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Abstract. Hydroxypropyl methylcellulose (HPMC) was employed in this study to design controllable drug release systems 
because of its non-toxic nature, swelling properties. New interpenetrating polymer networks (IPN) of HPMC / tri-isocyanate 
crosslinked polyurethane (TCPU) could be prepared on the surfaces of IPN materials. To design “Novel Drug-carrying Ma-

trix Systems”, incorporation of novel structure is important to the possible formation of drug-carrying spaces within the ma-
terial, which was achieved by using Tris (6-isocyanatohexyl) isocyanurate with three soft hexyl arms in this study. A series of 
novel drug-carrying matrix systems prepared by crosslinking reaction could be candidates for an excellent and smart potential 
material. When the polymeric networks were established on the surfaces of resulting materials, the developed hydrophilic 
interpenetrating polymeric structures of HPMC/ polyurethane could provide good wettability to the wound dressings, particu-
larly for moisture healing application. The materials containing HPMC/polyurethane networks using 1% cross-linking agent 
showed a water uptake value of 5.1% after one hour, which has great potential for use as wound dressings for moisture heal-
ing.  Furthermore, a new drug delivery system of hydrophilic IPN was successfully designed and established.  
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1. Introduction 

Review of biomedical application, the clinical demands of drug carrying and wound management 

systems is critical. The way for rapid and proper healing is necessary in the treatment of wounds such 

as severe burns, trauma, diabetic and venous stasis ulcers, and similar tissue damages. The healing 

response of tissues would involve a clinical complex interaction between cell and tissue, extracellular 

matrix molecules, and some soluble mediators. Sometimes, such complex process would be simplified 

by dividing the healing response into several categories that agree with the temporal sequence of nor-

mal healing: homeostasis, inflammation, proliferation, and remodeling. In cases of severe and massive 

amounts of skin damage, or in the presence of complicated and non-healing wounds, immediate cov-

erage of the wound surface with a dressing is necessary. For the clinical demand of wound healing, a 

suitable material or design for dressing must achieve the functions of the natural skin by protecting the 

area from loss of fluid and proteins, preventing infection from bacterial invasion, and subsequent tis-

sue damage. Therefore, numerous skin replacements are either currently available for clinical need or 

in clinical testing. These include temporary and permanent skin replacements, epidermal and dermal 

skin replacements, and synthetic/biosynthetic and biologic skin replacements. Numerous materials 

have been proposed, modified and used for biomedical applications. Synthetic materials, such as po-

lyurethane, polyelectrolyte, polyimide, polyamide, polyacrylate, polynorborene, polycarbonate, hy-

droxyapatite, poly (lactide-co-glycolide), and polylactide, have been applied either alone or in combi-

nation with naturally derived materials including alginate, chitosan, collagen, silk fibroin, starch and 

cellulose [1–24]. Furthermore, new wound dressing or drug release carrier could be designed and pre-

pared to obtain new functions. Also the specific structure could be designed for different applications. 

Specifically, hydroxypropyl methylcellulose (HPMC) was used to control drug release from several 

pharmaceutical systems because of its non-toxic nature, swelling properties. Review of drug release 

from hydrophilic drug carrying matrix systems indicated that erosion is an important aspect for both 

poorly soluble and well soluble drugs [25]. Furthermore, fundamental principles of polymer chemistry 

and dissolution mechanisms are important in the development and manufacturing of hydrophilic drug 

carrying matrix systems with consistent dissolution performance [25]. That is, incorporation of HPMC 

into the drug carrying matrix systems would provide a drug controllable factor for the matrix systems.   

Usually, the cross-linking agent would be a good potential way to create new functional properties 

of the polymeric material, which was employed in this study to create new drug-carrying spaces within 

collapsed polymeric material. To achieve the aim of “Novel Drug-carrying Matrix Systems”, incorpora-

tion of novel structure is of critical importance in possible formation of drug-carrying spaces within 

material using Tris (6-isocyanatohexyl) isocyanurate (Tri-isocyanate with three soft hexyl arms). A 

series of novel drug-carrying matrix systems would be prepared by using crosslinking reaction of tris 

(6-isocyanatohexyl) isocyanurate and incorporation of HPMC. The resulting drug-carrying matrix sys-

tems could be candidates for an excellent and smart potential material.   

2. Experimental  

2.1. Materials 

− HPMC was purchased from Sigma-Aldrich.  
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− Tris (6-isocyanatohexyl) isocyanurate (Tri-isocyanate, Trade name TOLONATE, Rhone-Poulene 

Co., Texas)-a tri-NCO terminated crosslinker with Mw=504.6 and NCO-equivalent weight 183. 

Its chemical structure is shown below (see Schematic 1). 

− The acrylate-base adhesives (medical grade) were purchased from Chensin Packing Industry Co. 

Ltd. (Taiwan) which is a manufactory for preparing medical tape and dressing. After reactions, 

the biology evaluation following ISO 10993 could be employed to check toxicity of resulting ma-

terials.   

2.2.  Preparations of interpenetrating polymeric networks of hydroxypropyl methylcellulose/acrylate-

base adhesives (HPMC/PAc IPN) 

The acrylate-base adhesives (purchased from Chensin Packing Industry Co., Ltd., Taiwan) were 

mixed with HPMC at room temperature to obtain high viscous HMPC/adhesives. The resulting 

HPMC/PAc IPN was heated and mixed at 60°C for 1 hour. After mixing, methanol was employed to 

wash the resulting HPMC/PAc IPN materials for 12 hours.   

2.3. Preparations of interpenetrating polymeric networks of hydroxypropyl methylcellulose/tri-

isocynate crosslinked polyurethane (TCPU/HPMC/PAc IPN) 

The polyacrylate-base adhesives were mixed with HPMC at room temperature to obtain high visc-

ous HPMC/PAc IPN), after adding the crosslinking agent (tri-isocynate), the resulted HPMC/PAc IPN 

was heated at 60°C for 1 hour. At the same time, the cross-linking reaction was carried and a series of 

interpenetrating polymeric networks of polyacrylate/hydroxypropyl methylcellulose/tri-isocynate cros-

slinked polyurethane (TCPU/HPMC/PAc IPN) were obtained. The resulting TCPU/HPMC/PAc IPN 

could be characterized by using FTIR and the disappearance of the NCO group and the appearance of 

N-H group could be observed. After cross-linking reaction, methanol was employed to wash the re-

sulting IPN materials for 12 hours and methanol reacted with residual –NCO groups of tris (6-

isocyanatohexyl) isocyanurate. The toxicity of tris (6-isocyanatohexyl) isocyanurate could be avoided. 

 

 

 

 

(A)                                                           (B) 

   
HPMC                                           Tri-isocyanate 

Schematic 1. Structures of (A) Hydroxypropyl methylcellulose (HPMC) and (B) Tri (6-isocyanatohexyl) isocyanurate 
(Tri-isocyanate). 
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Table 1  

New designed hydrocolloid drug-carrying matrix systems containing IPN 

 HPMC/PAc IPN                :                      Trimer
a)

 

HPMC/PAc IPN 100  0 
TCPU/HPMC/PAc IPN1 100  1 
TCPU/HPMC/PAc IPN2 100    10 

Note: a) The ratios between HPMC/PAc IPN and trimer (TOLONATE) are calculated by weight%. 
 

 

Fig. 1. New hydrocolloid drug-carrying matrix systems containing interpenetrating polymeric networks (IPN). 

3. Results and discussion 

3.1. Clinical application for new wound dressings containing interpenetrating polymeric networks of 

polyurethane /hydroxypropyl methylcellulose/polyacrylate-base adhesives (TCPU/HPMC/PAc IPN) 

New wound dressings containing TCPU/HPMC/PAc IPN were made with various amounts of Tri-

mer (see Table 1 and Figure 1). Infrared radiation (IR) spectroscopy could be obtained from the cast 

film. This analysis was employed to check the end of cross-linking reaction, verifying the disappear-

ance of the NCO group at 2266 cm-1 and the appearance of N-H group at 3000-3400 cm-1. The result-

ing TCPU/HPMC/PAc IPN also display a large absorption peak at 1735 cm
−1
 of IR spectrum corres-

ponding to the C(O)-O ester linkage in the polyurethane(PU) segment. Presence of expected peaks 

implies that the reaction was completed and the PU segment was formed. An absorption band of the 

N-H stretching mode at 3290 cm-1 was observed. These vibrations are strong evidence for the forma-

tion of flexible PU segments after cross-linking reaction and end of cross-linking reaction.  Further-

more, the end of cross-linking reaction would hint the incorporation of flexible property into the re-

sulting materials such as TCPU/HPMC/PAc IPN. The flexibility of TCPU/HPMC/PAc IPN might be 

higher than that of HPMC/PAc IPN because of hydrogen bonding.  It might be due to the formation of 

the new interpenetrating polymeric networks containing flexible TCPU units, which were confirmed 

by IR results. Formation of interpenetrating polymeric networks hints the three-dimensional structure 

of the resulting matrix. When the polymeric systems were established on the surfaces of wound dress-

ings, the advanced hydrophilic interpenetrating polymeric structures of HPMC/PAc IPN could provide 

good wettability to match the clinical demand of wound dressings. However, the structures of 

HPMC/PAc IPN would be collapsed after 250 hours because of weak matrix structure (see Figure 2). 

The uptake values of the resulting materials were observed during the 250 hours because of the col-

lapsed structure of HPMC/PAc IPN after 250 hours (see Figure 2). The wound dressings containing 

TCPU/HPMC/PAc IPN1 using 1% cross-linking agent still show good wettability to the wound dress-

ings and a water uptake value of 5.1% after one hour (see Figure 2). Furthermore, drug could be con-
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sidered and/or incorporated into the hydrophilic polymeric systems of polyurethane/Hydroxypropyl 

methylcellulose/polyacrylate-base adhesives structure. Selected drugs within hydrophilic 

TCPU/HPMC/PAc IPN could be released and monitored by high performance liquid chromatography. 

3.2. Potential controllable drug delivery matrix systems 

This paper deals with the physical description and designed matrix systems of drug release. In the 

study, matrix systems are considered in the broad frame of the controlled release systems and the con-

cept of IPN structure is briefly discussed. In general, drug release applications of the designed matrix 

system  are considered with particular emphasis on the essential factors ruling the release kinetics, 

such as matrix swelling, drug dissolution, drug diffusion, drug - polymer interaction, initial drug dis-

tribution and particle size distribution [25]. The cross-linking reaction could enhance the strength of 

construction, which could maintain some space within the construction and provide good potential 

application for controllable drug delivery matrix systems. The linkage derived from crosslinked reac-

tion could be applied to be a key controllable unit, which is why tris (6-isocyanatohexyl) isocyanurate 

was employed in this study. Three soft hexyl arms of tris (6-isocyanatohexyl) isocyanurate could pro-

vide enough space for drug charring.   

 

 

Fig. 2.  Water uptake of new hydrocolloid interpenetrating polymeric networks (IPN). 

 

Fig. 3. Proposed Model of New hydrocolloid drug-carrying matrix systems containing interpenetrating polymeric networks 
(IPN) of hydroxypropyl methylcellulose (HPMC/PAc IPN).  
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Fig. 4. Proposed model of new hydrocolloid interpenetrating polymeric networks containing tri-isocyanate crosslinked polyu-
rethane, hydroxypropyl methylcellulose and polyacrylate adhesives with various amounts of cross-linking agents (trimer) 
such as (A) TCPU/HPMC/PAc IPN1 and (B) TCPU/HPMC/PAc IPN2). 

3.3. Schematic models of new hydrocolloid drug-carrying matrix systems derived from HPMC/PAc 

IPN for controllable drug delivery 

Schematic model of new hydrocolloid drug-carrying matrix systems without cross-linking agents 

(trimer) derived from HPMC/PAc IPN is exhibited in Figure 3. New hydrocolloid drug-carrying ma-

trix systems without trimers (HPMC/PAc IPN) show excellent water adsorption which is due to the 

high content of hydroxyl units (–OH) within the new IPN matrix. Furthermore, schematic models of 

new hydrocolloid drug-carrying matrix systems containing interpenetrating polymeric networks of tri-

isocyanate crosslinked polyurethane, hydroxypropyl methylcellulose and polyacrylate adhesives (such 

as TCPU/HPMC/PAc IPN1 and TCPU/HPMC/PAc IPN2) with various amounts of cross-linking 

agents are exhibited in Figure 4. The tri-isocyanate crosslinked polyurethane provides the cross-

linking structure within the IPN materials and flexible property of the IPN materials containing ure-

thane groups. However, the formation of tri-isocyanate crosslinked polyurethane within the IPN mate-

rials would decrease hydrophilic hydroxyl units within the IPN materials (TCPU/HPMC/PAc IPN). 

The water uptake of the TCPU/HPMC/PAc IPN materials is lower than that of HPMC/PAc IPN. Dif-

ferent amounts of trimer will react with the hydroxyl group of various contents, which can affect the 

water absorption ability of the TCPU/HPMC/PAc IPN materials.  Relative low concentration of cross-

linking agents was applied in preparation of TCPU/HPMC/PAc IPN1 and new drug release IPN ma-

trix with relative low cross-linked structure was obtained (see Figure 4(A)). TCPU/HPMC/PAc IPN1 

shows relative high water absorption ability because of relative high contents of hydroxyl groups.  

Relatively, relative high concentration of cross-linking agents was employed in preparation of 

TCPU/HPMC/PAc IPN2 and new drug release IPN matrix with corresponding high cross-linked struc-

ture was obtained (see Figure 4(B)). 
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4. Conclusion 

New drug delivery system of hydrophilic IPN was successfully designed and installed. HPMC was 

used to control drug release from several pharmaceutical systems because of its functional hydroxyl 

groups, non-toxic nature, swelling properties. In this study, a new designed TCPU/HPMC/PAc IPN 

could also be prepared on the surfaces of wound dressings. When the polymeric systems were estab-

lished on the surfaces of wound dressings, the advanced hydrophilic interpenetrating polymeric struc-

tures of TCPU/HPMC/PAc IPN could provide good wettability, which contributes to its application as 

wound dressings and creates a good hydrophilic microenvironment. The wound dressings containing 

hydroxypropyl methylcellulose/polyurethane networks using 1% cross-linking agent show a water up-

take value of 5.1% after one hour. For the clinical demand of drug carrying matrix system, drug could 

be considered and/or incorporated into the hydrophilic HMPC/TCPU IPN matrix structure. New drug 

carry and delivery systems of hydrophilic IPN were also successfully created and installed. The de-

signed matrix systems could produce a controllable potential for drug delivery, because of physical 

interpenetrating polymeric networks and chemical urethane groups.  
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