
Supplementary data 

New furoxan derivatives for the treatment of ocular hypertension 

 

Marco Blangettia, Barbara Rolandoa, Konstantin Chegaeva, Stefano Guglielmoa, Loretta 

Lazzaratoa,*, Mariaconcetta Duranteb, Emanuela Masinib, Nicoletta Almirantec, Elena Bastiac, 

Francesco Impagnatielloc, Roberta Frutteroa, Alberto Gascoa 

 

a Dipartimento di Scienza e Tecnologia del Farmaco - Università degli Studi di Torino, Via P. 

Giuria 9, 10125 Turin, Italy 

b Dipartimento di Neuroscienze, Area del Farmaco e Salute del Bambino (NEUROFARBA) - 

Università di Firenze, Viale Pieraccini 6, 50139 Firenze (FI), Italy 

c Nicox Research Institute, S.r.l., Via Ludovico Ariosto 21, 20091 Bresso (MI), Italy 

 

Chemistry 

Materials and methods 

All reactions involving air-sensitive reagents were performed under nitrogen in oven-dried 

glassware using the syringe-septum cap technique. All solvents were purified and degassed before 

use. Chromatographic separation was achieved under pressure on Merck silica gel 60 using flash-

column techniques. Reactions were monitored by thin-layer chromatography (TLC) on 0.25 mm 

silica gel coated aluminum plates (Merck 60 F254) using UV light (254 nm) as visualizing agent. 

Unless otherwise specified, all reagents were used as received without further purification. CH2Cl2 

was dried over P2O5 and freshly distilled under nitrogen prior to use. Anhydrous THF was freshly 

distilled under nitrogen from Na/benzophenone ketyl. 1H NMR and 13C NMR spectra were recorded 

at room temperature at 300 and 75 MHz, respectively, and calibrated using SiMe4 as internal 

reference. Chemical shifts (d) are given in parts per million (ppm), and coupling constants (J) in 

Hertz (Hz). The following abbreviations are used to designate the multiplicities: s=singlet, 



d=doublet, t=triplet, q=quartet, quint=quintet, m=multiplet, br=broad. Low-resolution mass spectra 

were recorded on a Micromass Quattro microTM API instrument (Waters Corporation, Milford, MA, 

USA). The purity of final compounds was determined by analytical HPLC analyses on Merck 

LiChrospher C18 end-capped column (250 x 4.6 mm ID, 5 mm) using CH3CN/H2O as solvent 

mixtures. 3-Methyl-4-nitrofuroxan 1,1 (4-bromomethyl)-3-furoxancarboxamide 4,2 4-

(bromomethyl)furoxan-3-carbonitrile 63 and tert-butyl piperazine-1-carboxylate4 were synthesized 

following procedures reported in the literature. 

 

Synthesis 

General procedure for the syntheses of 3-methylfuroxan derivatives (2-3). To a stirred solution 

of 3-methyl-4-nitrofuroxan 1 (200 mg, 1.40 mmol) in THF (10 mL) was added the appropriate 

ethanolamine derivative (2.8 mmol, 2 equiv.), after which NaOH (5.50 mmol, 50% w/w aqueous 

solution, 4 equiv.) was added in four portions while the temperature was maintained at 25 °C. The 

reaction mixture was stirred at room temperature for 4-5 h until complete conversion of the starting 

material, as monitored by TLC analysis. The solvent was removed under reduced pressure, the 

residue was treated with water and extracted twice with DCM. The combined organic layers were 

dried over sodium sulfate and concentrated to dryness. Purification by silica gel flash column 

chromatography eluting with 95:5 v/v DCM:MeOH gave the product as a yellow oil. The free base 

was immediately transformed into the corresponding oxalate by adding a solution of oxalic acid (1 

equiv.) in EtOAc. The precipitate was filtered and washed twice with EtOAc to give the title 

compound as a white solid. 

4-((2-(Amino)ethyloxy)-3-methylfuroxan oxalate (2). Free base: yellow oil (140 mg, 63%, Rf = 

0.10 DCM:MeOH 95:5 v/v). Oxalate: white solid, m.p.: 159.8-162.1 °C (EtOAc). 1H NMR (300 

MHz, D2O)  4.60-4.55 (m, 2H), 3.52-3.33 (m, 2H), 2.05 (s, 3H). 13C NMR (75 MHz, D2O) δ 

167.3, 163.8, 110.7, 66.7, 38.7, 6.5. ESI-MS [M+H]+ m/z 160.3. Analysis calculated for C7H11N3O7: 

C, 33.74; H, 4.45; N, 16.86. Found: C, 33.41; H, 4.68; N, 17.06. 



4-(2-(Dimethylamino)ethyloxy)-3-methylfuroxan oxalate (3). Free base: yellow oil (110 mg, 

42%, Rf = 0.20 DCM:MeOH 95:5 v/v).  Oxalate: white solid, m.p.: 152.0-153.8 °C (EtOAc). 1H 

NMR (300 MHz, DMSO-d6)  4.75-4.57 (m, 2H), 3.52-3.35 (m, 2H) 2.76 (s, 6H) 2.05 (s, 3H). 13C 

NMR (75 MHz, DMSO-d6) δ 164.5, 163.0, 106.9, 64.9, 54.8, 42.9, 6.6. ESI-MS [M+H]+ m/z 188.3. 

Analysis calculated for C9H15N3O7: C, 38.99; H, 5.45; N, 15.16. Found: C, 39.17; H, 5.38; N, 

15.02. 

Synthesis of 4-((N,N-dimethylamino)methyl)furoxan-3-carboxamide (5). To a stirred solution of 

4-(bromomethyl)-3-furoxancarboxamide 4 (500 mg, 2.25 mmol) in acetonitrile (10 mL) was added 

a solution of dimethylamine (33% in abs. ethanol, 0.81 mL, 4.50 mmol) dropwise, and the reaction 

mixture was stirred at room temperature until complete consumption of the starting material (1 h). 

The solvent was removed under reduced pressure, the residue was dissolved in EtOAc and washed 

with water and brine. The combined organic layers were dried over sodium sulfate and concentrated 

to dryness. The crude mixture was purified by silica gel flash column chromatography eluting with 

95:5 v/v DCM:MeOH, and the resulting white solid was crystallized from 2-propanol to give the 

title product as white needles (0.36 g, Rf = 0.30, 85%). All experimental data were consistent with 

those reported in the literature.5 

General procedure for the syntheses of 3-cyanofuroxan derivatives 7-14. To a stirred solution 

of 4-(bromomethyl)furoxan-3-carbonitrile 6 in acetonitrile (15 mL) the appropriate secondary 

amine was added, and the reaction mixture was stirred at room temperature for 1-6 h until complete 

conversion of the starting material, as monitored by TLC analysis. The solvent was removed under 

reduced pressure, the residue was dissolved in EtOAc and washed with water and brine. The 

combined organic layers were dried over sodium sulfate and concentrated to dryness. Purification 

by silica gel flash column chromatography gave the product as a free base, which was immediately 

transformed into the corresponding oxalate or trifluoroacetate.  

4-((N,N-Dimethylamino)methyl)furoxan-3-carbonitrile oxalate (7). Following the general 

procedure, 4-(bromomethyl)furoxan-3-carbonitrile 6 (400 mg, 1.95 mmol) was reacted with 



dimethylamine (33% in abs. ethanol, 2 equiv.). Purification by silica gel flash column 

chromatography eluting with 95:5 v/v DCM:MeOH gave the free base as a yellow oil (0.32 g, 96%, 

Rf = 0.90 DCM:MeOH 95:5 v/v). Oxalate: white solid. All experimental data were consistent with 

those reported in the literature.6 

4-((N-Ethyl-N-methylamino)methyl)furoxan-3-carbonitrile oxalate (8). Following the general 

procedure, 4-(bromomethyl)furoxan-3-carbonitrile 6 (150 mg, 0.74 mmol) was reacted with N-

ethylmethylamine (4 equiv.). Purification by silica gel flash column chromatography eluting with 

80:20 v/v PE:EtOAc gave the free base as a pale yellow oil (95 mg, 71%, Rf = 0.45 PE/EtOAc 

80:20 v/v). Oxalate: white solid, m.p.: 117.6-118.8 °C (EtOAc). 1H NMR (300 MHz, DMSO-d6)  

3.81 (s, 2H), 2.59 (q, J = 7.1 Hz, 2H), 2.31 (s, 3H), 1.06 (t, J = 7.1 Hz, 3H) . 13C NMR (75 MHz, 

DMSO-d6) δ 161.4, 156.6, 106.6, 99.1, 50.7, 50.5, 41.2, 11.7. ESI-MS [M+H]+ m/z 183.1. Analysis 

calculated for C9H12N4O6: C, 39.71; H, 4.44; N, 20.58. Found: C, 39.70; H, 4.35; N, 20.75. 

4-((N,N-Diethylamino)methyl)furoxan-3-carbonitrile oxalate (9). Following the general 

procedure, 4-(bromomethyl)furoxan-3-carbonitrile 6 (110 mg, 0.54 mmol) was reacted with 

diethylamine (2 equiv.). Purification by silica gel flash column chromatography eluting with 80:20 

v/v PE:EtOAc gave the free base as a yellow oil (88 mg, 84%, Rf = 0.55 PE/EtOAc 80:20 v/v). 

Oxalate: white solid, m.p.: 129.6-130.1 °C (EtOAc). 1H NMR (300 MHz, DMSO-d6)  3.86 (s, 2H), 

2.63 (q, J = 7.1 Hz, 4H), 1.03 (t, J = 7.1 Hz, 6H). 13C NMR (75 MHz, DMSO-d6) δ 161.3, 157.5, 

106.6, 99.1, 50.7, 47.2, 46.6, 11.3. ESI-MS [M+H]+ m/z 197.2. Analysis calculated for C10H14N4O6: 

C, 41.96; H, 4.93; N, 19.57. Found: C, 41.74; H, 4.97; N, 19.92. 

4-((4-Bromopiperidin-1-yl)methyl)furoxan-3-carbonitrile oxalate (10). Following the general 

procedure, 4-(bromomethyl)furoxan-3-carbonitrile 6 (200 mg, 0.98 mmol) was reacted with 4-

bromopiperidine hydrobromide (1 equiv.) and triethylamine (2 equiv.). Purification by silica gel 

flash column chromatography eluting with 80:20 v/v PE:EtOAc gave the free base as a white solid 

(245 mg, 87%, Rf = 0.50 PE/EtOAc 80:20 v/v). Oxalate: white solid, m.p.: 140.6-142.0 °C (dec.) 

(EtOAc). 1H NMR (300 MHz, DMSO-d6)  4.51-4.32 (m, 1H), 3.77 (s, 2H), 2.84-2.71 (m, 2H), 



2.50-2.41 (m, 2H), 2.20-2.05 (m, 2H), 1.99-1.84 (m, 2H). 13C NMR (75 MHz, DMSO-d6) δ 161.0, 

157.1, 106.7, 99.1, 51.5, 51.3, 51.2, 50.7, 35.7. ESI-MS [M+H]+ m/z 287.2, 289.2. Analysis 

calculated for C11H13BrN4O6: C, 35.03; H, 3.47; N, 14.86. Found: C, 35.26; H, 3.39; N, 14.89. 

4-((N,N-Dipropylamino)methyl)furoxan-3-carbonitrile oxalate (11). Following the general 

procedure, 4-(bromomethyl)furoxan-3-carbonitrile 6 (150 mg, 0.74 mmol) was reacted with 

dipropylamine (2 equiv.). Purification by silica gel flash column chromatography eluting with 80:20 

v/v PE:EtOAc gave the free base as a yellow oil (148 mg, Rf = 0.80, 89%). Oxalate: white semi-

solid, m.p.: 64.3-65.2 °C (EtOAc). 1H NMR (300 MHz, DMSO-d6)  3.80 (s, 2H), 2.48-2.41 (m, 

4H), 1.55-1.36 (m, 4H), 0.84 (t, J = 7.3 Hz, 6H). 13C NMR (75 MHz, DMSO-d6) δ 161.1, 157.9, 

106.6, 98.9, 55.2, 48.6, 19.4, 11.6. ESI-MS [M+H]+ m/z 225.3. Analysis calculated for C14H21N5O6 

(11.CH3CN): C, 47.32; H, 5.96; N, 19.71. Found: C, 47.28; H, 6.23; N, 19.59. 

4-((N-Benzyl-N-ethyl)methyl)furoxan-3-carbonitrile oxalate (12). Following the general 

procedure, 4-(bromomethyl)furoxan-3-carbonitrile 6 (200 mg, 0.98 mmol) was reacted with N-

ethylbenzylamine (2 equiv.). Purification by silica gel flash column chromatography eluting with 

80:20 v/v PE:EtOAc gave the free base as a yellow oil (219 mg, 86%, Rf = 0.70 PE:EtOAc 80:20 

v/v). Oxalate: yellow semi-solid, m.p.: 60.5-61.4 °C (EtOAc). 1H NMR (300 MHz, DMSO-d6)  

7.42-7.20 (m, 5H), 3.81 (s, 2H), 3.67 (s, 2H), 2.57 (q, J = 7.1 Hz, 2H), 1.06 (t, J = 7.1 Hz, 3H). 13C 

NMR (75 MHz, DMSO-d6) δ 161.1, 157.7, 138.1, 129.0, 128.2, 127.2, 106.8, 99.0, 57.5, 48.0, 47.3, 

11.3. ESI-MS [M+H]+ m/z 259.3. Analysis calculated for C15H16N4O6: C, 51.72; H, 4.63; N, 16.09. 

Found: C, 51.68; H, 5.05; N, 15.58.  

4-(((3-(Dimethylamino)propyl)(methyl)amino)methyl)furoxan-3-carbonitrile bis-

trifluoroacetate (13). Following the general procedure, 4-(bromomethyl)furoxan-3-carbonitrile 6 

(250 mg, 1.23 mmol) was reacted with N,N,N-trimethylpropane-1,3-diamine (1 equiv.) and 

triethylamine (1 equiv.). Purification by silica gel flash column chromatography eluting with 90:10 

v/v DCM:MeOH gave the free base as a yellow oil (279 mg, 94%, Rf = 0.15 DCM:MeOH 90:10 

v/v). The free base was dissolved in a 20:80:0.1 ACN:H2O:TFA solution and further purified by 



preparative HPLC (Hibar® LiChrospher® 100 RP-18e 250 x 25 mm ID, 254 nm UV detector, room 

temperature, eluent: 20% acetonitrile in water + 0.1% TFA, flow rate: 20.0 mL/min, retention time: 

7.5 min) to give the corresponding trifluoroacetate as a pale yellow solid. M.p.: 88.1-88.8 °C. 1H 

NMR (300 MHz, DMSO-d6)  9.68 (br s, 1H) 3.86 (s, 2H) 3.17-2.95 (br s, 2H) 2.77 (s, 6H) 2.67-

2.53 (br s, 2H) 2.31 (s, 3H) 2.05-1.62 (m, 2H). 13C NMR (75 MHz, DMSO-d6) δ 159.3 (q, J = 34.7 

Hz, 1C), 156.9, 117.0 (q, J = 295.8 Hz, 1C), 107.6, 99.9, 55.5, 54.0, 51.8, 43.0, 41.9, 21.9. ESI-MS 

[M+H]+ m/z 240.2. Analysis calculated for C14H19F6N5O6: C, 35.98; H, 4.10; N, 14.99. Found: C, 

36.05; H, 4.33; N, 15.25. 

4-((4-(Pyrimidin-2-yl)piperazin-1-yl)methyl)furoxan-3-carbonitrile (14). Following the general 

procedure, 4-(bromomethyl)furoxan-3-carbonitrile 6 (150 mg, 0.74 mmol) was reacted with 1-(2-

pyrimidyl)piperazine (2 equiv.). Purification by silica gel flash column chromatography eluting 

with 60:40 v/v PE:EtOAc gave the free base as a white crystalline solid (196 mg, 93%, Rf = 0.50 

PE:EtOAc 60:40 v/v). m.p.: 115.7-116.6 °C. 1H NMR (300 MHz, CDCl3)  8.34 (d, J = 4.8 Hz, 

2H), 6.55 (t, J = 4.8 Hz, 1H), 4.02-3.87 (m, 4H), 3.77 (s, 2H), 2.77-2.58 (m, 4H). 13C NMR (75 

MHz, CDCl3) δ 157.6, 155.9, 155.3, 110.1, 105.4, 52.9, 52.5, 43.5. ESI-MS [M+H]+ m/z 288.2. 

Analysis calculated for C12H13F3N7O2: C, 50.17; H, 4.56; N, 34.13. Found: C, 50.42; H, 4.46; N, 

34.40. 

Synthesis of 4-((N,N-diisopropylamino)methyl)furoxan-3-carboxamide (15). To a stirred 

solution of 4-(bromomethyl)-3-furoxancarboxamide 4 (250 mg, 1.13 mmol) in acetonitrile (10 mL) 

diisopropylamine (2 equiv.) was added dropwise, and the reaction mixture was stirred overnight at 

50°C. After cooling to room temperature, the solvent was removed under reduced pressure, the 

residue was dissolved in EtOAc and washed twice with water and brine. The combined organic 

layers were dried over sodium sulfate and concentrated to dryness. Purification by silica gel flash 

column chromatography eluting with 85:15 v/v DCM:EtOAc gave the title product as a pale yellow 

solid (0.17 g, 63%, Rf = 0.40 DCM:EtOAc 85:15 v/v). 1H NMR (300 MHz, CDCl3)  9.25 (br s, 

1H), 6.47 (br s, 1H), 4.02 (s, 2H), 3.15 (s, 2H), 1.11 (br s, 12H). 13C NMR (75 MHz, CDCl3) δ 



176.2, 156.8, 110.4, 49.2, 42.4, 20.1. ESI-MS [M+H]+ m/z 243.4. Analysis calculated for 

C10H18N4O3: C, 49.57; H, 7.49; N, 23.13. Found: C, 49,57; H, 7.49; N, 22.31 (15∙0.10 H2O) 

Synthesis of 4-((N,N-diisopropylamino)methyl)furoxan-3-carbonitrile methanesulfonate (16). 

A solution of 4-((N,N-diisopropylamino)methyl)furoxan-3-carboxamide 15 (170 mg, 0.70 mmol) in 

dry THF (10 mL) under nitrogen atmosphere was cooled to 0 °C, and pyridine (1 equiv.) was 

added, followed by trifluoroacetic anhydride (2 equiv.). The reaction mixture was stirred at 0 °C for 

1 h, the solvent was then removed under reduced pressure. The residue was dissolved in water, 

extracted twice with EtOAc, and the organic layers were washed with saturated NaHCO3, water and 

brine. The combined organic layers were dried over sodium sulfate and concentrated to dryness. 

Purification by silica gel flash column chromatography eluting with 90:10 v/v PE:EtOAc gave the 

title product as a yellow solid (0.13 g, 81%, Rf = 0.80 PE:EtOAc 90:10 v/v). The free base was 

dissolved in dry THF and treated with methanesulfonic acid (1 equiv.). The precipitate was filtered, 

washed twice with ethyl acetate and dried under vacuum to give the corresponding 

methanesulfonate as a white solid. M.p.: 156.3-156.7 °C. 1H NMR (300 MHz, DMSO-d6)  9.61 (br 

s, 1H), 4.73 (br s, 2H), 3.78 (br s, 2H), 2.34 (s, 3H), 1.30 (br s, 12 H). 13C NMR (75 MHz, DMSO-

d6) δ 150.9, 106.2, 99.3, 55.9, 40.2, 39.7, 18.1. ESI-MS [M+H]+ m/z 225.2. Analysis calculated for 

C11H20N4O5S: C, 41.24; H, 6.29; N, 17.49. Found: C, 40.52; H, 6.25; N, 16.95. (16∙0.20 H2O) 

Synthesis of tert-butyl 4-((4-cyano-furoxan-3-yl)methyl)piperazine-1-carboxylate (17). To a 

stirred solution of 4-(bromomethyl)furoxan-3-carbonitrile 6 (200 mg, 0.98 mmol) in acetonitrile (10 

mL) tert-butyl piperazine-1-carboxylate (2 equiv.) was added, and the reaction mixture was stirred 

at room temperature until complete conversion of the starting material (2 h). The solvent was 

removed under reduced pressure, the residue was dissolved in EtOAc and washed with water and 

brine. The combined organic layers were dried over sodium sulfate and concentrated to dryness. 

Purification by silica gel flash column chromatography eluting with 80:20 v/v PE:EtOAc gave the 

product as a white solid (286 mg, 94%, Rf = 0.50 PE:EtOAc 80:20 v/v). 1H NMR (300 MHz, 



CDCl3)  3.76 (s, 2H), 3.57-3.44 (m, 4H), 2.66-2.53 (m, 4H), 1.46 (s, 9H). 13C NMR (75 MHz, 

CDCl3) δ 154.8, 154.5, 105.4, 97.0. 80.1. 52.8, 52.3, 43.0, 28.4. CI-MS [M+H]+ m/z 310.  

Synthesis of 4-((piperazin-1-yl)methyl)furoxan-3-carbonitrile trifluoroacetate (18). To a stirred 

solution of trifluoroacetic acid (1 mL) in dry DCM (10 mL) under nitrogen was added a solution of 

tert-butyl 4-((4-cyano-furoxan-3-yl)methyl)piperazine-1-carboxylate 17 (283 mg, 0.92 mmol) at 0 

°C, and the reaction mixture was stirred at room temperature until complete conversion of the 

starting material (12 h). The solvent was removed under reduced pressure, the residue was triturated 

with dry ethyl ether and the resulting solid was recrystallized from a 3:1 hexane/EtOAc mixture to 

give the product as a white powder (200 mg, 67%, Rf = 0.10 DCM:MeOH 95:5 v/v). M.p.: 112.8-

114.1 °C (hex/EtOAc). 1H NMR (300 MHz, DMSO-d6)  8.74 (br s, 2H), 3.86 (s, 2H), 3.21-2.93 

(m, 4H), 2.83-2.65 (m, 4H). 13C NMR (75 MHz, DMSO-d6) δ 158.0 (q, J = 31.1 Hz, 1C), 156.5, 

117.3 (q, J = 300.3 Hz, 1C), 106.7, 99.2, 51.2, 48.9, 42.9. ESI-MS [M+H]+ m/z 210.1. Analysis 

calculated for C10H12F3N5O4: C, 37.16; H, 3.74; N, 21.67. Found: C, 36.83; H, 3.94; N, 21.24. 

 

Determination of ionization constants and lipophilicity descriptors  

The ionization constants of compounds were determined by potentiometric titration with the GlpKa 

apparatus (Sirius Analytical Instruments Ltd, Forrest Row, East Sussex, UK). Compounds showed 

good aqueous solubility and titrations were performed in water. pKas were determined by four 

separate titrations: the compounds were solubilized in 0.15 M KCl (to adjust ionic strength) and 

acidified with 0.1 M HCl to pH 1.8; the solutions were then titrated with standardized 0.1 M KOH 

up to a pH of 12.2. Bjerrum difference plots were deduced from each titration and used to calculate 

pKas values. All titrations were performed under N2 atmosphere and at controlled temperature of 

25.0 ± 0.1°C. 

The partition coefficients (log P) between n-octanol and water were calculated using the BioLoom 

for windows software package v. 1.0 BioByte Corp. (Claremont CA, USA). 



The distribution coefficients (log D) between n-octanol and water were obtained by the shake-flask 

technique at room temperature. In the shake-flask experiments phosphate 50 mM buffer pH 7.4 was 

used as aqueous phase; ionic strength was adjusted to 0.15 M with KCl. The organic (n-octanol) and 

aqueous phases were mutually saturated by shaking for 4 h. The compounds were solubilized in the 

buffered aqueous phase at a concentration of about 0.1 mM and an appropriate amount of n-octanol 

was added. The two phases were shaken for about 20 min, by which time the partitioning 

equilibrium of solutes was reached, and then centrifuged (10000 rpm, 10 min). The concentration of 

the solutes was measured in the aqueous phase by UV spectophotometer (UV-2501PC, Shimadzu). 

Each log D value is the average of at least six measurements.   

 

Nitrite Detection as quantitative determination of NO release 

The NO-donors under study were incubated at 0.1 mM in phosphate buffer (50 mM, pH = 7.4) in 

the absence and in the presence of L-cysteine at 0.5 mM or 5 mM (in 5 or 50 times excess versus 

the NO-donor derivative). Nitrite production was evaluated for all compounds after 1 hour 

incubation and, for selected compounds, over 5 hours incubation at 37 °C. At fixed time-points, 1 

mL of the reaction mixture was treated with 250 L of the Griess reagent [sulfanilamide (4 g), N-

naphthylethylenediamine dihydrochloride (0.2 g), and 85% phosphoric acid (10 mL) in distilled 

water (final volume: 100 mL)]. After 10 min at room temperature, the absorbance was measured at 

540 nm; 10-60 nmol/mL sodium nitrite standard solutions were used for the calibration curve. The 

yield in nitrite is expressed as percent NO2
- (mol/mol)  SEM. 

 

Solubility determination 

The solubility of the compounds was determined at 25 °C (0.5°C) in water and in the vehicle used 

for pharmacological characterization. To evaluate water solubility, 5 mg of compound were added 

to increasing amounts of water (starting from 100 µL); the solution was kept under magnetic 

stirring for 1h at room temperature. To evaluate solubility in the vehicle, 50 µL Cremophor EL and 



3 µL DMSO were added to 10 mg of compound, the mixture was shaken vigorously, then 947 µL 

PBS pH6 (containing 0.2 mg / mL of benzalkonium chloride) were added; the solution was kept 

under magnetic stirring for 1h at room temperature. 

 

Transient ocular hypertensive rabbit model 

Adult male New Zealand white rabbits (NZW) weighing 1.8-2.0 kg were used in the experiments. 

Four to eight animals were used for each experimental group. The experimental procedures 

conformed to those of the Association for Research in Vision and Ophthalmology, Resolution on 

the use of the animals, and were conducted upon authorization of the Italian Regulation Board for 

the protection of animals used for experimental and other scientific purpose (DM 116/1992) as well 

as in agreement with EU Regulations (OJ of ECL 358/1, 12/12/1986).The study was approved by 

the local animal care committee of the University of Florence (Italy). The animals were kept in 

individual cages; food and water were provided ad libitum. The animals were identified with a 

tattoo on the ear, numbered consecutively, and maintained on a 12-12 h light/dark cycle in a 

temperature controlled room (22-23 °C). The transient ocular hypertensive rabbit model was used to 

assess the intraocular pressure (IOP) lowering activity of selected compounds.7, 8 The increase in 

IOP was induced by injecting 100 L of sterile hypertonic saline (5%) into the vitreous bilaterally 

in New Zealand white rabbits pre-anesthetized with tiletamine/zolazepam (Zoletil 50/50 mg/mL, 

Virbac) i.m. 0.05 mL/Kg plus xylazine (Xylor 2%) i.m. 0.02 ml/Kg. 

Compounds were dissolved in pirogen-free appropriate vehicle (phosphate buffer pH 6.0, 

cremophor EL 5%, DMSO 0.3% and benzalkonium chloride 0.02%) and administered as eye drops 

(30 l)  immediately after hypertonic saline injection. IOP was measured using a Tono-Pen AVIA®  

(Reichert Inc. Depew, NY) pre- (basal) and post-hypertonic saline injection, 30, 60, 120, and 240 

min after application of compound or vehicle.  

One drop of 0.2% oxybuprocaine hydrochloride, 4 mg/ml, was instilled into each eye immediately 

before each set of pressure measurements.  



The ocular hypotensive activity of the tested compounds is expressed in mmHg as the average 

difference in IOP between compound- and vehicle-treated eyes. p<0.05 is considered significant; 2-

way ANOVA followed by Bonferroni test. 

 

Ocular irritation and safety assessments 

In these experiments, the compounds were dissolved in the test vehicle and administered as eye 

drops at the indicated concentrations in normotensive NZW rabbits. The Draize eye test followed, 

to evaluate any potential effects on ocular irritation.9 
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