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Abstract 

 
Oxytetracycline is an antibiotic for the treatment of the infections caused by Gram-positive and Gram-
negative microorganisms. Among novel formulations applied for damaged skin, hydrogels have shown to be 
superior as they can provide a moist environment for the wound. The purpose of this study was to prepare 
and evaluate the hydrogels of oxytetracycline consisted of polyvinyl alcohol (PVA) and chitosan polymers. 
A study design based on 4 factors and 3 levels was used for the preparation and evaluation of hydrogels 
formed by freeze-thaw (F-T) cycle using PVA and chitosan as a matrix-based wound dressing system. 
Furthermore, an experimental design was employed in order to study the effect of independent variables, 
namely drug amount (X1, 500-1000 mg), the amount of PVA (X2, 3.33-7.5%), the amount of chitosan                  
(X3, 0.5-1%), and F-T cycle (X4, 3-7 cycles) on the dependent variables, including encapsulation efficiency, 
swelling index, adsorption of protein onto hydrogel surface, and skin permeation. The interaction of 
formulation variables had a significant effect on both physicochemical properties and permeation. Hydrogel 
microbial tests with sequential dilution method in Muller-Hinton broth medium were also carried out. The 
selected hydrogel (F6) containing 5% PVA, 0.75% chitosan, 1000 mg drug, and 3 F-T cycles was found to 
have increased encapsulation efficiency, gel strength, and higher skin permeation suitable for faster healing 
of wounds. Results showed the biological stability of oxytetracycline HCl in the hydrogel formulation with a 
lower dilution of the pure drug. Thus, oxytetracycline-loaded hydrogel could be a potential candidate to be 
used as a wound dressing system. 
 
Keywords: Chitosan; Hydrogel; Oxytetracycline; Polyvinyl alcohol; Skin. 

 
INTRODUCTION 

 
Hydrogels are three dimensional, 

hydrophilic, and polymeric lattice which are 
appropriate for absorbing large amounts of 
water or biological liquids (1). Due to their 
high water content, porosity, and soft 
consistency, hydrogels closely simulate natural 
living tissue more than any other type of 
synthetic biomaterials (2). Hydrogels are also 
partly deformable and may adapt to the shape 
of the surface to which they are applied. 
Hydrogels can be chemically stable or they 
can degrade and finally disintegrate and 
dissolve (3). Their highly spongy structure 

may simply be tuned by regulating the density 
of cross-links in the gel matrix and the 
tendency of the hydrogels for the humid 
environment in which they are swollen (4). 
Their porosity also allows entrapment of    
drugs within the gel matrix and further            
drug release at a rate associated with the 
diffusion coefficient of a small molecule             
or a macromolecule by the gel network (5). 
Hydrogels are also usually highly 
biocompatible, which can be related to the 
high amounts of water in patches.  
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Biodegradability or dissolution in case of 
patches may be obtained by enzymatic, 
hydrolytic, or environmental (e.g. pH, 
temperature, or electric field) pathways. 
Depending on the state of hydration of the 
tissue, hydrogels can absorb water from or 
donate it to the wound environment (6). 
Hydrogels leave no residue, are malleable, and 
improve re-epithelialization of wounds (7). 
Moist wound bed is widely accepted as an 
ideal environment for effective wound healing 
(8). Many clinical studies have testified the 
facilities of moist wound healing and shown 
that hydrogel dressings lead to faster healing, 
less pain, and cheaper cost when compared to 
saline dressings (9). Many hydrogels are 
prepared by physical methods (e.g. repeated 
freezing and thawing), chemical methods 
using a covalent cross-linking agent, or 
radiation methods (10). In applying these 
freeze-thawed gels for many pharmaceutical 
and medical purposes, it is important to 
characterize the stability of the system over 
long-time periods. Many of the difficulties 
related to polyvinyl alcohol (PVA) gels, 
manufactured by freeze/thaw (F-T) techniques, 
consist of the dissolution of PVA chains, 
melting out of crystallites, and additional 
crystallization over-long time periods, or 
secondary crystallization. These problems can 
considerably change the behavior of the gels 
over time and therefore they require to be 
taken into account for any long-term 
utilization. Peppas et al. (10) reported the 
crystalline nature of freeze/thawed gels during 
swelling. A primary reduction in the degree of 
crystallinity was considered as smaller 
crystalline regions melted out. This step was 
pursued by an increase in the crystallinity over 
longer time periods. This increase was related 
to additional crystallite production, due to 
aging. Wan et al. (11) tested alteration in the 
crystalline structure of freeze/thawed PVA 
gels over time. They considered the syneresis 
or solvent extraction due to an increase in the 
crystallinity levels. Freeze/thawing is one of 
the physical hydrogel production methods in 
which repeated freezing and thawing cycles 
result in higher degrees of crystallization of 
PVA chains and production of a highly elastic 
hydrogel. As the number of cycles increases, 

the percentage of crystalline regions within the 
hydrogel also increases, resulting in a stiffer 
structure (12). Hydrogels produced by this 
method have been shown to have mechanical 
properties similar to those of the aortic root. 
The hydrogels produced by the F-T method 
were similar to human tissue that had anti-
inflammatory effects (13). In this method, the 
chemical substance was not used as the           
cross-linking agent. The polymers in hydrogel 
made ice crystals by freezing. Ice crystals 
became coarser with the frequency of freezing 
times and caused the formation of the gel 
structure. At each thawing (melting of ice), the 
cavities inside the crystal structure were empty 
and filled with polymers (14).  

Chitosan and PVA create a matrix-like 
nanocomposite that fills inside the crystals. 
This matrix lattice is formed on a large                
and uniform surface. The sequential           
freezing-thawing of PVA, in addition to the 
formation of the gel state, creates a good 
tensile strong effect on the dosage form, which 
can be due to the distribution of electric charge 
proportional to the crystal level.  

Oxytetracycline is a product of the 
metabolism of Streptomyces rimosus and                 
is one of the categories of tetracycline 
antibiotics. Oxytetracycline is firstly 
bacteriostatic and is explained to exert its 
antimicrobial effect by the prevention of the 
protein synthesis (15).  

PVA is a semi-crystalline copolymer of 
vinyl acetate and vinyl alcohol that has been 
widely utilized in the chemical and medical 
industries because of its biocompatibility, non-
toxicity, hydrophilicity, fiber/patch-forming 
ability, chemical resistance, and protein 
adsorption.  

Chitosan has fungicide activity and is 
shown to elevate the function of leukocytes, 
macrophages, and fibroblasts for increasing 
granulation and rebuilding tissue. It is also 
biocompatible and nontoxic. Generally, it 
provides antifungal activity, enhances normal 
tissue rebirth, and regains the original tensile 
strength of the wound by expediting the 
fibroblast synthesis of collagen.  

Response surface methodology (RSM) is a 
group of statistical methods for examining the 
effects of different independent variables (16). 
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The Box-Behnken designs include lesser 
design points and are cheaper compared to 
central composite designs with the similar 
number of factors. In the present study, we 
aimed to statistically study the expansion of an 
effectual oxytetracycline-loaded wound 
dressing with an increased healing effect. The 
cross-linked hydrogel was prepared with PVA 
and chitosan using the F-T method. Their gel 
properties such as gel fraction, swelling, water 
vapor transmission test, morphology, tensile 
strength, and thermal property were studied.  
In vitro protein adsorption test, in vivo wound 
healing test, and histological examination in 
rat was also performed. To this end, a 4-factor, 
3-level Box-Behnken design was used to 
derive a polynomial equation and construct 
contour plots to predict responses.  
 

MATERIALS AND METHODS 
 
Materials 

PVA (MW = 72000; 98-99% hydrolyzed), 
propylene glycol, calcium chloride anhydrous, 
glacial acetic acid, Mueller-Hinton agar, and 
Mueller-Hinton broth were purchased from 
Merck company (Merck Schuchardt OHG, 
Germany). Chitosan (medium grade) was 
purchased from Sigma-Aldrich Company             
(St. Louis, MO, USA). Oxytetracycline was 
kindly supplied from Pfizer Corporation 
(Brussels, Belgium). Total protein kit was 
purchased from Pars Azmoon (Pars Azmoon 
Inc., Tehran, I.R. Iran).  

 
Preparation of hydrogel 

PVA/chitosan hydrogels were prepared by 
the F-T cycle (17). The Box-Behnken design 
was applied for the preparation of 
oxytetracycline hydrogels. Four variables were 
investigated at three levels with three repeats 
at the central points. In brief, the solutions 
containing PVA (3.33, 5 and 7.5% w/v), 
chitosan (0.5, 0.75 and 1% w/v), and 
oxytetracycline (500, 750, and 1000 mg) were 
prepared in distilled water (Table 1). The 
aqueous solution of PVA and acidic solution 
of chitosan are mixed together and then the 
oxytetracycline powder was wetted into 
propylene glycol (5% w/w) and added to the 
aqueous mixture. 

The solutions with different proportions of 
PVA and chitosan were mixed by vortexing 
for 1 h and then poured into a glass plate. 
Afterward, they were frozen at -20 °C for 18 h 
and then thawed at room temperature for 6 h 
for 3 consecutive cycles. 

Blank hydrogels were formulated according 
to the same procedure without oxytetracycline. 

 
Hydrogel characterization 
Morphological analysis 

The morphology of surface and internal 
structure of oxytetracycline hydrogels were 
examined via a high-resolution scanning 
electron microscopy (SEM, MIRA3 TESCAN, 
Czech Republic). The specimens were 
removed and mounted on a metal stub             
using a double-sided carbon adhesive tape           
and coated with platinum/palladium alloy 
under vacuum.  

 
Differential scanning calorimetry 

The physical state of the drug in the patch 
was analyzed by a differential scanning 
calorimeter (Shimadzu, Japan). The 
thermograms were obtained at a scanning rate 
of 10 °C/min conducted within the temperature 
range of 25-300 °C and air atmosphere. 

 
Determination of minimum inhibitory 
concentration and minimum bactericidal 
concentration  

To determine the minimum inhibitory 
concentration (MIC) and minimum 
bactericidal concentration (MBC) of 
oxytetracycline, a suspension of 
Staphylococcus aureus with the turbidity 
equivalent to 0.5 McFarland standard was 
prepared and then diluted 1:100 with            
Mueller-Hinton broth medium (18).  

Using the serial dilution method, 12 test 
tubes containing different drug concentrations 
were prepared, in such a way that the 
concentration in each tube was half of the 
concentration in the previous tube. Then, 1 mL 
of Staphylococcus aureus suspension was 
added to each of these tubes. The tubes were 
incubated at 37 °C for 24 h, following which 
their turbidity was examined against light 
according to the Clinical and Laboratory 
Standard Institute guidelines (19). 
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The lowest concentration at which the           

tube did not show turbidity was considered           
as MIC. To determine MBC, 20 μL of medium 
was taken from the tube considered the           
MIC and the next tubes and inoculated on 
Mueller-Hinton agar plates. The lowest 
concentration at which no colony growth           
was observed on the plate was considered as 
MBC.  

 
Comparison of the antibacterial effects of 
different patches  

According to the MBC, 5 μL of the 
microbial suspension (1:500 dilution of the 1 
McFarland standard), inoculated on 1 × 1 cm2 
cuts of the hydrogel patch was poured into the 
test tube (20). Then, 500 μL trypticase soy 
broth (TSB) was added to the patches. 
Immediately after adding TSB (0 times) and 
after 4 and 8 h, 50 μL of the medium was 
taken and inoculated into 20 mL Mueller-
Hinton melt agar (Sigma; USA) medium using 
the pour plate technique. After 18-24 h of 
incubation at 37 °C, the colonies were 
counted. 

Determination of gel fraction 
After 3 F-T cycles, the obtained 

oxytetracycline hydrogel patches (2 ×2 cm2) 
were dried in a vacuum oven at 50 °C for 24 h 
and weighed (W0), then they were soaked in 
distilled water for 24 h up to an equilibrium 
swelling weight (Ws) for removing the 
leachable or soluble oxytetracycline parts from 
the patches. The hydrogel patches were then 
dried at 50 °C in a vacuum oven and weighed 
again (We). The gel fraction (GF%) was 
calculated by equation 1: 

Gel fraction % = (
0W

We ) × 100                                     (1) 

Determination of swelling behavior 
In order to measure the swelling degree of 

oxytetracycline hydrogel, samples were cut 
into 2 × 2 cm2 pieces and dried at 50 °C in a 
vacuum oven for 6 h up to an equilibrium 
swelling weight, and the weight of the dried 
samples was determined (Wa). The dried 
samples were soaked in phosphate buffer 
saline (PBS, pH = 7.4), maintained and 
incubated at 37 °C, then weighted (Ws) at 

Table 1. Compositions of polyvinyl alcohol and chitosan hydrogels with oxytetracycline hydrochloride. 

Formulations 
Independent variables levels  

X1 (mg) X2 (% w/v) X3 (% w/v) X4 (n) 

F1 750  3.33  0.75  3  
F2 750  5  1  3  
F3 750  7.5  0.75  3  
F4 750  5  0.5  3  
F5 500  5  0.75  3  
F6 1000 5 0.75 3 
F7 750 7.5 0.5 5 
F8 750  3.33  0.5  5  
F9 750  7.5  1  5  
F10 500  3.33  0.75  5  
F11 1000  7.5  0.75  5  
F12 500  5  1  5  
F13 500  7.5  0.75  5  
F14 750  3.33  1  5  
F15 500  5  0.5  5  
F16 1000  3.33  0.75  5  
F17 1000 5  0.75  5  
F18 750  5  0.5  5  
F19 1000  3.33  0.75  7  
F20 750  5  0.75  5  
F21 750 5 1 7 
F22 500  5  0.75  7  
F23 750  5  0.5  7  
F24 1000  5  0.75  7  
F25 750  7.5  0.75  7  

X1, drug amount; X2, amount of polyvinyl alcohol; X3, amount of chitosan; X4, freeze-thaw cycle. 
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specific interval times. The water uptake of 
patches or swelling ratio was estimated by 
equation 2 (21): 

Swelling ratio% = (
a

s

W

W
) × 100          (2) 

Study of protein adsorption onto hydrogel 
surface 

Five pieces of each sample of hydrogel 
patches cut into 1 × 1 cm2 were immersed in 
10 mL PBS (pH 7.4) and incubated at 37 °C 
for 24 h until they reached equilibrium 
swelling weight. Then, 100 µL protein                
(30 mg/mL solution) was poured into swollen 
hydrogel tubes and shaken for 4 h at 37 °C. 
After protein adsorption, the hydrogel pieces 
were gently removed. The protein adsorption 
of each sample was calculated by the 
difference between protein concentrations 
before and after immersing the hydrogel pieces 
in protein/PBS solution using total protein kit 
(Pars Azmoon, I.R. Iran) at 630 nm using a 
UV spectrophotometer (UV-Visible 160, 
Shimadzu, Japan). 

 
Mechanical property measurements 

After 3 F-T cycles, the maximum tensile 
strength and the elongation degree to break 
oxytetracycline hydrogel membranes was 
conducted using a tensile test machine 
SANTAM STM (BANG SHIN Company, 
DBBP-20 model, Korea). Hydrogel patches 
were cut into a specific dog-bone shape (6 cm 
long, 2 cm wide at the ends, and 1 cm at the 
middle). The thickness of membrane samples 
was measured with a digital vernier caliper 
(Mitutoyo, Japan) before the examination (22). 
The analysis was performed at stretching rate 
of 20 mm/min with pre-load of 1.3 ± 0.25 N to 
determine load for each sample (23). Ultimate 
tensile strength (UTS) and elongation at break 
(EB%) were estimated by equations 3 and 4:  

UTS
	

	 	 	 	
                          (3)  

 

EB	 %  

length	at	breaking	point	of	patch original	length	of	patch	
Original	length	of	patch

			 

(4) 

Water vapor transmission test 
The water vapor transmission tests were 

performed using calcium chloride anhydrous 
desiccators. Five pieces of the hydrogel                  
(2 × 2 cm2) were transferred on desiccators 
and placed in an incubator of 90% relative 
humidity at 40 °C (24). The water vapor 
transmission rate (WVTR) was determined by 
equation 5: 

WVTR (g/m2day) = (
S

WW 12  ) × 24                           (5) 

In this equation, W1 and W2 are the weights 
of the whole cup at the first and second hours, 
respectively, and S is the surface area of the 
water vapor transmission from the calcium 
chloride sample. 

 
Permeation studies 

The ex-vivo permeation study of the 
oxytetracycline hydrogel through rat 
abdominal skin was performed using Franz 
diffusion cell at 37 ± 0.2 °C. The freshly 
obtained skin was localized between the donor 
and receptor compartments in such a way that 
the skin faced the donor compartment. The 
patches were positioned on the skin and the 
compartments were clenched together. The 
donor compartment was filled with 0.5 mL 
PBS, pH 5.5. The receptor compartment was 
filled with 22-25 mL PBS, pH 5.5, and stirred 
with a magnetic bead at 700 rpm (25). Three 
mm of the sample were withdrawn at 
predetermined time intervals and analyzed for 
the drug at 275.6 nm. 

 
In vivo wound healing test 

Male rats weighing approximately 250-280 
g were used to evaluate the in vivo wound 
healing ability of hydrogels. The present study 
was carried out according to the guidelines for 
the Care and Use of Laboratory Animals of 
Tabriz University of Medical Sciences, Tabriz, 
I.R. Iran (National Institutes of Health 
Publication No. 85-23, revised 1985). 

The dorsal hair of each animal was shaved 
with an electric razor. After creating one 
wound area (2 × 2 cm2) by excising the 
dorsum, 70% ethanol was used for 
sterilization. Each wound was covered with 
sterile gauze (control), the hydrogel without 
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the drug, and the hydrogel with the drug, 
respectively. All materials were fixed with an 
elastic adhesive bandage. All rats were 
separately kept in individual cages. At the              
1st, 3rd, 6th, 9th, 12th, and 15th days after the 
operation, each wound size was measured 
using a digital camera. 
 

 
Histological process 

The wounded area of skin containing 
dermis and hypodermis was sampled and 
crossly trimmed. The tissue was fixed with 
10% formalin, routinely processed, and 
embedded in paraffin. On glass slides, the 
sections were cut and stained with 
hematoxylin and eosin (26). A pathologist, 
blinded to the study, detected any damage to 
the tissue and examined the sections on the 
light microscope. 

 
The experimental procedure of the hydrogels 

RSM is known as a very useful statistical 
technique for the optimization of different 
pharmaceutical formulations. In this study,              
4 factors were evaluated, each at 3 levels and 
experimental attempts were carried out at all 
24 possible formulations. The amounts of drug 
(X1), the volume of PVA (X2), the amount of 
chitosan (X3), and times of F-T cycle were 
considered as independent variables. The 
weight (W), thickness (T), GF, swelling index 
(SI), folding times (F), absorbance protein 
(Pr), WVTR, production yield (PY), drug 
content (DC), and flux were attended as 
dependent variables (Table 2). 

 
Regression analysis 

RSM is applied as a suitable statistical 
technique helpful for improving processes. 
The widest applications of RSM are in 
conditions where various input variables 
potentially affect some performance measure 
or quality properties of the formulation or 
process. Box-Behnken designs are one 
category of the experimental designs for RSM. 
The number of experiments (N) needed for the 
improvement of Box-Behnken designs is 
explained as N = 2k (k-1) + C0, (where, k is 
the number of factors and C0 is the number of 
central points).  

The Box-Behnken design was particularly 
chosen, because it needs fewer runs than a 

central composites design, in cases of four 
variables. A design matrix that consists of 25 
experimental runs was created, for which the 
nonlinear computer-generated quadratic model 
is supported as: 

Y = b0 + b1X1+ b2 X2 + b3 X3 + b11 X12 + b22 X22 + b33 
X32 + b12 X1X2 + b13 X1X3 + b23 X2X3……………….(6) 

In this equation, Y is the predicted 
response; b0 is the intercept; b1-b3 are linear 
effects; b12, b13, and b23 are interaction terms; 
X1, X2, and X3 are independent variables.              
The major effects (X1-X3) show the average 
result of altering one factor at a time from its 
low to high value. The interaction terms  
(X1X2 and X1X3) display how the response 
changes when three factors are altered 
together. The polynomial terms (X1X1, X2X2, 
and X3X3) are included to report nonlinearity. 
Three-dimensional surface (3D) plots were 
attracted to exhibit the major and interactive 
effects of the independent variables on W, T, 
GF, SI, folding times (F), absorbance protein 
(Pr), WVTR, PY, DC and flux. The optimum 
values of the chosen variables were provided 
from the software and also from the response 
surface plots. 

Polynomial equations provided from the 
factorial design are applied to deduce that the 
coefficients of the independent variables and 
the mathematical (positive and negative) 
symbols are utilized. High correlation 
coefficients for dependent variables against 
independent variables showed that these two 
groups of dependent and independent variables 
are well-adjusted or not. Moreover, the 
equations are applied to approximate the 
variance of the errors caused by the repeat of 
the trials. The coefficients for independent 
variables (X1 to X3) are utilized to predict 
dependent variables. The correlation coefficients 
inferred from multiple linear regression analysis 
(such as response surface regression) exhibit 
the degree of arithmetic and dependence 
between two dependent and independent 
variables.  
 
Statistical analysis 

Where appropriate, results were evaluated 
using one-way ANOVA at the 0.05 level of 
significance. P < 0.05 and P > 0.05 were 
considered statistically significant and 
insignificant, respectively.  
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Fig. 1. Optical microscopic photograph of 
oxytetracycline hydrogel. 

 
Fig. 2. Optical microscopic photograph of blank 
hydrogels. 

 

 
Fig. 3. Scanning electron microscopy of F6 hydrogel with (A-D) different magnitudes; 2, 5, 20, and 50 µm, 
respectively. 
 

RESULTS 
 
Hydrogels characteristics 

According to the optical and SEM studies 
of the patches, it was observed that they 
appeared integrated, without any crack and 
fracture, without any symptom of drug 
migration on the surface of the patch, smooth, 
non-sticky, and yellow (Figs. 1-3). 

The aluminum foil was applied for the 
patches prepared at all freezing and thawing 
temperatures to prevent the hydrolysis of the 
drug. No bubble was observed on the hydrogel 
surfaces, due to continuous pouring of 
hydrogel solution by syringes on a glass plate. 
Based on the results, the weight of hydrogels 
increased with the increase of the 
concentration of drug (X1, 750-1000 mg), 

Table 2. Effect of different levels of   independent variables  on the weight, thickness, gel fraction, swelling ratio, 
folding, absorbance protein, water vapor transmission rate, production, drug content and flux. 

F 
Variable levels   W  

(g)  
T  
(mm)  

GF 
(%)  

SI  
(%)  

Pr 
(mg/mL)  

F  
(n)  

WVTR 
(%)  

PY 
(%)  

DC  
(%)  

Flux 
(mg/cm2/min)
* 10-5 X1 X2 X3 X4 

F6 1000 5 0.75 3 0.027 0.207 64 61. 269.6 > 300 0 103 20.52 2 
F7 750 7.5 0.5 5 0.018 0.195 57.9 61.2 439.1 > 300 0 97 20.50 2 
F17 1000 5 1 5 0.036 0.257 72 58.7 173.9 > 300 0 92.62 26 3 
F21 750 5 1 7 0.026 0.166 37.8 65.6 126.1 > 300 0 81.60 17.04 2 

X1,  drug amount; X2, amount of polyvinyl alcohol; X3, amount of chitosan; X4, freeze-thaw cycle; W, Weight; T, 
thickness; GF, gel fraction; SI, swelling index; F, folding; Pr, absorbance of protein onto hydrogel surface; WVTR, water vapor 
transmission rate; PY, production; DC, drug content.  
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PVA (X2, 5-7.5% w/w), chitosan                     
(X3, 0.5-1% w/w), and F-T cycles (X4, 3-7). 
Besides, weight varied in the range of                           
0.018-0.036 g. The changes in the thickness of 
the patches (1 × 1 cm2) were in the range of 
0.018-0.36 g and 0.66-1.26 mm, respectively. 
The folding values of formulations were 
higher than 300 times, which had the highest 
flexibility and tolerance to the breakage and 
rupture of the patches during contact with the 
hand (Table 2). The moisture absorption 
results showed that none of the hydrogels 
absorbed moisture. Furthermore, the WVTR 
indicated that the sufficient level of moisture 
was provided to prevent excessive dehydration 
of the hydrogel patches, leading to secretion 
on the wound area (Table 2). The SI of patches 
varied depending on the composition of 
patches. There was no significant difference in 
the hydrogels (Table 2). The actual drug 
loading in the hydrogels (F6, F7, F17, and 
F21) was in the range of 17.04-20%, 
indicating a uniform loading with a high 
degree of repeatability of the preparation of 
hydrogel patches. The drug loading efficiency 
was observed within the range of 83.83-104%, 
indicating a high uniformity of oxytetracycline 
distribution in the hydrogel patch form. The 
production of the formulations varied within 
the range of 81.60-103%, which indicated less 
wasting of the patches during the preparation of 

wasting of the patches during the preparation of 
hydrogels (Table 2).  

The effect of chitosan and drug is shown on 
the gel fraction in Table 2. In accordance with 
the regression analysis of the experimental data, 
the relationship of the independent variables              
on dependent variables (Y1-Y8) was shown             
by equations and summary of results of               
regression analysis for responses, respectively in 
(Tables 3, 4 and Fig. 4). 

 
Differential scanning calorimetry analysis 

The oxytetracycline hydrochloride 
differential scanning calorimetric (DSC) 
thermograms had no sharp melting endotherms 
(Fig. 5). Thermogram of oxytetracycline 
hydrochloride exhibited one endothermic peak at 
60 °C and an endothermic event at 202.25 °C 
and exothermic event at 217.60 °C, attributed to 
a fusion followed by thermal decomposition and 
oxidation of the evolved products. PVA 
thermogram exhibited relatively a large and 
sharp melting endothermic peak at 220 °C and a 
broad peak at 62.27 °C corresponds to melting 
temperature and glass transition temperature, 
respectively.Chitosan thermogram demonstrated 
a wide peak within the range of 75-95 °C and the 
peak of destruction at 209.32 °C. In all of the 
hydrogels (F6, F7, F17, and F21), a broad peak 
was observed at 69.90 °C, 77.25 °C, 75.03 °C, 
and 87.10 °C, respectively. 

 

   

Table 3. Equations response surface regression. 

The equations of regression analysis  

W = 0.073 - 0.093X1 - 0.076X2 - 0.0001X3 -0.063X4 + 0.079X1X1 + 0.00059 X2X2 - 0.03 X3X3  
- 0.008X4X4 + 0.14X1X2 + 0.006X1X3 + 0.093X1X4 - 0.0002X2X3 + 0.004X2X4 + 0.003X3X4 

W vs X1-X4 

T =  0.19 + 0.025X1 + 0.007X2 - 0.01 X3 - 0.02X4 - 0.007X1X1 - 0.007X2X2 + 0.002X3X3  
- 0.005 X4X4 - 0.009X1X2 - 0.023X1X3 + 0.02X1X4 - 0.009X2X3 - 0.002X2X4 - 0.001X3X4 

T vs X1-X4 

GF = 40.23 + 0.63X1 -2.40X2 -7.66X3 - 0.85X4 + 12.50X1X1 + 1.099X2X2 + 1.80X3X3 
 -0.81X4X4 + 9.75 X1X2 + 15.48X1X3 -3.50X1X4 - 4.38X2X3 + 1.32X2X4 - 1.55X3X4  

GF vs X1-X4 

SI = 39.63-3.27X1 - 2.24X2 - 2.42X3 -1.61X4 + 10.24X1X1 + 3.25X2X2 + 5.97X3X3  
+ 5.93X4X4 + 10.38X1X2 + 7.32X1X3-5.27X1X4 - 1.39X2X3 - 0.65X2X4 + 7.16X3X4 

SI vs X1-X4 

Pr = 141.48 - 15.24X1 + 0.66X2 - 40.31X3 - 31.06X4 + 41.51X1X1 + 45.64X2X2 + 30.57X3X3 

 - 10.38X4X4 + 50.28X1X2 + 29.43X1X3 - 39.75X1X4 - 71.08X2X3 - 0.92X2X4 + 5.27X3X4  
Pr vs X1-X4 

PY = 62.79 - 9.75X1 - 7.84X2 - 4.56X3 - 1.23X4 + 26.85X1X1 + 3.22X2X2 + 3.66X3X3  
+ 5.58X4X4 + 29.68X1X2 + 13.30X1X3 - 13.49X1X4 -7.71X2X3 - 0.11X2X4 + 4.15X3X4 

PY vs X1-X4 

DC = 10.85 + 1.008X1 + 0.21X2 - 1.84X3 + 0.26X4 + 7.87X1X1 + 0.88X2X2 + 1.95X3X3  
+ 0.46X4X4 + 1.26X1X2 + 4.00X1X3 - 0.76X1X4 - 1.68X2X3 + 0.024X2X4 + 0.51X3X4 

DC vs X1-X4 

Flux = 0.94-0.004X1 - 0.088X2 - 0.38X3 + 0.25X4 + 0.76X1X1 - 0.075X2X2 + 0.21X3X3 
 - 0.04X4X4 + 0.51X1X2 + 01.00X1X3 - 0.50X1X4 - 0.32X2X3 + 0.25X3X4  

Flux vs X1-X4 

X1, drug amount; X2, amount of polyvinyl alcohol; X3, amount of chitosan; X4, freeze-thaw cycle. 
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Table 4. Summary of results of regression analysis for responses Y1-Y10. 

Response/Coefficients DF SS MS F(cal) R2 P value MPE (%) 

Weight 14 0.039 0.003 1.56 68.57 0.243 0.042 

Thickness 14 0.006 0.0004 0.74 50.98 0.703 0.024 

Gel fraction 14 862.93 61.64 1.56 68.65 0.241 6.28 

Swelling index 14 918.20 65.59 3.22 63.51 0.371 7.26 

Absorbance of protein onto 
hydrogel surface 

14 79265 5661.78 1.57 68.77 0.238 60.00 

Production 14 2690.82 192.202 1.92 72.89 0.151 10.00 

Drug content 14 251.47 17.96 4.94 87.37 0.008 1.91 

Flux 14 4.13 0.30 1.58 68.84 0.24 0.43 

DF, Degrees of freedom; SS, sum of squares; MS, mean of squares; F(cal), degrees of freedom calculated; R2, coefficient 
of determination; MPE, mean percent regression.
 
 
 

 
 

Fig. 4. Response contour plot showing the effect of (A and B) formulation variables (X2, polyvinyl alcohol; X3, 
chitosan; and X4, F-T cycles) on drug content and response surface plot showing the effect of (C and D) formulation 
variables (X1, drug; X3, chitosan; and X4, F-T cycles) on drug content. PVA, polyvinyl alcohol; F-T, freeze-thaw; DC, 
drug content. 
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Fig. 5. Differential scanning calorimeteric thermogram of (A) oxytetracycline, (B) polyvinyl alcohol, (C) chitosan, (D) 
hydrogels of F6, (E) F7, (F) F17, and (G) F21.  
 
 

 
Fig. 6. Linear culture of serial dilution tubes of (A1 and A2) oxytetracycline powder and (B) F6 hydrogel in minimum 
inhibitory concentration test. Serial dilutions: 1, 1 µM; 2, 2 µM; 3, 4 µM; 4, 8 µM; 5, 16 µM; 6, 32 µM; 7, 64 µM; 8, 128 µM, 
9, 256 µM; 10, 512 µM; 11, 1024 µM; and 12, 2048 µM.   

 
Table 5. Results for the amount of force entered, tensile strength, elongation, elongation after break and modulus of 
elasticity of F6 hydrogel patch. 

Results 
Force  
(N ± SD) 

Extension 
(mm ± SD) 

Stress  
(MPa ± SD) 

Elongation  
(% ± SD) 

Elongation 
after break 

Module 
(MPa ± SD) 

Peak 1.30 ± 0.25 64.31 ± 16.08 1.30 ± 0.25 160.86 ± 40.25 34.97 ± 37.39 26.80 ± 44.97
Break 0.86 ± 0.58 67.39 ± 0.59 0.86 ± 0.58 129.81 ± 6.81 81.20 ± 73.23 26.47 ± 10.61

 
Mechanical characteristics 

For a selected formulation such as                     
F6 (containing PVA and chitosan, 5 and                
0.75% w/v, respectively), the value of Young's 
modulus was at peak, 26.80 and break, 26.47, 
with a low value indicating the smooth of the 
surface of the hydrogel film (Table 5). 
Microbial studies  

The in vitro results of microbial culture and 
MIC for a hydrogel patch containing no drug 
against Staphylococcus aureus showed that the 
antimicrobial activity of oxytetracycline 
hydrochloride in the formed patch was reduced 

in comparison to the pure drug. MIC results 
showed that the pure drug and hydrogel were 64 
and 128 μg/mL, respectively (Fig. 6) (P < 0.05). 

 
Permeation investigation 

The highest amount of flux (the amount of 
drug permeated through the skin area per 
minute) in F6 and F7 formulations were shown 
to be exactly 2 × 10-5 mg /cm2/min (Table 2). 
In the graphs, the time of the latency              
was one h and after 240 min, they approached 
a linear state that indicated a state of 
equilibrium. 
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In vivo wound healing study 
As shown in Fig. 7, it was clearly illustrated 

that after being treated with drug hydrogel, the 
wound healing rate was higher in the F6 
hydrogel. Furthermore, wound healing was 
faster than treatment with blank hydrogel and 
without treatment.  
 

Histological study 
Histological observations of the skin            

of the dorsal region of the rats                  
showed that after the application of                  
oxytetracycline hydrogel (for 1 week),                  
the skin of the dorsal region of the rat was 
healed (Fig. 8). 

A DCB

E F G H

 
Fig. 7. In vivo study of (A) wound appearance, (B) wound dressing, (C and D) control group (treated without drug), (E 
and F) blank group (treated with blank hydrogel), and (G and H) drug of group (treated with F6 hydrogel) in rats. 
 
 

 
Fig. 8. Histopathological evaluation of the abdominal skin of rat, (A) untreated, (B) treated with blank hydrogel, (C) 
and treated with oxytetracycline hydrogel (magnification × 10 ).  
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DISCUSSION 
 

A transdermal patch or skin patch is a 
medicated adhesive patch that is placed on the 
skin to deliver a specific dose of medication 
through the skin, directly into the bloodstream. 
Skin patch uses a special membrane to control 
the rate at which the liquid drug encompassed 
in the reservoir and the patch can pass through 
the skin, into the bloodstream.  

Transdermal formulation maintains drug 
concentration within the therapeutic window 
for a prolonged period of time and controls 
blood levels for a longer period of time and in 
predetermined manner in order to increase the 
therapeutic efficacy of the drug and reduce 
side effects of the drug. Delivery of 
transdermal patches increases the patient 
compliance and reduces the side effects and 
inter- and intra-patient variability.  
The pores of the surface of the hydrogel are 
made with solvent diffusion from the surface 
of the patch. It was observed that, despite the 
use of different amounts of PVA polymers, 
chitosan, and alternating F-T cycles, the size 
and depth of the pores on the surface of the 
hydrogels differed at nanometric dimensions. 
At higher concentrations of chitosan, the size 
of the hydrogel pore is increased. The results 
suggest that the bonding between PVA and 
chitosan is reduced (6). Chitosan can reduce 
network densities because it affects the relative 
porosity and creates a stable 3- dimensional 
polymer network. The results of weight and 
thickness showed a significant difference 
between the four formulations (F6, F7, F17, 
and F21), which was related to the difference 
in various polymer ratios, which had an effect 
on the weight of the patches (27). The average 
weight in the hydrogels has a negative 
relationship with the amount of drug, PVA and 
chitosan polymers, and F-T cycles (the sign of 
the coefficients of the independent variables is 
negative). Besides, the weight of the resulting 
hydrogels is dependent on independent 
variables with a regression coefficient of 68.57 
and has an inverse relationship with each other 
(Table 4). In addition, the results of folding 
values showed that the hydrogel patches were 
not broken and their shape and integrity were 
not affected by normal folding of the skin 

when used. Data from the content studies of 
the chosen hydrogels are shown in Table 3 and 
Fig. 2. The freezing-thawing method is 
regarded the best and the preferred method for 
obtaining physically crosslinked PVA 
hydrogel without using any traditional toxic 
chemical crosslinking agent while, the 
obtained mechanical properties of physically 
cross-linked PVA hydrogel are a tunable 
structure and can be adjusted by the 
concentration of PVA or the cycle numbers of 
the freeze-thawing times. Increased freezing-
thawing cycles lead to further crystal 
formation and therefore increased physical 
cross-linking. The ensuing physical network 
seems to be relatively stable. Increase of drug 
content in PVA hydrogel may reduce the 
cross-linking reaction and consequently the 
gelation process is clearly reduced. Initially, 
the degree of crystallinity increased with an 
increase in PVA concentration and three 
cycles of freezing and thawing. In the region 
of interest, the formation of stable crystalline 
regions became more probable with increased 
concentration due to an increase in the overlap 
of PVA chains as well the promotion of 
polymer chain folding. Higher chitosan 
concentrations correspond an increment in the 
swelling degree, enhanced porosity with a 
higher permeability. 

The average drug content in the formulation 
of hydrogels is negatively correlated to the 
amount of chitosan (the sign of the coefficients 
of the independent variables is negative). Drug 
and PVA concentrations and F-T cycles were 
the most effective factors on the drug content 
(R2 = 87.84, Table 4). At WVTR, hydrogel 
rapidly dries the wounds and causes scars. In 
addition, with a lower WVTR, secretions are 
collected, which may slow down the healing 
process and increase the risk of bacterial 
growth. An increase in the amount of chitosan 
was associated with a lower reduction in the 
gel fraction (28). The gel fraction was 
relatively high in low chitosan proportions, 
suggesting that it would be approximately 
thoroughly cross-linked with PVA. In 
hydrogels F17 and F21, high levels of chitosan 
(1%) reduced the hydrogel gel fraction to 72% 
and 37.8%, respectively (Table 2). Moreover, 
in F21 during high F-T cycles (7 times), the 
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cross-link strength of chitosan was weaker 
than that of PVA, even though chitosan had a 
weak cross-link with PVA in the gel, and the 
strength and elasticity of hydrogel became 
weak and usually caused the reduction of the 
gel fraction (29). While the F17 hydrogel, with 
1% chitosan and 5% PVA, was similar to F21, 
with a lower frequency of F-T (5 times), the 
highest gel fraction was 72%. In the 
preparation of hydrogels, chitosan can be used 
by controlling the gel fraction because it 
creates a cross-linking reaction between the 
polymers in the gel. R Square given in Table 4 
means that 68.65% of the total variation in the 
GF from hydrogels may be ascribed to the 
investigated experimental factors. This value is 
lower than expected where an increase of X1 
(drug) increased the GF, but the increase of X2 
(PVA), X3 (chitosan), and X4 (F-T cycles) 
decreased the GF, and the interaction of X1X2, 
X1X3, and X2X4 led to the increase of GF. 
Results of the swelling index, in the hydrogels 
of F17 and F21 with 1% chitosan and 5% PVA 
did not show much change compared to the 
lower concentrations of chitosan 0.75% and 
0.5% (as F6 and F7 hydrogels with 61.56% 
and 61.17%, respectively). The swelling index 
of gels decreased with increasing the drug, 
polymers concentration and F-T cycles. All of 
the independent variables were the most 
effective factors on the swelling index                 
(R2 = 63.51) (Table 4). As a result, chitosan in 
hydrogel caused cross-linking to be lesser than 
that caused by PVA. Hydrogels having fewer 
cross-links led to more water uptake because 
gel structure with lower cross-links could not 
uptake or absorb more water into the sustained 
release gel structure (30). 

Blood compatibility with the hydrogel was 
evaluated with the amount of protein adsorbed 
on the surface of the hydrogel (Table 2). When 
the external substance was placed in contact 
with blood, the adsorption of the protein 
occurred on the surface, leading to the 
adhesion and activation of the platelets (31), 
because protein uptake on synthetic surfaces 
can limit platelet activation and increase clot 
formation. Generally, when the amount of 
protein uptake increases, the number of 
absorbed platelets decreases (439.33 mg/mL of 
F7 hydrogel). An increase in the amount of 

PVA increased the amount of protein 
adsorbed, whereas an increase in the 
concentrations of drug, chitosan and times of 
F-T cycles caused a decrease in the amount of 
protein adsorbed, since the coefficient b2 bears 
a negative sign (Tables 3 and 4). PVA and 
chitosan had high water-solubility that created 
cross-link reactions as a dressing system on 
the wounds. The broad peaks of PVA and 
chitosan represented the dehydration process, 
leading to water evaporation, which was 
related to hydrophilic groups in polymers and 
water-polymer interference. The presence of 
dehydration process suggested non-exit of 
some of the binding water from the hydrogel 
patch after drying. 

In the observed hydrogels, the width and 
intensity of the drug and polymers peak were 
reduced. This was caused by gradual 
dissolution of the crystalline drug in the 
molten polymers and probably by conversion 
to the amorphous state during the DSC heating 
process. Moreover, it could be related to a 
change in the water binding capacity of the 
polymers (PVA and chitosan). Water binding 
capacity of chitosan polymer was higher than 
that of PVA. In the hydrogels, endothermic 
melting transition and degradation peaks of 
PVA were not observed due to a molecular 
change that might be related to the interference 
of the molecular chains between chitosan and 
PVA (32). 

Elongation break or stretching length led to 
rupture and cracking at the surface of the 
hydrogel patch (EB%), an essential 
mechanical parameter that was measured to 
describe the elasticity of polymer films. 
Hydrogels with high EB% exhibited resistance 
and tolerance against the force and 
compression that occurred when moving and 
displacement in the skin. Tensile strength is an 
indicator of the resistance against the abrasion 
of hydrogels (8). 

The in vitro antimicrobial activity of 
antibiotics has always been a conflict in 
sustained release forms. The results of the 
sustained release hydrogels showed an 
increase in MIC dilution that could be related 
to a negative charge of drug and positive 
charge of chitosan interactions in the 
formulation (33). 
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The ex-vivo permeability of the 
oxytetracycline was less than drug release. 
This reduction was due to the diffusion of the 
drug from the skin barrier in permeability 
studies. This barrier reduced the rate of water 
uptake by hydrogel and reduced the disruption 
of the hydrogel matrix in the release time (34). 

An increase in the amount of drug, PVA, 
and chitosan decreased the flux, whereas an 
increase of F-T cycles led to the increase in 
flux since the coefficient b2 bears a negative 
sign. F17 hydrogel showed high permeation 
than other formulations. Drug, PVA, and 
chitosan concentrations affect the flux of 
hydrogels (R2 = 68.84, Table 4).  

In wounds, oxytetracycline antibiotic 
prevents from secondary infections (burst 
release and sustained release). Also, chitosan 
contained in the patch has an anti-microbial 
effect and help to anti-microbial efficacy of 
oxytetracycline. After use of drug formulation, 
wound healing was perfect therefore the 
possibility drug released slowly and exposure 
on the surface of wound for long-term. Also, 
in comparison with blank hydrogel and pure 
drug reduced use times, plasma flocculation of 
drug, and improvement of therapeutic effects. 
Wound healing with oxytetracycline hydrogel 
was better compared to the treatment with 
blank hydrogel and without treatment. Contact 
and placement of hydrogel had a significant 
effect on the dorsal skin of rat compared with 
non-treated (control) skin and treatment with 
blank hydrogel (without medication containing 
two PVA and chitosan polymers). 
Oxytetracycline hydrogel appeared to be 
appropriate for administration in a transdermal 
manner. PVA and chitosan were rapidly 
hydrated in contact with water and the gelatin 
layer was formed around the hydrogel film. In 
addition, the polymer content was considered 
to be different in each selected hydrogel. The 
rate of penetration of the drug from the hydrogel 
depended on various factors such as polymers, 
drug, number of F-T cycles, weight, thickness, 
gel fraction, swelling, protein adsorption on the 
patch surface, and production efficiency (35). 
 

CONCLUSION 
 

Oxytetracycline hydrogels were prepared 
by F-T cycles, using the polymers chitosan, 

PVA, and propylene glycol plasticizer. 
Various ratios of chitosan polymer, PVA, 
oxytetracycline, under various F-T cycles were 
prepared. The results of physicochemical 
studies of hydrogel patches (weight, thickness, 
loading rate, production efficiency, gel 
fraction, and protein adsorption on the surface) 
showed that the best formulation was related 
to F6 which contained 1000 mg 
oxytetracycline, 5% w/v PVA, and 0.75% w/v 
chitosan, which was obtained by 3 F-T cycles.  

The permeability of hydrogel was lower, 
which might be due to the presence of a 
dermal barrier. This barrier reduced the speed 
of water uptake by hydrogel film and reduced 
the swelling of hydrogel matrix site at release 
time. The degree of penetration and release of 
the drug from the transdermal patch was 
controlled by the chemical properties of the drug 
and the physiological and physicochemical 
properties of the biological membrane. In 
general, it can be concluded that F-T technique 
is a suitable method for the preparation of 
appropriate hydrogel patches which are 
effective in treating and healing skin ulcers. 
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