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Suramin inhibits wound healing following filtering
procedures for glaucoma
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Abstract
Background—Trabeculectomies are the
most frequently performed procedures in
surgically treating eyes with glaucoma.
Failures are caused by fibrosis in the
external ostium of the filtering procedure.
In order to inhibit the fibrotic wound
healing reaction, a new pharmacological
approach using suramin, which inhibits a
variety of important growth factors was
used.
Methods—Pigmented rabbits were used
and filtering procedures performed.
Suramin was applied with concentrations
ranging from 10 mg/ml to 333 mg/ml once
during surgery and four times following
surgery. The success of the filtering
procedure was assessed by intraocular
pressure measurements. To evaluate pos-
sible intraocular toxic eVects, treated eyes
were histopathologically evaluated after 4
weeks, and the ciliary body adjacent to the
site of application was examined using
electron microscopy.
Results—With concentrations of suramin
of 200 mg/ml and 333 mg/ml, the trab-
eculectomies were patent longer than in
the controls and in eyes operated with
mitomycin C, which currently is the most
frequently used antiproliferative drug to
enhance the outcome of surgery in hu-
mans. No severe toxic eVects to the ciliary
epithelium were seen in suramin treated
eyes.
Conclusions—This study demonstrates
for the first time the eYciency of a
substance that broadly inhibits the action
of growth factors on target cells in the set-
ting of ocular wound healing. In this in
vivo model, suramin has been shown to be
highly eVective in preventing scarring and
in having fewer toxic side eVects than usu-
ally used antimetabolites. These results
therefore may suggest a new approach to
the surgical treatment of glaucoma.
(Br J Ophthalmol 1998;82:816–820)

Glaucomatous optic neuropathy is character-
ised by a typical cupping of the optic nerve
head,1 2 and a persistent reduction of the
intraocular pressure is frequently done surgi-
cally. Since the introduction of trabeculecto-

mies by Cairns3 this surgical procedure has
gained wide popularity among many glaucoma
surgeons as the primary surgical treatment.4

Surgical failures of trabeculectomies are in
most cases caused by a wound healing
response at the level of the episclera and the
deep fibrovascular layers of Tenon’s capsule
that evoke a permanent increase of outflow
resistance or even complete occlusion.5 6 While
this obstruction is less common in patients
with uncomplicated primary open angle glau-
coma (POAG), it is a frequent complication in
patients undergoing repeated procedures or
with other forms of glaucoma. The trabeculec-
tomy success rates for POAG range from 24%
to 75%.4 7

Fibroblasts have been identified as the main
cell type which produce the new tissue
surrounding the scleral flap8 9 since they play
an essential role in wound healing in other
locations of the body.

So far, only a few drugs have been used
clinically to influence and modify the wound
healing response following filtering surgery.
Corticosteroids applied in the early postopera-
tive period have an antifibroblastic potential,
and their eVectiveness has been shown in clini-
cal studies.10 More potent drugs include
antiproliferative substances, and 5-fluorouracil
and mitomycin C are currently used in compli-
cated forms of glaucoma.11 12

We report a diVerent approach using a
substance, suramin, that specifically inhibits
growth factors.13–16 Suramin binds with the
growth factor receptors and therefore inhibits
binding of the growth factors to the target cells.
In previous studies, we have shown that
suramin delays the wound healing response in
a mouse model, changes the expression and
time course of growth factors in the forming
scar tissue, and specifically decreases the
production of collagen types I and III by ocular
fibroblasts in tissue cultures at concentrations
that do not aVect cell viability. So far, there
have been no reports about this group of drugs
used to delay or inhibit ocular wound healing
after glaucoma surgery.

Materials and methods
All procedures performed on animals comply
with the Association for Research in Vision and
Ophthalmology guidelines for the use of
animals in research, and the projects were
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approved by the ethics committees of our insti-
tutions.

SURGERY

Pigmented Dutch belted female rabbits
weighing 2.0–2.5 kg were used to study
potency of the fistula in vivo. The animals
were randomly divided into two groups. Only
left eyes were operated. Anaesthesia was
introduced by intramuscular injection of keta-
mine hydrochloride (25 mg/kg) and main-
tained by inhalation of isoflurane. A trab-
eculectomy as originally described by Cairns3

was performed with small variations. In brief,
the conjunctiva was opened in the fornix and a
limbal based conjunctival flap created. A
limbal based triangular shaped scleral flap was
outlined with a steel blade and carefully
dissected. The anterior chamber was entered
at the surgical limbus, and that area was
cauterised using a thermal cauter. The pat-
ency of the opening was controlled by
introduction of a small spatula through the
outer opening that became readily visible in
the anterior chamber. The anterior chamber
remained deep in all cases, and the scleral flap
was not reattached with a suture. The
conjunctival incision was closed with a run-
ning 8-0 Vicryl suture. Following surgery,
ointment including steroids and antibiotics
(Maxitrol, Alcon) was given once into the
upper and lower cul de sac.

For suramin treated animals (groups 3, 4, 5,
6) a 5 × 5 × 1 mm portion of a surgical sponge
(Surgicot Comp, NC, USA; composed of
compressed cellulose and cotton fibre) was
placed on the sclera at the beginning of the
surgery before the outlining of the scleral flap
and soaked with 0.1 ml of a special dilution of

suramin for 5 minutes (Table 1). The surgery
continued as in the operated controls (groups
1, 2). On days 1, 2, 3, and 4 following surgery,
suramin 0.1 ml with a similar concentration
was subconjunctivally injected next to the
filtering bleb. For control animals, a similar
sponge soaked with phosphate buVered saline
(PBS) (group 1) or mitomycin C (MMC)
(group 2) was applied during surgery, and sub-
conjunctival injections with PBS were also
done during the 4 days following surgery
(group 1 only).

Intraocular pressure (IOP) measurements
were performed before surgery as baseline and
each day after surgery using a Perkins tono-
meter. General anaesthesia of the animals was
not performed for these measurements. The
examiner was not aware of the previous
treatment and surgery.

Surgical failures were defined by (i) an IOP
of plus or minus 1 mm Hg compared with
baseline or (ii) an IOP diVerence of less than
20% compared with the unoperated fellow eye
regardless of baseline values. Eyes in which
surgical failures occurred within 48 hours
after surgery were excluded, because it was
felt that these failures were related to
surgical complications and not to scarring. For
evaluation, groups consisted of at least three
animals each. The person who determined the
day of failure was unaware of the previous
treatment.

In addition, the percentage of the change
from baseline IOP was determined for each
animal at each day, and the mean IOP changes
per group were calculated.

PATHOLOGY

Four weeks after trabeculectomy, all operated
eyes were enucleated. They were bisected
vertically in an anterior posterior plane, and
one half was fixed in 10% formaldehyde for
light microscopy using standard techniques.
The second half of the globes was placed in a
solution containing 1% formalin and 2.5%
glutaraldehyde for electron microscopy. After
fixation of at least 24 hours at 4°C, a specimen
containing superior sclera, peripheral cornea,
iris, and ciliary body was excised and further
processed for electron microscopic examin-
ation. Thick sections of 1 µm were stained with
toluidine blue for orientation, and 75 nm thin
sections were stained with uranyl acetate and

Table 1 Trabeculectomies performed with the adjunct of PBS (control), mitomycin C
(treated control), or suramin. Results show the days of failure of the surgical procedure

Group, surgery Animals (n)
Concentration
(mg/ml)

No of
applications*

Time until failure (days)

p ValueMean SEM

1, controls 7 — 0 4.7 0.5 —
2, MMC 7 0.5 1 8.2 0.5 0.001
3, suramin 3 10 5 5 0.85
4, suramin 3 100 5 7 0.001
5, suramin 3 200 5 9 0.001
6, suramin 3 333 5 14 0.001

MMC = mitomycin C.
*1 = one application during surgery; 5 = one application during surgery followed by subconjunc-
tival injections for each of the next 4 days.
p Value = Student’s t test for unpaired observations, compared with controls.

Table 2 Mean baseline IOP values for each of the six groups (see Table 1) and the mean percentage change for each day from that baseline for the
following 5–14 days

Group
Baseline IOP
(mm Hg) No

Day following surgery/IOP change from baseline (%)

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 16.6 7 −39* −41* −33* −17 −14 −4 0

2 16.0 6 −44* −48* −44* −44* −44* −42* −20* −21* −3 0 +3

3 16.0 2 −50* −44* −38* −38* 0*

4 16.7 3 −52* −52* −50* −44* −40* −36* +1

5 16.3 3 −53* −55* −55* −55* −55* −55* −55* −55* −15* −2 −2

6 16.3 3 −55* −55* −55* −55* −55* −55* −55* −55* −37* −39* −30* −27* −27* +4

*Statistically significant diVerence from baseline (paired t test, p<0.05).
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lead citrate and examined with a Jeol JEM
100CX (Japan) electron microscope.

Results
Control rabbits (group 1) showed closure of
the filtration surgery at a mean of 4.7 days
(table 1). Rabbits treated at the time of
surgery with MMC (group 2) showed a mean
failure time of 8.2 days (p<0.05; t test).

Suramin treated animals maintained a mean
failure time of 5 and 7 days when using
concentrations of 10 mg/ml and 100 mg/ml,
respectively, which fall in the range of controls
and MMC treated rabbits (groups 3, 4). With
concentrations of 200 mg/ml and 333 mg/ml
(groups 5, 6), the mean failure time increased
to 9 and 14 days, respectively, with a p value of
0.001 representing an evident delay in failure

Figure 1 Electron micrograph of characteristic portions of the ciliary body epithelium of rabbit eyes 4 weeks following
filtering surgery. (A) Control operated with PBS. No abnormalities are present. (B) MMC treated eye. There is
condensation of cytoplasm, irregularities of the endoplasmic reticulum, and large intra- and intercellular vacuoles. (C) (D)
Eyes treated with suramin at a concentration of 333 mg/ml. The structures of the cells appear intact with only small
intercellular vacuoles present. The cell organelles (D) are not pathologically altered. (A, B, C: original magnification,
× 2600; D: original magnification, × 5000).
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over untreated controls and MMC treated
animals (table 1). In three cases, surgical fail-
ures were seen.

A concentration response in suramin treated
animals was observed in a way that higher con-
centrations prolonged the patency of the
fistula. In a second way to interpret the data,
diVerences of IOP values following surgery
compared with baseline IOP were calculated
(Table 2). The results of the duration of the
patency of the fistulas were similar as deter-
mined with the first technique (table 1).

PATHOLOGY

Examination of all control, MMC, and
suramin treated eyes on light microscopy did
not exhibit any abnormalities. No abnormali-
ties appeared especially in the cornea, the cor-
neal endothelium, the ciliary epithelium, lens,
retina, and sclera.

Examination of the ciliary body of the
untreated control eyes by electron microscopy
disclosed no pathological alterations of the cili-
ary epithelium (Fig 1A). The MMC treated
specimens disclosed a variety of abnormalities
(Fig 1B) including condensation of cytoplasm
of the non-pigmented epithelial cells, marked
irregularities of the cell surface, vacuoles of the
endoplasmic reticulum, and vacuoles between
the cell layers. Mitochondria were partially
enlarged, swollen, and more variable in size
and shape. Examination of suramin treated
eyes (Figs 1C, D) showed no abnormalities
compared with the untreated controls except
for small intercellular vacuoles among non-
pigmented epithelial cells in the group that was
operated with the higher concentration of 333
mg/ml of suramin. There was nothing remark-
able regarding the cell membranes, the
intracellular organelles, mitochondria, and
endoplasmic reticulum.

Discussion
In this report, we have shown that suramin, a
substance that specifically inhibits the action of
growth factors in the early phase of wound
healing, delays significantly the ocular wound
closure in an in vivo model.

Several factors influence and control the
complicated mechanism of wound healing. In
the dermis, extracellular matrix components
such as collagen and fibronectin, cell adhesion
molecules such as selectins and integrins, and
diVerent growth factors are intimately involved
with the fibroblasts.17 The importance of
growth factors to initiate the various repair
mechanisms has been noted in other
locations.18–21 Of the many diVerent growth
factors known, TGF-â1, 2 and PDGF A, B
have the strongest influence on fibroblasts.17 22

These growth factors increase the activity of
fibroblasts and enhance the secretion of extra-
cellular matrix components.17

Reduced levels of TGF-â have been corre-
lated with slowly healing wounds after burn
injury23 and with non-scarring fetal skin
repair.18 22 Likewise, decreased levels of PDGF
were found in non-healing wounds in diabetic
rats.19 On the other hand, elevated levels of
TGF-â are associated with increased fibrosis of

several organs including heart, liver, kidney,
lung, skin, and bone marrow.20 Exogenous sup-
plementation of TGF-â or PDGF to wounds
can enhance the strength of the forming scar
tissue and accelerate the healing process.24–26

In skin wounds of rats, investigators have
demonstrated that levels of PDGF in the
wound and forming scar tissue are elevated
within the first 5 days after wounding and
return to lower levels at days 10–20.19 Elevated
levels for TGF-â1 are found in pigs in the
granulation tissue after experimental excisional
wounding only at day 1. TGF-â2 in the pig
model is seen from day 1 to day 7.27

Although in humans excessive wound heal-
ing is the main cause of failures after glaucoma
filtering procedures,5 this process has been
studied infrequently in animal models.28–30 Ani-
mal models are diVerent in that the created fis-
tula usually is closed by scar tissue in the early
postoperative period, while they remain patent
in humans. However, in humans they may also
scar early after surgery in cases of complicated
glaucoma. While animals behave diVerently,
these models have been generally accepted to
study the eYcacy of substances that delay
wound healing.31 32 In rabbits, the created
fistula closes after 5–17 days, depending on the
surgical technique. On histopathological
examination at diVerent time intervals, fibro-
blasts proliferate from the conjunctiva into the
wound and increase in number over the next
days with deposition of new collagen fibres.29

Myofibroblastic proliferation was most promi-
nent from days 7–10.30 The wound healing
processes are also similar in models using
monkeys.32 The pressure lowering eVect of the
procedures last about 14 days. The activation
of fibroblasts started as early as 24 hours after
surgery and returned to normal values after 11
days when studied by autoradiography.8

Suramin was originally synthesised and
designed as an antiparasitic drug and, owing to
its inhibitory eVect on reverse transcriptase, it
has recently been introduced into clinical trials
for AIDS, selected malignancies, and meta-
static disease—including prostate, adrenal cor-
tex, lymphoma, breast, and colon cancer.16

Because suramin is a heparin analogue, it binds
to heparin binding proteins. The substance
blocks the eVects of growth factors on tumour
cells in vitro and interferes with the action of
growth factors by competitive binding to
growth factor receptors.15 16 Growth factors
inhibited include TGF-â1, 2, 3, PDGF A, B,
EGF, bFGF, and IGF-I, IGF-II. Therefore,
cytokines that have an important eVect on the
stimulation of fibroblasts in wound healing are
aVected. In a first in vivo experiment of dermal
wound healing in rats, injections of suramin
caused a decrease in extracellular matrix depo-
sition and an increase in the amount of mono-
nuclear inflammatory cells and blood vessels in
the early stages of wound healing.13

To the best of our knowledge, we have for the
first time described in vivo studies which can
delay the process of wound healing following
glaucomatous filtering procedures using a
substance that specifically inhibits the eVects
of growth factors. The rabbit study, which
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resembles closely the surgical procedure carried
out in humans, showed that suramin has the
potency to significantly delay the wound
healing process in an animal model. Moreover,
the eVect was at least as strong as the concen-
tration of MMC which is currently used for
patient treatment. The most important aspect
of this study is that suramin treated eyes did
not exhibit any alterations of the ciliary epithe-
lium. These changes are one of the most
important disadvantages in the use of MMC
for patients, since it has been proposed that
these cellular changes contribute to the clinical
phenomenon of prolonged hypotony.

In conclusion, the results of our studies sug-
gest that suramin, a substance that influences
wound healing by the blocking of several
growth factor receptors on target cells, has the
potential to eVectively delay or inhibit the
wound healing response. This substance may
be useful to inhibit scarring at the site of trab-
eculectomies in humans for complicated and
non-complicated forms of glaucoma.
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