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Abstract

Dry eye syndrome (DES) is a common eye disorder that is described as a tear film disorder caused by reduced tear
production, poor tear quality, or excessive tear evaporation. This disorder is associated with symptoms of eye discomfort
such as irritation, foreign body sensation, redness and itching. This disease affects the lives of millions of people and its
prevalence reaches 14.5%, which is still increasing. Many evidences indicate that the increase in tear film osmolality
and ocular surface inflammation caused by T cells play a role in the pathogenesis of the disease. However, the exact
pathogenesis of DES is not fully understood. Oxidative stress has recently been found to play a prominent role in the
development of dry eye.

Purpose of study
To investigate the therapeutic effects of topical administration of the aqueous extract of the fruit of the trachyspermum
ammi (TA) plant with antioxidant effect in the experimental model of dry eye in adult male mice.

Method

In the first step the aqueous extract was prepared from the fruits of the TA. After checking the pH, osmolality and total
phenol content (TPC) of the extract by Folin Ciocalteu (FC) method, three different percentages of the extract were
prepared. After development of dry eyes using atropine, sterile eye drops containing solvent and extract with percentages
of 1%, 2.5% and 5% were used in different groups. Eye surface moisture level was assessed using Schirmer's test (ST).
After the study, the mice were euthanized and a number of corneas from each group were collected for pathological
examination and comparison with the control group.

Results

According to the pathological examinations and statistical data from ST, there was no significant decrease in the
moisture content of the eye surface of the control group. But over time, the moisture level of the eye surface in the
atropine and atropine with solvent group, decreased significantly and the destruction of the epithelium was observed
much more significant. In the atropine plus 1% extract group and atropine plus 2.5% extract group, the decrease in eye
surface moisture was less and slighter inflammation and destruction were observed than groups without treatment. In
the atropine with 5% extract group, according to the results of the ST (p-value<0.001), the moisture of the eye surface
did not decrease significantly over time, and the results were much closer to the control group and the destruction of the
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epithelium and the infiltration of inflammatory cells caused by dry eye were insignificant.

Conclusion

Topical use of eye drops containing 5% extract of TA as a medicinal plant improved clinical symptoms, reduced
inflammation, and DES induced damages in the eye of mice based on statistical evaluations using ST results

(p-value<0.001) and pathological examinations.

Keywords: Dry Eye, Aqueous Extract of Trachyspermum Ammi, Corneal Epithelium; Schirmer's Test, Total Phenol Content

Abbreviations DES: Dry eye syndrome, FC: Folin Ciocalteu,
TA: trachyspermum ammi, ST: Schirmer's test, TPC: total phenol
content, H&E: Hematoxylin and Eosin, GA: Gallic acid, UV: ultra
violet, GAE: Gallic acid equivalent, DW: distilled water, ANOVA:
analysis of variance

1. Introduction

DES is a multifactorial disease of the eye surface that occurs as
a result of a decrease in tear production or an increase in tear
evaporation from the eye surface and is associated with discomfort,
burning sensation, blurred vision, visual impairment, tear film
instability and possible damage to the eye surface. Therefore, it
reduces the quality of life of people [1-2]. It is estimated that 100
million people worldwide may be affected by dry eye. It is also
reported that the global prevalence of dry eye ranges from 5 to
34%, so it is one of the most common eye diseases. Therefore,
effective treatment for dry eyes has become an issue that needs
more attention [2].

Various environmental factors such as dry air, smoke, allergens,
systemic diseases and age lead to dry eyes. This disease has
increased in recent years with long-term use of computers and is
one of the most important reasons for visiting eye clinics, which is
characterized by symptoms such as burning, redness, scratching,
and the feeling of a foreign body in the eye [2,3,4]. Dry eye has a
multifactorial etiology with challenging treatment. The two main
types of dry eye are: aqueous-deficient dry eye and evaporative dry
eye [5]. Regardless of the types, the pathologic events involved in
ocular surface injury are similar.

Ithas been proven that the underlying pathogenesis of DES involves
an inflammatory process mediated by T lymphocytes [1,6]. The
two main mechanisms of DES are tear hyperosmolarity and tear
film instability [7]. Increased evaporation or decreased tear flow
leads to tear hyperosmolarity, which stimulates the production
of pro-inflammatory cytokines. Inflammatory mediators cause
the destruction of goblet cells, decrease in mucin production and
subsequent tear film instability. Since DES is associated with
ocular surface inflammation and tear hyperosmolarity is known
to be an effective factor in ocular surface inflammation [8]. drops
containing anti-inflammatory agents may effectively improve the
signs and symptoms of dry eye [7,8]. Therefore, we decided to
select a plant and evaluate its effectiveness in improving dry eye
in order to take a step forward in treating this common problem.

Dry eye treatment is based on tear replacement. Newer treatments
focus on specific drugs such as lubricants, antibiotics, immuno-
suppressants, and new anti-inflammatory drugs. Meanwhile, herb-
al treatments have been used in the treatment of various diseases
due to their low cost and less side effects [4,9]. There are several
formulations of lubricating eye drops that can adequately relieve
the symptoms of dryness and serve therapeutic purposes Consid-
ering that the mechanism of dry eye is an inflammatory process,
artificial tear formulations containing anti-inflammatory agents
may effectively improve the signs and symptoms of dry eye [9-
11]. However, few clinical trials have been conducted to study the
effect of herbal medicines on dry eye [2]. Herbal remedies for the
prevention and treatment of dry eye are currently under examina-
tion [12]. In addition, the beneficial effects of herbal medicines
such as antioxidant, anti-inflammatory and antimicrobial activities
may enhance the healing process [13]. Compared to artificial tear
drops, herbal remedies can be useful supplements to relieve dry
eye symptoms. Of course, it should be noted that excessive use of
some herbal medicines may have adverse effects. Therefore, the
side effects of these drugs should also be carefully considered [2].

1.1 Trachyspermum Ammi (TA)

TA, also known as Ajwain, is an annual plant belonging to the
medicinally valuable family, Apiaceae. Ajwain is widely cultivated
in different regions such as Iran, Pakistan, Afghanistan and India
as well as Europe, while it is native to Egypt. Usually, the grayish-
brown fruits of Ajwain are used for medical and nutritional
purposes. Considering that the mechanism of dry eye is an
inflammatory process, the formulation of artificial tears containing
anti-inflammatory agents may effectively improve the signs and
symptoms of dry eye. Ajwain has been used in traditional medicine
systems for various medicinal and medical aspects. Fenugreek
has also been evaluated for its anti-inflammatory effect. Based on
this, both total alcoholic extract and total aqueous extract have a
significant anti-inflammatory effect in vivo [14].

Generally, medicinal plants increase tear film stability by reducing
osmolality and increasing tear production. Several mechanisms
including reduction of reactive oxygen species or ROS
(antioxidant activity), prevention of cell apoptosis and modulation
of inflammatory factors can affect tear glands and membrane cells
and thus help to treat dry eye [4,11].

In this article we evaluated the effect of TA aqueous extract on
experimental atropine induced dry eye in male mice. ST have been
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used to determine eye surface moisture and tear production. TPC
was measured by FC method using its specific reagent and uv-
visible spectroscopy to estimate antioxidant and anti-inflammatory
effects of extract. Histopathological changes of cornea have
been also evaluated by microscopical tissue assessment using
Hematoxylin and eosin (H&E) staining procedure. Various effects
of Ajwain have been investigated in recent studies [14]. However,
this research discusses a new issue in order to investigate the
effects of Ajwain in dry eye.

1.2 Experimental and Method

Development of Experimental Dry Eye Model in Mice

To check the effectiveness of the dry eye model, 14 adult male mice
weighing 20-25 grams were prepared. After a few days to adapt
to the laboratory environment, the mice were divided into two
groups. A group as control group did not receive any substance.
The second group received daily atropine eye drops to cause dry
eye. The moisture of the eye surface in the control group and the
atropine group was measured before receiving the drops on days
1, 3 and 5 with ST paper.

TA's (Ajwain) fruit from West Azerbaijan province was prepared
from herbal medicine store in Tehran. After confirming the
authenticity and quality of the fruits, the extraction process started.
The fruits of the plant were ground first. The obtained powder was
mixed with distilled water (DW) (100 grams of ajwain with 1000
cc equivalent to 1 liter of DW) at a weight-volume ratio of one
tenth. Then it was soaked in a hot water bath below the boiling
point for 15 to 20 minutes, and after filtering the obtained solution,
the solution was again placed in a hot water bath (below the boiling
point) to evaporate the excess water and finally the brown colored
extract was obtained. We poured the extract on the glass and let the
water evaporate completely. The obtained powder was collected
and 5 grams of it was dissolved in 25 cc of DW.

1.3 Measurement of TPC

Total phenolic content was determined using the FC method. To
perform this method, FC reagent, 7.5% sodium carbonate solution
and Gallic acid (GA) are required as standards.

--Preparation of sodium carbonate solution

To prepare a 7.5% solution, 7.5 grams of sodium carbonate were
weighed and dissolved with DW up to 100 ml in a volumetric flask.
-- Preparation of stock and standard solutions of GA

To prepare the stock solution, 0.250 grams of GA powder produced
by Merck co. was weighed and then dissolving in DW up to 100
ml in a flask. GA standard solutions with concentrations of 0.25,
0.5,0.75, 1 and 1.25 mg/ml were prepared from the stock solution.
(respectively by diluting 1, 2, 3, 4 and 5 ml of the stock solution
with distilled water up to 10 ml)

1.4 FC Method and Ultra Violet (Uv) Spectroscopy

A small amount of extract (0.5 ml) was poured into the test tube.
Then, 0.5 ml of FC reagent from SIGMA-ALDRICH was added.
After a few minutes, 1.5 ml of 7.5% sodium carbonate solution
was added to the mixture and the volume was made up to 10 ml
with DW, and it was placed in a dark environment for two hours

to be checked in a UV Spectrophotometer. This process was also
done for standard solutions and blank solution.

1.5 Preparation of Blank Solution

The blank solution was prepared using 0.5 ml of FC reagent, 1.5
ml of 7.5% sodium carbonate and DW to a volume of 10 ml. The
final solution was kept in a dark environment for two hours.

1.6 Uv-Visible Spectroscopy

After preparing the solutions and the UV-spectrophotometry
device, a small amount of the standard GA solution was placed in
the device to check the maximum absorption, which was measured
as the wavelength of 722.5 nm. According to similar studies, this
number varies between 720 and 760 nm.

Then, by adjusting the device, the absorbance of the standard
solutions and the sample was measured, and the concentration was
calculated using the calibration curve equation of the standards,
and the results are reported as milligrams GA equivalent (GAE) per
gram of dried extract powder. This process was repeated 3 times
with samples and standard solutions to ensure the accuracy of the
method used. It should be noted that due to the high concentration
of samples and standards, all solutions were diluted 10 times
before being placed in the cell of the device.

1.7 Preparation of Eye Drops

After extraction, three different percentages were diluted using
normal saline, and the pH of the extract and the diluted percentages
were measured. which varied between 6 and 7, so they were
suitable for use in the eyes.

1.8 Osmolality Measurement

The osmolality of Diluted percentages and bulk extract were
adjusted using normal saline and measured by the Wescor Vapor
Pressure Osmometer VAPRO (Model 5520) device in the brain
and cognition research laboratory in tarbiat modarres university
and results were reported as millimole/kilogram (tablel).

The method of osmolality Determination was vapor pressure.

At the first step the device was calibrated by 290 mmol/kg
standard solution. Then a 10 microliter specimen is aspirated into
a micropipette tip. The specimen is then inoculated into a solute-
free paper disc in the sample holder, whereupon the sample holder
is pushed into the instrument and the sample chamber is locked.
Locking initiates, the automatic measurement sequence. At the
end of each measurement, the micropipette tip and paper disc were
replaced and the chamber was washed out.

1.9 Animal Study

42 adult male mice with a weight of 20 to 25 grams were prepared
to investigate the effectiveness of the TA's fruit extract in atropine-
induced dry eye. The mice were divided into 6 groups of 7 and
after two days of keeping them in the laboratory to adapt to the
environmental conditions, the study began.

Therefore, the first group or healthy control did not receive any
drops. The second group received only atropine, the third group

Trans Med OA, 2025

Volume 3 | Issue 1|3



received atropine and solvent, the fourth group received atropine
and 1% extract, the fifth group received atropine and 2.5% extract,
and finally the sixth group received atropine and 5% extract.

The study was continued for 18 days until the desired results were
reached, after which the mice were euthanized and a number of eyes
were isolated from each group and collected for histopathological
examination and preserved in formalin.

1.10 Histopathological Study

After separating the cornea, a tissue cross section was prepared from
each sample. Tissue sections were stained with hematoxylin-eosin
method and slides were prepared for microscopic examination.

1.11 Statistical Analysis

The results were expressed as average amount of each group
from ST results. The data were subjected to one-way analysis of
variance (ANOVA). P values <0.05 were considered significant.

2. Results

2.1 Dry Eye Model

The results of a pilot study of experimental dry eye in male mice
with atropine drops are shown in table 1. It is obvious that after 5
days of daily use of atropine drops, dry eye has been developed.

Day 1 Day 3 Day 5
Control group 24 1.83 1.65
Atropine group 2 1.05 0.16

Table 1: ST Average Results in Animal Model of Dry Eye Development Measured in Atropine and Control Group. Dry Eye has

been Developed by using Atropine Eye Drop After S days

2.2 Fc Method and Uv Spectroscopy

GA maximum absorption wavelength: The maximum wavelength
of GA absorption in FC method was measured 722.5nm, which is
in the reported range by previous studies.

2.3 Tpc Assessment
As directed the absorbance of the standard solutions and the sample
was measured, this process was repeated 3 times to ensure the

accuracy of the method and the concentration was calculated using
the calibration curve. and the results were reported as mgGAE/g.
Based on the samples’ concentrations average TPC is calculated
24.78 mgGAE/g extract dry powder.

Osmolality measurement results are presented in table 2. The
osmolality was adjusted by using normal saline and was suitable
for administration of solutions as eye drops.

No. Sample Osmolality (mmol/kg)
1 Bulk extract 383
2 %1 272
3 %2.5 283
4 %5 297

Table 2: Osmolality of Bulk Aqueous Extract is Measured 383 mmol/kg, While Osmolality 0f%1, %2.5 and %S5 extract is 272,

283 and 297 mmol/kg of Solution Respectively

2.4 ST Results

Total of 6 groups were included in the study, which were evaluated
1, 4, 7, 10, 13, 16, and 18 days after the intervention by ST.
According to statistical data from ST (p-value<0.001), there was
no significant decrease in the moisture content of the eye surface
of the control group. But over time, the moisture level of the eye
surface in the atropine and atropine with solvent group, decreased

significantly. In the atropine plus 1% extract group and atropine
plus 2.5% extract group, the decrease in eye surface moisture was
much less and slighter inflammation and destruction were observed
than groups without treatment. In the group receiving atropine plus
5% extract, according to the results of the ST, the moisture of the
eye surface did not decrease significantly over time, and the results
were much closer to the control group (table 3).

Groups / Days 1 4 7 10 13 16 18
control 2.13 2.05 2.13 1.93 2.12 2.08 2.05
atropine 1.93 1.07 0.23 0 0 0 0
atropine and solvent 1.93 1.33 0.43 0.17 0 0 0
Atropine and 1% extract 2.13 2.05 1.27 1.32 1.43 1.45 1.57
Atropine and 2.5% extract 2.05 1.88 1.65 1.53 1.68 1.82 1.82
Atropine and 5% extract 1.98 1.97 2 1.95 2.05 2.02 2.08

Table 3: Schirmer's test (ST) Average Results Based on Daily Evaluation on Days 1, 4, 7, 10,13, 16, 18 of Study Demonstrates %5
Extract Group Has the Most Optimal Impact on Eye Surface Moisture
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Accordingly figure 1 compares the test results, which confirms the
atropine plus %5 extract has shown the best improvement over
time. Although the groups receiving %2.5 and %1 extract has
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Figure 1: Eye Surface Moisture Level Based on Schirmer's Test (ST) Comparing Different Groups of Study.(*: p-value<0.01,

**:p-value<0.05 and ***:p-value<0.001)

2.5 Histopathology Evaluations

Photomicrograph of a section of cornea from the control group,
shows the stratified squamous nonkeratinized corneal Epithelium
formed of normal cell layers. The basal epithelial cells are columnar
with oval nuclei resting on Bowman’s membrane. The Stroma is
formed of parallel arranged collagen bundles with spindle-shaped
keratocytes in between (Figure 2A).

In the histopathological examination of the atropine group,
inflammation of the epithelium and infiltration of inflammatory
cells, degeneration and necrosis are significant and extensive. In
the stroma area, the collagen fibers are very distant and the fibers
are disintegrated. The nuclei of epithelial cells are hypertrophied
in areas without necrosis. Keratinocytes are destroyed and necrotic
(Figure 2B).

In the atropine and solvent group, the epithelium is inflamed and
has necrosis and local destruction, and the nuclei of the basal cells
are hypertrophic. In the stroma, the distance between the collagen
fibers is large and they are moderate to severely edematous.

Keratinocytes are hypertrophic and out of spindle state. Few
inflammatory cells are seen. Descemet’s membrane is slightly
damaged and thinner than the healthy control group (Figure 2C).

The destruction of the epithelium in atropine and %1 extract is
mild, but destruction is still observed. The nuclei of the basal cells
are hypertrophic. The distance between the collagen fibers is less
than the previous two groups and they have mild edema. Few
inflammatory cells are seen. Keratinocytes are observed as spindle
shaped and slightly hypertrophic (Figure 2D).

In the of atropine and 2.5% extract group, inflammation is much
less and hypertrophy is mild. The distance between collagen
fibers is reduced and spindle-shaped keratinocytes are observed.
Infiltration of inflammatory cells is not observed (Figure 2E).

Destruction of the epithelium is very mild in the group receiving
atropine plus %5 extract. Collagen fibers are observed parallel in
most areas. Keratinocytes are spindle-shaped and infiltration of
inflammatory cells was not observed (Figure 2F).
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Figure 2: Corneal Tissues Stained with h&e Method (40x). Histopathology of Corneal Tissuesfrom Control Group (a), Atropine Group
(b), Atropine and Solvent Group (c), Atropine and%!1 Extract (d), Atropine and %?2.5 Extract (¢) and Atropine and %5 Extract (f):
Inflammatory Cells Infiltration (i) and Extensive Epithelium Degeneration and Necrosis (n) are Presented in Atropine Group. Collagen
Fibers (g) and keratinocytes (k), Hypertrophic Nuclei in Epithelial Basal Cells (h), Descemet's Membrane (de). Bar is Equal to 20 um

3. Discussion

DES is a common eye problem that can reduce vision function
and quality of life. The two main mechanisms involved in dry
eye disease are increase in tear osmolarity and ocular surface
inflammation. Activation of inflammatory mediators leads to
cellular apoptosis, glycocalix mucin loss, and epithelial damage
that result in tear film instability [11]. Oxidative stress also can be
an important factor in the development of dry eye disease such as
inflammation [15]. Lubricants, which are usually prescribed as the
first line of treatment for dry eye, are recommended at all levels
of disease severity. There are several formulations of lubricating
eye drops that can adequately relieve the symptoms of dryness and
serve therapeutic purposes [9-11].

For many years, the rabbit was generally the preferred animal
model for eye research. But in recent years, mice have been widely
used in cornea research and studies related to other eye areas such
as retina and lens. The advantages of using mice are that it is
easy to breed, grows quickly, and is affordable [16]. An obvious
disadvantage of the mouse as a dry eye model is that the diameter
of its cornea is much smaller than that of humans. However, the

mouse cornea is histologically very similar to the structure of the
human cornea [16-18].

The cornea is a clear, avascular tissue that protects the structures
inside the eye, acts as a protective barrier against fluid loss and
pathogen penetration, and provides a transparent environment for
vision [17]. The corneal epithelium is the outermost tissue of the
eye, which is often attacked by physical, chemical and pathogenic
environmental pollution and undergoes repeated damage and
repair. Continuous replacement of epithelial cells is essential to
ensure its function as a protective barrier [19].

The chemical composition of Ajwain fruit essential oil is influenced
by various factors. Different parameters such as geographical
region, soil type and extraction method (pressure, temperature and
extraction time) have a significant effect on the percentage and
composition of essential oil [20].

Usually, thymol and carvacrol are the main components of ajwain
essential oil and may be extracted between 35 and 60%. The non-
thymol (thymen) part of the extract contains paracymene, gamma-
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terpinene, alpha-pinene, betapinene, alpha-terpinene, styrene,
delta-3-carene, betaphilendrene, terpinen-4-1 and carvacrol. On
the other hand, in a research, carvone, limonene and dilapiol were
introduced as other essential oil compounds [14,21].

Plants produce an extraordinary variety of phenolic metabolites
that contain one or more acidic hydroxyl moieties attached to an
aromatic arene (phenyl) ring. Phenolic compounds are secondary
metabolites that are synthesized in plants. They have biological
properties such as: antioxidant, anti-apoptotic, anti-aging, anti-
cancer, anti-inflammatory, anti-arteriosclerosis [22]. Phenolic
compounds are excellent absorbers of oxygen radicals because the
reduction potential of phenolic radicals is lower than the reduction
potential of oxygen radicals and also phenoxyl radicals are
generally less reactive than oxygen radicals. Therefore, phenolic
compounds can eliminate reactive oxygen intermediates without
causing more oxidative reactions [23].

Eye drops containing herbal extracts for the prevention and
treatment of dry eye are currently under examination and as well
as artificial tears, can be effective in relieving the symptoms of
dry eye. Although hundreds of plants are used to prevent or treat
diseases, there is no clinical evidence in most cases.

Potential mechanisms by which TA aqueous extract may improve
ocular surface disease in dry eye were not evaluated in this study,
but anti-inflammatory effects of TA have been demonstrated in
several studies [14,24,25,26]. Accordingly, both total alcoholic
extract and total aqueous extract possess in vivo significant anti—
inflammatory effect [27].

4. Conclusion

In this study we found that eye drops containing Trachyspermum
ammi L. fruit's aqueous extract can be beneficial in improving
atropine induced dry eye. Pathological investigation demonstrated
significantly reduced inflammation, and improved dry eye induced
damages in the cornea of mice specially with daily use of eye
drops containing Trachyspermum ammi L. fruit's aqueous extract
5% extract.
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