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Abstract: The purpose of this study was to develop a pH-thermosensitive oral chitosan-based hydrogels, able to release 

phenobarbital in the small intestine of the newborn. Phenobarbital is an active drug used in neonatal treatment of epilepsy. pH-

thermosensitive hydrogels will improve its bioavailability and therapeutic efficiency with less side effects. This study allowed us 

to understand the free energy variation at the interface between chitosan chains themselves and the surrounding available 

molecules with its interactions behavour. Indeed, inverted tube method was used to prepare hydrogels containing 2.45 and 2.55% 

of chitosan, eudragitE100 and phenobarbital at 37+/-1°C via sol-gel transition. The characterization of their morphology was done 

by using XL SIRION 200 FEG SEM. In addition, conductivity, refractive index and density’s values were determinated. The 

phenobarbital release mechanism from hydrogels at different pH values, simulating the gastrointestinal tract of the newborn was 

also studed. UV / visible spectrophotometer SHIMADZU from the UV-2400PC series was used to determine the phenobarbital 

released amount as a function of time. The results showed that sol-gel transition time decreases when the chitosan concentration 

increases. In addition, it showed that the hydrogels structure was heterogeneous and the phenobarbital released amount were more 

important at pH simulating the small intestine at 2.45% of chitosan, final solution’s pH6.85 and with the presence of 

eudragitE100. These results were confirmed by conductivity’s values. The sols and hydrogels had a comparable refractive index 

and density’s values. The Korsmeyer-Peppas model was used to fit the phenobarbital release profiles. In short, the hydrogels 

formulated lend themselves to a phenobarbital pulsatile release usable in the newborn. The phenobarbital release profiles fitting 

makes possible to predict the phenobarbital amounts, which will be released at the action sites according to the need. 

Keywords: pH-Thermosensitive, Oral Hydrogels, Phenobarbital, Pediatrics, Pulsatile Release 
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1. Introduction 

Epilepsy is the first pediatrics neurological disease [1-4] 

and is a real public health problem. Phenobarbital is widely 

used for his care in the world [1, 5]. In sub-Saharan Africa, 

the oral form containing phenobarbital is a tablet and is 

unsuitable for newborns [6, 7]. In addition, with this form, 

phenobarbital is released in their stomach while the pH of the 

latter is neutral or basic [8-10]. This leads to an ionization of 

the molecule and a decrease of its bioavailability which can 

cause therapeutic failures [9]. For this purpose, the 

development and availability of new formulations adapted to 

age, size, physiological state and therapeutic requirements in 

accordance with the regulations of pediatric investigation 

plan (PIP) [7], and objectives of the pharmaceutical industry 

for neurological pathologies in pediatrics (epilepsy) [11], 

prove to be essential. It is in this context that we thought of 

developing a pH-thermosensitive oral hydrogels containing 

phenobarbital, wich the main excipients are: chitosan, 

EudragitE100 and sodium bicarbonate. The choice of theses 

excipients was based on the fact that they are biocompatible, 

biodegradable and non-toxic [12, 13]. As for hydrogels, they 

were used as vectors thanks to their controlled and targeted 

release properties of active drugs [12]. The purpose of this 

study was to formulate and characterize these hydrogels for a 

controlled and targeted oral administration of phenobarbital 

in the small intestine of the newborn. These hydrogels will 

improve the control of neonatal epileptic crises and his 

quality life with less side effects. 

2. Materials and Methods 

2.1. Materials 

Phenobarbital base, chitosan with low molecular weight and 

more than 75% deacetylation degree (DAD), sodium 

bicarbonate and 99.8% acetic acid, purchased from Sigma 

Aldrich laboratories and eudragitE100, purchased from Evonik 

Röhm GmbH Pharma Polymers (Darmstadt, Germany) were 

used. All these excipients were used in powder form except 

acetic acid wich was used in liquid form. We had also used 

distilled water as solvent produced by a millipore system from 

Fisher Scientific Limited, Nepean ON, Canada. A water bath 

and a pH meter 781pH/ion meter (Metrohm) fitted with a 

temperature probe were used for the hydrogels preparation. For 

physicochemical characterization, konduktometer CG 854 

(Schott Gerate), refractometer ATAGO (SPR-T2), a precision 

(0.1-1mg) Balance model bc (orma), scanning electron 

microscopy (SEM) type XL SIRION 200 FEG, Netherlands and 

UV / visible spectrophotometry SHIMADZU from the UV-

2400PC series were used. 

2.2. Methods 

2.2.1. Hydrogels Preparations 

We prepared two batches of hydrogels: batch 1 and batch 2. 

The first batch had included the formulations F1, F2, and F3 while 

the second included the formulations F’1, F’2, and F’3. Their 

composition and final solution’s pH are indicated in table 1. 

1) For batch 1 (Chitosan/Sodium Bicarbonate-based 

hydrogels), we prepared a dilute acetic acid solution (2% 

acetic acid) containing chitosan and phenobarbital. At the 

same time, we prepared a sodium bicarbonate aqueous 

solution at 1.12 M. The two solutions were first kept cool 

at a temperature between 1 and 2°C for 30 mn, then we 

added drop by drop the sodium bicarbonate aqueous 

solution in chitosan solution until a final solution’s pH 

close to neutrality, is obtained. The final solution, obtained 

after mixing of the two solutions, was called sol. 5ml of 

this sol were transferred to glass tubes and then we put it in 

a water bath at 37+/-1°C, to observe the sol-gel transition 

phenomenon every minute. 

2) For batch 2 (Chitosan / EudragitE100 / Sodium 

Bicarbonate-based hydrogels), the preparation protocol 

was the same as the previous one. Except that, here the 

dilute acetic acid solution contained apart from chitosan 

and phenobarbital, eudragit E100. 

2.2.2. Physicochemical Characterization of Formulations 

i. Visual and Organoleptic Aspect 

It consisted in observing with the naked eye the 

appearance of the formulated hydrogels and in smelling their 

odor. 

ii. Conductivity, Refractive Index and Density 

we determined the measurement of conductivity, refractive 

index and density of sols and hydrogels. The results of these 

measurements are mentioned in the table 2. 

iii. Scanning Electron Microscopy 

A few milligrams of hydrogels had been collected and then 

frozen in nitrogen liquid and lyophilized for 48 hours. These 

dry samples had been placed on heels with carbon adhesive 

tabs, coated with gold and palladium in the spray coating 

(BAL-TEC SCD005), then examined using an XL SIRION 

200 FEG SEM, Pays BAYS. 

iv. In vitro Release Study 

For this in vitro release study, 10 mg of formulated 

hydrogels were placed in boro 3.3 type circular and 

transparent glass cubes with a volume equal to 125.6 cm
3
. 

These cubes were placed at the bottom of three beakers 

containing 500 ml of dissolution medium (acetate buffers) at 

pH equal to 5 simulating the small intestinal liquid of 

newborns (prematures and term newborns) and (phosphate-

citrate buffers) at pH equal to 7 for the gastric liquid of term 

newborns and at pH equal to 8 for the gastric liquid of 

premature [8, 10]. These dissolution medium were kept 

stirring at 150 rpm per minute at 37 +/-1°C. Regarding this in 

vitro release study, every 60 minutes, 4 ml were taken from 

the dissolution medium and then replaced with fresh medium 

at each sampling point. The solutions collected were filtered 

using Nylon acrodisc 13 filters, which the diameter pore is 

equal to 0.45 micrometers, before any phenobarbital 
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determination by UV / visible spectrophotometry at 215 nm 

for acetate buffer at pH equal to 5, at 202 nm for phosphate-

citrate buffer at pH equal to 7 and 204 nm at pH equal to 8. 

For the dissolution medium simulating the intestinal liquids 

of the newborns (prematures and term newborns), the 

phenobarbital release study was carried out for 180 mn. 

Regarding the term newborns, the phenobarbital release 

study in the dissolution medium simulating his stomach, was 

carried out for 180 mn. On the other hand, for that of the 

premature, it was realized during 240 mn. The wavelengths 

were obtained by doing three spectral scans for different 

buffer containing phenobarbital. The cumulative percentage 

of phenobarbital was calculated from the phenobarbital 

amount initially present in the hydrogels compared to that 

measured in the release medium using the calibration curves 

equations (Equation 1, 2, and 3). The experiment was 

repeated three times. 

y=37.2x + 0.0155; R2=0.9993 (pH equal to 5)           (1) 

y=84.734x +0.0054; R2=0.9993 (pH equal to7)          (2) 

y=100.34x+0.0408; R2=0.9992 (pH equal to 8)          (3) 

2.2.3. Statistical Analysis 

Statistical significance (P<0.05) about the presence of 

eudragitE100, the variation of chitosan concentration and the 

final solution’s pH between test intra and inter groups was 

determined by one-way analysis of variance (ANOVA) with 

excel software. 

Table 1. Formulations composition and final solution’s pH. 

Formulations Chitosan (%) Eudragit E100 (%) Phenobarbital mg/ml Sodium Bicarbonate (M) Distilled water (g) Final solution’s pH 

F1 2.45 - 0.0293 1.12 45 6.85 

F’1 2.45 0.0245 0.0293 1.12 45 6.85 

F2 2.55 - 0.0293 1.12 45 6.85 

F’2 2.55 0.0255 0.0293 1.12 45 6.85 

F3 2.45 - 0.0293 1.12 45 6.8 

F’3 2.45 0.0245 0.0293 1.12 45 6.8 

Table 2. Results of determination Conductivity, Refractive index and Density of sols and hydrogels. 

Formulations 
Conductivity 

of sols (S/cm) 
SD 

Conductivity 

of gels (S/cm) 
SD 

Refractive 

index of sols 
SD 

Refractive index 

of gels 
SD 

Density 

of sols 
SD 

Density 

of gels 
SD 

F1 2.405.10-4 1.7.10-7 1.0.10-6 0 1.33850 4.9.10-5 1.33875 5.2.10-5 1.0284 5.10-4 1.0310 4.10-4 

F’1 2.425.10-4 1.7.10-7 1.5.10-6 0 1.33900 4.7.10-5 1.33875 4.2.10-5 1.0299 4.10-4 1.0326 5.10-4 

F2 2.435.10-4 3.3.10-7 5.10-7 0 1.33850 4.5.10-5 1.33875 4.4.10-5 1.0409 4.10 -4 1.0423 4.10-4 

F’2 2.445.10-4 3.3.10-7 5.10-7 0 1.33875 3.9.10-5 1.33850 4.1.10-5 1.0415 5.10-4 1.0439 4.10-4 

F3 2.410.10-4 1.7.10-7 1.0.10-6 0 1.33875 4.3.10-5 1.33850 3.8.10-5 1.0295 3.10-4 1.0318 3.10-4 

F’3 2.430.10-4 1.7.10-7 1.5.10-6 0 1.33875 4.6.10-5 1.33900 4.3.10-5 1.0307 5.10-4 1.0337 4.10-4 

 

3. Results and Discussion 

3.1. Preparation of Hydrogels 

The hydrogels formulation would take place thanks to the 

interactions of N-acetyl-D-glucosamine, D-glucosamine, 

hydroxyl, amine, and bicarbonate ion groups which are 

present in the mixtures. Keeping the solutions cool allowed 

us to reduce the mixture entropy, to keep the linearity and 

flexibility of chitosan in solution and to prevent the liberation 

and evaporation of carbon dioxide. Keeping the linearity and 

flexibility of chitosan in solution would increase the contact 

surface of its chains allowing them to interact with 

themselves and with the maximum of surrounding available 

molecules in the mixtures, when the temperature increases 

[14-18]. In addition, at low temperature and at pH close to 

neutrality, a protective water layer around chitosan chains, 

prevents them interacting with themselves and with the 

surrounding available molecules in the mixtures. It is in this 

way, it also prevents gelling of the sol [14, 15, 19]. On the 

other hand, when the device warms up, there is a gradual 

transfer of heat from the hot body to the cold body and 

evolution towards a homogeneous temperature. This is the 

second principle of thermodynamics [20]. In this study, this 

effect is responsible of water elimination and CO2 liberation 

and evaporation. It also responsible of the decrease of density 

apparent charges of ammonium ions, the increase of mixtures 

entropy with dehydration causing destruction of the 

protective water layer. This allows chitosan chains to bind 

themselves and with surrounding available molecules via the 

interactions of coulombs, hydrophobes, Van der Waals and 

the hydrogen bonds which activate in mixtures with a 

dominant hydrophobic interactions effect. The effect 

resulting from these interactions leads to the hydrogels 

formation (Figure 1) [14-17, 21]. 

 

Figure 1. Sol (a)-gel (b) transition images. 
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3.2. Sol-gel Transition Time 

We will now focus on the variation of the sol-gel transition 

time as a function of the chitosan concentration, the final 

solution’s pH and the ammonium ions concentration of each 

batch. The ammonium ions concentration is more important in 

the batch 2. Regarding to the chitosan concentration, we noticed 

that for batch 1, the sol-gel transition time was equal to three 

minutes for F1, F2, and F3 at 2.45% and was equal to two minutes 

at 2.55%. The same results were noticed for the batch 2, which 

included F’1, F’2, and F’3. The transition time from three to two 

minutes may be due to the decrease of the free energy at the 

interface between the chitosan chains and the surrounding 

available molecules. The decrease of the free energy is due to 

not only a decrease in the mobility and flexibility of the 

biopolymer (chitosan) but also a loss of entropy effects 

compensated by enthalpy effects, the mobility of counter ions, 

surrounding molecules and elimination of water molecules 

initially present in the sol. Indeed, the enthalpic effect increase 

when the biopolymer (chitosan) concentration increase [22, 23]. 

On the other hand, these results are comparable to those realized 

by Jingjing Li and al which showed that time transition sol-gel 

decrease when the biopolymer concentration increase [24]. 

Relative to the final solution’s pH and the ammonium ions 

concentration, we noticed that the sol-gel transition time was 

equal to three minutes at pH6.8 and pH6.85 and for batches 1 

and 2 at 2.45% of chitosan. In addition, the sol-gel transition 

time was equal to two minutes at pH6.8 and pH6.85 for the 

same batches at 2.55% of chitosan. In short, the sol-gel 

transition time did not vary as function of the final solution’s pH 

and the ammonium ions concentration. These results are 

comparable to those which were described by Burgess and 

Singh in 1993 who had rapported that the sensibility of complex 

formation was significant if the variation of pH reached 0,5 units 

[25]. With regard to ammonium concentration, these results may 

be attributed to the fact that the difference of apparent charge 

density of ammonium ion concentration between the two 

batches was too small that additional electrostatic interactions 

did not take place [26] or gelation phenomenon would take 

place in secondes order. Indeed, in batch 2, eudragitE100 was 

used at low concentration (0.0245 and 0.0255%). For all 

formulations, the sol-gel transition time is more longer than the 

passage time of a liquid food from the mouth to the newborns 

stomach (2-3 mn Vs 4-5s) [27, 28]. The half gastric emptying 

time is also longer than the sol-gel transition time (180-240 mn 

Vs 2-3mn) [29]. For this purpose, the gelation will take place in 

his stomach. 

3.3. Physicochemical Characterization of Formulations 

3.3.1. Visual and Organoleptic Aspect 

The sol and hydrogels had almost the same aspect because 

their densities and refractive index are comparable (Table 2) 

despite the presence of bubbles in the hydrogels which 

reflects the liberation and evaporation of CO2. In addition, 

the sol and hydrogels had a homogeneous appearance on the 

visual aspect. They were also odorless. This latter result 

allow to newborns to have a better acceptability for 

hydrogels and improves their treatment compliance. 

3.3.2. Conductivity, Refractive Index and Density 

The conductivities values of hydrogels were weaker than 

those measured with the sol. The decrease of conductivities 

in the hydrogels can be explained by the fact that the 

elimination of water molecules, the liberation and 

evaporation of CO2 and the presence of networks during the 

formation of hydrogels, leads to a decrease of ions charges. 

Besides, this decrease is more pronounced when the 

biopolymer (chitosan) concentration increases in the 

formulations (Table 2) [17]. This confirms the results of the 

sol-gel transition time discussed above because it decreases 

when conductivity decreases in the gel. Regarding to the 

chitosan concentration and at final solution’s pH6.85, we 

noticed for the batch 1 that, the conductivity value was equal 

to 1.0.10
-6

 S/cm for F1 at 2.45% and was equal to 5.10
-7

 S/cm 

for F2 at 2.55%. For the batch 2, noticed that, the 

conductivity value was equal to 1.510
-6

 S/cm for F’1 at 2.45% 

and was equal to 5.10
-7

 S/cm for F’2 at 2.55%. These results 

can allows us to say that repulsion interactions would be 

more important in the formulations included the batch 2 than 

those included the bath 1 at 2.45% and decrease when 

chitosan concentration increased. Moreover, chitosan 

concentration had greatly influence the conductivity of 

hydrogels while the presence of eudragitE100’s influence is 

weaker at 2.45%. For the final solution’s pH, the conductivity 

of the sol increased when the pH decreased while it did not 

vary in the hydrogels (Table 2). These results confirm also 

the study rapported by Burgess and Singh in 1993. In 

addition, conductivity of hydrogels between the formulations 

of bath 1and 2 varied from 0 to 5.10
-7

S/cm (Table 2). These 

results confirm the fact that time transition of hydrogels from 

the batch1 and 2 did not vary because this conductivity value 

is too small. Therefore, additionnal electrostatic interaction 

did not take place between the formulations of the two 

batches. On the other hand, we noticed that the refractive 

index and densities of sol and hydrogels are comparable 

(Table 2). These results justify the resemblance of the aspects 

between the sol and the hydrogels. Our Conductivity and 

refractive index values are comparable to the study rapported 

by Baghera and al. in 2019 and Malinkinad and al. in 2016 

respectively [30, 31]. 

3.3.3. Scanning Electron Microscopy 

Microscopy allowed us to visualize the hydrogels 

morphology which is presented in figure 3. 

 

Figure 2. SEM images showing morphology of 2.45 (a) and 2.55% (b) of 

chitosan-based hydrogels with or without eudragit E100. 
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These results showed us that the formulated hydrogels had 

pores whose size differs depending on the formulation. This 

result can be explained by the different interactions that are 

responsible of hydrogels formation. Therefore, the bonding 

energy in any space of hydrogels is not the same. This will 

lead to a system whose internal structure will be 

heterogeneous. Moreover, polysaccharide hydrogels have 

generally a semi-crystalline or amorphous structure [32, 33]. 

3.3.4. In vitro Release Study and Mathematical Fitting of 

the Phenobarbital Release Profiles 

The percentage of phenobarbital released as a function of 

time is presented in figures 3 to 10. These figures show the 

influence of the presence of eudragitE100, the chitosan 

concentration, and the final solution’s pH on the phenobarbital 

release from hydrogels. The latter were placed in dissolution 

medium pH equal to 5 simulating the small intestinal liquids of 

newborns (prematures and term newborns), at pH equal to 7 

for the gastric liquids of term newborns and at pH equal to 8 

for the gastric liquids of prematures [8, 10]. 

 

Figure 3. Pourcentages of cumulative drug release (%CDR) as function of 

time for F1 and F’1. pH5E, pH7E and pH8E mean dissolution medium’s pH 

equal to 5,7 and 8 for hydrogels containing eudragitE100. pH5SE, pH7SE 

and pH8SE mean dissolution medium’s pH equal to 5,7 and 8 for hydrogels 

without eudragitE100. 

 

Figure 4. Pourcentages of cumulative drug release (%CDR) as function of 

time for F2 and F’2. pH5E, pH7E and pH8E mean dissolution medium’s pH 

equal to 5,7 and 8 for hydrogels containing eudragitE100. pH5SE, pH7SE 

and pH8SE mean dissolution medium’s pH equal to 5,7 and 8 for hydrogels 

without eudragitE100. 

 

Figure 5. Pourcentages of cumulative drug release (%CDR) as function of 

time for F3 and F’3. pH5E, pH7E and pH8E mean dissolution medium’s pH 

equal to 5,7 and 8 for hydrogels containing eudragitE100. pH5SE, pH7SE 

and pH8SE mean dissolution medium’s pH equal to 5,7 and 8 for hydrogels 

without eudragitE100. 

 

Figure 6. Pourcentages of cumulative drug release (%CDR) as function of 

time for F’1 and F’2. pH5ECS2.45, pH7ECS2.45 and pH8ECS2.45 mean 

dissolution medium’s pH equal to 5,7 and 8 for hydrogels containing 2.45% 

of chitosan and eudragitE100. pH5ECS2.55, pH7ECS2.55 and pH8ECS2.55 

mean dissolution medium’s pH equal to 5,7 and 8 for hydrogels containing 

2.55% of chitosan and eudragitE100. 

 

Figure 7. Pourcentages of cumulative drug release (%CDR) as function of 

time for F1 and F2. pH5ECS2.45, pH7ECS2.45 and pH8ECS2.45 mean 

dissolution medium’s pH equal to 5, 7 and 8 for hydrogels containing 2.45% 

of chitosan and without eudragitE100. pH5ECS2.55, pH7ECS2.55 and 

pH8ECS2.55 mean dissolution medium’s pH equal to 5, 7 and 8 for 

hydrogels containing 2.55% of chitosan and without eudragitE100. 
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Figure 8. Pourcentages of cumulative drug release (%CDR) as function of 

time for F’1 and F’3. pH5 final solution’s pH6.85E, pH7 final solution’s 

pH6.85E and pH8 final solution’s pH6.85E mean dissolution medium’s pH 

equal to 5, 7 and 8 for the pH sol equal to 6.85 and eudragitE 100. pH5 final 

solution’s pH6.8E, pH7 final solution’s pH6.8E and pH8 final solution’s 

pH6.8E mean dissolution medium’s pH equal to 5, 7 and 8 for the pH sol 

equal to 6.8 and eudragitE100. 

 

Figure 9. Pourcentages of cumulative drug release (%CDR) as function of 

time for F1 and F3. pH5 final solution’s pH6.85SE, pH7 final solution’s 

pH6.85SE and pH8 final solution’s pH6.85SE mean dissolution medium’s pH 

equal to 5, 7 and 8 for the pH sol equal to 6.85 and without eudragitE100. 

pH5 final solution’s pH6.8SE, pH7 final solution’s pH6.8SE and pH8 final 

solution’s pH6.8SE mean dissolution medium’s pH equal to 5, 7 and 8 for the 

pH sol equal to 6.8 and without eudragitE100. 

 

Figure 10. Pourcentages of cumulative drug release (%CDR) as function of 

time for all the hydrogels. F1, F2, F3 and F’1, F’2 and F’3 represent the 

hydrogels without and with eudragitE100. pH5 pH7 pH8 represent the 

dissolution medium’s pH equal to 5,7 and 8. 

At pH equal to 5, the presence of eudragitE100 and the 

variation of chitosan concentration in the hydrogels, 

influenced the phenobarbital release. Indeed, the 

phenobarbital release increases with the presence of 

eudragitE100 and decreases when the chitosan concentration 

increases. Besides, it was more pronounced at this pH for all 

hydrogels. Consequently, the highest cumulative percentages 

of phenobarbital released were also observed at this pH 

(around 30-70%) for 180 mn (Figures 3 to 7). These results 

had been confirmed above by the conductivities values [34]. 

These results can be attributed to the surplus of the amine 

groups present in chitosan and eudragit E100 which 

protonate more in an acid medium than in a neutral or basic 

medium [34]. The protonation of the amine groups leads to 

the electrostatic repulsion of their chains, to the solubilization 

of the amine and hydroxyl groups, which creates a space 

favoring an entry of the water molecules into the hydrogels 

[35]. The entry of water molecules causes the hydration of 

the chitosan chains and gradually decreases the interactions 

of coulomb, Van der Waals, hydrophobes and increases the 

electro-osmotic pressure initially present in the hydrogels. At 

the same time, it promotes the contractile force of hydrogels 

networks which depends on their elasticity and which is 

inversely proportional to the biopolymer (chitosan) 

concentration [35-39]. Still at pH equal to 5, the variation 

final solution’s pH influenced also the phenobarbital release. 

Indeed, for the same chitosan concentration, we noticed that 

the final solution with a higher pH, released more 

phenobarbital (Figures 8 and 9). This result can be explained 

by the fact that the pH of gels is proportional to the porosity 

and inversely proportional to the mechanical strengths of 

hydrogels [40]. At pH equal to 7 and pH equal to 8, the 

influence of the parameters mentioned above is weak. In 

these dissolution medium, we noted that the phenobarbital 

release is less pronounced with lower cumulative percentages 

of phenobarbital released, especially at pH equal to 7 (around 

20-30%) and at pH equal to 8 (around 10-20%) (Figures 3 to 

9). These results can be attributed to the fact that in basic or 

neutral medium, the protonation of the amine groups is weak, 

because the majority counter-ions in the dissolution medium 

can interact with the charged sites of the biopolymer by 

reducing the electrostatic repulsion and the hydrogels 

elasticity [36, 37, 39]. The result of all these effects allowed 

to release a more important phenobarbital amount in the 

medium simulating the intestinal liquids (pH equal to 5) than 

in those simulating the stomach of the newborns (pH equal to 

7 and 8). In addition, at pH equal to 5, we also observed a 

minimum phenobarbital cumulative percentages released for 

F3 with values around 30% for 180 mn (Figure 10). At pH 

equal to 7 and pH equal to 8, we observed cumulative 

percentages around 20 and 10% respectively for 180 and 240 

mn (Figure 10). These results can also be explained by the 

fact that the pH of gels is proportional to the porosity and 

inversely proportional to the mechanical strengths of the 

hydrogels. In addition, F3 having a smaller final solution’s 

pH and devoid of eudragit E100, the size of its pores would 

therefore be smaller with high mechanical strength for 

hydrogels with the same chitosan concentration [40]. We also 

noticed that the phenobarbital release from hydrogels is time 

dependent and occurs in sequential form. It translate a 

pulsatile release profile [39, 41]. The pulsatile release 

profiles can be explained by the fact that the hydration, 

dissolution and erosion of the biopolymers which active 
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molecule conditions release take place gradually and go from 

site to site in biopolymers [35, 39, 41, 42]. And since in this 

study, the structure of hydrogels was heterogeneous, with this 

mechanism action of dissolution medium on the hydrogels, a 

pulsatile release mode was very possible. The Korsmeyer-

Peppas model was used to fit the phenobarbital release 

profiles from hydrogels. The equation used is as follows:  

Y = Kkpt
n
 with 

Y = Cumulative fraction of phenobarbital released at time t; 

Kkp = Korsmeyer-Peppas kinetic constant; 

n =Diffusional exponent which indicates the phenobarbital 

release mechanism [43]. 

The parameters for fitting the phenobarbital release 

profiles are presented in table 3. These results indicate that 

the phenobarbital release from hydrogels follows a water 

diffusion-controlled process because their n is less than 0.5. 

Indeed, the relaxation of the chains during the swelling of 

the hydrogels contributes to the release, but the diffusion 

seems to be the major phenomenon in the release 

mechanism considering the fact that phenobarbital is a 

small molecule and in this study we used it at a very low 

concentration (0.0293mg/ml) [43]. Therefore, the meshes of 

hydrogels could be larger than the size of phenobarbital. 

Among all the formulations, F2, F’2 and F’3 are suitable for 

this model for a potential application in the term newborns 

(pH equal to 5, pH equal to 7). On the other hand, F1 is 

suitable for a potential application in prematures (pH equal 

to 5, pH equal to 8). In addition F’1 and F3 are suitable for 

prematures and term newborns (pH equal to 5, pH equal to 

7, pH equal to 8). In short, the formulation F3 is the most 

suitable for this model according the R
2
 of the parameters 

for fitting the phenobarbital release profiles (Table 3) [8, 10, 

39, 41, 43-45]. 

Table 3. Parameters for fitting phenobarbital release profiles. 

Formulations pH n SD Kkp SD R2 SD 

F1 

5 0.18633 0.0086 1.14096 0.0001 0.98363 0.00072 

7 0.07768 0.00022 1.04373 0.0018 0.85100 0.00046 

8 0.03137 0.00015 1.04849 0.00029 0.93987 0.00200 

F’1 

5 0.186633 0.0065 1.12649 0.0085 0.90130 0.00236 

7 0.09223 0.00061 1.06887 0.0001 0.98480 0.00220 

8 0.03277 0.00023 1.08150 0.00017 0.89803 0.00398 

F2 

5 0.11552 0.00026 1.11373 0.00024 0.97220 0.00053 

7 0.05098 0.00015 1.07261 0.00027 0.96007 0.00214 

8 0.0338 0.00029 1.03203 0.00056 0.81249 0.01081 

F’2 

5 0.1362 0.00035 1.14914 0.00064 0.98147 0.00067 

7 0.05978 0.00015 1.06553 0.00029 0.95173 0.00083 

8 0.04555 0.00018 1.02985 0.0001 0.79789 0.00005 

F3 

5 0.11898 0.00016 1.09523 0.00006 0.98364 0.00166 

7 0.06104 0.00016 1.065532 0.00015 0.99350 0.00054 

8 0.02724 0.00003 1.03835 0.00009 0.95110 0.00142 

F’3 

5 0.13665 0.0005 1.13297 0.00015 0.98767 0.00006 

7 0.05662 0.00176 1.07027 0.00042 0.97367 0.00081 

8 0.02072 0.00011 1.08282 0.00414 0.85297 0.00071 

 

4. Conclusion 

The Analysis of the phenobarbital release profiles in vitro 

and their fitting according to the Korsmeyer-Peppas equation 

showed that the different matrix used, lend themselves to a 

phenobarbital pulsatile release with a more important amount 

in the medium simulating the small intestine of the newborns 

than that simulating his stomach. This work can serve as a 

starting point for the design and development of oral 

chitosan-based hydrogels able to release phenobarbital in the 

small intestine of the newborns with suitable doses, an easily 

administered dosage form, improved bioavailability and 

efficiency with less side effects. The next step would be to 

study the viscosity, rheology, stability, cytotoxicity, and their 

dynamic structures. 
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