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Summary 
Purpose: The purpose of this study is to investigate the effects of in

traoperative local mitomycin and 5-fluorouracil (5-FU) appli
cation on intraocular pressure and the wound healing process 
in the experimental glaucoma filtering surgery in rabbits. 

Methods: Taking 42 eyes of 21 rabbits as a sample the effects of 
intraoperative local mitomycin and 5-FU application on the 
intraocular pressure and wound healing process in glaucoma 
filtering surgery were studied. Mitomycin was applied on 11 
and 5-FU on the remaining 10 right eyes. All 21 left eyes 
served as controls. On the 32nd day after the operation, the 
eyes of three rabbits from both mitomycin and 5-FU groups; 
and on the 60th day, all remaining eyes were enucleated for 
histopathological examination. Ultrastructure evaluation was 
based on transmission electron microscopy. 

Results: Intraocular pressure was found to be significantly lower 
in all glaucoma filtering surgery groups (p<0.001). 
Mitomycin and 5-FU application further lowered the in
traocular pressure as compared to control group (p<0.01). 
While intraocular pressures were lower in the first 5 days in 
the mitomycin group, the difference between mitomycin and 
5-FU groups was not significant after 5 days (p>0.05). Bleb 
formation was significantly higher in the mitomycin and 5-
FU groups than the control group (p<0.01). There was no 
difference among groups with respect to their anterior cham
ber depth, corneal epithelial defects and other complications 
(p>0.05). Histopathologic examination by light and electron 
microscopy revealed that mitomycin and 5-FU application 
delayed the wound healing process; and this effect was found 
to be more marked with the use of mitomycin. 

Conclusions: Intraoperative local mitomycin and 5-FU applica
tion further lowered the intraocular pressure and delayed the 
wound healing process. 

Key Words: Glaucoma filtering surgery, Mitomycin, 
5-fluorouracil, Wound healing 

T Klin J Med Res 2001, 19:69-78 

Received: Aug. 14, 2000 
Correspondence: Ahmet ÖZER 

Department of Ophthalmology, 
Medical School of Osmangazi University, 
Eskişehir, TURKEY 

Özet 
Amaç: Bu çalışmada tavşanlarda deneysel fıltran glokom cer

rahisinde intraoperatif lokal mitomisin ve 5-florourasil 
(5-FU) uygulamasının göziçi basıncı ve yara iyileşme 
sürecine etkisi incelendi 

Metod: 21 tavşanın 42 gözü örnek olarak alınarak fıltran glokom 
cerrahisinde intraoperatif lokal mitomisin ve 5-FU uygula
masının göziçi basıncı ve yara iyileşme sürecine etkileri 
araştırıldı. Sağ gözlerin 11'ine mitomisin, 10'una 5-FU uygu
landı. Bütün sol gözler kontrol grubu olarak değerlendirildi. 
Operasyondan sonraki 32. günde mitomisin ve 5-FU grubun
dan 3'er tavşanın, 60. günde ise diğer tüm tavşanların gözleri 
histopatolojik çalışma için enüklee edildi. Histolojik değer
lendirme elektron mikroskopik ağırlıklı olarak yapıldı. 

Sonuçlar: Göziçi basıncı fıltran glokom cerrahisi uygulanan bütün 
gruplarda anlamlı düzeyde düşük olarak bulundu (p<0.001). 
Mitomisin ve 5-FU grubunda göziçi başmandaki düşüklük 
kontrol grubuna gore daha belirgindi (p<0.01). Göziçi 
basıncı mitomisin grubunda ilk 5 gün daha düşükken, 5. gün
den sonraki günlerde mitomisin ve 5-FU grubu arasında bir 
fark yoktu (p>0.05). Blep oluşumu mitomisin ve 5-FU 
grubunda kontrol grubundan daha fazlaydı (p<0.01). Gruplar 
arasında ön kamera derinliği, kornea epitel defekti ve diğer 
komplikasyonlar yönünden bir fark yoktu (p>0.05). Işık ve 
elektron mikroskopla yapılan histopatolojik muayenede 
mitomisin ve 5-FU grubunda yara iyileşme sürecinde 
gecikme olduğu ve bu etkinin mitomisin grubunda daha 
belirgin olduğu görüldü. 

Yorum: İntraoperatif lokal mitomisin ve 5-FU uygulaması göz-
içibasıncını düşürmekte ve yara iyileşme sürecini gecik
tirmektedir. 

Anahtar Kelimeler: Filtran glokom cerrahisi, Mitomisin, 
5-florourasil, Yara iyileşmesi 

T K l i n Araştırma 2001, 19:69-78 

Filtration insufficiency is one of the most im
portant postoperative complication of trabeculecto
my procedures. The scarring of conjunctiva and 
Tenon's capsule is the most common cause.(l) The 
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use of antimetabolites to prevent subconjunctival 
scarring in glaucoma surgery has recently been 
proposed. It has been shown in clinical trials that 
postoperative subconjunctival application of 5-flu-
orouracil (5-FU) and intraoperative application of 
mitomycin locally on the scleral flap increased the 
surgical success in high risk patients who went 
through glaucoma filtering surgery.(2-12) 

Use of 5-FU and mitomycin in glaucoma fil
tering surgery have caused some complications. 
Intraoperative local application of mitomycin has 
been reported to cause conjunctivitis, local corneal 
oedema and corneal epithelial defect.(9-15) More 
serious complications such as corneal epithelial de
fects and weakness at the wound site has been as
sociated with the postoperative subconjunctival use 
of 5-FU.(16-l 8) Therefore; recently, new trials, like 
mitomycin, are underway to apply 5-FU locally 
during trabeculectomy procedure^ 19-21) 

The aim of this study is to investigate the ef
fects of intraoperative local mitomycin and 5-FU 
on intraoperative pressure and wound healing in 
glaucoma surgical filtering surgery in rabbits. 

Material and Methods 
This study was carried out in 42 eyes of 21 al

bino rabbits in both sexes weighing between 2 and 
3 kg. They were divided randomly into two groups: 
Group I was the mitomycin group and Group II was 
the 5-FU group. The left eyes of rabbits in both 
groups formed the control. 

Surgical procedure 
Surgical procedures were carried out with the 

help of a binocular loop. General anaesthesia was 
induced with intraperitoneal injections of Xylasine 
hydrochloride (Rompun®, Bayer), 10 mg/kg and ke-
tamine hydrochloride (Ketalar®, Eczacibasi), 50 
mg/kg. A superiorly placed limbal-based conjuncti
val flap was then raised. Sponges soaked in mito
mycin (Mitomycin C®, Kyowa) in a concentration 
of 0.5 mg/ml and in 5-FU (Fluorouracil®, Roche) in 
a concentration of 50 mg/ml were placed between 
the conjunctiva and the sclera in the right eyes of 
the rabbits in Group I and II, respectively. On the 
other hand balanced salt solution (BSS Plus®, 
Alcon) soaked sponges were placed in all left eyes. 
After waiting for 5 minutes, application sites were 

irrigated with BSS Plus solution. Sclerostomy was 
done with the help of 1.5 mm Eliot's trephine and a 
peripheral iridectomy was performed through the 
sclerostomy. The conjunctival incision was closed 
with 8/0 polygalactine (Vicryl®, Ethicon). 

Intraocular pressure measurements 
Intraocular pressures were measured using 

pneumotonometer (Biorad Digilab Modular One 
Pneumo-Tonometer) after local anaesthesia was ap
plied with Oxibuprocain hydrochloride (Benoxinate® 
0. 4%, Thilo) preoperatively, on postoperative days 
1, 3, 5 and 7, twice weekly for one month and once 
every week until 2 months. 

Biomicroscopical examinations 
On days 1,7, 15, 32 and 60, biomicroscopical 

examinations were carried out. Bleb appearances, 
depths of anterior chambers, hyphaemas, epithelial 
defects with fluorescein, leaks from wounds, 
corneal pigmentation, corneal haze, pannus, rubeo-
sis and cataract were all noted. Bleb appearances 
were graded according to the criteria of Kay (22) et 
al, and anterior chamber depths were evaluated ac
cording to the criteria of Stewart (23) et a l . 

Histological examination 
On day 32, three rabbits randomly chosen from 

both mitomycin and 5-FU groups and killed by in
tracardiac injection of high dose sodium thiopen
tone BP (Penthotal® sodium, Abbott). After imme
diate enucleation of the eyes, corneal and scleral 
pieces of tissue including the bleb regions were tak
en vertically for histological examination. For light 
microscopy (Olympus BH-2), fixation with neutral 
formaline 10% and paraffin blocking were fol
lowed by Haematoxylin and Eosin staining. After 
pre-fixation with phosphate-buffered glutaralde-
hyde 2.5%, irrigation with phosphate buffer 0.1 N 
and post-fixation with phosphate-buffered osmium 
tetroxide 1% were carried out for electron mi
croscopy (Zeiss EM-9). Blocks from the filtration 
area were prepared with araldite semi thin sections 
of 1 micron and stained with Toluidin blue 1% and 
thin sections were stained with uranyl acetate and 
lead citrate. 

The remaining rabbits were followed up once 
weekly until the sixtieth day, when their eyes were 
enucleated and the above mentioned procedures 
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were applied for examinations under light and elec
tron microscopy. 

In the statistical analysis of the data, two-sided 
analysis of variance, t-test, X2- test and Kruskal 
Wallis tests were performed. 

Results 
This study was conducted on three groups of 

eyes: Mitomycin group, 11 eyes; 5-FU group, 10 
eyes; control group, 21 eyes. After the measure
ments on day 32, the eyes of three rabbits from 
each of the mitomycin and 5-FU groups were enu
cleated for histological examination. Because of the 
decrease in the number of subjects (8 eyes in the 
mitomycin; 7 eyes in the 5-FU and 15 eyes in the 
controls), each group was evaluated for their pre
operative values, and follow-up measurements for 
postoperative values until day 32. 

Mean intraocular pressure (IOP) values for 
three groups are shown in Figure 1. 

In the comparison of the IOP values of the 
three groups, there was no difference in the preop
erative values (p>0.05). For the values of the first 5 
days postoperatively, although there was no differ
ence between the 5-FU and control groups and 5-
FU and mitomycin (p>0.05), values for the mito
mycin group were found to be significantly lower 

than the control group (p<0.01). In the comparison 
of the IOP values for postoperative days 5-32, val
ues for the mitomycin and 5-FU groups were found 
to be significantly lower than the control group 
(p<0.001). There was no statistical difference be
tween the mitomycin and 5-FU groups (p>0.05). 

The IOP values in all three groups measured 
on postoperative day 32 and were found to be sig
nificantly lower than the preoperative values 
(p<0.001). There were no differences among 
groups themselves (p>0.05). 

Figure 2 shows the mean IOP values in all 
three groups measured preoperatively and postop
erative day 32 and after. 

There was no statistical difference in the pre
operative IOP values of mitomycin, 5-FU and con
trol groups. While there was no difference between 
the mitomycin and 5-FU groups in the measure
ments postoperative day 32 and after, IOP values of 
both groups were significantly lower than the con
trol group (p<0.001). 

The appearances of blebs in three groups on 
postoperative day 60 were as follows: 7/8 (87.50%) 
in the mitomycin, 5/7 (71.43%) in the 5-FU and 
4/15 (26.67%) in the controls. When the mitomycin 
and the 5-FU groups were compared in this respect 
to the controls, the difference was statistically sig-
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Figure 2. Comparison of the mean IOP values in mitomycin, 5-FU and control groups measured preoperatively, postoperative day 
32 and after. 

nificant (p<0.001). In the comparison of the mito
mycin and the 5-FU groups the difference was not 
significant (p>0.05). 

There were no differences among all three 
groups in anterior chamber formation, epithelial de
fects and hyphaema (p>0.05). 

In light and electron microscopic examination 
of sections from the controls on postoperative day 
32, the sclerostomy fields were almost filled with 
fibrotic tissue and were about to appear histologi
cally like the normal sclera. It was late phase scar
ring according to the wound healing pathogenesis. 
Mononuclear cells, proliferated fibroblast in active 
synthesis, increased number of collagen fibers, 
macrophages and plasmocytes could be seen 
(Figure 3). In relation to the increased synthesis of 
collagen fibers, their phagocytosis could be ob
served in the cytoplasms of some mononuclear 
cells and Langhans type giant cells (Figure 4a and 
b). The findings for the control group on postoper
ative day 60 were similar to those on postoperative 
day 32. There was proliferation in the fibroblasts in 
the site of scarring which was proliferative late 
phase granulation tissue. Almost all of the scleros
tomy site was filled with regular collagen bands 
which gave the area an appearance like that of the 
normal sclera . In some eyes, the iridocorneal angle 

Figure 3. Active fibroblasts, increased number of collagen 
fibers and mononuclear cells in the control group. 
Electronmicrograph (EM), X4500. 

was observed to be filled with fibrotic tissue which 
made the angle prolapse towards the anterior cham
ber and extend into the Descement's membrane and 
obstruct the filtration on a large scale. 

In the histological sections of mitomycin and 
5-FU groups on postoperative day 32, sclerostomy 
site was seen to be filled with fibrovascular tissue 
which was not yet formed completely between the 
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Figure 4. Increased phagocytosis of collagen fibers in the con
trol group.(->) 
a. Mononuclear cells, EM X7500 

Figure 4. Increased phagocytosis of collagen fibers in the con
trol group.(->) 
b. Giant cells of the Langhans type, EM XI9950 

scleral and collagen bundles. This fibrovascular tis
sue was found to have formed collagen bundles in 
a much thinner area as compared to the controls. 
From the findings of postoperative day 60, it was 
interesting to note that both the fibrovascular tissue 
which filled the sclerostomy site was loose, thin 
and in a structure with less fibroblast activation and 
that the wound healing lagged much behind the du
ration of the experiment (Figure 5). Cicatrisation 
was even less in some eyes than that seen in control 
eyes on postoperative day 32. In the comparison of 

Ahmet ÖZER et al. 

Figure 5. Loose fibrovascular tissue in the sclerostomy site of 
an eye from the mitomycin group on postop day 60. 
Hematoxylin EozinXSO 

Figure 6. Early wound healing phase in drug treatment groups: 
Loosely layered, edematous and poor in collagen synthesis 
cells. (*) 
a. Sclerostomy site with neutrophils and ekstravascular ery
throcytes in the mitomycin group. (->) EM X2570 

mitomycin and 5-FU groups with respect to wound 
healing, the examination of light microscopic seri
al sections revealed that the tissue in the filtration 
site was looser and thinner in the mitomycin group 
as compared to the 5-FU group. This difference 
was quite minor in the comparison to the control. 
Electron microscopic investigation, on the other 
hand, revealed more prominent difference between 
the mitomycin and 5-FU groups than that seen 
through the light microscopy. These two groups 
(Figure 6a and b) went through a wound healing 
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Figure 6. Early wound healing phase in drug treatment groups: 
Loosely layered, edematous and poor in collagen synthesis 
cells. (*) 
b. Sclerostomy site with eosinophils in the 5-FU group. (->) 
E M X9900 

Figure 7. Alignment near to normal scleral structure in the 
controls. EM X4000 

process quite different from the controls. (Figure 
7). The healing process was also in a positive way 
from the prognosis of the filtrating surgery point of 
view. A marked delay in scarring was seen in the 
drug treated groups. In contrast to active fibroblasts 
seen in the control group (Figure 8), fibroblast were 
mostly inactive and showed no proliferation in drug 
treatment groups (Figure 9). Cells characteristic of 
early wound healing phase were observed in drug 
treatment groups. There were neutrophils in the 
mitomycin and eosinophils in the 5-FU groups 

Figure 8. Active fibroblast in the control group. (-») EM 
XI4250 

Figure 9. Inactive fibroblast in the drug treated groups. (->) 
EMX11875 

(Figure 6a and b). The most striking ultrastructural 
difference was that myofibroblasts were seen only 
in the mitomycin group. These cells were in clumps 
in cicatrisation sites which were looser and thinner 
as compared to the 5-FU group (Figure 10a and b). 

Discussion 
Scar formation in the subconjunctival tissue 

and the tenon capsule causes filtration failure 
which by itself is the most important factor affect
ing the success of the trabeculectomy operations. 
(1) There are different studies dealing with the 
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Figure 10. Myofibroblasts seen only in the mitomycin group: Cells with typical indented nuclei, intracytoplasmic contractile ele
ments and forming complexes by binding to each other and with extracellular elements. (->) EM a XI1875 and b X39580 

question of how to decrease post trabeculectomy 
scar formation.(24-29) The post operative subcon
junctival 5-FU injection (first trial done by Gressel 
(30) et al and first true pilot studies done by Heuer 
(2) et al) has showed an increase in the success rate 
of the surgery. In the latter studies, the application 
of 5-FU in complicated and uncomplicated glauco
ma patients showed improvement in the prognosis 
of the operations.(2-8) Because the postoperative 
subconjunctival application of 5-FU has many seri
ous complications; many other metabolites have re
cently been studied . According to these studies, in
traoperative local applications of mitomycin into 
the flab improves the prognosis of not only uncom
plicated glaucoma but also in completed ones.(9-
12) From the complications of 5-FU injections and 
the good results of the local mitomycin injections 
we deduced the use of local 5-FU.( 19-21) 

In this study we were interested in the results 
of peroperative local use of mitomycin and 5-FU in 
filtering glaucoma operations. The results of the 
postoperative follow up of IOP of the three groups 
showed a significant fall in all the groups. In Figure 
1 we notice a fall during the first postoperative 
week followed by a rise later on , in the IOP, in all 
three groups .Therefore it has been thought that the 
post trabeculectomy success is associated with the 
healing of the wound during first postoperative 
month. Khaw (21) and Pasquale (31) found that the 
operations in which mitomycin had been applied 

became more successful. In our study we have not 
seen statistical differences between mitomycin and 
5-FU groups, but mitomycin group showed lower 
IOP than those of control from the first postopera
tive day on, while the 5-FU group showed lower 
IOP than that of control group only after the 5th 
postoperative day. We deduced that the surgical 
procedure is important in lowering the IOP and the 
application of mitomycin or 5-FU will enhance that 
effect. 

Presence of the functional filtering bleb during 
trabeculectomy operation is one of the factors af
fecting the success of the operation . The filtering 
flabs have an important rule in the passage of the 
aqueous humours into the subepithelial field, and in 
this study, the postoperative blebs in mitomycin, 5-
FU and control groups are assessed according to 
the Kay (22) et al criteria and we noticed that there 
are statistically important differences in the postop
erative blebs in mitomycin and 5-FU groups than 
that of control groups and that this difference stays 
for 60 days postoperatively. However we did not 
find any difference between mitomycin and 5-FU 
groups , Khaw (21) et al stated that in mitomycin 
group the difference stays for 30 days . 

The anterior chamber depth is assessed accord
ing to the Stewards (23) et al criteria, and in all 
three groups we found shallowness during the first 
few days which improved after the first week, and 
there was no difference between the groups . 
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There are many studies about the erosive effect 
of mitomycin and 5-FU on the cornea.(13-18) In 
our study we have not found any difference be
tween the groups and we noticed that a single ap
plication of 5-FU decreased the occurrence rate of 
corneal defects. 

In trabeculectomy hyphemia formation effects 
the prognosis .The clot in the site of the sclerotomy 
is regarded to be an important factor in the activa
tion of the fibroblasts.(26) In our study, we did not 
find statistically important differences between the 
groups. 

Contrary to all other surgical procedures , in 
trabeculectomy , the healing and the closure of the 
wound is not the aim. Miller (32), in his study, ap
plied filtering glaucoma surgery in rabbit eyes and 
studied the healing time of the wounds. Zalish (6) 
et al applied 5-FU after filtering glaucoma surgery 
and found that, although the opening in the flab is 
partially closed with fibrovascular tissue , it still re
mains intact. Our study showed similar results . 

In Mandelbaum (33) endophthalmitis the mi
cro-organisms are thought to be able to find access 
to the eye; though, the flab's field indicate that the 
weakness at the site of the flab may increase the 
risk of endophthalmitis. However, endophthalmitis 
is a serious complication of infiltration surgery. 
(34-35) In our study, we did not face any endoph
thalmitis during sixty-day follow up. Heuer (2) et al 
found that in case of post-operative subconjunctival 
injection of 5-FU ,41% shows weakness at the site 
of the conjunctival wound. Seidel test in none of 
our cases was positive. This indicate that the per-
operative application of 5-FU prevents one of its 
most important complications. However, such an 
important complication obligates us to be more 
careful with the use of mitomycin. The absence of 
myofibroblasts in 5-FU may indicate that they have 
a function in preventing weakness at the site of the 
wound. 

The success of filtran surgery is barely evalu
ated on the basis of the delay in the healing process 
of the wound in sclerostomy area. It is seen in our 
study, that this expectation has been fulfilled. 
However, the delay in the healing process would 
cause weakness at the site and related complica
tions. The ideal is to have a filtration area that re
leases aqueous humour but forms a barrier for ex

ternal macromolecules and microorganism. For this 
ideal to be realised, the myofibroblasts are lacking. 

Recent studies show that myofibroblasts hav
ing intrasitoplasmic contractile elements make it 
easier for the aqueous humour to be externally re
leased.(36) It has been found that proteins such as 
vimentin, spectrin, and F-actin play an iprportant 
role in releasing aqueous humour, and these pro
teins be marked in Schlemm's channel endotel im-
munohistochemically. It has also been found that 
myofibroblasts in trabecular meshwork supports 
the Schlemm's channel endotel.(37) 

On the other hand, it is thought that myofi
broblasts cause contraction in the wound area and 
make it easier for the aqueous humour to be re
leased in early postoperative phase (between the 
7th-14th day).(38) In light of the fact that myofi
broblasts were not seen in 5-FU and control group 
may be the cause for the failure of late filtration. 
The high filtration caused by the myofibroblasts in 
the mitomycin group; in addition may lead to bleb 
leakage and late endophthalmitis.(39-40) 
Regarding the continuation of filtration, mitomycin 
is as effective as 5-FU with respect to structural 
predisposing factors for the complication and the 
myofibroblasts. We stated that the myofibroblast 
like cells have an important role in the angiogene-
sis and the control of the blood flow, and that the in
crease in the number of the aqueous veins is one of 
the ways of the postoperative reduction of the 
IOP.(41-42) Therefore the reduction in the IOP in 
mitomycin group could be related to the effect of 
the mitomycin in transforming fibroblasts to my
ofibroblasts, even though the superiority of mito
mycin in the postoperative reduction of IOP is sta
tistically not important. 

Mitomycin and 5-FU increases the efficiency 
and success of glaucoma filtrating surgery. Further 
histopathological studies would explain the success 
of this filtration in terms of its causes in relation to 
the transformation evident in myofibroblasts so that 
the importance and role of these cells is identified. 
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