolution apparatus paddle was kept constant at 50 rpm. Aliquots
of 5 ml were withdrawn from each vessel at selected time points and
filtered through 0.45 pm nitrocellulose membrane filters. An equal
volume of fresh medium was replaced to maintain a constant total
volume. The amount of MSE released was detected based on
oxyresveratrol by HPLC analysis as detailed above. The test was
performed in triplicate. The unformulated MSE powder at the
equivalent amount presented in the tested formulations was also
investigated for the in vitro release.

In vitro intestinal lipolysis study

Assessment of the digestibility of microemulsions is a preliminary
indicator of in vivo bioavailability enhancement. The condition used
for the in vitro lipolysis study was modified from Yin et al. [21]. The
tested formulations containing MSE (250 mg) were dispersed in 9 ml
of the digestive buffer (50 mmol trizma® maleate, 150 mmol NaCl, 5
mmol CaClz-2H:0, pH 7.5) containing 5 mmol NaTc and 1.25 mmol L-
a-phosphatidylcholine in order to simulate the fasted intestinal
conditions. The mixtures were incubated at 37 °C in a shaking water
bath (model 1086, GFL Gesellschaft fiir Labortechnik mbH,
Burgwedel, Germany). The digestion was then initiated by adding
1ml of pancreatin-containing the digestive buffer (final lipase
concentration 1000 USP units/ml). The reaction was left under
continuous stirring and pH was maintained at 7.5 by adding 0.5 M
NaOH solution. The progress of in vitro digestion was indirectly
monitored by pH-stat. After 30 min, the digestion was stopped by
the addition of 90 pl 0.5 M 4-bromophenylboronic acid solution to
inhibit lipase activity. The mixtures were centrifuged at 9,000 rpm
for 20 min (Universal Refrigerated Centrifuge, Kubota Corporation,
Tokyo, Japan) to separate the aqueous phase and the pellet phase.
The aqueous phase was collected and then filtered through 0.45 pm
nitrocellulose membrane filters prior to HPLC analysis. The extent of
the digestion was determined based on the amount of MSE detected
in the aqueous phase compared to the initial amount added and was
expressed as a percentage. Again, the amount MSE in the aqueous
phase was detected based on oxyresveratrol by HPLC analysis as
detailed above.

Statistical analysis

All data were expressed as mean+SD. Statistical analysis was
determined using one-way analysis of variance (ANOVA) followed
by the Tukey’s test for multiple comparisons (GraphPad Prism 6.0,
GraphPad Software Inc., San Diego, USA). P-values less than or equal
0.05 were considered significant.
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RESULTS AND DISCUSSION

Various biological activities of MSE have been demonstrated in the
previous studies [7-9]. However, long-term stability, water solubility
and oral absorption of the crude extract were the major limitations
to its application. Therefore, a drug delivery system is considered
essential. Microemulsion formulation was selected to incorporate
MSE in our study.

MSE was first prepared. It was obtained as a powder, which had a
dark brown color, with a percentage yield of 5.13% of the raw
woody material. The calculated amount of oxyresveratrol in MSE
was 17.87+0.61%.

Pseudoternary phase diagram

Caprylic/capric triglyceride was selected as the oil for our purposes
as it is known to enhance the intestinal absorption of co-formulated
drugs [22]. PEG-8 caprylic/capric glyceride is a well-defined mixture
of 30% mono-, di-and triglycerides of saturated C6-C14 fatty acids
(predominantly C8 and C10 fatty acids), 50% of mono-and di-fatty
acid esters of polyethylene glycol and 20% of free PEG 400 [23],
which was used as a surfactant given its effectiveness in enhancing
the intestinal absorption of various drugs [24-26]. Polyglyceryl-3 di
iso stearate was used as cosurfactant in this study.

The pseudoternary phase diagrams were constructed to investigate
the optimum ratio of the four components including oil, surfactant,
cosurfactant and aqueous phase. The constructed pseudoternary
phase diagrams are presented in fig. 1. Using the Km ratio of 1:1, the
microemulsions could not form (data not shown). The
microemulsions were obtained when the Km ratios were 2:1, 3:1
and 4:1 (fig. 1) and the area of the microemulsions observed was
comparable. The effect of a cosolvent (i.e. PEG 400 and PG) on the
formation of microemulsions was also investigated by fixing the Km
ratio at 3:1. Either PEG 400 or PG was mixed with water at ratio 1:1
and used as the aqueous phase. The results showed that the addition
of either PEG 400 or PG into the aqueous phase caused a reduction
in the microemulsion area (fig. 2). The region of microemulsions
with PEG 400 (fig. 2B) was less than that with PG (fig. 2C) and
without the cosolvent (fig. 2A). It has been reported that the
presence of hydrophilic molecules in the aqueous phase influences
the optimal head group area of the surfactant by altering the
solubility of the head group in the aqueous phase [26]. In this case,
PEG 400 (MW 380-420 g/mole) has a higher molecular weight than
PG (MW 76.09 g/mole), thus PEG 400 shows a higher negative effect
on the formation of microemulsions than PG.

$CoS

Water

SCoS

Fig. 1: Pseudoternary phase diagrams of caprylic/capric triglyceride (0il)/PEG-8 caprylic/capric (surfactant, S)/polyglyceryl-3
diisostearate (cosurfactant, CoS)/water with Km 2:1 (A), 3:1 (B) and 4:1 (C)
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Fig. 2: Pseudoternary phase diagrams of caprylic/capric triglyceride (0il)/PEG-8 caprylic/capric glycerides: polyglyceryl-3 diisostearate
(Km = 3:1)/aqueous phase. The aqueous phase was water (A) or water mixed with PEG 400 (B) or PG (C) at the ratio of 1:1

The four unloaded formulations (F1-F4) were selected from the
phase diagrams constructed. The compositions of each formulation
are shown in table 1. All formulations were characterised in terms of
particle size, viscosity and cloud point. The results are shown in
table 2. The mean droplets size range of microemulsion formulations
was in the range of 3.27 to 7.60 nm. The average viscosity of the
formulations was 92-125 cP. The cloud point is an important
property of non-ionic surfactants. It is the temperature at which the
surfactants lose water solubility. The system becomes turbid or
cloudy in appearance and phase-separates at this temperature. Thus,
cloud point is important for determining the storage stability of
microemulsions. The cloud point of unloaded microemulsion
formulations followed the order: F4>F3>F2>F1. These results can be
explained by the fact that, the formulations F3, F2 and F1 contained

hydrophilicity of a non-ionic surfactant (i.e. higher HLB), the higher
the cloud point. In this study, PEG-8 caprylic/capric glycerides which
were used as a surfactant has HLB = 14 while polyglyceryl-3 di iso
stearate which was used as a cosurfactant has HLB = 5. Therefore,
the higher Km ratio (i.e. 4:1 (HLB 12.2)>3:1 (HLB 11.8)>2:1 (HLB
11.0)) resulted in the higher cloud point. Comparing between F2 and
F4, it was observed that the presence of PG as a cosolvent in the
aqueous phase of formulation F4 caused an increase in cloud point
temperature compared to formulation F2. This can be explained by
the fact that the solubility of the surfactant generally decreases with
increasing temperature and starts to lose surface active properties.
Turbid formulation is observed. However, the presence of the
hydrophilic molecule, i.e. PG in the aqueous phase can increase the
solubility of the head group of surfactant in the aqueous phase [27].

the same amount of components but different Km ratio, i.e. 4:1, 3:1 Thus, the solubility of surfactant can be remained and
and 2:1, respectively. It is generally known that the higher microemulsions can be stabilized.
Table 1: Percentage of components of the selected microemulsion formulations

Components F1 F2 F3 F4
Caprylic/capric triglyceride 10 10 10 10
PEG-8 caprylic/capric glycerides: polyglyceryl-3 diisostearate (2:1) 70 - - -
PEG-8 caprylic/capric glycerides: polyglyceryl-3 diisostearate (3:1) - 70 - 70
PEG-8 caprylic/capric glycerides: polyglyceryl-3 diisostearate (4:1) - - 70 -
Water 20 20 20 -
Water: PG (1:1) - - - 20

Table 2: Viscosity, particle size and cloud point of unloaded microemulsions
Formulations Particle size? (nm) Viscosity? (cP) Cloud point ( °C)
Unloaded F1 3.46+0.05 125.53+0.69 28
Unloaded F2 3.40+0.08 100.17+0.56 37
Unloaded F3 3.27+0.12 92.10+0.70 49
Unloaded F4 7.60+0.12 97.47+0.53 60

aValues are represented as mean*SD (n=3)
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Stability testing

From the above results, F1 and F2 showed cloud point lower than 45 °C
and thus only F3 and F4 formulations were selected for further studies.
The MSE was incorporated into these microemulsions at 2% w/w
(namely MSE-F3 and MSE-F4). The PG solution containing MSE (namely
MSE-PG solution) was used as the control. The results are shown in fig. 3.
The degradation of MSE incorporated in F3 and F4, stored at 4 °C, 75%
RH after 6 mo, was not significantly different and was shown to be the
lowest (fig. 3A). However, significant degradation of MSE was observed
in the PG solution compared with F4 microemulsion. The different in the
ability to protect the degradation of MSE by various formulations was
significantly observed when tested at a higher temperature. At RT, the
degradation of MSE incorporated in both F3 and F4 was again not
significantly different. However, both microemulsions have significantly
enhanced the stability of MSE compared to the PG solution (fig. 3B). The
percentage remaining of MSE loaded in both F3 and F4 stored at RT,
75% RH for 6 mo was higher than 86%, suggesting that MSE-loaded
microemulsions have good chemical stability. However, at 45 °C, the
degradation of MSE increased. F4 showed the highest percentage
remaining of MSE followed by F3 and the PG solution, respectively (fig.
3C). These results are in agreement with the cloud point temperature as
previous discussed. F4 showed the highest cloud point, suggesting that it
was the most thermodynamically stable microemulsion. Therefore, this
may explain the most efficient performance of F4 to protect MSE
degradation at high temperature.

In vitro release

The cumulative release of MSE from the selected microemulsion
formulations and the PG solution (control) was detected again based
on the content of oxyresveratrol using HPLC analysis. In the in vitro
release study, the unformulated MSE powder was also investigated.
From the release profiles during the first 60 min (fig. 4), it was
observed that the profiles of the MSE-PG solution, MSE-F3 and MSE-
F4 showed immediate release because more than 75% of the active
compound was released within 45 min [28]. The enhanced release
rate was observed in MSE-F4, and was greater than the release rate
of MSE-F3 and MSE-PG solution. The greater release rate of MSE
incorporated in F4 may be attributed to the combination effect of the
microemulsion and PG which is a well-known vehicle used to
enhance dissolution of various drugs by cosolvent effect.

100 A)
7 80 A = bt
S0
<
@60
2 s
]
é 40 ——MSE-PG solution
$ 30
—<—MSE-F3
20 A
10 —e-NMSE-F4
0 . T . T r T T T T T T )
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (w)
100 ®)
90 1 ——
. 80 - ] .
= 0 4 %
=l 60 4
E'[w
£ 50 4
é 40 4 —&—MSE-PG solution
FIENR —«MSEF3
£
20 A —e—-MSE-F4
10 4
0 T T T T T T T T T T T ]
0 2 4 6 § 10 12 14 16 18 20 22 24
Time (w)

Int ] Pharm Pharm Sci, Vol 9, Issue 7, 103-109

100
90 ©
B 80
:‘_4_‘3
270 —
b
=)
g T —
E 50
=~
% 40 A —&—MSE-PG solution
&
£ 30
° —¢MSE-F3
20 -
10 - —-MSE-F4
T
0 2 4 6 8 10 12 14 16 18 20 22 4
Time (w)

Fig. 3: The percentage remaining of mulberry stem extract
formulated in propylene glycol solution (MSE-PG solution) and
microemulsions (MSE-F3 and MSE-F4) after storing at (A) 4 °C,

(B) RT and (C) 45 °C for 6 mo. Values are represented as
mean+SD (n=3)

The cumulative release of MSE from all three formulations reached
100% after 6 h. However, the cumulative release of the unformulated
MSE powder observed after 6 h was only 70%. The superior release of
MSE from the microemulsions compared to powder dosage form may
be explained by the effect of surfactants which increase the solubility
as well as the dissolution of MSE in the dissolution medium.

In vitro intestinal lipolysis study

In vitro intestinal lipolysis models, simulating the in vivo lipid
digestion in the small intestine has been suggested as a promising
tool to determine drug release from lipid-based formulations in a
complex process taking place following ingestion of the formulations
[29, 30]. During lipolysis, MSE incorporated in a formulation may
remain in the formulation, and be solubilized in the aqueous phase
or precipitated out. The aqueous phase contains not only colloidal
phases but also drug dissolves which is a prerequisite for absorption
[30]. Thus, the percentage digestion of the formulations was
determined based on the content of MSE in the aqueous phase. The
results are shown in table 3. It was observed that digestibility of
both microemulsion formulations was not significantly different.
From the previous results, the in vitro release has been shown to
release 100% of MSE from the microemulsion formulations and the
PG solution after 6 h. However, the percentage digestion of MSE
incorporated in both microemulsion formulations increased by more
than double the percentage compared to that in the PG solution
(table 3). These results are in agreement with the findings of Gao et
al. [31], who suggested that incorporation of cyclosporine A into the
microemulsion could enhance its permeability through the intestinal
membrane and oral bioavailability. The intestinal absorption-
enhancing effect of the microemulsion may be explained by the fact
that during lipolysis, lipids are digested by pancreatic enzymes
resulting in monoglycerides, fatty acids and lysophospholipids etc
[32]. These lipolytic products are arranged into micelles, unilamellar
vesicles and multilamellar vesicles in the presence of bile salts and
these structures enhance the solubilization and absorptive capacity
of the small intestine. In addition, the enhanced intestinal absorption
may be caused by surfactant-induced increment permeability which
disrupts the structure of the lipid bilayer and opens the tight
junction of the intestinal epithelium [18].

Table 3: Percentage digestion of the mulberry stem extract
incorporated in the propylene glycol solution (MSE-PG solution)
and the microemulsion formulations (MSE-F3 and MSE-F4)

Formulations % digestion
MSE-PG solution 31.85+0.99

MSE-F3 78.3246.25*
MSE-F4 83.03+6.21*

Values are represented as mean+SD (n=3). The designation * indicates
significant difference compared with MSE-PG solution at p<0.05
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Fig. 4: In vitro release profile of the mulberry stem extract from various formulations including unformulated extract powder (MSE
powder), propylene glycol solution (MSE-PG solution) and microemulsions (MSE-F3 and MSE-F4) in phosphate buffer solutions, pH 6.8.
The insert showed the release profiles during the first 60 min. Values are represented as mean+SD (n=3)

CONCLUSION

In this study, MSE was successfully developed in a modern delivery
system, i.e. microemulsions. The two optimized formulations named
F3 and F4 mainly consisted of 10% w/w caprylic/capric triglyceride,
70% w/w PEG-8 caprylic/capric glycerides and polyglyceryl-3 di iso
stearate mixture and 20% w/w aqueous phase. The Km ratios of F3
and F4 were 4:1 and 3:1. The aqueous phase of F3 was water while
that of F 4 was water mixed with PG at the ratio of 1:1. MSE loading
was 2% w/w. MSE degradation was depending on the time of
exposure, temperature and formulation. At RT and 45 °C, MSE
incorporated in both microemulsion formulations (i.e. MSE-F3 and
MSE-F4) showed an improvement in the stability compared with
that incorporated in the PG solution (control). The cumulative
release of unformulated MSE powder was only 70% in 6 h. However,
the complete release of MSE was observed when formulated in these
two microemulsion formulations. Although the complete release of
MSE was achieved when formulated in the microemulsions and the
PG solution, the percentage digestion of microemulsion formulations
containing MSE was more than two times higher than the MSE-PG
solution. These results suggest that the microemulsions containing
MSE developed in this study are a promising vehicle for oral delivery
of MSE. However, further studies in animal trials are required.
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