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Rho kinase inhibitors for glaucoma treatment - Review
Inibidores da Rho-Quinase para o tratamento do glaucoma - Revisão
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INTRODUCTION
Glaucoma is a progressive optic neuropathy characterized by the 

loss of ganglion cells and their axons, resulting in a distinctive appea
rance of the optic disc. Glaucoma is concomitant to visual loss and 
is the second leading cause of blindness in the world(1,2). The disease 
affected more than 60.5 million individuals in 2010 and is projected 
to reach 79.6 million by the year 2020(2). Glaucoma is almost always 
asymptomatic, particularly during the early stages, which is why it 
remains undiagnosed in up to half of the total cases in developed 
nations, with even higher undiagnosed rates in parts of the develo-
ping world(3,4). 

A major risk factor for glaucomatous visual field loss is elevated 
intraocular pressure (IOP)(5), and several studies have shown that 
lowering IOP reduces the risk of glaucomatous progression(6,7). Eye 
drops, oral medications, laser therapy, and surgery have all been used 
to decrease IOP in glaucoma patients. 

Currently, there are five main classes of eye drops for IOP re-
duction: cholinergic (pilocarpine), β-blockers, α-agonists, carbonic 
anhydrase inhibitors, and prostaglandin analogs. However, for many 
patients, these medications in monotherapy do not effectively 
control IOP, and approximately half of patients with elevated IOP 
are treated by co-administration of two or more glaucoma medica-
tions(8). Further, all of these classes of eye drops present ocular and 
systemic adverse effects that can impair the effectiveness of the 
treatment. Therefore, researchers are currently searching for new 
IOP-lowering drugs.

ABSTRACT
Glaucoma is a progressive optic neuropathy characterized by the loss of ganglion 
cells and their axons. A major risk factor for glaucomatous visual field loss is eleva-
ted intraocular pressure (IOP), and several studies have shown that lowering IOP 
reduces the risk of glaucomatous progression. Currently, an increasing number 
of researches involve Rho kinase inhibitors, which are a new pharmacological 
class of hypotensive agents specifically targeting the diseased trabecular outflow 
pathway. Rho kinase inhibitors reduce IOP by increasing aqueous humor drainage 
through the primary outflow pathway in the eye, which is known as the trabe-
cular meshwork. In addition to improving the outflow facility of the trabecular 
meshwork, Rho kinase inhibitors also enhance retinal ganglion cell survival after 
ischemic injury and increase ocular blood flow.
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RESUMO
Glaucoma é uma neuropatia óptica progressiva, caracterizada pela perda de cé­
lulas ganglionares e seus axônios. O principal fator de risco que leva à perda de 
campo visual relacionada ao glaucoma é a elevação da pressão intraocular (PIO) 
e vários estudos mostraram que a redução da pressão intraocular diminui o risco 
de progressão do glaucoma. Atualmente, uma nova classe de drogas hipotensoras 
foi desenvolvida e tem sido cada vez mais estudada, os inibidores da Rho-Kinase. 
Essas drogas reduzem a pressão intraocular aumentando a drenagem de humor 
aquoso através da via de drenagem primária do humor aquoso no olho, a malha 
trabecular. Além de aumentar o escoamento pela malha trabecular, inibidores da 
Rho-kinase também aumentam a sobrevivência das células ganglionares retinianas 
após isquemia e aumentam o fluxo ocular sanguíneo.

Descritores: Glaucoma; Pressão intraocular; Quinases associadas a Rho; Humor aquoso; 
Malha trabecular

At present, the available pharmacological treatments for glauco-
ma lower IOP either by decreasing the production of aqueous humor 
via the ciliary process (i.e., β-blocker agents, carbonic anhydrase 
inhibitors, and α-agonists) or by improving aqueous humor outflow 
via an unconventional pathway (i.e., prostaglandin analogs)(9-12). Mus-
carinic agonists, such as pilocarpine, can increase aqueous humor 
drainage via the conventional outflow pathway by contracting the 
ciliary muscle and pulling on the sclera spur to favorably change 
the architecture of the tissues of the conventional outflow pathway. 
However, there are no pharmacological agents that specifically target 
the diseased trabecular outflow pathway.

Small-molecule inhibitors of Rho-associated protein kinase (ROCK) 
are a new drug class that have recently been studied as potential glau-
coma therapeutics. Honjo et al.(13) first described lowering IOP in rabbits’ 
eyes using a selective ROCK inhibitor, Y-27632. ROCK inhibitors reduce 
IOP by increasing aqueous humor drainage through the primary 
outflow pathway in eyes, which is known as the trabecular meshwork 
(TM)(14). In addition to improving the outflow facility of the TM, ROCK 
inhibitors also enhance retinal ganglion cell survival after ischemic 
injury(15,16) and increase ocular blood flow(17). Due to these functions, 
ROCK inhibitors have recently gained interest and are the focus of 
several ongoing clinical trials.

Physiology of aqueous humor outflow

The balance between the inflow and outflow of aqueous humor 
is responsible for IOP. Once produced, aqueous humor migrates from 
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the posterior chamber to the anterior chamber, where it is drained 
out of the eye. There are two aqueous humor outflow pathways in the 
eye. Under normal conditions, the TM is responsible for the majority of 
the aqueous humor outflow(18,19). An auxiliary “unconventional” uveos
cleral pathway exists through the iris root and ciliary muscle, but it 
carries less than 10% of the total aqueous humor flow in the eye(20).

The TM can be subdivided into three regions: the uveal meshwork, 
corneoscleral meshwork, and juxtacanalicular connective tissue 
(JCT). After passing through the TM, the aqueous humor drains through 
Schlemm’s canal (SC) and then enters the systemic circulation 
through the episcleral veins. An increased resistance to flow in the 
conventional pathway (which carries up to 90% of the total aqueous 
humor out of the eye) is predominantly responsible for the elevated 
IOP in many types of glaucoma. In primary open-angle glaucoma 
(POAG), the most common type, increased outflow resistance has 
been classically associated with the juxtacanalicular portion of the 
TM mediated through the extracellular matrix (ECM) as well as in the 
endothelial-lined SC(21,22). Morphologically, the TM is a complex tissue 
consisting of TM cells, ECM, and empty spaces, which the aqueous 
humor runs through. These spaces gradually become smaller as they 
get closer to SC, and the density of the TM cells and ECM is relatively 
high in this area, resulting in a higher resistance to flow. The tissues 
of the conventional outflow pathway have unique morphological 
and functional properties with subtle complexities(23). The functional 
properties of the TM are often affected in individuals of increasing age 
and those with ocular disease, such as POAG(24).

Besides the simple static anatomy of the aqueous humor flow, the 
conventional outflow pathway is also influenced by the contraction 
of the ciliary muscle when exposed to a muscarinic agent such as 
pilocarpine. When the ciliary muscle contracts, its insertions widen 
the intercellular spaces in the TM and the permeability of the tissue 
increases; simultaneously, the uveoscleral outflow decreases(25). 
However, other studies have shown that the TM is also thought to 
have a dynamic regulatory mechanism due to its smooth-muscle-like 
properties, as evidenced by the expression of α-smooth muscle actin 
and myosin, ion channels, and G-protein-coupled receptors in TM 
cells(26,27). Moreover, physiological contractile agonists, cytokines, 
growth factors, as well as pharmacological agents, have been shown 
to influence the contractile and relaxation properties of TM tissue(26,28). 
Based on perfusion studies using anterior segments of the eye, the 
TM alone has been shown to participate in the regulation of aqueous 
outflow through SC(29,30). The actomyosin system, composed of the 
contractile proteins actin and myosin, is responsible for regulating 
contraction and relaxation in muscle tissues, and this system is pre-
sent in the TM and JCT/SC. In addition, the contractile and relaxation 
power of the TM influences aqueous humor outflow in an antagonis-
tic manner(26,31). Relaxation of the TM relaxes the cellular actomyosin 
system, resulting in cellular relaxation and/or cell shape alteration, 
which increases the size of the intercellular spaces, leading to increa
sed aqueous outflow(25,26).

The concentration of transforming growth factor β (TGF-β) in the 
aqueous humor of glaucomatous patients is higher than that in healthy 
controls, and TGF-β is believed to play an important role in the patho-
genesis of glaucoma(32-34). Other bioactive endogenous mediators of 
contractility molecules, such as cytokines and endothelin, are also 
present in higher concentrations in glaucomatous eyes(35).

Rho kinase signaling in smooth muscle contraction

The regulation of TM contractility is controlled by both calcium-de
pendent and calcium-independent mechanisms. Smooth muscle 
contraction is known to be predominantly regulated by the phos-
phorylation of myosin light chain (MLC). MLC is phosphorylated by 
calcium/calmodulin-dependent MLC kinase (MLCK) and dephos-
phorylated by calcium-independent MLC phosphatase (MLCP)(36). 
Besides this regulation by Ca2+ concentration, MLC phosphorylation 

can be modulated via signaling pathways such as the Rho/Rho kinase 
pathway.

Downstream effectors of Rho include the ROCKs, which are pro
tein-serine/threonine kinases. Structurally, ROCKs are composed of 
three major domains: an N-terminal kinase domain that phospho
rylates protein targets, a C-terminal auto-inhibitory domain that 
limits kinase activity via intermolecular interactions, and a coiled-coil 
Rho-binding domain that appears to facilitate the switch from the 
inactive to the active conformation (Figure 1)(37). ROCKs can phos-
phorylate the same serine residue of MLC phosphorylated by MLCK(37) 
in a manner independent of calcium concentrations, leading to enhanced 
smooth muscle contraction. Further, ROCKs can phosphorylate myo-
sin phosphatase, which leads to its inactivation.

ROCK inhibitors

TM and ciliary muscle tissue are known to express many compo-
nents of the Rho signaling pathway, such as ROCK1 and ROCK2, RhoA, 
MLC, MLCK, and MLCP(38). Thus, ROCK activity through the Rho signa-
ling pathway is thought to be a key player in regulating the cellular 
morphology and contractility of the conventional outflow pathway. 
ROCK inhibitors are the first class of glaucoma drugs to increase 
aqueous humor outflow by working directly on the TM and SC cells, 
thus lowering IOP. Different ROCK inhibitors (Y-27632, H-1152, and 
fasudil) have been shown to induce rapid and long-lasting lowering 
of IOP (within 30 min and lasting for 6-12 h) in various animal models, 
including rabbit and monkey(39-41).

The exact mechanism by which Rho inhibitors increase the outflow 
facility through the conventional pathway is not completely unders-
tood. It is hypothesized that by inhibiting ROCK, specific compo-
nents of the cellular cytoskeleton are disrupted, thus reducing the 
contractile tone of the tissues of the conventional outflow pathway. 
The final effect of these two mechanisms would be the increase of 
the paracellular fluid flow through the inner wall of the SC due to 
the altered cell shape and cell junctions and the relaxation of the 
TM and JCT, thereby leading to an increase in outflow facility and a 
lowering of IOP.

Other applications of ROCK inhibitors

Several studies have shown that ROCK inhibitors may also benefit 
glaucoma patients by improving the ocular blood flow as well as 
presenting potential neuroprotective effects; there is also evidence 
showing that they may prevent postoperative scarring after glauco-
ma filtration surgery(42,43). ROCK inhibitors increase blood flow under 
systemic hypertensive conditions via relaxation of vascular endo-
thelial smooth muscle. As altered ocular blood flow is believed to be 
key to the pathophysiology of certain types of glaucoma(44), ROCK 
inhibitors could provide additional benefit as therapeutics agents 
for glaucoma.

ROCK inhibitors have also been shown to play roles in neuron 
survival and axon regeneration(45). Finally, ROCK inhibitors have been 

Figure 1. Structures of ROCK isoforms. Modified from Liao JK, Seto M, Noma K. Rho 
kinase (ROCK) inhibitors. J Cardiovasc Pharmacol 2007;50(1):17-24(37) 
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reported to block TGF-β myofibroblast transdifferentiation of human 
tendon fibroblasts, which suggests that ROCK inhibitors may reduce 
postoperative scarring after glaucoma filtration surgery(46).

Undesirable effects of ROCK 
ROCK inhibitors have been shown to be potent vasodilators, in

cluding in the conjunctival vasculature. Arnold et al.(47) studied the 
effects of Y-27632 on the intraocular penetration of timolol maleate, 
and they found that ROCK inhibitors reduced the intraocular pene-
tration of timolol, presumably due to increased systemic elimination 
through the conjunctival vasculature. 

Bacharach et al.(48) evaluated the efficacy and safety of AR-13324 
ophthalmic solution in terms of ocular hypertension (OH) compared 
with a control group using latanoprost in patients with open-angle 
glaucoma or OH. Patients were randomized to receive AR-13324 
ophthalmic solution 0.01%, daily (pm), AR-13324 ophthalmic solution 
0.02% daily (pm), or latanoprost 0.005% daily (pm) for 28 days. Their 
results showed that AR-13324 0.02% was less effective in terms of 
lowering OH than latanoprost by approximately 1 mmHg; the major 
safety finding was ocular hyperemia, which was more common for 
both concentrations of AR-13324 than for latanoprost.

Tanihara et al.(49) studied the dose dependency and safety of the 
ROCK inhibitor K-115. Two hundred ten patients with POAG or OH 
were subdivided into four groups and were treated with K-115 at 
concentrations of 0.1%, 0.2%, and 0.4% or placebo twice daily for 
eight weeks. The dose response of IOP reduction and the incidence 
of adverse events in the K-115 and placebo groups were investigated. 
The mean IOP reduction was -3.1 mmHg at 8 h after instillation in the 
0.4% group, and all groups presented mild conjunctival hyperemia. 
The ROCK inhibitor SNJ-1656 was also demonstrated to be a safe 
hypotensive topical agent in human eyes(50).

All recent human clinical trials have showed that mild-to-mode
rate conjunctival hyperemia is the main adverse effect of ROCK 
inhibitors(47-52).

CONCLUSION
Unlike all other topical glaucomatous drugs, ROCK inhibitors target 

the trabecular pathway and act by increasing the aqueous humor 
outflow. This review has also described how these drugs enhance 
ocular blood flow and present neuroprotective effects as well as how 
they may inhibit scarring after glaucoma filtration surgery. This article 
also presents the newest clinical trials published in the literature on 
this topic, thus updating the current status of these drugs for use in 
glaucomatous eyes.

To date, several studies have demonstrated that the efficacy of 
ROCK inhibitors on OH is clinically and statistically significant in 
patients with OH and glaucoma. However, it remains to be seen in 
future clinical trials whether adverse side effects, such as conjunctival 
hyperemia, will lower patient compliance. Finally, further research is 
warranted to assess whether ROCK inhibitors can be synergistically 
used with other IOP-lowering drugs.
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