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ABSTRACT: Fibrin glue has been researched as an alternative method for tissue 
synthesis and is known for its capability to promote hemostasis at the application 
site, good approximation of wound edges and fast healing. The current study 
consisted in the application of fibrin glue derived from snake venom as treatment for 
experimental corneal ulcers. Twenty-one dogs had their corneas experimentally 
prepared through lamellar keratectomy (of standardized diameter and depth). 
Animals were divided into seven groups of three animals each. Six experimental 
groups were periodically evaluated and collection was carried out on the 1st, 3rd, 7th, 
15th, 30th and 60th post-operative days, whereas one control group was evaluated 
throughout the experiment. Analyses consisted in the clinical evolution and in the 
histopathological study of all operated on eyes. Results indicated that fibrin glue was 
efficient in repairing keratectomy wounds in dogs and contributed to an earlier 
healing phenomenon, avoiding edema formation and keeping corneal clearness. The 
use of fibrin glue derived from snake venom showed to be easy to apply, feasible 
with animal models and of low cost, avoiding the lesion progress and allowing fast 
and appropriate corneal healing. 
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 INTRODUCTION  
Due to its anatomical site, the cornea frequently undergoes external traumas, as well as 

eyelid, eyelash and lachrymal apparatus abnormalities. The latter often lead to abrasions, 

lacerations and corneal ulcers, which interfere in clearness, endangering the vision. Thus, 

the severity of corneal lesions and their repair mechanisms during several morbid 

processes make necessary the fast institution of effective therapeutic measures. These 

are employed with the aim of avoiding the lesion progress, allowing a fast and 

appropriate healing with minimal scar formation, which can be achieved with clinical and 

surgical procedures. The institution of one or another treatment depends on the right 

diagnosis of the primary cause and on the analysis of secondary agents, besides the 

problem prognosis (18, 19, 35, 36). 

Therefore, several researchers have studied the mechanisms of corneal healing in order 

to develop appropriate methods to treat corneal lesions, restoring its clearness and 

contributing to visual rehabilitation. Among the already investigated techniques, the most 

important are corneal transplants, sutures, corneal covering through the eyelids and 

nictitating membrane, free autogenous and pediculate grafts of the conjunctiva, and 

keratoplasty using biological membranes and adhesive tissue (1, 23, 31).  

Adhesive application in living tissues has been tested for many years by several 

researchers with the aim of developing a method that could provide fast and efficient 

tissue synthesis, with minimal granulomatous reaction in the wound. Tarlov (1940) 

and Young (1944), both cited by Morandini and Ortiz (29), first tested the use of 

adhesive substances in living organisms. These authors used, respectively, plasma 

enriched with heterologous and homologous fibrinogen in the production of biological 

glues. Their studies are important for the historical initiative, as the results did not 

prove the initial hypotheses but stimulated the investigation of more efficient 

formulas for tissue synthesis. 

From there on, the development and application of synthetical adhesives started to 

call the researchers’ attention. Thus, several substances, such as mixture of casein 

and polyvinyl alcohol, derived from rubber, polyacrylate, epoxy resin, formaldehyde 

resin and cyanoacrylate adhesive, were tested; however, they showed to have 

irritating action on ocular tissues with no effective contribution to healing (6, 9, 12, 

26, 27, 31). 
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As an alternative to corneal wound repair, biological glues based on fibrin started to 

be investigated and have been used as hemostatic agents (22) as well as in tissue 

synthesis in several surgical procedures (4, 7, 8, 22, 25, 33, 34, 40).  

The biological principles of fibrin glue are similar to those of the coagulation cascade, 

with final formation of a fibrin clot. Several formulas have already been developed 

and their differences range from the fibrinogen origin and the thrombin source to the 

concentration of several compounds. The adhesive is prepared by the combination 

of a concentrate of fibrinogen and thrombin, reconstituted in calcium hydrochloride 

solution. The principle of adhesiveness is the strong affinity of the mixture for 

collagen at the moment the compounds reaction tends to imitate the last stage of the 

coagulation cascade, through fibrinogen and factor XIII activation by thrombin in the 

presence of calcium ions. Fibrinogen is then converted into fibrin, originating a stable 

clot strengthened by the activation of factor XIII, which also participates in collagen 

synthesis, stimulating fibroblast proliferation and contributing to tissue healing (7, 10, 

13, 20, 38). 

Fibrinolysis is essential to a successful fibrin glue application as it is necessary to the 

glue complete absorption. Fibrinolysis period probably depends on the plasminogen 

activity, which is higher in highly-vascularized nerves and tissues, inducing a fast 

removal of the fibrin adhesive (3, 7, 30, 39).     

In ophthalmology, tissue fibrin adhesives have been little explored considering the 

diverse range of situations in which they can be applied, such as in the treatment of 

corneal ulcers and wounds, and in the replacement of suture lines during the ocular 

tunics synthesis. Gestring & Lerner (14) reported successful use of fibrin adhesive in 

experimental closure of corneal perforation. They did not mention any secondary 

complication due to the product application or any opacity at the application site. 

Following the same principles, Lagoutte et al. (24) tested the fibrin adhesive Tissel® 

in perforated and pre-perforated corneal lesions in human patients considering that 

this glue can be physiologically degraded, contributing to the site healing and 

surpassing cyanoacrylates with regard to these aspects. 

Recently, Bonati et al. (5) succeeded in using experimental fibrin glue after 

perforating trephination and removal of a 3mm-diameter tissue area from the cornea 

of dogs. The study demonstrated a good absorption of the adhesive applied to the 

cornea, efficiently obstructing the perforated areas of 7 out of 10 operated on 
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animals, which did not show any type of iris adherence on the application region, 

neither signs of vascular neogenesis.  

Treatment of corneal perforations was again discussed by Bonati et al. (3), who 

cited, among other methods, the application of fibrin adhesive, emphasizing its 

physicochemical and biological properties as well as its indication in ophthalmology. 

They also cited the successful clinical use of fibrin glue in two patients with corneal 

perforation. 

In another experimental study, Bonati et al. (4) tested the resistance of intraocular 

pressure and microscopic characteristics of corneal perforations treated with fibrin 

adhesive. The minimum pressure was observed within 2 hours, with rupture of the 

glued region under pressures above 11mmHg. The maximum pressure reached 

480mmHg, the measuring limit of the equipment. The histopathologic test indicated 

epithelization on the area in the third post-operative day, showing a progressive 

replacement of the fibrin glue for a scar.                 

Studies replacing the traditional sutures by fibrin adhesive for the closure of scleral 

incisions in patients subjected to the phacoemulsification technique were carried out 

by some authors. The final observations did not show any local complication during 

wound healing and the results suggested that the post-operative evolution when 

using fibrin glue prevented the development of astigmatism in a large number of 

patients (15, 16, 21, 28). 

Recently, studies have shown the efficiency of fibrin adhesive in the fixation of 

biological membranes and conjunctiva grafts in the treatment of lesions at the ocular 

surface. Hick et al. (17) tested the fixation of the amniotic membrane with fibrinoid 

adhesive in 33 eyes with corneal lesions, 14 of which were classified as perforated 

ulcers. The authors concluded that the association of the amniotic membrane with 

the fibrin glue was efficient in closing perforations up to 3mm and that this technique 

contributed to the fast healing of the ocular surface, providing a good functional 

recovery of the eyes subjected to the employed keratoplasty technique.   

Based on the same principles, Szurman et al. (37) carried out a comparative study 

between keratoplasty with amniotic membrane fixed with fibrin adhesive and 

keratoplasty fixed with 10-0 nylon suture, using rabbits as experimental model. 

Results indicated that the use of adhesive reduced the operation period and allowed 

the permanence of the membrane until the complete epithelization of the 
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keratectomized area. This proved the efficiency of fixation technique using adhesive, 

which showed to be biocompatible and did not present an inflammatory response as 

intense as that observed in corneas treated with suture. 

The present work aimed at elucidating the mechanisms related to the repair of deep 

corneal ulcers treated with fibrin adhesive derived from buffalo fibrinogen and other 

compounds obtained from snake venom as a replacement for thrombin. 

 
MATERIALS AND METHODS 
In the present study, 21 healthy dogs were randomly divided into seven groups of 

three animals each. Six groups received the application of biological adhesive and 

one group remained as control throughout the experimental period. Then, the post-

operative periods for cornea collection and morphologic evaluation were established 

as follows: Group 1 (24h), Group 2 (72h), Group 3 (7 days), Group 4 (15 days), 

Group 5 (30 days), Group 6 (60 days), Group 7 (control). The eyes were subject to 

antisepsis with povidone iodine diluted 1:50 in physiological solution. Using a 

surgical microscope, a 5mm-diameter trepan, not invasive, was applied in the central 

region of the right cornea to delimit the area. A corneal fragment was removed by 

using double-bladed scalpels and corneal scissors; the depth of keratectomy was 

monitored by corneal pachymeter until the thickness of the operated on area 

reached 200μm. The keratectomized areas in Groups 1, 2, 3, 4, 5 and 6 were filled 

with fibrin adhesive using a 1ml disposable syringe coupled to an insulin hypodermic 

needle. Four drops of adhesive were applied on the keratectomized area; this 

amount was enough for total filling. Animals of Group 7 underwent the same surgical 

procedure, however, without adhesive application. All groups were periodically 

evaluated at 24h intervals until the end of the experiment, and the following 

parameters were analyzed: pain, represented by signs of photophobia and 

blepharospasm; ocular secretion; conjunctival hyperemia; corneal edema; 

neovascularization; and pigmentation. All these changes were qualified and later 

subjectively quantified: 0 – absent; 1 – light; 2 – moderate; and 3 – intense. After the 

clinical test, the eyes were subjected to fluorescein test for evaluation of the 

epithelization degree of the ulcer treated with fibrinoid adhesive and investigation of 

the adherence and permanence time of the studied material on the lesions. Then, 

after sacrifice of the animals and collection of the eyes, cornea histological 
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preparation was stained using the hematoxylin and eosin technique. Slides of 

histological sections were evaluated under microscope, and the parameters related 

to congestion, edema, hemorrhage, vascular neogenesis, fibrosis, and 

polymorphonuclear and mononuclear leukocytes infiltration were evaluated. The 

same criterion was adopted for the morphological study. 

 
RESULTS AND DISCUSSION 
The adhesive showed a good capacity of fixation to the keratectomized area, forming 

a stable and slightly opaque clot after application (Figure 1). However, the clot of 

fibrin adhesive detached approximately 48h after application and, then, remained in 

the form of some fillets (only visible with the aid of a microscope) in three animals. 

The early elimination of the biological adhesive, whose main compound is 

represented by the fibrin clot, is due to the presence of substances in the tear that 

activate the little amount of plasminogen found in the adhesive, converting it into 

plasmin and causing lysis of fibrin into soluble products. To overcome this problem, 

Bonati et al. (2) recommended the use of tranexamic acid associated with fibrinogen, 

which delayed the plasmin fibrinolytic activity, contributing to the adhesive fixation for 

a longer period. Epsilon-aminocaproic acid has also been used in association with 

fibrinoid adhesives in order to decrease the tissue fibrinolytic activity and increase 

the permanence of the fibrin adhesive on the wound (30).  

Although fibrinolysis occurred in the first 48h, healing of the eyes treated with fibrin 

adhesive had no complications, compared with the control group. All operated on 

eyes showed to be painful in the first three days of evaluation, presenting 

photophobia and secretion which were not due to the adhesive application but to the 

surgery itself, since pain was noticed in three animals of the control group that 

underwent the same surgical procedure without, however, receiving the adhesive 

(Figures 2 and 3). Discomfort in the immediate post-operative period has also been 

described by other authors who used the keratectomy technique as an experimental 

model to investigate the mechanisms of corneal healing (1, 5, 17). This fact can be 

explained by the stimulation of pain receptors present in the epithelium, proceeding 

from the ramifications of the long eyelid nerves, which start at the ophthalmic branch 

of the trigeminal nerve and activate the afferent branch of the corneal reflex, through 
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stimulation of the axons of epithelial terminations, causing blepharospasm and 

higher sensitivity when exposed to light (11, 32, 35).  

Signs of discomfort had already disappeared on the seventh day, when 

blepharospasm and photophobia were not observed anymore, indicating that the 

stimulation of pain receptors ceased (Figures 4 and 7). Recent studies using fibrin 

adhesive as a substitute for the traditional sutures in the fixation of biological 

membranes also indicate that pain in these cases is slight and elusive, disappearing 

within the first hours after application, which indicates that the nervous stimulation is 

minimized with the use of adhesive and that terminations are efficiently protected by 

the membrane (17, 37).  

The predominant secretion was mucous, and purulent secretion was not observed in 

the operated on eyes. Quantitative analysis revealed moderate manifestation in the 

first four days, which decreased to lower values until the 13th post-operative day, 

when secretion production in the eyes of all animals ceased, indicating that 

inflammation caused by the surgical aggression due to keratectomy disappeared 

(Figures 5 and 7). Mucous secretion is produced by calyciform cells present at the 

conjunctiva and the increase in its production can be related to aggression to the 

ocular surface. In this experiment, increase in mucous secretion was also related 

only to traumatism caused in the cornea during keratectomy, since both the 

adhesive-treated group and the control group presented similar levels. This response 

to aggression showed that the lesion present in the cornea also affected the 

conjunctiva, which indicates the existence of an integrated mechanism of response to 

diseases that attack structures present at the ocular surface; such fact was also 

reported for animals subjected to keratoplasty (10, 27).      

Conjunctival hyperemia and chemosis were also analyzed as indicators of the 

intensity of inflammatory response at the ocular surface and, in this experiment, both 

in adhesive-treated animals and in control animals, these clinical characteristics 

showed low levels until the fifth post-operative day (Figure 3). After this period, they 

totally retrograded, indicating there was not persistence of aggressive stimulus to the 

ocular surface (Figure 7). Conjunctival hyperemia and chemosis are good 

parameters to evaluate the aggression index at the ocular surface, since these 

characteristics are related to the increase in vascular permeability and blood flow in 

sites where there is release of vasoactive factors, common during inflammation. The 
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presence of such characteristics in the first days indicates there was cellular 

aggression followed by local inflammation due to keratectomy. On the other hand, 

disappearance of these characteristics after the fifth day in the treated and in the 

control groups indicated the aggression to the ocular surface did not persist, showing 

that the tested adhesive, as well as its byproducts released during degradation, did 

not act as irritating agents to the eye (Figure 4). The satisfactory results presented by 

Bonati et al. (2) reinforced the hypothesis that the ocular tissues present good 

tolerance when treated with fibrin biological adhesives. These findings were also 

reported in subsequent works carried out by Bonati et al. (3), who compared the 

treatment of perforated corneal ulcers with other methods and concluded that the 

application of fibrin adhesive was efficient in the closure of corneal perforations, 

highlighting its physicochemical and biological properties, besides its safe use in 

ophthalmology. 

The clinical test did not show edema in the periphery of lesions in animals subjected 

to keratoplasty using fibrin glue, which indicates that the adhesive acted as an 

impermeable material, avoiding water penetration and consequent stroma hydration. 

This did not occur in control animals, which showed little edema in the wound edge 

since the 1st post-operative day, indicating there was water penetration into the 

subjacent stroma of the cornea of these animals (Figures 2 and 3). Edema is directly 

associated with decreased clearness, and its absence indicates that the adhesive 

was efficient in maintaining the cornea hydric balance until repair. These were not 

observed in studies using synthetical adhesives or sutured biological membranes, as 

the former leads to release of irritating substances during degradation, limiting the 

migration of the anterior epithelium to the keratectomized area and allowing a slit on 

the wound edge during the adhesive permanence, which allows water penetration to 

the adjacent stroma. Membranes also suffer retraction after application, mainly at the 

sites where sutures penetrate, allowing the passage of tears and stroma hydration (1, 

31, 37).  

Epithelization of the keratectomized area was complete at three post-operative days 

in all adhesive-treated animals, and from this time on, impregnation of the 

experimental ulcer with fluorescein was not observed, indicating that there was 

complete epithelial covering of the corneas that received the fibrin biological 

adhesive (Figures 3 and 4). This indicates that the adhesive helped in the site repair, 
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contributing to earlier healing mechanisms, since in the control group, fluorescein 

fixation was observed 96h after the beginning of the experiment in two out of three 

animals. This corroborates the results obtained by other authors, who credit to the 

fibrinoid adhesive the capability to allow the migration of periphery epithelial cells 

over the lesion, serving as a bridge in the first hours of the repair process and 

contributing to the stimulation of fibroblasts migration to the wound, which 

accelerates collagen production and the consolidation of events related to tissue 

repair (2, 10, 17).  

Although the initial lesion was deep and had large superficial area, the fast 

epithelization of the keratectomized area, with no signs of severe inflammation, 

contributed to a healing process without vascularization of the cornea during the 

observation period (Figures 5 and 6). The presence of vases is an important 

parameter that indicates the lesion severity, common when a great loss of tissue 

occurs or even in situations in which the repair mechanisms find obstacles such as 

contamination or destruction of limbal cells. Absence of vascularization and discrete 

signs of discomfort indicate there was good tolerance by the ocular surface to the 

adhesive, attesting its innocuousness at the application site. Pigmentation was not 

observed in the corneas that received the fibrin biological adhesive, as there was a 

slight inflammation restricted to the first post-operative days; there was not adequate 

stimulation for vascular formation and pigments deposition in the cornea (Figure 6). 

Results of the histological evaluation met the clinical findings, showing other 

important details to understand the effects of biological adhesive on cornea healing. 

Different parameters relative to edema formation were evaluated, including vascular 

neogenesis, inflammatory infiltrate cells, fibrosis, and cell arrangement.  

Twenty-four hours after the adhesive application, little edema was noticed in the 

corneas of the treated group. This phenomenon showed the same patterns during 

the first seven days, indicating there was slight hydration of the stroma and 

consequently disarrangement of the stromal collagen, which clinically manifested as 

higher opacity. Still in the first day, there was discrete epithelial disarrangement in 

adhesive-treated eyes, with a small number of neutrophils and hyperplasia of 

cylindrical cells. Three days after surgery, neutrophils and epithelial disarrangement 

with little fibrosis were noticed. Lymphocytes and plasmocytes were not observed. 
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After a post-operative week, slight edema was observed, along with atrophy of the 

anterior epithelium, little vascularization in the periphery of the cornea, fibrosis and 

little inflammatory infiltrate cells, composed of polymorphonuclear cells.  

At 14 days, inflammatory infiltrate was discrete and still represented by 

polymorphonuclear cells; however, in a smaller number, relative to the previous 

evaluation. Moderate fibrosis and atrophy of the anterior epithelium were also 

observed. 

After one month, the corneas that received the adhesive showed hyperplasia of 

cylindrical cells and a small number of neutrophils around the scar. 

The corneas collected at 60 days presented very discrete alteration when compared 

with the material collected at 30 post-operative days. Inflammatory cells were rare, 

like all the other phenomena related to the healing process. Fibrosis was moderate, 

manifesting clinically as a slightly opaque circular area at the site where lamellar 

keratectomy was done for the preparation of the experimental ulcer. 

 

 

 

 
Figure 1. Detail of the keratectomized area immediately after application of the fibrin 

adhesive derived from snake venom in an animal of Group 1. There is a fibrin clot 

covering the area. 
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Figure 2. Detail of the keratectomized area 48h after application of the fibrin adhesive 

derived from snake venom in an animal of Group 2. There are fibrin adhesive 

residues on the keratocomized area, which does not show edema and is in an 

advanced stage of reepithelization. 

 

 

 

 
Figure 3. Detail of the keratectomized area 96h after application of the fibrin adhesive 

derived from snake venom in an animal of Group 3. Detachment of the fibrin 

adhesive had already occurred; however, fixation of the fluorescein in the 

keratectomized area is not observed, suggesting there was complete epithelization. 

Clearness in the central region of the lesion is noticed, indicating that healing 

occurred without formation of edema in the wound. There is also a slight area of 

opacity in the periphery of the lesion, representing the initial formation of a scar to 

perfectly repair the corneal stroma. 
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Figure 4. Detail of a dog cornea seven days after application of the fibrin adhesive 

derived from snake venom in an animal of Group 3. There is an increase in opacity at 

the periphery of the keratectomized area, indicating the progress of a scar formation. 

 

 
Figure 5. Detail of a dog cornea 15 days after application of the fibrin adhesive 

derived from snake venom in an animal of Group 4. There was total repair of the 

wound and complete filling of the keratectomized area with scar tissue. 

 

 
Figure 6. Detail of a dog cornea 30 days after application of the fibrin adhesive 

derived from snake venom in an animal of Group 5. A good recovery of clearness 

was observed, indicating that the repair process keeps active, promoting the 

organization of the corneal stroma and the visual rehabilitation of the patient. 
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Figure 7. Graphic representation of the clinical evolution of corneas treated with 

keratoplasty using fibrin adhesive. 

 
CONCLUSIONS 
The obtained results indicate that the application of fibrinoid adhesives for the 

preparation of keratectomies in dogs is simple to apply, feasible in animal models 

and of low cost.  

Despite the little time of permanence, the adhesive showed to be efficient, 

contributing to earlier reparative mechanisms, accelerating the healing process and 

avoiding edema formation in the wound, contributing to the maintenance of the 

corneal clearness 

The treated eyes followed normal patterns of scar repair and, according to the 

present results, the biological adhesive is innocuous to tissues of the ocular surface. 

The profile of the phenomena associated with discomfort and pain constitute 

symptoms related to the surgical procedure, which were not worsen by the 

application of the tested biological adhesive. 
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