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PurPOSE. To investigate the effect of diltiazem on wound healing after the creation of con-
junctival flaps in rabbit eyes. Also, to investigate the pharmacokinetics of diltiazem in rab-
bits after subconjunctival and topical administration.

METHODS. For the histopathological study, a limbal-based flap was prepared and diltiazem
was injected subconjunctivally for five days after the surgery. The rabbits were euthanised
20 days after surgery. The effectiveness of diltiazem on wound healing was evaluated by
histopathological examination and measurement of the thickness of subconjunctival fibrous
tissue. For the pharmacokinetic study, diltiazem was applied topically or injected subcon-
junctivally. Aqueous paracenteses were performed 0.5, 1, 2, 4 hours thereafter.

ResuLTs. The histopathological study found no difference in thickness of the subconjuncti-
val fibrous tissue in control and diltiazem-treated eyes. No significant toxicity was observed
in eyes treated with diltiazem. The peak aqueous concentration was 3.8 + 0.4 ug/ml after
topical application and 15.3 + 1.1 ug/ml after subconjunctival injection. The peak aqueous
concentration was achieved 1/2 hours after administration in both cases.

ConcLusions. Diltiazem did not appear to affect wound healing at the dose tested. Topical
and subconjunctival diltiazem successfully penetrated the aqueous humor of rabbit eyes.
(Eur Jd Ophthalmol 2000; 10: 46-50 )
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INTRODUCTION

Calcium channel blockers have widespread physio-
logical and pharmacological actions (14-15). The di-

Glaucoma infiltration surgery fails primarily because
of the wound healing process and scarring in the sur-
gical area (1-3). To inhibit this, several agents have
been studied experimentally in vivo and in vitro (4-
10). Antimetabolites with antifibroplastic proliferative
activity have been used to modify the wound healing
response and increase the surgical success rate (11-
13). Studies continue with other agents that safely
and effectively inhibit fibroblast proliferation.

rect effect of topical calcium channel blockers on in-
traocular pressure has been studied in animals and
humans,with variable results (16-18). Besides their ef-
fect on intraocular pressure, they inhibit the incor-
poration of proline into extracellular matrix protein by
fibroblasts in vitro and prevent postoperative abdominal
adhesions in animal models (19-23).

Diltiazem is one of this group of drugs (14-15). We
studied the effect of this calcium channel blocker on
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wound healing after the creation of conjunctival flaps
in rabbit eyes. We also studied the concentrations of
the drug after topical application and subconjunctival
injection to clarify the pharmacokinetics in rabbit eyes.

MATERIALS AND METHODS

Albino rabbits weighing between 2-3 kg were used.
All the animal experiments were conducted in accor-
dance with the ARVO resolution on the use of animals
in research. Anesthesia was achieved with intramus-
cular injection of ketamine hydrochloride (25 mg/kg)
and xylacine hydrochloride (5 mg/kg). Solutions of dil-
tiazem hydrochloride were prepared in saline solution.

Histopathological study

For this study we used 10 albino rabbits. A lid specu-
lum was placed and the conjunctiva was superiorly
incised about 8 mm posterior from the limbus; a lim-
bal-based conjunctival flap was prepared.

The conjunctiva was closed with an 8/0 polyglactin-
running suture. Subconjunctival injections of 0.5 ml
of diltiazem (10 mg/ml) were administered daily 180°
from the flap site postoperatively under topical anes-
thesia for five days in the treated group (10 eyes). Ten
control eyes received 0.5 ml of saline. Rabbits were
examined twice a week for ulceration and surface de-
fects. Polymycin ophthalmic ointment was instilled at
the end of the procedure. No other postoperative med-
ications were used. The animals were killed with in-
travenous pentobarbital sodium 20 days after surgery
and the eyes were carefully removed to leave the su-
perior conjunctiva relatively undisturbed. After enu-
cleation, the eyes were immediately fixed in 10% neu-
tral buffered formalin. Samples of surgical sites were
prepared and embedded in paraffin. Five ym sections
for light microscopy were stained with Masson
trichrome and hematoxylin-eosin. The thickness of the
subconjunctival fibrous tissue and cornea in all of the
eyes was measured with a micrometer.

Diltiazem concentrations
We determined diltiazem concentrations by high-

performance liquid chromatography (HPLC), using 16
albino rabbits to follow the concentration profile af-

ter topical application or subconjunctival injection.
Diltiazem was dropped topically or injected sub-
conjunctivally in both eyes of the rabbits, divided in-
to two groups. The first group of rabbits received one
40 pl drop (10 mg/ml) onto the cornea of one eye and
the lids were closed and opened for 30 seconds to
simulate blinking and to ensure drug distribution. The
second group received 0.5 ml diltiazem (10 mg/ml) by
subconjunctival injection after topical anesthesia
with 0.4 % oxybuprocaine hydrochloride. Rabbits were
killed using 50 mg/kg of intravenous pentobarbital sodi-
um at each of the following the intervals, 0.5, 1, 2, 4
hours after drug administration. Eyes were rinsed thor-
oughly with 0.9% sodium chloride solution and wiped
dry with a cellulose sponge. Aqueous paracenteses
were performed with a 25-gauge needle on a tuber-
culin syringe. Four eyes of two rabbits were used at
each time and each drug concentration. Student’s t
test was used for statistical analysis.

RESULTS
Histopathological study

Examination of all eyes by light microscopy revealed
normal intraocular structures, including the cornea,
lens, ciliary body and retina. No morphological
changes were observed in the corneal endothelium
and ciliary body epithelium in either the experimen-
tal or control eyes (Figs. 1, 2). The thickness of the
subconjunctival fibrous tissue did not differ in con-
trol and diltiazem-treated eyes. At 20 days, the con-
trol group had a mean subconjunctival fibrous tissue
thickness of 425+35 ym, compared to 400 + 40 pm
in the diltiazem group. This was not statistically sig-
nificant. The mean thickness of the corneas in ex-
perimental eyes was also no different from control
eyes (400 = 32.5 and 410 + 30 ym).

Diltiazem concentrations

Intraindividual and interindividual differences in dil-
tiazem concentrations were almost identical. The mean
concentrations of diltiazem in the aqueous at differ-
ent intervals after topical administration is shown in
Table |. The peak concentration was obtained at 1/2
hour, after which diltiazem was quickly cleared from
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Fig. 1 - Cornea with a normal histological appearance in a con-
trol rabbit (hematoxylin-eosin, x 20).

Fig. 2 - Cornea of a diltiazem treated eye, with no histological
difference from the control (hematoxylin-eosin, x 20).

Fig. 3 - Corpus ciliare with a normal histological appearance in
a control rabbit (hematoxylin-eosin, x 20).

the anterior chamber, diappearing within 4 hours of
administration. Table | also shows the mean concen-
tration of diltiazem in the aqueous of the rabbit eyes at
different intervals after subconjunctival injection. The
concentration again peaked at 1/2 hour and diltiazem
was nearly cleared from the anterior chamber within 4.
Diltiazem levels were higher after subconjunctival
injection than topical application at 1/2 h, but the drug
was cleared from the anterior chamber sooner after
subconjunctival injection than topical instillation.

DISCUSSION

Diltiazem and verapamil are both calcium channel
blockers (14, 15). There are few reports on the effects

Fig. 4 - Corpus ciliare of a diltiazem treated eye, with no his-
tological difference from the control (hematoxylin-eosin, x 20).

TABLE | - AQUEOUS CONCENTRATION OF DILTIAZEM
IN RELATION TO THE TIME AFTER APPLICATION
OF TOPICAL DROPS OR SUBCONJUNCTIVAL
INJECTIONS (mean + standard error)

Aqueous concentration (pg/ml)

Time (h) Topical application Subconjunctival

injection
0.5 3.8+0.4 153+ 1.1
1.0 22+0.5 1.58 £ 0.5
2.0 1.2+04 0.50 + 0.2
4.0 0.28 + 0.1 0
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of subconjunctival or topical verapamil on filtering blebs
in rabbits (22-23). Gupta (22) showed that verapamil
reduced scar formation at the sclerostomy site; vera-
pamil was non-toxic at the dose administered in their
model. Siegfried (23) demonstrated that human fibroblast
proliferation was inhibited by incubation with vera-
pamil and blebs in the treated eyes appeared more
avascular than control. In the present study, the on-
ly one done with diltiazem, we did not find the drug
helped wound healing after the creation of conjunc-
tival flaps in rabbit eyes.

The adjunctive use of antimetabolites has revolutionized
glaucoma surgery in the past decade (8-13) but their
use has been accompanied by a variety of complica-
tions that may limit their application in primary tra-
beculectomies (24-28). In our study none of the spec-
imens showed evidence of scleral calcification, thin-
ning, ulceration, or necrosis. Likewise, there was no
evidence of corneal ulceration, corneal stromal scar-
ring or perforation. Other ocular structures also ap-
peared histologically normal. Diltiazem appears to be
non-toxic at the dose administered in this model.

There is one report on the pharmacokinetics of ve-
rapamil. Ettl (29) showed that topically administered
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