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ABSTRACT 

Metal complexes of Tetracycline, Cimetidine, and Theophylline were prepared by the direct 

reaction of the respective ligands with metal salts namely copper (I) bromide, cobalt carbonate, 

and vanadyl sulfate. This thesis contains detailed reports on synthesis and characterization of 

copper, cobalt and vanadium complexes of tetracycline, theophylline and cimetidine. The 

complexes were synthesized by direct mixing of the metal salt dissolved in water (solvent) and 

corresponding ligands dissolved also in water (solvent). The complexes were characterized by 

Ultraviolet spectrophotometer (UV-Vis), FTIR spectrometer and solubility. Metal complex with 

formula of M-Lx [where L = Ligands (Tetracycline, Cimetidine, and Theophylline) and M = metal 

ion (Co, VO and CuI, x = coordination number of the ligands to the central atom (M)] were 

obtained. Some ligands gave crystalline complexes as it bonds to the central metal (cobalt) and 

others were powdery as it bonds to the central metal (vanadium & copper).  

Keywords: Tetracycline, Theophylline, Cimetidine, Cobalt, Vanadium, Copper, Coordination 

complex, UV-Vis and FTIR spectrometer. 

 

                                                      

 

 

 

 

 

 

 

INTRODUCTION 

 

1. 1 BACKGROUND 

Coordination chemistry is the foundation of modern inorganic and bioinorganic chemistry, both 

of which have contributed immensely to the development of the chemical industry and medicine. 

The knowledge of coordination chemistry has provided insight into the mode of actions (kinetics 

and mechanisms) of biological molecules in living systems. Important biological molecules such 

as vitamin B12, chlorophyll, haemoglobin and myoglobin are coordination compounds of cobalt, 

magnesium and iron. The comprehensive understanding of the mode of actions of these complex 

molecules has been made possible through the knowledge of coordination chemistry. From this 
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background, the knowledge of coordination chemistry is inevitable to chemists if not all scientists 

(Geoffrey, 2010). 

 

1.2 WERNER’S CONTRIBUTIONS TO COORDINATION CHEMISTRY 

Alfred Werner (1866-1919) was the first Swiss Chemist to receive the Nobel Prize in Chemistry 

due to his contribution to coordination chemistry. He prepared, characterized and studied both 

physical and chemical properties of some coordination compounds by simple experimental 

techniques such as precipitation. From his findings, he made the following conclusions: 

i. Central metal atom or ion in a complex possesses two kinds of valencies named primary 

and secondary valencies 

ii. The primary valency is ionisable and can be satisfied by anions only. It can be 

considered as the oxidation state of the central metal. 

iii. The secondary valency is not ionisable and can be satisfied by both molecules and 

anions. It gives rise to the coordination number. 

iv. The spatial arrangement of the anions and molecules satisfying the secondary valency 

determines the shape of the complex. 

The complex species is enclosed in square bracket while the anions satisfying only the primary 

valency lie outside the coordination sphere (square bracket). Note that anions in the coordination 

sphere satisfied both primary and secondary valencies but the molecules only satisfy secondary 

valency. From Werner’s postulates geometries have been assigned to complexes based on the 

number of the secondary valencies (Miessler and Tarr, 2010). 

 

1.3 DRUG 

A drug is any substance that causes a change in an organism's physiology or psychology when 

consumed (Random House, 2007). Drugs are typically distinguished from food and substances 

that provide nutritional support. Consumption of drugs can be via inhalation, injection, and 

smoking. Aspirin is a pharmaceutical drug often used to treat pain, fever, and inflammation. 

Ingestion, absorption via a patch on the skin, or dissolution under the tongue. In pharmacology, a 

drug is a chemical substance, typically of known structure, which, when administered to a living 

organism, produces a biological effect (Rang et al., 2011). A pharmaceutical drug, also called a 

medication or medicine, is a chemical substance used to treat, cure, prevent, or diagnose a disease 

or to promote wellbeing (Random House, 2007). Traditionally drugs were obtained through 

extraction from medicinal plants, but more recently also by organic synthesis (Atanasov et al., 

2015). Pharmaceutical drugs may be used for a limited duration, or on a regular basis for chronic 

disorders (American Heritage Science Dictionary, 2007). Pharmaceutical drugs are often classified 

into drug classes groups of related drugs that have similar chemical structures, the same 

mechanism of action (binding to the same biological target), a related mode of action, and that are 

used to treat the same disease (Mahoney and Evans,2008; WHO,2003). The Anatomical 

Therapeutic Chemical Classification System (ATC), the most widely used drug classification 

system, assigns drugs a unique ATC code, which is an alphanumeric code that assigns it to specific 

drug classes within the ATC system. Another major classification system is the Bio-pharmaceutics 

Classification System. This classifies drugs according to their solubility and permeability or 

absorption properties (Bergström et al., 2014). 
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Fig 1.1 Structure of Tetracycline       

                 
Fig.1.2     Structure of Aspirin 

 
Fig 1.3 Structure of Theophylline 
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Fig 1.4 Structure of some other API’S 

 

1.4 COORDINATION COMPOUNDS (METAL COMPLEXES) 

Coordination compounds are formed by the reaction between Lewis acids and Lewis bases. By 

Definition, Lewis acids are electron pair acceptors while Lewis bases are electron pair donors. 

Thus a Lewis acid must have empty suitable orbitals to accommodate the donated electron pairs. 

The presence of empty suitable orbitals in transition metals (e.g. Cu, Co, Fe etc) and some 

compounds (BF3, BeCl2 with empty p-orbital) and ions (H+) of main block elements makes them 

to act as Lewis acids.  

A molecule can function as a Lewis base provided it has heteroatom(s) with lone pair(s) on them. 

Examples of such molecules are H2O, NH3, CO etc, anions such as halides (F-, Cl-, Br-), cyanide 

(CN-) are also Lewis bases (Cox, 2004; Housecroft and Sharpe, 2005). The chemical interaction 

between a Lewis acid and a Lewis base leads to coordinate bond formation hence the product of 

the interaction is called coordination compound. By definition, coordination compound is 

compound formed when a central metal atom or ion is surrounded (coordinated) to a number of 

anions or molecules in such a way that the number of the coordinated anions or molecules exceeds 

the normal covalency of the central atom or ion. The compound is also referred to as complex 

because on ionization, it exists as an independent species without dissociation, unlike normal or 

double salt which dissociates on ionization. Complexes are enclosed in square brackets to 

distinguish them from other types of salts (Cotton and Wilkinson, 1972). 

 

1.4.1 Metal Ions Role in Biological Systems 

Some metals are essentials. Others are considered toxic. When it comes to transition metals, the 

story is not different from that of the main group metals. Some have no known biological effects, 

such as Scandium in its +2 and +3 oxidation states in its various isotopic forms. Some are 

hypoallergenic such as Titanium (Ti), while others are essential to all forms of life such as iron 

and copper. For example, iron (Fe2+/3+), by far, is the most important metal ion not only within the 

first transition series, but also within the entire periodic table. Without iron, there will be no life.  

On the other hand, Chromium (III) or (Cr3+) may have a role to play in glucose metabolism. On 

the other hand, the toxic effect of Cr (VI) or (Cr6+) is undeniable which prompted researches to 

search for specific Cr6+ chelators. Cr6+ also is considered to be mutagenic and/or carcinogenic 

(Lippard and Berg; Cowan, 1997 and Tietz, 1994). The rest of the first transition metal series are: 

V, Mn, Co, Ni, and Cu. Cu2+ are an essential trace metal ion involved in many metalloproteins 

including: ceruloplasmin, cytochrome oxidase, superoxide dismutase, dopamine-β-hydroxylase, 

ascorbate oxidase, lysyl oxidase, and tyrosinase (Lippard and Berg, 1994; Cowan, 1997 and Tietz, 

1994). 

 

1.4.2 Metal Complexes in Medicinal Chemistry 

Medicinal inorganic chemistry is a fairly recent offshoot of bio-inorganic chemistry, itself a 

science still with much to learn. It is at the interface between medicine and inorganic chemistry, 

and includes metal-based drugs, metal sequestering or mobilizing agents, metal-containing 

diagnostic aids, and the medicinal recruitment of endogenous metal ions. The number of 

moderately comprehensive reviews of the topic can still be counted on the fingers of one hand 

(Sadler, 1991; Abrams amd Murrer, 1993; Farrell, 2002; Thompson and Orvig, 2003).   However, 
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this field is growing exponentially (Orvig and Abrams, 1999). Rapid growth stems from some 

spectacular successes, most notably cisplatin for treatment of testicular cancer, gadolinium 

complexes in magnetic resonance imaging (MRI), and the rise of nuclear medicine, for both 

therapy and diagnosis. The use of metals in medical practice is certainly not in and of itself 

anything new. The lure of precious metals, such as gold and silver, attracted ancient Chinese, 

Egyptian, Greek and Indian healers to use them in cures of various sorts. Copper and iron have 

also been used since antiquity in metal-based therapies. There has always been a curious 

connection between the discovery of a new precious element and its quick movement into the 

medicinal armamentarium. Today, therapeutic applications of inorganic chemistry in medicine are 

varied, encompassing many aspects of the introduction of metal ions into the body (or their 

intentional removal) for therapeutic or diagnostic effect (Sadler, 1991). Cisplatin can be considered 

the archetypal inorganic drug, as it contains not one atom of carbon (Rosenberg et al., 1969). 

Nonetheless, most metal-based pharmaceuticals today are constructed with carbon-based ligands. 

 

1.4.3 Metal Complexes as Drugs and Chemotherapeutic Agents 

The medicinal uses and applications of metals and metal complexes are of increasing clinical and 

Commercial importance. Monographs and major reviews, as well as dedicated volumes, testify to 

the growing importance of the discipline (Farrell, 1989; Farrell, 1999; Orvig and Abrams, 1999; 

Guo, et al., 1999; Keppler, 1993; Clarke, 1989; Clarke and saddler, 1999; Fricker, 1994; Berthon, 

1995 and Roat, 2002).  Relevant reviews are to be found throughout annual series, for example 

Metal Ions in Biological Systems and Coordination Chemistry Reviews (Sigel and Sigel, 1995). 

The field of inorganic chemistry in medicine may usefully be divided into two main categories: 

firstly, ligands as drugs which target metal ions in some form, whether free or protein-bound; and 

secondly, metal-based drugs and imaging agents where the central metal ion is usually the key 

feature of the mechanism of action (Reynolds, 1996). This latter class may also be conveniently 

expanded to include those radio nuclides used in radioimmunology imaging and radioimmunology 

therapy. A list of clinically used chelating agents may be found in most pharmacopoeia (Andersen, 

1999), while new chelating agents continue to be sought (Liu and Hider, 2002; Andersen, 1999). 

The use of chelating agents in the treatment of Wilson’s disease is a good example of how medical 
problems due to free metal ion (Cu2+) toxicity may be ameliorated by chelating agents (Sarkar, 

1999) The extensive work on matrix metalloproteinases likewise represents a case study in design 

of small organic ligands as drugs to inactivate a metal enzyme (Parks et al., 1998 and Whittaker 

et al., 1999). Over expression of these zinc-containing enzymes is associated with several diseases 

including arthritis and cancer, so inhibition of the zinc active site is a reasonable drug development 

strategy. Indeed, enzymatic zinc is an attractive target because of the diversity of its structural and 

catalytic roles in enzymes (Vallee and Auld, 1993; and Rein et al, 1998). An important distinction 

to be made is between drugs as chemotherapeutic agents, whose function is to kill cells, and drugs 

acting by a pharmacodynamic mechanism whose action must be essentially reversible and/or short 

lived (Albert, 1979). 

 

1.5 DESIGN OF LIGANDS FOR METAL-BASED PHARMACEUTICALS 

The importance of ligands in modifying the biological effects of metal-based drugs cannot be 

overestimated (Thompson and Orvig, 2003). Ligands can modify the oral/systemic bioavailability 

of metal ions, can assist in targeting specific tissues or enzymes; can deliver, protect, or sequester 

a particular metal ion, depending on the requirements, for therapy or diagnosis. Ligands can also 

ensure protection of tissues from toxic metal ions or, in a contrasting strategy, enhance uptake of 
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pharmacologically beneficial metal ions. Ligands can, of course, also serve in the traditional 

coordination chemistry capacities of modifying reactivity and/or substitutional inertness (Liu and 

Edwards, 2001. 

 

1.5.1 Synergistic Ligands for Enhanced Functionality 

Another type of ligand functionality can be achieved by utilizing ligands that are pharmaceutically 

active, thus incorporating multi-functionality within a single molecule. Examples include 

ketoconazole and clotrimazole as ligands for  Cu(II), Ru(II) and Au(I) for more effective anti-

malarial compounds, (compared to non-metal containing analogues) and anti-trypanosome 

therapeutics (Navarro et al., 2001). Other examples in development include vanadium-based 

thiazolidinedione compounds for diabetes therapy and gold-based curcumin compounds as anti-

arthritics (Sharma et al., 1987). Appreciation is growing for the roles of the ligands in metal based 

therapeutic compounds, as distinct from those in metal based diagnostic agents. Specifically, in 

diagnostic agents based on metal ions which may be toxic when unprotected, substitutional 

inertness can be a valuable property (Xu et al, 2001; and Aime et al., 2000). For therapeutic agents, 

on the other hand, bio-molecular rearrangement can be expected, and even be considered an 

advantage. In both cases, portions of the ligand may be designed to serve as targeting agents, either 

towards a particular tissue, or an enzyme.  In diagnostic agents, the whole molecule can usually be 

expected to remain intact, from administration through to excretion. Not so in metal-based 

therapeutics, some of which would not even function if they remained intact indefinitely (Louie 

and Meade, 1999). 

 

1.5.2 Oxidation State as a Critical Factor in Bioavailability of Metal-Based Drugs 

Besides ligands choice, another critical factor in design of a metallopharmaceutical is oxidation 

state. The oxidation state of the metal ion can be decisive in regulating the immediate in-vivo 

response to metal-based pharmaceutical agents, often making the difference between a beneficial 

and a toxic response at the same administered dose of a metal ion, and also directing towards the 

metabolic pathways by which the compound will be integrated. The oxidation state of the metal 

ion also dictates particular coordination geometries, hence limiting appropriate binding for 

different ligands set. By optimizing choice of ligands and oxidation state, investigators can build 

in control of kinetic and thermodynamic properties of metallopharmaceuticals for specific 

therapeutic needs (Reedijk, 2003). 

 

 

1.6 IMORTANCE OF TRANSITION METAL COMPLEXES 

Metals have an esteemed place in medicinal chemistry. Transition metals represent the d block 

element which includes groups 3-12 on the periodic table. Their d shells are in process of filling. 

This property of transition metals resulted in the foundation of coordination complexes. Metal 

complex or coordination compound is a structure consisting of a central metal atom, bonded to a 

surrounding array of molecules or anions. Sophus Jorgensen in Denmark synthesized metal 

conjugates for the first time in the mid 1870’s. In 1893 the major breakthrough in this field 

occurred when Alfred Werner investigated a series of compounds, which contained cobalt, 

chlorine and ammonia.  

 

1.6.1 TRANSITION METAL COMPLEXES AS ANTICANCER AGENTS 

1.6.1.1 Platinum Based Anticancer Drugs 
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Platinum (II) complexes has been used as anti cancer drugs since long, among them cisplatin has 

proven to be a highly effective chemotherapeutic agent for treating various types of cancers 

(Jamieson and Lippard, 1999). Cisplatin moves into the cell through diffusion and active transport. 

Inside the cell it causes platination of DNA, which involves interstrand and intrastrand cross-

linking as well as formation of adducts, usually through guanine, as it is the most electron rich site 

and hence, easily oxidized. Formation of cisplatin DNA adducts causes distortion and results in 

inhibition of DNA replication (Lee et al., 2002). Cisplatin DNA adducts also serve as binding site 

for cellular proteins such as repair enzymes, histones, transcription factors (Louie 1999; Volkter 

1999; Cohen et al., 2001; He et al., 2000; Wong et al., 2002). Beside the effectiveness of cisplatin 

against cancer, it has encountered many side effects. 

Drugs like cisplatin does not specifically affect cancer cells but it also effect the rapidly dividing 

cells of certain normal tissues, such as those found in hair follicles, bone marrow, and the lining 

of the gastrointestinal tract. Inside the cell it interacts with a number of other negatively charged 

bio molecules besides DNA such as proteins, sulphur-containing compounds like metallothioneins 

and glutathiones that sequester heavy metals like Pt and remove it from the cell. Pt (II) and Pt (IV) 

complexes are photo reactive. Irradiation of cis-platin modified DNA with UV light can induce 

cross-links with the protein HMG, which can inhibits RNA transcription (Bartkowiak et al., 2009; 

Qutob, et al., 2004; McKay , et al., 2001). 

    

                                           
                                                       Fig 1.5 Cisplatin 

 

 

 

1.6.1.2 Non-Platinum Anticancer Agents 

Platinum is not the only transition metal used in the treatment of cancer, various other transition 

metals have been used in anticancer drugs (Chen et al., 2009). Titanium complexes such as 

Titanocene dichloride had been recognized as active anticancer drug against breast and 

gastrointestinal carcinomas. Gold complexes also show anti-cancer activity, these complexes act 

through a different mechanism as compared to cisplatin (Au et al., 2008). The target site of Au 

complexes is mitochondria not DNA. Certain gold complexes with aromatic bipyridyl ligands have 

shown cytotoxicity against cancer cells (Marcon et al., 2002). The 2-[(dimethylamino) methyl] 

phenyl gold (III) complex has also proven to be anti tumor agent against human cancers (Messori 

et al., 2000). Gold nanoparticles when used in combination with radio therapy or chemotherapy 

enhance DNA damage and make the treatment target specific (Zheng et al., 2009). Lanthanum has 

also been used to treat various forms of cancer (Kapoor, 2009). Ansari et al. in 2009 studied some 

complexes of Mn (III) induce tumor selective apoptosis of human cells. 
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1.6.2 Transition Metal Complexes as Anti -Infective Agents 

Transition metals like silver have been used for years as anti microbial agents. Silver has low 

toxicity as compared to other transition metals. Silver nitrate is still given to the infants to prevent 

the development of opthalmia neonatorum. One of the most commonly used compounds of silver 

is silver (I) sulfazine; it is used to treat severe burns to prevent them from bacterial infections 

(Clarke et al. 1975). Chlorohexidine- Silver Sulfadiazine is an anti infective metal complex against 

catheter infections in-vivo (Bassetti et al., 2001). Organometallic complexes of Pt, Rh, Ir, Pd, and 

Os with active organic molecules have been reported to exhibit trypanocidal activity (Lorisean et 

al., 1992). An increasing amount of data showing the beneficial use of zinc (Zn) in treating diarrhea 

continues to emerge from epidemiological and clinical trials. Nitrogen containing macrocyclic 

complexes of Manganese (II) have shown anti microbial activity. An octahedral geometry for these 

complexes has been confirmed by spectroscopic analysis. Many manganese complexes have been 

screened against a number of pathogenic fungi and bacteria to evaluate their growth and potential 

Metal complexes of Pt (II) and Ru (II) with o-vanillin- (4- methyl thiosemicarbazone), and o-

vinillin- (4-phenyl thiosemicarbazone) have been prepared, characterized by chemical methods 

and studied for antibacterial, antifungal, and antiamoebidal activity and have been proven more 

efficient anti infective agents (Offing et al., 1996). 

 

                                  
                                        Fig 1.6 Tolfenamic acid. 

 

1.6.3 Transition Metal Complexes as Anti-Inflammatory Agents and Free Radical 

Quenchers 

Transition metals have also been used as anti-inflammatory and anti-arthritic agents (Aras et al., 

2009). Several inject able transition gold complexes like sodium aurothiomalate, aurothioglucose 

and sodium aurothiopropanol are used clinically in the treatment of severe cases of rheumatoid 

arthritis. Gold and silver nanoparticles conjugated with heparin derivative possess 

antiangiogenesis properties (Kemp et al., 2009). Silver nanoparticles are used in the development 

of an antimicrobial gel formulation for topical use (Jain et al., 2009). Gold has been used in the 

treatment of peripheral psoriatic arthropathy (Nash and Clegg, 2005). 

 

1.5.4 Transition Metals as Anti-Diabetic Agents 

More than 2 - 8% of world’s population is suffering from diabetes (Wild et al., 2004). It is a 

condition in which body do not produce a hormone called insulin which is necessary for the 

absorption of glucose in cells (Rother, 2007). Scientists are looking for alternative approaches for 

the treatment of diabetes (Nahas et al., 2009). Control of the glucose level in the blood plasma has 

been achieved by administration of vanadium and zinc in form of inorganic salts.  
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                         Fig 1.7  Sodium Valproate. 

 

It has been shown that elements are poorly absorbed in their inorganic forms and required high 

doses, which have been associated with undesirable side effects. Vanadium complexes with 

organic ligands have proved to be less toxic, with improved solubility and lipophilicity. There are 

a number of vanadium complexes that have been developed, all of which have insulin-mimetic 

properties. The molecular mechanism responsible for the insulin-like effects of vanadium 

compounds have been shown to involve the activation of several key components of insulin-

signaling pathways. It is interesting that the vanadium effect on these signaling systems is 

independent of insulin receptor protein tyrosine kinase activity, but it is associated with enhanced 

tyrosine phosphorylation of insulin receptor substrate (Mehdi et al., 2006). Chromium 

supplementation significantly improved glycemia among patients with diabetes but do not show 

any significant effect on glucose metabolism in healthy individuals (Balk et al., 2007). Higher zinc 

intake has also been associated with a slightly lower risk of type 2 diabetes in women (Sun et al., 

2009). 

 

 

 

1.6.5 Transition Metal as Neurological Drugs 

Transition metal complexes are also used in the treatment of neurological disorders (Hashimoto et 

al., 2003). One example of this is lithium. Lithium has been used to cure many neurological 

disorders like Huntington's chorea, tardive, dyskinesia, spasmodic torticollis, Tourette's syndrome, 

L-dopa induced hyperkinesias, Parkinsonism, organic brain disorders, drug induced delusional 

disorders, migraine and cluster headache, periodic hypersomnolence, epilepsy, meniere's disease 

and periodic hypokalemic paralysis. The mechanism of action involves Li inhibiting the 

scavenging pathway for capturing inositol in the retrosynthesis of polyphosphoinositides in the 

brain (Camins, 2009). Valproate treatment in combination with lithium delays disease onset, 

reduces neurological deficits and prolongs survival in an amyotrophic lateral sclerosis mouse 

model (Feng, 2008). Other transition metals like zinc are involved as a transmitter in the neuronal 

signaling pathways. Neuronal Zn (II) serves as an important, highly regulated signaling component 

responsible for the initiation of a neuro-protective pathway (Aras, 2009). 

 

 

1.7 JUSTIFICATION 

A large amount of information is available on the synthesis and characterization of metal 

complexes derived from copper, cobalt, vanadium and biological important ligands that 

established improvements in biological properties of parent ligands upon coordination to metal 

ions e.g. theophyline, tetracycline e.t.c. The synthesis of these compounds has always been 

achieved through non-benign routes. Therefore, the synthesis of copper, cobalt and vanadium 
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complexes of tetracycline, theophyline and cimetidine using environmentally friendly is of 

paramount interest in order to exploit their coordination chemistry and biological activity. 

  

1.8 BROAD OBJECTIVE 

The aim of this research work is to synthesize new metal complexes by the reaction of Cu(I)Br, 

VOSO4 and CoCO3 with tetracycline, theophyline and cimetidine and also to characterize the 

resulting complexes. 

 

1.9 SPECIFIC OBJECTIVES OF THE RESEARCH 

❖ To synthesize and obtain the metal complexes in solid state using the ligands mentioned above. 

❖ To characterize the obtained metal complexes using UV-Visible, FT-IR spectrophotometry. 

❖ To study the complexation of Tetracycline, Theophylline, and Cimetidine with copper 

bromide, cobalt carbonate and vanadium sulphate 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1`FUNCTIONS AND STRUCTURAL FORMULA OF SOME BIOLOGICALLY 

RELEVANT LIGANDS  

2.1.1 Tetracycline 

Tetracycline, sold under the brand name Sumycin among others, is an antibiotic used to treat a 

number of infections. This includes acne, cholera, brucellosis, plague, malaria, and syphilis (The 

American Society of Health-System Pharmacists, 2016). 

                            
                                               Fig. 2.1 Tetracycline 

Formula C22H24N2O8 

Molar mass 444.435 g/mol 

Common side effects include vomiting, diarrhea, rash, and loss of appetite. Other side effects 

include poor tooth development if used by children less than eight years of age, kidney problems, 

and sun burning easily (The American Society of Health-System Pharmacists, 2016). Use during 

pregnancy may harm the baby. Tetracycline is in the tetracycline’s family of medications. It Molar 

mass 444.435 g/mol g·mol−1 works by blocking the ability of bacteria to make proteins. 

Tetracycline was patented in 1953 and came into commercial use in 1978 (Fischer et al, 2006). It 

is on the World Health Organization's List of Essential Medicines, the most effective and safe 

medicines needed in a health system and Tetracycline is available as a generic medication (The 

American Society of Health-System Pharmacists, 2016). 

 

2.1.2 Theophylline 

Theophylline, also known as 1,3- dimethylxanthine, is a methylxanthine drug used in therapy for 

respiratory diseases such as chronic obstructive pulmonary disease (COPD) and asthma under a 

variety of brand names. As a member of the xanthine family, it bears structural and 

pharmacological similarity to theobromine and caffeine, and is readily found in nature, being 

present in tea (Camellia sinensis) and cocoa (Theobroma cacao). A small amount of theophylline 

is one of the products of caffeine metabolic processing in the liver (Mandal, 2016). 
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                                          Fig 2.2; Theophyline 

Formula C7H8N4O2, Molar mass 180.164 g·mol−1
 

Medical uses 

The main actions of theophylline involve:  

❖ Relaxing bronchial smooth muscle,  

❖ Increasing heart muscle contractility and efficiency (positive inotrope), 

❖ Increasing heart rate (positive chronotropic) 

❖ Increasing blood pressure 

❖ Increasing renal blood flow 

❖ Anti-inflammatory effects 

❖ Central nervous system stimulatory effect mainly on the medullary respiratory center. 

 

The main therapeutic uses of theophylline are aimed at: 

❖ Chronic obstructive pulmonary disease 

❖ Asthma 

❖ Infant apnea 

❖ Blocks the action of adenosine; an inhibitory neurotransmitter that induces sleep, contracts the 

smooth muscles and relaxes the cardiac muscle (Alboni et al, 2013). 

 

2.1.3 Cimetidine 

Cimetidine, sold under the brand name Tagamet among others, is a histamine H2 receptor 

antagonist that inhibits stomach acid production (Morton et al, 1999). It is mainly used in the 

treatment of heartburn and peptic ulcers (Elks, 2014).  

 

                             
                                               Fig.2.3 Cimetidin 

Formula C10H16N6S , Molar mass 252.34 g/mol g·mol−1 

 

2.1.4 Bipyridine 

Bipyridines also known as bipyridyls, dipyridyls, and dipyridines, are a family of chemical 

compounds with the formula (C5H4N)2, consisting of two pyridyl (C5H4N) rings. Pyridine is an 

aromatic nitrogen-containing heterocycle that forms complexes with most transition metals. It 

interacts with metals mainly as a σ- donating Lewis base.  
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                                       Fig.2.4 Bipyridine 

 

The bipyridines are all colourless solids, which are soluble in organic solvents and slightly soluble 

in water. 2,2′-Bipyridine (2,2′-bipy) is a chelating ligand that forms complexes with most transition 

metal ions that are of broad academic interest. Many of these complexes have distinctive optical 

properties, and some are of interest for analysis. Its complexes are used in studies of electron and 

energy transfer, supramolecular and materials chemistry, and catalysis. 2,2′-Bipyridine is used in 

the manufacture of diquat (Mandal, 2016).. 

 

 

 

 

 

2.1.5 Imidazole 

Imidazole is an organic compound with the formula C3N2H4. It is a white or colourless solid that 

is soluble in water, producing a mildly alkaline solution. In chemistry, it is an aromatic heterocycle, 

classified as a diazole, and has nonadjacent nitrogen atoms Chemical formula C3H4N2 Molar mass 

68.077 g/mol Appearance white or pale yellow solid Density 1.23 g/cm3, solid Melting point 89 

to 91 °C (192 to 196 °F; 362 to 364 K) Boiling point 256 °C (493 °F; 529 K) Solubility in water 

633 g/L UV-vis (λmax) 206 nm Structure and properties Imidazole is a planar 5-membered ring. 

It exists in two equivalent tautomeric forms, because hydrogen can be bound to one or the other 

nitrogen atom. Imidazole is a highly polar compound, as evidenced by 

its electric dipole moment of 3.67 D (Christen et al, 1981).  It is highly soluble in water. The 

compound is classified as aromatic due to the presence of a planar ring containing 6 π- electrons 

(a pair of electrons from the protonated nitrogen atom and one from each of the remaining four 

atoms of the ring). Some resonance structures of  imidazole are shown below: 

                                          
         

                                  Fig.2.5 Imidazole 
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2.5.1 Pharmaceutical Derivatives of Imidazole 

The substituted imidazole derivatives are valuable in treatment of many systemic fungal infections. 

Imidazoles belong to the class of azole antifungals, which includes ketoconazole, miconazole, and 

clotrimazole (Davis et al, 2009). 

 

2.1.6 Phenanthroline 

Phenanthroline (phen) is a heterocyclic organic compound. It is a white solid that is soluble in 

organic solvents. It is used as a ligand in coordination chemistry, forming strong complexes with 

most metal ions.Chemical formula C12H8N2 Molar mass 180.21 g/mol Appearance colourless 

crystals Density 1.31 g/cm3, Melting point 117 °C (243 °F 390 K) Solubility in water ( 

moderate),solubility in other solvents, acetone and ethanol. The ferroin analogue [Ru(phen)3]
2+ 

has long been known to be bioactive (Dwyer et al, 1982). 1,10-Phenanthroline is an inhibitor of 

metallopeptidases, with one of the first observed instances reported in carboxypeptidase (Felber et 

al., 1962). Inhibition of the enzyme occurs by removal and chelation of the metal ion required for 

catalytic activity, leaving an inactive apoenzyme. 1,10-Phenanthroline targets mainly zinc 

metallopeptidases, with a much lower affinity for calcium (Salvesen and Nagase, 2001). 

                                                 
                                               Fig 2.6 1, 10-Phenanthroline 

 

 

 

 

 

 

 

2.2 LITERATURE REVIEW ON METAL-CONTAINING THERAPEUTICS 

 

2.2.1 Vanadium Complexes with Mixed O, S Anionic Ligands Derived From Maltol: 

Synthesis, Characterization, And Biological Studies 

The coordination chemistry of vanadium with sulfur-containing ligands is an emerging field of 

interest with relevance to several disparate biological systems (Thompson and Orvig, 2001; 

Rehder, 1999; Chasteen and Kluwer, 1990; and Crans et al, 2004). The presence of vanadium-

sulfur bonding in the active site of certain nitrogenase enzymes has been well established,5 and 

vanadium-sulfur coordination also appears to be pivotal to the well-known tyrosine phosphatase 

inhibition through binding to cysteine at the putative active site (Zhang et al, 1997). A third area 

of interest, vanadium complexes with ligands that supply both sulfur and oxygen donors for 

candidate therapeutic agents (Sakurai et al, 2000; and Nekola et al, 2002), is one that dovetailed 

nicely with our previous explorations in the more general area of vanadium-containing insulin 
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mimics (Thompson and Orvig, 2004) by oral administration of some vanadium salts (e.g., VOSO4 

or sodium vanadate). Numerous studies in experimental animals have shown that tolerable levels 

of vanadium containing compounds can normalize plasma glucose, lipids, and the thyroid hormone 

and at least partially counteract the increased oxidative stress that accompanies diabetes mellitus 

and contributes to secondary complications In previous studies in our laboratories, both 

vanadium(III) and oxovanadium(IV) complexes with, primarily, oxygen donor ligands have been 

shown effective, with one compound, bis(ethylmaltolato) oxovanadium(IV), having completed 

phase I clinical trials (Thompson et al, 2003). These compounds should bind to vanadium through 

the thiocarbonyl sulfur and deprotonated hydroxyl oxygen atoms, thus comprising mixed O,S 

donor ligands. Two other ligands with mixed O,S donor atoms with the N-R group substituted for 

the ring oxygen were also synthesized: 3-hydroxy-2-methyl-4-pyridinethione (Hmppt) and 3-

hydroxy-1,2-dimethyl-4-pyridinethione (Hdppt). The corresponding oxygen analogues of these 

compounds (i.e., CdO instead of CdS) are ligands that have been previously synthesized and tested 

as vanadyl complexes for insulinlike properties (Thompson et al., 2003; and Rehder et al., 

2002).The substitution of N-R in the ring provides versatility in terms of varying the R group on 

the nitrogen and, hence, changing chemical properties such as lipophilicity, solubility, and stability 

of the vanadium complex. 

 

2.2.2 Vanadium and diabetes 

As we approach the 21st century, diabetes research has never been so intense. Along with 

important improvements in the scientific tools and techniques, deep insights into the complex 

inter-relationship between insulin action, insulin resistance, lipid and carbohydrate metabolism 

have been made. Twelve years ago, a very surprising discovery was made in vivo demonstrating 

that vanadium can enhance and/or mimic the physiological effects of insulin in an experimental 

model of diabetes (Heyliger et al., 1985). Since this first observation, a great deal of work has been 

done and recently data demonstrating beneficial effects of vanadium in humans have been 

published leading to the question, ‘could vanadium be a useful adjunct in the treatment of 
diabetes?’. Key aspects of the findings with this unique trace element in relation to its insulin-

mimetic, anti-hyperglycemic and anti-hypertensive effects are reviewed below. 

 

2.2.2.1 In-Vitro Insulin Mimetic Actions of Vanadium 

In vitro, the insulin-like effects of vanadium extend to numerous processes involved in 

carbohydrate, lipid and protein metabolism: (i) carbohydrate metabolism through glucose 

transport, glucose transport translocation, glycolysis and glycogen synthesis (Nakai et al, 1995; 

Duckworth et al, 1988; Schechter 1980 and Karlish ; Tamura et al, 1984; Tamura et al, 1983; 

McNeill et al, 1995; and  Orvig et al, 1995); (ii) lipid metabolism primarily by inhibition of 

lipolysis, and (iii) protein metabolism and mitogenesis (Jackson et al, 1988; Morita et al, 1995; 

Maher, 1992; Barnes et al, 1995; and Hajjar et al, 1987). 

 

2.2.2.2 In-Vivo Insulin Mimetic Actions of Vanadium 

The first report of vanadium’s insulin mimetic and antidiabetic potential in vivo was published by 
Heyliger et al, 1985. This study was performed on streptozotocin (STZ) diabetic rats chronically 

treated with sodium orthovanadate. Normalization of hyperglycemia and improvement of cardiac 

depressed function were both recorded without an increase in plasma insulin levels in the diabetic 

rats. This observation demonstrated the ability of vanadium to improve insulin sensitivity. 

Hyperinsulinemic clamp studies later confirmed a decreased insulin resistance following 
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vanadium treatment (Bhanot et al., 1994). In 1987, Meyerovitch showed that in addition to 

lowering plasma glucose levels, chronic sodium metavanadate administration could also enhance 

basal hexose transport in both liver and muscle (Meyerovitch et al., 1987). Brichard et al. 

subsequently described a dose-response relationship between vanadate and its glucose lowering 

effects (Brichard et al., 1988). Since vanadyl sulfate was reported to be 6–10 times less toxic than 

vanadate (Hudson, 1964) this form of vanadium was extensively investigated for its insulin-like 

effects. STZ-diabetic animals responded to vanadyl sulfate given in drinking water with corrected 

plasma glucose, lipids, creatinine and thyroid hormone blood levels. This improvement was 

accompanied by correction of abnormalities in isolated heart function and glycerol output from 

adipose tissue (Ramanadham et al., 1989). The use of organic vanadium complexes to increase 

potency In order to overcome poor absorption of vanadate and vanadyl from the gastrointestinal 

(GI) tract and GI toxicity, i.e. diarrhea, our laboratory and others have synthesized various organic 

vanadium compounds which were designed to improve absorption, potency and therapeutic safety. 

Bis(maltolato)oxovanadium (IV) (BMOV), a maltol/ vanadyl compound, was developed in 

collaboration with Dr. C. Orvig in the Department of Chemistry at the University of British 

Columbia, Vancouver, Canada (McNeill et al., 1992). BMOV is an example of a series of 

compounds specifically designed to be administered orally and absorbed by passive diffusion. It 

is water soluble, electrically neutral and has a low molecular weight (McNeill et al., 1992; and 

Yuen et al., 1993). BMOV and vanadyl sulfate have been compared for their effects by both oral 

administration and intra peritoneal (i.p.) administration using a single dose (Yuen et al, 1995). 

This observation is important regarding some concerns expressed in the literature about vanadium 

toxicity. Chronic BMOV treatment completely prevented elevations in plasma urea, creatinine, 

alanine, aminotransferase (ALT) and improved histological abnormalities in the kidney and liver 

from STZ diabetic rats (Yuen et al, 1995). 

 

2.2.2.3 Vanadium Glucose Lowering Effects and Food Restriction 

Vanadium compounds have now been extensively demonstrated to normalize the hyperphagia 

associated with experimental diabetes. In 1994, Malabu et al. stated some concerns claiming that 

the decrease in plasma glucose levels observed after vanadate administration was entirely 

attributable to a reduction in food intake (Malabu et al., 1994). In our laboratory, Yuen et al. 

conducted a detailed study on STZ-diabetic rats to precisely define the respective effects 

attributable to vanadium alone or to food restriction alone. Two main parameters were used to 

assess these influences: plasma glucose levels and lipid levels (Yuen et al., 1997). STZ-diabetic 

rats were treated daily over a 6 week period with BMOV dissolved in drinking water. Pair-fed 

groups were fed based on the intake of their respective counterparts from the previous day. 

Decreases in plasma glucose, triglycerides and cholesterol levels in diabetic-treated rats were 

recorded with no effect on the plasma insulin level. None of these parameters were affected in 

pair-fed animals. In addition, prevention of cardiac function impairment was observed in STZ-

diabetic rats treated with BMOV but not in pair-fed diabetic animals. The experimental design 

used in Malabu’s study may explain the different results since food was given to pair-fed animals 

only once a day. Our observation is that hyperphagic diabetic animals consume this small amount 

of food in a very short period of time after provided. The animals are therefore left fasting for a 

long period of time since blood was not collected until the morning. This factor is crucial since 

reduction in plasma glucose levels in their study for pair-fed diabetic groups was similar to what 

we have observed after a prolonged (20 h) period of fasting (Malabu et al., 1994). 
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2.2.2.4 Vanadium in Bone 

Concern has been raised by the fact that vanadium deposits in bone and could be potentially toxic 

(Mravoca et al., 1993). Indeed studies have shown that chronic vanadium administration to rat 

results in bone concentrations of vanadium of 10–26 µg/g (Yuen et al., 1993; and Mongold et al., 

1990). These concentrations were twice that of the accumulation in kidney and 6–10 times higher 

than those found in liver. Vanadium treatment did not affect the content of other minerals in the 

bone (K, Mg, Na, Ca, P) nor did it affect bone crystal size as determined by X-ray diffraction 

(Yuen et al, 1993; and Mongold et al, 1990). 

 

2.2.3 Synthesis, Characterization, Antimicrobial and Density Functional Theory Studies of 

Metal Complexes of 3-Benzoyl-7-Methoxy Coumarin 

Coumarin is a phytochemical compound existing in many plants such as Tonka bean, lavender, 

sweet clover grass, liquorice, strawberries, apricots, cherries, and cinnamon. Recently, coumarin 

derivatives are used to prepare new drugs with low toxicity and are being used as anticoagulants, 

antibacterial agents antifungal agents, biological inhibitors, chemotherapeutics and bioanalytical 

reagents(Mendez and Brown, 1982; Suttie et al., 1990; Bedair et al., 2000; Patonay et a.l, 1984; 

Gnerre et al., 2000; Egan et al., 1997; Budzisz et al., 2004; and Jimenez et al., 2000). Coumarin 

derivatives are known to have good complexing ability (Marshall et al., 1994). The formation of 

metal complexes with coumarin plays an important role in the growth of biological activity. 

Recently, it has been reported that 4-methyl-7-hydroxycoumarin complexes with several metals 

might be applicable as anticoagulants and spasmolytic agents (Myers et al., 1994; and Kawaii et 

al., 2001). Ferroquine, a metal complex, can produce reactive oxygen species (ROS), which kill 

the parasites resistant to chloroquine (Gasser, 2015). Luminescent metal complexes show selective 

binding affinity with specific DNA conformations (Lin et al., 2015). Considerable effort has now 

been given to the functionalization of coumarin so that metal-coumarin complexes may be 

synthesized towards the development of artificial photosynthetic systems, chemical sensors, and 

molecular level devices (Sathisha et al., 2008).  

A solution of 3-benzoyl-7-methoxycoumarin   (L1, C17H12O4, 0.560 g, 2 mmol) in 20 ml of 

methanol was treated with a solution of nickel (II) nitrate   (0.290 g, 1 mmol) in methanol. The 

reaction mixture was stirred on a magnetic stirrer. Bluish green crystalline product formed after 6-

7 h was collected by filtration. The solid was washed several times with methanol (50 ml), then 

with diethyl ether (30 ml) and finally dried in vacuum. The obtained complex (1a) was 

recrystallized from dry methanol. Molecular formula of 1a, NiC34H24O14N2: molecular weight 

743.23, yield: 0.492 g, colour: bluish-green powder. Copper (II) nitrate and zinc (II) nitrate were 

dissolved in methanol and added to a solution of L1 in methanol in 2:1 mole ratio of ligand to 

metal, respectively, with stirring. The reaction mixture was heated under reflux for   3-4 h, during 

this period the precipitation was completed and filtered. Then, the precipitates (1b and 1c) were 

washed with methanol and dried under vacuum for 3 h. Molecular formula of 1b was Cu 

C34H24O14N2, molecular weight 748.09, yield, 0.589 g, colour: brown powder; molecular formula 

of 1c was ZnC34H24O14N2, molecular weight 749.92, yield, 0.596 g, colour: white crystals. 
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                   Fig. 2.7: Optimized geometry of the Cu complex 1b at B3LYP 

 

 

 

2.2.4 Oxovanadium(Iv) Complexes with Nitrogen Donors: Synthesis, Characterisation, and 

Biological Activities 

Macrocyclic nitrogen donor ligands have received special attention because of their versatile 

coordination modes and for their biological activities, that is, toxicity against bacterial and fungal 

growth, anticancerous , and other biochemical properties (Sellappan et a.l, 2010; Sengupta et al., 

2003;  Pujar  et al., 1986; and Mishra  et al., 1997). Such ligands, for example, porphyrins, 

salicylates, and sulphosalicylates, are known to play a very important and vital role in the stability 

of the metal complexes with the factor of having specific cavity size, stereochemical rigidity, 

flexibility, and ability to coordinate with metal atom. SA/SSA ligands and their complexes are 

widespread in nature and of considerable relevance in medicinal chemistry and also in industries 

(Smith et al., 1997; and Martell et al., 1990) (e.g. in the preparation of heterometallic precursors 

to oxide materials). VO2+ complexes have extensive clinical applications. However, there have 

been no reports on the corresponding organo oxovanadium(IV) salicylates, sulphosalicylates and 

porphyrins, though these compounds are expected to be biomedical relevant (Saha et al., 2006). 

The VO(SA/SSA) precursors were prepared by the reaction of vanadyl sulphate (0.40 g, 2.5 

mM)with salicylic acid(SA) (0.34g,2.5mM)/sulphosalicylic acid (SSA) (0.54 g,2.5 mM) and 

granular zinc (mesh size 20, 0.10g, 1.5mM) in 30mL methanol. The reaction mixture was refluxed 

for one hour. There fluxing led to the formation of [VO(SA/SSA)] precursor. The complexes of 

[VO(SA/SSA)L] with pyridines had been prepared by adding the appropriate ligand directly to the 

solution of this [VO(SA/SSA)] precursor as 

 

VOSO4 + SA +2L     Zn, methanol        [VO(SA)(L)2], 

 

Where L=o-aminopyridineandoandm - methylpyridines.  The complexes were also synthesized by 

using bidentate nitrogen donors such as ethylene diamine, 2,2-bipyridyl, and1,10-

phenanthroline.Thesaturatedsolutionofligandwas added drop wise to the hot reaction mixture of 

[VO(SA/SSA)] precursor. The addition of ligands resulted in the precipitation of complex. This 

reaction mixture obtained was again refluxed for fifteen minutes. The complex was filtered and 

dried. The colour of complexes was muddy brown and physical state was dry powder.  
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VOSO4 +   SA + L-L                 Zn, methanol  [VO(SA)(L-L)], (2) 

Where L-L=ethylenediamineand1, 10-phenanthroline. 

 

 

 

Antifungal Studies. In vitro antifungal activity of some of the selected complexes was tested 

against the pathogen “Sclerotiumrolfsii” by the poisoned food method using Potato Dextrose Agar 
(PDA) nutrient as the medium. The linear growth of fungus in control and treatment were recorded 

at different concentrations of the complexes. The media was prepared by dissolving dextrose and 

agar to the solution of fresh potato starch. The sterilization of media (PDA) was carried out by 

autoclaving it at 15mm pressure per square inch for 20 minutes in sterile conditions. The test 

solutions were prepared by dissolving the compounds in DMSO. The test solutions were mixed in 

the PDA and poured into Petri plates in sterilized conditions inside laminar flow. After 

solidification, the plates were inoculated with seven-day-old culture of pathogen by placing 2mm 

bit in the centre of plates. The inoculated plates were incubated at 27∘C for 4 days. The linear 

growth of fungus in control and treatment were recorded at different concentrations of the 

complexes (Vincent, 1927). 

 

2.2.5 Synthesis and Characterization of Ternary Complexes of Copper (II), Nickel (II), Zinc 

(II) Cobalt (II)-and Mercury (II) Theophylline with Ethylenediamine 

Theophylline is a derivative of purine, consisting of a fused pyrimidine-imidazole ring system with 

conjugated double bonds and it has biological importance which can be used in anticancer drugs 

(Shohreh et al, 2003; Francesco et al, 2005; Jacek et al, 2005; and Kiriaki et al, 2007). The purines 

including theophylline, theobromine and caffeine, constitute an important class of anti-

inflammatory agents (Marwaha et al, 1995). As it is structurally related to nucleic acids 

components it has tremendous biological importance (Nafisi et al, 2003). Thus it can be used as a 

drug in pulmonary disease. On the other hand, many metal ions present in small quantities in living 

organism and play significant roles of extreme biological importance. The metals essential for such 

diverse intricate functions, beyond certain levels of concentration and in certain chemical forms 

may bring about adverse effects. Like other purine derivative theophylline has many 

pharmacologic properties. Since a few metal-theophylline complexes have shown significant 

antitumor activity (David et al, 1999), it is very important to know the coordinating behavior of 

theophylline with transition metal ions.The antibacterial activity of theophylline is wellknown, 

especially as this alkaloid is present in tea leaves (Dreosti, 1996). 

Mono (ethylenediamine) bis(theophyllinato)copper(II) A. 0.1705g (1.0 mmol) of CuCl2.2H2O was 

dissolved into 5 ml of distilled water and added to an aqueous solution of 15 ml theophylline 

(0.1802g). The resultant blue colored solution was treated with 7 drops of ethylenediamine and it 

was allowed to stand at room temperate for crystallization. Deep blue crystals were formed at 24 

hours. The crystals was filtered, washed with hot water and dried over silica gel.  

Mono (ethylenediamine) bis(theophyllinato)nickel(II) B. Aqueous solutions of NiCl2.6H2O 

(0.2400g in 5 ml water) and theophylline (0.1822g in 15 ml water) were mixed together and 6 

drops of ethylenediamine was added to it. Then it was refluxed about 3 hours and it was allowed 

to stand at room temperate for crystallization. Next day violet colored crystals of 

[Ni(C7H7N4O2)2(C2H8N2)] were found.  The crystals were filtered, washed with hot water, dried 

in air first and then over silica gel.  
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Mono(ethylenediamine) bis(theophyllinato)Zinc(II) C. In aqueous solutions of ZnSO4.7H2O 

(0.2901g in 5 ml water) 2 drops of ethylenediamine was added. This resultant solution is trated 

with 15 ml aqueous solution of theophylline (0.1822g) and instantly jelly like precipitate was found 

then it was stored. The powdery crystals were filtered, washed with hot water, dried in air first and 

then over silica gel.  

Mono(ethylenediamine)bis(theophyllinato)Cobalt(II). Monohydrate D. Aqueous solutions of 

cobalt acetate (0.1769 g in 5 ml water) and theophylline (0.1804 g in 15 ml water) were mixed 

together and 1 drop of ethylenediamine was added to it. Then light pinkish cloudy state was formed 

so it was filtered to get a clear solution. The volume of the solution was reduced to get a saturated 

solution for the crystallization and kept at room temperature. After two days pink crystals of 

[Co(C7H7N4O2)2(C2H8N2)].H2O were found. The crystals were collected by filtration, washed with 

hot water, dried in air first and then over silica gel.  

Mono(ethylenediamine) bis(theophyllinato)Mercury(II) E. 2 drops of ethylenediamine was added 

in a beaker to the aqueous solution of mercury acetate (0.319  g in 5 ml of water). Aqueous solution 

of theophylline (0.1809 g in 15 ml of water) was prepared in another beaker and these two solutions 

were mixed together then white precipitate of [Hg(C7H7N4O2)2(C2H8N2)] was found. The crystals 

were collected, washed with hot water and dried in air first then over silica gel.  

 

2.2.6 Syntheses, Characterization and Antibacterial Susceptibility Testing of Transition 

Metal Complexes of Doxycycline 

Tetracycline is the first semi-synthetic antibiotic of the naturally produced antibiotic aureomycin 

(chlorotetracycline), the first tetracycline to be discovered by fermentation of Streptomyces 

(Conover et al, 1953 and Boothe et al, 1953). Tetracycline was later obtained by fermentation 

process and is the most basic structure common to the other tetracyclines (Minieri, et al, 1956). 

The successful semi synthesis of tetracycline led to a wide search for superior structurally modified 

antibiotics and has provided most of the important antibiotic discoveries made since then (Stephens 

et al, 1958 and Conover, 1971). Among the semi synthetic tetracyclines that are in clinical use are 

doxycycline, methacycline and minocycline (Martell and Boothe, 1967). Many of these 

compounds retain or have enhanced antibacterial activity and are active in broad panels of 

organisms resistant to classical tetracyclines and other antibiotics. Xiao-Yi Xiao and co-workers 

have also described the design, synthesis, and evaluation of a new generation of tetracycline 

antibacterial agents (fluorocyclines) which possess potent antibacterial activities against multidrug 

resistant (MDR) Grampositive and Gram-negative pathogens (Xiao et al, 2012 and Clark et al, 

2011). These efforts are in response to the emergence of antibiotic-resistant bacterial strains and 

towards the development of tetracycline analogues with improved potencies and pharmacological 

properties. However, the number of antibiotics that have been discovered and introduced to clinical 

use are declining due to rapid resistance of pathogens against these antibiotics, regulatory hurdles 

and because of economic reasons (Sun et al, 2008; and Sum and Petersen, 1999). This necessitates 

an urgent need for new classes of antibacterial agents with new modes of action to overcome the 

virulence of multidrug-resistant pathogens. A possible approach to achieve this is metal 

complexation of existing drugs (Heasley, 2011). In view of the aforementioned bacterial 

resistance, the association of activity and toxicity of tetracyclines to metal coordination, the wide 

application of metal complexes in biology and the use of metal based compounds as 
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chemotherapeutics (Machado et al, 1995; Haas and Franz, 2009; Goodwin et al, 2008 and 

Shingnapurkar et al, 2007). 

[CoDox2(H2O)2]CO3.5H2O (1) To 1.0265 g (2 mM) of doxycycline hyclate in 100 ml of distilled 

water was added 0.1205 g (1 mM) of CoCO3 and the solution was stirred at 80 oC until 

effervescence stopped and the solution was filtered hot. The orange filterate was kept in freezer 

for 48 hours and the precipitated orange powder was filtered and dried in vacuum dessicator. Yield: 

400 mg (35%). M.p. 107 oC. UV-Vis (H2O): 274, 349; UV-Vis (MeOH): 547,765. Calculated: C,  

47.66; H, 5.51; N, 4.94. Found: C, 47.97; H, 5.15; N, 5.24  

[CoDox2(H2O)2](ClO4)3.6H2O (2) 0.5130 g (1mM) of doxycycline hyclate was dissolved in 10 ml 

of distilled water. The solution was heated to 80 oC and 0.0600 g (0.5 mM) of CoCO3 was added. 

Heating was continued until effervescence stopped and the solution was filtered hot.  To the orange 

filterate was added aqueous sodium perchlorate.  The precipiated powder was filtered and dried in 

vacuum dessicator. Yield: 314.2 mg (45%). M.p. 168-171. UV-Vis (CH3CN, nm): 268, 365, 540 

sh. UV-Vis (MeOH): 460. Calculated: C,  38.07; H, 4.50; N, 4.04. Found: C, 37.68; H, 3.93; N, 

3.71. ESI-MS: (CoDox2(H2O)2+Dox)=1429.1; (Co+Dox)= 502.6; (Co+2Dox)= 947.5  

[Cophen2Dox](ClO4)3.2H2O (3) 0.2567 g (0.5 mM) of doxycycline and 0.2626 g (0.5 mM) of 

[Cophen2Cl2]Cl were refluxed in 20 ml of methanol for 1 hour and the resulting solution was 

filtered. Saturated aqueous NaClO4 was added to the filterate and the precipitated pink product 

was filtered and dried in vacuum dessicator.  Yield: 330 mg (55%). UV-Vis (CH3CN, nm): 206, 

207, 210, 271, 363, 543 sh. Calculated: C, 46.11; H, 3.70; N, 7.01. Found: C, 46.29; H, 3.93; N, 

6.77  

[CubpgDox(H2O)2](NO3)2.3H2O (4) 0.2420 g (1 mM) of CuNO3.3H2O and 0.5130 g (1mM) of 

doxycycline hyclate were stirred at room temperature in 10 ml methanol for 50 minutes after which 

0.2940g (1mM) of bipyridine glycouril was added. 10 ml of methanol and 5 ml of water were 

added and the solution further stirred for 5 hours. The solution was covered with perforated 

aluminum foil and was allowed to evaporate slowly at ambient conditions. 516.4 mg of green 

powder was obtained after slow evaporation of the solvent. Yield: 516.4 mg (51%). UV-Vis (H2O, 

nm): 273, 316, 327, 356, 625. Calculated: C, 42.38; H, 4.74; N, 13.73. Found: C, 42.53; H, 4.24; 

N, 11.85. ESI-MS: [Cu+bpg+Dox+H]+= 801.546 (ESI-MS: 800.8); [CubpgDox]2+ = 400.773 (ESI-

MS: 401.6).  

 

 

 

 

 

 

 

 



22 

 

CHAPTER THREE 

MATERIALS AND METHODS 

 

3.1 MATERIALS AND MEASUREMENTS 

All chemicals (methanol, ethanol, acetone, acetonitril, dimethylflouride and dimethylsulphide) 

used in this research were of analytical reagents grade, procured from VWR International Ltd and 

they were used without further purifications.  Tetracycline, Theophylline and Cimetidine where 

obtained from Pharmaceutical companies in Nigeria. Metal salts (VOSO4, Cu(I)Br,  and CoCO3) , 

1,10-phenanthroline, bipyridine and imidazole were purchased from commercial source in Nigeria.  

UV-Vis spectra were recorded on a JascoV-730 Uv-Visible spectrophotometer and Infrared 

spectra were recorded in a range 4,000–400 cm-1 on Shimadzu FT-IR-8400 on samples pressed in 

KBr pellets at Redeemer University of Nigeria. 

Magnetic stirring was carried out using the Tecno-Vetro 20052 Monza magnetic stirrer. 

 

3.2 SYNTHESIS OF COMPLEXES  

[CoTet(H2O)4]CO3 (1): To 0.444 g (1 mM) of tetracycline  in 20 ml of distilled water was added 

0.118 g (1 mM) of CoCO3 and the solution was stirred at 60 oC until effervescence stopped and 

the solution was filtered hot. The orange filtrate was kept in a cupboard for 96 hours and the 

precipitated orange crystals were filtered. The orange powder residue was also dried at ambient 

temperature. Yield (residue): (0.184 g, 32%).  UV-Vis water (H2O): 269 nm; Uv-Vis 

dimethylformamide (DMF): 269 nm, 384 nm, 453.9 nm.  

[CoTet(H2O)3Im]CO3 (2):  Im= imidazole To 0.444 g (1 mM) of tetracycline  in 20 ml of distilled 

water was added 0.118 g (1 mM) of CoCO3 and the solution was stirred at 60 oC until 

effervescence stopped, 0.068 g (1 mM) imidazole was added and stirred for 2 hours. The solution 

was filtered. The yellowish brown filtrate was kept in a cupboard for days and the precipitated 

brown powder was filtered. Yield:  (0.460 g, 68%).  UV-Vis ethanol (EtOH): 245 nm, 296 nm, 

410 nm; UV-Vis dimethylformamide (DMF): 257 nm, 371 nm, 446 nm.  

[CuTheo2]Br (3):  To 0.360 g (2 mM) of Theophylline in 20 ml of ethanol and stirred in a round 

bottom flask, a colour solution was obtained.  0.143 g (1 mM) of Cu(I)Br  was added to  the 

solution and  stirred for 2 hours and a greenish yellow solution was obtained. The solution was 

filtered. And a green colour residue was obtained. Yield:  (0.210 g, 49.64%).  UV-Vis ethanol 

(EtOH): 245 nm, 296 nm, UV-Vis dimethylformamide (DMF): 257 nm, 371 nm, 446 nm.  

[CuTet]Br (4):  To 0.444 g (1 mM) of tetracycline in 20 ml of ethanol (EtOH) was added 0.143 g 

(1 mM) of Cu(I)Br  and the solution was stirred for six hours and a dark brown solution was obtain. 

The solution was filtered and the filtrate was kept in a cupboard for days and the precipitated dark 

powder was filtered. Yield:  (0.248, 46.94%).  UV-Vis ethanol (EtOH): 245 nm, 289 nm; UV-Vis 

dimethylformamide (DMF): 275 nm 371 nm, 702 nm.  
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[CuTet(bpy)]Br: (5) where bpy = bipyridine To 0.444 g (1 mM) of tetracycline in 20 ml of ethanol 

(EtOH) was added 0.143 g (1 mM) of Cu(I)Br  and the solution was stirred six hours and a dark 

brown solution was obtain. 0.156 g (1mM) of bpy was dissolved in 4ml ethanol and added as 

solution. Stirring continue for four hours, thirty minutes and a brownish solution was form. The 

solution was filtered and the filtrate was kept and the precipitated brown powder was filtered. 

Yield:  (0.350 g, 52.71%).  UV-Vis dimethylformamide (DMF): 242 nm, 296 nm, 391.4 nm, 544.4 

nm, 599 nm. 

[VoTet]SO4 (6); To 0.444 g (1 mM) of tetracycline in 20 ml of ethanol (EtOH)  was added 0.163g 

(1 mM) of VOSO4 and the solution was stirred 6 hours, a deep brown  solution was obtained. The 

brown filtrate was kept in a cupboard for 96 hours and the precipitated deep brown powder was 

filtered. Yield:  (0.395 g, 77%) UV-Vis (H2O): 270 nm; UV-Vis dimethylformamide (DMF): 275 

nm, 471 nm.  

[VoCim2]SO4 (7); 0.504 g (2 mM) Cimetidine was added into 15ml solution of sodium hydroxide 

(NaOH) (0.2 M) in a round bottom and stirred for 5mins. 0.163 g (1mM) VoSO4 was added as 

solid to the solution and stirred for 1 hour and a brown colour solution was obtained. The solution 

was filtered and the filtrate was kept in a cupboard for crystallization. Yield (0.072 g, 12.63%). 

UV-Vis dimethylformamide (DMF)  258 nm, 315 nm, 410 nm. 

[VoCim2phen]SO4 (8); 0.504 g (2 mM) Cimetidine was added into 15ml solution of sodium 

hydroxide (NaOH) (0.2M) in a round bottom and stirred for 5mins. 0.163 g (1mM) VoSO4 was 

added as solid to the solution and stirred for 1 hour and a brown colour solution was obtained. 

0.180 g (1 mM) phenathrolin was dissolve in 4 ml EtOH and added as a solution and stirred for 2 

hours 30 mins, a deep brown solution was formed. The solution was filtered and the filtrate was 

kept in a cupboard for crystallization. Yield (0.032 g, 4.2 %). UV-Vis  (DMF) 258 nm, 315 nm, 

541 nm.   
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CHAPTER FOUR 

 RESULTS AND DISCUSSION 

4.1 PHYSICO-CHEMICAL CHARACTERIZATION 

The newly synthesized complexes 1-8 are colored, stable at room temperature except complex 1 

that decompose and is partially soluble in common organic solvents such as ethanol (EtOH) and 

appreciably soluble in dimethylformamide (DMF) and dimethylsulphide (DMSO). 

 

Table 4.1 Solubility of the ligands and metal complexes in different solvents 

Compounds Water Ethanol Acetone Acetonitrile DMF 

Tetracycline S S/S S/S S/S S 

Theophylline S S S S S 

Cimetidine S/S S - - S 

Phenanthrolin S/S S S S I 

Bipyridine S/S S S S S 

Imidazole S S S S I 

[CoTet(H2O)4]CO3.5H2O 

Complexe 1 

S/S I I I S 

[CoTet(H2O)3Im]CO3.5H2O 

Complexe 2 

S/S S/S I I S 

[CuTheo2]Br 

Complexe 3 

I S/S I I S 

[CuTet]Br   

Complexe 4 

I S/S I I S 

[CuTet(bpy)]Br 

Complexe 5 

I S/S I I S 

 

[VoTet]SO4 

Complexe 6 

S/S I I I S 

 

[VoCim2]SO4 

Complexe 7 

I I I I S 

[VoCim2phen]SO4 

Complexe 8 

I I I I S 

S/S represents slightly soluble, S represents soluble and I represent insoluble 
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The solubility results show that tetracycline, theophylline and imidazole are soluble in water; their 

metal complexes are slightly soluble in water, soluble in dimethylformamide and insoluble in 

ethanol. Also cimetidine, bipyridine and phenanthroline are soluble in ethanol, acetone and their 

metal complexes are slightly soluble in ethanol but soluble in dimethylflormamide.  The solubility 

of the metal complexes showed a different pattern whereby their solubility varied from slightly 

soluble to being soluble. 

4.2 SPECTRAL CHARACTERIZATION 

The complexes were characterized using Uv-Vis spectroscopy  

4.2.1 Electronic Spectra 

The electronic absorption spectral data of their metal complexes in dimethylformamide are listed 

in Table 4.2. 

Table 4.2 Spectroscopic data of complex 1-8 

Complex Product 

yield 

(%) 

Colour Appearance Ligands 

Transitions 

(nm)  

Charge 

Transfer 

(nm) 

Metal-Lgand 

charge transfer 

(nm) 

1 32 Orange 

decompose 

to brown 

Crystalline 269 384 453.9 

2 68 Brown Powdery 275 371 446 

3 49.64 Green Crystalline/powdery 257 371 446 

4 46.94 Dark 

brown 

Powdery 275 371 702 

5 52.71 Brown Powdery 242, 296 391.4 544.4, 599 

6 77 Reddish 

brown 

Powdery 275 - 471 

7 12.63 Lemon 

green 

Powdery 258 315 410 
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8 4.2 Brown Powdery 258 - 540 

 

 

UV-Visible spectra of complex 1-8 
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Fig 4.1: Electronic absorption spectra of ligand (Tetracycline) and Cobalt complexes (1 &2) 
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Fig 4.2: Electronic absorption spectra of Theophylline and Copper complex (3) 
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Fig 4.3: Electronic absorption spectra of Tetracycline and Copper complexes (4&5) 
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Fig 4.4: Electronic absorption spectra of Cimetidine and Vanadium complexes (7) 

 

The absorption spectra of the complexes and respective ligands were recorded in the range of 200-

800nm. The absorption spectra have been recorded in DMF. The electronic spectra of these ligands 

and their complexes were illustrated in Table 4.2. In the ultraviolet region (200-400nm), peaks 

ranging from 200-300nm indicates intra-ligands transition (ߨ-ߨ*), peaks at 301-399nm indicates 

charge transfer of ligands.  
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While peaks at 400-800nm (Visible region) indicates metal-ligand charge transfer which involve 

d-d transitions (as a result of electron transition in the d-metal ion). The changes in the absorption 

spectra confirm that new complexes have been formed. 

In complexes 1 & 2, there are ligand transitions (ߨ-ߨ*) at 269 and 275 nm and charge transfer at 

371 and 384 nm in the UV region. At 453.9 and 446 nm for 1 and 2 respectively, there was metal-

ligand charge transfer which indicates a d-d transition (due to Co3+ which is d6). These changes 

indicate formation of new products and that metal-ligand bonds were formed in both 1 and 2. 

In complex 3, there is a ligand transition (ߨ-ߨ*) at 257 nm while a charge transfer appears at 371 

nm. At 446 nm there was metal-ligand charge transfer who corresponds to d-d transition (due to 

Cu+ which is d10), This change indicates a new product has been formed. 

In complexes 4 & 5, ligand transition bands are at (ߨ-ߨ*)  at 275 nm and 242 & 296 nm, while a 

charge transfer at 371 nm for complex 4 and 391.4nm for complex 5. d-d transition band appear 

at 702 nm for complex 4, 544.4 and 599 nm for complex 5 which indicate formation of complexes 

4 and 5. 

In complex 6, there is a ligand transition (ߨ-ߨ*) at 275 nm and another band at 471 nm (due to 

vanadium). These indicate a new product has been formed. 

In complexes 7 & 8, there is ligand transition (ߨ-ߨ*) at 258 nm, while a charge transfer at 315nm 

for complex 7. In complex 7 there is a metal-ligand charge transfer at 410 nm and for complex 8 

there is a metal-ligand charge transfer at 540 nm.  

 

4.2.2 FTIR Spectra 

The FTIR spectrum of the newly synthesized metal complexes was taken on Shimadzu-8400 FTIR 

spectrometer in the region 400-4000 cm-1. The comparison of FTIR spectrum of each of the ligands 

with that of its respective metal complexes revealed certain characteristics differences. One of the 

significant differences to be expected between the IR spectrum of the parent ligands and its metal 

complexes is the presence of bands due to heteroatoms (oxygen and nitrogen) of both the O-H and 

N-H of the ligands which are involved in coordination bond with the transition metal ion. The 

FTIR spectra of the free ligands (tetracycline, theophylline and cimetidine) and its complexes are 

presented in the appendix and summarized in tables 4.3-4.5. 

 

Table 4.3: FTIR spectra of tetracycline and its complexes 

Tetracycline 

 (cm-1) 

Co-Tet 

 (cm-1)  

1 

Co-Tet-Im 

(cm-1)  

2 

Cu-Tet 

(cm-1) 

 4 

Cu-Tet-

Bpy (cm-1) 

5 

Vo-Tet 

(cm-1) 

 6 

Assignment 

 

3342 3356.25 3396.24   3398.69 O-H 

stretching 

3064 3043.77  3099.71 3072.71 3088.14 C-H 

stretching of 
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aromatic 

ring 

2740 2713.93 2723.56 2775.66 2779.52  C-H 

stretching 

1612 1604.83 1597.11 1614.47 1600 1624.12 C=O 

stretching of 

an amide 

1176 1186.26 1176.62 1170.83 1172.76 1130.32 C-N 

stretching 

    769.62  Cu—N 

stretching of 

bipydrine 

  746.48    Co—N 

stretching of 

imidazole 

     974.08 V=O 

stretching 

 486.08 495.72 451.36 418.57 503.44 M—L bond 

formation. 

(M=metal 

ions and L= 

ligand) 

 

 

 

 

Table 4.4: FTIR spectra of cimetidine and its complexes 

Cimetidine (cm-1) 

 

Vo-Cim (cm-1)   

(7) 

Vo-Cim-phen (cm-1) 

(8) 

Assignment 

3144.37 3157.56 3151.79 N-H stretching of 

amines 

2177.24 2166.06 2168.06 N-C≡N stretching of 
isothiocyanates 

1590.99 1597.11 1604.83 N-H stretching of 

primary amine 
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 977.94 970.29 V=O stretch 

  767.69 VO—N stretching of 

phenanthrolin 

 598.88 434.00 VO—N stretching 

 

 

Table 4.5: FTIR spectra of theophylline and its complexes 

Theophylline (cm-1) Cu-Theo (cm-1) 3 

 

Assignment 

3315.04 3348.54  N-H stretching of amine 

3107.41 3115.14 N-H   stretching of either 

primary  or secondary amine 

2000.93 2000.25 C=C  stretch 

1417.00 1427.37 -CH3 bending 

 515.25 Cu-N stretching 

 

From table 4.3, The FTIR spectrum of free tetracycline is compared with the spectra of its 

complexes (1, 2, 4, 5, & 6), the absorption band at 3342 cm-1 in the spectrum of tetracycline has 

been attributed to O-H. This band have shifted to 3356.25 cm-1, 3396.24 cm-1, 3398.69 cm-1 in 

complex 1, 2 and 6 respectively, and the shifting of this vibrational band have provided evidence 

that this group is one of the coordination sites of tetracycline. Also the spectrum of tetracycline 

shows a strong absorption at 1176 cm-1 which is attributed to C-N which is another bonding site 

for tetracycline for coordination. This band has shifted to 1186.26 cm-1, 1176.62cm-1, 1170.83 cm-

1, 1172.76 cm-1, 1130.32 cm-1 in the complexes (1, 2, 4, 5, & 6). And also at 1612cm-1 which is 

attributed to C=O is another coordination site for tetracycline. At 486.08 cm-1 and 495.72 cm-1 for 

complexes 1 & 2 respectively, these bands is as a result of  metal to ligand bond formation (Co—
O stretching), while at 451.36 cm-1 and 418.57 cm-1 there a Cu—O bond formation for complexes 

4 & 5 respectively and at 503.01 cm-1 their VO—O bond formation for complex 6. 

At 746.82cm-1, this band is as a result of Co—N stretch of imidazole in complex 2. And at 769cm-

1, this band is as a result of Cu—N stretch of bipyridine in complex 5. 

From table 4.4, The FTIR spectrum of free cimetidine is compared to the spectra of its complexes 

(7, & 8), the absorption band at 3144.37 cm-1 in the spectrum of cimetidine has been attributed to 

N-H stretching. This band shifted to 3157.56 cm-1 and 3151.79cm-1 for both complex 7 and 

complex 8 respectively and the shifting of this vibrational band have provided evidence that this 
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group is one of the coordination sites of cimetidine. At 970 cm-1 and 977cm-1 there is V=O 

stretching for complex 7 and complex 8 respectively, while at 598 cm-1 and 434.00 cm-1 for 

complexes 7 & 8. These there is metal to ligand bond formation (VO—N stretching) for complex 

6. At 767.69cm-1, this band is as a result of VO—N of phenanthrolin in complex 8. 

From table 4.5, The FTIR spectrum of free theophylline is compared to the spectrum of its complex 

(3), the absorption band at 3315.04 cm-1 in the spectrum of theophylline has been attributed to N-

H stretching. This band has shifted to 3348.54 cm-1 for complex 3 and the shifting of this 

vibrational band have provided evidence that this group is the coordination site of theophylline. 

While the band at 515.01 cm-1 shows there is a metal to ligand bond formation (Cu—N stretching). 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION 

This project has been able to achieve a synthetic method that is of low cost and saves time and 

environmentally friendly for the synthesis of new metal complexes. It is an environmentally 

friendly synthesis because of the use of non-toxic solvent, water. In this research, eight new metal 

complexes were synthesized. The first synthesized compounds was cobalt complex of tetracycline 

and also copper (I) complex with tetracycline. The ligands and its metal complexes which are 

newly prepared were characterized using UV-Visible spectrophotometer and FTIR spectrometer, 

the electronic data of the ligands were compared to that of the newly synthesizes metal complexes. 

The other synthesis was centered on using copper (I) bromide, vanadyl sulfate with theophylline, 

and cimetidine. The ligands and metal complexes were characterized by similar procedure above. 

The solubility test of the complexes and their ligands were tested in different solvents and they 

were soluble in dimethylflomamide. 

 

5.2 RECOMMENDATIONS 

Since the kind of work done in this project involves inorganic and biological sciences expertise, a 

good collaboration between these two fields will be helpful for a thorough investigation starting 

from preparation, characterization and biological analysis of the compounds. The spectra 

characterization of the ligands and the complexes formed has proved that new products were 

formed with good stability, comparing these results reveal the need to evaluate the activities of the 

metal complexes and see how active they are toward biological organism. 

Further analyses of these complexes using more sophisticated techniques such as mass 

spectroscopy (ESI-MS), electron paramagnetic resonance (EPR), powdered X-ray diffraction 

methods, biological and catalytic studies are recommended as this will give more insight into the 

structure and phase purity of the new complexes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 

 

REFERENCE 

 

Abrams, M. J. and Murrer, B. A.  (1993) Metal Compounds in Therapy and Diagnosis, Science, 

261, 725. 

Aime, S.  Botta, M.  Frullano, L.  Crich, S. G.  Giovenzana, G. Pagliarin, R. Palmisano, G. 

Albert, A. (1979) Selective Toxicity, 6th ed.; Wiley: New York. 

Andersen, O. (1999) Chem. Rev. 99, 2683–2710. 

Aras M.A, Hara H, Hartnett  K.A, Kandler K, Aizenman E (2009). Protein kinase C regulation of 

neuronal zinc signaling mediates survival during preconditioning. J. Neurochem. 110(1): 106-107. 

Atanasov A.G, Waltenberger B, Pferschy-Wenzig EM, Linder T, Wawrosch C, Uhrin P, Temml 

V, Wang L, Schwaiger S, Heiss EH, Rollinger JM, Schuster D, Breuss JM, Bochkov V, 

Mihovilovic MD, Kopp B, Bauer R, Dirsch VM, Stuppner H (December 2015). "Discovery and 

resupply of pharmacologically active plant-derived natural products: A review" . Biotechnol Adv. 

33 (8): 1582–614.  

Au L, Zheng D, Zhou F, Li ZY, Li X, Xia Y (2008). A quantitative study on the photothermal 

effect of immuno gold nanocages targeted to breast cancer cells. ACS Nano. 2(8): 1645-1652. 

Balk E.M, Tatsioni A, Lichtenstein AH, Lau J, Pittas AG (2007). Effect of chromium 

supplementation on glucose metabolism and lipids. A systematic review of randomized controlled 

trials.Diabetes Care. 30(8): 2154-2163 

Barnes D M, Sykes D B, Schechter Y, Miller D S:(1995)  Multiple sites of vanadate and 

peroxovanadate action in xenopus oocytes. J Cell Physiol 162: 154–161,  

Bartkowiak D, Stempfhuber M, Wiegel T, Bottke D (2009). Radiationand chemoinduced 

multidrug  resistance in colon carcinoma cells. Strahlenther  Onkol. 185(12): 815-820. 

Bassetti S, Hu J, Agostino Jr. RB, Sherertz RJ (2001). Prolonged anti microbial activity of catheter 

containing chlorhexidine silver sulfadiazine extends protection againsts catheter infection in vivo. 

Antimicrob Agent Chemother. 45(5): 1535. 

Bedair A.H, El-Hady N.A, Abd El-Latif M.S, Fakery A.H, El-Agrody A.M. (2000)4-

hydroxycoumarin in heterocyclic synthesis: Part III. Synthesis of some new pyrano[2,3-d] 

pyrimidine, 2-substituted[1,2,4]triazolo[1,5-c] pyrimidine and pyrimido[1,6-

b][1,2,4]triazinederivatives. Farmaco;55:708-14.  

Bergström, C A; Andersson, S B; Fagerberg, JH; Ragnarsson, G; Lindahl, A (16 June 2014). "Is 

the full potential of the biopharmaceutics classification system reached?". European Journal 

Berthon, G. (1995) Handbook of Metal–ligand Interactions in Biological Fluids; Marcel-Dekker 

Inc.: New York; Vol. 1 

Bhanot S, Bryer-Ash M, Cheung A, McNeill J.H: (1994) Bis(maltolato) oxovanadium (IV) 

attenuates hyperinsulinemia and hypertension in spontaneously hypertensive rats. Diabetes 43: 

857–861,  

Boothe, J. H.; Morton, J.; Petisi, J. P.; Wilkinson, R. G.; Williams, J. H. Tetracycline. J. Amer. 

(1953) Chem. Soc., 75(18), 4621-4621.  

Brichard S. M, Okitolonda W, Henquin J.C: (1988) Long term improvement of glucose 

homeostasis by vanadate treatment in diabetic rats. Endocrinology 123: 2048–2053,  



36 

 

Budzisz E, Keppler B.K, Giester G, Wozniczka M, Kufelnicki A, Nawrot B. (2004) Synthesis, 

crystal structure, theoretical calculation and cytotoxic effect of new Pt(II), Pd(II) and Cu(II) 

complexes with pyridine-pyrazoles derivatives. Eur J Inorg Chem ; (2):4412-19.  

Camins A, Crespo-Biel N, Junyent F, Verdaguer E, Canudas A.M, Pallàs M (2009). Calpains as a 

target for therapy of neurodegenerative  diseases: putative role of lithium (Review). Curr. Drug 

Metab. 10(5): 433-47. 

Chen D, Milacic V, Frezza M, Dou QP (2009). Metal complexes, their cellular targets and potential 

for cancer therapy.Curr. Pharm. Des. 15(7): 777-791. 

Christen, D; Griffiths, John H.; Sheridan, J (1981). "The Microwave Spectrum of Imidazole; 

Complete Structure and the Electron Distribution from Nuclear Quadrupole Coupling Tensors and 

Dipole Moment Orientation". Zeitschrift für Naturforschung A. 36 (12): 1378– 1385. 

Bibcode:1981ZNatA..36.1378C . 

 Clark, R. B.; Hunt, D. K.;  He, M.; Achorn, C.; Chen, CL.; Deng, Y.; Fyfe, C.; Grossman, T. H.; 

Hogan, P. C.; O’Brien. W. J.; Plamondon, L.; Ronn, M.; Sutcliffe, J. A.; Zhu, Z.; Xiao, X.Y.  
(2011) Fluorocyclines. 2. Optimization of the C-9 Side-Chain for Antibacterial Activity and Oral 

Efficacy J. Med. Chem. 55, 606-612. [ 

Clarke M .J (2003)  Ruthenium metallopharmaceuticals. Coord. Chem. 236: 299-233. 

Clarke, M. J.  (1989)  Progress in Clinical Biochemistry and Medicine; Vol. 10. 

Clarke, M. J.; Sadler, P. J. (1999) Metallopharmaceuticals I: DNA Interactions; Springer-Verlag: 

Berlin; Vol. 1, p 199. 

Cohen S.M, Lippard S.J (2001). Cisplatin : from DNA damage to cancer chemotherapy. Prog. 

Nucleic Acid Res. Mol. Biol. 67: 93-130. 

Conover, L. H. (1971) Discovery of Drugs from Microbiological Sources   ACS Adv. Chem. Ser. 

108, 33–80.  

 Conover, L. H.; Moreland, W. T.; English, A. R.; Stephens C. R.; Pilgrim, F. J. Terramycin X. I.( 

1953)  Tetracycyline. J. Amer. Chem. Soc, 75 (18), 4622-4623 

Cotton, F. A. and Wilkinson, G. (1972) Advanced Inorganic Chemistry (3rd ed.) Interscience 

Cowan J.A. (1997).  In Inorganic Biochemistry/An introduction, Wiley-VCH Inc.  

Cox, P. A. (2004) Inorganic Chemistry (2nd ed.) BIOS Scientific Publishers Taylor and Francis 

Group. 

Crans, D. C.; Smee, J. J.; Gaidamauskas, E.; Yang, L. Chem. ReV. 2004, 104, 849  

David, L. Cozar, O.  Forizs, E.  Craciun, C. Ristoiu D.  and Bala, C.  (1999 ) “Local structure 
analysis of some Cu(II) theophylline complexes”, Spectrochim. Acta, Part A, , 55, p 2559-2564. 

Davis, J. L.; Papich, M. G.; Heit, M.C. (2009). "Chapter 39: Antifungal and Antiviral Drugs" . In 

Riviere, Jim E.; Papich, Mark G. (eds.). Veterinary Pharmacology and 

Dreosti,  I.   (1996 ) “Bioactive ingredients, antioxidants and polyphenols in tea”,Nutr. Rev, , 54, 
p 51-58. 

Drug Definition" Stedman's  Medical Dictionary. Archived from the original on 2014-05-02. 

Retrieved 2014-05-01 – via  Drugs.com. 

Drug"   Dictionary.com Unabridged . v 1.1. Random House. 20 September 2007. Archived from 

the original on 14  September 2007 – via Dictionary.com 



37 

 

Drug. The American Heritage Science Dictionary . Houghton Mifflin Company. Archived from  

the original on 14 September 2007. Retrieved 20  September 2007 – via dictionary.com. 

Duckworth W C, Solomon S S, Liepneks  J, Hamel F G, Hand S, Peavy D E:(1988) Insulin like 

effects of vanadate in isolated rat adipocytes. Endocrinology 122: 2285–2289,  

Dwyer; F. P.  Gyarfas; E. C.  Rogers; W. P.  Koch J. H.  (1982). "Biological Activity of Complex 

Ions". Nature. 170 (4318): 190–191. doi:10.1038/170190a0 . PMID 12982853 . 

Egan D, James P, Cooke D, O'Kennedy R. (1997) Studies on the cytostatic and cytotoxic effects 

and mode of action of 8-nitro7-hydroxycoumarin. Cancer Lett; 118(2):201-11.  

Elks J (14 November 2014). The Dictionary of Drugs: Chemical Data: Chemical Data, Structures 

and Bibliographies .Springer.pp.  275–. ISBN 978- 1-4757-2085-3. 

Farrell, N.  (2002)  Biomedical Uses and Applications of Inorganic Chemistry. An Overview., 

Coord. Chem. Rev. 232, 1. 

Farrell, N. P. (1989) Transition Metal Complexes as Drugs and Chemotherapeutic Agents; J; Vol. 

11. 

Farrell, N. P. (1999) The Uses of Inorganic Chemistry in Medicine; The Royal Society of 

Chemistry: Cambridge. 

Felber, J.P, Coombs, TL & Vallee, BL (1962). "The mechanism of inhibition of carboxypeptidase 

A by 1,10- phenanthroline". Biochemistry. 1 (2): 231–238. 

Fischer, J; Ganellin, C. Robin (2006).  Analogue-based Drug Discovery .  John Wiley & Sons. p. 

489. ISBN 9783527607495. Archived from the original on 2016-12-20. 

Fricker, S. P. (1994) Metal Complexes in Cancer Therapy. Chapman and Hall: London; Vol. 1, p 

215. 

Gasser G. Metal complexes and medicine: A successful combination. Chimia; (2015) 69(7):442-

46.  

Geoffrey, A. L. (2010) Introduction to Coordination Chemistry John Wiley and Sons, Ltd. 

Gnerre C, Catto M, Leonetti F, Weber P, Carrupt P.A. (2000) Inhibition of monoamine oxidases 

by functionalized coumarin derivatives: biological activities, QSARs and 3D-QSARs. J Med 

Chem  43(25):4747-58. 

Goodwin, K. D.; Lewis, M. A.; Long, E. C.; Georgiadis M. M. (2008) Crystal Structure of DNA-

Bound Co(III)·Bleomycin B2: Insights on Intercalation and Minor Groove Binding.  PNAS , 105, 

50525056. 

Guo, Z.; Sadler, P. J. (1999) Angew  Chem., Int. Ed. Engl. 38, 1512–1531. 

H.P., Rang; M.M, Dale; J.M., Ritter; R.J., Flower; G., Henderson (2011). "What is Pharmacology". 

Rang & Dale's pharmacology (7th Ed.). Edinburgh: Churchill Livingstone. p. 1. ISBN 978-0-7020-

3471-8. "a drug can be defined as a chemical substance of known structure, other than a nutrient 

of an essential dietary ingredient, which, when administered to a living organism, produces a 

biological effect" 

Haas, K. L. Franz, K. J. (2009) Application of Metal Coordination Chemistry to Explore and 

Manipulate Cell Biology.Chem. Rev. 109, 4921–4960.  

Hajjar J.J, Fucci J.C, Rowe W.A, (1987) Tomicic TK: Effect of vanadate on amino acid transport 

in rat jejunum. Proc Natl Acad Sci USA 184: 403–409,  



38 

 

Hashimoto R, Fujimaki K, Jeong M.R, Senatorov V.V, Christ L, Leeds P, Chuang D.M, Takeda 

M  (2003).  Neuroprotective actions of lithium. Seishin Shinkeigaku Zasshi. 105(1): 81-86. 

He Q, Liang C. H  Lippard S.J (2000). Steroid hormone  induce HMG 1 over expression and 

sensitized breast cancer cells to cisplatin and carboplatin. Proc. Natl. Acad. Sci. USA 97: 5768-

5772. 

 Heasley, B. (2011) Isoxazole Functionalization Technologies Enable Construction of Tetracycline 

Derivatives. Angew. Chem. Int. Ed., 50, 8474 – 8477. 

Heyliger C E, Tahiliani A G, McNeill J H(1985) Effect of vanadate on elevated blood glucose and 

depressed cardiac performance of diabetic rats. Science 227: 1474–1477.  

Hoboken, N.J. Tietz N.W. ((1994). Textbook of Clinical Chemistry, 2nd edition, Carl A. Burtis 

and Edward R. Ashwood Ed. Saunders, Philadelphia, PA 19106  

Housecroft, C. E. and Sharpe, A. G. (2005) Inorganic Chemistry (2nd ed.) Pearson Education 

Limited. 

Hudson T.G.F: Vanadium, Toxicology and Biological Significance. New York, Elsevier, 1964 

Jacek, P. Anna, G. Katarzyna, U. Jakub, O. Agataand C.  Grzegorz, W.  (2005 ) “Methylxanthines 
(caffeine,pentoxifylline and theophylline) decrease the mutagenic effect of daunomycin, 

doxorubicin and mitoxantrone”,ActaBiochim. Pol., , 52(4), p 923-926. 

Jackson T, Salhanick A L, Sparks J D, Sparks C E, Bolognino M, Amatrude J M: (1988) Insulin-

mimetic effects of vanadate in primary cultures of rat hepatocytes. Diabetes 37: 1234–1240,   

Jain J, Arora S, Rajwade J.M, Omray P, Khandelwal S, Paknikar K.M (2009). Silver nanoparticles 

in therapeutics: development of an antimicrobial gel formulation for topical use. Mol. Pharm. 

6(5):1388- 1401. 

Jamieson E.R, Lippard S.J (1999). Structure, Recognition and processing of cisplatin DNA 

adducts. Chem. Rev.  99: 2467 -2498. 

Jimenez M, Mateo J.J, Mateo R. (2000) Determination of type A trichothecenes by high-

performance liquid chromatography with coumarin-3-carbonyl chloride derivatisation and 

fluorescence detection. J Chromatogram  A;870(12):473-81. 

Kapoor S (2009). Lanthanum and its rapidly emerging role as an anticarcinogenic agent. J. Cell 

Biochem.106(2): 193. 

Kawaii S, Tomono Y, Ogawa K, Sugiura M, Yano M, Yoshizawa Y. (2001) The antiproliferative 

effect of  coumarins on several cancer cell lines. Anticancer Res ;21:917-23.  

Kemp M.M, Kumar A, Mousa S, Dyskin E, Yalcin M, Ajayan P, Linhardt R.J, Mousa S.A (2009). 

Gold and silver nanoparticles conjugated with heparin derivative possess anti-angiogenesis 

properties. Nanotechnol. 20(45): 455104 

Keppler, B. (1993) Metal Complexes in Cancer Chemotherapy; VCH: Basel. 

Kiriaki, M. Duclerc, F. Parra Maria José, A. Oliveira Oscar, V. Ademar, B.  (2007 ) “Study of 
theophilline stability on polymer matrix”,Santos. SP. Brazil. 

L.Xu, J. Pierreroy, B. O. Patrick and C. Orvig, Inorg. Chem., 2001, 40, 2005. 

Lee K-B, Wang D, Lippard S.J, Sharp P.A (2002). Transcription-coupled and DNA damage-

dependent  ubiqitinition of RNA polymerase II in vitro. Proc. Natl. Acad. Sci. USA 99: 4239-4244. 



39 

 

Lin S, Gao W, Tian Z, Yang C, Lu L, Mergny J.L. (2015) Luminescent switch-on detection of 

protein tyrosine kinase-7 using a G-quadruplex- selective probe. Chem Sci; 7:4284-90.  

Lippard S.J, Berg J.M. (1994). In  Principles of Bioinorganic Chemistry, University Science 

Books, Mill Valley, CA.  

Liu, S.  and Edwards, D. S.(200) Bioconjugate Chem, 12, p. 7. 

Liu, Z. D., Hider, R.C. (2002) Coord. Chem. Rev. 232, 151–172. 

Lorisean P.M, Carciunescu D.G, Doadrio Villarejo J.C, Certad Fombona G, Gayyal P (1992). 

Pharmacomodulation of new organometallic complexes of Ir, Pt, Os, Rh, Pd: in vivo and in vitro 

trypanocidal study against trypanosoma brucci brucci. Trop. Med. Parasito. 43(2): 110- 114. 

Louie A. Y.  and Meade, T. J.  (1999) Metal complexes as enzyme inhibitors, Chem. Rev. 99, 2711. 

Louie A.Y, Meade T.J (1999). Metal complexes as enzymetic inhibitors. Chem. Rev. 99: 2711-

2734. 

Machado, F. C.,   Demicheli, C.;  Gamier-Suillerot, A. Beraldo,  H. (1995) Metal complexes of 

anhydrotetracycline. 2. Absorption and Circular Dichroism Study of Mg(II), AMID, and Fe(III) 

Complexes. Possible Influence of the Mg(II) Complex on The Toxic Side Effects of Tetracycline. 

J. Inorg. Biochem. 6, 163-173. 

 Maher P A: (1992) Stimulation of endothelial cell proliferation by vanadate specific for 

microvascular endothelial cells. J Cell Physiol 151: 549– 554,  

Mahoney A, Evans J (6 November 2008). "Comparing drug classification systems". AMIA Annual 

Symposium Proceedings: 1039. PMID 18999016 .   

Malabu U.S, Dryden S, McCarthy H.D, Kilpatrick A. (1994)  Williams G: Effects of chronic 

vanadate administration in the STZ diabetic rat. The antihyperglycemic action of vanadate is 

attributable entirely to its suppression of feeding. Diabetes 43: 9–15,  

Mandal, A. (2016-05-31) "Caffeine Pharmacology" . Website Medical News. Archived from the 

original on 2016-05-31. 

Marcon G, Carotti S, Coronnello M, Messori L, Mini E, Orioli P, Mazzie T, Cinellu M.A, 

Minghetti G (2002). Gold (III) complexes with bipyridyl ligands: solution chemistry, cytotoxicity, 

and DNA binding properties. J. Med. Chem. 45: 1672-1677. 

Marshall M.E, Kervin K, Benefield C, Umerani A, AlbainyJenei S, Zhao Q. (1994) Growth-

inhibitory effects of coumarin (1, 2-benzopyrone) and 7-hydroxycoumarin on human malignant 

cell lines in vitro. J Cancer Res Clin Oncol;120:S3-10.  

Martell, A.E. Motekaitis, R.J. and Smith, R.M.  (1990 )“Aluminium complexes of 

hydroxyaliphatic and hydroxyaromatic ligands inaqueoussystems-someproblemsandsolutions, 

”Polyhedron, vol.9,no.2-3,pp.171–187.  

Martell, M. J., (1967) Boothe, J. H. The 6-deoxytetracyclines. VII Alkylated Aminotetracyclines  

Possessing Unique Anibacterial Activity. J. Med. Chem. 10, 44-46. 

Marwaha, S.S. Kaurand J. Sodhi, G.S. (1995) “Structure determination and anti- inflammatory 

activity of some purine complexes”, Met Based Drugs, ,2(1), p 13-17.  

McKay B.C, Becerril C, Ljungman M (2001). P53 plays a protective role against UV- and 

cisplatin-induced apoptosis in transcription-coupled repair proficient fibroblasts. Oncogene. 

20(46): 6805-6808. 



40 

 

 McNeill J H, Yuen V G, Dai S, Orvig C. (1995) Increased potency of vanadium using organic 

ligands. Mol Cell Biochem 153: 175–180,  

McNeill J.H, Yuen V.G, Hoveyda H.R, Orvig C. (1992) Bis(maltolato) oxovanadium (IV) is a 

potent insulin mimic. J Med Chem 35: 1489– 1491,  

Medicine, Science, , 300, 936. 

Mehdi M.Z, Pandey S.K, Theberge J.F, Srivastava A.K. (2006). Insulin signal mimicry as a 

mechanism for the insulin-like effects of vanadium. Cell Biochem. Biophys. 44(1): 73-81. 

Mendez M.J, Brown S.A. (1982) The Natural Coumarins: Occurrence, Chemistry and 

Biochemistry. Chichester: Wiley and Sons;.  

Messori L, Abbate F, Marcon G, Orioli P, Fontani M, Mini E, Carroti S (2000). Gold (III) 

complexes as potential anti tumor agents : solution chemistry, cytotoxicity and DNA binding 

properties. J. Med. Chem. 43: 3541-3548. 

Meyerovitch J, Farfel Z, Sack J, Schechter Y: (1987) Oral administration of vanadate normalizes 

blood glucose levels in streptozotocin treated rats. J Biol Chem 262: 6658–6662,  

Miessler, G. L. and Tarr, D. A. (2010) Inorganic Chemistry (3rd ed) Pearson  Education Int. 

Minieri, P.P.;  Firman M. C.; Mistretta, A. G.; Abbey, A.; Brickler, C. E.; Rigler, N. E.;  Sokol, H. 

(1956) Antibiotics Annual 1953-1954 series, Medical Encyclopedia, Inc., New York.; 1954. 

Minieri P.P, Sokol H, Firman M.C, Process for the Preparation of Tetracycline and 

Chlortetracycline. U.S. Patent 2,734,018. Feb 7.  

Mongold J.J, Cros G.H, Vian L, Tep A, Ramanadham S, Siou G, Diaz J, McNeill J.H, Serrano J.J; 

(1990)Toxicological aspects of vanadyl sulfate on diabetic rats - Effects on vanadium levels and 

pancreatic B-cell morphology. Pharmacol Toxicol 67: 192–198,  

Morita T, Imagawa T, Kanagawa A, Ueki H: (1995) Sodium orthovanadate increases 

phospholipase A2 activity in isolated rat fat pats: A role of phospholipase A2 in the vanadate 

stimulated release of lipoprotein lipase activity. Biol Pharm Bull 18: 347–349,  

Morton I, Morton I.K, Hall J.M (31 October 1999). Concise Dictionary of Pharmacological 

Agents: Properties and Synonyms. Springer Science & Business Media. pp. 77–. ISBN 978-0- 

Mravoca A, Jirova D, Janci H and Lener J: (1993) Effect of orally administered vanadium on the 

immune system and bone metabolism in experimental animals. The Science of the Total 

Environment (Supplement), Elsevier Publishers, Amsterdam, , pp 663–669 

Myers R.B, Parker M, Grizzle W.E. The effects of coumarin and suramin on the growth of 

malignant  renal and prostatic cell lines. J Cancer Res Clin Oncol 1994;120:S11-3.  

Nafisi, S. Sadjadi, A.S.  Zadeh S.S. and Damerchelli, M.  (2003 ) “Interaction of metal ions with 
caffeine and theophylline: stability and structural features”, J. Biomol. Struct.Dyn., 21(2).  

Najajreh Y, Perez J.M, Navarroo-Ranninger C, Gibsin D (2002). Novel soluble cationic trans-

diaminedichloroplatinum (II) complexes that are active against cisplatin resistant ovarian cancer 

cell lines. J. Med. Chem. 45: 5189-5195. 



41 

 

 Nakai M, Watanabe H, Fujiwara C, Kakegawa H, Satoh T, Takeda J, Matsushita R, Sakurai H: 

(1995) Mechanism of insulin-like action of vanadyl sulfate: studies on interaction between rat 

adipocytes and vanadium compounds. J Pharm Soc Jap 18: 119–125. 

Nash P, Clegg D.O (2005). Proriatic arthritis therapy: NSAID and traditional DMARDS. Ann. 

Rheum. Dis. 64: 74-77 

Navarro, M. Cisneros-Fajardo, F. J.  Lehmann, T. S´anchez- Delgado, R. A.  Silva, A. R. Lira R. 

and Urbina,  J. A. (2001) Inorg. Chem.40, 6879. 

Nekola, H.; Wang, D.; Gru¨ning, C.; Gatjens, J.; Behrens, A.; Rehder, D.(2002) Inorg. Chem. 41, 

2379.  of Pharmaceutical Sciences. 57: 224– 31. doi:10.1016/j.ejps.2013.09.010 . PMID 24075971 

Offing, O.E, Etok C, Martelli, S (1996). Synthesis and biological activity of Pt group metal 

complexes of o-vanillin thiosemicarbazones. Farmaco. 51(12): 801-808. 

 Orvig C, Thompson K H, Battell M, McNeill J H: (1995) Vanadium compounds as insulin mimics 

in ‘Metal Ions in Biological Systems’ In: H. Sigel and A. Sigel (eds). Marcel Dekker,  Inc,  

Orvig C. and Abrams, M. J. (1999) Special issue on Medicinal Inorganic Chemistry, Chem. Rev., 

99(9).  

Orvig, C.; Abrams, M. J. (1999) Chem. Rev.99, 2201–2204. 

Parks, W. C.; Mecham, R.; Mecham, R. P. (1998) Matrix Metalloproteinases; Academic Press,. 

Patonay T, Litkei G, Bognar R, Eredi J, Miszti C. (1984) Synthesis, antibacterial and antifungal 

activity of 4-hydroxycoumarin derivatives, analogues of novobiocin. Pharmazie; 39 (2):86-91. 

Publishers, a division of John  Wiley and Sons. 24 

Pujar, M. A. Hadimani, B. S.  Meenakumari, S. Gaddad, S. M.  and  Neelgund, Y. F.  (1986 ) “Azo 
and Schiff bases and their metal complexes as antibacterial compounds, ”Current Science, vol. 55, 

no.7, pp.353–354. 

Qutob S.S, Multani A.S, Pathak S, Feng Y, Kendal W.S, Ng CE (2004). Comparison of the X-

radiation, drug and ultraviolet-radiation responses of clones isolated from a human colorectal 

tumor cell line. Radiat. Res. 161(3): 326-334. 

Ramanadham S, Mongold J.J, Brownsey R.W, Cros ., McNeill J.H (1989) Oral vanadyl sulfate 

treatment of diabetes mellitus in rats. Am J Physiol 257: H904–H911,  

Reedijk, J. (2003)  Proc. Natl. Acad. Sci. USA, 100, 3611. 

Rehder, D.; Pessoa, J. C.; Geraldes, C. F. G. C.; Margarida, M.; Castro, C. A.; Kabanos, T.;    Kiss, 

T.; Meier, B.; Micera, G.; Pettersson, L.; Rangel, M.; Salifoglou, A.; Turel, I.; Wang, D. J.( 2002) 

Biol. Inorg. Chem.7, 384. 

Rein, A.;  Henderson, L. E.;  Levin, J. G. (1998) Trends Biochem. Sci. 23, 297–301. 

Reynolds, J. E. F. (1996) Martindale The Extra Pharmacopoeia, 31sted.; The Royal 

Pharmaceutical Society; London, Martindales Pharmacopeia. 

Roat, R. M. (2002) Bioinorganic Chemistry: A Short Course, Wiley Interscience, Hoboken, New 

Jersey. 

Rosenberg, B. L. VanCamp, L. Trosko J. E. and Mansour, V.H. (1969) Nature , 222, 385. 

Rother K.I (2007). "Diabetes treatment bridging the divide". The New Engl. J. Med. 356(15): 

1499-1501. 

Sadler, J. (1991) Inorganic Chemistry and Drug Design, Adv. Inorg. Chem. 36, 1. 



42 

 

Sadler, P. J. (1999) Adv. Inorg. Chem. 49, 183–306. 

Saha, T. K.  Yoshikawa, Y.  Yasui, H.  and Sakurai, H. (2006 ) “Oxovanadium(IV)-porphyrin 

complex as a potent insulin-mimetic. Treatment of experimental type 1 diabetic mice by the 

complex [meso-tetrakis(4 sulfonatophenyl) porphyrinato] oxovanadate(IV) (4), ”Bulletin of the 

Chemical Society of Japan, vol. 79, no.8, pp.1191–1200.  

 Sakurai, H.; Sano, H.; Takino, T.; Yasui, H. J.( 2000) Inorg. Biochem. 80, 99.  

 Salvesen, G. S;  Nagase, H (2001). "Inhibition of proteolytic enzymes". Proteolytic enzymes: a 

practical approach, 2 edn. 1: 105–130. 

Sarkar, B. (1999) Chem. Rev., 99, 2535–2544. 

Sathisha M.P, Shetty U.N, Revankar V.K, Pai K.S.R. (2008) Synthesis and antitumor studies on 

novel Co(II), Ni(II) and Cu(II) metal complexes of bis(3-acetylcoumarin)thiocarbohydrazone. Eur 

J Med Chem; 43(11):2338-46. 

 Schechter Y, Karlish S J D: (1980) Insulin-like stimulation of glucose oxidation in rat adipocytes 

by vanadyl (IV) ions. Nature 284: 556– 558,  

Sellappan, R. Prasad, S. Jayaseelan, P.and Rajavel, R. (2010)“Synthesis, spectral characterization, 
electrochemical and antimicrobial activity of macrocyclic Schiff base   vanadyl complexes, 

”Rasayan Journal of Chemistry, vol. 3, no.3, pp.556–562. 

Sengupta,  P. Dinda, R.  Ghosh, S  and Sheldrick, W. S. (2003 ) “Synthesis and characterization 
of some biologically active ruthenium(II) complexes of thiosemicarbazones of pyridine 2-

aldehyde and thiophene 2-aldehyde involving some ring substituted 4-phenylthiosemicarbazides 

and 4-Cyclohexylthiosemicarbazide. Crystal Structure of Cis-[Ru(Pph3)2(L6H)2] (Clo4)2∙2H2O 
[L6H=4-(Cyclohexyl) Thiosemicarbazone of Pyridine 2-Aldehyde],” Polyhedron, vol. 22, no. 3, 
pp. 447–453.  

Sharma, K. K.   Chandra S  and Basu, D. K.  (1987) Inorg. Chim. Acta, , 135, 47. 

Shingnapurkar, D.; Butcher, R. Afrasiabi, Z.; Sinn, E.; Ahmed, F.; Sarkar, F. Padhye, S.( 2007)  

Neutral Dimeric Copper–Sparfloxacin Conjugate Having Butterfly Motif with Antiproliferative 

Effects against Hormone Independent BT20 Breast Cancer Cell line. Inorg. Chem. Commun., 10, 

459–462. 

Shohreh, N.  Abolfazl, S.  Shokrollah, Z  and Maryam, D. (2003)  “Interaction of metal ions with 
caffeine and theophylline: stability and structural features”, J. Biomol. Struct.Dyn., ,21(2). [ 

Francesco, V. Rao, A. Kalpit, A. Julie,  A  and  Aalten, D.M. (2005 ) “Investigation of inhibition 
and binding modes”, Chemistry and biology, , 12, p 973-980.  

Sigel, H.; Sigel, A. (1995) Metal Ions in Biological Systems; Marcel Dekker: New York; Vol. 31. 

Sirtori F. R. and Sisti, M.  (2000) J. Med Chem 43, 4017. 

Smith, R.M. Martell, A.E and Motekaitis, R.S. (1997) NISTCritically Selected Stability Constants 

of Metal Complexes Database, Version4.0,Texas  and University, College Station, Tex, USA. 

Stephens, C. R.; Murai, K.; Rennhard, H. H.; Conover, L. H.; Brunings, K. J. (1958) 

Hydrogenolysis Studies in the Tetracycline Series - 6-Deoxytetracyclines. J. Am. Chem. Soc, 80, 

5324–5325.  



43 

 

Storr, T. Mitchell, D.  Buglyo, P.  Thompson, K. H.  Yuen, V. G.  McNeill J. H  Orvig, C., and 

Bioconjugate , C. (2003) Chem., 14, 212. 

Sum, P.E.; Petersen, P. (1999) Synthesis and Structure Activity Relationship of Novel 

Glycylcycline Derivatives Leading to the Discovery of GAR-936. Bioorg. Med. Chem. Lett., 9, 

1459–1462.  

Sun R.W, Ma D.L, Wong E.L, Che C.M (2007). Some uses of transition metal complexes as anti-

cancer and anti-HIV agents. Dalton Trans. 43: 4884-4892. 

Sun, C.; Wang, Q.; Brubaker, J. D.; Wright, P. W.; Lerner, C. D.; Noson, K.; Charest, M. G.; 

Siegel, D. R.; Wang, Y. M.; Myers, A. G. (2008) A  Robust Platform for the Synthesis of New 

Tetracycline   Antibiotics. J. Am. Chem Soc.  130(52),  17913−17927. 

Suttie J.W. (1990) Warfarin and vitamin K. Clin Cardiol;13(4):16-8.   

Tamura S, Brown T A, Dubler R E, Lamer J: (1983) Insulin-like effect of vanadate on adipocyte 

glycogen synthase and on phosphorylation of 95,000 Dalton subunit of insulin receptor. Biochem 

Biophys Res Comm 113: 8042–8048,  

Tamura S, Brown T A, Whipple J H, Fujita-Yamaguchi Y, Dubler R E, Cheng K, Lamer J. (1984) 

A novel mechanism for the insulin-like effect of vanadate on glycogen synthase in rat adipocytes. 

J Biol Chem 259: 6650–6658,  

Tetracycline" . The American Society of Health-System Pharmacists. Archived from the original 

on 28 December 2016. Retrieved 8 December 2016. 

Therapeutics (9th ed). Wiley- Blackwell. pp. 1019–1020. 

Thompson K. H.  and Orvig, C. (2003) Boon and Bane of Metal Ions in 

Thompson, K. H. and Orvig, C. (2003) Boon and Bane of Metal Ions in Medicine, Science, , 300, 

936. 

Thompson, K. H.; Liboiron, B. D.; Sun, Y.; Bellman, K. D. D.; Setyawati, I. A.; Patrick, B. O.; 

Karunaratne, V.; Rawji, G.; Wheeler, J.; Sutton, K.; Bhanot, S.; Cassidy, C.; McNeill, J. H.; Yuen, 

V. G.; Orvig, C. J.( 2003)  Biol. Inorg. Chem.  , 8, 66. 

Thompson,  K. H.; Orvig, C. (2004) Met. Ions Biol. Syst., 41, 221 

Thompson, K. H.; Orvig, C.( 2001) Chem. ReV., 219-221, 1033 and references therein Rehder, D. 

Chem. (1999) ReV., Vanadium in Biological Systems; 182, 297 Chasteen, N. D., Ed.; Kluwer 

Academic Publishers: Dordrecht, The Netherlands, 1990. 

Vallee, B. L.; Auld, D. S.; (1993) Acc. Chem. Res. 26, 543–551.  

Vincent, J. M. (1927 ) “Distortion of fungal hyphae in the presence of certain inhibitors ,” Nature, 
vol. 159, p.850,. 

Volkter W.A, Hoffman T.J (1999). Therapeutic radiopharmaceuticals. Chem. Rev. 99: 2269-2292. 

Whittaker, M.; Floyd, C. D.; Brown, P.; Gearing, A. J.( 1999)  Chem. Rev., 99, 2735–2776. 

Wong B, Masse J.E, Yen Y-M, Giannikoupolous P , Feigon J, Johnson RC (2002). Binding of 

cisplatin modified DNA by saccharomyces cerevisiae HMGB Protien Nhp6A. Biochem. 41: 5404-

5414. 



44 

 

World Health Organization (2003). Introduction to drug utilization research (PDF). Geneva: World 

Health Organization. p33.  ISBN 978-92-4- 156234-8. Archived (PDF) from the original on 2016-

01-22. 

Xiao, X-Y.; Hunt, D. K.; Zhou, J.; Clark, R. B.; Dunwoody, N.; Fyfe, C.;, Grossman, T. H.; 

O’Brien, W. J.; Plamondon, L.; Ronn, M.; Sun, C.; Zhang, W-Y.; Sutcliffe, J. A. (2012) 

Fluorocyclines. 1. 7-fluoro-9pyrrolidinoacetamido-6-demethyl-6-deoxytetracycline: A Potent, 

Broad Spectrum Antibacterial Agent.  J. Med. Chem.  55, 597−605. 

Yuen V.G, Orvig C, McNeill J.H: (1993) Glucose lowering effects of a new organic vanadium 

complex bis(maltolato)oxovanadium (IV). Can J Physiol Pharmacol 71: 263–269,  

Yuen V.G, Orvig C, McNeill J.H: (1995) Comparison of the glucose lowering properties of 

vanadyl sulfate and bis(maltolato)oxovanadium (IV) following acute and chronic administration. 

Can J Physiol Pharmacol 73: 55–64,  

Yuen V.G, Orvig C, McNeill J.H: (1997) Effects of bis(maltolato) oxovanadium (IV) are distinct 

from food restriction in STZ-diabetic rats. Am J Physiol 272: E30–E35,  

Yuen V.G, Orvig C, Thompson K.H, McNeill J.H: (1993) Improvement in cardiac dysfunction in 

STZ-induced diabetic rats following chronic oral administration of bis(maltolato)oxovanadium 

(IV). Can J  Physiol Pharmacol 71: 270–276,  

 Zhang, M.; Zhou, M.; Van Etten, R. L.; Stauffacher, C. V. (199) Biochemistry, 36, 15.  

Zheng Y, Sanche L (2009). Gold nanoparticles enhance DNA damage induced by anti-cancer 

drugs and radiation. Radiat. Res. 172(1): 114- 119. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 

  



45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



46 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



47 

 

 

 

 



48 

 

 

 

Declarations 

Ethical Approval 

Ethical approval: not applicable. 

This study did not involve human participants, animal subjects, or any procedures requiring 

institutional ethical clearance. 

Consent to Participate 

Consent to participate: not applicable. 

No human participants were involved in this research. 

Consent to Publish 

Consent to publish: not applicable. 

This manuscript does not contain any individual person’s data, images, or identifiable 
information. 

Data Availability 

All data generated or analysed during this study are included in this published article and its 

supplementary information files. 

 


