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Abstract 
Drugs are substances that alter the body’s actions and natural chemical environment. They include 

medications and narcotics but the drugs that are taken to prevent or cure a disease or to alleviate a body 

disorder are referred to as medicines. It has been pointed out that electrochemical techniques are well 

suited for the determination of drugs in various samples, that is, raw material, pharmaceutical dosages 

forms even those involving a complex matrix such as syrups, tablets, creams, suppositories, or 

ointments or else in biological fluids. A large number of pharmaceuticals can be reduced or oxidized in 

the available potential range and their waves can be used in their determination. It seems that often the 

therapeutical activity is paralleled by electrochemical reactivity. 
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Introduction 
Drugs are substances that alter the body’s actions and natural chemical environment. They 

include medications and narcotics but the drugs that are taken to prevent or cure a disease or 

to alleviate a body disorder are referred to as medicines.  

To avoid dependence on foreign countries as well as to make cost effective medicines 

available in the Indian open market it will be worthwhile to undertake vigorous research 

efforts and study of medicinally important compounds and their metal complexes.  

For curing these diseases people now a day prefer ayurvedic medicine in place of allopathic 

medicine due to much lesser side effects. Most of the ayurvedic medicines contain heavy 

metals like Au, Hg, As, Cd, Pb etc. they not only help in curing these diseases but also 

snatch away the patient from the mouth of death. So we would like to electrochemically 

analyze these medicines for metal and organic content present in them.  

The great importance of medicines and their metal complexes for human beings are 

attracting wide attention in different areas of research [1-2].  

 It has been pointed out that electrochemical techniques are well suited for the determination 

of drugs in various samples, that is, raw material, pharmaceutical dosages forms even those 

involving a complex matrix such as syrups, tablets, creams, suppositories, or ointments or 

else in biological fluids. Electrochemical methods are most suitable to investigate the redox 

properties of a new drug; this can give insight into its metabolic fate [3-4]. 

Electrochemical techniques are powerful and versatile analytical techniques that offer high 

sensitivity, accuracy, and precision as well as a large linear dynamic range, with relatively 

low-cost instrumentation. A large number of analytical techniques such as X-ray 

fluorescence [5], Atomic absorption spectroscopy6, Flame photometry [7], Infrared 

spectrophotometry [8-9], Gas chromatography–mass spectrometry [10], High performance 

liquid chromatography [11], Liquid-liquid chromatography –mass spectrometry [12-13], 

Colorimetry [14], Thin layer chromatography15 etc. are used for drug analysis.  

Out of these electrochemical methods Direct Current Polarography proved to be one of the 

most sensitive and reproductive methods available today for analysis in the inorganic, 

organic, geochemical, biochemical, medical, pharmaceutical fields and indeed in most areas 

of analytical chemistry [16-18].  

Polarography is also used for quantitation purpose. There are numerous paper published on 

determination of drug content by polarographic methods [19-21]. Quantitation procedures are 

intended to measure the analytes present in a given sample. 
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Polarographic study of Indian drugs 

The determination of antihypertensive drug Atenolol 

through the complex formation with Cu (II) has been done 

electrochemically at dropping mercury electrode [22]. The 

study of Polarographic Reduction and Electrode Kinetics of 

Antidepressant Drug Bupropion Hydrochloride has been 

done at D.M.E [23]. The study of polarographic reduction and 

electrode kinetics of antiretroviral drug zidovudine have 

been done [24]. 

 The study of electrode kinetics of Co (II) with Penicillin 

benzyl sodium salt has been done by D. C. polarography [25]. 

Trace determination of Pb, Cu, Cd and Zn in ayurvedic 

drug, "Mahayograj guggulu & Amar sundari vati" has been 

done by polarographic technique [26].  

Electro analytical Procedure have been used for 

determination of Heavy Metals in Brassica oleraceae ver. 

Botrytis27. Study of Electrode kinetics and thermodynamic 

parameters of drug isoniazid and tinidazole at D.M.E. have 

been done electrochemically [28-29]. 

The electrochemical behavior of some anti-inflammatory 

drugs like Aceclofenac, Tenoxicam, Droxicam and 

Ketoprofen has been studied by direct current polarography 

(DCP), DPP and other polarographic techniques [30-33]. 

 Electrochemical study and determination of thermodynamic 

parameters of Cd2+ complexes of some antibiotics and 

vitamin BX system has been done at dropping mercury 

electrode [34]. 

The present study is to investigate the electrochemical 

behavior of different drugs like, anti-inflammatory 

(Curcumin), anti-asthmatic (Theophylline), for gastric ulcer 

(Yashad Bhasma), for nervous disorders (Nag Bhasma) by 

polarography. Further, metal complexes of such drugs with 

Zn, Pb, Cd, Ni, Cu etc. have also been studied. 

 

Theophylline  
The antibacterial activity of theophylline is well known, 

especially as this alkaloid is present in tea leaves [35]. Its 

primary mode of action is inhibiting phosphodiesterase, thus 

causing relaxation of the bronchiole walls. Theophylline 

also exerts excitatory influences on the skeletal muscle, 

gastric secretion, kidneys and fatty acid metabolism in 

addition to inhibitory effects on smooth muscle. 

Furthermore, Theophylline has biological importance which 

can be used in anticancer drugs [36-39]. The purines, include 

theophylline, theobromine and caffeine, constitute an 

important class of anti-inflammatory agents [40]. 

Theophylline has biological importance as it is structurally 

related to nucleic acids components [41]. Thus it can be used 

as a drug in therapy for respiratory such as COPD or asthma 

under a variety of brand names and anticancer drugs. 

 

Curcumin  

Curcumin is an active principle of turmeric (Curcuma 

Longa Linn.) which has a long history of medicinal use in 

the Middle East and India. Extensive scientific research on 

Curcumin have demonstrated anti-inflammatory [42-43], 

anticancer [44-46] and potent antioxidant [47-51] activities apart 

from its promising role in variety of disease conditions 

including AIDS, Alzheimer’s disorders [52].  

Curcumin and its derivatives are free-radical scavengers, 

interacting with the oxidative cascade by quenching oxygen 

and chelating and disarming oxidative properties of metal 

ions [53-54]. Biological activity of curcumin has been 

attributed to the benzene rings and the diketonic structure 

[55]. In the hybridization process, curcumin is selected as an 

indicator [56]. 

 

Ayurvedic Bhasma 

Herbs and minerals are the integral parts of traditional 

systems of medicine in many countries. Herbo-Mineral 

medicinal preparations called Bhasma are unique to the 

Ayurvedic and Siddha systems of Indian Traditional 

Medicine. These preparations have been used since long and 

are claimed to be the very effective and potent dosage form. 

According to Ayurvedic treatises, there are seven dhaatus 

(metals)-gold, silver, copper, iron, tin, lead and zinc-which 

are essential elements of the body. Perfect health is 

attributed to the state of equilibrium of these dhaatus in 

body tissues. Any imbalance excess or deficiency-disturbs 

the functioning of the body. Every mineral or metal in its 

native form is basically a biological product and Ayurveda 

has a way of converting the minerals into a biological form, 

which can be easily assimilated into the body. Different 

herbs are brought together and made to react with the 

mineral by rubbing, boiling or burning together. Ayurveda 

uses mineral ash after restoring its biological qualities called 

as Bhasma. Bhasma in Ayurveda has been defined as a 

substance obtained by calcination. Bhasma is a calcined 

preparation in which the gem or metal is converted into ash. 

Gems or metals are purified to remove impurities and 

treated by triturating and macerating in herbal extracts. The 

dough so obtained is calcinated to obtain the ashes. 

Bhasmas are unique Ayurvedic metallic preparations used 

for medicinal purposes.  

 

Yashad Bhasma 

Zinc is the metabolically important trace mineral 

micronutrients. Zinc is present in blood, brain, nerve tissue 

and muscles. Imbalance causes problems related to nervous 

system like depression, anxiety, dullness of intellect, 

extreme forgetfulness and irritable temperament. Zinc 

Bhasma (Yashad Bhasma), the powder of zinc was 

characterized using modern physicochemical techniques. 

Yashad Bhasma is an alternative, diuretic, hypoglycaemic 

and astringent [57-58]. 

 

Nag Bhasma 

Nag Bhasma (which includes lead and different herbs) is 

one of such metallic preparation used in various diseases 

such as diarrhea, spleen enlargement and diabetes. Though 

some research work has been carried out on the different 

curative applications of Nag Bhasma but none of them give 

the detail on the elemental and structural composition of the 

drug Nag Bhasma which is an essential requirement to 

discuss its non-toxicity and therapeutic value [59-64]. 

 

Polarographic study of Indian drugs – metal complexes 

Role of metals in biological systems is well established for 

quite some time because around 30 elements are recognized 

as essential to life. Some of them such as lead and cadmium 

play negative role as they are toxic. Living cell depends on 

some metals for proper structure and functions. Metals 

function as co-enzyme, enabling the body to perform its 

vital function including energy production, growth and 

healing. Metals are grouped into two categories. (a) 

essential metals, (macrometals), (b) Trace metals 

(micrometals). 

Macro metals such as Na, K, Mg, Fe, Ca etc. are needed by 
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the body in larger amounts. Micro metals include Zn, Ni, Co 

etc. are needed by the body in minute amounts. 

 

Zinc  

Zinc is an important trace element and a participant in 

numerous biochemical processes. It is an integral 

component of nearly 300 enzymes. Zinc is necessary for the 

formation of hydrochloric acid in the stomach via its role as 

the activator of the enzyme carbonic anhydrase. This role of 

zinc as well as its presence in the metalloenzymes 

carboxypeptidase A and B makes it especially important to 

gastrointestinal digestive function. Zinc is also a component 

in the metalloenzymes superoxide dismutase, alkaline 

phosphatase, alcohol dehydrogenase, as well as RNA and 

DNA polymerases [65]. Zinc is one of the most important 

trace elements. It is essential for all the living systems, even 

for microorganisms. There are about 300 metalloenzymes, 

where zinc ion is present in their active site or it plays a 

structural role [66-67]. Further zinc is a structural and catalytic 

co-factor of many metalloproteins, its deficiency causes 

metabolism defects and growth inhibition in 

microorganisms [68]. Zinc is one of the most significant 

biometal. It is an important component of many proteins. 

Zn2+ ion strongly interacts with electronegative sulphur, 

nitrogen, oxygen. It does not promote the formation of toxic 

free radicals [69]. Zinc is an essential microelement for all 

living systems including microorganisms. Zinc is required 

to maintain normal physiological and biochemical functions 

in cells. Moreover, zinc is used in prevention and therapy of 

many illnesses, itself or as a component of drugs (e.g. zinc 

bacitracin) and biopreparations [70].  

 

Nickel  

Nickel is present in trace quantity in human body and plays 

important role in functioning of biological processes [71]. 

Nickel is a part of so many enzymes which are present in 

human.  Due to such biological importance, it becomes 

essential to study its complexing tendency with therapeutic 

compounds. It has been proved that complexation of metals 

with drugs influences biological process that are metal 

dependent [72]. Besides this metal drug complex may be 

more effective then drug itself. Earlier Ni2+ complexes with 

some drug have been studied by polarography [73]. 

 

Lead  

Lead taken internally in any of its forms is highly toxic; the 

effects are usually felt after it has accumulated in the body 

over a period of time. The symptoms of lead poisoning are 

anemia, constipation, colic, headache, abdominal pain, 

memory loss, kidney failure, and weakness, pain, or tingling 

in the extremities [74]. Lead based paints and toys made from 

lead compounds are considered serious hazards for children 
[75].  

 

Cadmium 

Cadmium has very toxic biological effects at concentrations 

smaller than almost any commonly found mineral. Ingestion 

of any significant amount of cadmium causes immediate 

poisoning and damage to the liver and the kidneys. 

Inhalation of cadmium dust causes problems for the 

respiratory tract as well as for the kidneys, eventually death 

may follow [76]. Cd2+ is the most toxic element in the 

environment to which industrial civilization has exposed 

itself. In human beings, the concentration of Cd2+ increases, 

and they suffer from several diseases [77]. The concentration 

of Cd2+ in blood and serum can be reduced by ligand 

therapy [78]. 

 

Iron 
Iron plays an important part in the metabolic processes of 

the animals, being a vital representative in the cells of all 

mammals. The function of the iron in the body is limited 

almost exclusively to the oxygen transport in the blood, 

through the hemoglobin. It is also present in some enzymes 

that catalyze reactions of cellular oxidation. There are 

several ferrous salts as ferrous sulfate that are quite effective 

in the anemia treatment due to the deficiency of iron. The 

dependence of life upon this transition metal is due to the 

fact that iron acts as a cofactor within the active site of key 

enzymes involved in these critical biochemical pathways 
[79]. 

Trace determination of copper, lead and cadmium have been 

done in whole blood and fish tissues by DDP [80] and in 

water and plant material by flame atomic absorption 

spectroscopy [81]. Zinc complexes with bioactive ligands 

catalyze many enzymatic processes in biological systems. 

The treatment of lead poisoning for people who have 

significantly high blood lead levels is given by chelation 

therapy [82]. 

All above findings have encouraged us to do the study of 

metal complexes with allopathic Indian drugs. Due to 

various applications, chemistry of metal complexes is 

engaging the attention of researchers in many disciplines. 

A large number of pharmaceuticals can be reduced or 

oxidized in the available potential range and their waves can 

be used in their determination. It seems that often the 

therapeutical activity is paralleled by electrochemical 

reactivity. Pharmaceutical companies will use, whenever 

possible, officially approved methods of analysis. In the 

past, some polarographic analytical procedures were listed 

in numerous Pharmacopoeias. It should be a goal of 

electroanalytical chemists around the world to have them 

listed again. The lower costs, faster results, and the 

possibility for quickly detecting mishandlings by 

technicians, are powerful arguments [83]. 

A brief description of the two apparatus used and the 

technique employed in the present investigations are as 

follows:- 

 

Elico Recording CL-357 Polarograph 

An Elico Recording DC Polarograph CL-357 was used for 

measurement of current voltage relationship. This operates 

on the principle of electrochemical method of analysis for 

both, detection and determination of analytes in solution. 

Dummy cell is used for calibration of the instrument before 

measuring the current at different potential. 
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Fig 1: Elico Recording CL-357 Polarograph 

 

The Elico recorder LR-101 P works on the AC mains and is 

provided with a fuse to protect it from damage due to higher 

line voltages. 

 

 
 

Fig 2: Elico recorder LR-101 P 

 

Elico cl-362 Polarographic Analyser 

An ELICO CL-362 POLAROGRAPHIC ANALYSER was 

used for measurement of current voltage relationship. 

Selectable modes of operation of this instrument are DCP, 

NPP, DPP, and Tats Polarography. This apparatus also have 

slow Acquisition mode for evaluating irreversible electrode 

reactions. Optional PC Compatibility with RS 232C 

interface and MS windows based software for data 

acquisition, processing, storage, retrieval, interpretation of 

data. 
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Fig 3: Elico CL-362 Polarographic Analyser 

 

 
 

Fig 4: Printer Epson-LX-300+II 
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Fig 5: LICO CL-362 Polarographic Analyser 

 

Polarographic cell in its stand 

Stand: To clip the clamps holding the mercury reservoir 

and the polarographic cell. 

Clamp: To hold the mercury reservoir and clip on to the 

stand at the desired height. 

 

Mercury - Reservoir  

This is a glass bulb filled with purified mercury; capillary 

connected to this bulb through a tycoon tube. Cathode 

terminal is coming from a glass tube fitted in between 

reservoir and capillary. 

 

Polarographic Cell 

It contains platinum counter electrode, standard calomel 

reference electrode and DME working electrode. It is 

necessary to fill saturated KCL solution from time to time in 

the reference electrode through side hole provided for the 

purpose. Nitrogen is passed through the inlet tube and it 

comes out through the outlet after bubbling through the 

solution. 
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Fig 6: Polarographic cell assembly 

 

Capillary 

This is a 120mm long 0.05mm internal diameter capillary, 

one end of which is connected to the tycoon tube and the 

other end allows mercury to flow drop wise in the cell. 

 

Thermostat 

All the measurements were carried out at constant 

temperature that was maintained by using a Haake type 

ultra-thermostat (N6114). The constancy of the temperature 

was up to ±1 0C. 

 

Measurement of pH 

The measurements of pH were made on Elico pH meter 

(Model 111E). The pH of all solutions was adjusted to the 

desired value by adding either acid or base solution. 

 

Oxygen removal Method 

In every aqueous solution, open to the atmospheric 

condition the concentration of dissolved oxygen is about 

0.001M. Oxygen is reduced polarographically and gives two 

waves of approximately equal height at 0.1V and 0.9V this 

overlap with waves occurring over a wide potential range. 

In addition to this interference, hydroxyl ions formed at the 

electrode surface can affect the waves of other depolarizers, 

and precipitate heavy metal hydroxide. 

Oxygen removal from solutions is done by the rapid passage 

of a purified inert gas through cell for 10-15 minutes. 

Nitrogen from cylinders is suitable for this purpose. The 

nitrogen gas does not react with most of the solutions. The 

last traces of the oxygen from nitrogen cylinder were 

removed by passing the gas in the solution of vanadous 

chloride and then through distilled water.  

 

Measurement of 'm' and ‘t’ 

The rate of flow of mercury in milligrams per second was 

determined by weighing and collecting a definite number of 

drops for a definite period of time in the solution of the 

supporting electrolyte. The drop time was measured at the 

desired potential by clocking ten drops with a stopwatch 

(ROCAR Swiss made). The hydrostatic pressure of 60 to 70 

cm of mercury column was adjusted to give a drop time of 5 

to 2 second per drop and rate of flow between 3 to 1 mg / 

sec. 

 

Supporting Electrolytes 

The sample to be analyzed polarographically is usually 

taken in a suitable solution having a reasonable dielectric 

constant that can neither be reduced nor oxidized at mercury 

electrode. This solution is called supporting electrolyte. The 

electro active substance must be brought into a true solution, 

because colloidal substances are either polarographically 

inactive or they interfere. The sample is added to a 

supporting electrolyte to suppress migration current, should 

be at least fifty times larger than that of the reducible ion. 

The essential requirements of a supporting electrolyte are as 

follows:- 

1. The decomposition potential of its cation should be 

very negative so that its reduction current is well 

beyond range of the ions to be determined.  

2. The elements to be studied should exits in the 

supporting electrolyte (base electrolyte) in one definite 

ionic from either as simple hydrated ions or a stable 

complex ions.  

3. It should not react either with electroactive substance in 

the solution or with metallic mercury.  

4. The correct choice of the supporting electrolyte can 
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give improved resolution of waves that coincide in 

other electrolytes.  

5. Change in composition of supporting electrolyte may 

either change the wave sequence. 

6. Half wave potential is affected by pH and complex ion 

formation. The correct choice of the supporting 

electrolyte represents the main problem to be solved by 

the analyst with his own experience. 

7. The addition of a supporting electrolyte, whose ions 

contribute to the conductance but do not contribute to 

the diffusion current because they cannot be oxidized or 

reduced to any significant extent when they arrive at the 

drop surface, causes the transference number of the 

electroactive ion to decrease. 

 

Electrolyte solutions can be aqueous or non-aqueous. A 

wide range of salts can be used for aqueous electrolyte 

solution. Since the redox potentials of some compounds are 

pH sensitive, buffered solutions should be used for these 

compounds. Suitable non-aqueous solvents include 

acetonitrile, DMF, DMSO, THF, methylene chloride and 

propylene carbonate. Salts for non-aqueous electrolyte 

solutions typically consist of a large cation (e.g., 

tetraalkylammonium cations), and large anions (e.g. 

hexafluorophosphate, tetrafluoborate) to ensure full 

dissociation. 

 

Chemicals 

Analytical grade reagents were used in present 

investigation. Stock solution of Pb (II), Cu (II), Zn (II), Fe 

(II), Ni (II) and Cd (II) were prepared by dissolving their 

acetate, chloride and nitrate etc. in triple distilled water. 

Phosphoric acid, potassium dihydrogen phosphate, 

dipotassium hydrogen phosphate, KNO3, Acetic acid, HCl 

and trisodium phosphate were AR from Merck (Darmstadt, 

Germany). Triton X-100 was used as the maxima 

suppressor. 

 

Mercury 

Double distilled mercury was used in all the whole 

experiments. After collecting used mercury it is washed 

with distilled water thoroughly. Then it was treated with 

10% nitric acid. Afterwards it was washed repeatedly with 

distilled water. Finally, mercury was distilled twice under 

reduced pressure with the help of a vacuum pump. 

 

Procedure for polarographic analysis  

The experimental solution was transferred to the 

polarographic cell. The cell was placed in the thermostat 

and the capillary was inserted in the solution. The solution 

was defeated by passing the purified nitrogen gas for about 

10-15 minutes to remove the dissolved oxygen. The gas 

supply was then cut off and the current potential curves 

were measured manually or by recorder. Inert atmosphere 

was maintained throughout the measurements. 
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