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ABSTRACT

The purpose of this research was to design and develop hy-
drogels by esterification of polyvinyl alcohol (PVA) with
gelatin. The membranes were characterized by Fourier Trans-
form Infrared (FTIR) spectroscopy, x-ray diffraction (XRD),
and differential scanning calorimetry. The viscosity of the
esterified product (as solution) was compared with the mix-
ture of PVA and gelatin of the same composition. The me-
chanical properties of the hydrogels were characterized by
tensile tests. Swelling behavior and hemocompatibility of
the membrane were also evaluated. The diffusion coefficient
of salicylic acid (SA), when the receptor compartment con-
tained Ringer’s solution, through the membrane was deter-
mined. SA was used as a model drug. FTIR spectra of the
membranes indicated complete esterification of the free
carboxylic groups of gelatin. XRD studies indicated that
the crystallinity of the membranes was mainly due to gela-
tin. The comparison of viscosity indicated an increase in
segment density within the molecular coil. The membrane
had sufficient strength and water-holding capacity. Hemo-
compatibility suggested that the hydrogel could be tried as
wound dressing and as an implantable drug delivery sys-
tem. The diffusion coefficient of SA through the membrane
was found to be 1.32 × 10−5 cm2/s. The experimental re-
sults indicated that the hydrogel could be tried for various
biomedical applications.

KEYWORDS: Hydrogels, diffusion coefficient, hemocom-
patibilityR

INTRODUCTION

Hydrogels are one of themost promising types of 3-dimensional
cross-linked hydrophilic polymeric networks being used for
various biomedical applications. These polymeric materials
do not dissolve in water at physiological temperature and pH

but swell considerably in an aqueous medium. Applications
of hydrogels in the biomedical field include contact lenses,
artificial corneas, wound dressing, coating for sutures, cath-
eters, and electrode sensors. The application of hydrogels
in such a wide range of fields leads to the manipulation of
their physical properties. Since the hydrogels have absorbed
water, they are usually biocompatible in nature and are non-
irritating to the soft tissues when in contact with them.1-3

The increasing importance of hydrogels in areas such as phar-
maceuticals, food chemistry, medicine, and biotechnology
has stimulated theoretical and experimental work on the
properties of hydrogels in aqueous solutions. Chemically
cross-linked gels can be obtained by radical polymerization
or cross-linking agents (eg, glutaraldehyde, epichlorohydrin)
or can be induced by radiation (eg, UV radiation, gamma
radiation). The hydrogel characteristics, including the swell-
ing properties and strength, can be modulated by the amount
of cross-linking agent. Environmentally sensitive gels can
be obtained by the addition of special monomers.4,5 Water-
soluble polymers owe their solubility properties to the pres-
ence of functional groups (mainly OH, COOH, NH2) that
can be used for the formation of hydrogels. Covalent link-
ages between polymer chains can be established by the re-
action of functional groups with complementary reactivity,
such as an amine-carboxylic acid or an isocynate-OH/NH2

reaction.6

Polyvinyl alcohol (PVA) blends have long been used with
other natural polymers because of PVA’s ability to form films.
The performance properties of PVA are influenced by the
molecular weight and the degree of hydrolysis. The mo-
lecular mass of PVA is ~160 kDa.7 PVA has a planar zigzag
structure like polyethylene.8 All PVA grades are readily sol-
uble in water and are dependent on factors like molecular
weight, particle size distribution, and particle crystallinity.
As a hydrophilic polymer, PVA exhibits excellent water re-
tention properties.9 Optimum solubility occurs at 87% to
89% hydrolysis. For total dissolution, however, PVA re-
quires water temperatures of ~100-C with a hold time of
30 minutes.

Gelatin is obtained by the thermal denaturation of collagen
from animal skin, bones, and, rarely, fish scales. It contains
mainly the residues of 3 amino acids—glycine (arranged
every third residue), proline, and 4-hydroxyproline—in its
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structure. Gelatin contains extended left-handed proline he-
lix conformations incorporated with 300 to 4000 amino acids.
The presence of higher levels of pyrrolidines in gelatin re-
sults in the formation of stronger gels.10 The strength of the
gelatin film is due to the presence of triple helixes. The greater
the triple-helix content, the higher the strength of the film
and the lower the swelling property in water.11 The gelling
properties of the gelatin can be altered by the introduction
of chemical cross-links by using transglutaminase to link
lysine to glutamine residues12 or glutaraldehyde to link lysine
to lysine.

Like PVA, gelatin possesses a film-forming property. Ac-
cordingly, it is used for making hard and soft gelatin cap-
sules. Considering the film-forming property, a PVA-gelatin
film was thought to be a good candidate for artificial skin.
Hence, attempts were made to develop a hydrogel membrane
by esterifying the hydroxyl group of PVAwith the carboxyl
group of gelatin. Attempts were also made to characterize
the membrane by FTIR, x-ray diffraction (XRD), differential
scanning calorimetry (DSC), tensile strength, hemocompat-
ibility, swelling studies, and diffusion studies.

MATERIALS AND METHODS

Materials

PVA (molecular weight 125 000) was obtained from SD Fine
Chem Ltd (Mumbai, India). Gelatin (for bacteriological pur-
poses) and salicylic acid (SA) were obtained from Loba-
Chemie Indoaustranal Co (Mumbai). Hydrochloric acid 35%
pure was obtained from Merck Ltd (Mumbai). Double-
distilled water was used throughout the study.

Preparation of Hydrogel

The preparation of the hydrogel has been described
elsewhere.13 In short, 2.5 g of gelatin was dissolved in
100 mL of a 10% aqueous solution of PVA. Concentrated
hydrochloric acid (HCl, 0.05 mL) was added, and the re-
sulting dispersion was stirred (using a overhead stirrer at
100 ± 5 rpm) at 70-C for a half-hour to carry out the es-
terification reaction between PVA and gelatin. The thick
dispersion so obtained was converted into a membrane by
the conventional solution casting method. The resultant mem-
brane was washed thoroughly with distilled water to remove
the HCl and was stored in a dessicator at 37-C.

Characterization

Gelatin, PVA, and the hydrogel membrane were subjected
to FTIR spectroscopy in the range of 4000 to 400 cm–1. An
FTIR spectrophotometer (NEXUS-870, Thermo Nicolet Cor-
poration, Waltham, MD) was used for the study.

The rawmaterials and the membrane were subjected to XRD
(XRD-PW 1700, Philips, Rockville, MD) using CuKα ra-
diation generated at 40kV and 40 mA; the range of diffrac-
tion angle was 10.00 to 70.00- 2θ.

The viscosity of the esterified product in solution and the
mixture of PVA-gelatin (taken in the same ratio as was
taken in the preparation of the esterified product) was mea-
sured using a TA rheology instrument (Model AR 1000,
New Castle, DE).

A PerkinElmer DSC-2 (Waltham, MD) was used to study
the melting and crystallization behavior of the polymeric
membrane. The temperature and energy scales were cali-
brated with the standard procedures. The melting studies
were performed in the temperature range of 50 to 400-C at
a heating rate of 10-C/min in an N2 atmosphere.

The tensile strength of the membrane was tested in a Houns-
field H10KS tensile testing machine (Horsham, PA). The
cross-head speed was kept at 5 mm/min.

The hemocompatibility test was performed as described
elsewhere.14 In place of citrated goat blood, chelated hu-
man blood (with EDTA) was used. The rest of the proce-
dure was the same. The hemolysis percentage is defined as

% Hemolysis ¼ ODtest � ODnegative

ODpositive � ODnegative
� 100 ð1Þ

where OD is optical density.

Swelling Behavior

The membrane was immersed directly in buffers of pH 1.4,
5.4, or 7.4 (prepared as per Indian Pharmacopoeia 1996,
Ministry of Health and Social Welfare, New Delhi, India)
at room temperature for 72 hours; after that, the swollen
product was dried at 37-C under vacuum to a constant weight.
The equilibrium percentage of swelling (% swelling) of the
product was calculated as follows:

% Swelling ¼ We �Wd

Wd
� 100 ð2Þ

where We is the weight of the product after hydration for
72 hours, and Wd is the weight of the dried product.

Measurement of Diffusion Coefficient

A diaphragm cell15 was used to measure the diffusion co-
efficient. The cell consisted of 2 chambers separated by a
film (0.2-mm thick) of the hydrogel. The hydrogel mem-
brane was equilibrated in water for 2 hours before the ex-
periment began. The first chamber (donor) contained 10 mL
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of SA solution (0.8 mg/mL). The other chamber (receptor)
contained 200 mL of Ringer’s solution. Then the donor
chamber was lowered so that the hydrogel just touched the
receptor fluid kept under stirring. The system was placed in
a constant-temperature water bath (30-C). A pipette was
used to draw 0.1 mL of solution from the donor chamber
and 1.0 mL of sample from the receptor chamber periodi-
cally. The withdrawn samples were replaced with an equal
volume of distilled water. The samples were analyzed spec-
trophotometrically at 294 nm to determine the concentration
of SA in each chamber as a function of time. The diffusion
coefficient, D, was calculated from these results.

At any time, t, the concentration values in the 2 chambers
can be used to calculate the diffusion coefficient, D, of the
drug in the hydrogel from the following equation16:

D ¼ 1

βt
� ln

CDðtÞ � CRðtÞ
CDð0Þ � CRð0Þ ð3Þ

with

β ¼ AH

WH
� 1

V1
þ 1

V2

� �
ð4Þ

where CD(0) is the initial concentration of drug in the donor
chamber;, CR(0) is the initial concentration of drug in the
receptor chamber; CD(t) is the concentration of drug in the
donor chamber after time t; CR(t) is the concentration of drug
in the receptor chamber after time t; AH is the effective cross-
sectional area of diffusion in the hydrogel sample; WH is
the width of the hydrogel sample; V1 is the volume of drug
solution in the donor chamber; and V2 is the volume of the
receptor chamber media.

RESULTS AND DISCUSSION

FTIR Characterization

The FTIR spectra of gelatin (Figure 1) showed peaks at
3450 cm–1 and 3423 cm–1 due to -NH stretching of second-
ary amide, C=O stretching at 1680 cm–1 and 1640 cm–1, -NH
bending between 1550 cm–1 and 1500 cm–1, -NH out-of-
plane wagging at 670 cm–1, and C-H stretching at 2922 cm–1

and 2850 cm–1. The FTIR spectra of PVA (Figure 1) showed
a broad peak around 3425 cm–1 indicating stretching of hy-
droxyl groups and peaks at 2923 cm–1 and 2850 cm–1 due
to C-H stretching. The spectra of the membrane (Figure 1)
showed a peak at 3398 cm–1, indicating the presence of a
hydroxyl group with polymeric association and a second-
ary amide. It can be observed from the spectra of the mem-
brane that the peak of the gelatin at 1680 cm–1 shifted to
1758 cm–1 (Figure 1), indicating the formation of an ester-
ified product (after esterification bond length is shortened,

resulting in the shift of the peak to a higher wave number).
Since there are no peaks at 1680 cm–1 it can be concluded
that all the free carboxylic groups of gelatin have been ester-
ified. The peaks at 1088 cm–1 and 1277 cm–1 indicated the
C-O stretch of secondary alcoholic groups and the ester. The
spectra of the membrane also showed a peak at 1635 cm–1

(Figure 1), indicating the presence of a secondary amide
group. The peak at 2947 cm–1 (Figure 1) indicates the pres-
ence of a hydrocarbon chromophore in the esterified prod-
uct. In short, the esterified product has an ester linkage, a
secondary alcoholic group, and secondary amide groups in
addition to the hydrocarbon chromophore.

XRD Characterization

The XRD patterns of PVA film and gelatin (Figure 2) re-
vealed that the PVA peak was at around 22.5- 2θ, while
that of gelatin was at around 20- 2θ, having intensities of
~3300 and 1200, respectively. The XRD pattern of the mem-
brane (Figure 2) revealed a prominent peak at around 20-
2θ, having an intensity of 1600. From this we can infer that
the crystallinity of the membrane is mainly due to gelatin
rather than PVA. From the XRD patterns the percent crys-
tallinity of PVA, gelatin, and the hydrogel membrane was
found to be 5.27, 9.84, and 2.46, respectively. Thus, there
appears to be a reduction in crystallinity of the membrane.

Viscosity Measurement

The viscosity of the esterified product was measured at vary-
ing shear rates (0-50 1/s) and was compared with the mixture
of PVA and gelatin having the same composition as that of
the esterified product.

From Figure 3, it can be observed that at every shear rate
the viscosity of the esterified product is lower than that

Figure 1. FTIR spectra of PVA, gelatin, and hydrogel. PVA indi-
cates polyvinyl alcohol.
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of the PVA-gelatin mixture having the same composition.
This indicates that some interaction has taken place among
the 2 polymers. Esterification results in an increase in seg-
ment density within the molecular coil, which in turn re-
sults in a smaller hydrodynamic volume and a lower intrinsic
viscosity.17

DSC Characterization

The DSC thermogram of PVA indicated a glass transition
temperature of 92-C and a melting isotherm at 292-C. The
thermogram of gelatin indicated a glass transition temper-
ature of 60-C. The glass transition temperature of the mem-
brane was found to be 145-C, indicating the formation of
a new product. No melting endotherm was found for gela-
tin. As we have already discussed, gelatin is available in a

coiled structure, while PVA has a planar zigzag structure.
Because of this mismatch in crystalline structure, the polymer
matrix might behave as an amorphous polymer complex,
and hence there was no sharp melting point in the thermo-
grams of the membrane.

Tensile Strength of Membrane

The tensile strength of the PVA membrane was found to be
19 ± 1.92 MPa, while the strength of the gelatin film was
found to be 1.29 ± 0.50 MPa. The strength of the mem-
brane was found to be ~14 ± 2.81 MPa. So, this membrane
could be used for wound covering, as it can withstand some
frictional stresses during day-to-day activities. The mem-
brane is stitched around the wound surface so as to cover
the wound. If there are any frictional stresses, the membrane
absorbs the energy without breaking and thus protects the
wound.

Hemocompatibility Test

Because no hemolysis or nearly 0% hemolysis (Table 1)
occurred in the presence of the sample, the sample could be
considered highly hemocompatible and could be tried as a

Figure 2. X-ray diffraction pattern of PVA, gelatin, and hydro-
gel. PVA indicates polyvinyl alcohol.

Figure 3. Comparison of viscosity of PVA-gelatin mixture and
esterified product. PVA indicates polyvinyl alcohol.

Table 1. Hemocompatibility Test (Human Blood)*

OD at
545 nm

%
Hemolysis Remarks

Positive 0.648 — —
Negative 0.005 — —
PVA-gelatin 0.005 0.00 Highly hemocompatible

*OD indicates optical density; PVA, polyvinyl alcohol.

Figure 4. Change in amount of SA in receptor and donor cham-
bers during diffusion experimentation. SA indicates salicylic
acid.
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moist wound-dressing material or for implantable drug deliv-
ery systems.

Swelling Behavior

The water retention capacity of the hydrogel membrane pre-
pared was ~260% of the dried weight, so it can be categorized
as superabsorbent. From the FTIR result for the membrane,
it is clear that the whole carboxylic group of the gelatin has
been esterified but the free primary amine groups are pres-
ent. From this fact it can be hypothesized that these free
amino groups play an important role in water uptake because
of their hydrophilic nature.

Measurement of Diffusion Coefficient

The change in the amount of SA in the donor and receptor

chambers is shown in Figure 4. A plot of −ln CDðtÞ�CRðtÞ
CDð0Þ�CRð0Þ

(denoted by –lnX) vs time yielded a straight line. The slope
of this line was used to calculate the diffusion coefficient, D,
as indicated in Equation 3. The diffusion coefficient of SA
through the membrane was found to be 1.32 � 10−5 cm2/s.

CONCLUSION

PVA-gelatin membranes were made by esterification of the
hydroxyl group of PVA with the carboxyl group of gelatin.
The hydrogel developed was found to be superabsorbent, to
be hemocompatible with human blood, and to allow dif-
fusion of SA. Hence, it could be tried for various biomedical
applications, such as drug delivery systems andmoist wound
dressings.

ACKNOWLEDGMENT

The authors are thankful to the Indian Institute of Technology
(Kharagpur, India) for funding the research. The first author is
also grateful to his lab technician and labmates (Mr N.K.
Mallick, Mr A.H. Bhat, Mr Arfat Anis, Mr Dibakar Behera,
and Ms H. Satapathy) for their constant encouragement and
support during the completion of the work. Figures 1 and 2
are modified forms of figures published in the Journal of
Biomaterials Application.13

REFERENCES

1. Gupta P, Vermani K, Garg S. Hydrogels: from controlled release to
pH-responsive drug delivery. Drug Discov Today. 2002;7:569Y579.

2. Hennink WE, Van Nostrum CF. Novel crosslinking methods to design
hydrogels. Adv Drug Deliv Rev. 2002;54:13Y36.

3. Kabiri K, Omidian H, Hashemi SA, Zohuriaan-Mehr MJ. Synthesis
of fast-swelling superabsorbent hydrogels: effect of crosslinker type
and concentration on porosity and absorption rate. Eur Polym J.
2003;39:1341Y1348.

4. Alvarez-Lorenzo C, Concheiro A. Reversible adsorption by a pH- and
temperature-sensitive acrylic hydrogel. J Control Release. 2002;80:
247Y257.

5. Acharya A, Mohan H, Sabharval S. Radiation induced polymerization
and crosslinking behaviour of N-hydroxy methyl acrylamide in aqueous
solutions. Radiat Phys Chem. 2002;65:225Y232.

6. Byrne ME, Park K, Peppas NA. Molecular imprinting within
hydrogels. Adv Drug Deliv Rev. 2002;54:149Y161.

7. Brannigan J, Dodson G, Wilson K. Ntn hydrolases. York Structural
Biology Laboratory Web Site. Available at: http://www.ysbl.york.ac.uk/
projects/2/2.8.htm. Accessed: March 1, 2007.

8. Horii F, Hu S, Ito T, Odani H, Kitamaru R. Cross polarization/magic
angle spinning 13C nmr study of solid structure and hydrogen bonding
of poly(vinyl alcohol) films with different tacticities. Polym J.
1992;33:2299Y2306.

9. Peppas NA, Merrill EW. Development of semicrystalline poly(vinyl
alcohol) hydrogels for biomedical application. J Biomed Mater Res.
1977;11:423Y434.

10. Oakenfull D, Scott A. Gelatin gels in deuterium oxide. Food
Hydrocolloids. 2003;17:207Y210.

11. Bigi A, Panzavolta S, Rubini K. Relationship between triple-helix
content and mechanical properties of gelatin films. Biomaterials.
2004;25:5675Y5680.

12. Babin H, Dickinson E. Influence of transglutamase treatment on
the thermoreversible gelation of gelatin. Food Hydrocolloids.
2001;15:271Y276.

13. Pal K, Banthia AK, Majumdar DK. Polyvinyl alcohol-gelatin
patches of salicylic acid: preparation, characterization and drug release
studies. J Biomater Appl. 2006;21:75.

14. Pal K, Pal S. Development of porous hydroxyapatite scaffolds.
Mater Manuf Process. 2006;21:325Y328.

15. Pal K, Banthia AK, Majumdar DK. Development of carboxymethyl
cellulose acrylate for various biomedical applications. Biomed Mater.
2006;1:85Y91.

16. Falk B, Garramone S, Shivkumar S. Diffusion coefficient of
paracetamol in a chitosan hydrogel. Mater Lett. 2004;58:3261Y3265.

17. Young RJ, Lovell PA. Introduction to Polymers. Scotland, UK:
Stanley Thornes Ltd; 2004:195Y199.

AAPS PharmSciTech 2007; 8 (1) Article 21 (http://www.aapspharmscitech.org).

E5


