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Abstract
Carrageenan induced oxidative stress develops retinal damage and increases lipid peroxidation.
Glycation of the lens proteins increases modified proteins and may affect the lens structural integrity and
opacification, after increasing glucose concentration in the lens. Trimetazidine (TZ) has been reported to
have cytoprotective anti-ischaemic activity after systemic administration in an animal model.
Trimetazidine ophthalmic film formulation has been prepared using HPMC as the hydrogel-forming
polymer. The cytoprotective role of trimetazidine has been studied on carrageenan-induced retinal
damage of rat eye by histologicaland Malondialdehyde (MDA) assay applying sterilized film formulation.
Trimetazidine solution was used in combination with a high concentration of glucose solution (55 mM)
for examining the protective effect from cataract formation. Formulation showed controlled and extended
ophthalmic permeation of the drug for about 5 h. Damage of retinal cells in the ganglionic layer has been
decreased significantly in the trimetazidinetreated group. Drug treated control group also showed
significant disappearance of pyknotic cells. The addition of trimetazidine to the glucose medium
practically retarded the lens opacification by reducing the over-production of reactive oxygen species
(ROS) in increased sugar concentration. Presence of trimetazidine probably decreased the drop of protein
level in lens under stressed condition and greater preventive effect has been noticed with TZ
concentration of 240 µg/ml rather than 120 µg/ml. Trimetazidine ophthalmic film formulation could
prevent retinal damage and cataract formation.

Introduction
Oxidative stress plays a vital role in developing retinal diseases such as cataract, glaucoma, diabetes
retinopathy, macular degeneration, uveitis etc. In oxidative stress, an excess amount of reactive oxygen
species (ROS) generated lead morphological and functional impairments in retinal ganglionic cells [1,
2]. The carrageenan-induced ocular inflammation has been well accepted oxidative stress model which
increases lipid peroxidation with an end product of MDA and also reduces the antioxidant level during the
acute phase of inflammation in cells [3]. In the acute inflammation process, the leukocyte emigration
(diapedesis) occurs and the inflammatory mediators including neutrophils adhere to the endothelium
releasing protease and reactive oxygen species responsible for cell damage [4].
Loss of lens transparency associated with multi-factorial oxidative stress such as hypertension, smoking,
diabetes and others leads to cataract formation. The aetiology involves in hypertensive cataract is the
decrease in Na+K+ Adenosine Triphosphate activity in the lens epithelium [5]. Oxidative damage of the
lenticular component occurs due to the aromatic compounds present in the inhaled smoke [6]. The
oxidative stress prevents glutathione and other protective antioxidants from reaching the nucleus of the
lens which leads to cataract formation [7]. In some cases mutations in enzymes of cholesterol
metabolism brings aboutincreased accumulation and redistribution of cholesterol inside these cells
causing cataract formation [8]. Increased reactive oxygen species level (ROS) and decreased antioxidant
efficiency are the major causes of the pathogenesis of cataract formation in chronic diabetic condition. In
diabetic condition excess amount of sugar is reduced by aldose reductase forming sorbitol (an alcoholic
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form of sugar) followed by fructose formation. Glucose moves freely across the lens and also the retina
cell membrane due to the insensitivity of insulin [9]. But the produced sorbitol does not diffuse through
the membranes easily causing oxidative stress, osmotic damage and increased sodium ion accumulation
leading to cataract formation [10, 11].
Deamidation, glycation truncation, and oxidation have all been identified as covalent modifications
associated with lens protein damage by proteomic analysis [12, 13]. Deamidation is one of the most
common crystallin degradation mechanisms, giving a negative charge to the protein by converting
glutamine residues to glutamate. Asparagine is likewise deamidable, and both residues are altered in
cataractous aggregates [14, 15]. Several oxidation sites on the crystallins have been discovered, with
tryptophan, cysteine, and methionine residues being targeted. In aged cataractous lenses, certain cysteine
residues on b/g-crystallins were shown to be oxidized [16]. Experiments indicating that the presence of an
oxidised crystalline peptide enhanced aggregation of both b and g-crystallins imply that truncation
events may induce more significant for protein destabilization [17]. Due to oxidative stress, ROS can
attack the amino acid residues, resulting in oxidation of side chains and/or breakage of polypeptide
bonds. This affects the non-covalent interaction that holds the protein together correctly, causing protein
destabilization and perhaps causing the protein to unfold. Uncontrolled glucose level in the lens can
directly cause protein glycation and affects the chaperone function by destabilizing a-crystallin
generating adducts, and alters the biological characteristics of the protein.
TZ a class of metabolic modulator is commonly used as an anti-anginal agent [18]. It exhibits a short
elimination half-life of about 3 to 4 h and needs frequent oral administration of 3 times daily [19-21].
Cytoprotective anti-ischaemic activity of TZ has been reported after intraperitoneal [22] and oral [23]
administration. Trimetazidine inhibits Na+, Ca+ accumulation, cell acidosis at the molecular level and
decreases the production of free radicals, and expected to retard the progression of cataract formation if
delivered topically [23, 24]. Trimetazidine has been reported to act as a protective agent in retarding
selenite induced lens opacification in neonatal rats (age 8 to 10 days) before eyelid opening after ip
administration [25, 26]. Selenite induced cataract model studies are laborious and time-consuming also
(72 to 96 hours) [27]. After eyelid opening selenite cannot induce lens opacification even in high dose
administration [28]. In vitro glucose inducing cataract model could provide a fast and effective model on
the isolated lens of goat [29].
Present research was undertaken to develop a thin hydrogel-forming trimetazidine film formulation for
ocular administration in the cul-de-sac. The cytoprotective role of trimetazidine has been studied on
lipopolysaccharide-induced retinal damage in a rat eye model. The effects were analyzed by
Thiobarbituric acid reactive substances (TBARS) assay and histological study [30, 31]. Current study was
also focused on investigating the protective effect of TZ if any in a glucose-induced in-vitro cataract
model on isolated goat eye lens after local application.

Experimental
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Materials
Trimetazidine dihydrochloride was collected as a free sample from Medley Research Centre (Mumbai,
Maharashtra), Hydroxypropyl methylcellulose (HPMC K 15M) was purchased locally from Burgoyne and
Co (Mumbai, India). Triethanolamine was purchased from HIMEDIA, Mumbai, India. All other chemical
reagents used were of analytical grade.
Animal
Institutional animal ethics committee (IAEC) approval has been taken for this animal experiment
[Approval No.IAEC/SPS/SOA/04/2020] for Control and Supervision of Experiments on Animals (CPCSEA)
Guidelines, India. Westar male rats between 170-200 gm were taken and kept under constant
environmental condition of 22 ± 1 °C (RH 50-60 %) with natural light. Animals were fed normal laboratory
diet and water ad libitum. All the animals were healthy and free from clinically ocular abnormalities.
Fabrication of Trimetazidine Ocular Film
HPMC K 15M was swelled in the presence of an adequate amount of water (1 gm/40 ml) in refrigeration
condition for 12 h. The swelled gel was stirred magnetically for 24 h. Trimetazidine and triethanolamine
were dissolved in a small amount of water and poured into the HPMC dispersion with continuous stirring
for 3-4 hour. Trimetazidine ocular film formulation was prepared by casting and solvent evaporation
method on Petri plate (Tarsons, diameter: 90 mm). Drying was done at 40 °C in an incubator until the
consecutive weighings were not varying. The thickness of the film formulation was measured by a digital
micrometer (Mitutoyo, Japan). Folding endurance was conducted by repeated folding a piece of film at
the same place until it breaks. The surface pH of the film was measured by dipping the pH meter’s glass
electrode inside the swelled segment of the film formulation [32].
Infrared Spectroscopy Analysis
Infrared spectroscopy analysis of trimetazidine and the prepared TZ filmformulation was carried out in
FTIR-Spectrophotometer (Model-JASCO FTIR-4100, Japan) by usingthe KBr pellet method.
Differential Scanning Calorimetry (DSC)
Differential scanning analysis of pure trimetazidine and the film wasperformed by differential calorimeter
(DSC-1, Mettler Toledo; Software- Star E, SNR- 18289) within a range of 30-300 °C in a constant heat flow
of 10 °C per minute in continuous nitrogen purging of 50 ml per min.
Dissolution study
Assessment of the in vitro drugrelease was done by USP type-II (Paddle type) dissolution apparatus
(Electrolab TDT067 Dissolution tester). Accurately weighed a suitable cut piece of film was glued properly
onto a glass slide by using adhesive (cyanoacrylate) and merged completely inside the dissolution vessel
containing 200 ml phosphate buffer (pH 7.4) as dissolution medium. Dissolution test was carried out at
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temperature 34.0 ± 0.5 °C with 50 rpm paddle rotation speed. Samples were withdrawn as per
predetermined time intervals and analyzed spectrophotometrically at lmax 269 nm after filtering through a
0.45 µm syringe driven filter [32].
Ex-vivo corneal permeation study
Goat eyeballs were acquired from a local slaughterhouse within 1 h after sacrificing. These were properly
rinsed with distilled water followed by phosphate buffer (pH 7.4). The cornea along with about 5 mm
wide sceral ring was excised from ocular globe of goat and again rinsed with phosphate buffer solution.
A pre-weighed circular cut piece of film was placed on the middle of the epithelial corneal surface and
faced towards the donor compartment side of the diffusion chamber with an effective surface area of
1.56 cm². Endothelial side compartment was filled with phosphate buffer (pH 7.4, 200 ml) and ex vivo
corneal permeation was carried out for six hour at 34 ± 2 °C under steady stirring speed of 50 rpm. At the
regular time interval, 10 ml of samples were withdrawn after filtering through a 0.45 µm syringe driven
filter. Absorbance was recorded at 269 nm using a Ultra-Violet visible spectrophotometer (JASCO V-630).
The experiment was triplicated and mean ± SD were recorded [32].
Oxidative stress
Wistar male rats were divided into three groups containing 3 animals each.Group-I was served as a test
group (a small piece trimetazidine film (2 mg/Kg dose) previously sterilized by UV exposure, followed by
carrageenan injection after 1 h), Group-II was served as + ve control group (not drug-treated), and Group-III
was served as a control group. Lipopolysaccharide (carrageenan solution 20 µl, 2 % w/v) was injected
into the sub-conjunctiva (upper palpebral region) in the rat eye for induction of oxidative stress [33].
Before commencing sub-conjunctival injection, the rats were anaesthetized with an intraperitoneal
injection (0.1 ml/100 g of rat weight of ketamine-xylazine mixture at 91 and 9.1 mg/kg respectively) [34].
The sign of reddening of the conjunctiva followed by tearing was visualized. The rats were euthanized
within 1 h of carrageenan injection under a higher dose of thiopental sodium anaesthesia. Then the
eyeballs were removed to carry out histology and Malondialdehyde (MDA) (a product of lipid
peroxidation) assay.
Histopathological examination
Histological evaluation was performed by taking the rat eyes which were enucleated and firmly place in
paraffin. The sections were obtained in the inferior portion and the vertical meridian of the eyeball. Each
paraffin block was sectioned with 5 µm and staining was done using hematoxylin and eosin. The
histopathology of the specimens was examinedusing a photo microscope Olympus make model Magnus
MLX-TR with a digital camera.
Determination of lipid peroxidation
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Lipid-peroxidation was carried out to measuring the MDA according to the Thiobarbituric acid (TBA) test
described by Yeh et al. 1990 with the following modification [30]. After treatment, the whole eyeballs were
homogenized with a one-tenth lens weight of 6 % perchloric acid (HClO4) at 0 °C by using a glass
homogenizer. The sample was then centrifuged for 15 minutes at 4 °C and 200 µl of supernatant was
separated in a test tube. In the test tube 42 µl ofsodium acetate (5 mol/l), 200 µl of 8 % sodium lauryl
sulphateand 200 µl of thiobarbituric acid (0.8 %) were added. The tube was then placed into a heating
block at 95 °C for 50-60 min and cooled with tap water. Butanol and pyridine mixture (15:1) of 2.5 ml and
distilled water 0.5 ml was added over the sample mixture and centrifuged at 4000 revolutions per min.
At lmax of 532 nm the absorbance of the organic layer was measured and MDA level was estimated in
nmol per g on wet tissue.
Lens culture
Fresh goat eyeballs were acquired from a local slaughter house and stored in refrigeration condition
(about 4 °C). The extracapsular method was adapted for the removal of the lens then collected lens were
incubated in simulated aqueous humour (NaHCO3 0.5 mM, KCl 5 mM, NaH (PO4)2 0.5 mM, CaCl2 0.4 mM,
NaCl 140 mM, MgCl2 2 mM and Glucose 5.5 mM, pH 7.8) at room temperature for 4 h. Streptomycin 250
mg % and penicillin 32 mg % were combined with the culture media to avoid microbial growth [35]. This
healthy normal isolated lens was used as control (Group-I). A high concentration glucose of 55 mM was
used to induce cataract of the isolated lens (Group-II) [35]. In the drug-treated group trimetazidine solution
was used in combination with glucose solution for examining the protective effect of cataract formation.
Here, Group-III Group-IV were served as treatment group with trimetazidine (120 µg/ml, and 240 µg/ml)
incubation of lens both in combination with glucose (55 mM) respectively.
Lens protein Content
The protein estimation of the samples was carried out as per Lowry et al.1951 technique, with bovine
serum albumin serving as the standard [36].

Results And Discussion
Film properties
Prepared films were found of uniform thickness (86 ± 5 µm) with an almost transparent appearance.
Surface pH was found (7.0 to 7.2) to be very much compatible and nonirritant to the eye. Prepared film
formulations have shown good folding-endurance (>200) and not brittle and soft enough to produce
sufficient flexibility upon placing in the ocular cul-de-sac because of the presence of triethanolamine as a
plasticizer.
FTIR
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The FTIR spectrum of trimetazidine showed the characteristic bands of –CH stretching, -NH2 bending, OH stretching, -CH bending, and -C-O stretching at 2923, 1600, 3489, 1415, and 1099 cm-1 respectively
(Fig. 1a) [37, 38]. The spectrum obtained of the film formulation indicates the presence of the
characteristic peaks of the drug at almost the same wavenumber. In the film formulation (F) the
characteristic -NH2 bending peak at 1600 shifted to 1587 cm-1 with a decreased intensity. The broadening
of the absorption band in the range of 3400-3200 cm-1 was observed due to the presence of polymer.
Shifting and broadening in the film formulation ismajor evidence of H-bond formation due to the
interaction between drug and polymer [37].
Thermal analysis
Thermal analysis of pure trimetazidine showed a sharp melting endothermic peak at 236.13 °C with the
onset of melting of 228.48 °C confirming its crystalline characteristics (Fig. 1B). Shifting of the
endothermic melting peak with significantly reduced enthalpy is a sign of amorphous formation of the
drug crystals to a marked extent in the formulated film [39]. It might have happened owing to the
arresting of the drug amorphous state into the HPMC matrix [40]. A wide endothermic shouldering in
between 80 to 100 °C was observed due to the water evaporation from the film-matrix formulation
containing HPMC as the hydrogel-forming polymer matrix.
Drug release and corneal permeation
The result of drug release experiment of TZ from HPMC film in the dissolution medium (34 °C, pH 7.4) is
shown in (Fig. 1C). Drug release from the film has been continued for more than 180 min in a controlled
manner. Sustained ex vivo corneal permeation was also noticed to be continued morethan 5 h as
depicted in (Fig. 1D). Polymeric hydrogels are playing an important role in the recent development of
mucosal drug delivery system [41]. Hydroxypropyl methylcellulose (HPMC) is widely used in ocular drug
delivery because of its mucoadhesivity, biocompatibility and biodegradability. HPMC can increase the
retention time at the site of application on the mucosal layer of the cul-de-sac resulting in decreased
nasolacrimal drainage and improved ocular bioavailability. This polymer has also a role in ocular
protection and tolerability by avoiding conjunctival dehydration [3]. It is absorbed tear fluid from the
adjacent environment and entangles with the mucin of the conjunctiva which is resulting in a gel layer
followed by slowly releasing the entrapped drug.
Histopathologic examination
The histopathologic specimens of all three groups are depicted in (Fig. 2). Distinguished edema (inner
plexiform layer), degeneration of retinal ganglionic cell layer, and appearance of pyknotic cells in the inner
nuclear layer of induced rat eye retina were noticed. Retinal cell damage was clearly understood when
compared with the control group of histological specimens without drug treatment. The severity of
damage of retinal cells in the ganglionic layer has been decreased significantly in the drug-treated group.
The number of pyknotic cells were found also very few in the inner nuclear layer in the drug pretreated
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group.The cytoprotection activity of this drug might have acted by increasing metabolic process in the
cells followed by inhibition of Ca+2, Na+ accumulation. It helped in decreasing cell acidosis as well as the
production of free radicals.
Determination of lipid peroxidation
The enzymatic assay was performed to determine the MDA level induced by oxidative damage [42].
Malondialdehyde was measured as a marker of the free radical initiated oxidative stress damage. The
results of estimated MDA level in rat eye are reported in (Fig. 3). The mean MDA level of the positive
control (carrageenan-induced and without drug treatment), negative control (non induced and without
drug treatment), and test (carrageenan-induced and with drug treatment) clearly indicate the
cytoprotective effect on ocular tissue. The MDA level of drug-treated group was significantly reduced as a
comparison to the without drug-treated group. Trimetazidine was inhibited the boosting of MDA label of
the retinal epithelial tissue undergone by oxidative stress. It decreased the oxidative stress that happened
during the carrageenan injection, indicated as a partial reduction in ROS [43].
Physical appearance of lens
Oxidative stress condition has been induced in the lenses after incubating isolated lenses in glucose
medium of 55 mM. In oxidative stressed condition, denaturation and aggregation of lens proteins have
been progressed resulting in the precipitation and opacification of the lens. Accumulation of sorbitol in
the induced lens produced opacity.
During oxidative stress, the lens proteins denature which forms disulfide cross-linking causing disulfide
and mixed disulfide bond formation, resulting inprotein aggregation and precipitation leading to lens
opacification after increasing glucose concentration in the lens [44]. The use of trimetazidine acted as an
antioxidant and retarded the formation of cataract. The preventive role of trimetazidine hydrochloride has
been demonstrated photographically in (Fig. 4a-d). Trimetazidine inhibits beta-oxidation of free fatty
acids and stimulates glucose oxidation, (conversion of glucose into energy further reduces glucose
amount locally) in the lens and possibly inhibits the cataract formation.
Histology of lens
The histopathological profile of the lens is depicted in (Fig. 5a-b). In the control group, the presence of
normally configured anterior epithelium, lens fibers and capsule are clearly visible. But, in the case of
induced group, anterior epithelium is almost absent [45]. According to the distribution of fibres in induced
group, the fragmentation of fibers have occurred [46] while in drug treated group, retardation of the
epithelial cell loss and fibers fragmentation was clearly visible. In diabetic condition, accumulation of
sorbitol ocurs which leads to increases the water volume in lens follwed by raises the osmotic pressure
and rupturing of the lens fiber.
Lens protein Content
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Effect of Trimetazidine on protein level in isolated goat lens has been depicted in Fig. 6. Under oxidative
stress condition lens protein denatures and forms disulfide cross-links resulting in protein aggregation
and lens opacification. In TZ-treated group the protective effect has been observed by preventing protein
denaturation and aggregate formation. Presence of trimetazidine might have decreased the drop of
protein level in lens under stressed condition. The protein level of cataract induced lens (Group-II) has
decreased significantly as compared to control lens (Group-I) at p value 0.0075. Cataract induced lens
protein has statistically significant with treated lens protein Group-III (p= 0.0190) and group-IV
(p=0.0114). In presence of trimetazidine lens protein level has not been decreased significantly in both
the Group-III (p=0.0509) and Group-IV (p=0.2530) at concentration 120 µg/ml and 240 µg/ml respectively.
Better preventive effect has been observed with TZ conc. 240 µg/ml compared to 120 µg/ml.

Conclusions
The polymeric film of trimetazidine was produced of adequate strength and flexibility to meet the patient
compliance. DSC thermogram revealed that the crystalline drug was almost amorphised in the film
formulation. Controlled ex vivo ocular permeation of the drug was observed from the film formulation for
about 5 h. Trimetazidine exhibited a marked effect in combating the oxidative stress and pyknotic cell
formation. The degenerative changes due to oxidative stress of carrageenan has also been prevented.
Trimetazidine ocular delivery prevented carrageenan induced retinal damage and glucose induced lens
opacification in vitro to a promising level. Presence of trimetazidine prevented the protein denaturation
and aggregate formation and also decreased the drop of protein level in the lens under stressed
condition.
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Figures

Figure 1
(a): FTIR spectrograms; (b): DSC thermogram of trimetazidine dihydrochloride and film formulation; (c):
Dissolution and (d): Permeation profiles of trimetazidine dihydrochloride and film formulation across
cornea at 34 °C
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Figure 2
Carrageenan injection in the upper palpebral region for oxidative stress induction in the rat eye (a):
placebo group after 1 hour treated with polymeric film without drug; (b) positive control group after one
hour after treated with polymeric film with drug; (c) normal rat eye
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Figure 3
Trimetazidine effect on eye ball Malondialdehyde level of carrageenan induced (oxidative stress) rats.
Group 1, control rats; Group 2, untreated carrageenan induced rats; group 3, carrageenan induced rats
treated with trimetazidine. Each value was repeated three times. The value for stress induced rat is higher
from normal control value at significance level of *P<.001. The value for the trimetazidine treated rats is
almost similar without any remarkable difference from normal control rat (†P<0.050). The value for
trimetazidine treated rats with carrageenan induced rats is different at a level significance of ‡P<0.050.
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Figure 4
(a) Group I: Complete cataractogenesis incubation in glucose 55 mM (Absolute loss of transparency); (b)
Group II: Incubation of normal lens in glucose 5.5 mM (Transparency maintained); (c) Group III: Treatment
group incubation in glucose 55 mM + 240 µg/ml, lens opacity developed slightly; (d) Group IV: Treatment
group incubation in glucose 55 mM + 120 µg/ml, more lens opacity developed as compared to Group III
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Figure 5
Histological photographs of goat lens sections stained with hematoxylin and eosin; (a) Group-I: Normal
lens histology, presence of anterior epithelium (black arrow) with lens fibre normal orderly configuration
and fibre nuclei (yellow arrow); (b) Group-II cataract induced lens histology, fragmentation of lens fibre
(yellow arrow), absence of anterior epithelium (black arrow); (c) Group-III: Treated lens histology,
appearance of anterior epithelium (black arrow) and retardation fragmentation of fibre (yellow arrow)
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Figure 6
Effect of Trimetazidine on protein level on isolated goat lens; all values are mean ± SD, n=3; Statistical
comparison was performed using student t-test. Four groups are consider here; (a) Group-I served as
control group, (b) Group-II served as cataract induced group, (c) Group III: Treatment group incubation in
glucose 55 mM + 120 µg/ml (d) Group IV: Treatment group incubation in glucose 55 mM + 240 µg/ml,
Group-I is statistically significant than Group-II at significance level p = 0.0075, where Group-I is not
significantly difference with treatment Group-III (0.0509) and Group-IV (0.2530). Group-II is significantly
higher from the treatment group-III (0.0190) and group-IV (0.0114) at the bracketed significant level.
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