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Ascorbic acid for the healing of skin wounds in rats
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Abstract

Background: Healing is a complex process that involves cellular and biochemical events. Several medicines have 
been used in order to shorten healing time and avoid aesthetic damage. Objective: to verify the topical effect of 
ascorbic acid for the healing of rats’ skin wounds through the number of macrophages, new vessels and fibroblast 
verifications in the experimental period; and analyse the thickness and the collagen fibre organization in the injured 
tissue. Methods: Male Rattus norvegicus weighing 270 ± 30 g were used. After thionembutal anesthesia, 15 mm 
transversal incisions were made in the animals’ cervical backs. They were divided into two groups: Control Group 
(CG, n = 12) – skin wound cleaned with water and soap daily; Treated Group (TG, n = 12) – skin wound cleaned 
daily and treated with ascorbic acid cream (10%). Samples of skin were collected on the 3rd, 7th and 14th days. The 
sections were stained with hematoxylin-eosin and picrosirius red for morphologic analysis. The images were obtained 
and analysed by a Digital Analyser System. Results: The ascorbic acid acted on every stage of the healing process. 
It reduced the number of macrophages, increased the proliferation of fibroblasts and new vessels, and stimulated the 
synthesis of thicker and more organized collagen fibres in the wounds when compared to CG. Conclusion: Ascorbic 
acid was shown to have anti-inflammatory and healing effects, guaranteeing a suiTable environment and conditions 
for faster skin repair. 
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Ácido ascórbico na cicatrização de feridas cutâneas em ratos

Resumo

Fundamentos: A cicatrização é um processo complexo que envolve eventos celulares e bioquímicos. Vários medi-
camentos têm sido empregados na tentativa de abreviar a cicatrização e evitar danos estéticos.  Objetivo: verificar 
o efeito tópico do ácido ascórbico no processo de cicatrização de feridas cutâneas de ratos através da verificação 
do número de macrófagos, neovasos e fibroblastos presentes no período experimental; e analisar a espessura e a 
organização das fibras colágenas no tecido lesado. Métodos: Foram utilizados Rattus norvegicus, machos, pesando 
270 ± 30 g. Foi realizada incisão transversal na pele da região dorso-cervical de 15 mm de comprimento, após anes-
tesia com Thionembutal. Os animais foram divididos em 2 grupos: grupo controle (GC, n = 12), feridas higieniza-
das diariamente com água e sabão; grupo tratado (GT, n = 12), feridas higienizadas e tratadas com creme de ácido 
ascórbico (10%). Os fragmentos para análise histológica foram coletados no 3º, 7º e 14º dia, e as lâminas coradas 
com hematoxilina-eosina e picrosírius red para análise morfológica. As imagens foram capturadas e analisadas por 
um sistema digitalizador. Resultados: O ácido ascórbico atuou em todas as etapas da cicatrização, diminuindo o 
número de macrófagos, aumentando a proliferação dos fibroblastos e neovasos, e favorecendo a deposição de fibras 
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2. Material and Methods

2.1. Animal protocol 

White male wistar rats (Rattus norvegicus), three 
months old and weighing 270 ± 30 g, were obtained from 
the Universidade de Alfenas (UNIFENAS) Laboratory 
Animal Facility. The animals were intraperitoneally (IP) 
anesthetised with thionembutal (10 mg/kg). After manual 
depilation and antisepsis with povidone on the cervical 
back, a 15 mm long transversal incision was made with 
a scalpel (Schirato, Monteiro et al., 2006). The animals 
were randomly separated into two experimental groups: 
Control Group (CG, n = 12): wound cleaned with water 
and soap (neutral pH) once a day; Treated Group (TG, 
n = 12): wound cleaned with water and soap once a day 
and then treated with 1 g of a cream containing 10% 
ascorbic acid. The rats were all kept in cages and received 
ration and water ab libitum. On the 3rd, 7th and 14th days, 
four rats from each group were euthanised with an intra-
peritoneal overdose of thionembutal. The experimental 
protocol was approved by the UNIFENAS Committee of 
Ethics in Research under procedure no. 10A/2006.

2.2. Histological analysis

The material collected on the 3rd, 7th and 14th days as 
fixed in 10% formalin for 48 hours were embedded in par-
affin. Five μm thick sections were placed on glass slides 
and histologically processed (Junqueira et al., 1979). Some 
of the sections were stained with hematoxylin-eosin for 
counting macrophages, neovessels, and fibroblasts; oth-
ers were stained with picrosirius red to identify collagen 
fibres. The HE-stained sections were analysed through 
a common optical microscope, while those stained with 
picrosirius red were observed through a polarised light 
microscope. The histological images were captured by 
a digital camera through the “Software Image Pro-plus” 
with a 400× magnification. The “Software Fireworks” 
digitiser and image analyser was used to count macro-
phages, neovessels and fibroblasts (MEDEIROS et  al., 
2003). The thickness of the collagen fibres was measured 
by the “Image Tool” program. Eight fields of each histo-
logical section per animal were analysed, and the average 
number of macrophages, neovessels, fibroblasts, and the 
thickness of collagen fibres were calculated.

The experimental wounds were clinically and histo-
logically evaluated during 14 days by only one observer.

2.3. Statistical analysis

The count values of macrophages, neovessels and 
fibroblasts were analysed and compared using the 

1. Introduction

The skin is the most frequently injured part of the 
body. When it is wounded, the connective tissue is ex-
posed and a series of local cellular and biochemical 
events are triggered to restore tissue integrity. This se-
quence of events is called cicatrization and involves in-
flammation, proliferation and maturation (Irion, 2005; 
Micera, Vigneti et al., 2001; Contran, Kumar and Collins, 
2001).

Several studies have shown the topical effect of med-
icines upon a wound, such as antibiotics (Raphael, 1965), 
association of an antibiotic with amino acids (Carvalho, 
Okamoto, 1977), antibacterial drugs (Carvalho, Oliveira, 
1990), anti-inflammatories (Vasconcellos, Alberti et al., 
2001; Chaves, Petroianu et  al., 2004), 10% propolis 
(Magro-Filho, 1988) and insulin (Lima, Mahmoud et al., 
2003) to shorten healing time and avoid infections and 
aesthetic damages. 

Ascorbic acid (AA) or vitamin C (C
6
H

8
O

6
, ascor-

bate when in the ionised form) is a molecule used in 
the hydroxylation of various other cellular biochemi-
cal reactions. Its main function is the hydroxylation of 
collagen, a fibrillar protein that provides resistance to 
bones, teeth, tendons and blood vessel walls (Nelson 
and Cox, 2005). AA is essential to stimulate dermal 
fibroblasts (Azulay et al., 2003), and catecholamine 
biosynthesis. It is an antioxidant capable of neutralis-
ing the reactive oxygen species (Nelson and Cox, 2005; 
Naidu, 2003; Carr and Frei, 1999) and it is fundamental 
for the prevention and repair of blood vessel walls, and 
also for immunological defense (Azulay et al., 2003). 
Vitamin C is usually found in human skin, but it is rap-
idly lost in inflammatory processes. Topical vitamin C 
supplement for the skin, through lipid molecules, can 
be beneficial in dermatological treatment (Perricone, 
1993). The topical application of vitamin C partially re-
stores the anatomical structure of the epidermal-dermal 
junction in young skin and it increases the number of 
nutritive capillary loops in the papillary dermis (Kirsten 
et al., 2004). AA is highly labile, being easily oxidized 
by the enzyme dehydroascorbate reductase (Black and 
Hidiroglou, 1996).

Despite being frequently investigated, wound healing 
continues to challenge researchers. The aim of this study 
was to evaluate the topical effect of ascorbic acid on the 
healing process of rat skin wounds, mainly to quantify 
macrophages, newly formed blood vessels (neovessels) 
and fibroblasts, and analyse the thickness and organiza-
tion of collagen fibres in the injured tissue.

colágenas mais espessas e organizadas nas feridas. Conclusão: O ácido ascórbico mostrou ter efeito antiinflamatório 
e cicatrizante, promovendo ambiente e condições favoráveis para a reparação tecidual, o que abreviou o tempo da 
cicatrização.

Palavras-chave: cicatrização de feridas, ácido ascórbico, colágeno, fibroblastos, pele.
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collagen fibres were thicker in the papillary layer of the 
TG (Table 1 and Figure 1c).

In relation to the CG, an easily removable scab on 
the TG rat wounds was macroscopically observed on the 
7th day, probably due to the humidity provided by the 
ascorbic acid cream. No inflammatory signs were shown 
by the TG animals on the 7th day, while the CG animals 
maintained a marked inflammatory process. When com-
pared to the CG, the TG histological sections of the 
wound showed a lower number of macrophages (Table 1 
and Figure 2a), a higher number of neovessels (Table 1 
and Figure 2b), a higher number of fibroblasts (Table 1 
and Figure 2c) and thicker collagen fibers in the papillary 
layer (Table 1 and Figure 2d).

Student t-test, with 0.05 significance, and the results 
were expressed by the mean ± standard error of the mean 
(mean ± SEM).

3. Results

Less marked inflammatory signs and a more intense 
granulation tissue were evident in the treated group (TG) 
in relation to the control group (CG), but a serosanguin-
eous secretion covered the wound bed in both groups 
(Figure 1a). Histologically, the TG wound showed a low-
er number of macrophages and higher number of neoves-
sels when compared to the CG (Table 1). No significant 
differences were observed in either groups regarding the 
number of fibroblasts (Table 1 and Figure 1b). However, 

a a

b b

c c

Figure 1. a) Clinical and b and c) histological findings in rat skin wounds on the 3rd day of the experiment. a) Serosanguine-
ous secretion in both groups; b) Fibroblasts in the papillary layer of the skin (HE, 400×); c) Thicker collagen fibres in the 
papillary layer in the TG (Pricosirius red). All figures 400×.
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Table 1. Number of macrophages, neovessels, fibroblasts and thickness (µm) of collagen fibres in the histological sections 
of rat skin wounds of the control group (CG) and of the acid ascorbic-treated group (TG).

Day/Groups CG TG
3rd Macrophages/field 67 ± 10 52 ± 5*

Neovessels/field 31 ± 4 60 ± 14*
Fibroblasts/field 86 ± 15 103 ± 7
Thickness of collagen fibres (µm) 3.0 ± 0.1 3.8 ± 0.2*

7th Macrophages/field 84 ± 11 26 ± 14*
Neovessels /field 18 ± 1 26 ± 3*
Fibroblasts/field 201 ± 22 279 ± 21*
Thickness of collagen fibres (µm) 2.9 ± 0.1 3.3 ± 0.2*

14th Macrophages/field 30 ± 5 17 ± 2*
Fibroblasts/field 262 ± 13 259 ± 20
Thickness of collagen fibres (µm) 3.5 ± 0.1 4.1 ± 0.2*

Results expressed in Mean ± SEM. * p < 0.05 compared with the CG.

a a

b b

c c

d d

Figure 2. Histological findings in rat skin wounds on the 7th day of the experiment. a) Lower number of macrophages (ar-
row) in the TG (HE, 400×); b) Higher number of neovessels (arrow) in the TG (HE, 400×); c) Higher number of fibroblasts 
(arrow) in the TG (HE, 400×); d) Thicker collagen fibres (arrow) in the papillary layer in the TG (Picrosirius red, 400×). CB: 
basal layer of epidermis. All figures 400×.
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The ascorbic acid took part in all the healing stages. 
The ascorbic acid cream (10%) had an anti-inflammatory 
and cicatrizing effect on skin wounds, which was char-
acterised by a lower number of macrophages, a higher 
number of neovessels, a higher proliferation of fibrob-
lasts and the production of thicker and more organized 
collagen fibres.

Skin wounds induce the release of several inflamma-
tory mediators resulting from the aracdonic acid cascade, 
such as prostaglandins, leukotrienes and hydroxyeicosa-
tetraenolic (Hete) acid (Trenam, Dabbagh et al., 1991). 
Such mediators attract neutrophils and macrophages to 
the wound and take part in all the clinical manifesta-
tions of the inflammatory process. These cells play an 
important role against bacterial contamination by means 
of phagocytosis, and production and release of protein-
ases and reactive oxygen species (ROS). The increased 
production of ROS is known as “respiratory burst”, since 
the activation of neutrophils and macrophages use the 

A complete contraction of the wound edges in the 
TG was clinically seen on day 8. The same occurred on 
day 12 in the CG.

The wounds were re-modelled in both groups on the 
14th day, except for a cicatricial mark. Histologically, the 
number of macrophages in the TG is lower than in the 
CG (Table 1 and Figure 3a), and no significant difference 
occurred regarding the number of fibroblasts (Table  1 
and Figure 3b). At this stage, collagen fibres were thicker 
(Table 1) and more organized (Figure 3c) in the TG than 
in the CG. 

4. Discussion

With daily wound cleaning, none of the animals de-
veloped local infection. The presence of an easily remov-
able scab in the TG wounds helped to handle the wounds 
during dressing without damaging the newly-formed 
granulation tissue.

a a

b b

c c

Figure 3. Histological findings in rat skin wounds on the 14th day of the experiment. a) Lower number of macrophages 
(arrow) in the TG (HE, 400×). b) Lower number of fibroblasts (arrow) in the TG (HE, 400×); c) Organized collagen fibres 
(arrow) in the papillary layer in the TG (Picrosirius red, 400×). All Figures 400×.
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NADPH oxidase cytochrome to reduce molecular oxy-
gen into superoxide anions (Wientjes And Segal, 1995).

In addition to inflammatory cells, other cell types, 
such as fibroblasts, can also produce ROS in response 
to pro-inflammatory cytokines (Meier, Radeke et al., 
1989). The local ROS increase is important for the de-
fense against microbial infection; however, the prolonged 
production of high levels of ROS can induce cell dam-
ages (Cerutti and Trump, 1991). ROS can also activate 
and maintain the inflammatory aracdonic acid cascade 
(Trenam, Dabbagh et al., 1991). Therefore, in the present 
study, the anti-inflammatory effect of AA observed in the 
TG rat wounds may be related to its antioxidant effects, 
given that AA takes part in the cell oxireduction proc-
esses, being responsible for transforming free radicals of 
oxygen into inert forms (Nelson and Cox, 2005; Naidu, 
2003), and quenches signalling ROS induced by the cy-
tokine-receptor interaction, preventing the activation of 
ROS-mediated responses, and also quenches ROS that 
results from signalling (Cárcamo et al., 2004).

The anti-inflammatory effect of AA on the TG ani-
mals did not delay tissue repair, but rather shortened the 
healing time in relation to the CG. The reduction of pH 
and oxygen tension in the skin wound induces angiogen-
esis (Diegelmann et  al., 1981; Knighton et al., 1981), 
which was confirmed in the TG animals of our study. 
Therefore, topical application of AA on the wound keeps 
the integrity of blood vessel walls (Azulay et al., 2003), 
increases the number of neovessels and improves blood 
supply to the wound, which enhances the proliferation 
and viability of the cells involved in the healing proc-
ess. The newly-formed blood vessels showed a normal 
anatomical structure in confocal microscopical examina-
tion and were apparently integrated in a healthy vascular 
architecture (Kirsten et al., 2004).

In the present study, we observed a higher number 
and a better arrangement of fibroblasts in the TG ani-
mals when compared to the CG, since the topical appli-
cation of AA maintains an adequate skin concentration 
of this vitamin, which diffuses through the keratin layer 
and stimulates the proliferation of dermal fibroblasts. 
Such proliferation may occur by growth factor activation 
(Phillips et al., 1994). 

In the presence of AA, fibroblasts have been shown to 
proliferate more rapidly, resulting in a gradual and dense 
secretion of collagen, which decreases after ten days 
(Chan, Lamande et al., 1990). During all our experiment, 
collagen fibres were thicker, more organized and parallel 
to one another in the TG wounds when compared to the 
CG. AA is a co-factor of lysil and prolyl hydroxylases, 
two essential enzymes in collagen biosynthesis (Pinnel, 
Murad and Darr, 1987). Lysil and prolyl hydroxylases 
are ferric enzymes (Boyera et  al., 1998). AA as a co-
factor and antioxidant prevents the oxidation of iron, 
thus protecting the enzymes against self-inactivation, 
besides stimulating the individual transcription of the 
genes (Junien et al., 1982). Ascorbic acid 2-phosphate 
(AA2P) increased the mitogenic stimulation of quiescent 

fibroblasts by serum factors and cell motility in the con-
text of wound healing (Duart et al., 2008). Furthermore, 
AA2P-treated fibroblasts showed faster repair of oxida-
tively damaged DNA bases (Duart et al., 2008).

Skin wound repair is a complex process that requires 
local cellular and biochemical events which are activated 
by a series of mediators, such as cytokines, growth fac-
tors and enzymatic activity. In our study, it was shown 
that the topical application of AA influences cellular 
events, enhancing tissue repair and shortening healing 
time.	
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