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ABSTRACT
Purpose: To evaluate the effect of 0.125% verapamil and 0.5% 
diltiazem eye drops on intraocular pressure (IOP) in steroid-
induced glaucoma in rabbit eyes. 

Methods: A total of 18 rabbits with steroid-induced glaucoma 
were divided into three groups (A, B and C; n = 6 each). Right 
eyes in groups A, B and C received 0.5% diltiazem, 0.125% 
verapamil and 0.5% timolol eye drops twice daily for 12 days, 
respectively; whereas, left eyes received distilled water. IOP 
was measured with Tono-pen XL at baseline, day 4, day 8, and 
day 12 of treatment.

Results: Both 0.5% diltiazem and 0.125% verapamil eye drops 
significantly reduced IOP compared to control eyes (p < 0.05). 
Reduction of IOP by 0.5% diltiazem, 0.125% verapamil eye 
drops were comparable to 0.5% timolol. No surface toxicity 
or systemic side effects were noted during the study period.

Conclusion: Calcium channel blockers, verapamil, and diltia
zem significantly reduced IOP in rabbit eyes. This group of drugs 
may have a potential role in treatment of glaucoma
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INTRODUCTION

Glaucoma is second leading cause of blindness worldwide.1 

Characterized by progressive degeneration of retinal ganglion 
cells and optic nerve fibers, leading to gradual deterioration of 
visual field. If untreated, it can lead to irreversible blindness.2 
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In most of the cases, glaucoma is associated with high intra­
ocular pressure (IOP). Prophylactic medical reduction of 
IOP reduces the risk of progression to glaucoma from ~10 
to 5%.3 There is a constant search for newer drugs that can 
lower the IOP and therefore possibly retard the progression 
of glaucomatous optic nerve damage.

Calcium is an important intracellular messenger and Ca2+ 
influx could have several effects on aqueous humor dyna­
mics, including hydrostatic component, ciliary perfusion 
and osmotic component.4 Calcium channel blockers (CCBs), 
which are commonly used for the treatment of hypertension 
and coronary vascular disease, reduce the tone of blood vessels 
by inhibiting Ca2+ influx, causing vasodilation and increasing 
regional blood flow in several organs including the optic 
nerve head.5-10 

Calcium channel blockers may also inhibit the synthesis 
of extracellular matrix collagen protein, suggesting beneficial 
effect in glaucoma.13 CCBs cause relaxation of trabecular 
meshwork cells by inhibition of L-type channels which 
increases outflow facility of aqueous humor. The perfusion 
studies in dissected human eyes showed dose-related increase 
in outflow facility after verapamil administration.11,12

In the present study, we investigated the ocular hypo­
tensive role of CCBs in rabbit eyes.

METHODS

The holding and experimental protocols were conducted 
in accordance with the Association for Research in Vision 
and Ophthalmology Statement for the Use of Animals in 
Ophthalmic and Vision Research. The study protocol was 
approved by the ethics committee of JJM Medical College, 
Karnataka. A total of 18 albino rabbits (aged 3-4 months) of 
either sex weighing 1.5 to 2.5 kg were used in this study. The 
rabbits were inbred in the central animal house under suitable 
conditions of housing, temperature, ventilation and nutri­
tion. All IOP measurements were obtained with Tono-pen 
XL (Reichert Technologies) after anesthetizing the rabbits 
with 5 mg/ml intravenous midazolam given in dose of 0.5 to  
1 mg/kg through marginal ear vein. In addition, topical 
anesthesia in the form of lignocaine hydrochloride was 
used before each IOP measurements. An average of three 
IOP readings was used. Ocular hypertension was induced 
by bilateral instillation 1% predisolone acetate eye drops 
twice a day for a period of 40 days. IOP measurements were 



Sunil Ganekal et al

16

obtained before and after treatment with topical corticoste­
roid eye drops. Subsequently, the rabbits were divided into 
three groups and all right eyes in each group received twice 
daily diltiazem 0.5% eye drops (group A; n = 6) or verapamil 
0.125% eye drops (group B; n = 6) or timolol maleate 0.5% 
eye drops (group C; n = 6) twice daily for 12 days. Sterile 
distilled water was used twice daily in all left eyes. Diltiazem 
0.5% eye drops were prepared by diluting injection diltiazem  
25 mg/ml with distilled water upto a concentration of  
5 mg/ml. Verapamil 0.125% eye drops were prepared by 
diluting injection verapamil 2.5 mg/ml with distilled water 
to a concentration of 1.25 mg/ml. 

IOP was measured in both eyes before instilling these 
drugs and on every 4th day till the end of 12 days of treatment 
period.

Statistical Analysis

Results were expressed as mean ± SD and percentage 
changes wherever required. Intragroup comparisons were 

Fig. 1: Intraocular pressure changes in treatment and control eyes 
during study period in 0.5% diltiazem treated rabbits (group A)

Fig. 2: Intraocular pressure changes in treatment and control eyes 
during study period in 0.125% verapamil treated rabbits (group B)

Fig. 3: Intraocular pressure changes in treatment and control 
eyes during study period in 0.5% timolol treated rabbits

Fig. 4: Comparison of intraocular pressure changes in right 
(treatment) eyes in I-0.5% diltiazem, II-0.125% verapamil and  
III-0.5% timolol-treated rabbits during study period

performed using the t-test. One-way analysis of variance 
was used for multiple group comparisons followed by post 
hoc Tukey’s test for group-wise comparisons. A ‘p’ value 
of 0.05 or less was considered for statistical significance.

RESULTS

Mean basal IOP increased in all three groups after 40 days 
of twice daily treatment with 1% prednisolone acetate eye 
drops (Tables 1 to 3). All groups were comparable in terms 
of pre- and postcorticosteroid treatment (p > 0.05). Group A 
(diltiazem 0.5%) eyes did not show any statistically signifi­
cant reduction in the IOP in the left eyes (controls) up to 
day 12. However, the IOP reduced in the right eyes (treat­
ment) starting from day 4 as shown in Figure 1. There was a  
statistically significant difference in the mean IOP treatment 
and control eyes in group A (p = 0.0153). The control eyes 
in group B did not show a significant reduction in the IOP 
over the study period. The treatment eyes showed a signifi­
cant reduction in the mean IOP level on days 4, 8 and 12 
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Table 1: Mean basal, post-topical corticosteroid and post-topical diltiazem treatment intraocular pressure in group A rabbits

Baseline After corticosteroid Day 4 Day 8 Day 12
OD diltiazem 16.4 ± 1.4 25.5 ± 1.6 22.9 ± 1.7 17.9 ± 1.3 16.9 ± 1.1
OS control 18.0 ± 2.3 25.9 ± 1.9 25.9 ± 1.9 25.2 ± 1.7 24.8 ± 1.7

Table 3: Mean basal, post-topical corticosteroid and post-topical timolol treatment intraocular pressure in group C rabbits

Baseline After corticosteroid Day 4 Day 8 Day 12
OD timolol 16.0 ± 1.5 22.4 ± 1.9 22.4 ± 1.9 19.0 ± 1.8 16.4 ± 1.4
OS control 16.4 ± 1.4 26.2 ± 2.1 26.2 ± 2.1 25.5 ± 1.6 25.5 ± 1.6

Table 2: Mean basal, post-topical corticosteroid and post-topical verapamil treatment intraocular pressure in group B rabbits

Baseline After corticosteroid Day 4 Day 8 Day 12
OD verapamil 16.4 ± 1.4 24.5 ± 1.0 22.7 ± 1.3 18.0 ± 2.3 15.5 ± 1.4
OS control 15.5 ± 1.4 25.9 ± 1.9 25.9 ± 1.9 25.5 ± 1.6 25.5 ± 1.6

(p = 0.0171) (Fig. 2). Similar results were obtained in the 
treatment and control eyes of group C (p = 0.0192) (Fig. 3). 
Further, there was no statically significant difference in the 
IOP lowering effect of all three drugs (post hoc Tukey’s test) 
(Fig. 4). During the study period, no ocular surface toxicity 
or systemic side effects were noted in any of the rabbits.

DISCUSSION

Most of the previous studies have employed normal/low ten­
sion glaucoma animal models to demonstrate the effects of 
topical CCBs on IOP. In the present study, we demonstrated a 
reduction in corticosteroid-induced ocular hypertension with 
topical calcium channel blocking drugs. The hypotensive 
effect was comparable to that of topical timolol eye drops.13 

Calcium channel blockers alter the intracellular calcium 
concentration by modifying calcium flux across cell mem­
branes and affect various intracellular signaling processes.14,15 
Lipid soluble CCBs act at the central nervous system level, 
whereas water soluble CCBs act mainly on the cornea and optic 
nerve.16 It is also known that calcium influx is the terminal 
step in axonal death in the glutamate pathway. The ability to 
block calcium influx can, therefore, produce a neuroprotective 
benefit.17 Furthermore, CCBs can improve ocular blood flow 
through inhibition of endothelin-1.18-21 Despite this, the effect 
of CCBs on IOP remains controversial.22-27

Calcium influx could have several effects on aqueous 
humor dynamics, including a hydrostatic component caused 
by an effect on arterial blood pressure and ciliary body perfu­
sion, and an osmotic component caused by an effect on the 
active secretion of sodium, calcium and other ions by ciliary 
epithelium.28 Recent reports have addressed the effect of 
CCBs on ocular blood flow. Using laser Doppler velocimetry 
and flowmetry in cats, Harino et al demonstrated increased 
optic nerve head blood flow following administration of 

intravenous nicardipine.29 Netland et al utilized color Dop­
pler ultrasound analysis and found that topical verapamil may 
decrease the vascular resistance in ocular blood vessels.26 

Favorable effects of CCBs on visual field defects as well 
as contrast sensitivity have also been reported.29-31 Verapamil 
tends to block both activated and inactivated L-type calcium 
channels. It has also been shown to improve the blood supply 
in rabbit eyes with experimental glaucoma acting as vasodi­
lator and improving the outflow facility.32 Diltiazem, on the 
contrary, has been shown to produce relaxation of serotonin-
induced contraction of bovine ophthalmic artery primarily 
by inhibiting the Ca2+ influx.33 It was shown to exhibit a long 
lasting and dose-related effect on IOP.34 CCBs may, therefore, 
play a potential role in relaxing the retinal, long posterior 
ciliary, and ophthalmociliary arteries to improve the ocular 
circulation in vascular diseases in which considerable vas­
cular tone is present.35 Santafe et al reported that CCBs dec­
rease aqueous humor secretion in addition to causing a slight 
but significant reduction in tomographic outflow facility.34 
Also, the outflow of aqueous humor influenced by episcleral 
venous pressure may be directly affected by calcium inhibi­
tion. Verapamil may interfere with gap junctions between 
nonpigmented and pigmented ciliary epithelial cells alter­
ing cellular permeability of the ciliary epithelium and thus 
inhibiting normal aqueous humor formation.34,36 It may also 
alter the cyclic adenosine monophosphate content in ciliary 
epithelial cells, thereby affecting IOP through a decrease in 
aqueous humor formation, or an increase in outflow facility.37

Lowering of lOP by verapamil and diltiazem may be 
due to inhibition of the intracellular uptake of calcium by 
inactivating the inner phosphorylation-dependent calcium 
gate of the cellular membrane.10 It is known that trabecular 
meshwork cells have contractile properties, which may be 
influenced by Ca2+ influx through voltage-dependent L-type 



Sunil Ganekal et al

18

Ca2+ channels. These agents cause relaxation of trabecular 
meshwork cells and increase the outflow facility. The perfu­
sion studies in dissected human eyes showed dose-related 
increase in outflow facility after verapamil administration.38

Calcium channel blockers cause vasodilatation and 
reduce vascular resistance, increase the capillary blood 
speed in the optic nerve head, this make them to be possible 
drugs useful in the treatment of low-tension glaucoma.10 The 
results of our study match the earlier reports that showed that 
topical application of verapamil and diltiazem effectively 
lowered IOP in a dose-related fashion.24,34 

Topical verapamil has also been shown to reduce IOP in 
humans.7,26,39  A single topical application of 0.125% vera­
pamil prompted a 3 to 4 mm Hg IOP decrease in 12 ocular 
hypertensive patients that lasted up to 10 hours,7 whereas a 
slight reduction (≈1.5 mm Hg) was noted in normal volun­
teers.26 After topical application of 0.125% verapamil for  
2 weeks, a 7.0 ± 2.9 mm Hg decrease in IOP has been mea­
sured in ocular hypertensive subjects.8

Our study highlights the potential role of CCBs in manage­
ment of corticosteroid-induced glaucoma in rabbit eyes. CCBs 
were comparable with commonly used beta blocker drug. 
Nevertheless, further studies are needed to replicate the ocu­
lar effects of CCBs in humans and determine their potential 
clinical use in glaucoma patients.

REFERENCES

	 1.	 Kumarasamy NA, Lam FS, Wang AL, Theoharides TC. Glau­
coma: current and developing concepts of inflammation, patho­
genesis and treatment. Eur J Inflamm 2006 Oct;4(3):129-137. 

	 2.	 Resnikoff S, Pascolini D, Etya’ale D, Kocur I, Pararajasegaram 
R, Pokharel GP, Mariotti SP. Global data on visual impairment 
in the year 2002. Bull World Health Organ 2004 Nov;82(11): 
844-851. 

	 3.	 Kass MA, Heuer DK, Higginbotham EJ, Johnson CA, Keltner JL, 
Miller JP, Parrish RK 2nd, Wilson MR, Gordon MO. The Ocular 
Hypertension Treatment Study: a randomized trial determines 
that topical ocular hypotensive medication delays or prevents 
the onset of primary open-angle glaucoma. Arch Ophthalmol 
2002Jun;120(6):701-713. 

	 4.	 Hof RP. Calcium antagonist and peripheral circulation: diffe 
rences and similarities between PY 108-068, nicardipine, vera 
pamil and diltiazem. Br J Pharmacol 1983 Feb;78(2):375-394. 

	 5.	 Ohtsuka M, Yokota M, Kodama I, Yamada K, Shibata S. New 
generation dihydropyridine calcium entry blockers: in search 
of greater selectivity for one tissue subtype. Gen Pharmacol 
1989;20(5):539-556. 

	 6.	 Monica ML, Hesse RJ, Messerli FH. The effect of a calcium-
channel blocking agent on intraocular pressure. Am J Ophthalmol 
1983 Dec;96(6):814. 

	 7.	 Abelson MB, Gilbert CM, Smith LM. Sustained reduction of 
intraocular pressure in humans with the calcium channel blocker 
verapamil. Am J Ophthalmol 1988 Feb;105(2):155-159. 

	 8.	 Goyal JK, Khilnani G, Sharma DP, Singh J. The hypotensive 
effect of verapamil eye drops on ocular hypertension. Indian J 
Ophthalmol 1989 Oct-Dec;37(4):176-178. 

	 9.	 Roth M, Eickelberg O, Kohler E, Erne P, Block LH. Ca2+ 
channel blockers modulate metabolism of collagens within 
the extracellular matrix. Proc Natl Acad Sci USA 1996 
May;93(11):5478-5482. 

	 10.	 Erickson KA, Schroeder A, Netland PA. Verapamil increases 
facility of outflow in the human eye. Exp Eye Res 1995 
Nov;61(5):565-567. 

	 11.	 Podos SM. The effect of cation ionophores on intraocular 
pressure. Invest Ophthalmol 1976 Oct;15(10):851-854. 

	 12.	 Green K, Kim K. Papaverine and verapamil interaction with 
prostaglandin E2 and (delta) 9-Tetrahydrocannabinol in the eye. 
Exp Eye Res 1977;24(2):207-212.

	 13.	 Shayegan MR, Boloorian AA, Kianoush S. Comparative study 
of topical application of timolol and verapamil in patients 
with glaucoma within 6 months. J Ocul Pharmacol Ther 2009 
Dec;25(6):551-553. 

	 14.	 Braunwald E. Mechanism of action of calcium-channel- blocking 
agents. N Engl J Med 1982 Dec;307(26):1618-1627. 

	 15.	 Abernethy DR, Schwartz JB. Calcium-antagonist drugs. N Engl 
J Med 1999 Nov;341(19):1447-1457.

	 16.	 Eisenberg MJ, Brox A, Bestawros AN. Calcium channel 
blockers: an update. Am J Med 2004 Jan;116(1):35-43. 

	 17.	 Montanari P, Marangoni P, Oldani A, Ratiglia R, Raiteri M, 
Berardinelli L. Color Doppler imaging study in patients with 
primary open-angle glaucoma treated with timolol 0.5% 
and carteolol 2%. Eur J Ophthalmol 2001 Jul-Sep;11(3): 
240-244. 

	 18.	 Dettmann ES,  Lüscher  TF, Flammer J, Haefliger IO. Modulation 
of endothelin-1-induced contractions by magnesium/calcium in 
porcine ciliary arteries. Graefes Arch Clin Exp Ophthalmol 1998 
Jan;236(1):47-51. 

	 19.	 Gaspar AZ, Flammer J, Hendrickson P. Influence of nifedipine 
on the visual fields of patients with optic-nerve-head diseases. 
Eur J Ophthalmol 1994 Jan-Mar;4(1):24-28. 

	 20.	 Gaspar AZ, Gasser P, Flammer J. The influence of magnesium 
on visual field and peripheral vasospasm in glaucoma. 
Ophthalmologica 1995;209(1):11-13. 

	 21.	 Gasser P, Flammer J. Short- and long-term effect of nifedipine 
on the visual field in patients with presumed vasospasm. J Int 
Med Res 1990 Jul-Aug;18(4):334-339. 

	 22.	 Beatty JF, Krupin T, Nichols PF, Becker B. Elevation of 
intraocular pressure by calcium channel blockers. Arch 
Ophthalmol 1984 Jul;102(7):1072-1076. 

	 23.	 Melena J,  Santafé J, Segarra J. The effect of topical diltiazem 
on the intraocular pressure in betamethasone-induced 
ocular hypertensive rabbits. J Pharmacol Exp Ther 1998 
Jan;284(1):278-282. 

	 .	 24. Segarra J,  Santafé J, Garrido M, Martinez de Ibarreta MJ. 
The topical application of verapamil and nifedipine lowers 
intraocular pressure in conscious rabbits. Gen Pharmacol 1993 
Sep;24(5):1163-1171. 

	 25.	 Siegner SW, Netland PA, Schroeder A, Erickson KA. Effect 
of calcium channel blockers alone and in combination with 
antiglaucoma medications on intraocular pressure in the primate 
eye. J Glaucoma 2000 Aug;9(4):334-339. 

	 26.	 Netland PA, Grosskreutz CL, Feke GT, Hart LJ. Color 
Doppler ultrasound analysis of ocular circulation after topical 
calcium channel blocker. Am J Ophthalmol 1995 Jun;119(6): 
694-700. 

	 27.	 Kelly SP, Walley TJ. Effect of the calcium antagonist nifedipine 
on intraocular pressure in normal subjects. Br J Ophthalmol 1988 
Mar;72(3):216-218



Effect of Topical Calcium Channel Blockers on Intraocular Pressure in Steroid-induced Glaucoma

Journal of Current Glaucoma Practice, January-April 2014;8(1):15-19 19

JOCGP

	 28.	 Brubaker RF. The physiology of aqueous humor formation. 
In: Drance SM, Neufeld AH, editors. Glaucoma: Applied 
Pharmacology in Medical Treatment. Orlando: Grune and 
Stratton, Inc; 1984. p. 35-70. 

	 29.	 Harino S, Riva CE, Petrig BL. Intravenous nicardipine in cats 
increases optic nerve head but not retinal blood flow. Invest 
Ophthalmol Vis Sci 1992 Sep;33(10):2885-2890. 

	 30.	 Kohzuka T. Vasodilative effect of nicardipine hydrochloride on 
rabbit retinal microcirculation in vivo. Folia Ophthalmol Jpn 
1984;35:877-882. 

	 31.	 Nielson PJ, Nyborg NC. Calcium antagonist-induced relaxa­
tion of the prostaglandin-F2 alpha response of isolated calf 
retinal resistance arteries. Exp Eye Res 1989 Mar;48(3): 
329-335. 

	 32.	 Mikheytseva IN, Kashintseva LT, Krizhanovsky GN, Kopp OP, 
Lipovetskaya EM. The influence of the calcium channel blocker 
verapamil on experimental glaucoma. Int Ophthalmol 2004 
Mar;25(2):75-79. 

	 33.	 Hiroishi G, Kobayashi S, Nishimura J, Inomata H, Kanaide H. 
Differential effects of diltiazem and nitroglycerin on cytosolic 
Ca2+ concentration and on force in the bovine ophthalmic artery. 
Invest Ophthalmol Vis Sci 1996 Dec;37(13):2612-2623. 

	 34.	 Santafé J, Martínez de Ibarreta MJ, Segarra J, Melena J. A long-
lasting hypotensive effect of topical diltiazem on the intraocular 
pressure in conscious rabbits. Naunyn-Schmiedebergs Arch 
Pharmacol 1997 May;355(5):645-650. 

	 35.	 Yu DY, Su EN, Cringle SJ, Alder VA, Yu PK, DeSantis L. 
Systemic and ocular vascular roles of the antiglaucoma agents 
beta-adrenergic antagonists and Ca2+ entry blockers. Surv 
Ophthalmol 1999 Jun;43 Suppl 1:214S-222S. 

	 36.	 Payne LJ, Slagle TM, Cheeks LT, Green K. Effect of calcium 
channel blockers on intraocular pressure. Ophthalmic Res 
1990;22(6):337-341. 

	 37.	 Sears M, Caprioli J, Kazuyoshi K, Bauscher L. A mechanism for 
the control of aqueous humor formation. In: Drance SM, Neufeld 
AH. Glaucoma: Applied Pharmacology in Medical treatment. 
Orlando: Grune and Stratton, Inc; 1984. p. 303-324. 

	 38.	 Erickson KA, Schroeder A, Netland PA. Verapamil increases 
outflow facility in the human eye. Exp Eye Res 1995 
Nov;61(5):565-567. 

	 39.	 Mooshian ML, Leonardi LM, Schooley GL, Erickson K, 
Greiner JV. One-drop study to evaluate safety and efficacy of 
an ophthalmic calcium channel blocker, verapamil, in subjects 
with elevated intraocular pressure. Invest Ophthalmol Vis Sci 
1993;34:924.


