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Denazyme AP from Aspergillus oryzae was successlully encapsulated inlo liposomes by
using the reverse-phase evaporation vesicle method. Liposomes were prepared with a yield of
52.0% and a particle diameter of several yum. The liposomes were very resistant to digestion in
the gasiric environment (pH 1.2), suggesting that liposorne—encapsulation is an effective means
for protecting denazyme AP against gastric conditions. Further, the efficiency of release was
about 50% within 10 min in a solution of bile salts (pH 6.2). To increase the quantily of
denazyme AP encapsulated by this method, the optimal conditions for liposome-encapsulation
were investigated. The encapsulation efficiency was improved by increasing the lecithin
concentration in ethanol to 75mM. The ratio of lecithin/denazyme AP also affected the
efficiency, giving the highest value at a ratio of 1.0.

INTRODUCTION

Liposomes provide a good delivery system for therapeutic agents to tissues. In most
cases, liposomes are administered systemically via injection. The effectiveness of orally
administrating drug—centaining liposomes has also been discussed by several researchers,
and a decrease in the concentration of blood glucose in diabetic rats that were orally
administered insulin entrapped in liposomes has been reported (Patel and Ryman, 1976).
Rowland and Woodley (1981) obscrved that horseradish peroxidase, which is susceptible
to degradation in the intestine, was absorbed into the intestinal sacs without degradation
when administered in a liposome-entrapped form. These studies suggest that
liposome—encapsulation is effective for protecting proteins in the gastrointestinal tract. If
materials, such as functional peptides, can be efficiently encapsulated into liposomes by a
simple preparation method, they can act more effectively.

In addition, as allempls are made to improve chemotherapy in the whole animal or to
modify cellular physiology by introducing regulatory moitecules into the cell, the need for
liposome preparations that can entrap a large percentage of the aqueous phase has
become apparent. The original liposome preparations by Bangham et al. (1965),
consisting of multilamellar vesicles, have been admirably suited to defining many
membrane properties and were the basis for the development of the sonicated unilamellar
vesicles. However, both multilamellar and unilamellar vesicles have a relatively low
volume of entrapped aqueous space per mole of lipid and have restricted ability to
encapsulate macromolecules. Therefore, we have investigated conditions that not only
produce a liposome that releases its contents only in the small intestine, and also achieves
encapsulation of a large percentage of macromolecules. In this study, denazyme AP from
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Aspergillus oryzae was selected as a model macromolecular inclusion substance for case

of ovalnatinn of rocictanco and roloace officrioncy nf innenmeaoc in a narticular anrironmant
Gl evaiuallon Q2 resistanee and reieate elliCiendsy Cl Aposoiney N a paricular enwvircnimant.

We describe the nethed and characleristics of the liposomes produced by ethanol
injection and reverse—phase evaporation vesicle.

MATERIALS AND METHODS

Materials

Egg lecithin was kindly supplied by Taivo Kagaku Co. (Mic, Japan). Denazyme AP
from Aspergillus oryzoe was oblained from Nagase Biochemicals Co. (Kyoto, Japan).
The bile salts, glycocholic acid, glycochenodeoxycholic acid, glycodeoxycholic acid,
tauracholic acid, taurochenodeoxycholic acid, and taurodeoxycholic acid were purchased
as sodium salts from Sigma Chemical Co. {St. Louis, MO, U.5.A). Al other chemicals
were obtained from Nacalal Tesque (Kyoto, Japan) and were of analytical reagent grade.

Preparation of liposomes

To prepare liposomes that dissolve only in the small intestine, we encapsulated
denazyme AP from A. oryzae by the reverse-phase evaporation vesicle method and the
ethanol injection method because of their convenience and non-toxic conditions.

First, liposomes were prepared by the reverse—phase evaporation vesicle (REV)
method. One gram of egg lecithin was dissolved in 60 ml of 93% ethanol (560mM lecithin
solution), and 10ml of 0.5% solution (w/v) of denazyme AP was added. The resulting
two—phase system was sonicated briefly (bmin) in a bath—type sonicator until the mixture
become either a clear one—phase dispersion or a homogeneous opalescent dispersion.
The mixture was then placed on a rotary evaporator, and the organic solvent was
removed under reduced pressure {water aspirator) at 37°C. Finally, the liposomes were
subjected to freeze—drying.

Another method for the preparation of liposomes that avoids both sonication and
detergents is the ethanol injection (EI) method. One gram of egg lecithin was dissolved
in 60ml of 93% ethanol (50 mM lecithin solution), and 5.0 g of polyethyvlene glycol
(#6000) and 0.3ml of soybean oil, to strengthen the lipid membrane, were added. This
lecithin solution was injected into 120ml of a 0.042% solution {w/v) of denazyme AP at
phase transition temperature (60°C) with a Hamilton syringe while the denazyme AP
solution was rapidiy stirred. Stirring of this mixture was continued to remove excess
ethanol, and the mixture was then freeze—dried.

Assay of enzymatic activity

Denazyme AP activity was determined by a spectrophotometric methed (Anson,
1938}, using a calibration curve for different concenirations of tyrosine solutions (20-80
ug/2ml of 0.2M HCD). For each assay, 1ml of denazyme AP solution (suitably diluted so
that absorbance was in the range of the calibration curve) was incubated with 5ml of a
(0.6% solution (w/v) of Hammersten—casein (Wako Pure Chemicals Ltd., Osaka, Japan)
that had been dissolved in a 0.05M sclution of Na,HPO, (pH 7.5) as substrate at 37°C for
10min. The reaction was then stopped by addition of 5ml of 0.11 M trichloroacetic acid.
After incubation at 37 °C for 30 min, the solution was filtered through filter paper (No. 5B,
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Advantec Tovo Co., Tokyo, Japan). Five ml of (1.55 M Na,C(O, and 1 ml of Folin—Ciocaltcu
reagent (Nacalai Tesque Co.) were then added to 2ml of the filtrate, and the absorbance
was measured at 660 nm with a spectrophotometer (UV-1200, Shimadzu Co., Kyolo,
Japan). One unit was defined as the enzymatic activity that, under the present assay
conditions, liberated Folin—positive amino acids and peptides cquivalent to 1pmol
tyrosine in 1 mmin.

Efficiency of encapsulation of denazyme AP into liposomes

Before measurement, 50 mg of liposomes was ground by & mortar and a pestle in 1ml
of 0.1 M phosphate buffer (pH 7.5). A suilable dilution of the resultant solution was
assayed for enzymatic activity as described above. The encapsulation efficiency was
calculated by expressing the amounts of denazyme AP encapsulated as a percentage of
the initial amounts of denazyme AI® used to prepare the lipcsomes.

Stability and release efficiency of liposomes

The stability of liposomes in gastric fluids was investigated. A 100mg aliquot of the
liposomes was incubated at 37°C with reciprocal shaking (100 strokes/min} in 10ml of a
solution of HCl containing 0.2% Na(ll (pH 1.2) as described in the Japanese
Pharmacopoeia (P XID. The lipesomes were then collected by [iltration and washed with
distilled water. The coliected liposomnes were dissolved completely in phosphate buffer
(pH 7.5} and assayed for the denazyme AP activity that was retained after trealment with
the acidic solution. The resistance of the denazyme AP was expressed as the percentage
of initial denazyme AP activity retained.

The releasc of denazvme AP from the liposomes was evaluated as follows. A 100mg
aliquot of the liposomes was incubated ag 37°C with reciprocal shaking (100 strokes/min)
in 15ml of phosphate buffer {pH 6.8) described in JP XIL At appropriate times, the
solution was filtered, and the activity of denazyme AP in the filtrate was assayed.

Effect of bile salts on release of denazyme AP from liposomes

A solution of bile acids simulating human intestinal content was prepared in the
manner described by Hofmann (1963). Twenty mM solutions of each of the six bile salts
were prepared in phosphate-bullfered saline (pH 6.2} and were then mixed in the
following manner (by volume): sodium  glycocholate, 30%; sodium
glycochenodeoxychelate, 30%; sodium glycodeoxycholate, 16%; sodium taurocholate,
10%; sodium taurochenodeoxycholate, 10%; sodium taurcdcoxycholate, 6%. This
solution was then mixed 1:1 with liposomes to give a final concentration of 10mM hile
salts. The liposomes were incubated at 37 °C in 10 mM bile salts at pH 6.2. At appropriate
intervals, the solution was filtered, and denazyme AP activity in the filtrate was assayed.

RESULTS AND DISCUSSION

Efficiency of encapsulation and morphology of liposomes

First, we investigated the efficiency of encapsulation of denazyme AP Into liposomes.
As shown in Table 1, we found that REV method generated liposomes with a yield of
52.0%. This suggests that liposomes formed by this technique, which are referred to as
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reversc—phase evaporation vesicles, have a high aqucous space-to-lipid ratio and
encapsitlate a high percentage of the initial agueous phage. On the olher hund, the
encapsulation efficiency of liposome—capsule by the EI method was 26.5%. However,
because encapsulation efficiencies of such methods as vortex (Bangham ef al., 1965),
sonication (Kirby et al., 1980), and dctergent—removal (Zumbuch! et al., 1981) are 5% at
the most, we assumed that liposome—encapsulation techniques by the REV method and
the EI method were both effective and economical and convenient enough to be suitable
for the food industry.

Figure 1 shows a photomicrograph of liposomes prepared by the REV method.
Lipnsome unilamellar lipid vesicles with a pariicle diameter of several zim can be seen.
The liposomes are miniscule, homogeneous particles that would have little effect on the
quality of the original foods to which they have heen added.

Fig. 1. Photomicrograph of liposomes prepared by the REV method.
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Table 1. Encapsulation Elficicncy of Denagyme AP inlo Liposemes,

Liposomes D"““ZW“EE{BP activity* '1‘ra€gésatio

Start 43060 100.0
CBlmewor  war %5

REV method 22301 52.0

* Omne unit was defined as the enzymatic activity that liberated
Folin—positive amino acids and peptides equivalent to 1
2#mol/min of tyrosine.

" EI method=ethanol injection method.

¢ REV method=reverse--phase evaporation vesicle method.

Resistance of liposomes to degradation in the gastric environment

To investigate the resistance of liposomes to degradation in the gastric environrment,
liposomes prepared by the REV method and the EI method were treated with a gastric
solution (pH 1.2, HC1 solution containing 0.2% NaCl), and the enzymatic activity of
denazyme AP encapsulated in the liposomes was measured. Denazyme AP activity inside
liposomes produced by the REV method was barely affected by the gastric solution during
a 6-hr incubation, while the protective effect of the liposomes produced by the EI method
was slightly lower. On the other hand, Shimizu et afl. (1993) reported that liposomal
membrane prepared from egg yolk lecithin was almost completely stable against digestion
by pepsin. These results demonstrate that the liposome-encapsulation by these methods
is an effective means for protecting orally administered inclusion substances from gastric
conditions and that the liposome preparations have the potential to pass through the
stomach without a great loss of activity within its residence time {about. 6 hr, Muto, 19903,

Release of liposomes in the intestinal tract

These liposomes must disintegrate in the intestinal tract after passage through the
stomach to release denazyme AP from the liposomes. We next exarined the release of
denazyme AP from the REV- and the El-liposomes in intestinal fluid (pH 6.8, phosphate
buffer). No permeation of denazyme AP through the liposomal membrane was observed
in either liposome capsule, even after incubation for 3hr. This deficiency of
disintegration was thought to be due to the extremely high stability of egg lecithin used.

To improve the disintegration of lipocsomes, we investigated the efficiency of release
of the liposomes in a solution of bile salt responsible for digestion and absorption of lipids
(Rowland and Woodley, 1980; Nagata et al., 1990). As shown in Fig. 2, little release of
denazyme AP from liposomes prepared by the EI method was observed for up to 3hr
under a similar conditions as in intestinal fluid. By contrast, about 80% of denazyme AP
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was released within only 10min and mere than 90% was released within 3hr, when
liposomes produced by the REV method were incubated with a solution of bile salts. This
finding suggests that liposomes produced by the REV method have the potential to
release inclusion substances within their residence time in the bile salt-rich intestinal
tract. Therefore, we concluded that these liposomes permitted passage of the inclusion
substance through the gastric fract with little degradation and offered the subseguent
release of the inclusion substance in the intestinal tract.
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Fig. 2. Release of denazyme AP from liposome—capsules in a 10mM
solution of hile sali at 37°C; reverse-phase evaporation vesicle
method (@); ethanol injection method (O,

Effect of lecithin concentration and the ratic of lecithin/denazyme AP on the
encapsulation of denazyme AP in liposomes

As described above, it became clear that a REV method was effective for preparing
liposomes with release efficiency of denazyme AP in the intestinal tract. Considering its
possible wide application in the food industry, it seems desirable to increase the quantity
of denazyme AP encapsulated by this method. We investigated the optimal conditions to
maximize efficiency of liposome encapsulation. Figure 3 shows the effect of lecithin
concentration on the encapsulation of denazyme AP. By increasing the lecithin content
from 25 to 75mM, the quantity of encapsulated denazyme AP was almost doubled, The
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increment then leveled off, and the encapsulation efficiency held constant. This
increment of encapsulation efficiency occurs because at the point of removal of the
organic phase, some of the phospholipid monelayer, which is produced by the initial
sonication treatment, disintegrates, releasing its encapsulated denazyme AP; then the
excess lecithin contributes to formation of a complete bilayer around the remaining
monolayer-liposomes and denazyme AP. Moreover, when each liposomes prepared with
various lecithin concentrations was incubated with a solution of bile salt, release of the
liposomes was almost identical up to 76 mM lecithin concentration, showing efficiency of
release of about 80% within 1 hr.

The effect of the egg lecithin/denazyme AP ratio on the encapsulation efficiency of
denazyme AP is shown in Figure 4. By slightly increasing the amount of denazyme AP,
the efficiency was markedly increased. However, the efficiency decreased again when the
denazyme AP was increased to 1.0 or higher.

In summary, we concluded that the REV method with a 75 mM lecithin concentration
and a lecithin/denazyme AP ralio of 1.0 was an effective liposome—encapsulation
technique with high encapsulation efficiency. This relatively simple technique has unique
advantages for encapsulation of valuable water—soluble matcerials such as proteins, drugs,
and other biochemical reagents for oral administration.
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Fig. 3. Effect of lecithin concentration on the encapsulation efficiency
of denazyme AP.
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Fig. 4. Encapsulation of denazyme AP in liposomes of different egg
lecithin/denazyme AP ratics. The amount of total lipid was 1.5g.
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