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Abstract 

The transdermal patch is polymeric-based patches containing a dispersed bioactive ingredient that deliver therapeutic agents at a 
constant rate through the human skin surface. In this study, the dual layer PVA patch was prepared using a combination of freezing-
thawing (F-T) and electrospinning techniques to study the effect of F-T cycles on morphology structure and swelling ratio of the 
fabricated patch. The effect of F-T cycles on swelling ability as well as the morphological study of the patch was employed and 
characterized using Scanning Electron Microscopy (SEM) and immersion of dual layer PVA patch for 24 hours in distilled water 
was calculated. Morphological structure of dual layer PVA patch has proved the correlation between the PVA cryogel and PVA 
electrospun nanofiber membrane. The results revealed that the dual layer PVA patch was successfully fabricated as the under layer 
PVA electrospun nanofiber membrane does not fully dissolve throughout the F-T process. Furthermore, in this study, it is shown 
that increasing of F-T cycles has decreased the swelling ability of the dual layer PVA patch. It also found that the presence of PVA 
electrospun nanofiber has also affected the swelling ability of the dual layer PVA patch due to the high surface ratio of the 
electrospun nanofiber membrane. The highest percentage of swelling ratio was found approaching 66% for dual layer PVA with 3 
cycles (2L-3C), as for dual layer PVA with 5 cycles (2L-5C) the percentage found significantly lower (33%).  The improvement 
of dual layer PVA patch can be utilized for drug release assessment and also could be good potential for transdermal drug delivery. 
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1. Introduction 

PVA is a biocompatible water-soluble polymer of increasing interest due to its large-scale applications as a 
biomaterial and for drug-delivery systems, for building sensors and membranes with selective permittivity [1-4]. 
Among the existing PVA-based systems, the chemical and physical hydrogels with controlled macroscopic properties 
are of particular interest, as successfully shown in biotechnological and biomedical applications. Electrospinning is 
the most cost-effective with simple tooling that utilizes electrostatic forces to produce nanofibers from polymer 
solution with unique characteristics including a large surface area to volume ratio, ultrafine structure and high porosity 
with pore sizes ranging from submicron to nanometer [5]. In addition, the nonwoven, ultrathin, and super porous 
structures of electrospun fibrous films allow sufficient air and water vapor to permeate through. Development of 
electrospun nanofibers have been widely used for skin tissue scaffolds, wound dressings as well as drug delivery 
applications including Alzheimer drugs, antimicrobial and antifungal drugs, proteins, cosmeceuticals and genes [6-
8]. 

Extensively, properties of PVA cryogel prepared by cyclic F-T been studied and depend upon a variety of factors, 
most important of which are molecular weight, concentration of polymer and number of F-T cycles [9]. Previous 
research by Butylina et al., [10] has shown that as the number of F-T cycles increase from three to five adversely 
affected the compressive properties of hydrogels. The final properties of the cryogels can be changed by different 
variables such as time, temperature and number of cycles in the F-T process, as well as by the polymer fraction 
content. Many studied has found that equilibrium-swelling ratio of PVA cryogels decreases with increasing number 
of F-T cycle. A study by Peppas et al., [11] stated that the crosslinks in cryogel hindered the mobility of polymer 
chain and resulted in lower swelling ratio. The highly swollen cryogel represents a less compact structure and a lesser 
degree of crosslinking when compared with the cryogels with the lower swelling rate. Increasing the number of F-T 
cycles leads to the further formation of crystals that act as crosslinking sites, therefore, indicating a more stable 
network structure, which behaves like a less swollen structure [12].  

2. Materials and Methods 

2.1. Materials 

Poly (vinyl alcohol) (PVA, molecular weight ~ 89,000-98,000, 99+% hydrolyzed) was purchased from Sigma-
Aldrich and distilled water as a solvent. 

2.2. Fabrication of Dual Layer PVA patch 

A weighed amount of PVA powder was dissolved in distilled water at 80o C for 3 h to prepare a PVA solution at 
a fixed concentration of 10% w/v. After that, the solution was cooled down to room temperature (25o C). 
Electrospinning of the as-prepared solutions was carried out by connecting the emitting electrode of positive polarity 
from a Gamma High-Voltage Research ES30PN/M692 high voltage DC power supply to the solutions contained in 
a standard 5-ml syringe. The open end of which was attached to a blunt gauge-23 stainless steel needle (outer diameter 
= 0.91 mm), used as the nozzle, and the collection plate laminated with aluminium foil (dimension = 15 cm x 15 cm), 
used as the fiber-collection device. A fixed electrical potential of 20 kV was applied across a fixed distance of 15 cm 
between the tip of the nozzle and the outer surface of the collector plate (i.e., the electrostatic field strength of (20 kV 
/15 cm). The feed rate of the solutions was controlled to about 1 ml h-1 utilizing a syringe pump. 

The aqueous PVA solutions were then poured on the surface of the electrospun nanofibers membrane that has 
been placed inside the specifically designed mold with dimensions: length x width x thickness: 100 mm x 100 mm x 
1.5mm. F-T of dual layer PVA patch was obtained by subjecting the PVA aqueous solutions with corresponding 
concentrations to repeated F-T cycles (3 and 5 cycles), consisting a 24 h freezing step at -20 oC followed by a 2 h 
thawing step at room temperature. The choice of numbers of F-T cycles was based on previous studies [13]. Figure 
3.2 shows the schematic diagram of the combine process of dual layer PVA patch. 
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Fig. 1. Schematic diagram of combine electrospun nanofiber membrane and F-T cryogel for 3 and 5 cycles. 
 

2.3. Scanning Electron Microscopy (SEM) 

The freeze-dried dual layer PVA samples were cut into small dimension (5 mm x 5 mm), and the samples were 
directly sent to Auto Fine Coater Machine for a sputtered thin layer of gold on its surface at 25 mA plasma current 
and 2 Pa of chamber pressure to make them conducting samples. The function of the coating is to make sure the 
insulating freeze-dried Dual layer PVA samples are electrically conductive during high-resolution electron imaging 
applications. The Dual layer PVA samples were then examined by using SEM of JEOL-JSM6380LA (Japan) operates 
at 15 kV at 10 and 50 µm magnifier under high vacuum. 

2.4. Swelling property  

The pre-weighed dry samples were immersed in distilled water for different times at room temperature until an 
equilibrium state of absorption was achieved. After the excessive surface water was removed with filter paper, the 
weight of the swollen gel was measured at various time intervals. The procedure was repeated until there was no 
further weight increase. The swelling ratio can be determined as a function of time. 

 

SR (%) =  
𝑊𝑊𝑊𝑊𝑡𝑡𝑡𝑡/𝑊𝑊𝑊𝑊0

𝑊𝑊𝑊𝑊0
 𝑥𝑥𝑥𝑥 100                                                                                                                                                              (1)  

 
Where, Wt = Wet weight, Wo = Original dry weight. 
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3. Results and Discussions 

3.1. PVA electrospun nanofiber membrane 

Scanning Electron Microscopy, SEM is an excellent technique for examining the surface morphology of 
electrospun nanofibers and cryogels. Photomicrographs of electrospun nanofiber and average fiber diameter are 
shown in Fig.2. (a) and (b). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. SEM micrographs of average fiber diameter electrospun fibers from 10% PVA solutions (voltage = 20kV, tip–to nozzle distance =15 cm, 
flow rate = 1 ml/h). PVA magnification 8000x. 
 

PVA Electrospun nanofiber with smooth and uniform the suitable electrospinning obtained. The nanofiber has 
successfully electrospinned, and the selected parameters were used for electrospinning are consistent throughout the 
experiment. The resulting fibers showed cylindrical morphology fibers diameters ranged from 90 to 250 nm (Fig. 
2(b)). The obtained PVA electrospun nanofiber has been further to develop dual layer PVA patch. 

3.2. Composition of Dual Layer PVA patch 

For the preparation of dual layer PVA patch, the process was mentioned in section 2.2. An average thickness of 
PVA electrospun nanofiber membrane after running 2 ml of electrospinning technique was calculated at 5 different 
points. Table 1 shows the composition of the dual layer PVA patch. 

Table 1. Composition of Dual Layer PVA patch 

Cryogel samples Concentration of PVA 
(%w/v) 

Thickness of electrospun 
nanofiber membrane (mm) No. of cycles 

2L-3C 
10 

0.062 ± 0.005 3 

2L-5C 0.059 ± 0.009 5 

 

3.3. Morphological of Dual Layer PVA Patch 

The combined technique (F-T and electrospinning) has been successfully conducted. Fig. 3. (a) and (b) shows 
the morphological structures of the 2L-3C and 2L-5C. PVA Cryogel (upper layer) and PVA electrospun nanofiber 
(bottom layer) after finishing each F-T cycles. 

 
 
 
 

(a) (b) 
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Fig. 3. Surface morphological (top and bottom) of (a) 2L-3C and (b) 2L-5C. 
 

 
The combination of PVA cryogel and PVA electrospun nanofiber after F-T cycles does not demolish the nanofiber 

even though both structures were hydrophilic. However, during the pouring process of PVA solution on top of 
nanofiber, it does affect the diameter of the nanofiber as the nanofiber observed swollen in shape. On physical 
observation, the dual layer PVA patch has a phase distinction between gel and nanofiber. This claim can be supported 
by a cross-section of the dual layer PVA patch showed in Fig. 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. SEM micrograph for cross-section of dual layer PVA patch 

3.4. Swelling Ratio 

Refer to Fig. 5, swelling ratio for both dual layer PVA patch immersed in distilled water as a medium for 24 
hours are shown. Fig. 5 represent the swelling ratio for 2L-3C and 2L-5C patches. 

 
 
 
 
 

(a) 

(b) 

Electrospun nanofiber 

PVA cryogel 
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Fig. 5. Swelling ratio of 3 cycles-dual layer PVA patch and (b) 5C-dual layer PVA patch. 

 
Fig. 5 revealed that 2L-3C has the largest swelling ratio compared to 2L-5C which up to 66% compared to 2L-5C 

(33%)  for the first four hours of immersion. These results confirm that the swelling behavior is notably influenced 
by the number of F-T cycles and incorporation nanofiber membrane in PVA cryogel. Essentially, as the number of 
freezing and thawing cycles increased, more PVA chains participated in the formation of a stable crystal of 2L-5C 
which lead to strong hydrogen bonding, and associated physical crosslinking resulting less dissolution of sample 
occurred [9], [14]. 

To further understand the swelling properties of the dual layer PVA patch, the samples of PVA cryogel namely 
neat-3C and neat-5C also been examined. In comparison to PVA cryogel (neat-3C and neat-5C), the dual layer PVA 
patch graph exhibited greater swelling ability. The 2L-3C samples show the highest rates of a swelling percentage 
while the lowest in neat-5C. However, the swelling ratio for 2L-5C and neat-3C is almost comparable with each 
other. This phenomenon occurred due to the presence of the nanofiber membrane which increases its swelling 
percentage. As mentioned by the previous researcher, the swelling ability of electrospun nanofiber is higher compared 
to cast film due to high surface area and porosity nature of the electrospun nanofiber [15]. 

4. Conclusions 

In this work, the dual layer PVA patch was fabricated using a combination of F-T and electrospinning method to 
assess the effect of F-T cycles on its morphological structures and swelling properties. Results shows that increase in 
F-T cycles has decreased its swelling ability. As for the dual layer PVA patch, the results demonstrate that the 
presence of nanofiber has increased the swelling percentage due to the high surface area of the nanofiber resulting in 
the water uptake by the nanofibers. In a nutshell, the fabricated dual layer PVA patch evidently improved in swelling 
properties for further drug release assessment. 
 
Acknowledgements 
 
The authors would like to acknowledge Ministry of Higher Education Malaysia for funding through Fundamental 
Research Grant Scheme. 

References 

[1] Li, Y., Rogdrigues, J., and Tomas, H. (2012) “Injectable and biodegradable hydrogels: gelation, biodegradation and biomedical 
applications”, Chem. Soc. Rev., 41 (6): 2193-2221. 

[2] Jensen, B. E. B., Hosta-Rigau, L., Spycher, P. R., Reimhult, E., Städler, B., and Zelikin, A. N. (2013) “Lipogels: surface-adherent composite 
hydrogels assembled from poly (vinyl alcohol) and liposomes”, Nanoscale, 5(15): 6758. 

0

10

20

30

40

50

60

70

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Sw
el

lin
g 

R
at

io
, Q

 (%
)

Time (h)

neat-3C neat-5C
2L-3C 2L-5C



 Shafizah Sa’adon  et al. / Procedia Computer Science 158 (2019) 51–57 57
 Shafizah Sa’adon et al.,/ Procedia Computer Science 00 (2019) 000–000  7 

[3] Tang, C., Saquing, C.D., Harding, J.R., Khan, S.A. (2010) “In Situ Cross-Linking of Electrospun Poly (vinyl alcohol) Nanofibers”, 
Macromolecules, 43(2): 630-637. 

[4] Quintero, S. M. M., Ponce F, R. V., Cremona, M., Triques, A. L. C., D’ Almeida, A. R., and Braga, A. M. B. (2010) ‘Swelling and 
morphological properties of poly(vinyl alcohol) (PVA) and poly(acrylic acid) (PAA) hydrogels in solution with high salt concentration’, 
Polymer, 51(4): 953–958. 

[5] Paaver, U., Tamm, I., Laidmäe, I., Lust, A., Kirsimäe, K., Veski, P., and Heinämäki, J. (2014) “Soluplus Graft Copolymer: Potential Novel 
Carrier Polymer in Electrospinning of Nanofibrous Drug Delivery Systems for Wound Therapy”, BioMed Research International, 1-7. 

[6] Arthanari, S., Mani, G., Jang, J. H., Choi, J. O., Cho, Y. H., Lee, J. H., and Jang, H. T. (2014) “Preparation and characterization of gatifloxacin-
loaded alginate/poly (vinyl alcohol) electrospun nanofibers”, Artificial Cells, Nanomedicine, and Biotechnology, 1-6. 

[7] Gencturk, A., Kahraman, E., Gungor, S., Ozhan, G., Ozsoy, Y. and Sarac, A.S. (2016) “Polyurethane/ hydroxypropyl cellulose electrospun 
nanofiber mats as potential transdermal drug delivery system: characterization studies and in vitro assays”, Artif. Cell Blood Sub, 1-11. 

[8] Esenturk, I., Balkan, T., Gungor, S., Sarac, A.S. and Erdal, M.S. (2016) “Voriconazole-loaded electrospun nanofibers as topical drug carriers”, 
7th European Dermatology Congress, Alicante, Spain. 

[9] Hassan, C. and Peppas, N. (2000) “Structure and applications of poly (vinyl alcohol) hydrogels produced by conventional crosslinking or by 
freezing/thawing methods”, Adv Polym Sci, 153: 37–65. 

[10] Butylina, S., Geng, S., and Oksman, K. (2016) “Properties of as-prepared and freeze-dried hydrogels made from poly (vinyl alcohol) and 
cellulose nanocrystals using freeze-thaw technique”, European Polymer Journal, 81: 386-396. 

[11] Peppas, N.A., Bures, P., Leobandung, W., and Ichikawa, H. (2000) “Hydrogels in pharmaceutical formulations”, Eur J Pharm Biopharm, 50: 
27-46. 

[12] Liu, Y., Vrana, N. E., Cahill, P. A., and McGuinness, G. B. (2009) “Physically crosslinked composite hydrogels of PVA with natural 
macromolecules: Structure, mechanical properties, and endothelial cell compatibility”, Journal of Biomedical Materials Research Part B: 
Applied Biomaterials, 90B (2): 492-502. 

[13] Holloway, J.L., Spiller, K.L., Lowman, A.M., and Palmese, G.R. (2011) “Analysis of the in vitro swelling behavior of poly (vinyl alcohol) 
hydrogels in osmotic pressure solution for soft tissue replacement”, Acta Biomater, 7: 2477–2482.   

[14] Figueroa-Pizano, M. D., Vélaz, I., Peñas, F. J., Zavala-Rivera, P., Rosas-Durazo, A. J., Maldonado-Arce, A. D., and Martínez-Barbosa, M. E. 
(2018) “Effect of freeze-thawing conditions for preparation of chitosan-poly (vinyl alcohol) hydrogels and drug release studies”, Carbohydrate 
Polymers, 195: 476–485. 

[15] Ngawhirunpat, T., Opanasopit, P., Rojanarata, T., Akkaramongkolporn, P., Ruktanonchai, U. and Supaphol, P. (2009) “Development of 
meloxicam- loaded electrospun polyvinyl alcohol mats as a transdermal therapeutic agent”, Pharm Dev Technol, 14: 70-79. 

 
 


