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Abstract
Recently, extensive research works are going on hydrogel-based wound healing and drug release materials. In the present 
research work, PVA/cellulose hydrogel (PCH) membrane was prepared to assess its drug release activity against pathogens 
or microorganisms and cancer-causing Jurkat cells. The structure of the PVA/cellulose hydrogel was confirmed by FTIR 
and XRD. The morphology of the PCH membrane was assessed by SEM. The thermal stability of the PCH membrane was 
assessed by TGA. The –OH stretching appeared at 3366 cm−1 in the FTIR spectrum. The XRD confirmed the amorphous 
nature of the PVA/cellulose hydrogel membrane. The percentage residue that remained above 600 °C was higher for PCH 
membrane as compared with PVA. The wound dressing characteristics of the prepared PCH membrane were evaluated by 
performing various analyses such as swelling index, degradation, hemocompatibility, blood clot, and antibacterial drug deliv-
ery activity. The PCH membrane also showed a high water-absorbing potential. The hemocompatibility analysis proved that 
there was no marked level of hemolysis. The PCH membrane effectively inhibited the growth of pathogens or microorganisms 
and cancer-causing Jurkat cells by delivering the drugs at a controlled rate. In the present research work, the anticancer and 
antimicrobial properties of the PCH membrane were extensively studied. The drug release study of PVA/cellulose hydrogel 
was performed to analyze the drug release model and mechanism. The PCH membrane satisfied the important characteristics 
of ideal wound dressing materials.
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1  Introduction

Synthetic hydrogels have been employed as promising 
wound dress materials in wound care treatment for the last 
three decades. Hydrogels can be applied to a variety of 
wounds like burns and leg ulcers. However, the real benefits 
of hydrogels can be realized while using them in painful 
wounds since they reduce pains considerably due to their 
cooling and soothing effects. Hydrogels enhance the wound 
bed cellular activity by providing a moist environment 
around the wound. Hydrogel dressing enables wound healing 
faster than conventional dressing like lint, cotton, and gauze 
bandages due to its ability to maintain a warm and moist 
environment around the wound [1]. Hydrogels are having 
such potential characteristics, and the literature indicates that 
exploration of the same is not done so far in the biomedi-
cal field. This is the key idea of the present research work. 
The hydrogel is a hydrophilic polymer with a 3D network 
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that can retain a huge amount of water without any struc-
tural changes owing to its cross-linked polymer network. 
PVA is a synthetic, biocompatible, and hydrophilic polymer 
that can be used to prepare hydrogels by both physical and 
chemical techniques. PVA/cellulose-based hydrogels were 
reported by Mathilde et al. in the year 2021 [2]. PVA-based 
hydrogels have been considered as promising candidates for 
wound dressing applications. The physicochemical proper-
ties of PVA are significantly altered via blending either with 
natural or synthetic polymers. Therefore, PVA is blended 
with natural polymers to extend its biomedical applica-
tions. Cellulose is an abundant natural polymer that can be 
blended with PVA due to its insignificant toxicity, excellent 
biocompatibility, porous nature, and antibacterial property 
to prepare biopolymer-based hydrogels for wound healing 
applications. The PVA/bacterial cellulose composite was 
proposed as a bioactive wood dressing material for skin ulcer 
and burn treatment [3]. The PVA hydrogels were studied 
and also recommend as soft tissue substitutes by Mohamed 
et al. [4]. A highly transparent PVA hydrogel had been pre-
pared to investigate its application in the development of 
artificial cornea [5]. The developed PVA/chitosan hydrogel 
was employed in treating osteochondral defects [6]. Anuj 
reviewed extensively the applications of PVA-based hydro-
gels in tissue engineering [7]. The antimicrobial activity of 
chestnut honey-based carboxymethyl cellulose hydrogel was 
evaluated against the Escherichia coli and Staphylococcus 
aureus by Park et al. [8]. The biomedical applications of 
biocompatible cellulose-based hydrogels had been reviewed 
extensively by Fu and his research team [9]. Rakhshaei et al. 
developed a carboxymethyl cellulose/ZnO-MCM-41 com-
posite hydrogel with sustainable drug release properties for 
wound dressing [10]. Mao and his co-workers studied the 
wound healing and antibacterial activity of carboxymethyl 
cellulose hydrogel embedded with Ag/Ag@AgCl/ZnO nano-
structure [11]. A gel matrix of PVA/polyethylene oxide/
CMC blended with curcumin and aloe vera was prepared to 
develop antibacterial fabric dressings [12]. Lo et al. studied 
the full-thickness wound healing ability of cellulose-based 
hydrogel containing fibroblasts and keratinocytes cells [13]. 
Few reports on the natural polymer and PVA-based hydro-
gels cross-linked through a dialdehyde are available in the 
literature. Such hydrogels are biocompatible and cheaper 
with more biological activities. This motivated the authors 
to do the present research work.

Huang et al. studied xanthan-based film against S. aureus 
[14]. The antimicrobial potential of the baggase-cellulose 
hydrogel against E. coli was reported by Wang et al. [15]. 
Kamounand his research team [16] demonstrated the anti-
bacterial activity of PVA-sodium alginate hydrogel mem-
branes against Staphylococcus pyogenes, Pseudomonas aer-
uginosa, Staphylococcus aureus, and Proteus vulgaris. The 
antimicrobial potential of chitosan hydrogel was assessed 

against S. aureus and E. coli by Sudheeshkumar [17]. The 
poly(glutamic acid) and polylysine-glycidyl methacrylate 
hydrogels were used in wound healing and clinical anti-
microbial therapy by Sun et al. [18]. The curcumin-loaded 
PVA/cellulose nanocrystals were examined against MCF-7 
and Huh-7 cells by Yasmin and his co-workers [19]. There is 
no study on the drug delivery efficiency of PCH membrane 
against the Staphylococcus aureus (MCC strain-no: 2043) 
and Pseudomonas aeruginosa (MCC strain-no: 2082) in the 
open literature.

In the treatment of solid tumors, ionizing radiation is used 
along with usual medication. This treatment is an effective 
one in treating cancer. However, the normal tissues are 
severely damaged during the irradiation which leads to criti-
cal health complications. In 2017, a systematic review paper 
on impaired wound healing after radiation therapy was pub-
lished by Jacobson et al. [20]. Deptula et al. [21] reported 
the wound healing complications in oncological patients. 
Gopinath and his research team [22] explained the dark side 
of wound healing. The post-operative wound complication in 
breast cancer was studied by Murthy et al. [23]. Payne and 
co-workers [24] reported the wound healing process in can-
cer patients. Our future research work will be on the wound 
healing study.

Curcumin finds wide applications in the biomedical 
field because of its biological activities. The drug delivery 
activity of curcumin-loaded chitosan was reported in the 
literature [25]. In 2019, Mahmoud et al. [26] reported the 
drug release kinetics of curcumin. The curcumin-loaded 
polymeric micro-particulate system was developed by 
Dana et al. [27]. Lanmei et al. [28] published a review arti-
cle on the curcumin delivery system. Release kinetics and 
mechanism of curcumin-loaded cockle shell were reported 
by Maryam et al. [29]. Streptomycin has been used as an 
antibiotic to treat bacterial infections. The antibacterial study 
of streptomycin-loaded chitosan was reported by Samer and 
co-workers [30]. Kailash et al. [31] reported the sustainable 
release of streptomycin from poly(caprolactone) surface. 
In the present work, curcumin and streptomycin were used 
to improve the biological activity of hydrogels. The drug 
release activity of curcumin-loaded PVA/cellulose hydrogel 
against Jurkat cells is also not yet reported so far. Hence, the 
present investigation aims to evaluate the drug delivery effi-
ciency of the PCH membrane against pus-inducing microbes 
and cancer cell lines.

2 � Experimental

2.1 � Chemicals

PVA (Mw-1,50,000  g/mol), glutaraldehyde (50% solu-
tion), curcumin, streptomycin, and Cellulose powder were 
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purchased from Sigma Aldrich Chemicals, USA. The wash-
ing and solution preparation was carried out using double 
distilled water.

2.2 � Fabrication of PVA/cellulose hydrogel

Poly (vinyl alcohol)/cellulose hydrogel membrane was fab-
ricated by the casting method [25]. In brief, 1 g of PVA was 
completely dissolved in 10 mL of distilled water at 95 °C 
under stirring. Then, the cellulose (250 mg) was separately 
dissolved in 10 mL of distilled water. Furthermore, it was 
mixed with aqueous PVA. During the mixing process, there 
was a formation of inter- and intra-molecular hydrogen 
bonding between the –OH group of PVA and cellulose. This 
led to the simple blending process. Then, 2 drops of Con.
H2SO4 were slowly added to the PVA/cellulose solution fol-
lowed by the addition of 1.4 mL of glutaraldehyde. The final 
hydrogel was dried in a hot air oven at 50 °C for 60–70 min. 
The reaction is given in Scheme 1.

2.3 � Physicochemical analysis

The presence of functional groups in the prepared samples 
was confirmed by recording FTIR spectra (Shimadzu 8400 
S, Japan) in the range of 400 to 4000 cm−1. Two milligram 
of the sample was mixed with 200 mg of spectral grade KBr 
and made into a disc under the pressure of 7 tons. X-ray dif-
fraction study was performed using Brucker K 8600 instru-
ment in the 2θ range of 2 to 80° with the scanning speed 
of 2°/min. The TGA of the samples was examined using 
TG/DTA 6200 thermal analyzer in an air atmosphere at the 
heating rate of 10 °C min−1 from 30 to 700 °C [32, 33]. The 
surface morphology of the polymeric material was analyzed 
with the help of SEM instrument, JSM 6300, JEOL model, 
USA.

2.4 � In vitro biodegradation level

The biodegradation potential was analyzed for the pre-
pared PCH membrane [34]. For this analysis, PVA/cellu-
lose hydrogel was cut into small pieces and incubated in 
the phosphate buffer (pH 7.4) solution containing lysozyme 
(0.2%) for about 7 h. Meantime, the samples were taken 
out of the buffer solution at a regular interval of time and 
washed thoroughly with deionized water. Then, the weight 
of the samples was measured after drying them properly. 
The degradation rate (S%) was determined by using the fol-
lowing equation:

where W0 is the initial weight and Wt is the final weight.

2.5 � Swelling index

The swelling behavior of the hydrogel membrane was exam-
ined to assess its water retention potential [35]. In brief, 
the pre-weighted hydrogel pieces (4 cm2) were soaked in 
phosphate buffer (pH-7.4) at room temperature. Then, the 
soaked samples were taken out with the aid of blunt forceps 
at a regular interval of 5 min. Afterwards, they were blotted 
to remove the excess fluid. The weight of the samples was 
measured using an electronic balance and the swelling index 
(SI) was calculated by using the following equation:

where SI is the swelling index of the hydrogel at equilib-
rium, W1 is the initial weight, and W2 is the final weight 

(1)Degradation rate(S%) =
W0 −Wt

W0

× 100

(2)Swelling index(SI) =
W2 −W1

W1

× 100

Scheme 1   Synthesis of 
glutaraldehyde-mediated PVA 
and cellulose-based hydrogel
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of the samples at equilibrium water absorption. The aver-
age value of SI was estimated by repeating the experiments 
thrice.

2.6 � Moisture loss capacity

In brief, the PVA/cellulose hydrogel was cut into small strips 
of dimension about 20 × 20 mm to carry out moisture loss 
analysis [36]. The hydrogel strips were weighed before plac-
ing them in a desiccator. The weight of the samples was 
estimated for every 1 h until attained a constant weight. The 
moisture loss was evaluated by determining the difference 
between the initial and final weight of the samples.

2.7 � Hemolysis analysis

Hemolysis gives an insight into the damages in the 
erythrocytic membranes (red blood cells). It can be 
identified by measuring the release of hemoglobin 
levels in the blood plasma. The hemolytic analysis 
evaluates an in vitro hemolytic potential of the pre-
pared PVA-cellulose hydrogel. The procedure for this 
analysis is discussed here. The dry PVA/cellulose 
hydrogel was equilibrated in the saline solution for 
24 h at 37 °C ± 0.5 °C. Then, the human ACD blood 
(0.25) was placed on the wet hydrogel. After 20 min, 
2.0 mL of saline solution was added to the surface 
of the hydrogel. Then, the sample was incubated at 
37 °C ± 0.5 °C for 60 min. The positive control was 
prepared by adding 0.25 mL of the human ACD blood 
in 2 mL of sterile distilled water. The saline solution 
was used as a negative control. The incubated samples 
were collected to record the optical density values at 
545 nm [34]. The hemolytic percentage was calculated 
as follows:

The absorbance values for positive and negative controls 
are 1.25 and 0.010 respectively.

2.8 � Blood clot analysis

The anti-thrombogenic property of PVA-cellulose hydro-
gel was evaluated by carrying out the blood clot analysis 
[34]. In brief, PVA/cellulose hydrogel was equilibrated 

(3)

Hemolysis(%)

=
absorbance of test sample − absorbance of negative control

absorbance of positive control − absorbance of negative control
× 100

in saline solution at 37 °C ± 0.5 °C for 24 h. 0.5 mL of 
acid citrate dextrose (ACD) was placed on the wet hydro-
gel followed by the addition of 0.03 mL of the calcium 
chloride solution (4 mol/L) to initiate thrombus formation 
(blood clot). This process was further terminated by add-
ing 4.0 mL of deionized water. Afterwards, the sample was 
soaked in deionized water for 10 min at room temperature 
to separate the obtained thrombus. Then, the thrombus 
was kept in 36% v/v formaldehyde solution (2.0 mL) for 
10 min and placed in deionized water for 10 min. Finally, 
the sample was completely dried to measure its weight. 
The same procedure was repeated to conclude the forma-
tion of a thrombus on the glass surface.

2.9 � Antimicrobial drug delivery analysis

Five different concentrations of Streptomycin (10–50 mg) 
were separately loaded onto PVA/cellulose hydrogel to 
investigate their antimicrobial drug release activity against 
pus-inducing microbes such as Staphylococcus aureus 
(MCC strain-no: 2043) and Pseudomonas aeruginosa 
(MCC strain-no: 2082) by disc diffusion assay accord-
ing to Clinical and Laboratory Standard Institute (CLSI) 
guidelines [37, 38].

2.10 � In vitro cytotoxicity analysis

MTT [3–4(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide] assay is used to measure the cell viability, 
proliferation, and cytotoxicity under in vitro conditions. 
This study was carried out to investigate the effect of cur-
cumin-loaded PVA/Cellulose hydrogel against the immor-
talized T-lymphocyte Jurkat cells [39].

2.11 � Drug delivery study

The drug release model and mechanism were determined 
by carrying out the drug release analysis. The drug release 
activity was performed in a buffer solution for PVA/cel-
lulose hydrogel by using the standard procedure [31]. 
0.50 g of PCH membrane was made as a disc by applying 
pressure (7 tons). The drug release potential of the PCH 
membrane was assessed by suspending the disc in 500 mL 
of PBS buffer solution at gastric pH. A UV–Visible spec-
trum was captured to follow the drug release kinetics. The 
percentage cumulative drug release (CDR) was computed 
using Eq. (4):

(4)%CDR =
(weight of standard) × (sample absorbance) × (sample dilution) × (potency standard)

(standard dilution) × (standard absorbance) × (label claim)
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The various drug release models were employed to 
study the drug release potential of the PCH membrane. The 
plots of (% CDR) versus time and log(% drug remaining) 
versus time were drawn to study the Zeroth and first-order 
drug release activities of PCH membrane respectively. The 
plots of log(% CDR) versus log(time) (Korsmeyer-Peppas 
model), (% drug remaining)1/3 versus time (Hixson-Crow-
ell model), and % CDR versus (time)1/2 (Higuchi model) 
were also drawn to study the drug release profile of PCH 
membrane. The drug release model and mechanism were 
concluded from the n value of the Korsmeyer-Peppas plot 
and the max R2 value.

3 � Results and discussion

3.1 � FTIR study

The structure of PVA, cellulose, and PVA/cellulose hydrogel 
was examined by analyzing their FTIR spectra. The FTIR 
spectrum of PVA is illustrated in Fig. 1a. The hydroxyl 
(O–H) group of PVA is assigned at 3366 cm−1. The C-H 
asymmetric stretching is observed in the wavenumber 
region of 2930 cm−1. The carbonyl (C = O) stretching mode 
of the ester group of PVA is observed at 1731 cm−1 [40]. 
The peak at 1414 cm−1 and 1368 cm−1 are attributed to the 
–CH2 bending and wagging modes respectively. A peak at 
1575 cm−1 is linked to C-H wagging vibration. The char-
acteristic stretching modes of C–O–C and –CH2 of pristine 
PVA are noticed at 1080 cm−1 and 833 cm−1 respectively. 
Figure 1b depicts the FTIR spectrum of pristine cellulose. 

A peak at 3303 cm−1 is related to hydroxyl (O–H) stretch-
ing vibrations of cellulose. The C-H symmetric deforma-
tion (1363  cm−1), C-O anti-symmetric bridge stretching 
(1157 cm−1), and C–O–C pyranose ring skeletal vibrations 
(1030 cm−1) are attributed to the structure of cellulose. The 
β-glucosidal linkage of sugar units is seen at 897  cm−1. 
The FTIR spectrum of PVA-cellulose hydrogel is shown 
in Fig. 1c. The interaction of cellulose with PVA occurs 
through the strong linkage between the hydroxyl groups of 
cellulose and PVA. The peak associated with the O–H group 
of PVA-cellulose hydrogel seems to be broader as compared 
with the O–H group of PVA due to the strong intermolecular 
bond formation between cellulose and PVA.

3.2 � XRD analysis

The structural analysis was carried out for the prepared sam-
ples using XRD. The XRD profile of pure PVA is depicted 
in Fig. 2a. A peak at 19.8° is related to the (101) crystal 
plane of PVA, which confirms the semi-crystalline nature 
of PVA [41]. The XRD pattern of cellulose exhibits three 
well distinct diffraction peaks, at 2θ = 16.4, 22.8, and 34.2° 
as shown in Fig. 2b. These diffraction peaks arise due to the 
reflection from the different crystal planes of cellulose such 
as (010), (002), and (040). Figure 3c represents the XRD 
pattern of PVA/cellulose hydrogel [42]. The characteristic 
peaks of PVA and cellulose do not appear in the XRD pat-
tern of PVA/cellulose hydrogel. The structure of PVA and 
cellulose is greatly altered after the interaction of cellulose 
with the PVA matrix. The XRD profile revealed the amor-
phous nature of PVA/cellulose hydrogel [43].

Fig. 1   FTIR spectra of a pure PVA, b cellulose, and c PVA/cellulose 
hydrogel

Fig. 2   XRD patterns of a Pure PVA, b cellulose, and c PVA/cellulose 
hydrogel
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3.3 � TGA analysis

The thermal stability of PVA and PVA/cellulose hydrogel 
was assessed using TGA. The TGA gives additional infor-
mation about the thermal degradation temperature of the 
material and it is independent of the processing temperature. 
The TG thermograms of PVA and PVA/cellulose hydrogel 
are shown in Fig. 3a and b. All the thermograms exhibit 
two-step degradation processes. The first step degradation 
extends up to 255 °C for both pure PVA and PVA/cellu-
lose hydrogel, which is attributed to the removable of phys-
isorbed and chemisorbed water molecules. The major weight 
loss associated with the second-step degradation process of 
pure PVA is due to the degradation of the PVA backbone. 
The second-step degradation starts around 265 °C which fur-
ther extends up to 484 °C by leaving only 3% of weight resi-
due above 500 °C for pure PVA. However, the second-step 
degradation occurs at 256 °C which extends up to 478 °C 
by leaving 8% of weight residue above 500 °C for PVA/
cellulose hydrogel. The % weight residue remained above 
500 °C is higher for PVA/cellulose hydrogel as compared 
with PVA. Hence, the PVA/cellulose hydrogel is thermally 
stable at a higher temperature as compared with pure PVA.

3.4 � In vitro biodegradation

Figure 4 describes an in vitro biodegradation (S %) potential 
of PVA/cellulose hydrogel. It was observed that there was 
a slower rate of weight loss during the period of 7 h while 
incubating PVA/cellulose hydrogel in PBS solution contain-
ing 0.2% of lysozyme. The weight loss of the PVA/cellulose 
hydrogel membrane proved its degradation potential in PBS 

solution. This can be attributed to the lower accessibility of 
the lysozyme that interacts with PVA/cellulose hydrogel. 
When compared with neat PVA, the PVA/cellulose system 
exhibited excellent biodegradation results (not reported 
here). This increased enzymatic stability is one of the sig-
nificant important parameters for dressing materials [44].

3.5 � Swelling index (SI)

The formation of intermolecular bonds between the 
hydroxyl group of PVA and functional groups of cellulose 
generally influences the swelling index of PVA/cellulose 
hydrogel [45]. The swelling index values of PVA/cellulose 
hydrogel are presented in Fig. 5. The SI of PVA-cellulose 
hydrogel was about 50% in 10 min. Then, it increased to 
110% within 40 min. Afterwards, it reached a maximum 
of 200% in 70 min. This proved the slow water absorption 

Fig. 3   TG thermograms of a pure PVA and b PVA/cellulose hydrogel
Fig. 4   In vitro biodegradation(S%) ratio of PVA/cellulose hydrogel

Fig. 5   Swelling index analysis of PVA/cellulose hydrogel
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behavior of the PCH membrane. The SI of PVA/cellulose 
hydrogel showed an equilibrium swelling after the 7th hour 
of incubation in pure water. It proved an excellent water 
absorbing potential of PVA/cellulose hydrogel. It is one 
of the desired properties for wound dressing applications. 
The obtained clinical results proved that the polymeric 
hydrogels offer a moist environment around the wound site 
to empower the healing process by controlling damaged 
skin from cellular dehydration and angiogenesis. Hence, 
this polymer hydrogel can be considered a potential can-
didate for wound dressing applications. When compared 
with the neat PVA, the swelling index of PVA/cellulose 
hydrogel exhibited excellent results due to the availability 
of more OH groups and porous structure.

3.6 � Moisture loss study

The water dehydration level of PVA/Cellulose hydrogel 
was evaluated at different time intervals by measuring its 
weight. The results of moisture loss analysis indicated a 
poor loss of water molecules by PVA/cellulose hydrogel 
under desiccation conditions. This proved that PVA/cellu-
lose hydrogel can retain high moisture content in its dense 
polymeric network for a long time (Fig. 6). The moisture 
loss of PVA/cellulose hydrogel is higher than the neat PVA 
system. The results are not shown here. The possible rea-
sons are explained above.

3.7 � Hemocompatibility and blood clot analysis

The PVA/cellulose hydrogel exhibited 4.03% of hemol-
ysis (Fig. 7a). It proved that there was no marked level 

of erythrocytic membrane damage by the prepared PCH 
membrane. Moreover, it is biocompatible with red blood 
cells (RBC). Therefore, the prepared PCH membrane is 
more suitable for wound dressing applications.

3.8 � Blood clot analysis

The anti-thrombogenic potential of the PVA/cellulose 
hydrogel was examined by comparing the thrombus forma-
tion (blood clot) on the glass with the hydrogel. The weight 
of the glass was increased by 1.5%, whereas it was only 
0.5% for PVA/cellulose hydrogel after thrombus formation 
(Fig. 7b). Comparatively, PVA/cellulose hydrogel recorded 
a low level of fibrin clot deposition. It indicated that PVA/
cellulose did not induce any high level of thrombus forma-
tion during this analysis. Therefore, the prepared PVA/cel-
lulose hydrogel is more suitable for wound dressing material 
as it possesses important characteristics for wound dressing 
applications [46].

3.9 � Drug delivery efficacy against pus‑inducing 
microbes

In this study, Streptomycin-loaded PVA/cellulose hydrogel 
was assessed to evaluate the antimicrobial activity against S. 
aureus (MCC No: 2043) and P. aeruginosa (MCC No: 2082) 
by disk diffusion method. The diameter of the inhibition Fig. 6   Water loss analysis of PVA/cellulose hydrogel

Fig. 7   a Hemolysis analysis, b blood clot analysis of PVA/cellulose 
hydrogel



3392	 Biomass Conversion and Biorefinery (2024) 14:3385–3395

1 3

zone was measured after 24 h. It was noticed that the drug-
loaded PVA/cellulose hydrogel was effectively released 
the Streptomycin against S. aurues and P. aeruginosa. The 
diameter of the inhibition zone was increased while increas-
ing the concentration of the Streptomycin as shown in Fig. 8. 
The S. aureus exhibited a greater inhibition zone as com-
pared with P. aeruginosa for streptomycin. This activity is 

supporting the swelling index and moisture loss capacity 
of PVA/cellulose hydrogel. This is in accordance with the 
literature report [47]. The variation in the zone diameter 
is mainly associated with the antibiotic response against 
organisms. These results suggested an excellent drug deliv-
ery potential of PVA/cellulose hydrogel against pathogenic 
microorganisms. The reason behind the controlled release of 
the drug may be due to intermolecular interactions between 
the antibiotic and polymer hydrogel.

3.10 � Drug delivery efficacy against cancer cells (in 
vitro)

The cytotoxicity analysis of the curcumin-loaded PVA/
cellulose hydrogel is presented here. Almost all the cancer 
cells (91.6%) had been identified as non-viable after 7 days 
of contact with the PVA/cellulose hydrogel (Fig. 9). In 
the control sample (without curcumin), the Jurkat cell’s 
growth was not affected even after the 7th day of incuba-
tion. However, the growth of cancer cells was retarded 
gradually while exposing the cells to 1% curcumin-loaded 
PVA/cellulose hydrogel. The PCH membrane effectively 
delivered curcumin against Jurkat cells. It was noticed that 
the growth of the Jurkat cells was reduced to 14.2% on 
the third day of incubation. In the meantime, curcumin is 
acting as a bio-marker. Hence, the extra bio-marker was 
not added in this work. Moreover, the alive Jurkat cells 
were only 4.8% on the seventh day of incubation (Table 1). 

Fig. 8   Streptomycin drug delivery potential of PVA/cellulose hydro-
gel against pathogenic S. aureus (MCC strain no: 2043) and P. aer-
uginosa (MCC strain no: 2082)

Fig. 9   a Curcumin-loaded PVA/
cellulose hydrogel and b PVA/
cellulose hydrogel (without 
curcumin)

Table 1   Curcumin delivery efficiency of PVA/Cellulose hydrogel against Jurkat cells

System 3rd day of cell culture 5th day of cell culture 7th day of cell culture

All cells (%) Alive cells (%) Non-via-
ble cells 
(%)

All cells (%) Alive cells (%) Non-via-
ble cells 
(%)

All cells (%) Alive cells (%) Non-via-
ble cells 
(%)

Control sample 90.2 95.2 4.5 80.2 88.6 9.1 78.2 98.2 0.80
PVA/cellulose 

hydrogel 
treated with 
curcumin

77.1 14.2 82.3 64.2 4.8 91.2 60.2 7.2 91.6
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However, the number of alive cells increased after the sev-
enth day. It was concluded that the PCH membrane effec-
tively released curcumin only up to the 5th day. Hence, 
the drug-loaded PVA/cellulose hydrogel membrane can 
be applied to the wounds of cancer patients. The opti-
cal images were recorded without adding a marker. When 
compared with the wound of the normal person, it would 
be clearer. This is because of the damaged cancer cells and 
improperly aligned proteins.

3.11 � SEM analysis

The surface morphology of pristine PVA (Fig. 10a), cellu-
lose (Fig. 10b), and PVA/cellulose hydrogel (Fig. 10c) are 
presented here for the sake of comparison. The cellulose 

showed the fiber-like morphology, whereas the hydrogel 
exhibited the cage-like morphology. The hydrogel exhib-
ited an entirely different morphology as compared with 
pristine PVA and cellulose. Thus the SEM confirmed the 
formation of a hydrogel.

3.12 � Drug release study

The drug release activity of the PVA/cellulose hydrogel sys-
tem was investigated by capturing the UV–Visible spectra 
(not given here) at a regular interval of 1 min. There was an 
increase in OD value at 351 nm while increasing the con-
centration of Streptomycin. It was found that the First-order 
model exhibited the maximum R2 value [Fig. 11a]. Further-
more, the Korsmeyer-Peppas (K-P) model was drawn with a 
slope value of 0.80 [Fig. 11b]. The slope value confirmed the 

Fig. 10   SEM image of a neat 
PVA, b cellulose, c PVA/cellu-
lose hydrogel

Fig. 11   a First-order model 
plot, b K-P model plot
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non-Fickian drug transportation mechanism (i.e.) release of 
streptomycin from the PVA/cellulose hydrogel backbone. In 
this work, the release of the drug took place from the hydro-
gel backbone by breaking the hydrogen bond (i.e.) breaking 
of inter and intra-molecular hydrogen bonding. This depends 
on the availability of a number of hydroxyl groups. The drug 
release data revealed an excellent drug release activity for 
the prepared polymeric hydrogel system. The results are in 
accordance with the literature report [31].

4 � Conclusions

The PCH membrane was successfully prepared by the 
casting technique. The interaction of cellulose with PVA 
occurred through the strong linkage between the hydroxyl 
groups (~ 3600 cm−1) of cellulose and PVA. It was fur-
ther confirmed by FTIR. The XRD of the PCH membrane 
showed amorphous nature. The PCH membrane exhibited 
two-step degradation processes in TGA and its Td was low 
as compared with the reported literature. The PVA/cel-
lulose hydrogel showed a cage-like surface morphology 
in the SEM micrographs. The prepared PCH membrane 
exhibited a good moisture-retaining ability, biodegradabil-
ity, and biocompatibility as compared with the literature 
reports. The PVA/cellulose hydrogel effectively delivered 
the Streptomycin (antibiotic) against pus-inducing patho-
gens. The curcumin-loaded PVA/cellulose hydrogel effec-
tively reduced the growth of cancer-causing Jurkat cells 
to 14.2% on the 3rd day and left only 4.8% of alive Jurkat 
cells on the 7th day of inhibition. PVA/cellulose hydrogel 
recorded a low level of fibrin clot deposition which proved 
a very low thrombus formation. There was no erythrocytic 
membrane damage by the prepared PVA/cellulose hydrogel. 
The drug release followed the non-Fickian drug transporta-
tion mechanism. The PVA/cellulose hydrogel can be used as 
promising dressing materials for different types of wounds 
including cancer-treated wounds. In the future, my research 
team will thoroughly study the wound healing complica-
tions in cancer patients. This will be a new breakthrough in 
the oncology field.
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