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ABSTRACT 
OBJECTIVE: This study aims to investigate the effect of film containing 17-β estradiol 
nanoparticles on uterine tissue. The primary focus is on assessing their potential as precise 
hormonal therapy for skin lesions in oophorectomized rats. 
METHODS: The research involved the development of an alginate film containing 17-β 
estradiol nanoparticles. The animal assay was conducted on oophorectomized rats with 
dorsal skin lesions measuring 4 cm². The rats were divided into three groups: one treated 
with the alginate film, the second with a film containing conventional 17-β estradiol, and the 
third with a film containing 17-β estradiol nanoparticles. Macroscopic evaluation of lesion 
retraction was performed, and uterine samples were stained with hematoxylin and eosin on 
days 7, 14, and 21. 
RESULTS: The results showed no significant differences in the lesion retraction area 
among the three groups. Qualitatively, no notable uterine alterations were observed in the 
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estrogen-treated groups and the control group, indicating the absence of hyperplasia or 
malignancies. However, there were statistical differences in endometrial layer thickness, 
primarily related to the conventional 17-β estradiol group. Myometrial thickness analysis 
also showed alterations related to the nanoparticles treatment compared to the control. 
CONCLUSION: The incorporation of 17-β estradiol nanoparticles into the alginate film, 
administered topically, demonstrated minimal uterine changes. This finding underscores the 
potential of these nanoparticles as precise hormonal therapy with reduced systemic impact 
when used in the treatment of skin lesions in oophorectomized rats. 
 
Keywords: Healing. Nanotechnology. Estrogen. Uterus. Hormone Therapy. 
 
RESUMO 
OBJETIVO: Este estudo tem como objetivo investigar o efeito do filme contendo 
nanopartículas de 17-β-estradiol no tecido uterino. O foco principal é avaliar seu potencial 
como terapia hormonal precisa para lesões cutâneas em ratas ooforectomizadas. 
MÉTODOS: a pesquisa envolveu o desenvolvimento de um filme de alginato contendo 
nanopartículas de 17-β-estradiol. O ensaio em animais foi realizado em ratas 
ooforectomizadas com lesões cutâneas dorsais de 4 cm². As ratas foram divididas em três 
grupos: um tratado com o filme de alginato, o segundo com um filme contendo 17-β-
estradiol convencional e o terceiro com um filme contendo nanopartículas de 17-β-
estradiol. Foi realizada uma avaliação macroscópica da retração da lesão e as amostras 
uterinas foram coradas com hematoxilina e eosina nos dias 7, 14 e 21. 
RESULTADOS: Os resultados não mostraram diferenças significativas na área de retração 
da lesão entre os três grupos. Qualitativamente, não foram observadas alterações uterinas 
notáveis nos grupos tratados com estrogênio e no grupo controle, indicando a ausência de 
hiperplasia ou malignidade. No entanto, houve diferenças estatísticas na espessura da 
camada endometrial, principalmente em relação ao grupo do 17-β-estradiol convencional. A 
análise da espessura do miométrio também mostrou alterações relacionadas ao tratamento 
com nanopartículas em comparação com o controle. 
CONCLUSÃO: A incorporação de nanopartículas de 17-β-estradiol no filme de alginato, 
administrado topicamente, demonstrou alterações uterinas mínimas. Esse achado ressalta 
o potencial dessas nanopartículas como terapia hormonal precisa com impacto sistêmico 
reduzido quando usadas no tratamento de lesões cutâneas em ratas ooforectomizadas. 
 
Palavras-chave: Cura. Nanotecnologia. Estrogênio. Útero. Terapia hormonal. 
 
RESUMEN 
OBJETIVO: Este estudio pretende investigar el efecto de las nanopartículas de 17-β 
estradiol en el tejido uterino. El objetivo principal es evaluar su potencial como terapia 
hormonal precisa para las lesiones cutáneas en ratas ooforectomizadas. 
MÉTODOS: La investigación consistió en el desarrollo de una película de alginato que 
contiene nanopartículas de 17-β estradiol. El ensayo con animales se realizó en ratas 
ooforectomizadas con lesiones cutáneas dorsales de 4 cm². Las ratas se dividieron en tres 
grupos: uno tratado con la película de alginato, el segundo con una película que contenía 
17-β estradiol convencional y el tercero con una película que contenía nanopartículas de 
17-β estradiol. Se realizó una evaluación macroscópica de la retracción de la lesión, y las 
muestras uterinas se tiñeron con hematoxilina y eosina los días 7, 14 y 21. 
RESULTADOS: Los resultados no mostraron diferencias significativas en el área de 
retracción de la lesión entre los tres grupos. Cualitativamente, no se observaron 
alteraciones uterinas notables en los grupos tratados con estrógenos y en el grupo de 
control, lo que indicaba la ausencia de hiperplasia o neoplasias malignas. Sin embargo, 
hubo diferencias estadísticas en el grosor de la capa endometrial, principalmente 
relacionadas con el grupo de estradiol 17-β convencional. El análisis del grosor del 
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miometrio también mostró alteraciones relacionadas con el tratamiento con nanopartículas 
en comparación con el control. 
CONCLUSIÓN: La incorporación de nanopartículas de 17-β estradiol en la película de 
alginato, administrada por vía tópica, demostró cambios uterinos mínimos. Este hallazgo 
subraya el potencial de estas nanopartículas como terapia hormonal precisa con un 
impacto sistémico reducido cuando se utilizan en el tratamiento de lesiones cutáneas en 
ratas ooforectomizadas. 
 
Palabras clave: Curación. Nanotecnología. Estrógenos. Útero. Terapia Hormonal. 
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INTRODUCTION 

The aging process promotes various physiological hormonal changes in the body. 

For women, menopause typically occurs between the ages of 45 and 55, marked by a 

decline in endogenous estrogen production. Consequently, delayed scarring can be related 

to the reduction in the steroid hormone1,2. 

Nanoparticles offer an alternative to assist the healing process. In the clinical-

laboratory context, nanoparticles are small particles on a nanometric scale (10-9 meters), 

designed for medical applications like diagnosis, treatment, and drug delivery. This 

technology provides unique properties that can be harnessed to enhance effectiveness and 

safety in medicinal therapy3. 

The topical administration of drugs in nanoparticulate form has advantages in 

treating lesions, including minimal systemic effects. The key characteristics of these 

compounds should involve factors such as easy application, a consistent release rate of the 

active ingredient, and the absence of first-pass metabolism4,5. 

The formulation with 17-β estradiol (E2), the primary estrogen predominantly 

produced by the ovarian follicle and directly related to the reproductive cycle, may offer 

advantages in lesion treatment. Emphasizing topical application, 17-β estradiol in its active 

form exhibits favorable effects such as stimulating epithelialization, proteolytic enzymatic 

action, and assisting in the inflammatory phase of wound healing6,7,8. 

Moreover, estrogen plays a direct role in uterus, given the expression of estrogen 

receptors in endometrial cells, stimulating epithelial and stromal cell proliferation, leading to 

an increase in endometrial thickness, particularly during the proliferative phase of the 

menstrual cycle9. 

Estrogen is also associated with the development of secondary sexual 

characteristics, increased body metabolism, fat deposition, and bone stimulation. However, 

excessive estrogen exposure can lead to undesirable effects, including morphofunctional 

uterine alterations as dysplasia and an increased risk of endometrial cancer9. 

Analyzing topical therapy is a significant field of study, examining the delivery of 17-β 

estradiol to tissues in this form, while also assessing systemic repercussions. Hence, 

hormone administration in nanoparticles, compared to its conventional form, is essential in 

terms of bioavailability and the ability to target treatment to specific body locations, 

potentially minimizing side effects10-12. 

In this perspective, considering the effects of estrogen on cutaneous healing and the 

overall organism, it is of interest to measure the relationship between the risk and benefit of 

topical therapy containing 17-β estradiol, analyzing potential systemic repercussions as 
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adverse events in an animal trial. Therefore, this study aims to assess possible changes in 

uterine tissue in rats treated with alginate film containing 17-β estradiol nanoparticles.   

 

METHODS 

OBTAINING POLYMERIC NANOCAPSULES CONTAINING E2 

According to the methodology available in litherature13, the process involved the 

preparation of nanocapsule suspensions using 100 mg of Polyε-caprolactone dissolved in 

30 mL of acetone. This was combined with 0.077 g of Span® 80, 50 mg of 17-β estradiol 

(E2), and 0.33 g of medium-chain triglycerides, with stirring for 10 minutes. The aqueous 

phase comprised 0.077 g of Tween® 80 and 53 mL of distilled water. The organic phase 

was gradually added to the aqueous phase with constant magnetic stirring at 40°C. The 

resulting nanoemulsion was stirred for an additional 10 minutes. The organic solvent was 

removed by evaporation under reduced pressure at 40°C, yielding a concentrated 10 mL 

sample. 

 

OBTAINING FILMS FOR TOPICAL APPLICATION 

Therapeutic adhesive films were formulated from a solution containing 4.5 g of 

alginate and 12 g of glycerin solubilized in 300 mL of distilled water, with constant stirring. 

This resulted in 12 plates, each containing 25 mL of the solution. Three types of films were 

obtained: the control, consisting only of alginate; the second contained alginate with the 

addition of conventional E2 (0,06%), named ECF 0,06; and the third, alginate with 

nanoparticulate E2 (0,06%), named ENF 0,06. 

 

ANIMAL ASSAY 

Forty-five female Wistar rats weighing approximately 250 g were utilized, housed in 

plastic cages with Nutival® feed and water ad libitum, at a controlled temperature (22 ± 

2°C), and a 12-hour light/dark cycle. Sample size calculation considered the mean and 

standard deviation of data found in the literature, with a test power of 95%, and an 

additional 10% was added to the total for any losses during the experiment. 

 

OOPHORECTOMY AND SKIN LESION 

Animals underwent bilateral oophorectomy following a fasting period of 2 hours 

without water and 4 hours without food. Anesthesia was induced with intraperitoneal 

injections of ketamine hydrochloride (40 mg/kg) and xylazine hydrochloride (5 mg/kg). 

Ovaries were clamped with hemostatic forceps and ligated with absorbable 4-0 thread for 
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gonad removal. The wounds were sutured, and fentanyl citrate (2 mg/kg) was administered 

for analgesia and anesthetic recovery. After 45 days of bilateral oophorectomy, 4 cm² 

square lesions were created in the cervicolombar region using the same preoperative 

anesthetic protocols and postoperative analgesia as oophorectomy. Skin lesions remained 

open for the experiment. 

 

TREATMENT 

The therapeutic adhesive was applied immediately after creating the lesions, with 

each group receiving their respective treatment. After 24 hours, each adhesive was 

replaced in the same location. 

 

EVALUATION OF WOUND RETRACTION 

Animals were anesthetized with inhaled isoflurane and positioned under a 

standardized photographic support. Lesions were photographed immediately after the 

procedure (time 0) and on the 7th, 14th, and 21st days after the lesion. The Image J 

program was used to measure the retraction area. 

 

EUTHANASIA 

After 7, 14, and 21 days, five animals from each group were euthanized with an 

intraperitoneal injection of an overdose of ketamine and xylazine. Perilesional skin and 

uterus were collected, along with blood extraction through cardiac puncture. 

 

HISTOLOGICAL ANALYSIS 

The uterus was collected during euthanasia, fixed with 10% (v/v) formalin, 

dehydrated, embedded with paraffin, and sectioned with a 3μm microtome. Hematoxylin 

and Eosin were used for staining, and sections were photographed for analysis of 

qualitative changes in each layer. The Image J software was used for myometrial and 

endometrial thickness analysis. Perimetrium analysis was not considered. Mean and 

standard deviation were calculated for statistical analysis. 

 

STATISTICAL ANALYSIS 

Lesion area analysis, qualitative exploration, and uterine thickness measurement 

were performed by two independent evaluators. Statistical evaluation was done using 

GraphPad Prism 6 software with analysis of variance (ANOVA) for multiple comparisons 

and the Turkey test, maintaining a 95% confidence interval (p ≤ 0.05). 



 

 
Foundations and Frontiers: The Dynamics of Multidisciplinary Sciences 

Evaluation of histological changes in the uterus of rats treated with alginate film containing 17-β estradiol nanoparticles 
 

 

 

RESULTS 

WOUND RETRACTION 

The study's results on wound retraction processes did not reveal statistical 

differences among the analyzed groups, potentially linked to the small lesion area. 

Histological evaluation is crucial to supplement these findings, detailing the presence of 

myofibroblasts and collagen deposition. 

 

UTERINE QUALITATIVE ANALYSIS 

Microscopic visualization of the uterus stained with Hematoxylin and Eosin did not 

reveal qualitative changes related to abnormal cell proliferation, metaplasia, or oncogenic 

lesions on the 7th, 14th, and 21st days in both the control and treated groups. 

In the groups treated with topical estrogen film, besides the absence of atypias in 

uterine tissue, there were no variations compared to the control group, and each uterine 

layer could be distinguished. The histological image of a representative sample from the EN 

0,06 group, considering the 21st treatment day, is illustrated in Figure 1. 

 

Figure 1: Photomicrograph (20X magnification) of the uterus on the 21sts day of ENF 0,06 group. 

 
Source:The author. E: Endometrium. M: Myometrium. P: Perimetrium. 

 

UTERINE LAYER THICKNESS 

The quantitative evaluation of endometrial dimensions across the 7th, 14th, and 21st 

days is visually represented in the comprehensive graphical depiction provided in Figure 2. 

On the initial assessment at the 7th day of treatment, the cohort subjected to 

nanoparticulate estrogen manifested endometrial values closely aligned with those of the 

control group. Both of these values were significantly lower when juxtaposed with the 

corresponding metric observed in the group treated with conventional estrogen. 

Transitioning to the 14th day, a discernible convergence in endometrial 

measurements across the various treatment groups is discerned. The 21st day, reveals that 
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the film incorporating 17-β estradiol in its conventional form displayed a heightened 

endometrial thickness, surpassing not only the control group but also the group treated with 

nanoparticle-based estrogen. This distinction reached statistical significance, emphasizing 

the nuanced and time-dependent impact of different estrogen formulations on endometrial 

dynamics. 

 

Figure 2: Comparative measurements of endometrial thickness (µm) between the Control Group, ECF 0,06 
and ENF 0,06 over the 7th, 14th, and 21st day.  

 
 

Myometrial tissue, a critical component of the uterus, demonstrates a notable 

sensitivity to estrogen, rendering histological analysis an apt approach for discerning the 

impacts of estrogen nanoparticles. The elucidation of inter-group disparities is depicted in 

Figure 3. Notably, after seven days of treatment, rats subjected to nanoparticle 

administration exhibited a larger myometrium in comparison to both the control group and 

those treated with the conventional form of estrogen, presenting statistical significance. 

On the 14th day, the values pertaining to the group treated with nanoparticulate 

estrogen approached with the control group, albeit surpassing those of the group treated 

with the conventional form. This trend continued on the 21st day of treatment, wherein 

comparable measurements were observed across all groups, indicating an absence of 

statistically significant differences. 

The temporal evolution of myometrial responses to estrogen, particularly when 

delivered through nanoparticle formulations, underscores the dynamic nature of such 

treatments and warrants further investigation for a comprehensive understanding of their 

implications. 
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Figure 3: Comparative measurements of myometrial thickness (µm) between the Control Group, ECF 0,06 
and ENF 0,06 over the 7th, 14th, and 21st day. 

 
 

DISCUSSION 

Alginate films demonstrate promising wound healing properties when applied 

independently, attributed to their biocompatibility, the ability to maintain a moist wound 

environment, and controlled release of growth factors10-12. Conversely, estrogen exhibits 

similar characteristics by modulating the inflammatory response, stimulating collagen 

production, and promoting tissue neovascularization. This is underscored by the increased 

likelihood of hypertrophic scars and keloids during menopause1,2,10-12. 

Wound retraction directly correlates with fibroblast activity, elongated mesenchymal 

cells found in various tissues. These cells play a vital role in collagen production (types I 

and III) and processes like tissue regeneration, stem cell maintenance, wound healing, and 

lesion repair. In the retraction phase, fibroblasts transform into myofibroblasts after the initial 

inflammatory phase, playing a direct role in this process1,2,10-12. 

In many organs, tissue injury activates local fibrocytes, which, in the presence of 

growth factors from macrophages, differentiate into contractile myofibroblasts. These cells 

express smooth muscle α-actin (α-SMA), enabling contraction and enzyme production for 

extracellular matrix degradation, crucial in regulating repair mechanisms. The interactions of 

myofibroblasts with the extracellular matrix impact tissue mechanical properties, and their 

persistence may lead to excessive scar fibrosis, compromising organ function1,2,10-12. 

Hormonal drugs, widely used in clinical practice, can cause undesired systemic 

alterations. Such changes may be related to side effects; therefore, these medications must 

undergo thorough risk-benefit evaluation before prescription11,14-16. 

Endometrial hyperplasia can result from non-opposed estrogen therapy, as well as 

endometrial cancer. Moreover, Hormone Replacement Therapy, prescribed during 

menopause, may increase the risk of breast cancer and abnormal uterine bleeding as side 

effects. Additionally, prolonged use of GnRH antagonists can lead to uterine atrophy due to 

the suppression of sex hormones15,16. 
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Estrogenic activity in the uterus primarily occurs through binding to estrogen nuclear 

receptors ERα and ERβ. In the endometrium, the predominant is ERα, which, in the 

presence of estrogen, stimulates the proliferation of stromal cells during the proliferative 

phase9. 

The difference in endometrial measurements may be related to the ability of 

nanoparticles to provide controlled release and a more targeted effect, which, in this case, 

is the cutaneous scar tissue rather than the endometrium10-12. The results demonstrated 

that conventional form treatment has a greater stimulus on the endometrial tissue, 

suggesting a greater predisposition to significant changes such as abnormal cell 

proliferation. 

Changes in female sex hormones may be related to the development of leiomyomas, 

as estrogen and progesterone have the effect of increasing progesterone receptors and 

proliferating neoplastic cells, respectively14,15. It is worth noting that in the qualitative 

analysis, no histological changes suggestive of abnormal alterations were observed in the 

myometrial layer. In this perspective, this result may be related to the isolated use of 

estrogen, employed at a low concentration and controlled release.  

The programmed and targeted release of estrogen can avoid constant and high 

stimuli throughout the treatment. This characteristic is capable of preventing abnormal 

proliferations and pathological thickening in the myometrial layer over the days10-12. 

 

CONCLUSION 

The use of nanotechnology is a promising alternative for the treatment of cutaneous 

lesions, as the nanoparticles enriched with 17-β estradiol at a concentration of 0,06%, 

administered in the form of a topical film, did not exhibit harmful characteristics to uterine 

tissue, especially on the 21st day of treatment. Thus, morphofunctional uterine changes 

were not observed in this study. 

In this regard, the results of these studies emphasize the therapeutic potential of the 

film containing 17-β estradiol nanoparticles. The ability to provide more precise treatments, 

with less impact on estrogen-sensitive tissues, represents a significant advancement in the 

field of hormonal drug therapy. 
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