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macrophages, fibroblasts, endothelial cells, along 
with extracellular matrix components, such as 
fibronectin, collagens, glycosaminoglycans, and 
proteoglycans are involved in the healing process 
of damaged tissues. There are three overlapping 
stages in the wound‑healing process: inflammation, 
proliferation, and remodeling, followed by scar 
maturation.[3] After the injury, wound dressing has 
an important role in urgent wound treatment and can 
significantly accelerate the early and late stages of skin 
regeneration. Alternative wound dressings have been 
developed and suggested over the past decades such 
as bandages, hydrogels, foams, nanofibers, sponges, 

INTRODUCTION

The skin provides a natural barrier against most 
potential pathogens and other material from the 
environment. However, skin injuries occur frequently 
in routine life. In wounding, epidermis was removed 
and the connective tissue becomes exposed. Wound 
healing takes place immediately after the injury as a 
natural survival mechanism.[1,2]

Wound healing is a complex biological process; 
cells such as platelets, neutrophils, monocytes/
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and films. However, the appropriate wound dressing is 
still awaited in the medicine. Most research focuses on the 
prevention of infection and the wound healing effects of 
wound dressings.[4]

Therefore, effective wound coverage will create great 
benefits regarding the duration of admission, healing 
time, and quality of patients’ lives. Hydrogels are suitable 
implements to absorb wound exudates, protect the 
wound against infection, and provide a wet environment 
to accelerate the wound healing.[5] Many studies have 
reported the antibacterial and antimetastatic effects of 
zeolite in wound healing. In addition, it is a powerful 
natural antioxidant and immunostimulator.[6] For centuries, 
chamomile with anti‑inflammatory, antimicrobial, and 
antioxidant effects has been applied as a medicinal 
plant, mostly for gastrointestinal ailments and skin 
injuries and problems. It is used in wound care, where 
its effectiveness has been reported in healing burn and 
episiotomy wounds.[7,8] Therefore, in this study, starch‑based 
nanocomposite hydrogel scaffolds reinforced by zeolite 
nanoparticles (nZ) and loaded by a herbal drug (chamomile 
extract) were prepared for wound dressing to accelerate 
healing process.

MATERIALS AND METHODS

Materials
Modified starch and glycerol were bought from Merck 
Company, Germany and nZ with average 20–90 nm in 
diameter, density 3:0 g/ml were purchased from Berkeley 
Advanced Biomaterials, Inc. CA, USA. Chamomile extract 
was provided from the Institute of traditional medicine and 
herbal plants of Iran (Esfahan, Iran).

Hydrogel preparation
The starch/nZ composites films were prepared by a two‑step 
procedure based on the method described by Tang et al.[9,10] 
First, a mixture of 64 wt% corn starch and nZ (at 0, 1, 2, 3, 
and 4 wt% nanoparticles/starch ratio), 15 wt% glycerol, 
19 wt% water, and 2 wt% chamomile extract were extruded 
by a twin screw extruder (C. W. Brabender, Model 2802) 
at a screw speed of 200 rpm. Then, the extruded mixture 
was grounded by a Willy mill and an ultra‑mill making a 
dry powder. At the next step, a solution contained 96 wt% 
deionized water and 4 wt% powders was prepared and 
mixed to obtain a homogenous mixture. Afterward, it was 
heated at 95°C for 10 min with constant stirring. Finally, 
the gelatinized solution was casted into sterile plates and 
degassed at 65°C for 2 h under vacuum. After casting, 
the plates were dried at 23°C and 50% relative humidity 
for 2 days. Then the transparency index and moisture 
absorption of scaffolds were assessed using the method of 
Nasri‑Nasrabadi et al.[11]

Drug release measurement
To test the drug release behavior of hydrogels at various 
nanoparticle contents, the samples were cut with the 
dimension of 30 mm × 10 mm and immersed in the 
phosphate buffered saline (PBS) solution containing 
collagenase I unit/ml at pH 7.8 at 37°C with a continuous 
stirring. The amount of drug released into the solution 
was measured using a BCA protein assay kit (Pierce, 
Rockford, IL). The absorbance was measured at 562 nm, 
and the amount of chamomile extract was measured from 
a standard curve prepared from different concentrations of 
chamomile extract. An average of four replicate tests was 
also considered.

Cytotoxicity assays
To evaluate the cytotoxicity of the hydrogel scaffolds, 
two assays were designed; cell proliferation assay 
and morphology study. The details of cytotoxicity 
assays are published previously[12] and presented 
briefly here. First, L929 cells (mouse fibroblast) 
extracted and maintained in Dulbecco’s modified 
eagles medium (DMEM)/Ham’s F1 growth medium, 
supplemented with 1% penicillin/streptomycin (Sigma, 
USA), and 10% fetal bovine serum (Seromed, Germany). 
Cell proliferation rate was evaluated directly on 
sample (1.8 cm2) using 3‑(4, 5‑dimethylthiazol‑2‑yl)‑2, 
5‑diphenyltetrazolium‑bromide (MTT, Sigma, USA) 
assay. As controls, 24 well tissue culture plates (Orange 
Scientific, Belgium) were used. The cultured cells in 24 
well plates were washed with PBS and incubated in 400 µl 
of DMEM (without phenol red) containing 0.5 mg/ml MTT 
for 4 h at 37°C in a 5% carbon dioxide humid atmosphere 
incubator. After incubation, the medium was removed, 
and cells were washed with PBS. To develop the color, 400 
µL of dimethyl sulfoxide was added and the plate shaken 
gently for 10 min. The absorbance of wells was measured 
by a multi‑well microplate reader (Shimadzu, 1601) at a 
wavelength of 570 nm, with a reference wavelength of 
650 nm, and normalized to the control measurement. The 
experiments were performed three times: days 1, 4, and 7. 
To evaluate the morphology of fibroblast cells, cultured 
onto the starch/4 wt% nZ and starch/extract/4 wt% nZ, the 
scanning electron microscope was applied out after 1, 4, 
and 7 days. First, the attached fibroblast cells were fixed on 
scaffolds by glutaraldehyde in phosphate buffer solution 
2.5% and pH 7.4 for 10 min. The specimens were dehydrated 
in graded alcohol (10%–100%) and dried for gold sputtering.

Study design
A rat third‑degree burn wound model was used to 
determine the efficacy of nanozeolite/starch thermoplastic 
hydrogel dressing to treat full thickness burns. The Ethics 
Committee for animal experiments at Isfahan University of 
Medical Sciences approved the study, and all experiments 
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were conducted in accordance with the international 
guiding principles for biomedical research involving 
animals (revised 1985).

Animal study
A total of 48 adult male rats weighting approximately 250 g 
were used in this study. Before the surgical procedures, 
all the animals were acclimatized to the laboratory 
environment for several days. During the experiment, the 
animals were housed in cages, maintained under controlled 
environmental conditions (12‑h light/dark cycle and 
temperature approximately 23°C).

The experiment was conducted for three steps. The rats were 
randomly divided into four groups of 4 animals each (16 
rats at each step). The animals were anesthetized with 
intramuscular injection of ketamine hydrochloride (75 mg/kg) 
and xylazine hydrochloride (10 mg/kg). Immediately after 
anesthesia, the dorsum of animals was disinfected with 
alcohol and a third‑degree burn injury was created.[13] 
Briefly, the dorsum skin was shaved and put in contact with 
a round hot metal rod (2 cm diameter) for 4 s. The rod has 
been heated in a 100°C water bath for 5 min. After cleaning 
all wounds by sterile normal saline, the ulcers of the first 
group were treated with the same size of pure hydrogels. 
The second group received a bandage with the same size of 
hydrogel/extract/4 wt% nZ (hydrogel NZE). The third group 
was treated with chamomile extract, and the fourth group 
was considered as control without taking any medicament. 
To quantify the rate of wound healing, the animals were 
sacrificed with an overdose of the above‑mentioned 
anesthetics on days 7, 14, and 21 after the burn injury.

Morphometric assay
To assess the contraction of the wound, digital photographs 
were obtained from all lesions on days 7, 14, and 21 after 
burn injury with a defined distance from the lesion, and 
then, the photographs were assessed with the Image J 
software (Image J [NIH] National Institutes of Health, 
Bethesda, Maryland, USA (V. 1.3.1)). The obtained data from 
wound area were calculated by the following formula:[10]

CL = area T0 − area Tdays of euthanize × 100/area T0

Where CL = contraction level, T0 = day of the lesion 
induction, and Tday of euthanizatioin = 7, 14, and 21 days after the 
lesion induction.

Histological assessment of wound healing
The burn areas were removed and fixed in 10% formalin. 
After that, they went through routine laboratory procedures 
to prepare paraffin block and obtain 5‑µm‑thick sections. 
The sections were stained with hematoxylin and eosin for 
histological analysis in light microscopy. The margins of 

the lesions in each section were compared with control 
group for histological scoring. According to the previous 
reports,[14,15] histologic scores were investigated based on 
the scoring system presented in Table 1.

Clinical evaluation
Five patients with chronic wounds were invited to 
participate in this pilot study. First, we described the 
starch/extract/4 wt% nZ properties with the patient and 
his/her care provider or legal provider. Then, we obtained 
written consent from the patients and the provider. Next, 
with collaboration with their physicians, the patients were 
evaluated regarding general health and specific needs. 
At the next step, the ulcers were examined carefully. The 
location, size, depth, presence of infection and necrotic 
tissue, and their shape were recorded. We applied the 
starch/extract/4 wt% nZ covering on the ulcers at 3 days 
intervals, and then followed the ulcers until full healing. 
At each visit, we took digital photos and evaluated the size 
changes by Images J software. Hypersensitivity reactions 
or any possible complication were also recorded.

Statistical analysis
Data are expressed as mean ± standard deviation. The 
statistical analysis of data was performed using one‑way 
ANOVA for multiple comparisons (SPSS, Version 10.0, 
Chicago, Illinois, USA). A post hoc test (Tukey) was employed 
for determining a significance level of P < 0.05.

RESULTS

Transparency and surface morphology
The picture of our starch‑based hydrogel containing 4 
wt% nZ is presented in Figure 1a. As it can be seen, the 
nanocomposite film exhibits an appropriate transparency. 
Light transparencies of the scaffolds with different nZ 
contents were shown in Figure 1b. The results state that 
transparency has increased by adding the nanoparticles 
related to the pure starch. As shown in Figure 1b, 
transparency increased from 1.33 to 2.92 by increasing the 
nanoparticle content from 0 to 4 wt%, respectively. This 
demonstrates that filling the matrix with nZ affects the 
light transparency of hydrogels, especially untill 2 wt% nZ 
content. Figure 1c‑g shows the surface morphology of 
hydrogels at 0, 1, 2, 3, and 4 wt% zeolite content. It can 
be observed that adding nanoparticles did not have a 

Table 1: Histopathological wound healing scale
Score Epithelialization Inflammation Fibrosis Angiogenesis
0 None None None None
1 Focal Minimal Minimal Minimal
2 Thin, complete 

surface
Mild Mild Mild

3 Thick, complete 
surface

Evident Evident Severe
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significant effect on the surface morphology of the samples 
and the figures show a homogeneous and smooth surface 
of all nanocomposites samples.

Swelling study
The effects of loading from 0 to 4 wt% of nZ on water 
uptake ability of hydrogels were evaluated. As shown 
in Figure 2, by increasing the nanoparticle content up to 
3 wt%, the solution absorption decreased. A higher value of 
swelling capacity for pure starch is due to the hygroscopic 
nature of the starch that makes it capable for higher water 
uptake. This capacity was decreased by adding nZ due to 
forming the hydrogen bonds between matrix and nanofiller 
functional groups (nZ).

Drug release study
Figure 3 shows that the release profile of the samples was 
affected by adding nZ. The drug release profile decreased 
significantly by adding nZ (P < 0.05). Formulations 
containing 1 and 4% nZ released their full contents of drug 
after 8 days under the incubation condition, whereas for 
the pure starch formulations, full drug release took 5 days.

Cytocompatibility and cell/scaffold interactions
The hydrogels containing nZ were fabricated prosperous. 
The MTT assay was applied (according to ISO 10993‑12) to 
analyze the cell viability and cytotoxicity of starch‑based 
nancomposite hydrogels. As illustrated in Figure 4a, 1, 4 
and 7 days after cultivation, there was not any significant 
difference between control and scaffold groups. Therefore, 
the cytotoxicity assays clearly demonstrated that there was 
no toxicity of the scaffold groups on fibroblast cells.

To evaluate the cytocampatibility of hydrogels, fibroblast 
cells were cultured on the surface of nanocomposites. 
Figure 4b shows the proliferated cells after 1, 4, and 7 days 
on scaffolds (starch and starch/extract/4 wt% nZ). The 
images also show that after 4 and 7 days the cells grew 
on starch/extract/4 wt% nZ tended to be more mature in 
comparison with cells cultured on pure starch specimen.

Experimental and clinical study, animal study
Forty‑eight rats were evaluated during the experimental 
study. The third‑degree burn wound was confirmed by 
histological analysis of necrosis and elimination of the 
structure of the epidermis, papillary dermis, reticular 
dermis, and hypodermis. Wound size decreased at days 7, 
14, and 21 after burn injury in all groups [Figure 5]. There was 
a significant difference between starch/extract/4 wt% nZ and 
other groups in this aspect on days 7, 14, and 21 [Figure 5]. 
A more significant improvement in the histopathological 
scores of the wounds was found in the starch/extract/4 wt% nZ 
group compared with pure starch, extract, and control 
groups [Figure 6]. Our data indicated that the improvement 

of epithelialization, fibrosis (collagen formation), and 
angiogenesis scores and decrement of inflammation score 
in starch/extract/4 wt% nZ group [Figure 6]. These results 
suggest that starch/extract/4 wt% nZ dressing significantly 
promoted wound healing. Histological study revealed 
complete skin appendage regeneration especially hair 
follicles in starch/extract/4 wt% nZ group but incomplete 
epithelialization in other groups [Figure 7]. Regeneration 
of hair follicles was observed insufficiently in pure starch 
group [Figure 7]. The experiment showed starch/nZ 
nanocomposite, in combination with the extract, could 
improve wound healing in full thickness wounds better than 
either starch or extract treatment.

Figure 2: The solution uptake profile of the starch‑based hydrogels at different 
nanozeolite contents

Figure 3: Drug‑release percentage of hydrogels at different nanoparticle 
contents. *P < 0.05

Figure 1: (a) Starch‑based hydrogel (starch/4 wt% nZ), (b) the effect of 
nanozeolite particle contents on the transparency of starch‑based hydrogels, and 
the cross‑section scanning electron microscope micrographs of the hydrogels 
(c) starch, (d) starch/1 wt% nZ, (e) Starch/2 wt% nZ, (f) Starch/3 wt% nZ, and 
(g) Starch/4 wt% nZ

dc g

b

f

a
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Clinical study
The first patient was a 23‑year‑old boy affected by car 
accident [Table 2]. Due to multiple traumas, including 
spinal injury and paraplegia, he developed a pressure ulcer 
on his back. During 30 days of nursing care, including 
regular wound care, there was not an improvement in 
the ulcer. Then starch/extract/4 wt% nZ was applied on 
his ulcer. His ulcer improved and finally healed during 
61 days [Figure 8a].

The second patient was a 75‑year‑old man that because of an 
ischemic stroke developed a bed sore on his back [Table 1]. 
There was no improvement during 30 days of regular care. 
During 16 days of starch/extract/4 wt% nZ application his 
ulcer healed completely [Figure 8b].

The third patient, a 53‑year‑old paralyzed wheelchair 
dependent man, was affected by a large pressure ulcer on his 
buttock and thighs [Table 2]. During 10 days of care, the ulcer 
was enlarging fast, so we suggested him the starch/extract/4 
wt% nZ scaffold. As shown in the Figure 8c, his ulcer healed 
during 25 days of starch/extract/4 wt% nZ application.

The fourth patient, a 73‑year‑old man, had syncope and 
affected by a burn trauma and ulcer on the medial side 
of the left heel up to the leg [Table 2]. After 22 days of 
nonhealing, we started hydrogel NZE. He felt decreasing 
pain after starch/extract/4 wt% nZ application. His ulcer 
healed during 52 days [Figure 8d].

The last patient, a 48‑year‑old man with a burn ulcer on the 
back of left foot [Table 2] for 14 days of nonhealing, was 
applied by starch/extract/4 wt% nZ and his ulcer improved 
and healed during 15 days [Figure 8e].

Figure 4: (a) 3‑(4, 5‑dimethylthiazol‑2‑yl)‑2, 5‑diphenyltetrazolium‑bromide results of L929 cells (mouse fibroblast) on tissue culture plate (as a control), pure starch, 
starch/extract, and starch/extract/4 wt% nZ, after 1, 4, and 7 days.(b) The morphology and density of fibroblast cells cultured on pure starch

Figure 5: Percentage of wound size reduction of treated animals with pure starch, 
starch/extract, starch/extract/4 wt% nZ, and control groups in different days of 
the experiment. *P < 0.05 and ***P < 0.001

b

a
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None of the above‑mentioned patients showed 
hypersensitivity reactions, infection, new pain wound 
expansion or deepening, or any other complication. The 
mean duration of ulcer healing was 31 days.

DISCUSSION

In the present study, starch‑based nanocomposite hydrogel 
scaffolds reinforced by Zeolite nanoparticles (nZ) and 
loaded by a herbal drug (chamomile extract) were prepared 
for wound dressing to accelerate the healing process.

Light transparency is an important advantage of hydrogels 
for wound dressing. Transparency lets wound healing 
to be observed without removing the hydrogel. Our 
results state that transparency has increased by adding 
the nanoparticles related to the pure starch. It may arise 
from the light scattering of the composite films due to 
the heterogeneous dispersion of nanoparticles within the 
starch.[16] However, further addition of nanoparticles had 
no significant effect on the light transparency of hydrogels. 
It could possibly be due to narrower diameter dispersity of 
nanoparticles and also a strong interaction between Zeolite 
A and starch.[11] It can be observed that adding nanoparticles 

has not had a significant effect on the surface morphology 
of the samples and the figures show a homogeneous and 
smooth surface of all nanocomposites samples. This may 
be due to the remarkable film forming properties of the 
starch thermoplastic, uniform nanoparticles dispersion, 
and good nanoparticle covering by matrix.[12,17]

Fluid uptake ability is one of the most compelling 
properties of wound dressing application. Starch is a super 
hydrophilic biopolymer. Using an inorganic nanoparticle 
is an effective way to control the water uptake ability of 
starch‑based products as well as its mechanical properties 
and stability. Our results indicated that increasing the 
nanoparticle content up to 3 wt% increases significantly 
the solution absorption. Higher value of swelling capacity 
for pure starch is due to the hygroscopic nature of the 
starch which makes it capable for higher water uptake. 
This is decreased by adding nZ due to forming the 
hydrogen bonds between matrix and nanofiller functional 
groups (nZ). The presence of strong hydrogen bonds can 
be a powerful satisfactorily reason for stabilizing the starch 
matrix when it is immersed in an aqueous solution.[17,18] 
However, the increased swelling capacity of hydrogels by 

Figure 6: The histopathological characteristics of the wounds of the groups. *Between starch/extract/4 wt% nZ and control groups: *P < 0.05; **P < 0.01. #Between 
starch/extract/4 wt% nZ and hydrogel groups: #P < 0.05; ##P < 0.01. &Between starch/extract/4 wt% nZ and extract groups: &P < 0.05; &&P < 0.01. $Between hydrogel 
and control groups: $P < 0.05; $$P < 0.01. ^Between hydrogel and extract groups: ^P < 0.05

Table 2: Characteristics and follow up data of the patients
Patients Age 

(years)
Sex Cause First, 

depth (cm)
Last, 

depth (cm)
First, area, 

(cm2)
Last area, 

(cm2)
Duration 1 

(days)
Duration 2 

(Days)
Complication

1 23 M Car accident 1.8 0.2 82.5 2.49 30 61 No
2 75 M CVA 0/5 0 8/42 0 30 16 No
3 53 M wilchaire 1.1 0.1 138.8 0.6 10 25 No
4 73 M Burning 0.4 0.15 98.06 19.6 22 52 No
5 48 M Burning 0.1 0 65.09 38.05 14 15 No
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adding nZ to 4 wt% may arise from enhancing the capillary 
action in the hydrogel structure due to the agglomeration 
of nZ.[19]

Our data revealed that the release profile of the samples is 
affected by adding nZ. High value of drug release property 
of pure starch is due to its pore structure and hygroscopic 
nature which makes the hydrogel capable to exchange the 
drug with the aqueous solution and result in high drug 
releasing property. Adding nZ, owing to the form of strong 
intermolecular bonds, results in compact hydrogels with 
lower permeability than pure starch. The other compelling 
factor to reduce the drug release property may be the effect 
of nanoparticles to decrease the empty spaces of hydrogel 
structure. This is an effective parameter for the permeability 
behavior of polymeric films.[20,21]

To evaluate the cytocompatibility and cytotoxicity of 
hydrogels, fibroblast cells were cultured on the surface 

of nanocomposites. It may be caused by increasing 
the roughness that lead to enhance the hydrogel 
surface area. The hydrogel surface topography has 
a great impact on cell attachment and proliferation. 
Nanoparticles will increase the exposed surface to cell 
attachment and influence cell spreading and proliferation, 
satisfactorily.[22] The antibacterial and antioxidant activities 
of nZ and chamomile extract[20,23] could play a role 
for providing a suitable condition for attachment and 
proliferation of the cells on hydrogel scaffold surface.

In addition, the hydrogels provide a larger specific surface 
area for cell attachment and proliferation.[24] In spite of 
the fact that chamomile extract has antiproliferative and 
apoptotic effects on cancer cells, but it was approved this 
extract has not had any effect on normal cells.[25]

Histological evaluation indicated that the improvement 
of epithelialization, fibrosis (collagen formation), and 
angiogenesis scores and decrement of inflammation 
score in starch/extract/4 wt% nZ group. The decrement of 
inflammation score in starch/extract/4 wt% nZ group which 
can be due to anti‑inflammatory effects of chamomile.[15,26] 
Chamomile exerts its anti‑inflammatory effects through 
inhibition of lipopolysaccharide‑induced prostaglandin E2 
release and attenuation of cyclooxygenase (COX‑2) enzyme 
activity without affecting the constitutive form, COX‑1.[27]

Angiogenesis is a fundamental step in the healing process. 
It starts when macrophages are activated with tissue 
injury. The released proteases (plasmin and collagenase) 
from activated macrophages digest the blood vessel’s 
basal membrane. Hence, the endothelial cells are exposed 
to angiogenic cytokines and induced to create new vessels 
that enters the healing tissue to supply of oxygen and 
nutrients.[28] Previous studies have shown the ability of 
starched based scaffolds to support the proliferation, 
adhesion, and maintenance of the phenotypic expression 
of endothelial cells. However, according to the previous 
study, luteolin (a phenolic compound of chamomile) and 
apigenin (a common dietary flavonoid in chamomile) 
had the anti‑angiogenic potential because of its ability 
to inhibit the expression of vascular endothelial growth 
factor.[29,30]

According to Longo et al. study[31] chamomile stimulated 
re‑epithelialization and collagen formation of oral 
wounds in rats. Some flavonoids in chamomile such 
as quercetin and apigenin increase collagen through 
inhibition of metalloproteinase activity by inhibiting 
matrix‑metalloproteinase‑1 (MMP‑1) and down‑regulating 
MMP‑1 expression through an inhibition of the activator 
protein‑1.[31,32]

Figure 7: Representative images of H and E‑stained histological sections at time 
intervals show that starch/extract/4 wt% nZ promoted wound healing. Control and 
extract groups showed more hyperemia without epithelialization on the days 7 and 
21. In hydrogel group on day 21, there was some hair follicles (arrows), leukocyte
infiltration (white arrowhead), and incomplete epithelialization. In starch/extract/4 
wt% nZ group, incomplete epithelialization was observed at day 7 (curly bracket) 
and complete epithelialization along with a lot hair follicles at day 21 (arrows)
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The animal and clinical steps of the present study indicated 
that the starch/extract/4 wt% nZ dressing promotes the 
production of granulation tissue and epithelialization of 
the ulcers. As the clinical part was a small nonrandomized 
observational study, it can just give us some primary 
information about the safety and clinical effectiveness of 
the treatment with the starch/extract/4 wt% nZ dressing. 
The results are consistent with some other studies in which 
the local application of hydrogel dressings promotes the 
healing process of chronic wounds. Although we are not 
able to compare our findings with other studies about 
hydrogel, it seems that adding zeolite and chamomile 
to the hydrogel increased its effectiveness without 
endangering the patients. Hydrogels that are based on 
starch polymers provide moisture to the wound and 
encourage debridement. Hydrogels also absorb exudates 
and maintain necessary factors for tissue degradation and 
repair such as lysosomes and growth factors close to the 
wound.[9,10]

CONCLUSION

This research showed that starch‑based nanocomposite/
chamomile extract (hydrogel NZE) promotes rapid and 
complete skin regeneration; therefore, it has great potential 
to serve as a unique dressing for better treatment of selected 
chronic ulcers.
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Figure 8: Representative images of the refractory ulcers of five patients a‑e at different time points. The images demonstrate wound surface color, and the wound 
surface area decreased during treatment process. The magnitude of each image may be different. a1‑e1 indicate 1st day, a2,d2: day 20, b2, c2, e2: day 5, a3, d3: 
day 40, b3,c3,e3: day 10, a4: day 61, b4: day16, c4: day 25, d4:day 52, e1: day 15
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