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Actividad cicatrizante de los bulbos de Allium cepa L. en un
modelo de quemadura de segundo grado en ratas Holtzman
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ABSTRACT

Background: The bulb of Allium cepa Linnaeus (onion) is used in traditional medicine as an
antidiabetic, antioxidant, antihypertensive, anti-inflammatory, and antihyperlipidemic, among
others. The lack of information or little knowledge about the effects of Allium cepa L. on skin
lesions, specifically burn wounds, arouses interest in studying its effects on these skin disorders.
Objective: This study assessed the wound healing activity of Allium cepa L. on second-degree
burns induced in Holtzman rats. Method: Thirty-two albino rats were randomly distributed into
four groups of 8 rats each, including the Healthy group, the Control group, the Experimental
group (Allium cepa L.), and the Standard group (1% silver sulfadiazine). Burn wounds were
induced, and topical treatments were performed daily for 21 days. The reduction of the burned
body area (mm? was determined during the experimental time. Albino rats were sacrificed
with an excess of surgical anesthesia to obtain tissue samples for histopathological analysis.
Results: Standard and experimental groups significantly reduced burned body area (p<0.01)
compared to the control group. Histopathological studies showed hyperemic chorion in the
Control group, fibroblasts, and collagen in the Standard group, and dermis composed of a
reticular stratum of fibroblasts, collagen, and few blood vessels in the Experimental group.
Conclusion: Allium cepa L. revealed wound-healing activity on burns induced in Holtzman
rats and reduced the damage produced by burns.

Keywords: Burn; Allium cepa L; Phytochemicals; Silver sulfadiazine, Histology.

RESUMEN

Antecedentes: El bulbo de Allium cepa L. (cebolla) se utiliza en medicina tradicional como
antidiabético, antioxidante, antihipertensivo, antiinflamatorio, anti hiperlipidémico entre otros.
La falta de informacién o muy poco conocimiento acerca de los efectos de Allium. cepa L. en
lesiones cuténeas, especificamente en las heridas por quemaduras, despierta el interés por
estudiar sus efectos en estas afectaciones cutaneas. Objetivo: El objetivo de este estudio
fue evaluar la actividad cicatrizante de Allium. cepa L. en quemaduras de segundo grado
inducidas en ratas Holtzman. Método: Se utilizaron treinta y dos ratas albinas distribuidas al
azar en cuatro grupos de ocho ratas cada uno, incluyendo el Grupo sano, el Grupo Control,
el Grupo Experimental (Allium cepa L.) y el Grupo Estandar (Sulfadiazina de plata al 1%). Se
indujo la herida por quemadura, y los tratamientos tépicos se realizaron diariamente durante
21 dias. La reduccién del drea corporal quemada (mm?) se determiné durante el tiempo de
experimentacién, luego los animales fueron sacrificados con exceso de anestesia quirirgica
para obtener las muestras de tejidos para el estudio histopatoldgico. Resultados: Los grupos
estandar y experimental mostraron reduccién significativa en el area corporal quemada
(p<0,01) comparadas al grupo control. El estudio histopatolégico evidencié corion hiperémico
en el grupo control; fibroblastos y coldgeno en el grupo estandar y dermis integrada por un
estrato reticular de fibroblastos, coldgeno y pocos vasos sanguineos en el grupo experimental.
Conclusién: Allium cepa L. reveld actividad cicatrizante en quemaduras inducidas en ratas
Holtzman, y disminuyé el dafio producido por las quemaduras.

Palabras clave: Quemadura; Allium cepa L; Fitoquimicos; Sulfadiazina de plata; Histologia.
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INTRODUCTION

Burn causes damage to the skin, generating a loss of
cells and tissues, which can complicate and worsen
the health of patients (1). The damage produced in
these circumstances involves protein denaturation,
necrosis, and exudates, creating congestion and
edema and altering cellular and humoral defenses (2).

Worldwide, burns are a public health problem,
producing 180,000 deaths annually, especially
in low- and middle-income countries (3). In Peru,
approximately 15,000 cases of burned children
are reported each year, of which 130 per year have
severe burns from hot liquids (4). The sequence of
events that restores damaged tissue is classified
into three phases: inflammation, proliferation, and
tissue remodeling (5).

Burn treatment aims to relieve pain, reduce
inflammation, optimize skin regeneration and healing,
and avoid possible infections, skin dehydration, and
protect the burned affected area. In topical treatment,
antimicrobial ointments (1% silver sulfadiazine,
nanocrystalline silver, or also biosynthetic cures
(artificial skin) (1) are used to decrease the risk of
infections and reduce the treatment time of burn
patients (5). Recently, in the field of complementary
or alternative medicine, the activity of a wide variety
of medicinal plants in the burn treatment have been
reported, such as Aloe vera (L) Burm. f, Spondias
mombin L., Mentha pulegium L., among others (5-7).

Allium cepa Linnaeus., onion, is an ancient native
plant from mountainous regions of Central Asia and
belongs to the Amaryllidaceae family and Allium
genus. It is a perennial or biennial growing plant
(8). Due to its content in polyphenols, flavonoids,
tannins, and vitamin C, among other phytochemical
components, Allium cepa Linnaeus has antimicrobial
activity, antiplatelet activity, immune system
stimulant, anti-aging, and antisclerotic properties
(9). These and other active principles contained in
A. cepa L. could solve problems caused by burns.
Currently, there are no studies that scientifically
support its topical use in this type of skin lesion, thus
improving healing processes. This study assessed
the wound healing activity of A. cepa L. in a second-
degree burn wound model in Holtzman rats.

MATERIAL AND METHODS

Animal material

Thirty-two specimens of Rattus norvegicus Holtzman
lineage, male, three months old, were used. Holtzmanrats

were purchased at the Instituto Nacional de Salud
in Lima, Peru, and housed in individual cages under
standard environmental conditions with a light/
dark cycle of 12/12 hours, relative humidity (70%),
ambient temperature between 22 and 24 °C,
fed a balanced diet, and water ad libitum. The
Ethics Committee of the Faculty of Pharmacy and
Biochemistry of the Universidad Nacional de Truijillo,
Resolution N °: |E- 008 - 2019 / C.FAC.FARM. approved
this study. The Guide for the Care and Use of
Laboratory Animals (10) guidelines were also followed.

Plant material

Bulbs of Allium cepa L. (onion) pink variety were used,
harvested at 23 m, 8 © 24'51.37 " S, 78 © 45'7.52 " W,
in the Province of Viru, Department of La Libertad,
Peru. Taxonomic identification was performed in
the Herbarium Truxillense (HUT) of the Faculty of
Biological Sciences of the Universidad Nacional de
Trujillo with the respective taxonomic classification
of the species, and a voucher specimen (HUT-N°
58792) was deposited in the Herbarium HUT. Bulbs
were cleaned and washed, one part was taken to
prepare poultice to determine their healing activity,
and another part was to prepare the extract for the
corresponding phytochemical analysis.

Experimental design

Phytochemical screening

Phytochemical screening of Allium cepa L. bulbs was
conducted according to the Lock methodology. Fresh
onion bulbs were small cut and soaked in 200 mL
of 95% ethanol for 48 h, shaking the container several
times a day to ensure a better extraction. It was then
filtered using Whatman N° 1 filter paper, after which
the extract was air-dried to obtain the dry extract.
One gram of dry residue was weighed, 30-mL
of solvents of different polarities were added to
obtain the dichloromethane, ethanolic and aqueous
extracts. Chemical identification, coloration, and/or
precipitation analysis were performed to determine
the presence of secondary metabolites: flavonoids
(Shinoda Test), alkaloids (Dragendorff and Mayer tests),
phenolic compounds (Ferric Chloride Test), saponins
(Foam test), tannins (Gelatin test), anthraquinones
and naphthoquinones (Borntréger test), steroids and
triterpenes (Liebermann-Burchard test (11).

Preparation of poultices

Bulbs of Allium cepa L. were washed with water and
salt, the outer leaves (nomophiles) were discarded,
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and the cataphiles or selected scales were crushed
in mortar to prepare the poultices according to a
validated method (12).

Assessment of healing activity

The upper central interscapular vertebral part of
the albino rats was depilated. 24 h later, Holtzman
rats were anesthetized with a mixture of ketamine
hydrochloride 83 mg/kg (Fresenius Lab., Peru)
and xylazine hydrochloride 17 mg/kg (Pharmadix
Corp. S.A, Peru), intraperitoneally, recommended
dose for rodents (13). Second-degree burn wound
was induced by placing a 60-watt bulb, previously
disinfected, in the dorsal subscapularis part of rats.
The heat was applied three times, during 20 seconds
of contact and 5 seconds of the rest interval. Most
of the dermis were deformed in the burned area,
but the muscle was not reached with this process.
Macroscopically, the appearance was consistent with
second-degree burn.

Thirty-two Holtzman rats were randomly distributed
into four groups, with eight specimens per group:
Healthy Group without burning, Control Group with
burn and no topical treatment, received analgesic
orally for pain, Experimental Group with burns,
received 4 g/day of poultice from Allium cepa L.,
Standard Group with burns, received 4 g/day of
1% silver sulfadiazine (Medifarma Lab., Peru). The
treatments were performed topically daily for 21
days, and albino rats were placed in individual cages
to avoid direct contact with other animals or sources
of contamination.

Measurement of wounds: the evolution of the
healing process was measured by the reduction
of a burned body area (mm?) at the lateral and
craniocaudal levels on the 1%, 5, 9t 13t 17t
and 21°" day post-burn. Each specimen was
stably placed. The wound margin was traced on
a transparent plastic sheet with a fine-tipped pen;
the measurement was performed using a millimeter
plastic ruler to record the data later (7). This
procedure was repeated every day programmed.

Histopathological study

At the end of treatment, on the 22" day, albino
rats were sacrificed using an excess of surgical
anesthesia, and skin samples were collected by
making cuts of 2 cm long and 1.5 cm wide around
the scar. The collected samples were placed in 10%
formalin, and five days later, they were taken for the
respective histopathological analysis. Haematoxylin
and eosin (H&E) were used to stain tissue sections.

Statistical analysis

Wound healing data were presented as mean = S.E.
Two-way analysis of variance (ANOVA) was used to
analyze differences between groups. Tukey’s HSD
test was used for post-hoc comparisons. Microsoft®
Office Excel 2016 and IBM SPSS Statistics for
Windows, version 20.0 (IBM Corp., Armonk, N,
USA) were used for data analysis. A p-value less than
0.05 was considered statistically significant.

RESULTS

Qualitative phytochemical screening

Qualitative phytochemical analysis of bulbs from
Allium cepa L. revealed different secondary
metabolites, which could be the active principles
responsible for the healing activity. These
phytoconstituents, present in different intensities,
depending on the type of solvent used, from lower
to higher polarity to optimize the extraction and
identification processes of these active ingredients,
are detailed in Table 1.

Table 1. Phytochemical screening of Allium cepa L. bulbs

Allium cepa L. extracts

Secondary metabolites Test’s name DM E A
Tannins Gelatin - +4+ o+
Steroids Lieberman-Burchard + -
Flavonoids Shinoda + + -
Alkaloids Mayer - + +

Dragendorff + + +
Saponins Foam - - -

Phenols Ferric Chloride ++ +

Quinones Borntrager

DM: dichloromethane extract, E: ethanolic extract, A: aqueous extract.

Presence and intensity: (-): absence; (+): few; (++): moderate; (+++): abundant

Wound healing activity assessment

Evolution in reduction of body area injured by
burns in albino rats is shown in Figure 1. In the
experimental group (Allium cepa L.), the wound
size decrease and ongoing healing were significant
(p< 0.05) compared with the control group. The
reduction happened since the 9" day after the burn
induction. This reduction in burned body area was
more evident on the 21°* day. We found a statistically
highly significant difference (p<0.01) in the decrease
in size burn-wounds of the experimental group
(Allium cepa L.) concerning the control group and,
similar to the standard group that received topical
silver sulfadiazine cream.
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Figure 1. The average reduction of body areas with induced burns in Holtzman rats. Values in each group (n = 8) were expressed
as the mean = S.D.M. (two-way analysis of variance/post hoc Tukey’s HSD); * p <0.05, ** p <0.01: represented a highly significant
statistical difference compared to the control group.

Histopathological changes angiogenesis processes, macrophages, collagen,
and morphological changes. The difference
between the healthy skin, intact and without lesions,
concerning the other groups, especially the control
group, was evident.

The histopathological study of rat’s skin in
standard, experimental, and control groups showed
changes related to the presence of fibroblasts,

Figure 2. The rat skin. A) Healthy group. No burn, normal dermis. Stratum granulosa (SG), typical cells of the stratum spinosum
(SS), cells of the stratum basalis (SB), sebaceous glands (SGL) were also observed. H&E 400X. B) Control group. The top layer of
coagulated blood, fibroblasts, blood vessels, and possible re-epithelialization (RE). H&E 100X.
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Figure 3. The rat skin. C) Standard Group (Silver sulfadiazine). Dermis: deep zone. Fibroblast (F) and blood vessels decreased.
Arrangement of collagen (C) in mesh, indicating lesion contraction. H&E 400X. D) Experimental Group (Allium cepal.). The epidermis
in recovery. Stratum granulosa (SG), spiny cells (SC), and basal cells (BC). The dermis was made up of a reticular layer of fibroblasts,

collagen, and few blood vessels. H&E 400X.

DISCUSSION

Phytochemical analysis of Allium cepa L. bulbs
revealed tannins, flavonoids, steroids, and phenols
(Table 1), which could be responsible for the healing
activity of this plant. Several studies report that onion
is one of the major sources of flavonoids in the diet,
and they are considered dietary phytoconstituents
with high antioxidant activity (14,15). These
secondary metabolites were also reported in other
studies of the genus Allium, and from Allium cepa L.
specifically (16-18). Additionally, alkaloids are related
to antibacterial and analgesic activities (16), while
flavonoids and tannins contribute to antioxidant
activity and free radicals’ scavengers (18,19). All
these aspects could participate and optimize the
wound healing activity of Allium cepa L. bulbs.

The reduction in wound size and ongoing healing
were observed evolutionarily, becoming more
evident in the experimental group (Allium cepa L.)
since the 9" day from the beginning of the study
(Fig.1). These results agree with those reported in
the study conducted with extractum cepae, heparin,
allantoin gel, and silver sulfadiazine in experimental
burns. The scabs began to form on the 7" day of
the study (20). It was also evident that the healing
effects of silver sulfadiazine and the natural product
A. cepa L. were similar, and there was no significant
difference (p> 0.05) between these groups. Silver
sulfadiazine 1% has antimicrobial, analgesic, low
toxicity, and sensitization properties, optimizing its
use for burns (5,21).

Allium cepa L. showed significant improvement
in the healing processes of burns in albino rats,
which can be attributed to its active principles
such as polyphenol compounds, flavonoids, and
mainly quercetin and its glycosides, as reported in
various studies (19,22). Additionally, essential oils
and tannins report antioxidant, anti-inflammatory,
antibacterial, and antifungal activity, preventing the
proliferation of microorganisms (19,22). Likewise,
it has been reported that onion contains ferulic
acid, p-coumaric acid, protocatechical acid, and
catechol (9). These non-flavonoid polyphenols, with
flavonoids, possess powerful antioxidant and free
radical scavenger activity, which would favor the
healing process (19).

The morphological characteristics of the skin of
the healthy group (Fig.2 A) contrasted with the
damage that occurred in the burned skin of the
control group (Fig.2 B). The inflammation, hyperemic
chorion, and fibroblasts were evident, presence of
blood vessels and, in the upper part, the forming
crust (layer of coagulated blood) protrudes. There
was also evidence of a gradual re-epithelialization
process, consistent with that reported in studies with
Extractum cepae and Pistacia lentiscus L. (20,23).
Likewise, our results agreed with the study conducted
with Hypericum perforatum L. in which the wound
healing process was not completed in the control
group, the presence of eschar and reepithelization
was limited to the beginning zones (24). The healing
processes generally begin one day after the injury,
when the inflammatory process is still underway,
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proliferating fibroblasts and endothelial cells, which
after 3 to 6 days, form a specialized tissue, called
granulation tissue, essential for wound healing (25).

The standard group (silver sulfadiazine) showed a
decrease in the number of fibroblasts and blood
vessels. This finding corresponded to a healing
period of more than two weeks, with the presence of
fibroblasts, collagen, and contraction of the affected
area (Fig.3 C). Our result agreed with those reported
with Mentha pulegium L. and extractum cepae (7,20).
Alternatively, poultices from the bulbs of Allium
cepa L. (onion) produced epidermis recovery in the
injured tissue (Fig.3 D), observing spiny and basal
cells, and the dermis showed an aligned reticular
layer of fibroblasts, collagen, and few blood vessels.
Fibroblasts’ presence could indicate that the natural
product promoted skin regeneration and optimize
the wound healing process (26); therefore, the
alignment and increase of collagen fibers optimized
the wound healing (27). Flavonoids, tannins, and
alkaloids are related to the healing process by
increasing collagen viability as it improves collagen
fibers' resistance (28).

The phytochemical compounds of onion, such
as quercetin and flavones such as luteolin, and
kaempferol, favor the wound healing process due
to their antioxidant activity (29,30). Likewise, this
antioxidant activity, at least in part, can be attributed
to Allium cepa L. polyphenolic compounds, which
could optimize the wound-healing activity. The
results agreed with the healing properties attributed
to Tragopogon graminifolius DC, which contained
polyphenolic compounds like p-coumaric acid,
ferulic acid, and caffeic acid, secondary metabolites
also included in the onion bulbs (31). Antioxidant
activity of Allium cepa L. would be reinforced
by vitamin C (9), which plays an essential role in
processes such as healing. So, vitamin C deficiency
can delay healing, increase inflammatory processes,
among other alterations (32,33). Currently, there
is evidence that Allium cepa L. shows therapeutic
effects in the human skin fibroblast cell line and is
used to treat keloids and postsurgical lesions (34,35).

With the results found in our research, we contribute
significantly to give scientific support to consider
preparations containing Allium cepa L. pink variety
as a new alternative treatment for burns.

CONCLUSION

Allium cepa L. revealed wound healing activity on
burns induced in Holtzman rats and reduced the

damage produced by burns. Thus, such a natural
product may represent a potential treatment
candidate for burns. Further studies that aim to
elucidate the exact mechanism of action and identify
the active components would be additional steps in
developing pharmaceutical candidates from Allium
cepa L. for burns treatment.
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