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Introduction

Health care of the elderly became an emerging priority 
due to increased life expectancy, motivating the directions 
toward understanding our aging process [1]. Aging is as-
sociated with progressive accumulating tissue damage or, in 
other words; reduces normal tissue mass via both intrinsic 
and extrinsic metabolic processes [2]. The eye is a vital organ 

and is our window to the outer world, thus deteriorating its 
functions due to aging significantly harms the daily lifestyle 
of the aged people [3]. It consists of highly specialized tissues 
to provide the ability of precise vision [4]. The cornea is a 
part of our eye that is characterized by being transparent and 
avascular; serving many functions by acting as an anterior 
light refractive surface, protective blocking structure for the 
majority of ultraviolet rays and also providing a mechanical 
barrier against infections [5]. 

Aging process leads to structural alterations in the visual 
system affecting the corneal epithelium, stroma and endo-
thelium [6]. These changes affect the corneal ability for light 
refraction and increase the eye vulnerability to infection. 
These aging changes of the cornea mainly include increased 
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corneal epithelial permeability and gradually decreased 
corneal endothelial cell number leaving the cornea at risk 
for hypoxic stress [7]. In addition, irreversible age-induced 
endothelial cell loss affects the corneal hydration state. This 
leads to f luid accumulation and corneal edema losing the 
corneal transparency [8]. Furthermore, age is contributed to 
diminished levels and composition of tears secretion by the 
lacrimal gland leading to loss of homeostasis of the ocular 
surface that induces tear film instability and hyperosmolar-
ity, and finally inflammation of the ocular surfaces [9, 10]. 

Onion (Allium cepa) is cultivated worldwide as a bulbous 
herb belonging to the Alliaceae family. For centuries, it has 
been used for prevention and treatment of a wide variety of 
diseases due to its benefits for health [11]. Onion has vari-
ous concentrations of phenolic compounds and flavonoids. 
Fundamentally, these flavonoids in onion are glucosides and 
quercetin aglycone, in addition to kaempferol monoglycoside 
or isorhamnetin monoglycoside in some species. Due to its 
compounds, onion extracts show anti-aging, anti-oxidant, 
anti-inf lammatory, anti-bacterial, anti-diarrhoeal, anti-
mutagenic, anti-cancer, anti-spasmodic, anti-ulcer, and anti-
proliferative properties [12-14]. One of the most important 
compounds of onion is quercetin that exhibits antioxidant 
and/or pro-oxidant as well as modulates different protective 
intracellular signaling cascades [15]. Moreover, onion con-
tains 1-propenyl sulfenic acid that is converted into lachry-
matory factor by the action of lachrymatory factor synthase, 
and this lachrymatory factor is responsible for inducing tear-
ing in onion [16]. The tear film is critical for ocular surface 
comfort, environmental, mechanical and immune protec-
tion, promoting corneal epithelial health and nutrition, and 
providing a smooth, refracting surface for clear vision [17].

Previous studies demonstrated the beneficial effects of 
onion extracts on different structures of the eye. For ex-
ample, Kim et al. [18] found that topical use of onion extract 
ointment prevents corneal haze caused by air-assisted lamel-
lar keratectomy, in addition to Javadzadeh et al. [19] who 
concluded that topical diluted fresh onion juice prevents 
sodium-selenite induced cataract formation. Furthermore, 
Nejabat et al. [20] revealed that fresh onion juice topical 
drops application in rabbits has an inhibitory effect on the 
growth of normal eye flora and thus they reported that on-
ion has antimicrobial properties to treat common eye infec-
tions. Nevertheless, Owji et al. [21] demonstrated that topical 
onion extract has no significant effect on blepharoplasty scar 
prevention.

The aim of this work was to evaluate histological, immu-
nohistochemical and morphometric alterations of the cornea 
related to aging and assess the possible preventive effect of 
the topical onion juice on these alterations.

Materials and Methods

Animals
Thirty healthy male Sprague-Dawley rats were purchased 

from Animal House of Faculty of Veterinary Medicine, Suez 
Canal University, Ismailia, Egypt. The rats were exposed 
to a 12/12 hour daily light-dark cycle, kept in a controlled 
temperature of 20°C–22°C and humidity of 40%–60%, and 
allowed for free access of food and water ad libitum. All 
animal experiments were conducted regarding the National 
Institutes of Health guide for the care and use of laboratory 
animals (NIH Publications No. 8023, revised 1978).

Experimental design
All rats were allowed for 10 days for acclimatization, then 

were randomly divided into 2 equal groups (n=15 per group) 
as following:

Group I (adult group): included rats aged 5 to 6 months 
that received topical one diluted onion juice drop in the right 
eye, every 8 hours daily for 12 weeks [19], while left eyes 
received one distilled water drop every 8 hours daily for 12 
weeks and served as the control ones.

Group II (aged group): included rats aged 22 to 24 months 
that were administrated topical one diluted onion juice drop 
in the right eye, every 8 hours daily for 12 weeks [19], while 
left eyes received one distilled water drop every 8 hours daily 
for 12 weeks conducted as the control ones.

Onion juice preparation and treatment
Fresh onion (Allium cepa Linn) was purchased from the 

local market in Ismailia City, Egypt. Every 3 days, 150 g of 
the onion bulbs was cut into small pieces and then crushed 
in a mixing machine. The resultant crushed mixture was 
squeezed and filtered through a fine cloth [22]. The resultant 
filtrate was about 70 ml every time that was then diluted 
with the same volume of distilled water and quickly frozen 
until used. The prepared juice was utilized for only 3 days 
then the remaining unused juice was discarded [19]. 

Measurement of intraocular pressure (IOP) 
A TonoLab rebound tonometer (Tono-Pen; TiolatOy, 
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Helsinki, Finland) was used to measure the IOP of both 
eyes of all rats at the start of the experiment and then once 
weekly. Light anesthesia was induced by 2% to 4% isoflurane 
inhalation to reduce fluctuations of IOP caused by stress and 
movements. Measurements were performed only between 10 
A.M. and 2 P.M. to minimize bias that may be caused by the 
circadian rhythm. Six consecutive readings were recorded, 
and their average was calculated for each eye [23].

Tear secretion measurement 
Tear secretion was weekly measured in both eyes for each 

rat in both groups after 10 minutes of the topical application 
of onion juice by utilizing a modified Schirmer test. In this 
test, a filter paper strip (1-mm width and 20-mm length) was 
inserted 1 mm in the lower conjunctival fornix of the eye for 
5 minutes. Finally, length of the wet portion of the paper was 
measured in millimeters [24].

Histopathological study 
After 3 months, all rats were euthanized by an overdose 

of intraperitoneal sodium pentobarbital. Both eyes of each 
rat were carefully enucleated and submersed into 10% para-
formaldehyde then paraffin blocks were prepared. Sections 
of 4-µm thickness were cut to be stained with hematoxylin 
and eosin (H&E) and periodic acid–Schiff (PAS) stains for 
microscopic assessment of the cornea [25]. The transverse 
sections were made up to the level of the optic nerve to assess 
the central zone of the cornea.

Immunohistochemistry 
Immunohistochemistry was performed to determine 

antigens of epidermal growth factor receptor (EGFR), as a 
promoter for corneal epithelial homeostasis, and paired box 
protein-6 (PAX6), as an indicator of corneal morphogenesis. 

Paraffin-embedded specimens were deparaffinized and 
rehydrated. For EGFR immunohistochemistry, endogenous 
peroxidase activity was blocked by immersion in 0.6% hy-
drogen peroxide then antigen retrieval was achieved by 
protein kinase K. Later, sections were incubated with mouse 
monoclonal anti-EGFR antibody (Zymed, San Francisco, 
CA, USA) (1:100 dilution), as a primary antibody, overnight 
at 4°C. Goat anti-mouse HRP-conjugated immunoglobulin 
(Invitrogen; Thermo Fisher Scientific Inc., Waltham, MA, 
USA) (1:200 dilution) was used as a secondary antibody. 
3,3’-diaminobenzidine was used for visualization of the im-
munoreaction and finally, sections were counterstained by 

Mayer’s hematoxylin [26].
For PAX6 immunohistochemistry, antigen retrieval was 

performed by microwave treatment for 20 minutes in Tris–
EDTA buffer (pH 9.0), then blocking of the endogenous 
peroxidase activity was achieved by 3% hydrogen peroxide 
solution treatment for 10 minutes at room temperature. 
Subsequently, sections were incubated with rabbit anti-
PAX6 polyclonal antibody (1:500) overnight at 4°C, and then 
incubated with Polymer Helper and poly-HRP anti-Rabbit 
IgG (1:200 dilution) at 37°C for 30 minutes immunostaining 
positive cells visualization was by using diaminobenzidine 
tetrahydrochloride solution (Zhongshan Golden Bridge Bio-
technology, Beijing, China) and then counterstaining was 
achieved by hematoxylin [27]. 

Morphometric analysis 
Morphometric measurements were carried out using the 

ImageJ® software (Wayne Rasband NIH, Bethesda, MA, 
USA) at a magnification of ×400 including at least 5 sections 
per animal, and from each section, 5 different regions were 
observed. Only one investigator performed the measure-
ments to avoid inter-observer errors. Morphometric mea-
surements included: total corneal, epithelial layer, Bowman’s 
layer and stromal thicknesses in H&E-stained sections, in 
addition to the Descemet’s membrane thickness in PAS-
stained sections.

Statistical analysis
Data analysis was done using Statistical Package for Social 

Sciences (SPSS) software version 27.0 for Windows (IBM 
Corp., Armonk, NY, USA). For comparison between multi-
ple means of the study groups, analysis of variance (ANOVA) 
was used followed by Tukey post-hoc test. Results were ex-
pressed as the mean±standard deviation.

Results

IOP changes
The control eyes of the aged group showed a significant 

increase in the level of IOP compared to those of both eyes 
of the adult one throughout the experiment (P<0.05). On the 
other hand, the level of IOP of treated eyes of the aged group 
showed a significant decrease compared to the control aged 
ones starting from the week 3 till week 12 (P<0.05) (Fig. 1).
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Fig. 1. Changes of IOP of study groups (n=15). Values are presented as 
means. IOP, intraocular pressure. aP<0.05 vs. control and treated eyes 
of adult group; bP<0.05 vs. control eye of aged group as determined by 
a one-way ANOVA followed by Tukey’s post-hoc test.
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Fig. 2. Modified Schirmer test results of study groups (n=15). Values 
are presented as means. aP<0.05 vs. control eye of adult group; bP<0.05 
vs. treated eye of adult group, cP<0.05 vs. control eye of aged group as 
determined by a one-way ANOVA followed by Tukey’s post-hoc test.

A

C D

B

Fig. 3. Photomicrographs of sections of corneas of different study groups. (A, B) Control and treated corneas of the adult group respectively 
showing normally arranged 5 layers; stratified nonkeratinized epithelium (Ep), Bowman’s layer (B), stroma (S) with keratocytes (K), Descemet’s 
membrane (D) and endothelial layer (En). (C) Control cornea of the aged group showing irregular eroded surface (s), thin epithelial layer with 
flat epithelial cells and degenerated nuclei (n) specially in the deep regions and absent nuclei in the superficial ones (a), thickened stroma with 
irregular collagenous fibers (c) and wide spaces in between (Sp), areas of edema (e), and areas of degenerated endothelial cells (l). (D) Treated 
cornea of the aged group showing regular surface (s), restoration of most of the epithelial cell nuclei (n), stroma with regular collagenous fibers (c) 
and relatively narrow spaces in-between (Sp), markedly thickened Descemet’s membrane (D) and a continuous layer of endothelium (En) (H&E, 
×400; scale bar=50 µm).



Onion juice, cornea, aged rats 

https://doi.org/10.5115/acb.21.077

Anat Cell Biol 2021;54:375-386 379

www.acbjournal.org

Modified Schirmer test results
Throughout the experiment, there was a significant in-

crease in the tear secretion of the treated eyes in both groups 
compared to those of the control eyes (P<0.05). Moreover, 
there was a significant decrease in the tear secretion in the 
control eyes of the aged group compared to that of the adult 
one (P<0.05; Fig. 2).

Histopathological findings
Sections of H&E stain of the cornea in both eyes of the 

adult group consisted of 5 distinct layers from outside inwards: 
stratified nonkeratinized squamous epithelium, Bowman’s 
layer with delicate collagen fibers, stroma with regular layers 
of collagen fibers and keratocytes, homogenous Descemet’s 
membrane, and an endothelial layer (Fig. 3A, B). On the con-
trary, the control corneas of the aged group showed irregular 
surface with multiple small surface erosions, thinning of the 
epithelial layer with flat degenerated nuclei and loss of the 
nuclei in the epithelial layer specially in the superficial zones. 
The stroma exhibited massively irregular collagen fibers 

with wide spaces, areas of edema, in addition to degeneration 
of most of the endothelial cells (Fig. 3C). The treated corneas 
of the aged group revealed regular corneal surface, restora-
tion of most of the normal features of the epithelial cells and 
their nuclei mainly in the superficial regions. In addition, the 
stroma showed mostly regular collagen fibers with narrow 
spaces and the lining endothelium was arranged in a con-
tinuous layer (Fig. 3D). 

Regarding PAS stain sections, the basal lamina of the epi-
thelium and Descemet’s membrane of the adult group were 
clearly identified with PAS stain with more thickened Des-
cemet’s membrane in the treated cornea (Fig. 4A, B). On the 
other hand, the control corneas of the aged group showed 
that the basal lamina of the epithelium was mostly absent, 
while Descemet’s membrane appeared normal in thickness 
(Fig. 4C). The treated corneas of the aged group revealed that 
the basal lamina was mostly apparent in most of regions, 
however, Descemet’s membrane was markedly thickened 
(Fig. 4D).

A B

C D

Fig. 4. Photomicrographs of sections of corneas of different study groups. (A) Control corneas of the adult group showing well distinct basal 
lamina of the epithelium (arrowheads) in most of areas and normally appearing Descemet’s membrane (arrows). (B) Treated corneas of the adult 
group showing well distinct basal lamina of the epithelium (arrowheads) in most of areas and slightly thickened Descemet’s membrane (arrows). 
(C) Control cornea of the aged group showing disappeared basal lamina of the epithelium and normal thickness of Descemet’s membrane (arrows). 
(D) Treated cornea of the aged group showing apparent basal lamina of the epithelium (arrowheads) and markedly thickened Descemet’s 
membrane (arrows) (periodic acid–Schiff stain, ×400; Scale bar=50 µm).
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Immunohistochemical results
Immunohistochemical staining of EGFR of the control 

cornea of the adult group showed an extensive immune ex-
pression in the basal layer of epithelium and corneal endo-
thelium, with a minimal expression in superficial layers of 
the epithelium (Fig. 5A). Nonetheless, this expression in the 
treated cornea of the adult group was minimal in the basal 
layer of the epithelium and endothelium and was moderate 
in superficial layers of the epithelium (Fig. 5B). Moreover, the 
control cornea of the aged group revealed an almost negative 
EGFR immune reaction in all layers (Fig. 5C). The treated 
cornea of the aged group showed an extensive immune reac-
tion in both superficial layers of the epithelium and endo-
thelium, however, there was a minimal reaction in the basal 
layer of epithelium (Fig. 5D).

The control cornea of the adult group demonstrated a 
minimal PAX6 immune reaction in the basal epithelial and 
endothelial layers (Fig. 6A), whereas this was negative in the 
treated cornea of the same group (Fig. 6B). In the control 

cornea of the aged group, PAX6 immune reaction was nega-
tive in its all layers (Fig. 6C), while a minimal immune ex-
pression in the superficial epithelial layers and endothelium 
was demonstrated in the treated cornea of the aged group 
(Fig. 6D). 

Morphometric assessment
Total corneal and stromal layer thicknesses were signifi-

cantly increased in the control cornea of the aged group 
compared to that of the adult group ones (P<0.05), while was 
significantly decreased in treated corneas of the aged group 
compared to the control ones of the same group (P<0.05). In 
contrast, epithelial and Bowman’s layer thicknesses were sig-
nificantly decreased in the control cornea of the aged group 
compared to the adult group (P<0.05), while they were sig-
nificantly increased in the treated cornea of the aged group 
compared to the control cornea of the same group (P<0.05). 
Whereas the Descemet’s membrane thickness was signifi-
cantly increased in treated corneas of the adult and aged 

A B

C D

Fig. 5. Photomicrographs of epidermal growth factor receptor (EGFR) immuno-stained sections of cornea of study groups. (A) Control 
cornea of the adult group showing an endothelial (arrow) and basal epithelial (black arrowhead) extensive cytoplasmic immune reactions. The 
superficial layers of the epithelium show a minimal cytoplasmic expression (white arrowhead). (B) Treated cornea of the adult group showing 
moderate cytoplasmic immune reaction in the superficial epithelial layers (white arrowhead) with a membranous minimal basal epithelial 
(black arrowhead) and cytoplasmic endothelial (arrow) immune reactions. (C) Control cornea of the aged group showing a negative immune 
reaction in its all layers. (D) Treated cornea of the aged group showing an extensive cytoplasmic endothelial (arrow) and superficial epithelial 
(white arrowhead) immune reactions, and a minimal cytoplasmic basal epithelial reaction (black arrowhead) (EGFR immuno-stain, ×400; scale 
bar=50 µm).
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A B

C D

Fig. 6. Photomicrographs of paired box protein-6 (PAX6) immuno-stained sections of cornea of study groups. (A) Control cornea of the adult 
group showing minimal cytoplasmic basal epithelial (arrowhead) and endothelial (arrow) immune reactions. (B) Treated cornea of the adult 
group showing a negative immune reaction. (C) Control cornea of the aged group showing a negative immune reaction in all layers. (D) Treated 
cornea of the aged group showing a minimal cytoplasmic superficial epithelial (arrowhead) and endothelial (arrow) immune reactions (PAX6 
immuno-stain, ×400; scale bar=50 µm).

Table 1. Thicknesses of different layers of the cornea of study groups

Group
Total corneal  

thickness (µm)
Epithelial layer  
thickness (µm)

Bowman’s layer 
thickness (µm)

Stromal layer  
thickness (µm)

Descemet’s membrane 
thickness (µm)

Adult group (n=15)
   Control cornea 171.75±1.63 44.59±1.49 7.65±0.28 111.53±1.30 4.25±0.16
   Treated cornea 192.46±0.68a 49.45±1.46a 6.79±0.63a 129.16±1.65a 5.35±0.44a

Aged group (n=15)
   Control cornea 225.67±1.79a,c 20.76±1.24a,c 5.02±0.57a,c 193.03±2.21a,c 4.26±0.26b

   Treated cornea 184.61±1.69a,b,c 26.94±1.18a,b,c 9.52±0.70a,b,c 139.08±2.29a,b,c 9.69±0.78a,b,c

Values are presented as mean±SD. aP<0.05 vs. control cornea of adult group, bP<0.05 vs. treated cornea of adult group, and cP<0.05 vs. control cornea of aged 
group, as determined by a one-way ANOVA followed by Tukey’s post-hoc test.

Table 2. Cell densities of different layers of the cornea of study groups

 Group
Epithelial cell density  

(cell/1,000 µm2)
Keratocystic cell density  

(cell/1,000 µm2)
Endothelial cell density  

(cell/100 µm2)
Adult group (n=15)
   Control cornea 7.47±0.14 0.67±0.09 7.39±0.21
   Treated cornea 7.21±0.60a 0.48±0.06a 7.21±0.62a

Aged group (n=15)
   Control cornea 5.03±0.24a,c 0.16±0.03a,c 2.20±0.12a,c

   Treated cornea 7.25±0.37a,c 0.40±0.06a,b,c 4.01±0.14a,b,c

Values are presented as mean±SD. aP<0.05 vs. control cornea of adult group, bP<0.05 vs. treated cornea of adult group, and cP<0.05 vs. control cornea of aged 
group, as determined by a one-way ANOVA followed by Tukey’s post-hoc test.
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groups compared to the control ones of these groups (P<0.05; 
Table 1).

Regarding the cell densities of different corneal layers, 
epithelial, keratocystic and endothelial cell densities were 
significantly decreased in the control cornea of the aged 
group compared to that of the adult one (P<0.05), while sig-
nificantly increased in the treated cornea of the aged group 
compared to the control cornea of the same group (P<0.05) 
(Table 2).

Discussion

The current study assessed the ability of topical onion 
juice to ameliorate age-related corneal changes based on 
histopathological, immunohistochemical and histomorpho-
metric examinations. Despite their limited number, previous 
experimental studies assessed the effects of onion extracts on 
corneal changes related to different animal models [18, 28], in 
addition to the effects of onion extracts on the pathological 
changes of other ocular structures [19, 29, 30]. Furthermore, 
several publications indicated that age has major changes on 
the cornea [31-35]. In accordance with our results, El-Sayyad 
et al. [33] and Halawa [34] found that the cornea of aged 
rats exhibited atrophied epithelium with small dark nuclei, 
hyalinization of the stromal collagen fibrils, keratocystic loss 
and degeneration of the lining endothelium. In contrast to 
our results, Tananuvat and Khumchoo [36] demonstrated 
that there is a significant inverse correlation between age and 
central corneal thickness in humans. 

Despite continuous exposure of the eye to oxidative stress, 
the corneal epithelium, under normal conditions, is rich in 
antioxidant enzymes that can counteract the reactive oxygen 
species (ROS). As a result, corneal epithelial turnover is con-
tinuous and thus, cumulative senescence may occur [7]. The 
present study revealed that there is a significant decrease in 
the epithelial cell density and central corneal epithelial layer 
thickness with age in rats. Nonetheless and with disagree-
ment with our results, Yang et al. [37] proved that central 
corneal epithelial thickness remains constant in humans 
with aging. 

Bowman’s layer’s functions may be serving as a protective 
barrier for corneal stroma, and sharing in the maintenance 
of corneal transparency and epithelial innervation [38]. We 
observed that there is a significant decline in the Bowman’s 
layer thickness in aged corneas compared to the adult ones. 
This may be due to the fact that Bowman’s layer is devoid of 

keratocytes so its collagen turnover rates may be slow. Also, 
this thinning may be due to natural collagen degradation 
with age. Keratocytes are the main cellular component of 
the corneal stroma and they are considered the main key of 
extracellular matrix synthesis and turnover in the corneal 
stroma [39]. In the harmony with our results, Patel et al. [40], 
Niederer et al. [41], and Gambato et al. [42] concluded that 
there is a significant inverse relationship between age and 
keratocystic count in humans. 

Descemet’s membrane plays a key role in the collimation 
of light; in addition to maintaining endothelial cell differen-
tiation, proliferation and structural integrity [43]. Our study 
showed no aging change in Descemet’s membrane thickness 
in our study results; however, Jun et al. [43] reported that, 
in C57BL/6 mice, Descemet’s membrane thickness signifi-
cantly increases by the age. Furthermore, Johnson et al. [44] 
concluded the same results but in the humans. Corneal en-
dothelial cells have a critical function by acting as a pump 
that maintains stromal dehydration, thus maintaining cor-
neal transparency [45, 46]. It was not proven that they could 
proliferate in vivo, thus, senescence-like changes can affect 
them with age [46]. In the harmony with our results, almost 
all studies reported that there is a significant inverse correla-
tion between age and endothelial cell density in rodents and 
humans [36, 42, 43, 46, 47]. 

Our study concluded that there was a significant increase 
in IOP in aged rats. Zhang et al. [48] found the same results 
but in rabbit model. However, Dubicanac et al. [49] and 
Sandhas et al. [50] revealed that no aging effect on IOP in the 
gray mouse lemur or cats respectively. In addition, Melamed 
et al. [51] found that rabbits with artificially raised IOP 
develop diffuse corneal haziness and edema and massive 
corneal endothelial damage. It was believed that prolonged 
exposure of intact corneal endothelium to high IOP can lead 
to endothelial damage with a resultant diffuse corneal edema 
[51]. Elevated IOP may have these adverse effects on corneal 
endothelium either by direct pressure or indirectly through 
flow turbulence of aqueous humor [52]. On the other hand, if 
high IOP is controlled, corneal endothelium can be structur-
ally and functionally recovered [53]. 

Quercetin is the major component of the onion bulb and 
one of its biological activities is decreasing the production 
of ROS via various mechanisms, it can also retain an anti-
inf lammatory effect and antioxidant potentials [54-56]. 
Moreover, quercetin can chelate Cu2+ and Fe2+ to exert an 
antioxidant role. Also, the interaction between quercetin and 
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a variety of enzymes such as cyclooxygenase (COX), phos-
phodiesterase, lipoxygenase and tyrosine kinase mediates 
anti-inflammatory properties, fundamentally by inhibition 
of COX-1 and -2 expressions [57]. Recently it was found that 
quercetin can also directly interact with DNA. Thus, it has 
been reported that quercetin may protect against oxidation-
induced DNA damage [58]. In addition, quercetin is capable 
of modification of epigenetic regulations by inhibiting DNA 
methylation and by influencing histone acetylation [59]. 

In this study, the daily treatment using onion juice drops 
was found to significantly decrease the age-related degenera-
tive changes of the cornea. In accordance with these results, 
Kim et al. [18] revealed that, in dogs, 1% onion extract oint-
ment due to slowing down of fibroblast differentiation into 
myofibroblasts. Kliuiev and Kolomiichuk [60] used eye quer-
cetin drops in rabbits after ethyl alcohol-induced corneal 
damage that was also shown to significantly decrease the 
total corneal thickness and stromal edema. 

EGFR signaling is an essential factor for the proliferation, 
differentiation, and survival of corneal epithelium. This 
event seems to be due to the activation of MAPK/ERK1/2 
pathway [61]. In the present study, we found that EGFR im-
mune expression in the corneal epithelium and endothelium 
was negative in untreated aged corneas, on the contrary its 
expression was extensively positive in the treated aged ones. 
In a rat model of debridement corneal wounds, Zieske et al. 
[62] found that EGFR expression was gradually increased 
after 3 hours after corneal injury with complete wound heal-
ing approximately 24 hours later and adding tyrphostin AG 
1478, a specific inhibitor of EGFR kinase activity, inhibited 
epithelial cell migration. Thus, Zieske et al. [62] concluded 
that EGFR has a critical role in the maintenance of the cor-
neal epithelial integrity. 

Limbal epithelial stem cells (LESCs) are responsible for 
corneal epithelial regeneration. PAX6 is a key gene necessary 
for corneal epithelial integrity and regeneration via main-
tenance of the main characteristics of these cells and their 
direction toward the corneal epithelial cell lineage. However, 
PAX6 is extensively expressed in the developing cornea, this 
expression continues to some extent into the adult one [63, 64]. 
Mort et al. [64] used Pax6+/− mice as a model for low PAX6 
ocular levels in which they observed that there were severe 
epithelial and endothelial defects shown by electron micro-
scopic examination. In our study, the epithelial and endo-
thelial histological changes related to the aged cornea were 
associated with negative immune detection of PAX6 in all 

layers and this immune expression was positive in the aged 
cornea with onion treatment. This refers to that onion juice 
could have a role in the activation of LESCs through PAX6 
signaling pathways promoting epithelial regeneration in the 
aged cornea.

In the current study, the Schirmer test revealed that there 
is a significant increase in tearing when topical onion drops 
were applied. The precorneal tear film is responsible for the 
integrity of the ocular surface by ensuring an optically uni-
form corneal surface, f lushing foreign matter and cellular 
debris from the cornea, providing a corneal nutritional func-
tion, and exerting an antibacterial function [65]. Tearing is 
stimulated by the lachrymatory factor compound of onion 
[66]. Epidermal growth factor (EGF) is one of the compo-
nents of the tears, so the tears are important for normal 
corneal health [67]. This role is achieved by binding of EGF 
to its receptors enhancing the activity of intrinsic tyrosine 
kinase receptor, inducing DNA synthesis and production of 
fibronectin and hyaluronic acid content of extracellular ma-
trix [68]. Furthermore, the hepatocyte growth factor is also a 
component of the tears that have a critical role in the mainte-
nance of corneal epithelial health [69]. 

Regarding onion juice treatment, the observed results 
in the current study showed clearly notable beneficial im-
provement effects on most of the aged corneal parameters 
compared to that of the untreated aged ones. However, when 
we compared the control and onion juice-treated corneal 
parameters of the young group, there were limited changes. 
This may be explained by absence of the pathological altera-
tions in the control young corneas to be improved, so their 
data were mostly similar.

The ameliorative effect of onion juice on aged cornea had 
been illustrated in the current study; however, the limita-
tions of this study that could be assessed in the future are the 
direct effects of quercetin, as a potent antioxidant compound 
of onion, on the aged cornea. Furthermore, the isolated effect 
of tears on aged cornea through applying of purified lach-
rymatory factor stimulating tears secretion can be studied 
through forthcoming researches. In addition, physiological 
tests can be applied to assess the visual acuity in rats to ex-
amine the exact actual improvement effect level. 

In conclusion, the application of topical onion juice is 
capable to improve aging alterations in the cornea of the 
rat. This may be due to its antioxidant effects; in addition to 
through activation of EGFR and PAX6, moreover, its lachry-
matory factor component that enhances tear secretion, and 
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has an IOP-lowering effect.
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