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INTRODUCTION

Rho kinase, named Rho associated kinases, also known

as Rho-associated coiled-coil forming protein serine kinase

(ROCK), it plays a pivotal role in diverse cellular functions,

including hypertension1, erectile dysfunction2, coronary and

cerebral vasospasm3, glaucoma4,5, atherosclerosis6, asthma7,

multiple sclerosis (MS)8, cancer9, and stroke10. It has recently

been reported that the Rho/Rho-kinase mediated pathway

(Rho-kinase pathway) is involved in the pathogenesis of

various cardiovascular disorders. In clinical situations, the Rho-

kinase pathway contributes to the occurrence of both epicardial

and microvascular coronary artery spasm and the augmentation

of peripheral vascular resistance in both patients with hyper-

tension and normotensive current smokers10. So Rho kinases

are now regarded as attractive, well-drugable targets and they

provide new ways of developing therapeutic strategies for the

treatment.

The ligand-binding pocket of the Rho kinase model was

put forward, which is useful for developing new Rho kinase

inhibitors with higher potency and selectivity. The ligand-

binding pocket could be divided into three regions, region A,

F, D, as shown11 in Fig. 1. During the last two decades, Rho

kinase inhibitors have been intensively studied11-16. Majority

of works was focused on the combination mode of kinase with

inhibitor at the bottom of the ligand-binding pocket (A region)

and the effects of inhibitors to D region are rarely toughed.

Fasudil, the only one marketed Rho kinase inhibitor, as a safe

and clinically drug for treatment of cerebral vasospasm after
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subarachnoid hemorrhage, has also been examined for

treatment of axonal loss in CIDP patients17,18. The obtained

results are quite encouraging.

Then in our previous work, (S)-6H-1-(5-isoquinolinesul-

fonyl)-2-hydroxy -methyl-1-pyrrolidine displayed high inhi-

bitory activity. Therefore, in this paper, we summarized our

work on a new series of it isosteres and enantiomers, the Rho

kinase inhibitory activities were evaluated and cell viability

were systematically evaluated by MTT assay and LDH assay.

We focus on to screen out Rho kinase inhibitors with better

cell viability and significant inhibition activity simultaneously.

Glu 165
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Fig. 1. Ligand-binding pocket of Rho kinase homology model [Ref. 11]
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EXPERIMENTAL

All the chemicals were purchased from Guangfu

Technology Development Co., Ltd., Tianjin (China) and Chase

Sun Pharmaceutical Co., Ltd., Tianjin (China) unless otherwise

stated. All reagents were used as purchased from commercial

suppliers without further purification. Solvents were dried and

purified according to standard procedures before use. The

course of reactions was monitored by TLC (silica gel GF254s),

Flash chromatography was performed using 200~300 mesh

silica gel. 1H and 13C NMR spectra were recorded on INOVA

400/600 Hz spectrometer with TMS as an internal standard.

HR-MS was recorded on MicroOTOF-Q II.

Fasudil nitrogen oxides (1#): Fasudil hydrochloride (5 g,

13.7 mmol) was slowly added to a saturated sodium bicar-

bonate solution (2.50 g, 20 mmol), the pH of the solution was

kept at 5-6. The mixture was stirred for 0.5 h and extracted

with 80 mL of CH2Cl2. The organic layer was dried over anhy-

drous Na2SO4, filtered and concentrated. The M-chloropero-

xybenzoic acid (2.50 g, 14.5 mmol) was added dropwise to

the organic layer in 35 mL dichloromethane. The reaction

mixture was stirred at 30 °C for 1 h. The organic layer was

dried over anhydrous Na2SO4, filtered and concentrated. The

crude was purified by flash chromatography (ethyl acetate) to

afford compound 1 (4.49 g, 82.17 %) yellow oil. 1H NMR

(400 MHz, CDCl3) δ: 9.42 (s, 1 H), 8.74 (s, 2 H), 8.49 (d, J =

7.3 Hz, 1 H), 8.29 (d, J = 8.1 Hz, 1 H), 7.78 (t, J = 7.8 Hz,

1 H), 3.97-3.82 (m, 1 H), 3.71 (d, J = 11.4, 4.9 Hz, 2 H), 3.56-

3.32 (m, 2 H), 1.99-1.70 (m, 3 H), 1.66-1.51 (m, 1 H). 13C

NMR (100 MHz, CDCl3) δ: 14.79, 21.38, 25.13, 30.53, 61.78,

104.15, 127.04, 129.33, 131.52, 134.22, 134.28, 136.16,

137.20, 173.24.

(S)-6H-1-(5-Isoquinolinesulfonyl)-2-hydroxymethyl-1-

pyrrolidine (2#): Isoquinoline sulfonyl chloride hydrochloride

(5 g, 18.9 mmol) was slowly added to a saturated sodium

bicarbonate solution (2.52 g, 30 mmol), the pH of the solution

was kept at 5-6. The mixture was stirred 0.5 h and extracted

with 20 mL CH2Cl2. The organic layers were dried and

concentrated. The residue dissolved in 20 mL CH2Cl2 was

added dropwise to the flask containing D-prolinol (2.29 g,

22.6 mmol) and triethylamine (1.91 g, 18.9 mmol). The

mixture was stirred at 0-5 °C for 2 h. Then it was concentrated

and the residue was dissolved in 50 mL ethyl acetate. The

organic layer was washed with 20 mL water for three times.

After dried and concentrated, the residue was purified by flash

chromatography (ethyl acetate) to afford compound 2 (5.29

g, 95 %) yellow oil. 1H NMR (400 MHz, CDCl3) δ: 9.42 (s,

1H), 8.74 (s, 2H), 8.49 (d, J = 7.3 Hz, 1H), 8.29 (d, J = 8.1 Hz,

1H), 7.78 (t, J = 7.8 Hz, 1H), 3.97-3.82 (m, 1H), 3.71 (dd, J =

11.4, 4.9 Hz, 2H), 3.56-3.32 (m, 2H), 1.99-1.70 (m, 2H), 1.66-

1.51 (m, 2H). 13C NMR (100 MHz, CDCl3) δ: 25.27, 29.39,

50.44, 62.70, 65.04, 124.31, 130.13, 131.35, 134.52, 136.42,

136.71, 137.41, 139.97, 149.74.

(S)-6H-1-(5-Isoquinolinesulfonyl)-2-chloromethyl-1-

pyrrolidine (3#): Compound 2 (5 g, 0.02 mol) was added to

thionyl chloride (20 mL, 0.27 mol) and the reaction mixture

was stirred at 40 °C for 8 h. And then thionyl chloride was

distilled. The saturated aqueous solution of sodium bicarbonate

was added to keep the pH of the solution was 7-8. The residue

was extracted with 60 mL of CH2Cl2. The crude was purified

by flash chromatography (ethyl acetate) to afford compound

3 (3.91 g, 75 %) dense yellow oil. 1H NMR (400 MHz, CD3OD)

δ: 9.87 (s, 1 H), 8.93 (d, J = 5.8 Hz, 1 H), 8.72 (s, 1 H), 8.61

(d, J = 7.3 Hz, 2 H), 7.92 (t, J = 7.4 Hz, 1 H), 4.14 (s, 1 H),

3.78 (d, J = 11 Hz, 1 H), 3.66-3.50 (m, 1 H), 3.40 (d, J = 16.5

Hz, 2 H), 2.18-1.56 (m, 5 H). 13C NMR (100 MHz, CD3OD)

δ: 25.12, 30.46, 47.69, 49.47, 50.87, 62, 124.20, 130.17,

131.45, 134.51, 136.13, 136.72, 137.68, 140.17, 149.80.

(R)-6H-1-(5-Isoquinolinesulfonyl)-2-carboxyl-1-pyrro-

lidine (4#): Isoquinoline sulfonyl chloride hydrochloride (2

g, 7.60 mmol) was dissolved in 25 mL ice water to keep the

temperature at 0-5 °C. To solution of isoquinoline sulfonyl

chloride hydrochloride was added dropwise to L-proline (1 g,

8.69 mmol) and sodium carbonate (1.11 g, 10.4 mmol) in 25

mL ice water. The reaction was keep to 0-5 °C for 2 h. The

aqueous layer was concentrated. The residue was extracted

with 30 mL CH3OH. The crude was purified by flash chroma-

tography (ethyl acetate) to afford compound 4 (0.23 g, 14 %)

dense yellow oil; 1H NMR (600 MHz, CDCl3) δ: 9.47 (s, 1H),

8.87-8.62 (d, J = 9.6 Hz, 2H), 8.67 (s, 1H), 8.55 (d, J = 10.8

Hz, 1H), 8.37 (s, 1H), 7.86 (t, J = 11.7 Hz, 1H), 4.27 (t, J =

11.4 Hz, 1H), 3.5 (m, 1H), 2.47-2.45 (m, 2 H), 2.16-2.13 (m,

2H), 2.13-2.09 (m, 2H). 13C NMR (150 MHz, CDCl3) δ: 25.86,

32.25, 53.44, 61.93, 123.94, 130.04, 131.25, 135.25, 136.27,

137.76, 139.81, 149.95, 174.07, 175.26.

(S)-6H-1-(5-Isoquinolinesulfonyl)-2-carboxyl-1-

pyrrolidine (5#): Following similar compound 4 procedure,

compound 5 was prepared from D-proline. The crude was

purified by flash chromatography (ethyl acetate) to afford

compound 5 (0.23 g, 14 %) dense yellow oil; 1H NMR (600

MHz, CDCl3) δ: 9.47 (s, 1H), 8.87-8.82 (d, J = 9.6 Hz, 2H),

8.67 (s, 1H), 8.55 (d, J = 10.8 Hz, 1H), 8.37 (s, 1H), 7.86 (t,

J = 11.7 Hz, 1H), 4.27 (t, J = 11.4 Hz, 1H), 3.5 (m, 1H), 2.47-

2.45 (m, 2 H), 2.16-2.13 (m, 2H), 2.13-2.09 (m, 2H). 13C NMR

(150 MHz, CDCl3) δ: 25.86, 32.38, 53.39, 61.84, 123.73,

130.04, 131.25, 135.25, 136.17, 137.62, 139.76, 149.92,

174.07, 175.26.

(R)-6H-1-(5-Isoquinolinesulfonyl)-2-fluorinated-

methyl-1-pyrrolidine (6#): To a solution of methanesulfonyl

chloride (1.71 g ,15 mmol) was added dropwise to (R)-6H-1-

(5-isoquinolinesulfonyl)-2-hydroxymethyl-1-pyrrolidine

(3.80 g, 13 mmol) and triethylamine (1.85 g, 18.3 mmol) in

40 mL dichloromethane. The reaction mixture was stirred at

0-5 °C for 2 h. The organic layer was washed with 20 mL

water for twice. And then the organic layer was dried and

concentrated, afford yellow oil (4.30 g, 90.3 %); to solution

the tetrabutylammonium fluoride (1.88 g, 7.2 mmol) was added

dropwise to the yellow oil (4.30 g, 11.6 mmol) dissolved in

30 mL tetrahydrofuran. The reaction mixture was stirred at 65

°C for 8 h and then tetrabutylammonium fluoride was distilled.

The crude was purified by flash chromatography (ethyl acetate:

petroleum ether = 2:1, v/v) to afford compound 6 (0.92 g, 27

%) dense yellow oil; m.p.: 178.2-179.1 °C. 1H NMR (600 MHz,

CDCl3) δ: 10.23 (d, J = 10.7 Hz, 1H), 9.25 (d, J = 6.8 Hz, 1H),

8.97-8.65 (m, 2H), 8.11 (t, J = 7.8 Hz, 1H), 7.28 (s, 1H), 4.34

(m, 1H), 4.20 (m, 1H), 3.75-3.67 (m, 2H), 2.13-2.10 (m, 2H),
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1.52-1.03 (t, J = 5.4 Hz, 1H). 13C NMR (150 MHz,  CDCl3) δ:

25.13, 30.44, 47.73, 50.90, 61.96, 123.95, 130.19, 131.29,

135.09, 135.89, 136.53, 137.63, 139.94, 150.05.

(S)-4-Hydroxyl-(2-carboxyl-pyrrolidine-1-sulfonyl)-

isoquinoline (7#): Compound 7 was similarly prepared from

trans-4-hydroxy-L-proline in 46 % yield. 1H NMR (600 MHz,

D2O) δ: 9.36 (s, 1H), 8.78 (s, 1H), 8.76 (s, 1H), 8.58-8.62 (d,

J = 9.6 Hz, 2H), 7.82 (d, J = 11.4 Hz, 1H), 4.27 (t, J = 11.4

Hz, 1H), 3.63 (s, 1H), 3.40-3.32 (m, 2 H), 2.13-2.11 (m, 2H).
13C NMR (150 MHz, D2O) δ: 26.34, 30.65, 51.97, 71.51,

128.73, 130.04, 133.25, 135.25, 136.17, 137.62,142.76,

150.92, 176.07, 179.26.

BV-2 microglia cell materials: Culture of BV-2 cells:

rat BV-2 microglia cell lines were bought from American Type

Culture Collection (ATCC) and subcultured by Professor

Xiao's laboratory. BV-2 microglia cells were initially seeded

at 1 × 105 mL cells into DMEM culture dish (10 cm2), DMEM

nutrient solution containing 10 % FBS was added to them,

which were cultured and subcultured at 37 °C in 5 % CO2

atmosphere.

Primary neurons culture: Mouse cortex from 16-18

embryonic day old mice was dissected under a microscope

and then dissociated in neurobasal medium (Gibco) containing

2 % B27 (Gibco). 100 µg/mL streptomycin and 100 U/mL

penicillin (Gibco) were then added to tissue samples. Blood

vessels and other fibres were removed by filtration using a 40

µm sterile nylon filter. The cell suspension (1 × 106 cells/cm2)

was then plated onto flasks coated with poly-D-lysine (0.1

mg/mL, Sigma). Primary neurons were cultured at 37 °C in a

humidified cell incubator under 5 % CO2 for approximately

7-10 days. Primary neurons were cultured at 37 °C in a humi-

dified cell incubator under 5 % CO2 for approximately 7-10

days. Primary neurons were then cultured for 24 h in the

presence of fasudil and compounds 1-8 (15 µg/mL).

ROCK activity assay: ROCK activity was measured

using the CycLex Research Product ROCK assay kit (cat. #

CY-1160). It has been used to determine ROCK activity in

cell extracts and tissue cytosol (CycLex Co., Ltd, Nagano,

Japan). BV-2 microglial cells were homogenized on ice in four

volumes of an appropriate extraction buffer (pH 8), which

included 0.1 % triton X-100, 50 mM tris-HCl, 1 mM EGTA,

1 mM EDTA, 10 mM NaF, 0.5 mM PMSF and 10 mM β-

mercapto-ethanol. BV-2 microglial cells were then centrifuged

for 0.5 h to collect the supernatant. Protein concentration was

determined by a BicinChoninic acid protein assay kit (Pierce,

USA). ROCK activity in the supernatant fraction (100 µL

fraction containing 50 ng protein) was determined following

the manufacturer's instructions. Optical density was measured

at 490 nm. Experiments were also performed in the presence

of Fasudil and the synthesised compounds (10 µg/mL) for 24 h.

3-[4,5-Dimethyltyhiazol-2-yl]-2,5-diphenyl tetrazolium

bromide assays: Cell viability was assessed by [3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]

assay19. Cells were seeded (100 µL BV-2 microglial cell

suspension) at a cell density of 1 × 104 cells/well onto 96-well

plates and kept overnight. Fasudil and synthesized compounds

(15 µg/mL) were added for 24 h. The medium was removed

and the cells were incubated in FBS-free medium containing

0.5 mg/mL MTT. After an incubation period of 4 h at 37 °C,

the medium was discarded. Formazan blue that formed in the

cells was dissolved in DMSO and the optical density was

measured at 490 nm. All cell culture experiments were

performed in triplicate and repeated at least three times.

Lactate dehydrogenase assays: Cell death was measured

by lactate deyhydrogenase release in culture medium20,21.

Levels of LDH release in supernatants of BV-2 microglial cells

were measured with a cytotoxicity detection kit (Promega)

according to the manufacturer's protocol. The optical density

was measured at 490 nm. Maximum LDH release assessed by

freeze-thaw lysing of normal culture cells was considered as

control value (100 % LDH release). Data were expressed as a

percentage of the control value.

RESULTS AND DISCUSSION

Fasudil, the only marketed Rho kinase inhibitor, as the

reference compound, homopiperazine of Fasudil were replaced

by pyrrolidine. Seven isoquinoline Rho kinase inhibitors were

designed and synthesized. These compounds were fully charac-

terized by 1H and 13C NMR spectroscopy, IR and high-resolu-

tion mass-spectrometry. Their biological activity including Rho

kinase inhibitory activity, the cell viability were systematically

evaluated as shown in the following (Scheme-I).

Rho kinase inhibitory activity: The evaluation results

are shown in Fig. 2, it was found that compounds 2, 3, 6 have

shown excellent inhibitory abilities. The hydroxy group within

compound 2 is of great importance for the formation of

hydrogen bond and of help for improving the Rho Rho kinase

inhibitory activity. Compounds 3, 6 existing chlorine and

fluorine to be hydroxyl's isosteres, also gave rise to excellent

results. Compounds 4, 5, 7 gave rise to poor results and we

speculate that the carboxyl, exhibiting the acid, brought about

the poor results. As we known, the hydroxyl Fasudil exhibited

much higher Rho kinase inhibitory activity comparing to

Fasudil in vivo. The compound 1, as the hydroxyl Fasudil

intermediates, however, the Rho kinase inhibitory activity is

not very well.

Determination of cell viability by MTT assay (primary

neuronal cells and BV-2 microglia cells): According to the

Fig. 3a, it could be seen that compound 6 could exhibit better

ability than fausdil. Compound 1 are inferior to fasudil. Impor-

tantly, compounds 2, 5, 7 exhibited the similar ability with

fasudil. Then, we examined the concentration effect of the

activity of all the compounds (Fig. 3b). Results exhibited that

Fasudil in high concentration (50 µg/mL) caused the obvious

activity. By contrast, the activity of compound 6 did not change

in low concentration, while at medium and high concentration

the activity enhanced obviously. The changes, which were low

concentration to high concentrations, were not obvious.

As shown in Fig. 4a, it could be seen that the compounds

2, 6, exhibit a slight increase than other compounds. Therefore,

it is speculated that no obvious effect on BV-2 microglia cells.

In Fig. 4b, fasudil increased to 50 µg/mL could obviously

inhibit the activity, while the compound 6 in high concentration

(50 µg/mL) leaded to enhance activity. The rest of the com-

pounds from low concentration to high concentration had no

obvious influence.
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Fig. 3. Determination of cell viability by MTT assay (Primary neurons).

Primary neurons cultured with Fasudil and compounds 1-7; (a) 15

µg/mL; (b) the concentration is 1, 5, 15 and 50 µg/mL. All data

represent means ± standard deviations (error bars) for three separate

experiments
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Fig. 4. Determination of cell viability by MTT assay (BV-2 microglia).

BV-2 microglia cultured with Fasudil and compounds 1-7; (a) 15

µg/mL (b) the concentration is 1, 5, 15 and 50 µg/mL. All data

represent means ± standard deviations (error bars) for three separate

experiments

Determination of cell viability by LDH assay (primary

neuronal cells and BV-2 microglia cells): Compared with

the PBS treatment, compounds 2, 3 and 6 exhibited less toxicity

than fasudil (Fig. 5a). Meanwhile, compound 1 released more

toxicity than fasudil. Other compounds released similar toxicity

with Fasudil. Compounds 2, 6 could form hydrogen bonds

with Region D of the Rho kinase, which resulted in higher

cell viability. Compound 3 existing heteroatom chloro, to be

hydroxyl's isosteres, also gave rise to excellent results. As seen

in Fig. 5b, fasudil (50 µg/mL) had high cytotoxicity, while

compounds 2 and 6 in high concentrations not merely mediated

cytotoxicity, instead, they protected primary neurons to some

degree.
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Fig. 5. Determination of cell viability by LDH assay (primary neurons).

Primary neurons cultured with Fasudil and compounds 1-7; (a) 15

µg/mL (b) The concentration is 1, 5, 15 and 50 µg/mL. All data

represent means ± standard deviations (error bars) for three separate

experiments

As seen in Fig. 6a, compounds 2, 3 and 6 had the lower

cytotoxicity and fasudil was the highest toxicity. The rest of

the compounds showed less toxicity than fasudil. As the further

experiment, we performed the concentration effect of toxicity
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(Fig. 6b). Results exhibited that compound 6 high concen-

tration (50 µg/mL) could reduce the toxicity. But Fasudil in

high concentration (50 µg/mL) caused more obvious cytotoxicity.
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Fig. 6. Determination of cell viability by LDH assay. BV-2 microglia Cells

cultured with Fasudil and compounds 1-7; (a) 15 µg/mL (b) The

concentration is 1, 5, 15 and 50 µg/mL. All data represent means ±

standard deviations (error bars) for three separate experiments

Conclusion

Seven fasudil derivatives were designed and synthesized.

Their biological activities were systematically evaluated,

including Rho kinsase inhibitory activity, cell viability.

Compounds 2, 3 and 6 have better inhibitory activities of Rho

kinase, excellent biological activity and lower side effects than

fasudil. From the structures of compounds, it was found that

hydroxyl and halogen, considered as receptors, of hydrogen

bond between an inhibitor and kinase at the D region, which

effectively improve the inhibitory and bioactive abilities of

Rho kinase. The further studies towards compounds 2, 3 and

6 are current under investigation.
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