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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.1,2 Obviously, the oral administration of 
the drug remains a painless and favourite method for patients but it can reduce 
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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.3–5 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;5,7 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.8 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.9–11 For example, pH– 
–enzyme double-dependent mesalamine colon-specific delivery system were 
developed by Jin et al.;12 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.12 

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.13 
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.17 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-1. 
Powder X-Ray diffractogramms of mesalamine, beeswax and D11 batch of microspheres are 
recorded using Rigaku diffractometer type Ultima IV. The samples are scanned in the range of 
2θ from 0 to 80° using an incident beam the Kα1 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, d10, is calculated using the following 
equation and by counting and measuring more than 500 microparticles of each batch: 

 10
i i

i

n dd
n

=


 (1) 

where di is the droplet diameter, ni is the number of droplets with diameter di; d10 is the 
average number diameter. 
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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 HCl 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 λmax = 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: 

 drug extract

initial drug
Efficiency 100

m
m

=  (2) 

 drug extract

microsphers
Drug loading 100

m
m

=  (3) 

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: 

 K
i

t nm K t
m

=  (4) 

where mt is the amount of drug release in time t, mi is the initial amount of drug in the micro-
sphere and mt/mi fractional mass of drug released at time t. KK is the rate constant of Kors-
meyer–Peppas model and n is the diffusion exponent according to Korsmeyer–Peppas, this 
model is verified for 60 % of the drug released.24-27 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 (D0 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–D5), the microspheres’ size 
(d10) varied from 94 to 133 µm 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 Drug:pol. 

ratio 
N 

rpm 
PVA 

% 
pH of external 

phase  
Particles’ 

shape 
Drug loading

%±SD 
Entrapment 
efficiency 

%±SD 

d10 
µm 

D0 1:4 800 1 6.1±0.1 Aggregate 6.5±0.6 32.5±2.9 122.2 
D1 1:8 800 0.5 6.1±0.1 Spherical 2.3±0.4 20.9±4.1 100.8 
D2 1:8 800 1 6.1±0.1 Spherical 4.1±1.1 37.2±10.3 133.0 
D3 1:8 800 1.5 6.1±0.1 Spherical 4.6±0.5 41.7±4.6 124.0 
D4 1:8 800 2 6.1±0.1 Spherical 3.4±0.4 30.7±4.1 131.9 
D5 1:8 1000 1 6.1±0.1 Spherical 2.4±0.2 21.5±2.2 94.1 
D6 1:8 800 0.5 4.0±0.1 Spherical 2.6±0.2 23.1±2.3 106.2 
D7 1:8 800 1 4.0±0.1 Spherical 5.2±0.1 47. 1±0.9 139.0 
D8 1:8 800 1.5 4.0±0.1 Spherical 5.2±0.5 47.3±4.7 129.8 
D9 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.29 Indeed, the spherical microparticles were obtained and a highest 
encapsulation efficiency of 47.3 % was obtained for D8 formulation. On the basis 
of these experimental results, D8 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.31,32 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 (D10 and D11) 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 (HLBB = 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.34 The surfactant 
ratio is determined according to the following theoretical calculation:35 

 B

A B

100(9 )HLBA
HLB HLB

−=
−

 (5) 

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 D11 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

%±SD 
Entrapment efficiency 

%±SD 
d10 / µm 

D8 PVA 18 5.2±0.5 47.3±4.7 129.8 
D10 Tween 80 15 4.7±0.8 42.3±7.5 70.2 
D11 (Span 80 +Tween 80) 9 9.6±0.9 86.2±8.1 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,36 the same results are obtained by Kim and Cho36 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,36 the size droplet increased when HLB value was lower than 13. 

Double-walled microspheres’ characteristics  
The experimental conditions of batch D11 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 D11 batch, as described in the Experimental. The results are dis-
played in Table III.  

TABLE III. Double walled microspheres’ characteristics 
Code Polymer 

matrix 
Particles morphology Drug loading 

%±SD 
Entrapment efficiency 

% ±SD 
d10 / µm 

F1 EC Spherical 8.6±0.4 77.9±3.5 144.7 
F2 CAB Spherical aggregates 7.8±0.1 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 bands39,40 like C–N 
stretching vibration at 1262 cm–1, the bending vibration of N–H at 1616 cm–1, 
C=O of acrylic acid stretching vibration at 1645 cm–1 and a large band between 
2500–3300 cm–1 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 cm–1. 

Fig. 1. Infrared spectra of mesalam-
ine, beeswax and formulations (F1, 
F2 and D11). 

The beeswax spectrum showed alkanes adsorption bands assigned to C–H 
stretching at 2954 and 2848 cm−1, C–H bend or scissoring at 1472 cm−1; and 
CH2 rocking seen in long-chain alkanes (718 cm−1). The sharp band observed at 
1736 cm−1 is attributed to the carbonyls in the ester linkages between the fatty 
acids and glycerol backbone.41 

All absorption bands of mesalamine and beeswax are observed in the 
infrared spectrum of microparticles as shown for D11 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 D11 spectrum, the FT-IR 
spectra of double walled formulation, i.e., F1 and F2 showed a small absorption 
at 1056 cm−1, 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 
2θ 22.1 and 24.51° in addition to weaker peaks at 2θ 19.98 and 36.7°. The mes-
alamine pattern showed a range of intense peaks at 2θ 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 

Fig 2. X-ray diffractograms of 
beeswax, mesalamine and micro-
particles of D11. 
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Microscopic observation of the lots D8, D10, 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 F1batch. 

 
Fig. 3. Optical microscopy images of microparticles of lots D8, D10, D11 and F1. 

Fig. 4. SEM micrographs of micropar-
ticles of lots  D8, D10, D11 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 D8, D10, 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 (D8, D10, D11) and is not discharged by 
double walled microspheres F1and F2. In pH 8, the drug release began slightly in 
F1 and F2 formulations and increased in pH 6.5. 

 
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 D8, D10 and D11 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 (D8, D10, 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 D8 and 
F1 didn’t exceed 60 % and for D10 and D11 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 R2 
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 13.4 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 3 10–5 1.12 0.959 
F2 1.2 4.2 0–120 – – – 

8 5.4 120–360 – – – 
6.5 70.7 1440–7200 1510–5 0.97 0.987 

In summary, the mesalamine is slowly discharged from D8 microparticles 
which are prepared using PVA as emulsifier, in contrary to D10 and D11 beeswax 
microspheres, that are prepared using Tween 80 and a mixture of Tween 80 and 
Span 80. So, D8 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;43 in fact, the D8 microparticles’ size is 
higher than those of D10 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,5,44 so they can be considered as colon- 
-specific delivery systems. In fact, the coating using pH-sensitive polymers or 
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biodegradables matrices, such as polysaccharides, provides delayed release and 
protects the active drug from gastric fluid.45. 

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 D8, D10 and D11 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.47 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 n = 1 indicates zero 
order release.48–50 

So, regarding the mesalamine release from D8, D10 and D11 formulations, 
and for the first two hours corresponding to the retention time in the stomach, the 
coefficient of regression R2 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.49 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 R2 varied from 
0.932–0.977 for D8, D10 and D11 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.46,49 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 (R2 0.959–0.987) and the values of the exponent n 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 D8 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 II 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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И З В О Д  

ПРИПРЕМА И IN VITRO ЕВАЛУАЦИЈА ЈЕДНОСЛОЈНИХ И ДВОСЛОЈНИХ 
МИКРОЧЕСТИЦА НА БАЗИ ПЧЕЛИЊЕГ ВОСКА ЗА КОЛОН-СПЕЦИФИЧНУ ДОСТАВУ 

МЕСАЛАМИНА 

RYM BRAHMI1, KHEIRA DIAF1, ZINEB ELBAHRI2 и MILAD BAITICHE3 

1Laboratory of Macromolecular and Physical Organic Chemistry, Faculty of Exact Sciences, Djillali Liabes 

University of Sidi Bel Abbes, 22000 Algeria, 2Laboratory of Materials and Catalysis, Faculty of Exact Sciences, 

Djillali Liabes University of Sidi Bel Abbes, Algeria и 3Laboratory of Preparation, Modification and 

Applications of Multiphase Polymeric Materials, Department of Process Engineering, The Faculty of 

Technology of Ferhat Abbas University of Setif, Algeria 

Пчелињи восак је одабран као природни материјал за облагање ради у циљу нових 
система за доставу и контролисано отпуштање лекова специфичних за колон, уз додатак 
месаламина. У првом кораку, припремљене су микрочестице пчелињег воска кориш-
ћењем поступка микроинкапсулације топљењем, где је вариран однос лек:пчелињи во-
сак, брзина мешања, концентрација емулгатора и pH спољне фазе ради оптимизације 
задржавања лека и морфологије микрочестица. Такође је разматран утицај природе 
емулгатора праћењем вредности хидрофилно–липофилног баланса (HLB). У другом ко-
раку, како би се добили системи за одложено отпуштање лека, израђене су двослојне 
микросфере поступком испаравања растварача уз употребу етилцелулозе и ацетилбу-
тирата целулозе као спољног слоја за облагање. Све формулације су окарактерисане 
инфрацрвеном спектроскопијом, рендгенском дифракционом анализом, скенирајућом 
електронском микроскопијом и оптичком микроскопијом. Ослобађање лека је испити-
вано у симулираним течностима желуца, танког црева и дебелог црева, а механизам 
ослобађања је разматран применом Korsmeyer–Peppas модела. 

(Примљено 1. маја, ревидирано 17. јула, прихваћено 20. новембра 2023) 

REFERENCES 
1. A.K. Dash, Mesalamine, in Analytical Profiles of Drug Substances and Excipients, 

Brittain Harry G, Ed., Academic Press, Cambridge, MA, 1998, pp. 209–242 
(https://www.elsevier.com/books/analytical-profiles-of-drug-substances-and-
excipients/brittain/978-0-12-260825-4)  

2. M. Ham, A. C. Moss, Expert Rev. Clin. Pharmacol. 5 (2012) 113 
(https://doi.org/10.1586/ecp.12.2)  

3. A. H. Teruel, I. G. Alvarez, M. Bermejo, V. Merino, M. D. Marcos, F. Sancenon, M. 
Alvarez, R. M. Mañez, Int. J. Mol. Sci. 21 (2020) 6502 
(https://doi.org/10.3390/ijms21186502)  

4. S. Hua, Front. Pharmacol. 11 (2020) 524 (https://doi.org/10.3389/fphar.2020.00524)   
5. A. K. Philip, B.Philip, Oman Med. J. 25 (2010) 79 (https://doi.org/10.5001/omj.2010.24)  
6. R. Katta, D. Raja, S. Bharath, B. B.V. Raj, Int. J. App. Pharm. 9 (2017) 1 

(https://doi.org/10.22159/ijap.2017v9i4.17326)   
7. I. R. Wilding, S. S. Davis, M. Bakhshaee, H. N. Stevens, R. A. Sparrow, J. Brennan, J. 

Pharm. Res. 9 (1992) 654 (https://doi.org/10.1023/a:1015806211556)   
8. B. S. Souza, H. R. Marcelino, F. Alexandrino, S. C. C. Urtiga, K. C. H. Silva, D. C. F. 

Soares, E. S. T. Egito, Appl. Sci. 9 (2019) 3519 (https://doi.org/10.3390/app9173519)  
9. A. El Kaoutari, F. Armougom, D. Raoult, B. Henrissat, Med. Sci. (Paris) 30 (2014) 259 

(https://doi.org/10.1051/medsci/20143003013)   

___________________________________________________________________________________________________________________________

(CC) 2024 Serbian Chemical Society.

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



 COLON-SPECIFIC DELIVERY BEESWAX MICROSPHERES 105 

10. S. L. Kosaraju, Crit. Rev. Food. Sci. Nutr. 45 (2005) 251 
(https://doi.org/10.1080/10408690490478091)  

11. Y. Karrout, C. Neut, D. Wils, F. Siepmann, L. Deremaux, M.-P. Flament, L. Dubreuil, P. 
Desreumaux, J. Siepmann, Eur. J. Pharm. Sci. 37 (2009) 427 
(https://doi.org/10.1016/j.ejps.2009.03.014)  

12. L. Jin, Y-C. Ding, Y. Zhang, X-Q. Xu, Q. Cao, Drug Des. Devel. Ther. 10 (2016) 2021 
(https://doi.org/10.2147/DDDT.S107283)  

13. A. P. Tulloch, Bee World 61 (1980) 47 
(https://doi.org/10.1080/0005772x.1980.11097776)  

14. F. Fratini, G. Cilia, A. Turchi, A. Felicioli, Asian Pac. J. Trop. Med. 9 (2016) 839 
(https://doi.org/10.1016/j.apjtm.2016.07.003)  

15. M. Ranjha, H. Khan, S. Naseem, J. Mater. Sci.: Mater. Med. 21 (2010) 1621 
(https://doi.org/10.1007/s10856-010-4034-4)  

16. D.V. Gowda, M. Manjunatha, V. Balmurlidhara, S. Mohammed Khan, Pharm. Lettre 2 
(2010) 232 (https://www.scholarsresearchlibrary.com/articles/study-on-encapsulation-of-
ranolazine-in-bees-wax-microspherespreparation-characterization-and-release-kinetics-
ofmicrosp.pdf)  

17. V. Subha, W. Arulsha, S. Kirubanandan, S. Renganathan. MOJ Drug. Des. Develop. 
Ther. 2 (2018) 156 (https://doi.org/10.15406/mojddt.2018.02.00042)  

18. N. A. Elechi, H. C. Mital, Int. J. Pharm. Sci. Res. 3 (2012) 1632 
(http://dx.doi.org/10.13040/IJPSR.0975-8232.3(6).1632-36)  

19. C. O. Nnadi, A. A. Attama, L. O. Ugwu, Int. J. Res. Med. Health Sci. 1 (2013) 31 
(https://www.ijsk.org/uploads/3/1/1/7/3117743/3_design_and_evaluation_of_sustained_r
elease_potential_of_diclofenac_potassium_contained_in_beeswax_matrix.pdf)  

20. A. G. Press, I. A. Hauptmann, L. Hauptmann, B. Fuchs, M. Fuchs, K. Ewe, G. Ramadori, 
Aliment. Pharmacol. Ther. 12 (1998) 673. (http://dx.doi.org/10.1046/j.1365-
2036.1998.00358.x)  

21. S. Nugent, D. Kumar, D. Rampton, D. Evans, Gut 48 (2001) 571 
(http://dx.doi.org/10.1136/gut.48.4.571)  

22. A. Newton, N. Kumar, Interdiscip. J. Microinflammation 1 (2014) 1 
(https://www.omicsonline.org/open-access-pdfs/ibd-impact-of-colonic-ph-onset-of-
action-and-other-factors-in-modern-therapeutic-approach-ijm.1000116.pdf)   

23. J. Fallingborg, P. Pedersen, B.A. Jacobsen, Dig. Dis. Sci. 43 (1998) 702 
(http://dx.doi.org/10.1023/a:1018893409596)  

24. A. Gokhale, Pharm. Technol. Eur. 26 (2014) 38 
(https://www.researchgate.net/publication/285996771_Achieving_zero-
order_release_kinetics_using_multi-step_diffusion-based_drug_delivery) 

25. S. Dash, P. N. Murthy, L. Nath, P. Chowdhury, Acta Pol. Pharm. 67 (2010) 217 
(https://www.ptfarm.pl/pub/File/Acta_Poloniae/2010/3/217.pdf)  

26. M. Paarakh, P. Ani Jose, C. M. Setty, G. V. Peter, I. J. P. R. T. 8 (2018) 12 
(https://www.ijprt.org/index.php/pub/article/view/85/82)  

27. R. Gouda, H. Baishya, Q. Zhao, J. Develop. Drugs 6 (2017) 1 
(http://dx.doi.org/10.4172/2329-6631.1000171)  

28. J. O. Hinze, AIChE J. 1 (1955) 289 (http://dx.doi.org/10.1002/AIC.690010303)  
29. D. L. French, J.W. Mauger Pharm. Res. 10 (1993) 1285 

(https://doi.org/10.1023/A:1018909527659)  
30. R. Dinarvand, S. H. Moghadam, A. Sheikhi, F. Atyabi, J. Microencapsul. 22 (2005) 139 

(https://doi.org/10.1080/02652040400026392)  

___________________________________________________________________________________________________________________________

(CC) 2024 Serbian Chemical Society.

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



106 BRAHMI et al. 

31. A. Müllertz, A. Ogbonna, S. Ren, T. Rades, J. Pharm. Pharmacol. 62 (2010) 1622 
(http://dx.doi.org/10.1111/j.2042-7158.2010.01107.x.)  

32. A. Hassan Al-Hmoud, E. Ibrahim Nasser,  E. I. El-Hallous, Afr. J. Pharm. Pharmacol. 8 
(2014) 364 (https://academicjournals.org/journal/AJPP/article-full-text-
pdf/725A2B243946)  

33. R. B. Pedada, E. Vanka, A.M.S. Sudhakar Babu, PK. Desu, PR. Bharathi, PV. Rao, 
PharmaTutor 1 (2013) 60 (https://www.pharmatutor.org/pdf_download/pdf/1(2)-
enhancement-of-solubility-an-over-view.pdf)  

34. A. K. Hassan J. Pharm. Sci. 80 (2018) 334 (http://dx.doi.org/10.4172/pharmaceutical-
sciences.1000362)  

35. The HLB System: A Time-Saving Guide To Emulsifier Selection, rev. ed., ICI 
Americas,Wilmington, DE, 1984, pp.5–6 
(http://www.scientificspectator.com/documents/personal%20care%20spectator/The%20H
LB%20Book%20ICI.pdf)  

36. E. Kim, W. G. Cho, J. Korean Appl. Sci. Technol. 31 (2014) 203 
(http://dx.doi.org/10.12925/jkocs.2014.31.2.203) 

37. S. A. Nour, N. S. Abdelmalak, M. J. Naguib, Drug Deliv. 22 (2015) 286 
(https://doi.org/10.3109/10717544.2014.889779)  

38. W. M. Obeidat, J. C. Price, J. Microencapsul. 20 (2003) 57 
(https://doi.org/10.1080/0265204021000022716)  

39. D. Kaushik, K. Sharma, S. Sardana, Indian J. Pharm. Educ. Res. 50 (2016) S106 
(https://www.ijper.org/article/420)  

40. W. Banabid, F. Djerboua, A. Maiza, Z. ElBahri, M. Baitiche, Indian J. Pharm. Educ. 51 
(2017) S46 (http://dx.doi.org/10.5530/ijper.51.2s.49)  

41. A. Bucio, R. Moreno-Tovar, L. Bucio, J. Espinosa-Dávila, F. Anguebes-Franceschi, 
Coatings 11 (2021) 261 (https://doi.org/10.3390/coatings11030261)   

42. N. M. Mahajan, DR. D. M. Sakarkar, A. S. Manmode, Int. J. Pharm. Pharmacol. Sci. 3 
(2011) 208 (https://innovareacademics.in/journal/ijpps/Vol3Issue4/2581.pdf)  

43. A M. Hillery, A.W. Lloyd, J. Swarbrick, Drug Delivery and Targeting for Pharmacists 
and Pharmaceutical Scientists, ISBN 0-203-34655-6 (Adobe eReader Format), Taylor & 
Francis e-Library, 2005 (https://doi.org/10.1201/b12801)  

44. A. Gazzaniga, P. Iamartino, G. Maffione, M. E. Sangalli, Int. J. Pharmaceutics 108 
(1994) 77 (https://doi.org/10.1016/0378-5173(94)90418-9)  

45. M. K. Chourasia, S. K. Jain, J. Pharm. Pharmaceut. Sci. 6 (2003) 33 
(https://sites.ualberta.ca/~csps/JPPS6(1)/S.Chourasia/colon.pdf)  

46. P. L. Ritger, N. A. Peppas, J. Controlled Rel. 5 (1987) 23 (https://doi.org/10.1016/0168-
3659(87)90034-4)  

47. J. Siepmann, N A. Peppas, Int. J. Pharm. 418 (2011) 6 
(https://doi.org/10.1016/j.ijpharm.2011.03.051)  

48. M. Thakare, B. Israel, S. T. Garner, H. Ahmed, P. Garner, D. Elder, J. C. Price, and A. C. 
Capomacchia, Pharm. Dev. Technol. 18 (2013) 1213 
(https://doi.org/10.3109/10837450.2011.620969)  

49. A. G. Prasanth, A. S. Kumar, B. S. Shruthi, S. Subramanian, Mater. Res. Express 6 
(2019) 125427 (https://doi.org/10.1088/2053-1591/ab5811)  

50. M. Padmaa Paarakh, P. A. Jose, C. M. Setty, G. V. Peter Christopher, Int. J. Pharm. Res. 
Technol. (IJPRT) 8 (2018) 12 (https://ijprt.org/index.php/pub/article/view/85/82). 

___________________________________________________________________________________________________________________________

(CC) 2024 Serbian Chemical Society.

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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice



@Article{Brahmi2024,

  author    = {Rym Brahmi and Kheira Diaf and Zineb Elbahri and Milad Baitiche},

  journal   = {Journal of the Serbian Chemical Society},

  title     = {Preparation and in-vitro evaluation of single and bi-layered beeswax-based microparticles for colon-specific delivery of mesalamine},

  year      = {2024},

  issn      = {1820-7421},

  month     = {2},

  pages     = {91-106},

  volume    = {89},

  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 micro­encapsulation where drug:beeswax ratio, stirring speed, emulsifier concen­tration 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.},

  doi       = {10.2298/JSC230501088B},

  file      = {:08_12369_5708.pdf:PDF},

  issue     = {1},

  keywords  = {beeswax,colon,double walled microspheres,specific delivery},

  publisher = {National Library of Serbia},

  url       = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/12369},

}





