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Introduction. In our days, several approaches reported the use of natural compounds in medical applications. Among them, pectin
and allantoin are nontoxic, biocompatible, and biodegradable; however, its use for possible wound healing therapeutics is still
limited. Pectin and allantoin have been applied in pharmaceutical industry and beauty cosmetic and could be also applied as
scaffolds for tissue regeneration, wound healing, and so on. The aim of this study was to combine by the first time two natural
ingredients to develop a new biomaterial to treat skin injuries in a rat model. Methods. For the hydrogel development, new
synthesis parameters were established for the obtaining of the film such as temperature, mixing velocity and time, and drying
temperatures as well. To enrich the film, the allantoin concentrations were set at 90 wt% and 100 wt% of pectin used. By in vivo
assay, films were tested in wound healing in female Wistar rats, 190 + 10 g in weight and 2 months aged. Results. The obtained
films comprise 2 well-differentiated layers, one layer rich in allantoin, which will be the regenerative layer, and one rich in
pectin, which will work as an antimicrobial and protective layer to the wound. These were characterized by swelling kinetics,
Fourier transform of the infrared spectrum of absorption (FTIR) spectroscopy, and contact angle. The morphology and
topography were determined by scanning electron microscopy (SEM) and confocal laser scanning microscopy (CLSM). In vivo
assay showed remarkable reduce in a time period in a wound healing process when the film was used. The results show that the
use of PA (Pectin-Allantoin) hydrogel reduces the total healing time by 25% approximately. Conclusions. Pectin-Allantoin (PA)
film has potential use in medical applications as wound healing material promoting healthy tissue renewal.

1. Introduction

Hydrogels are polymeric networks crosslinked with great
interest as biomaterials due to their great biocompatible
properties [1-3]. Pectin is a biopolymer excellent to obtain
hydrogels that can form matrices capable of absorbing and
retaining hundreds of times their weight in water [2-8],
due to precise carboxylic acid and methyl ester carboxylate

groups which confers it a high polarity [8]. The use of this
polysaccharide has been explored as a functional source for
biomedical and pharmaceutical applications, such as the
development of scaffolds for the release of drugs, wound
healing, and tissue engineering, due to its natural gelling
mechanism and high availability besides its nontoxic nature
[7-11]. On the other hand, allantoin is a white powder highly
used as a natural ingredient not only in cosmetic products
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but also in pharmaceutical products for skin diseases [6-8],
since one of the main effects of this compound is the strong
stimulation of cell proliferation and the reconstruction of
intact granulation tissue, which justifies its use as an active
ingredient unique in pharmaceutical preparations, which
has been proven effective to treat ulcers, healing wounds,
and burns[12-14].

Among the biomaterials used to fulfil extracellular matrix
functions and provide protection during wound healing, pro-
moting the regeneration and growth of new tissue [15], pec-
tin became a remarkable option, which is a polysaccharide of
plant origin, with excellent gelling properties and the ability
to modulate the release of active molecules [16, 17]. These
characteristics have been the basis for combining pectin with
different chemicals, pharmaceutical and natural compounds
with the aim of other properties such as regenerative and
antibacterial effects. One natural compound with pharma-
ceutical, healing, analgesic, and antibacterial properties is
allantoin [18]. This suggests that the combination of pectin
and allantoin could have positive effects on the wound
healing process [19].

For this work, we present the first results of the in vivo
preclinical study of the hydrogel, specifically the rate of
wound contraction in an animal model using Wistar rat.
The results show that the use of PA (Pectin-Allantoin)
hydrogel reduces the total healing time by 25% approxi-
mately. For this, preclinical studies of this proposal continue
with the aim to reach commercial distribution, improving the
quality of life and patient care.

2. Materials and Methods

2.1. Collection of Samples. The materials for this project were
acquired as follows: glutaraldehyde (GA) and hydrochloric
acid (HCL), and pectin from apple were purchased from
Sigma-Aldrich, USA. Pharmaceutical grade glycerol and
allantoin were purchased from La Corona, S.A. de C.V,,
México, and Drogueria Cosmopolita, S.A. de C.V., Mexico.

2.2. Preparation of the Hydrogel. For the elaboration of the
hydrogels, 5% polymeric solution of pectin was prepared
and physically crosslinked with glutaraldehyde (10 M) in
acid medium [20]. The solution was mixed under constant
stirring by 2 hours at 35°C. Then, the hydrogel solution was
enriched with allantoin (to obtain PA hydrogel) in 1:1 rela-
tion with respect to pectin grams used. Finally, the solution
was plasticized with glycerol in 1:1 relation with grams of
pectin used, under continuous stirring for 1h at 35°C. At
the end of the mixing, the solution (10 ml) was poured in
disposable polystyrene Petri dishes of 113 cm® and then dried
at ambient room temperature to form air-dried films.

2.3. Characterization of the Hydrogel. The swelling studies of
the hydrogels were conducted gravimetrically at room tem-
perature using distilled water. Weights of dried and hydrated
samples were registered as follows: the weight of dried hydro-
gel samples (5 mm x 5 mm) was determined, after which the
samples were immersed in distilled water [20]. Finally, the
samples were removed, and the weight of the hydrated film
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samples was calculated. The equilibrium swelling was
determined by the equation (1).

%swelling = %1 x 100, (1)

where Wd is the weight of the dried hydrogel and Ws is the
weight of swollen hydrogel. Five samples were used for each
type of PA hydrogel. Six experiments were performed to
calculate the swelling degree.

The instrumental analysis was performed as follows:
Fourier transform of the infrared spectrum of absorption
(FTIR spectra) of pectin and allantoin crosslinked films were
reported using a Bruker SA, Alpha-T FTIR system at a wave
number from 4000 to 400 cm .

The surface morphology of the film was examined by
scanning electron microscopy (SEM) in a JEOL JSM-
6010PLUS under low vacuum conditions from 3kV to
15kV using secondary electrons with magnifications of 200x.

Confocal laser scanning microscopy (CLSM) was
employed to determine the distribution of allantoin in a Carl
Zeiss LSM700 microscope, with a 488 nm laser line (green)
and 555 nm lase line (red) of intensity; the samples were ana-
lyzed under dry and swollen conditions. The contact angle of
the samples was calculated by the sessile drop method with
an attention contact angle meter.

2.4. In Vivo Assay. For the in vivo assay, all the procedures
were previously approved by Biotic Comity at the University
(CIBE-2017-1-45). 27 female Wistar rats were used with a
body weight around 200-240 g. Rats were placed in 43.2 x
34.0 x 19.8 cm polycarbonate cages for a mount at 21°C
and 45% of humidity with pellet diet until required weight
was reached [21-23].

2.4.1. Surgical Procedure. For surgery, rats were anesthetized
intramuscularly in the gluteal region of the right limb with
xylazine (10mg/kg) and tiletamine/zolazepam (30 mg/kg)
[23-26]. For in vivo assay, surgical excision of 2 cm in diam-
eter was made in dorsal area [25, 27]. For the experiments, 4
rats were tested at 4, 8, 15, and 21 days. In total, two groups of
16 rats were used (n =16), 16 rats for group PA (90% All-
PcH) and for group C. Control rats were used in each day
time tested (n=38): group C for negative control with no
treatment and group PA treated with pectin and allantoin
film. A film was placed in the dorsal area to cover the surgical
excision made and replace it with a new film after the biode-
grading of the film on the wet wound at 6, 18, 48, and 72
hours; for the rest of the experiment, the wound started to
dry; then the film was replaced only in a few sections of the
wound when it was necessary during the 8th day. For the
9th day, it was not necessary to place another PA film since
the wound area was dry and healing. All experiments were
performed according to the associated laws and institutional
guidelines (human and animal welfare) and approved by
Biotic Comity at the University (CIBE-2017-1-45).

2.4.2. Determination of Wound Healing in Dorsal Area. Mea-
surements of the surgical excision area were made. Rats were
sedated in a chamber with isoflurane for 30 seconds. The
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FIGURE 1: (a) Pectin hydrogel enriched with allantoin without glycerol: red arrows indicate film fractures in both sides. (b) Pectin hydrogel
enriched with allantoin plasticized with glycerol. Pectin hydrogel enriched with allantoin: (c) white side rich in allantoin and brown side

rich in pectin and (d) more flexibility of the film due to glycerol.
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FIGURE 2: Swelling (%) as a function of time for pectin hydrogels
with 90 wt% and 100 wt% allantoin concentrations in relation to
pectin concentration. Result represents the mean (+s.e.m.) number
of samples tested at 25°C to obtain a reliable value. Mean + s.e.m.
for n =5 for each test (p <0.05).

difference in the area was registered at 4, 8, 15, and 21 days
compared with that in the size area at day 0 to calculate the
reduction of the excision area using the following formula:

o 100
%= (ADg - AD,) == (2)
0

where AD, is the excision area at day 0, AD, is the excision
area at day “t,” and “t” represents days 4, 8, 15, and 21.
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FiGure 3: FTIR for pectin hydrogels with 90 wt% All-PcH and
100 wt% All-PcH.

3. Results

3.1. Physical Crosslinking of Pectin. The optimum stirring
speed was 50 rpm since a homogeneous mix of the polymer
was obtained. Stirring time was established at 2 hours, until
the stirring speed was the lowest within the experimental
matrix thus to get a homogeneous mix, without the foam
presence. The adequate drying temperature was set at room
temperature for 5 days to assure a uniform drying pattern
of the hydrogel.
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FIGURE 4: Contact angle for pectin hydrogels with (a) 100 wt% All-PcH and (b) 90 wt% All-PcH allantoin concentrations.
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F1GURE 6: CSLM-10x magnification micrographs for pectin hydrogels with 90 wt% All-PcH and 100 wt% All-PcH.

3.2. Plasticization with Glycerol and Incorporation of
Allantoin. The obtained PA hydrogel film was brittle and
easily broken and not suitable to cover a wound in a
homogeneous way. In order to diminish this, glycerol

was used as a plasticizer (Figure 1). The optimum concen-
tration relation between pectin and glycerol was 1:1 to
obtain a more flexible and handled PA hydrogel film
(Figures 1(c) and 1(d)).
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TaBLE 1: Percentage size reduction of the surgical excision wounds
in dorsal areas during the healing process.

t (days) C (%) PA (%) Significance
4 18.48 +3.12 22.26+9.38 0.28
8 47.49 +3.89% 69.99 +6.02° 0.006
15 83.99+2.15° 90.44 +2.90° 0.018
21 93.58 +3.70° 100° 0.048

LSD (least Significance difference) Test (n = 16for each group test (p < 0.05)).

el

FIGURE 7: Images of wound in the dorsal area during the healing
process.

Moreover, it was found that the suitable allantoin con-
centration to enrich the hydrogel was 90 wt% and 100 wt%
of the relation 1: 1 with respect to pectin grams used. Indeed,
more homogenous allantoin distribution among the hydro-
gels in the final product was observed using 90 wt% and
100w% of allantoin to prepare the film. Since these two con-
centrations of allantoin were established to be more suitable
for the development of the hydrogel, the characterization
was carried out for hydrogels containing 90 and 100 wt%
allantoin in relation 1: 1 with respect to the amount of pectin
used (90% All-PcH and 100% All-PcH), respectively.

3.3. Swelling Kinetics. The maximum swelling degree for 90%
All-PcH was 69.3%, and the measured samples could no lon-
ger hold water after 90 minutes after immersion in distilled
water. On the other hand, 100% All-PcH had a maximum
swelling of 79.35%, and the measured samples could no lon-
ger hold water after 80 minutes after immersion, as observed
in Figure 2. This shows that, at a higher concentration of
allantoin, the hydrogel has a higher sorption capacity, which
was expected since the allantoin has hydrophilic functional
groups [7], nano and microporous in its structure increasing
the adsorbing area of the film [19].

3.4. FTIR. Structural validation of the physical crosslinked
was confirmed as shown in Figure 3 for each PcH with 90
and 100 wt% allantoin concentrations, where it is clear both
hydrogels do not exhibit any chemical interaction among

its components. Dominant pectin and glycerol peaks from
3400 to 3200cm’™" are assigned to stretch vibrations of the
OH bonds, and those from 2938 to 2880 cm™" are related to
stretches of the CH bonds asymmetrically and symmetrically,
respectively, and also 3 peaks correspond to allantoin at 1714,
1661, and 1606 cm™ from bending vibrations of the amide
NH group.

3.5. Contact Angle. Figure 4 shows the contact angle for the
90wt% All-PcH as 21.86°, while 100wt% All-PcH was
18.81°. The concentration with 100 wt% allantoin was more
permeable given that allantoin is a hydrophilic compound
with functional groups predominantly polar [7] even the
presence of the glycerol (a hydrophobic component); this is
an advantage for the hydrogel practical use, since it guaran-
tees the adhesion to a wound as long as it is humid, allowing
allantoin to be in immediate contact with the system of
growth factors, fibroblasts, and inflammatory cells during
the process of tissue regeneration.

3.6. Morphology (SEM). Figure 5 for 100 wt% All-PcH shows
a micrograph of the longitudinal area for the hydrogel rich in
allantoin, presenting uniform distribution of allantoin with
granulate shape forms ranging in the size of 1.2um to
54 um; furthermore, a cross section of the same hydrogel
sample shows a layer rich in allantoin within a thickness of
300 um and incrustations of active ingredient can be also
noted within the pectin rich layer. On the other hand,
90wt% All-PcH the micrograph of the longitudinal area
shows distribution of the allantoin; however, on the cross sec-
tion, the layer rich in allantoin is slightly thinner measuring
281 ym and the incrustation of allantoin due to the layer rich
in pectin is less concentrated in contrast with the 100 wt%
All-PcH. Having two well-differentiated layers in the hydro-
gel is an advantage because it can suggest that once the layer
rich in allantoin is applies directly to the wound, it will have
an immediate releasing action of the active ingredient while
the layer rich in pectin will continue to retain the active
ingredient and deliver it at a lower concentration.

3.7. Morphology (CSLM). To determine allantoin distribution
inside the hydrogel, dry, and swollen conditions, images were
captured for each concentration of allantoin. Figure 6 shows
90wt% All-PcH and 100wt% All-PcH samples, in which
allantoin is settled at the base, as well as compacted in peaks
under dry conditions; meanwhile, at swollen conditions, the
peaks become narrow and allantoin was distributed more
uniformly among the hydrogel. These results suggest that
once hydrogel is in contact with the wound, the allantoin will
be distributed more evenly as long as there is moisture in the
wound.

3.8. In Vivo Assay. After all these results, for the in vivo assay
only, 90 wt% All-PcH sample was used because this film con-
tains the maximum concentration of allantoin recommenda-
tion of FDA [28]. In vivo assay of 90wt% All-PcH film
showed remarkable diminish of the time healing process.
Excision area reduction of groups C and PA is shown in
Table 1 and Figure 7. Higher size area excision reduction
was observed in group PA compared to group C. Complete



healing of excision was observed at day 18 in group PA and at
day 21 in group C.

4. Discussion

This study determines that the PA film demonstrates to have
adequate surface and biocompatible properties as well as
good wound healing promotion from an in vivo test. More-
over, the use of the PA film in animal tests for only 8 days
supports the application to promote wound healing in
medical applications.

It was observed the adequate concentration of allantoin
was 90 wt% showing maximum swelling values were around
60 to 70 wt%. It is well known that sorption capacity is
important to provide a humidity environment and promote
a healing process. This tendency was also confirmed by con-
tact angle measurements. Contact angle values slightly
decrease with the increment of allantoin content in the film.
Contact angle values show hydrophobicity of the surface,
reported as a key point for tissue regeneration. Protein
adsorption is important for the healing process and cell
proliferation. In this case, the PA film provides a suitable
environment for growth and clotting factors, as well as
inflammatory cells essential for wound healing.

SEM and CSLM images showed uniform distribution of
allantoin in the PA film. Furthermore, two well-differentiated
allantoin and pectin layers. Allantoin is settled at the base
and well distributed along the hydrogel film. This could permit
allantoin distribution among wound areas. The pectin layer
will retain and deliver the active ingredient allantoin allowing
direct contact to wound helping to the healing process.

Incisional and excisional wounds are the two models that
allow the healing process of cutaneous wounds, as reported
by Giusto et al. (2017). In this study, the contraction rate of
wounds treated with the PA film was macroscopically evalu-
ated. The results demonstrated that the PA film accelerates
wound healing showing significant size reduction in the
wound dorsal area in less time compared with control. In
addition, at day 4, the contraction rate higher than the con-
trol was observed. A more significant difference was observed
after day 8, showing a positive effect on the healing process.

Moreover, for further applications of the PA film in med-
icine, fibroblast adhesion to hydrogel surface should be con-
sidered. Although this study showed acceptable physical,
microscopy, and biological properties of PA films, still,
research using other parameters and biologic conditions
must be performed. However, we combined by the first time
two natural ingredients reported to speed up the healing pro-
cess to develop a new biomaterial for the alternative treat-
ment of skin injuries promoting healthy tissue renewal.

5. Conclusions

It is possible to obtain a pectin gel plasticized with glycerol
and enriched with allantoin. Characterization by infrared
spectroscopy demonstrates that a hydrogel of pectin and
allantoin was obtained, although peaks of pectin and glycerol
hold sway in the spectra of the hydrogels than peaks corre-
sponding to the amine and amide groups of the allantoin.
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The characterization by SEM and CSLM revealed that there
is an even distribution of allantoin, both in the surface and
in the inner membrane of the hydrogel, for both concentra-
tions of allantoin. So far, it can be said that the pectin-
coated hydrogel with 100 wt% allantoin is the best candidate
for the next phase of the project, since, according to the con-
tact angle, it proposes a stronger adhesion to the wound. In
vivo assay results showed remarkable reduction of wound
area by using PA hydrogel from day 4 and the complete heal-
ing process at day 18. PA hydrogel reduces the total healing
time by 25% approximately. These results indicated that PA
hydrogel films could become the leading biomaterial candi-
dates for wound healing treatments.

Data Availability

All data obtained from this study can be found in the
research archives of the Master Program in Chemistry-
Biology Science of the Autonomous University of Ciudad
Juarez and can be requested through the corresponding
author.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] Q. Chaj,Y.Jiao, and X. Yu, “Hydrogels for biomedical applica-
tions: their characteristics and the mechanisms behind them,”
Gels, vol. 3, no. 1, p. 6, 2017.

[2] B. Kazemzadeh, H. Hosseinzadeh, and M. Babazadeh, “Syn-
thesis of a novel pectin-based superabsorbent hydrogel with
salt and pH-responsiveness properties,” Biomedical and Phar-
macology Journal, vol. 6, no. 1, pp. 41-48, 2013.

[3] R. K. Mishra, A. B. A. Majeed, and A. K. Banthia, “Develop-
ment and characterization of pectin/gelatin hydrogel mem-
branes for wound dressing,” International Journal of Plastics
Technology, vol. 15, no. 1, pp. 82-95, 2011.

[4] B. Gupta, M. Tummalapalli, B. L. Deopura, and M. S. Alam,
“Functionalization of pectin by periodate oxidation,” Carbohy-
drate Polymers, vol. 98, no. 1, pp. 1160-1165, 2013.

[5] X. Wang, Q. Chen, and X. Lii, “Pectin extracted from apple
pomace and citrus peel by subcritical water,” Food Hydrocol-
loids, vol. 38, pp. 129-137, 2014.

[6] A. Mat Lazim, F. Mokhtar, S. Fairus Mohd Yusof, I. Ahmad,
and A. Hakam, “Synthesis and characterization of pH sensitive
hydrogel using extracted pectin from dragon fruit feel,”
Malaysian Journal of Analytical Sciences, vol. 17, no. 3,
pp. 481-489, 2013.

[7] A. Noreen, J. Akram, I. Rasul et al.,, “Pectins functionalized
biomaterials; a new viable approach for biomedical applica-
tions: a review,” International Journal of Biological Macromol-
ecules, vol. 101, pp. 254-272, 2017.

[8] T.Marras-Marquez, J. Pefia, and M. D. Veiga-Ochoa, “Robust
and versatile pectin-based drug delivery systems,” Interna-
tional Journal of Pharmaceutics, vol. 479, no. 2, pp. 265-276,
2015.

[9] R.K. Mishra, M. Datt, and A. K. Banthia, “Synthesis and char-
acterization of pectin/PVP hydrogel membranes for drug



BioMed Research International

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

delivery system,” AAPS Pharmscitech, vol. 9, no. 2, pp. 395-
403, 2008.

A. Chetouani and M. Elkolli, “Synthesis and properties of
novel hydrogels from oxidized pectin crosslinked gelatin for
biomedical applications,” Polymer Bulletin, vol. 71, no. 9,
pp. 2303-2316, 2014.

L. U. Araujo, P. G. Reis, L. C. O. Barbosa et al., “In vivo wound
healing effects of symphytum officinale L. leaves extract in dif-
ferent topical formulations,” Pharmazie, vol. 67, no. 4,
pp. 355-360, 2012.

D. M. Da Silva, J. L. R. Martins, D. R. de Oliveira et al., “Effect
of allantoin on experimentally induced gastric ulcers: path-
ways of gastroprotection,” European Journal of Pharmacology,
vol. 821, pp. 68-78, 2018.

M. Madrazo-Jiménez, A. Rodriguez-Caballero, M. A. Serrera-
Figallo et al., “The effects of a topical gel containing chitosan,
0.2% chlorhexidine, allantoin and despanthenol on the wound
healing process subsequent to impacted lower third molar
extraction,” Medicina Oral, Patologia Oral y Cirugia Bucal,
vol. 21, pp. 696-702, 2016.

S. Nicolaus, C. Junghanns, R. Hartmann, A. Murillo,
M. Ganzera, and I. Merfort, “In vitro studies to evaluate the
wound healing properties of calendula officinalis extracts,”
Journal of Ethnopharmacology, vol. 196, no. 20, pp. 94-103,
2017.

L. E. Valencia-Gomez, S. A. Martel-Estrada, C. L. Vargas-
Requena, and C. Rodriguez-Gonzalez, “Natural polymers
aposites for skin regeneration,” Revista Mexicana de Ingenieria
bioedica, vol. 37, no. 3, pp. 235-249, 2016.

R. F. Pereira, C. C. Barrias, P. J. Bartolo, and P. L. Granja,
“Cell-instructive pectin hydrogels crosslinked via thiol-
norbornene photo-click chemistry for skin tissue engineering,”
Acta Biomaterialia, vol. 66, pp. 282-293, 2018.

A. A. Chaudhari, K. Vig, D. R. Baganizi et al., “Future pros-
pects for scaffoldding methods and biomaterials in skin tissue
engineering: a review,” International Journal of Molecular Sci-
ences, vol. 17, no. 12, 2016.

M. Tummalapalli, M. Berthet, B. Verrier, B. L. Deopura, M. S.
Alam, and B. Gupta, “Composite wound dressings of pectin
and gelatin with aloe vera and curcumin as bioactive agents,”
International Journal of Biological Macromolecules, vol. 82,
pp. 104-113, 2016.

R. A. Saucedo-Acufia, K. L. Tovar-Carrillo, E. G. Ordofiez-
Casanova, and C. Rodriguez-Rodriguez, “Topography and
morphology of a hydrogel enriched with allantoin for biomed-
ical Purposes,” Microscopy and Microanalysis, vol. 24, no. S1,
pp. 1420-1421, 2018.

K. L. Tovar-Carrillo, G. Tamayo, A. Donohue, T. Kobayashi,
and R. A. Saucedo-Acuna, “Obtaining of hydrogels using
PVA and HEC for adipose tissue regeneration,” Journal of Tis-
sue Science & Engineering, vol. 6, no. 2, p. 152, 2015.

L. U. Araujo, A. Grabe-Guimaraes, V. C. F. Mosqueira, C. M.
Carneiro, and N. M. Silva-Barcellos, “Profile of wound healing
process induced by allantoin,” Acta Ciriirgica Brasileira,
vol. 25, no. 5, pp. 460-461, 2010.

J. Cibelli, M. E. Emborg, D. J. Prockop et al., “Strategies for
improving animal models for regenerative medicine,” Cell
Stem Cell, vol. 12, no. 3, pp. 271-274, 2013.

W. Dorsett-Marin, “Rat models of skin wound healing: a

review,” Wound Repair and Regeneration, vol. 12, no. 6,
pp. 591-599, 2013.

(24]

(26]

(27]

(28]

I. D. C. Garros, A. C. L. Campos, E. M. Tambara, S. B. Tenorio,
J. M. Torres, and D. M. Arruda, “Extrato de passiflora edulis na
cicatrizagdo de feridas cuténeas abertas em ratos: estudo mor-
folégico e histologico,” Acta Ciriirgica Brasileira, vol. 21, suppl
3, pp. 55-65, 2006.

G. Giusto, C. Vercelli, F. Comino, V. Caramello, M. Tursi, and
M. Gandini, “A new, easy-to-make pectin-honey hydrogel
enhances wound healing in rats,” BMC Complementary and
Alternative Medicine, vol. 17, no. 1, pp. 266-267, 2017.

T. Sekine, T. Masumizu, Y. Maitani et al., “Evaluacion de la
actividad de eliminacion de radicales anion superoxido de shi-
konina por resonancia de espin electronico,” Revista Interna-
cional de Farmacia, vol. 174, no. 1-2, pp. 133-139, 1998.

L. M. Cabral, L. M. Ferreira, M. . J. Simdes, and O. A. Mora,
“Experimental model of double wounds on the rats back, in
order to study the skin cicatrization process on rat treated with
cellulose coat,” Acta Cirirgica Brasileira, vol. 18, no. spe,
pp. 65-68, 2003.

FDA, Department of Health and Human services, 2018.



	Natural Film Based on Pectin and Allantoin for Wound Healing: Obtaining, Characterization, and Rat Model
	1. Introduction
	2. Materials and Methods
	2.1. Collection of Samples
	2.2. Preparation of the Hydrogel
	2.3. Characterization of the Hydrogel
	2.4. In Vivo Assay
	2.4.1. Surgical Procedure
	2.4.2. Determination of Wound Healing in Dorsal Area


	3. Results
	3.1. Physical Crosslinking of Pectin
	3.2. Plasticization with Glycerol and Incorporation of Allantoin
	3.3. Swelling Kinetics
	3.4. FTIR
	3.5. Contact Angle
	3.6. Morphology (SEM)
	3.7. Morphology (CSLM)
	3.8. In Vivo Assay

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest

