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Abstract 
 

Background: Amniotic membrane transplantation (AMT) has been considered in combination with medical 
treatment in progressive infective keratitis. The purpose of this study was to evaluate the efficacy of AMT as an 
adjunctive treatment in the management of experimental pseudomonas keratitis. 
 
Methods: Cryopreserved AMT was performed on 12 pseudomonas rabbit corneal ulcers. After one week in one 
group amniotic membrane transplantation combined Poostchi Eye Research Center with topical medical 
treatment was done (AMT group). At the end of the second week, the clinical and pathological findings were 
compared with those obtained from eight corneal ulcers in another group which had only been treated with 
topical medication (control group).  
 
Results: There was not any significant difference in clinical signs between the two groups at the end of the 
second week. Corneal perforation was found in three cases of the control group but in none of the cases in the 
AMT group. Amniotic membranes were melted in four eyes, retracted in three eyes and intact in five eyes. 
Pathologic examination showed no significant difference in cellular infiltration or density of organism between the 
two groups. 
 
Conclusion: AMT is effective in preventing corneal perforation in the early stage of experimental pseudomonas 
keratitis. 
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Introduction 
 
Keratitis caused by Pseudomonas aeruginosa often 
results in severe corneal ulcers and perforation, leading 
to loss of vision.1,2 Pseudomonas virulence factors are 
important contributors to tissue destruction, giving rise 
to corneal ulceration. These factors include a number 
of proteases, a heat-labile and heat-stabile hemolysin, 
phospholipase C, and toxins which are produced by the 
organism.3-8 Recent reports indicate that host-derived 
pathogenic factors are also responsible for corneal le-
sions during P. aeruginosa infection.  

In addition, corneal cells have been shown to pro-
duce a series of matrix metalloproteinases (MMPs), 
which are a family of zinc dependent neutral 
endopeptidases and participate in tissue degradation 
and remodeling under physiological and pathological 
conditions.9,10 

Despite topical antibiotic treatment in Pseudomo-
nas corneal ulcer, the lesion may progress, and even-
tually, perforation may occur. In these cases, surgical 
management might be required.11 Recently, amniotic 
membrane transplantation (AMT) has been consid-
ered in combination with medical treatment in pro-
gressive cases. AMT facilitates epithelialization and 
reduces inflammation and scarring.12 AMT is thought 
to have antimicrobial properties and some potential to 
act as an effective drug delivery system.11,13 Several 
studies have described the usage of AMT for the 
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management of deep corneal ulcers,12 desmatoceles 
and corneal perforation,3-16 infectious scleral ulcers 
after prolonged antibiotic treatment,17 herpetic kerati-
tis,18 acantamobal,19 and fungal keratitis.20 Also, some 
evidence exists on the success of AMT in Pseudomo-
nas keratitis.21,22 

This study investigates whether AMT can be used 
as an adjunctive treatment to promote wound healing 
and prevent perforation in experimental pseudomonas 
keratitis. 
 
 
Materials and Methods 
 
Human placenta was obtained shortly after an elective 
caesarean section in a woman who was seronegative 
for human immunodeficiency virus, hepatitis B, C and 
syphilis. Under a lamellar flow hood, the placenta was 
first washed free of blood clots with sterile saline. The 
inner amniotic membrane was separated from the rest 
of the chorion by blunt dissection and flattened onto a 
nitrocellulose membrane (Whatman, Schleicher and 
Schuell optitaran BA-S 85) with the epithelial surface 
up. The membrane with the filter was then washed 
three times with phosphate buffered saline (PBS) con-
taining 50 μg/ml penicillin, 50 μg/ml streptomycin and 
2.5 μg/ml amphotericin B. Then, 1.5 ×1.5 cm pieces 
were made. Each of them was placed in 4%, 8% and 
12% Dimethyl Sulphoxide (DMSO) phosphate buff-
ered saline for 5 minutes and finally placed in a sterile 
vial containing 10% DMSO medium (Cina gen, Iran). 
Vials were frozen at -80°C. Microbiological tests were 
performed in the original placenta, in the final mem-
brane preparation as well as in the fluids used for 
washing and storing the amniotic membrane.   

Twenty female, Dutch, albino rabbits weighting 2-3 
Kg were enrolled. The rabbits were housed in accor-
dance with the National Institutes of health guidelines, 
and all procedures in this study conformed to the As-
sociation for Research in Vision and Ophthalmology’s 
Statement for the Use of Animals in Ophthalmic and 
Vision Research and approved by the Ethics Commit-
tee of Shiraz University of Medical Sciences. 

Stock cultures of P. aeruginosa strain 
27853(ATCC) were stored at 4°C on tryptase agar 
slants. The bacterial cells in log phase were collected 
by centrifugation at 8000×g for 20 min at 4°C. The 
bacteria were washed three times with sterile physio-
logical saline and the concentration was adjusted to 
1×104cfu/ml, using a standard curve correlating vi-
able cell number to optical density at 600 nm. The 

sensitivity of bacteria to ciprofloxacin was proved. 
The rabbits were anesthetized with intramuscular 

injection of ketamine hydrochloride (30 mg/kg) and 
xylazine hydrochloride (5 mg/kg) and then a drop of 
tetracaine HCL 0.5% was applied to the rabbits’ right 
eye. About 0.05 cc suspension of pseudomonas was 
injected into corneal stroma with a sterile 30 G needle 
connected to a microsyringe, using an operating mi-
croscope. The experimental keratitis was allowed to 
proceed untreated for 20 hours. Treatment with topi-
cal ciprofloxacin (every one hour) was then initiated 
on the inoculated eyes after examination of the cornea 
for presence of keratitis by hand light. After 3 days, 
the frequency of antibiotic therapy decreased to every 
2 hours. On the 7th day, after recording the clinical 
features, the eyes were randomly divided into two 
groups. AMT was done in one group (AMT group) 
and the others were considered as controls. 

The preserved amniotic membrane was defrosted at 
room temperature in a sterile condition. After anesthe-
sia, using the same anesthetics as described above, lid 
speculum was placed, 360° peritomy was done and the 
membrane was transferred to the recipient eye epithe-
lial side up and secured to the entire corneal surface by 
eight interrupted 10.0 nylon sutures. After the opera-
tion, the use of eye drops was continued similar to that 
in the control group for the following week. 

Four parameters (conjunctival injection, stromal 
involvement, stromal edema, and formation of hy-
popyon) on a scale of 0 (none) to 4 (severe) were 
used as the scoring method to record the clinical ex-
amination by biomicroscope. The sum of the scores 
was used to produce a single score in each eye. Two 
weeks after infection, the globes were enucleated un-
der general anesthesia. The globes were fixed in 10% 
formaldehyde, dehydrated with alcohol and embed-
ded in paraffin. The corneal sections (5 μm thick) 
were stained with hematoxylin and eosin as well as 
tissue gram stain and prepared for light microscopic 
studies. The slides were reviewed by two pathologists 
and the findings were recorded and scaled. 

The data were analyzed by Chi square test, Mann-
Whitney U test and Fisher exact test. SPSS software 
(version 13, Chicago, IL, USA) was used. P value of 
less than 0.05 was considered significant. 
 
 
Results 
 
All the rabbit corneas showed an opaque white stromal 
infiltrate as a ring after 20 hours post-intrastromal  
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injection of pseudomonas. The infiltration progres-
sively expanded beyond the ring and masked it com-
pletely. By the end of the first week, all the corneas 
developed fulminant ulcers. 12 eyes were in the AMT 
group and 8 in the control group. After one week, the 
conjunctiva was markedly hyperemic in both groups. 
Hypopyon formation was noticed in two eyes in the 
AMT group and in five eyes in the control group 
(p=0.230). There was not any significant difference in 
the sum of clinical scores between the two groups at 
the end of the second week (median score 8.5 
(range5-12) for the AMT group versus 10.5 (range7-
13) for the control group (p= 0.135). 

Corneal perforation was noticed in three cases in 
the control group but in no case in the AMT group 
(p=0.049,). The eyes in the AMT group showed three 
appearances in the final exam: melted AM in four 
eyes, retracted in three eyes, and intact in five eyes. 
Histological examination of the corneas revealed an 
extensive infiltrate of acute inflammatory cells 
throughout the entire corneal stroma, without a sig-
nificant difference between the two groups (p= 
0.620,). Figure 1(a & b) 

Although the corneas in the control group showed 
more necrosis and melting, (Figure 2) the pathologic 
findings are shown in table 1 histological examination 
showed minute epithelial cell implantation (or even 
cyst formation) in the corneal stroma in five cases in 
the AMT group. (Figure 3) 

 
Fig 2: Denudation of epithelium, stromal melting and 
infiltration of acute inflammatory cells in group 1. 
(H&E×100)   
 
 
Discussion 
 
In our study, AMT in the early stage of experimental 
Pseudomonas keratitis was useful in prevention of 
corneal perforation. However, it developed stromal 
vascularization and epithelial implantation in the 
stroma. The bacterial load and the severity of  

                    
Figs 1a 1b: Integration of epithelium, acute inflammatory cell infiltration and vascularization in stroma. (H&E×100) 
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inflammatory cell infiltration in stroma seemed not to 
be affected. 

Pseudomonas keratitis requires immediate aggres-
sive (incisive) treatment to prevent sight threatening 
complications. Pathogenesis of rapidly progressing 
corneal disease is multifactorial and depends on both 
the host-derived and bacterial factors .23 One of the 
objectives of treatment in this situation is prevention of 
tissue destruction and irreversible structural alterations, 
which may be accomplished with the use of AMT.24 

In the early stage of the disease (while the epithe-
lial healing has not been achieved yet), administration 
of high doses of topical eye drops may lead to epithe-
lial toxicity. So, the AM can be served as a bandage.22 

The AM acts as a substrate for epithelial growth in 
vivo in cases of neurotrophic keratopathy, persistent 
epithelial defects, and chemical injuries.12,25,26 It has 
also been reported that the amniotic basement mem-
brane facilitates migration of epithelial cells,27 
strengthens adhesion of basal epithelial cells, promotes 

epithelial differentiation, and prevents apoptosis.28 
Also, both AM and amniotic fluid have antimicro-

bial properties in wound healing.13,29-31 Antibacterial 
effects of amnion have been demonstrated against a 
wide range of bacteria including hemolytic strepto-
coccus group A, staphylococcus aureus, Escherichia 
coli and Pseudomonas aeruginosa.32,33   

In addition, the AM may act as a long term drug 
delivery system.24 It becomes soaked with antibiotics 
after the instillation of eye drops. So, it may be useful 
in reducing the frequency of the standard treatment 
with topical eye drops.22 Kim et al. reported that 
AMT enhances ofloxacin penetration in the corneas 
with epithelial defects. It has been shown that oflox-
acin level in tears was higher in eyes with AMT up to 
1 hour after the topical use.11 

The anti-inflammatory and ant-scarring effects of 
AMT have been described in detail.28,34 The AM con-
tains tissue inhibitors of matrix metalloproteinase 
(MMP)-1 and MMP-2, and thus inhibits the destruction 

Table 1: Pathologic findings in AMT group and control group in experimental pseudomonal keratitis. 
Finding  AMT group 

N0. (%) 
Control group 
N0. (%) 

P value 

Infiltration of inflammatory 
cell 

mild   1 (8.3) 0 (0) 

moderate   5 (41.6) 6 (75) 

0.620 

severe   5 (41.6) 1 (12.5) 
abscess formation   1 (8.3) 1 (12.5) 

Hypopyon formation    3 (25) 4 (50) 0.250 
Vascularization  10 (83.3) 3 (37.5)  
 

 
Fig 3: Epithelial cyst formation in the stroma. (H&E×400) 
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of collagen in the case of alkali burn.12 These data 
suggest that the potential therapeutic effects of AMT 
for infective keratitis may be mediated in part by the 
inhibitory effect of AM on proteinase activity includ-
ing MMP of endogenous and infectious origin. It may 
also act as a barrier against the infiltration of poly-
morphonuclear cells from the tear film.35 In addition, 
the sequestration of infiltrating lymphocytes seems to 
play a part in the anti-inflammatory effects of the 
AM.36,37 The AM stromal matrix was found to sup-
press the expression of certain inflammatory cytokines 
that originate from the ocular surface epithelia includ-
ing IL 1- α, IL1- β IL-2, IL -8, INF- γ and TNF α.12 

Although the ability of preserved membranes to influ-
ence wound healing by changing the local milieu of 
growth factors and cytokines must be very limited,13 
Koizumi et al.,38 found that various growth factors pre-
sent within preserved AM have the potential to do so. 

Resch et al. reported that AM can integrate into 
the host corneal tissue after AMT in intraepithelial, 
subepithelial or intrastromal patterns, or simply, it 
may be localized on the corneal surface.39 These findings 

are in accordance with our results. 
Chen et al. reported that AMT may be considered 

as a method for treating Pseudomonas keratitis, espe-
cially when stromal melting and loss are extensive. In 
their case series of six patients, the infection was con-
trolled by using this method.21 Gicquol et al. reported 
that early AMT in organism-identified severe bacte-
rial keratitis provides immediate pain relief and al-
lows the use of high doses of topical antibiotics with 
minimum adverse effects on the epithelium. In addi-
tion, the combination of early AMT and early high 
dose topical application was shown to be safe and did 
not hinder epithelial healing.22 
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