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ABSTRACT

Ocular diseases affect individuals across all demographics, with certain populations being more susceptible to specific conditions.
Common ocular diseases, such as glaucoma, diabetic retinopathy, uveitis, dry eye disease, thyroid-associated orbitopathy,
bacterial keratitis, age-related macular degeneration, and cataracts, pose significant challenges in diagnosis and treatment. Early
detection and appropriate management are crucial to preventing vision loss and complications. The literature search was
conducted using five scientific databases including PubMed, Google Scholar, Scopus and Web of Science to identify peer-
reviewed articles and authoritative sources published between 2005 and 2025. The review focused on the mechanisms of action
and adverse drug reactions associated with therapeutic agents for common ocular diseases. The review highlights current
pharmacological approaches for managing ocular diseases, emphasizing the mechanisms of action underlying therapeutic agents
and their impact on disease progression. A thorough understanding of these mechanisms is essential for optimizing treatment
efficacy while minimizing adverse drug reactions. Effective management of ocular diseases requires a multifaceted approach
involving early detection, patient education on treatment adherence, and innovative therapeutic strategies. This review provides
valuable insights for medical students and healthcare professionals to enhance their understanding of clinical pharmacology in
ocular disease management.
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INTRODUCTION

Vision impairments are highly prevalent, affecting approximately 2.2 billion people globally, with around 36 million individuals
being blind and an estimated 217 million experiencing moderate-to-severe visual impairment (Bourne et al., 2017; Organization,
2019). Age-related vision loss is a leading cause of disability among ageing adults, primarily resulting from eye diseases such as
macular degeneration, cataracts, glaucoma, and diabetic retinopathy (Ye et al., 2025). These diseases significantly impact the
quality of life of elderly people worldwide. Therefore, understanding their medical management demands more effort and
attention from both basic and clinical fields (Jacobsen et al., 2025). Significant achievements have been made in the discovery of
ocular pathological mechanisms and the management of ocular diseases (Kumar Jr et al., 2024). Among critical concerns on this
are the mechanism of action and adverse effects of the drugs. This paper provides a concise guideline to medical students and
healthcare practitioners by discussing the current therapeutic management of common ocular diseases, with a particular focus on
the mechanisms of action and adverse drug reactions associated with these treatments. Looking at the importance of early referral
in many of the ocular diseases cited in this review, primary care physicians should understand medical treatments for common
ocular diseases.

LITERATURE SEARCH

The literature search was conducted across five scientific databases including PubMed, Google Scholar, Scopus and Web of
Science. The search aimed to identify studies focusing on the medical management of common ocular diseases, specifically the
mechanisms of action and adverse drug reactions of therapeutic agents. The search terms used included combinations of Medical
Subject Headings (MeSH) and free-text terms such as "ocular diseases,"” "glaucoma,"” "diabetic retinopathy,” "uveitis," "dry eye
disease," "thyroid-associated orbitopathy,” "bacterial keratitis," "age-related macular degeneration,” "cataracts,” "drug therapy,"
"mechanism of action," and "adverse drug reactions." Boolean operators (AND, OR) were used to refine the search queries,
ensuring a comprehensive retrieval of relevant articles.
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Selection and Eligibility Criteria

Inclusion Criteria: The review included peer-reviewed articles, books, and book sections published in English from the last 20
years (2005 to 2025). Eligible studies comprised clinical trials, meta-analyses, reviews, observational studies, and authoritative
books that discussed the mechanisms of action and adverse drug reactions of treatments for common ocular diseases. Articles and
book sections focusing on the pharmacological management of ocular conditions such as glaucoma, diabetic retinopathy, uveitis,
dry eye disease, thyroid-associated orbitopathy, bacterial keratitis, age-related macular degeneration, and cataracts were
considered.

Exclusion Criteria: Studies were excluded if they were non-English publications, case reports, editorials, letters to the editor, or
conference abstracts. Additionally, articles focusing solely on surgical interventions without discussing pharmacological
management were excluded. Studies not related to the medical management of ocular diseases were also excluded.

Search Process and Data Extraction

The search process involved several steps to ensure a thorough and systematic review. Initially, an exhaustive search was
performed in each of the selected databases using the predefined keywords and search terms. The titles and abstracts of the
retrieved articles were then screened for relevance, and duplicates were removed. Full texts of potentially relevant articles were
obtained and reviewed to ensure they met the inclusion criteria. Additionally, reference lists of the selected articles were manually
searched to identify any additional relevant studies not captured in the initial database search.

Data extraction was performed using a standardized form to capture key information from each study, including study design,
population characteristics, types of ocular diseases studied, therapeutic agents evaluated, mechanisms of action, reported adverse
drug reactions, and study outcomes. The extracted data were synthesized qualitatively to provide a comprehensive overview of
the current state of knowledge on the medical management of common ocular diseases. This structured approach ensures that the
review is systematic, comprehensive, and provides valuable insights into the mechanisms of action and adverse drug reactions
associated with therapeutic agents used in the treatment of common ocular diseases.

OCULAR ANATOMY AND FUNCTION

A normal eyeball is around 22 to 27 mm in front-rear diameter and is 69 to 85 mm in perimeter. The human eye comprises 3
main layers: an outermost supporting layer, a middle uveal layer and an interior layer (Kels et al., 2015; Malhotra et al., 2011,
Snell & Lemp, 2013; Stjernschantz & Astin, 2019). The outermost layer consists of the transparent cornea, the opaque sclera, and
the limbus, which is the zone where the cornea and sclera interdigitate (Brooks & Plummer, 2022). The cornea serves as the
transparent shield of the eye, transmitting and refracting light. It seamlessly connects with the sclera, the white outer coat that
encases the whole eye (Cholkar et al., 2013; Walker et al., 2020) (Figure 1). The middle uveal layer makes up the central vascular
network layer of the eyeball, which involves the ciliary body, iris, and choroid. The iris and ciliary body are located in the anterior
part of the eye, whereas the choroid covers the posterior portion of the eye and is positioned between the retina and sclera (Jnawali
etal., 2018; Kels et al., 2015). The iris regulates the amount of light entering the eye through dilation and constriction of the pupil
(Chaudhary & Pelz, 2019). The ciliary body is attached to the lens and helps to change the shape of the lens to accommodate the
focus for objects to be visualized (Galloway et al., 2016). The inner layer contains the retina which receives the light rays and
converts them to electrical impulses that are transferred to the brain through the optic nerve (Nadal-Nicolas et al., 2018).

The eye can be divided into three chambers: the anterior, posterior, and vitreous chambers (Kels et al., 2015; Malhotra et al.,
2011; Snell & Lemp, 2013). The anterior chamber is anteriorly bounded by the cornea and posteriorly by the iris and the anterior
part of the crystalline lens, which is not covered by the iris (Khadamy, 2025). The posterior chamber is located between the iris
and the lens. It is bounded peripherally by the ciliary bodies. Aqueous humour fills the anterior and posterior chambers. The
vitreous chamber is bounded anteriorly by zonular fibres, the ciliary body, and the posterior aspect of the crystalline lens and
posteriorly by the retina and optic nerves (Kels et al., 2015; Malhotra et al., 2011; Snell & Lemp, 2013; Stjernschantz & Astin,
2019). The vitreous chamber is filled with vitreous humour (Yigit et al., 2025).
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Figure 1 Anatomical Structure of the Eye. Modified from Terfera and Jegtvig (2012).
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OCULAR DRUG DELIVERY

Delivering drugs to the eye poses unique challenges due to its intricate anatomy and various protective barriers (Bairagi et al.,
2025). The methods of ocular drug administration can be broadly categorized into local and systemic routes (Gote et al., 2019;
Shah et al., 2010). Local administration includes topical eye drops and intravitreal injections, while systemic routes encompass
oral and parenteral administration (Sarkar et al., 2025). Among these, oral and topical routes are the most popular due to their
non-invasive nature.

The oral route is favored for treating chronic eye conditions as it is non-invasive (Gaudana et al., 2010; Yavuz & Kompella,
2017). Drugs administered orally can reach the choroidal circulation, though they are less effective in penetrating the retina
(Gaudana et al., 2010). This is because the choroid, with its rich vascular network, allows drugs from the systemic blood to enter
more freely compared to the retinal capillaries (Gaudana et al., 2010; Kang-Mieler et al., 2020). Therefore, a targeted delivery
system is necessary to ensure drugs reach the retinal tissue effectively (Panda et al., 2025). However, the delivery of drugs to the
eye via oral administration is limited by static blood-tissue barriers, such as the endothelium and epithelium, as well as rapid
vascular clearance mechanisms (Yavuz & Kompella, 2016).

Topical administration, commonly in the form of eye drops, is widely used for various ocular diseases (Agarwal et al., 2016).
This method is non-invasive, convenient, and generally well-accepted by patients (Yavari et al., 2025). However, targeting
posterior segment diseases with topical eye drops is often inadequate due to anatomical and physiological barriers that affect drug
bioavailability (Agarwal et al., 2016). Recent advancements in ocular drug delivery aim to overcome these limitations. Polymeric-
based, sustained-release drug delivery systems have been developed to maintain therapeutic drug levels over extended periods.
These systems, which include biodegradable implants, nanoparticles, and nano micelles, provide targeted and controlled drug
release, enhancing bioavailability and reducing dosing frequency (Kang-Mieler et al., 2020; Patel et al., 2013). Improved
formulations and specialized drug delivery systems have been designed to increase the ocular bioavailability of topically applied
drugs (Yellepeddi & Palakurthi, 2016). For instance, according to Johannsdottir et al. (2018), cyclodextrin micro-suspensions
have been used to deliver dexamethasone to the posterior part of the eye, with ultra-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS) detecting the drug in the tissues of the posterior segment. Additionally, nanotechnology-based
carriers are being explored for their ability to entrap both hydrophilic and lipophilic drugs, improve ocular permeability, and
sustain drug residence time (Bachu et al., 2018; Kang-Mieler et al., 2020).

MEDICAL MANAGEMENT OF OCULAR DISEASES

Ocular diseases such as glaucoma, diabetic retinopathy, uveitis, dry eye, thyroid eye disease, bacterial keratitis, wet AMD and
cataracts need knowledge of their type, aetiology, and evolution. Current management of these diseases involves early detection,
specific management and regular follow-up to avoid sight-threatening complications (Raj et al., 2025). Pharmacological
management, laser therapies, surgical intervention, lifestyle changes, and other treatments are available based on the disease type
and the patient’s condition. These strategies are enhanced by scientific progress and developments in medical technology which
enable better results and quality of life for the patients suffering from ocular diseases.

5.1 Glaucoma
Glaucoma comprises a heterogeneous group of diseases characterized by progressive optic neuropathy and visual field loss and
is the leading cause of irreversible blindness worldwide (Stein et al., 2021; Tham et al., 2014). The global prevalence of glaucoma
is estimated at 76 million, projected to increase to 112 million by 2040. The precise pathogenesis of primary open-angle glaucoma
(POAG), the most common form of the disease, is not fully understood, but the final disease pathway is marked by retinal ganglion
cell apoptosis and optic nerve fibre loss (Stein et al., 2021). Prevailing hypotheses implicate intraocular pressure (IOP)-mediated
mechanical stress, as well as various ocular vascular risk factors, as mediators of this process (Jin et al., 2025).

Glaucoma management mainly entails the control of IOP due to its damaging effects on the optic nerve (Li et al., 2022; Lusthaus
& Goldberg, 2019). This is done pharmacologically using prostaglandin analogues, beta-blockers, alpha-adrenoceptor agonists,
and carbonic anhydrase inhibitors (So et al., 2025). When medical management is inadequate, surgery such as trabeculectomy
and laser therapy are used. Minimally invasive glaucoma surgeries (MIGS) are also created for patients with moderate glaucoma
because they have fewer complications and a shorter recovery period (Cheema & Cheema, 2024; Senjam, 2020).

Table 1 Drugs used for glaucoma

Classes Generic Name Mechanism of Action Adverse Drug Reaction

Prostaglandin analogues Latanoprost Decrease 10P mainly by Local: Permanent iris and
Bimatoprost inducing increased outflow of  eyelash pigmentation,
Travoprost uveoscleral agueous humour.  cystoid macular oedema,

anterior uveitis,
conjunctival congestion

Systemic: Hypertension

B Blocker Timolol Blocking of B-adrenergic Local: Superficial punctate
Betaxolol receptors leading to keratitis, corneal
a) | AH anaesthesia, burning,
production stinging, dry eyes.
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b) 1T AH
outflow by reduced
outflow resistance

Systemic: Bronchospasm,
hypotension, bradycardia.

oz2adrenergic stimulant

Brimonidine
Apraclonidine

Stimulation of o, adrenergic
receptor causing:
a) | AH production
b) 1 AH outflow by
reduced outflow at the
non-conventional pathway

Local: Ocular allergy,
conjunctival hyperaemia,
blepharitis

Systemic: Hypotension,
fatigue, dry mouth

Carbonic anhydrase
inhibitor

Dorzolamide (Topical)
Acetazolamide (Systemic)

Inhibition of carbonic
anhydrase enzyme reducing
AH production

Local: Stinging, blurred
vision, burning, periorbital
dermatitis, conjunctival
hyperaemia.

Systemic: Altered taste,
renal stones,
hypersensitivity.

Muscarinic receptor Pilocarpine Stimulation of muscarinic Local: Miosis, frontal
agonist receptors in the iris ciliary headache, accommodative
muscle leading to enhanced spasm, blurred vision.
aqueous outflow
Systemic: Excessive
cholinergic stimulation
such as lacrimation,
sweating, diarrhoea
Rho Kinase Inhibitor Ripasudil Inhibition of Rho Kinase Local: Hyperaemia,
Netarsudil causing: corneal deposition,
a) Enhanced  conjunctival haemorrhage
conventional AH
outflow Systemic: Constipation,
b) | AH headache, nausea
production
c) !
episcleral venous
pressure

5.2. Diabetic Retinopathy

Diabetic retinopathy (DR) is a common microvascular complication associated with diabetes mellitus, which leads to vision
impairment and blindness (Flaxman et al., 2017; Li et al., 2021). The global prevalence of DR among diabetic patients is
approximately 35%, with nearly 10% having vision-threatening disease (Kjersgaard et al., 2022; Yau et al., 2012). A strong
positive correlation has been observed between chronic hyperglycaemia and poor glycaemic control with the development and
progression of DR (Sadikan et al., 2021). With the increasing annual incidence of diabetes mellitus (Nanditha et al., 2016), a
higher number of DR cases is also expected in the future (Abougalambou & Abougalambou, 2015; Spaide, 2019).

DR management mainly involves the control of systemic diabetes to arrest the progression of the disease (Wang et al., 2024). In
the late stage, intravitreal injections of anti-VEGF agents like bevacizumab and ranibizumab are the mainstay of treatment, which
works on vascular endothelial growth factor to inhibit neovascularization and macular oedema. PRP is still a mainstay of treatment
for proliferative DR although vitrectomy is used in cases of severe complications such as vitreous haemorrhage or tractional
retinal detachment (Yang, 2025).

Classes

Table 2 Drugs used for diabetic retinopath

Generic Name

Mechanism of Action

Adverse Drug Reaction

Anti-VEGF
(Intravitreal)

Bevacizumab
Ranibizumab
Aflibercept

Block the VEGF molecules:

a) | abnormal
and harmful new
blood vessel
formation
(angiogenesis)

b) | the
leakage and swelling
of the retina in
diabetic macular
oedema

Local: eye redness,

dry or itchy eyes,

eye discomfort,
temporarily blurry vision,
and floaters.

Due to intravitreal
injection: extra sensitivity
to light,

eye pain, inflammation,
infection, detached retina,
cataracts
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c) Stabilization
of vision by
improving macular
thickness
Inhibit the production of
prostaglandins, leukotrienes,
enzymes, and cytokines:

Local:
Permanent iris and eyelash
pigmentation, cystoid

Triamcinolone acetonide
Dexamethasone
Fluocinolone acetonide

Corticosteroid
(Intravitreal)

a) retinal macular oedema, uveitis,
vascular leakage conjunctival congestion
b) oedema

c) protect the Systemic: Hypertension

blood-retinal barrier
(BRB) structure, by
maintaining the
vasomotor tone.

d) | VEGF and
TNFa production in
RPE.

5.3. Uveitis

Uveitis is the most common form of intraocular inflammatory disease, leading to 5-10% of visual impairment worldwide
(Miserocchi etal., 2013; Tsirouki et al., 2018). It can be anatomically classified into anterior uveitis, intermediate uveitis, posterior
uveitis, and panuveitis (Maghsoudlou et al., 2025). Etiologically, uveitis can be divided into infectious and non-infectious
categories, with non-infectious uveitis being more prevalent and including conditions such as acute anterior uveitis (AAU),
Behcet's disease (BD), and Vogt-Koyanagi-Harada (VKH) disease (Yang et al., 2005). Although the exact pathogenesis is still
unclear in many forms of uveitis, it is well-recognised that non-infectious uveitis involves both genetic predisposition and
environmental risk factors (Bertrand et al., 2019; Huang & Brown, 2022; Martin & Rosenbaum, 2005).

The management of uveitis aims to control inflammation, prevent vision loss, and minimize therapy side effects. Treatment
strategies depend on the underlying aetiology and severity of inflammation (Kjeersgaard et al., 2022). First-line management
typically involves corticosteroids, which can be administered topically, sub-conjunctival route, orally, or intravitreally depending
on the severity and location of the inflammation (Jimenez et al., 2025). For long-standing or persistent conditions,
immunosuppressive agents such as methotrexate or cyclosporine are used. Additionally, TNF-alpha inhibitors like infliximab or
adalimumab have been effective in controlling inflammation and preserving vision in non-infectious uveitis (Gilger et al., 2022).
The prognosis for uveitis is generally favourable with early detection and appropriate treatment. However, prolonged or
undertreated intraocular inflammation can lead to complications such as cataracts, glaucoma, and macular oedema, resulting in

permanent vision loss (Huang & Brown, 2022).

Classes

Table 3 Drugs used for uveitis

Generic Name

Mechanism of Action

Adverse Drug Reaction

Corticosteroid

(All corticosteroids share
common mechanisms of
actions

Only a few differences
between natural and
synthetic preparations
The drugs mentioned here
are synthetic.

Common MOA and
common ocular side
effects)

Prednisolone 1%
difluprednate 0.05%
(Topical)

Avrachidonic acid release from
phospholipids inhibits the
transcription and action of
cytokines, and limits B- and
T-cell activity. They are
indicated in inflammatory
diseases of a non-infectious
cause.

Local:

Ocular hypertension, thus
patients must be monitored
at 4- to 6-week intervals.

Fluocinolone (Intravitreal)
For refractory non-
infectious uveitis

Suppresses inflammation by
inhibiting multiple
inflammatory cytokines,
resulting in decreased
oedema, fibrin deposition,
capillary leakage, and
migration of inflammatory
cells

Corticosteroids inhibit
arachidonic acid synthesis by
inhibiting phospholipase A2
thereby inhibiting
biosynthesis of potent
mediators of inflammation
(e.g., prostaglandins,
leukotrienes)

Local:

Cataract, reduced visual
acuity, macular oedema,
eyelid oedema
ocular/conjunctival
hyperaemia, reduced visual
acuity, visual disturbance,
blurred vision, glaucoma,
conjunctival and vitreous
haemorrhage, abnormal
sensation in the eye,

eye irritation, maculopathy,
vitreous floaters, 1 tearing,

dry eye

Systemic:
Headache
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Triamcinolone
(Periocular)

| inflammation by
suppressing the migration of
polymorphonuclear
leukocytes and reversing
capillary permeability.

Local: All are injection-
related side effects.

Prednisone: (Oral)

Decrease inflammation by
reversing increased capillary
permeability and suppressing
PMN activity.

Eye:

Exophthalmos, glaucoma,
increased intraocular
pressure, posterior
subcapsular cataracts,
central serous
chorioretinopathy
Reproductive- Alteration in
motility and number of
spermatozoa
Dermatologic- Acne,
cutaneous and
subcutaneous atrophy, dry
scalp

Bone- Osteoporosis,
osteonecrosis

Endocrine- Abnormal fat
deposits, decreased
carbohydrate tolerance
Fluid and electrolyte
disturbances- Fluid
retention, potassium loss,
hypertension
Gastrointestinal-
Abdominal distention
General- Increased appetite
and weight gain
Metabolic- Negative
nitrogen balance
Musculoskeletal- muscle
weakness

Neurologic- depression,
emotional instability

TNF inhibitors Adalimumab Modulate the immune Systemic:
(non-infectious, response in patients with 1 Creatine phosphokinase,
intermediate uveitis, uveitis headache, rash, sinusitis
posterior uveitis and

panuveitis)

Cycloplegics Atropine It prevents muscle of the Local:

(Topical) ciliary body and sphincter Eye irritation, hyperaemia,

muscle of the iris from
responding to cholinergic
stimulation.

Cyclopentolate

It acts at parasympathetic
sites in smooth muscle to
block the response of the
sphincter muscle of iris and
muscle of ciliary body to
acetylcholine, causing
mydriasis and cycloplegia.

oedema

dry eyes, exudate, follicular
conjunctivitis, vascular
congestion, dermatitis,
blurred vision, 1 intraocular
pressure

Systemic:

Hyperreactive response in
Down's syndrome children
(atropine), drowsiness

Immunosuppressive
agents: antimetabolites
(Systemic)

Azathioprine

It is a nucleoside analogue
that interferes with DNA
replication and RNA
transcription.

Systemic:

Nausea, Leukopenia,
infection, lymphoma,
fatigue,
arthralgias/myalgia,
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It decreases peripheral T-
lymphocyte and B-
lymphocyte count and
reduces lymphocyte activity.

bone marrow suppression
causing pancytopenia,
thrombocytopenia,
leukopenia

Methotrexate

It is a folic acid analogue and
inhibitor of dihydrofolate
reductase, which is the
enzyme responsible for the
conversion of dihydrofolate
to tetrahydrofolate. It arrests
DNA replication, inhibiting
rapidly dividing cells

Systemic:

Nausea, vomiting,
diarrhoea, anorexia,
ulcerative stomatitis,
glossitis, gingivitis,
pharyngitis, mucositis
intestinal perforation,
(dose-dependent),
myelosuppression with
leukopenia,
thrombocytopenia,
azotaemia, hyperuricemia,
nephropathy

Mycophenolate mofetil

It is a selective inhibitor of
inosine monophosphate
dehydrogenase, which
interferes with guanosine
nucleotide synthesis. It
prevents lymphocyte
proliferation, suppresses
antibody synthesis, interferes
with cellular adhesion to
vascular endothelium, and
decreases recruitment of
leukocytes to sites of
inflammation.

Systemic:

Nausea and

vomiting, diarrhoea,
abdominal pain, headache,
hypertension, reversible
myelosuppression
(primarily neutropenia),
hyperglycaemia,
hypercholesterolemia,
hypomagnesemia,
dyspnoea, back pain, 1
blood urea nitrogen,
leukopenia, pleural
effusion, urinary tract
infection, 1 frequency of
cough, hypocalcaemia

Immunosuppressive
agents: T-cell suppressors

Cyclosporine

It is a calcineurin inhibitor. It
inhibits transcription in T
lymphocytes that are in the Go
and G; phases of their cell
cycle, which blocks
replication and the ability to
produce lymphokines.

Systemic:

Tremor, nephrotoxicity,
hypertension, infection,
headache, nausea,
hirsutism, liver
dysfunction,
hyperkalaemia, altered
mental status.

Tacrolimus Itis a calcineurin inhibitor. It~ Systemic:
suppresses humoral immunity  Tremor, hypertension,
(T lymphocyte) activity. Itis  hypophosphatemia, 1
metabolized by the creatinine, infection,
cytochrome P-450 system. headache, diarrhoea,
Small, uncontrolled case nausea, peripheral, oedema,
series suggested that it might ~ constipation, urinary tract
be effective for treating non- infection,
infectious uveitis. hypomagnesemia, asthenia,
abdominal pain, pain,
insomnia, hyperlipemia,
hyperkalaemia, anaemia
Immunosuppressive Cyclophosphamide As an alkylating agent, the Systemic:
agents: cytotoxic agents mechanism of action of the Neutropenia, fever, nausea,
active metabolites may vomiting, anorexia,
involve cross-linking of abdominal discomfort,
DNA, which may interfere diarrhoea, haemorrhagic
with the growth of normal colitis, oral mucosal
and neoplastic cells. It is ulceration, jaundice,
cytotoxic to resting and alopecia, skin rash,
dividing lymphocytes pigmentation of skin,
changes in nails
Chlorambucil an alkylating agent that Systemic:

substitutes an alkyl group for

Neutropenia, anaemia,
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hydrogen ions in organic
compounds. DNA-to-DNA
intrastrand cross-linking and
DNA-to-protein cross-linking
occur, which leads to
interference in DNA
replication and transcription.

Leukopenia and
thrombocytopenia

5.4. Dry Eye Disease

Dry Eye Disease (DED), also known as Keratoconjunctivitis Sicca, is a prevalent condition affecting millions of people
worldwide, with a prevalence ranging from 5 to 50% and increasing with age (Stapleton et al., 2017; Tsubota et al., 2020) and is
one of the most frequent causes of visits in the ophthalmic daily practice (Craig et al., 2017). Visual disturbances and subjective
discomfort symptoms or pain can significantly impact a patient’s quality of life (Benitez-del-Castillo et al., 2017). Recent studies
have suggested that pro-inflammatory cytokines in tears exert a key role in the pathogenesis of several ocular surface diseases,
including DED (Craig et al., 2017; VanDerMeid et al., 2011), such as IL-1, IL-6, and IL-8, and these increased concentrations
were associated with the severity of DED clinical parameters, such as greater corneal staining and lower tear secretion (Lam et
al., 2009; Perez et al., 2020).

The treatment of DED is multifaceted, aiming to promote tear film stability and reduce inflammation (Sabucedo-Villamarin et
al., 2025). Initial management often includes the use of lubricants and artificial tears to relieve symptoms and maintain ocular
surface moisture (Perez et al., 2020). For more severe cases, punctal plugs can be used to decrease tear drainage. Topical
medications such as Cyclosporine A (Restasis) and lifitegrast (Xiidra) are employed to control ocular surface inflammation
(Mohamed et al., 2022). Additionally, omega-3 fatty acids are recommended for their anti-inflammatory properties, and
autologous serum eye drops may provide comfort by mimicking natural tears. This broad-spectrum management plan targets the
amelioration of the quality of life of DED patients through the palliation of symptoms and suppression of inflammation (Betz &
Galor, 2025). Effective management of DED requires a comprehensive approach that addresses both symptom relief and
underlying inflammation (Lam et al., 2025). By employing a combination of lubricants, anti-inflammatory agents, and lifestyle
modifications, healthcare professionals can significantly improve the quality of life for patients suffering from DED (O’Neil et
al., 2019).

Table 4 Drugs used for DED

Classes

Anti-inflammatory agents

Generic Name

Topical cyclosporine

Mechanism of Action

An immunomodulatory agent
that belongs to the calcineurin
inhibitors group and has a
major effect on T cell
activation,

| swelling in the eye to allow
for tear production

Adverse Drug Reaction

Local:

burning, itching, stinging,
redness, or pain of the eyes
eyelid swelling

eye discharge

blurred vision or other
vision changes

feeling that something is in
the eye, headache

Topical lifitegrast

e LFA-1 antagonist.

o Interaction between LFA-1
and intercellular adhesion
molecule-1 (ICAM-1)
contributes to T-cell
activation and migration to
target tissues and secretion of
inflammatory cytokines. The
binding of lifitegrast to LFA-
1 blocks the interaction
between LFA-1 and ICAM-1,
thereby inhibiting T-cell
adhesion to ICAM-1 and
secretion of cytokines. It
reduces ocular surface
inflammation by antagonism
of LFA-1.

Local:

Instillation site irritation
reduced visual acuity,
blurred vision, conjunctival
hyperaemia, irritation,
increased lacrimation,
discharge, discomfort,
pruritus.

Systemic:
Dysgeusia, headache,
sinusitis.

Loteprednol (topical
corticosteroid)

e Loteprednol etabonate is an
analogue of prednisolone
acetate.

e After ocular administration,
it is converted to inactive
metabolites rapidly by the
cellular esterases and

Local:

e It is associated with low
incidences of significant
IOP elevation

o The most common
adverse event is instillation
site pain.
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therefore has relatively less
risk for systemic side effects

Cholinergic agent Varenicline (nasal spray) e Selective nicotinic Local:
acetylcholine receptor e Most common are
agonist. conjunctival hyperaemia
e It is administered in the and transient sneezing
nasal cavity and reacts with e Instillation site irritation
the nicotinic acetylcholine (nasal), cough, and throat
receptors present on the irritation

trigeminal nerve in the nasal
cavity and stimulates the
lacrimal functional units that
produce tears.

5.5. Thyroid-Associated Orbitopathy

Thyroid-Associated Orbitopathy (TAO), also referred to as Graves' Orbitopathy, is an autoimmune inflammatory condition that
impacts the tissues surrounding the eyes and is frequently linked with Graves' disease (Chin etal., 2020). This disorder is marked
by the infiltration of lymphocytes, swelling of the tissues around the eye, and enlargement of the extraocular muscles and orbital
fat. These changes can result in symptoms such as eye bulging (proptosis), double vision (diplopia), and, in severe instances,
compressive optic neuropathy. The underlying mechanism involves autoantibodies targeting the thyroid-stimulating hormone
receptor (TSH-R), which leads to excessive thyroid hormone production and subsequent inflammation of the orbital tissues Key
pathological features of TAO include the deposition of glycosaminoglycans (GAGs), which cause swelling due to their
hydrophilic nature, fibrosis of the extraocular muscles, and increased adipogenesis within the orbit (Bartalena, 2018; Davies et
al., 2020). Despite ongoing research, there are currently no definitive methods to prevent or alter the course of the disease.
Treatment options primarily focus on reducing inflammation and include corticosteroids, external beam radiation, and
immunosuppressive agents. Recently, biological agents such as teprotumumab, an insulin-like growth factor-1 receptor
antagonist, have shown promise in reducing proptosis and improving patients' quality of life (Hoang et al., 2022; Kotwal & Stan,
2018).

Management of TAO focuses on reducing inflammation, preventing complications, and improving quality of life (Ciarmatori et
al., 2025). Initial treatment includes corticosteroids, which can be administered orally or intravenously, to control acute
inflammation. For moderate to severe cases, pulse glucocorticoids, orbital radiation, and immunosuppressive agents such as
cyclosporine or methotrexate may be used (Kotwal & Stan, 2018). Teprotumumab, an insulin-like growth factor-1 receptor
antagonist, has shown promising results in reducing proptosis and improving quality of life. Orbital decompression surgery is
reserved for cases with significant proptosis or compressive optic neuropathy (Ehlers et al., 2019). Early diagnosis and appropriate
management are crucial in preventing the progression of TAO and minimizing the risk of vision-threatening complications
(Dwivedi et al., 2025).

Table 5 Drugs used for thyroid-associated orbitopathy

Classes Generic Name Mechanism of Action Adverse Drug Reaction
IGF-1R Blocker Teprotumumab e Monoclonal antibody that Systemic:
(first drug approved) binds insulin-like growth Muscle spasms, nausea,
factor-1 receptor (IGF-1R) alopecia, diarrhoea and

e Teprotumumab-trbw binds  fatigue
to IGF-1R and blocks its
activation and signalling,
blocks IGF-1R and inhibits
fibroblast activation via the
IGF-1R/TSHR signalling
complex at a root cause of the
disease. In thyroid eye
disease (TED), autoantibodies
activate the IGF-1R/TSHR
signalling complex, which
stimulates orbital fibroblasts.

Steroids Methylprednisolone e Steroids may decrease the Systemic:
fibroblastic production of Liver failure does not
mucopolysaccharides. usually occur in patients
e Pulse IV steroids (eg, using less than 8 g of

methylprednisolone 1 g every  methylprednisolone.
other day for 3-6 cycles) can

be considered, but they may

only marginally improve

long-term disease outcomes.
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Adjunctive rituximab, cyclosporine, octreotide, and IV immunoglobulin (IVV1g) are fewer common modalities of medical
treatment for optic nerve compression.

5.6. Bacterial keratitis

Bacterial keratitis is a severe and potentially sight-threatening infection of the cornea, characterized by corneal epithelial defects,
stromal inflammation, and ulceration (Cabrera-Aguas et al., 2022). The infected eye is usually red from diffuse conjunctivitis,
with episcleritis and rarely scleritis in severe cases. There is often a localised corneal opacity with thinning (corneal melt),
accompanied by an anterior uveitis, fibrinous exudate or a hypopyon (Ung & Chodosh, 2021). Corneal melt may progress to a
descemetocele and perforation, but endophthalmitis is uncommon. Occasionally patients can lose an eye from microbial keratitis,
particularly in older patients (Butler et al., 2005; Ting et al., 2021). Residual signs may include a corneal scar with vascularisation
and thinning, or an adherent leukoma, with visual loss from opacity and irregular astigmatism. There is currently no accurate
estimate of the global burden of blindness from bacterial keratitis.

The bacterial keratitis should be treated as soon as possible and with a high level of intensity to avoid corneal perforation and loss
of vision (Moramarco et al., 2025). Culture samples are taken, and broad-spectrum empirical antibiotics are started, to be later
adjusted according to the culture results. Fourth-generation fluoroquinolones are usually used because of their activity against a
wide range of bacterial pathogens and good corneal permeability (Ting et al., 2021). In cases of antibiotic resistance or severe
infection, antibiotics with increased concentration and hospitalization for intense treatment may be required (Almutairy, 2024).
In refractory cases or when corneal scarring occurs, surgical interventions such as penetrating keratoplasty (corneal
transplantation) may be necessary to restore vision (Rafizadeh et al., 2025). Early and appropriate management of bacterial
keratitis is critical to preserving vision and preventing long-term complications.

Table 6 Drugs used for bacterial keratitis
Generic Name Mechanism of Action

Classes Adverse Drug Reaction

Local:

Ocular toxicity and
hypersensitivity, including
increased lacrimation,
itching and oedema of the

Interferes with bacterial
protein synthesis by binding
to 30S and 50S ribosomal
subunits, which results in a
defective bacterial cell

Antibiotics

Fortified tobramycin

membrane eyelid, and conjunctival
erythema,
Sensitivity reaction
Cefazolin It disrupts the synthesis of the  Local:

peptidoglycan layer forming Pain at the administration
the bacterial cell wall. site

It is a first-generation

cephalosporin with excellent

gram-positive but narrow

gram-negative activity.

Local:
Burning, ciprofloxacin

Ciprofloxacin ophthalmic Fluoroquinolone with activity

against pseudomonas,

streptococci, MRSA, S
epidermidis, and most gram-
negative organisms, but no
activity against anaerobes.
Inhibits bacterial DNA
synthesis, and consequently
growth.

precipitate in the
superficial portion of
corneal defect, stinging,
conjunctival hyperaemia,
crystals on eyelashes and
itching

Ofloxacin ophthalmic

Fluoroquinolone antibiotic; a

pyridine carboxylic acid
derivative with a broad-
spectrum bactericidal effect

Local:
Tearing, dryness, eye pain,
blurred vision, photophobia

Gatifloxacin ophthalmic

Fluoroquinolone antibiotic;
antibacterial action results
from inhibition of DNA
gyrase and topoisomerase IV

Local:

Conjunctival irritation,

1 lacrimation, papillary
conjunctivitis, conjunctival,
haemorrhage, chemosis,
dry eye, eye irritation

Topical corticosteroids™ Prednisolone acetate 1%

| inflammation by
suppressing the migration of
polymorphonuclear
leukocytes and reversing

Local: Increased IOP,
ocular hypertension,
conjunctival hyperaemia,
conjunctivitis, corneal
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increased capillary ulcers, delayed wound
permeability. healing and glaucoma

Note: Always use under the coverage of specific anti-microbial.

5.7. Neovascular Age-related Macular Degeneration

Age-related macular degeneration (AMD) is a degenerative disease of the retina and is the most prevalent retinal disease in the
Western world, with the advanced form affecting 1-3% of its total population (Fleckenstein et al., 2021; Wong et al., 2014).
AMD accounts for 8.7% of all blindness worldwide (Wong et al., 2014) and is the most common cause of blindness in developed
nations, with the highest prevalence among Europeans compared to African, Hispanic, and Asian populations. The estimated
population of those suffering from AMD worldwide is 196 million in 2020, projected to increase to 288 million by 2040 due
largely to increasing lifespan globally and Westernization of diet and lifestyle (Chapman et al., 2019; Marchesi et al., 2021; Wong
et al., 2014). AMD is classified into two categories: non-neovascular (dry) and neovascular (wet). Neovascular AMD (nAMD)
involves the growth of abnormal blood vessels under the retina, leading to haemorrhage, oedema, and scarring, which can result
in severe vision loss if left untreated (Fleckenstein et al., 2021; Kokotas et al., 2011). While less common than dry AMD, wet or
nAMD accounts for almost 90% of blindness associated with AMD.

The management of nAMD has been revolutionized by the advent of intravitreal anti-vascular endothelial growth factor (anti-
VEGF) therapy (Sun et al., 2025). Agents such as ranibizumab, bevacizumab, and aflibercept have demonstrated significant
efficacy in controlling disease progression and improving visual outcomes (Park et al., 2019). Other, including photodynamic
therapy with verteporfin and laser photocoagulation, can be applied to patients who do not respond to anti-VEGF treatment
(Pangal & Ozkiris, 2024). It is essential to monitor the patient’s condition constantly, and they should have frequent follow-ups
to ensure the effectiveness of the treatments (Khanani et al., 2025). Other treatment options include photodynamic therapy with
verteporfin and laser photocoagulation, particularly for patients who do not respond to anti-VEGF treatment. Emerging therapies
(Sadikan et al., 2025) and advanced imaging techniques, such as optical coherence tomography (OCT), are enhancing the ability
to monitor disease progression and tailor treatments to individual patients (Nashine, 2021).

Table 7 Drugs Used for nAMD

Classes Generic Name Mechanism of Action Adverse Drug Reaction
Anti-angiogenic agent Pegatinib Sodium Block the VEGF molecules: Local: eye redness,
Bevacizumab a) | Abnormal  dry or itchy eyes,
Ranibizumab and harmful new eye discomfort,
Aflibercept blood vessel temporarily blurry vision,
Brolucizumab formation and floaters.
Faricimab (angiogenesis) Due to intravitreal
b) Stabilization injection: extra sensitivity
of vision by to light,
improving macular eye pain, inflammation,
thickness infection, detached retina,
cataracts

5.8. Cataract

Cataract, characterized by the development of lenticular opacities, is a leading cause of blindness worldwide (Ang & Afshari,
2021; Pascolini & Mariotti, 2012). Cataract-related blindness is a particularly important public health issue especially in
developing countries due to illiteracy, lack of access to services, and the high cost of surgical management (Pascolini & Mariotti,
2012; Rao et al., 2011). The prevalence of cataracts further increases in patients with underlying metabolic abnormalities such as
diabetes mellitus, Lowe’s syndrome, hypoparathyroidism, abnormalities of lactose absorption, and galactosemia (Ang & Afshari,
2021). Cataracts significantly impair vision, leading to decreased quality of life and increased risk of falls and other complications
(Naderi et al., 2020).

No time-tested, FDA-approved, or clinically proven medical treatment exists to delay, prevent, or reverse the development of
senile cataracts. Aldose reductase inhibitors, which are believed to inhibit the conversion of glucose to sorbitol, have shown
promising results in preventing sugar cataracts in animals (Heruye et al., 2020). Other anticataract medications being investigated
include sorbitol-lowering agents, aspirin, glutathione-raising agents, and antioxidant vitamins C and E.

Currently, the only effective treatment for cataracts is surgical removal of the clouded lens, followed by implantation of an
artificial intraocular lens (IOL) (Buratto et al., 2024; Jain et al., 2019). Phacoemulsification, a modern surgical technique, uses
ultrasonic energy to emulsify the cataract, which is then aspirated out of the eye (Grzybowski & Kanclerz, 2020; Priyadarshini et
al., 2023). This procedure is highly effective and has a low complication rate. Improvement in surgical procedures and the type
of lenses used in intraocular operations have greatly enhanced the vision of the patients and their satisfaction. Timing of surgery
depends on the visual acuity and the patient’s requirements most often it is better to operate earlier to avoid the patient’s quality
of life is significantly worse, and the risk of falls and other complications (Alshamrani, 2018; Ang & Afshari, 2021).
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DISCUSSION

The management of ocular diseases presents several challenges, including issues related to availability, patient compliance,
adverse reactions, cost, delayed presentation, and treatment modalities (Sadikan & Abdul Nasir, 2023). To overcome these
challenges, it is necessary to adopt the strategies such as improving access to care, enhancing patients’ knowledge regarding the
necessity of treatment adherence, carrying out research for the development of new treatments, and solving the problems of cost
and late diagnosis (Luhar et al., 2025). Especially because the eye has multiple physiological barriers and specific anatomical
features, the diagnosis and treatment of these disorders can be time-consuming and not very selective (Khan et al., 2025). Modern
treatment approaches do not always help to recover vision loss or identify dangerous disorders of the eyes at an early stage
(Cicinelli et al., 2020). Therefore, enhancing diagnostic tests and treatments for ocular disorders is currently the focus of much
interest (Olawade et al., 2025).

The prospects of ocular disease management include developments in diagnostics as well as therapeutic approaches. New
technologies like OCT, other imaging techniques, and artificial intelligence (Al) should be able to diagnose diseases at an early
stage and with greater precision (Tukur et al., 2025). New, Al and machine learning solutions are being designed to interpret the
imaging data and forecast the further advancement of diseases, as well as enhance the diagnostic methods and individual treatment
approaches. Gene therapy and stem cell therapy hold promise for reconstructing lost vision and repairing damaged eye tissues
(Chen et al., 2025). Techniques such as CRISPR/Cas9 are being explored to treat genetic causes of inherited retinal diseases,
while stem cell therapy aims to replace damaged retinal cells and restore vision in conditions like macular degeneration and
retinitis pigmentosa (Pulman et al., 2025). Additionally, regenerative medicine and tissue engineering are developing therapies
for previously incurable conditions affecting ocular structures, including the cornea and retina.

Also, regenerative medicine and tissue engineering are seeking to develop therapies for previously incurable conditions affecting
ocular structures, including the cornea and retina. The concept of personalized medicine, which uses patients' molecular and
disease-specific characteristics to improve treatment outcomes and reduce drug toxicity, is under investigation. Advances in drug
delivery systems, such as liposomes, sustained-release implants and nanotechnology-based carriers, are also enhancing the
bioavailability and therapeutic efficacy of ocular medications (Lambuk et al., 2022; Nordin et al., 2025).

Despite significant advancements in understanding ocular diseases and their treatments, challenges remain in achieving optimal
therapeutic outcomes. Current pharmacological treatments often face limitations such as poor drug bioavailability due to
anatomical barriers or adverse drug reactions that affect patient compliance (Bairagi et al., 2025). While novel drug delivery
systems like nanotechnology-based carriers show promise in overcoming these barriers, further clinical trials are needed to
validate their efficacy and safety (Luhar et al., 2025). Additionally, there is a lack of personalized medicine approaches tailored
to individual patient profiles in ocular disease management. Research exploring genetic markers or biomarkers for early diagnosis
and targeted therapy remains limited (Nasir et al., 2021). Addressing these gaps could improve treatment outcomes and reduce
vision-related disabilities globally.

This review is limited by its reliance on published literature available in the past 20 years. The exclusion of non-English studies
may have omitted relevant findings from other regions. Additionally, while this review highlights advancements in ocular drug
delivery systems and treatments, it does not extensively cover surgical interventions or emerging therapies still under
investigation.

CONCLUSION

The management of ocular diseases requires a multifaceted approach involving early detection, patient education on treatment
adherence, and innovative therapeutic strategies. This review highlights current pharmacological approaches for managing
common ocular diseases by focusing on their mechanisms of action and adverse drug reactions. Advances in drug delivery
systems such as sustained-release implants and nanotechnology-based carriers offer promising solutions for overcoming
anatomical barriers and improving drug bioavailability. However, significant challenges remain in addressing patient compliance
issues and developing personalized treatments tailored to individual needs. Future research should focus on exploring biomarkers
for early diagnosis, refining drug delivery technologies, and integrating artificial intelligence into diagnostic tools to enhance
precision medicine approaches in ophthalmology. This review aims to support medical students and healthcare professionals in
optimizing patient care outcomes by providing valuable insights into clinical pharmacology surrounding ocular diseases. It is
strongly recommened the undergraduate medical curriculum should have scope for training undergraduate medical students on
these clinic-pharmacological aspects of ocular diseases.
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