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ABSTRACT

Previously, it has been shown that sex hormones, in
particular estrogens, play an important role in the regula-
tion of biological processes involved in tissue repair and
regeneration. Accordingly, several studies have supported
the beneficial properties of hormone replacement thera-
pies (HRT) in postmenopausal models. The present re-
view paper explores the potential for targeted sex steroid
HRT as a new therapeutic option for the surgical manage-

ment of wounds in postmenopausal women and animals.
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INTRODUCTION

Wound healing, a biological process in the body, is
achieved through four continuously overlapping phases:

hemostasis, inflammation, proliferation, and remodeling

[14, 15]. For a wound to heal successfully, all four phases
should occur in a proper sequence with exact timing, and
continue for a specific duration at optimal intensities [14,
15, 25]. Wound healing begins at the moment of injury and
involves the interplay of many cell types, such as: neutro-
phils, macrophages, lymphocytes, keratinocytes, fibroblasts,
endothelial cells, and adult stem cells. This process is regu-
lated by several cytokines and chemokines and also includes
extracellular matrix (ECM) depositions [15, 23, 27, 34].

Interruptions, aberrancies, or prolongation of selected
phases involved in wound repair can lead to healing im-
pairment and/or to development of non-healing chronic
wounds [15, 34]. Such wounds generally have failed to
progress through the normal stages of healing and fre-
quently enter a state of pathologic inflammation or lodge
in the proliferative phase due to a postponed, incomplete,
and/or uncoordinated inflammation and granulation tissue
formation [11, 15, 33, 34].

Multiple factors can cause impaired wound healing by

affecting one or more phases of the process and in general
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may be categorized into local and systemic. The influences of
these factors are not mutually exclusive [15]. Single or mul-
tiple factors can play a role in any of individual phases, con-
tributing to the overall outcome of the healing process [15].

Important local factors that influence the wound heal-
ing include: venous insufficiency, oxygenation, presence of
infection and foreign body in the wound as well as local-
ization, size, deepness, and the bed of the wound [15, 29].
Systemic factors affecting wound healing are: nutrition,
sex steroid hormones, age, gender, stress, central hypoxia,
hematologic disorders, obesity, diseases, such as diabetes,
hereditary healing disorders, uremia, etc. [15, 29]. In ad-
dition to the above mentioned systemic factors; immuno-
compromised conditions during radiation therapy and/or
administration of drugs such as glucocorticoids, NSAID
and anti-tumor chemotherapy, also frequently lead to im-
paired wound repair [15, 29].

At present, it is widely accepted that aging is associated
with delayed wound healing and that primary causative
factor of this condition is not ageing alone, but a decline
of estrogen circulating levels, as well as maintenance of
circulating levels of testosterone and dihydrotestosterone.
Hardman and Ashcroft [16] studies in the area of
genetic human research have suggested that estrogen de-
privation is the major factor controlling delayed healing
in elderly humans. This study which wasconducted with
the help of microarray techniques has shown that 78 % of
genes that are differentially expressed during wound heal-
ing in the young and elderly men are estrogen-regulated,
while only 3 % are age-associated, strongly implicating re-
duced estrogen, and not known geronto-genes, as the pri-
mary regulator of delayed healing in aged subjects. From
this point of view, the sex steroid hormones (Table 1), in
particular estrogen, are one of the main systemic factors
affecting wound healing. In female animals, the chronic
estrogen deprivation has been achieved by castrations and
many researchers have corroborated impaired wound heal-

ing of the skin in the presence of the hypoestrogenic state.

EFFECT OF ESTROGENS
ON WOUND HEALING

Ashcroft etal. [6] demonstrated that estrogen depri-

vation in ovariectomized rats led to delayed and impaired

wound healing as determined by: re-epithelialization time,
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wound width, and collagen deposition. However, topical
estrogen application accelerated the healing rate as mea-
sured by: decreased re-epithelialization time, decreased
wound width, and increased collagen deposition [6]. Such
a situation may be found similar in humans. In this context,
postmenopausal women with chronic estrogen deprivation
have shown reduced rates of collagen deposition and re-
epithelialization of wounds compared with premenopausal
women. Nonetheless, postmenopausal women taking HRT
showed a similar rate of collagen deposition and re-epithe-
lialization of wounds compared to premenopausal women,
indicating that systemic estrogen replacement reversed de-
lays in wound healing [6]. The role of estrogen in the ac-
celeration of cutaneous healing was observed also in others
studies conducted on OVX female mice where results were
based mainly on the cytokine profile [8, 10, 17].

OBESITY AND ESTROGEN DEFICIENCY
IN WOUND HEALING

Obesity is a serious factor that negatively influence skin
wound healing due to a relative hypoperfusion and isch-
emia that occurs in subcutaneous adipose tissue [1]. Estro-
gen is in some way implicated in the body metabolism be-
cause females with an absence of estrogen, lead to increased
body weight gain [22]. Furthermore, in rodent studies, the
systemic estrogen treatment of OVX mice has decreased
the risk of gaining weight and body fat [36]. Holcomb
et al. [18] showed that obesity in the absence of estrogen
inhibited wound healing; however, obesity in the pres-
ence of ovarian hormones did not inhibited wound heal-
ing. Based on these data, it may be suggested that estrogen
must have a direct regulatory role in wound repair, rather
than only a protective action in developing obesity. On the
other hand, in the same study, the authors have revealed
that the lean phenotype is associated with improved wound
healing regardless the estrogen status [18]. Implication of
other research methods such as PCR, histopathology, and
wound tensile strength measurement would probably bet-
ter explain these tricky roles of estrogens in wound healing

in the case of the lean phenotype.



Table 1. Influence of sex steroid hormones on wound healing

Species Gender Age Hormonal status Treatment Wound healing Wound type References
rats female young OVX delayed acute 6
rats female young OVX local application of accelerated acute 6

estrogen

human women aged postmenopausal impaired acute 6

human women aged postmenopausal HRT accelerated acute 6
mice female  young OVX coe>-<|st|ng inhibited acute 18

obesity
mice female  young OVXlean not inhibited acute 18
phenotype
mice female  young not VX cqexmtmg not inhibited acute 18
obesity
mice female  young OVX DHEA accelerated acute 26
mice male old intact DHEA accelerated acute 26
mice male young intact DHEA without effect acute 26
limited extend of thermal
mice ? ? ? DHEA postburn tissue . 4
; injury
necrosis
; . thermal
mice ? ? ? estrogen without effect L 4
injury
mice male young castrated markedly accelerated acute 7
human men elderly elevated serum delayed acute 7
testosterone level
local application of
rat male young accelerated acute 32
estrogen
mice male young castrated systemic 1d7i-ol|3eta estra- delayed acute 13
ic17- -
mice male young intact systemic diotl)eta estra impeded acute 13
local application of delayed
mice male young intact pp reepithelialisation acute 35
estrogen
of cornea
OVX — ovariectomized; HRT — hormonal replacement therapy; DHEA dehydroepiandrosterone
RISKS OF ESTROGEN of cerebral vascular accidents, breast cancer, venous throm-
REPLACEMENT THERAPY boembolism, etc. [2, 30]. Therefore, further studies need to

be conducted to find a safer way of estrogen replacement

Although estrogen replacement is beneficial for cutane-  therapy with less side effects.

ous wound healing, its long term use is unfortunately as-

sociated with serious health risks, such as, increased risks
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PRECURSOR OF SEX HORMONES
REPLACEMENT THERAPY

Dehydroepiandrosterone (DHEA) is a precursor of
both androgenic and estrogenic effector molecules and is
synthesized in the adrenal cortex [5]. In humans, circu-
lating levels of DHEA and its sulfate ester, DHEA sulfate
(DHEAS), decrease progressively with age [20]. This is in
contrast to other adrenal steroids such as glucocorticoids,
in which serum levels remain relatively well-preserved
with age [20]. However, adrenal DHEA production is very
modest in rodents [31]. Despite this fact, rodents possess
the necessary enzymatic machinery to convert exogenous
DHEA to sex steroids [21]. Numerous animal studies have
demonstrated several beneficial effects of DHEA adminis-
tration in preventing obesity, diabetes, and heart disease,
in enhancing the immune system, and even in prolong-
ing the life-span [3]. Moreover, DHEA has been shown to
inhibit breast cancer and to stimulate positive estrogenic
actions, such as increased bone mineral density without
predisposing to endometrial cancer [26]. Thus, the advan-
tage of DHEA treatment compared to estrogen and andro-
gens systemic replacement is that DHEA is only converted
to its active metabolites in the specific target tissues where
the appropriate enzymatic machinery does exist; thus, the
adverse effects of systemic hormone treatments are elimi-
nated [26]. In the context of skin wound healing, the sys-
temic treatment with DHEA accelerates wound healing in
young OVX female mice and old male mice [26]. Since the
blockade of DHEA conversion to estrogen by aromatase
inhibitor stopped wound healing improvement and the
administration of androgen receptor antagonist did not,
Mills et al. [26] have suggested that DHEA acts via its
conversion to estrogen. Of note, DHEA has no observable
effects in young animals. This may reflect an adequate level
of circulating estrogens in young animals as well as that
a supra-physiological local estrogen levels via DHEA con-
version exert no effects on wound healing [26]. However, in
study conducted on mice subjected to thermal injury, the
subcutaneous administration of DHEA dramatically limit-
ed the extent of tissue necrosis. DHEA, 17-alpha-hydroxy-
pregnenelone, 16-alpha-bromo-DHEA, and androstene-
diol, demonstrated comparable level of protection. On the
other hand, other forms of steroids, including DHEA sul-
fate, androstenedione, 17-B-estradiol, or dihydrotestoster-

one, exhibited no protective effects [4]. These results have
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suggested that DHEA possess regulatory functions of its
own in the context of cutaneous wound healing at least in

the model of thermal injury [4].

EFFECT OF ANDROGENS
ON WOUND HEALING

Whereas estrogen and DHEA positively influence
skin repair, androgens rather seems to delay the healing
process. The healing of full-thickness incisions is mark-
edly accelerated in young castrated male mice compared
with age-matched controls [7]. Gilliver et al. [12] have
also revealed that castration or androgen receptor (AR)
blockade improves healing in rodents. In the clinical set-
ting in human medicine, elevated serum testosterone levels
were correlated with delayed healing of excisional punch
wounds in a group of health status-defined elderly men [7].
Because studies using androgen ablation through castra-
tion or AR blockade provide no information on the specific
androgen species influencing repair, Gilliver et al. [12]
subjected rats treated with the 5-a-reductase inhibitor MK-
434, which blocks conversion of testosterone to dihydrotes-
tosterone (DHT), to incisional wounding in parallel with
castrated animals, in which systemic production of both
DHT and testosterone is abolished. Since wound repair has
been accelerated to a similar extent in castrated and MK-
434-treated animals, it has been suggested that DHT, rather
than testosterone, is responsible for the apparent inhibition

of healing by androgens [12].

SEX HORMONES AND CHRONIC WOUNDS

At present, the exact roles of sex steroid hormones in
the development of chronic wounds remains unclear, but
current evidence suggest on the one hand that being male
is a risk factor for venous ulceration and on the other hand,
that the use of HRT by elderly women reduces the risk of
ulceration [24]. Moreover, Gilliver et al. [12] recorded
that circulating DHT levels have been shown to be signifi-
cantly increased in a group of elderly male patients with
venous ulcers compared with healthy age-matched control
subjects. From this point of view it may be suggested that
DHT have important roles in delayed cutaneous wound

healing in males.



CONCLUSIONS

Cutaneous wound healing is influenced by many fac-
tors and the importance of sex steroid hormones is evident.
This fact supports, in addition to clinical observation and
animal research, the localization of androgen and estrogen
receptors in the skin [28]. In general, the hypoestrogenis-
mus in female is associated with impaired wound healing
and in male the maintenance of testosterone and DHT
along with a decline of estrogen level is associated with im-
pairment of skin repair [19]. Possibly this issue has led to
experimental estrogen therapy also in males alone or with
castration. Otherwise, the topical application of estrogen
accelerates skin wound healing also in males [32]. On the
contrary, Gilliver et al. [13] reported that systemic 17-f
estradiol treatment delays both wound re-epithelialization
and the progressive reduction of wound area in castrated
males. Estrogen similarly impeded healing in intact ani-
mals; even though, they declared that sex steroids masked
the fundamental underlying differences in the ways that
males and females heal acute wounds. These differences
include marked dimorphism in the responses to macro-
phage migration inhibitory factor (which inhibits repair
in females only) and testosterone (an inhibitor of repair in
males but not females) [13]. The study of the effect of the
local estrogen therapy on healing the cornea has revealed
similar detrimental results on re-epithelialization [35]. Ac-
cordingly, the estrogen therapy of skin repair in male seems
to be rather inappropriate. Nevertheless, it must not mean
that estrogen is not implicated in the process of wound
healing in males. Of note, not all aging individuals with
severe venous reflux, which is considered as a causative fac-
tor of venous ulcer development, go on to develop a venous
ulcers, and recent research has identified a genetic compo-
nent on ER-f gen associated with this disease [9].

Many studies, on the rodent model, have been done
in the wound healing research for human requirements,
but current data suggest that further work need to be per-
formed to better understand the underlying gender-specif-
ic mechanism of wound healing. In the field of small ani-
mal veterinary medicine, the information about the effects
of sex steroid hormones on the wound healing is lacking
despite the fact that many young companion animals are
castrated, even sometimes they are castrated during prepu-
bertal age. Unfortunately, interest of the effects of castration

is focused on cancer, obesity and incontinence occurrence,

and hair coat quality rather than changes in skin properties,

impaired wound healing and chronic wound occurrence.
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