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Abstract

Background: Topical carbonic anhydrase inhibitors (CAI) are the commonly used pharmacologic agents as an ocular hypotensive in

medical therapy of glaucoma. This traditional use is due to reduced aqueous production through decreased bicarbonate formation
in ciliary body epithelium. Taken into account current economical burden worldwide, the well-known drugs are “rediscovered’ and
repurposed. In this light of view CAI are highlighting new properties and new targets in modern ophthalmology.

Objective: The objective of this review is to evaluate the evidence and discuss the rationale behind the recent suggestions that carbonic anhydrase inhibitors may be useful in therapy of retinitis pigmentosa.
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Introduction
Carbonic anhydrase inhibitors (CAI) are sulfonamide derivatives. The main drug from this group is Acetazolamide. Acetazolamide is a

diuretic acting by inhibition of enzyme carbonic anhydrase, responsible for H+ ions transport in the human organism, resulting to meta-

bolic acidosis due to increased renal elimination of Na/HCO3 and K+, and decreased plasma bicarbonate respectively [1]. In ophthalmology

Acetazolamide is used to rapid decrease of IOP in angle-closure glaucoma attack, in secondary glaucoma and as an additional supplementary therapy in primary open-angle glaucoma [2].

Latter topical CAI- Dorzolamide and Brinzolamide were introduced. One of the major reasons for their use in the topical nature of

administration results in the lowered systemic side effects seen with oral Acetazolamide use such as drowsiness, confusion, allergic reac-

tions, paraesthesias, myelosuppression, renal calculi, loss of potassium, or hyperchloremic metabolic acidosis from extended use, and became the commonly used pharmacologic agents as an ocular hypotensive in medical therapy of glaucoma. Traditionally, due to the ability

to reduce aqueous production through decreased bicarbonate formation in ciliary body epithelium. Besides in contrast to acetazolamide,

dorzolamide has a lipid soluble nature and high affinity for carbonic anhydrase, which significantly increases a bioavailability of the drug
[3].

In the past few years there has been an increased interest in drug reprofiling due to sustained high failure rates and the rising costs

involved in attempts to bring new drugs to the market [4].

Currently repurposing or “rediscovering” of approved drugs is widely accepted by the industry and encouraged by worldwide regula-

tory agencies. The general use of an approved medication for a new indication recognized by the medical community but not specifically

indicated by a regulatory agency (FDA) is referred to as off-label use. Once the FDA approves a drug, ophthalmologists may prescribe the
drug for an unapproved use when they judge that it is medically appropriate for their patient. Specifically, the exploration of CAI use in

retinitis pigmentosa (RP) was a result due to a lack of treatment in effect. As researchers and practitioners considered the properties of
CAI, it became reasonable to trial them in RP patients with macular edema.
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The goal of this review is to highlight new properties of carbonic anhydrase inhibitors and their clinical implications in modern oph-

thalmology as an off-label use.

Currently discovered properties of CAI
Carbonic anhydrase, as an one of the most ubiquitous enzyme systems in the body, acting also an inflammatory mediator, besides

ciliary body epithelium is also found in the red-green cones, within the Mueller cells of the retina, and in the retinal pigment epithelium

(RPE), thus revealing new intraocular targets. The new action mechanisms of CAI are discovered. CAI have been shown to have direct
effects both on retinal and retinal pigment epithelial cell function by inducing an acidification of the subretinal space, a decrease of the
standing potential as well as an increase in retinal adhesiveness. It is thought that acidification of the subretinal space is finally responsible for the increase in fluid resorption from the retina through the RPE into the choroid [5].

Pump function of dorzolamide has been confirmed in multiple clinical studies of patients with X-linked retinoschisis by reducing macu-

lar and midperipheral retinoschisis [6-10].
Antiedematic effect of CAI

Carbonic anhydrase plays a role in the biochemical reactions cascade in the universal pathomechanisms of cystoid macular edema

(CME), where prostaglandins accelerate vascular permeability causing leakage and upregulate generation of vascular endothelial growth

factor (VEGF) and carbonic anhydrase-1 (CA-1) expression and downregulation of K+ channels in Müller cells, resulted to increasing the
inflow and reducing the outflow of ions and fluid from the inner nuclear layer and Henle fiber layer in the macular region [11].

Antiedematic effect of CAI is realized by increasing the fluid hydrodynamics through RPE and pump function due to acidification of the

subretinal space thus controlling and adjusting the extracellular pH gradients produced by the metabolic activity of cells [5,12,13], and

at the same time by suppression of the inflammatory process underlying the vascular and RPE leakage causing the CME as was shown
above [11].

CAI drops alone have been known to be effective for treatment of macular edema in several ocular conditions [5]. They have been

shown to reduce edema in patients with choroideremia [14] and more recently were included in a treatment regimen for Vogt–Koyanagi–

Harada disease [15] and recommended for syndromic retinal dystrophies such as Alström syndrome [16], and also for CME after cataract
extraction [17].

Predictably rational current use of CAI in Retinitis Pigmentosa
Retinitis pigmentosa (RP) is a genetically heterogeneous group of inherited retinal dystrophies caused by progressive loss of photo-

receptors and characterized by night blindness, peripheral visual field loss, and retinal pigment deposits visible on fundus examination,
affecting two million people worldwide [18].

CME is a well confirmed cause of visual loss in patients with RP, with a prevalence ranging from 10 to 40%. [19,20]. Various treatment

modalities have already been attempted for the treatment of CME in RP patients, including systemic or topical CAI [7,21-25]. Study of

RP patients with CME revealed a correlation between anticarbonic anhydrase antibodies and CME [26] thus advocating CAI use in this
condition.

Earlier reports showed a recurrence of CME in patients with RP by oral CAI [22,27]. While a previous study by Fishman and Apushkin

[23] has shown a beneficial effect from the use of a topical form of CAI in patients with RP, their study had a limited number of patients

followed for a short period of time. Genead., et al. [7] initiated a study to determine the efficacy for sustained use of topical therapy with

dorzolamide hydrochloride 2% on visual acuity and cystic macular lesions verified by OCT, in 32 patients with retinitis pigmentosa and

Usher syndrome over a more extended period of time. The authors evidenced that treatment of CME in afore mentioned patients with
topical dorzolamide can reduce central foveal thickness in a notable percentage of cases with improvement of visual acuity in some cases.
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Similar results were obtained by Ikeda Y [25] in more recent study. The authors enthusiastically concluded on the long-term efficacy durated longer than 1 year of topical dorzolamide in CME.

In conclusion, based on currently available findings CAI, specifically Dorzolamide can be effective for CME therapy in retinitis pigmen-

tosa in daily clinical practice and should be considered as a viable treatment option. Following the statement “ Everything new is well

forgotten old”, carbonic anhydrase inhibitors were rediscovered enriching by new properties and new avenue of ocular pharmacotherapy
being explored.
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