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Abstract: Commercially available domperidone -a D2 receptor antagonist- is an immediate release formulation which has never 
been formulated into microspheres for sustained release. The present work aims towards studying the effect of combination of a 
natural chitosan from an oyster shell of Mystilis edulis and HPMC (hydroxy propyl methyl cellulose) (spectracel 15 E) as polymer 
and tripolyphosphate as cross linking agent using wet gelation technique. The various polymer combination ratios for different 
batches were compared with a low molecular weight standard chitosan. The extracted chitosan – HPMC polymer combination ratios 
were chosen at ten levels: as batches B1, B2, B3, B4, B5, B6, B7, B8, B9, B10 for 1:1, 1:2, 2:1, 1:0, 0:1, 3:1, 1:3, 5:1, and 1:5 and 
1:1 having 450:450, 300:600, 600:300, 900:0, 0:900, 675:225, 225:675, 750:150, 150:750, 450:450 mg respectively, while the 
quantity of domperidone and tripolyphosphate remained constant. B11 and B12 were formulated with standard chitosan and HPMC. 
The percentage yield of the formulated microspheres was determined and then evaluated for flowability, drug entrapment efficiency, 
drug release and mechanism of drug release by Fickian diffusion. The best batches of the domperidone loaded microspheres 
produced from the combination polymer were compared with the standard chitosan. The highest yields of microspheres were given 
by batches B12, B11, B10, and B4 with values of 50.1 ± 0.1%, 49.6 ± 0.1%, 46.6 ± 0.1%, and 46.1 ± 0.0% respectively while the 
lowest yield were 23.3 ± 0.2% and 23.6 ± 0.2%. B5 and B6 and B9 did not yield any microsphere. The bulk density, tapped density, 
compressibility and Hausner’s ratio of the microspheres showed good flowability and high percent compressibility. The drug 
entrapment efficiency showed that the entrapment ranged from 54.2 to 97.2, where the least entrapment was B4 (54.2 ± 0.1) and the 
highest B12 (97.2 ± 0.2). The polymer surface of the microspheres as observed by SEM (scanning electron microscopy) was 
heterogeneous and porous which offers enhanced bioadhesivity. The dissolution study was used to determine the percentage drug 
release which ranged from 12.1% to 68.9% after 5 hours. Batches 1, 2, 3, 4, 7, and 11 follow zero order kinetics via Fickian diffusion. 
The results indicate that microspheres of domperidone could be successfully formulated with a natural chitosan either alone or in 
combination with HPMC for sustained delivery of domperidone. Furthermore, the concentration of the natural polymer and HPMC 
employed in the formulation need to be carefully selected to enable the production of microspheres with the desired sustained release 
properties. 
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1. Introduction 

Most crustaceans are delicacy consumed by many 

countries and races. They are available in the   

market in a wide variety of products. The sea food 

industries process and package the harvested  

products and the shells are generally left as waste. 

Even though the wastes are bio-degradable, the 
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dumping of large quantities makes degradation 

process low resulting in accumulation of waste over 

time which is a major environmental concern. 

Recycling of these shell waste and extraction of 

commercially viable substances like chitin and 

chitosan is an effective solution. 

Chitin is the second most abundant polysaccharide on 

earth after cellulose [1]. It is a structural component of 

exo-skeleton of crustaceans, insects, mushrooms and 

cell wall of certain fungi and green algae. 

D 
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Chitosan, a biopolymer, is a linear polysaccharide 

composed of randomly distributed β-(1-4) length 

D-glucosamine and N-acetyl- D-glucosamine obtained 

by partial deacetylation of chitin and is structurally 

similar to cellulose which is composed of only 

monomer of glucose [2]. The main source of chitosan 

is from crustaceans waste, which is also the main cell 

wall material of most fungi [3, 4], cuticles of insects, 

yeast or green algae [5], crab and shrimp shells, 

oysters and lobsters [6]. 

Chitosan is considered one of the most valuable 

polymers for biomedical and pharmaceutical 

application due to its biodegradability, 

biocompatibility, antimicrobial, non-toxicity and 

antitumor properties. Nanoparticles, microspheres, 

hydrogel, films and fibers are typical chitosan based 

forms for biomedical and pharmaceutical application 

for several drug deliveries [7]. 

Kataria et al. [8] in their work defined microspheres 

as spherical micro particles in the diameter range of 1 

and 1,000 µm. They are characteristically free flowing 

powders consisting of proteins or synthetic polymers. 

The range of techniques for the preparation of 

microspheres offers a variety of opportunities to 

control aspect of drug administration and enhance the 

therapeutic substance to the target site in a sustained 

control release fashion. It is a reliable means to deliver 

the drug to the target site with specificity. 

DOM (domperidone) is a peripherally selective 

dopamine D2 receptor antagonist developed by Jansen 

pharmaceutica that is used as an antiemetic, 

gastroprokinetic agent and galactogue [9]. 

Domperidone does not readily cross the blood brain 

barrier and hence is less likely to cause central 

nervous system effect like sedation and dystonic 

reactions. It acts at the CTZ (chemo receptor trigger 

zone) and is unlikely to be effective in motion 

sickness and other vestibular disorders. It has a low 

ceiling anti-emetic and pro-kinetic action. 

Domperidone is used for nausea and vomiting [10] 

associated with migraine [11], gastroparesis [12], in 

combination with levodopa in the management of 

Parkinson’s disease [13], functional dyspepsia [14], in 

lactation acting as an antidopaminergic agent to 

promote lactation [15, 16]. 

Drug release studies of immediate release dosage 

forms in healthy subjects shows that domperidone 

tablets were not detectable in blood after few hours of 

oral administration and is eliminated in 5-7 hours 

from the body [17]. The dose of domperidone in 

adults greater than 16 is given as 10 mg 3 times daily. 

Microspheres of domperidone will provide constant 

and prolonged therapeutic effect, reduce dosing 

frequency and thereby improve the patient compliance. 

Better drug utilization will improve the bioavailability 

and reduce the incidence or intensity of adverse effect 

and allow a controllable variability in degradation and 

drug release [18]. 

Thus, the aim of the study is to prepare sustained 

release of domperidone microspheres using a 

combination of locally extracted chitosan and HPMC  

(hydroxy propyl methyl cellulose) as polymers and 

tripolyphosphate as a cross linking agent to reduce the 

frequency of conventional dosage forms, side effects 

and improve adherence and health outcome. 

2. Materials and Methods 

2.1 Materials 

Shells of Mystilis edulis were obtained from Long 

beach, California, USA, where they were seen 

scattered all over the beach. The extraction of chitosan 

from the Oyster shells of Mystilis edulis has done 

characterized elsewhere [19]. Domperidone is a gift 

from May and Baker PLC, Ikeja, Nigeria. HPMC 

(Spectracel 15E, low molecular weight) is a gift from 

Sensient, St. Louis, MO, USA. All other reagents and 

instruments are of analytical standard. 

2.2 Methods 

2.2.1 Formation of Microspheres 

Microspheres were formed using the wet inversion 

technique in which 90 mg of domperidone was 
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Table 1  Formulation design. 

Batch no Drug (mg) 
Extracted chitosan 
(mg) 

HPMC (spectracel 
15E (mg) 

Extracted chitosan: 
HPMC ratio 

Standard chitosan 
(mg) 

B1 90 450 450 1:1 - 

B2 90 300 600 1:2 - 

B3 90 600 300 2:1 - 

B4 90 900 0 1:0 - 

B5 90 0 900 0:1 - 

B6 90 675 225 3:1 - 

B7 90 225 675 1:3 - 

B8 90 750 150 5:1  

B9 90 150 750 1:5  

B10 90 450 450 1:1  

B11 90 - 150 5:1 750 

B12 90 - 750 1:5 150 
 

dissolved in 10 ml of 2% acetic acid. The various 

polymer combination (chitosan and HPMC) at ratio 

1:1, 1:2, 2:1, 1:0, 0:1, 3:1, 1:3, 5:1, and 1:5 and 1:1 

having 450:450, 300:600, 600:300, 900:0, 0:900, 675: 

225, 225:675, 750:150, 150:750, 450:450 mg 

respectively were added to the solution with gentle 

stirring. Only the best domperidone loaded 

microspheres produced from the various batches were 

compared with standard chitosan. The solution was 

left for 15 to 20 mins to be bubble free. TPP 

(Tripolyphosphate) (3 g) was dissolved in 50 mL of 

water. The combined polymer solution was slowly 

dropped into the TPP solution with the help of a 

22-guage syringe. The microspheres formed were left 

in the TPP solution until they settled to the bottom of 

the container and additional 5 mins was allowed for 

sufficient crosslinking. 

The TPP solution was decanted carefully and washed 

with acetone twice. The acetone was decanted and the 

microspheres were left for air drying. The dried 

microspheres were then collected. This process was 

repeated using different ratios of chitosan and HPMC. 

2.2.2 Percentage Yield 

The percentage yield of the prepared microspheres 

was determined after drying. The measured weight of 

prepared microspheres was divided by the total 

amount of all the non-volatile components used for 

the preparation of the microspheres. 

ൌ ݈݀݁݅ݕ
ݐܿݑ݀ݎ ݂ ݐ݄݃݅݁ݓ ݈ܽݑݐܿܽ
ݏݐ݊݁݅݅ܿݔ݁ ݂ ݐ݄݃݅݁ݓ ݈ܽݐݐ

ൈ 100 

2.2.3 Drug Entrapment Efficiency 

Microspheres loaded with domperidone (50 mg) 

were weighed accurately and crushed in a mortar. 

Powdered microspheres were suspended in 25 mL of 

0.1 N HCl for 10 mins. The solution was filtered and 

an aliquot was assayed spectrophotometrically at 278 

nm to determine the drug content. 

Drug entrapment efficiency ൌ

ୣୱ୲୧୫ୟ୲ୣୢ ୢ୰୳ ୡ୭୬୲ୣ୬୲

୲୦ୣ୭୰ୣ୲୧ୡୟ୪ ୢ୰୳ ୡ୭୬୲ୣ୬୲
×100 

2.2.4 Evaluation of Domperidone Loaded 

Microspheres 

2.2.4.1 Bulk Density 

Bulk density was determined using a graduated 

cylinder. The accurately weighed quantity of 

microspheres was added to cylinder and tapped three 

times. The volume was noted and the bulk density was 

calculated using the formula. 

ݕݐ݅ݏ݊݁݀ ݈݇ݑܤ ൌ
ܯ
ݒ

 

where M = mass of sample, V = volume of sample, Þß 

= density 

2.2.4.2 Tapped Density 

Tapped density was determined using a graduated 

cylinder. The accurately weighed quantity of 

microspheres was added to the cylinder and tapped 
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100 times. The volume noted, and tapped density was 

calculated using the formula. 

ܦ ൌ
ܯ
ܸ

 

where M = weight of sample, VP = final tapped 

volume of microspheres, Do = tapped density 

2.2.4.3 Morphology of Domperidone Loaded 

Microspheres through SEM (scanning electron 

microscopy). 

Shape and surface morphology of chitosan-HPMC 

domperidone microspheres were studied using 

Scanning Electron Microscope (SEM, JSM 6100, Jeol, 

Japan). Particle sizes of the microcapsules were 

evaluated using optical microscope were small amount 

of microspheres was placed on a slide and oil of 

immersion was dropped and then covered with a cover 

slide and then placed under the microscope and 

viewed. 

2.2.4.4 In-vitro Drug Release Study of 

Microspheres 

In-vitro drug release studies was carried out using 

USP 25 (type ll) apparatus in 400 mL of dissolution 

medium maintained at 37 ± 1 °C at speed of 50 rpm. 

HCl (0.1 N) was used as dissolution medium. Aliquots 

of 10 mL were withdrawn at predetermined time 

intervals using calibrated pipette during 3 hours period 

and filtered. An equivalent amount of a fresh 

dissolution medium maintained at 37 ± 1 °C was 

added after withdrawing each sample to maintain the 

sink conditions. The drug concentration in the samples 

was analyzed spectrophotometrically at 278 nm. The 

mean of four readings was used to determine 

concentration and percentage release of the drug. 

2.2.4.4.1 Calibration Curve of Domperidone 

As domperidone is poorly soluble in water, organic 

solvent is required to solubilize the drug. Therefore, 

stock solution of domperidone was prepared in 

methanol and working standards were prepared by 

suitably diluting with 0.1 M HCl and the absorbance 

were measured using UV-Vis. 

Spectrophotometer (Labomedinc.) at λmax 287 nm is 

against blank. Calibration curve was plotted on drug 

concentration (20-120 μg/mL). 

2.2.4.4.2 Mathematical Model of Domperidone 

Release Profile 

Domperidone release data were analyzed according 

to zero order kinetics, first order kinetics and Higuchi 

model to characterize the mechanism of drug release. 

2.2.4.5 Statistical Analysis 

Experimental data have been represented as the 

mean with SD (standard deviation) of different 

independent determinations. The significance of 

differences was evaluated by ANOVA (analysis of 

variance). Differences were considered statistically 

significant at P < 0.05. 

3. Results and Discussion 

3.1 Characterization of Microspheres 

3.1.1 Percentage Yield 

The highest yield of microspheres were given by 

B12 (1:5), B11(5:1), B10(1:1), B4 (1:0) i.e. 

domperidone loaded microspheres formulated using 

750 mg HPMC and 150 mg standard chitosan, 150 mg 

HPMC and 750 mg standard chitosan, 450 mg 

extracted chitosan and 450 mg HPMC and (900 mg of 

extracted chitosan alone) with values of 50.1 ± 0.1%, 

49.6 ± 0.1%, 46.6 ± 0.1%, and 46.1 ± 0.0% 

respectively. The lowest yield were B6 and B9 i.e. 

domperidone loaded microspheres using 675 mg 

extracted chitosan and 225 HPMC (ratio 3:1) and 150 

mg extracted chitosan and 750 mg HPMC with values 

23.3 ± 0.2% and 23.6 ± 0.2% respectively while 

Batches B6 (3:1) i.e. 675 mg extracted chitosan and 

225 mg of HPMC and B9 (1:5) i.e. 150 mg extracted 

chitosan and 750 mg HPMC and B5 (0:1) (900 mg 

HPMC only) did not yield any microsphere. 

It was observed that the batches consisting of 

standard chitosan gave the highest yield. The batch 

consisting of higher amount of extracted chitosan as 

polymer and lesser amount of HPMC ratio gave 

higher yield than batches with higher amount of 

HPMC and less extracted chitosan. The low yield can 
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Table 2  Percentage yield of domperidone microspheres. 

Batch no 
Chitosan 
(mg) 

HPMC 
(mg) 

Polymer ratio %Yield 

B1 450 450 1:1 33.1 ± 0.1 

B2 300 600 1:2 32.3 ± 0.1 

B3 600 300 2:1 29.6 ± 0.2 

B4 900 0 1:0 46.1 ± 0.0 

B6 675 225 3:1 23.3 ± 0.2 

B7 225 675 1:3 32.6 ± 0.2 

B8 750 150 5:1 34.3 ± 0.1 

B9 150 750 1:5 23.6 ± 0.2 

B10 450 450 1:1 46.6 ± 0.1 

B11 750 150 5:1 49.6 ± 0.1 

B12 150 750 1:5 50.1 ± 0.1 
 

 
Fig. 1  Representation of the drug entrapment efficiency of all batches of domperidone microspheres. 
 

be attributed to either the wastage of the formed 

microspheres during the washing and drying process, 

or the method used in the formation of microspheres, 

the cross linking time, concentration of the cross 

linking agent (tripolyphosphate) or amount of the 

incorporated drug. There was a significant difference 

(p < 0.05) among all the batches. 

3.1.2 Drug Entrapment Efficiency 

The drug entrapment efficiency showed that the 

entrapment efficiency ranged from 54.2% to 97.2%. 

The least entrapment efficiency was B4 (1:0) (54.2 ± 

0.1) and the highest was B12 (1:5) (97.2 ± 0.2). The 

result showed that the batches consisting of the 

standard chitosan-HPMC polymer ratio gave a higher 

drug entrapment efficiency i.e. B10 (1:1), B11 (5:1) 

and B12 (1:5). B1 to B9 formulated using the 

extracted chitosan showed higher entrapment when 

the amount of the HPMC was increased compared to 

the corresponding batches with higher amount of 

chitosan. This shows a direct relationship between the 

amount of HPMC and the drug entrapment efficiency 

of the microspheres. As the concentration of HPMC 

increased the drug entrapment efficiency increased. 

Hemlata et al. [20] reported drug entrapment 

efficiency of domperidone microspheres to be 

between 46% and 74%, which is in accordance to the 

result obtained in this study. 

Other research works have reported higher drug 

entrapment efficiency. Xiao et al. [21] found the drug 

content in the microspheres to be between 98.3 ± 2.1% 

to 99.3 ± 2.8%. Entrapment efficiency indicates the 

uniform distribution of drug in the microspheres. B3  
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Table 3  Characterization of domperidone microspheres. 

Batch no Bulk density (g/mL) Tapped density(g/m) Hausners ratio Carr’s index (%) 
Drug entrapment 
efficiency (%) 

B1 0.44 0.55 1.25 20.0 69.4 ± 0.1 

B2 0.54 0.65 1.20 16.9 66.7 ± 0.1 

B3 0.84 0.98 1.16 14.3 62.5 ± 0.1 

B4 0.40 0.42 1.05 4.8 54.2 ± 0.1 

B6 0.78 0.93 1.19 16.1 62.5 ± 0.1 

B7 0.50 0.54 1.08 7.4 70.8 ± 0.2 

B8 0.36 0.38 1.06 5.3 72.2 ± 1.3 

B9 0.78 0.94 1.21 17.0 83.3 ± 0.2 

B10 0.39 0.41 1.05 4.9 75.0 ± 1.0 

B11 0.37 0.38 1.03 2.6 87.5 ± 0.2 

B12 0 36 0.37 1.03 2.7 97.2 ± 0.2 
 

(62.5 ± 0.1), B6 (62.5 ± 0.1) and B7 (70.8 ± 0.2), B8 

(71.53 ± 1.33) showed no significant difference (p = 

0.05) among the batches. However there is significant 

difference (p < 0.05) among the other batches. 

3.1.3 Results of Bulk Density, Tapped Density, 

Hausners Ratio and Compressibility Index 

The results of the bulk density, tapped density, 

Hausners ratio and Carr’s compressibility index and 

drug entrapment efficiency are shown in Table 3. 

The bulk density, tapped density, Hausners ratio 

and compressibility index are used to determine the 

powder flow of powders and the results showed 

results ranging from excellent to fair flow property. 

3.1.4 In Vitro Release of Drug from Microspheres 

The dissolution study was used to determine the 

percentage drug release which ranged from 12.1% to 

68.9% after 5 hours. Several techniques have been 

utilized to improve the dissolution of active 

pharmaceutical ingredient [22]. It has been reported 

by Nagarsenker et al., [17] that the dissolution profile 

of domperidone pure drug in an acidic medium of pH 

1.2 buffer showed drug to dissolve to the extent of  

91% in 2 h. However, in an alkaline pH the 

dissolution of the drug was much slower, with as 

much as only 16% dissolved in 15 min. in buffer of 

pH 6.8. As maintenance of sink conditions is an 

important requirement of dissolution media and drug 

release from the microspheres is the desirable rate 

limiting factor, dissolution studies were performed in 

pH 1.2 buffers [23]. 

In-vitro release of domperidone from the 

chitosan-HPMC microspheres exhibited an initial 

burst between 7.2% and 35.6% of drug for all batches 

in 1 h. The hydration rate of HPMC is as a result of its 

hydroxypropyl groups that produced strongly viscose 

gel that usually plays an important role in drug release 

especially at the onset of the release profile ) [24]. 

Hamlata et al. [20] reported the in-vitro release of 

domperidone from ethyl cellulose microspheres to 

have exhibited initial burst release with 23% of drug 

being released in 1 h. They also added that this initial 

burst release is a common observation in the 

microspheres formulations due to the presence of drug 

particles on the surface of the microspheres. The burst 

effect seen during the in-vitro release from the 

microspheres was lower in case of microspheres 

prepared from higher concentration of the polymer [25, 

26]. 

After the burst release, all the domperidone 

microsphere formulations showed sustained release of 

the drug up to 5 h. There was a retardation of release 

of the drug which will give a sustained release of about 

12 hours and more as compared to the conventional 

domperidone which is effective only for 7-8 hours. 

The result also showed an indirect relationship between 

the amount of chitosan and the rate of release i.e. the 

batches with higher amount of chitosan showed lower 

percentage release and vice versa, except for B9 (polymer 
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combination ratio of 1:5 i.e. 150 mg extracted chitosan 

and 750 mg HPMC) which showed lower percentage 

release even with higher amount of HPMC. 

Comparatively there is no significant difference (p 

= 0) between the extracted chitosan and the low 

molecular weight standard chitosan as regards the 

release kinetics and sustained release of the drug from 

the microspheres. 

3.1.5 Mechanism and Kinetics of Domperidone 

Release from Microspheres 

Batches 1, 2, 3, 4, 7, and 11 follow zero order 

kinetics via Fickian diffusion. This implies that these 

batches are ideal for sustained release formulation. 

The release of drug (domperidone) from these 

formulations is independent on initial drug dose or 

concentration. B6 and B10 followed first order 

kinetics. First order kinetics is dependent on initial 

concentration and log of percentage (%) drug 

remaining is directly proportional to time. The batches 

B8, B9 and B12 that have Higuchi model of release 

follow square root kinetics and therefore the release of 

the drug is dependent on the square root of time. 
 

 
Fig. 2  % drug release versus time of B1-B4. 
 

 
Fig. 3  % drug release versus time of B6- B9. 
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Fig. 4  % drug release versus time of B10-B12. 
 

However, the polymer concentration or method of 

incorporation of the polymer can be modified to alter 

the kinetics to zero order kinetics. 

3.1.6 Morphology 

The polymer surface of the microspheres as observed 

by SEM was heterogeneous and porous. These 

findings were similar with those of other researchers 

who reported rough surface morphologies for chitosan 

microspheres prepared by the orifice-ionic gelation 

technique [27, 28]. However, Kumbar et al. [29] 

reported smooth surface morphologies of chitosan 

microspheres when chitosan microspheres were 

produced in w/o emulsion and then cross-linked with 

glutaraldehyde. The surface morphology characteristics 

have an impact on bioadhesion. It has been found that 

the microspheres with a coarser and more porous 

surface may offer enhanced bioadhesivity as compared 

to those with a smoother texture [30]. Rough coarse 

surface observed in the present study might have led 

to bioadhesion. The surface morphology show the 

formation of cracks on the surface of the microspheres 

which may be due to the penetration of the dissolution 

medium into the microspheres and the subsequent 

dissolution of the drug and hence its diffusion through 

the polymer matrix (Figs. 5a and 6). SEM was also 

carried out for the domperidone powder as seen in Fig. 6. 
 

 

 
Fig. 5  SEM of a ( i.e. left) domperidone; b) domperidone 
loaded microspheres formulated with (B9) polymer 
combination ratio 1:5 i.e. 150 mg chitosan from M. edulis 
and 750 mg of HPMC). 
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Fig. 6  SEM of domperidone loaded microspheres of B12 
polymer combination ratio 1:5 i.e. 150 mg standard 
chitosan and 750 mg HPMC. 

4. Conclusion 

From the present study it is suggested that the 

extracted chitosan from Mystilis edulis and HPMC 

spectracel 15E are suitable candidates for sustaining 

the drug release from microspheres. The use of 

extracted chitosan from Mystilis edulis either alone or 

in low ratio with HPMC spectracel 15E as polymers 

for formulation of domperidone microspheres using 

wet gelation technique will be suitable for sustained 

release delivery of the drug. The developed 

technology is simple and can be easily scaled up and 

thus, holds enormous potential for commercial 

exploitation. 
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