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ABSTRACT

Eye is a sensory organ designed for human vision. Its intricate components work
together to make the process of sight possible. The cornea is a critical part of the eye
responsible for clear vision, and corneal diseases or injuries can lead to visual impairment
or blindness. However, the limited availability of suitable donor tissue poses a significant
challenge. There is a significant influence on the quality of life when the visual acuity is
reduced. In terms of the overall prevalence of blindness and visual impairment Pakistan
ranks third position, following the India and Bangladesh across all age groups, totaling
21.78 million. Placenta-derived extracellular matrix (ECM) sheets have become an
effective therapeutic approach due to their rich composition of bioactive molecules, growth
factors, and supportive microenvironment for tissue regeneration. The unique composition
of placental-derived ECM sheets can provide a favorable microenvironment for the growth
of corneal cell and promote the regeneration of corneal tissue. In this study amniotic
membrane sheets, have been prepared by decellularizing placental tissue and different
characterization techniques have been used for a thorough examination of the human
amniotic membrane. Scanning Electron Microscopy (SEM) reveals intricate surface
features, while Hematoxylin and Eosin (H&E) staining provides insights into tissue
architecture. Fourier Transform Infrared Spectroscopy (FTIR) offers a detailed
examination of biochemical composition. Microbial activity testing provides valuable
information of the membrane's antimicrobial properties. A p-value < 0.05 in the ANOVA
analysis indicated a significant difference in antimicrobial activity among the three

bacterial strains. The characterization approaches utilized in this study contribute to a better

XiX



knowledge of the biological characteristics of the human amniotic membrane, paving the
path for advances in regenerative medicine and tissue engineering. In this study a human
placental-derived extracellular matrix (ECM) sheets have been used to investigate the
integration potential of the ECM sheets with host corneal tissue. The positive outcome was
associated with a noticeable reduction in size of corneal defect due to the application of
amniotic membrane transplant. The use of AM proved to be essential in reducing notable
subjective symptoms like pain, as well as clinical signs such as redness and the size of

corneal ulcers.

Key words: Amniotic membrane, Characterization techniques, corneal epithelial defect,

Extracellular matrix.
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CHAPTER 1: INTRODUCTION

The eye functions as a sensory organ, primarily designed to facilitate human vision.
Its intricate components work in harmony, collectively contributing to the complex process
of sight. By absorbing light from the surrounding environment, the eye transmits visual
data to the brain for intricate processing. . (Eyes: Structure, Function, and Disease, n.d.).
The front of the eye constitutes the visible portion, whereas the remaining structures are
located within the eye socket, commonly referred to as the orbit. (Eyes: Structure,

Function, and Disease, n.d.).

A histological understanding of the layers of the eye is essential for comprehending
the pathophysiology of diseases and gaining insight into specific therapeutic approaches.
External components of the eye include features like eyelashes, lids, muscles, accessory
glands, and the conjunctiva. Internally, the eye is arranged into three concentric layers: the
outermost layer consisting of the sclera and cornea, the middle layer comprising the uvea
(iris, ciliary body, choroid), and the innermost layer encompassing the lens, vitreous, and
retina. (Pradeep et al., 2023).

The cornea is made up of several layers including the epithelium, stroma, Bowman’s
layer, descement’s membrane and endothelium (Sridhar, 2018). The epithelium acts as a
protective barrier and absorbs oxygen and nutrients. Beneath it lies Bowman's layer, a
transparent tissue prone to scarring when injured. The stroma, constituting the majority of
the cornea, is primarily composed of water and collagen, providing strength and elasticity.
Descemet's membrane, positioned under the stroma, act as a defensive barrier and repairs
itself after damage. The endothelium, which is the innermost layer, maintains corneal
clarity by pumping excess fluid out of the stroma. Injury to the endothelium can result in
corneal edema and potential blindness, where transplantation stands as the sole viable
treatment option (What Is The Cornea & How To Treat Corneal Issues, n.d.).

A wide range of conditions falls under the umbrella of eye diseases and corneal

disorders, affecting the overall health and functionality of the eye. The global prevalence



of these conditions varies based on the specific disorder and geographical location.
Refractive errors, including myopia, hyperopia, and astigmatism, impact billions of people
globally, and there is a growing prevalence of myopia, notably observed in East and
Southeast Asia. (Holden et al., 2016).

A decline in visual acuity significantly influences the quality of life, particularly
affecting individuals dealing with various chronic health conditions. (SJ Park et al., 2015),

(Y. Park et al., 2015). This issue has evolved into a prominent global health concern.

Within the South Asian region, Pakistan holds the third position, following India and
Bangladesh, in terms of the overall prevalence of blindness and vision impairment across
all age groups, totaling 21.78 million. The percentage change in the overall burden of vision
loss in Pakistan between 1990 and 2017 was 67%, ranking it as the third least increased
among South Asian countries, with Sri Lanka at 58% and Nepal at 64%. Notably, prevalent
eye disorders such as presbyopia, retinal detachment (RD), and cataract persist as

predominant issues across all South Asian nations, including Pakistan (Hassan et al., 2019).

The placenta functions as a sophisticated organ facilitating physiological interaction
between the mother and the fetus. It has an abundance of bioactive molecules and
extracellular matrix (ECM) (Wildman, 2011). The placental membrane comprising three
main layers, this includes amnion facing the fetus, chorion facing the mother, and an

intermediary layer positioned between them (Mamede et al., 2012), (Niknejad et al., 2008).

Amniotic membrane (AM) is conventionally believed to be 0.02-0.05 mm thick and
is generally considered to have three layers. These layers are made up of a stromal layer
that contains the extracellular matrix (ECM) and a single layer of epithelium that is
supported by a basement membrane. The stromal layer consists of an acellular compact
layer and a fibroblast layer containing a limited cell population (Malhotra & Jain, 2014).

The Placental membrane (PM) is comprised of a sophisticated network of
components including collagens (type I, I11, 1V, V, VI), laminin, fibronectin, hyaluronic
acid (HA), vitronectin, elastin, and proteoglycans. All of these components work together
to provide the mechanical strength, elasticity, flexibility, and required stiffness to maintain
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the barrier's integrity in the uterine environment (Niknejad et al., 2008), (Meinert et al.,
2001), (Lei etal., 2017), (Cooper et al., 2005), (Mohan et al., 2017). Every layer of PM has
a distinct composition tailored to fulfill its specific function (Roy & Griffiths, 2020).

In the 16th century, China documented the medical use of the human placenta
(Medicine & 1979, n.d.), Although the amniotic membrane was first used in medicine in
the early 20th century, Since 1910, The human amniotic membrane (hAM) has been used
for medicinal purposes, notably skin transplantation ((1866-1922) & 1913, n.d.),
(Association & 1913, n.d.).

In 1986, the Amnio-M emerged as a highly efficient alternative to split skin grafts
for reconstructing the vagina in vulvovaginoplasty (MORTON & DEWHURST, 1986).
Since 1995, there has been a notable increase in reported instances of using human amniotic
membrane in tissue engineering (TE), particularly in areas such as dermatology, plastic
surgery, skin transplantation, and as a natural dressing for promoting ophthalmic healing
(Niknejad et al., 2008), (Sripriya & Kumar, 2016), (Jirsova & Jones, 2017).

In 2005, the initial application involved the use of suspension eye drops (AMEED®)
for the treatment of corneal ulcers, presenting a less invasive alternative to the suturing of
the Amnio-M graft (Bonci et al., 2005).

The diverse applications of the amniotic membrane arise from its unique biological
features, which include: (a) its ability to generate anti-inflammatory factors like hyaluronic
acid, leading to anti-inflammatory effects; (b) the capacity to suppress pro-inflammatory
cytokines; (c) Compounds like B-defensins and elafin are said to exhibit antibacterial
activity (Mamede & Botelho, 2015); (d) The down-regulation of TGF-p and its receptor
expression leads to anti-fibrotic effects (Niknejad et al., 2008); (e) low antigenicity
(Gholipourmalekabadi et al., 2016); and (f) Epithelial cells produce substances that limit
the migration of macrophages and natural killer cells, preventing maternal immunological
responses (Mamede & Botelho, 2015).

The mechanical characteristics of the human amniotic membrane (hAM), including
as elasticity, stiffness, and tensile strength, are closely linked to the composition of the
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placenta. The configuration of collagen fibrils within extracellular matrix (ECM) plays a
role in determining tensile strength, and elastic deformation is impacted by the presence of

elastin fibers, laminin, hyaluronic acid, and glycosaminoglycan (Friel et al., 2017).

The amniotic membrane have versatile applications in various medical fields,
notably in treating skin burns and preventing tissue adhesion during surgeries involving
the head, neck, abdomen, larynx, and genitourinary tract (A. Mamede et al., 2012). Its
diverse uses include serving as a surgical dressing for burns, aiding in oral cavity and
bladder reconstruction, and contributing to procedures like tympanoplasty, arthroplasty,
repair of omphaloceles, as well as the prevention of adhesions in pelvic and abdominal

surgeries (Schmiedova et al., 2021).

The several applications of amniotic membrane stem from its distinctive
characteristics, particularly its antimicrobial properties. These features make it well-suited
for applications in post-surgery scenarios, including wound healing, burn injuries, oral
injuries, and ophthalmology. (Trelford & Trelford-Sauder, 1979), (Dadkhah Tehrani et al.,
2021). The amniotic membrane is biocompatible, meaning it can interact with living tissue
without causing toxic, injurious, carcinogenic, or immunological responses. Its ability to
endure inflammation and respond appropriately to host reactions enhances its importance.
Additionally, its biodegradability makes it a suitable option for use as a scaffold (Niknejad
et al., 2008b).

Several methods have been developed for preserving the amniotic membrane (AM).
The aim of these preservation techniques is to retain its characteristics as closely as possible
to native tissue, providing a readily available and on-demand therapeutic option. (Sharma
et al., 2023). The preservation techniques of amniotic membrane are (a) Cryopreservation
(b) Freeze-drying/Lyophilization (c) heat or air preservation (d) Utilizing low-temperature
vacuum evaporation (e) irradiation and (f) Vitrification (Sharma et al., 2023), (Leal-Marin
etal., 2021).

Managing chronic wounds is a substantial and complex health problem for

individuals and medical professionals. Utilizing the grafts in a range of sizes and forms not



only minimizes material wastage but also improves cost-effectiveness (Schmiedova et al.,
2021). Amnion-M's complex makeup makes it an excellent natural bio-scaffold for a range
of therapeutic applications. Amniotic membrane scaffolds (AMSCs) possess unique
qualities, rendering them suitable for a broad spectrum of tissue repair scenarios (Walkden,
2020), (Dua et al., 2004), (Adinolfi et al., 1982).

The amniotic membrane market was estimated to be worth USD 2.26 billion globally
as of 2017, and is anticipated to reach USD 5.81 billion by 2025, as reported by Grand
View Research, Inc. The majority of organizations engaged in the research, development,
or production of amniotic membranes are situated in the United States (Schmiedova et al.,
2021)

1.1. Aims and Objectives

e To explore the potential of ECM sheets derived from placenta in facilitating
corneal cell attachment, proliferation, and differentiation.

e To contribute to the development of regenerative medicine approaches in the
field of cornea transplantation.

e To offer support for the potential clinical use of ECM sheets derived from
placenta in enhancing the outcomes of corneal transplantation.

e To generate data that can guide future research and clinical trials in utilizing
placental-derived ECM as a viable option for cornea transplantation.

e To address the limitations of donor tissue availability and offer a sustainable
solution for meeting the growing demand for cornea transplantation.

e To explore the optimal methods of preparation, preservation, and sterilization
of placenta-derived ECM sheets to ensure their bioactivity and safety.



CHAPTER 2: LITERATURE REVIEW

2.1. The Eye

Eyes are a key sensory organ, and it serve as integral components of the visual
system, offering a living organisms the capability to perceive and analyze visual
information. They facilitate various photo response functions beyond just vision and are
adept at detecting light, converting it into electro-chemical impulses within neurons (Eyes:

How They Work, Anatomy & Common Conditions, n.d.).

2.1.1. Function of Eye

The primary purpose of the eyes is to facilitate human vision. All the intricate
components of the eye function harmonious, collectively contributing to the process of
seeing. They absorb light from the surroundings, transmitting visual data to the brain for

intricate processing.

e Light traverses the cornea, a gracefully arched structure that skillfully bends
the incoming light, aiding the eye in achieving focus.

e The iris acts as a selective gatekeeper, allowing a specific amount of this light
to enter through the pupil.

e Light passes through the lens, Collaborating with the cornea, the lens actively
focuses and directs the light onto retina situated at the back of the eye.

e Retina transforms the light signal into electrical impulses.

e Acting as a messenger, the optic nerve carries these impulses to the brain, where
the signals undergo processing, leading to the formation of the image (Eyes:

Structure, Function, and Disease, n.d.)



2.1.2. Structure of Eye

The visible portion of the eye is its front, while the remaining structures are situated
within the eye socket, also known as the orbit. Muscles linked to the eyeball facilitate its
movement in alignment with the individual's gaze (Eyes: Structure, Function, and Disease,
n.d.).

Eye anatomy
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Figure 2. 1: Anatomy of Eye. Adapted from (https://my.clevelandclinic.org/health/body/21823-
eyes) [Accessed on: 7 Dec 2023].
The eye comprises three primary types of tissues i.e., refractive tissue, light

sensitive tissue and supporting tissues.
Refractive Tissues

Refractive tissues work to concentrate incoming light onto light-sensitive tissues,
ensuring the formation of a crisp and clear image. When these tissues are improperly
shaped, misaligned, or damaged, it can result in blurry vision. The refracting tissues

include:

e Pupil (This is the dark spot in the center of the colored part of the eye)
e lris
e Lens

e Ciliary muscles


https://my.clevelandclinic.org/health/body/21823-eyes
https://my.clevelandclinic.org/health/body/21823-eyes

e Cornea
e Vitreous and aqueous fluid
Ii.  Light Sensitive Tissues
e The retina
e Optic nerve
iii.  Supporting Tissues
There are many support tissues in the eye, three of these are;
e Thesclera
e The conjunctiva
e The uvea. (The uvea is the middle layer of the eyeball (Eyes: Structure,

Function, and Disease, n.d.).

A histological understanding of the eye's layers is crucial for comprehending the
pathophysiology of diseases and grasping specific therapeutic methods. Generally, when

viewed anatomically, the eye can be perceived as a succession of tissue layers that overlap.

External elements of the eye encompass features such as eyelashes, lids, muscles,
accessory glands, and the conjunctiva. Internally, the eye is structured with three concentric

layers of tissue (Pradeep et al., 2023).
Outermost Layer: Sclera and Cornea
Sclera ( the white part of eye)

Commonly referred to as the "whites of the eyes," this part is fibrous and provides
structural support to the eyeball, ensuring its proper shape. Connected to muscles, it enables
versatile movement, allowing the eye to shift in nearly any direction (Sclera: Definition,

Anatomy & Function, n.d.).

Cornea (transparent front layer of the eye)

The outer covering or protective layer of the eyeball comprises cornea and sclera,

serving as a primary function of safeguarding the internal eye structures. The cornea, being



a transparent avascular tissue, functions as a critical structural barrier, protecting the eye

from harmful infections (DelMonte et al., n.d.).

Cornea comprising both cellular and acellular elements, the cornea features
epithelial cells, keratocytes, and endothelial cells as its cellular components. The acellular
components encompass collagen and glycosaminoglycans. Originating from the epidermal
ectoderm, the epithelial cells, while the keratocytes and endothelial cells originate from the
neural crest (Sridhar, 2018).

2.1.3. Structure of Cornea

The corneal tissue is arranged into five basic layers, each of which has a specific

and essential function.

Structure of the Cornea
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Figure 2. 2: Structure of the cornea. Adapted from
(https://wilmingtoneye.com/specialties/cornea/structure-of-the-cornea/) [Accessed on: 7 Dec
2023].

The corneal Epithelium

The outermost layer of cornea, known as epithelium, constitutes approximately
10% of the tissue's thickness. Its major role is to keep external elements like dust, water,
and germs from entering the eye and other corneal layers. Additionally, the epithelium

contributes to maintaining a smooth surface that takes up oxygen and nutrients from tears,
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distributing them across the cornea. Notably, the epithelium is rich in numerous small nerve
endings, heightening the cornea's sensitivity to pain when subjected to rubbing or
scratching. The basement membrane is the fundamental part of the epithelium where cells

attach and arrange themselves.
Bowman’s Layer

Positioned just beneath the epithelium's basement membrane, there exists a
transparent tissue sheet known as Bowman's layer. This layer consist of resilient, layered
protein fibers called collagen. In the event of an injury, Bowman's layer has the capacity
to develop a scar during the healing process. Vision loss may occur if these scars are sizable

and situated in central areas.
Stroma (also substantia propri)

Stroma is below the bowman’s layer constituting approximately 90% of the
cornea's thickness. This layer is predominantly composed of water (78%) and collagen
(16%), devoid of any blood vessels. The presence of collagen imparts strength, elasticity,

and structure to the cornea.
Descemet’s Membrane (also posterior limiting membrane)

Descemet's membrane is a thin but strong tissue layer that acts as a protective
barrier against infections and injuries. Descemet's membrane is made up of collagen fibers
that differ from those found in the stroma. It is formed by the underlying endothelial cells.
Notably, Descemet's membrane demonstrates a remarkable capacity for regeneration

following injury.
Corneal Endothelium

The endothelium, an incredibly thin inner layer of the cornea, is responsible for
preserving corneal clarity by actively pushing excess fluid from the stroma. This prevents
stromal swelling, haziness, and opacity. A delicate balance is normally maintained between

fluid entering and leaving the cornea. However, if endothelial cells are damaged due to
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disease or trauma, they are irreversibly lost. Retinal edema and blindness may result from
excessive loss of these cells, for which corneal transplantation is the only available therapy.
(What Is The Cornea & How To Treat Corneal Issues, n.d.).

Middle Layer: Uvea (Iris, Ciliary Body, Choroid)
Iris:

The term "iris™ refers to the pigmented area of the eye that contains muscles that
regulate the pupil's size and the quantity of light that reaches the retina (Eyes: Structure,

Function, and Disease, n.d.).
Ciliary Body:

Ciliary body Comprising the ciliary muscle and the ciliary epithelium, this structure
forms a muscular ring connected to the lens (Pradeep et al., 2023). Through contraction or
relaxation, it induces changes in the lens shape, a mechanism referred to as accommodation

(Eyes: Structure, Function, and Disease, n.d.).
Choroid

Choroid consisting of dense network of blood vessels that provide essential
nourishment to eye structures, embedded within a loose connective tissue framework. The
choriocapillary layer, situated in the innermost section of the choroid, serves the crucial

function of supplying the retina with blood (Pradeep et al., 2023).
Innermost layer: Lens, Vitreous, And Retina
Lens

Lens is a transparent and convex structure. Once passing through the pupil, light
proceeds to the lens, the lens possesses the ability to alter its shape, aiding the eye in
precisely focusing light onto the retina. However, as the lens ages, it tends to become less
flexible and more rigid, leading to increased difficulty in focusing (Eyes: Structure,

Function, and Disease, n.d.).
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Vitreous and aqueous fluid

Two fluids circulate within the eyes, contributing to their structure and providing
essential nutrients. Vitreous fluid, located at the back of the eye, is dense and gel-like,
constituting the majority of the eye's mass. In contrast, aqueous fluid, which is more
watery, circulates through the front of the eye (Eyes: Structure, Function, and Disease,
n.d.).

° Retina

The retina, positioned as the innermost layer of the eye, houses millions of light-
sensitive photoreceptor cells responsible for detecting light and transforming it into
electrical signals sent to the brain for interpretation. These cells, equipped with opsins
sensitive to light, come in two main types known as "rods" and "cones."

Photoreceptor cell
Cone cell_ Rod cell

Figure 2. 3: Anatomy of photoreceptor cells. Adapted from (https://www.aao.org/eye-
health/anatomy/photoreceptors) [Accessed On: 7 Dec 2023]

Cones, concentrated in the macula at the retina's center, number around 6 million
and play a crucial role in typical light conditions and color differentiation. The fovea, a
high-concentration area within the macula, specifically houses cones, enabling sharp vision

and color perception.
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Cones are categorized by the colors they are sensitive to, including red, green, and
blue, with red and green cones predominating in the foveae center and blue cones situated
toward the periphery. In contrast, rods, concentrated around the retinal edges, contribute to
black and white vision, excel in low-light conditions, and facilitate night vision. Each eye

possesses approximately 125 million rods (Eyes: Structure, Function, and Disease, n.d.).

2.1.4. Eye diseases

Eye diseases and corneal disorders encompass a broad spectrum of conditions that
can impact the well-being and functionality of the eye. The following are several prevalent

eye ailments, each accompanied by concise descriptions:
1. Keratoconus

Keratoconus is an advancing corneal condition determine by the progressive
thinning of the cornea, result in a conical shape. Although relatively uncommon, this eye
disorder can lead to substantial distortions in vision (What Is Keratoconus? - American

Academy of Ophthalmology, n.d.).

2. Keratitis

Keratitis is an inflammation impacting the cornea, commonly triggered by factors
like infections, injuries, or complications associated with contact lens usage (Keratitis -
Symptoms and Causes - Mayo Clinic, n.d.). Common symptoms include photophobia,
sensitivity to light, redness, impaired vision, and feeling like something alien is in the eye

(What Is a Corneal Ulcer (Keratitis)? - American Academy of Ophthalmology, n.d.).
3. Eye Injuries

Injuries to the eyes may occur due to accidents, exposure to foreign objects, or blunt
trauma, leading to symptoms like eye pain, redness, tearing, and blurred vision. These
injuries vary in severity, ranging from minor scratches to more severe trauma, emphasizing
the importance of seeking immediate medical attention in all instances (Eye Injury:

Symptoms, Treatment, Causes, n.d.).
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4. Eye Allergies (Allergic Conjunctivitis):

Allergic conjunctivitis manifests as an allergic response impacting the conjunctiva,
resulting in symptoms such as itching, redness, tearing, and swollen eyelids. Commonly,
this condition is triggered by allergens like pollen, pet dander, or dust mites (Eye Allergies
| Causes, Symptoms & Treatment | ACAAI Public Website, n.d.).

5. Dry Eye Syndrome:

Dry eye syndrome emerges when the eyes fail to generate an adequate quantity of
tears or produce tears of insufficient quality, resulting in symptoms like dryness, burning,
itching, redness, and blurred vision. Factors contributing to dry eye syndrome encompass
aging, environmental conditions, medications, or underlying health issues (Dry Eye | AOA,
n.d.).

6. Glaucoma

Glaucoma refers to a collection of eye diseases that harm the optic nerve,
potentially resulting in vision loss. Often termed the 'silent thief of sight," glaucoma can
advance without manifesting noticeable symptoms (What Is Glaucoma? Symptoms,
Causes, Diagnosis, Treatment - American Academy of Ophthalmology, n.d.).

7. Cataract

Cataract is a common age-related eye condition identified by the clouding of the
eye's natural lens, representing a significant contributor to global vision impairment and
blindness (Blindness and Vision Impairment, n.d.). The onset of cataracts is gradual, often
impacting older individuals, although it can occur across all age groups. Usual symptoms
involve blurry vision, sensitivity to glare, challenges in night vision, and diminished

perception of colors (Cataracts - Symptoms and Causes - Mayo Clinic, n.d.).
8. Presbyopia:

Presbyopia represents a frequent age-related vision issue that typically manifests

around the age of 40 due to the natural aging process. This condition arises as the eye's lens
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loses flexibility, resulting in challenges when attempting to focus on close objects.
Common symptoms encompass difficulties in reading small print, the necessity to hold

reading material at arm's length, and eye strain (Presbyopia | AOA, n.d.).
9. Corneal Dystrophies:

Corneal dystrophies refer to a set of inherited conditions marked by the buildup of
abnormal material in the cornea, the transparent front surface of the eye. These dystrophies
have the potential to impact different layers of the cornea, potentially causing vision

disturbances, discomfort, and, in some instances, significant visual impairment.

There are more than 20 types of corneal dystrophies, each presenting unique clinical
features and genetic patterns (What Are Corneal Dystrophies? - American Academy of

Ophthalmology, n.d.).
10. Corneal Ulcer

A corneal ulcer, also known as keratitis, is a painful condition with potential threats
to vision, characterized by an open sore or erosion on the clear front surface of the eye. It
can arise from various factors such as infections, injuries, or complications related to
contact lens usage (Keratitis - Symptoms and Causes - Mayo Clinic, n.d.).Typical
symptoms include eye pain, redness, tearing, blurred vision, photophobia (sensitivity to
light), and a feeling of having a foreign body in the eye (What Is a Corneal Ulcer
(Keratitis)? - American Academy of Ophthalmology, n.d.).

Diagnosis involves a thorough eye examination utilizing a slit lamp to assess the
severity of the ulcer and determine its root cause usage (Keratitis - Symptoms and Causes
- Mayo Clinic, n.d.). Treatment approaches vary depending on the specific cause,
potentially including antibiotics for bacterial keratitis, antifungal medications for fungal
keratitis, antiviral drugs for viral Keratitis, and pain management through anti-
inflammatory medications. Seeking immediate medical attention is crucial to prevent
complications and safeguard vision (What Is a Corneal Ulcer (Keratitis)? - American

Academy of Ophthalmology, n.d.).
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2.2. Global Prevalence of eye disease

The occurrence of eye diseases globally varies depending on the specific condition
and geographical region. Refractive errors, encompassing myopia, hyperopia, and
astigmatism, affect billions of individuals worldwide, with an increasing prevalence of
myopia, particularly noted in East and Southeast Asia (Holden et al., 2016). Cataracts, a
prominent cause of vision impairment, are widespread, notably in low- and middle-income
countries (Pascolini & Mariotti, 2012). Glaucoma, a significant concern affecting millions,

stands as a second leading cause of irreversible blindness(Quigley & Broman, 2006).

Age-related macular degeneration (AMD) is common in developed countries with
aging populations, and the incidence of diabetic retinopathy is growing due to the
worldwide diabetes epidemic (Wong et al., 2014),(Yau et al., 2012). Trachoma remains a
substantial cause of blindness in areas with limited access to healthcare (Pascolini &
Mariotti, 2012).Moreover, uncorrected refractive errors impose a significant burden,
impacting a substantial portion of the global population (Holden et al., 2016). It's crucial
to acknowledge that the prevalence rates can fluctuate based on geographical,

socioeconomic, and demographic factors, as noted in these referenced studies.

The most recent global assessment and projection on blindness, as well as distance
and near vision impairment among individuals aged 50 years and above, indicate that
approximately 43.3 million individuals worldwide experienced blindness, while 295
million people had moderate to severe vision impairment in the year 2020 (Bourne et al.,
2021).

2.2.1. Prevalence of eye disease in Pakistan

The study utilized the Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD 2017) to evaluate the prevalence and Years Lived with Disability (YLDs) associated
with vision loss. In 2017, among Pakistan's population of 207.7 million, an estimated 1.12
million individuals were affected by blindness, 1.09 million experienced severe vision loss,

and 6.79 million had moderate vision loss. Notably, presbyopia emerged as the most
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common ocular condition, impacting around 12.64 million individuals, with 61% being
female (Hassan et al., 2019).

In comparison to 1990, the all-age YLDs count for blindness and vision impairment
in 2017 showed a 55% increase. This positions it as the tenth highest increment among
major causes of health loss, alongside factors such as dietary iron deficiency, headache

disorders, and low back pain, within the Pakistani context (Hassan et al., 2019).

The comprehensive prevalence of total blindness and vision impairment across all
age groups exhibited a consistent increase from 1990 to 2017, and projections indicate a
continued rise in 2025. Furthermore, the prevalence ratio of females to males is anticipated
to increase in 2025. In the context of South Asian countries, Pakistan holds the third
position, following India and Bangladesh, in the all-age prevalence of blindness and vision
impairment, totaling 21.78 million cases (Hassan et al., 2019).

Age-specific vision loss burden with leading causes in South Asian countries in year 2017.

Countries  Age-specific Vision Loss Burden (Prevalence %) All-Age Leading Causes (%) Rank*
1-4 years 5-14 years 15-49years 50-69 years 70+ years Presbyopia RD Cataract

Afghanistan 3 10 53 23 11 69 18 5 2
Bangladesh 1 4 36 39 20 65 18 12 3
Bhutan 1 4 45 35 15 77 14 5 8
India 1 3 38 41 17 71 il 10 1
Maldives 1 4 44 33 18 65 19 10 6
Nepal 1 4 36 41 18 62 20 10 5
Pakistan 2 7 43 34 14 58 22 12 4
Sri Lanka 1 3 27 45 24 63 19 12 7

RD = Refraction Disorders
*Rank in terms of age-standardized Years Lived with Disability (YLDs) rate per 100K.
Figure 2. 4: Age-specific vision loss burden with leading causes in South Asian countries in
year 2017. Adapted from

(https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0216492) [Accessed On: 8 Dec
2023]
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2.2.2. Primary contributors of health loss in Pakistan from 1990 to 2017

In Pakistan, the health loss burden due to blindness and vision impairment increased
significantly between 1990 and 2017. The all-age Years Lived with Disability (YLDs)
count for this category observed a 55% increase, ranking it as the tenth highest among
various causes of health loss. On the other hand, among the many causes of health loss, the
age-standardized YLDs rate for blindness and vision impairment decreased by 21% in
2017, ranking it as the fourth largest decline. Without significant interventions, this trend
is expected to persist steadily, with further increases anticipated by 2025 (Hassan et al.,
2019).

2.3. Human placenta

The placenta serves as a sophisticated organ that enables the physiological exchange
between the fetus and the mother. It contains a highly abundant reservoir of extracellular
matrix (ECM) and bioactive molecules (Wildman, 2011).The placenta is a vascular organ
that has a specific lifespan and forms exclusively during pregnancy. It attaches to the
uterine wall and connects to the fetus through the umbilical cord, providing essential

support for fetal growth and development (Schuette et al., 2017).

The term "placenta™ originates from the Greek word "plakoenta,” signifying a flat
cake, and it exhibits a flat, round, or oval shape. The outer and inner membranes are
referred to as the chorion and the amnion, respectively(Pan et al., 2017),(Longo &
Reynolds, 2010).

2.3.1. Anatomy and Development

The placental membrane (PM) envelops the developing fetus, creating the fetal
compartment that contains amniotic fluid during gestation. This membrane consists of
three main layers: the amnion, which is in contact with the fetus; the chorion, facing the
mother; and an intermediary layer positioned between them (A. C. Mamede et al., 2012),
(Niknejad et al., 2008a).
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The amnion, comprised of epithelium, basement membrane, compact layer, and
fibroblast layer, surrounds both the fetus and the amniotic fluid, providing a protective

cushion throughout gestation (Verbruggen et al., 2017).

On the side facing the mother, the chorion interacts with the maternal decidua and
consists of three layers: the reticular layer, a basement membrane, and a trophoblast layer
(A. C. Mamede et al., 2012), (Bryant-Greenwood, 1998), (Hieber et al., 1997). The chorion
serves as a protective barrier, creating a separation between the fetal environment and the

maternal immune system (Hong et al., 2013), (Kim et al., 2008).

As pregnancy progresses, the amnion and chorion develop independently after the
blastocyst implants, usually around day 14, marking the formation of the placental disc
(Eslani et al., n.d.), (Sadler: Langman’s Medical Embryology - Google Scholar, n.d.). The
blastocyst's wall transforms into what we call the chorion. By day 10 post-conception, you
can start seeing the amnion, emerging from special cells known as amniogenic cells in the

inner trophoblast layer of the embryo (Eslani et al., n.d.).

The placental membrane (PM) undergoes continuous growth to accommodate the
developing fetus. After the third month of gestation, differentiation occurs between the
amnion and the chorion leave, the precursor to the chorion, marked by the formation of the
chorionic cavity. As the amniotic sac fills with fluid and expands, the amnion attaches to
the inner surface of the chorion, causing the disappearance of the chorionic cavity. Despite
their intimate connection, the amniotic and chorionic layers of the PM do not physically
merge and maintain distinguishable characteristics under microscopic examination (Eslani
etal., n.d.).

When approaching the delivery period, research suggests that the intrinsic thickness
of the PM can vary between 0.02 mm and 0.6 mm, with the average surface area estimated
to be around 1600 cm2 (S. Gupta et al., n.d.), (T. V. Rao & Chandrasekharam, 1981b).
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2.3.2. Physiology

The placental membrane (PM) plays a crucial role as a protective barrier, shielding
the developing fetus from the surrounding maternal environment and handling the
stretching and pressure caused by the fetus's growth and movements (Bryant-Greenwood,
1998), (Favaron et al., 2015). Beyond its defensive duties, the PM is a hub of metabolic
activity, serving as both an immune barrier against infections and a shield preventing the

mother's immune system from rejecting the fetus (Togarrati et al., 2019).

Throughout the entire pregnancy journey, the PM goes through continuous matrix
remodeling, ensuring its barrier remains intact and capable of accommodating the
expanding fetus (Lei, Priddy, Lim, Massee, et al., 2017). The composition of each layer in
the placental membrane (PM) undergoes slight variations to fulfill the overall function of
the membrane. Within the amnion, the basement membrane is a compact tissue layer that
serves as a selectively permeable barrier, facilitating the exchange of nutrients (A. C.
Mamede et al., 2012), (Keene et al., 1987).

To enhance the strength of the membrane, the compact layer emerges as the most
fibrous among the layers of the amnion. This fibrous nature is attributed to a significant
collagen content secreted by mesenchymal cells in the fibroblast layer (A. C. Mamede et
al., 2012), (Niknejad et al., 2008a), (Strauss, 2013). The fibroblast layer plays a crucial role
in tensile strength and provides a scaffold for cell-to-cell interactions (Rousselle et al.,
1997), (Smith & Ockleford, 1994).

Simultaneously, the intermediate layer functions as a separator between the amnion
and the chorion, providing mechanical support through a non-fibrillar network primarily
composed of proteoglycans, glycosaminoglycans (GAGs), and type Il collagen (A. C.
Mamede et al., 2012), (Meinert et al., 2001), (Roy & Griffiths, 2020).

The reticular layer functions as a supportive framework for the chorion,
characterized by a mesh of fibers and embedded mesenchymal cells, resembling the
fibroblast layer in the amnion (Uchide et al., 2012). Positioned between the reticular layer

and the trophoblasts, the basement membrane enhances the structural integrity of the
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chorion by providing cellular scaffolding for the trophoblast layer. This contribution to the
tissue's immune privilege reinforces the chorion's resilience (Hong et al., 2013), (Koob et
al., 2014), (Roy et al., 2022).
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Figure 2. 5: Histological architecture of amnion (A) and chorion (C) membranes depicted as
line diagram. Adapted from (https://www.researchgate.net/figure/Line-diagrammatic-
representation-of-histological-architecture-of-amnion-A-and-chorion_fig2_286035236)
[Accessed on: 15 Nov 2023].

The outermost layer of the chorion, known as the trophoblast layer, is made up of
trophoblasts, myofibroblasts, and macrophages (Hong et al., 2013). The overall structure
of the placental membrane (PM) is designed to support resident cells while maintaining a
delicate balance between tensile strength and elasticity. This balance is crucial for the
regular turnover of the extracellular matrix (ECM), facilitated by endogenous cytokines
within the PM (Lei, Priddy, Lim, & Koob, 2017).
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2.3.3. Structural composition

Comprising a network of collagens (types I, I, IV, V, and VI), laminin,
fibronectin, hyaluronic acid (HA), vitronectin, elastin, and proteoglycans, the PM provides
mechanical strength, elasticity, flexibility, and suitable stiffness to uphold barrier integrity
in the uterine environment (Niknejad et al., 2008a), (Meinert et al., 2001), (Lei, Priddy,
Lim, & Koob, 2017), (Cooper et al., 2005), (Mohan et al., 2017). Each layer of the PM
possesses a unique composition tailored to fulfill its specific function (Roy & Griffiths,
2020).

2.3.4 Morphology

The postpartum placenta adopts a disc-shaped morphology, typically measuring
16-20 cm in diameter and averaging a weight of 500 g. The main cell types found in the
placenta are trophoblast cells, mesenchymal cells, and endothelial cells of vessels. Ethical
considerations arise when using "early placenta” from the first two trimesters of pregnancy,
leading most researchers to concentrate on the third-trimester placenta, often termed the
"mature placenta,”" which occurs between 38 and 40 weeks of pregnancy (Yoshizawa,
2013), (Van Griensven et al., 2015).

2.4. The Historical Background of Amniotic Membrane Transplant

Historically, the placenta has been acknowledged as a form of traditional folk
medicine not only in China but also in various regions across the globe, because for its rich
nutrients and bioactive components (Pan et al., 2017). During the 16th century, China
documented the medical utilization of the human placenta (Medicine & 1979, n.d.). The
Modern medical use of amniotic membrane began in the early 20th century. The efficacy
of placental membrane in skin grafting was initially reported by Davis in 1910, highlighting

its superior performance compared to cadaveric tissue (J & 1910, n.d.).

Since 1910, the use of human amniotic membrane (hAM) has been applied for

therapeutic purposes, particularly in skin transplantation ((1866-1922) & 1913, n.d.),
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(Association & 1913, n.d.). In 1940, de R&th pioneered its application in ophthalmology to
repair symblepharon and conjunctival defects (Rotth De, 1940). Furthermore, in the latter
half of the 20th century, hAM became a pioneering biomaterial for creating tissue-
engineered constructs, fostering cell migration, and facilitating the growth of new tissue
(Lim, 2017), (Niknejad et al., 2008a).
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Figure 2. 6: The history of Amnio-M transformations and technological advancement. Adapted
from (https://www.researchgate.net/figure/History-of-Amnio-M-modifications-and-
technological-enhancement_figl_357732139) [Accessed On: 15 Nov 2023].

Starting from 1995, there has been a noticeable surge in reports on the utilization of
(hAM) in tissue engineering (TE), especially in dermatology, plastic surgery, skin
transplantation, and as a biological dressing for ophthalmic healing (Niknejad et al.,
2008a), (Sripriya & Kumar, 2016), (Jirsova & Jones, 2017). Moreover, hAM is gaining
acknowledgment in the cardiac field for its exceptional properties as a scaffold for blood
vessels and as a substitute for pericardial tissue (P. H. Lee et al., 2012), (Francisco et al.,
2016).

In 1986, the Amnio-M emerged as a highly effective alternative to split skin grafts
for reconstructing the vagina in vulvovaginoplasty (MORTON & DEWHURST, 1986).

Recognizing the importance of preserving its biological and physical qualities, Kim and
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Tseng proposed cryopreserving the Amnio-M at -80 °C (Jae Chan Kim & Tseng,
1995).Utilizing the cryopreserved Amnio-M for reconstructing ulcerated corneas in 11

patients resulted in a success rate exceeding 90% (S. H. Lee & Tseng, 1997).

In 1997, Giler and Ercan pioneered the examination of lyophilized (freeze-dried and
sterile) Amnio-M in mandibular vestibuloplasty, noting significant angiogenic effects
(Gller et al., 1997). To enhance ease of application, commercial versions of Amnio-M in
suspension form have recently become available. Initially utilized in 2005 as suspension
eye drops (AMEED®), it provided a less invasive alternative to suturing the Amnio-M

graft for treating corneal ulcers (Bonci et al., 2005).

In the early 1990s, ophthalmologists started to explore alternative applications once
again. With the development and improvement of various preservation methods, enhanced
storage, and distribution techniques, accessibility to the tissue significantly improved
(Walkden, 2020a).

2.5. General Structure of Amniotic Membrane

The amnion is structured into five layers, typically with a thickness ranging from 20—
500um (T. Rao et al., n.d.). It includes an epithelial monolayer supported by a basement
membrane and an extracellular matrix (ECM) stromal layer, consisting of an acellular
compact layer and a fibroblast layer with a sparse cell population. The innermost layer,
known as the spongy layer, acts as the interface between the fibroblastic layer of the amnion
and the reticular layer of the chorion (McLaren et al., 1999), (Wu & Hui, 2006).

The structural proteins found in the amnion's extracellular matrix (ECM) and
basement membrane, including laminin, fibronectin, and collagens, create a scaffold that
facilitates cellular interactions, promoting epithelial regeneration (Scheffer C.G. Tseng et
al., 2004), (Hopkinson et al., 2008). At full term, there is a single layer of amniotic cells
firmly attached to a mesenchymal layer, typically ranging from six to eight cells in
thickness (Bourne, 1960), (Danforth & Hull, 1958). Notably, it lacks vascularity and does
not have a direct blood supply (Dua et al., 2004), (Trelford & Trelford-Sauder, 1979),
(Matthews et al., n.d.).
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Since it lacks its own blood supply, the amnion receives nutrition and oxygen from
the nearby chorionic fluid, amniotic fluid, and blood vessels on the fetal surface. Its main

source of energy comes from anaerobic glycolysis pathways (Dua et al., 2004).
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Figure 2. 7: Human placental membranes: (a) diagram of the structure of hAM and the content
of extracellular matrix for each layer.Adapted from
(https://onlinelibrary.wiley.com/doi/pdf/10.1002/jbm.b.34782) [Accessed on: 15 Nov 2023].

The fetal membranes comprise two layers: the outer chorion, which contains blood
vessels and is in contact with the uterine wall, and the inner avascular amnion, situated
beneath the chorion and in contact with the amniotic fluid. The amniotic membrane (AM)
is typically 0.02-0.05 mm thick and is traditionally considered to consist of three layers
(Malhotra & Jain, 2014a).
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Figure 2. 8: Components of the placenta and AM. Adapted from
(https://www.frontiersin.org/articles/10.3389/fbioe.2022.1067480/ful) [Accessed On: 15 Nov
2023]

Epithelium

The epithelium is made up of a single layer of dynamic cuboidal cells with microvilli
on the top surface (Malhotra & Jain, 2014a).

Basement membrane

The basement membrane includes type 1V, V, and VII collagens (also present in
conjunctival and corneal basement membranes), as well as fibronectin and laminin. Known
for its significant thickness, it ranks as one of the thickest membranes in the human body
and exhibits resistance to contemporary cryopreservation methods (Malhotra & Jain,
2014a).

Stroma

Structured into three interconnected yet distinct layers, the amniotic membrane
exhibits a well-defined organization. The inner compact layer, which directly interfaces
with the basement membrane, enhances the membrane's tensile strength. The middle
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fibroblast layer is substantial, featuring a loose fibroblast network, and together with the
outermost spongy layer, it constitutes the overall stroma structure (Malhotra & Jain,
2014a).

The stroma is composed of three layers: compact, fibroblast, and spongy. The
compact layer stands out as the strongest, capable of withstanding inflammation and
edema. The fibroblast layer, characterized by its thickness, comprises fibroblasts
embedded in reticular tissue, occasionally showcasing phagocytic abilities. The outermost
layer is spongy and gelatinous, composed of reticulin bundles within mucin. This layer has
the potential to become edematous, enabling the amnion to smoothly glide over the
securely anchored chorion (Malhotra & Jain, 2014b). Remarkably, a single placenta can
supply up to 40 grafts of amniotic membrane for ophthalmic applications(Blood &
Services, n.d.).
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Figure 2. 9: The components of the Amnio-M meets the standards of the “tissue engineering
pyramid”. Adapted from (https://www.researchgate.net/figure/The-components-of-the-Amnio-M-
fulfil-the-requirements-of-the-tissue-engineering-pyramid_fig2_357732139) [Accessed On: 15
Nov 2023].

The incorporation of cytokines and growth factors has broadened the utilization of
Amnio-M across different clinical scenarios within the field of regenerative medicine. This

encompasses its function as a three-dimensional (3D) scaffold for tissue engineering and
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in the realm of drug delivery. The diverse applications of Amnio-M have not only
progressed medical treatments but have also played a pivotal role in deepening our insights
into stem cell biology. The distinctive properties of Amnio-M position it as an optimal
platform for creating favorable conditions for cell culture (Elkhenany et al., 2022).

2.5.1 Amniotic membrane transplantation advantages

The intricate composition of Amnion-M makes it a valuable natural bio-scaffold
for various clinical purposes. Amniotic membrane scaffolds (AMSCs) exhibit distinct
qualities that make them applicable in a wide range of tissue repair scenarios. While the
precise mechanism of action of AM hasn't been fully quantified, it is understood to result
from a combination of the tissue's barrier function, providing structural advantages, and
the presence of bioactive proteins within its structure (Walkden, 2020a), (Dua et al., 2004),
(Adinolfi et al., 1982a). These properties work together synergistically, delivering a
consistent advantage when utilized as a tissue transplant (Sharma et al., 2023).
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Figure 2. 10: The properties of the human amniotic membrane make it a perfect scaffold for
tissue engineering. Adapted from (https://www.researchgate.net/figure/Human-amniotic-
membrane-properties-as-an-ideal-scaffold-for-tissue-engineering_figl_351856896) [Accessed
On: 15 Nov 2023].
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2.5.2. Biological properties

o Anti-inflammatory

Clinically, the anti-inflammatory effects of AM are evident through a noticeable
reduction in redness. Numerous experiments have been conducted to decipher the precise
mechanisms underlying these effects, starting with initial trials on preclinical animal
models. In the year 2000, AM demonstrated its ability to trap and prevent the infiltration
of polymorph-nuclear cells in a rabbit model of photorefractive keratectomy (Park et al.,
n.d.), (Woo et al., n.d.).

Subsequent to this, in 2001, the application of AM was found to facilitate the
reduction of lymphocyte and macrophage infiltration in the corneal stroma of a murine
model with HSV-1 necrotizing keratitis (Heiligenhaus et al., n.d.). These early experiments
involved using AM as a dressing, suggesting the potential for AM to function as a physical

cover and barrier against inflammatory cell infiltration (Tighe et al., 2010).

The anti-inflammatory impact of AM is credited to its ability to hinder the
expression of pro-inflammatory cytokines originating from the damaged ocular surface.
These cytokines encompass interleukin (IL) 1a, IL-2, IL-8, interferon-y, tumor necrosis
factor-B, basic fibroblast growth factor, and platelet-derived growth factors (Solomon et
al., 2001). In addition to the chemical mediation of anti-inflammatory effects, Shimmura
et al. have also demonstrated a mechanical influence, revealing that inflammatory cells
become entrapped in the matrix of the AM and undergo apoptosis (Malhotra & Jain,
2014a).

o Anti-Microbial properties

A review of the literature unveils varying opinions regarding the antimicrobial
characteristics of AM. Studies indicate that the application of AM in treating burn patients
is associated with reduced bacterial counts and effective infection control (T. V. Rao &
Chandrasekharam, 1981a), (Robson et al., n.d.).The antibacterial properties extend to both

gram-positive cocci, such as streptococci and Staphylococcus aureus, and gram-negative
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bacilli, including Escherichia coli and Pseudomonas aeruginosa (Kjaergaard, Hein, et al.,

n.d.), (Kjaergaard, Helmig, et al., n.d.).

The ability of AM to exert antibacterial effects is linked to the presence of various
antimicrobial factors in the amniotic fluid. These factors include bactricidin, beta-lysine,
lysozyme, transferrin, and 7S immunoglobulin (Immunology & 1962, n.d.), (Galask et al.,
n.d.). On the contrary, some researchers argue that AM may not inherently contain
chemical antimicrobial substances. Instead, they propose that its effectiveness lies in
serving as a robust physical barrier against infection due to its capacity to closely adhere

to the underlying surface (Kjaergaard, Helmig, et al., n.d.), (Inge et al., n.d.).

The amnion actively releases elafin (peptidase inhibitor 3) and secretory leukocyte
proteinase inhibitor, both serving as essential components of the innate immune system
with antimicrobial properties (Sangwan & Basu, 2011). Furthermore, the amnion is
recognized for its antiviral characteristics, credited to the existence of cystatin E, an analog

of a cysteine proteinase inhibitor (Sangwan & Basu, 2011).

. Promotion of Epithelization

The amniotic membrane plays a pivotal role in facilitating the migration of
epithelial cells (S. C.G. Tseng et al., 1997), improving basal cell adhesion (Shimazaki et
al., 1998), nurturing epithelial differentiation (Guo & Grinnell, 1989), preventing epithelial
apoptosis (Boudreau et al., 1995), and fostering wound healing through effective
epithelialization (Surgery et al., n.d.). Moreover, it releases various growth factors that
encourage epithelialization (Koizumi et al., 2000) and supports the expansion and
maintenance of epithelial progenitor cells in vivo (Grueterich & Tseng, 2002).

The amniotic membrane can produce endothelin-1 and parathyroid hormone-
related protein as well. Serving as a secure and suitable bed, its basement membrane
facilitates the growth of epithelial cells, while its excellent permeability ensures sufficient
oxygenation a feature not found in many synthetic materials. Consequently, the amniotic
membrane emerges as an optimal tissue for promoting the growth, migration, and
differentiation of epithelial cells (Tosi et al., 2005), (Kurpakus-Wheater, 2001).
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o Lack of Immunogenicity

The risk of acute rejection following amniotic membrane transplantation is
minimized as amniotic epithelial cells lack HLA-A, HLA-B, HLA-D, and HLA-DR
antigens, expressing HLA-G on their surfaces (Hori et al., 2006). Immunological elements,
including interferon-y, have been identified in the amniotic membrane, indicating that
viable epithelial cells may induce immunologic reactions. Research has shown that fresh
amniotic membrane transplantation is associated with a mild inflammatory response,
possibly linked to the expression of HLA I antigens by viable epithelial cells (Akle et al.,
1981).

The immunogenicity of cryopreserved amniotic membrane is lower compared to
fresh amniotic membrane due to the loss of epithelial cells during cryopreservation
(Adinolfi et al., 1982b). Amniotic membrane exhibits the ability to suppress T lymphocytes
in allografted limbus cells, suggesting its immunosuppressive properties, which contribute
to the potential success of grafting (Ueta et al., 2002). The use of placental membrane
materials as tissue grafts is associated with a minimal risk of immune rejection, leading to
their recognition as possessing an "immune privilege" (Streilein, 1995), (Whitsett et al.,
n.d.).

. Cell differentiation property

The fetal placental tissues exhibit the capability to differentiate into various cell
lineages. Specifically, the chorion, allantois, and yolk sac comprise members of the
hematopoietic lineage, while the chorion and amnion contain members of the mesenchymal
lineage. Cells originating from the chorion serve as valuable reservoirs for both
hematopoietic and mesenchymal lineage cells, owing to their possession of these distinct
properties. It is believed that the amniotic membrane can sustain the potential for

pluripotent stem cells, allowing for diverse cell differentiations (A. Gupta et al., 2015).
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o Anti-Scarring

Fibroblasts with anti-scarring properties play a key role in the proliferation phase
of wound healing. Their main responsibility is to generate collagen, which offers structural
support and helps reduce the size of the wound. Nevertheless, the collagen and
glycosaminoglycan’s produced during the initial stages of repair exhibit an uneven
arrangement of fibrils and composition, potentially contributing to the development of

opacity and scarring.

In the intricate process of wound healing, inflammatory cells play a vital role in
collaboration with fibroblasts. These cells express mediators that stimulate various actions
in fibroblasts, including migration, proliferation, extracellular matrix production, and
differentiation into myofibroblasts the primary cells responsible for wound contraction
(Tighe et al., 2010).

Following this, fibroblasts, neutrophils, and macrophages release proteases that
contribute to collagen remodeling, ultimately replacing granulation tissue with a fibrotic
scar. To prevent scarring effectively, it becomes crucial to curb excessive inflammation,
regulate collagen formation by fibroblasts, and inhibit the differentiation of fibroblasts into
myofibroblasts. The anti-scarring properties of birth tissue have been substantiated through
numerous clinical and preclinical studies (Tighe et al., 2010).

° Anti-Fibrotic Factors

Amnio-M demonstrated an anti-fibrotic impact by suppressing the expression of
TGF-B3 and its receptor. This action fosters the process of wound healing rather than
contributing to scar formation. Notably, TGF-B3 serves as an antagonist to TGF-B1 and
TGF-B2. These latter factors typically stimulate the synthesis of the extracellular matrix
(ECM), elevate collagen deposition in the wound area, and encourage the formation of
scars (Gilbert et al., 2016).

o Anti-angiogenic properties
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The amniotic membrane possesses anti-angiogenic properties due to the release of
potent chemicals that hinder angiogenesis, including thrombospondin-1, endostatin, and all
four tissue inhibitors of metalloproteinase (TIMP-1, 2, 3, and 4) (Hao et al., n.d.). While
generally beneficial, it is essential to carefully consider and strike a balance between the
anti-angiogenic effect of the amniotic membrane and its other potential advantages when
using it in cases of limbal stem cell deficiency linked to limbal ischemia, such as in ocular

surface injuries from chemical exposure (Malhotra & Jain, 2014a).

2.5.3. Mechanical properties

The mechanical properties of the human amniotic membrane (hAM), such as
elasticity, stiffness, and tensile strength, are closely linked to the composition of the
placenta. The organization of collagen fibrils in the extracellular matrix (ECM) plays a role
in determining tensile strength, and the presence of elastin fibers, laminin, hyaluronic acid,
and glycosaminoglycan influences elastic deformation (Friel et al., 2017).

Research indicates that the shear modulus of the amniotic membrane falls within
the range of 100 to 400 Pa, with variations in measurements linked to the state of the hAM
being examined. Interestingly, decellularized hAM exhibits a higher shear modulus
compared to the native form. This disparity is attributed to the denudation process, which
results in membrane dehydration and a subsequent reduction in thickness. Moreover,
studies have demonstrated a correlation between the elastic modulus and increasing hAM
thickness, revealing a decrease in elastic modulus with thicker hAM specimens (Chen et
al., n.d.), (Benson-Martin et al., n.d.).

2.6. Methods of Amniotic Membrane preservations

In order to facilitate convenient access to tissue transplantation, various preservation
methods for amniotic membrane (AM) have been devised. These methods ensure that the
therapeutic material can undergo thorough testing for infectious diseases, be transported,
and stored effectively before application. The goal of AM preservation is to maintain its
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characteristics as closely as possible to native tissue, enabling an on-demand and easily

accessible therapeutic option (Sharma et al., 2023).
o Cryopreservation

Cryopreservation stands out as the most widely employed technique for preserving
amniotic membrane (AM). The AM is carefully divided into either small (2cm by 2cm) or
larger (3cm by 3cm) pieces, then positioned on nitrocellulose paper with the stromal side
facing down. Following this, the AM undergoes storage in a solution containing 50%

glycerol and is frozen at temperatures as low as -80 degrees (Blood & Services, n.d.).

CHAM, or cryopreserved amniotic membrane, can be safely maintained for a period
of 48 hours and requires storage in a freezer maintaining temperatures below -40 degrees.
After this designated timeframe, obtaining a license from the Human Tissues Authority
(HTA) becomes necessary. When ready for use, CHAM is thawed for 10 minutes at room
temperature and must be promptly utilized (Malhotra & Jain, 2014b), (Blood & Services,
n.d.).

Certain studies in the literature propose that the freezing of tissues might induce the
formation of ice crystals, posing a potential risk to the integrity of cells. Additionally, the
thawing process before application could lead to the loss of crucial soluble proteins
essential for the wound healing process (Malhotra & Jain, 2014b), (Allen et al., 2013).

° Freeze-Drying/Lyophilization

Freeze-drying encompasses cooling the amnion to -80°C, succeeded by a
sublimation process to remove water from the tissue. Gamma irradiation is then employed
for tissue sterilization, ensuring its safety. While this method can cause ice crystal damage
to the tissue, unlike to cryopreservation, it offers the advantage of not encountering
logistical challenges associated with cold chain storage. Furthermore, unlike cryopreserved

products, there's no need for thawing before utilization (Rodriguez-Ares et al., 2009).

Lyophilization is a technique involving the removal of water through sublimation,

preventing chemical reactions that could negatively impact tissue integrity (Rodriguez-
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Ares et al., 2009). The lyophilized tissue, as a result, can be stored at room temperature for
extended durations, addressing the primary drawbacks associated with cryopreservation

and facilitating convenient transportation (Walkden, 2020a).

On comparing cryopreserved and lyophilized samples, scientists observed a
consistent presence of type IV collagen in the basement membranes for both preservation
methods. Notably, there were no significant variations in growth factors and total protein
content between the two methods, except for specific fibroblast growth factors, which

exhibited higher levels in cryopreserved samples (Rodriguez-Ares et al., 2009).
° Preservation through air or heat drying

In the preservation process, heat or air is employed to eliminate residual moisture
from processed tissue, ensuring its protection (Walkden, 2020a). This method effectively
prevents tissue damage that could occur if subjected to freezing. Studies have observed that
tissues preserved through heat or air drying are notably thin, typically measuring around
20-30 microns (Versen-Hoynck et al., 2004).However, the adoption of this technique is
relatively infrequent due to challenges associated with standardizing the procedure
(Sharma et al., 2023).

. Dehydration and low temperature vacuum evaporation

Utilizing low-temperature vacuum evaporation methods involves applying a sugar
protectant, such as trehalose, to effectively preserve and stabilize the tissue structure,
cellular membrane, and proteins (Allen et al., 2013), (Riau et al., 2010). The careful
removal of residual water occurs through controlled low temperatures and specified
vacuums, resulting in a dried product. In this preservation process, sugar protectants
replace intracellular water, safeguarding the cellular matrix of the amniotic membranes
(AMs) and preventing damage (Allen et al., 2013), (Wolkers et al., 2002).

Tissues preserved through this method can be shipped and stored without
encountering logistical issues, making them readily available worldwide, even in war zones

(Walkden, 2020b). Certain authors propose that this technique offers a more effective
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substrate when compared to traditional cryopreserved amniotic membrane (AM) (Allen et
al., 2013), although conflicting reports exist (Cooke et al., 2014). Furthermore, this product
exhibits stability, enabling its global transport for application in clinical and military
sectors (Schrimpf, 1954).

° Irradiation method

In the preservation processes of most tissue preparations, it is common to treat them
with an antibiotic and antimycotic solution to eliminate any remaining bacteria and fungi.
Some tissue preparations undergo additional sterilization through methods such as
irradiation, like gamma sterilization (Nakamura et al., 2004), or the use of fluids, such as
carbon dioxide in a supercritical state (Wehmeyer et al., 2015). However, there are reports
suggesting that terminal sterilization methods may compromise the integrity of the tissue
(Versen-Hoynck et al., 2004), (Riau et al., 2010). A recent publication by (Marsit et al.,
2019) highlights an antibiotic-based, aseptic decontamination technique suitable for dried
amniotic membrane (AM).

° Vitrification

Vitrification is a technique wherein liquid nitrogen is directly introduced into the
aqueous phase, leading it to transform directly into a glass phase. This method has an
advantage over slow freezing since it creates a vitreous, or glassy, condition throughout the
vitrification process (El-Danasouri & Selman, 2005). But to get this vitreous condition,

large cryo-protectant concentrations are required, usually between 40% and 60% (w/v).

Using higher concentrations of penetrating cryo-protectants (CPAS) in this approach,
which consist of DMSO, ethylene glycols, and glycerol, presents a potential risk of
increased toxicity. This heightened toxicity may result in potential genetic and epigenetic
changes in cells, including processes such as DNA methylation and post-translational
histone modifications (Anamika Chatterjee et al., 2016), (A. Chatterjee et al., 2017).
Additionally, successful execution of this method demands precise manipulation skills, and

there is a notable risk of contamination (Jang et al., 2017).
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Primarily utilized for preserving germ plasm, encompassing reproductive cells like
oocytes and sperm, vitrification has also found application in preserving epithelial cells in
the human amniotic membrane (hAM) and mesenchymal stem cells derived from the hAM
(Leal-Marin et al., 2021).
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Figure 2. 11: An overview of available amniotic membrane preservation methods. Adapted from
(https://www.mdpi.com/2077-0375/11/12/941) [Accessed On: 15 Nov 2023].

2.7 Amniotic Membrane Applications in Clinical Practice

The amniotic membrane serves as both a temporary and permanent graft in
transplantation. When used temporarily, it is sutured as a bandage or patch to promote
healing of the host tissue, dissolving once epithelialization is complete within 2 to 6 weeks.
As a permanent graft, it is sutured to fill tissue defects, facilitating the integration of host
cells for a robust connection with the surrounding tissue, especially in procedures involving
the cornea or conjunctiva (A. Gupta et al., 2015).
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Figure 2. 12: Amnio-M site selection based on thickness to suit different clinical applications.
Adapted from (https://www.researchgate.net/figure/Site-selection-of-the-Amnio-M-based-on-its-
thickness-to-fit-various-clinical-applications_figs 357732139) [Accessed On: 15 Nov 2023].

The versatile applications of the amniotic membrane extend across various medical
fields, particularly in treating skin burns and preventing tissue adhesion during surgeries
involving the head, neck, abdomen, larynx, and genitourinary tract (A. Mamede et al.,
2012). It is utilized in diverse medical procedures, serving as a surgical dressing for burns,
aiding in oral cavity and bladder reconstruction, and contributing to interventions like
tympanoplasty, arthroplasty, repair of omphaloceles, and the prevention of adhesions in

pelvic and abdominal surgeries (Schmiedova et al., 2021).

The varied applications of the amniotic membrane stem from its distinctive
characteristics, particularly its antimicrobial properties. These qualities render it suitable
for various post-surgery applications, encompassing wound healing, burn injuries, dental
injuries, and ophthalmology. Given the prevalence of bacterial infection and biofilm
growth in these areas, the amniotic membrane emerges as a valuable option (Trelford &
Trelford-Sauder, 1979), (Dadkhah Tehrani et al., 2021).

The amniotic membrane possesses the crucial quality of biocompatibility, signifying
its ability to interact with living tissue without eliciting toxic, injurious, carcinogenic, or
immunological responses. Its capacity to withstand inflammation and appropriately
respond to host reactions adds to its significance. Equally important is its biodegradability,

rendering it a suitable choice for utilization as a scaffold (Niknejad et al., 2008b).
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Amniotic membrane

Figure 2. 13: Diagrammatic representation of the applications, properties, and components of
amniotic membrane. Adapted from (https://www.mdpi.com/2077-0375/11/12/941) [Accessed On:
15 Nov 2023].

The utilization of amniotic membranes in treating corneal burns and other epithelial
defects in ophthalmology is widespread, resulting in the creation of various commercially
available products (Fairbairn et al., 2014). Furthermore, the amniotic membrane functions
as an alternative reservoir of stem cells, and several studies suggest their potential use in
tissue repairs, spanning areas such as corneal tissue, spinal cord injuries, brain infarction,

and conditions like Parkinson’s disease (Diaz-Prado et al., 2011).
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Figure 2. 14: A commercial representation of the various applications of amniotic membranes.
Adapted from (https://www.mdpi.com/2077-0375/11/12/941) [Accessed On: 15 Nov 2023]

2.8. Amniotic membrane in world market

Long-term wound care presents a serious and difficult health risk to individuals as
well as medical professionals. Grafts in a range of sizes and forms are readily available,
which reduces material waste and enhances cost-effectiveness. Features like ease of
handling and a longer shelf life without requiring a lot of preparation all contribute to the
reduction of the administrative and clinical time that is usually involved in using advanced

wound care products (Schmiedova et al., 2021).

Any advanced therapy or product used in wound care must be evaluated for cost-
effectiveness by taking into account a number of factors, such as the rate at which the
wound heals completely and the speed at which it closes. Despite the potential expenses
associated with advanced wound care products, overall costs can be mitigated by shorter
treatment durations, lower complication rates, reduced hospitalizations, and a decreased
likelihood of amputations (Fetterolf et al., n.d.), (Zelen et al., 2014). To treat chronic

wounds, Snyder et al. found 76 commercially accessible skin replacements.
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The majority of these replacements are made from donated human dermis, animal
tissue, or human placental membrane; none of them contain any cells. The anticipated
expenses associated with treating diabetic foot ulcers varied from $6.2 billion to $18.7
billion, encompassing both non-infected and infected wound scenarios. Projections
indicated a range of $0.7 billion to $1.5 billion for venous leg ulcers and $3.9 billion to $22
billion for pressure ulcers (Snyder et al., 2020), (MiMedx Provides Update Regarding
Timing of Restatement, n.d.), (Dulemba & Mirzakhani, 2016).

AMNIOTIC MEMBRANE MARKET IN THE
WORLD

ag% 4%

0O America
O Europe
| Africa

M Asia

Figure 2. 15: A diagram of the global amniotic membrane market. Adapted from
(https://www.mdpi.com/2077-0375/11/12/94). [Accessed On: 15 Nov 2023].

The success of treatments involving placental derivatives is exemplified by the
distribution of over one million medicinal products by MiMedx (Kesting et al., 2008).
Other key players in this field include Amnio Technology LLC, Celularity Inc., Human
Regenerative Technologies LLC, Katena Products Inc., Integra Life Sciences Corporation,

Skye Biologics Inc., and Amniox Medical Inc. (Schmiedova et al., 2021).

As of 2017, the global amniotic membrane market was valued at USD 2.26 billion,
projected to reach USD 5.81 billion by 2025, according to Grand View Research, Inc. The
majority of firms working in amniotic membrane research, development, or manufacture
are situated in the United States (Schmiedova et al., 2021).
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2.9. Techniques for causing injury to the corneal endothelium

° Transcorneal cryo-injury

The transcorneal cryo-injury method has been widely employed to induce
dysfunction in corneal endothelial cells (CEC) (Maumenee & Kornblueth, 1948),
(Khodadoust et al., n.d.). Although it is a relatively non-invasive and easily applicable
technique, the resulting CEC wound and subsequent healing behavior depend on factors
such as temperature, probe size, and application duration, necessitating careful
standardization (Han et al., n.d.), (Chi & Kelman, 1966).

Typically, liquid nitrogen is utilized to cool the probe to a range of —80 to —196 °C.
It's crucial to note that the probe's temperature increases during the initial 3-5 seconds after
application, underscoring the importance of immediate cooling before each use (Chi &
Kelman, 1966). The application should result in the creation of an ice ball in the anterior
chamber if the temperature and time are handled properly. Corneal epithelial defects
normally recover completely after 5-7 days of damage (Okumura et al., 2011), (D. Van
Horn et al., n.d.), (D. L. Van Horn & Hyndiuk, 1975), (Chi & Kelman, 1966).

° Mechanical injury

Mechanical damage is caused by scraping and removing the endothelium with an
instrument in the anterior chamber. Various methods have been employed to scrape corneal
endothelial cells (CECs) while maintaining Descemet's Membrane (DM), such as making
linear or circular incisions with a dull spatula or needle or using specially designed tools to
remove CECs (Tuftet al., n.d.), (Mills & Donn, 1960), (Huang et al., n.d.), (Ichijima et al.,
1993), (Solomon et al., 1997), (Landshman et al., 1989).

° Chemical injury

In contrast to mechanical and cryoinjury methods, the chemical injury approach was
initially introduced in 1977 during animal corneal transplant experiments. This method

aimed to eliminate all host cells, induce persistent corneal edema, and prevent corneal
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neovascularization (Maurice & Perlman, 1977). To mitigate collateral tissue damage and
potential consequences like anterior uveitis, secondary glaucoma, and corneal
neovascularization, physiological saline is irrigated into the anterior chamber following the
injection of the chemical agent (Maurice & Perlman, 1977), (Britton et al., 1976).

While various pharmacologic agents have been used for anterior chamber injection
to induce corneal endothelial cell (CEC) cytotoxicity, benzalkonium chloride (BAK)
stands out as the most frequently employed agent in experimental animals, leading to
bullous keratopathy. Chemical injury via intracameral injection is expected to cause more
extensive CEC damage compared to cryoinjury or mechanical debridement (Zhang et al.,
2017), (Maurice & Perlman, 1977), (Segarra et al., 2018).

° Laser injury

The Neodymium-doped yttrium aluminum garnet (Nd: YAG) laser functions through
photo disruption, creating micro-explosions within tissues. This laser technology enables
healthcare professionals to target intraocular tissues without the necessity of entering the
anterior chamber. Typical applications of the Nd: YAG laser involve peripheral iridotomy
and capsulotomy, used to address acute angle-closure glaucoma and posterior capsular
opacification following cataract surgery, respectively.(Zhang et al., 2017), (Seitz &
Langenbucher, 2000), (Dragnea et al., 2020). These operations are typically regarded as

safe, with few related problems like corneal ulcers and uveitis (Zhang et al., 2017).
o UV irradiation

The prolonged exposure of corneal endothelial cells (CECs) to light, especially UV
radiation, and their high oxygen demand during active pump operation make them
particularly susceptible to oxidative stress (Jurkunas et al., 2010). Researchers have
subjected animal corneas to UV irradiation to simulate a prooxidative environment that
damages nuclear and mitochondrial DNA and causes corneal endothelial dysfunction
(Sangwan Park et al., 2021).
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The extent of damage induced by UV irradiation generally relies on factors such as
the wavelength, light intensity, and the absorption spectrum specific to each tissue (lvanov
et al., 2018). Experimenting with UV irradiation, like the cryoinjury model, damages the
corneal epithelium, a process that generally heals within one week (Liu et al., 2020).

2.10. Surgical methods of Amniotic membrane Transplantation and its clinical

application

The common practice involves placing the amniotic membrane (AM) onto
nitrocellulose filter paper, positioning it with the epithelial side facing upward, and having
the stromal side in direct contact with the paper. The stromal surface is identifiable by the
presence of vitreous-like strands, which can be lifted using a sponge or delicate forceps.
Confirmation of the stromal surface may require this procedure at multiple points,

depending on the specific indication for its usage (Malhotra & Jain, 2014).

The positioning of the amniotic membrane (AM) is crucial and depends on the
desired outcome. Placing the AM with the epithelial side up (where the epithelium faces
the host's lids and the stromal side is directed towards the host's cornea) facilitates the
growth of corneal and conjunctival epithelial cells, promoting the re-epithelialization of
the host's epithelium. Conversely, positioning the AM with the epithelial side down (facing
the host's cornea and the stromal side towards the host's lids) utilizes the stromal matrix to
help reduce inflammation (Malhotra & Jain, 2014), (Meller et al., 2011). The epithelial
side of the AM is characterized by a smooth and shiny surface, whereas the stromal side is
sticky and gelatinous. Typically, it is supplied on nitrocellulose filter paper, with the
epithelial side facing up and the stromal side facing down (Blood & Services, n.d.).
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Figure 2. 16: Epithelial side UP amniotic membrane. Adapted from
(https://www.eyenews.uk.com/education/trainees/post/understanding-amniotic-membrane-grafts)
[Accessed On: 8 Dec 2023]
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Figure 2. 17: Epithelial side DOWN amniotic membrane. Adapted from
(https://www.eyenews.uk.com/education/trainees/post/understanding-amniotic-membrane-grafts)
[Accessed On: 8 Dec 2023]

. Graft or inlay Transplantation

In this technique, the amniotic membrane (AM) serves as a substrate or scaffold to
support the proliferation of epithelial cells. The AM is placed with the epithelial/basement
membrane side facing upward and is customized to match the size of the underlying
epithelial or stromal defect. Typically, non-absorbable 10-0 nylon sutures are used to
secure the AM to the cornea. The decision to orient the epithelial/basement membrane side

up is rooted in the superior substrate provided by the amnion's basement membrane. This
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substrate promotes the growth of progenitor epithelial cells by prolonging their lifespan,

preserving clonogenicity, and preventing apoptosis (Grueterich et al., n.d.).

This procedure can be employed as a single-layer graft inlay, utilizing a single layer
of AM, or as a multilayer graft inlay, incorporating multiple layers of AM into the ulcer
base without the need for sutures, depending on the depth of the underlying defect. In the
latter case, a ring-shaped area surrounding the corneal ulcer is depithelialized, and a
superficial graft is sutured to the ulcer's edge. The objective of this multilayer graft is for
the epithelium to develop over the top layer (Seitz et al., n.d.). Another term for this method
is the layered or fill-in method. Layering can be achieved by cutting the AM into multiple
pieces and stacking them or by using a larger piece of AM that is folded (blanket fold)
upon itself repeatedly (Malhotra & Jain, 2014).

Figure 2. 18: Diagram of amniotic membrane graft. The corneal defect (green circle) is
covered by the amniotic membrane (orange hexagon) held with interrupted corneal sutures.
Adapted from (https://www.eyenews.uk.com/education/trainees/post/understanding-amniotic-
membrane-grafts ) [Accessed On: 8 Dec 2023].

o Patch or overlay Transplantation

An onlay graft, commonly referred to as a patch application of amniotic membrane
(AM), serves as a temporary biological bandage, acting as a protective barrier to shield the
wound from external damage or pressure exerted by the eyelids (Walkden, 2020). Patch
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transplantation is typically employed in cases involving superficial damage or severe

inflammatory disorders (Sharma et al., 2023).

When using the patch or overlay (temporary basement membrane) amniotic
membrane (AM), it can be positioned with the epithelial side facing up or down. It is
securely placed over the host's epithelium to the conjunctiva or episclera using 10-0 vicryl
or adhered in place with fibrin. In this manner, the AM functions as a 'natural’ patch and
usually undergoes breakdown within one to two weeks (Malhotra & Jain, 2014), (Elhassan,
2019).

Figure 2. 19: Diagram of amniotic membrane patch. The corneal defect (green circle)
is covered with amniotic membrane patch (cream circle) sutured in place with
vicryl in a purse-string fashion in the peri-limbal region. Adapted from
(https://www.eyenews.uk.com/education/trainees/post/understanding-amniotic-membrane-grafts)
[Accessed On: 8 Dec 2023].

o Combinatorial (inlay and overlay) Transplantation

The sandwich amniotic membrane (AM) transplantation technique is also known as
the combined technique (Jirsova & Jones, 2017).Combinatorial transplantation involves
incorporating both inlay and onlay transplantation methodologies. This approach combines
the structural support provided by the graft with the protective function of the patch,
ensuring the integrity of the overall procedure. Both transplants contribute to the delivery

of anti-inflammatory and pro-epithelialization factors (Jirsova & Jones, 2017).
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When the graft is positioned with the epithelial side up and the patch with the
epithelial side down, the anticipated outcome is for the epithelium to develop between the
two layers (Dua et al., 2004). The integrated transplantation, combining both inlay and
overlay techniques, supports the growth of the epithelium beneath the patch and above the

graft over the course of several weeks (Malhotra & Jain, 2014), (Elhassan, 2019).

Figure 2. 20: Diagram of combined AM. The corneal defect (green circle) is filled
with AM graft (orange hexagon) and then covered with AM patch (cream circle). Adapted from
(https://www.eyenews.uk.com/education/trainees/post/understanding-amniotic-membrane-grafts)
[Accessed On: 8 Dec 2023].
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CHAPTER 3: MATERIALS AND METHODS

Table 3. 1: Materials used for Amniotic membrane preparation

Materials
1 Human placenta 2. | Ciprofloxacin injection
3 Fine tissue roll 4. | Examination gloves pack
5. Yellow pipette tips 6. | 10cc syringes
7 Test tube 8. | Ethanol solution 2.5L
9. Distilled water 10. | Para tulle (bandage)
11 Aluminum foil 12. | Disposable petri plate
13 Sterile saline 14. | Conical flask
15 Sodium dodecyl sulfate (SDS) 16. | Streptomycin
17 Cutter 18. | Nitrocellulose membrane

3.1. Human Amniotic Membrane (HAM) Preparation

3.1.1. Collection of human placenta

The human amniotic membrane (hAM) is derived from the human placenta and
collected by healthcare personnel after a cesarean birth with the donors' informed consent.
Every maternal donor undergoes prior serological screening to ensure they test negative

for the infectious diseases such as human immune deficiency virus (HIV), hepatitis B and
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C viruses, and syphilis. Placentas from vaginal deliveries are excluded from use due to the
risk of potential bacterial contamination from the vaginal environment (Klama-Baryta et
al., 2020).

3.1.2. Transportation

Following collection, the placenta was carefully preserved in a sterile container and
quickly delivered to the laboratory for processing. To maintain optimal conditions, it is
advisable to minimize the transport time, ideally within a maximum recommended duration
of 24 hours (Leal-Marin et al., 2021).

3.1.3. Preparation

The human placenta undergoes multiple washes using distilled water to eliminate
blood components. Subsequently, in a controlled lamellar flow environment, the placenta
undergoes an additional wash with sterile saline to ensure the removal of any lingering

blood clots.

The placenta was put in a sterile container, and the amnion was carefully removed
from chorion using a gentle and sterile blunt dissection. Extra cellular matric sheet (EMC)
suspension was bathed in a ‘cocktail’ of antibiotics containing 1 ml (penicillin,
streptomycin and ciprofloxacin) and sterile saline for 24 hours and washed with sodium
dodecyl Sulfate (SDS) (Elhassan, 2019).

3.1.4. Decellularization of human amniotic membrane

Pour the 15g of 0.5% SDS in 3L of distilled water to prepared solution for
decellularization. The extracellular matrix (ECM) suspension underwent a treatment
process involving buffered 0.5% sodium dodecy! sulfate (SDS) diluted 1:1 , along with an
antibiotic cocktail. This treated ECM suspension was then placed in a gently shaking
incubator at 50 rpm and rinsed with distilled water twice a day for a total of 4 days at room
temperature. This rinsing process continued until any remaining SDS was completely

removed. The rinsing is repeated until a clean solution is obtained.
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Figure 3. 1: Steps of human amniotic membrane preparations

Following that, the suspension underwent a 10-minute treatment at 37°C with a
combination of 0.2% DNase (2000 U; Sigma) and 200mg/ml RNase (Sigma) (Choi et al.,
2013). The amnion was then delicately put on a glass plate, and any excess blood and
mucus were carefully removed. For the purification of placental tissues, mechanical
techniques were employed to effectively eliminate blood clots and other potential

contaminants.
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Figure 3. 2: Decellularization process of human amniotic membrane

After removing the media from the decelluarized hAM, it was transfer to container
containing ethanol solution. The membranes, once separated, are cut into various sizes and
carefully positioned on nitrocellulose paper strips, ensuring that the epithelial side faces
upward. Amniotic membrane can be preserved through cryopreservation (CHAM) or in a
dry de-epithelialization form (DHAM) (Blood & Services, n.d.).
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Mesenchymal stem cells, fibroblasts, and an epithelial cell layer make up the human
amniotic membrane (HAM). Decellularization is a technique used to remove cells and cell
debris from the amniotic membrane without damaging the extracellular structural proteins

to minimize the possibility of immunogenic reactions.

Human amniotic membrane (hAM), which has not been decellularized, functions
well as a scaffolding material. Few investigations have documented a mild immunogenic
response resulting in tissue inflammation in the treated area (Woong Lee & Young Park
Eun Ah Kim Il Han Yun, 2014), (Glaucoma Filtration Surgery Using Amniotic Membrane
Transplantation - PubMed, n.d.).

3.1.5. Dry human amniotic membrane (DHAM)

Sterilization of the amniotic membrane (AM) was achieved by air vacuum and
gentle heating. It has a two to five year shelf life and is suitable for room-
temperature storage. However, it's crucial to remember that an HTA license is necessary
for storage beyond 48 hours. DHAM is usually hydrated before use by using sterile saline
(Blood & Services, n.d.), (Malhotra & Jain, 2014). According to published research, AMs
that have been air-dried are stable and may be kept in a different environments without
losing their therapeutic effectiveness. (Naeem, 2018).
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CHAPTERR 4: RESULTS AND DISSCUSSION

4.1. Antimicrobial activity of human amniotic membrane

4.1.1. Media preparation

Prepared 200ml growth media by dissolving 7.4g of nutrient agar in conical flask.
Autoclave the media and petri dishes at 121°C for 20 minutes. The purpose of autoclaving
the media is to ensured that it is free from any living microorganisms, including bacteria,

fungi, and their spores.

4.1.2. Amniotic membrane preparation

Dry decellularized human Amniotic membrane is cut into 3*3 pieces and exposed
to UV radiation for 10 to 15 minutes.

4.1.3. Strain selection

Three different bacterial strains have been used to check the antimicrobial activity

of human amniotic membrane i.e.

i.  Bacillus subtilis
ii.  Escherichia coli (E coli)

iii.  Staphylococcus aureus

4.1.4. Plate’s preparations
In the laminar flow hood pour the media in petri plates and allow it to solidify. With

the help of micro pipette cultivate the microorganisms in a suitable growth medium.

Sterilized glass rod was used to spread the bacteria strains on the growth media.
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With the help of tweezers placed the amniotic membrane patch in the center of petri
plates. Incubate the plates at the optimal temperature for 24 hours. Measure the diameter

of the clear zone (inhibition zone) around each patch after incubation.

4.1.5. Results and Discussion

Only Amniotic Membrane

Figure 4. 1: AM membrane on nutrient agar

Amniotic membrane is placed alone on the growth media to check whether it is free
from pathogen or not. Results after incubation shows that Amniotic membrane is sterilized

and don’t contain any pathogen.

Bacillus subtilis

Figure 4. 2: Human amniotic membrane microbial activity against Bacillus subtilis
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Bacillus subtilis a common gram-positive bacterium. The antimicrobial activity of
dry human amniotic membrane patches against Bacillus subtilis shows a significant zone
of inhibition. Figure (a) illustrates a 32 mm zone of inhibition (b) 33 mm zone of inhibition

and (c) 33 mm zone of inhibition.

The average mean of the zone of inhibition for Bacillus subtilis is 32 mm and

standard error of 0.333.

i Escherichia coli (E coli)

Figure 4. 3: Human amniotic membrane microbial activity against Escherichia coli

The antimicrobial activity of human amniotic membrane was investigated against
the Escherichia coli. Escherichia coli is a gram-negative bacterium. The zone of inhibition
for each plates was calculated after incubation for 24 hours. The figure (a) 20 mm zone of
inhibition (b) 16 mm zone inhibition (c) 19 mm zone of inhibition. Results are presented

as mean and standard error. Average mean = 18 mm standard error of 1.154.
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Staphylococcus aureus

Figure 4. 4: Human amniotic membrane microbial activity against Staphylococcus
aureus

Staphylococcus aureus a common gram-positive bacterium. The antimicrobial
activity of human Amniotic membrane against Staphylococcus aureus was investigated
and it shows a clear circular zone of inhibition around the human amniotic membrane
patches. The figure (a) 20 mm in a diameter area of inhibition (b) 15 mm area of inhibition
and (c) 16 mm area of inhibition. The mean result of Staphylococcus aureus is 17 mm with
the standard error of 1.527.

4.1.6. Conclusion

In conclusion, our study demonstrates the significant antimicrobial activity of
human amniotic membrane against Bacillus subtilis, Staphylococcus aureus, and
Escherichia coli. .Following a 24-hour incubation period, no colonies were discovered
beneath the human amniotic membrane patches. All three strains of bacteria shows
significant circular zone of inhibition. Our antimicrobial study is focus on a three bacterial
strains. Future research should explore the broader antimicrobial activity of human
amniotic membrane against various gram-negative and gram-positive microorganisms.
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Figure 4. 5: Antimicrobial activity of three different bacterial strains

The one-way analysis of variance (ANOVA) revealed a statistically significant
difference in the antimicrobial activity among the three bacterial strains. The p-value was
0.000103 which is (p<0.05) this indicates that there are likely variations in the

antimicrobial activity of the tested strains.

Source of

Variation

Between

Groups
Within
Groups

Total

Table 4.1: Result of One-way ANOVA for Antimicrobial activity

SS

461.5556

22.66667

484.2222

df

2

6

MS

230.7778

3.777778
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F P-value

61.08824  0.000103

F crit

5.143253



4.2. Scanning Electron Microscopy (SEM)

Scanning electron microscopy (SEM) is useful tool in tissue engineering research,
which uses the beam of electron to produce the detailed image of the samples. SEM image
provide the significant information about the surface morphology, cross sectional view,

composition and properties of the samples.

SEM samples must be completely dry. Biological samples of any kind such as cells,
tissues, and membranes need to be chemically fixed in order to preserve its properties and
stabilized their structure (Al Shehadat et al., 2018).

4.2.1. Methodology

The samples were fixed in 2.5% glutaraldehyde for two hours at 4 degrees Celsius
before undergoing scanning electron microscopy. The specimens were then thoroughly
cleaned with PBS. For 10 minutes, graded ethanol solutions of 30%, 50%, 70%, 90%, and
100% each were used to dehydrate human amniotic membranes. In 100% ethanol, the

dehydration procedure was repeated twice. (Shehadat and colleagues, 2018).

The specimens were then dried and mounted on suitable microscopic slides.
Afterward, a thin layer of gold was applied via sputter coating, and a scanning electron
microscopy (JEOL-JSM-6490LA model) was used to observe the samples. The coated

samples were visualized at a 20 kV electron beam.

4.2.2. Results and Discussion

4.2.3. Human amniotic membrane (hAM) Surface view
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Figure 4. 6: Representations of the human amniotic membrane obtained by scanning electron
microscopy at different magnifications (A, B, & C) surface view of the unprocessed or
cellularized human amniotic membrane and (a, b, & c) surface view of processed or
decellularized human amniotic membrane.

The human amniotic membrane, both cellularized and decellularized, has been
evaluated using scanning electron microscopy (SEM). Image (A) cellularized hAM and
(a) decellularized hAM at the X20, 000 magnification. Image (B) cellularized hAM and
(b) decellularized hAM at the X10, 000 magnification. Image (C) cellularized hAM and
(c) decellularized hAM at the X 5,000 magnification operation at a 20kv electron beam

voltage.
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Figure 4. 7: A scanning electron microscopic image of human amniotic membrane (D, E)
surface or top view of the unprocessed or cellualrized human amniotic membrane and (d, €)
surface or top view of processed or decellularized human amniotic membrane.

SEM Image (D) cellularized hAM and (d) decellularized hAM at the X 25, 00
magnification. Image (E) cellularized hAM and (e) decellularized hAM at the X 1,000
magnification operation at a 20kv electron beam voltage.

SEM of human amniotic membrane at magnifications of X20000, X10000, X5000,
X2500, and X1000 operating at a 20kv electron beam. Results of the scanning electron
microscopy shows that cellularized or unprocessed hAM has epithelial cells present on the
surface with intact extracellular matrix while the decelluarized hAM shows the absence of
epithial cell with intact extra cellular matrix. The presence of white spots on the surface
shows the cells on epithelial side of hAM.
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4.2.4. Human amniotic membrane (hAM) Cross-Sectional view

Cellularized AM

X25,000 1um 20kV  X2,500 10um

Decellularized AM
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Figure 4. 8: A cross-sectional scanning electron microscope (SEM) image of human amniotic
membrane (A, B, C) cross-section view of the unprocessed or cellualrized human amniotic
membrane and (a, b, c) cross section view of processed or decellularized human amniotic

membrane.

SEM cross sectional Image (A) cellularized hAM and (a) decellularized hAM at
the X25, 000 magnification. Image (B) cellularized hAM and (b) decellularized hAM at
the X10, 000 magnification. Image (C) cellularized hAM and (c) decellularized hAM at

the X 25, 00 magnification operation at a 20kv electron beam voltage.

Cross sectional view of human amniotic membrane at the magnification of X25000,
X10000, X2500 shows that the cellularized human amniotic membrane consists of
amniotic epithelial cells and a smooth basement membrane. The decellularized human
amniotic membrane, on the other hand, has the extracellular matrix intact but lacks

epithelial cells.
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4.3. Hematoxylin and Eosin (H & E) Staining

Hematoxylin and Eosin (H&E) staining is widely used staining technique in
biomedical research. It is used to visualized and differentiate the tissue and cell components

under the microscope.

Human amniotic membranes that had been cellularized and decellularized were
stored with 10% (v/v) neutral buffered formalin, and they were then subsequently
dehydrated using by graded series of ethanol. After dehydration hAM was embedded in
paraffin wax and Hematoxylin & Eosins stain were applied to specimen for histological

examination (Sripriya & Kumar, 2016).
Pixel pro software were used to analyze the H&E staining.

4.3.1. Results and discussion

Cellularized Amniotic membrane Decellularized Amniotic Membrane

Figure 4. 9: H&E staining of cellularized and decellularized human amniotic membrane
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H&E Image (A, B, C) are the cellularized human amniotic membrane while (a, b,
c) are decellularized human amniotic membrane. A light microscopic picture of the human
amniotic membrane that has been cellularized and stained with H&E reveals that the
membrane is made up of columnar epithelial cells that are attached to a thick basement

membrane.

Nuclei stained purple also verifies the existence of epithelial cells on the
cellularized human amniotic membrane. Decellularized human amniotic membranes lack

epithelial cells, and the absence of a nuclei structure indicates effective decellularization.

4.4. Fourier transform infrared spectroscopy (FTIR)

FTIR is infrared spectroscopic technique widely used in material sciences and
chemistry to analyze the substance and its components. FTIR additionally offers valuable
insights into the molecular structure and chemical composition of the specimen.The
magnitude of peaks in the spectrum serves as a direct indicator of the quantity of material
present. In modern software algorithms, FTIR has shown to be a highly effective tool for

quantitative analysis (Ganzoury et al., 2015).

4.4.1. Results and discussion

FTIR spectra of human amniotic membrane both cellularized and decellularized
were examined to understand the presence of molecular structural component of amniotic
membrane. The spectra were obtained within the 400-4000 cm-1 range. Origin 7.5

software had been used to plot the FTIR spectrum.
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Figure 4. 10: FTIR spectra of the decellularized human amniotic membrane (DHAM)

The FTIR spectrum of the decellularized human amniotic membrane shows different
absorbance band at the frequency of 3752 cm-1, 3300 cm-1, 3021 cm-1, 2920 cm-1, 1627
cm-1, 1538 cm-1, 1456 cm-1, 1393 cm-1, 1240 cm-1, 1088 cm-1, and 651 cm-1

respectively.
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Figure 4. 11: FTIR spectra of cellularized human amniotic membrane (CHAM)
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The FTIR spectra of cellularized human amniotic membrane (CHAM) having
different characteristic absorption band at the frequency of 3743 cm-1, 3274 cm-1, 3067
cm-1, 2954 cm-1, 2919 cm-1, 2848 cm-1, 1651 cm-1, 1540 cm-1, 1450 cm-1, 1395 cm-1,
1225 cm-1, 1073 cm-1, and 647 cm-1 respectively.
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Figure 4. 12: FTIR spectra of both cellularized and decellularized human amniotic membrane.

The FTIR spectra of both cellularized and decellularized human amniotic
membrane exhibit peak shifts, indicating the variations in the matrix's nature. The FTIR
examination of the human amniotic membrane identified unique peaks associated with

different functional groups present in the tissue.

The absorption band at 3280 cm-1 represents the weak and broad O-H stretching,
while the peak at 2960 cm-1 is associated with the CH3 asymmetric stretching mode.
Additional peaks reveal various absorption bands in the range of 2842 cm-1 (C-H
stretching), 1649 cm-1 (Amide I protein absorption band, C=0 stretching mode), 1544 cm-
1 (Amide Il, N-H bending mode, and C-N stretching mode), 1234 cm-1, and 1066 cm-1
(Amide 111, C-N stretching, and N-H in-plane bending).This peak region appears notably
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broader in cellularized human amniotic membrane, attributed to the presence of cellular

components.

Table 4.2: A Comparison of intensities of all major peaks of Amniotic Membrane

Peak Wavenumber Corresponding Peak Cellularized Decellularized
(cm-1) Functional Group Amniotic Membrane  Amniotic Membrane
(CHAM) (DHAM)
1600-1640 cm-1 Amide I (Absorption band, 1651 cm-1 1627 em-1
C=0 stretching mode)
1510-1560 cm-1 Amide IT (N-H bending and 1540 cm-1 1538 cm-1

C-N stretching mode)

1210-1300 cm-1and Amide III (C-N stretching 1225cem-1, 1073 cm-1 1240 ¢cm-1, 1088 cm-1
1070-1080 cm-1 and N-H in-plane bending)

Amide IV (carboxylate 1392 em-1, 656 cm-1 1393 cm-1, 651 cm-1
1398, 640-650cm-1  ion and C=0 planar
deformation vibration )

3280 cm-1 Weak and broad O-H 3274 em-1 3300 cm-1
stretching

2842 cm-1 C-H stretching (Absorption 2848 cm-1 2920 cm-1
band)

1550 to 1530 cm-1 Collagen helix is unfolding. 1544 cm-1 1538 cm-1

2960 cm-1 Stretching mode of CH3. 2954 ¢m-1 2957 em-1

Specifically, the carboxylate ion and the C=0 planar deformation vibration of
amide 1V are linked to the peaks in the 640-650 cm-1 region. A clear change in the collagen
structure happens when the signal at 1550 shifts to 1530 cm-1. This shift shows that the
collagen helix is unfolding. It also means that the gaps between the signals at 1650 and
1550 cm-1 are getting bigger. However, in the DHAM spectrum, which represents the
processed membrane, there are no noticeable changes in the collagen signals. This indicates
that collagen molecules in the treated membrane maintain their natural state (Grdadolnik
& Maréchal, 2001), (Download Infrared and Raman Characteristic Group Frequencies:
Tables and Charts, n.d.),.
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4.5. Animal Model protocol

Table 4.3: Materials used for animal preparation

Materials
1. Rabbits 2. | Anesthesia (Ketamine)
3. | Amniotic membranes 4. | sterile gauzes
5. | Sodium hydroxide 10% 6. | Syringe

7. Fluorescein Sodium Ophthalmic Strips 8. | moxifloxacin 0.5%

9. micro sponge 10. | scissors

11. | Ciprofloxacin 0.35% 12. | needle holders

13. | Filter paper 14. | sterile gauzes

15. | Surgical kit 16. | Surgical gloves

17. | Surgical sutures 10-0 nylon 18. | Wood’s lamp

19. | 0.9% sterile saline solution 20. | Electric magnifying glass

4.5.1. Animal Selection

Four healthy adult female white New Zealand rabbits, with weights ranging from
2.0 to 2.5 kg, were obtained from the National Institutes of Health (NIH) to established

animal model. The surgical procedures were conducted on the left eyes.

o Treatment with Amniotic membrane plus Antibiotic

Treatment of rabbit with decellularzied human placental derived amniotic

membrane along with moxifloxacine antibiotic.
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o Standard or Control group
Treatment of rabbit with antibiotic moxifloxacine eye drops.

4.5.2. Recipient Rabbit Preparation

e Anesthetize the rabbits using appropriate anesthesia protocols to minimize pain
and discomfort.

e Corneal defect induced experimentally by using chemical material Sodium
Hydroxide (10 %) to destroy the corneal epithelial.

e A micro sponge was used to debride the weakly adhering epithelium from the
base of an epithelial defect or stromal ulcer.

e After application of imbedded filter paper with sodium hydroxide 10 % on

rabbit eye wait for fifth day before transplantation of amniotic membrane.

4.5.3. Amniotic Membrane Transplantation Procedure

e Anesthetize the rabbits using appropriate anesthesia protocols to minimize pain
and discomfort.

e Rabbits were administered intramuscular ketamine hydrochloride at 1 mg/kg
along with local anesthesia using atropine sulfate.

e The positioning of the rabbits involved placing their treated eyes at the forefront
of the operating table, securing the mandible and forehead on respective
supports.

e The cornea of the eyes undergoing inspection was observed by adjusting the
position of an indicator light. Following the examination, the recorded images
and videos were saved.

e Cleaning of the mandibular and forehead supports was carried out using

alcohol.
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The amniotic membrane was gently removed from nitrocellulose filter paper
A circular cut was made on the amnion to ensure the appropriate size, and it
was then placed on the lesion with the epithelial side facing up.

The whole surface of the cornea and the surrounding conjunctiva were carefully

covered with the amniotic membrane.
After that, the amniotic membrane was subsequently secured to the perilimbal

conjunctiva using interrupted 10 - 0 nylon sutures.
e This procedure was done by using electric magnifying glass.

4.5.4. Postoperative Care

The ocular surface is rinsed daily with normal saline. Moxifloxacine % eye drops

applied four times a day. The amniotic membrane dissolved over the period of

two weeks
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Figure 4. 14: Diagrammatic representation of surgical instruments (a) ophthalmic surgical skit
and (b) nylon 10-0 wegosutures.

4.5.5. Clinical observations

The evaluation of the surgical outcome was based on the following parameters.

° Visual observation

The surgical result was evaluated using subjective symptoms, specifically pain, on
the 7th day after the operation, at the end of the second week (day 15), and at the conclusion
of the month (day 30)

o Measuring Scale

Objective signs (hyperemia and size of the corneal ulcer) with the help of photo

documentation.
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4.5.6. Results

After applying a 10% sodium hydroxide solution to chemically induce a corneal
defect, on the first day, the eye showed signs of redness and inflammation in the
conjunctiva (hyperemia), accompanied by excessive tearing. The symptoms of pain
gradually faded away by the end of the first week.

Figure 4. 15: Diagrammatic representation of AM transplantation (a) normal eye of rabbit
before surgery and (b, c, d) transplantation of Amniotic Membrane graft with sutures.

It was also observed that both the congestion and pain completely disappeared after
two weeks. This positive outcome was associated with a noticeable reduction in the size of
the corneal defect due to the application of amniotic membrane transplant as it clearly seen
in Figure 4.16.
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We can clearly see that using the amniotic membrane results in a reduction in
redness and the size of the ulcers over time, especially noticeable on the last day of the
second week. The external eye images taken from electric magnifying glass revealed that
the cornea looked normal and transparent after the amniotic membrane transplantation in

rabbit eyes. There were no signs of significant swelling or immune rejection.

Day 7 Day 15 Day 30

\

Treatment Group

Control Group

Figure 4. 16: The progression of cornea healing with and without a human placental-derived
ECM sheet, imaged at days 7, 15, and 30.

4.5.7. Discussion

The goal of this study was to evaluate the application of extracellular matrix (ECM)
sheets derived from human placenta as scaffolds in enhancing the recovery of ocular
surface damage in rabbit corneas. In our investigation, we conducted a comparative
analysis between amniotic membrane transplant (AMT) and a control group treated solely

with moxifloxacin antibiotics for repairing corneal defects in a rabbit model.
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The results demonstrated the effectiveness of amniotic membrane transplant in
fostering the healing process of corneal defects. Our clinical findings indicate that applying
the AM has a beneficial impact on the recovery of injured corneas. The use of AM proved
to be essential in reducing notable subjective symptoms like pain, as well as clinical signs

such as redness and the size of corneal ulcers.

The amniotic membrane was characterized by using SEM, FTIR, H & E staining
and antimicrobial activity. SEM and H&E staining revealed the presence of epithelial cells
in cellularized hAM, contrasting with the absence of epithelial cells in decellularized hAM.
FTIR analysis showed a peak shift in processed hAM, indicating ECM variations without
changes in collagen signals, this implied that collagen molecules within the treated
membrane preserve their inherent or natural conformation. The p-value < 0.05 from the
ANOVA analysis signifies a significant difference in antimicrobial activity among the

three bacterial strains.

The amniotic membrane is essential for facilitating the migration of epithelial cells
(S. C.G. Tseng et al.,, 1997) and facilitating effective wound healing through the
epithelialization (Surgery et al., n.d.).

The intricate composition of Amnion-M makes it a valuable natural scaffold for
various clinical application. Amniotic membrane scaffolds (AMSCs) have distinct
characteristics that make them well-suited for a wide range of situations where tissue repair
is needed (Walkden, 2020), (Dua et al., 2004), (Adinolfi et al., 1982).

The human amniotic membranes were used in individuals experiencing different
conditions affecting the eye surface, such as defects in the corneal epithelium (Prabhasawat
et al., 2001; Letko et al., 2001), ulcers (Lakimento et al., 2013), or perforations (Chen et
al., 2006). When it comes to the healing of the corneal epithelium, success rates ranged
from 19% to 91% (Nubile et al., 2011).

This study shows that amniotic membrane transplant significantly reduces clinical

signs, particularly redness and pain, as well as the size of the corneal defect. This aligns
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with the findings of Yana Manolova et al. in 2016, where the application of AM led to a

notable decrease in symptoms across all categories.

The amniotic membrane produces numerous anti-inflammatory proteins, and
studies have illustrated its capacity to diminish inflammation in the eyes. This is achieved
by preventing the infiltration of white blood cells and limiting the activity of enzymes
called proteases (Li 2003; Zhou et al. 2003; Zhen & Xie 2006).

Utilizing the amniotic membrane as tissue grafts carries a minimal risk of
provoking an immune rejection response. This has led to the acknowledgment that these
materials hold a special status known as "immune privilege." (Streilein, 1995), (Whitsett
etal., n.d.).
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CHAPTER 5: CONCLUSION AND FUTURE

RECOMMENDATION

Our findings suggest that incorporating the human amniotic membrane as a scaffold
in corneal transplantation proves effective in enhancing corneal healing, while concurrently
reducing signs of inflammation and redness in a rabbit model. The findings of this study
underscore the promising role of human placental-derived ECM sheets as scaffolds for cell
growth in cornea transplantation, offering a potential alternative to conventional donor

tissue transplantation.

The results of this research emphasize on the potential using of extracellular matrix
sheets derived from human placenta for supporting cell growth in cornea transplantation,

providing a possible substitute for the traditional transplantation of donor tissues.

The future use of amniotic membrane (AM) in cornea transplant procedures shows
promise, with ongoing research aiming to establish its safety and efficacy. Clinical trials
are crucial for refining processing techniques, determining optimal patient criteria, and
ensuring consistent application across different surgical settings. Combining AM with
innovative approaches like regenerative medicine or advanced biomaterials holds potential
for improving outcomes in corneal transplantation. Long-term follow-up studies will be
vital for assessing the durability of therapeutic effects and monitoring potential
complications, contributing valuable data to refine best practices. Efforts to enhance cost-
effectiveness, regulatory approval, and global accessibility are essential for the widespread
integration of AM into routine cornea transplant procedures. Educating healthcare
professionals and patients about the advantages and limitations of AM in corneal

transplantation is key for successful adoption in clinical practice.

In conclusion, future recommendations for AM in cornea transplant involve a
comprehensive approach focusing on research, standardization, combination therapies,
long-term monitoring, cost-effectiveness, and global accessibility to advance both

scientific understanding and practical implementation in ophthalmology.
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