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 Polymer has been widely used as the main component for controlled active ingredient 
delivery devices, especially in pharmaceutical field.  Blocked natural rubber (NR) prepared from the 
Hevea brasiliensis latex exhibits high elasticity, flexibility and ease for film forming.  This research 
work aims to prepare the NR wound dressing using casting techniques with organic solvents such as 
dichloromethane (DCM), diethyl ether (DEE) and tetrahydrofuran (THF).  Specific liquids including 
triethyl citrate, distilled water, N-methyl-pyrrolidone (NMP), olive oil, propylene glycol (PG) and 
glycerin were blended individually with NR solution prior to casting into films.  Effect of various 
factors in this fabrication technique such as used solvent, and liquid types together with amount of 
them on the physical properties of NR films were investigated.  Interestingly, the blending of 75 phr 
liquids such as triethyl citrate and glycerin in NR films prepared by DCM exhibited the porous 
structure and higher hydrophilicity with lower elastic modulus than other liquid-loaded NR films.  
Water sorption ability of these porous structures was modified efficiently with an addition of xanthan 
gum which the 20 phr xanthan gum was the proper amount for liquid-loaded NR films for loading 15 
phr gentamicin sulfate (GS).  Burst and slow release behaviors of GS were presented in glycerin and 
triethyl citrate loaded-NR systems, respectively.  NR film comprising 75 phr triethyl citrate and 20 phr 
xanthan gum was selected as GS-loaded NR film because of its sustainable release pattern about 1 
week.  Wound dressing characteristics such as physical properties, compatibility, water vapor 
permeability, adhesion property and antimicrobial activity of selected system were determined for 
potential use as wound dressing.  The presence of bilayer manner with skin-like comprising the dense 
and porous layers was evident on the top and bottom areas, respectively.  This developed wound 
dressing showed the high water sorption, good compatibility and higher hydrophilicity and 
degradability than GS-loaded plain NR films.  In addition, the developed GS-loaded NR films 
presented the nearly similar adhesion properties with commercial dressing and showed the ability to 
inhibit the growth of S. aureus and P. aeruginosa.  Therefore, this selected GS-loaded NR films might 
be used as the wound dressings in low exudates wounds.   
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 พอลิเมอร์ถูกนาํมาใช้อย่างมากในการควบคุมการปลดปล่อยสารออกฤทธิโดยเฉพาะ
ในทางเภสัชกรรม ยางแท่งซึงเตรียมมาจากนาํยางธรรมชาติจากตน้ยางพารา (Hevea brasiliensis) มี
ความยดืหยุน่และโคง้งอสูง และก่อฟิลม์ได ้การทดลองนีทาํการเตรียมวสัดุแต่งแผลจากยางแท่งดว้ย
วธีิโซลเวนแคสติงโดยใชต้วัทาํละลาย คือ ไดคลอโรมีเทน ไดเอทิลอีเทอร์  และ เตตระไฮโดรฟูแรน 
ร่วมกบัของเหลวชนิดต่างๆ คือ ไตรเอททิลซิเตรต นาํกลนั เอ็น-เมทธิล-ไพโรลิโดน นาํมนัมะกอก 
โพรพิลีน ไกลคอล และ กลีเซอรีน การทดลองนีศึกษาถึงอิทธิพลของตวัทาํละลาย ชนิดและปริมาณ
ของเหลวทีใช้ต่อสมบติัทางกายภาพของวสัดุแต่งแผลจากยางธรรมชาติ พบวา่การขึนรูปวสัดุแต่ง
แผลจากยางธรรมชาติโดยใชไ้ตรเอททิลซิเตรตและกลีเซอรีนปริมาณ 75 ส่วนในหนึงร้อยส่วนของ
เนือยางทีละลายในไดคลอโรมีเทนสามารถให้โครงสร้างทีมีความพรุนและมีความชอบนาํและมีค่า
โมดูลสัของยงัทีตาํ ความชอบนาํของโครงสร้างถูกปรับโดยการเติมแซนแทมกมัโดยพบวา่ปริมาณ
ทีเหมาะสมคือ 20 ส่วนในหนึงร้อยส่วนของเนือยาง และโครงสร้างนีใชใ้นการบรรจุยาเจนตามยัซิน
ซลัเฟตปริมาณ 15 ส่วนในหนึงร้อยส่วนของเนือยาง พบวา่วสัดุแต่งแผลทีเตรียมจากไตรเอททิลซิ
เตรตและกลีเซอรีนมีการปลดปล่อยยาทีชา้และเร็วตามลาํดบั โดยวสัดุแต่งแผลจากยางธรรมชาติที
ประกอบดว้ยไตรเอททิลซิเตรตและแซนแทนกมั 75 และ 20 ส่วนในหนึงร้อยส่วนของเนือยาง
ตามลาํดบัถูกเลือกเป็นสูตรตาํรับทีเหมาะสมเนืองจากสามารถควบคุมการปลดปล่อยยาไดป้ระมาณ 
1 สัปดาห์ ต่อมาได้ทาํการศึกษาความเป็นไปได้ในการใช้โครงสร้างดังกล่าวเป็นวสัดุแต่งแผล 
พบว่าโครงสร้างดงักล่าวมีลกัษณะการจดัเรียงตวัเป็นสองชนัโดยมีการเรียงตวักนัแน่นทีดา้นบน
ของแผ่นฟิลมส่์วนดา้นล่างมีรูพรุนเกิดขึน โครงสร้างดงักล่าวมีสมบติัดูดซบันาํทีสูงมีความเขา้กนั
ของส่วนประกอบ มีความชอบนาํและสลายตวัทีสูงกว่าวสัดุแต่งแผลจากยางธรรมชาติทีไม่ได้
ดดัแปลง นอกจากนีโครงสร้างทีพฒันาขึนมีการติดผิวทีใกล้เคียงกบัวสัดุแต่งแผลทีจาํหน่ายใน
ทอ้งตลาดและมีฤทธิในการยบัยงัแบคทีเรีย Staphylococcus aureus และ Pseudomonas aeruginosa 
ดงันนัมีความเป็นไปไดใ้นการใชเ้ป็นวสัดุแต่งแผล  
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Chapter I 

Introduction 

Generally, the rubber tree (Havea brasiliensis) has been employed as the 

mainly sources for production of natural rubber (NR) over century ago.  The origin of 

these trees was reported in the South America (Nakkanong et al., 2008).  For now, the 

products produced from NR have been widely used in the most region of the world.  In 

addition, many medical devices such as glove, condom, balloon, syringe plunger and 

vial stopper are fabricated from this material (Tekasakul et al., 2006).  NR is largely 

manufactured in three countries including Thailand, Malaysia and Indonesia.  Especially, 

Thailand is the biggest supplier to produce and export of NR products which the 

production of natural rubber is about 3.1-3.2 million tons per year and 88-90% of its to 

export to the foreign countries (Saengruksawong et al., 2012).  Unfortunately, the NR 

values are totally decreased from 120 baht/kg at 2011 to about 70 baht/kg at 2014 

because of Thailand crisis (Global rubber markets, 2014).  Thus, the research and 

development concentrated on more applications of NR is quite required for improving of 

NR values.   

Wound dressings have been widely employed for wound management 

because of their function such as keeping the optimum environments for wound healing, 

absorption of wound exudates and bacterial prevention at wound sites.  Nowadays, the 

therapeutic substances-loaded wound dressings are widely fabricated as medicated 

dressing owing to the higher effective treatment of wound (Boateng et al., 2008).  These 

therapeutic substances include povidone-iodine, silver (Meaume et al., 2005), 

dialkylcarbamoyl chloride (Hampton, 2007), gentamicin sulfate (Ruszczak et al., 2003), 

norfloxacin (Denkbas et al., 2004), minocycline (Aoyagi et al., 2007) and tetracycline.  

Thus, most of them are antimicrobial compounds to protect the wound from the 

microbial infection.  The wound dressings are mostly prepared in form of sponges or 

scaffolds and porous films using different techniques such as solvent casting (Xiang et 
al., 2006), gas foaming (Huang et al., 2005), electrospinning (Liang et al., 2007) and 

freeze drying (Boland et al., 2004; Mandal et al., 2008). 
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 Previously, the NR was used to deliver the drug as NR transdermal patches 

loaded with metronidazole (Rondinelli et al., 2011), nicotine (Suksaereea et al., 2012) 

and lidocaine (Boonme et al., 2013).  However, many drawbacks of NR films such as 

quite low adhesiveness, high tack and hydrophobicity should be considered.  The 

previous article reported that addition of hydrophilic polymers such as glycerin into NR 

could improve the water uptake, mechanical properties, hydrophilicity and degradability 

of NR films (Pichayakorn et al., 2012).  Interestingly, the latex of NR is mentioned as 

the wound healing properties by stimulate angiogenesis (Ferreira et al., 2009).  The high 

porous NR structure can be fabricated using gas foaming (Najib et al., 2011; 

Rathnayake et al., 2012) and freeze drying (Pojanavaraphan et al., 2011).  For example, 

the gas foaming techniques were used to create the nanosilver-loaded NR foams using 

potassium oleate as a blowing agent (Rathnayake et al., 2012).  Recently, the NR 

wound dressing is commercialized as Biocure® for treatment of ulcers in diabetic 

patients (Rezaie et al., 2008).     

Gentamicin sulfate (GS) is the aminoglycoside antibiotic which is universally 

used for treatment of bacterial infections.  The bacterial broad spectrum activity of GS 

can especially eliminate the aerobic microorganisms (The United States Pharmacopeial 

Convention, 2008).  Because of these advantages, it is employed to load in wound 

dressing for highly effective treatment of wound.  In case of GS-loaded wound dressing, 

these dressings are commercialized as Collatamp®, Sulmycin®-Implant and Septocoll® 

for treatment of burn wounds (Elsner et al., 2011).       

The aim of this study was to fabricate NR films by using solvent casting 

technique.  Many liquids were blended for modifying the water uptake, mechanical 

properties, hydrophilicity and degradability of NR films and hydrophilic substance such 

as xanthan gum was also used to improve these properties of NR films.  Effect of each 

ingredient on physicochemical properties of NR films such as mechanical properties, 

water sorption and erosion, topology, porosity, hydrophilicity, surface free energy, 

degradability, crystallization and thermal properties was investigated.  The proper NR 

films were tested as a wound dressing for delivery of the GS.  Moreover, the drug 

release pattern and the expected functional properties as wound dressings such as 

antimicrobial activity, adhesive properties and water vapour permeability of GS-loaded 

NR films were also determined. 
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The objectives of this study were: 

1. To investigate the techniques for preparation and the composition of NR wound 

dressing 

2. To study the physicochemical properties of NR wound dressing and the 

physicochemical properties and drug release pattern of GS loaded-NR wound 

dressing  

3. To characterize the expected functional properties as wound dressings 

(antimicrobial activity, adhesive properties and water vapour permeability) of the 

selected GS-loaded NR wound dressing 
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CHAPTER II 

LITERATURE REVIEWS 

1. Wound 

1.1 Introduction 

Normally, a wound is a break or a lesion in the skin resulting from physical 

or thermal damage.  Moreover, the wound includes the presence of an underlying 

medical or physiological condition (Boateng et al., 2008).  However, the world union 

of wound healing societies (WUWHS) also defines the wound as disruption of 

normal anatomic structure and function (Kumar et al., 2005). 

 

1.2 Type of wounds 

Typically, the wound is divided into categories as acute wounds and chronic 

wounds (Lazarus et al., 1994).  Acute wounds are produced by physical or thermal 

damage to skin such as bites, burns, abrasions, traumas and include surgical 

wounds.  The healing duration of acute wounds is expected to complete within 8-12 

weeks or predictable time intervals.  On the other hand, the wounds that cannot be 

healed within 12 weeks are defined as chronic wounds.  There are many types of 

chronic wounds such as leg ulcers, foot ulcers, pressure sores and the unable 

healing wounds.  In addition, the chronic wounds are also produced by peripheral 

vascular disease and metabolic disease such as diabetes mellitus (Boateng et al., 
2008). 

 

1.3 Wound infection  

Wound infection with bacteria or other microorganisms is the most significant 

factor that delays the wound healing process.  This process can be slowed by 

microorganisms compete with the host immune system and subsequently invade the 

viable tissue.  Most wound infections involve aerobes such as Escherichia coli, 
Staphylococcus aureus, Streptococcus pyogenes and Pseudomonas aeruginosa and 

also anaerobes such as Bacteroides fragilis, Peptostreptococcus spp., Clostridium 

spp., Prevotella spp. and Fusobacterium spp. (Brook et al., 1998; Bowler et al., 
2001).  In addition, the microorganisms in both acute and chronic wounds are 
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presented in Table 1.  The effective treatment of wound infection requires a 

reduction of the exogenous microbial contamination such as using appropriate 

wound dressing, using topical and systemic broad-spectrum antimicrobial agents, 

increasing immunity and provision of adequate nutrition. In addition, it is necessary 

to understand the other factors such as the type of wound being treated, the healing 

process, patient conditions and social environment (Bowler et al., 2001). 

 

Table 1 Aerobic and anaerobic isolates from acute wounds (A) and chronic 

wounds (C) (Bowler et al., 2001) 
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2. Wound dressing 

2.1. Introduction  

Wound dressings have been widely employed in the medical and 

pharmaceutical applications.  In the past, traditional dressings such as natural or 

synthetic bandages, cotton wool, lint and gauzes were employed for the 

management of wounds. Their primary function was to keep the wound drying using 

the absorption of wound exudates and preventing entry of harmful bacteria into the 

wound.  However, this behavior is not corresponded to the previous studies.  Past 

studies have shown that a warm moist wound environment achieves more rapid and 

successful wound healing.  Nowadays, the modern dressings are based on the 

concept of creating an optimum warm moist environment to allow epithelial cells to 

move completely for the treatment of wounds.  In addition, the optimum conditions 

also include an appropriate oxygen circulation to aid the regenerating tissues and 

low the levels of bacterial contamination (Boateng et al., 2008).   

 

2.2. Medicated dressings  

The medicated dressings are defined as the dressing which is loaded the 

therapeutic substances such as antibiotics or antiseptics.  Moreover, these 

substances include growth factors, vitamins and minerals for wound healing 

process.  To protect or treat the wound infection, the delivery of antibiotics to local 

wound sites using topical antibiotics or medicated dressings is the preferred option 

rather than the systemic administration (Chu et al., 2006).  Typically, the high 

antibiotic dose of the systemic administration is much higher potential risk for 

toxicity than the local administration.  Advantage of using medicated dressing is to 

provide the tissue compatibility, accelerate wound healing by creating the warm 

moist environment and prolong the release of antibiotics (Doillon et al., 1986).  In 

case of topical antibiotics, the major problem is short contact times at the wound 

and ease to remove.  In addition, there is also lack of ability to remove the high 

exudates from wound sites.   

Therefore, the medicated dressings have been widely used for the treatment 

of infected wound in both acute and chronic wounds.  Nowadays, these dressings 

are reported for delivering many therapeutic substances such as povidone-iodine, 
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silver (Meaume et al., 2005), dialkylcarbamoyl chloride (Hampton, 2007), gentamicin 

sulfate (Ruszczak et al., 2003), norfloxacin (Denkbas et al., 2004), minocycline 

(Aoyagi et al., 2007) and tetracycline.  Especially, the formulations of medicated 

dressings such as silver, dialkylcarbamoyl chloride and gentamicin sulfate are 

marketed in the most area of the world. 

 

2.3. Fabrication of medicated dressings 

Normally, the medicated dressing is fabricated from polymers which poses 

as a carriers for the delivery of therapeutic substances to the wound sites such as 

poly(lactide-co-glycolide) (Katti et al., 2004), poly(vinyl pyrroli-done) (Hoffman et al., 
2002), chitosan (Denkbas et al., 2004; Aoyagi et al., 2007), collagen (Maeda et al., 
2001), hyaluronic acid (Yerushalmi et al., 1994; Luo et al., 2000) and sodium 

alginate (Gu et al., 2004; Meaume et al., 2005).  One of ideal characteristics of 

wound dressings is the high porous structure for effective removal the exudates at 

the wound sites.  Hence, these dressings are typically fabricated in form of sponges 

or scaffolds and porous films.  In previous report, wound dressing could be 

prepared as the high porous structure using different techniques such as solvent 

casting (Xiang et al., 2006), gas foaming (Huang et al., 2005), electrospinning (Liang 

et al., 2007) and freeze drying (Boland et al., 2004; Mandal et al., 2008).  Especially, 

the solvent casting method is very simple and inexpensive for preparation of the 

film.  Moreover, it does not require any sophisticated equipment since it is totally 

based upon the evaporation of solvent to form the free film.  The pore size can be 

easily controlled by setting the type and amount of poring agent.  However, the 

drawback of this technique is the remaining toxic solvent which is possibly harmful.  

Thus, the used solvent must be completely removed for safety.   

 

2.4. Properties for the ideal wound dressing (Jones et al., 2006) 

In facts, no one dressing is suitable for all type of wounds.  In some case, 

the wound can be healed using the different types of dressings together.  However, 

the ideal wound dressing should provide the functions such as promotion of the 

warm moist environment at wound site, protection of the wound from bacteria, 

physical and thermal damage, easy removal from wound site and allowance for 
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gaseous exchange with environment.  Furthermore, the properties such as long 

shelf life, high cost effectiveness and non toxic and non allergic substances are also 

required for ideal wound dressing,  

 

2.5. Other properties for the ideal wound dressing 

Normally, the main objective of ideal wound dressing is healing the wound 

by creating the warm moist environment.  However, the important factor that delays 

the wound healing process is the wound infection (Boateng et al., 2013).  Hence, 

the containing of antibiotics in wound dressing is totally required for elimination of 

microorganisms at wound sites (Peles et al., 2012).  Furthermore, the other 

properties for ideal wound dressing also include the good adhesive properties, 

water vapor permeability and oxygen permeability.  In fact, the low adherence of 

wound dressing to the wound surface is required for easily removed without pain 

(Waring et al., 2009).  For the water vapor permeability, the good wound dressing 

must control the water loss from wound with the optimum rate.  The water vapor 

permeability of ideal wound dressing is about 2000-2500 g/m2/day for wound 

healing (Queen et al., 1987).  For oxygen permeability, the high oxygen circulation 

at wound can promote the movement of epithelial cells to replace the damaged 

tissue.  Thus, the optimum gaseous exchange is required for ideal wound dressing.    

 

3. Natural rubber (NR) 

3.1. Introduction 

Natural rubber (NR) is excellent elastic polymer which obtains from the 

Havea brasiliensis in form of milky fluid or white latex.  The latex is employed as the 

raw material for five intermediate forms of natural rubber products.  These products 

comprise ribbed smoked sheets, air dried sheets, block natural rubber, crepe rubber 

and concentrated natural rubber latex.  Because of its excellent elasticity and ease 

to form film, NR has widely used as medical devices such as gloves, condoms, 

balloons, syringe plungers and vial stoppers (Tekasakul et al., 2006).   

Nowadays, many types of natural rubber product in form of sheets, block 

rubber and latex have been used in the most area of the world.  However, natural 

rubber is produced mainly in three countries such as Thailand, Malaysia and 
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Indonesia.  Thailand is the largest source to produce and export the natural rubber 

products.  In Thailand, the total production of natural rubber is about 3.1-3.2 million 

tons per year.  About 88-90% of it is exported to the foreign countries.  Thailand 

has also continuously increased the area and capacity of natural rubber production 

(Saengruksawong et al., 2012). 

 

3.2. Descriptions  

Natural rubber latex (NRL) contains natural rubber particles dispersed in an 

aqueous serum.  The chemical structure of these particles is cis-1,4-polyisoprene as 

shown as Fig. 1.  Composition of natural rubber particles is presented in Fig. 2.  

Major content of these particles is the rubber hydrocarbon (93.4%) which is 

encapsulated by proteins (2.2%) and phospholipids (1.0%).  In addition, it also 

consists of lipids (2.4%), carbohydrates (0.4%), inorganic substances (0.2%) and 

other (0.1%).  Especially, the protein presented in natural rubber latex can cause 

the latex allergy that occurs after the skin or mucous membrane exposure (Sell et 
al., 2012).   

 
Fig. 1 Chemical structure of natural rubber (Blackley, 1997) 

 
Fig. 2 Composition of natural rubber (Cockbain and Phipott, 1963) 
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3.3. Natural rubber properties 

Generally, the NR properties include excellent elasticity, high tack, high 

resistance to tear and extend, high insulating capacity, abrasive and chemical 

resistance, ability to flex at low temperatures and availability for a wide temperature 

range between -55 ºC and 70 ºC. 

 

3.4. Block natural rubber 

Drawbacks of NRL, it contains the protein which can cause the latex allergy.  

Hence, there have been many researches to reduce the protein of NRL such as the 

preparation of deproteinized NRL and block natural rubber.  Deproteinized NRL has 

fabricated by enzyme treatments and centrifugation (Suksaereea et al., 2012; Panrat 

et al., 2012; Pichayakorn et al., 2013). 

Block natural rubber are made from the natural rubber latex or sheets using 

the thermal and chemical processes and packed into the blocks.  It has been widely 

used in US and European markets.  Standard Thai Rubber (STR) is types of rubber 

which is subdivided into categories such as STR5L STR5CV, STR10CV, STR20CV, 

STR5, STR10, and STR20 which the lower number indicates more purity and lower 

protein contents.  STR5L and STR5CV are prepared using the natural rubber latex 

as a raw material.  STR10CV, STR20CV, STR5, STR10, and STR20 are also 

fabricated using sheet rubber as raw materials.  Indeed, the block natural rubber 

also classified as Standard Malaysia Rubber (SMR) and Standard Indonesia Rubber 

(SIR).  The quality of STR is presented in detail as shown in Table 2.  The 

parameters such as dirt, ash, nitrogen, volatile matter, initial plasticity (P0) and 

plasticity retention index (PRI) are used as criteria to evaluate the quality of STR.  

The PRI of NR is expressed as percentage ratio for plasticity of oxidized NR to 

plasticity of non-oxidized NR.  Both of plasticity is measured on NR before and after 

treated with oxidized standard condition (140 C, 30 min).  In addition, the P0 is also 

called the initial plasticity or plasticity of non-oxidized (Chukwu et al., 2010). 
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Table 2 Quality of Standard Thai Rubber (STR) (Sorsom, 2009) 

 

Parameter 

 

 

Raw material 

STR 

XL 

STR 

5L 

STR 

5 

STR 

5 CV 

STR 

10 

STR 

10 

CV 

STR 

20 

STR 

20 

CV 

Latex Latex/Sheet Sheet 

Dirt content (% w) <0.02 <0.04 <0.04 <0.04 <0.08 <0.08 <0.16 <0.16 

Ash content (%w) <0.40 <0.40 <0.60 <0.60 <0.60 <0.60 <0.80 <0.80 

Nitrogen (%w) <0.50 <0.60 <0.60 <0.60 <0.60 <0.60 <0.60 <0.60 

Volatile matter (%w) <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 

Initial plasticity (P0) ≤35 ≤35 ≤30 - ≤30 - ≤30 - 

Plasticity retention 

index (PRI) 
≤60 ≤60 ≤60 ≤60 ≤50 ≤50 ≤40 ≤40 

 

3.5. Applications 

Generally, the NRL has been widely used as film formula in many 

applications such as tubing, balloon and glove in medical applications.  Because of 

the interesting properties such as elasticity, flexibility, low cost and ease for film 

forming, NRL has also been developed for pharmaceutical applications (Panrat et 
al., 2012; Simcharoen et al., 2012). For example, the systems have been fabricated 

as NRL transdermal patches containing metronidazole (Herculano et al., 2011), 

nicotine (Suksaereea et al., 2012) and lidocaine (Boonme et al., 2013) for drug 

controlled release.  The NRL matrix tablets have been developed for loading 

propranolol hydrochloride by using NRL as a binder (Panrat et al., 2013).  

Furthermore, NRL has been fabricated into peel-off masks for removing pimples and 

providing moisture to facial skin (Pichayakorn et al., 2013).  However, NRL film was 

quite low adhesiveness, high tack and hydrophobicity.  Therefore many other 

polymers were blended with NRL such as sodium carboxymethyl cellulose, methyl 

cellulose, or polyvinyl alcohol for improving the NRL film properties such as physical 

appearances, mechanical properties, water uptake and erosion properties.  

Moreover, the plasticizer such as glycerin or dibutyl phthalate was also added to 
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enhance the water uptake, mechanical properties, hydrophilicity and degradability of 

NRL films (Pichayakorn et al., 2012). 

NR has prepared into the high porous structure by using gas foaming (Najib 

et al., 2011; Rathnayake et al., 2012) and freeze drying (Pojanavaraphan et al., 
2011).  For example, the nanosilver-loaded NRL foams are fabricated by using gas 

foaming techniques with potassium oleate as a blowing agent (Rathnayake et al., 
2012).  The nanosilver-loaded NRL foam exhibited the high stability, antibacterial 

and antifungal properties.  The low density NR/clay aerogel composites are 

fabricated by using freeze drying techniques with sulfur monochloride as a cross-

linking agent.  These structures exhibit the porous structure with higher mechanical 

properties.  However, the drawbacks of gas foaming techniques commonly were the 

use of chemical substances as a blowing agent and high processing temperature.  

These factors may denature the bioactive compounds within the scaffolds or 

sponges.  The drawbacks of freeze drying techniques are limited to small pore size 

and a long processing time (Subia et al., 2012). 

In previous report, the wound healing property of NRL had been investigated 
(Ferreira et al., 2009).  The result showed that NRL films could induce the vessel 

growth in the chick chorioallantoic membrane assay (CAM) by stimulate 

angiogenesis and other mechanisms.  These other mechanisms were cellular 

adhesion, formation of extracellular matrix and promoting the regeneration of tissue.  

Nowadays, NRL wound dressing is now commercialized in Brazil and other 60 

countries as a curative patch (Biocure®) for treatment of ulcers in diabetic patients 

and other applications (Rezaie et al., 2008).     

 

4. Gentamicin sulfate (GS) 

4.1. Introductions 

Gentamicin sulfate (GS) is a bactericidal broad spectrum antibiotic which is 

defined as aminoglycoside antibiotic.  Due to susceptible gram-negative aerobic 

microorganisms, it is widely used for the treatment of bacterial infections both in 

humans and animals.  It is available in many dosage forms such as solutions, 

ointments and topical creams.  Mainly, the medical indication of GS includes sepsis, 

endocarditis, neutropenia, fever, ulcers, nosocomial pneumonia, pyelonephritis, 
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osteomyelitis, meningitis, burn wound and wound infection treatments.  Most 

indications as above mentioned are approved for adults, children and neonates 

(Sweetman, 2007). 

 

4.2. Descriptions 

The appearance of GS is white or almost white powder.  It is freely soluble 

in water.  It is practically insoluble in alcohol.  The powder is mixture of sulfate and 

antibiotic substances which is produced by Micromonospora purpurea.  In additon, 

the powder is hygroscopic substance.  Normally, the aminoglycoside antibiotic is 

drug complex which is formed by closely related components.  In case of GS, it 

comprises 5 main components C1, C1a, C2, C2a and C2b.  The chemical structure 

and formula of these are presented in Fig. 3.  The molecular weight of these 

substances is dependent the form of major components such as C1 = 477.6, C2 = 

449.5 and C3 = 463.6.  The melting point of GS is between 218 ºC and 237 ºC 

(Budavari et al., 2006).    

 
Fig. 3 Structure of GS (Budavari et al., 2006)    
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GS is poorly absorbed in the gastrointestinal tract.  For pharmacokinetics, 

the average peak plasma concentration is about 4 mcg/mL for patients with normal 

renal functions.  The plasma-protein binding of GS is low.  The volume distribution 

is 0.3 l/kg.  The elimination half-life in normal patients is about 2-3 hours.  

Moreover, it is excreted in the urine by glomerular filtration.  For the mechanism of 

action, it eliminates the gram-negative bacteria by irreversibly binding with 30S 

subunit of bacterial ribosomes.  Subsequently, these actions lead to inhibition of 

protein synthesis in bacterial cells (Sweetman, 2007).     

 

4.3. Applications 

Normally, GS has been most commonly used as a topical antimicrobial 

agent for the treatment of wound infections.  Due to susceptible microorganisms, it 

is also used for superficial eye and ear infections such as conjunctivitis, keratitis and 

otitis.  In some case of ocular infections, it is usually combined with topical 

corticosteroids for the treatments.  Furthermore, it is approved for the serious 

infections caused by Pseudomonas aeruginosa, Escherichia coli, Proteus, Klebsiella, 
Serratia, Enterobacter, Citrobacter and Staphylococcus species. 

Nowadays, GS-loaded collagen sponges had been fabricated for the 

treatment of burn wounds such as Collatamp® Sulmycin®-Implant and Septocoll® 

(Elsner et al., 2011).  Especially, Collatamp® is commercialized in Germany and 

other countries as a medicated dressing for the treatment of wound infection and 

burn wounds.  This wound dressing is incorporated with the drug per area at 2 

mg/cm2.  In addition, these products have been found to accelerate both granulation 

tissue formation and epithelialization.  Due to loading GS, these products also 

protect the recovering tissue from potential infection or re-infection (Ruszczak et al., 
2003).   

Fabrication of GS-loaded wound dressing by different methods has been 

reported such as solvent casting technique (Peles et al., 2012) and freeze-drying of 

an inverted emulsion technique (Elsner et al., 2011).  However there has not been 

reported about GS-loaded wound dressing using NR as the matrix sponge. 
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4.4. Safety 

 In case of overdose administration, it caused for the nephrotoxicity, 

ototoxicity, neuromuscular blockage and respiratory paralysis.  GS does not indicate 

for the renal impairment patients because it is eliminated by glomerular filtration.  

The contraindications of GS also include hearing impairment, sulfite sensitivity, 

obesity and elderly patients. 

 

5. Xanthan gum 

5.1. Descriptions 

Normally, xanthan gum is a high molecular weight polysaccharide gum that 

produced by the fermentation of bacteria (Xanthomonas campestris).  This 

bacterium causes the disease called as black rot in cabbage.  The appearance of 

xanthan gum is a cream or white powders.  It is soluble in warm or cold water but 

practically insoluble in ethanol and ether.  For the chemical structure, each of repeat 

unit mainly contains the two glucose units, two mannose units and one glucuronic 

acid.  The structure of these polymers is shown in Fig. 4.    

 

 
Fig. 4 Structure of xanthan gum  

(Stokke et al., 1998; Born et al., 2005) 
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5.2. Physicochemical properties 

The molecular weight of xanthan gum is about 1,000,000.  The melting and 

freezing points are 270 ºC and 0 ºC respectively (Rowe et al., 2009).  Its aqueous 

solution is highly viscous at low polymer concentrations.  The pH of these solutions 

is about 6-8.  In addition, the other physicochemical properties of xanthan gum are 

shown in Table 3. 

 

Table 3 Physicochemical properties of xanthan gum (Garcia-Ochoa et al., 2000) 

 
 

5.3. Applications 

Because of highly viscous properties, xanthan gum is widely used in many 

industry such as food, cosmetic, agriculture, petroleum production and 

pharmaceutics.  In pharmaceutical field, it is used as suspending agents, stabilizing 

agents and sustained-release agents in oral and topical formulations.  Especially the 

emulsion formulation, it is also used as thickening and emulsifying agents.  In brief, 

xanthan gum is compatible with most pharmaceutical ingredients.  It has good 

stability and viscosity properties for a wide temperature and pH range.  In the 

sustained-release dosage forms, the drug is controlled release by gelling ability of 

xanthan gum (Dhopeshwarkar and Zatz, 1993).   

For example, the diltiazem matrix tablet has been employed xanthan gum as 

a sustained-release agent (Peh and Wong, 2000).  Konjac glucomannan and 

xanthan gum were added into controlled release cimetidine matrix tablets (Fan et al., 
2008).  Furthermore, xanthan gum was also used in combination with other 

polymers such as chitosan (Phaechamud and Ritthiddej et al., 2007), guar gum, 

galactomannan and sodium alginate (Zeng et al., 2004) for preparing sustained-
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release tablets.  In case of transdermal drug delivery, xanthan gum has been used 

as sustained-release agent in formulation of atenolol films (Mundargi et al., 2007).    

Xanthan gum has been used to promote the adhesive properties for 

pharmaceutical formulations.  Because of these properties, it can improve the 

therapeutic activity of ophthalmic dosage forms by increasing the contact times in 

the corneal area (Ceulemans et al., 2002).  It has been also employed as a 

mucoadhesive sustained-release excipient for buccal drug delivery (Park and 

Munday et al., 2004).  It has also been used as a gelling agent for topical 

formulation (Pople and Singh, 2006). 

In previous report, xanthan gum was blended with block natural rubber to 

fabricate the pressure sensitive adhesive patches.  The rubber was prepared by 

crushing with 2-roll mill at 150 ºC for 60 minutes.  These adhesive patches notably 

exhibited the increasing of water sorption.  The peel strength was decreased when 

amount of xanthan gum was increased.  The excellently compatibility between NR 

and xanthan gum was reported.  In addition, these adhesives patches were very 

similar to commercial skin patches (Sorsom, 2009). 

 

5.4. Safety 

Xanthan gum is non-toxic and non-irritant at the normal concentration levels.  

According to this reason, it is widely used in many fields such as oral and topical 

pharmaceutical formulations, cosmetics and food industries.  The World Health 

Organization (WHO) defines the acceptable daily intake (ADI) of xanthan gum about 

10 mg/kg body-weight (Rowe et al., 2009).  The median lethal dose (LD50) of 

xanthan gum by using many routes in different animals is shown in Table 4. 

   

Table 4 Median lethal dose (LD50) of xanthan gum (Rowe et al., 2009) 

Animals Routes LD50 (g/kg) 

Dog Oral > 20 

Rat Oral > 45 

Mouse Oral > 1 

Mouse Intraperitoneal > 0.05 

Mouse Intravenous 0.1-0.25 
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6. The release kinetic models  

6.1. Introductions 

There are many kinetic models to describe the release profile of drug from 

different dosage forms.  These models are based on different mathematical 

functions.  The common models to determine a drug release profile are zero-order, 

first order, Higuchi’s and power law models (Kalam et al., 2007; Dash et al., 2010). 

 

6.2. Zero order model 

Drug dissolution from pharmaceutical dosage forms that do not disaggregate  

can be represented by the following equation (Kalam et al., 2007), 

A0 - At = kt     (1) 

 

Where,   A0: initial amount of drug in the dosage form 

 At: the amount of drug in the dosage form at time (t) 

 k: the proportionality constant 

 

Dividing this equation by A0: 

1 - (At/A0) = k0t       (2) 

 

Where 1 - (At/A0) represents the fraction of drug dissolved in time (t) and the 

zero order release constant (k0).  To study the release kinetics, data obtained from 

the in vitro drug release studies is plotted between cumulative amounts of drug 

released versus time.  The graphical representation will be linear.  This relationship 

can be used to determine the drug release from several types of modified release 

pharmaceutical dosage forms such as some transdermal systems, matrix tablets 

with low soluble drugs in coated forms and osmotic systems etc.  It is the ideal 

method of drug release in order to achieve a prolonged pharmacological action that 

the drug is released the same amount by until time.  This result indicates that drug 

release depending on time (Kalam et al., 2007; Dash et al., 2010). 
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6.3. First order model 

The first order release kinetic was first developed by Gibaldi and Feldman in 

1967 and later by Wagner in 1969 to describe drug release kinetic depending on 

the concentration as shown below (Kalam et al., 2007),  

Log At = LogA0 + K1t/2.303    (3) 

 

Where, A0: initial amount of drug in the solution 

 At: the amount of drug released at time (t) 

 k1: first order release constant 

The graphic of the decimal logarithm of drug released verses time will be 

linear.  This relationship can be used to determine the drug release of water soluble 

drug from porous matrices.  The release of drug is proportional to the amount of 

drug released by unit time diminish.  The first order kinetics indicates the drug 

release depending on concentration (Costa and Lobo, 2001).   

 

6.4. Higuchi model 

This model is developed by Higuchi in 1961 to study the release of water 

soluble and low soluble drugs incorporated in semisolid and solid matrices.  Initially 

conceived for planar systems, it was then extended to different geometrics and 

porous systems.  This model is based on the hypotheses that the first, initial drug 

concentration in the matrix is much higher than drug solubility.  Second, drug 

diffusion takes place only in one dimension (edge effect must be negligible).  Third, 

the drug particles are much smaller than system thickness.  Fourth, the matrix 

swelling and dissolution are negligible.  Fifth, the drug diffusivity is constant.  Finally, 

the perfect sink conditions are always attained in the release environment (Dash et 
al., 2010).  Accordingly, model expression is given as (Kalam et al., 2007), 

   A = [D (2C – Cs) Cst]
1/2            (4) 

 

Where,  A: the amount of drug released in time (t) per unit area 

 C: the initial drug concentration 

 Cs: the drug solubility in the matrix media  

 D: the diffusivity of drug molecules in the matrix substance  
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To study the dissolution from a planar heterogeneous matrix system, where 

the drug concentration in the matrix is lower than its solubility and the release 

occurs through pores in the matrix, the relation obtained (Kalam et al., 2007), 

   A = Dε/τ (2C-εCs) Cst      (5) 

 

Where,  ε: the porosity of the matrix 

 τ: the tortuosity of the matrix  

 D, Q, A, Cs and t: meaning assigned above 

In a general way it is possible to simplify the Higuchi model as (Kalam et al., 
2007), 

  A = KHt
1/2       (6) 

 

Where,  KH: the Higuchi dissolution constant  

This relationship can be used to determine the drug release from modified 

release dosage forms such as some transdermal systems and matrix tablets with 

water soluble drug (Costa and Lobo, 2001). 

 

6.5. Hixson-Crowell cube root law 

 To evaluate the drug release with changes in the surface area and the 

diameter of the particles or tablets, Hixon-Crowell in 1931 (Kalam et al., 2007) 

recognized that the particle regular area is proportional to the cubic root of its 

volume as shown in eq. 11 

 

  W0
1/3 - Wt

1/3 = k      (7) 

 

where W0 is the initial amount of drug in the dosage form, Wt is the 

remaining amount of drug in the dosage format time ’t’ and k is a constant 

incorporating the surface volume relation.  
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6.6. Power law (Korsmeyer-Peppas) model 

This model is developed by Korsmeyer et al. in 1983 to describe the 

mechanisms of drug release kinetic based on drug diffusion, polymer swelling and 

erosion or both phenomena (Costa and Lobo, 2001).  The release mechanism of 

drug is indicated by the value of n according to the equation (Kalam et al., 
2007).The different characterized n values depend on the shape of matrix tablet as 

describes in Table 5. 

At/A∞ = ktn     (8) 

 

 Where, At/A : fraction release of drug  

k: constant incorporating structural and geometric characteristic 

of the dosage form 

 n: exponent value indicated the drug release mechanism 

 

Table 5 The n value and drug release mechanisms from different geometric tablet 

dosage forms (Siepmann and Peppas, 2012).  

 

Exponent, n 
Drug release mechanism 

Thin film Cylinder Sphere 

0.5 0.45 0.43 Fickian diffusion 

0.5<n<1.0 0.45<n<0.89 0.43<n<0.85 Anomalous transport 

1.0 0.89 0.85 Case-II transport 

 

The Fickian diffusion or case-I transport indicates to the drug release based 

on the drug diffusion.  Case-II transport indicates the drug release based on the 

polymer swelling.  Case-II transport may be referring to the zero order kinetic which 

the drug release depends on time.  The anomalous transport indicates that the drug 

release depends on both drug diffusion and polymer swelling phenomena.  It is 

referred to the first order release kinetic (Kalam et al., 2007; Siepmann and Peppas, 

2012). 
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7. The release kinetic for wound dressing  

Commonly, the wound dressings are fabricated in the high porous structure 

forms such as sponges and porous films. For the drug release profile studies, the 

determination of drug release from these structures is required.  There are many 

method to define the drug release from these structures such as immersion (Elsner 

et al., 2011; Peles et al., 2012) and franz diffusion cell techniques (Thu et al., 2012; 

Boateng et al., 2013).  For immersion techniques, these methods are conducted in 

closed tube or glass container which the test specimen is added into the buffer 

medium at 37±0.5 ºC, 50 rpm.  The drug-loaded dressings is cut and immersed in 

prepared container.  Subsequently, the medium sample is periodically withdrawn at 

each sampling time to analyze and was replaced with fresh buffer in an equal 

volume (Elsner et al., 2011). 

The drug release patterns are different by many factors such as molecular 

weight, solubility particle size and dose (Maderuelo et al., 2011).  For example, high 

molecular weight drug releases slower than the low molecular weight drug because 

the high molecular weight drug can diffuse slower through pore.  High solubility drug 

can simply dissolve and diffuse out to the medium.  The larger particle size drug 

takes more time to soluble and release.  Initial higher dose of drug can release 

faster than the initial lower dose.  In addition, the added polymer properties such as 

type, molecular weight, and amount of polymer also importantly influence the drug 

release performance.   

For the polymeric wound dressing, the drug release from these structures is 

influenced by many factors such as pore formation, swelling to form a gel, erosion 

of the polymer and diffusion of drug through the gel layer (Garg et al., 2012).  

Generally, the release pattern of wound dressing could be the biphasic release 

which exhibited an initial burst release followed by sustained release, respectively 

(Elsner et al., 2011; Renuka et al., 2012).   

In case of antibiotics-loaded wound dressings, the high drug release is 

providing to eliminate the high bacterial contents which may be present in the 

biofilm at wound sites.  Subsequently, the sustained release is essential to prevent 

the wound healing process from the reinfections.  The burst release relates to the 

diffusion of the drug from matrix systems.  The sustained release also depends on 
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the degradation of the matrix systems (Elsner et al., 2011; Peles et al., 2012).  

Finally, the cumulative percentage of drug release patterns is fitted with different 

mathematical release equations for examining the release kinetic.   

    

8. MicroMath® ScientistTM for WindowsTM 

ScientistTM is designed to provide a comprehensive solution to the problem 

of fitting experimental data to mathematical models (MicroMath, 2006).  It is a 

comprehensive modeling, data analysis, curve fitting (regression), and graphing 

application for scientists and engineers.  It can fit almost any mathematical model 

from the simplest linear functions to complex systems of differential equations, non-

linear algebraic equations or models expressed as Laplace transforms (MicroMath, 

2006).  The Scientist Chemical Kinetic Library is a set of chemical kinetics models 

that can be used to simulate or analyze experimental data.  The Chemical Kinetic 

Library includes models for zero, first and second order irreversible reactions, first 

order reversible reactions, and parallel first order irreversible reactions with up to 

three products.  This program used for fitting the drug release data has been 

previously reported (Mahadlek, 2008) 

Least square fitting the experimental dissolution data (cumulative drug 

release > 10% and up to 80%) to the mathematical equations (power law, first 

order, zero order, Higuchi’s and cube root) was carried out using a nonlinear 

computer programme, Scientist for windows, version 2.1.  The coefficient of 

determination (r2) was used to indicate the degree of curve fitting.  Goodness-of-fit 

was also evaluated using the Model Selection Criterion (msc) (MicroMath, 1995), 

given below.   

 

   (9) 

Where, Yobsi: observed values of the i-th point 

 Ycal: calculated values of the i-th point 

 Wi: weight that applies to the i-th point 

 n: number of points  

 p: number of parameters 
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Chapter III 

Method of study 

1. Materials 

1.1 Model drug 

Gentamicin sulfate (GS) (kindly supplied by The Government Pharmaceutical 

Organization, Bangkok, Thailand) 

 

1.2 Chemicals 

Acetone (Grade AR, A 1084-1-2500, Qrec, New Zealand) 

Acetonitrile (batch No. 10-12-0367, Rci labscan, Bangkok, Thailand) 

Block natural rubber (STR 5L, Chalong Latex Industry Co., Ltd., Songkhla Thailand) 

            Dirt (retained on 44  aperture) 0.007% w/w 

            Ash 0.21%w/w 

            Volatile matter 0.30%w/w 

            Nitrogen 0.40%w/w 

            Colour (Lovibond scale) 4.5 

            Initial wallacc plasticity (P0) 40.7, range 39-43 
            Plasticity retention index 80.8 PRI 

Boric acid (Grade AR, B 5010-1-0500, Qrec, New Zealand) 

Dichloromethane (DCM) (Grade AR, D 3056-1-2501, Qrec, New Zealand) 

Diethyl ether (lot. K37B19, J.T. Baker, U.S.A.) 

Disodium hydrogen phosphate (batch No. AF405300, Ajax Finechem, Seven Hills, 

Australia) 

Glacial acetic acid (Grade AR, A 1020-1-2501, Qrec, New Zealand) 

Glycerin (SR Lab Co., Bangkok, Thailand) 

Hexane (Carlo erba, Rodano, Italy) 

Isopropyl alcohol (Grade AR, PR 141-1-2500, Qrec, New Zealand) 

Mercaptoethanol (lot no. LB0727A09, Loba Chemie, Mumbai, India) 

Methanol (Grade HPLC, batch No. 04-03-01-89, Lab-Scan, Ireland)
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N-methyl-pyrrolidone (NMP) (Fluka, New Jersey, USA) 

Olive oil (lot no. L9126R H1336, Sino-Pacific Trading Co, Ltd., Bangkok Thailand) 

O-phthaldialdehyde (lot no. BCBG4344V, Sigma-Aldrich, MO, USA) 

Polyethylene glycol (PEG) 400 (PC Drug Center, Bangkok, Thailand) 

Potassium chloride (batch No.AF501338, Ajax Finechem, Seven Hills, Australia) 

Potassium dihydrogen phosphate (batch No. AF501339, Ajax Finechem, Seven 

Hills, Australia) 

Potassium hydroxide (batch No.1106247, Ajax Finechem, Seven Hills, Australia) 

Propylene glycol (SR Lab Co., Bangkok, Thailand) 

Sodium 1-heptanesulfonate monohydrate (lot no. 0001374586, Sigma-Aldrich, MO, 

USA) 

Sodium borate (lot no. 552612, PC Drug Center, Bangkok, Thailand) 

Sodium chloride (lot No. C27348, J.T. Baker, Malaysia) 

Tetrahydrofuran (THF) (QReC, New Zealand) 

Thioglycolic acid (lot no. LL11961111, Loba Chemie, Mumbai, India) 

Triethyl citrate (lot no. BCBBF0400, Sigma-Aldrich, MO, USA) 

Xanthan gum mesh size 180 # passed (CP Kelco US, Chicago, USA) 

 

2. Equipments 

Analytical balance (CP2245 Sartorius, Germany and PA214 Ohaus, Ohaus 

Corporation, USA) 

Anaerobic incubator (Forma anaerobic incubator, marietta, ohio, USA)  

Autoclave (Heraeus UT 6760, Kendro Laboratory Products, Germany) 

Cryo-scanning  electron  microscopy  (Cryo-SEM) (JOEL, JSM-6010lv, Japan) 

Differential scanning calorimeter (Model DSC7, Perkin Elmer, USA) 

Freeze dryer (TriadTM Labconco, Missouri, USA) 

Fourier transform infrared spectrophotometer (Nicolet 4700, Thermo electron 

corporation, Madison, USA). 

Goniometer (First Ten Angstroms, FTA 1000, USA) 

High-performance liquid chromatography (Agilent, Germany) 

Laminar air Flow (Biosafe 2010) 

Magnetic stirrer (Becthai Bangkok Equipment and Chemical Co., Ltd, Thailand) 
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Scanning electron microscope (Cam Scan MX-2000, UK) 

Shaking incubator Model SI4 (Shel Lab, Cornelius, USA) 

Texture analyzer (TA.XTplus, Stable Micro System, Surrey, England) 

Thermogravimetric analyzer (Pyris/TGA, PerkinElmer, USA) 

UV-Vis spectrophotometer (Perkin-Elmer, Germany) 

Water bath (Julabo, Japan)  
Incubator for water vapour permeability test(HOTPACK, model 317332 M, USA) 

X-ray diffractometer (Miniflex II, Rigaku Corp. Tokyo, Japan) 

 

3 Methods 

3.1 Fabricating the liquid-loaded NR films 

3.1.1 Effect of the solvent on NR film preparation 

Briefly, 1% w/w NR solutions were prepared by dissolving block 

NR in the organic solvents including dichloromethane (DCM), 

tetrahydrofuran (THF), diethyl ether (DEE), hexane, cyclohexane, toluene, 

acetronitrile or acetone.  If NR dissolved completely in any solvents, the 

percentage of NR in those solvents would be increased.  The system that 

NR could dissolve up to 5% NR solution would be selected for blending with 

test liquid.  Glycerin of 75 phr was mixed individually in the previously 

selected NR solutions until homogenously.  The mixtures were poured into 

the glass petri dish and allowed the solvent to completely evaporate over 

night at room temperature.  The dried NR films were peeled out from the 

petri dish and placed inside the aluminium foil before stored in desiccator 

until evaluation. 

The morphology of plain NR films and glycerin-loaded NR films 

were determined with the scanning electron microscope (SEM) both on the 

surfaces and the cross-sectional area.  Mechanical properties were 

determined using a texture analyzer.  The hydrophilicity was measured 

using a goniometer.  Ease of pouring NR solution onto the petri dish and 

peeling the NR films from petri dish, high porosity and hydrophilicity were 

the main criteria to select the NR films for the further experiments. 
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3.1.2 Effect of the liquid on NR film preparation 

NR films were fabricated by a solvent casting of NR solution.  

The 5% w/w NR solutions were prepared by dissolving the block natural 

rubber (Standard Thai Rubber 5 Light; STR 5L) in selected solvent: DCM 

(from 3.1.1).  The liquids such as triethyl citrate, olive oil, distilled water, 

NMP, propylene glycol and glycerin were blended individually at 75 phr into 

the NR solutions until homogenously with shaker at 200 rpm overnight.  The 

mixtures were poured onto the petri dish.  The NR films were collected as 

previously mentioned procedure. 

The morphology of liquid-loaded NR films were observed with 

the SEM in top and cross-section views.  To determine the pore size, these 

obtained SEM micrographs were analyzed using image analyzer program 

(JMicroVision 1.2.7).  The data was recorded as width, length and number 

of pore per mm2.  The criteria to select NR films for further experiments was 

presented as topic 3.1.1.  In addition, the degree of phase separation was 

also used as the criteria to select NR films.  

 

3.1.3 Effect of amount of the liquid on NR film preparation 

The 5% w/w NR solution was prepared by dissolving the STR 5L 

in selected solvent: DCM (from 3.1.1).  The selected liquid: triethyl citrate: 

(from 3.1.2) was individually added at 0, 25, 50, 75 and 100 phr into the NR 

solution.  The NR solutions were homogenously mixed by shaker at 200 

rpm.  The obtained mixtures were poured into the glass petri dish and 

allowed the solvent to completely evaporate overnight at room temperature.  

Dried NR films were peeled out from the petri dish.  The obtained films were 

stored in desiccator until evaluation.     

The morphology of triethyl citrate-loaded NR films were 

investigated using the SEM both surfaces and the cross-sectional area.  

Mechanical properties were also studied using a texture analyzer.  The 

hydrophilicity was measured using a goniometer.  The criteria to select NR 

films for further experiments was showed as topic 3.1.2.     
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3.2 Addition of xanthan gum in liquid-loaded NR films 

The selected NR solutions were fabricated by dissolving the 

block natural rubber in the selected solvent (DCM) to 5% w/w NR solution.  

Individually, the optimum amount (75 phr) of selected liquids (glycerin and 

triethyl citrate) was also blended in these obtained solutions.  Xanthan gum 

of 0, 10, 20, 30 or 40 phr was added in the prepared NR solution.  

Subsequently, these dispersions were homogenously mixed with method as 

above mentioned. 

NR films were fabricated by using solvent casting method.  The 

30 g obtained solutions were poured into the glass petri dish (diameter = 10 

cm) and then covered with perforated aluminum foil (the number of pore = 

30).  NR films were allowed to evaporate overnight at room temperature.  

The dried NR films were peeled out from the petri dish.  Subsequently, the 

obtained films were stored in desiccator until evaluation. 

 

3.3 Evaluation of NR films  

3.3.1 Water sorption and erosion 

NR films were cut into 2 x 2 cm2 strips before weighing (W1).  

These films were immersed in phosphate buffer solution pH 7.4 overnight.  

The wet NR films were collected and wiped with filter paper to remove an 

excess medium before weighing (W2).  The wet NR films were washed by 

using distilled water and then dried with freeze dryer (TriadTM Labconco, 

Missouri, USA) for 24 hrs.  Subsequently, the dried NR films were weighed 

(W3).  Water sorption and erosion (%) of the NR films were calculated as the 

equations below (n=6).   

 

 % water absorption  = [(W2 – W3)/W3] x 100......................(10) 

 % erosion   = [(W1 – W3)/W1] x 100......................(11) 

 

3.3.2 Mechanical properties 

Mechanical properties were determined in term of Young's 

modulus, tensile strength, percent elongation and area under the curve 
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using texture analyzer (TA.XTplus, Stable Micro System, Surrey, England) 

with a 5 kg-load cell.  NR film samples were cut into 3.5 x 0.6 cm2 size 

before test.  The test was performed in tensile mode with condition 

mentioned below (n=3).   

 

  Load cell                 5      Kg  

        Test  speed               1    mm/sec  

         Trigger  force           0.04903    N  

  Break  sensitivity    0.09807    N  

         Distance                   300     mm. 

 

3.3.3 Topography and porosity 

Topography of the NR cast films were determined under the 

scanning electron microscope (SEM) (Cam Scan MX-2000, UK) at both 

surfaces and cross sectional area.  The operation was performed at an 

accelerating voltage of 15 KeV.  The NR films were stuck on a metal stub 

using carbon double adhesive and sputter-coated with gold before test.  

Porosity measurement was characterized from SEM micrographs by using 

image analyzer program (JMicroVision 1.2.7).  The data was recorded as 

number, width and length of pore per mm2. 

 

3.3.4 Hydrophilicity and surface free energy (SFE) by contact angle 

measurement 

The hydrophilicity was measured by using a goniometer (First 

Ten Angstroms, FTA 1000, USA) with the pump out rate of 2.5757 μL/sec at 

room temperature.  The recording of the contact angle was obtained when 

the distilled water contacted with the NR films at 5 sec.  Surface free energy 

of NR films was calculated by Wu harmonic method, using distilled water 

and formamide as test solvents (n=4).  In the method of Wu, the surface 

free energy was taken as the sum of the dispersive ( d) and the polar ( p) 

components.  The surface free energies of solid materials could be 

determined by means of contact angle measurements, using two liquids 
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(water and formamide) with known polarities.  They could be assessed by 

solving an equation 12 with two unknowns: 

 

(1 + cos θ) γl = 4 {(γl
d γs

d / (γl
d + γs

d)) + (γl
p γs

p / (γl
p + γs

p))}...............(12) 

 

where θ is the contact angle, s is the solid surface free energy 

and l is the liquid surface free energy.  The result of surface free energy 

studies was employed to signify the hydrophilicity of the NR films.   

 

3.3.5 Differential scanning calorimetry (DSC) 

NR films were weighed approximately 5-10 mg into aluminum 

pans used as the samples and compared with blank aluminum pan.  DSC 

(model DSC7, Perkin Elmer, USA) was used to determine the thermal 

behavior and to examine the compatibility of each substance in NR films.  

The thermograms were recorded from -100 C to 180 C with the heating 

rate of 10 C/min in a liquid nitrogen atmosphere. 

 

3.3.6 Thermogravimetric analysis (TGA) 

NR films were weighed about 10 mg into the aluminum mold.  

Thermal degradation behavior of these films was studied by using 

thermogravimetric analyzer (Pyris/TGA, PerkinElmer, USA).  NR films were 

allowed to slowly degrade in temperature range of 25 C to 350 C in air 

atmosphere with heating rate of 10 C/min. 

 

3.3.7 X-ray powder diffraction (XRPD) 

The XRPD (Miniflex II, Rigaku Corp.  Tokyo, Japan) was 

employed to investigate the crystallization properties of NR films.  The x-ray 

source is Cu-K  which employs x-radiation of wavelength  = 1.541841 A  

between a 2  angle ranges of 4  to 60 .  The generator operating voltage 

and current were 30 kV and 15 mA.  The NR films were filled and 

compressed into a glass sample holder with 0.2 mm depth before test. 
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3.3.8 Degradability 

Each prepared NR films (2 x 2 cm2) were weighed and recorded 

as W1.  Consequently, films were immersed in the 25 mL phosphate buffer 

solution pH 7.4 comprising 0.1% w/v sodium azide as preservative and 

shaking at 50 rpm and 37 C for 1 month.  In addition, this buffer was used 

as physiological medium for studying the degradation of fabricated scaffolds 

in skin tissue engineering (Tangsadthakun et al., 2006).  Samples were 

removed from the medium solution, washed with distilled water and then 

dried by using freeze drying method.  Weight of the dry NR films was 

recorded as W2.  The % degradation was calculated by the following 

equation (n=5). 

 

  % degradation = ((W1-W2)/W1) x 100 .........................(13) 

 

3.4 Release study of gentamicin sulfate-loaded NR films 

3.4.1 Preparation of GS-loaded NR films 

The GS-loaded NR films were fabricated by using solvent casting 

method with selected NR solutions from the preliminary study.  The 15 phr 

GS were added into the selected NR solutions and then mixed until 

homogenously.  Each 30 g of the obtained solutions were poured onto the 

petri dish, spread, covered with perforated aluminum foil.  Solvent in the NR 

solution was allowed to evaporate over night at room temperature.  GS-

loaded NR films were peeled out carefully from the petri dish and stored in 

desiccator.  These films were characterized as mentioned previously in the 

topic 3.3. 

 

3.4.2 Calibration curve preparation of GS 

3.4.2.1 Preparation of O-phthaldialdehyde reagent  

The O-phthaldialdehyde reagent was prepared for GS 

determination as described previously (Zhang et al., 1994; Neut 
et al., 2009).  Briefly, 2.5 g O-phthaldialdehyde were weighed 

and added in 62.5 mL of methanol.  The mixture was stirred until 
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completely dissolved into the solution.  Then this solution and 3 

mL of mercaptoethanol were blended in 560 mL of 0.04 M 

sodium borate.  Finally, the prepared solution was stored in the 

dark environment for 24 hours.  The prepared solution was used 

as the reagent for analyzing of GS.  Because of the instability of 

this reagent, it was used within 3 days after preparation.   

 

3.4.2.2 Preparation of GS  stock solution 

GS stock solutions were prepared by precisely 

weighing 100 mg GS in 100 mL volumetric flasks.  These 

volumetric flasks were adjusted into 100 mL with phosphate 

buffer solution pH 7.4 comprising 0.1% w/v sodium azide.  The 

150, 300, 600, 900 and 1200 μL stock solution were pipetted into 

10 mL volumetric flask.  Each of the volumetric flasks was also 

adjusted to 10 mL by the medium as above mentioned.  The GS 

working range was 5-40 μg/mL.     

 

3.4.2.3 Preparation of complexing standard solution for 

indirect UV-spectroscopy analysis 

Each 0.5 mL of GS stock solution, O-

phthaldialdehyde reagent and isopropyl alcohol were mixed with 

equal proportion (1:1:1) in test tubes.  These solutions were 

mixed with vortex and stored for 30 minutes at room 

temperature.  To prepare the control solution, the phosphate 

buffer solution pH 7.4 comprising 0.1% w/v sodium azide was 

used instead of the GS solution and mixed as above mentioned 

(Zhang et al., 1994).   

For the derivatization, O-phthaldialdehyde was 

reacted with the amino group of GS to create chromophoric 

substances.  Thus, these solutions could be used to analyze the 

amount of GS by measuring their absorbances (Neut et al., 
2009).   
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3.4.2.4 Calibration curve preparation 

For the calibration curve preparation, the complexing 

standard solution were immediately measured at 333 nm using 

UV-spectrophotoscopy (Baro et al., 2002; Aviv et al., 2006; 

Chang et al., 2008).  The absorbance data was collected.  The 

graph between concentration and absorbance was plotted.  The 

GS working range was 5-40 μg/mL.  Calibration curve of GS at 

333 nm is shown in Appendix I (Fig. 44). 

 

3.4.3 Gentamicin sulfate release study 

3.4.3.1 Drug release study using immersion techniques 

NR films were cut into 2 x 2 cm2 strips and used as 

the samples for this study.  Drug release of GS-loaded NR films 

was investigated using immersion technique as described 

previously (Elsner et al., 2011).  Briefly, these samples were 

immersed in the 100 mL phosphate buffer solution pH 7.4 

comprising 0.1% w/v sodium azide.  Release study was 

conducted in closed-glass bottles with continuous shaking for 1 

weeks at 37 C and shaking rate of 50 rpm.  The sampling times 

were 0.5, 1, 2, 3, 6, 9, 15, 21, 29, 37, 49, 73, 121 and 169 hrs.  

At predetermined time, 5 mL of the release medium was 

collected and replaced by fresh buffer solution in the same 

volume.  For the determination of drug content, each of these 

samples was reacted with O-phthaldialdehyde as mentioned 

previously in the topic 3.4.2.3.  These prepared samples were 

analyzed by using UV-spectrophotometer at 333 nm (n=3).  All 

samples of GS-loaded NR films after release study were freeze 

dried for characterization using SEM. 
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3.4.3.2 Analysis of drug release data 

To predict the mechanism of drug release, the 

cumulative percentage of drug release profiles (10-80 %) was 

fitted with different mathematical release equations.  Least 

square fitting the experimental data (cumulative drug release 

>10% and up to 80%) to the mathematical equations (power law, 

first order, Higuchi’s and zero order) was carried out using 

ScientistTM for Window, version 2.1 Programme.  The coefficient 

of determination (r2) was used to indicate the degree of curve 

fitting.  Goodness of fit was also evaluated using the Model 

Selection Criterion (msc) as described in equation 9.  In this 

study, the model files used were presented in Table. 6. Many 

parameters of each model in the software consisted T, F, K, Tl 

and N.  The T was defined as time in minute of drug release, F 

was fractional drug release, K was the constant of each model, 

Tl was lag time of drug release and N was the n exponent value 

of power law model.  These parameters are shown in Table. 6.  
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Table 6 Model files used with ScientistTM  

 

// MicroMath Scientist Model File (ZERO ORDER) 

IndVars: T 

DepVars: F 

Params: K,Tl 

F=K*(T-Tl) 

*** 

// MicroMath Scientist Model File (FIRST ORDER) 

IndVars: T 

DepVars: F 

Params: K,Tl 

F=1-EXP(-K*(T-Tl)) 

*** 

 

// MicroMath Scientist Model File (HIGUCHI) 

IndVars: T 

DepVars: F  

Params: K,Tl 

F=K*((T-Tl)^(1/2)) 

*** 

// MicroMath Scientist Model File (POWER LAW EXPRESSION) 

IndVars: T 

DepVars: F 

Params: K,TI,N 

F=K*((T-TI)^N) 

*** 
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3.5 Evaluation of the selected GS-loaded NR films 

3.5.1 Antimicrobial activity 

Agar diffusion method was used to determine the antimicrobial 

activity of the selected GS-loaded NR films.  Staphylococcus aureus (S. 
aureus) and Pseudomonas aeruginosa (P. aeruginosa) were employed as 

standard microbes in this study.  Tryptic soy agar (TSA) and Tryptic soy 

broth (TSB) were used to antimicrobial test for S. aureus.  MacConkey 

(MAC) agar and MacConkey (MAC) broth were also used for antimicrobial 

test of P. aeruginosa.  For the colonized agar preparation, approximately 108 

cells/mL of these microbes was used to spread onto the agar plate, 

completely.  These colonized agar plates were allowed to dry.  

Subsequently, NR films were cut into circular disc shapes (diameter of 6 

mm) which there was 1 mg GS/disc.  These films were gently placed onto 

the colonized agar plate and GS disc (1 mg GS/disc) was also employed as 

a positive control for this study.  These plates were incubated at 37 C for 

24 hrs (n=3).  Finally, inhibition zone was determined and reported as 

millimeters unit.  The mean inhibition zone ± S.D. were calculated. 

 

3.5.2 Adhesive properties 

3.5.2.1 Preparation of simulated wound fluids 

The simulated wound fluids were produced by adding 

of sodium chloride (0.68 g), potassium chloride (0.22 g), sodium 

bicarbonate (2.5 g) and sodium dihydrogen phosphate (0.35 g) 

into the 100 mL of distilled water.  The prepared solution was 

used as stimulated wound fluids in this study (Lin et al., 2001).    

 

3.5.2.2 Adhesive tests 

The adhesion of selected GS-loaded NR films were 

measured using texture analyzer (TA.XTplus, Stable Micro 

System, Surrey, England) with 5 kg load cell and adhesive 

holder (Renuka et al., 2012).  NR films were cut into circular 
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shape (diameter of 10 mm) and tightly fixed to a cylindrical probe 

by double-sided adhesive tape.  Dorsal porcine skin was excised 

as a wound model.  The tissue was equilibrated with stimulated 

wound fluids pH 7.4 at 37 C for 15 min and mounted on 

adhesive holder.  For the experiments, the 2 mL of simulated 

wound fluids was fully spread on the surface tissue.  The 

condition of compression periods were used with 5 g trigger 

point, 30 mm/min of test speeds and 120 sec of hold times.  The 

probe with NR films was moved down to contact the wetting 

tissue by using the condition as above mentioned.  

Consequently, the probe was removed from the tissue.  The 

work of adhesion were collected to determine the adhesive 

properties of GS-loaded NR films (n=6)(Renuka et al., 2012).   

 

3.5.3 Water vapour permeability (WVP) 

The WVP of selected GS-loaded NR films were investigated by 

using adapted permeation cell method as described previously in the Annual 

Book ASTM Standards (ASTM, 1989).  Briefly, the cell composed the 

opened glass bottle (diameter of 30 mm) containing dried calcium chloride 

as a desiccant.  These desiccants were prepared by drying at 200 C for 20 

min before use.  NR films were cut into circular shape with 30 mm of 

diameter.  The cut NR films were placed over the brim of prepared bottles 

and then sealed tightly.  These prepared glass bottles were stored in the 

incubator at 40 C and 75 % RH.  The weight of water gain was collected 

for every day.  Graph of water gain at each time interval and time were 

plotted.  Measurements were taken until provided a straight line (R2 = 0.99).  

The slope of this equation was calculated for determination of the water 

vapor permeability rate (WVPR) per day.  The area of NR films was also 

used to determine these values by the following equation (n=6).   

 

WVPR (g/m2/day) = (Slope/Area)                     .......................(14) 
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3.5.4 Fourier transform infrared (FT-IR) spectroscopy 

The compatibility study of the components in selected GS-loaded 

NR films were also examined by FT-IR spectrophotometer (Nicolet 4700, 

Thermo electron corporation, Madison, USA).  The pure powder of xanthan 

gum and GS were mixed with dry potassium bromide using the mortar.  

Subsequently, these blended components were compressed into the disc 

shapes.  For the liquid samples and selected GS-loaded NR films, these 

samples were evaluated using the smart multi bounce HATR Combo kit set 

with zinc selenide avatar trough plate 45 degree.  All of these samples were 

scanned over the wavenumber of 400-4000 cm-1 by the FT-IR 

spectrophotometer.  The data were collected and analyzed for compatibility 

of the components in the selected GS-loaded NR films.      

 

3.5.5 Cryo-scanning  electron  microscopy  (Cryo-SEM) 

Fabricated NR films were stored in liquid nitrogen and 

transferred into the cryo stage (Gatan, Alto 1000, UK).  Samples were 

investigated with cryo-scanning  electron  microscopy  (Cryo-SEM) (JOEL, 

JSM-6010lv, Japan) at -140 oC to -185 oC.  Then micrographs were 

collected.  The morphology of samples was determined. 

 

3.5.6 Oxygen permeation (OP) test 

This test was modified from the ASTM1434-82 standard method 

and the method described previously (Ayranci et al., 2003).  Firstly, 

fabricated NR films were gently inserted between two gas diffusion 

chambers and immediately fixed with the clamp.  Pure nitrogen and oxygen 

gas were separately flushed into the glass chamber with flow rate of 100 

mL/min by plastic tube connected to the gas input port.  The gas output 

tubes were left open-ended to let the gas freely diffuse and exchange with 

air. The gases were flown to fulfill their chambers for 30 min prior to check 

the oxygen content.  Mixed gas from the nitrogen gas chamber was 

periodically drawn out every hour using needle and syringe and determined 
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oxygen content by using gas chromatography (GC) until it reach equilibrium.  

Three samples per formulation were evaluated (n=3).  Graphs of oxygen 

gain and time were plotted.  The oxygen permeability rate (OPR) was 

calculated from the slope of this equation  

 

GC condition 

Column: 1.93 m, PorapakQ 80/100, Shimadzu 

Carrier gas: Helium, pressure 200 kPa 

Temperatures: Injection port 150°C, Column 70°C, Detector 70°C 

Detector: Thermal Conductivity Detector (TCD) 

Recorder: Plotter Chart Speed 5 mm/min, Shimadzu C-R8A 

Sample size: 1 mL 

Analysis time: 4 min 

 

3.6 Statistic data analysis 

Values are expressed as mean ± standard deviation (SD).  Statistical 

significance of the obtained data was examined using one-way analysis of variance 

(ANOVA) followed by the least significant difference (LSD) post hoc test.  The 

significance level was set at p < 0.05.  The analysis was performed using SPSS 

version 17.0 for windows. 
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Chapter IV 

Results and Discussion 

Normally, one of the ideal properties of wound dressing includes the high 

porous structure for removing the exudates and promoting the water vapor 

permeability at wound sites.  To apply the NR films as wound dressings, the 

fabricated NR films in form of porous films or sponges were totally required.  The 

solvent casting method has been widely used for fabricating the porous structure.  

In this study, the fabrication of NR films using solvent casting techniques was 

investigated.  The various factors in preparation process such as used solvent, 

liquids and amount of liquids on the physicochemical properties of NR films were 

also determined.  

 

1. Fabricating the liquid-loaded NR films   

1.1 Effect of the solvent on NR films preparation 

The block natural rubber could completely dissolve to obtain the 5% w/w NR 

solutions in many solvents such as dichloromethane (DCM), tetrahydrofuran (THF) 

and diethyl ether (DEE).  All of these solvents have been widely employed in 

pharmaceutical field because of their safe and lower environment impact (Sarkar et 
al., 2012).  These solvents have widely been used to prepare the nanoparticles for 

drug delivery because they well suited for preparation due to low toxicity and high 

evaporation (Riaz et al., 1996; Zambaux et al., 1999; Raula et al., 2004).  Thus 

these solvents were applied to dissolve NR for preparation of cast NR films using 

solvent casting technique.  The obtained NR solutions were poured onto glass petri 

dish.  The dried NR films were gently peeled out.  These films were collected in 

aluminum foils and stored in desiccator for minimizing oxidation reaction of them.   

For SEM micrographs, the top and cross-section views of these films are 

presented in Fig. 5.  NR films prepared using DCM as solvent without glycerin 

loading (control) exhibited the smooth and continuous structure.  NR films fabricated 
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using DEE and THF as solvent without glycerin loading also showed the similar 

morphology with those of the system using DCM (data not shown).  The presence 

of glycerin caused a porous structure which might be owing to the separation into 

two immiscible phases comprising the pore of hydrophilic droplets homogenously 

dispersed in lipophilic NR structure.  In addition, this behavior was corresponded to 

the previous report of tea tree essential oil dispersed in HPMC matrix film (Sanchez-

Gonzalez et al., 2009; 2011).  Glycerin-loaded NR films prepared by DCM, DEE and 

THF exhibited the porous inside the film matrix as presented in Fig. 5, however the 

pore size was different.  Pore size of the glycerin-loaded NR films prepared using 

DCM as a solvent was greatly larger than those of the systems prepared using DEE 

and THF, respectively.  The polarity of DCM was very different with glycerin and 

was lower than DEE and THF, respectively.  The high phase separation in DCM 

systems might be occurred as the larger pore than those of systems loaded DEE 

and THF, respectively.  In addition, the rough surface of glycerin-loaded NR films 

prepared from THF was extensively more evident than those of the films prepared 

from DCM and DEE.  According to the results, the boiling point of these solvents 

was 34 °C, 40 °C and 65 °C for DEE, DCM and THF, respectively (Lide, 1994).  

Thus, the slower evaporating of THF might induce the lower solidification thereafter 

the surface roughness of these films was evident. 

Mechanical properties of plain NR films and modified NR films with glycerin 

addition are presented in Fig. 6.  The tensile strength and elastic modulus values 

significantly decreased when glycerin was added because the porous structure in 

the glycerin-loaded NR films reduced the resistance to break (p < 0.05).  However, 

these results accorded the mechanical properties of glycerin-loaded polyethylene 

oxide and carrageenan films (Boateng et al., 2013).  These films also showed the 

low tensile strength values when glycerin was added.  Normally, the glycerin can 

increase the percent elongation of films because of their plasticizing properties.  

However, glycerin had no influence on the percent elongation of NR films.  To the 

discussion, these behaviors might be owing to the immiscible of glycerin and NR.  

Thus, the plasticizing properties of glycerin in NR films did not found.   
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Substance Top view Cross-section view 

Control 

  

DCM 

  

DEE 

  

THF 

  
 

Fig. 5 SEM micrographs (x75) of top view and cross-section NR films prepared 

using DCM as solvent without glycerin loading (control) and modified NR films 

prepared by DCM, DEE and THF with high loaded glycerin  
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Fig. 6 Mechanical properties of NR films prepared using DCM as solvent without 

glycerin loading (control) and modified NR films prepared by DCM, DEE and THF 

with high loaded glycerin (n=3) 
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The wettability of NR and glycerin-loaded NR films were indicated from the 

contact angle values (Fig. 7).  The highest contact angles were reported in plain NR 

films prepared using DCM (control) because of their quite hydrophobicity.  On the 

other hand, there was the evidence indicating the lower contact angles of glycerin-

loaded NR films than the plain NR films.  Therefore, the presence of glycerin 

caused to improve the wettability of NR films.  This behavior was corresponded to 

the previous report which glycerin promoted a fast release rate of nicotine by 

increasing wettability of the transdermal patches (Pichayakorn et al., 2012).  

Moreover, some investigation signified that the degree of water sorption and weight 

loss increased when increasing wettability of NR (Saijun et al., 2009).  As 

mentioned, the higher wettablity of NR films could absolutely provide the high water 

sorption and erosion.  In case of drug-loaded NR films, the higher hydrophilic 

structure could improve their drug release profiles (Pichayakorn et al., 2012).  For 

the wound dressings, the hydrophilic properties were required for improving the 

exudates adsorption and water vapor permeability at wound sites (Oh et al., 2013). 

 

 
 

Fig. 7 Contact angle of water on plain NR film prepared using DCM as solvent and 

modified NR films prepared using DCM, DEE and THF as solvent with high loaded 

glycerin (n=4) 
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prolongation of their release.  Especially, the glycerin-loaded NR films prepared by 

DCM greatly exhibited all of criteria to select for further investigation such as ease 

of pouring NR solution onto petri dish and peeling these films from petri dish, high 

porosity and hydrophilicity.  Hence, these films were used for further experiments. 

 

1.2 Effect of the liquid on NR films preparation 

Some solvents, dispersing agents or plasticizers in pharmaceutical field were 

used as liquid loading into NR matrix.  In this study, the liquids were employed to 

generate pore in NR films for fabricating of porous NR cast films.  Because of safe 

and biocompatibility, triethyl citrate, distilled water, N-methyl-pyrrolidone (NMP), olive 

oil, propylene glycol (PG) and glycerin were chosen to represent as the test liquids.  

These liquids were added into NR cast film using DCM as solvent.  For the results, 

the degree of phase separation of the NR film is presented in Table 7.  The degree 

of phase separation was used as one criteria to select NR films.  These values 

were obtained by the observation of amount of liquid onto liquid-loaded NR films.  

NR films which high amount of liquid on to the surface indicated the poor physical 

properties and difficult to use as wound dressing.    

 

Table 7 Degree of phase separation of different liquids onto modified NR films 

 

Liquid Amount of excess liquid 

Glycerin ++ 

NMP ++++ 

Olive oil - 

Propylene glycol +++ 

Triethyl citrate + 

Water - 

 

Note: + the degree of amount of liquid onto the film; 

  -  there was no liquid droplet onto the film 
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 NMP and PG separated from the NR film higher than glycerin and triethyl 

citrate, respectively.  On the other hand, olive oil was compatible with the NR.  

Therefore, the phase separation did not found.  For the water-loaded NR films, the 

separation did not occur owing to its volatility during drying and there was no pore 

inside the film.  The presence of pore structure was found for NR films comprising 

NMP, PG, glycerin and triethyl citrate as shown in Fig. 8.  Subsequently, these SEM 

micrographs were analyzed using image analyzer program.  The pore size of NR 

film comprising glycerin was greater than NR film loaded with PG, NMP and triethyl 

citrate, respectively (Fig. 9).  For the number of pore per area, this value of triethyl 

citrate-loaded NR films was higher than those loaded with NMP, PG and glycerin, 

respectively (Fig. 10).  However, the pores were not found in NR films loaded with 

water and olive oil because of the reason as above mentioned.  Therefore, the 

porous NR film was occurred owing to the immiscible of liquid and NR.  This 

behavior accorded to the report as mentioned previously in the topic 1.1.  In this 

study, the porous NR films fabricated by casting of NR loading with triethyl citrate 

and glycerin were selected for further studies since these NR films exhibited the 

lower amount of excess liquid than the other NR films.  For the application of these 

liquids, triethyl citrate and glycerin were widely employed as the plasticizer in 

pharmaceutical film coatings (Gutierrez-Rocca et al., 1993; Pongjanyakul et al., 
2007).  Especially, these liquids were claimed to utilize for oral preparation as the 

food additives because of their nontoxic and nonirritant properties (Lewis et al., 
2004).    
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Liquid Top view Cross-section view 
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Fig. 8 The surface and cross-section of NR films prepared by the addition of 75 phr 

different liquids into 5% NR in DCM (x75) 
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Fig. 9 Pore size of NR films prepared by the addition of 75 phr different liquids into 

5% NR in DCM  

 

 

 

 
 

Fig. 10 Number of pore per area of NR films prepared by the addition of 75 phr 

different liquids into 5% NR in DCM  
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1.3 Effect of amount of liquid on NR films preparation 

The various amounts of triethyl citrate were used to fabricate the porous NR 

films using method as described previously.  The SEM micrographs of the surface 

and the cross-section of NR films are shown in Fig. 11.  The result showed that the 

presence of triethyl citrate caused the surface roughness and porous structure.  

Because of the separation into the two immiscible phases, this structure was 

occurred as the pore of hydrophilic droplets homogenously dispersed in lipophilic 

structure of NR films.  Interestingly, the increased triethyl citrate contents provoked 

the change into more porous structure (Fig. 11).  In case of 100 phr triethyl citrate 

loaded-NR films, the excess liquid on the surface was observed.  These signified 

that the amount of liquid loading into NR films should be less than 100 phr.   
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Fig. 11 SEM micrographs of the surface and cross-section NR films prepared by the 

addition of triethyl citrate into 5% NR in DCM (x75) 
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Effect of triethyl citrate incorporation to NR films on the mechanical property 

is presented in Fig. 12.  Triethyl citrate caused a significant decreasing (p < 0.05) in 

the tensile strength and elastic modulus, whereas there was no apparent influence 

on the percent elongation.  The continuous porous structure reduced the film's 

resistance to fracture which indicated from the decrease of tensile strength values.  

The previous report was found that the low elastic modulus was ideal wound 

dressing material to cover the wound such as burn wounds (Jurgens et al., 1995).  

In case of triethyl citrate loaded-NR films, their mechanical properties performed as 

above mentioned properties.  Thus, these films might be suitable to be used as the 

wound dressing for the treatment of wound.     

The contact angle tended to decrease when triethyl citrate was added (Fig. 

13).  Hence, the presence of triethyl citrate to the NR films could improve the 

wettability of NR films.  Advantages for increased wettability of NR films were 

claimed in topic 1.1.  In addition, the addition of hydrophillic substances to the NR 

transdermal films could enhance the drug permeation across the skin (Simcharoen 

et al., 2013).   

Triethyl citrate-loaded NR films were the porous structure with more 

homogenously when triethyl citrate content was increased.  The 75 phr liquid 

loaded-NR films was interesting to be used for further experiments because of the 

apparent porous texture and the lower degree of excess liquid than other films.  In 

addition, these films also exhibited the higher hydrophilic property and lower elastic 

modulus than the other NR films.  For the wound dressings, the higher hydrophilic 

properties could promote many advantages such as the maintenance of moist 

environments, high exudates or blood adsorption and also high water vapor 

permeability at wound sites (Oh et al., 2013). 
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Fig. 12 Mechanical properties of NR films prepared by the addition of triethyl citrate 

into 5% NR in DCM, a) tensile strength, b) elongation and c) elastic modulus (n=3) 
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Fig. 13 Contact angle of distilled water of NR films prepared by the addition of 

triethyl citrate into 5% NR in DCM (n=6) 

 

2. Addition of xanthan gum in liquid-loaded NR films 

Because of quite hydrophobic films, the improvement of NR films to higher 

wettability structures has widely been operated using the solvent casting techniques 
(Pichayakorn et al., 2012; Simchareon et al., 2013).  These higher wettability NR films 

were prepared by the addition of hydrophilic polymers such as sodium carboxymethyl 

cellulose, methyl cellulose, polyvinyl alcohol and glycerin in NR solution.  These 

homogenously mixed solutions were poured into petri dish and subsequently the dry 

films were peeled out.  As explained in topic 1, the advantages of higher wettability NR 

films were explained as the better water sorption and erosion properties (Saijun et al., 
2009).  In case of the drug-loaded NR films, the higher wettability films could provide 

the enhancement of their drug release (Pichayakorn et al., 2012) and the improvement 

of drug permeation through the skin  (Simcharoen et al., 2013). 

In this study, xanthan gum was chosen as a hydrophilic substance to 

improve some crucial properties of NR films such as water sorption, wettability and 

adhesive properties.  Thus, the composite NR films were prepared by the addition of 

the different amounts of xanthan gum in liquid-loaded NR films.  To prepare the liquid-

loaded NR films, triethyl citrate and glycerin at 75 phr were selected.  These liquids 

were blended in 5% NR solution containing block natural rubber dissolved in DCM.  

Finally, these prepared NR films were examined for physicochemical properties with the 

methods as mentioned previously in chapter 3 (topic 3.3). 
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2.1 Topography and porosity 

2.1.1 Triethyl citrate loaded-NR films 

SEM micrographs of composite NR films prepared by the addition of 

various amount of 180 mesh passed xanthan gum in triethyl citrate-loaded 

NR films are shown in Fig. 14.  The roughness of top surface of these films 

was notably increased when xanthan gum was added.  For the cross-

section views, the porosity of these films was decreased when xanthan gum 

was higher than 20 phr.  These phenomenon might be owing to the high 

viscosity of xanthan gum which interrupted the agglomeration of liquid 

droplets.  Thus, the pore size in NR films caused by trietyl citrate droplets 

was decreased.  In addition, the pore area of these films were also 

decreased caused by the moving of low density substances (xanthan gum) 

onto the upper part.     

As the results, these film structures exhibited the two layers that 

composed of the dense top-layer and porous lower layer.  In facts, the 

continuous porous characteristic was required for ideal wound dressings 

because of promoting the high water and gas permeability at wound sites.  

However, some previous reports interestingly indicated the bilayer wound 

dressing which composed dense top-layer and porous inner-layer in their 

structure (Mi et al., 2003; Thu et al., 2012).  The dense top-layer was acted 

as the barrier for prevention of bacterial contamination.  In addition, these 

layers were also posed as the rate limiting layer for water vapor permeation.  

The porous inner-layer was designed to absorb of the wound exudates and 

attached to the wound sites.  Thus, the bilayer wound dressing shows better 

wound healing ability than homogenous dressing indicated from the 

mentioned characteristics (Mi et al., 2003; Thu et al., 2012).  In this study, 

the developed composite NR films showed the bilayer characteristic which 

the morphology were similar to the bilayer wound dressing as previously 

reported (Mi et al., 2003; Thu et al., 2012).  Thus, these NR films might be 

applied as the bilayer wound dressing for healing at wound sites.   
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2.1.2 Glycerin loaded-NR films 

To characterize these composite NR films, the SEM micrographs 

indicated that the surface roughness was occurred (Fig. 15).  The addition of 

xanthan gum at 0, 10 and 20 phr in glycerin-loaded NR films exhibited the 

various pore sizes.  However, the porosity of composite NR films was 

significantly decreased when xanthan gum was higher than 20 phr.  These 

behaviors owing to the reason previously mentioned in the topic 2.1.1.  

These results showed that the addition of xanthan gum should be limited at 

20 phr.  
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Fig. 14 SEM micrograph of the surface and cross-section NR films prepared by the 

addition of various amount of xanthan gum in triethyl citrate-loaded NR films (x75) 
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Fig. 15 SEM micrograph of the surface and cross-section NR films prepared by the 

addition of the various amount of xanthan gum in glycerin-loaded NR films (x75) 
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2.2 Water sorption and erosion 

The water sorption and erosion of liquid-loaded NR films incorporated with 

the various amount of xanthan gum are presented in Fig. 16 and 17, respectively.  

The water sorption of glycerin-loaded NR films was higher than that of NR films 

loaded with triethyl citrate because of higher hydrophilicity of glycerin.  The water 

solubility of these liquids was more than 500 g per liter for glycerin and 65 g per liter 

for triethyl citrate (Snejdrova et al., 2012).  Furthermore, these evidences might be 

owing to the porous area of glycerin-loaded NR films which was higher than those 

systems loaded with triethyl citrate.  However, the plain NR films prepared by 

dissolving block natural rubber in DCM (control) could not apparently adsorb and 

erode in phosphate buffer solution.  The water sorption of these liquid-loaded NR 

films was enhanced highly when xanthan gum were added.  Thus, this behavior 

was corresponded to the previous report which xanthan gum-loaded NR film 

fabricated with 2-roll mill by hot melt mixing increased the water sorption of 

adhesive patches (Sorsom, 2009).  The advantages of higher water sorption were 

described for the films prepared by the addition of polyethylene glycol in 

theophylline-loaded silicone elastomer films.  These modified films could significantly 

improve their drug release profiles (Soulas et al., 2013).  The addition of triethtyl 

citrate, glycerin and xanthan gum did not have statistically significant effect on the 

erosion of NR films.  However, all of fabricated NR films showed the higher erosion 

percent than the plain NR films (p < 0.05).         

 
Fig. 16 Water sorption of the plain NR film (control) and the composite NR films 

prepared by the addition of the various amount of xanthan gum in liquid-loaded NR 

films (n=5)  
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Fig. 17 Erosion of the plain NR film (control) and the composite NR films prepared 

by the addition of the various amount of xanthan gum in liquid-loaded NR films 

(n=5)  

 

2.3 Mechanical properties 

In previous report, the incorporation of xanthan gum in polymeric films could 

increase their mechanical properties such as tensile strength and percentage of 

elongation values (Dezfuli et al., 2012).  The effect of xanthan gum addition in 

liquid-loaded NR films on the mechanical properties is shown in Fig. 18.  The 

results demonstrated that the addition of xanthan gum tended to increase the tensile 

strength in both liquid-loaded NR film systems.  However, all of these values in 

each system were not difference except for those systems loaded with xanthan gum 

of 0 phr and 40 phr.  The increasing of tensile strength in triehtyl citrate-loaded NR 

films was higher than glycerin-loaded films.  However, these values were not 

significantly difference except for those systems loaded with 20 phr xanthan gum (p 

< 0.05).  These circumstances might be owing to the hydrogen bonding capacity of 

triethyl citrate with their structures was higher than glycerin.  In addition, the 

compatibility of triethyl citrate with NR films was higher than those system loaded 

with glycerin because of their polarity similarity.  For the other mechanical properties 

such as elongation, elastic modulus and area under the curve, there was no the 

apparently difference when xanthan gum was added in both systems.  However, 

xanthan gum could slightly increase the elastic modulus in triethyl citrate-loaded NR 

films.  These elastic values were statistically significant different from systems 

without xanthan gum except for those systems loaded with 10 phr xanthan gum.       
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Fig. 18 Mechanical properties of the composite NR films prepared by the addition of 

the various amount of xanthan gum in liquid-loaded NR films (n=6) 
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2.4 Hydrophilicity  

Typically, the value of contact angle has been widely used to indicate the 

hydrophilicity or wettability of substances.  Practically, the blending with hydrophilic 

substances could increase the wettability of hydrophobic polymeric films (Jadhav 

et.al., 2009).  In this study, xanthan gum acted as the hydrophilic substances and 

blended with liquid-loaded NR films for improving film wettability.  The contact 

angles of both liquid-loaded NR films were not clearly different when the various 

amount of xanthan gum was blended (Fig. 19).  These results might be owing to the 

surface occlusion by NR that caused no interaction between the drop of water and 

xanthan gum because NR film effectively covered onto surface of xanthan gum 

particles.  However, the addition of 40 phr xanthan gum in glycerin-loaded NR film 

significantly exhibited the higher wettability than those systems loaded with 0, 10, 20 

and 30 phr xanthan gum (p < 0.05).  

 

 
 

Fig. 19 Contact angle of distilled water on the composite NR films prepared by the 

addition of the various amount of xanthan gum in liquid-loaded NR films (n=6) 
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2.5 Differential scanning calorimetry (DSC) and x-ray powder diffraction 

(XRPD) 

The compatibility between xanthan gum and liquid-loaded NR films was 

examined by DSC thermograms and XRD diffractograms.  The DSC thermograms 

of xanthan, glycerin, triethyl citrate, NR films prepared by dissolving the block 

natural rubber and the mixture of them are presented in Fig. 20 and 21, 

respectively.  Normally, the plain NR films exhibited the temperature which indicated 

the glass transition temperature at -64.79 ºC (Suksaeree et al., 2012).  According 

these research work results, the thermograms of NR films were also reported the 

endothermic peak at around -67.03 ºC which referred to their glass transition 

temperatures.  For the other pure compounds, thermogram of xanthan gum 

exhibited the melting at about 80-130 ºC with broad endothermic peak at 89.03 ºC.  

The endothermic peak of triethyl citrate and glycerin was found at around -74.85 ºC 

and -86.36 ºC as their melting points, while the mixture of these liquids, xanthan 

gum and NR did not clearly differ from their pure compounds. 

 

 

 
 

Fig. 20 DSC thermograms of plain NR films and blended NR films prepared by the 

addition of xanthan gum 10 (Gly-10X), 20 (Gly-20X), 30 (Gly-30X) and 40 (Gly-40X) 

phr in glycerin-loaded NR films 

-100 -50 0 50 100 150 

 N
or

m
al

iz
ed

 H
ea

t F
lo

w
 

E
nd

o 
U

p 
(W

/g
) 

Temperature (°C) 

NR films Glycerin Xanthan Gly-10X 
Gly-20X Gly-30X Gly-40X 



64 

 
 

 
Fig. 21 DSC thermograms of plain NR films and blended NR films prepared by the 

addition of xanthan gum 10 (TEC-10X), 20 (TEC-20X), 30 (TEC-30X) and 40 (TEC-

40X) phr in triethyl citrate-loaded NR films 

 

The XRPD of 5-60º 2ɵ diffractograms of xanthan, glycerin, triethyl citrate, 

plain NR films and the mixture of them are presented in Fig. 22 and 23.  Normally, 

the XRPD patterns of NR films commonly provided the amorphous patterns as the 

one broad halo spectrum patterns (Herculano et.al., 2011).  In addition, the XRPD 

patterns of previous report that blended with other substances such as 

hydroxypropyl methylcellulose and dibutyl phthalate in NR films also showed the 

only broad halo spectrum as same as NR films alone (Suksaeree et.al., 2012).   

For the experimental results, the plain NR films accordingly showed the 

amorphous patterns.  In addition, all of other diffractograms also accordingly 

presented only amorphous patterns.  Xanthan gum and NR films were presented 

the lowest and highest intensity, respectively.  The incorporation of xanthan gum in 

liquid-loaded NR films increased their intensity.  However, these values of triethyl 

citrate loaded NR films were slightly higher than those systems loading with 

glycerin.  This behavior was corresponded with their mechanical properties which 

the tensile strength and area under the curve values of triethyl citrate-loaded NR 

films were higher than those system loaded glycerin.  In addition, these 

diffractograms of liquid-loaded NR films comprising xanthan gum were similar to that 

of plain NR films.  These DSC and XRPD data indicated that there were no 

chemical interactions between NR, xanthan gum, triethyl citrate, glycerin and their 

blended NR films.   
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Fig. 22 XRPD diffractograms of plain NR films (control) and blended NR films 

prepared by the addition of xanthan gum 10 (TEC-10X), 20 (TEC-20X), 30 (TEC-

30X) and 40 (TEC-40X) phr in triethyl citrate-loaded NR films 

 

 

 
 

Fig. 23 XRPD diffractograms of plain NR films (control) and blended NR films 

prepared by the addition of xanthan gum 10 (Gly-10X), 20 (Gly-20X), 30 (Gly-30X) 

and 40 (Gly-40X) phr in glycerin-loaded NR films 
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2.6 Degradation 

2.6.1 Thermal degradation  

The thermal stability of composite NR films was characterized 

using TGA.  Thermogravimetric (TG) curves and differential 

thermogravimetric (DTG) curves were obtained and used to signify the 

thermal degradation of composite NR films (Fig. 24 and 25).  Commonly, 

TGA of pure NR (STR5L) exhibited only single step of weight loss which 

initiated at 305.33 °C to 490.62 °C (Juntuek et.al., 2011).  These reports 

indicated the high thermal stability of this material. 

 From the TG curves, block natural rubber (STR5L) and NR films 

showed the good thermal stability which the initial degradation occurred at 

about 305 °C.  This TG curve of block natural rubber was previously 

reported (Juntuek et.al., 2011).  For other pure compounds, the initial 

degradation temperature was 220 °C for xanthan gum, 130 °C for triethyl 

citrate and about 120 °C for glycerin.  The temperature for maximum 

degradation rate (Tmax) was 270 °C for xanthan gum and about 218 °C for 

both liquids which indicated by the temperature at sharp peak from DTG 

curves.  The liquid-loaded NR films comprising various amount of xanthan 

gum exhibited the two intervals of weight loss which caused the two broad 

peaks at around 220 °C and 270 °C in DTG curves.  First interval was the 

evaporation of the liquid blended in these systems and followed by the 

degradation of xanthan gum.  Especially, the second interval was notably 

shifted when the 40 phr xanthan gum was blended in the system.   
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Fig. 24 Thermal curves of block NR (NR), plain NR films, glycerin, xanthan gum and 

blended NR films prepared by the addition of xanthan gum 0 (0X), 10 (10X), 20 

(20X), 30 (30X) and 40 (40X) phr in glycerin-loaded NR films 
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Fig. 25 Thermal curves of block NR (NR), plain NR films,  triethyl citrate (TEC), 

xanthan gum and blended NR films prepared by the addition of xanthan gum 0 (0X), 

10 (10X), 20 (20X), 30 (30X) and 40 (40X) phr in triethyl citrate-loaded NR films 
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2.6.2 Chemical degradation  

NR is the good physical and chemical resistance polymer.  This 

polymer also presents the high water resistance.  Because of this advantage 

property, NR is widely used in many applications.  In this study, the 

degradation of the prepared NR films in phosphate buffer solution was 

investigated.  This result is shown in Fig. 26.  The plain NR films which used 

as the control for this study demonstrated the lowest degradation (0.23%) in 

phosphate buffer solution because of their durability.  The increasing 

degradability was occurred when both liquids were blended in NR films.  In 

this medium, the solubility of glycerin was higher than triethyl citrate.  For 

details, the water solubility of these liquids was more than 500 g per liter for 

glycerin and 65 g per liter for triethyl citrate (Snejdrova et al., 2012). Hence, 

the degradability of glycerin-loaded NR films was also higher than those 

system loaded with triethyl citrate.  The percentage of degradability was 

slightly decreased when xanthan gum was added in both systems.  

Normally, the hydrocolloid polymer such as xanthan gum can inherently form 

a stronger gel when interacts with water (Giannouli et al., 2003).  This 

characteristic caused the reduction of water diffusion to these structures and 

retardation of inner substances to diffuse out.  Thus, these structures were 

slightly decreased their degradation.  However, the degradation of 

developed composite NR films was absolutely higher the plain NR films.

 
Fig. 26 Degradability of plain NR films (control) and the composite NR films 

prepared by the addition of various amounts of xanthan gum in liquid-loaded 

NR films (n=5) 
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The obtained data demonstrated that the addition of xanthan gum in liquid-

loaded NR films absolutely increased the water sorption properties.  The wettability 

of these films was slightly improved when xanthan gum was added.  For mechanical 

properties, these values such as tensile strength, elongation and elastic modulus 

were not significantly different (p > 0.05).  The SEM micrographs of these films 

showed the decreasing of their porosity when xanthan gum was higher than 20 phr.  

There was no interaction between xanthan gum and liquid-loaded NR films as 

indicated from DSC XRPD data.  Finally, the 20 phr xanthan gum was chosen as 

the optimum amount to blend in both liquid-loaded NR films.  These films acted as 

the carrier for delivering GS and employed in further experiments.    

 

3. Release study of GS-loaded NR films  

GS is used as active ingredients for medicated dressing owing to 

bactericidal broad spectrum antibiotic activity (Ruszczak et al., 2003).  GS-loaded 

dressings are commercialized for treatment the burn wounds in many countries (Elsner 

et al., 2011).  As mentioned in Chapter 4 (topic 2), the optimum amount of xanthan gum 

mixed in both of liquids-loaded NR films was proper at 20 phr.  The fabricated NR films 

such as glycerin-loaded NR films, triethyl citrate-loaded NR films and the addition of 

xanthan gum in both of liquid loaded NR films were used as carrier for loading with GS.  

In this study, the 15 phr GS were employed as a model drugs for loading in these 

fabricated and plain NR films.  The obtained films were incorporated with the drug per 

area at about 3.5 mg/cm2.  The formulation of GS-loaded NR films is shown as Table 8.  

To study the effect of the systems mixing between GS and modified NR films, the in 
vitro drug release profiles of GS-loaded NR films were operated using immersion 

techniques.  In addition, the topography of these films was also observed before and 

after release test.   
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Table 8 Formulation of GS-loaded NR films    

 

Formulations Ingredients 

NR+GS 15 phr GS+NR 

NR+GLY+GS 15 phr GS+75 phr glycerin+NR 

NR+TEC+GS 15 phr GS+75 phr  triethyl citrate +NR 

NR+GLY+X+GS 15 phr GS+75 phr  glycerin+20 phr  xanthan gum+NR 

NR+TEC+X+GS 15 phr GS+75 phr  triethyl citrate+20 phr xanthan gum+NR 

 

3.1. Diagram for GS-loaded NR film fabrication 

Diagram of process to fabricate the blended NR films is presented in Fig. 

27.  Initially, the NR solution was prepared by dissolving of block natural rubber in 

DCM (Fig. 27-A and Fig. 27-B).  The liquids (triethyl citrate or glycerin), xanthan 

gum and GS were mixed in these NR solutions (Fig. 27-C). These solutions were 

poured onto the petri dish and allowed overnight.  Because of its rapid volatility, 

DCM was absolutely eliminated and the NR films were subsequently formed (Fig. 

23-D and Fig. 23-E).  For the liquid-loaded NR films, the dispersion of these liquids 

in NR films caused the porous structure.  Pores of these liquid-loaded NR films 

were filled with GS and xanthan gum. The porous structure was evident in the 

system containing glycerin.  Interestingly, the triethyl citrate-loaded films showed the 

bilayer characteristic.   

The SEM micrographs of GS particles and GS-loaded NR films are 

presented in Figs. 28 and 29, respectively.  The starting GS particles showed the 

spherical shape as also previously reported (Chang et al., 2008).  The rather 

smooth surfaces were found in GS-loaded plain NR films (NR+GS).  The spherical 

GS particles were dispersed on the surface and cross sectional area.  For the 

glycerin systems, NR+GLY+GS and NR+GLY+X+GS exhibited the roughness and 

porous surfaces on the top and bottom areas.  The roughness of these films was 

increased when xanthan gum was added.  Almost area of these films was the 

porous structure which some holes were filled with GS particles.  Furthermore, 

some GS particles were adhered in NR structure as the results of GS-loaded plain 

NR films.   
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Fig 27 Diagram for GS-loaded NR films fabrication 

 

 

 

75x 200x 1000x 

 

Fig. 28 SEM micrographs of GS at magnification of 75, 200 and 1000 
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For the triethyl citrate systems, the top views of NR+ TEC+GS presented 

the rather homogeneous and smooth surfaces similar to the GS-loaded plain NR 

films.  The roughness of surfaces were found in the formulation of NR+ TEC+X+GS 

because of the addition of xanthan gum.  On the other hand, the high porous 

surface was dramatically expressed in the bottom views of these films.   Cross 

sectional view presented the two layers which composed of the dense and porous 

layers on the top and bottom areas, respectively.  For the triethyl citrate-loaded 

systems, the bilayer topography resulted from the distribution of their components 

which  GS and xanthan gum were hydrophilic substances and triethyl citrate was 

hydrophobic substances.  The density of triethyl citrate (1.14 g/cm3) is higher than 

other component such as NR (0.92 g/cm3), xanthan gum (0.7 g/cm3) and GS (about 

0.15 mg/cm3), respectively (Raju et al., 2007; Eftaiha et al., 2009; Aquiono et al., 
2012; Quintana et al., 2013).  Thus, the factors such as density and immiscibility of 

triethyl citrate caused the moving and generating the more porous at lower layer.  

To the top-dense layer, the moving of hydrophilic substances onto the upper part 

was evident.  Especially, this circumstance was apparently showed in the system 

contained GS, xanthan and triethyl citrate because of their more hydrophilic 

substances.  As seen from the cross sectional views, the dispersion of GS in dense 

layer was higher than the porous layer.  These characteristic resulted from the 

reason as above mentioned.  This movement of each compounds related with the 

density.  As mentioned, the dense-top layer could act as the drug release reservoir 

for controlling the antibiotic release (Mi et al., 2003).  Furthermore, these layers 

could prevent the contamination of microorganism and provide the moist wound 

environment for wound healing.   

The samples of GS-loaded NR films after release study were freeze dried 

and characterized by SEM.  The SEM micrographs of these films are presented in 

Fig. 30.  As the results, the morphology of GS-loaded plain NR films after release 

study was not absolutely different from the samples before release study.  

Especially, the cross sectional views of these films exhibited the high amount of GS 

particles which was trapped in these structures.  This result was corresponded with 

the degradability and erosion data of plain NR films which indicated their high 

durability.  The high pore was occurred in the surface and cross-section of 

NR+GLY+GS after release study.   
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Top view Bottom view Cross-section view 

NR+GS 

NR+GLY+GS 

NR+GLY+X+GS 

NR+TEC+GS 

 

Fig. 29 SEM micrograph of the surface and cross-section of GS-loaded NR films : 

prepared by the addition of GS in plain NR films (NR+GS), glycerin-loaded NR films 

(NR+GLY+GS), triethyl citrate-loaded NR films (NR+TEC+GS), blended NR films of 

glycerin and xanthan gum (NR+GLY+X+GS) and blended NR films of triethyl citrate 

and xanthan gum (NR+TEC+X+GS) at magnification of 75 
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Fig. 29 SEM micrograph of the surface and cross-section of GS-loaded NR films : 

prepared by the addition of GS in plain NR films (NR+GS), glycerin-loaded NR films 

(NR+GLY+GS), triethyl citrate-loaded NR films (NR+TEC+GS), blended NR films of 

glycerin and xanthan gum (NR+GLY+X+GS) and blended NR films of triethyl citrate 

and xanthan gum (NR+TEC+X+GS) at magnification of 75 (continued.) 

 

 These circumstances caused the GS particles in cross section views were 

disappeared.  The morphology of NR+TEC+GS after release study was almost similar 

to the GS-loaded plain NR films.  However, the higher porous were found in the 

surface of these films.  For the xanthan formulation such as NR+GLY+X+GS and 

NR+TEC+X+GS, these SEM micrographs of NR+GLY+X+GS indicated the high 

roughness and porous in their surface area.  The large holes were also reported in the 

cross section of these films.  In case of NR+TEC+X+GS, the morphology of these films 

presented the large holes in both of the surface and cross section views.  Thus, these 

behaviors caused GS particles disappeared from these structures.          
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Fig. 30 SEM micrograph of the surface and cross-section of GS-loaded NR films : 

prepared by the addition of GS in plain NR films (NR+GS), glycerin-loaded NR films 

(NR+GLY+GS), triethyl citrate-loaded NR films (NR+TEC+GS), blended NR films of 

glycerin and xanthan gum (NR+GLY+X+GS) and blended NR films of triethyl citrate and 

xanthan gum (NR+TEC+X+GS) after release study at magnification of 75 
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3.2. UV-Vis spectrophotoscopy analysis 

UV-Vis methods have been widely used for chemical assay because of their 

fast and specific analysis.  Normally, GS could not be detected by these methods 

because of the lack of UV-absorbing chromophores.  Hence, the derivatization to 

gain the UV detectability was required.  The O-phthaldialdehyde (OPA) was 

commonly employed as the derivatization reagents for indirect determination of GS 

using UV-Vis spectrophotometer (Isoherranen, 1999).   

For this study, the calibration curve of complexing standard solution between 

GS and OPA were examined with condition as mentioned previously in Chapter 3 

(topic 3.4.2.4).  The equation of calibration curve in PBS 7.4 was y = 0.0198x + 

0.0788 (r2 = 0.9902).  The percentage of cumulative drug release was calculated 

using this calibration curve.   

 

3.3. In vitro drug release profiles 

In this study, the addition of 20 phr xanthan gum was reported as the 

optimum amount for modification of liquid-loaded NR films.  In this study, the GS-

loaded NR films were prepared by the addition of 15 phr GS in plain NR films and 

all of fabricated NR films.  The fabricated NR films such as glycerin-loaded NR 

films, triethyl citrate-loaded NR films and the addition of xanthan gum in both of 

liquid loaded NR films were employed as the fabricated NR films.  For the release 

study, the GS-loaded plain NR films were used as the control of this study.  The 

effect of xanthan gum on the GS release patterns was also investigated by GS-

loaded liquids NR films with and without xanthan gum.  Thus, five formulations of 

GS-loaded NR films were selected including NR+GS, NR+GLY+GS, NR+TEC+GS, 

NR+GLY+X+GS and NR+TEC+X+GS (Table 8).  These GS-loaded NR films were 

analyzed for drug content in release medium (PBS 7.4) with immersion technique 

with condition as mentioned previously in Chapter 3 (topic 3.4.3.1). 

The graphs were plotted between percentage of cumulative drug release 

versus time and presented in Fig. 31.  The release rate of drug from GS-loaded 

plain NR films (NR+GS) was slowest and different from the other formulation 

significantly.  The plain NR films exhibited the lowest water sorption and erosion 

properties.  Furthermore, the SEM micrographs of NR+GS indicated the continuous 

structures with GS dispersing inside the continuous films (Fig. 29).  As mentioned, 
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these characteristics lead to difficulty for drug release and extraction.  The release 

of GS from plain NR films was about 10% at one week.  The addition of hydrophilic 

substances such as glycerin and triethyl citrate in GS-loaded NR films 

(NR+GLY+GS and NR+TEC+GS) clearly promoted the faster release than GS-

loaded plain NR films (NR+GS).  These circumstances corresponded to the article 

which glycerin could increase the drug release rate of NR patches (Pichayakorn et 
al., 2012).  The hydrophilic properties of glycerin promoted the higher drug release 

than triethyl citrate.  At 1 week, the release of GS from NR+GLY+GS was notably 

higher than NR+TEC+GS (78% and 23%, respectively).  The blending hydrophilic 

polymer such as xanthan gum in these systems (NR+GLY+X+GS and 

NR+TEC+X+GS) could apparently increase their drug release (98% and 82%, 

respectively).  Surprisingly, the burst release was found in glycerin formulations of 

NR+GLY+GS and NR+GLY+X+GS at about one day.  On the other hands triethyl 

citrate formulation such as NR+TEC+GS and NR+TEC+X+GS presented the slow 

release pattern.  These release profiles accorded with their water sorption capacity.  

The formulation contained xanthan gum caused high water sorption and amount of 

drug release.  Especially, the NR+TEC+X+GS formulation could prolong the release 

of GS for 1 week.  This result suitably related well for controlling drug release from 

wound dressing since the duration of controlled antibiotic release as 1 week was 

suitable for the prevention of wound infection (Mi et al., 2003).         
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Fig. 31 In vitro drug release profile of the GS loaded-NR films : prepared by the 

addition of GS in plain NR films (NR+GS), glycerin-loaded NR films (NR+GLY+GS), 

triethyl citrate-loaded NR films (NR+TEC+GS), blended NR films of glycerin and 

xanthan gum (NR+GLY+X+GS) and blended NR films of triethyl citrate and xanthan 

gum (NR+TEC+X+GS) (n=3) 

 

3.4. Analysis of drug release data  

The coefficient of determination (r2) and model selection criteria (msc) of 

GS-loaded NR films are presented in Table 9.  These values were used as the 

degree for goodness of release profile fitting to different models.  All of the release 

profiles were fit to the mathematical equations including power law, first order, 

Higuchi’s and zero order.  The high value of r2 and msc refers a suitability of the 

release profile fitting with mathematical equations (Mesnukul, 2009).  The results 

indicated that the release profiles of the glycerin formulation such as NR+GLY+GS 

and NR+GLY+X+GS were fitted well with first order equation as indicated from their 

highest r2 and msc values.  Thus, the releasing of GS depended on the drug 

concentration in NR films.  This pattern was also referred by Dash et al., (2010) 

which the release pattern of water soluble drug from the porous matrices was the 

first order model.  The release profiles of NR+TEC+X+GS showed the best fitted 

with the zero order model.  The Higuchi’s model release profiles were obtained for 

the GS released from NR+GS and NR+TEC+GS.  For the power law equations, the 

n exponent values and drug release mechanisms from different geometric tablet 

dosage forms are shown as Table 10.  In case of thin films, all of GS-loaded NR 
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films totally showed the Fickian diffusion which indicated from the lower of n values 

of power law kinetic less than 0.5.  Thus, the drug release of GS-loaded NR films 

with immersion techniques mainly depended on the drug diffusion out to the 

medium (Maderuelo et al., 2011).  The drug release rate (k) of all systems was 

almost significantly different (p < 0.05).  However, there was not significantly 

different between the drug release rate of NR+GS and NR+TEC+GS.  By the 

comparison, the GS release rate of NR+GLY+GS was higher than NR+GLY+X+GS, 

NR+TEC+X+GS, NR+TEC+GS and NR+GS, respectively.  These data 

corresponded with their in vitro drug release profiles.   

 

Table 9 Comparison of degree of goodness-of-fit from curve fitting of in vitro drug 

release profile of the GS-loaded NR films : prepared by the addition of GS in plain 

NR films (NR+GS), glycerin-loaded NR films (NR+GLY+GS), triethyl citrate-loaded 

NR films (NR+TEC+GS), blended NR films of glycerin and xanthan gum 

(NR+GLY+X+GS) and blended NR films of triethyl citrate and xanthan gum 

(NR+TEC+X+GS) 

Sample 
First order Higuchi’s Zero order 

r2 msc r2 msc r2 msc 

NR+GS 0.9070 0.24 0.9878 2.27 0.9804 0.96 

NR+GLY+GS 0.9752 1.78 0.9588 0.39 0.9526 1.13 

NR+GLY+X+GS 0.9980 4.06 0.9938 2.42 0.9855 2.52 

NR+TEC+GS 0.9154 0.60 0.9881 2.57 0.9824 1.54 

NR+TEC+X+GS 0.9634 0.74 0.9905 1.93 0.9925 1.93 

 

Sample 
Power law 

r2 msc k ± SD n ± SD 

NR+GS 0.9984 2.65 0.013±0.011 0.277±0.142 

NR+GLY+GS 0.9991 2.51 0.257±0.025 0.161±0.009 

NR+GLY+X+GS 0.9986 4.35 0.095±0.012 0.310±0.027 

NR+TEC+GS 0.9962 1.95 0.020±0.004 0.307±0.038 

NR+TEC+X+GS 0.9970 2.05 0.051±0.011 0.330±0.032 

k = release rate, and n = exponent 
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Table 10 n exponent values and drug release mechanisms from different geometric 

dosage forms (Siepmann et al.,  2011) 

 

 

 

 

 

 

 

4. Characterization of selected GS-loaded NR films as a wound dressing 

As previous study, the NR films contained 15 phr GS, 20 phr xanthan gum and 75 

phr triethyl citrate were employed as a selected GS-loaded NR films (NR+TEC+X+GS).  

These films might be used as the wound dressing because of their proper release 

profiles.  To use these films as wound dressing, the characterization such as physical 

properties, water vapour permeability, adhesion properties and antimicrobial activity 

were required.  In this study, the characterization of selected GS-loaded NR films were 

operated as mentioned previously in Chapter 3 (topic 3.3 and 3.5).  In addition, the 

formulations such as NR+GS and NR+TEC+GS were also employed as the control 

groups of this study.     

 

4.1 Topography and porosity 

As above mentioned in the Chapter 4 (topic 3.1), the morphology of selected 

GS-loaded NR films are examined as Fig. 29.  For their porosity, the pore size and 

the number of pore size per area of NR+TEC+GS were higher than NR+TEC+X+GS 

and NR+GS, respectively.  These data were obtained using image analyzer 

program (Table 11).  The GS as circular shape in SEM micrographs of NR+GS 

caused the error detection of their porosity.  The decreasing porosity in selected 

GS-loaded NR films was reported when xanthan gum was mixed in these 

structures.  These characteristics might be caused the poor water permeability of 

blended NR films.  However, these NR films might be applied to the wound dressing 

for wound with low exudates as burn wound.  

Exponent, n 
Drug release mechanism 

Thin film Cylinder Sphere 

< 0.5 < 0.45 < 0.43 Fickian diffusion 

0.5<n<1.0 0.45<n<0.89 0.43<n<0.85 Anomalous transport 

1.0 0.89 0.85 Case-II transport 
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Table 11 Pore size and number of pore per area of GS-loaded NR films : prepared 

by the addition of GS in plain NR films (NR+GS), triethyl citrate-loaded NR films 

(NR+TEC+GS) and blended NR films of triethyl citrate and xanthan gum 

(NR+TEC+X+GS) using image analyzer program 

 

Porosity 
Formulations 

NR+GS NR+TEC+GS NR+TEC+X+GS 

No. of pore / 0.1 mm2 19 244 201 

Pore size (μm) 9.13 7.45 5.49 

4.2 Cryo-SEM 

The cross-sectional cryo-SEM micrographs of GS-loaded NR films are 

shown as Fig. 32.  As the results, the NR+GS showed the continuous matrix with 

GS particles dispersed inside their structure.  The presence of GS inside NR films 

was apparently presented at high magnification of these micrographs.  The top-

dense and porous layers were found in the NR+TEC+GS.  The high magnification 

of these micrographs illustrated many GS particles and triethyl citrate droplets.  This 

phenomenon indicated the triethyl citrate thoroughly dispersed in NR+TEC+GS 

system.  The bilayer characteristic was observed for the NR+TEC+X+GS.  At the 

high magnification, there were two layers which were incorporated the hydrophilic 

and hydrophobic substances.         
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Formulation Cross-section view 

NR+GS 

75x 100x 

  
400x 1000x 

  

NR+TEC+GS 

75x 100x 

  
400x 1000x 

  
 

Fig. 32 Cross-sectional cryo-SEM micrographs of GS-loaded NR films : prepared by 

the addition of GS in plain NR films (NR+GS), triethyl citrate-loaded NR films 

(NR+TEC+GS) and blended NR films of triethyl citrate and xanthan gum 

(NR+TEC+X+GS) 
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NR+TEC+X+GS 

75x 100x 

  
400x 1000x 

  
Fig. 32 Cross-sectional cryo-SEM micrographs of GS-loaded NR films : prepared by 

the addition of GS in plain NR films (NR+GS), triethyl citrate-loaded NR films 

(NR+TEC+GS) and blended NR films of triethyl citrate and xanthan gum 

(NR+TEC+X+GS) (continued.) 

 

4.3 Water sorption and erosion properties 

The water sorption and erosion properties of GS-loaded NR films are shown 

as Fig. 33.  The results clearly indicated that the water sorption capacity of selected 

GS-loaded NR films was apparently higher than NR+TEC+GS and NR+GS, 

respectively.  Interestingly, the addition of GS in NR films could increase their water 

sorption ability which indicated from the data in Chapter 4 (topic 2.2).  These 

actions apparently showed in the selected GS-loaded NR films which the absolutely 

increasing of water sorption from 173.01 to 261.48.  By the comparison in other 

formulations, the water sorption of NR+GS and NR+TEC+GS was increased from 

3.91% to 53.25% and 25.29% to 54.76%, respectively when 15 phr GS was 

blended.  The erosion property of selected GS-loaded NR films was higher than 

NR+TEC+GS and NR+GS, respectively.  However, the erosion percent of selected-

GS loaded NR films (NR+TEC+X+GS) and NR+TEC+GS were not significantly 

different (p > 0.05). 
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Fig. 33 Water sorption and erosion properties of GS-loaded NR films : prepared by 

the addition of GS in plain NR films (NR+GS), triethyl citrate-loaded NR films 

(NR+TEC+GS) and blended NR films of triethyl citrate and xanthan gum 

(NR+TEC+X+GS) (n=6)  

 

4.4 Mechanical properties 

The mechanical properties of GS-loaded NR films are presented as Fig. 34.  

The GS-loaded plain NR films (NR+GS) showed the highest tensile strength and 

elastic modulus values because of their durability.  The tensile strength of selected 

GS-loaded NR films (NR+TEC+X+GS) was higher than NR+TEC+GS because of 

xanthan gum loading.  The area under the curve data of the GS-loaded NR films 

exhibited the same trend with the tensile strength.  In case of elastic modulus, the 

decreasing these values were reported in selected GS-loaded NR films and 

NR+TEC+GS.  However, the elongation of GS-loaded NR films was not significantly 

different.   
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Fig. 34 Mechanical properties of GS-loaded NR films : prepared by the addition of 

GS in plain NR films (NR+GS), triethyl citrate-loaded NR films (NR+TEC+GS) and 

blended NR films of triethyl citrate and xanthan gum (NR+TEC+X+GS) (n=6)  

0.0 

0.1 

0.2 

0.3 

0.4 

Te
ns

ile
 st

re
ng

th
 

(M
Pa

) 

0 

200 

400 

600 

800 

E
lo

ng
at

io
n 

(%
) 

0.000 

0.002 

0.004 

0.006 

0.008 

E
la

st
ic

 m
od

ul
us

 
(M

Pa
) 

0 

50 

100 

150 

NR+GS NR+TEC+GS NR+TEC+X+GS 

A
U

C
 (M

Pa
.%

) 



87 

 
 

4.5 Hydrophilicity and surface free energy  

The wettability of GS-loaded NR films is shown as Fig. 35.  The GS-loaded 

plain NR films exhibited the quite hydrophobic structure indicated by highest contact 

angle and lowest surface free energy values.  In case of selected GS-loaded NR 

films, the wettability of these films was higher than NR+TEC+GS and NR+GS, 

respectively.  These results implied from the lower of contact angle values and the 

higher of surface free energy values.  The higher wettability was owing to the 

addition of hydrophilic substances such as xanthan gum and triethyl citrate in their 

structures.  These approaches were similar to that of the previous report which 

modified the ethyl cellulose films by the addition of polyvinyl pyrrolidone (Jadhav 

et.al., 2009).  In addition, these results accorded with the data as reported in the 

hydrophilicity of composite NR films (topic 2.4).   

 
Fig. 35 Wettabiltiy of GS-loaded NR films : prepared by the addition of GS in plain 

NR films (NR+GS), triethyl citrate-loaded NR films (NR+TEC+GS) and blended NR 

films of triethyl citrate and xanthan gum (NR+TEC+X+GS) (n=6) 
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4.6 Differential scanning calorimetry (DSC), x-ray powder diffraction (XRPD) 

and fourier transform infrared spectroscopy (FT-IR) 

The compatibility of selected GS-loaded NR films was characterized using 

DSC, XRPD and FTIR.  The DSC thermograms, XRPD diffractograms and FTIR 

spectra of these films are shown in Figs. 36-38, respectively.  For the thermograms 

of pure compounds, the broad endothermic peak of xanthan gum and triethyl citrate 

also occurred at 80-130 ºC and -74.85 ºC.  The thermogram of plain NR films 

exhibited the endothermic peak at -67.03 ºC as glass transition temperatures.  On 

the other hand, the GS did not present the thermal peaks.  For the GS-loaded NR 

films, all thermograms of these films were found the endothermic peaks at around 

67 ºC which did not absolutely differ from their pure compound thermograms.            

From the XRPD diffractograms, the halo pattern at 2ɵ of 5-60º of GS-loaded 

NR films and their pure compounds are reported as Fig. 37.  The halo patterns 

were occurred in all of these diffractograms.  In case of GS, the amorphous form of 

its accorded with the DSC thermograms which did not found the endothermic peaks.  

The intensity of plain NR films was higher than that of selected GS-loaded NR films, 

NR+TEC+GS, NR+GS, xanthan gum and GS, respectively.  However, the intensity 

of GS-loaded NR films and NR+TEC+GS was not clearly different.  These 

diffractograms of each GS-loaded NR films were similar which indicated the good 

compatibility of the each compounds in films. 

The FT-IR spectra of selected GS-loaded NR films and each of pure 

compound are presented in Fig. 38.  The GS spectra showed the C=O stretching of 

amide groups at 1731.8 cm-1 and the O-H stretching of hydroxyl groups at 3495.6 

cm-1.  The NR spectra presented the peak at 3060.1 cm-1 (=CH stretching), 2916.5-

2852.0 cm-1 (C-H stretching), 1663.0 cm-1 (C=C stretching), 1447.7–1375.4 cm-1 (C-

H bending) and 834.7 cm-1 (C=CH bending).  The FT-IR spectra of triethyl citrate 

spectra also revealed the hydroxyl group and carbonyl group as 3496.7 cm-1 (O-H 

stretching) and 1732.1 cm-1 (C=O stretching), respectively.  The other peaks were 

found with at around 2983.8-2907.4 (C-H stretching) and at 1466.4–1370.5 cm-1 (C-

H bending).  The peaks of xanthan gum showed at 3447.8 cm-1 (strong O-H 

stretching) and 3447.8 cm-1 and 1617.7 cm-1 (C=O stretching).  The selected GS-

loaded NR films, the spectra of its accorded with their pure components.  The 
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strange peaks did not found which indicated no interaction in these films.  As the 

results, these DSC, XRPD and FT-IR data absolutely confirmed that there were no 

chemical interactions between NR, xanthan gum, triethyl citrate and GS in selected 

GS-loaded NR films.   

 
Fig. 36 DSC thermograms of gentamicin sulfate (GS), NR films, triethyl citrate 

(TEC), xanthan gum and GS-loaded NR films : prepared by the addition of GS in 

plain NR films (NR+GS), triethyl citrate-loaded NR films (NR+TEC+GS) and 

blended NR films of triethyl citrate and xanthan gum (NR+TEC+X+GS) 

 

 
Fig. 37 XRPD diffractograms of gentamicin sulfate (GS), NR films, xanthan gum 

and GS-loaded NR films : prepared by the addition of GS in plain NR films 

(NR+GS), triethyl citrate-loaded NR films (NR+TEC+GS) and blended NR films of 

triethyl citrate and xanthan gum (NR+TEC+X+GS) 
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Fig. 38 FT-IR spectra of gentamicin sulfate (GS), NR films (NR), triethyl citrate 

(TEC), xanthan gum (X) and GS-loaded NR films : prepared by the addition of GS 

in blended NR films of triethyl citrate and xanthan gum (NR+TEC+X+GS) 

 

4.7 Thermogravimetric analysis (TGA) 

TG and DTG curves of GS-loaded NR films are shown as Fig. 39.  To the 

thermal stability, the TG curves indicated that each of pure compounds were initial 

degraded at 320 °C for plain NR films, 220 °C for xanthan gum and 130 °C for 

triethyl citrate.  For the GS, these TG curves revealed the two interval thermal 

degradation which initially occurred at around 50 °C and 225 °C.  These behaviors 

were owing to the decomposition of many main components in GS (Thakur et al., 
2011).  For the DTG curves, each of pure compounds presented the single sharp 

peak that normally referred the temperature at maximum degradation rate.  These 

peaks included 270 °C for xanthan gum, and about 218 °C and 357 °C for triethyl 

citrate and NR, respectively.  However, these thermograms of GS exhibited many 

peaks because of the reason as above mentioned. 

To examine the thermal degradation of GS-loaded NR films, these TG and 

DTG curves accorded with their pure compounds.  In addition, these DTG curves 

presented the number of peaks as the number of compounds in their blended films.  

For example, the selected GS-loaded NR films included four broad peaks such as 

170 °C, 235 °C, 260 °C and 350 °C. These peaks referred the weight loss 
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temperature of the components in selected GS-loaded NR films such as triethyl 

citrate, GS, xanthan gum and NR, respectively. 

 

 
 

 

 
 

Fig. 39 Thermal curves of gentamicin sulfate (GS), NR films (NR), triethyl citrate, 

xanthan gum and GS-loaded NR films : prepared by the addition of GS in plain NR 

films (NR+GS), triethyl citrate-loaded NR films (NR+TEC+GS) and blended NR 

films of triethyl citrate and xanthan gum (NR+TEC+X+GS) 
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4.8 Degradability 

The degradability of GS-loaded NR films is presented in Fig. 40.  The 

degradability of these fabricated films was increased when GS was loaded.  GS 

was hydrophilic substances which could dissolve and diffuse out from their 

structure.  To the results, the degradability of NR+TC+GS (34.70%) was higher than 

NR+TEC+X+GS (29.81%) and NR+GS (7.57%), respectively.  The lowest 

degradation in phosphate buffer solution was reported in the GS-loaded plain NR 

films because of their durability.  The increasing of degradability was found when 

triethyl citrate was blended.  However, these values lightly decreased when xanthan 

gum was added in their structures.  In brief, the results of this study accorded as 

mentioned previously (chemical degradation of composite NR films as presented in 

topic 2.6).     

 

 
 

Fig. 40 Degradability of GS-loaded NR films : prepared by the addition of GS in 

plain NR films (NR+GS), triethyl citrate-loaded NR films (NR+TEC+GS) and 

blended NR films of triethyl citrate and xanthan gum (NR+TEC+X+GS) 
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4.9 Water vapor permeability 

Normally, the main function of wound dressing included creating of the 

optimum warm moist environment and eliminating the microorganisms at wound site 

(Boateng et al., 2008).  In addition, wound dressing must control the water loss from 

wound with the optimum rate.  In fact, the water could inherently evaporate about 

204±12 g/m2/day for normal skin.  These values were increased to 279±26 

g/m2/day and 5138±202 g/m2/day for injured skin and burn wound, respectively 

(Lamke et al., 1977).  Thus, the previous reports had been recommended that the 

ideal wound dressing should control the WVPR at 2000-2500 g/m2/day for wound 

healing (Queen et al., 1987).  Some parameters affected the WPVR such as 

viscosity of film forming solution, film formation procedure, the component of films 

and film thickness (Morillon et al., 2002).    

To this study, the WVPR of GS-loaded NR films are reported as Fig. 41.  

The low WVPR were reported in all of GS-loaded NR films owing to the 

hydrophobic of NR.  By comparison, the WVPR of NR+TEC+GS was higher than 

NR+GS and selected GS-loaded NR films, respectively.  In addition, all of these 

values were statistically significant different (p < 0.05).  The highest WVPR was 

found in NR+TEC+GS because of their higher porosity.  However, the selected-GS 

loaded NR films showed the lowest of WVPR than other NR films.  These behaviors 

might be due to the xanthan gum acted as the barrier properties of the blended 

films.  However, these actions accorded with the previous article which the addition 

of xanthan gum in edible films lightly affected to the decreasing of their WVP (Melo 
et al., 2011).  To the previous results (topic 3.1), SEM micrographs of selected GS-

loaded NR films confirmed the thick dense-top layers.  In addition, xanthan gum 

normally employed as the thickening agents in pharmaceutical formulations 

(Dhopeshwarkar and Zatz, 1993).  In brief, the dual factors as mentioned might 

simultaneously causing the barrier properties of selected GS-loaded NR films 

leading to the lower of WVPR.   
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Fig. 41 Water vapor permeability rate of GS-loaded NR films : prepared by the 

addition of GS in plain NR films (NR+GS), triethyl citrate-loaded NR films 

(NR+TEC+GS) and blended NR films of triethyl citrate and xanthan gum 

(NR+TEC+X+GS) (n=4) 

 

4.10 Adhesive properties 

The optimum adhesive property was importantly required for ideal wound 

dressing.  Practically, the wound dressing should provide the low adherence to the 

wound surface for easy removal without pain (Waring et al., 2009).  For this study, 

the adhesive property of GS-loaded NR films and plaster was calculated as the 

work of adhesion.  These values obtained by the area under the curves between 

the force to detach these blended films from porcine skin and the withdrawing 

distance of probe.  The adhesive properties of GS-loaded NR films are presented 

as Fig. 42.  The work of adhesion for plaster was higher than selected GS-loaded 

NR films, NR+GS and NR+TEC+GS, respectively.  In addition, all of these data 

were significantly different (p < 0.05).  To the discussion, the hydrophobicity was the 

one of factors that could improve the adhesive properties (Martin et al., 2002).  

Thus, the NR+GS presented the higher adhesive property than those systems 

loaded with triethyl citrate because of its higher hydrophobicity.  Beside of 

hydrophobicity, the other factors were considered for promoting the adhesive 

properties.  In case of selected GS-loaded NR films, the highest adhesive properties 

than other fabricated films was reported.  This phenomenon might be owing to the 

xanthan gum caused the roughness surface (Fig. 29) leading to increase of 
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adhesive properties.  Indeed, the xanthan gum was used to promote the adhesive 

properties in pharmaceutical formulations (Ceulemans et al., 2002; Yadav et al., 
2010).  The adhesive mechanisms of anionic polymers such as xanthan gum 

included good affinity with cell surfaces and mucin which produced by epithelial 

cells.  However, the adhesive properties of selected GS-loaded NR films was nearly 

closer to plaster which used as the commercial dressing.   

 
Fig. 42 Adhesive properties of plaster and GS-loaded NR films : prepared by the 

addition of GS in plain NR films (NR+GS), triethyl citrate-loaded NR films 

(NR+TEC+GS) and blended NR films of triethyl citrate and xanthan gum 

(NR+TEC+X+GS) (n=6) 

 

4.11 Antimicrobial activities 

Commonly, the wounds could be inherently repaired by the wound healing 

process.  However, the one factor which delayed these processes was the wound 

infection (Boateng et al., 2013).  Thus, the loading of antibiotics in wound dressing 

was required for the prevention and elimination of microorganisms at wound sites 

(Elsner et al., 2011; Peles et al., 2012).  In this study, the GS was used as model 

drug to load in fabricated NR films and the antimicrobial activity was determined.  

The antimicrobial activity of GS-loaded NR films using S. aureus and P. aeruginosa 

as standard microbes is shown in Fig 39.  The sterilized paper disc containing GS 1 

mg/disc and composite NR films prepared by the addition of 20 phr xanthan gum to 

triethyl citrate-loaded NR films were employed as positive and negative control of 

this study.  All of samples were incubated at 37 ºC for 24 hrs.  The positive and 
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negative control groups revealed the highest and lowest antimicrobial activity 

indicated from their clear zone in both microorganisms (Fig. 43).  For antimicrobial 

activities of GS-loaded NR films, the trends of both microbes were totally similar.  

The selected GS-loaded NR films provided the highest activities which accorded to 

their drug release profiles.  Specially, the inhibition zone of selected GS-loaded NR 

films and positive control were not significantly different in S. aureus (p > 0.05).  

However, there was no different between NR+GS and NR+TEC+GS (p < 0.05).  

These behaviors could be explained by the similar water sorption properties and 

drug release rate in both formulations                                                                                                     

 
Fig. 43 Antimicrobial activity of GS-loaded NR films : prepared by the addition of 

GS in plain NR films (NR+GS), triethyl citrate-loaded NR films (NR+TEC+GS) and 

blended NR films of triethyl citrate and xanthan gum (NR+TEC+X+GS) using the 

sterilized paper disc containing GS 1 mg/disc and composite NR films prepared by 

the addition of xanthan gum into triethyl citrate-loaded NR films as the positive and 

negative control of this study with incubating at 37 ºC for 24 hrs.  (n=3) 

 

4.12 Oxygen permeability (OP) test 

The OPR of selected GS-loaded NR films (NR+TEC+X+GS) and GS-loaded 

plain NR films (NR+GS) was 23.07 and 25.25 g/m2/day.  These results accorded to 

their WVPR previously mentioned in Chapter 4 (topic 4.9).  The selected GS-loaded 

NR films exhibited the thick dense-top layer which caused by the addition of 

xanthan gum.  However, statistical analysis indicated no difference of the OPR 

between both of the samples. 
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Chapter V 

Conclusion 

To employ the NR as wound dressing, the major factor such as its quite 

hydrophobicity was totally considered.  In this study, NR films were prepared by 

dissolving block NR in organic solvent such as DCM, DEE and THF.  The porous NR 

films were fabricated by loading many liquid such as triethyl citrate, distilled water, 
NMP, olive oil, PG and glycerin in NR films.  Interestingly, cast NR films comprising 75 

phr liquids such as triethyl citrate and glycerin using DCM as solvent presented the 

porous structure, hydrophilicity and low amount of excess liquid onto the surface.  

Furthermore, these liquid-loaded NR films were easily prepared which indicated from 

the factors including ease of pouring NR solution onto petri dish and peeling these films 

from petri dish.  Thus, both of systems including glycerin and triethyl citrate were 

selected to increase the hydrophilicity by the addition of xanthan gum.   

The various amount of xanthan gum (0-40 phr) was blended in liquid-loaded 

NR films.  Physicochemical properties of these composite NR films were determined to 

select the proper systems for incorporating with the model drugs.  Interestingly, the 

xanthan gum could dominantly promote the water sorption of these composite NR films.  

The good compatibility of the component employed in these composite NR films was 

confirmed by XRPD, TGA and DSC data.  However, the porosity of composite NR films 

were decreased when xanthan gum was added as indicated by SEM micrographs 

however xanthan gum did not significantly affect the mechanical properties, wettability 

and degradability.  Hence, the 20 phr xanthan gum was selected as the optimum 

amount to modify the liquid-loaded NR films.   

Subsequently, the 15 phr GS was individually loaded in the fabricated NR 

films as GS-loaded NR films.  The addition of glycerin, triethyl citrate and xanthan gum 

could promote the GS releasing from NR films.  The burst GS release at about 1 day 

was evident in glycerin formulations such as NR+GLY+GS and NR+GLY+X+GS.  On 

the other hand, the slow release patterns were found in triethyl citrate systems such as 

NR+TEC+GS and NR+TEC+X+GS.  Interestingly, the GS release from NR+TEC+X+GS 
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could be sustained for 7 days.  The NR+TEC+X+GS was employed as a selected GS-

loaded NR films because of their desired release patterns.  Finally, the characterization 

such as physical properties, water vapor permeability, adhesion properties and 

antimicrobial activity of GS-loaded NR films were determined for potential use as the 

wound dressings.   

The morphology of selected GS-loaded NR films exhibited the bilayer-like 

topography comprising the rather dense layer and porous layer on the top and bottom 

areas, respectively.  This developed NR film showed the high water sorption at 

261.48%.  In addition, the hydrophilicity and degradability of these films was higher than 

GS-loaded plain NR films.  The good compatibility of these films was reported referred 

by XRPD, DSC and FT-IR data.  The adhesion of these films was nearly closer to 

plaster which used as the commercial dressings.  The selected GS-loaded NR films 

could totally inhibit the growth of S. aureus and P. aeruginosa.  These results indicated 

that the selected GS-loaded NR films might be used as the wound dressings for 

pharmaceutical applications.  However, the selected GS-loaded NR films showed the 

low water vapor permeability.  Thus, the increasing of their water vapor permeability 

was absolutely required for more effective wound healing.  The lower film thickness of 

selected GS-loaded NR films might be fabricated using the lower NR concentration.  In 

addition, the in vivo data of selected GS-loaded NR films was required for potential 

wound dressing applications. 
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Appendix I 

Calibration curve of GS 

 

 
 

Fig. 44 Calibration curve of GS in PBS 7.4 at wavelength of 333 nm (n=3) 
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Appendix II 

Percentage of cumulative GS release 

 

Table 12 Percentage of cumulative release of GS from GS-loaded NR films 

(A) 

Time % GS release from NR+GS 

(hrs) 1 2 3 mean SD 

0.5 0.35 -0.86 -0.87 -0.46 0.70 

1 1.46 1.44 1.68 1.53 0.13 

2 1.60 3.41 3.19 2.73 0.98 

3 1.36 3.15 1.41 1.97 1.02 

6 2.95 4.01 3.31 3.42 0.54 

9 5.07 3.89 1.39 3.45 1.87 

15 4.39 4.37 4.84 4.53 0.27 

21 5.49 5.08 5.13 5.23 0.22 

29 5.18 5.00 5.97 5.38 0.52 

37 6.10 6.07 6.85 6.34 0.44 

49 5.81 5.97 6.61 6.13 0.42 

73 9.00 7.77 8.77 8.51 0.65 

121 9.59 8.65 11.80 10.01 1.62 

169 10.80 9.97 11.69 10.82 0.86 
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(Continued) 

 (B) 

Time % GS release from NR+GLY+GS 

(hrs) 1 2 3 mean SD 

0.5 23.55 9.70 1.43 11.56 11.18 

1 45.63 38.07 39.59 41.10 4.00 

2 53.80 48.22 55.15 52.39 3.67 

3 57.92 53.96 61.19 57.69 3.62 

6 60.58 56.79 65.35 60.91 4.29 

9 64.22 59.58 68.44 64.08 4.43 

15 77.79 72.46 71.72 73.99 3.31 

21 77.93 74.46 76.90 76.43 1.78 

29 78.23 72.76 78.56 76.52 3.26 

37 78.65 74.48 76.12 76.42 2.10 

49 81.36 75.94 77.14 78.15 2.85 

73 83.88 78.54 78.26 80.23 3.16 

121 79.19 76.38 78.42 78.00 1.45 

169 79.16 75.98 79.67 78.27 2.00 
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(Continued) 

 (C) 

Time % GS release from NR+GLY+X+GS 

(hrs) 1 2 3 mean SD 

0.5 6.85 1.75 1.80 3.46 2.93 

1 8.79 7.68 6.23 7.57 1.28 

2 21.57 14.46 25.53 20.52 5.61 

3 27.38 30.67 32.28 30.11 2.50 

6 49.14 52.72 51.56 51.14 1.82 

9 58.66 62.79 63.99 61.81 2.80 

15 79.00 82.71 73.53 78.41 4.62 

21 88.60 90.99 87.76 89.12 1.68 

29 89.13 90.68 87.29 89.03 1.70 

37 89.67 92.13 90.42 90.74 1.26 

49 89.32 94.52 93.96 92.60 2.85 

73 96.10 94.64 93.87 94.87 1.13 

121 100.27 104.29 94.61 99.72 4.86 

169 98.63 103.71 94.40 98.91 4.66 
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(Continued) 

(D) 

Time % GS release from NR+TEC+GS 

(hrs) 1 2 3 mean SD 

0.5 5.05 3.84 2.71 3.86 1.17 

1 11.00 7.23 3.09 7.11 3.95 

2 11.39 9.51 3.12 8.01 4.33 

3 11.52 9.18 10.27 10.32 1.17 

6 13.43 11.10 5.30 9.94 4.19 

9 14.39 10.66 8.25 11.10 3.09 

15 20.46 14.79 14.52 16.59 3.36 

21 20.09 15.67 15.80 17.19 2.52 

29 21.00 16.84 16.56 18.13 2.49 

37 23.39 17.84 17.37 19.53 3.35 

49 24.29 18.81 18.07 20.39 3.40 

73 28.47 20.34 19.57 22.79 4.93 

121 31.90 21.94 22.71 25.52 5.55 

169 30.77 19.94 22.37 24.36 5.68 
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(Continued) 

(E) 

Time % GS release from NR+TEC+X+GS 

(hrs) 1 2 3 mean SD 

0.5 18.77 6.79 22.15 15.90 8.07 

1 21.31 16.80 23.34 20.48 3.35 

2 28.13 28.85 30.34 29.11 1.13 

3 31.29 34.96 36.48 34.24 2.66 

6 36.26 37.40 37.30 36.99 0.63 

9 38.89 39.74 37.99 38.88 0.87 

15 48.30 50.11 47.68 48.70 1.26 

21 51.98 55.56 52.20 53.25 2.01 

29 57.81 61.58 60.23 59.87 1.91 

37 61.64 67.03 64.41 64.36 2.69 

49 66.53 71.66 68.45 68.88 2.59 

73 71.01 76.19 74.50 73.90 2.64 

121 76.29 83.88 80.72 80.30 3.81 

169 79.00 86.48 82.11 82.53 3.76 
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