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INTRODUCTION: Bone and joint infections, 

including osteomyelitis and septic arthritis, are 

often difficult to treat and require prolonged 

courses of antimicrobial therapy in association with 

surgical drainage or debridement.  

Delayed or ineffective treatment of these 

orthopedic infections, due to their poor vascularity, 

causes significant morbidity in terms of pain, loss 

of function with need for further surgery and 

antibiotics. Most of these infections are caused by 

Gram-positive cocci including Staphylococcus spp. 

and enterococci, increasingly resistant to 

commonly used antibiotics such as methicillin and 

other β-lactam agents 
1
. 

Vancomycin is an effective therapy empirically 

used for treating serious orthopedic infections with 

less toxic effects on osteoblasts and skeletal cells 

Keywords: 

Chitosan, β-glycerophosphate, 

thermoreversible hydrogels, 

vancomycin, MRSA. 

Correspondence to Author: 

Rihab Osman 

Department of Pharmaceutics and 

Industrial Pharmacy, Faculty of 

Pharmacy, Ain Shams University. 

African Organization Unity Street, 

Cairo, Egypt 

E-mail: rihabosman@pharma.asu.edu.eg 

 

ABSTRACT: The aim of the present study was to develop suitable 

controlled release injectable vancomycin thermoreversible chitosan/ β-

glycerophosphate hydrogel system for treatment of orthopedic infections. 

The effect of different formulation variables on the gelation temperature 

was studied. The prepared vancomycin loaded Chitosan/β-

glycerophosphate thermoreversible hydrogels were characterized 

regarding gelation temperature, in-vitro vancomycin release and 

enzymatic degradation rate in presence of lysozyme. Antimicrobial 

activity of the released vancomycin was tested against the gram-positive 

methicillin resistant Staphylococcus aureus (MRSA) by agar diffusion 

method. The results showed that chitosan/ β-glycerophosphate solution 

were able to form gels at body temperature depending on chitosan degree 

of deacetylation, concentration, pH and β-GP concentration. The prepared 

thermoreversible hydrogels sustained vancomycin release for 21 days. 

Released vancomycin concentrations ranged from 3 to 95 folds the 

reported minimal inhibition concentration (MIC 90) for MRSA at all 

release study time points. Chitosan/β-glycerophosphate thermoreversible 

hydrogels were enzymatically degradable and 17.57% of the gel weight 

remained after 21 days. The preserved antimicrobial activity found after 

release of the antibiotic from the hydrogel elected this delivery system for 

further in-vivo and toxicological investigations. 
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compared to other antibiotics 
2, 3

. It should be 

administered intravenously over a minimum of 60 

minutes to avoid infusion-related reactions for a 

period reaching 6 weeks or longer 
4
. This is usually 

associated with serious adverse effects including 

hypotension, urticaria, pruritis, phlebitis, 

nephrotoxicity, and ototoxicity 
5
. Vancomycin 

nephrotoxicity, observed in 5–25% of patients, 

usually limits the antibiotic dose and duration of 

administration resulting in incomplete bacterial 

eradication and development of bacterial resistance 
6
. 

For this reason, the delivery of local antibiotics for 

the treatment of musculoskeletal infection has 

become increasingly popular. High local antibiotics 

levels facilitate diffusion to the poor vascular areas 

reaching the resistant organisms. Among these 

systems are the implants, micro and nanoparticles 

delivery systems 
7-9

. Despite the advantages offered 

by these antibiotic delivery carriers, most of them 

lack applicability due to concerns about the 

delivery or implantation of the systems at infection 

sites, degradadability and tolerability of the 

systems in addition to the difficulty of their 

industrial fabrication 
7,9,10

.  

Gels, in particular the thermoreversible ones, are 

swollen networks possessing both the cohesive 

properties of solids and the diffusive transport 

characteristics of liquids. Their reversible nature 

confers the capacity to make, break and modify the 

bonds responsible for holding the network 
11

. In 

this respect, Chitosan/ β-glycerophosphate (Ch/β-

GP) hydrogel is liquid at room temperature and can 

be easily administered and pack any target shape 

upon injection and turns into biodegradable and 

biocompatible gel as response to physiological 

temperature 
12

. Both Ch and β-GP have osteogenic 

activity and have been able to support in-vitro and 

in-vivo accumulation of cartilage matrix by primary 

chondrocytes, while persisting in osteochondral 

defects at least one week in- vivo 
13

. 

The aim of this study was to develop vancomycin 

injectable thermoreversible Ch/ β-GP hydrogel 

system for treatment of orthopedic infections. The 

effect of Ch degree of deacetylation (DD), 

concentration and pH as well as β-GP 

concentration on the properties of the prepared 

thermosensitive gels were studied. Release of 

vancomycin from the prepared gel and gel 

degradation were studied in-vitro. The antibacterial 

activity of the released antibiotic was tested against 

MRSA. Using the prepared gel, we expected to 

control the rate of antibiotic release over a 

prolonged period of time eliminating the need for 

multiple dosing. This will in turn, increase the 

efficacy of drugs and enhance the patients 

compliance. 

MATERIALS AND METHODS: 

 

MATERIALS: Vancomycin: supplied from Sigma 

pharmaceutical company Egypt. Ch high molecular 

weight, β-GP disodium salt, N-acetyl-D-

glucosamine, glucosamine, lysozyme (from 

chicken egg white 58.1 U/mg protein), phosphoric 

acid and glacial acetic acid: from Sigma–Aldrich 

Company, St. Louis USA. Potassium dihydrogen 

ortho phosphate, sodium hydroxide, sodium 

chloride, potassium chloride, sodium dibasic 

hydrogen ortho phosphate and hydrochloric acid: 

from Fluka, Switzerland. All other reagents and 

chemicals were of analytical grade. 

METHODS: 

Determination of chitosan degree of 

deacetylation (DD): Ch DD was determined by the 

previously described first derivative UV 

spectrophotometric method 
14

. Briefly, 0.5% w/v 

solution of Ch in 85% w/v phosphoric acid was 

heated at 60
o
C for 40 minutes after which the 

solution was filtered, diluted 1:100 with deionized 

water and then incubated at 60
o
C for 2 h. This 

solution was scanned in the range of 190 to 400 nm 

using 0.85% v/v phosphoric acid as blank using a 

UV spectrophotometer (Schimadzu 240, Japan). 

The first derivative value at 203nm (wavelength of 

minimum interference with glucosamine) was 

recorded and the DD was calculated according to 

the following equation
14

: 

 

 

 

        
 

  

      
     

 
  

      
   

  

      
 
 Equation 1 
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Where: m1 is the mass of acetyl-glucosamine in 1mL Ch solution, calculated from a previously constructed calibration curve of 

acetyl-glucosamine; m2 is the mass of glucosamine in 1mL Ch solution, calculated as m2=M-m1. The mass of Ch (M) in the 1 

mL solution (step2) was calculated from: M= (M1*M3)/(M1+M2), where M1 is mass of solid Ch sample taken for analysis 

(100 mg); M2 is mass of 20 mL 85% w/v phosphoric acid (step 1); M3 is mass of 1mL Ch solution in concentrated phosphoric 

acid, 203.21 and 161.17 are the molecular weights of acetyl-glucosamine and glucosamine respectively. 

Preparation of highly deacetylated Chitosan: An 

alkaline hydrolysis procedure was adopted to 

increase Ch DD as follow
15

: A 10 % w/v of Ch in 

50% w/v sodium hydroxide solution was heated at 

100
o
C for 2 h. The obtained precipitate was washed 

consecutively and repeatedly with deionized water, 

methanol and acetone till neutrality and then dried 

in an oven at 60
o
C till complete dryness 

15
. Dried 

Ch samples were stored in a desiccator for further 

characterization. DD for the modified Ch sample 

was determined as previously explained. 

FT-IR spectroscopy of Chitosan: The infrared 

spectra of Ch with and without alkaline 

deacetylation were recorded on a FT-IR 

Spectrometer (JASCO 4000, USA). A well mixed 

mixture of Ch and KBr (2 mg sample in 100 mg of 

KBr) was made in a disc and the spectra were 

recorded in the range 4000-400 cm
-1

.
 

Preparation of thermoreversible chitosan /β-

glycerophosphate hydrogel: Aqueous acetic acid 

solution (0.75%v/v) containing 1 and 2% w/v of 

Ch, with different DD were prepared, autoclaved 

(Thermo Scientific autoclave, Varioklav laboratory, 

Germany) at 121°C for 20 minutes, cooled down to 

room temperature and then stored at 4°C. Serial 

concentrations of β- glycerophosphate were 

prepared in deionized water, sterilized using 

syringe filters (Durapore
®
, 0.22 μm pore size, 

Millipore, USA) then stored at 4°C. Sterilized, cold 

β-GP solution (0.1-1 g/mL) was added drop wise to 

the Ch solution under stirring using mechanical 

stirrer (FALC instruments Trevi Glio (BG), Italy) 

in an ice bath (volume ratio of Ch: β-GP, 9:1) and 

the final concentration of β-GP in Ch solutions 

ranged from 1-10% w/v 
16

.  

Mixing was continued for 15 minutes and the 

prepared solutions were kept at 4˚C. The procedure 

was repeated on selected Ch solutions after dialysis 

against 1 liter of distilled water for 6 days with 

daily changes of water (till constant Ch solution 

pH). The prepared formulae are shown in Table 1.  

For the preparation of medicated hydrogel, 

vancomycin (1% w/v) was first dissolved in Ch 

solution and the thermoreversible hydrogels were 

prepared as previously explained. 

Characterization of thermoreversible chitosan 

/β-glycerophosphate hydrogel: 

Determination of hydrogel pH: Five mL of each 

formula were transferred to a glass beaker dipped 

in an ice bath and the pH of was measured using a 

pH meter (Jenway Ltd, UK).  

Sol-to-gel temperature of thermoreversible 

chitosan /β-glycerophosphate hydrogel: Sol-to-

gel transition temperature was measured using a 

simple test tube inverting method. Briefly, an 

aliquot of 2mL of each refrigerated formula was 

transferred to a test tube maintained in a 

thermostatically controlled water bath (Poly 

science 9006, USA) at 25
o
C. The water bath 

temperature was increased gradually by 1
o
C, then 

by 0.1
o
C in the region of gelation and the test tube 

was left to equilibrate for 5 minutes at each 

temperature 
17

.
 

Determination of gelation time: Two mL of each 

refrigerated thermosensitive solution was 

transferred to a test tube incubated in a water bath 

at 37
o 

C. The flowability of the sample was 

observed every 30 seconds by tilting the tubes. The 

time after which flowing of the samples stopped 

was taken as the gelation time 
18

.
 

Scanning electron microscopy (SEM): The shape 

and surface morphology of selected plain and 

vancomycin loaded thermoreversible Ch/β-GP 

hydrogel were observed by SEM (JXA-840A, 

Japan). A volume of 5 mL of thermoreversible Ch/ 

β-GP hydrogel was incubated in a water bath at 

37
o
C. When the sample was transformed into gel, it 

was freeze dried using BenchTop Manifold Freeze 

Dryer (Millrock Technology, Inc, USA) for 48 h. 

The sample was finally vacuum coated with gold 

and the surface was examined by SEM. 



Abdel-Bar et al., IJPSR, 2014; Vol. 5(7): 2936-2946.                                    E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              2939 

In-vitro vancomycin release from thermo-

reversible chitosan /β-glycerophosphate 

hydrogel: A volume of 1 mL of vancomycin 

loaded thermosensitive Ch solution was placed in a 

dialysis membrane (Spectra/Por
®
 CE, MWCO 

1000Da, Flat, width 8mm and diameter 5mm,  

China) and was allowed to gel in an incubator 

(Julabo Biother 37, Germany) at 37°C. Each 

dialysis membrane was placed in 50 mL phosphate 

buffer saline pH 7.4 in a stoppered conical flask 

placed on thermostatically controlled shaker 

(D3006 Brug Wedal, Germany) at 50 ± 1 rpm for 

21 days. At predetermined time intervals, aliquots 

of 1mL of the release medium were sampled and 

replaced with the same amount of fresh dissolution 

medium to maintain a constant volume. Drug 

concentration was determined Spectrophoto-

metrically at the predetermined λmax (280 nm).  

Release kinetics: Release data were analyzed using 

the following equation 
19

:  

 

Where Mt/M is the fraction of drug that has been 

released at time t, k is a kinetic constant and n is the 

exponent related to the release mechanism .The 

constant n is termed the diffusional exponent and 

equal to 0.5 for diffusional (Fickian) release, 1 for 

zero-order kinetics and 0.5 < n < 1 for anomalous 

(non-Fickian) release 
19

.
 

In-vitro enzymatic degradation: Degradation of 

vancomycin thermoreversible Ch/β-GP hydrogel 

was examined with respect to weight loss under 

aqueous conditions in the presence of lysozyme. A 

volume of 1mL of the prepared formula was 

allowed to gel in a beaker placed in an incubator at 

37°C then was suspended in 10 mL of phosphate 

buffered saline (pH 7.4) containing 4mg/mL 

lysozyme  at 37°C 
20

. The sample was placed in a 

thermostatically controlled shaker at 50 ± 1 rpm for 

21 days. At predetermined time intervals of time, 

remaining autogel was removed from the medium, 

frozen at -80
o
C then lyophilized at -50

o
C for 48 h. 

The degradation was assessed by determining the 

weight loss % using the following equation: 

 

Where W0 and Wt were the weights of the dry 

lyophilized gel before and after degradation at time 

t, respectively. 

In-vitro microbiological activity: The antibiotic 

activity of vancomycin in the release eluents 

withdrawn at different time intervals was tested 

against standard strain of MRSA as  described by 

Julia et al., (2011) 
21

. The bacteria were 

subcultured in 10 mL broth overnight at 37 °C. The 

broth culture was then diluted with sterile 

phosphate buffer, so that the density of the 

inoculum was l0
9
 CFU/mL and was then added to 

20 mL of the medium (agar Oxoid Inc., at pH 7.3). 

Three holes, each of 5 mm in diameter, were 

punched on every plate, and filled with 10 μl of 

vancomycin eluents. After incubation at 37
o
C for 

24 h, the diameter of the clear zone surrounding the 

wells was measured. The activity was calculated 

after subtracting the diameter of the central well (5 

mm) for each sample using a linear calibration 

curve prepared for vancomycin concentrations in 

the range 20 to 200 μg/mL. 

Statistical analysis: All experiments were done in 

triplicate. Blank thermoreversible gels were always 

prepared and tested along with their medicated 

counterparts. Data are presented as  mean of the 

three replicates for each experiment ± SD. 

Unpaired student-t test was used for comparing 

between two variables and probability values P 

value <0.05 was considered significant.  

RESULTS AND DISCUSSION: As Ch DD of 

deacetylation greatly affects its physicochemical 

properties, it deemed necessary to start by the 

determination of this parameter 
22

. 

Determination of chitosan degree of 

deacetylation: Ch DD (i.e. the mole fraction of N-

glucosamine expressed as a percentage of total Ch 

sample) was determined using an indirect 

spectrophotometric method. The assay depends on 

measuring the absorbance intensity of Ch acetyl 

group using a first derivative spectrophotometric 

method (Figure 1a) 
14

. Ch was firstly heated in 

phosphoric acid at 60
o
C for 40 min to allow for its 

complete dissolution and avoid its reaggregation. 

Higher temperature or longer heating time can lead 

to the formation of 5-hydroxymethylfurfural 

(HMF), a dehydration product of hexoses, 

             
     

  
             Equation 3 

 

  
  

 
                                                 Equation 2  
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including glucosamine and acetyl-glucosamine 
23

. 

HMF can significantly reduce the number of 

acetyl-glucosamine units increasing the calculated 

DD.  Therefore, UV scanning of Ch was followed 

in the broad range of 190-400nm to ensure the 

absence of HMF peak, which has a characteristic 

absorption peak at 285 nm 
23

. Diluting Ch solution 

with water before heating for 2h at 60
o
C is an 

important step to avoid overestimation of DD. In 

presence of concentrated acids and heat, 

polysaccharides undergo complex reactions 

forming some intermediates which can block acetyl 

group. Hydrolyzing these possible complexes in 

aqueous media by dilution avoid overestimation of 

DD 
14

. After applying these conditions, Ch was 

scanned (Figure 1b), the absorption intensity of N-

acetyl GLc at 203nm was obtained and its 

concentration was found from the corresponding 

calibration curve, The DD value was calculated 

using equation 1 and was found to be 

78.05%±1.38. 

 
FIGURE 1: ZERO AND FIRST DERIVATIVE SPECTRUM OF (A) 5 ΜG/ML N-ACETYL GLC AND (B) HMW 

CHIN 0.85% V/V PHOSPHORIC ACID. 

Preparation of highly deacetylated chitosan: The 

process of deacetylation involves the removal of 

acetyl groups from the molecular chain of Ch 

leaving behind a high proportion of chemically 

reactive amino group (-NH2). This helps to ensure 

high positive charge density, with higher 

mucoadhesion 
22

.
 

Deacetylation also affects the 

biodegradability and immunological activity 
24

. In 

this work, the alkaline deacetylation process was 

used to increase Ch DD by heating Ch sample at 

100˚C for 2 h 
25

. The obtained deacetylated product 

was washed using deionized water, methanol and 

acetone consecutively as suggested by previous 

investigators 
14

. Using this sequence, the drying 

process lasted only 12 h due to the hygroscopic 

nature of the organic solvents used which extracted 

water in Ch sample and then rapidly evaporated 
24

.  

Ch, after alkaline hydrolysis for 2 h, was scanned 

as previously described in the range (190-400 nm) 

and the first derivative was manipulated. The 

results show that alkaline treatment resulted in a 

significant increase (P<0.05) in DD from 

78.05%±1.38 to 94.08% ± 1.48 as calculated using 

equation 1.  

It has been shown that, although the DD is directly 

proportional to alkali concentration and heating 

time yet, the complete deacetylation can never be 

achieved by this heterogeneous deacetylation 

process without modification 
25

.  

Characterization for chitosan by FT-IR 

spectroscopy: FT-IR can efficiently be used for the 

detection of chemical functional groups in a 

sample, investigation of intermolecular interaction 

as well as the change in their intensity. It was 

therefore employed to characterize the effect of 

alkaline treatment during the deacetylation process. 

Figure 2a shows the FT-IR spectrum of 

unmodified Ch where the following absorption 

bands could be observed: N-H stretching band at 

3437 cm
-1

, a broad absorption band in the range 

3000- 3500 cm
-1

 attributed to an overlap between 

O–H and N-H bands and peaks around 2885, 1424, 

1380 and 1080 cm
-1

 resulting from the stretching 

vibrations of aliphatic C–H, amide II, amide III and 

C–O–C bonds respectively and more importantly, 

the band around 1650 cm
-1

 attributed to amide I (-

NH) deformation of –NHCOCH3 
26

.  

(a) 

 

 

 

 

 

 

(b) 
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An obvious decrease in intensity of the later band 

could be seen in Figure 2b, for sodium hydroxide 

treated Ch, corresponding to untreated Ch.  

This decrease in the intensity of amide I band was 

due to Ch deacetylation confirming the preparation 

of Ch with a higher degree of deacetylation as 

explained in previous studies 
24

.
 

 

FIGURE 2: FT-IR OF (A) UNMODIFIED CH AND (B) CH AFTER 2 HR ALKALINE DEACETYLATION 

Preparation of plain thermoreversible chitosan 

/β-glycerophosphate hydrogel: The gelation of a 

Ch/β-GP solution is thermally induced via several 

types of interactions including electrostatic 

attractions/repulsions, hydrogen bonding and 

hydrophobic effects 
27, 28

. When a weak base, as 

disodium β-GP solution, is added to an acidic Ch 

solution, the pH increases and electrostatic 

attractions between positively charged Ch (NH3
+
) 

and negatively charged phosphate molecules (-

HPO4
-1

 or -PO4
-2

) of β-GP can occur. Moreover, the 

charge neutralization caused by β-GP anion causes 

a reduction in electrostatic repulsion between the 

Ch chains leading to an increase in hydrogen 

bonding interactions along Ch interchains 
27

. 

Furthermore, glycerol molecules of β-GP form a 

shield of water around Ch molecules inhibiting 

their aggregation at low temperature. By raising the 

temperature, Ch-Ch interactions become dominant 

resulting in a phase transition from a liquid to a gel 

while hydrogen-bonding interactions are reduced. 

Phosphate groups function as a sink for the protons 

released as a result of breaking of Ch hydrogen 

bonding 
29

. Ch chains are subsequently brought 

close to precipitation resulting in the gelation of the 

Ch/β-GP formulation 
27, 29

.  

In this study, Ch with different degree of 

deacetylation (LDD and HDD) was used to prepare 

thermoreversible autogels by mixing with β-GP in 

concentrations ranging from 1 to 10% w/v and the 

gelation process was observed at different 

temperatures up to 50
o
C. The gelation temperatures 

of the different studied systems are shown in Table 

1. 

Effect of chitosan degree of deacetylation: The 

results in Table 1 show that 1% w/v Ch with low 

DD (LDD) solutions failed to form 

thermoreversible hydrogel with the tested 

concentration range of β-GP and 10% of the gelator 

was needed to give gels with physiologically 

acceptable gelation temperature (32-34
o
C) at 2% 

polymer concentration. At this concentration, 

appropriate physiological gelation temperature (32-

34
o
C) was also achieved using 6% w/v β-GP for 

high Ch DD respectively. At this β-GP 

concentration, an obvious significant decrease in 

gelation temperature from > 50
o
C to 32.63

o
C ± 

0.73 (P<0.05) can be seen using HDD instead of 

LDD. The decrease in gelation temperature with 

increasing Ch DD can be explained as follow: 

during the gelling course of Ch/ β-GP, the hydrated 

Ch molecular chains are gradually dehydrated; they 

interacted with each other and then rearranged 

themselves to form crystalline regions with gel 

formation. Conformation and chain flexibility in 

the gelling process play an important role. Ch chain 

flexibility increased as DD increased 
30

. This effect 

facilitated rotation of the glycosidic bond, 
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rendering the gelation process easier which resulted 

in decrease in the gelation temperature. 

Furthermore, Ch with higher DD had more amine 

groups and therefore could form more cross-links 

with the phosphate group of glycerophosphate. 

This also led to an increase in the gelation rate and 

consequently decreased the gelation temperature 
31

. 

Similarly, previous studies had proved that 

increasing Ch DD reduced significantly the 

gelation temperature 
32

. 

TABLE 1: GELATION TEMPERATURE OF DIFFERENT CH/Β-GP HYDROGELS. 

Gelation temperature (
o
C) at different β-GP concentration (%w/v) 

Chitosan 

characteristics 

01 9 8 7 6 5 4 3 2 1 
Conc. 

(%w/v) 
DD% 

No gelation 
1 

 

78.05 
34.10 

± 

0.10 

39.10 

±  

0.15 

41.40

± 

0.25 

>50 2 

NA
*
 

33.90 

±  

0.10 

44.20 

±  

0.10 

>50 1 

94.08 

NA 

32.60

± 

0.73 

36.50

± 

0.15 

46.10

± 

0.10 

>50 2 

              *NA: not applied. 

Effect of chitosan concentration: Table 1 shows 

that doubling Ch concentration increased the 

gelation temperature significantly from 33.9°C 

±0.1 to 46.1°C ±0.1 (P<0.05) in presence of 4% 

w/v β-GP. This can be justified by the greater 

viscosity of Ch, with higher density of hydrogen 

bonding requiring higher energy (temperature) to 

breakdown these bonds and allow for the formation 

of Ch/ β-GP thermoreversible hydrogel.  

Effect of β-glycerophosphate concentration: A 

significant decrease in gelation temperature could 

be noticed by increasing β-GP concentration using 

the same Ch DD or concentration. It could be 

noticed from Table 1 that, high gelation 

temperatures exceeding 50
o
C were seen with LDD-

Ch at β-GP concentration up to 7% w/v. 

Furthermore, high concentration of β-GP 

amounting of 10% w/v was necessary to obtain 

solution which can gel at body temperature. On the 

other hand, high DD-Ch succeeded to gel at less 

than 37
o
C using only 6% w/v β-GP. Obviously, 

there is an inverse relation between the gelation 

temperature and the concentration of β-GP used. 

The phosphate group of β-GP is the counter-ion for 

Ch, when its concentration increases, enhancement 

of Ch ammonium groups (–NH3
+
) charge 

neutralization occurs 
30

.  

Therefore, reducing both Ch chain charge density 

and electrostatic repulsion between the NH3
+
 

groups and increasing the chain flexibility 
30

. Ch 

chains are then easier to close, entangle, interact 

and turn into gel. 

Several strategies have been previously reported to 

increase the biocompatibility of Ch/ β-GP systems. 

This includes the use of inorganic phosphate salts 

or crosslinkers such as glyoxal and hydroxyethyl 

cellulose 
28, 33

. In this study, an alternative approach 

based on the dialysis of the acidic Ch solution 

before the addition of β-GP was tried in this study 

with 2% w/v HDD- Ch as shown in Table 2. 

Effect of initial chitosan solution pH: Another 

important factor related to Ch ionization is the 

effect of pH. Therefore, the pH value of Ch 

solution was measured before and after dialysis and 

the gelation temperatures of the compared autogels 

were determined as shown in Table 2. It is clear 

that the pH of Ch solution was significantly 

increased from 5.32 ± 0.01 to 6.16 ± 0.05 (P<0.05) 

due to dialysis. Furthermore, this process led to a 

significant decrease in the gelation temperature 

from 36.5
o
C±0.73 to 31.4

o
C±0.2 using 5% w/v β-

GP (Table 2). This may be attributed to a lower 

degree of Ch protonation occurring at higher pH 
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value. The decrease in degree of Ch protonation 

leads to a probable decrease in its solubility. A 

possible increase in hydrophobic interactions 

between Ch molecules occurred in an endothermic 

process. Protons are easily released and hence 

hydrating water is more easily removed from the 

Ch 
34

. Furthermore, and as previously discussed, 

lower Ch molecular charge density leads to reduced 

charge repulsion between the –NH3+ groups of Ch 

results in a more flexible chain 
30

. These results are 

similar to those reported by previous studies 
34

. 

TABLE 2: EFFECT OF CH DIALYSIS ON GELATION TEMPERATURE OF CH/ Β-GP THERMOREVERSIBLE 

GELS PREPARED WITH 2% W/V CH WITH 94.08 % DD 

Gelation temperature (
o
C) at different β-GP concentration (%w/v) Ch characteristics 

6 5 4 3 2 1 pH DD% 

32.6± 0.73 36.5± 0.15 46.1± 0.1 >50     5.32 
94.08 

NA
* 

31.4± 0.2 43.6± 0.11 >50 6.16 
* NA: not applied. 

Based on the criteria of attaining an optimum 

gelation temperature below body temperature at a 

low β-GP concentration to maintain 

biocompatibility, vancomycin was loaded in the gel 

composed of 2% w/v dialyzed-Ch (with DD 

94.08%) and 5% w/v β-GP (F1). 

Preparation and characterization of vancomycin 

loaded thermoreversible chitosan /β-

glycerophosphate hydrogel: As seen in Table 3, 

the gelation temperature increased significantly 

(P<0.05) from 31.4
o
C±0.2 to 35.5

o
C ±0.3 after 

vancomycin incorporation. This was actually 

accompanied by a significant decrease (P<0.05) in 

the pH of Ch/ β-GP solution from 6.99±0.02 to 

6.70±0.10 after vancomycin addition. This pH 

decrease was probably the result of the ionization 

of vancomycin carboxylic acid group at pH 6.7 i.e. 

below one of its isoelectric points (pH =7.2) 
35

. The 

pH decrease enhanced the charge density along the 

Ch chain which subsequently required more 

thermal energy to initiate gelation. Similarly, the 

gelation time was also significantly increased from 

2.63 min ±0.15 to 3 min ±0.1.  

TABLE 3: PHYSICAL CHARACTERIZATION OF CH/Β-GP THERMOREVERSIBLE HYDROGELS. 

Parameter Plain autogel Vancomycin loaded autogel 

pH 

Gelation Temperature (
o
C) 

Gelation Time (min) 

6.99 ±0.02 

31.40 ±0.20 

2.63±0.15 

6.70±0.10 

35.50±0.30 

3.00  ±0.10 

 

Morphology study of thermoreversible chitosan 

/β-glycerophosphate hydrogels: The 

morphological architectures of the prepared plain 

and vancomycin loaded Ch/ β-GP thermoreversible 

hydrogel are displayed in Figure 3. The 

micrographs show clearly irregular deeply porous 

structure with rough surface.   

The addition of vancomycin obviously increased 

surface roughness with a decrease in the noticed 

porosity in the plain formula. No drug crystals 

could be seen on vancomycin loaded 

thermosensitive gel indicating the distribution of 

vancomycin in the interior of the gel 
17

. 

.
 

FIGURE 3: SEM OF PLAIN (A) AND VANCOMYCIN (B) CH/ Β-GP THERMOREVERSIBLE HYDROGEL
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In-vitro release of vancomycin from 

thermoreversible chitosan /β-glycerophosphate 

hydrogel: The release of vancomycin from Ch/ β-

GP autogel formula F1 is illustrated in Figure 4a. 

Vancomycin powder, as received, was dissolved 

rapidly achieving 100% of vancomycin release in 

45min. It is obvious that the inclusion of 

vancomycin into Ch/β-GP autogel had sustained 

the drug release where 95.66% ±3.78 of 

vancomycin was released in 21 days. No burst 

release was noticed indicating the proper 

incorporation of the drug in the gel matrix. The 

release kinetic data of vancomycin release from the 

formulated Ch /β-GP gel revealed an n value of 

≈0.8 denoting an anomalous release mechanism 

(coupled erosion-diffusion mechanism).  

 

FIGURE 4: IN-VITRO (A) RELEASE PROFILE OF VANCOMYCIN FROM CH/Β-GP THERMOREVERSIBLE GEL 

FORMULA F1 AND (B) GEL DEGRADATION 

In- vitro enzymatic degradation: Polymers 

biodegradation and accumulation remain the 

biggest challenges for their clinical application in 

drug delivery. In order to predict the 

biodegradation behavior of F1, the weight loss 

method was used and vancomycin loaded Ch/β-GP 

was incubated in PBS pH 7.4 in presence of 

lysozyme, the weight remaining at different time 

intervals for a period up to 3 weeks is illustrated in 

figure (4B). There was a gradual decrease in the 

remaining gel amounts and only 17.57% ±1.43 of 

the prepared gel was retained for 21 days. 

Lysozyme, present in many body fluids was used in 

this study to evaluate the degradation of the gel.   

Because Ch was the main constituent of the gel
 36, 

37
, we assume that the weight loss of the hydrogel 

in lysozyme solution resulted mainly from 

breakage of the glycosidic bonds of Ch molecules. 

Relating these data with those obtained with the 

release of vancomycin revealed that no 

accumulation of the polymers used will be 

expected after drug release. The drug was released 

in-vitro, in a synchronized manner with the 

delivery system degradation, confirming the 

erosion-coupled diffusion drug release mechanism. 

This prolonged vancomycin delivery will also 

eliminate the need for multiple dosing.   

In-vitro microbiological activity: Released 

vancomycin concentrations were found to be above 

the reported minimal inhibition concentration (MIC 

90) for MRSA (=2 μg/mL) 
38

 at all-time points of 

the release study. The lowest vancomycin 

concentration released was 6.28 μg/mL, equivalent 

to 3 folds that of the MIC90 while, the highest 

concentration (191.32μg/mL) was equivalent to 95-

fold of the MIC90.  

Figure 5 illustrates the antibiotic activity of the 

released vancomycin at different time intervals. 

The calculated bactericidal activity of the 48 h 

sample was 93.48% ± 1.61 after 48 hr. This 

antibiotic activity showed slight decrease at each 

successive time point where it significantly 

decreased after 21 days of release study reaching 

74.62% ± 3.54. This slight decrease is probably due 

to the partial hydrolysis of vancomycin in aqueous 

dissolution medium 
21

. We assume that this partial 

hydrolysis does not exist in the body. Further 

confirmation could be withdrawn for future in-vivo 

experiments.  
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FIGURE 5: IN-VITRO ANTIBACTERIAL ACTIVITY 

OF THE PREPARED VANCOMYCIN CH/Β-GP 

THERMOREVERSIBLE HYDROGEL 

CONCLUSION: In this study, developed an 

injectable vancomycin Ch/β-GP thermoreversible 

gel for MRSA treatment with sustained delivery of 

vancomycin was developed. The Ch/β-GP solution 

underwent thermoreversible gelation around body 

temperature. Ch DD, concentration, pH and β-GP 

concentration effects on thermogelation process 

were evaluated. Manipulating the degree of 

deacetylation, concentration, pH of chitosan and 

the concentration of β-GP could lead to a gelation 

temperature for the Ch/β-GP thermoreversible 

hydrogel close to body temperature. The use of 

dialyzed highly deacetylated Ch solution (DD 

94.08%, pH 6.16) reduced the concentration of β-

GP required for gelation at physiological 

concentration which is essential to improve gel 

biocompatibility.  

The prepared system was able to sustain 

vancomycin release for 21 days with no burst 

effect. The gel maintained its structural integrity in 

presence of lysozymes which is essential to avoid 

burst release of drug in-vivo. The released 

vancomycin concentration range was equivalent to 

3 to 95 folds that of the MIC90 of vancomycin 

solution. The bactericidal activity of vancomycin 

was calculated as 93.48% ± 1.61 after 48 h and 

74.62% ± 3.54 in 21 days. This study provides 

rationale for further in-vivo and toxicological 

investigations. 
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