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Abstract: Wound healing is fundamental to restore the tissue integrity. A topical study of the influ-
ence of Aloe vera hydrogel, formulated with 1,2-propanediol (propanediol) and triethanolamine
(TEA), on the skin wound-healing process was investigated in female Wistar rats. FTIR spectroscopy
confirms the presence of carboxylic acid and methyl ester carboxylate groups related with important
compounds that confer the hydrogel a good interaction with proteins and growth factors. SEM
images show a microstructure and micro-roughness that promote a good adhesion to the wound.
Therefore, the swelling kinetics and the contact angle response contribute to the understanding of
the in vivo results of the animal test. The results indicated that the Aloe vera hydrogel, prepared
with propanediol and TEA, together with its superficial characteristics, improve its rapid penetration
without drying out the treated tissue. This produced a positive influence on inflammation, angiogen-
esis, and wound contraction, reducing 29% the total healing time, reaching the total closure of the
wound in 15 days.

Keywords: Aloe vera; hydrogel; support matrix; skin regeneration; wound healing

1. Introduction

Polymeric biomaterials combined with natural extracts are an important line of re-
search in the field of tissue engineering as regeneration matrices or scaffolds [1,2]. Among
scaffolds, natural hydrogels stand out because of their high water content, biocompatibility,
and biodegradation. A hydrogel is a cross-linked hydrophilic polymer that exhibits a high
water content similar to tissue, which provides permeability to nutrients and adequate
adherence to surrounding tissue [2–4].

In 2020, the global Aloe vera hydrogel market was valued at 649.41 million USD, with
the pharmaceutical industry being the main end-user with 61% of consumption [5]. Aloe
vera extracts are widely used to treat skin lesions due to their healing, anti-inflammatory,
analgesic, vasodilatory, and antimicrobial properties [6–10]. The complex composition
of the hydrogel includes about 75 potential compounds, including minerals and pheno-
lics [5,11,12]. Aloe-emodin, aloesin, aloin, and acemannan are some of the most studied
compounds in Aloe vera, where acemannan is known to induce tissue repair [13–18]. In
addition, these polysaccharides have been explored as a functional source for biomedical
and pharmaceutical materials due to their natural gelling mechanism, high availability,
and nontoxic nature [19–22].

Some clinical and experimental evidence suggested the usefulness of Aloe vera in
wound care and wound healing for skin moisturization, promoting wound healing, thermal
skin injury, and inflammatory skin pathologies [17,23–28]. Therefore, in vitro/in vivo trials
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using Aloe vera gel, as a scaffold or support matrix for tissue engineering, have received
considerable attention either alone or in combination with conventional drugs or natural
extracts [5,11,29–45]. For instance, the use of fresh Aloe vera gel for 10 days to treat breast
soreness and irritation in lactating women produced significant wound healing [43]. In
addition, a commercial Aloe vera gel formulated with allantoin, bisabolol, and vitamin E
was used to treat patients with vitiligo after phototherapy sessions. A significant reduction
of burning sensation and high reduction in scores were observed after two and eight weeks,
respectively [38]. Furthermore, Aloe vera powder was used to prepare a cream to treat
vaginal atrophy for menopausal women. The treatment revealed a significant improvement
in the cytological and clinical indices of vaginal atrophy, demonstrating that Aloe vera can
be used safely [40]. Frequently, Aloe vera powder is obtained by freeze drying [34].

Differences in the composition of Aloe vera hydrogels are related to geographical
and seasonal variations and the elaboration process [5,12]. In some studies, the selected
leaves were rinsed with water or even with a mild chlorine solution as a disinfectant [10,35].
After the hydrogel extraction, for the sterilization, some works selected UV radiation [36],
pasteurization, or a cooling process [5] during the homogenization of the hydrogel. Finally,
the hydrogel needs to be stabilized with different compounds to prevent separation in
products or water loss, maintain a desired pH, or achieve other physical properties such as
viscosity or flexibility [29].

Derseg Co. elaborates a cosmetic product based on a hydrogel of Aloe vera denomi-
nated Restauder®. This hydrogel was designed to treat skin cosmetic affections such as
acne scars. Restauder® contains, among other additives, parabens as antibacterials [46,47],
glycerin as plastificant [29], carbomer to control the consistency [48], propanediol to confer
a non-sticky feel, and triethanolamine to stabilize the product. These compounds do not
contribute to the wound-healing process, but they are widely used in cosmetics and per-
sonal care products. Propanediol is a natural alternative to propylene glycol as a common
solvent, humectant, and emollient. It allows the formulas to flow well and makes them
easier to use on the skin [49–51]. On the other hand, TEA is a common and safe stabilizer
and pH adjuster in skincare cosmetics [52,53].

The effective results in 4 days of skin wound treatment using Restauder® aroused
interest in promoting its use in the treatment of deep dermis wounds as a pharmaceutical
proposal [54]. Consequently, this work aimed to evaluate this commercial hydrogel and
demonstrate that the presence of the specific additives, propanediol and triethanolamine,
do not exert any negative effect on wound healing. The effectiveness of the product as an
accelerator of cutaneous wound healing was demonstrated in an in vivo study as part of
the pharmaceutical validation of Restauder® for clinical use.

2. Materials and Methods

2.1. Restauder® Hydrogel

Restauder® hydrogel was donated by Derseg Co. (Apaseo El Grande, Guanajuato, Mexico).
Three Restauder® products from three different manufacturing batches were used during
the analysis. The three batches were manufactured six months before the realization of
this study.

2.2. Characterization of the Hydrogel

For characterization, the hydrogel was dried to obtain xerogels. This is necessary to
avoid water interference with FTIR and SEM analysis and also to perform the swelling
study. Xerogels are prepared by drying hydrogels slowly at 35 ◦C over 4 weeks. This has the
advantage that xerogels retain their porosity (at least in part) after the drying process [55].
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For the water-swelling assay, three xerogel samples were cut into 3 pieces of 5 mm × 5 mm.
A swelling study was conducted gravimetrically at room temperature using distilled
water [7]. Finally, the samples were removed, and the swelling degree (%S) was calculated
according to Equation (1).

%S =
(Ws − Wd)

Wd
× 100 (1)

where Ws and Wd stand for the weight of the hydrated and dry samples, respectively [56,57].
Fourier transform infrared spectra were acquired using an Alpha-T FTIR system

(Bruker, Billerica, MA, USA) to examine chemical functional groups in dried hydrogel
samples in the wavenumber range from 4000 to 400 cm−1. Surface morphology and
topography of the film were recorded by optical microscopy (AX70, Olympus, Tokyo, Japan)
and scanning electron microscopy (JSM-6010Plus, JEOL, Akishima, Japan) under a vacuum
of 60 Pa and 15 kV. For the analysis of the sample, no treatment was required, only low
vacuum. Finally, a contact angle meter (FTA-32, First Ten Ånstroms, Portsmouth, VA, USA)
was used to calculate the angle of the samples by the sessile drop method.

2.3. In Vivo Assay

Female Wistar rats with a weight of 250 g were used for the assay, which were
previously approved by the Animal Ethics Committee of the Autonomous University of
Ciudad Juarez (approval number CIBE-2017-1-45). For this, 27 Wistar rats were used,
to which a total thickness wound of 2 cm in diameter was made on the back using a
scalpel. The specimens were placed in polycarbonate cages for a month at 21 ◦C and 45%
of humidity with an ad libitum diet [58,59]. The rats were randomly distributed into two
groups: Group C with 15 animals, where the wounds received no treatment, and Group D
with 12 animals, in which the wounds were treated with the Restauder® hydrogel.

Images were taken with a comparative scale at defined times to later make precise
measurements with the SolidWorks (Dassault Systèmes, Vélizy-Villacoublay, France) pro-
gram and calculate the rate of wound contraction to make the comparison between the
groups. Likewise, biopsies were taken to assess the quality of the healing tissue between
both groups [19].

2.3.1. Surgical Procedure

For surgery, rats were anesthetized using xylazine (10 mg/kg) and tiletamine/zolazepam
(30 mg/kg) by the intramuscular route in the gluteal region. For in vivo assay, surgical
excision of 2 cm in diameter was made in the dorsal area [60,61]. After the surgery and
every 2 h daily, from 8 until 20 h, the area exposed was covered with a layer of hydrogel
for the rest of the experiment. Even a scab developed on the wound, and the hydrogel
was placed over and on the edge of the wound. The biopsies were performed at five days,
varying the lifespan of the rats (0 for only Group C and 4, 8, 15, and 21 days for both
groups). Each time, 3 rats were biopsied. In total, 15 rats for Group C and 12 rats for
Group D were used.

2.3.2. Macroscopic Analysis

To measure the wound closure, rats were sedated with isoflurane for 30 s to take a
photograph of the wound at 0, 4, 8, 15, and 21 days [19]. For the best precision in the
measurement, each photograph was analyzed by SolidWorks (Figure 1), comparing the
size of the area at day 0 to calculate the contraction of the wound using Equation (2).

%AD =
(AD0 − ADt)

AD0
× 100 (2)

where AD0 and ADt stand for the excision area on day 0 and day “t”, respectively. “t”
represents 4, 8, 15, and 21 days.
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Figure 1. Reference scale (left) and the measure of the wound’s area by SolidWorks (right).

2.3.3. Microscopy Study

On days 4, 8, 15, and 21, rats were euthanized by an overdose of anesthesia in three
members of each group to take a skin biopsy. Samples were extracted through an elliptical incision
with a skin margin of 2 cm around the edges of the wound. The extract was preserved in 10%
formalin until histological processing [19]. The slides obtained with the longitudinal sections of
the biopsies were evaluated with the parameters described in Table 1.

Table 1. Evaluation parameters for microscopic analysis [19].

Parameter Scale

Inflammation - + ++ +++
Angiogenesis - + ++ +++

Fibrin - + ++ +++
Epithelialization - + ++ +++

(-) absent, (+) mild, (++) moderate, (+++) intense.

3. Results
3.1. FTIR Analysis

Restauder® hydrogel, as mentioned elsewhere in the manuscript, is an Aloe vera
gel formulated with various additives. Of these, propanediol and triethanolamine are
especially observed in this study, since although they do not contribute a therapeutic
function to the gel, it is expected that they do not affect its repairing properties. The Aloe
vera gel itself consists of a large number of components; therefore, the signals observed
in Figure 2 will be discussed based on the reported literature, mainly taking into account
the signals for the gel, propanediol and triethanolamine. The absorption at 3290 cm−1

is attributed to the presence of the various OH groups contained in the polysaccharide
structure of the gel, propanediol and TEA [62,63]. The peaks at 2930 and 2874 cm−1 were
attributed to the symmetric and asymmetric stretching of the aliphatic C–H bonds of the
methylene groups (CH2), which are also present in the product components. The signals
at 1700 and 1563 cm−1 were associated with the stretching of the carbonyl group (C=O)
and the carboxylate group (COO−), respectively [62]. Additionally, the signals at 1278 and
1235 cm−1 have been ascribed to the bending of the glycosidic bond and stretching of the
acetyl groups. Finally, the pronounced peak at 1033 cm−1 is related to the C–C–O(H) bond
of polysaccharides present. It should be noted that this signal is also reported for these
same groups in TEA and propanediol. Furthermore, the signals at 2966 and 1450 cm−1

are reported for the tension of the aliphatic C–H bonds and are present in triethanolamine
and propanediol. On the other hand, the absorptions at 982, 918, and 835 cm−1 seem to
be mainly related to the presence of propanediol and correspond to stretching of the C–H
bond in methyl and methylenes [62,63].
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Figure 2. Infrared spectrum of the pure hydrogel.

3.2. Contact Angle

Figure 3a shows an image of fresh hydrogel before the drying process (Figure 3b).
The hydrogel collapsed after 5 h absorbing 3 mL of distilled water, obtaining a maximum
swelling of 12,693% and a recovery of water expected because fresh Aloe vera hydrogels
are 98–99% water [12,19]. A media of 43.11◦ of contact angle measurements was obtained
from fresh hydrogel samples. Figure 4 shows the contact angle measurement over time
after the collapse of the xerogel sample. Both results were expected because of the presence
of functional groups, which were predominantly polar in the hydrogel [10,19].
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3.3. Surface Analysis

Figure 5 portraits SEM images of the dehydrated hydrogel. As noted, a crystalline
structure conforms the deposition. At high magnification (Figure 5a), two types of crys-
talline structures are observed: one dendritic type and the other continuous. Figure 5b, at
higher magnification, shows the crystal structure of the dendritic phase, which is made
up of crystals of various sizes and geometries. On the other hand, in the continuous or
non-dendritic phase, the crystals have a very homogeneous size, in the order of 2 to 15 µm.
It is worth saying that this type of topography and morphology improve the adhesion of
the hydrogel with surrounding tissue and porous, which will permit draining the excessive
moisture in the wound.
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3.4. Healing Process

Table 2 and Figure 6 show the reduction area of the control (Group C) and Restauder®

(Group D), where the advantage in the reduction of the area of the wound treated with the
hydrogel is clear. For group D on the second day, scabs began to develop, and for day 8,
the scab covered all wound.

Table 2. Percentage reduction of the wounds during the healing process.

t (days) C (%) D (%) Significance

4 18.48 ± 3.12 28.62 ± 6.02 0.041
8 47.49 ± 3.89 56.52 ± 1.53 0.017
15 83.99 ± 2.15 91.60 ± 0.99 0.006
21 93.58 ± 3.70 100 0.048

LSD (Least Significance Difference), Test (n = 15, considering the size of day 0 for both groups) for each group test
(p < 0.05).
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Table 3 shows the results of microscopic analysis of the wounds at 4, 8, 15, and 21 days
of the experiment (Figure 7).

Table 3. Evaluation of the histological parameters.

Group t (days)
Parameter

Inflammation Fibrin Angiogenesis Epithelialization

C

4 +++ ++ + -
8 +++ +++ ++ +

15 ++ +++ +++ ++
21 + ++ ++ +++

D

4 +++ +++ + -
8 +++- +++ +++ +

15 ++ ++ ++ ++
21 - + + +++

(-) absent, (+) mild, (++) moderate, (+++) intense.
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On the fourth postoperative day, a diffuse chronic inflammatory process was ob-
served with a predominance of lymphocytes. In addition, the presence of macrophages
and fibroblasts, some angiogenesis, and the absence of epithelium is noted. Fibrin was
more abundant in Group D. The observed planimetric analysis results showed a higher
wound area reduction of Group D. This might be related to higher fibrin production
and distribution.

On the eighth day, diffuse chronic inflammation with a predominance of lymphocytes
was less intense in Group D. An abundance of fibrin was also observed in both groups
and moderate angiogenesis in Group C and abundant in Group D, as shown in Figure 7.
Both groups showed areas of epithelialization in the areas close to the edge of the ulcer.
On day 15, moderate inflammation was observed in Group C and less in Group D, as well
as the maturation of the fibrin areas and re-epithelialization of the tissues. On day 21,
Group C exhibited moderate to scarce inflammatory cells and a completely reconstructed
epithelium under a crust in the process of shedding. Meanwhile, the inflammatory cells
were scarce to absent in Group D, observing complete healing.

4. Discussion

Peaks related to pectin-like rhamnogalacturonan and acemannan were detected in the
hydrogel. Both of them are important compounds known to induce tissue repair [13–15].
The carboxylic acid and methyl ester carboxylate groups present in these compounds
confer to Aloe vera hydrogel a high polarity, which is an advantage for the practical use
because it guarantees the adhesion to a wound but with good interaction with proteins
and growth factors [6,15,17].
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Contact angle measurements and the maximum swelling value show the hydrophilic
character of the hydrogel, which is an important property to improve positively the healing
process and cell proliferation, improving the clinical appearance and accelerating wound
closure [15,24,31,32]. Polar groups will be an advantage in the adsorption of the material,
and non-polar groups present in the Aloe vera too will facilitate the bio-integration of the
hydrogel with proteins and growth factor into the wound. There has been reported a rela-
tionship between the contact angle value and protein adsorption to promote cell adhesion
on the material’s surface. It has been shown that contact angle values between 40◦ and 60◦

promote cell adhesion and are a more suitable surface for tissue regeneration [31,32,64].
SEM images showed a rough surface, which is a necessary feature to promote better

adhesion and interaction of the material in the wound and surrounding tissues [14,19].
Keeping the structure of natural hydrogel is desirable to use the hydrogel as a support
matrix to tissue regeneration as a connective tissue does [19]. The results suggested that the
wounds treated with the hydrogel show no histological difference, regarding the control
wounds in the observed lamellae; however, clinically, the wounds looked better without the
presence of abnormal cells. Nevertheless, research using other parameters and biological
conditions must be performed.

An in vivo trial determines that the compounds of Aloe vera hydrogel have adequate
surface and biocompatible properties as well as good wound-healing promotion from an
in vivo test. The data provide sufficient evidence to affirm that the wound contraction speed
of the control group is significantly lower than that of the group treated with Restauder®

with 95% confidence. On day 4, it was observed that the contraction rate of the wound is
higher than the control, showing a positive effect on the healing process. Furthermore, the
mathematical equation obtained from SolidWorks® permitted estimating the total closure
of the wound of the control group on day 24, while the group treated with the hydrogel
completely closed on day 18. It is worth noting that the simulation program showed a
75% reduction in the healing time of the complete healing process in comparison with the
control group.

Similar topical studies of the influence of an extract or gel of Aloe vera on the skin
wound-healing process in Wistar rats (with a wound made on the back) reported a signifi-
cantly higher reduction of the scores (almost total wound closure) at 8 days for chitosan–
glucan complex fibers reinforced with collagen and embedded with Aloe vera powder [34],
15 days for the pectine–allantoin film [19], and 15 days for insulin-loaded nanoemulsion
with fresh Aloe vera gel in animals with induced diabetes [35]. These research findings
highlight the importance of the compound present in the hydrogel formulation, regardless
of whether it is added fresh or in powder form, since the investigations achieve around
75% complete wound closures in the first 8 days. The results suggest that the Aloe vera
hydrogel, a fresh hydrogel enriched with isopropanediol and TEA, of Derseg Co. is com-
petitive for improving the skin wound-healing process, even though Restauder® was used
after 6 months of preparation (stored at 18–24 ◦C), a period after which no decrease in its
effectiveness was observed. Furthermore, this work demonstrated that isopropanediol and
triethanolamine, present in the formula of Resatured® hydrogel, did not show an adverse
effect on the treatment of wounds.

5. Conclusions

There is a tendency to prefer the use of fresh Aloe vera hydrogels just extracted from
the plant to working with hydrogels or extracts subjected to further processing. This has
decreased the lifetime of the active agents or raised costs for refrigeration. This work shows
that it is possible to obtain very competitive results with Aloe vera hydrogels processed
months in advance and enriched with ingredients widely used in the personal care in-
dustry, but which were being neglected in the most recent proposals, such as the case of
propanediol and triethanolamine. Consequently, we suggest reconsidering the use of steril-
ization and stabilization methods that allow a longer useful life of the product to reduce
its cost and achieve a greater scope in its distribution. Finally, this research reinforced
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the fact that the components of Aloe vera, related to pectin-like rhamnogalacturonan and
acemannan, make it possible to achieve such a significant difference to improve the skin
wound-healing process.
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