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Tissue engineering is defined by some characteristics such as biocompatibility, biodegradability, low 
immunogenicity, bio absorbability, nontoxicity, rejuvenation, and restoration properties. However, 
3D-Scaffold are used having these characteristics with physical and chemical consideration. In this 
study a three-dimension scaffold was synthesized containing chitosan, Nanohydroxyapatite  as an 
osteoconductive material, AgNO3 as an antiviral as well as anticancer therapeutic agent, and  vancomycin 
that is considered for treating a number of bacterial infections. The behavior of the synthesized scaffold 
as a drug release material was investigated. Scaffolds were synthesized by freeze drying technique 
and characterized by scanning electron microscopy (SEM), Fourier transform infra-red spectroscopy, 
antibiogram method for In vitro tests and UV absorption device for evaluating the drug release behavior. 
It was found that drug delivery of scaffolds depended on the HA and AgNO3 content whereas less 
HA resulted in more drug release  and  AgNO3 postponed the vancomycin release after about 1000 
h examination. Moreover, the diagram of drug delivery system demonstrated the predictable release 
manner of vancomycin in scaffolds. Results of drug delivery tests indicated that AgNO3 have controllable 
efficacy on sustain delivery and with surpassing percentage of Ag, release of vancomycin have been 
extended more than 1 month with 60% delivery of drug.
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چکیده 
ایـن پژوهـش بـه سـنتز و ارزیابـی داربسـت سـه‌بعدی نویـن در مهندسـی بافـت بـا روش خشـک‌کردن انجمـادی می‌پـردازد کـه حوزه‌ای پیشـران و 

بـا ارزش افـزوده بـالا در صنایـع زیست‌پزشـکی و بیومـواد معدنـی بـه حسـاب می‌آیـد. ماتریـس این داربسـت از کیتوسـان، ماده رسـانای اسـتخوانی 

بـا  مقابلـه  جهـت  وانکومایسـین  داروی  و  ضدویـروس  و  ضدسـرطان  عامـل  به‌عنـوان   )AgNO₃( نقـره  نیتـرات   ،)nHA( نانوهیدروکسـی‌آپاتیت 

کارایـی محصـول بـا تکنیک‌هـای SEM، FTIR، آزمون‌هـای آنتی‌بیوگـرام  کتریایـی تشـکیل شـده اسـت. در ایـن مسـیر سـاختار و  عفونت‌هـای با

و طیف‌سـنجی UV بـرای بررسـی رفتـار رهایـش دارو سـنجیده شـد. از منظـر فنـی و اقتصـادی، نتایـج نشـان‌دهنده قابلیـت بـالای تجاری‌سـازی 

فرمولاسـیون به‌دلیـل دسـتیابی بـه رهایـش کنترل‌شـده و پایـدار اسـت؛ عاملـی کـه هزینه‌هـای مراقبـت درمانی و ریسـک شکسـت پیونـد را کاهش 

می‌دهـد. غلظـت ترکیبـات معدنـی و دارویـی نقشـی تعیین‌کننـده دارد: کاهـش nHA منجـر بـه افزایـش شـدت رهایـش دارو شـده، درحالی‌کـه 

بالاتـر،  نقـره  تأخیـر می‌انـدازد. در نمونه‌هـای دارای درصـد  بـه  از ۱۰۰۰ سـاعت  بیـش  تـا  و  را تعدیـل  وانکومایسـین  آزادسـازی   AgNO₃ افزایـش 

آزادسـازی دارو رونـدی کاملاً قابل‌پیش‌بینـی و پایـدار یافتـه و پـس از گذشـت بیـش از یک ماه به ۶۰ درصد کل بارگیری رسـید. تلفیق مواد معدنی 

فرآوری‌شـده )هیدروکسـی‌آپاتیت و نقـره( بـا پلیمرهـای زیسـتی، ایـن محصـول را به گزینه‌ای رقابتی و اسـتراتژیک در صنایع نوین ترمیم اسـتخوان 

و سیسـتم‌های هوشـمند رهایـش دارو بـدل می‌سـازد.

1. s.hadavi@modares.ac.ir

JTIP



Vol 01, No. 01, Spring & Summer 2026 156 Journal of Trade & Industrial Policies (JTIP)

1. Introduction
Due to the importance of tissue engineering, scientists highly focused on this filed of science 

and technology in recent years [Khademhosseini  and Langer, 2016]. However, recent 

research is devoted to bone tissue engineering and in particular to 3D porous scaffold by 

which specific living cells and drugs are released to a tissue in the period of regeneration 

or replacement [Langer and Vacanti, 2016]. Clearance of biopharmaceuticals such as nucleic 

acids, peptides, and amino acid are often confined by feeble stability and quickly out from the 

body. These challenges, are developed novel drug delivery systems that overcome sustained 

delivery obstacles with cooperation pharmaceutical sciences. When a pharmaceutical agent 

is encapsulated within, or attached to, a polymer or lipid, drug safety and efficacy can be 

greatly improved and new therapies are possible [Langer, 1998].

Despite of the research and improvement of methodologies and materials in the field 

of polymer drug delivery, still efforts are focused on this subject. Polymer carriers that are 

accompanied with therapy agents provide adequate condition for temporary controlling 

and release of a drug by dissolution or degradation of the carrier.

Suitable selection of polymer affects the performance of the drug delivery system, as the 

polymer influences directly on efficacy and efficiency of the rate and duration of release. On 

the other hand, some ceramics such as hydroxyapatite (HA) particles has been the subject 

of interest as a drug carrier due to its osteoconductivity and biocompatibility characteristics 

[Hoseinzadeh et al., 2016]. No antibacterial activity of HA particles has been reported [Fragal 

et al., 2016, Kavasi et al., 2017].

Silver ions have been used in medical devices, pharmaceutical products in the treatment 

of various bacterial infections. Alliance HAp, Ag + has been created the situation to utilize 

properties of two elements [Liu and Man, 2017]. Sustained drug delivery of vancomycin was 

depended on the ratio of scaffold materials. In addition, mechanical and physical properties 

must be considered for creation optimized scaffold.

Drug delivery systems (DDS) have been expanded to enhance bone ingrowth and 

regeneration in the treatment of bone defects. Researches have been demonstrated the main 

role of porosity, pore size and interconnected pores in scaffold design and significant effect 

on tissue engineering and DDS application [Ginebra et al, 2006]. Drug delivery systems 

have inherent advantages and limitations. Drug release from any carrier is determined by 

a complex interaction between the drug and polymer in environmental/in vivo conditions. 

Depending on the drug release behavior, drug delivery devices have been classified into 

three major classes: diffusion controlled, chemical processes, controlled, and externally or 

electronically controlled.

Chitosan is a natural polysaccharide and is considered the largest biomaterial after 

cellulose in terms of distribution and utilization and is significant choice for drug delivery 

system as scaffold for repair of bone defects, bone marrow-derived, cartilage healing, bone 

regeneration [Park, 2017]. Chitosan has many physical, chemical and biological properties 
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referred by its functional groups (amino NH2 and hydroxyl OH). Researchers have 

utilized a nanoparticle-embedded chitosan sponge for Topical and Local Administration of 

Chemotherapeutic Agent [Goldberg et al., 2014].

Other researchers investigated the enhancing cell penetration and proliferation in 

chitosan hydrogels for tissue engineering applications and fabrication of porous chitosan 

scaffolds for soft tissue engineering [Ji et al., 2011].

In recent years comprehensive studies have been carried on characteristics of chitosan 

in the drug delivery areas such as  antibiotic drug with using chitosan nanoparticles [Zhao 

et al. 2013], enhance antitumor efficiency by targeted drug delivery via CD44 [Wang et 

al., 2017]. Hydrophobic–hydrophilic interactions between drug-polymer and drug-release 

medium may also effect on the release kinetics [Bose and Tarafder, 2012]. Chitosan/nano 

hydroxyapatite composites have been more application for tissue engineering, because of 

its ability to impel a good proliferative response in osteoblasts [Lee et al., 2014].

Silver is an appropriate choice for targeting treatment in cancer therapy in drug delivery 

fields. Silver nanoparticles (AgNPs), as effective antimicrobial agents with low toxicity, have 

been studied widespread and used in various fields  [Sharma et al., 2009]. Chitosan interacts 

with many metals, including Ag+, Cu2+, Fe3+ and Zn2+. Due to the existence of amine 

(NH-) and hydroxyl (OH-) groups, the chitosan chains easily bind to the Ag+ , the CH/Ag 

beads show a smooth and firm surface which becomes smoother with the increase in the 

AgNPs content because interfacial interactions and intermolecular cross linkers [Freire et 

al., 2016]. Antimicrobial and anticancer activities have been showed in the porous chitosan-

alginate biosynthesized silver nanoparticles, and use of chitosan/silver as a novel carrier 

[Wakure et al., 2016].

Previous studies in XRD patterns have been indicated that Ag is incorporated within the 

HA, combination of HAp and Ag+ ions is the best way for ensuring antibacterial achievement 

with delivery of Ag ions directly to the implant tissue interface [Ciobanu, 2013].

Vancomycin (C66H75Cl2N9O24) have been applied in several applications such 

as chitosan and calcium sulfate scaffold [Doty et al., 2014]. For more than 4 decades, 

vancomycin has been the antibiotic of choice for methicillin-resistant Staphylococcus 

aureus (MRSA) infections. Due to damage to vital organs such as heart and kidneys via 

systemic administration, VCM is preferred to be used locally special in the form of scaffold. 

Beginning in the early 1980s, a dramatic increase in vancomycin use occurred, with a 

>100fold increase occurring over the next 2 decade [Kirst et al., 1998]. 

The antibacterial activities of composite scaffolds were investigated by a zone inhibition 

method [Yang et al., 2017]. Scaffold samples were cut in disk shape with 1.5cm in height 

and 1.4 cm in diameter. Bacillus cereus (B. cereus) ATCC-12228  and staphylococcus aureus 

(S. aureus) ATCC-47077 as Gram + bacteria and Escherichia coli (E. coli) ATCC-25922 as 

Gram– were used for antibacterial studies [Numao et al., 1997]. Using the spread plate 

method, different plates were inoculated with 1 mL of bacterial suspension containing 
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approximately 10cfu/mL of each bacterium. The scaffolds were placed on the inoculated 

plates and were incubated at 37°C for 24 hours. Zones of inhibition were distinguished by 

measuring the clear area formed surrounding each scaffold

2. Materials and Research Procedures
2.1 Reagents and media
Chitosan powder with minimum 85% deacetylated with Mw of 310,000 g/mol, synthetic 

hydroxyapatite nano-powder with purity of more than 97% purchased form Sigma-Aldrich, 

acetic acid 96% with a density of 1.06 g/cm3, vancomycin (chemscene) and AgNO3 obtained 

from Merck were used in this study.

Phosphate buffered saline (PBS) solution was prepared in lab with the following process 

for 1 liter of PBS: 8 g of NaCl (Merck) together with 0.2 g of KCl (Merck), 1.44 g of Na2HPO4 

(Merck) and 0.24 g of KH2PO4 (Merck) was added to 800 ml of distilled water and then 

the pH was adjusted to 7.4 with HCl (Merck) and distilled water to a total volume of 1 liter. 

Materials were freeze-dried after which the frozen water is converted directly into the gas 

phase in sublimation form, which results in pore formation .This method was first utilized 

by Whang et al. to fabricate PLGA scaffolds [Sachlos and Czernuszka, 2003].

2.2 Preparation of scaffolds
Samples preparation has been carried out in 4 laboratory flasks separately. Three volumetric 

flasks the samples C1, C2, C3 were prepared according to Table (1) where acetic acid 2% 

(Merck 96% with a density of 1.06 g/cm3) was used as the solvent. The solutions were 

homogenized with the aid of magnetic rotator with 3500 rpm for 24 Hours. Control sample 

(sample C) was prepared without using AgNO3. Then Ag and vancomycin were added to 

solution in flasks and operation of mixing continued for 48 hours with the same velocity. 

HA nanoparticles were added to the solutions and were mixed for 24 hours. Then the 

mixture was transferred into molds and were kept in freezer at a preset temperature of 

-50°C to solidify the solvent and induce a solid–liquid phase separation. After 12 hours, the 

frozen mixture was transferred into a freeze dryer. Scaffolds have kept in -50ºC condition 

for 3 days. Fig. 1 shows the appearance of the prepared scaffolds.  

Table. 1. Ratios of components in the prepared scaffolds (wt%)

Samples Chitosan HA AgNO3 Van Acid acetic

C1 2.35 0.97 0.04 0.04 96.6

C2 3.00 0.32 0.04 0.04 96.6

C3 1.99 0.97 0.4 0.04 96.6

C 2.39 0.97 0 0.04 96.6
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CC3C2C1

Fig. 1. Prepared samples C1, C2, C3 and C

The morphology and microstructure of the samples before and after examinations were 

studied using optical (Olympus) and scanning electron microscopy (SEM KYKY EM3200). 

The compression test was used with Instron (Model: 4505, UK) by applying load via 1 

n load cell at a crosshead speed of 2 mm/min in ambient conditions. Fourier transform 

infrared (FTIR) spectra were obtained using a Nicolet 5-DXB FTIR spectrometer.

X-ray diffraction (XRD) is a versatile analytical method for the detection and quantitative 

determination of various crystalline phases. XRD data were collected via Philips PW 1710 

diffract meter with Cu Kα radiation (λ= 1.5406 Å) and graphite monochromatic, operated 

at 45 kV; 30 mA and 25ºC.

3. Results and Discussions
3.1 Optical analysis
Increasing the amount of Ag ions in solution change the color of the solution, and hence, 

the final appearance of dried sample (Fig.1). There is progressively color alternation yellow 

to brown when ascending Ag ions percentage indicating the change in the structure of Ag 

when combined with chitosan. As the concentration of silver increases, absorption peak 

decreases, which might probably be due to the formation of clusters, thereby, decreasing 

the formation of Ag ions, as described by others [Wei et al., 2009].

3.2 SEM specification
The surface morphologies of all of the scaffolds were studied by scanning electron 

microscopy. The pores and interconnectivity of porosities are evident from SEM images 

in Fig. 2. Examinations show that the pores in sample C1 were symmetrical and relatively 

uniform, whereas in C2 and C3 samples, pores were irregular in shape and bigger. C1 

sample possesses HA three times of C2 whereas C3 possesses AgNO3 ten times of C1. Fig. 

2 also shows that interconnectivity of the pores is obtained which is important for scaffolds 

for cell growth and vascularization.



Vol 01, No. 01, Spring & Summer 2026 160 Journal of Trade & Industrial Policies (JTIP)

C1 C2

C3 C

Fig. 2. Scanning electron microscopy images of  prepared scaffolds.

The effect of pore size and structure is reviewed by others [Huang et al, 2025]. The porosity 

of the scaffolds was calculated by measuring their dimension and weight. The average pore 

size was calculated from scanning electron microscopy images. A typical porosity of 70% in 

addition a pore diameter of at least 100 µm is known to be compulsory for cell penetration 

and a proper vascularization of the ingrown tissue [Ramay, Zhang, 2004].

The total porosity (P) of scaffolds can be determined by measuring the porosity and 

scaffold volume. For measuring the porosity volume, the scaffold was immersed in ethanol 

alcohol and the absorbed weight was recorded:

𝑣𝑣𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎ℎ𝑜𝑜𝑜𝑜
ρ𝑒𝑒𝑒𝑒ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎ℎ𝑜𝑜𝑜𝑜

 (1)

 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =  
𝑣𝑣𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑣𝑣𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

 (2)

Where ρ scaffold is 0.789 g/cm3. The volume of scaffold is calculated by measuring the 

diameter and  height of the sample. The result is shown in Table (2).
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Table. 2.  Porosity percent in scaffolds studied

C1 C2 C3 C

Diameter of the samples (mm) 27.96 28.2 28.6 28.04

Average height of the samples (mm) 3.7 5.17 5.1 5.18

Volume of scaffold (cm³) 2.272 3.232 3.275 3.202

Weight of alcohol absorbed (gr) 1.36 2.06 2.01 1.79

Volume of pores (cm3) 1.72 2.61 2.55 2.27

ΔV/V 76% 81% 78% 71%

Table 2 shows that increasing in HA percent caused decreasing porosity from 81% to 76%. 

Moreover, results showed increasing AgNO3 in C3 sample enhancing porosity from 76% 

to 78%. Comparison between C and C1 samples indicates that AgNO3 (0.04%) is caused to 

increasing porosity 71% to 76%.

In other words, pore average size and interconnected porosity in SEM images have shown 

that pores with 250 to 500 nm in sample C1 was changed with chitosan and AgNO3 percentage. 

As AgNO3 increased in C3 sample  in comparison with that of C1 sample, pores size was 

decreased with ease of their interconnection.  Moreover, comparison between C1 and C sample 

showed that presence of AgNO3 in scaffold would affect pore size and their interconnection.

3.3 Mechanical analysis
Compressive strength is an important mechanical parameter for porous scaffolds. Therefore,  

a mechanical test was performed to find out the compressive strength of the prepared 

scaffolds. The stress–strain curve obtained was used to determine the mechanical properties. 

Fig. 3 shows the results of the mechanical tests on the prepared scaffolds.

Fig. 3. Stress-strain curves of  the scaffold samples.
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As demonstrated in Fig. 3 maximum compressive strength for C1, C2, C3 and C was found 

as 10.2, 7.6, 12.2 and 5.5 MPa, respectively. The highest amount in C3 sample shows the 

effect of AgNO3 and HA on increasing the compressive strength. The strength of control 

sample without AgNO3 was less than those of C1 and C3 sample and higher than that of 

C2 scaffold. This shows the effect of HA as C sample possess about three times of that in 

C2 sample.  A similar founding was reported by other researchers showing that increasing 

the HA led to an increase in the compressive strength. The incorporation of chitosan 

into scaffold resulted in decreasing of compressive strength due to the weaker interfacial 

bonding between chitosan and HA matrix. Li et al. compared the compressive strengths 

of dense scaffolds with different Chitosan/HA composite ratio and reported the maximum 

compressive strength to be 119.86 MPa at the chitosan/HA ratio of 30:70 [Li et al., 2005]. 

3.4 FTIR Spectroscopy analysis
A small amount of powder was scratched from the surface of the scaffolds, milled with KBr, 

and pressed into a transparent disk for analysis. FTIR spectra were gathered at a resolution 

of 4cm-1 and 256 scans over a range of 400 to 4000 wave numbers (cm-1), according to the 

reference [Liu et al., 2012].

The FTIR spectral analysis of pure chitosan shows common bands at 3436 cm-1, 2912 

cm-1, 1648 cm-1, 1377 cm-1 and 1076 cm-1 that belong to the stretching vibration of OH 

and NH groups, CH group, amide group, COO group of carboxylic acid salt and stretching 

vibration of C O C in glucose unit. The FTIR spectral analysis of hydroxyapatite powder was 

showed 3568, 1461, 1041,570 cm-1 that were related to O-H, CO3, PO4 and Hpo4 bonds, 

according to the references [Lin et al., 2017, Rehman and Bonfield, 1997]. Spectral analysis 

of AgNO3 was illustrated 3333,1370,1029,1629 cm-1 that were reported by other research 

[Popovych et al., 2016, Han et al., 1998]. Some feeble pick in the range of 1000 to 1750 were 

occurred that related to the vancomycin in the scaffolds (Fig. 4).
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C1 C2

C3 FTIR comparison of C1, C2 and C3 samples

Fig. 4. FTIR results of  prepared scaffolds in this study

The peaks in the range of 3000 to 3500 cm-1 represented the O-H and N-H bond that was 

related to HA and chitosan. In the region of 2500 to 3000 cm-1 the peak at 2927 cm-1 was 

related to the  C-H bond in chitosan. In the range of 1000 to 1500 cm-1 the PO4 peak was 

detected with different intensity in C1 and C3 samples. The 566 cm-1 peak was HPO4 in 

all samples. The 1415 cm-1 peak was related to C-N bond that was demonstrated in all 

samples. N-H bond in chitosan was showed at 1638 cm-1.

3.5 XRD Analysis
The structural properties of chitosan-Ag composites were analyzed using XRD technique. 

Peaks of chitosan was at 2θº of 10.5,20,22, and those of Ag at 9, 38.18, and 44.25. 

Hydroxyapatite was exhibited some peaks at 26, 31.5, 32.5, 33, 40, 47, 50, 54 (Fig. 5). Sharp 

peak at 2θ of 9º relates to AgNO3 which shows relatively high amount of this phase in 

sample C3. With decreasing HA in C2 sample, intensity of peaks and also crystallinity were 
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reduced. 

C1 C2

C3

Fig. 5. XRD patterns of  prepared scaffolds

3.6 Antibacterial Activity of scaffolds
The antibacterial activities of composite scaffolds were investigated by a zone inhibition 

method. Fig. 6 shows the appearance of the scaffolds after exposure to different bacteria. 
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Fig. 6. Antibacterial analysis of  the studied scaffolds samples

Diameter of inhibition of each scaffolds against Basillus, S aureus and E. Coli  were determined 

and results are shown in Table 3.
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Table. 3. Diameter of inhibition in antibacterial analysis (mm)

Bacillus S aureus E.Coli

C1 11.3± 1.3 9.4± 1.3 8.5± 1.3

C2 7.8± 1.1 6.2± 1.4 5.9± 1.4

C3 16.7±2.5 14.5± 1.5 13.7± 1.3

Inhibition activity of scaffold samples against three different bacteria is such that C3 

possesses largest diameter whereas C2 showed least diameter. Regardless of the bacteria 

type, increasing AgNO3 and reducing HA resulted in more antibacterial activity.

3.7 Swelling characteristics of the scaffolds
Prior to inserting in phosphate buffered saline (PBS), the weight of each scaffolds sample 

was recorded as Wo. Then, the scaffolds were immersed in the prepared PBS with pH of 7.4, 

at 37ºC for 24 hours. After 24 h, the scaffolds were taken out of PBS, cleansed, dried and 

weighed. The obtained weights of the scaffolds were recorded as Ww. The ratio of swelling 

was determined using the following equation:

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =  (𝑊𝑊𝑤𝑤 −  𝑊𝑊0)
𝑊𝑊0

⁄

Fig. 7 shows the swelling ratios of scaffold samples, which are 26, 53, 32 and 24 for C1, C2, 

C3 and C, respectively. From the results, it is clear that increasing AgNO3 in C3 increased 

the adsorption in comparison with those of C1and C samples. Moreover, reduction of HA 

in sample C2 increased the adsorption and hence, swelling ratio.

Fig. 7.  Percent of  PBS adsorption after 24 hours
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3.8 Determination Drug release
After taking out scaffolds from freeze dryer device, the samples were prepared for drug 

release experiments. This test is indeed the diffusion test of drug from the scaffold. Uniform 

section of scaffolds was prepared and put in falcon tubes with 20 ml of phosphate buffered 

saline (PBS) with pH of 7.4 in a water bath at 37ºC. The drug molecules entrapped in the 

scaffold were released in period of time in PBS environment. In interval of time of 1h, 3h, 

8h the samples were taken out of falcon tube. By using UV absorption device, the amount 

of released drug was determined.

In order to quantify drug release, various mathematical models are proposed and used 

[Martín-Camacho et al., 2023, Azadi et al., 2017, Gomes-Filho et al., 2019]. The Weibull 

equation can be applied to almost all kinds of dissolutions [Hirai et al., 2017]. In the case of  

pharmaceutical dissolution, this equation represent the mass of fraction of drug in solution 

and is given by [Wang et al., 2015]:

𝑀𝑀 =  𝑀𝑀𝑜𝑜  [1 − 𝑒𝑒(𝑡𝑡− 𝑇𝑇 𝑎𝑎⁄ )𝑏𝑏]
Where, M is the amount of drug dissolved as a function of time t, T accounts for the lag time 
measured as a result of the dissolution process, parameter ‘a’ denotes a scale parameter that Where, M is the amount of drug dissolved as a function of time t, T accounts for the lag 

time measured as a result of the dissolution process, parameter ‘a’ denotes a scale parameter 

that describes the time dependence. While ‘b’ describes the shape of the dissolution curve 

advancement it is equal to 1 where the shape of the curve is similar exactly to the shape of 

an exponential profile.

Results of vancomycin release from the studied scaffolds are given in Fig. 8. As it is clear 

from figure, illustrated that with increasing AgNO3 in C3 sample, stability and sustainability 

of delivery enhanced, such that after 1000 hours, only 42% of drug was released in C3 

sample whereas in C2 sample 60% of vancomycin was released. In comparison between C1 

and C2 it is was found that less HA in scaffold resulted in higher drug release from about 

50% in C1 to 60% in C2 after 1000 hours.  

Fig. 8. Release of  vancomycin from studied scaffolds.
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Conclusions
▪▪ The incorporation of chitosan into scaffold resulted in decreasing compressive 

strength due to the weaker interfacial bonding between chitosan and HA matrix. 

▪▪ Regardless of the bacteria type, increasing AgNO3 and reducing HA resulted in 

more antibacterial activity.

▪▪ As AgNO3 increased pores size was decreased with ease of their interconnection. 

Moreover, presence of AgNO3 in scaffold affects pore size and their interconnection.

▪▪ Increasing AgNO3 and reduction of Hydroxyapatite increased the adsorption and 

hence, swelling ratio.

▪▪ With increasing AgNO3, stability and sustainability of delivery enhanced, such that 

after 1000 hours, only 42% of drug was released in C3 sample whereas in C2 

sample 60% of vancomycin was released. less HA in scaffold resulted in higher 

drug release.  
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