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Abstract

Although numerous reports conclude that nonsteroidal anti-inflammatory drugs (NSAIDs) have 

anticancer activity, this common drug class is not recommended for long-term use because of 

potentially fatal toxicities from cyclooxygenase (COX) inhibition. Studies suggest the mechanism 

responsible for the anticancer activity of the NSAID sulindac is unrelated to COX inhibition but 

instead involves an off-target, phosphodiesterase (PDE). Thus, it might be feasible develop safer 

and more efficacious drugs for cancer indications by targeting PDE5 and PDE10, which are 

overexpressed in various tumors and essential for cancer cell growth. In this review, we describe 

the rationale for using the sulindac scaffold to design-out COX inhibitory activity, while 

improving potency and selectivity to inhibit PDE5 and PDE10 that activate cGMP/PKG signaling 

to suppress Wnt/β-catenin transcription, cancer cell growth, and tumor immunity.
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NSAIDs, cGMP/PKG signaling, and cancer cell growth inhibitory activity

NSAIDs commonly used for relief of pain, fever, and inflammation act by inhibiting COX-1 

and COX-2 to suppress proinflammatory prostaglandins [1]. NSAIDs also inhibit 

tumorigenesis in multiple rodent models, while epidemiological studies report reduced 

incidence of colorectal and other cancers in humans by as much as a 50% reduction in risk 

[2–4]. Although most epidemiological studies have focused on the cancer-chemopreventive 

activity of aspirin, prescription-strength NSAIDs, such as sulindac and its congener, 

indomethacin, have greater potency to inhibit cancer cell growth and offer more potential to 

treat either precancerous or malignant disease, if not for their toxicity. Sulindac, in 

particular, is the most active within the family of NSAIDs for the treatment of precancerous 

conditions. For example, clinical trials have reported that sulindac can reduce the size and 

number of precancerous colon adenomas by ~60% in patients with familial adenomatous 

polyposis (FAP), who are at high risk of developing colorectal cancer (CRC) [5]. 

Indomethacin, which is closely related chemically to sulindac, has been reported to 

significantly increase survival of patients with malignant disease by ~9 months [6]. 

Unfortunately, all NSAIDs cause potentially fatal gastrointestinal, renal, and cardiovascular 

toxicities resulting from COX-1 or COX-2 inhibition and suppression of physiologically 

important prostaglandins and are not recommended for cancer indications that tend to 

require long-term administration and high dosages [7,8].

However, the toxicity limitations of NSAIDs might be avoidable given multiple lines of 

evidence suggesting that a mechanism(s) other than COX inhibition is responsible for their 

anticancer activity. Thus, it might be feasible to develop safer NSAID derivatives by 

targeting the underlying off-target mechanism. A drug discovery approach aimed at an 

unrecognized anticancer target also presents an opportunity to design derivatives that not 

only lack COX inhibitory activity and have reduced toxicity, but also have the potential for 

greater anticancer efficacy. Given that NSAIDs are one of the few drugs that have been 

shown to effectively prevent cancer in humans, this drug discovery approach is especially 

significant for cancer chemoprevention. This approach is also applicable for developing new 

drugs for cancer treatment, given the ability of NSAIDs to selectively induce apoptosis of 

cancer cells, albeit at high concentrations, by a noncytotoxic mode of action.

Although the biological mechanism(s) for the antineoplastic activity of NSAIDs has been 

elusive and is undoubtedly complex, as reported by numerous investigators, multiple lines of 

evidence suggests that cGMP PDE inhibition is partially or fully responsible for the cancer 

cell growth inhibitory activity of sulindac, and possibly other NSAIDs [9]. For example, 

sulindac sulfide inhibits cancer cell growth (as measured using multiple cancer cell lines) 

and cGMP PDE enzymatic activity (as measured using recombinant enzymes) with nearly 

identical IC50 values. Intracellular levels of cGMP are physiologically induced by guanylyl 

cyclases (GCs) that are ubiquitous and stimulated in response to nitric oxide or natriuretic 

peptides from the tumor microenvironment (TME). PDE inhibition by sulindac sulfide can 

amplify the effects of endogenous activators of GC to increase intracellular cGMP levels and 

activate PKG. An important substrate of PKG appears to be the oncoprotein, β-catenin, for 

which PKG-mediated phosphorylation can induce ubiquitination and proteasomal 

degradation of the ‘oncogenic’ (nonphosphorylated, stable) pool β-catenin and suppress 
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Wnt-induced Tcf/Lef transcription of cancer cell proliferation and survival genes, such as 

those encoding survivin and cyclin D [10–14].

The ability of NSAIDs to suppress Wnt/β-catenin signaling, which is well known to impact 

tumorigenesis, prognosis, and resistance to chemotherapy, has been previously reported by 

others, but the mechanism is poorly understood and not widely recognized to result from 

cGMP PDE inhibition. Activation of cGMP/PKG signaling from cGMP PDE inhibition and 

suppression of Wnt/β-catenin signaling is mechanistically different from other small-

molecule inhibitors of Wnt/β-catenin signaling being developed for cancer indications and 

that suffer from toxicities associated with disruption of normal stem cell function, for which 

Wnt/β-catenin-mediated transcription is needed to maintain stemness. As described later, the 

overexpression of the cGMP PDE isozymes, PDE5 and PDE10, in cancer cells offers the 

unique opportunity to selectively block the oncogenic pool of β-catenin, thereby averting 

toxicities associated with nonselective blockage of Wnt signaling in normal stem cells.

NSAIDs other than sulindac might have similar, although less potent, cGMP PDE inhibitory 

activity, as revealed by a strong positive correlation between their potency (IC50 values) to 

inhibit cancer cell growth and cGMP PDE activity (as measured using lysates from HT29 

colon cancer cells) [10]. Interestingly, these experiments showed no association between 

inhibition of colon cancer cell growth and COX-2, even though COX-2 inhibition is widely 

considered to be the sole mechanism responsible for the anticancer activity of NSAIDs.

Although with less potency and PDE isozyme selectivity, the non-COX inhibitory sulfone 

metabolite also inhibits cGMP PDE at concentrations that inhibit cancer cell growth, and 

showed promising anticancer activity in multiple rodent models of carcinogenesis relating to 

CRC, lung, bladder, and breast cancers [15–19]. Given its cancer chemopreventive activity 

in rodent models of colon tumorigenesis without suppressing prostaglandin levels in colon 

mucosa [17] and reduced potential for NSAID-like toxicity, as evident from preclinical 

toxicity testing, sulindac sulfone (exisulind) was evaluated in clinical trials involving 

patients with FAP. The results from a Phase III clinical trial, which were compromised by 

unexpected variability in the disease, showed only modest efficacy and unexpected 

hepatotoxicity, which did not support US Food and Drug Administration (FDA) approval.

Sulindac sulfide tends to show greater selectivity for PDE isozymes that degrade cGMP, 

such as PDE2, 3, 5, and 10, compared with PDE isozymes that degrade cAMP, such as PDE 

4, 7, and 8 [14]. In addition, the activation of cAMP/PKA signaling does not appreciably 

affect cancer cell growth in contrast to compounds that activate cGMP/PKG signaling and 

have strong cancer cell growth inhibitory activity. For example, forskolin, an activator of 

adenylate cyclase, and rolipram, an inhibitor of the cAMP-specific PDE isozyme, PDE4, do 

not significantly affect the growth of human colon cancer cell lines in vitro [10,11]. By 

contrast, nitric oxide donors and YC-1, which activate GC, and inhibitors of certain cGMP 

PDE isozymes do inhibit cancer cell growth with various degrees of potency [10,11].

PDE10 is a particularly interesting anticancer target, given that both mRNA and protein for 

this PDE isozyme are overexpressed in colon and lung cancer cell lines compared with cells 

from normal tissues grown in culture under similar conditions [20,21]. PDE10 mRNA and 
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protein were also overexpressed in colon and lung tumors obtained from patients with cancer 

or mouse tumor models relative to normal colon mucosa or lung. PDE10 showed similar 

high expression levels in colon precancerous adenomas as well as in metastatic lesions 

relative to normal colon, which suggests that PDE10A is induced during early stages of 

tumorigenesis and sustained throughout malignant progression [20].

Prior studies of PDE10 have reported high expression levels in the brain striatum and mostly 

focused on the role of PDE10 in cognition and motor function [22–25]. PDE10 is encoded 

by PDE10A in humans and is classified as a cAMP and cAMP-inhibited cGMP PDE 

isozyme, with a higher Vmax for cGMP compared with cAMP [26]. Unique from all other 

PDE isozymes, PDE10 has limited expression and no known physiological function outside 

the central nervous system (CNS) [27–30]. The pharmaceutical industry has developed 

numerous PDE10 inhibitors for the treatment of schizophrenia and Huntington’s disease, but 

all appeared to have failed in clinical trials, probably because of lack of efficacy.

Experiments using cultured colon and lung cancer cell lines showed that PDE10 is essential 

for cancer cell proliferation and survival, as determined by growth suppression from genetic 

[e.g., small interfering (si)RNA or short hairpin (sh)RNA] knockdown or by conventional 

PDE10 inhibitors [20,21]. However, concentrations of PDE10 inhibitors were required to 

inhibit the growth of cancer cell lines grown in culture that were appreciably higher than 

concentrations that inhibit recombinant PDE10, but matched the concentration that was 

required to induce cGMP/PKG signaling in cancer cells. This was especially true for Pfizer’s 

PDE10 inhibitor, Pf2545920, which was in clinical trials for schizophrenia and represents a 

highly potent and selective PDE10 inhibitor. Nonetheless, Pf2545920 selectively inhibited 

the growth of colon and lung cancer cells expressing PDE10 compared with normal 

colonocytes and normal airway epithelial cells, respectively, which expressed low or 

undetectable levels of PDE10. Conversely, overexpression of PDE10 in normal colonocytes 

or precancerous adenoma cells resulted in increased proliferation [20]. The growth 

inhibitory activity resulting from PDE10 knockdown or small-molecule inhibition was also 

associated with reduced levels of β-catenin and proteins, such as cyclin D and survivin, 

which are regulated by Tcf/Lef transcription. By contrast, the mitogenic effects resulting 

from ectopic expression of PDE10 in cells derived from normal colon mucosa or 

precancerous adenomas were associated with increased levels of β-catenin, as well as cyclin 

D and survivin, which are regulated by Tcf/Lef transcription.

Inhibition of the cGMP-specific PDE5 isozyme might also have anticancer activity. Similar 

to PDE10, PDE5 is overexpressed in multiple cancer cell lines, as well as patient-derived 

tumors of various histopathology [10–14]. Genetic knockdown of PDE5 in colon and breast 

cancer cells can also suppress growth. Also, similar to PDE10selective inhibitors, selective 

PDE5 inhibitors require high concentrations to inhibit cancer cell growth in vitro relative to 

concentrations required to inhibit recombinant PDE5. Nonetheless, PDE5 overexpression in 

certain cancers, especially CRC, might have therapeutic significance, as suggested by recent 

studies reporting that the PDE5 inhibitor, sildenafil, can suppress inflammation-induced 

colon tumorigenesis in rodent models at pharmacologically relevant dosages [31,32] and 

reduce the risk of developing CRC in humans [33]. Consistent with these reports, others 

have also shown that the activation of cGMP/PKG signaling can induce apoptosis of colon 
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and renal cancer cells [34,35]. Also consistent are reports that uroguanylin, a peptide 

activator of GC, can inhibit tumor formation in the Min mouse model of colon tumorigenesis 

[36]. The discrepancy between the modest in vitro growth inhibitory potency of PDE5 

inhibitors and the ability of PDE5 inhibitors to suppress colon tumorigenesis in mice and 

humans at pharmacologically relevant dosages could be attributed to mechanisms not 

captured using isolated cancer cells, possibly involving the suppression of tumor immunity, 

as discussed later. Nonetheless, PDE5 appears to be a valid anticancer target, at least in 

relation to CRC, for which there is strong evidence of efficacy with PDE5-selective 

inhibitors [37].

Given that both PDE5 and PDE10 function to degrade cGMP, it is not too surprising that 

there might be anticancer efficacy advantages from inhibiting both PDE5 and PDE10 

simultaneously, especially because both PDE isozymes appear to be co-expressed, as 

previously reported in colon and lung cancer cells [20,21]. In support of this possibility, dual 

genetic silencing of PDE5 and PDE10 and combination treatment with PDE5 and PDE10 

inhibitors was reported to additively inhibit colon cancer cell growth and β-catenin 

transcriptional activity [38]. The co-expression of PDE5 and PDE10 in cancer cells could 

also explain why highly specific inhibitors of PDE5 or PDE10 as a single agent have 

relatively modest potency to inhibit cancer cell growth in vitro relative to their ultra-high 

potency to inhibit enzymatic activity in cell-free assays using recombinant PDE isozymes, as 

discussed earlier. This might also explain why high dosages of sildenafil were required to 

inhibit in vivo growth of colon cancer cells known to express PDE10 in a subcutaneous 

mouse tumor model [39]. In this case, PDE10 overexpression in cancer cells could override 

the inhibitory effect of a PDE5-specific inhibitor by rapidly degrading any cGMP that arises 

above basal levels, resulting in the need for high dosages that act in a nonselective manner.

Immune-potentiating effects of NSAIDs

In addition to the direct effects of NSAIDs on cancer cell growth, their ability to activate 

cGMP/PKG signaling and block Wnt/β-catenin transcription can elicit effects on immune 

cells to suppress mechanisms by which cancer cells can evade immune surveillance. 

Although this relationship is less understood and requires further study, the immune-

potentiating effects of NSAIDs are being increasingly recognized [40]. For example, aspirin 

and celecoxib have been reported to enhance the antitumor activity of programmed cell 

death protein-1 (PD-1) inhibitors in mouse tumor models [41], although neither were 

effective as a single agent. The investigators attributed the enhancement of antitumor activity 

to the reduction of prostaglandin E2 (PGE2), an immunosuppressive factor that can inhibit 

immune cell activation [41–43]. The COX-2/PGE2 axis has also been established as a driver 

to expand myeloid-derived suppressor cells (MDSCs) and regulatory T cells (Tregs) in 

tumors [44–46]. COX-2/PGE2 can also regulate programmed cell death ligand-1 (PD-L1) 

expression in tumor-associated macrophages and MDSCs. Targeting the COX-2/PGE2 axis 

to restore immune surveillance using NSAIDs has shown encouraging results in preclinical 

models. For example, sulindac effectively inhibited the influx of M2 macrophages in a 

breast cancer model by reducing factors related to tumor angiogenesis, inflammation, and 

immunosuppression (e.g., IL-1β, TGFβ, versican, and Arg-1), thus relieving the immune 

suppression of cytotoxic lymphocytes [47]. In addition, a recent study demonstrated that 
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genetic ablation of COX and inhibition of COX activity by aspirin enhanced the efficacy of 

PD-1 blockade in multiple mouse tumor models [41], providing a rationale for clinical 

testing of the combination of NSAIDs with cancer immunotherapies.

Although targeting COX-2/PGE2 can improve the immunogenicity of the TME, this effect is 

limited by potentially severe or fatal gastrointestinal, renal, and cardiovascular adverse 

effects associated with COX inhibition resulting from long-term use of NSAIDs at the high 

dosages that appear to be required for anticancer activity. In addition, the modest anticancer 

activity of known NSAIDs, such as aspirin and celecoxib, as a monotherapy limits their 

potential for development in the field of oncology. By contrast, the development of non-

COX inhibitory sulindac derivatives that inhibit PDE5 and PDE10 to suppress cancer cell 

growth and tumor immunity offers the opportunity to not only enhance host antitumor 

immunity with reduced adverse effects, but also kill cancer cells directly.

The role of cGMP signaling in immune regulation is supported by reports from Meyer and 

colleagues showing the enhancement of antitumor immunity by the PDE5 inhibitor, Viagra® 

(sildenafil) [48]. Others have reported that PDE5 inhibition from Cialis® (tadalafil) can 

enhance antitumor immune responses by reducing the generation and function of tumor-

promoting MDSCs [49–52]. Additionally, Cialis® increased the numbers and activation of 

tumor-infiltrating CD8+ and CD4+ lymphocytes in patients with melanoma or head and 

neck squamous cell carcinoma [52,53].

The ability of PDE10 inhibitors to suppress β-catenin activity in tumor cells [13,14,19,20] 

also has the potential to elicit productive antitumor immune responses, given that inhibition 

of oncogenic β-catenin can activate dendritic cells and promote T cell tumor infiltration 

[54,55]. There is increasing evidence that patients lacking sufficient T cell tumor infiltration 

respond poorly to immunotherapy [56–59]. These studies also suggest that the Wnt/β-

catenin pathway has a crucial role in determining the immunogenicity of the TME and 

mediating immune exclusion. Thus, targeting PDE5 and PDE10 to suppress β-catenin could 

enhance the response to immunotherapeutics by affecting the TME, as previously reviewed, 

and illustrated in Figure 1 [60–64].

The suppression of β-catenin by NSAIDs and derivatives, as described earlier and reviewed 

previously [38], can also influence T cell differentiation and functional development [65]. 

For example, previous studies reported that the Wnt/β-catenin pathway promotes CD8+ T 

cell survival and memory formation while inhibiting terminal effector differentiation 

[66,67]. The role of β-catenin in CD4+ T cell differentiation appears to be more complex. 

One study showed that β-catenin signaling drives the development of inflammatory Th17 

and Treg cells that promote colitis and CRC [61]. Majchrzak et al. reported that transient 

inhibition of β-catenin and PI3Kδ leads to expansion of Th17 cells, which later regain β-

catenin and exhibit heightened stemness and antitumor activity [68].

Apart from activation of cGMP signaling or suppression of Wnt/β-catenin pathway, several 

studies suggest that various NSAIDs act as prooxidants to exhibit antineoplastic properties 

by inducing direct tumor cell apoptosis and cell cycle arrest via a mechanism involving 

induction of reactive oxidative species (ROS) [69–72]. In addition, many NSAIDs can 
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induce the expression of death receptor 5 (DR5) in cancer cells through induction of ROS. 

DR5 is one of the cell surface receptors that binds to tumor necrosis factor-related apoptosis-

inducing ligand (TRAIL) to induce apoptosis. Several studies imply that certain NSAIDs, 

such as ibuprofen [71,73], sulindac [74], and indomethacin [75], can sensitize TRAIL-

resistant cancer cells to TRAIL-induced apoptosis through ROS-mediated upregulation of 

DR5 [76]. Given that activated T cells express TRAIL [77–79], combining DR5-inducing 

sulindac derivatives with T cell-based cancer immunotherapy, such as immune checkpoint 

blockade and adoptive T cell therapy, represents a promising strategy for cancer treatment. 

Although NSAIDs can exhibit immune-potentiating effects that are largely attributed to 

reduction of the immunosuppressive PGE2 from COX inhibition [40–43], evidence as 

described above that their anticancer activity is attributed to mechanisms other than COX 

inhibition, suggests that the effects of NSAIDs on the TME also involve a COX-independent 

mechanism of action.

Novel non-COX-inhibitory sulindac derivatives that inhibit PDE5 and PDE10

A variety of non-COX inhibitory sulindac derivatives were synthesized and a lead 

compound, exisulind, was developed by Cell Pathways Inc. during the 1990s that inhibited 

colon cancer cell growth in vitro with corresponding potency to inhibit cGMP PDE activity 

and promising anticancer activity in preclinical tumor models [15–19,80]. As mentioned 

earlier, exisulind failed in clinical trials involving patients with FAP, as well as the more 

potent derivative, CP461, which was later developed by OSI Pharmaceuticals Inc [80]. 

These failures ultimately led to the abandonment of exisulind, CP461 (aka OSI 461) and 

related analogs for the treatment of precancerous conditions, as well as cancer indications 

where there was preclinical evidence of benefits if combined with chemotherapy [81].

Given that PDE10 was only recently been recognized as an anticancer target, with the first 

publication appearing in 2015 linking PDE10 with cancer [20], the development of sulindac 

derivatives that are optimized to selectively inhibit PDE10 or have dual PDE5 and PDE10 

inhibitory activity represents a new unexplored approach for the treatment of precancerous 

or malignant disease. With the goal of identifying novel sulindac derivatives with greater 

potency and selectivity to inhibit cancer cell growth, a chemically diverse collection of 

~1500 compounds sharing the indene scaffold of sulindac was synthesized and screened for 

PDE5 or PDE10 inhibitory activity using recombinant isozymes. As recently reported, 

ADT-094 represents a prototypic dual inhibitor of PDE5 and PDE10, which shows high 

potency to inhibit colon cancer cell growth in vitro [38]. Similar to sulindac sulfide, the 

mechanism resulting from PDE5/10 inhibition by ADT-094 involves the activation of 

cGMP/PKG signaling to phosphorylate and induce ubiquitination and proteasomal 

degradation of β-catenin, thereby blocking Wnt-induced β-catenin/Tcf-mediated 

transcriptional activity. ADT-094 is appreciably a more potent and selective inhibitor of 

cancer cell growth compared with conventional PDE5 and PDE10 inhibitors, possibly, as 

discussed earlier, because of its ability to inhibit simultaneously both cGMP-degrading 

isozymes, which minimizes the potential for compensation (e.g., resistance) from an 

unaffected PDE isozyme by using an isozyme-specific inhibitor. Other sulindac derivatives 

that were optimized for PDE10 with attractive pharmacological properties show promising 
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anticancer activity in multiple extremely aggressive mouse tumor models of CRC, breast, 

and lung cancers by oral delivery without discernable toxicity.

Anticancer compounds derived from the sulindac indene scaffold might have additional 

advantages over conventional PDE5 or PDE10 inhibitors beyond efficacy. For example, 

conventional PDE5 inhibitors (e.g., sildenafil and tadalafil) have been reported to promote 

melanoma in mice [82,83] and humans [84], although this potential adverse effect requires 

further investigation. By contrast, sedation appears to be a major adverse effect of PDE10 

inhibitors developed for CNS conditions and that readily cross the blood–brain barrier. All 

conventional PDE10 inhibitors also appear to be rapidly metabolized when in peripheral 

tissues, which is unsuitable for cancer therapy, which requires systemic exposure. Sulindac 

derivatives clearly inhibit the growth of melanoma cells and do not cause sedation.

Concluding remarks

In conclusion, novel sulindac derivatives lacking COX inhibitory activity that act as either 

PDE10 selective or dual PDE5/PDE10 inhibitors have the potential to treat or prevent cancer 

as a monotherapy and enhance or broaden the anticancer activity of immunotherapy. 

However, additional research is warranted to determine how cGMP/PKG signaling can 

suppress tumor immunity and whether the mechanisms by which novel sulindac derivatives 

inhibit the Wnt/β-catenin pathway and induce apoptosis of cancer cells are the same as the 

mechanisms that is responsible for suppressing tumor immunity.
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Research Highlights

• NSAIDs have anticancer activity but have toxicities resulting from COX 

inhibition.

• The mechanism of NSAID anticancer activity may not require COX 

inhibition.

• PDE5 and PDE10 are overexpressed in tumors and essential for cancer cell 

growth.

• Novel sulindac derivatives targeting PDE5 or PDE10 have strong anticancer 

activity.
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Figure 1. 
Phosphodiesterase 5 (PDE5) and PDE10 activity increase cancer cell immune evasion. 

PDE5 and PDE10 are co-expressed in cancer cells and function to maintain low intracellular 

cGMP levels that suppress PKG phosphorylation of β-catenin (B-CAT), which allows B-

CAT to activate Tcf/Lef-mediated transcription as result of Wnt stimulation or mutations in 

B-CAT or upstream regulators (e.g., APC). Genes transcribed by Tcf/Lef encode proteins 

essential for proliferation and survival of cancer cells (e.g., cyclin D, survivin, and Myc). 

Activated B-CAT can also increase in cancer cell immune evasion by decreasing cytotoxic T 

cell infiltration to the tumor site resulting in the increase in the immunosuppressive activity 

of regulatory T cells (Tregs) and myeloid-derived suppressor cells (MDSCs) within the 

tumor microenvironment. cGMP is physiologically induced by guanylyl cyclases (GC), and 

regulated by cGMP PDE isozymes.
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Figure 2. 
Phosphodiesterase 5 (PDE5) and PDE10 inhibition suppress tumor immunity. PDE5 and 

PDE10 inhibition increase intracellular cGMP levels to activate PKG that phosphorylates β-

catenin (B-CAT) to induce ubiquitination and proteasomal degradation of B-CAT, thereby 

suppressing Tcf/Lef-mediated gene transcription that results in direct killing of cancer cells 

as well as greater cytotoxic T cell infiltration to the tumor site by decreasing the 

immunosuppressive activity of regulatory T cells (Tregs) and myeloid-derived suppressor 

cells (MDSCs), therefore enhancing the immunogenic milieu within the tumor 

microenvironment. cGMP is physiologically induced by guanylyl cyclases (GC) and acts in 

concert with cGMP PDE inhibitors to increase intracellular cGMP levels.
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