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COLD GLYCEROL PRESERVED CANINE AMNIOTIC MEMBRANE IN DOGS. ADVISOR: 
ASST. PROF. .NALINEE TUNTIVANICH, D.V.M., Ph.D., 64 pp. 

Amniotic membrane (AM) is the thin, translucent membrane lining at the inner 
layer of fetal membrane. It has commonly been used as a biological graft in human 
and veterinary ophthalmology. Clinical application of fresh AM is rare because of 
inconvenient use and risk of disease transmission. The objective of this study was to 
evaluate clinical outcomes of canine corneal perforation repair using cold glycerol-
preserved canine AM compared to cryopreserved human AM. Canine AM was collected 
from 4 completely vaccinated, healthy bitches after cesarean sections. Micro-organism 
culture and histological study using light microscope were assessed in fresh and 1 
month-preserved canine AM, as well as clinical outcomes after corneal reconstruction. 
None of micro-organism was found in all samples. Histologically, canine AM was 
composed of three layers; single layer ciliated low cuboidal epithelium, basement 
membrane and stroma containing collagen fibers. Preserved canine AM had intact 
epithelium and more compact collagen fibers with less organization. Preserved canine 
AM were significantly thinner than the fresh membrane (p<0.05). The success rate using 
glycerol-preserved canine AM was 87.5% (7/8 eyes) whereas that of using 
cryopreserved human AM was 83.33% (5/6 eyes). Protrusion of the membrane was 
found in one case receiving canine AM, while one receiving human AM had recurrent 
corneal ulcer. In conclusion, cold glycerol-preserved canine AM can be used as an 
alternative allograft for the treatment of corneal perforation in dogs. 
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CHAPTER I 

INTRODUCTION 

 
 

Importance and Rationale 

 Corneal perforation is the condition that part of the entire corneal thickness is 
lost. It results in leakage of aqueous humor, severe inflammation and intraocular 
infection. Immediate treatment is required to restore corneal integrity, prevent vision 
loss and minimize potential complications; such as secondary glaucoma, 
endophthalmitis and phthisis bulbi (Jhanji et al., 2011). Though therapeutic goals of 
corneal perforation are a repair of corneal wound, identification of the cause of corneal 
injury as well as  prevention of further damage are very important (Solomon et al., 
2002; Maggs, 2013). Among various surgical procedures to correct corneal injury, 
repairing corneal perforation with biological graft materials allows the graft to be 
integrated into corneal tissue during wound healing (Ledbetter and Gilger, 2013).  
 Amniotic membrane is one of the tissue grafts widely used in human and 
veterinary ophthalmology.  It is a thin translucent membrane lining at the inner layer 
of the fetal membrane (Dua et al., 2006). Human AM has many biological properties 
scientifically proven to be beneficial as biomaterial in corneal transplantation. It 
enhances wound healing by promoting corneal epithelialization as well as being a 
scaffold for cell proliferation and differentiation. Several factors in human AM play a 
role in lowering inflammation, neovascularization and scar formation (Hao et al., 2000; 
Woo et al., 2001). In addition, with lack of immunogenicity, AM reduces risk of graft 

rejection. The success rate of transplantation therefore increases (Godoy‐Esteves et 
al., 2013)
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 The use of fresh human AM in medical practice is rare. It is due to the fact that 
time of tissue collection is not well-suited for clinical application and time to 
evaluation of blood-borne infection is inadequate. Various methods have been 
developed to preserve AM (Baradaran-Rafii et al., 2008) to maintain histological and 
biological property comparable to the fresh membrane (Thomasen et al., 2011).  
Cryopreserved human AM has widely been used to reconstruct corneal surface in 
several conditions; such as corneal dermoid (Kalpravidh et al., 2009), bullous 
keratomalacia (Barros et al., 2005) and created deep corneal ulcer (Vongsakul et al., 
2009).  

The influences of different preservation methods on AM properties depend on 
media composition, storage temperature and preservation process. Cryopreserved 
human AM requires deep-freezing storage at -80ºC. Thus, it has become problematic 
to maintain stable storage temperature during transportation and before use 
therapeutically (Ravishanker et al., 2003). According to an increase demand for clinical 
use at present, human AM is commercially available at all times. 
 Glycerol has long been recognized as one of good preservatives. In addition to 
protecting cell integrity by replacing most of intracellular water through dehydration 
mechanism, glycerol stabilizes ionic concentration of preserved cells (Maral et al., 
1999). Not only method of preparation can easily be obtained, preservation can be 
achieved at low temperature over a long period of time. Replacement of 
cryopreserved human AM by cold glycerol-preserved canine AM may overcome some 
pitfalls of human AM on availability for corneal reconstruction in dogs.    
 
Research questions 

1. Can glycerol be used for the preservation of canine AM?  
2. Can cold glycerol-preserved canine AM be clinically used as a transplant 

for canine corneal perforation? 
3. What are macroscopic histological findings of canine AM?   
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Objectives  

1. To evaluate clinical reconstruction of canine corneal perforation with cold 
glycerol-preserved canine AM compared with cryopreserved human AM  

2. To characterize histologically fresh and cold glycerol-preserved canine AM 
by light microscopy  

3. To evaluate technique of canine AM preparation  
 
Advantages of the Study 

The cold glycerol-preserved canine AM could be used clinically as an 
alternative transplant for canine corneal perforation. It is practically prepared and its 
macroscopic structure remains at least one month of storage at 4ºC.  

 



 
 

  

CHAPTER 2 

LITERATURE REVIEW 

 
 
Cornea 

 Cornea is the outermost fibrous coat of the eye, which is curve, transplant and 
smooth. With its unique physiology, not only it serves for light refraction, it maintains 
ocular integrity and protects the eye from external environment. Corneal thickness 
varies among species. In dogs, the mean thickness was 545.6 21.7 µm (Martin-Suarez 
et al., 2014). The cornea has four layers, including epithelium, stroma, descemet’s 
membrane and endothelium (Figure 1). Epithelium is the outermost layer consisting of 
five to seven cell layers in dogs. Non-keratinized stratified squamous cells lie at the 
surface, while polyhedral cells (wing cells) are located in the intermediate layer, 
followed by columnar cells (basal cells) at the deepest layer. Basal cells are attached 
to basement membrane. Corneal stem cells are located at the corneoscleral limbus 
thus corneal epithelial cells undergo regeneration and maturation throughout life. 
Stroma is the thickest layer of the cornea, constituting more than 90% of the entire 
thickness. It composes of keratocytes, collagen, water, and other ground substances. 
Lamellar arrangement of collagen fibers maintains corneal transparency. Disruption of 
stromal collagen fibril arrangement is the major cause of loss of transparency. 
Descemet’s membrane is an elastic membrane lining in between stroma and 
endothelium. It has become thicken throughout life because it is secreted 
continuously by endothelial cells. Endothelium is the innermost layer of the cornea 
lining the anterior chamber. It is a one cell layer thick playing a role in transparency 
via sodium potassium pump. It helps stroma remain relatively dehydrated. (Maggs, 
2013) 
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Figure 1. Histological structure of corneal layers 
This picture is modified from Maggs, 2013.   
 
Ulcerative Keratitis 

 Corneal ulcer is a condition that corneal epithelium is lost exposing underlying 
stroma or basement membrane. There are many underlying causes of corneal ulcer 
(Maggs, 2013); inadequate corneal protection such as keratoconjunctivitis sicca, facial 
nerve paralysis, ectropion, etc or excessive epithelial loss such as trauma, foreign body, 
abnormal hair growth, entropion, infectious disease, etc. Regardless of cause, depth 
and degree of corneal damage should also be considered. Blunt trauma is more 
widespread. It tends to cause globe rupture, intraocular hemorrhage and retinal 
detachment, while sharp trauma tends to be more localized and associated with lens 
capsule rupture.   

Less than full thickness ulcer has good prognosis with appropriate therapy. Full 
thickness (perforating) wound with globe rupture have a poorer prognosis as compared 
to less than full thickness ulcer because of intraocular damage and greater tissue 
disruption at the wound edge (Ledbetter and Gilger, 2013). Differentiation of full 
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thickness corneal ulcer requires Seidel’s test. It is a test in which fluorescein stain is 
applied to the cornea without being rinsed off. Positive Seidel’s test reveals fluorescein 
dye within the anterior chamber, an indicative aqueous humor leakage (Ledbetter and 
Gilger, 2013). Careful examination must be made to evaluate the extent of corneal 
injury, not only for well plan of therapy but avoidance risk of further ocular damages. 
Ophthalmic assessment should therefore include menace response, dazzle reflex, 
pupillary light response, palpebral reflex, quantitative tear production, fluorescein 
staining test, examination of bright slit beam and thorough examinations of ocular 
adnexa. Penetrating corneal injury can lead to complications such as uveitis, rupture 
of lens capsule, endophthalmitis, secondary glaucoma, permanent blindness and 
phthisis bulbi.  
   

Corneal perforation is a cause of profound vision loss. It is a great deal of 
discomfort for dogs. Clinical signs (Figure 2)  include epiphora, photophobia, 
blepharospasm, conjunctival hyperemia, corneal edema, miosis, aqueous leak and iris 
prolapse  (Jhanji et al., 2011).  
 
 
 
 
 
 
 
Figure 2. Canine penetrating cornea 
Note that fibrin plug and blood clot appears at the corneal wound edge.  
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Corneal Wound Healing 

 Corneal wound healing is a complex mechanism, which is part of body reaction 
to minimize unwanted end results. Many factors play a role in wound healing process, 
such as causative agents, size and cause of the wound, property of tear film and extra 
cellular matrix (Ledbetter and Gilger, 2013). Healing process involves all layers when 
the cornea is fully penetrated. Epithelial wound healing involves three separate 
phases; latent, cell migration and cell proliferation. During initial latent period, 
movement of existing basal cells occurs within several hours after injury, followed by 
association of leukocytes at wound margin. Production of cellular processes on the 
basal edges of cells occurs toward the final stage of latent phase. The second phase 
of healing process involves migration of epithelial cells across the wound surface in a 
centripetal fashion. Extra cellular proteins then provide matrix to migrating cells, thus 
anchoring to the basement membrane. Tight adhesion between epithelium to stroma 
replies on hemidesmosomal attachment, which is complete within 36 hours after 
injury. The final phase of corneal healing process is epithelial cell proliferation 
originated from corneal stem cells at the limbus.  

In stromal healing process, blood vessels may be in growth from the limbus as 
part of inflammatory reactions. Vascular ingrowth begins 3-4 days following corneal 
stromal injury. Keratocytes undergo proliferation and migration triggered by cytokines. 
After 48-72 hours of stromal damage, fibroblasts are transformed and increased in 
population via cell mitosis. Newly synthesize collagen fibrils result in non-uniform 
organization of cells; irregularity of corneal spaces, disruption of corneal transparency, 
and then scar formation. Stromal remodeling however occurs at the late stage to re-
organize collagen fibrils arrangement.  

When endothelium is damaged, its integrity is crucial to maintain stromal 
transparency. Loss of endothelial active transport and barrier function causes 
imbibition of water from the tear film and aqueous humor into stroma leading to 
severe corneal edema. Endothelial healing process significantly depends on 
enlargement of cells and cell movement rather than replications. Sliding of a single 
layer endothelium occurs, in corneal perforation, over stromal and descemet’s 
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membrane. Fibroblast-liked cells, collagen fibrils and membrane proteins are then 
formed, as a result of endothelial healing process (Steele, 1999).    

 
Treatment of Corneal Perforation 

 Therapeutic goals of corneal perforation include immediate sealing of aqueous 
leak, identification and correction of underlying cause, restoration of tectonic integrity 
of the perforation site, as well as prevention of further damage from self-trauma 
(Solomon et al., 2002; Maggs, 2013). Other important therapeutic considerations are 
topical antibiotics and mydriatic agent, systemic anti-inflammatory medication and 
anti-collagenases. Optimizing epithelial healing can also be achieved by replenishing 
the eye’s moisture.   

The treatment of corneal perforation can be attempted in several ways. In 
cases of small corneal perforation, bandage contact lens may be suitable as temporary 
management before definitive treatment (Rodríguez-Ares et al., 2004). Bandage contact 
lens is a noninvasive technique, for which general anesthesia is not required. It helps 
to promote epithelial resurfacing and reduce ocular pain. As an alternative, 
conjunctival flap, third eyelid flap or tarsorrhaphy may be considered to stimulate 
corneal healing with more blood vessels. However these techniques have high risk of 
aqueous humor leakage from pressuring the eyeball.  

Tissue adhesive may be considered primary treatment or adjunctive therapy. 
The goal of tissue adhesive is to promptly restore globe integrity. It is easy to use and 
highly effective in non-infective corneal defect. However, it may cause and recurrent 
leakage because of glue dislodgment or fast degradation (Duchesne et al., 2001), 
intraocular structure adhesion, worsening of infectious keratitis and glaucoma. Multiple 
re-applications are not recommended because it may enlarge perforating defect. 
Furthermore, cyanoacrylate glue potentially has the toxic effects on intraocular 
structures (Watté et al., 2004). Corneal suturing is another indicative for small corneal 
perforation for good wound edge alignment. However, caution is taken in direct 
correction of circular or irregular wound because of astigmatism (Maggs, 2013) 
especially in humans.   
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In cases of large corneal perforations, conjunctival grafts, transplantation of 
natural materials or corneal transplantation are recommended (Barros et al., 1998; 
Goulle, 2012; Ledbetter and Gilger, 2013; Maggs, 2013). Conjunctival graft brings 
superficial blood vessel that continuous supplies serum, which contains anti-
collagenases and growth factors. Not only drugs systemically administered could also 
be easily delivered to the corneal ulcer through these initiated vessels (Maggs, 2013), 
conjunctiva serves as a good source of fibroblasts that would form collagen fibrils for 
corneal stromal regeneration. Conjunctival graft may be however inappropriate for 
large perforation because the leakage may continue under the graft. Loosing donor 
site may cause inadequate healthy conjunctiva for further surgery (Jhanji et al., 2011) 
and dense connective tissue of conjunctiva causes poor cosmetic. 

Biological membranes derived from various tissue types have widely been use 
as a transplant for full thickness corneal defects; such as porcine small intestinal 
submucosa (Vanore et al., 2007), equine pericardium (de Moraes KARKOS et al., 1995), 
equine renal capsule (Laus et al., 1999) and amniotic membrane (Barros et al., 1998). 
Among these, cornea seems to be a definitive transplant material in terms of reducing 
scar formation, decreasing corneal surface irregularity and good visual rehabilitation. 
There is always risk of recurrence of infection especially in the deeper corneal layer 
(Jhanji et al., 2011; Goulle, 2012). In veterinary ophthalmology, corneal donor is still 
unavailable.   
 
Amniotic Membrane 

Amniotic membrane (AM) or amnion is the thin, translucent membrane lining 
at the inner layer of fetal membrane. It contains amniotic fluid and fetus. Human AM, 
which is free of smooth muscle, nerve fiber, blood and lymphatic vessel, is adjacent 
to the underlying chorion (Dua et al., 2006). On the other hand, canine AM does not 
attach with the chorion. It is enveloped by allantois (Figure 3). In the early stage, canine 
AM is avascular, but then become vascularized by blood vessels from allantois in the 
later stage of pregnancy (Miglino et al., 2006). Dogs have zonary placenta with 
complete placental girdle while cats have incomplete one. Placental girdle 
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characterized by extravasation of blood from maternal capillaries, is started to be 
apparent from 22-25 days of pregnancy. It is visible in between the two green borders 
of maternal hematomas, which transfers iron to the fetus (Miglino et al., 2006).  

Figure 3. Human (A) and canine (B) fetal membrane. 
 
Human AM has five layers (Figure 4). Epithelium is the innermost layer, laying 

on the basement membrane connecting to amniotic mesoderm or stroma, and 
adjacent to amniotic fluid. It consists of a single layer of cuboidal to columnar cells 
with microvilli and lays. Stroma is composed of three components; compact stromal 
layer, fibroblast layer and spongy layer. All three layers are difficult to distinguish on 
histologic section. While compact stromal layer contains collagen and elastic fibers, 
fibroblast layer consists of collagen, fibroblast and few macrophages. The outermost 
spongy layer is composed of loose collagen fiber bundles with few fibroblasts. Because 
spongy layer is incompletely fused with the chorion, human AM is easily separated 
from it (Baergen, 2005; Baradaran-Rafii et al., 2008; Cirman et al., 2014).  

A B
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Figure 4. Histological structure of human amniotic membrane. 
 
 Amniotic membrane plays many roles during embryologic development. It is 
essential for structural integrity and junctional permeability of fetal membranes. It 
plays an important role during the onset of labor including initiation and maintenance 
of uterine contractions. It also appears to be responsible for resorption, secretion and 
pH regulation of amniotic fluid (Baergen, 2005). 
 
Biological Property of Human Amniotic Membrane 

 Human AM has many biological properties that benefit to ophthalmology 
practice. It promotes epithelialization of the cornea by preventing keratocyte apoptosis 
and supporting corneal epithelial migration and differentiation (Lee and Tseng, 1997; 
Woo et al., 2001). Epithelialization is stimulated by many growth factors; such as 
epidermal growth factor (EGF), hepatocyte growth factor (HGF), keratinocyte growth 
factor (KGF) and basic fibroblast growth factor (bFGF) (Koizumi et al., 2000). Various 
types of collagen fibers in human AM serve as substrates for corneal wound healing. 
Collagen type I, III, V and Vl are present in stroma while collagen type IV and VII are 
majorly found in basement membrane (Malak et al., 1993; Fukuda et al., 1999). Human 
AM has extracellular matrix components (e.g. heparan sulfate, fibronectin and laminin) 
which are good substrates for not only the growth of corneal epithelium but also 
integration of stroma to the surface of corneal wound (Cooper et al., 2005). In addition, 
the membrane acts as bandage contact lens to promote corneal wound healing as 
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well as presents inhibitory effect on many proteinase enzymes, causing persistent 
corneal destruction (Seitz et al., 2006; Na et al., 1999). 
 Human AM has many superior benefits to decrease inflammatory reactions. It 
expresses various anti-inflammatory proteins such as interleukin-1 receptor antagonist 
(IL-1ra) and interleukin-10 (IL-10) (Hao et al., 2000). With a property to prevent 
infiltration of polymorphonuclear cells, T and B lymphocytes, it induces these cells to 
enter apoptosis mechanism (Park and Tseng, 2000; Shimmura et al., 2001; Li et al., 
2005). In addition to reduce proinflammatory cytokines such as IL-1α and IL-1β 
(Solomon et al., 2001) and decrease neovascularization (Cirman et al., 2014), human 
AM also expresses anti-angiogenic protein such as collagen XVIII, thrombospondin-1 
(TSP-1), tissue inhibitiors of metalloproteinase 1-4 (TIMP 1-4), and pigment epithelium-
derived factor (PEDF) (Hao et al., 2000; Shao et al., 2004). Furthermore, it inhibits 
expression of transforming growth factor β (TGF-β) receptors in fibroblasts and 
suppresses TGF-β signaling that causes less fibrosis and less scar formation in order to 
maintain corneal transparency (Tseng et al., 1999). 
 Human AM has antimicrobial and antiviral properties. There was a report that 
amnion cells express histones H2A and H2B, both of which exhibit antimicrobial and 
endotoxin-neutralizing activity (Kim et al., 2002). The amnion also expresses 
antimicrobial molecules such as β-defensin and elafin (King et al., 2007) as well as  
antiviral molecule; cystatin E, which functions as cysteine proteinase inhibitor (Ni et al., 
1997).   

Lack of immunogenicity property of human AM is scientifically known even 
though expression of human leukocyte antigens (HLA) is still controversial (Cirman et 
al., 2014). Human AM has ability to suppress T lymphocyte proliferation in allograft 
limbus cells (Ueta et al., 2002). Number of inflammatory cells and blood vessels in 
rabbits that respond to amniotic xenografts is significantly higher than the allografts, 
while no clinically significant difference is evident. Despite presence of viable cells in 
fresh and 6 month-cryopreserved AM expressing HLA class I antigens (Kubo et al., 2001), 
the least possible immunogenicity of human AM is still preferred in order to increase 

success rate of tissue transplantation (Godoy‐Esteves et al., 2013).  
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Amniotic Membrane Preparation 

 There are several methods of AM preparation and preservation. According to 
many biological properties, fresh AM is more preferable to preserved membrane. The 
use of fresh AM in medical practice is however rare. This may be due to the fact of 
time limitation. Time of tissue collection is not well-suited for clinical requirement. 
Time from collection to evaluation of blood-borne infection is inadequate. Normally, 
maternal donors are serologically screened for human immunodeficiency virus (HIV), 
Hepatitis B and C, and syphilis (Baradaran-Rafii et al., 2008). Serological retest of the 
donor is also not possible. Time to screen infection that may have occurred during 
tissue preparation is very important. In addition, amniotic membrane that is freshly 
prepared but not immediately being used will have to be discarded (Mejia et al., 2000; 
Adds et al., 2001). Various methods have therefore been developed to preserve AM 
because preserved membrane relatively maintains histological and biological property 
compared to fresh membrane (Thomasen et al., 2011). Various preservation methods 
are used including heat-dried, air-dried, freeze dried, cryopreserved and cold glycerol-
preserved. 
  Heat-dried technique: AM was prepared by drying AM overnight in an oven at 
40 ± 2°C, followed by sterilization with the use of gamma radiation. According to this 
technique, AM loses many biological properties due to the high temperature. Heat-
dried AM is therefore often used as a management of burn wound (Bari et al., 2002).  
 Air-dried technique: after separating and washing, AM is flattened and dried 
overnight in a laminar flow cabinet. The membrane is later on packed and sterilized 
by gamma radiation. Although high temperature is not applied in this method, some 
properties of the AM are still altered due to dehydration (Singh et al., 2003). It is often 
used for wound dressing.  
 Lyophilized or freeze-dried technique: AM is cut into pieces prior to being 
rapidly frozen at -50 to -80°C. After that, the membrane is dried under high vacuum 
using a freeze drier device. Tissue water is extracted reaching a final water content of 
5-10%. The membrane is then packed and sterilized using gamma radiation (Nakamura 



 
 

 

14 

et al., 2004). When it is well prepared, it can be used for wound management. This 
technique is rather complex and more complicated compared to other techniques.  
  Amniotic membranes that are heat-dried, air-dried and freeze dried can be 
stored at room temperature for a long period of time without deterioration. They are 
easy to transportation. These techniques are however considered complicated and 
required specialized equipment making high cost of the membranes ((Ravishanker et 
al., 2003; Baradaran-Rafii et al., 2008). 
 Cryopreserved technique: AM is more commonly cryopreserved as a tissue graft 
in humans and animals. The membrane is initially processed as described in other 
preservation techniques. However it is preserved in glycerol which is cryoprotective 
agent, combined with cell culture freezing media; such as Dulbecco modified Eagle 
medium (DMEM) at a ratio of 1:1. Antibiotic and antifungal agents are added. 
Cryopreserved AM is stored at -80°C (Lee and Tseng, 1997). Although this type of 
preserved AM maintains maximum biological properties compared to other methods, 
the technique requires extraordinary deep freezing facility (Riau et al., 2010) to maintain 
stability of storage temperature during transportation and during storage at private 
practice before use. Cryopreserved human AM is a few available in Thailand.  
 The use of multilayer cryopreserved human AM for the treatment of corneal 
perforation in humans revealed complete epithelialization without recurrence within 
1 month (Prabhasawat et al. (2001) Leakage of aqueous humor was found in one case. 
In veterinary ophthalmology, Kalpravidh et al. (2009) reported the use of cryopreserved 
canine AM as a transplant for corneal dermoids in dogs. Epithelialization was 
completed within 2 weeks after reconstruction. Corneal neovascularization and scar 
disappeared by 8 weeks after surgery. 
  Glycerol preserved technique: glycerol has long been recognized as a 
preservative. It protects cell integrity by replacing most of intracellular water through 
dehydration mechanism while stabilizing ionic concentration of cells (Kim and Tseng, 
1995). Cold glycerol-preserved AM is usually stored in 85-100% glycerol at 4°C. This 
technique is simple, easy and low cost requiring (Kim and Tseng, 1995; Maral et al., 
1999; von Versen-Hoeynck et al., 2008). Cold glycerol-preserved AM for wound dressing 
can be kept at 4°C for over a year (Maral et al., 1999). To avoid toxicity from highly 
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concentrated glycerol, preserved AM should be soaked in isotonic solution prior to 
transplantation (Thomasen et al., 2011). 
 The use of glycerol preserved equine AM was reported in created canine 
corneal perforation with a single layer graft inlay technique (Barros et al. (1998). While 
leakage of aqueous humor was not found, bulging of AM was noticed in majority of 
cases. Glycerol preserved equine AM was applied as a single layer graft inlay technique 
for feline corneal sequestrum (Barachetti et al. (2010). Five of the seven eyes were 
successful with minimal level of corneal scar and fairly good transparency. However in 
one cat, one eye showed a high level of bacterial contamination and necrosis of the 
AM at 2 weeks after reconstruction. The other eye developed corneal perforation 
under the amniotic membrane. 
 
The Use of Amniotic Membrane 

 Fetal membranes were firstly used for skin transplantation by Davis (1910). In 
ophthalmology, De Rotth (1940) was the first one who used fetal membranes for the 
treatment of conjunctival defect. Air-dried preserved AM firstly applied in ophthalmic 
surgery was introduced by Sorby and Symons (1946) in patients with ocular chemical 
burns. Five decades later, the success of repairing corneal defects in rabbits by Kim 
and Tseng (1995) propelled AM into the ophthalmic practice. 

In human, amniotic membrane transplantation can be performed in a variety 
of corneal conditions; such as deep corneal ulcer, corneal perforation, persistent 
epithelial defects, acute chemical burn, bullous keratopathy, removal of epithelial or 
subepithelial corneal lesions, and limbal stem cell deficiency (Meller et al., 2000; 
Anderson et al., 2001a; Anderson et al., 2001b; Prabhasawat et al., 2001; Solomon et 
al., 2002; Espana et al., 2003). Besides, it can be used in patients with conjunctival 
defects; such as symblepharon, pterygium, covering defects after removal of large 
conjunctival lesions and covering scleral graft (Prabhasawat and Tesavibul, 2001). It is 
also applied as biological wound dressing for burn injuries instead of skin graft 
(Ravishanker et al., 2003). Not only it prevents further bacteria contamination but also 
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reduces loss of water, protein and evaporative heat at the wound surface (Maral et al., 
1999; Ravishanker et al., 2003). 
 In veterinary, AM has been used in variety of ophthalmic conditions, that are 
corneal ulcer, keratomalacia, corneal perforation, corneal sequestrum, symblepharon, 
corneal or conjunctival mass and ocular dermoid. Several animals reported using AM 
included dogs, cats, houses and rabbits. The sources of AM that using in veterinary 
ophthalmological surgery are from humans (Kim and Tseng, 1995; Plummer, 2009), 
dogs (Barros et al., 2005; Kalpravidh et al., 2009), horses (Barros et al., 1998; Barachetti 
et al., 2010), pigs (Tsuzuki et al., 2008), cows (Kim et al., 2009) and rabbits (Godoy-
Esteves et al., 2013).   
  Amniotic membrane was also scientifically used in some other ways. 
Membranes from human (Pirjali et al., 2013), dog (Park et al., 2012) and horse (Seo et 
al., 2013) were found to be a rich source of stem cells that could be applied in other 
surgeries in the future. Human AM was used as a scaffold biomaterial for tissue 
engineered blood vessel fabrication (Lee et al. (2012). Cultivated corneal or limbal 
epithelial stem cells using human AM as a carrier were transplanted in several ocular 
surface disorders (Koizumi et al., 2001; Shimazaki et al., 2002). Topical application of 
culture supernatant from human amniotic epithelial cell decreases inflammation in 
canine created-corneal ulcer (Wichayacoop et al. (2009). Human AM was effective in 
reducing epidural adhesion after laminectomy in canine model (Tao and Fan (2009).  
 
Techniques of Amniotic Membrane Transplantation  

There are four basic principles of amniotic membrane transplantation.  
 Patching or overlay technique (Figure 5A) is a method that a single layer of AM is 

spread over the corneal defect or the whole cornea. Edges of the membrane are 
secured to peripheral cornea or limbus in order to protect the healing ocular 
surface beneath, like bandage contact lens. Corneal epithelium will later on grow 
under the AM. This technique is recommended for shallow stromal defect.  

 Grafting or inlay technique (Figure 5B) is a method that a single layer of AM is 
placed on the ocular surface defect with epithelial side up, and then fixed at the 
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edge of the defect. AM is served as a scaffold for epithelial cell allowing migration 
and proliferation on it. This technique is recommended for shallow stromal defect. 
Time of wound healing process is comparable between overlay and single layer 
inlay technique (Letko et al., 2001).     

 Multiple inlay technique (Figure 5C) is similar to a single layer in lay technique but 
instead, multiple membranes are fixed at the edge of the defect. AM is served as 
a scaffold but stronger than single inlay technique. This technique is 
recommended for deep stromal defect or corneal perforation (Seitz et al., 2006; 
Cirman et al., 2014). Wound healing process from the defect treated with 
multilayer inlay technique is faster than a single layer inlay technique. Multiple 
layers of AM would provide more of growth factors required for healing of 
epithelium (Prabhasawat et al., 2001). 

 Combination of overlay and inlay technique with single or multilayer of 
membranes (sandwich technique) (Figure 5D) is more suitable for very deep 
corneal defect or corneal perforation with complete endothelial decompensation 
or intense stromal infiltration (Seitz et al., 2006; Cirman et al., 2014).  

 

 
Figure 5. Techniques of amniotic membrane transplantation.  
A) Overlay technique; B) Inlay technique; C) Multilayer technique; D) Sandwich 
technique. 
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CHAPTER 3 

Materials and Methods 

 

 
This study was composed of 3 parts. 

Part I. Preparation of cold-glycerol preserved canine AM 
Part II. Light microscopic evaluation of fresh and cold glycerol-preserved canine AM 
Part III. Evaluation of clinical outcomes after corneal reconstruction with cold 
glycerol-preserved canine AM and cryopreserved human AM  

 
Part I. Preparation of cold glycerol-preserved canine AM 

Animals: 
Canine placenta was collected from four completely vaccinated, healthy 

bitches, all of which carried the first pregnancy and underwent cesarean sections. Age 
of dogs was ranged from 1-3 years. The donors were initially evaluated for possibility 
of blood-borne infection by taking thorough history of previous systemic infection and 
performing physical examinations. Absolute aseptic technique was applied at all stages 
of tissue collection.  
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Preparation of solutions 
 Equipment and nitrocellulose papers were prepared (Figure 6) and sterilized at 
160 psi and 126ºC. Preparation of solutions was performed in a laminar flow hood.    
 

Washing solution:  
Ingredients:  

 0.9% normal saline solution 
 40 mg/ml gentamicin sulfate (General Drug House, Bangkok, Thailand) 
 10,000 U/ml penicillin-streptomycin (Biochrom, Berlin, Germany) 
 5 mg/ml amphotericin B (A 9528, SIGMA, Jerusalem, Israel) 

Preparation:  
1. Mix 0.1 mg/ml gentamicin (2.5 ml), 2.5 µg/ml amphotericin B (0.5 ml) and 

50 U/ml penicillin-streptomycin (5 ml) into a beaker containing 1000 ml of 
0.9% normal saline solution at room temperature.  

2. Stir well.   
 

Storage solution: 
Ingredients:  

 99.5% glycerol (VWR International, England) 
 40 mg/ml gentamicin sulfate  
 10,000 U/ml penicillin-streptomycin 
 5 mg/ml amphotericin B 

Preparation:  
1. Mix 0.1 mg/ml gentamicin (0.25 ml), 2.5 µg/ml amphotericin B (0.05 ml) and 

50 U/ml penicillin-streptomycin (0.5 ml) into a flash containing 100 ml of 
99.5% glycerol at room temperature.  

2. Stir well.  
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Figure 6. Equipment for canine AM preparation. 
 

Preparation of cold glycerol-preserved canine AM: 
Canine AM was immediately separated after parturition from placenta nearby 

umbilical cord and rinsed with 0.9% normal saline solution to remove blood clots and 
uteroverdin under sterile condition (Figure 8A). Care was taken to avoid tearing of the 
membrane. Part of membrane that was highly vascularized was discarded.  Epithelial 
side of the membrane was placed against sterile gauzes soaked with 0.9% normal 
saline solution to maintain moisture; edges of the membrane were fixed with 26-gauge 
needle in a sterile tray with cover. The membrane was then transferred to a laminar 
flow hood (Figure 7) for washing process. The membrane was slightly stretched in an 
upward position, and then rinsed with the freshly prepared washing solution on both 
sides for up to 2 minutes (Figure 8B). To inspect contamination during fresh canine AM 
preparation, membranes from various puppies of the same bitch was randomly 
selected. Part of the membrane was cut into 6x20 mm2, immersed in 0.9% normal 
saline solution in an Eppendorf tube and submitted for fungus and bacterial culture 
(aerobic and anaerobic bacteria).  

After that, the membranes with the epithelial surface up were placed on 2x2 
cm2 nitrocellulose papers (Figure 8C), cut into pieces, and then stored in freshly 
prepared storage solution at 4°C (Figure 8D) until use. All glass bottles were well 
labeled with date of tissue collection. Inspection of contamination was repeatedly 
performed after canine AM had been stored for up to one month. Sample from each 
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batch of preparation was randomly selected for fungal, aerobic and anaerobic bacterial 
culture.  
 
 
 
 
 
 
 
 
Figure 7. Processing of glycerol-preserved canine AM in a laminar flow hood. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Preparation of canine AM.  
A) Fresh canine AM was gently stretched and selected for the area with the least blood 
supplies; B) Canine AM was rinsed with the washing solution; C) The membrane was 
placed with the epithelial surface up on 2x2 cm2 nitrocellulose papers and cut into 
pieces; D) Canine AM was stored in the storage solution. 
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Part II. Light microscopic evaluation of canine AM 

Sample collection: 
Fresh canine AM was placed on nitrocellulose paper and 1 month-preserved 

canine AM were randomly selected per maternal donor. The preserved membranes 
were rehydrated in 0.9% normal saline for 2 minutes.  

Fresh and 1 month-cryopreserved human AM from The Thai Red Cross Society, 
Bangkok was collect from 1 mother. 

Membranes of both species were cut into 6x20 mm2 for tissue fixation.  
 

Sample preparation:  
Samples were fixed in 4% paraformaldehyde in 0.1M phosphate buffer solution 

at 4°C for 24 hours. They were processed, paraffin embedded, followed by being 
stained with hematoxylin-eosin (H&E) and Masson’s trichrome for evaluation of 
microscopic appearances.   
 
Part III. Evaluation of clinical outcomes after corneal reconstruction with cold-
glycerol preserved canine AM and cryopreserved human AM 

Animals: 
Fourteen dogs (14 eyes) with 3-6 mm in diameter of corneal perforation were 

included in this study. All dogs were presented at the Ophthalmology Unit, Small 
Animal Teaching Hospital, Faculty of Veterinary Science, Chulalongkorn University, 
Bangkok, Thailand. Dogs had never had ophthalmic surgeries prior to participate in this 
study. All dogs were assigned into 2 groups with randomized single-blinded technique. 
Dogs in control group (n=6) received corneal reconstruction with the use of 
cryopreserved human AM, retrieved from The Thai Red Cross Society, Bangkok, 
Thailand. Dogs in experimental group (n=8) received corneal reconstruction with the 
use of cold glycerol-preserved canine AM, from part I, that had been stored at 4ºC for 
no longer than one month. All procedures were performed under informed consent 
of the owners of each dogs. Trial procedures were approved by Chulalongkorn 
University Animal Care and Use Committee, Bangkok, Thailand. (No. 1431053)  
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 History was well taken the owner of the dogs including cause and duration of 
injury, previous treatment and clinical signs. Ophthalmic examinations included neuro-
ophthalmic responses (menace response, dazzle reflex, pupillary light response; PLR 
and blink reflex), fluorescein staining test, slit-lamp biomicroscopy, Schirmer tear test I 
(STT I), and measurement of intraocular pressure by rebound tonometry (Tonovet®, 
Icare Finland, Helsinki, Finland). Lesions on the cornea were investigated and 
photographed. 
 

Anesthetic procedures: 
Complete blood counts, blood chemistry profiles (serum glutamic pyruvic 

transaminase; SGPT, alkaline phosphatase; ALP, blood urea nitrogen; BUN, and 
creatinine) and presence of blood parasites were assessed prior to anesthesia. Dogs 
were withheld water and food for 6 and 12 hours before anesthesia, respectively. 
Routine physical examinations were performed to evaluate body temperature, heart 
rate, respiratory rate, mucous membrane and hydration status. 25 mg/kg cefazolin 
sodium (Zefa M.H.®; M&H manufacturing Co. Ltd., Samutprakarn, Thailand) and 
0.5mg/kg dexamethasone sodium phosphate (Lodexa®; L.B.S.laboratory Ldt., Bangkok, 
Thailand) were intravenously administered. 
 Dogs were premedicated intravenously with 0.03 mg/kg acepromazine maleate 
and 0.3 mg/kg morphine sulfate. General anesthesia was induced intravenously with 4 
mg/kg of 1% propofol (Lipuro®; B. Braun, Melsungen, Germany). The anesthesia was 
maintained with 2% isoflurane (Aerrane Isoflurane USP®; Baxter Healthcare of Puerto 
Rico, Puerto Rico, U.S.A.) in oxygen. All dogs received lactated ringer’s solution 
intravenously at the rate of 10 ml/kg/h until fully recovered. 
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Surgical procedure: 
The dog was positioned in lateral recumbency with the affected eye upward. 

By standard aseptic technique, periocular skin, conjunctival fornix and ocular surface 
were prepared. After surgical drape was placed and secured with towel clamps, eyeball 
was stably fixed with fixation forceps.  

The corneal wound was prepared for surgery. Fibrin plug or necrotic tissue was 
gently removed (Figure 9A). For concurrent anterior staphyloma, attachment of the iris 
to the corneal wound edge was separated, and the iris was then repositioned. In the 
control group, the cryopreserved human AM stored at -80ºC was transplanted to the 
surgical site. While in the experimental group, canine AM stored at 4 ºC was rehydrated 
in 0.9% normal saline solution for 2 minutes prior to transplantation.  

Transplantation of AM was performed using multilayer graft inlay technique 
(Prabhasawat et al., 2001). A single piece of AM was initially fixed within the perforating 
site as a bedding (Figure 9B). Two sheets of AM were trimmed in order to fit to the 
shape of corneal wound, followed by placing more sheets on with the epithelial side 
up (Figure 9C). These sheets of AM were anchored to the corneal wound edge by 8-0 
polyglactin 910 (Vicryl®, Ethicon, Edinburgh, UK) with interrupted suture pattern.  Third 
eyelid flap was performed using 6-0 silk (Mersilk®, Ethicon, Edinburgh, UK) as secondary 
support to the wound (Figure 10). All dogs received subconjunctival injection of 4 mg 
gentamicin sulfate combined with 0.4 mg dexamethasone sodium phosphate.  
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Figure 9. Transplantation of amniotic membrane.  
A) Corneal perforation site was prepared; B) A single piece of AM (arrowhead) was 
initially fixed within the perforating site. C) Two sheets of AM (arrow) were sutured with 
the epithelial side up to edges of the corneal wound. 
 
 
 
 
 
 
 

 
Figure 10. Subconjunctival injection and third eyelid flap. 
  

A.

B.

C.
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Post-operative care: 
 Dogs were directed to wear Elizabethan collars at all times after surgery. 
Systemic administration included 25 mg/kg cephalexin and 0.5 mg/kg prednisolone 
(orally) for 2 weeks, at which dose of prednisolone was tapered thereafter. Meanwhile, 
0.5% levofloxacin (Cravit®, Santen Pharmaceutical, Japan) was topically given every 3 
hours, together with artificial tear. Topical 1% atropine sulfate (1% Isopto® atropine, 
Alcon-Couvreur, Puurs, Belgium) was administered four times a day. The third eyelid 
flap was removed 1 week after transplantation. As soon as corneal epithelialization 
was complete, levofloxacin and atropine sulfate were discontinued whereas 
combination of polymyxin B, neomycin and 0.1% dexamethasone (Maxitrol®, Alcon-
Couvreur, Puurs, Belgium) was topically introduced twice daily and 1% oily-based 
cyclosporine was topically administered at the same frequency. Dogs received artificial 
tears throughout the study. Ophthalmic examinations were performed at day 7, 14, 21, 
28, 42 and 56 post-surgery. 
  
Data collection and analysis 

Part I. Preparation of cold glycerol-preserved canine AM 
1. Developing techniques of canine AM preparation and preservation were 

descripted. 
2. Micro-organisms in fresh and 1 month-preserved canine AM were identified. 

 

Part II. Light microscopic evaluation of canine AM 
1. Fresh and 1 month-preserved canine AMs were examined by light 

microscopically characterized and histologically compared to fresh and 1 month-
cryopreserved human AM. Distribution of collagen in the canine and human 
membranes specially stained with Masson’s trichrome were investigated and 
compared. 

2. Thickness of fresh and preserved AM; epithelium, stroma and the entire 
membrane, was measured by using i-Solution program (IMT i_Solution Inc., Vancouver, 
BC, Canada) (Figure 11A). Mean thickness ± SE was calculated from five different 
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locations (Figure 11B). Dependent t- test was applied to compare the thickness 
between fresh and preserved AM at the significant level of p<0.05 using SPSS program 
(version 17, IBM Corporation, Armonk, New York, USA).  
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Measurement of amniotic membrane thickness.  
A) Measurement of each layer of the membrane; B) Five locations randomly selected 
for thickness measurement.   
 

Part III. Evaluation of clinical outcomes after corneal reconstruction with cold-glycerol 
preserved canine AM and cryopreserved human AM 

Ophthalmic examinations were examined in all dogs at day 7, 14, 21, 28, 42 
and 56 after transplantation. 

 Serial photography: to investigate corneal reactions (edema, 
neovascularization, pigmentation, granulation and scar formation).  

 Neuro-ophthalmic examinations: to observe menace response, dazzle reflex, 
pupillary light response, and blink reflex) 

 Fluorescein staining test: to reveal time of complete epithelializatioin 
 Seidel test: to reveal leakage of the aqueous humor 
 Schirmer tear test I: to investigate changes of tear level among different time 

points in each group of experiment with the use of repeated measured ANOVA at the 

1000 µm 1000 µm
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Stroma

Basement membrane
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significant level of p<0.05 using SPSS program. Difference of STT I level between group 
of experiment was statistically assessed using independent t- test at the significant 
level of p<0.05 using SPSS program.   

 Tonometry: to investigate changes in intraocular pressure among different time 
points in each group of experiment with the use of repeated measured ANOVA at the 
significant level of p<0.05 using SPSS program. Difference of IOP level between group 
of experiment was statistically assessed using independent t- test at the significant 
level of p<0.05 using SPSS program.    

 Complications: to investigate any ophthalmic complications after 
transplantation  

 Surgical success was determined by three criteria; complete epithelialization, 
no recurrence of corneal perforation at the same region and no aqueous humor 
leakage. Percentage of success was determined.   

 



 
 

  

CHAPTER 4 

RESULTS 

 

 
Part I. Preparation of cold-glycerol preserved canine amniotic membrane 

1. Developing techniques of canine AM preparation and preservation 

 1.1 Donors 
 All AMs used in this study were collected from four healthy Chihuahua, which 
had 3-6 puppies per litter.   
 

 1.2 Separation of canine AM from placenta 
After cesarean section, separation of canine AM from placenta was performed 

in a laminar flow hood to prevent contamination. However, the membrane was 
permanently stained with uteroverdin, which was unique green secretion of canine 
placenta. To avoid uteroverdin staining, separation of canine AM was performed in the 
operation unit immediately after cesarean section. Following separation, amniotic 
membrane was gently washed several times with 0.9% sterile normal saline solution. 
 

 1.3 Identification of canine AM epithelium 
Because AM had to immediately be separated, it was problematic to identify 

epithelium of the amniotic membrane in the operation room. Identification method 
using very small suture material to keep track of epithelial side was unsuccessful. 
Method for identification was then adapted by placing the inner side of AM (epithelium)
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against sterile gauze well soaked with 0.9% sterile normal saline solution (Figure 12A). 
Edges of the membrane were stably fixed with needles to avoid slippery and curling. 
Because the membrane was quite thin and fragile, it was therefore moistened at all 
time before being transferred to laminar flow hood for further tissue process.     

 
 1.4 Washing canine AM 

Washing procedure was performed in a laminar flow hood. The membrane 
could not be rinsed in a flat container because of curling effect. Instead, the membrane 
was gently stretched in a vertical plane (Figure 12B) and rinsed with washing solution 
on both sides for up to 2 minutes (Figure 12C). Stroma was later placed against 
nitrocellulose papers.  

 

1.5 Placement of nitrocellulose papers on canine AM 
 Since canine AM was very fragile, it was occasionally torn during tissue 
preparation. It was therefore difficult to flatten the membrane onto large nitrocellulose 
paper. Moreover, canine AM was generally vascularized, to avoid blood vessels and 
holes on the membrane could induce more damage. Instead, the nitrocellulose papers 
were cut into pieces of 2x2 cm2, and placed on the membrane (Figure 12D). At least 
fifteen pieces of cold glycerol-preserved canine AM could be retrieved from 1 
Chihuahua donor. 
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Figure 12. Techniques of canine AM preparation and preservation.  
A) Identification of membrane epithelium. B) Thin and fragile canine AM. C) Canine AM 
being rinsed with 0.9% sterile normal saline solution. D) Placement of small pieces of 
nitrocellulose papers onto the membrane.   
 

2. Identification of micro-organisms 
Culture and identification test revealed no contamination of fungus, aerobic 

and anaerobic bacteria in all fresh and one-month cold glycerol-preserved canine AM 
samples.  
  

A B

C D
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Part II. Light microscopic evaluation of canine amniotic membrane 

1. Light microscopic characterization of AM 
 Histologically, canine AM was composed of three layers; epithelium, basement 
membrane and stroma (Figure 13A). The outermost layer of canine AM was single layer 
of ciliated low cuboidal epithelium attached with basement membrane. Stroma 
consisted of loose collagen fibers with some small mature fibrocytes, which functioned 
as a support. One month after preservation in cold glycerol (Figure 13B), epithelium 
remained attached with the basement membrane and cilia was still intact. However, 
flatten epithelium with nuclear condensation was evident. Few small mature 
fibrocytes were observed in the stromal layer though it was more compact with less 
organized collagen fibers.  
 Likewise, human AM was composed of three layers similar to canine AM (Figure 
13C). There was a single layer cuboidal epithelium without cilium. Stroma was thicker 
than that of canine AM. It had some small mature fibrocytes and well organized 
collagen fibers. Following cryopreservation (Figure 13D), epithelium of human AM had 
nuclear condensation and remained attach with basement membrane. Stroma was 
more compact but it still had a few small mature fibrocytes. 
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Figure 13. Comparative histological structure (H&E stain, bar = 10 µm) of canine AM 
and human AM.  
A) Fresh canine AM; B) Glycerol-preserved canine AM; C) Fresh human AM; D) 
Cryopreserved human AM.  
Note: arrowheads indicate epithelium; arrows indicate fibrocytes.  
  

100 µm 100 µm

A B10 µm 10 µm
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 Masson’s trichrome staining revealed that fresh canine AM had loosely collagen 
fibers with a few small mature fibrocytes in stroma (Figure 14A). Cold glycerol-
preserved canine AM had more compact collagen fibers with less organization, though 
small mature fibrocytes were present in the stroma (Figure 14B). 
 In comparison with canine AM, fresh and cryopreserved human AM stained with 
Masson’s trichrome demonstrated thicker epithelial cytoplasm (red) with more number 
of dense nuclei (black). (Figure 14C).  Loose collagen fibers with a few small mature 
fibrocyte (blue) were evident. Stroma of the cryopreserved human AM was thinner 
than the fresh one (Figure 14D). 
 

 
Figure 14. Comparative histological structure (Masson’s trichrome stain, bar = 10 µm) 
of canine AM and human AM.  
A) Fresh canine AM; B) Glycerol-preserved canine AM; C) Fresh human AM; D) 
Cryopreserved human AM.  
Note: arrowheads indicate epithelium; arrows indicate fibrocytes.  
 
  

A B10 µm 10 µm

C D10 µm 10 µm
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2. Thickness of canine AM 

Thickness of canine AM was consistent throughout the entire sheet. All layers 
of fresh canine AMs were statistically thicker than those of glycerol-preserved canine 
AM (p<0.05) (Figure 15). Mean full thickness of fresh canine AM was 20.94 ±1.07 µm 
while that of glycerol-preserved membrane was 16.04 ± 0.53 µm. In fresh canine AM, 
mean thickness of stroma was 15.97 ± 1.09 µm while that of epithelium was 4.98 ± 
0.34 µm. When preserved, stroma was 12.52 ± 0.60 µm, while epithelium was 3.52 ± 
0.24 µm in thickness. 

  

 
Figure 15. Mean thickness (± SE) of fresh and preserved canine AM.  
(Star sign indicates statistical difference at p≤0.05.)  
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Part III. Evaluation of clinical outcomes after corneal reconstruction with cold-
glycerol preserved canine AM and cryopreserved human AM 

1. Patients 

Fourteen dogs with corneal perforation included 4 Shih Tzus, 3 mixed breeds, 
2 Pugs and one of Pekingese, Poodle, Chihuahua, Minature pinscher and Bulldog. Eight 
dogs were randomly selected to receive transplantation of canine AM (Table 1), 
whereas six dogs received surgery with the use of human AM (Table 2). There were 7 
intact males, 5 intact females and one castrated male and one spayed female. Dogs 
were 5.7 years of age on average; age ranged from 2.5 months to 13 years. 
Transplantation of AM was performed in the right eye of six dogs and in the left eye 
of eight dogs. Perforation located at the central (4/14), paracenter (9/14) and periphery 
(1/14). Concurrent diseases included blood parasitism, demodicosis, dermatitis, otitis 
externa, gingivitis, keratoconjunctivitis sicca (KCS), eyelid mass, protrusion of gland of 
the third eyelid, and proptosis. Other ophthalmic signs associated with corneal 
perforation were iris prolapse, hyphema, hypopyn, chronic ulcerative keratitis, and 
rupture of zonular fibers.    
 All dogs presented severe ocular pain, epiphora, photophobia, blepharospasm, 
conjunctival hyperemia, corneal edema, and neovascularization. Pigmentary keratitis 
was found in 4 out of 8 dogs receiving canine AM while 1 out of 6 dogs receiving human 
AM.  
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2. Clinical reactions following transplantation of AM 
After removal of third eyelid flap, both canine and human AMs were securely 

intact on the corneal surface (Figure 16; C.(b) & H.(b)). Glycerol-preserved canine AM 
was slight yellow in color whereas cryopreserved human AM was pale grey. Negative 
fluorescein staining indicated complete epithelialization during 7-14 days after surgery. 
Majority of dogs; using canine AM (6/8) and human AM (4/6), had complete 
epithelialization within the first week. Seidel test was negative in all eyes.  

Corneal reactions were fairly comparable between transplantation of canine 
and human AM. Corneal edema was noted in all dogs. It immediately occurred after 
injury and then gradually decreased from approximately 14 days post-surgery onwards 
(Figure 16). Corneal vessels, on the other hand, were not initially present in every dogs. 
They were only manifested in cases with previous corneal irritation (case 5, 6, 7 and 8 
receiving canine AM and case 1, 2, 3 and 5 receiving human AM) or prolong duration 
of perforation (case 2, 4 and 8 receiving canine AM and case 1 and 5 receiving human 
AM). By the time third eyelid flap was removed, they increased in number and length 
toward the reconstruction site. They reached the perforation located at the periphery 
rather faster than at the paracenter or center of the cornea. They became 
circumferential around the corneal wound edge as soon as they had arrived the edge.  

Circumferential vessels were evident at approximately 7-21 days after 
transplantation and grew into the grafting area, where granulation tissue shortly 
developed thereafter (Figure 17). In cases of which perforation size was rather big or 
previous keratitis had involved, extensive granulation tissue was infiltrated to cover 
corneal defect (Figure 17; H.(a)). It appeared as irregular red plaque over the AM. 
Regression of the granulation began at approximately day 28 post-surgery, at which 
topical corticosteroid was administered. Scar tissue started to form while granulation 
tissue gradually regressed (Figure 16; C.(c) & H.(c) and Figure 17; C.(c) & H.(b)). In one 
case that received canine AM transplantation, extensive granulation tissue was 
apparent soon after third eyelid flap was removed, and then rapidly resolved.  

Corneal pigmentation was observed along with neovascularization. In four 
cases (case 2 and 4 receiving canine AM; case 1 and 2 receiving human AM) that had 
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previous chronic keratitis with pigment, pigmentation following AM transplantation was 
more extensive. It had been observed since day 14 post-surgery. Newly-formed 
pigmentation was noted at the locations where corneal vessels were previously 
located. Once topical corticosteroid was administered, pigment gradually regressed 
and partly remained on the corneal surface until the end of the study (Figure 16; C.(d) 
& H.(d) and Figure 17; C.(d) & H.(d)).  
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Figure 16. Representative photographs of corneal edema, vascularization and 
pigmentation following transplantation with canine AM (C) and human AM (H); before 
surgery (a), and after surgery at day 7 (b), 28 (c) and 56 (d); 
C.(a) Canine corneal perforation (case 5) at the center of the cornea; 
C.(b) Moderate corneal edema surrounding the surgical site, together with 
circumferential vessels;  
C.(c) Regression of corneal edema and neovascularization, and newly-formed corneal 
pigmentation where corneal edema and vessels previously found; 
C.(d) Regression of corneal pigmentation with remnant corneal vessels; 
H.(a) Canine corneal perforation (case 5) at the paracenter of the cornea;  
H.(b) Mild corneal edema surrounding the surgical site, together with circumferential 
vessels moving toward the wound edge;  
H.(c) Regression of corneal edema and neovascularization; cornea became clearer;  
H.(d) Regression of corneal vessels at the transplanted site. 
  

C.(a) C.(b) C.(c) C.(d)

H.(a) H.(b) H.(c) H.(d)
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Figure 17. Representative photographs of granulation tissue, corneal scar and corneal 
pigmentation following transplantation with canine AM (C) and human AM (H); before 
surgery (a), and after surgery at day 7 (b), 28 (c) and 56 (d); 
C.(a) Heavy granulation tissue at the surgical site (case 1) at the paracenter of the 
cornea; 
C.(b) Mild regression of circumferential vessels within the granulation;  
C.(c) Scar formation and regression of previous corneal pigmentation; 
C.(d) Decrease in scar density continued regression of corneal vessels and 
pigmentation; 
H.(a) Heavy granulation tissue at the surgical site (case 4), at the paracenter of the 
cornea; 
H.(b) Moderate regression of circumferential vessels within the granulation observed in 
the pale region; corneal pigmentation and the remaining vessels;  
H.(c) Scar formation and regression of newly-formed corneal pigmentation; 
H.(d) Decrease in scar density; continued regression of corneal vessels and 
pigmentation. 
  

C.(a) C.(b) C.(c) C.(d)

H.(a) H.(b) H.(c) H.(d)
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3. Neuro-ophthalmic results 
For the cases that received glycerol-preserved canine AM transplantation 

(Table 3), six out of eight eyes were positive to menace response prior to surgery (case 
1, 3, 4, 5, 7 and 8). While case 2 had negative menace response but positive dazzle 
reflex, and its menace response returned after corneal reconstruction. In case 6, 
negative of both responses were found before/after surgery. PLR could not be 
examined prior to surgery in all dogs due to severe ocular pain. After surgery, it could 
not be observed in case 2 and case 5, of which the corneas were heavily pigmented. 
Blink reflexes were positive in all dogs throughout the study.  

For the cases that received cryopreserved human AM (Table 4), four out of six 
dogs positively responded to menace and dazzle examinations. The other two dogs 
(case 2 & 5) of which menace response and dazzle reflex were both negative, remained 
negative to both examinations. After surgery, case 2 had glaucoma while case 5 had 
cataract with rupture of zonular lens fiber. PLR could not be examined prior to surgery 
in all dogs due to severe ocular pain. The response was positive in all dogs except 
case 5 of which pupil was fully dilated, and case 2 that could not be examined due 
to heavy corneal pigmentation. All dogs could normally blink.  
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Table 3. Neuro-ophthalmic results of dogs with the use of glycerol-preserved canine 
AM. 
Case Menace 

response 
Dazzle 
reflex 

Pupillary light    
response 

Blink reflex 

 Before After Before After Before After Before After 

1 + + + + N/A + + + 

2 - + + + N/A N/A + + 
3 + + + + N/A + + + 

4 + + + + N/A + + + 
5 + + + + N/A N/A + + 

6 - - - - N/A + + + 

7 + + + + N/A + + + 
8 + + + + N/A + + + 

+ = positive; - = negative 
N/A = unable to examine 
 
Table 4. Neuro-ophthalmic results of dogs with the use of cryopreserved human AM. 
Case Menace 

response 
Dazzle 
reflex 

Pupillary light    
response 

Blink reflex 

 Before After Before After Before After Before After 

1 + + + + N/A + + + 
2 - - - - N/A N/A + + 

3 + + + + N/A + + + 

4 + + + + N/A + + + 
5 - - - - N/A - # + + 

6 + + + + N/A + + + 

+ = positive; - = negative 
N/A = unable to examine 
# = pupil dilation   
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4. Schirmer tear test I 
Due to the fact that all dogs had severe ocular pain prior to surgery, STT I could 

therefore not be examined on the surgical day as well as on day 7 after removal of 
the third eyelid flap. STT I values were normal distributed. Mean STT I values of both 
groups showed slight fluctuation, but within the normal limit, throughout the study 
(Figure 18). It ranged from 12 ± 1.61 to 14.6 ± 1.25 mm in the group receiving glycerol-
preserved canine AM while from 14.3 ± 1.97 to 11.16 ± 1.32 mm in the other group. 
Following day 14 post-surgery, mean STT I values gradually decreased by time. After 
they had reached the lowest level at day 28 post-surgery, they slowly increased toward 
the end of the study. Although mean values from the group receiving canine AM were 
higher than those from human AM, statistical difference was not found between the 
two groups. Mean STT I values at different times of data collection within the same 
group of experiment showed no statistical difference (p>0.05).   

 
Figure 18. Mean Schirmer tear test I (mm) ± SE at different time points; after 
transplantation with glycerol-preserved canine AM and cryopreserved human AM. 
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5. Intraocular pressure  
IOP values had normal distribution and ranged within the normal limit (Figure 

19). At the day before surgery, the lowest mean value was 7.37 ± 1.33 mmHg in the 
group transplanted with canine AM and 7 ± 4.35 mmHg in the group transplanted with 
human AM. After that they gradually increased by time and reached the maximal level 
at day 42 post-surgery; 13.5 ± 1.76 mmHg in the group transplanted with canine AM 
and 14 ± 2.17 mmHg in the group transplanted with human AM. Mean IOP value of 
the eyes receiving human AM tended to be higher than that of the other group. 
However significant difference was not found between the two groups (p>0.05). 
Significant (p<0.05) was on the other hand found among data collected at different 
times within the group receiving canine AM; between day 42 post-surgery and the very 
early day of surgery.  

 
Figure 19. Mean intraocular pressure (mm) ± SE at different time points; pre/post 
transplantation with glycerol-preserved canine AM and cryopreserved human AM.  
(Star sign indicates significantly difference at p<0.05.) 
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6. Complications 
Anterior synechia (Figure 20A) was the major compli 
cation found in three eyes receiving corneal reconstruction with canine AM and 

in one eye receiving human AM. Posterior synechia (Figure 20B) was found in one eye 
from each group. Other complications found only in one eye included refractory 
corneal ulcer (Figure 20C), mild fibrin formation in the anterior chamber, glaucoma, 
and cataract.  

 
Figure 20. Complications following transplantation with canine and human AM.  
A) Anterior synechia; B) Posterior synechia; C) Refractory corneal ulcer.  
  

A B C



 

 

48 

7. Clinical success 
As the success was based on three criteria: complete epithelialization, no 

recurrence of corneal perforation at the same region, and no aqueous humor leakage; 
the success from transplantation with glycerol-preserved canine AM was 87.5% (7/8 
eyes) whereas that of cryopreserved human AM was 83.33% (5/6 eyes). None of the 
eyes were infected.  

Cases that could not achieve three criteria of success were case 3, receiving 
transplantation with canine AM, and case 6 receiving human AM.  AM of case 3 was 
bulging forward at day 14 post-surgery (Figure 21). The third eyelid flap was therefore 
reapplied. After removal of the latter flap, epithelialization was complete with 
accumulation of granulation tissue on the transplanted site. Corneal perforation was 
finally healed.  

Recurrent corneal ulcer was found in case 6 receiving human AM at day 28 
post-surgery (Figure 22). Ulcer was at the center of the grafting area and was positive 
to the fluorescein staining test. By the time that granulation tissue regressed, scar was 
formed. However, recurrent corneal ulcer persisted but was smaller.   
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Figure 21. Series of photography taken from the eye of a 9 year-old Poodle treated 
with glycerol-preserved canine AM transplantation.  
A). 4x3 mm2 corneal perforation at the paracenter of the cornea.  
B). Following removal of necrotic tissue from the wound edge, glycerol-preserved 
canine AM was laid on and fixed to the edge.  
C). Canine AM bulging forward with positive fluorescein staining at day 14 post-surgery; 
third eyelid flap was reapplied.  
D). Presence of granulation tissue.  
E). Deposition of corneal pigmentation and regression of granulation tissue. 
F). Scar formation.  
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Figure 22. Series of photography taken from the eye of a 13 year-old Shih Tzu 
treated with cryopreserved human AM transplantation.  
A). 3x3 mm2 corneal perforation at the center of the cornea. 
B). Transplantation of human AM. Note membrane excavation at the center.  
C). Following removal of the third eyelid flap, there was partial loss of the membrane.  
D). Circumferential vessels at the transplanted site. 
E). At day 28 post-surgery, fluorescein stained ulcer appeared at the center of the 
transplanted area. 
F). Corneal vessels regressed; ulcer remained but smaller.   
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CHAPTER 5 

DISCUSSION 

 

 
 This study demonstrated the success of using cold glycerol-preserved canine 
AM as an allograft with third eyelid flap for canine corneal perforation repair. The 
success rate (87.5%; 7/8) was comparable to that of using cryopreserved human AM 
(83.33%; 5/6). Following similar criteria of clinical success of Rodríguez-Ares et al. (2004) 
for corneal perforation repair in humans, our clinical outcomes were comparable to 
their study.  

 In our study, time to complete epithelialization occurred within 7-14 days 
following transplantation. Canine AM may contains many growth factors; such as EGF, 
HGF and KGF, all of which stimulate epithelialization like humans (Koizumi et al., 2000). 
Similar duration of epithelialization was reported after the treatment of corneal 
dermoid in dogs (Kalpravidh et al., 2009) and corneal perforation in humans 
(Prabhasawat et al., 2001). However it took 2-6 weeks after the use of single layer of 
cryopreserved human AM in human corneal perforation (less than 3.5 mm in diameter) 
(Rodríguez-Ares et al., 2004). Numbers of membranes as well as severity of corneal 
defect are considered part of key factors for time of complete epithelialization. Rapid 
epithelialization would be achieved in superficial stromal defect with single layer of 
membrane application, while multilayer of membranes are recommended for deep or 
perforating cornea (Seitz et al., 2006).  

 Following transplantation, AMs were well intact in both groups of the study. 
Hemidesmosomes and desmosomes are adhesive structures in the AM stroma that 
benefit integration of the membrane into corneal tissue (Resch et al., 2006). Application 
of the membrane using inlay technique with epithelial side up provides incorporation 
between the two different tissues (John, 2003). Dehiscence of AM occurred in studies
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using overlay technique (Kalpravidh et al., 2009). Instead of incorporating into corneal 
tissue, AM acts as bandage contact lens, which will slough off when epithelialization 
has completed. In addition to multilayer graft inlay technique used in this study, third 
eyelid flap provides mechanical protection to the healing cornea like a bandage 
contact lens (Ledbetter and Gilger, 2013). 

Even though corneal perforation caused severe ocular pain in all dogs, it soon 
became resolved with gradual reduction of ophthalmic signs toward the end of the 
treatment. While topical atropine sulfate helps to reduce ciliary spasm, decrease of 
tear level secondarily occurs (Maggs, 2013). Supplementation of artificial tear together 
with 1% cyclosporine to quantitatively and qualitatively improve tear property would 
therefore facilitate corneal wound healing. Increasing of IOP to be within normal limit 
observed at day 14 after-surgery demonstrated no leakage of the anterior chamber, 
simultaneously with reduction of intraocular inflammation.  

Not only canine AM transplantation facilitates rapid restoration of the 
perforating cornea together with appropriate technique of graft transplantation and 
anti-inflammatory property of AM (Hao et al., 2000). Visual status is maintained in most 
dogs. One dog in canine AM-treated group returned vision. Although pre-surgery 
blindness was found in a dog receiving canine AM and 2 dogs receiving human AM that 
remained blind post-surgery. Good reconstruction of the cornea was accomplished. 
Excluding the two unsuccessful cases, ophthalmic complications occurred in 7 out of 
12 eyes in this study. Adhesion of iris to intraocular structure was the major 
complication despite administration of topical atropine sulfate. Increased frequency of 
atropine sulfate administration, at the early stage of the disease in particular, would 
reduce the risk of this complication.       

Unsuccessful transplantation occurred in 2 out of 14 eyes. One eye of a 13 
year-old Shih Tzu receiving human AM had corneal ulcer at day 28 post-surgery. Partial 
loss of transplanted membrane was observed immediately after third eyelid flap 
removal. Several factors such as senile age of dog, the owner’s care, as well as 
technical errors during surgery, may play a role in recurrence of the ulcer. Protrusion 
of the canine AM observed in the one eye was similar to the dogs receiving a single 
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layer glycerol-preserved equine AM to repair canine corneal perforation created by 
penetrating keratectomy (Barros et al., 1998). Application of a single layer membrane 
may provide inadequate protection of severe corneal defect. Although multiple layer 
membrane was applied in our study, bulging of the canine AM at the paracenter of the 
grafting area may be due to slow wound healing in senile dog, other diseases 
manifested with the dog or poor prevention of self-trauma.  

Canine AM is a mild greenish translucent membrane while human AM is 
colorless and translucent. Green color is derived from uteroverdin, which is substance 
from maternal hematoma (Lemberg and Barcroft, 1932) located on both sides of 
placental girdle. If canine AM is left unclean after being separated from placenta, the 
membrane will appear dark green. This unique structure of canine AM has driven the 
preparation procedure more complex. Gross comparison, more opaque appearance of 
glycerol-preserved canine AM may be due to compact characterization of disorganized 
collagen fibers.  

Fresh canine AM is significantly thin compared to fresh human AM. From a 
report by Baergen (2005), fresh human AM is 35-60 µm. When preserved, AM typically 
become thin, it is as regards to dehydration mechanism driven by glycerol, which is 
major component in both cryo and cold glycerol-preservation. Comparison between 
these two preservation methods revealed that human AM preserved in cold glycerol 
not only had higher tensile strength, but also became thicker than being cryopreserved 
(von Versen-Hoeynck et al., 2008). Canine AM collected from Chihuahua donor in our 
study may have been remarkably thin and lacked of elasticity, leading to membrane 
protrusion. Moreover, thinning of AM may have been influenced by area of AM 
collection. Human AM was slight thicker in the region nearby umbilical cord (Baergen, 
2005 ) . However, according to limitation of tissue preparation that canine AM should 
immediately be separated from zonary placenta, identification of the membrane 
region is therefore difficult. Besides, that area of canine AM heavily contains blood 
supplies.  

Proportion of canine AM prepared from small dog breeds is low compared from 
large breeds. Fifteen to twenty membranes (2x2 mm2) could be prepared from one 
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Chihuahua donor. Dystocia usually occurs in small breed dogs (Reichler and Michel, 
2009), of which thin AM is available. With the use of canine AM derived from small 
dog, the membrane is likely to be torn. Besides, separation of AM from placenta should 
gently be performed to discard area with heavy vascularization, leaving clear area 
intact.   

Side of canine AM plays a role in corneal healing process (Seitz et al., 2006). By 
placing epithelial side up, AM serves as a scaffold to support corneal epithelial 
migration and differentiation (Niknejad et al., 2008). According to specific anatomical 
structures of canine AM, which is enveloped by allantois and not attached with the 
chorion (Miglino et al., 2006), identification of the side of the membrane after 
separation is crucial.  

 Due to the fact that fresh AM is not practical to collect, time constraint for 
microorganism screening test and unavailable at time for clinical application, the 
preserved AM has become more popular in ophthalmology practice. Our glycerol-
preserved canine AM stored for one month demonstrated sterility. Though the full 
thickness membrane was significantly thinner as compared to the non-preserved one, 
it is more likely that its essential biological properties still remain. Despite the fact that 
cryopreserved human AM has been proven to be a good transplant for many corneal 
defects, preservation of the membrane at freezing temperature to maintain its 
biological properties is still problematic and tis availability is rather limited.  
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Conclusion 

We have herein developed preparation and preservation technique of cold 
glycerol to preserve canine AM. Application of multiple layer inlay technique using 
canine AM has become a promising alternative treatment for corneal perforation in 
dogs.  

 

Suggestions  

Success in keeping canine AM epithelium intact with prolong preservation of 
cold glycerol-preserved membrane would provide more prospect of the treatment of 
various corneal defects in dogs.  

Additional investigation of characterization by electron microscope as well as 
biological properties of cold glycerol-preserved canine AM would broaden 
knowledge for improving efficacy of the membrane.   
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