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Abstract: Beeswax is selected as a natural coating material for the development
of new colon specific drug delivery systems charged by mesalamine. In a first
step, beeswax microparticles are prepared using hot-melt process of micro-
encapsulation where drug:beeswax ratio, stirring speed, emulsifier concen-
tration and pH of external phase are varied for the optimization of the drug
entrapment and microparticles’ morphology. The effect of the nature of the
emulsifier is also discussed by studying the hydrophilic—lipophilic balance
(HLB) value. In a second step, to obtain delayed delivery systems, bi-layered
microspheres are elaborated by the process of emulsion—solvent evaporation
using ethylcellulose or cellulose acetate butyrate as outer enteric coating layer.
All formulations are characterized by infrared spectroscopy, X-ray diffraction,
scanning electron microscopy and optical microscopy. The drug release is
established in simulated gastric, small bowel and colon liquids and the release
mechanism is discussed by applying the Korsmeyer—Peppas model.

Keywords: beeswax; mesalamine; colon-specific delivery; double walled mic-
rospheres.

INTRODUCTION

Mesalamine or 5-aminosalicylic acid (5-ASA) is an active substance that has
been used as a potent non-steroidal anti-inflammatory drug, its efficacy is proved
against gastrointestinal tract diseases and especially that of colon part, such as
ulcerative colitis and Crohn's desease.!»2 Obviously, the oral administration of
the drug remains a painless and favourite method for patients but it can reduce
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92 BRAHMI ef al.

the drug bioavailability and therefore its therapeutic efficacy. In fact, mesalamine
is absorbed into the proximal small intestine and metabolized without reaching
the therapeutic levels in inflamed sites.3 So, multiple kinds of colonic drug deli-
very systems such as gastroretentive dosage forms, pH-dependent dosage forms,
or mucoadhesive dosage forms are developed to improve the effectiveness of inf-
lammatory bowel diseases treatments.3—> In these systems, the active therapeutic
substance is usually coated in a shell that controls the drug release through three
parameters often operating in a combined way; the first one is related to the pH
values of the gastrointestinal tract, this formula generally showed neglected rel-
ease in a strongly acidic environment.5-6 The second parameter is based on the
transit time of the gastrointestinal tract;>7 for example, as reported by Souza et
al.,8 the delayed drug delivery is acquired by the relaxation behaviour of Xylan
chains in the first 4 h; in this study, the microspheres were able to reach the large
intestine with about 40 % of initial drug load, which could be sufficient for the
local treatment of inflammation according to the researchers. Finally, the pre-
sence of colonic flora ensures a specific release of the drug, this type of micro-
scopic vector is generally based on polysaccharides since they are indigestible in
the small intestine. However, they undergo complete or partial degradation by
carbohydrate-active enzymes (CAZymes) in the colon.%-!! For example, pH—
—enzyme double-dependent mesalamine colon-specific delivery system were
developed by Jin et al.;!2 the authors succeeded in developing a dual pH-dep-
endent and enzymatic degradation systems based on chitosan and eudragit S100
for the specific release of mesalamine in the colon.!2

Thus, in the present investigation, an attempt is made to prepare colon drug
delivery microspheres using mesalamine as active ingredient and beeswax as
natural coat. Beeswax is a complex mixture composed of hydrocarbons, free fatty
acids, esters of fatty acids and fatty alcohol, diesters and exogenous substances.!3
This coat material is chosen, in one hand, for its edible properties and long resis-
tance to external environmental factors (oxygen, humidity, digestive proper-
ties).13-14 In the other hand, it is confirmed by several studies that the drug
encapsulation using this lipid material is effective in protecting and improving
the release properties of compounds, especially in the medical field, as it allows a
prolonged release of the drugs using simple methods with low production
costs.15-19 Beeswax is mostly used as gastro-resistant coat for anti-inflammatory
drugs.15:18,19 and it has been also tested to obtain delayed formulations for an
anti-cancer drug.!7 So, the objective of the present work is to develop new reser-
voir devices by a combination of beeswax, as primary coat and cellulose deri-
vative polymers as second layer, for a colon specific drug delivery. For the res-
earch purpose the optimized beeswax microspheres are firstly prepared by emul-
sion—melt solidification technique and by varying some process parameters, i.e.,
drug:polymer ratio, stirring speed, emulsifier nature and concentration and the
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pH of external phase. Secondly, double walled microspheres are formed using
emulsion—solvent evaporation technique where ethylcellulose and cellulose acet-
ate butyrate are chosen and tested as second coat to obtain colon-specific drug
delivery systems.

EXPERIMENTAL
Materials

Mesalamine is obtained from SALEM laboratory (Algeria), beeswax is obtained from
beekeeping farm (west of Algeria), ethyl cellulose (EC, 22 mPa s) and cellulose acetate
butyrate (CAB, M = 70000) are purchased from Sigma—Aldrich. Polyvinyl alcohol (PVA, 98—
—99 % hydrolysed, polymerisation degree:1700-1800, viscosity: 25-32 cP) is from Biochem
Chermopharma, Tween 80 origin is Sigma—Aldrich, Span 80 is from Biochem Chermopharma
and dichloromethane (DCM) is from Sigma—Aldrich.

Preparation of microspheres and double coated microspheres

Mesalamine microspheres based on beeswax are prepared by using hot-melt technique of
micronecapsulation; 2g of beeswax is melted in a water bath at 90 °C, then 0.25 g of mesa-
lamine is added under magnetic stirring. The mixture is then emulsified in 100 mL of hot (85—
—90 °C) aqueous solution (distilled water with pH 6.1+0.1 or acetate buffer solution at pH
4+0.1), containing 1.5 % of emulsifier and stirred mechanically at 800 rpm using DLS stirrer.
After 3 min of emulsion, the system is cooled using an ice bath until 10° C under continuous
stirring. After 20 min, solidified microspheres are collected by filtration and washed with dis-
tilled water and finally dried at room temperature for 48 h.

To obtain double walled microparticles, solvent evaporation method is used; so selected
beeswax microspheres are dispersed in 25mL of DCM coating solution containing 0.4 g of EC
or CAB as matrix, the polymer:microspheres ratio is maintained at 1:1. This organic phase is
then poured into 100 mL of 1 % of PVA aqueous acetate buffer solution (pH 4) under stirring
(800 rpm) for 3 h until the complete solvent evaporation. After filtration, the obtained double
walled microspheres are washed with distilled water and dried at room temperature for 48 h.

Microparticles’ characterization

For microparticles’ characterization, FTIR spectra of drug, beeswax and formulations are
registered using a Bruker Alpha FTIR spectrometer in the absorbance range of 4000-400 cm'!.
Powder X-Ray diffractogramms of mesalamine, beeswax and D;; batch of microspheres are
recorded using Rigaku diffractometer type Ultima IV. The samples are scanned in the range of
26 from 0 to 80° using an incident beam the Kal line of copper. Shape and surface morpho-
logy of microspheres are examined using Hitachi TM-1000 scanning electron microscope
(SEM). The particles are observed using the optical microscopy type Optika stereomicroscope
of the series SZM 1 and equipped with a camera and software, in order to identify the size and
morphology of microparticles. The mean diameter, d;,, is calculated using the following
equation and by counting and measuring more than 500 microparticles of each batch:

_ 2nd;
an‘

where d; is the droplet diameter, n; is the number of droplets with diameter d;; dyq is the
average number diameter.

(M
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Determination of the drug content and encapsulation efficiency

5 mg of microspheres are dispersed in 10 mL of a suitable solvent (0.5 M HCI solution)
under stirring for 15 min at 90 °C for the complete removal of mesalamine. After cooling at
room temperature, the obtained mixture is filtered and analysed by UV-Vis spectrophoto-
metry using Shimadzu 240 1PC spectrophotometer at 4,,,, = 305.8 nm, the drug extraction is
carried out in triplicate and the results are expressed by the mean + SD.

The entrapment efficiency and drug content are calculated using the following formulas:

Efficiency = 100M o
Minitial drug
m
Drug loading =100 —Smug extract 5

Mmicrosphers

In-vitro drug release studies

The drug release is monitored using a Shimadzu 240 1PC dual beam UV-Vis spectro-
photometer. 200 mg of microspheres are dispersed in 900 mL of dissolution medium at 37+0.4
°C under magnetic stirring of 100 rpm. At selected time intervals, 3 mL of sample is with-
drawn and analysed and quickly reintroduced into the release reactor. The drug release is car-
ried out in simulated gastric medium of pH 1.2 for a period of 2 h, in simulated small bowel
liquid (pH 8) for 6 h and in colon simulated liquid at pH 6.5 for 5 days. These mean values of
periods are selected based on the available studies on patients with active ulcerative colitis and
Crohn disease.20-23
Kinetic treatment of mesalamine release data

The release data are mathematically fitted according to Korsmeyer—Peppas kinetic model:

2= Kyt )
m;

where m; is the amount of drug release in time ¢, m; is the initial amount of drug in the micro-
sphere and m,/m; fractional mass of drug released at time ¢. K is the rate constant of Kors-
meyer—Peppas model and 7 is the diffusion exponent according to Korsmeyer—Peppas, this
model is verified for 60 % of the drug released.2*?7 The selected model is applied for each
step of drug release in selected time intervals corresponding to the pH medium (from 0-120
min for pH 1.2, from 120-360 min for pH 8 and from 1440—7200 min for pH 6.5).

RESULTS AND DISCUSSION

Optimization of beeswax microspheres

In order to obtain the ideal combination of morphology, encapsulation effi-
ciency and yield, some process parameters, i.e., drug:beeswax ratio, stirring
speed (N, rpm) and external phase pH was studied, and in these experiments
PVA is used as surfactant and its concentration was also varied. As shown in
Table I, using a drug:beeswax ratio of 1:4 (Dg formulation), the droplets clung
together and formed aggregates. Consequently, to obtain individualized formul-
ations, the drug concentration is reduced to 1:8 (drug:beeswax) and the effects of
both the emulsifier concentration and the stirring speed on the drug entrapment
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were studied in two external phases of pH 6.1 and 4. The results showed that
using pH 6.1 of the external phase, the obtained microparticles are spherical but
the drug entrapment efficiency didn’t exceed 42 %; it increased when the PVA
concentration was risen to 1.5 % and it decreased when the stirring speed of
emulsion is increased. For these formulations (D1—Ds), the microspheres’ size
(d10) varied from 94 to 133 um and is largely affected by the stirring speed. In
fact, the particle size decreased when the stirring speed of emulsion increased
and the results is in agreement with the inertial break-up theory.28

TABLE 1. Composition and physicochemical properties of bee wax microspheres

Code Drugipol. N  PVA pH of external Particles’ Drug loading Entrapment d

ratio pm % phase shape %=+SD efficiency pm
%+SD

Dy 1:4 800 1 6.1£0.1  Aggregate  6.5+0.6 325429 1222
D, 1:8 800 0.5 6.1£0.1 Spherical 2.3+0.4 20.9+4.1 100.8
D, 1:8 800 1 6.1+0.1 Spherical ~ 4.1+1.1 37.2£10.3 133.0
D, 1:8 800 1.5 6.1+0.1 Spherical ~ 4.6+0.5 41.7+44.6 124.0
D, 1:8 800 2 6.1+0.1 Spherical 3.4+0.4 30.7¢4.1 1319
Ds 1:8 1000 1 6.1+0.1 Spherical ~ 2.4+0.2 21.542.2 94.1
Dg 1:8 800 0.5 4.0+0.1 Spherical ~ 2.6+0.2 23.1£2.3  106.2
D5 1:8 800 1 4.0£0.1 Spherical 5.2+0.1 471£0.9  139.0
Dg 1:8 800 1.5 4.0+0.1 Spherical 5.240.5 47.3+4.7 129.8
Dy 1:8 800 2 4.0+0.1 Spherical 3.6+0.6 32.7£5.7 133.7

In order to improve the drug encapsulation, the beeswax solution was emul-
sified in an external phase with a lower pH (pH 4) where mesalamine was less
soluble.2® Indeed, the spherical microparticles were obtained and a highest
encapsulation efficiency of 47.3 % was obtained for Dg formulation. On the basis
of these experimental results, Dg experimental conditions were subsequently
maintained for the preparation of another formulations where the emulsifier nat-
ure was varied as following.

HLB value effect on loaded beeswax microspheres properties

An attention was drawn on the surfactant effect, in fact, it had been proved
that the surfactant nature can affect the drug transfer in the external phase and so
the drug entrapment.30 Really, surfactants are agents that reduce the surface ten-
sion or interfacial tension, and these excipients can be added in drug formulation
especially to improve the drug solubility.3!-32 It was reported that surfactants
having HLB (hydrophilic-lipophilic balance) values higher than 15 were best
solubilising agents.33 So, Span 80 was selected and used to reduce the HLB value
and consequently to reduce the drug solubility in the aqueous phase.

For the purpose, new formulations (D1 and Djj) were prepared using
Tween 80 (HLBa = 15) as hydrophilic surfactant and a mixture of Tween 80
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(HLBA = 15) and Span 80 (HLBg = 4.3) as lipophilic surfactant (Table II). The
HLB value of the surfactant mixture was set to 9; this value of HLB is required
for the lipid phase such as beeswax to form stable emulsions.3* The surfactant
ratio is determined according to the following theoretical calculation:33

10000~ HLBy)

(5)
HLBA — HLBg

The results as shown in Table II are promising, in other words the drug
entrapment efficiency was successfully increased using the surfactant mixture;
indeed, the drug entrapment efficiency in formulation D1 reached 86 %, in this
case the HLB value is lower and the lipophilic character of emulsifier mixture
may prevent the drug loss. However, the use of Tween 80 alone has led to the
decrease of drug entrapment.

TABLE II. Effect of surfactant on bee wax microspheres properties

Code Emulsifier nature =~ HLB value Drug loading Entrapment efficiency d;¢/ pum
%+SD %+SD

Dg PVA 18 5.2+0.5 47.34+4.7 129.8

Dy Tween 80 15 4.7+0.8 42.3+7.5 70.2

Dy, (Span 80 +Tween 80) 9 9.6+0.9 86.248.1 91.6

Regarding the particles’ size, using Tween 80, the microsphere size clearly
decreased compared to PVA. In fact, the HLB value has a significant effect on
the droplet size,3¢ the same results are obtained by Kim and Cho3¢ where small
droplets are obtained at HLB value between 13.5 and 14.5. While the micropar-
ticles’ size increased when the mixture Tween 80:Span 80 is used as remarked by
Kim and Cho,3¢ the size droplet increased when HLB value was lower than 13.

Double-walled microspheres’ characteristics

The experimental conditions of batch D gave the most desired results with
the highest encapsulation efficiency of 86.2 % and the suitable spherical par-
ticles, so they are chosen for the second coating process. Ethylcellulose (EC) and
cellulose acetate butyrate (CAB) are selected for covering the beeswax micro-
spheres of the D1 batch, as described in the Experimental. The results are dis-
played in Table III.

TABLE III. Double walled microspheres’ characteristics

Code  Polymer Particles morphology Drug loading  Entrapment efficiency d;¢/ pum

matrix %+SD % +£SD
F1 EC Spherical 8.6+0.4 77.9+3.5 144.7
F2 CAB  Spherical aggregates 7.840.1 70.6£0.1 131.6
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Through this study, actually, the particles’ size increased due to the presence
of the second wall but a difference is noticed between the two polymeric coats.
The microspheres coated by EC are more spherical and larger than those obtained
by CAB. The double coating process induced a loss of drug entrapment of 1 and
1.8 % for EC and CAB, respectively. The lower loss can be related to the higher
viscosity of EC organic phase which can limit the drug migration to the external
phase.37-38 We concluded that the EC—beeswax formulations called F1 gave the
best results, i.e., the spherical microparticles with the uppermost drug entrapment.

Microparticles’ characterization

Infrared spectroscopy analysis is performed to identify the interaction
between mesalamine and coating polymers. So, FT-IR spectra of the individual
constituents and microparticles are acquired as shown in Fig. 1. The infrared
spectrum of pure mesalamine displayed characteristic bands3%40 like C-N
stretching vibration at 1262 cm™!, the bending vibration of N-H at 1616 cm™!,
C=0 of acrylic acid stretching vibration at 1645 cm™' and a large band between
25003300 cm™' which corresponds to the stretching vibration of O-H of acid
bond and NH2 group, and C—H bond of the aromatic group at 807-833 cmL.

F2
W .
D11

Beeswax

wk Mesalamine

T T T T T T T
3500 3000 2500 2000 1500 1000 500

Fig. 1. Infrared spectra of mesalam-
ine, beeswax and formulations (F1,
Wavenumber (cm™) F2 and Dy)).

The beeswax spectrum showed alkanes adsorption bands assigned to C-H
stretching at 2954 and 2848 cm™!, C-H bend or scissoring at 1472 cm™!; and
CH, rocking seen in long-chain alkanes (718 cm™1). The sharp band observed at
1736 cm™! is attributed to the carbonyls in the ester linkages between the fatty
acids and glycerol backbone.*!

All absorption bands of mesalamine and beeswax are observed in the
infrared spectrum of microparticles as shown for D1 in Fig. 1, which confirms
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the actual mesalamine loading and also the absence of chemical interactions
between the components during the formulation process.

In addition to the bands already distinguished in Dj; spectrum, the FT-IR
spectra of double walled formulation, i.e., F1 and F2 showed a small absorption
at 1056 cm™!, which can correspond to the glycosidic C—-O—C vibration band of
cellulose.

Beeswax X-ray diffractogram (Fig. 2) displayed sharp and intense peaks at
260 22.1 and 24.51° in addition to weaker peaks at 26 19.98 and 36.7°. The mes-
alamine pattern showed a range of intense peaks at 26 8, 15.6 and 17.1° and other
weak peaks between 23.1 and 48.9° confirming crystalline forms of beeswax and
mesalamine. An important diminution of the mesalamine peak intensity is obs-
erved in the XRD pattern of microparticles, indicating a reduced drug crystal-
linity after the process formulation. Beeswax XRD peaks remained virtually
unchanged. It has been also seen that mesalamine loses its crystallinity when it is
loaded in PLGA nanoparticles.42
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Microscopic observation of the lots Dg, D19, D11 and F1, as shown in Fig. 3,
revealed spherical shape of microparticles. The surface of beeswax microspheres
and the double walled microspheres appeared in SEM micrographs (Fig. 4) with
rough and spotted state. The surface of the double walled microparticles is dif-
ferent from that simple beeswax microspheres; EC gave rise to an uniform ext-
ernal layer, as remarked in the case of Fbatch.

8 x150 500 um

Lot Fig. 4. SEM micrographs of micropar-
D82 X600 100um 82 xi0k 100um  ticles of lots Dg, Dyg, D1y and F1.
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In-vitro drug release studies

The drug release is carried out in three selected simulated digestive liquids
with pH 1.2, 6.5 and 8. The mesalamine release profiles of Dg, D1, D11 beeswax
lots and F1 and F2 double walled beeswax microspheres are given in Fig. 5. It is
well distinguished that in the acidic medium (pH 1.2), the drug is discharged
from simple beeswax formulations (Dg, Djg, Di1) and is not discharged by
double walled microspheres Fland F2. In pH 8, the drug release began slightly in
F1 and F2 formulations and increased in pH 6.5.

% Drug;ral: eDs mD10 AD11 OF1 AF2  PH=1.2
16
14 i
12 - & L]
10 A
S —— B —— s ——————————
c Al - *
. e® e A
2
omA B A A B B :
0 0 _ i 150
Time (min)
% Drug.rel. D8 mD10 AD11 OF1L AF2 pH=8
30
25 = A
20 & & = -
15 - - L

. :
- . 4 * % &
B
ogmm i BB ;
o

100 200 300 400
Time (min)

% Drug. rel.

D8 EWD10 AD11 OF1L AF2 pH=6.5
100
80 ]
A vy
60 = E
40 =
-3 @
& : 3
|

0 2000 4000 6000 8000
Time (min)

Fig. 5. Drug release profiles of mesalamine from single beeswax and double walled beeswax
microparticles in simulated liquids (pH 1.2, 8 and 6.5).

The release data are summarized in Table IV. The percentage of mesalamine
released from the formulations Dg, Djg and Dj; and detected in the acidic
medium (pH 1.2) after 120 min of release time varied from 8 to 13.5 %. How-
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ever, for the double walled microparticles of F1, the drug release didn’t occur
during 120 min of contact time. In the simulated small bowel liquid (pH 8) and
after 6 h of contact time, the drug release varied from 14 to 26 % and from 2.1 to
5.4 % for simple beeswax formulations (Dg, D19, D11) and double coated for-
mulations (F1 and F2), respectively. Finally, in the colon simulated liquid where
pH 6.5 and after 96 h (4 days) of contact time, the % of drug release for Dg and
F1 didn’t exceed 60 % and for D¢ and D reached 91 % and remained at 70 %
for F2 microspheres.

TABLE IV. Mesalamine release data in simulated gastric (pH 1.2), small bowel (pH 8) and
colon (pH 6.5) liquids

Formulation  pH Drug rel., % Korsmeyer—Pepas model
Time interval, min K n R?
D8 1.2 7.9 0-120 0.024 0.23 0.843
8 14.0 120-360 0.004 0.61 0.950
6.5 59.3 1440-7200 0.001 0.73 0.932
D10 1.2 12.3 0-120 0.037 0.25 0.918
8 20.2 120-360 0.008 0.55 0.932
6.5 90.6 1440-7200 0.003 0.64 0.964
D11 1.2 134 0-120 0.052 0.18 0,879
8 26.1 120-360 0.010 0.55 0.977
6.5 91.6 1440-7200 0.008 0.54 0.963
F1 1.2 0 0-120 - - -
8 2.1 120-360 - - -
6.5 52.9 1440-7200 3107 1.12 0.959
F2 1.2 4.2 0-120 - - -
8 5.4 120-360 - - -
6.5 70.7 1440-7200 15103 0.97 0.987

In summary, the mesalamine is slowly discharged from Dg microparticles
which are prepared using PV A as emulsifier, in contrary to D1g and D beeswax
microspheres, that are prepared using Tween 80 and a mixture of Tween 80 and
Span 80. So, Dg beeswax microparticles can be used for sustained and prolonged
drug release. The results can be related to the microparticles’ size, since it is
known that the smaller particle size results in an increase of dissolution because
the contact surface area is increased;*3 in fact, the D8 microparticles’ size is
higher than those of D1g and D11 and then it causes a slowly drug dissolving and
release.

Regarding the bi-layered beeswax microparticles F1 and F2, these devices
exhibited a delayed release effect in simulated gastric media due to the acid resis-
tance of the outer enteric coating layer,>44 so they can be considered as colon-
-specific delivery systems. In fact, the coating using pH-sensitive polymers or

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



1 02 BRAHMI et al.

biodegradables matrices, such as polysaccharides, provides delayed release and
protects the active drug from gastric fluid.*>.

In addition, the results showed that the percentages of drug released in the
first eight hours, i.e., before reaching the simulated colon region are 22, 33 and
50 % for Dg, D¢ and Dy formulations, respectively. It didn’t exceed 10 % for
the F2 double coated microparticles and is lower than 3% for F1 microparticles.

Release data analysis

In order to identify the drug dissolution mechanism through beeswax and
double coated beeswax microparticles in each release medium, the Korsmeyers—
—Peppas model was tested. This model is developed to analyse both Fickian and
non-Fickian release of drug from swelling or non-swelling polymeric delivery
systems. As reported in Table IV, the release data are fitted according to the
selected model in the appropriate time intervals which are specified in Table IV.
In the semi-empirical model of Korsmeyer—Peppas (Eq. (4)), the exponent of
time (n) is related to the drug release mechanism. So, n-values are indicative for
diffusion or relaxation/erosion-controlled drug release. In one hand, the limit
values of n depend on the dosage form geometry; it is equal to 0.50, 0.45 and
0.43 for slabs, cylinders and spheres, respectively. In the other hand, this limit is
also dependent on the width of spherical polymeric particles' size distribution.46
If we consider the spherical geometry, when n = 0.43, the release mechanism is
controlled by Fick’s diffusion. When 0.43 < n <0.85, the drug release mechanism
is related to non-Fick’s diffusion or anomalous transport. When n = 0.85, the
drug release mechanism is governed by Case-II transport.4” It is also reported
that when n > 0.85, the release mechanism belongs in matrix erosion or relax-
ation and generally when the exponent n < 0.5, the drug release mechanism is
related to the quasi-Fickian diffusion model, and the value of #» = 1 indicates zero
order release.48-50

So, regarding the mesalamine release from Dg, Djg and D formulations,
and for the first two hours corresponding to the retention time in the stomach, the
coefficient of regression R? of Korsmeyer—Peppas model varied between 0.843—
—0.918 (Table IV). On the basis of n-values of Korsmeyer—Pepas equation which
are lower than 0.43, the release mechanism can be assumed to be the quasi-Fick-
ian diffusion model, it assumed to non-swellable matrix diffusion.4? In this step
of drug release (pH 1.2), the formulations F1 and F2 didn’t discharge the drug.

In the simulated small bowel medium (pH 8), the model is fitted from 120 to
360 min so during the next four hours, and the results showed that R? varied from
0.932-0.977 for Dg, D¢ and D;; formulations. However, the value of the Kors-
meyer—Pepas exponent, n, is close to 0.55, which belongs to 0.43 < n < 0.85
demonstrating that the release mechanism corresponds to a non-Fickian or ano-
malous transport, so that the release mechanism is governed by simultaneously
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various phenomena such as diffusion and relaxation.#%49 Concerning the double
coated microparticles of F1 and F2, the experimental data are not sufficient to
apply the mathematical model.

Finally, in the colon simulated medium (pH 6.5), the model is fitted from the
first to fifth day of drug release. The results showed that the mesalamine is dis-
charged in this medium from all formulations. For the beeswax microparticles,
the coefficient R2 of Korsmeyer—Pepas model varied from 0.932-0.964 and the n
exponent varied from 0.54 to 0.73, indicating that the drug release is also ano-
malous and is governed by a non-Fick’s transport. About the double walled for-
mulations (F1 and F2), the release data are well fitted according to the Kors-
meyer—Pepas model (R? 0.959-0.987) and the values of the exponent # are 1.12
and 0.97 for F1 and F2, respectively, so they can be considered as close to unit,
in this case, the release mechanism is controlled by Case II transport or zero
order release. The obtained release profiles obviously indicate that the drug rel-
ease is actually delayed using these new formulations.

CONCLUSION

The objective of this work is to develop colon specific drug delivery systems
that use natural materials and should be capable to deliver the most drug quantity
in colon region. Really, beeswax is chosen as matrix for mesalamine drug for-
mulation and successful results are being recorded. The optimization of the mic-
roencapsulation process by varying some parameters such as drug:beeswax ratio,
emulsifier concentration and nature, and the stirring speed of emulsion permitted
to allow spherical microparticles, with a drug entrapment efficiency varying from
42 to 86 %. The Dg bath of microparticles offered a slow and prolonged drug
release which became faster in simulated colon liquid. In addition, bi-layered
microparticles which are prepared using cellulose derivatives, i.e., ethylcellulose
and cellulose acetate butyrate are promising, in fact, the drug release didn’t occur
in acidic medium from these new devices. The drug release mechanism is related
to the quasi-Fickian diffusion model in acidic medium (pH 1.2), to a non-Fick’s
transport in the simulated small bowel medium (pH 8) and in the colon simulated
medium (pH 6.5), it is assumed to a non-Fick’s transport for beeswax formul-
ations and controlled by Case Il transport or zero order release for the double
coated microparticles. In conclusion, this bi-layer coating methodology can suc-
cessfully be applied to produce delayed and especially colon specific drug release
formulations.
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U3BOJI

IMTPUITPEMA U IN VITRO EBAJTYALIMJA JEOTHOCJIOJHHUX KU IBOCJIIOJHUX
MUKPOYECTHIA HA BA3H ITYETUILET BOCKA 3A KOJIOH-CITEHU®HWYHY JOCTABY
MECATAMHHA

RYM BRAHMI', KHEIRA DIAF!, ZINEB ELBAHRI? u MILAD BAITICHE?

"Laboratory of Macromolecular and Physical Organic Chemistry, Faculty of Exact Sciences, Djillali Liabes
University of Sidi Bel Abbes, 22000 Algeria, *Laboratory of Materials and Catalysis, Faculty of Exact Sciences,
Djillali Liabes University of Sidi Bel Abbes, Algeria u *Laboratory of Preparation, Modification and
Applications of Multiphase Polymeric Materials, Department of Process Engineering, The Faculty of
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[Tuenuwpy Bocak je ofnadpaH kao NMPUPONHH MaTepujail 3a obiarawe pafd y LH/bY HOBUX
cucTeMa 3a JOCTaBy U KOHTPOJIUCAHO OTIYIITae JIeKOBa Creld(UUHUX 3a KOJIOH, y3 JoAaTaK
MecalaMHuHa. Y NMPBOM KOpaKy, NMPHUIIPEMIbEHE Cy MHUKPOYECTHIIe MUeTHer BOCKAa KOpHII-
hemeM mocTynka MHUKPOHHKAICYIalHje TOIJbEHEM, IIe je BapUupaH ONHOC JIEeK:ITYeJHBU BO-
cak, Op3uHa Mellawa, KOHIIEHTpaldja emynraropa ¥ pH cromHe ¢a3e pamyd onTUMH3aLHje
3alpkaBama Jeka U Mopdornorgje mukpodectuna. Takohe je pasmaTpaH yTHLAj IpUpoze
emyinraropa npahewem BpenHocTu xuppodbunHo—nunoduiHor dananca (HLB). ¥V gpyrom ko-
pPaky, kako du ce HOOWIM CHCTEMH 3a OIUIOKEHO OTHYIUTAame Jieka, udpaheHe Cy ABOCIOjHE
MuKpocdepe TOCTYIIKOM HClapaBama pacTBapaya y3 ynorpedy eTunuemysnose u aueTundy-
THpaTa LelTysio3e Kao CIO/BHOTr C/Ioja 3a obmarame. CBe dopmynanyje Cy okapakTepucaHe
WH(}PaIPBEHOM CHEKTPOCKOIHjOM, PEHATEeHCKOM TU(PAKIHOHOM aHAIHU30M, CKeHUpajyhom
€JIEKTPOHCKOM MHKPOCKOIIMjOM M ONTHYKOM MHUKpockonujoM. Ocnodahame neka je HCIUTH-
BAaHO Y CUMYJIMDAaHUM TE€YHOCTHMA )Kelylla, TaHKOI IIpeBa U Jedesnor upesa, a MeXaHH3aM
ocnobahama je pasmarpan npumeHom Korsmeyer—Peppas Mozena.

(ITpumibeHo 1. maja, peBupupaHo 17. jyna, npuxsaheno 20. HoBemdpa 2023)
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