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Abstract A series of ten novel benzimidazole fused ellip-

ticine derivatives have been synthesized and these

compounds were evaluated for their antiproliferative activity

against four human cancer cell lines (Zr-75-1, MCF-7, HeLa,

and A-549). It is observed that all the synthesized compounds

showed significant antiproliferative activity with GI50 values

ranging from\0.1 to 34.6 lM, while the positive control,

etoposide demonstrated the GI50 in the range of

0.2–3.08 lM, respectively. Some of the compounds were

distinctly more potent than etoposide, with GI50 concentra-

tions in the submicromolar level on certain cell lines.
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Introduction

Cancer is the second leading cause of mortality in devel-

oped countries. Currently, chemotherapy is the most

important treatment for cancer and the ultimate goal is to

destroy the cancer cells without any harmful effect on the

normal cells. Within the past decade, advances in our

understanding of the cell cycle have presented new targets

that may allow for the development of more selective

chemotherapeutic agents—agents that target only cancer

cells. Cancer chemotherapy has achieved significant suc-

cess through the discovery of various new drugs. Despite

this progress, the discovery of most potent anti-cancer

agents is a challenging issue in cancer chemotherapy for

the future generations.

Ellipticine (1) was first identified in 1959 as a

compound in the leaves of a small tropical evergreen

Ochrosia elliptica Labill [1]. Ellipticine and its

derivatives display potent antitumor and anticancer

properties. More recent studies have also indicated that

ellipticine and its derivatives are active against HIV [2].

The predominant mechanisms of biological effects of

ellipticine were suggested to be intercalation into DNA

[3–6] and inhibition of topoisomerase-II [3, 7, 8]. The

most clinically successful ellipticinium salt to date is

9-hydroxy-N-methylellipticinium acetate (celiptium, 2),

a drug for the treatment of metastatic breast cancer,

myeloblastic leukemia and some solid tumors (Fig. 1)

[9, 10]. The main reasons for the interest in ellipticine

and its derivatives for clinical purposes are their high

efficiencies against several types of cancer, their limited

Electronic supplementary material The online version of this
article (doi:10.1007/s00706-016-1684-z) contains supplementary
material, which is available to authorized users.

& Reddymasu Sreenivasulu

reddymasu.msc@gmail.com

1 Department of Chemistry, Sri Krishnadevaraya University,

Anantapur 515 005, Andhra Pradesh, India

2 Department of Chemistry, Sri Chaitanya P.G. College,

Godavarikhani 505 209, India

3 Department of Chemistry, Acharya Nagarjuna University,

Nagarjuna Nagar 522 510, Andhra Pradesh, India

4 Centre for Chemical Sciences and Technology, Institute of

Science and Technology, Jawaharlal Nehru Technological

University, Hyderabad 500 085, India

123

Monatsh Chem (2016) 147:599–604

DOI 10.1007/s00706-016-1684-z

http://dx.doi.org/10.1007/s00706-016-1684-z
http://crossmark.crossref.org/dialog/?doi=10.1007/s00706-016-1684-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00706-016-1684-z&amp;domain=pdf


toxic side effects, and their lack of haematological

toxicity [3].

Similarly, benzimidazoles are an important class of

heterocyclic compounds and are promising scaffolds in

medicinal chemistry. Benzimidazole derivatives possess a

variety of biological activities such as antimicrobial [11],

anticancer [12], antifungal [13], and anti-inflammatory [14]

activities. Nocadazole (3) has potent antitubulin activity,

thus affecting the microtubule component of the

cytoskeleton, and it is one of the potent members of the

benzimidazole family [15].

In view of pharmacological importance of both ellip-

ticine and benzimidazole moieties, in this article, we

synthesized a novel series of benzimidazole fused ellip-

ticine derivatives 6a–6j and evaluated their

antiproliferative activity on selected human cancer cell

lines.

Results and discussion

Chemistry

The synthetic route for benzimidazole fused ellipticine

derivatives 6a–6j is outlined in Scheme 1. Compound 1

was treated with hexamethylenetetramine (HMTA), TFA at

reflux for 20 min to afford pure formylated ellipticine

compound 4. Further, aldehyde 4 was cyclized with dif-

ferent substituted 1,2-diaminobenzenes 5a–5j in presence

of aq. Na2S2O5 in ethanol at reflux for 4 h to afford pure

benzimidazole fused ellipticine derivatives 6a–6j.

Antiproliferative activity

The newly synthesized benzimidazole fused ellipticine

derivatives 6a–6j were evaluated for their antiproliferative

activity in four human cancer cell lines of breast (Zr-75-1,

MCF-7), cervical (HeLa), and lung (A-549) origin using

sulforhodamine B (SRB) method [16]. Etoposide was used

as the positive control and the results are summarized in

Table 1. It is observed that all the synthesized compounds

showed significant antiproliferative activity with GI50
values ranging from\0.1 to 34.6 lM, while the positive

control, etoposide demonstrated the GI50 in the range of

0.2–3.08 lM, respectively. The majority of the tested

compounds displayed potent growth inhibition on breast

(MCF-7), cervical (HeLa), and Lung (A-549) cancer cell

lines as compared to the breast cancer cell lines (Zr-75-1).

Some of the compounds like 6b, 6c, 6d, 6g, and 6j were

distinctly more potent than etoposide, with GI50 concen-

trations in the submicromolar level on certain cell lines.

Conclusion

The library of benzimidazole fused ellipticine derivatives

6a–6j was synthesized and evaluated for their antiprolif-

erative activity in four human cancer cell lines of Zr-75-1,

MCF-7, HeLa, and A-549. It is observed that all the syn-

thesized compounds showed significant antiproliferative

activity with GI50 values ranging from\0.1 to 34.6 lM,

while the positive control, etoposide demonstrated the GI50
in the range of 0.2–3.08 lM. Some of the compounds like

6b, 6c, 6d, 6g, and 6j were distinctly more potent than

etoposide, with GI50 concentrations in the submicromolar

level on certain cell lines.

Experimental

All reagents and solvents used were of commercial grade

and were used without any further purification. Progress of

reactions was monitored by thin layer chromatography

(TLC) performed on silica gel glass plates containing 60

F-254 and visualized on TLC was achieved under UV light

or with iodine indicator. Melting points were measured

with an Electro thermal melting point apparatus. 1H and
13C NMR spectra were recorded on Bruker XNMR/

XWINNMR (300 MHz) instruments. Chemical shifts (d)
are reported in ppm downfield from internal TMS stan-

dards. Signal multiplicities are represented by s (singlet), d

(doublet), dd (double doublet), and m (multiplet). ESI

Fig. 1 Structures of ellipticine (1), celiptium (2), and nocadazole (3)
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spectra were recorded on Micro mass, Quattro LC using

ESI? software with capillary voltage 3.98 kV and ESI

mode positive ion trap detector.

5,11-Dimethyl-6H-pyrido[4,3-b]carbazole-9-carbaldehyde

(4, C18H14N2O)

A reaction flask was charged with 10 g compound 1

(40.62 mmol), 28 g hexamethylenetetramine (HMTA,

203.14 mmol), and 30 cm3 TFA. The reaction mixture was

refluxed for 20 min and cooled to room temperature. The

resulted reaction mixture was basified with Na2CO3, and

extracted with CHCl3. The organic layer was washed with

brine and dried overNa2SO4, and thenfiltered and evaporated.

The crude residue was purified by SiO2 column chromatog-

raphy (CHCl3/MeOH = 9:1) to afford 4with 9.34 g, in 84 %

yield. M.p.: 360–362 �C; 1H NMR (300 MHz, DMSO-d6):

d = 2.85 (s, 3H), 7.64 (d, 1H, J = 8.4 Hz), 8.00 (dd, 2H),

8.38 (d, 1H, J = 8.4 Hz), 8.86 (s, 1H), 9.64 (s, 1H), 10.5 (s,

1H) ppm; 13C NMR (125.77 MHz, DMSO-d6): d = 191.9,

149.8, 146.7, 141.0, 140.7, 132.9, 128.8, 128.5, 128.1, 127.2,

123.2, 122.8, 116.0, 115.7, 111.0, 109.4, 14.3, 11.9 ppm; MS

(FAB): m/z = 275 ([M ? H]?).

9-(1H-Benzo[d]imidazol-2-yl)-5,11-dimethyl-6H-pyrido-

[4,3-b]carbazole (6a, C24H18N4)

A solution of 828 mg Na2S2O5 (4.36 mmol) in 1.6 cm3

H2O was added to 300 mg 5,11-dimethyl-6H-pyrido[4,3-

b]carbazole-9-carbaldehyde (4, 1.09 mmol) and added

118.3 mg o-phenylenediamine (5a, 1.09 mmol) in ethanol.

After completion of the reaction, the resulting mixture was

stirred at reflux for 4 h, the mixture diluted with 50 cm3 of

H2O and then extracted with DCM (2 9 40 cm3). The

combined extracts were washed with brine, dried over

Na2SO4, and evaporated in vacuo. The crude product was

purified by column chromatography using MeOH/DCM as

the eluent to afford pure compound 6a with 281 mg, in

71 % yield. M.p.: 370–372 �C; 1H NMR (300 MHz,

DMSO-d6): d = 2.88 (s, 3H), 3.28 (s, 3H), 7.35 (d, 1H),

7.45–7.51 (m, 2H), 7.56–7.67 (m, 2H), 7.69 (s, 1H),

7.72–7.75 (m, 1H), 8.46–8.59 (m, 2H), 8.86 (s, 1H), 9.23

(s, 1H), 9.45–9.47 (m, 1H) ppm; 13C NMR (75 MHz,

DMSO-d6): d = 11.8, 16.5, 110.9, 112.5, 115.8, 118.6,

118.9, 119.4, 121.7, 122.8, 123.5, 123.9, 126.8, 130.6,

131.8, 137.6, 138.5, 139.3, 140.3, 142.5, 149.8, 151.7 ppm;

MS (ESI): m/z = 363 ([M ? H]?).

9-(5-Methoxy-1H-benzo[d]imidazol-2-yl)-5,11-dimethyl-

6H-pyrido[4,3-b]carbazole (6b, C25H20N4O)

The compound 6b was prepared following the method

described for the preparation of the compound 6a,

Scheme 1
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5a; R = H
5b; R = 4-OMe
5c; R = 4,5-diOMe
5d; R = 4-CF3
5e; R = 4-Cl
5f; R = 4-NO2
5g; R = 4-F
5h; R = 4-Br; 
5i; R = 4,5-diCl
5j; R= 4,5-diNO2

1 4
5a-5j 6a-6j

6a; R = H
6b; R = 5-OMe
6c; R = 5,6-diOMe
6d; R = 5-CF3
6e; R = 5-Cl
6f; R = 5-NO2
6g; R = 5-F
6h; R = 5-Br; 
6i; R = 5,6-diCl
6j; R= 5,6-diNO2

EtOH, Na2S2O5
reflux, 4 hHMTA

Table 1 Antiproliferative activity (GI50 lM) of compounds 6a–6j

Compound Zr-75-1 MCF-7 HeLa A-549

6a 34.6 2.76 5.40 –

6b 1.56 \0.1 \0.1 0.19

6c 0.12 \0.1 1.45 0.13

6d 2.12 0.15 0.17 \0.1

6e – 2.56 – 2.94

6f 3.67 – 8.34 2.32

6g 1.72 2.24 – 1.50

6h – 2.78 4.78 24.9

6i 6.57 2.39 7.96 –

6j 1.29 0.16 – 0.33

Etoposide 0.20 2.10 0.61 3.08

‘‘–’’ not determined
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employing 300 mg compound 4 (1.09 mmol), 0.13 cm3

4-methoxybenzene-1,2-diamine (5b, 1.09 mmol), 828 mg

Na2S2O5 (4.36 mmol) in ethanol, and 1.6 cm3 H2O. The

crude product was purified by column chromatography

with MeOH/DCM (1:9) to afford pure compound 6b,

314 mg in 73 % yield. M.p.: 374–376 �C; 1H NMR

(300 MHz, DMSO-d6): d = 2.90 (s, 3H), 3.21 (s, 3H),

3.84 (s, 3H), 6.54 (s, 1H), 7.14 (d, 1H, J = 8.2 Hz),

7.34–7.47 (m, 3H), 7.56 (d, 1H, J = 9.3 Hz), 8.57–8.68

(m, 2H), 8.93 (s, 1H), 9.17 (s, 1H), 9.23 (s, 1H) ppm; 13C

NMR (75 MHz, DMSO-d6): d = 11.9, 14.7, 54.6, 100.3,

107.6, 111.9, 112.6, 114.6, 117.9, 119.4, 119.8, 121.6,

123.3, 123.9, 126.2, 130.7, 131.4, 133.7, 137.8, 140.5,

141.3, 141.8, 151.8, 152.4, 156.4 ppm; MS (ESI): m/z =

393 ([M ? H]?).

9-(5,6-Dimethoxy-1H-benzo[d]imidazol-2-yl)-5,11-dime-

thyl-6H-pyrido[4,3-b]carbazole (6c, C26H22N4O2)

The compound 6c was prepared following the method

described for the preparation of the compound 6a,

employing 300 mg compound 4 (1.09 mmol), 183 mg

4,5-dimethoxybenzene-1,2-diamine (5c, 1.09 mmol),

828 mg Na2S2O5 (4.36 mmol) in ethanol, and 1.6 cm3

H2O. The crude product was purified by column chro-

matography with MeOH/DCM (1:9) to afford pure

compound 6c, 279 mg in 61 % yield. M.p.: 378–380 �C;
1H NMR (300 MHz, DMSO-d6): d = 2.79 (s, 3H), 3.27 (s,

3H), 3.89 (s, 6H), 6.67 (s, 2H), 7.35–7.42 (m, 2H), 7.58 (d,

1H, J = 8.1 Hz), 8.48–8.57 (m, 2H), 8.76 (s, 1H), 8.96 (s,

1H), 9.18 (s, 1H) ppm; 13C NMR (75 MHz, DMSO-d6):

d = 11.3, 14.6, 55.7, 97.6, 98.9, 110.6, 112.3, 117.6, 119.5,

119.9, 120.9, 121.7, 122.9, 126.4, 130.5, 131.1, 134.8,

138.6, 140.6, 142.7, 147.3, 150.4, 151.6, 152.8 ppm; MS

(ESI): m/z = 423 ([M ? H]?).

5,11-Dimethyl-9-[5-(trifluoromethyl)-1H-benzo[d]imida-

zol-2-yl]-6H-pyrido[4,3-b]carbazole (6d, C25H17F3N4)

The compound 6d was prepared following the method

described for the preparation of the compound 6a,

employing 300 mg compound 4 (1.09 mmol), 191 mg

4-(trifluoromethyl)benzene-1,2-diamine (5d, 1.09 mmol),

828 mg Na2S2O5 (4.36 mmol) in ethanol, and 1.6 cm3

H2O. The crude product was purified by column chro-

matography with MeOH/DCM (1:9) to afford pure

compound 6d, 321 mg in 68 % yield. M.p.: 383–385 �C;
1H NMR (300 MHz, DMSO-d6): d = 2.71 (s, 3H), 3.28 (s,

3H), 7.32 (d, 1H, J = 8.2 Hz), 7.43 (s, 1H), 7.53–7.65 (m,

2H), 7.68–7.77 (m, 1H), 7.84–7.89 (m, 1H), 8.34–8.41 (m,

2H), 8.51 (s, 1H), 8.59 (s, 1H), 9.21 (s, 1H) ppm; 13C NMR

(75 MHz, DMSO-d6): d = 12.5, 14.8, 110.3, 112.8, 115.7,

117.8, 118.5, 118.9, 120.6, 120.9, 121.8, 122.6, 122.8,

123.5, 126.5, 129.7, 130.9, 137.6, 138.7, 138.8, 140.7,

141.9, 150.6, 152.9 ppm; MS (ESI): m/z = 431

([M ? H]?).

9-(5-Chloro-1H-benzo[d]imidazol-2-yl)-5,11-dimethyl-6H-

pyrido[4,3-b]carbazole (6e, C24H17ClN4)

The compound 6e was prepared following the method

described for the preparation of the compound 6a,

employing 300 mg compound 4 (1.09 mmol), 155 mg

4-chlorobenzene-1,2-diamine (5e, 1.09 mmol), 828 mg

Na2S2O5 (4.36 mmol) in ethanol, and 1.6 cm3 H2O. The

crude product was purified by column chromatography

with MeOH/DCM (1:9) to afford pure compound 6e,

341 mg in 79 % yield. M.p.: 388–390 �C; 1H NMR

(300 MHz, DMSO-d6): d = 2.83 (s, 3H), 3.41 (s, 3H),

7.28 (d, 1H, J = 8.5 Hz), 7.37 (d, 1H, J = 8.1 Hz),

7.47–7.54 (m, 3H), 7.66–7.69 (m, 1H), 8.54–8.59 (m,

2H), 8.63 (s, 1H), 8.67 (s, 1H), 9.28 (s, 1H) ppm; 13C NMR

(75 MHz, DMSO-d6): d = 12.6, 15.9, 112.5, 112.9, 118.5,

119.7, 119.9, 120.6, 122.4, 121.9, 123.4, 123.7, 124.6,

125.8, 126.5, 130.5, 134.7, 135.8, 138.6, 140.4, 140.8,

150.5, 152.7 ppm; MS (ESI): m/z = 397 ([M ? H]?).

5,11-Dimethyl-9-(5-nitro-1H-benzo[d]imidazol-2-yl)-6H-

pyrido[4,3-b]carbazole (6f, C24H17N5O2)

The compound 6f was prepared following the method

described for the preparation of the compound 6a,

employing 300 mg compound 4 (1.09 mmol), 167 mg

4-nitrobenzene-1,2-diamine (5f, 1.09 mmol), 828 mg Na2-
S2O5 (4.36 mmol) in ethanol, and 1.6 cm3 H2O. The crude

product was purified by column chromatography with

MeOH/DCM (1:9) to afford pure compound 6f, 361 mg in

81 % yield. M.p.: 401–403 �C; 1H NMR (300 MHz,

DMSO-d6): d = 2.81 (s, 3H), 3.42 (s, 3H), 7.36 (d, 1H,

J = 8.3 Hz), 7.46 (s, 1H), 7.53–7.66 (m, 2H), 8.23 (d, 1H,

J = 8.5 Hz), 8.35-8.49 (m, 3H), 8.66 (s, 1H), 8.69 (s, 1H),

9.31 (s, 1H) ppm; 13C NMR (75 MHz, DMSO-d6):

d = 12.8, 16.4, 112.3, 114.6, 115.6, 115.9, 118.9, 120.5,

120.7, 121.2, 121.9, 123.5, 123.9, 125.6 130.5, 131.8,

137.6, 137.9, 139.7, 140.9, 141.6, 143.5, 153.8, 154.6 ppm;

MS (ESI): m/z = 408 ([M ? H]?).

9-(5-Fluoro-1H-benzo[d]imidazol-2-yl)-5,11-dimethyl-6H-

pyrido[4,3-b]carbazole (6g, C24H17FN4)

The compound 6g was prepared following the method

described for the preparation of the compound 6a,

employing 300 mg compound 4 (1.09 mmol), 138 mg

4-fluorobenzene-1,2-diamine (5g, 1.09 mmol), 828 mg

Na2S2O5 (4.36 mmol) in ethanol, and 1.6 cm3 H2O. The

crude product was purified by column chromatography

with MeOH/DCM (1:9) to afford pure compound 6g,

336 mg in 81 % yield. M.p.: 379–381 �C; 1H NMR

(300 MHz, DMSO-d6): d = 2.77 (s, 3H), 3.24 (s, 3H),

7.30–7.38 (m, 2H), 7.40–7.48 (m, 2H), 7.54–7.60 (m, 1H),

7.68 (d, 1H, J = 8.1 Hz), 8.45–8.53 (m, 2H), 8.22 (s, 1H),

8.34 (s, 1H), 9.15 (s, 1H) ppm; 13C NMR (75 MHz,

DMSO-d6): d = 11.8, 14.6, 101.4, 110.6, 112.3, 113.9,

114.3, 117.8, 119.7, 120.6, 120.9, 121.7, 122.3, 125.6,

602 N. Bramhananda Reddy et al.
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129.8, 134.8, 138.7, 140.7, 141.7, 142.8, 151.6, 152.7,

160.4 ppm; MS (ESI): m/z = 381 ([M ? H]?).

9-(5-Bromo-1H-benzo[d]imidazol-2-yl)-5,11-dimethyl-6H-

pyrido[4,3-b]carbazole (6h, C24H17BrN4)

The compound 6h was prepared following the method

described for the preparation of the compound 6a,

employing 300 mg compound 4 (1.09 mmol), 149 mg

4-bromobenzene-1,2-diamine (5h, 1.09 mmol), 828 mg

Na2S2O5 (4.36 mmol) in ethanol, and 1.6 cm3 H2O. The

crude product was purified by column chromatography

with MeOH/DCM (1:9) to afford pure compound 6h,

348 mg in 72 % yield. M.p.: 409–411 �C; 1H NMR

(300 MHz, DMSO-d6): d = 2.81 (s, 3H), 3.37 (s, 3H),

7.34 (d, 1H, J = 8.4 Hz), 7.47–7.76 (m, 5H), 8.42–8.56

(m, 2H), 8.30 (s, 1H), 8.43 (s, 1H), 9.26 (s, 1H) ppm; 13C

NMR (75 MHz, DMSO-d6): d = 12.8, 16.8, 112.4, 112.9,

113.6, 119.4, 119.8, 120.4, 121.6, 121.9, 123.5, 123.9,

126.3, 126.8, 128.6, 129.8, 131.4, 137.5, 138.4, 140.7,

142.2, 151.8, 154.5 ppm; MS (ESI): m/z = 442

([M ? H]?).

9-(5,6-Dichloro-1H-benzo[d]imidazol-2-yl)-5,11-dimethyl-

6H-pyrido[4,3-b]carbazole (6i, C24H16Cl2N4)

The compound 6i was prepared following the method

described for the preparation of the compound 6a,

employing 300 mg compound 4 (1.09 mmol), 193 mg

4,5-dichlorobenzene-1,2-diamine (5i, 1.09 mmol), 828 mg

Na2S2O5 (4.36 mmol) in ethanol, and 1.6 cm3 H2O. The

crude product was purified by column chromatography

with MeOH/DCM (1:9) to afford pure compound 6i,

364 mg in 77 % yield. M.p.: 417–419 �C; 1H NMR

(300 MHz, DMSO-d6): d = 2.90 (s, 3H), 3.39 (s, 3H),

7.31 (d, 1H, J = 8.1 Hz), 7.54–7.59 (m, 2H), 7.69 (s, 2H),

8.30–8.43 (m, 2H), 8.49 (s, 1H), 8.53 (s, 1H), 9.34 (s, 1H)

ppm; 13C NMR (75 MHz, DMSO-d6): d = 13.4, 16.9,

112.7, 114.9, 118.7, 119.9, 120.5, 120.8, 121.8, 122.7,

123.6, 123.9, 128.5, 128.9, 130.8, 131.5, 131.8, 134.2,

134.8, 140.6, 142.3, 143.5, 154.7, 155.8 ppm; MS (ESI):

m/z = 432 ([M ? H]?).

9-(5,6-Dinitro-1H-benzo[d]imidazol-2-yl)-5,11-dimethyl-

6H-pyrido[4,3-b]carbazole (6j, C24H16N6O4)

The compound 6j was prepared following the method

described for the preparation of the compound 6a,

employing 300 mg compound 4 (1.09 mmol), 216 mg

4,5-dinitrobenzene-1,2-diamine (5j, 1.09 mmol), 828 mg

Na2S2O5 (4.36 mmol) in ethanol, and 1.6 cm3 H2O. The

crude product was purified by column chromatography

with MeOH/DCM (1:9) to afford pure compound 6j,

374 mg in 76 % yield. M.p.: 421–423 �C; 1H NMR

(300 MHz, DMSO-d6): d = 2.94 (s, 3H), 3.43 (s, 3H),

7.27 (d, 1H, J = 8.1 Hz), 7.47 (s, 1H), 7.55 (d, 1H,

J = 9.2 Hz), 8.42 (s, 2H), 8.54–8.61 (m, 2H), 8.67 (s, 1H),

8.69 (s, 1H), 9.39 (s, 1H) ppm; 13C NMR (75 MHz,

DMSO-d6): d = 13.8, 16.9, 110.7, 112.9, 114.5, 117.8,

118.8, 120.3, 121.6, 123.5, 123.9, 126.8, 132.5, 132.8,

138.6, 140.6, 140.8, 141.4, 142.6, 143.7, 144,5, 155.4,

156.8 ppm; MS (ESI): m/z = 453 ([M ? H]?).

Procedure of the SRB assay

The synthesized compounds 6a–6j have been evaluated for

their in vitro cytotoxicity in human cancer cell lines. A

protocol of 48 h continuous drug exposure has been used

and a sulforhodamine B (SRB) protein assay has been used

to estimate cell viability or growth. The cell lines were

grown in DMEM medium containing 10 % fetal bovine

serum and 2 mM L-glutamine and were inoculated into 96

well microtiter plates in 90 cm3 at plating densities

depending on the doubling time of individual cell lines.

The microtiter plates were incubated at 37 �C, 5 % CO2,

95 % air, and 100 % relative humidity for 24 h prior to

addition of experimental drugs. Aliquots of 10 cm3 of the

drug dilutions were added to the appropriate microtiter

wells already containing 90 cm3 of cells, resulting in the

required final drug concentrations. For each compound,

four concentrations (0.1, 1, 10, and 100 lM) were evalu-

ated and each was done in triplicate wells. Plates were

incubated further for 48 h and assay was terminated by the

addition of 50 cm3 of cold trichloroacetic acid (TCA) (final

concentration 10 % TCA) and incubated for 60 min at

4 �C. The plates were washed five times with tap water and

air dried. Sulforhodamine B (SRB) solution (50 cm3) at

0.4 % (w/v) in 1 % acetic acid was added to each of the

cells, and plates were incubated for 20 min at room tem-

perature. The residual dye was removed by washing five

times with 1 % acetic acid. The plates were air dried.

Bound stain was subsequently eluted with 10 mM trizma

base, and the absorbance was read on an ELISA plate

reader at a wavelength of 540 nm with 690 nm reference

wavelengths. Percent growth was calculated on a plate-by-

plate basis for test wells relative to control wells. The

above determinations were repeated three times. Percent-

age growth was expressed as the (ratio of average

absorbance of the test well to the average absorbance of the

control wells) 9 100. Growth inhibition of 50 % (GI50)

was calculated from [(Ti - Tz)/(C - Tz)] 9 100 = 50,

which is the drug concentration resulting in a 50 %

reduction in the net protein increase (as measured by SRB

staining) in control cells during the drug incubation, where

Tz = optical density at time zero, C = control growth, and

Ti = test growth in the presence of drug at the four con-

centration levels.
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