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The therapeutic use of metal complexes in cancer and leukemia are reported from the sixteenth century. In 

1960 an inorganic complex cisplatin was discovered, today after more than 50 years, it is still one of the world’s 
bestselling anticancer drugs. Metal
ruthenium, iridium have shown significant antitumor activity in animals. Recently metal complex in the form of 
Nano shells have been proposed for the treatment of various types of cancer 

Over the last few years, the metal complexes of different drugs have gained popularity for the treatment of 
various diseases states in the cases of arthritis, ulcers, cancers, anemia, diabetes and cardiovascular medicine 
(Bertiniet al. 2007). 

Metformin, the most widely prescribed drug for type 2 diabetes worldwide, has been reported to decrease 
the risk of the occurrence of various types of cancers, including pancreatic and colonic malignancies as well as 
hepatocellular carcinoma. 

Biguanides were used in oncological treatments about 40 years ago as “metabolic rehabilitation” in breast, 
colorectal, or gastric cancers patients (Quinn 
restriction has been reported to diminish the tu
(Dilmanet al. 1988). 

Furthermore, there are evidences that it also has an insulin
2005; Huang et al. 2008; Tomimoto
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A B S T R A C T  
Over the last few years, the metal complexes of different drugs have gained popularity 
for the treatment of various disease states in the cases of arthritis, ulcers, cancers, 
anemia, diabetes and cardiovascular medicine. This study is aimed to dete
cytotoxic activity of two metallic complexes of N,N-dimethylbiguanide (metformin) the 
most common oral hypoglycemic drug for type-2 diabetes mellitus, using two cell lines, 
MCF-7 (breast cancer) and HeLa (cervical cancer). The metal complexes of 
dimethylbiguanide (DMBG) were prepared and evaluated for cytotoxic activity of 
against two cell lines. Copper and Nickel complexes of metformin were characterized 
for the elucidation of their structures by using sophisticated spectroscopic techniques. 
The synthesized complexes were characterized by elemental analysis, IR, UV
1H-NMR, 13C-NMR Atomic absorption and SEM.  

INTRODUCTION 

The therapeutic use of metal complexes in cancer and leukemia are reported from the sixteenth century. In 
1960 an inorganic complex cisplatin was discovered, today after more than 50 years, it is still one of the world’s 
bestselling anticancer drugs. Metal complexes formed with other metals like copper, gold, gallium, tin, 
ruthenium, iridium have shown significant antitumor activity in animals. Recently metal complex in the form of 
Nano shells have been proposed for the treatment of various types of cancer (Loo et al. 2004).

Over the last few years, the metal complexes of different drugs have gained popularity for the treatment of 
various diseases states in the cases of arthritis, ulcers, cancers, anemia, diabetes and cardiovascular medicine 

Metformin, the most widely prescribed drug for type 2 diabetes worldwide, has been reported to decrease 
the risk of the occurrence of various types of cancers, including pancreatic and colonic malignancies as well as 

ides were used in oncological treatments about 40 years ago as “metabolic rehabilitation” in breast, 
colorectal, or gastric cancers patients (Quinn et al. 2013). The therapy with biguanides used with caloric 
restriction has been reported to diminish the tumor development and lowering the incidence of metastases 

Furthermore, there are evidences that it also has an insulin-independent anti-tumoral action (
. 2008; Tomimotoet al. 2008). The most probable and widely accepted mechanism of 
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The therapeutic use of metal complexes in cancer and leukemia are reported from the sixteenth century. In 
1960 an inorganic complex cisplatin was discovered, today after more than 50 years, it is still one of the world’s 

complexes formed with other metals like copper, gold, gallium, tin, 
ruthenium, iridium have shown significant antitumor activity in animals. Recently metal complex in the form of 

. 2004). 
Over the last few years, the metal complexes of different drugs have gained popularity for the treatment of 

various diseases states in the cases of arthritis, ulcers, cancers, anemia, diabetes and cardiovascular medicine 

Metformin, the most widely prescribed drug for type 2 diabetes worldwide, has been reported to decrease 
the risk of the occurrence of various types of cancers, including pancreatic and colonic malignancies as well as 

ides were used in oncological treatments about 40 years ago as “metabolic rehabilitation” in breast, 
. 2013). The therapy with biguanides used with caloric 

mor development and lowering the incidence of metastases 

tumoral action (Anisimovet al. 
widely accepted mechanism of 
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metformin’s anticancer action is, by indirect activation of the, adenosine monophosphate-activated protein 
kinase (AMPK) which is also involved in insulin signaling (El-Mir et al. 2000 and Owen et al. 2000) through 
inhibition of complex of the mitochondrial respiratory chain (El-Mir et al. 2000 and Owen et al. 2000). This 
activation of AMPK has been demonstrated to inhibit the mammalian pathological cell proliferation in different 
cancer cell lines (Storozhuket al. 2013; Dowling et al. 2007; Zordokyet al. 2014 and Li et al. 2013). Metformin 
has also been reported to act as an antifolate hindering DNA replication (Corominas-Fajaet al. 2012).  

As the enhanced biological activities of metal complexes have been reported in literature, in this study, we 
have synthesized the metallic complexes of metformin with copper and nickel. Keeping in view the anticancer 
activity of both compounds. The nickel and copper complex of DMBG have been synthesized and the cytotoxic 
activity of both complexes has been tested using the cell lines, MCF-7 (breast cancer) and HeLa (cervical 
cancer). 

The two complexes Cu(DMBG)2(Cl)2& Ni(DMBG); DMBG: N,N-dimethylbiguanide have been 
synthesized and characterized by IR, UV-visible, 1H NMR, 13C NMR as well as electronic scanning 
microscopic studies. 

 
Table 1: Basic Physical Properties of DMBG and its Complexes 

Compound Color M.P (oC) 
BM pH 0.5% Cond.(ms) 

0.5% 
Solubility 

Metformin.HCl 
(MET) 

White 222 ± 2 
- - - H2O, CH3OH, DMF and 

DMSO 

[Cu(MET)2Cl2].4H2O Dark blue 234 D ± 2 
1.94 6.88 0.43 H2O, CH3OH, DMF and 

DMSO 
[Ni(MET) 2] Yellowish Orange 280 D ± 2 2.98 7.2 0.38 DMF and DMSO 

 
Experimental: 

Starting material, Metformin. HCl (DMBG) was gratis from Hilton Pharma. Metal salts, methanol and 
DMSO used were of analytical grade.  

Elemental analyses (CHN) were carried out on a Perkin Elmer 2400 Series II. The IR spectra were recorded 
as KBr disc with a Shimadzu Prestige-21 spectrophotometer in the 4000-400 cm-1 range. The UV-visible spectra 
were recorded on a Shimadzu UV-1601 spectrophotometer in DMSO and in methanol. The 1H NMR and 13C-
NMR spectra of ligand and its complexes were run in deuterated DMSO on an Avance AV-400 MHz 
spectrometer. Metals were estimated by AA spectrophotometer Perkin Elmer AAnalyst 700. SEM images were 
taken by Scanning Electron Microscope, JEOL Japan model no. JSM6380A with auto-coater JEOL Japan model 
no. JFC1500. Magnetic susceptibility values were measured at room temperature with Mark 1 magnetic 
susceptibility balance from Sherwood Scientific. Pascal’s constants were used to apply diamagnetic corrections 
for complexes. Conductance and pH of 0.5% solution of complexes were measured in DMSO by conductivity 
meter Janway 4071 and Metller Toledo MP220 pH meter, melting points of DMBG and its metal complexes 
were carried out by classical method i.e. in oil bath and verified by Büchi melting point apparatus. 

 
Preparation of Metal Complexes: 

0.1 M methanolic solution of DMBG HCL, CuCl2 and NiCl2 were prepared in separate volumetric flasks. 
20ml of DMBG solution was transferred in round bottom flask and 10ml CuCl2 solution was transferred in the 
same flask, mixed well and refluxed for 3-4 hours at 80oC on the water bath. Solid colored complexes were 
formed in round bottom flask which were filtered and washed with hot methanol then dried at 60oC in an oven. 
The overall reaction is shown in the Scheme 1. These metal complexes were characterized by physic-chemical 
tests like color, solubility, melting point, BM value, PH and conductivity. The results are recorded and compared 
with DMBG shown in Table 1. 

Cytotoxic activity of DMBG and its copper and nickel complexes were carried out by standard method as 
reported in DMEM (Scudiereet al. 1988) 
Elemental Analyses and Atomic Absorption Spectroscopy: 

The elemental analyses were performed on CHN analyzer while the % of Cu and Ni were determined on 
atomic absorption of spectrophotometer. The results are very close to theoretical values as expected and ratio 
between metal to ligand is found 1:2. The results obtained are tabulated in Table 2. 

 
Infrared Spectra: 

Infrared spectroscopy was carried out on DMBG and its both Cu and Ni complexes. Each spectra of 
complex was compared with the spectra of DMBG to verify the chelation. The vibrational spectra of primary 
NH2, secondary NH, imino –C=NH groups, vibrational bonds of C-N and C=N and vibrations of C-H of two 
methyl groups are found in the same region as reported earlier (Bellamy 1975; Socrates 1980; Shanmugam and 
Sathyanarayana 1984). The asymmetric and symmetric CH stretching vibration of aliphatic methyl groups in 
variable at 2,971-2,954 cm-1 and at 2,879-2,859 cm-1 respectively.  
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It is evident from the overlapping (Figure 
bonds of imino group (-C=NH) are found in the same region of DMBG free ligand with significant intensity 
shift in the complex formation, proved that DMBG is coordinated towards metal ions through nitrogen atom of 
imino group without proton displacement.

Scheme 1: Synthesis of complexes. 
 
 

Table 2: Percentage Comparison of DMBG and its Complexes 
Compound % C 
 Theoretical Practical

[Cu(MET)2Cl2].4H2O 
m.wt 537.8 g/mol 17.85 17.73
[Ni(MET) 2] 
m. wt 388.0 g/mol 24.74 24.93
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It is evident from the overlapping (Figure 1) of DMBG spectra with its complexes that the intra spectral 
C=NH) are found in the same region of DMBG free ligand with significant intensity 

shift in the complex formation, proved that DMBG is coordinated towards metal ions through nitrogen atom of 
imino group without proton displacement. 

 

Percentage Comparison of DMBG and its Complexes  
% H % N 

Practical Theoretical Practical Theoretical Practical 

17.73 5.95 5.29 26.04 25.99 

24.93 5.67 5.72 36.08 35.84 

93 

) of DMBG spectra with its complexes that the intra spectral 
C=NH) are found in the same region of DMBG free ligand with significant intensity 

shift in the complex formation, proved that DMBG is coordinated towards metal ions through nitrogen atom of 

 

%Metal 
Theoretical Practical 

11.81 11.94 

15.12 15.09 

 



91                                                       
Australian Journal of Basic and Applied Sciences

 

Fig. 1: Upper & lower are the overlap FTIR spectra copper & nickel with pure drug.
 
 

UV-Visible Spectra: 
The ultra violet spectral measurement of the copper and

compared with DMBG to get important findings about the structural aspects of the complexes.
As DMBG hydrochloride is an organic molecule having conjugation thus has an absorption in both ultra 

violet and visible region 228, 262 and 284 nm and 375 nm respectively.
When DMBG has been transformed in metal complexes of copper and Nickel an interesting changes in the 

electron properties are appeared and visible in the spectra. New bands due to d
spectra from metal to ligand/ligand to metal are observed. UV
in both complexes were observed as 266 nm Ni(II)DMBG complex and for Cu(II)DMBG complex was 280 nm. 
Other important peak, correspond to n 
appeared at 313 and 309 belongs Ni(II)DMBG and Cu(II)DMBG respectively.

It is also observed that medium
changed in the spectra of metal complexes.

 

1H-NMR and 13C NMR: 
1H-NMR and 13C spectra of DMBG free ligand and its copper and nickel complexes were recorded in the 

DMDSO-d6 taking TMS as an internal standard. Chemical shift of protons was observed on the same s
reported in the literature for free ligand and its complexes (ref.). The shifting of broad peak of imine proton from 
7.63 ppm to in DMBG to 7.14 ppm in the spectra of its complexes that indicate their coordination towards metal 
atom without proton displacement through N

However 13C NMR spectrum showed the peaks of primary carbon atom of methyl groups and quaternary 
atoms of DMBG molecules at the same region as reported in the literature. This study does not support well in 
the elucidation and characterization of the structure of synthesized complexes.
 
Morphological Studies (SEM Images)

In order to gain insight about the possible morphological changes caused by complex formation, scanning 
electron microscopy (SEM) studies were performed on pure (DMBG) and (DMBG) complexes with Nickel and 
Copper. Figure 2a show the SEM micrographs for the 
the drug has crystalline morphology with non
distribution. The surface of these crystals is relatively smooth with the sharp edges of sev
results are consistent with the morphology of pure (DMBG) earlier reported in the literature (
Barotet al., 2010). The morphology of (DMBG)
morphological features is clearly visible in the form of reduction in the particle diameters and the edge 
thickness. The crystals of (DMBG)-
particle size distribution. Figure 2c show SEM micrographs for t
and (DMBG)-Ni complexes, (DMBG)
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Upper & lower are the overlap FTIR spectra copper & nickel with pure drug. 

The ultra violet spectral measurement of the copper and nickel complexes of DMBG were recorded and 
compared with DMBG to get important findings about the structural aspects of the complexes.

As DMBG hydrochloride is an organic molecule having conjugation thus has an absorption in both ultra 
region 228, 262 and 284 nm and 375 nm respectively. 

When DMBG has been transformed in metal complexes of copper and Nickel an interesting changes in the 
electron properties are appeared and visible in the spectra. New bands due to d-d absorption and charge
spectra from metal to ligand/ligand to metal are observed. UV-visible peaks corresponding to the 
in both complexes were observed as 266 nm Ni(II)DMBG complex and for Cu(II)DMBG complex was 280 nm. 

to n --> π transition are recorded at wavelengths, 372, 321 nm. The peak, 
appeared at 313 and 309 belongs Ni(II)DMBG and Cu(II)DMBG respectively. 

It is also observed that medium-to-strong intensity bands in the range of 220-300 nm in pure drug were 
d in the spectra of metal complexes. 

C spectra of DMBG free ligand and its copper and nickel complexes were recorded in the 
taking TMS as an internal standard. Chemical shift of protons was observed on the same s

reported in the literature for free ligand and its complexes (ref.). The shifting of broad peak of imine proton from 
7.63 ppm to in DMBG to 7.14 ppm in the spectra of its complexes that indicate their coordination towards metal 

displacement through N2 and N4 atoms.  
C NMR spectrum showed the peaks of primary carbon atom of methyl groups and quaternary 

atoms of DMBG molecules at the same region as reported in the literature. This study does not support well in 
ation and characterization of the structure of synthesized complexes. 

(SEM Images): 
In order to gain insight about the possible morphological changes caused by complex formation, scanning 

electron microscopy (SEM) studies were performed on pure (DMBG) and (DMBG) complexes with Nickel and 
show the SEM micrographs for the pure (DMBG). These micrographs clearly revealed that 

the drug has crystalline morphology with non-spherical, stone-shaped irregular crystals of broad particle size 
distribution. The surface of these crystals is relatively smooth with the sharp edges of sev
results are consistent with the morphology of pure (DMBG) earlier reported in the literature (

. The morphology of (DMBG)-Ni complex is depicted in Figure 2b
clearly visible in the form of reduction in the particle diameters and the edge 

-Ni complex exhibit non-spherical, platelet-shaped irregular crystals of broad 
show SEM micrographs for the (DMBG)-Cu complex. Unlike pure (DMBG) 

Ni complexes, (DMBG)-Cu complex exhibit a cubical rod-like structure with smooth surface and 
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nickel complexes of DMBG were recorded and 
compared with DMBG to get important findings about the structural aspects of the complexes. 

As DMBG hydrochloride is an organic molecule having conjugation thus has an absorption in both ultra 

When DMBG has been transformed in metal complexes of copper and Nickel an interesting changes in the 
d absorption and charge transfer 

visible peaks corresponding to the π - π transition 
in both complexes were observed as 266 nm Ni(II)DMBG complex and for Cu(II)DMBG complex was 280 nm. 

 transition are recorded at wavelengths, 372, 321 nm. The peak, 

300 nm in pure drug were 

C spectra of DMBG free ligand and its copper and nickel complexes were recorded in the 
taking TMS as an internal standard. Chemical shift of protons was observed on the same scale as 

reported in the literature for free ligand and its complexes (ref.). The shifting of broad peak of imine proton from 
7.63 ppm to in DMBG to 7.14 ppm in the spectra of its complexes that indicate their coordination towards metal 

C NMR spectrum showed the peaks of primary carbon atom of methyl groups and quaternary 
atoms of DMBG molecules at the same region as reported in the literature. This study does not support well in 

In order to gain insight about the possible morphological changes caused by complex formation, scanning 
electron microscopy (SEM) studies were performed on pure (DMBG) and (DMBG) complexes with Nickel and 

pure (DMBG). These micrographs clearly revealed that 
shaped irregular crystals of broad particle size 

distribution. The surface of these crystals is relatively smooth with the sharp edges of several microns. These 
results are consistent with the morphology of pure (DMBG) earlier reported in the literature (Cantor, 2009 and 

2b. A change in some 
clearly visible in the form of reduction in the particle diameters and the edge 

shaped irregular crystals of broad 
Cu complex. Unlike pure (DMBG) 

like structure with smooth surface and 
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sharp edges. It is noteworthy to mention here that the unit cell of Cu2O is cubic structure (Ravichandranet al., 
2015). This drastic change in the morphology is likely resulted due to complex formation of (DMBG) and 
Copper. 
 
Cytotoxicity: 

Compounds were found to be inactive against Hela and MCF-7 cell lines at 50 µM concentrations at 48-
hour incubation Tables 3 and 4. 

 

 
Fig. 2: SEM images of (a) DMBG (b) DMBG-Ni (c) DMBG-Cu. 

Table 3: MTT Assay Result of MET and its Metal Complexes at Dilution of 50 μM on Hela (Cerviacal Cancer) Cell Line 
Compound Absorbance at 570 nm Percentage Inhibition 

 1 2 3 Mean % inh (1) 
% inh 
(2) 

% inh (3) Mean Control Blank 

Metformin.HCl (MET) 0.812 0.822 0.83 0.821 35.344 34.391 33.757 
34.49
7 

1.212 0.078 

[Ni(MET) 2] 0.901 0.923 0.887 0.9036 27.42 25.558 28.732 
27.23
6 

  

[Cu(MET)2Cl2].4H2O 0.733 0.705 0.716 0.718 42.24 44.71 43.56 43.5   
 
Table 4: MTT Assay Result of MET and its Metal Complexes at Dilution of 50 μM on MCF-7 (Breast Cancer) Cell Line 

Compound Absorbance at 570 nm Percentage Inhibition 

 1 2 3 Mean % inh (1) % inh (2) % inh (3) Mean Control 
Blan
k 

Metformin.HCl (MET) 1.196 1.259 1.313 1.256 29.35 25.32 21.858 25.5 1.653 0.096 
[Ni(MET)2] 0.965 0.919 1.029 0.94 44.18 47.16 40.09 43.81   
[Cu(MET)2Cl2].4H2O 1.087 1.112 1.18 1.12 36.37 34.76 30.4 33.84   

 
Conclusion: 

This work shows that the DMBG has interaction with d8 and d9 transition metals with a stable geometry at 
neutral pH. It is also observed that in this condition metformin is showing as a bidentate ligand. In this study 
copper form complex with DMBG in octahedral geometry with two chloride anion inside the coordination 
sphere and four hydrated molecules outside the sphere and metal to ligand ratio is found to be 1:2, whereas in 
case of nickel IR peaks significantly reduced as compare to ligand and showed square planer geometry and 
metal to ligand ratio is also found to be 1:2. In methanol metformin showed one peak at 234 nm this peaks may 
be due to π to π* transition, in nickel chloride one band appear at 424.8 nm nickel is in oxidation state of (II), its 
mean it is d8 system in d8 system three types of transitions are possible but only one band appear at 424.8 nm 
two band may be in other region but in this spectra this band may due to 3A2g to 3T2g. in complex of nickel with 
metformin, this band become broad and shifted at higher wavelength at 456 nm which is indicated the formation 
of complex. In case of CuCl2 it is d9 system in which only one transition is possible 2T2g to 2Eg which is not 
observed in the range of 200 to 800 nm in copper (II) chloride but in complex this transition was observed at 
668.8 nm which indicate the formation of complex uv-visible spectra.  

Copper and nickle complexes of DMBG were found to be inactive against cancer cell lines MCF-7 and 
HeLa showing that these compounds exhibit no cytotoxic activity in these type of cancers. However, these 
complexes can be examined to explore any possible cytotoxic behavior against other types of cancer as the 
cytotoxic activities of compounds differ in different malignancies. 
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