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Abstract
Gamma-aminobutyric acid type A receptors (GABAAR) are allosterically modulated by the nonsteroidal anti-inflammatory drugs diflunisal and fenamates. The carboxyl group of these compounds is charged at physiological pH and therefore penetration of the compounds into the brain is low. In the present study we have transformed the carboxyl group of diflunisal and meclofenamate into non-ionizable functional groups and analyzed the effects of the modifications on stimulation of [3H]muscimol binding and on potentiation of GABA-induced displacement of 4’-ethenyl-4-n-[2,3-3H]propylbicycloorthobenzoate ([3H]EBOB). N-butylamide derivative of diflunisal modulated radioligand binding with equal or higher potency than the parent compound, while diflunisalamide showed reduced allosteric effect as compared to diflunisal. Amide derivative of meclofenamate equally affected radioligand binding parameters, while both diflunisal and meclofenamate methyl esters were more inactive than the parent compounds. Our study clearly demonstrates that an intact carboxyl group in diflunisal and meclofenamate is not indispensable for their positive GABAAR modulation. Further derivatization of the compound might yield compounds with higher selectivity for GABAARs that could be utilized in drug development.
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Introduction
γ-Aminobutyric acid (GABA) is the principal inhibitory neurotransmitter in mammalian brain [1]. It mediates fast synaptic inhibition via it’s A-type receptors (GABAARs) that belong to the Cys-loop superfamily of ligand-gated ion channels including nicotinic acetylcholine receptors, glycine receptors (GlyR) and 5-HT3 serotonin receptors [2]. GABAAR function is modulated through allosteric interactions with various pharmacologically and clinically important drugs, such as benzodiazepines, barbiturates, steroids and anesthetics [3], indicating the central role of GABAergic neurotransmission in the modulation of CNS excitability. 
GABAARs are also modulated by some nonsteroidal anti-inflammatory drugs (NSAIDs). Diflunisal (2’,4’-difluoro-4-hydroxy-[1,1’-biphenyl]-3-carboxylic acid, a salicylic acid derivative) and fenamates (2-(phenylamino)benzoic acids, N-phenylanthranilic acids) like meclofenamate (1 and 9, Fig. 1) have been shown to modulate GABAAR function, while NSAIDs with pyrazole, oxicam, arylpropionic acid and heteroaryl acetic acid structures display no such activities [4]. Diflunisal and fenamates allosterically increase the specific binding of [3H]muscimol, a GABAAR agonist [5, 6] and displace picrotoxin-sensitive binding of the cage convulsants [35S]tert-butylbicyclophosphorothionate ([35S]TBPS) and 4’-ethynyl-4-n-[2,3-3H]propylbicycloorthobenzoate ([3H]EBOB) [5-10]. Furthermore, diflunisal and fenamates potentiate low micromolar and inhibit high micromolar GABA responses in native and recombinant GABAARs [4, 9, 11-15]. However, at physiological pH diflunisal and meclofenamate are in ionised form [16], and their penetration into the CNS is very low [17-19]. Thus, interaction of diflunisal and fenamates with their CNS targets is low in vivo. Accordingly, in the present study we transformed the carboxyl group of diflunisal (1) and meclofenamate (9) into non-ionisable functional groups in (2-6) and (10, 11), respectively, and analysed the effects of the modifications on their allosteric activity on GABAARs using [3H]muscimol and [3H]EBOB binding assays to rat forebrain membrane GABAARs. Acetylated diflunisal (7) with ionisable carboxyl group and compound (8) lacking the carboxyl group were chosen as a reference.  
Materials and methods

Animals

Male Sprague-Dawley rat (age 3-4 months) forebrain membranes were used for the binding assays. All procedures were in accordance with protocols approved by the Institutional Animal Care and Use Committee of the University of Turku.
Reagents

The radioligands [methylene-3H]muscimol (18 Ci/mmol) and [propyl-2,3-3H]EBOB (specific activity 48 Ci/mmol) were purchased from Perkin Elmer (Boston, MA, USA). GABA, picrotoxin, diflunisal and meclofenamic acid were from Sigma Chemical Co. (St. Louis, MO, USA). Compound 8 was from ABCR GmbH & Co, KG (Karlsruhe, Germany). All other reagents were purchased from Aldrich or Fluka and used as received. 
Syntheses of difunisal and meclofenamate derivatives
Diflunisal and meclofenamate derivatives (2-7) and (10-11), respectively, were prepared from commercially available diflunisal (1) and meclofenamic acid (9) according to common synthetic methods as presented in Fig. 1 and described below. The reactions were followed by Thin Layer Chromatography (TLC) using Merck Kieselgel 60F254. Silica gel 60 was also used in purification of the compounds by column chromatography. The 1H NMR spectra were recorded on a Bruker spectrometer operating at 400 or 500 MHz.
(2) Diflunisalamide (2',4'-difluoro-4-hydroxy-[1,1'-biphenyl]-3-carboxamide):

Diflunisal (1; 208.4 mg; 0.833 mmol) was dissolved in CH3CN (20 ml). SOCl2 (60 µl; mmol) was added dropwise in an ice bath. After stirring the mixture at room temperature for 1 h, ammonia was bubbled into mixture for 15 minutes followed by evaporation of the solvent in vacuo. Purification by column chromatography, using acetone/petroleum ether (1/1 v/v) as an eluent, yielded (2) (150.9 mg; 0.605 mmol; 73%).

1H NMR (DMSO-d6, 400 MHz) δ (ppm): 6.97 (d, 1H, CHCOH), 7.19 (m, 1H, CFCHCF), 7.34 (m, 1H, CHCHCF), 7.55 (m, 1H, CHCHCF), 7.58 (m, 1H, CHCHCOH), 7.96 (s, 1H, NH), 8.02 (m, 1H, CHCCONH2), 8.50 (s, 1H, NH), 13.10 (s, 1H, OH).

(3) Diflunisal methyl ester (methyl 2',4'-difluoro-4-hydroxy-[1,1'-biphenyl]-3-carboxylate):

Diflunisal (1; 284.2 mg; 1.136 mmol) and sulfuric acid (100 µl) were dissolved in methanol (20 ml), and the mixture was refluxed for 4 h. Methanol was evaporated in vacuo, and the crude product was dissolved in CH2Cl2 (15 ml). The organic phase was washed with saturated NaHCO3-solution (10 ml). Evaporation of CH2Cl2 in vacuo yielded the methyl ester (3; 236 mg; 0.893 mmol; 79%).

1H NMR (CDCl3, 400 MHz) δ (ppm): 3.98 (s, 3H, CO2CH3), 6.91 (m, 1H, CFCHCF), 6.96 (m, 1H, CHCHCF), 7.06 (d, 1H, CHCOH), 7.37 (dt, 1H, CHCHCF), 7.60 (dt, 1H, CHCHCOH), 7.98 (dd, 1H, CHCCO2Me), 10.84 (s, 1H, OH).

(4) Diflunisal N-butylamide (N-butyl-2',4'-difluoro-4-hydroxy-[1,1'-biphenyl]-3-carboxamide):

Diflunisal methyl ester (3; 99.6 mg; 0.378 mmol) was dissolved into butylamine (380 µl; 3.84 mmol), and the mixture was stirred overnight. Butylamine was evaporated in vacuo, and purification by column chromatography (ethyl acetate/ petroleum ether, 1/1 v/v) gave the product 4 (103 mg; mmol; 0.338 mmol; 90%).

1H NMR (DMSO-d6, 400 MHz) δ (ppm): 0.90 (t, 3H, CH3CH2), 1.34 (m, 2H, CH3CH2), 1.52 (m, 2H, CH3CH2CH2), 3.32 (m, 2H, CH2NH), 6.98 (d, 1H, CHCOH), 7.21 (m, 1H, CFCHCF), 7.36 (m, 1H, CHCHCF), 7.53 (m, 1H, CHCHCF), 7.57 (m, 1H, CHCHCOH), 8.01 (m, 1H, CHCCONH), 12.89 (s, 1H, OH).

(5) Diflunisalol (2',4'-difluoro-3-(hydroxymethyl)-[1,1'-biphenyl]-4-ol):

Diflunisal 1 (101.1 mg; 0.4041 mmol) and LiAlH4 (61.3 mg; 1.62 mmol) were dissolved into tetrahydrofuran (THF; 6 ml), and the mixture was refluxed for few hours until the starting material disappeared. Saturated Na2SO4 was added dropwise into mixture in an ice bath. The formed precipitate was filtered off and the filtrate evaporated in vacuo. The crude product was purified twice by column chromatography (CH2Cl2/MeOH 9/1 v/v, and acetone/petroleum ether 1/9 v/v), which yielded (5) (96 mg; 0.41 mmol; 100%).

1H NMR (DMSO-d6, 400 MHz) δ (ppm): 4.51 (d, 2H, CH2OH), 5.03 (t, 1H, CH2OH), 6.85 (d, 1H, CHCOH), 7.14 (m, 1H, CFCHCF), 7.20 (m, 1H, CHCHCF), 7.29 (m, 1H, CHCHCF), 7.44 (m, 1H, CHCCH2OH), 7.47 (m, 1H, CHCHCOH), 9.63 (s, 1H, OH).
(6) Diflunisal aldehyde (2',4'-difluoro-4-hydroxy-[1,1'-biphenyl]-3-carbaldehyde):

Alcohol 5 (99.9 mg; 0.423 mmol) and pyridinium chlorochromate (PCC; 141.1 mg; 0.655 mmol) were dissolved into dichloromethane (6 ml), and the mixture was stirred overnight. The crude reaction mixture was purified twice by column chromatography (CH2Cl2/acetone 9/1 v/v, and acetone/petroleum ether 3/7 v/v), which yielded 6 (17.3 mg; 0.074 mmol; 17%).

1H NMR (DMSO-d6, 400 MHz) δ (ppm): 7.10 (d, 1H, CHCOH), 7.19 (m, 1H, CFCHCF), 7.35 (m, 1H, CHCHCF), 7.57 (m, 1H, CHCHCF), 7.70 (m, 1H, CHCHCOH), 7.47 (m, 1H, CHCCHO), 10.30 (s, 1H, OH), 10.97 (s, 1H, CHO).
(7) O-acetyl diflunisal (4-acetoxy-2',4'-difluoro-[1,1'-biphenyl]-3-carboxylic acid):

Diflunisal (1; 292.5 mg; 1.169 mmol) was added into acetic anhydride (1110 µl; 11.7 mmol). After addition of sulfuric acid (40 µl) the mixture was heated for 2 h at 80 (C. Water (8 ml) was next added, and the product was extracted into CH2Cl2 (5 x 20 ml) and CHCl3 (2 x 20 ml). After evaporation of the solvent, the product was purified by column chromatography using ethyl acetate/petroleum ether (1/1 v/v) as an eluent, which gave (7) (81 mg; 0.28 mmol; 24%) as an oily liquid.

1H NMR (DMSO-d6, 500 MHz) δ (ppm): 2.28 (s, 3H, CH3CO), 7.24 (t, 1H, CFCHCF), 7.33 (d, 1H, CHCOAc), 7.42 (t, 1H, CHCHCF), 7.67 (q, 1H, CHCHCF), 7.80 (d, 1H, CHCHCOH), 8.04 (m, 1H, CHCCOOH).
(10) Meclofenamide (2-((2,6-dichloro-3-methylphenyl)amino)benzamide):

Meclofenamic acid 9 (245 mg; 0.827 mmol) was dissolved into CH3CN (20 ml) and dimethylformamide (DMF, 13 ml) followed by dropwise addition of thionyl chloride (0.60 ml; 8.3 mmol) in an ice bath. After an hour gaseous ammonia was bubbled into the reaction mixture for 15 minutes. After evaporation of the solvent, purification by column chromatography (ethyl acetate/petroleum ether 1/1) yielded 10 (202 mg; 0.684 mmol; 83%).

1H NMR (DMSO-d6, 400 MHz) δ (ppm): 2.36 (s, 3H, CH3), 6.08 (d, 1H, CHCCH3), 6.66 (td, 1H, CHCHCCO2), 7.11 (td, 1H, CHCHCNH), 7.27 (d, 1H, CHCHCH3), 7.46 (d, 1H, CHCCO2), 7.91 (dd, 1H, CHCNH), 7.94 (s, 2H, CONH2).

(11) Methyl meclofenamate (methyl 2-((2,6-dichloro-3-methylphenyl)amino)benzoate):

Meclofenamic acid 9 (307.9 mg; 1.040 mmol) was dissolved into MeOH containing hydrochloric acid (0.83 M). The mixture was refluxed overnight followed by evaporation of the solvent in vacuo. Purification by column chromatography (ethyl acetate/petroleum ether 1/9) yielded 11 (99 mg; 0.32 mmol; 31%).

1H NMR (CDCl3, 400 MHz) δ (ppm): 2.42 (s, 3H, CH3), 3.96 (s, 3H, CO2CH3), 6.33 (d, 1H, CHCCH3), 6.77 (td, 1H, CHCHCCO2), 7.12 (d, 1H, CHCHCH3), 7.29 (m, 1H, CHCHCNH), 7.32 (d, 1H, CHCCO2), 8.00 (dd, 1H, CHCNH).
Preparation of forebrain membranes
The protocol for membrane preparation is a modification of the method of Squires and Saederup [20]. Sprague-Dawley rats were killed by decapitation, forebrains dissected out and homogenized in 20 vols (wt/vol) of ice-cold 2 mM EDTA-10 mM Tris, pH 8.0 buffer with a Ultra Turrax T25 (Janke & Kunkel, GmbH & Co KG, Staufen, Germany) homogenizer at a setting 9500 rpm for 20 s on ice. The suspensions were centrifuged at 38 000 x g for 5 min at +4 oC. The resulting pellets were washed twice by resuspension in 20 vols of washing buffer (5 mM EDTA-10 mM Tris, pH 8.5, 0.2 M NaCl) and recentrifugation as described above. The pellets were then exposed to osmotic shock by suspension in ice-cold water. The suspensions were centrifuged, washed twice with washing buffer as described above and stored frozen in washing buffer at -70 oC. Before a binding experiment the membranes were thawed, centrifuged, and washed once in assay buffer.
 [3H]Muscimol binding assay

Triplicate samples of membrane suspensions were incubated with 5 nM [3H]muscimol in muscimol assay buffer (10 mM K+-phosphate buffer, pH 7.4/150 mM KCl) with or without varying concentrations (1 - 100 μM) of diflunisal or meclofenamate analogues for 30 min at 22 oC. Nonspecific binding was determined in the presence of 1 mM GABA in the incubation mixture. Following incubations the reaction mixtures were filtered on Whatman GF/B filters under vacuum with a Brandel Harvester (model M-48R, Gathesburg, Maryland, USA) and washed with 2 x 4 ml ice-cold assay buffer. Radioactivity of the filters was measured in Optiphase Hisafe using a Wallac model 1410 liquid scintillation counter (Wallac, Turku, Finland).  
[3H]EBOB binding assay

Triplicate samples of membrane suspensions were incubated with 1 nM [3H]EBOB in EBOB assay buffer (50 mM Tris-HCl, pH 7.4/120 mM NaCl) in the absence or presence of 2 μM GABA with or without varying concentrations of diflunisal or meclofenamate analogues (1-100 μM) for 2 h at 22 oC. Nonspecific binding was determined in the presence of 50 μM picrotoxin. The reaction mixtures were then filtered on Whatman GF/B filters and washed with 3 x 4 ml ice-cold assay buffer. Radioactivity of the filters was measured as described in [3H]muscimol binding.
Protein measurement

In all ligand binding studies, protein concentrations of membranes were determined with the Bio-Rad Coomassie blue dye-based protein assay kit (Hercules, CA, USA) according to manufacturer’s instructions. 

Data analysis

Data analyses were performed using Prism 5 software (Graph Pad, San Diego, CA, USA). One-way analysis of variance (ANOVA) followed by Dunnett's multiple comparison test was used to assess the significance of the effects of the compounds on radioligand binding.Two-way ANOVA followed by Bonferroni  multiple comparison test was used to compare the effects of the parent compounds and the derivatives. Pearson correlation coefficient was calculated to assess the correlation between the compounds to stimulate [3H]muscimol and inhibit [3H]EBOB binding. P-values of less than 0.05 were considered significant. 

Results
Effects of diflunisal and meclofenamate analogues (1-11) on [3H]muscimol binding to forebrain membranes


Diflunisal (1) significantly stimulated [3H]muscimol binding for 42% with an EC50 value of 15 µM (Table 1, Fig. 2a). N-butylamide derivative (4) of diflunisal stimulated the binding with an equal EC50 value than that of diflunisal, while the maximal stimulation was 56% (Table 1). Diflunisal was more potent at low micromolar concentrations, while the slope was steeper for the butylamide derivative and its potency was higher at 100 µM. Diflunisalamide (2) and diflunisal without carboxyl group (8) (Fig. 1) significantly stimulated [3H]muscimol binding only at the highest concentration (100 µM) tested (24-25% stimulation). The other diflunisal derivatives (3, 5-7) had no significant effect on the binding.

Meclofenamate (9) and its derivatives (10, 11) stimulated [3H]muscimol binding for 188-222% (Table 1, Fig. 2b). The EC50 values for the stimulations were 7.6 µM and 11 µM for meclofenamate (9) and its amide derivative (10), respectively, and 48 µM for the methyl ester (11) (Table 1, Fig. 2b). The potency of (11) to stimulate the binding was significantly lower to that of the parent compound (p<0.01, two-way ANOVA followed by Bonferroni multiple comparison test). The maximal enhancement of [3H]muscimol was calculated (nonlinear regression analysis) to be higher for methyl meclofenamate (11) than for the parent compound, this obviously due to the steep shape of the curve at high concentrations, but only 154% enhancement was reached at 100 µM methyl meclofenamate (Fig. 2b).
Effects of diflunisal and meclofenamate analogues on [3H]EBOB binding to forebrain membranes


With the exception of the aldehyde derivative (6), diflunisal and its derivatives (1-5, 7, 8) significantly potentiated 2 µM GABA-induced displacement of [3H]EBOB binding (Table 1, Fig. 3a). At low micromolar concentrations diflunisal potentiated GABA-induced [3H]EBOB displacement more efficiently than all diflunisal derivatives, while at 100 µM the N-butylamide derivative (4) and the derivative lacking carboxyl group (8) were more efficient (Table 1, Fig. 3a). Compounds (2), (3) and (5) potentiated the effect of GABA only at the highest concentrations of the compounds tested (100 µM) (Table 1, Fig. 3b).

Meclofenamate (9) and its amide derivative (10) significantly potentiated GABA-induced displacement of [3H]EBOB binding with EC50 values of 3 µM (Table 1, Fig. 3c). The effect of meclofenamate methyl ester (11) on the displacement was lower than that of the parent compound (Table 1, Fig. 3c).
Correlation between the potency of the compounds to stimulate [3H]muscimol binding and to displace [3H]EBOB binding

There was a positive correlation between diflunisal and its derivatives in their ability to stimulate [3H]muscimol binding and to potentiate GABA-induced displacement of [3H]EBOB binding (Fig. 4). The Pearson correlation coefficient was 0.878 (p<0.01).  Similarly, meclofenamate and (10) equally stimulated [3H]muscimol binding and GABA-induced [3H]EBOB displacement, while the potency of (11) was 5-6 fold lower in both assays.
4. Discussion

We have previously shown that the 4-hydroxy group in 3-carboxy-phenyl ring contributes to the binding and allosteric activity of diflunisal derivatives [10]. In addition, hydrophobic substituents in the other phenyl ring of diflunisal and fenamates are also advantageous for allosteric modulation of GABAARs as measured by enhancement of GABA-induced displacement of [3H]EBOB binding from brain membrane GABAARs [10] and electrophysiological methods [4]. Our present study clearly demonstrates that an intact carboxyl group in diflunisal and meclofenamate is not indispensable for their positive GABAAR modulation. Both compounds are active as amides, although diflunisalamide (2) was less efficient than the parent compound (1) in stimulating [3H]muscimol binding and in potentiating GABA-induced inhibition of [3H]EBOB binding. The carboxyl group of diflunisal and meclofenamate are in carbons 3 (meta) and 2 (ortho) in respect to the other aromatic ring, respectively, suggesting that the different carboxyl group positions may result in differences in the effects of the modified compounds. The parent compounds differ in the distance and orientation of the two phenyl rings and thus it is not surprising that carboxyl group modification of diflunisal and meclofenamate had differential effects on their allosteric properties on GABAARs. As found also in the previous study [10] diflunisal lacking carboxyl group (8) is active in potentiating GABA-induced displacement of [3H]binding, although the displacing characteristics differ from those of diflunisal.

Methyl esters (3 and 11) of both parent compounds were less efficient in allosteric binding assays, suggesting that the presence of nonpolar methyl group is less favorable for diflunisal and meclofenamate binding and/or the allosteric modulation to take place than that of the polar carboxyl (1, 9) and amide groups (2, 10). N-butylamide derivatization of diflunisal (4) resulted in a change in diflunisal allosteric activity, lower concentrations having lower but higher concentrations stronger effect than the parent compound. The difference in efficiency suggests that the butyl moiety might affect accessibility of the compound to the binding site. The orientation of the binding of diflunisal (1) and its N-butylamide derivative (4) in the binding site may be different or hydrophobic interaction of (4) with the binding site may affect the allosteric modulation. N-butylamide (4) may even bind to a different site on GABAARs than the parent compound. With the exception of (4) the EC50 and IC50 values for stimulation of [3H]muscimol binding and potentiation of GABA-induced displacement of [3H]EBOB binding, respectively, were higher that those of diflunisal for all diflunisal derivatives.

A common or overlapping binding sites for fenamates, etomidate and loreclezole have been proposed on the basis of the structural similarities of the compounds and on their similar pharmacological selectivity: they potentiate  GABA responses on receptors containing β2 or β3 but not β1 subunit  [12,13]. Diflunisal also shows selectivity towards β2/3 containing receptors [13]. Flavan-3-ol esters also act as positive allosteric modulators on this putative binding site. A GABA-neutral flavan-3-ol ester Fa191 was recently identified that blocks the positive modulatory effects of flavan-3-ol esters, loreclezole, etomidate and high diazepam concentrations (“low-affinity” diazepam site between α+β- subunit interface [21]) on GABA responses [22], further supporting the hypothesis of same or overlapping binding sites. Etomidate binding site was recently mapped in αM1 and βM3 transmembrane domains at the interface between in β3 and α1 subunits [23, 24].

The β2/3 selectivity over β1 does not make fenamates highly selective for a small population(s) of brain GABAARs, because the vast majority of GABAARs contain either β2 or β3 subunit [1]. On the other hand β1 subunit is expressed in very low levels or not at all in most brain regions, with the exception of hippocampus where β1 expression is very high [25] and therefore β1 offers the possibility to modulate only small subpopulations of neurons. In a structurally diverse screening of about 10,000 compounds salicylidene salicylhydrazide was found as a selective negative allosteric modulator for αβ1γ receptors, the selectivity being dependent on β1 subunit [26]. Interestingly, metabolism of fluoroquinolone antibiotic norfloxacin has been shown to produce a compound where aromatic rings are connected by an amino group. The compound is anxioselective GABAAergic modulator with a selectivity for α2β2γ2 receptors over α1β2γ2 [27].

Fenamates and diflunisal inhibit prostaglandin synthesis by inhibiting cyclooxygenase (COX) enzymes and are therefore used as nonsteroidal anti-inflammatory drugs and analgesics. Methyl esterification of meclofenamate results in two orders of magnitude lower potency to inhibit COX enzymes while the amide derivative retains the COX-inhibiting potency of the parent compound [28]. In vivo activity of diflunisal methyl ester has been shown to be in the same magnitude as that of diflunisal, this probably due to relatively rapid hydrolysis of the methyl ester to parent compound following in vivo administration [29]. Esterification of diflunisal as well as other acidic NSAIDS has the advantage of reducing their gastric ulcerogenic activity [30].

In addition to inhibition of COX enzymes, fenamates have been shown to block P2X7 receptors and Ca2+-activated non-selective cation channels, inhibit Ca2+-activated Cl- channels, cardiac Na+ currents, L-type Ca2+ channels, and several types of K+ channels, see for review [31]. Fenamates also activate voltage-dependent outward K+ currents and antagonize NMDA receptor-mediated currents [32, 33]. However, at physiological pH diflunisal and meclofenamate are in ionised form and their penetration into the CNS is very low [16-19]. Thus, interaction of diflunisal and fenamates with their CNS targets is low in vivo. Our present results, however, indicate that more lipophilic derivatives of diflunisal and fenamates can be produced that retain their positive modulatory activity on GABAARs. In addition to increased  brain penetration, lipophilic substituents that would make the compounds more selective to  GABAARs would be of great advantage when developing GABAAR positive modulators. This strategy was utilized by Peretz et al. [34] to synthesize diclofenac and meclofenamate amides and esters with various alkyl or ether chains. Various powerful Kv7.2/3 K+ channel openers were generated that lacked inhibition of COX activity. The group also synthesized a phenylanthranilic acid derivative that acts as a Kv7.2/3 channel opener but does not affect Kv7.1 and IKS K+ currents as well as NMDA, AMPA and GABAA receptor-mediated currents [35]. This indicates that it is possible to synthesize fenamate derivates that are selective for a given target channel in the CNS.

Due to the higher potency and efficacy of fenamates than those of diflunisal to modulate GABAARs, derivatives of fenamates appear to be more promising targets for drug development. The adverse effects associated in fenamate use might be overcome along with the development of compounds highly selective to GABAARs.  
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35. Figure legends
Fig. 1. Chemical structures and preparation of diflunisal (1) and its biphenyl analogues (2-8), meclofenamate (9) and its analogues (10,11).
Fig. 2. Stimulation of [3H]muscimol binding to rat forebrain membranes by a) Diflunisal and its analogues; b) Meclofenamate and its analogues. Only diflunisal analogues having significant effect on the binding were included. The values represent mean ± SEM of 3-6 determinations made in triplicate. **p<0.01, significantly lower from the meclofenamate value (two-way ANOVA followed by Bonferroni multiple comparison test).
Fig. 3. Potentiation of GABA-induced displacement of [3H]EBOB binding by a) Strong diflunisal analogues; b) Weak diflunisal analogues; c) Meclofenamate analogues. The values represent mean ± SEM of 3-6 determinations made in triplicate. 
Fig. 4. Correlation between the maximal stimulation of [3H]muscimol binding by diflunisal analogues (%) and the maximal displacement of [3H]EBOB binding by these analogues. 
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