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Abstract   
A thin film refers to a pliable polymer layer, with or without a plasticizer. In this study, penciclovir 

(PCV) was used as a model drug, which is class III according to biopharmaceutical classification system. It has 

low oral bioavailability (5-10%) and limited half-life of 2hours. The aim of this work was preparation and 

evaluation of polyelectrolyte complex containing penciclovir as a bioadhesive film for the treatment of skin viral 

lesions. The method used for the preparation of the films was solvent casting method, using acacia gum (as 

negative charged polymer) and chitosan (as positive charged polymer) as the main components. PEC films were 

prepared with different molar ratio and concentration of acacia and chitosan, different pH, and type of chitosan 

(according to molecular weight). The prepared films undergo evaluation in terms of their percent encapsulation 

efficiency (%EE), film thickness, folding endurance, swelling index, and drug release. The results showed that 

the best film (F10) had 90 % entrapment efficiency, suitable swelling index, pH (5.5), good bioadhesion 

force(0.133N±0.015), and showed 57.3% drug release after 6 hours, and continued to reach 100 % after 12 

hours. The Fourier Transform Infrared (FT-IR) investigation confirm the formation of PEC between the chitosan 

and acacia. Finally, F10 film could be considered as a suitable prolong release topical drug delivery system that 

may improve patient compliance compared to the available topical cream.       
Key words: acacia gum, chitosan, penciclovir, polyelectrolyte complex, skin administration.  

Introduction  
 A thin film refers to a pliable layer of 

polymer material, which might or might not 

contain a plasticizer. Thin films have demonstrated 

the ability to speed up the beginning of medication 

action, lower the frequency of doses, and increase 

drug effectiveness. Ideal thin films should have 

desirable characteristics like rapid rate of 

dissolution or a prolonged residence period at the 

administration site, and appropriate formulation 

stability (1) 

Chitosan (CS) is an amino polysaccharide 

that occurs naturally in a linear form and possesses 

cationic properties. It is characterized as a 

positively charged biopolymer that is nontoxic, 

biodegradable, mucoadhesive, and biocompatible, 

and available in a broad range of molecular weights 

(generally between 10 and 1000 kDa) and levels of 

deacetylation (normally between 70% and 95%) 
(2,3). Chitosan have bacteriostatic and bioadhesive 

characteristics(4). The solubility of Chitosan-based 

delivery systems may be a possible factor 

contributing to uncontrolled water absorption or 

inadequate physical, rheological, or 

physicochemical qualities, which is reliant on pH , 

therefore it is  preferable  to  physically  modify CS  

 

with polyanions such as acacia gum (AG ) to get 

PEC, since this preserves its biocompatible 

behavior and its multifunctional biological features 
(2). PEC techniques can improve bioavailability of 

the active compound via skin through bioadhesion 

property of the used polymers (5), as well as the 

residence time to enhance its local effectiveness (6). 

Chitosan-based polyelectrolyte complexes 

are highly tolerated, biocompatible, and ideal for 

wound care, tissue regeneration, and drug 

administration (7). Many factors influence this 

system , including temperature, pH, chain stiffness, 

polymer concentration, and the availability of ionic 

sites (8). 

 Penciclovir, referred to by its chemical name, 9-[4-

hydroxy-3-(hydroxymethyl) butyl] guanine , its 

exhibits efficacy in the treatment of multiple viral 

infections, including herpes simplex virus, varicella 

zoster virus, Epstein-Barr virus , and 

cytomegalovirus (9). It is class III according to 

biopharmaceutical classification system, however, 

penciclovir has a very low oral bioavailability (5–

10%) due to its limited absorption and hence 

limited therapeutic applicability, therefore, topical 

application is  one  potential method of penciclovir 
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administration. It binds 20% of plasma proteins, 

has a distribution volume of 1.5L/kg, and a limited 

half-life of approximately 2 hours (10). 

The aim of this research is to prepare a 

topical bioadhesive film using chitosan-based 

polyelectrolyte complex to have sustained release 

of penciclovir (PCV) as a model drug that can be 

used to treat viral skin lesion. 

Materials and Methods 
Materials   

Chitosan (CS) low molecular weight (<200 

Da) and medium molecular weight (between 200-

400 Da), (with acylation degree 95%) (Rhawn®, 

China), acacia gum (AG) (kindly gifted from SDI), 

acetic acid, penciclovir (PCV) (Meyer Biochemical 

technology Co, ltd, China), propylene glycol (PG). 

The rest of the things used in this research were 

scientific and medicinal grade.  

preparation of the polyelectrolyte complex film  

Various films were fabricated using the 

solvent casting technique, using acacia and 

chitosan at varying ratios and concentrations of the 

two polymers as in (Table 1). CS (with molecular 

weight of < 200 Da) was dispersed in 2 % v\v 

aqueous solution of acetic acid under ambient 

conditions, while AG was dispersed in deionized 

water at room temperature. The necessary amount 

of PG (plasticizer) was added to the acacia 

dispersion while mixing to form homogeneous 

dispersion. AG dispersion was added drop by drop 

to CS dispersion with stirring for 30 minutes to 

form PEC dispersion (11). Formulas (F7-F10) pH 

was adjusted to 5.5 by acetate buffer. PCV (10 mg) 

was added and mixed for 10 minutes to form 

homogeneous dispersion. The polymer gel 

undergoes a homogenization process (Vanguard 

USA) for 30 minutes in order to eliminate 

entrapped air bubbles. The resulting dispersion was 

poured onto a mold and subsequently exposed to a 

drying process at a temperature of 40°C for a 

duration of 10 hours and the film cut in 2X2 cm. 

The work was repeated for F10 utilizing CS with a 

medium molecular weight.  

Characterization of the prepared PEC films  
Entrapment Efficiency  

The amount of PCV encapsulated in the 

prepared PEC films (F1- F10)  was calculated by 

immersing the film in 10 mL deionized water , and 

exposed to ultrasonic water bath (Vanguard USA)  

at 25 ⁰C for 10 min., then centrifuge for five 

minutes (12), the supernatant was subjected to UV 

spectrophotometer analysis (Shimadzu –UV -1650 

pc) at a wavelength of 252 nm.  

Film thickness and folding endurance  

Regarding the prepared films formula 

(F1–F10); the film's thickness was quantified by 

using a digital micrometer (Shanghai, China) to 

measure five distinct sites both around and at the 

center of the films. The folding durability of the 

film was assessed by subjecting it to repetitive 

folding at a consistent location until it reached a 

point of fracture or had undergone 300 folds (4). 

Surface pH  

A piece of each prepared film (F1- F10) 

sample was subjected to hydration by adding 1 ml 

of deionized water and allowing it to incubate for a 

duration of one hour. The measurement of surface 

pH was conducted using an electronic pH meter 
(13). 

 

Table 1 . Content of the prepared PEC films . 

pH 

Propylene 

glycol (PG) 

(mL) 

Acacia 

amount 

(mg) 

Acacia 

(AC) 

w\v% 

Medium 

molecula

r weight 

chitosan 

(MCS) 

w\v% 

Chitosan 

amount 

(mg) 

Low 

molecula

r weight 

chitosan 

(LCS)wv

% 

Polymer 

ratio 

(CS:AC) 

Penciclovir 

(mg ) 

 

Formula 

no. 

4.5 1 0.3 1 ---- 0.3 1 1:1 10 F1 

4.5 1 0.225 0.75 ---- 0.3 1 1:0.75 10 F2 

4.5 1 0.15 0.5 ---- 0.3 1 1:0.5 10 F3 

4.5 1 0.075 0.25 ---- 0.3 1 1:0.25 10 F4 

4.5 1 0.6 2 ---- 0.6 2 1:1 10 F5 

4.5 1 0.9 3 ----- 0.9 3 1:1 10 F6 

5.5 1 0.3 1 ----- 0.3 1 1:1 10 F7 

5.5 1 0.6 2 ----- 0.6 2 1:1 10 F8 

5.5 1 0.9 3 ----- 0.9 3 1:1 10 F9 

5.5 1 0.9 3 3  --- 1:1 10 F10 
 

Swelling index   

Each of the prepared PEC films (F1-F10) 

were immersed in phosphate buffer pH 7.4 at 

ambient temperature, and at specified time interval 

the films removed from the buffer solution and 

excess solution was removed, subsequently  

 

 

accurately weighed again. The swelling ratio (SR) 

is determined using the equation (14) : 

  

SR% =
Wwet−Wdry

Wdry
 X100         - 1- 
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The variable Wdry represents the mass of the film 

at derides phase, while Wwet denotes the mass of 

the film during the swelling phase.                                

In vitro drug release study  

The drug release characteristics of the 

medication from the produced polymeric 

electrolyte complex (PEC) films (F1-F10) was 

preformed using USP apparatus II (paddle type). 

The film fixed on a glass plate with the aid of 

cyanoacrylate adhesive (The glass plate or glass 

sild put at the bottom of the dissolution jar with the 

releasing surface to the bottom of the jar). The 

dissolving medium used in this study consisted of a 

phosphate buffer solution with a pH of 7.4, the total 

volume of the dissolving media was 400 mL. The 

apparatus set at speed of 50 rpm and the 

temperature maintained at 37 ºC ±0.5. At 

predetermined time interval ( 10,30 

min,1,2,4,6,8,10,12 hr) aliquots of 5 mL withdrawn 

and substitute 5 mL of phosphate buffer (pH 7.4), 

and use a spectrophotometer to measure the drug 

concentration at 253 nanometers (15).  

In-vitro evaluation of the bioadhesive property   

To evaluate the bioadhesive property of the 

prepared films (F1-F10), was done using sheep 

skin as a model skin. The  bioadhesive strength was 

assessed using a modified physical balance (Figure 

1) (16). The two sides of physical balance were 

made equal level before the study by placing a 

beaker of water on the right-hand pan for weight 

balance purpose. On the left side of the balance, an 

inverted glass beaker was placed, on which the 

sheep skin tissue was glued with cyanoacrylate 

glue. The surface of the sheep tissue was swept 

with few drops of PB pH 7.4. The prepared PEC 

film was fixed (by cyanoacrylate glue) to the 

stopper of a plastic tube (which was hanged by 

thread). Then the film was placed on the skin tissue 

and gently pressed by fingers for two minutes to 

facilitate adhesion. Water was added gradually 

drop by drop to the pan in the left side of balance 

until the tissue just split up from the film. The force 

of adhesion was determined using the following 

equation, where the bioadhesive strength indicated 

the amount of water added (17): 

adhesion force (N) = 
bioadhesion strenght (g)

1000
×  9.8      − 2 − 

   

 

 
Figure 1. Bioadhesion test for the prepared PEC films.  
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Choice of the best formula  
The best formula was selected according to 

the highest EE%, suitable folding endurance, 

swelling index, bioadhesive property, and release 

profile.   

Further characterization for the best film formula  

 Mechanical strength  

The mechanical features include two key 

parameters: tensile strength and % elongation at 

break. The tensile strength (TS) refers to the 

highest level of stress that is exerted on a specific 

location, resulting in the fracture of the strip 

specimen. The computation requires the division of 

the applied load at rupture by the cross-sectional 

area, yielding a value representing the force exerted 

per unit area (in MPa) on the strip, as shown by the 

following equation (18): 

Ts =
force at break

cross−section area
          -2-           

The percentage elongation at the point of 

fracture, defined as %EB, is used as a means to 

evaluate the extent of elongation shown by the film 

compositions. To determine this, the measurement 

of the space between the tensile clamps of the 

tensile strength apparatus (Tinius Olesn 

H50KT,UK) is performed both before to and after 

the fracture of the film. Film specimen with the 

dimensions 2 X 8 cm and empty of air bubbles or 

any other defects were firmly affixed using a pair 

of clamps. The top clamp was adjustable, while the 

lower clamp remained stationary. The experiment 

was carried out at a head speed of 10 millimeters 

per minute, with a cell load of 50 kilo Newton. In 

order to reduce the potential damage to the film 

caused by the grooves of the clamp, a cardboard 

piece was securely attached to the surface of the 

clamp. During the measuring procedure, the strips 

were subjected to tension by the top clamp until the 

film reached its breaking point. The measurements 

of force and elongation were conducted during the 

fracture of the films (19) : 

%EB =
D2− D1

D1
X100        (Equation 4)                                                 

The symbol %EB represents the 

percentage elongation at the break. D1 refers to the 

space between tensile clamps before film fracture. 

D2 refers to the space between the tensile clamps 

after the occurrence of film fracture.  
 

Morphology study   

The morphology of the prepared PEC film 

studied with scanning electron microscope (SEM 

Inspect S50, Netherlands) operated at 20 Kv 

accelerating voltage. The study was applied for the 

selected film formula before (blank)and after 

loading with drug.  

FT-IR study  

The interactions between polymers - 

polymers, and polymer - drugs were studied by FT-

IR spectroscopy (Shimadzu FT-IR 8040, Japan). 

The spectra were recorded for the pure 

polymers(chitosan ,and acacia), pure drug, blank 

PEC films, and for the chosen formula. The 

samples were grinded and combined with 

potassium bromide (KBr), afterwards compressed 

to a disc. These discs were subjected to analysis 

within a spectral range spanning from 400 to 4000 

cm-1. 

Statistical analysis  

One-way analysis of variance (ANOVA) 

was used to do the statistical analysis of the 

formulations. The observed discrepancy when the 

p-value is less than 0.05, it is considered 

statistically significant. 

Result and discussion  
Entrapment Efficiency EE%   

The EE % relates to the amount of drug 

molecules that are successfully encapsulated inside 

a delivery system. that are encapsulated inside the 

PEC film and calculated for all the prepared 

formulas (F1-F10 ) as presented in Table 2. There 

are different variables affecting EE% including:  

1.Influence of acacia ratio on EE% 

The result showed that as the ratio of AG 

decreased from 1% to 0.25% in formulas (F1-F4) , 

the amount of encapsulated PCV  significantly 

decreased (P< 0.05) from 59.5±5.7 for F1 to 

42.6±5.03 for F4 . The potential consequence of a 

decrease in the amount of AG is a reduction in the 

ionic interaction between the amine group of CS 

and the carboxylic acid group of AG, thereby 

leading to a decrease in the agglomeration of 

polyelectrolyte complexes (PECs) (20).  These 

results were similar to another study used PEC 

technique to encapsulate Ibuprofen (21).    

2.Influence of polymer concentration on EE% 

Upon increasing the concentration of CS 

and AG from 1% (F1) to 2% (F5), there were no 

significant difference in EE% ( p = 0.453 , p>0.05), 

but upon further increase to 3% (F6) there was a 

significant (p<0.05)increase in EE% (67%), this 

can be explained on the basis that increasing 

polymers concentration caused increase in 

agglomeration of PEC resulting in high EE of drug 

,and similar results were observed in PEC for 

ginger volatile oil upon  increasing polymers 

concentration from 0.5% to 3% w\w (22). 

3.Influence of pH adjustment on EE% 

 The pH of the prepared PEC solutions was 

about (4.5). In order to investigate the impact of the 

pH level of the PEC (polyelectrolyte complex) 

solution on the drug's encapsulation efficiency 

(EE%) , the pH was adjusted to 5.5 (using acetate 

buffer) in formulas F7, F8 and F9. The data given 

in Table 2 indicate that EE% in F7 (containing 1% 

of CS and 1% AG in 1:1 ratio) was not 

significantly different (p>0.05) from %EE in F1 

that contain the same concentration and ratio of 

both polymers but with pH of 4.5. While the EE% 

in F8 (containing 2%of CS and 2% AG in 1:1 ratio 

and the pH was adjusted to 5.5) showed 

significantly (p<0.05) higher EE% (81%)  in 
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comparison with F5 (contain the same 

concentration and ratio of both polymers but with 

pH of 4.5).Same results were observed upon 

comparing EE% of F9 (prepared with 3% of both 

polymers with pH 5.5) with F6 (prepared with the 

same polymer concentration but pH 4.5) and had 

53.5% EE. The macromolecule's stiffness will 

diminish as a consequence of chitosan's charge 

density decreasing concurrently, it is anticipated 

that the conformational modification required for 

charge matching will be assisted by the decrease in 

repulsive electrostatic interactions, resulting in the 

formation of more compact complexes (23).  

Comparable findings were noted in 

the  PEC matrix for the delivery of curcumin where 

changing the pH at high polymer concentration 

resulted in a significant variation in the 

encapsulation efficiency (24). 

4.Influence of chitosan molecular weight on EE% 

In order to investigate the impact of CS 

molecular weight on EE%, the formula F10 

prepared containing 3% CS of medium molecular 

weight and 3% AG in comparison to F9 where low 

molecular weight CS was used. The EE% was 

increased significantly (p < 0.05 ) to 90% in F10 

because medium molecular weight CS has longer 

chain lead to increase entanglement of the 

polymers resulting in more pours structure (7). 

Similar results were observed in PEC for lung 

delivery of levofloxacin hydrochloride using 

chitosan (25). 

 Thickness and folding endurance of the prepared 

films  

The thickness of the film varied from 0.12 

± 0.02 to 0.38±0.015mm (Table 2), which 

increased with the increase in polymers 

concentration. Topical film should be thinner than 

human skin (depending on characteristics including 

sex, age, and anatomical differences, may be 

anywhere from 0.5 to 2 mm thick). The films 

created in this work are thought to be useful for 

skin lesions because their thickness is less than 0.5 

mm (26).  

Results showed that all films are sufficiently 

flexible without breaking, and folding endurance 

values were determined to be adequate (> 300).  
 

Table 2. Thickness, drug content, EE%, folding endurance and surface pH for the prepared PEC films. 

Surface pH  Folding endurance  EE% Thickness   Formula code  

4.5±0.05  >300 59.5±5.7 0.14±0.006 F1 

4.5±0.15 >300 60±2       0.12±0.02 F2 

4.5±0.058 >300 44±18.5 0.12±0.006 F3 

4.5±0.25 >300 42.6±5.03 0.11±0.006 F4 

4.5±0.15 >300 53.5±11.5 0.29±0.015 F5 

4.5±0.05 >300  67±2.5 0.37±0.015 F6 

5.5±0.05 >300 55±5 0.13±0.01 F7 

5.5±0.2 >300 81±5 0.31±0.021 F8 

5.5±0.05 >300 85.3±1.5 0.38±0.015 F9 

5.5±0.35 >300  90±1.4 0.35±0.015 F10 

 

Surface pH   

The  measured surface pH ranged from 4.5 

± 0.05 to 5.5 ± 0.05, this pH value is acceptable, 

and non- irritating to the skin (where the skin 

surface pH range from 4.1 -6.7) (27). 

Swelling index   

All the prepared films pass swelling test 

successfully   without   disintegration   and  reached  

 

plateau after about 4hours, except F4 which gave 

the high swelling index and disintegrated after 2 

hours which might be due to high amount of  

unreacted chitosan and low acacia gum 

concentration (Figure 2), these results meet the 

results of PEC membrane for encapsulation of 

thyme oil for topical use (14).  
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 Figure 2. Swelling index of the prepared films (F1-F10).  

 
 

In vitro drug release study  

The patterns of drug release from the 

different formulas (F1–F10) are shown in (Figure 

3). All formulations exhibited initial release of 

PCV could be due to presence of drug on the 

surface of the films, followed by slow continuous 

release attributed to the drug entrapped in PEC 

complex. There were many variables affecting the 

drug release including:  

1.Impact of acacia ration on drug release 

 Where formula  F1, F2, F3, and F4 

(containing lower concentration of AG) released 

about 50% of the drug during the first thirty 

minutes that continued to 100% release after 4 hr. 

with no significant difference (Figure 3a), as these 

formulae have a high swelling index, resulting in 

the rapid and full release of the medication within a 

shorter time interval, and resembled those obtained 

from PEC film for topical delivery of ketotifen 

fumarate (4).  

2.Impact of increasing polymers concentration 

 When increasing concentration of both 

polymers (keeping ratio 1:1) from 1% (in F 1) to 

2% (in F5) and 3% (in F6) the drug release became 

slower where  F5 released 56.6% of the drug after 

1hr and reached 100% after 6 hr., while F 6 

released 57 % after 2 hr. and reached 100% after 8 

hr., as illustrated in (Figure 3b). The slow 

disintegration of the CS is responsible for the 

delayed release of the medication in F6 and also 

due to higher viscosity , and the reduced rate at 

which the solvent penetrates into the matrix 
(28).Similar results were observed for the delivery of 

5-flurouracil from PEC matrix (29). 

 

3.Impact of pH adjustment on drug release  

As the PEC dispersion pH value adjusted to 

5.5 in  F7, F8, and F9 (in which the polymers 

concentration was 1%, 2%, and 3% respectively, in 

1:1 ratio) in comparison to F1, F5, and F6 

(containing the same ratio and polymers 

concentration in same manner to F7–F9, but with 

preparation pH 4.5) the drug release became more 

slower where F7 release 58% of the drug after 1 hr 

and reach 100% after 6 hr., while F8 and F9 took 2 

and 4 hr to release 55% and 57% of the drug, and 

reached 100% after 8 and 10 hr respectively, as 

shown in (Figure 3c). This phenomenon occurs 

because when Cs molecules approach their pKa 

values (6.3–7), there is a decrease in their degree of 

ionization and solubility, furthermore, as pH 

approaches 7, it is observed that AG molecules 

have an excellent degree of solubility and 

ionization, so  that chitosan-acacia dispersions have 

the greatest turbidity levels. at a pH value of 5.5 

may be resulting in the formation of more compact 

and intensive complexes (23,30) . Similar results were 

observed in PEC for delivery of theophylline (31) .  

4.Impact of chitosan molecular weight on drug 

release 

when the type of CS changed from low 

molecular weight (in F9) to medium molecular 

weight in F10, the F10 film released 57.3% of the 

drug after 6 hr  and the release reach 100% after 12 

hr (Figure 3d) , this may be attributed to high 

complexation degree of the film (F10), as the 

positive charge density increased as the molecular 

weight of CS increase (32). This result similar to 

another study in which sodium valproate 

incorporated in PEC based oral tablet (33).  
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Figure 3. Variables affecting in-vitro drug release from the prepared PEC films (F1-F10) in phosphate buffer pH7.4 

and 37ºC,(a) impact of AG ratio,(b) impact of both polymers concentration, (c) impact of PEC solutions pH, and (d) 

impact of CS molecular weight.  
 

Results of Bioadhesion evaluation for the 

prepared films  

One of the most crucial functional 

characteristics for a skin drug delivery system is 

skin adherence. In this study, sheep abdominal skin 

was used for evaluation the bioadhesion properties 

in term of bioadhesion force and detachment force. 

The results showed that the value of bioadhesion 

force affected by AG content in the film, as shown 

in the (Figure 4). Where  F1 and F2 (containing 

more AG) had good bioadhesion force 

(0.095±0.015 and  0.075±0.004 N) while there was 

a decrease in bioadhesion force in F3 and F4 

(containing low amount of AG (0.051±0.003 and 

0.06±0.002), this could be explained on the basis 

that larger polymer ratio enhanced the degree of 

penetrating polymer chains into skin, improving the 

strength of the bioadhesion (34)  . Same result 

observed for delivery of phycocyanin through PEC 

system (35).  

The results also showed that increasing CS 

concentration from 1% (in F 1) to 2% and 3% in F5 

and F6 respectively the bioadhesion forces will also 

increase from 0.095 ± 0.015 N ( for F1 ) to 

0.09±0.013 N (for F5), and 0.12±0.01 N (for F6). 

Due to a natural negative charge of the epidermis, 

polyelectrolyte complexes (PEC) containing 

excessive Cs can produce electrostatic interactions 

with the skin (36). Same observation for 

brinzolamide delivered by PEC techniques (37).  

Further increase in bioadhesion force 

observed in F7 (with CS:AG  ratio 1:1, and 

preparation pH 5.5) where the bioadhesion force 

0.111 ± 0.019 N in comparison for F1 (which 

contain the same CS:AG  ratio, but with 

preparation pH 4.5). The same was observed with 

F8 and F9 (containing CS:AG ratio 1:1 and pH 5.5) 

which had bioadhesion force of  0.129±0.00, and 

0.133±0.02 N in comparison with F5 and F6 

(containing CS:AG ratio 1:1,with pH 4.5). This 

high bioadhesion character of these PEC films may 

be attributed to more cationic group (NH4
+) of CS 

oriented outside the PEC films which gave stronger 

electrostatic interaction with negative charge of the 

skin (38). Same result noticed for vancomycin 

delivery via PEC (39). 

While slightly higher bioadhesion force 

observed for F10 (which contain medium 

molecular weight CS in ratio 1:1 with acacia) in 

comparison to F9 (which containing low molecular 

weight CS in ratio 1:1 with acacia), The observed 

phenomenon may be attributed to the correlation 

between an elevation in positive charge density and 

the progressive increase in molecular weight of CS, 

this result is similar to another study for the 

delivery of enoxaparin by PEC techniques (40). 
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Figure 4. (a) bioadhesion force of the PEC films, (b) detachment force of the PEC film.               
 

Selection of the best formula  

Formula F10 had the highest EE%, 

prolonged release, and good bioadhesion property, 

with good film properties. This formula was further 

characterized for mechanical strength, surface 

morphology, and compatibility  

Mechanical test   
The optimal skin film should possess 

favorable mechanical qualities in order to maintain 

its structural integrity throughout use. Additionally, 

it should exhibit sufficient resistance to mechanical 

abrasion while being sufficiently flexible to 

accommodate the movements of the skin (41), it 

suggests that suitable skin film should have high 

TS and EB% (42). The TS and EB% for formula F10 

were 12.9±4.03 MPa and 55.6±4.8% respectively 

as shown in (Figure 5). These results were within 

the range of skin mechanical strength (TS 2.5 – 16 

MPa and EB% up to 70 %) (43). 

(a)        
F10

0

5

10

15

20

T
en

si
le

 s
tr

en
g
h

t 
M

P
a

           (b)   
F10

0

20

40

60

80

E
lo

n
g
a
ti

o
n

 %

 

Figure 5. Mechanical characteristics of the PEC film (F10)  (a)tensile strength and (b) elongation at 

break.  
 

Surface morphology study   
The morphological feature of CS:AG film 

was examined using SEM techniques as in (Figure 

6). The blank film (no drug) showed smooth and 

compact structure, with no porous, while  

 

incorporation of the drug (PCV) showed no 

apparent changes expect some crystals. Same 

observation was found in nystatin PEC film 

compared to blank film (44). 
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(a)                   

 
Figure 6. SEM of the PEC film ,(a) blank CS:AG film,and (b) PCV loaded film. 
 

Result of FT- IR spectra   

No drug interaction happened upon loading. 

Similar results observed for acyclovir fabricated in  

Figure 7 illustrates the FT-IR spectrum of AG, CS, 

PC, blank film, and drug-loaded film (F10). The 

spectrum of CS showed  peaks at 3552, 3415 Cm-1 

for hydroxyl and amine group stretching, 3230 cm-1 

for CH stretch, 1635 cm -1 for amide group (45). The 

spectra of AG showed a broad band indicative of 

hydroxyl group stretching vibrations at around 

3300 cm-1. Additionally, a peak was observed at 

approximately 2900 cm-1, which is equivalent to 

CH stretching vibrations. Furthermore, peaks were 

seen at 1590 cm-1 and 1495 cm-1, which could be 

because of the acacia's C and COOH stretching 

vibrations (46), while The IR spectra of PCV 

exhibited distinct peaks at 3415 cm-1, that can be 

attributed to the existence  of  an aliphatic amine 

group. Additionally, the observed spectral peaks at 

3323 cm-1 and 3136 cm-1 are indicative of the 

stretching vibrations associated with the NH bonds. 

Furthermore, an absorption peak with a 

wavenumber of 2881 cm-1 was discovered, 

indicating the potential existence of a CH2 

functional group. The carbonyl group of the amide 

moiety appear at the absorption region 1685 cm -1.  

Peaks at 1396, 1305, and 1195 cm -1 

related to the overlap of the CO and CN bond 

which represent the amides and amines group (47). 

The Fourier-transform infrared (FT-IR) spectra of 

the CS-AG blank film (in the absence of any other 

chemicals ), exhibited a distinct shift in the amino 

group  towards a lower wave number (1543, 1639 

cm-1), as bending peak.. The recognized shift in the 

spectrum implies the existence of an electrostatic 

connection between the amine group of CS in its 

protonated form and the negatively charged AG 

component. The observed variation in the carbonyl 

stretching of the amide I peak and the CH2 bending 

peak of CS might potentially be related to the 

establishment of intermolecular hydrogen bonds 

between the carboxylic group in AG and CS (44). In 

the drug loaded film, the main peaks of PCV still 

available (without shifting) indicating PEC matrix 
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(48).

 
Figure 7. The FT-IR spectrum of chitosan (CS), acacia (AG), pure drug (PCV) , blank CS:AG (PEC) film, 

and (PCV loaded PEC film (F10). 
 

Conclusion  
This work succeeded in preparing 

polyelectrolyte complex film using chitosan and 

acacia for penciclovir by solvent casting method 

that had high %EE , good bioadhesion  properties 

with drug release continued for 12 hr. , that could 

be easily applied to the skin  as alternative to the 

marketed topical cream to improve patient 

compliance where the topical cream usually 

applied every 2 hr.  
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 تصميم غشاء رقيق بتقنية المعقد المتعدد الشحنات كنظام توصيل دوائي عبر الجلد لدواء البنسكلوفير 
 2*،نضال خزعل مرعي و1مينا عماد طه

  العراق. ، بغداد   ، الجامعة المستنصرية ، كلية الصيدلة ، فرع الصيدلانيات1
  .العراق ، بغداد ، جامعة الفراهيدي  ، كلية الصيدلة ، فرع الصيدلانيات2

  الخلاصة

تم   الدراسة  الاحيان. في هذه  في اغلب  نتيجة احتوائها على مادة ملدنة  ما  الى حد  بوليمرية مرنة  الرقيقة عبارة عن طبقات  الاغشية 

حيوي  استخدام عقار البنسكلوفير من المجموعة الثالثة حسب تصنيف علم الصيدلانيات, و هو دواء ذائب في الماء لكن ذو نفاذية ضعيفة, و توافر  

( , بالإضافة الى قصر عمر النصف )ساعتين(. تهدف هذه الدراسة الى تحضير وتقيم غشاء رقيق لاصق حيويا بتقنية المعقد  % 10  -5)    محدود

الكيتوسان  باستخدام  المذيبات  صب  بطريقة  الاغشية  هذه  حضرت  للجلد.  الفيروسية  العدوى  لمعالجة  البنسكلوفير  بدواء  محمل  الشحنات   المتعدد 

شحنة موجبة( مع الصمغ العربي )كبوليمر ذو شحنة سالبة( كمكونات رئيسية للغشاء البوليمري. حضرت هذه الاغشية بتراكيز مختلفة  )كبوليمر ذو 

سان لكل من الكيتوسان والصمغ العربي , وتغير الاسي الهيدروجين لمزيج البوليمرات , وايضا تمت المقارنة استخدام نوعين مختلفين من الكيتو

الجزيئي(. تم تقييم الاغشية بالنسبة لقدرة تحميل الدواء, معدل انطوائية الغشاء, ونسبة الانتفاخ, خاصية الالتصاق الحيوي , ومعدل    )حسب الوزن

الى   له قدرة تحميل دوائية عالية تصل  النتائج ان افضل غشاء كان  الغشاء. اظهرت  الدواء عبر  التصاق    %90اطلاق  انتفاخ جيد و قوة  و معدل 

ساعات فقط و استغرت    6% من الدواء خلال    57.3نيوتن. اما عملية اطلاق الدواء فكانت بطيئة حيث تم اطلاق    0.133يدة تصل الى  حيوي ج

ساعة لاطلاق الجرعة الدوائية بالكامل. اما بالنسبة لفحص الاشعة تحت الحمراء حيث اثبتت النتائج تكوين المعقد بين الكيتوسان   12العملية حوالي  

 ( بديل مناسب للشكل الدوائي المتوفر بالصيدليات لزيادة التزام المريض بالعلاج.  F10غ العربي . واخيرا يمكن اعتبار هذا الغشاء )والصم
 الكلمات المفتاحية :الصمغ العربي,الكيتوسان , دواء البنسكلوفير , معقد متعدد الالكتروليت , مستحضر جلدي 

 
 


