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Abstract Hepatocellular carcinoma (HCC) is a

prevalent human malignancy which its drug resistance

is increasing world-wide. This project was designed to

assess the anti-cancer effects of 4-bromo-2-(((5-

chloro-2-hydroxyphenyl) imino) methyl) phenol

([IV(L)] complex) on the HepG2 cell line and also

L929 cells, as normal cells. HepG2 and L929 cells

were cultured in RPMI culture medium and the

survival rates of the cells were determined after 24

and 48 h using MTT assay to find IC50 concentration

of vanadium m, [IV(L)] complex. The early apoptosis

and necrosis/late apoptosis were determined by means

of annexin V/PI apoptosis detection kit. The results

revealed that vanadium m, [IV(L)] complex induce

early apoptosis higher in HepG2 cell line than L929

cells. The rates of necrosis/late apoptosis were also

induced in HepG2 cells more than L929 cells. Based

on the results, vanadium m, [IV(L)] complex might be

considered as a safe new drug for treatment of HCC

with low side effects on control liver cells.

Keywords Vanadium complex �HepG2 cells � L929
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Abbreviations

HCC Hepatocellular carcinoma

Vanadiumm, [IV(L)]

complex

IV complex with 4-bromo-2-

(((5-chloro-2-

hydroxyphenyl) imino)

methyl) phenol (L)

FBS Fetal bovine serum

EDTA Ethylene diamine tetra acetic

acid

MTT 3-(4,5-Dimethylthiazol-2-

yl)-2,5- diphenyl tetrazolium

bromide

Introduction

It has been demonstrated that cancers are the main

cause of mortality in the human population (Winters
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et al. 2017; Tervonen et al. 2017). The Liver is a main

organ which can be suffered from cancers which are

induced by several factors such as drugs, viruses and

chronic inflammation (Ho et al. 2016). Several thera-

peutic approaches have been introduced for the treat-

ment of cancers including hepatocellular carcinoma

(HCC) including radiotherapy, chemotherapy and

immunotherapy (Shiba et al. 2017; Obeid et al. 2017).

Chemotherapy is a famous approach which is used for

the treatment of several cancers including HCC (Le

Grazie et al. 2017). However, the current drugs which

are used for chemotherapy are associated with several

side effects which are derived from their effects on the

normal non-cancerous cells (Le Grazie et al. 2017;

Ceylan et al. 2015; Clavagnier 2014; Hosseini et al.

2017; Zainodini et al. 2018). Therefore, investigators

have been trying to find new therapeutic strategies for

cancer treatment with the lowest side effects (Sheikh-

rezaei et al. 2018; Karimabad et al. 2017; Ramezani

et al. 2017; Mohammadizadeh et al. 2018). Based on

the fact that HCC is a prevalent cancer word-wide,

hence, several studies are designed to introduce new

chemotherapy strategies to overcome the disease.

Accordingly, several liver cell lines, including HepG2,

have been introduced by investigators to examine new

drugs for the treatment of HCC (Han et al. 2015). Thus,

this cell line has been used in several studies to examine

the effectiveness of new anti-cancer drugs.

It has been proposed that vanadium (IV), a metal ion

complex, is a suitable candidate for cancer treatment

(Nair et al. 2014). It appears that vanadium IV has lower

side effects than platinum metal ions (Leon et al.

2017a), hence, recent investigations are focused on the

IV complexes to find a suitable drug with the lowest

side effects on normal non-cancerous cells. Vanadium

compounds as a new class of non-platinum metallo-

drugs have attracted much attention and large efforts

have been made to discover new molecular targets of

these compounds (Leon et al. 2017a; León et al. 2016;

Sciortino et al. 2018; Ebrahimipour et al. 2015; Abbasi

et al. 2017; Hong et al. 2017; Schmidt et al. 2017;

Sheikhshoaie et al. 2016; Ebrahimipour et al. 2016;

Nair et al. 2016; Takjoo et al. 2013; Takjoo et al. 2017;

Heidari et al. 2017; Zabin and Abdelbaset 2016;

Mohamadi et al. 2015).

Several mechanisms have been proposed for IV

complexes to overcome cancer cells including up-

regulation of free radical reactions which is toxic for

cancer and normal cells (Wang et al. 2010) altered

expression molecules involved in the phosphoinosi-

tide-3-kinase-protein kinase B/Akt (PI3K-PKB/Akt),

p21 activated protein kinases (PAK), death-associated

protein kinase (DAPK), cyclin-dependent kinase

(CDK) 4, 6 and 7, Fas-associated protein with death

domain (FADD), protein 2-alpha (AP2), and c-Jun

N-terminal kinase (JNK) signaling pathways (Leon

et al. 2016) and the several molecules such as B cell

lymphoma-extra (Bcl-x), Caspase 3 (CASP3),

CASP6, CASP7, CASP10 and CASP11 (Leon et al.

2017b). However, the effectiveness of the anti-cancer

metals on HCC and also their side effects on normal

cells need to be explored by further investigations.

Based on the fact that HepG2 is a well-known cell

line for using in HCC related investigations, hence, the

main purpose of this study was to appraise the anti-

cancerous effects of an IV complex with 4-bromo-2-

(((5-chloro-2-hydroxyphenyl) imino) methyl) phenol

(L), which abbreviate to [IV(L)] complex, on the

HepG2 cell line. On the other hand, due to the various

side effects of chemotherapy on the normal cells of the

hosts, another goal of this study was to explore the

effects of the [IV(L)] complex on the survival and

apoptosis of L929, a normal cell line.

Materials and methods

Material and instrumentations

Cell lines

Human cancerous (HepG2) andmouse fibroblast L929

cell lines have been purchased from Pasture Institute,

Tehran, Iran.

Cell culture

The HepG2 and L929 cell lines were cultured in the

RPMI 1640 culture medium containing 10% of fetal

bovine serum (FBS), 100 IU/mL penicillin and

100 lg/L streptomycin, and incubated in a 5% CO2

incubator at 37 �C (Memert Company, Germany)

(Bagrezaei et al. 2018). To use the cells for examina-

tion regarding survival, apoptosis and treatment with

the [IV(L)] complex, the growth cells were separated

from culture falcons using trypsin-Ethylene diamine

tetra acetic acid (EDTA) and centrifuged at 1100 rpm

for 5 min. Then, 1 mL fresh RPMI medium was used
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to make a suspension from the precipitated cells to

determine the survived cells percent via MTT assay

(Roche CO. Mannheim, Germany) and determination

of inhibiting cell growth by 50% (IC50).

Preparation of 4-bromo-2-(((5-chloro-2-

hydroxyphenyl)imino)methyl)phenol (H2L)

Five milliliter of an ethanolic solution containing

0.03 g (0.2 mmol) 2-amino-4-chlorophenol was added

to 5 mL solution of equimolar quantity of 2-hydroxy-5-

bromobenzaldehyde in ethanol while stirring vigor-

ously. After refluxing the mixture for 30 min, a red

precipitate (H2L) was formed. The product was

separated by filtration, washed with cold ethanol, and

dried in a desiccator over anhydrous CaCl2.

m.p.: 199 �C. Anal. Calcd for C13H9-

BrClNO2 (326.57 g mol-1): C, 47.81; H, 2.87; N,

4.29. Found: C, 47.79; H, 2.82; N, 4.32%. FT-IR

(KBr) cm: m(OH) 3445, m(N–H) 3131, m(C = N)

1627, m(C = Cring) 1580, m(C–O) 1320, m(C–Cl)
680, m(C–Br) 585.

Preparation of (2,20-bipyridine)[4-bromo-2-((5-

chloro-2- hydroxyphenylimino)methyl)phenol]

oxido-vanadium(IV) [VOL(bipy)]

To 6 mL hot methanolic solution of H2L (0.1 mmol,

0.03 g), an equimolar amount of VOSO4�3H2O

(0.1 mmol, 0.02 g) was added. A brown solution

was obtained which was refluxed for 1 h. After adding

0.1 mmol (0.02 g) of 2,20-bipyridine to the mixture,

the reflux was continued for further 3 h. Slow

evaporation of the solvent resulted in suitable single

crystals [VOL(bipy)]. The product was separated,

washed with cold ethanol, and dried in a vacuum

desiccator over CaCl2.

m.p.: 236 �C. Molar conductivity (1.0 9 103 M,

DMSO): 20.8 X-1 cm-2 mol-1. Anal. Calcd for C24-

H19BrClN3O4V (579.72 g mol-1): C, 49.72;H, 3.30; N,

7.25. Found: C, 49.67; H, 3.28; N, 7.29%. FT-IR (KBr)

cm1: m(C = N) 1596, m(C = Cring) 1511 s, m(C–O)
1289 m, m(V = O) 949 s, q(pyring) 905 m, m(C–Cl)
701 m, m(C–Br) 647w.

FTIR spectral data

In the IR spectrum of H2L, the band appeared at

3131 cm-1 was assigned to the NH…O stretching

vibration confirming the keto form of the ligand in the

solid state. In solution, however, the enol tautomer

was the prominent form of the ligand. After the loss of

the enolic proton in complexation process, a dianionic

ligand was produced (L2-). The band attributed to

azomethine moiety was observed at 1627 cm-1 in the

H2L spectrum and at 1596 cm-1 in the [VOL(bipy)]

spectrum. This shift suggested the coordination of the

azomethine nitrogen to the V(IV) ion. Due to the

coordination, the C–O vibration appeared at

1320 cm-1 in the ligand shifted to 1289 cm-1 in the

V(IV) complex confirming the coordination of the

oxygen to the metal central ion. The V = O vibration

of the vanadyl was observed at 949 cm-1 (Fig. 1).

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium

bromide (MTT) assay

The MTT cell proliferation assay was used to deter-

mine IC50 for the [IV(L)] complex. Briefly, HepG2

and L929 cells were seeded at a density of 1 9 104

cells/well and treated with the [IV(L)] complex at

several concentrations for 24 and 48 h. Accordingly,

10 lL MTT (5 mg/mL) (Roche CO. Mannheim,

Germany) was added to each wells and incubated at

37 �C for 1 h After solving of formazan crystal in 200

lL of DMSO, the absorbance of the samples was

measured at 570 nm with background subtraction at

630 nm. The IC50 of the [IV(L)] complex for HepG2

and L929 cell lines were then calculated to use for

analysis of apoptosis by Annexin-V/PI apoptosis

detection kit (Ebioscience, CA, USA). To evaluate

the time-dependent effect, viability of HepG2 and

L929 cells at IC50 value was determined at both 24

and 48 h.

Apoptosis evaluation

Annexin-V-FITC and propidium iodide for analysis

of apoptosis

Apoptosis was determined using a commercial

annexin V-FITC/PI apoptosis detection kit (eBio-

science Co. San Diego, CA, USA). Accordingly, the

seeded HepG2 and L929 cells which were pre-treated

with IC50 concentration of the [IV(L)] complex for 24

and 48 h, were harvested and washed using cold PBS.

The washed cells were incubated with 500 lL binding

buffer which contains 1.25 lL of annexin V-FITC and
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10 lL of propidium iodide (PI) for 45 min. The stained

and un-stained cells were analyzed using Cyflow�

space flow cytometer (Partec, Münster, Germany).

Flowmax software (Partec) was used for data analysis.

Evaluation of morphological changes in the treated

cells

The treated cells were also evaluated regarding the

alteration in cell morphology, which is a main result of

apoptosis. Accordingly, morphological changes on

Fig. 1 Demonstrates FTIR spectrum of H2L (a), FTIR spectrum of [IV(L)] (b)
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HepG2 and L929 cells after exposure to [IV(L)]

complex were examined using an inverted microscope

under 9 400 magnification. P value of less than 0.05

was considered statistically significant.

Statistical analysis

After evaluation of raw data regarding Gaussian

distribution, One Way ANOVA under SPSS software

version 18 was used to analyze the data.

Results

The results demonstrated that although, the IC50 for

both cell lines at 24 h was the same (100 lg/mL or

0.17 lL), it was higher for HepG2 (79 lg/mL or

0.14 lL) than L929 (69 lg/mL or 0.12 lL) at 48 h.

Based on the results it seems that L929 cells, as the

normal liver cells, were more sensitive to [IV(L)]

complex than the cancerous cells (HepG2). Compared

with the clinical drug reference cisplatin with the IC50

of 3.67 lg/mL (0.012 lL) at 48 h, these values are

large. However, the [IV(L)] complex can be consid-

ered and further studied as a potent anticancer agent.

The analysis of results showed that the [IV(L)]

complex IC50 values for HepG2 cells at 24 and 48 h

were 0.17 lL or 100 lg/mL and 0.14 lL or 79 lg/
mL, respectively. The IC50 value for L929 cells at

24 h was 0.17 lL or 100 lg/mL and at 48 h was 0.

12 lL or 69 lg/mL (Fig. 2). The morphologic

images of L929 and HepG2 cell lines before and after

treatment with [IV(L)] complex are presented in the

Fig. 3.

Flowcytometry analysis revealed that early and

necrosis/late apoptosis rates in the L929 control cells

(Untreated) by [IV(L)] complex) were 0.20 and 0.05%

after 24 h and 1.09 and 0.01% after 48 h, respectively.

However, early and necrosis/late apoptosis rates in the

L929 cells which were under treatment of [IV(L)]

complex in IC50 concentration were 48.75 and 1.97%

after 24 h and 36.85 and 0.10% after 48 h,

respectively.

Fig. 2 Determination of IC50 in L929 and HepG2 cell lines

after 24 and 48 h culture. a Illustrates the percent of cell

viabilities in L929 and HepG2 cell line at 24 h, b illustrates the

percent of cell viabilities in L929 and HepG2 cell lines at 48 h,

respectively. MTT test revealed that IC50 for L929 cell line at

24 and 48 h were 100 and 69, respectively. IC50 for HepG2 cell

line at 24 h was 100 and at 48 h was 79 lg/mL. Cell viability in

DMSO and control groups were 100%
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The early apoptosis rate in HepG2 control cells

(without treatment with the [IV(L)] complex) at 24 h

was 0.39%, while its necrosis/late rate was 0.02%.

Early and necrosis/late apoptosis rates in HepG2

control cells at 48 h were 1.24% and 0.60, respec-

tively. Additionally, early (44.96%) and necrosis/late

(4.35%) apoptosis rates in HepG2 treated cells at 24 h

were significantly increased by the [IV(L)] complex.

Evaluation of early and necrosis/late apoptosis rates in

HepG2 treated cells after 48 h also demonstrated that

the rates of early (51.69%) and necrosis/late (28.36%)

apoptosis rates were increased significantly (Fig. 4

and Table 1).

Discussion

HCC is a prevalent cancer, especially in the viral

hepatitis endemic region (Winters et al. 2017; Tervo-

nen et al. 2017). It has been reported that HCC showed

drug resistance in some cases (Galun et al. 2017; Dong

et al. 2017; Guo et al. 2014) and, hence, investigators

are studying new drug candidate to treat the malig-

nancy. However, side effects of the chemical drugs are

the main limitations of using these drugs (Yan et al.

2014).

The results demonstrated that although, the IC50

for both cell lines at 24 h was the same (100 lg/mL or

0.17 lL), it was higher for HepG2 (79 lg/mL or

0.14 lL) than L929 (69 lg/mL or 0.12 lL) at 48 h.

Fig. 3 Morphology of L929 and HepG2 cell lines before and

after treatment with [IV(L)] complex. [IV(L)] complex induces

apoptosis in both cell lines. a L929 control before treatment with

IV complex. b L929 after treatment with [IV(L)] complex.

c HepG2 control before treatment with [IV(L)] complex and

d HepG2 after treatment with [IV(L)] complex, respectively
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Based on the results it seems that L929 cells, as the

normal liver cells, were more sensitive to [IV(L)]

complex than the cancerous cells (HepG2). Compared

with the clinical drug reference cisplatin with the IC50

of 3.67 lg/mL (0.012 lL) at 48 h, these values are

large. However, the [IV(L)] complex can be

Table 1 Apoptosis percentage at IC50 concentration of [IV(L)] complex (lm/mL)

Apoptosis rates HepG2 L929

24 h (100 lg/mL) (%) 48 h (79 lg/mL) (%) 24 h (100 lg/mL) (%) 48 h (69 lg/mL) (%)

Normal live cells 47.21 43.42 47.12 55.57

Early apoptosis cells 4.35 2.55 1.97 0.10

Late apoptosis cells 44.96 51.69 48.75 36.85

Necrosis cells 3.48 2.34 2.16 7.47

Fig. 4 Flow cytometry analysis of HepG2 and L929 cells

treated with [IV(L)] complex. Un-treated [IV(L)] complex cells

(a), HepG2 cells treated at IC50 concentration (100 lg/mL) of

[IV(L)] complex for 24 h (b), HepG2 treated at IC50

concentration (79 lg/mL) of [IV(L)] complex for 48 h (c), un-
treated L929 cells (d), L929 treated at IC50 concentration

(100 lg/mL) of [IV(L)] complex for 24 h (e), and L929 cells

treated at IC50 concentration (69 lg/mL) of [IV(L)] complex

for 48 h (f) stained with Annexin V-fluorescein isothiocyanate

(FITC) and propidium iodide (PI). Subsequently, apoptotic and

necrotic cells were quantified by flow cytometry. The different

subpopulations were defined as Q1 annexin V-negative but PI-

positive, i.e. necrotic cells; Q2 annexin V/PI double positive, i.e.

late apoptotic cells; Q3 annexin V/PI double negative, i.e.

normal live cells; Q4 annexin V-positive but PI negative, i.e.

apoptotic cells
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considered and further studied as a potent anticancer

agent (Leon et al. 2017a; León et al. 2016; Sciortino

et al. 2018; Ebrahimipour et al. 2015; Abbasi et al.

2017; Hong et al. 2017; Schmidt et al. 2017;

Sheikhshoaie et al. 2016; Ebrahimipour et al. 2016;

Nair et al. 2016; Takjoo et al. 2013; Takjoo et al. 2017;

Heidari et al. 2017; Zabin and Abdelbaset 2016;

Mohamadi et al. 2015).

In order to conclude the efficacy of [IV(L)]

complex to be considered as a potential candidate

for cancer therapy need to have a look to the results

obtained from apoptosis and necrosis results. Accord-

ingly, our results showed that the [IV(L)] complex

induces early and necrosis/late apoptosis rates in both

cancer and normal cell lines. However, the rate of

apoptosis, especially early apoptosis, was significantly

higher in the HepG2 cells after 48 h incubation with

[IV(L)] complex when compared to early apoptosis in

the L929, the normal cell line, cells. Due to the fact

that induction of early apoptosis is an important key

factor for anti-cancer components, hence, based on the

results, it appears that [IV(L)] complex can be

considered as a potential drug to induce apoptosis in

liver tumor cells with lower side effects on normal

cells. Additionally, the early apoptosis was higher

especially in the HepG2 cell lines when it was

incubated with [IV(L)] complex at 48 h. It confirms

that more exposure to [IV(L)] complex can induce

apoptosis in the cancerous cell lines. Interestingly, the

results also showed that necrosis/late apoptosis were

also higher in HepG2 cells than L929 cells and in

another word, just 0.1% of the L929 cell line suffered

from necrosis/late apoptosis (it was 28.36% for

HepG2 cells). Based on the fact that necrosis is an

inflammatory condition which leads to infiltration of

immune cells to the necrotic tissue and consequently

leads to immune-related tissue injuries, it may be

concluded that [IV(L)] complex probably can be

considered as a new HCC treatment strategy because

on induction of inflammation in the HCC tissue

without injuries to normal cell. To the best of our

knowledge, this project is the first investigation on the

biological activity of [IV(L)] complex as a novel anti-

cancer agent. However, to confirm the anti-cancer

effects of the complex, further investigations espe-

cially in the in vivo condition need to be performed to

prove the anti-cancer roles of [IV(L)] complex and

also its safety. In parallel with our results, Nair et al.

reported that nicotinoyl hydrazones component of

vanadium induces apoptosis in SiHa and HeLa

cancerous cell lines via up-regulation of p53, the

well-known pro-apoptotic protein (Nair et al. 2014).

Wu and colleagues also revealed that Sodium ortho-

vanadate, another component of Vanadium, sup-

presses human HCC cells in both in vitro and

orthotopic in vivo model via modulation of prolifer-

ation, cell cycle, apoptosis and autophagy (Wu et al.

2014). The cancer prevention roles played by vana-

dium were also demonstrated by Mandair et al. (2014)

and Bishayee et al. (1997). Interestingly, Kowalski

et al. reported that vanadium complexes not only

induces apoptosis in human pancreatic ductal adeno-

carcinoma cell line, but also leads to induction of

necroptosis in the cell lines (Kowalski et al. 2017). Our

results also showed that the [IV(L)] complex can

induce apoptosis in HepG2 cell lines more than L929

cells, and also induces necrosis/late apoptosis in

HepG2 cells higher than normal liver cells which

can be associated with anti-cancer inflammation.

Therefore, our results confirmed the apoptotic and

necrotic roles played by vanadium complexes against

the cancers. Additionally, based on the results, L929

cells were more sensitive than HepG2 to [IV(L)]

complex and have lower IC50 at 48 h incubation.

Based on the investigation by Wang et al. (2010)

which demonstrated that using antioxidants has syn-

ergistic effects with vanadium to kill cancer cells and

also reduce their toxicities on human normal cells, it

may propose that using [IV(L)] complex in association

with antioxidants materials can reduce L929

sensitivities.

Collectively, our results may propose that [IV(L)]

complex can be considered as a new strategy for

treatment of HCC which need to be evaluated in the

in vivo condition. Based on the Wang et al. study, it

may also be hypothesized that [IV(L)] complex may

be modified by co-administration of antioxidant to be

safer than its administration alone.
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Garribba E (2018) Decoding surface interaction of VIVO

metallodrug candidates with lysozyme. Inorg Chem

57:4456–4469

Sheikhrezaei Z, Heydari P, Farsinezhad A, Fatemi A, Khana-

mani Falahati-Pour S, Darakhshan S, Noroozi Karimabad

M, Darekordi A, Khorramdelazad H, Hassanshahi G

(2018) A new indole derivative decreased SALL4 gene

expression in acute promyelocytic leukemia cell line

(NB4). Iran Biomed J 22:99–106

Sheikhshoaie I, Ebrahimipour SY, Lotfi N, Mague JT, Khaleghi

M (2016) Synthesis, spectral characterization, X-ray

crystal structure and antimicrobial activities of two cis

dioxido-vanadium (V) complexes incorporating

unsymmetrical dimalonitrile-based (NNO) Schiff base

ligands. Inorg Chim Acta 442:151–157

Shiba S, Abe T, Shibuya K, Katoh H, Koyama Y, Shimada H,

Kakizaki S, Shirabe K, Kuwano H, Ohno T, Nakano T

(2017) Carbon ion radiotherapy for 80 years or older

patients with hepatocellular carcinoma. BMC Cancer

17:721

Takjoo R, Akbari A, Ebrahimipour SY, Kubicki M, Mohamadi

M, Mollania N (2017) Synthesis, spectral characterization,

DFT calculations, antimicrobial activity and molecular

docking of 4-bromo-2-((2-hydroxy-5-methylphenylimino)

methyl) phenol and its V (V) complex. Inorg Chim Acta

455:173–182

Takjoo R, Mague JT, Akbari A, Ebrahimipour SY (2013)

Synthesis, structural, and thermal analyses of copper(II)

and oxido-vanadium(IV) complexes of 4-bromo-2-(((5-

chloro-2-hydroxyphenyl)imino)methyl)phenol. J Coord

Chem 66:2852–2862

Tervonen H, Foliaki S, Bray F, Roder D (2017) Cancer epi-

demiology in the small nations of Pacific Islands. Cancer

Epidemiol 50:184–192

Wang Q, Liu TT, Fu Y, Wang K, Yang XG (2010) Vanadium

compounds discriminate hepatoma and normal hepatic

cells by differential regulation of reactive oxygen species.

J Biol Inorg Chem 15:1087–1097

Winters S, Martin C, Murphy D, Shokar NK (2017) Breast

cancer epidemiology, prevention, and screening. Prog Mol

Biol Transl Sci 151:1–32

Wu Y, Ma Y, Xu Z, Wang D, Zhao B, Pan H, Wang J, Xu D,

Zhao X, Pan S, Liu L, Dai W, Jiang H (2014) Sodium

orthovanadate inhibits growth of human hepatocellular

carcinoma cells in vitro and in an orthotopic model in vivo.

Cancer Lett 351:108–116

Yan F, Bai LP, Gao H, Zhu CM, Lin L, Kang XP (2014) EGF

reverses multi-drug resistance via the p-ERK pathway in

HepG2/ADM and SMMC7721/ADM hepatocellular car-

cinoma models. Asian Pacif J Cancer Prev 15:2619–2623

Zabin SA, Abdelbaset M (2016) Oxo/dioxo-vanadium

(V) complexes with Schiff base ligands derived from

4-amino-5-mercapto-3-phenyl-1, 2, 4-triazole. Eur J Chem

7:322–328

Zainodini N, Hassanshahi G, Hajizadeh MR, Falahati-Pour S,

Mahmoodi M, Mirzaei MR (2018) Nisin induces cytotox-

icity and apoptosis in human asterocytoma cell line

(SW1088). Asian Pacif J Cancer Prev 19:2217–2222

123

990 Biometals (2018) 31:981–990


	Vanadium complex: an appropriate candidate for killing hepatocellular carcinoma cancerous cells
	Abstract
	Introduction
	Materials and methods
	Material and instrumentations
	Cell lines
	Cell culture

	Preparation of 4-bromo-2-(((5-chloro-2-hydroxyphenyl)imino)methyl)phenol (H2L)
	Preparation of (2,2vprime-bipyridine)[4-bromo-2-((5-chloro-2- hydroxyphenylimino)methyl)phenol] oxido-vanadium(IV) [VOL(bipy)]
	FTIR spectral data
	3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay

	Apoptosis evaluation
	Annexin-V-FITC and propidium iodide for analysis of apoptosis
	Evaluation of morphological changes in the treated cells
	Statistical analysis


	Results
	Discussion
	Funding
	References




