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Therapeutic Potential of KCa3.1 Activators

� KCa3.1 in vascular endothelium ®®®® antihypertensive

� KCa3.1 in airway epithelium ®®®® cystic fibrosis

Therapeutic Potential of KCa2 Activators

� KCa2 channels underlie mAHP ®®®® reduction of 
neuronal excitability to treat epilepsy and ataxia

� KCa2.3 in vascular endothelium and urinary tract ®®®®
treatment of hypertension and urinary incontinence
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Design of a KCa3.1/KCa2 Channel 
Activator starting from Riluzole

Riluzole
KCa2.1: EC50 21 � M
KCa2.2: EC50 12 � M
KCa2.3: EC50 12 � M
KCa3.1: EC50 2 � M

Sankaranarayanan A. et al. 2009 Mol. Pharmacol. 75:281-95.
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1) Modification of the thiazole ring:
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An intact benzothiazole system is 
required for activity



N

S
NH2

R
1

2

34

5

6
7

R  = -H
       -NH2

       -NO2

       -SO2-CH3

       -CO-CH3

       -OCH3

       -CH2-C6H5

N

S
NH2

F

N

S
NH2

Cl

N

S
NH2

S
F3C

N

S
NH2

F3C

N

S
NH2

O
F3C

N

S
NH2

O
F3CEC50 10- 100 � M

Moving the -OCF 3 group 

®®®® no change in EC 50

EC50 1-10 � M

2) Changing the substitution of the benzene ring:
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3) Annulated benzothiazole ring systems:
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Channel         Riluzole SKA-20                              SKA-31

KCa1.1 100 ± 8 mmmmM**** No effect at 10 mmmmM                   No effect at 25 mmmmM
Kv1.1 92 ± 7 mmmmM 12 ± 3% block at 10 mmmmM No effect at 25 mmmmM
Kv1.3 50 ± 5 mmmmM 12 ± 2% block at 10 mmmmM 20 ± 5% block at 25 mmmmM
Kv1.5 95 ± 5 mmmmM 25 ± 3% block at 10 mmmmM 20 ± 5% block at 25 mmmmM
Kv3.1 95 ± 5 mmmmM 35 ± 3% block at 10 mmmmM 30 ± 5% block at 25 mmmmM
Kv3.2 100 ± 10 mmmmM 12 ± 5% block at 10 mmmmM 15 ± 3% block at 25 mmmmM
Kv4.2 130 ± 10 mmmmM 10 ± 3% block at 10 mmmmM No effect at 25 mmmmM
Kv11.1 50 ± 4 mmmmM ND No effect at 25 mmmmM
K2P2.1  110 ± 35 mmmmM* No effect at 10 mmmmM No effect at 25 mmmmM
Nav1.2 15 ± 3 mmmmM 14 ± 2 mmmmM                          9 ± 5% block at 25 mmmmM
Nav1.4 9 ± 2 mmmmM No effect at 10 mmmmM 20 ± 5 % block at 25 mmmmM
Nav1.5 8 ± 2 mmmmM 30 ± 5% block at 10 mmmmM 40 ± 5% block at 25 mmmmM
Cav1.2 30 ± 3 mmmmM No effect at 10 mmmmM No effect at 25 mmmmM

*EC50 (riluzole activates KCa1.1 and K 2P2.1 currents; all other values are IC 50s for 
current blockade)

Kv11.1 (HERG); K 2P2.1 (TREK1)

Selectivity

Sankaranarayanan A. et al . 2009 Mol. Pharmacol. 75:281-95.
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Plasma protein binding: 40%

Tissue SKA-31 [ mmmmM]
Plasma 20.83 ± 1.45
Brain 6.45 ± 0.86
Heart 1.14 ± 0.46
Liver 1.15 ± 0.6
Spleen 2.82 ± 0.91
Fat 2.18 ± 1.43



EDHF Response

Vascular tone is determined by a variety of factors:

� autonomic input 
� circulating vasoactive compounds 
� tissue metabolites
� endothelium derived autocoids:

• endothelin (vasoconstrictor)
• Nitric oxide 
• prostacyclin (PGI2)
• EDHFs (endothelium derived hyperpolarizing  
factors) 
® details still being debated but started by 

KCa3.1/KCa2.3 mediated endothelial 
hyperpolarization



Busse R. et al. (2002) EDHF: Bringing the concepts together. TIPS 23:374
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KCa3.1/2.3 Deficiency Impairs EDHF Response

WT                                    KCa2.3-/- KCa3.1-/-

Carotid artery
Double KO                        KCa2.3 overexpress ion

in KCa3.1 -/-

Brähler S. et al. 2009 Circulation 119:2323-32.



Cremaster
microcirculation

KCa3.1/2.3 Deficiency Impairs EDHF Response 
in the Microcirculation in both the Presence 

and Absence of NO and PGI 2

NO and PGI 2
synthesis blocked

NO and PGI 2
synthesis not blocked

Brähler S. et al. 2009 Circulation 119:2323-32.



KCa3.1/2.3 Deficiency Increases Blood Pressure

Can KCa3.1/2.3 activation reduce blood pressure?
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KCa2.3 is Essential for Shear Stress-
induced Vasodilation
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Shear Stress
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� Endothelial KCa3.1 and KCa2.3 represent the major e lectrical 
triggers of the EDHF-dilator response.

� KCa3.1 is crucial for Ach-induced EDHF-dilator resp onses, while 
KCa2.3 is required for shear stress-induced vasodil ations.



KCa2 Channel Activation as a Potential New 
Anti-epileptic Principle?

� KCa2 channel activation reduces neuronal excitability 
by increasing the mAHP

Stocker M. (2004) Nature Reviews Neuroscience 5:759



SKA-31 and SKA-29 are Effective in the NIH 
Anticonvulsant Screening Program

� Both SKA-29 and SKA-31 were effective in the MES (Maximal 
Electroshock Seizure)  model. At 100 mg/kg i.p. SKA-29 and SKA-31 
protected 2/3 or 3/3 mice at 0.25 or 0.5 hours from seizures after 
compound administration. A subsequent test in the 6 Hz minimal 
seizure model showed full protection from seizures in 4/4 mice at 0.25, 
0.5 and 1 hour after administration of 100 mg/kg SKA-29 and SKA-31. 

� In a MES test with 30 mg/kg SKA-29 administered orally 3/4 rats 
were protected from seizures.

� SKA-29 and SKA-31 both showed no effect in the scMET
(subcutaneous Metrazole) model.



Conclusions:

� SKA-31 activates cloned and native KCa3.1 channels 
with an EC50 of 250 nM and all three KCa2 channels 
with EC50s of 2-3 mM. SKA-31 is more selective over 
Na+ and Ca2+ channels than riluzole and has good PK 
properties.

� We suggest activation of endothelial KCa3.1 
channels as a potential novel anti-hypertensive 
therapeutic approach. 

� Based on our results we propose SKA-31 as a new 
pharmacological tool to study the effect of KCa3.1 and 
(if dosed higher) of KCa2 channel activation in vivo. 



Will KCa2.2 channel activation make 
people stupid???
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