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ABSTRACT
Objective: To examine the relationship between hormonal changes, particularly estrogen, and lacrimal 
gland function in dry eye syndrome using a surgically induced menopausal rat model.

Methods: Twenty-four female rats were divided into four groups: control, ovariectomized, ovariectomized 
with estrogen replacement, and ovariectomized with phytoestrogen replacement. Rats with regular 
estrous cycles were selected via vaginal cytology. Ovariectomy was performed on ovariectomized 
groups, and ovariectomized with estrogen replacement and ovariectomized with phytoestrogen 
replacement groups received hormonal interventions. Histological analysis assessed collagen content, 
cellular volume, and apoptosis in lacrimal gland tissues.

Results: Collagen content significantly decreased in the ovariectomized group compared to control, 
emphasizing the importance of tissue integrity. Cellular volume increased in ovariectomized with 
estrogen replacement and ovariectomized with phytoestrogen replacement groups, indicating 
hormonal influence. Apoptosis levels varied, with higher levels in ovariectomized and ovariectomized 
with estrogen replacement groups, while ovariectomized with phytoestrogen replacement resembled 
Control Group.

Conclusion: Estrogen likely modulates lacrimal gland function and tear film stability. Collagen content 
underscores tissue’s integrity role in gland function.

RESUMO
Objetivo: Examinar a relação entre mudanças hormonais, especialmente o estrogênio, e a função 
das glândulas lacrimais na síndrome do olho seco, usando um modelo de menopausa induzida 
cirurgicamente em ratos.

Métodos: Vinte e quatro ratas fêmeas foram divididas em quatro grupos: controle, ovariectomizadas, 
ovariectomizadas com reposição de estrogênio e ovariectomizadas com reposição de fitoestrógeno. 
Ratos com ciclos estrosos regulares foram selecionados por citologia vaginal. A ovariectomia foi 
realizada nos grupos ovariectomizados, com os grupos com reposição de estrogênio e com reposição 
de fitoestrógeno recebendo intervenções hormonais. A análise histológica avaliou o conteúdo de 
colágeno, o volume celular e a apoptose nos tecidos das glândulas lacrimais.

Resultados: O conteúdo de colágeno diminuiu significativamente no grupo de ovariectomizadas 
em comparação com o controle, destacando a importância da integridade tecidual. O volume 
celular aumentou nos grupos de ovariectomizadas com reposição de estrogênio e com reposição de 
fitoestrógeno, indicando influência hormonal. Os níveis de apoptose variaram, com níveis mais altos 
nos grupos de ovariectomizadas e de ovariectomizadas com reposição de estrogênio, enquanto o de 
ovariectomizadas com reposição de fitoestrógeno se assemelhou ao grupo controle.

Conclusão: O estrogênio provavelmente modula a função das glândulas lacrimais e a estabilidade do 
filme lacrimal. O conteúdo de colágeno destaca o papel da integridade tecidual na função glandular.
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INTRODUCTION
Dry eye disease (DED), also known as keratoconjunctivitis 
sicca, stands as one of the most prevailing afflictions en-
countered within the realm of ophthalmology. Its hallmark 
resides in the perturbation of the ocular tear film, stem-
ming from either an inadequate production of tears or an 
excessive evaporation thereof. This disruption culminates 
in the impairment of the interpalpebral ocular surface, of-
ten conjoined with disconcerting ocular symptoms.(1)

The pathological presentations of dry eye manifest a 
notable diversity in the severity of clinical indications and 
symptoms, along with their intricate interplay with a spec-
trum of underlying conditions. The instability of the tear 
film engenders vulnerability to ocular surface detriment, 
increasing susceptibility to infections, and, in severe in-
stances, precipitating substantial vision impairment.(2)

Extending beyond the realm of ocular discomfort, 
these symptoms exact a profound toll on daily activities, 
encompassing occupational endeavors, reading, com-
puter utilization, and even the fundamental task of driv-
ing. Furthermore, the psychosocial ramifications of dry 
eye symptoms reverberate across an individual’s overall 
health and well-being, eliciting discernible perturbations 
in the tapestry of life quality.(3)

The etiology of dry eye is intricately woven, encap-
sulating a multifactorial tapestry with congenital anom-
alies, nutritional imbalances, autoimmune pathologies, 
neurologic disorders, and endocrine dysregulations. 
External milieu perturbations, such as environmen-
tal conditions engendering decreased room humidity, 
coupled with certain infectious agents, may exacerbate 
this condition. Notably, specific bacterial strains, includ-
ing Staphylococcus aureus, Staphylococcus epidermidis, 
Streptococcus, Corynebacterium, and Propionibacterium 
acnes, provide lipases capable of unsettling the equilibri-
um of the tear film stability.(4)

Alterations in tear composition serve as a sign of tear 
film instability, precipitating perturbations in the cellu-
lar metabolism of the ocular surface, concomitant de-
crease of local defense mechanisms, and leading to the 
inception of locally perpetuated inflammatory cascades. 
Consequently, a prevailing hallmark among sundry itera-
tions of dry eye manifests as the presence of inflammato-
ry markers and symptoms, whose clinical dynamics un-
dergo modulation across the continuum of the ailment.(5)

The lack of tear production not only impairs the 
structural integrity of ocular surface tissues but also cul-
minates in attenuated anabolic stimuli, concomitant el-
evation of inflammatory mediators, and the emergence 

of a hyperosmolar microenvironment. This heightened 
osmolarity engenders a cascade of repercussions, induc-
ing direct epithelial impairment, dwindling cytoplasmic 
density, and the accumulation of mucous secreted by os-
motically disturbed mucosecretory cells.(6)

Epidemiological inquiries underscore an augmented 
prevalence of dry eye, particularly amongst women, with 
a proclivity toward those beyond the age of 50.(3) In 1997, 
scholars noted that over 14% of the elderly population 
showed symptomatic dry eye, of whom 10% relied on arti-
ficial tear supplementation for alleviation. Thus, women 
and the elderly inhabit a heightened vulnerability sphere 
concerning the development of dry eye.(7)

An arresting nexus emerges between disturbanc-
es within the tear film and physiological fluctuations, 
chiefly observed during hormonal vicissitudes, such as 
menopause, pregnancy, and the utilization of hormon-
al contraceptives. This insinuates a plausible regulatory 
role of hormones in the orchestration of tear produc-
tion.(8) In the year 2000, the proposition gained empiri-
cal support, with studies corroborating the presence of 
estrogen receptors within the basal cells of Meibomian 
glands.(9) Subsequently, in 2007, a study substantiated 
the putative impact of hormones on the incidence and 
progression of dry eye syndrome.(10)

Hormone replacement therapy, an arena fraught with 
global contention as to its risk- benefit paradigm in the 
context of dry eye, encompasses the administration of es-
trogen and progesterone to menopausal women.(2,11) As the 
global population enjoys increased longevity, the preva-
lence of dry eye syndrome is ready for amplification.(12)

The aim of this study is to examine the relationship 
between hormonal changes, particularly estrogen, and 
lacrimal gland function in dry eye syndrome using a sur-
gically induced menopausal rat model.

METHODS
This study has obtained approval from the Ethics 
Committee on Animal Use (CEUA) in Experimentation of 
the Health Sciences Center at the Universidade Federal do 
Rio de Janeiro, under reference number DAHEICB076.

In the experimental study, 24 female adult Wistar rats 
with an average weight of 250 g were employed. These 
animals were housed in a vivarium under controlled con-
ditions of temperature (24 ± 1°C) and light (12 hours/day) 
with a maximum of six animals per cage, having access 
to water and standard rodent chow ad libitum. The study 
received ethical approval from the animal research ethics 
committee.
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Vaginal cytology was performed on the animals to se-
lect those with a regular estrous cycle lasting 4 to 5 days. 
To monitor the cyclical variations that occur during the 
estrous cycle, vaginal cytology was conducted using 0.9% 
NaCl smears daily over a period of 2 weeks for all animals. 
Only rats displaying a regular estrous cycle of 4 to 5 days 
were included in the study.

All animals in the Control Group (CTROL) underwent 
a surgical stress procedure, including anesthesia, surgical 
incision, and suturing only.

Bilateral oophorectomy was performed on the female 
rats under intraperitoneal anesthesia with xylazine (5 
mg/kg) and ketamine (50 mg/kg). They were sacrificed 
23 days post-oophorectomy. The animals were divided 
into four groups: control (CTROL); ovariectomized (OVX); 
OVX with 17-β estradiol (E2) replacement at a dose of 5.0 
µg/100g body weight; and OVX with Trifolium pratense 
(TP) administration at a dose of 500 mg/kg body weight.

Ovariectomized rats received daily subcutaneous 
injections of 17β-estradiol (Sigma) for 16 days, starting 1 
week after oophorectomy, at a dose of 5.0 µg/100 g body 
weight. This dose of estradiol corresponds to the one 
used in postmenopausal hormone replacement therapy 
in women. 17β-estradiol was dissolved in a small amount 
of ethanol and suspended in propylene glycol to achieve 
a concentration of  5.0 µg/100g body weight. Both the 
CTROL and untreated OVX animals received injections of 
the vehicle (propylene glycol).

Ovariectomized animals received TP phytoestrogen 
at a daily dose of 500 mg/kg, containing 8% isoflavones, 
administered through gavage for 16 days. This dose was 
chosen for its clinical relevance in treating menopausal 
symptoms. TP phytoestrogen was acquired from Galena 
Quimica e Farmaceutica Ltda, which conducted high- 
performance liquid chromatography to confirm the iso-
flavone content in the extract.

Since these animals were part of an ongoing research 
project in the endocrine physiology laboratory where 
some blood measurements were essential for other stud-
ies, decapitation was performed to avoid alterations in 
blood levels at the end of the 16-day treatment period. 
Fragments of the middle third of the upper eyelids, en-
compassing the entire thickness (from eyelid skin to tar-
sal conjunctiva), with approximately 4 mm in width, were 
excised.

Tissues from 24 animals (four groups) were subjected 
to analysis. For all assessed criteria, histological sections 
containing fragments of the upper eyelids (right and left) 
were obtained for each animal. The samples were paired 

(left and right upper eyelids) from the same animal and 
fixed in buffered 10% formalin for 24 hours. Subsequently, 
they were embedded in paraffin for later histological ex-
amination using light microscopy (LM).

For collagen analysis, cellular density, and cellular 
volume assessment by LM, three slides with 20 fields (im-
ages) per slide were required for each animal, with a mag-
nification of 40x.

Histological analysis was performed using Image-
Pro Plus software. Morphometric analysis (assessment of 
cellular density and volume) involved the acquisition of 3 
µm thick cross-sectional slices from the paraffin blocks, 
stained with hematoxylin and eosin (HE). The histologi-
cal slides were used for histomorphometric analysis via 
LM of the meibomian gland acini.

Collagen was identified using Picrosirius Red staining 
in selected histological sections. Apoptosis evaluation 
of programmed cell death in the Meibomian gland acini 
was conducted using the Tunel technique on 3 µm thick 
cross-sectional slices from the paraffin blocks. For apop-
tosis assessment, the ApopTag® Peroxidase in situ apop-
tosis detection kit (cat S7100, Chemicon, United States) 
was employed.

GraphPad Prism software was utilized for data stor-
age and statistical analysis. T- tests and analysis of vari-
ance (Anova) were employed, with significance set at p < 
0.05. The obtained data were presented using graphs and 
tables.

RESULTS
In the assessment of collagen, the mean values and stan-
dard deviations were as follows: 2.392 ± 0.1239 %/µm² 
in the CTROL Group, 0.3285 ± 0.3775 %/µm² in the OVX 
Group, 0.2399 ± 0.0945 %/µm² in the E2 Group, and 
0.3400 ± 0.1417 %/µm² in the TP Group. These results are 
presented in table 1.

Upon comparing these results between the groups, 
a highly significant difference (p < 0.0001) was observed 
between CTROL versus TP and OVX versus TP. A signifi-
cant difference (p < 0.05) was found for comparisons be-
tween CTROL versus OVX, OVX versus E2, and E2 versus 
TP. These findings are illustrated in figure 1.

In the assessment of cell length, the mean values and 
standard deviations were found to be 3.829 ± 1.502 µm 
in the CTROL Group, 3.598 ± 1.579 µm in the OVX Group, 
4.159 ± 1.798 µm in the E2 Group, and 4.158 ± 1.697 µm in 
the TP Group. These results are presented in table 1B.

No statistically significant differences were observed 
when comparing the results of cell length assessment 
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between the different groups. However, there was a slight 
increase in cell length in the E2 and TP Groups. These 
findings are illustrated in Figure 1C and further detailed 
in figure 2.

In the assessment of cell density, the mean values 
and standard deviations were as follows: 1,064.0 ± 368.9 
cells in the CTROL Group, 929.0 ± 302.6 cells in the OVX 
Group, 1,125.0 ± 155.7 cells in the E2 Group, and 1,099 ± 
185.1 cells in the TP Group. These results are presented in 
table 1C.

There were no statistically significant differences 
between the groups. However, the OVX Group exhibited 
a decrease in cell density compared to the other groups, 
without statistical significance. The E2 Group showed a 
slight increase in density compared to the other groups, 
but without statistical significance. These findings are il-
lustrated in figure 1D and further detailed in figure 3.

Table 1. Analysis of collagen, cellular dimensions, density, 
and apoptosis
A CTROL OVX E2 TP

Minimum 0.0502 0.0154 0.0430 0.0085

Maximum 0.7063 3.3230 0.5193 0.6743

Average 0.2392 0.3285 0.2399 0.3400

Deviation 0.1239 0.3775 0.0945 0.1417

B CTROL OVX E2 TP

Minimum 2.050 2.233 2.771 3.580

Maximum 6.109 4.575 4.748 4.473

Average 3.829 3.598 4.159 4.158

Deviation 1.502 1.579 1.798 1.697

C CTROL OVX E2 TP

Minimum 729.0 492.0 907.0 834.0

Maximum 1558.0 1183.0 1314.0 1288.0

Average 1064.0 929.0 1125.0 1099.0

Deviation 368.9 302.6 155.7 185.1

D CTROL OVX E2 TP

Minimum 0.0 9.52 0.0 0.0

Maximum 83.33 97.50 21.43 95.24

Average 19.24 55.35 2.95 19.26

Deviation 20.41 25.56 5.42 23.86

(A) Collagen region (%/µm²); (B) assessment of cellular length (µm); (C) evaluation of cellular density; (D) 

apoptosis.

Figure 1. (A) Collagen area across the groups; (B) collagen area among the groups. (C) cellular length across the groups; (D) 
cellular density across the groups; (E) Cellular positivity across the groups.

Figure 2. Collagen evaluation (20 µm). Figure 3. Cellular length evaluation (20 µm).
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Values of mean and standard deviation for cell apop-
tosis are presented in table 1D.

In figure 1E, it can be observed that the data for the 
CTROL and TP Groups do not differ significantly from 
each other, showing no statistical significance. On the 
other hand, the remaining groups differ significantly 
from each other with p < 0.001. These findings are illus-
trated in figure 1E and further detailed in figure 4.

attenuate this decrease, although statistical significance 
was not reached.

Tear film stability is a complex process involving inter-
actions within the lacrimal gland, and hormonal influences 
are well-documented.(16) In our study, the evaluation of cel-
lular volume showed a trend towards an increase in the E2 
and TP Groups compared to the OVX and Control Groups. 
Although this difference did not reach statistical signifi-
cance, it suggests a potential role of hormones in modulat-
ing lacrimal gland cellular function and tear film stability.(17)

The assessment of lacrimal gland cellular densi-
ty revealed no statistically significant differences be-
tween the groups. However, the OVX Group displayed a 
trend towards reduced cellular density compared to the 
other groups, although this trend lacked statistical sig-
nificance. These findings are consistent with previous 
research highlighting hormonal influences on lacrimal 
gland morphology and cellular density. (18)

Apoptosis, or programmed cell death, is a crucial 
process for maintaining tissue homeostasis.(19) Our study 
evaluated apoptotic activity in lacrimal gland tissue, re-
vealing differences between groups. The control and TP 
Groups exhibited similar apoptotic levels, suggesting that 
phytoestrogen supplementation may help preserve lacri-
mal gland tissue integrity. In contrast, the OVX and E2 
Groups showed significantly higher levels of apoptosis. 
This observation underscores the complex interplay be-
tween hormones and lacrimal gland health, as excessive 
apoptosis can lead to glandular dysfunction.

The influence of hormonal interventions on lacrimal 
gland health and dry eye syndrome is consistent with 
recent literature emphasizing the role of hormones, par-
ticularly estrogen, in ocular health.(20) Estrogen receptors 
have been identified in various ocular tissues, including 
the lacrimal gland, supporting their involvement in tear 
film regulation and glandular function.(21,22)

Phytoestrogens, such as genistein and equol, have 
also called attention for their potential benefits in mit-
igating dry eye symptoms and improving meibomian 
gland function.(23,24) These plant-derived compounds have 
estrogenic properties and have been investigated for their 
role in modulating lacrimal gland health.(25)

Furthermore, recent studies have contributed to our 
understanding of the impact of phytoestrogens on lac-
rimal gland health, revealing a significant association 
between phytoestrogen consumption and dry eye relief 
through their estrogen-like effects.(26)

An in vivo study was conducted in mice to explore 
the impact of phytoestrogens on meibomian gland 

Figure 4. Cellular positivity.

DISCUSSION
Dry eye disease, also known as keratoconjunctivitis sicca, 
is a prevalent ocular condition characterized by an insuf-
ficient tear film, resulting in ocular discomfort and visual 
disturbances.(13) This study aimed to assess the impact of 
hormonal interventions on various parameters related to 
the lacrimal gland and dry eye syndrome.

The lacrimal gland is a pivotal component of tear 
production and regulation, and emerging evidence 
suggests that hormonal fluctuations may significantly 
influence its function.(14) Our study focused on evalu-
ating the effects of different hormonal interventions, 
including estrogen replacement therapy and phy-
toestrogen supplementation, in a surgically induced 
menopausal rat model.

An important aspect of lacrimal gland health is the 
regulation of collagen content within the glandular tis-
sue. Collagen plays a crucial role in maintaining tissue in-
tegrity, and alterations in its composition can affect glan-
dular function.(15) Our results demonstrated a substantial 
decrease in collagen content in the OVX Group compared 
to the Control Group. However, estrogen replacement 
(E2) and phytoestrogen supplementation (TP) appeared to 
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dysfunction. The study demonstrated that supplemen-
tation with phytoestrogens improved the function of the 
meibomian glands, highlighting the potential therapeu-
tic benefits of these compounds in the management of 
dry eye syndrome.(17)

In a rat model, the effects of genistein on meibomian 
gland dysfunction were explored, uncovering a signifi-
cant improvement in meibomian gland health following 
genistein treatment.(27) This research underscores the po-
tential of phytoestrogens as a targeted therapy for mei-
bomian gland dysfunction, a common contributor to dry 
eye syndrome.

CONCLUSION
Our study contributes to the growing body of research 
on the influence of hormonal interventions on lacrimal 
gland health and dry eye syndrome. These findings hold 
promise for the development of effective treatments for 
individuals suffering from dry eye disease, a condition 
that can significantly impact their quality of life.
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