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Analysis of the effect of topical oestradiol
and progesterone in wound healing in rats
Análise do efeito do estradiol e progesterona tópicos na cicatri­
zação de feridas em ratos

ABS TRACT
Introduction: Studies have shown that oestradiol and progesterone influence wound hea-
ling, angiogenesis, and remodeling.
Objectives: To evaluate the topical effects of oestradiol and progesterone—isolated and
associated—on healing wounds of menopausal rats.
Methods: Forty Wistar rats were randomly divided into 4 groups with the same number
of animals: Group C) control group, using only the vehicle; Group E) oestradiol 0.5mg;
Group P) 15mg progesterone; Group E+P) 0.5mg oestradiol and 15mg progesterone.
Initially the rats underwent bilateral oophorectomy. On the 30th post-operative day, a cir-
cular wound 1cm in diameter was inflicted, and the topical applications carried out for 7
days. Biopsies were performed at days 3, 7, and 14, followed by excision of the wound.
Biopsies were stained with Sirius-Red (collagen analysis) and Hematoxylin-Eosin (morp-
hometric analysis). The P-values <0.05 were considered statistically significant.
Results: Only in Group P there was an acceleration of re-epithelialization observed from
the 7th to the 14th day (p = 0.016) and increased fibrosis from the 3rd to the 7th day (p
= 0.008). Groups E and E+P, presented inhibited formation of type III collagen in the
three study time points (p <0.001).
Conclusions: Treatment with topical oestradiol, and topical oestradiol associated with
progesterone inhibited the formation of type III collagen. The isolated progesterone only
contributed to the process of re-epithelialization of wounds. 
Keywords: estrogens; progesterone; collagen; wound healing.

RESU MO
Introdução: Estudos demonstram que estradiol e progesterona influenciam a cicatrização de feridas,
angiogênese e remodelamento. 
Objetivos: Avaliar os efeitos tópicos de estradiol e progesterona isolados e associados na cicatrização
de feridas de ratas menopausadas. 
Métodos: Utilizaram-se 40 ratas linhagem Wistar, divididas aleatoriamente em quatro grupos com o
mesmo número de animais: C: controle, utilizando o veículo; E: estradiol 0,5mg; P: progesterona
15mg; E+P: estradiol 0,5mg e progesterona 15mg. Inicialmente as ratas foram submetidas à ooforec-
tomia bilateral, e no 30o dia do pós-operatório, confeccionou-se ferida circular com 1cm de diâmetro, e
iniciou-se a aplicação dos tópicos, mantidos durante sete dias. Realizaram-se biópsias no terceiro, sétimo
e 140 dias, seguidas de exérese da ferida. As biópsias foram coradas com Sirius-Red (análise colágena)
e hematoxilina-eosina (análise morfométrica). Valores de p<0,05 indicaram significância estatística. 
Resultados: Apenas no Grupo P observou-se aceleração da reepitelização do sétimo ao 14o dia
(p=0,016) e aumento da fibrose do terceiro ao sétimo dia (p=0,008). Grupo E e grupo E+P ini-
biram a formação do colágeno tipo III, nos três momentos do estudo (p<0,001). 
Conclusões: A terapia tópica com estradiol, e estradiol associado à progesterona inibiram a formação do
colágeno tipo III. A progesterona isolada apenas contribuiu no processo de reepitelização das feridas.
Palavras-chave: estrogênios; progesterona; colágeno; cicatrização.
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INTRODUCTION                                                                                    
Cutaneous wounds are the result of multiple factors, such

as hypoxia, trauma, or pressure. Their development often follows
an already established order: inflammation, proliferation, and
remodeling.¹ The healing process involves blood cells, extracel-
lular matrix, cell mediators, and parenchymal cells. ² Several fac-
tors, such as malnutrition, various drugs, radiation, and hypoxia
may hinder that process.¹ 

The skin is composed primarily of collagen fibers, elastic
fibers, and glucosamine protein glucans.³ Particularly in the der-
mal matrix there are essentially two types of collagen: type I and
type III, corresponding to about 80-85% and 15-20% of the
total of amount of that protein, respectively. Type I collagen is
mainly located in the reticular dermis, the deepest layer of the
skin. Type III collagen is present mostly in the papillary dermis,
located more superficially. Contrary to what occurs in the
untouched dermis, there is a greater proportion of type III col-
lagen in wounds than type I collagen. 

Hormones are potentially determining factors in the
aging process, and estrogen was shown to be beneficial in accel-
erating tissue repair related to aging in both genders.4

Some studies show that topical and systemic estrogen
therapy stimulates the healing process as it reduces inflamma-
tion. In vitro studies also suggest that progesterone can modulate
inflammation. Estrogen and progesterone would contribute to
macrophage activation in an alternative route, leading to wound
healing, angiogenesis, and remodeling.5 

In the face of increasing life expectancy, an aging global
population, and an increase in cutaneous conditions and healing
deficits typical of advanced age, there is a need for research on
the effect of progesterone and estrogen as adjuvants in the treat-
ment of skin wounds.5

Therefore, the objective of the present study was to eval-
uate the effects of topical estrogen and progesterone, isolated and
in combination, in healing the wounds of menopausal female rats. 

METHODS 
Forty adult female Rattus norvegicus albinus rodentia mam-

malia, rats from theWistar lineage, originally from the Central
Animal Facility of the Faculdade Evangélica do Paraná (FEPAR)
in the southern Brazilian State of Paraná, Brazil, were used. All
animals were kept in the animal facility of the institution and
received water and proper food for the species. The Ethical
Principles for handling animal experimentation set by the Ethics
Committee on Animal Experimentation (CEEA) were observed. 

The project was approved by the Ethics and Research
Committee of the institution, registered under the number
4723/11 dated 20th May 2011. 

The sample was divided into 4 groups of 10 animals
each, according to the proposed treatment, as described below:

Group C (control): received only the vehicle, consisting
of non-ionic cream.

Group E (Estradiol): received topical treatment with a
cream containing 0.5mg of 17-beta-estradiol in a vehicle con-
sisting of non-ionic cream. 

Estrogen and progesterone in healing 127

Group P (Progesterone): received topical treatment
with ointment containing 15mg of natural progesterone in a
vehicle consisting of non-ionic cream. 

Group E + P (Estradiol and Progesterone): received
topical treatment with an ointment containing 0.5 mg of 17-
beta-estradiol, associated with 15mg of natural progesterone in a
vehicle consisting of non-ionic cream. 

In the first phase of the experiment, all animals were
weighed, identified with picric acid and assembled into cages,
each with 5 randomly chosen individuals. They were then anes-
thetized with inhaled isoflurane until deep plane, and under-
went bilateral oophorectomy, according to surgical standard
technique, for the inductions of the menopausal state. 

In the second phase of the experiment, on the 30th day
after surgery and under the anesthetic procedure already
described, a circular wound of 1cm in diameter was inflicted on
the dorsum of each animal, for the removal of the skin and sub-
cutaneous tissue, without damaging the adjacent aponeurosis.
From that point on, all animals received the daily topical treat-
ment proposed for each group, always at the same time of day
and for 7 continuous days. The animals received a daily dose of
morphine (10% solution, 0.1ml/100g of weight), intramuscular-
ly as an analgesic during the healing process. 

Biopsies were performed on the 3rd, 7th, and 14th days
after the beginning of the treatment. Figures 1 and 2 show the
appearance of the cutaneous wound on the 14th day of the
experiment, in the Group Progesterone and Group Estradiol
(Group P and Group E). 

In the third phase of the experiment, on the 14th day after
the beginning of the treatment, the animals were weighed again
and euthanized by anesthetic overdose with inhaled isoflurane. 

As for the weight analysis, the groups of animals were com-
pared in order to evaluate the hormonal influences at the three
separate biopsy points of the experiment (3rd, 7th,, and 14th days). 

For the histology and collagen evaluations, the cutaneous
scars of the euthanized animals were dissected and fixed in buffered
formalin. The preparation of the slides was carried out at the lab-
oratory of histotechnique of the FEPAR through hematoxylin and
eosin (HE) staining method (for the histological analysis) and
through Sirius Red staining (for the collagen analysis). 

Under the first staining technique, the following were
analyzed: epithelialization, classification and degree of inflamma-
tion, and vascularization. Under the second staining technique,

FIGURE 1: Rat from Group P 
on the 14th post­operative day

FIGURE 2: Rat from Group E on the
14th post­operative day
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the collagen was quantified and qualified. Microscopic analyses
were performed, always by the same pathologist. The total time
of study was 44 days. 

Statistical tests used for quantitative variables were:
ANOVA, and non-parametric tests of Kruskal-Wallis and
Friedman. For the analysis of qualitative variables the following
were used: the Fisher’s exact test, and the binomial test. Finally,
the Shapiro-Wilk test was used for analyzing the normality con-
dition of the variables. 

All results received statistical treatment at a 0.05 significance
level. The data were analyzed with the software Statistica v. 8.0. 

RESULTS
During the study, 3 animals belonging in the control

group died: the first died during the preparation of the wound,
and the other 2 on the 7th day of the development of the
wound. The causes of deaths were linked to the inhalation seda-
tion used during the procedures. The remaining animals were
euthanized on the days previously scheduled for the measure-
ment. By the end of the experiment, all wounds had healed. 

According to Graph 1, and regarding the weight analysis,
the vehicles containing isolated estradiol, estradiol plus proges-
terone, or isolated progesterone, did not cause changes in the
weight of the animals during the study, in the analysis of the 3rd

day (p = 0.435), 7th day (p = 0.120) and 14th day (p = 0.130).
Due to surgical stress, the occlusive dressings and daily handling,

all elements of the 4 groups lost weight significantly (p <0.05)
after the oophorectomy and during the healing process, with an
absence of statistically significant differences between groups. 

In the histological analysis (HE), regarding the development
of the re-epithelialization, Group P showed higher and significant
re-epithelialization of the wound on the 14th day (p = 0.01). 

As for the inflammatory process, there was no significant
difference in the three groups at the three time points. The same
occurred for the neovascularization, fibrosis, and number of
macrophages and fibroblasts in the wounds.

In the intra-group analysis, only progesterone accelerated
the re-epithelialization from the 7th to the 14th day (p = 0.016)
and increased fibrosis from the 3rd to the 7th day (p = 0.008). 

Regarding the analysis of collagen, Group E and Group
E+P inhibited the formation of type III collagen in the study’s
three time points (p <0.001), as can be seen in Graph 2. The
group that obtained the highest percentage of formation of new
collagen between the 7th and the 14th day was Group E+P. In
Figures 3 to 6, it is possible to note the formation of collagen in
the Sirius Red coloration in the different study groups. 

DISCUSSION
According to Brincat, estrogen has many beneficial and

protective effects on the skin’s physiology and function, including
maintenance of its hydration and thickness, elasticity, and wound
healing capacity, in addition to reducing the risk of skin cancer.6

Also, according to Ashcroft, a reduction in estrogen levels
leads to impaired quality of skin healing in postmenopausal
women and in oophorectomized rats. Topical application of
estrogen was also linked to an acceleration of cutaneous
healing.7 According to the authors’ study, it was not possible to
observe such effects as described in the literature, since only in
Group P was there an acceleration of fibrosis and re-epithelial-
ization at certain instances during the study. 

Nonetheless, according to Ashcroft, systemic hormone
replacement in menopausal females was associated with acceler-
ated wound healing as compared to topical application. On the
other hand, estrogen applied topically immediately after the
infliction of the wound reduced the incidence of dehiscence
and infection.8 

In a study of oophorectomized rabbits, chronic therapy
with estradiol dipropionate was evaluated, considering the
thickness of the skin layers, the percentage of dermal collagen
and elastic fibers, and areas of sebaceous glands. Bearing in mind
that the thickness of the epidermis varies considerably in differ-
ent body sites, and that sex steroid hormones are involved in
regulating the development and function of the skin, in this
study the absence of estradiol decreases the mitotic activity in
the basal layer of the epidermis.9

It was observed that estrogens stimulate the synthesis,
maturation, and renewal of collagen in rats,10 a fact that is in line
with the present study, since an increase of type III collagen in
the intra-group analysis was observed. There was an increase in
collagen type III from the 7th to the 14th day (p = 0.006) within
Group E and within Group E+P (p = 0.001), in the same period. 

GRAPH 1: Weight analysis of the groups from the point of the oophorectomy
biopsy to the 14th day

GRAPH 2: Percentage of type III collagen at the study’s three timepoints
(3rd, 7th, and 14th day), according to the groups

Oophorectomy         Wound preparation       3rd day biopsy                 7th day biopsy              14th day biopsy

Day 3          Day 7       Day 14       Day 3        Day 7       Day 14       Day 3       Day 7      Day 14        Day 3       Day 7       Day 14

Control                                Progesterone                              Prog + Estrad                           Estrad
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in the literature, since Group E and Group E+P inhibited the
formation of collagen type III, and only Group P significantly
accelerated the wound’s re-epithelialization. 

REFERENCES
Topical therapy with estradiol and progesterone associat-

ed with estradiol inhibited the formation of type III collagen.
The isolated progesterone only contributed to the re-epithelial-
ization process of the wounds. l

According to Isaac, there is a higher proportion of type
III collagen relative to type I in the wound, meaning that myofi-
broblasts bind to collagen type III fibers, promoting wound con-
traction.11 Thus, the higher the number of present type III col-
lagen fibers, the greater the contraction of the wound.
Therefore, the present study corroborates the information found

FIGURE 3: Collagen
on the 14th post­
operative day in
the control group.
Sirius­red staining.
400x magnifica­
tion in polarized
light microscopy

FIGURE 4: Collagen on
the 14th post­opera­
tive day in Group P.
Sirius­red staining.
400x magnification
in polarized light
microscopy

FIGURE 5: Collagen
on the 14th post­
operative day in
Group E+P. Sirius­
red staining. 400x
magnification in
polarized light
microscopy

FIGURE 6: Collagen on
the 14th post­opera­
tive day in Group E.
Sirius­red staining.
400x magnification
in polarized light
microscopy
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