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Abstract: In this paper we report on the use of surface modified electrodes in conjunction with cyclic 

voltammetry to study the redox profiles of quinine in unconventional drugs-herbal medicine. The 

unconventional drugs used in the study include cinchona bark and malbet. The results show quinine in cinchona 

is redox active with the oxidation and reduction potentials on bare carbon graphite electrode occurring at 

0.495V and 0.345V respectively. The oxidation/reduction potential on bentonite modified electrode occurred at 

0.450V/ (0.345V and -0.030V). It was observed that, when in contact with the bentonite over along period, 

quinine in cinchona is physi-sorbed. The redox process of the quinine extract is diffusion limited. In the case of 

malbet the quinine in Alstonia scholaris was detected . The other natural products in malbet appear not to be 

electroactive. The oxidation and reduction peak potential for quinine in alstonia scholaris appeared at 0.540V 

and 0.225V in 1M H2SO4 and 0.525V and 0.330 V in HCl.The malbet appears to ingress into bentonite lattice 

and is pre-concentrated in the bentonite hence, giving enhanced redox signals.The electrochemical signal 

obtained in malbet is attributed to quinine in Alstonia scholaris.   
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I. Introduction: 
A drug may be defined as any substance that brings about a biological response through its chemical 

action on a biological system. The drug molecule normally interacts with a specific molecule in the biological 

system that plays a regulatory role. The targets sites of drugs include lipids, proteins (enzymes and receptors), 

and deoxyribonucleic acid (DNA). When this occurs the shape of the substrates active site changes which can 

lead to activation or deactivation of the enzyme. A drug can also act on receptors by opening ion channels or 

closing them. 

  For effective drug action, the drug molecule must have the appropriate size, electrical charge, shape, 

and atomic composition. A useful drug must have the necessary properties to be transported from its site of 

administration to its site of action. A practical drug should be inactivated or excreted from the body at a 

reasonable rate so that its action will be of appropriate duration. A drug may be solid at room temperature, 

liquid, or gaseous. The molecular size of drugs can be very large such as cataplasm t-pA, a protein of MW 

59,050. However the vast majority of drugs have MW between 100 and 1000. 

Malaria is an infectious disease caused by a one-celled parasite known as Plasmodium which is transmitted to 

humans by the bite of the female Anopheles mosquito.  

Unconventional drugs have been used in the past to treat malaria due to microorganisms such as 

bacteria, fungi or parasites developing resistance to the traditional antimalarials i.e.,unaffected by the drug.  

The evolution and spread of multidrug-resistant Plasmodium falciparum
 
malaria have prompted the 

need to use combinations of antimalarial
 
drugs and herbal medicines.  

 

Quinine 

Quinine is derived from the bark of the cinchona tree, a traditional remedy for intermittent fevers from South 

America. 

Family: Rubiaceae 

Genus: Cinchona 

Species: officinalis, ledgeriana, succirubra, calisaya 

Synonyms: Quinaquina officinalis, Quinaquina lancifolia, Quinaquina coccinea  

Common names: Quinine bark, quina, quinine, kinakina, China bark, cinchona bark, yellow cinchona, red 

cinchona, Peruvian bark, Jesuit's bark, quina-quina, calisaya bark, fever tree  

Parts Used: Bark, wood. 

The alkaloid quinine was purified from the bark in 1820, and it has been used in its chloride or sulphate 

form in the treatment and prevention of malaria since that time. Cinchona trees remain the only practical source 

of quinine (1-16)  
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The structure of quinine is given in figure 1. 
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Fig. 1: Structure of quinine 

In this analysis the cinchona bark used originated from the Republic of Rwanda. The natural product is dark 

brownish in color (see figure 2). 

 

 
Fig. 2: Picture of cinchona bark 

 

The density of this material when powdered completely is 0.476g/ml.  

The quinine bark is partially soluble in water giving a value of 0.095g/l.  

 

Malbet is a trade name of herbal antimalarial drug manufactured by Solar Herbo PVT. Ltd in India. 

Analysis has been a major challenge to most quality laboratories given that these herbal medicines are a cocktail 

of various plant materials with different therapeutic effect. The various components are the following: 

Holarrhena antidysenterica, Picrorrhiza kurroa, Tricosanthes dioica, Piper nigrum, Laghusutshekhar(Generic 

preparation),Tribhuvankirti (Generic preparation) and Alstonia scholaris, an alkaloid which acts as quinine in 

malaria fever. 

This has compounded the analysis in that  the group. To analyze these quantitatively has been a major problem 

given that there are very many functional groups. Therefore surface modified electrodes were used to investigate 

these systems based on the following premises: 

i. The electrochemical technique will specifically identify the quinine redox group 

ii. The surface modification especially where a host matrix such as bentonite has been used will 

preconcentrate the functional groups hence enhancing the electrochemical signal. 

 

Experimental section: 

The cinchona bark containing quinine and Malbet drug were used as received without any further 

chemical processing.  

All acids H2SO4 and HCl (Aldrich) were used as received without further purification. All solutions 

were prepared using de-ionized water. The clay montmorillonite, bentonite (sourced from Athi River Mining 

Company Ltd., Kenya) was purified as described in reference (17-21) 

In generating the cyclic potential scans, we used an electrochemical unit comprised of a       Princeton Applied 

Research (PAR) model 173 potentiostat/galvanostat, a logarithmic current converter model 369 that controlled 

the current, a PAR model 175 universal programmer. The output signal was fed into a PAR RE 0089 X-Y 

recorder.  

 

                                              Results and Discussion: 
i) Electrochemical Analysis of Cinchona bark: 

The solution of the cinchona bark was obtained by dissolving 1g of the bark of quinine in 1M H2SO4 

for a period of 24 hours. The potential of the bare carbon working electrode was then cycled from -0.2V to 0.9V 
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at 20mV/sec. The resultant cyclic voltammetric response is shown in figure 3. The oxidative/ reductive peaks 

appear at 0.495V/0.345V.  

. 

 
Fig. 3: Cyclic voltammetric response obtained when bare carbon working electrode potential was cycled 

within the potential range -0.4V to 0.90V at 20mV/sec in a solution containing 1 g of quinine bark in 1M 

H2SO4 

The cyclic votammogram is quasi reversible with broad peaks. It is observed that the quinine bark 

redox profile is basically the same as that of quinine found in conventional quinine containing antimalarials. 

Cinchona bark was ground to a fine powder and 10g was weighed and put in 50ml of ethanol. The solution was 

covered to avoid evaporation. Extraction was allowed to take place. The solution was then filtrated and the 

filtrate was mixed with bentonite.  The different mixtures were allowed contact hours ranging from 24 hours to 

96 hours. This allowed maximum adsorption of the quinine ethanol extract by bentonite. The dry mixture was 

then used to modify the electrode surface. The cyclic voltammetric responses obtained for the various samples 

ranging from 24 hours to 96 hours were obtained by cycling the potential of the modified electrode from -0.2V 

to 0.95V at a scan rate of 20mV/sec in 1M HCl and 1M H2SO4 (figure 4).  

 
Fig.4 : CV response when quinine filtrate/bentonite modified electrodes was cycled in 1M H2SO4. 

Potential range: -0.2V to 0.95V. Scan rate of 20mV/sec 

The cyclic voltammetric response in 1M H2SO4 (see figure 3), yielded poorly defined oxidation and 

reduction shoulders at 0.450V and 0.345V/-0.030V. The poor redox response can be attributed to the fact that, 

quinine from cinchona bark is probably not able to ingress into the bentonite matrix (tetrahedral or octahedral 

sites). This is purely from steric considerations. 

When the sample was left to stand for a period of 96 hours, the cyclic voltammetric responses obtained 

were much better defined (see figure 4).  
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Fig.5: CV responses when quinine filtrate/bentonite modified electrode was cycled in solution containing 

bark of quinine in 1M H2SO4 solution. Potential range: -0.2V to 0.95V. Scan rate of 20mV/sec 

The oxidative peak potential in 1M H2SO4 occurred at 0.465V and a reduction peak at 0.330V. The 

efficiency of the redox process computed from the correlation coefficient of the plot of anodic versus cathodic 

peak current gave an efficiency of 98%. See table 1. 

Table 1: ipa and ipc versus time for cinchona bark filtrate  

 
Time(min) 3.78 5.68 7.58 11.38 15.22 19 22.81 26.62 32.33 

ipa(mA) 0.17 0.19 0.21 0.24 0.265 0.29 0.31 0.33 0.35 

ipc(mA)   0.19 0.21 0.235 0.255 0.275 0.295 0.315 

  

The redox properties of quinine appear to be enhanced for the case where the bentonite was in 

contact with quinine extract for a long period of time (96hours). It is possible that due to the long 

 
Fig. 6: Plot of ipaversus v

½
 in the case of quinine filtrate/bentonite modified electrode 

contact period, physi-sorption of quinine occurs. 

 

 The redox process of quinine is diffusion limited. This is confirmed by the linear plot obtained from 

ipaversus v
½
.  

In the next set of experiments, 20 mls of the quinine filtrate was mixed with 20ml 1M H2SO4. (1:1 

vol/vol). The bare carbon electrode potential was then cycled from -0.2V to 0.95V at 20mV/sec.  

The profile of the cyclic voltammogram is similar to those observed earlier except that, there were two oxidative 

centers at 0.450V and at 0.540V which fused into one well defined oxidative peak on continued potential 

cycling at 0.5325V. The reduction peak was a single well defined peak occurring at 0.330V. We observe that, 

the oxidation potential shifts positively and reduction towards negative potential, suggesting that on continued 

cycling the quinine becomes more difficult to oxidize but easy to reduce. The improvement in the quinine 

extract redox process could be purely the result of increased concentration of quinine in the mixture. It is also 

possible that there could be follow up reactions associated with the system, which compliments the quinine 

redox activity, but this remains purely speculative. 

 

The redox process is diffusion limited, yielding a linear plot for ipa versus v
½
.  

In the next set of experiments 10g of crushed quinine bark were dissolved in 8.3ml of concentrated HCl 

and allowed to react for 48hours. This mixture was topped up to 100ml with water to make 1M HCl. The 

solution was subjected to electrochemical analysis whereby the potential was cycled from -0.2V to 0.95V. The 

resultant cyclic voltammogram resembled that obtained in H2SO4 except that, the oxidation peak is broad and 

misshapened with two shoulders appearing at 0.480V and 0.675V with the corresponding reduction peaks 

occurring at 0.075V and 0.345V. The poor redox response is probably due the low [H
+
], since HCl is a 

monoprotic acid.  

The quinine filtrate was mixed with bentonite forming a slurry, which was in turn used for electrode 

modification. The redox profile of the quinine improved with the oxidation peak characterized with a diffusion 

tail peak occurring at approximately 0.345V. Thus, with bentonite matrix, there was significant improvement in 

electron transfer kinetics leading to sharp and well defined peaks. This improvement in the redox profile results 

from preconcentration of the quinine in the bentonite host matrix. The scan rate dependence studies yield a 

linear plot in the case of ipa versus v confirming that the process is the surface attached species (see figure 6), 

unlike previously where the processes were diffusion limited.  

During the initial cycling the peak was double humped. Unlike in the previous case, the double hump 

was at 0.675V and the reduction peak at 0.075V. These transient peaks are probably associated with chemical 
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products which are expelled from the clay montmorillonite matrix as a result of repulsive forces attributable to 

metal cations in the Oh sites.   

 
Fig. 7: ipaversus v when bentonite/ quinine filtrate modified electrode was cycled in 1M H2SO4 from -0.2V 

to 0.95V
 

This result is significant in that, it shows that the bentonite host matrix immobilizes the quinine on the 

electrode surface hence increasing its accessibility for electrochemical analysis. 

 

 

Electrochemical Analysis of Malbet: 

0.3g of the malbet tablet was weighed and dissolved in different solutions containing 1M HCl and 1M 

H2SO4. The potential of the bare carbon electrode was then cycled from -0.4V to 0.9V at a scan rate of 

20mV/sec. The resultant cyclic voltammetric responses are shown in figures 8a and 8b. 

 

Fig. 8a      Fig. 8b  
 

Fig. 8a and 8b: CV responses obtained when bare carbon electrode was cycled in a solution containing 

0.3g malbet in 1M H2SO4 and 1M HCl respectively. Potential range: -0.4V to 0.9V. Scan rate of 20mV/sec 

  We observe well defined quasi reversible peaks occurring at 0.540V/0.225V and 0.525V/0.330V for 

the oxidation/reduction peaks in 1M H2SO4 and 1M HCl respectively. The oxidation and reduction peaks 

increased with continuous cycling and a plot of ipcversus ipa for 1M H2SO4 and 1M HCl yielded an efficiency of 

97% and 72.7% respectively (see figures 5.130a and 5.130b).  The differences in the redox efficiency can be 

attributed to differences in the anion types and [H
+
]. 

This analysis which was carried out on bare carbon working electrode confirms the prescence of 

quinine in malbet. The oxidation /reduction profile is similar to that observed in the case of conventional quinine 

anti malarial and cinchona. It is interesting to note the quinine in alstonia scholaris has been detected. The other 

plant components do not appear to have redox active  

 

Bentonite modified working electrode: 

When the surface of the carbon electrode was modified using bentonite as a host matrix, we observed 

that the oxidative peak is much sharper and with the peak potential occurring  at 0.480V, a shift of 45mV  

towards negative potential and a reduction peak potential occurring at 150mV representing a shift of 150mV 

towards negative potential.  

Since these reductions in oxidation potential do not occur in the case of bare carbon working electrode, 

it can be attributed to pro-concentration of malbet in the bentonite lattice. This not only enhances the 
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electrochemical signal, but also can lead to a reduction in Gibbs free energy resulting from entropic effects as a 

result of the realignment of the redox functional groups in the bentonite host matrix. This is not surprising given 

the selective and complexation properties of clay montmorillonite. 

 

Extraction of Malbet Components Using Ethanol 

0.3g of malbet was placed in 20ml of ethanol and allowed to stay for 24hours. The extract was then put 

in a solution of 1M H2SO4 and the potential of the bare carbon cycled from -0.4V to 0.9V at 20mV/sec.  

 
Fig. 9:  CV response when bare carbon electrode was cycled in a solution containing malbet ethanol 

extract and 1M H2SO4. Potential range: -0.4V to 0.9V. Scan rate of 20mV/sec 
 

The resultant cyclic voltammogram yielded very sharp oxidation/reduction peaks occurring at 0.465V 

and 0.315V and a shoulder with drifting potential occurring at 0.0V and 0.030V. The oxidative and reductive 

peaks increased with each cycle with the redox efficiency being 99%. This enhanced electrochemical signal is 

attributed to the efficient extraction of the constituents by ethanol. 

The same analysis was repeated but this time using bentonite modified electrode. We obtained a broad poorly 

defined cyclic voltammogram (see figure 10). 

 
 

Fig. 10: CV response when bentonite modified electrode was cycled in a solution containing malbet 

ethanol extract and 1M H2SO4. Potential range: -0.4V to 0.9V. Scan rate of 20mV/sec 

This is probably due to the fact that ethanol interferes with the hydration in the basal layer of the clay 

montmorillonite. This in turn affects the electrochemical kinetics of the redox active functional groups. This 

assertion is confirmed by the observation that, when 0.3g of malbet is placed in 20ml of water and left to stay 

for 24hours and then the potential of the working electrode cycled in 1M H2SO4 electrolyte media. The cyclic 

voltammetric response is characterized by sharp and well defined oxidative and reductive peaks occurring at 

0.480V and 0.120V respectively.  

 

Effect of pH on Malbet Redox Activity 
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Malbet/ bentonite electrode potential was cycled from -0.4V to 0.9V in various solutions containing 

0.1M, 0.2M, 0.5M, 1M and 1.5M H2SO4. The resultant cyclic voltammetric response yielded sharp oxidative 

and reductive peaks with the oxidative peak potentials shifting at a rate of 58.77mV/pH unit (see figure 10).  

 
Fig. 11: Oxidative peak potential (Epa) versus solution pH 

 

This suggests a 1ē/1H
+
redox process. This is in agreement with earlier proposed model for quinine 

oxidation/reduction (ref).  

 

II. Conclusion: 
It has been shown from the results presented that, chemical modification of the electrode surface can 

allow electrochemical assessment of unconventional drugs, as long as they contain redox active moieties. These 

redox active groups in herbal medicine can be marked and electrochemically profiled quantitatively. The 

electrochemically determined quantity of the redox active moiety can be then be correlated to the quality of the 

unconventional drug.   
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