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ABSTRACT 
Historically, nitrogen compound due to major environmental and public health problems have been considered. Anaerobic 

ammonium oxidation processes were proposed by many advantages such as; novelty, promising method and cost-effective. In this 

work, we used of anommax process for a wastewater with high C:N ratios and the main parameter likes pH; temperature, 

NO2/NH4 ratio and behavior of COD, ammonium and nitrite during operation time of 55 days were evaluated. High efficiency in 

nitrite and ammonium removal is observed at pH values between 7.5 to 8 and operation times between 9 to 23 days. 

Furthermorethe variation of the nitrite/ammonium ratio done dependence to pH, and a higher ratio was associated with higher pH 

values. And lower values of NO2/NH4 ratio have occurred with decrease of pH at third phase of anommax process. The average 

elimination efficiency of COD was occurred about 89.22%, but the removal efficiency of COD in anommax reactor was obtained 

about 49.5%. Furthermorethe removal efficiency of ammonium and nitrite were provided about 50% for each.  
 

Keywoards: Anammox process, ammonium, partial nitrification and C:N ratios 

 
1. INTRODUCTION 
In the treatment process, the nitrogen compound as a major problem has been concerned, historically. Biological 

nitrification–denitrification is the most commonly used process for nitrogen removal from wastewater (Eq. 1)1, And 

this process can be used for municipal wastewater, especially2. Both Chemical treatment 

(magnesium/ammonium/phosphate (MAP) precipitation) and air stripping is feasible to elimination of ammonium, but 

these are expensive than classical nitrification and denitrification3,4. Also using the ion exchange to ammonium 

elimination has been investigated 5,6. One process of other treatment ways is the anaerobic ammonium oxidation 

(Anammox) and bacteria oxidize ammonium under anoxic conditions with nitrite as the electron acceptor as (Eq. 2)7-9:  
 

22324NH NNONONO     (1) 

O2.03H+0.26NO+1.02N+NO0.066CH 0.13H+0.066HCO+1.32NO+NH 2

-

320.150.52

 +-

3

-

24
(2) 

 

In compared to conventional process, it is a novel, promising, low-cost alternative10-12. The Anommax process is 

suitable for wastewater with low C:N ratios. At C:N ratios above 1, the Anommax bacteria are no longer able to 

compete with heterotrophic denitrifying bacteria 13. According to Anommax condition, that is appropriate to industrial 

wastewater. In comparison to conventional nitrification and denitrification process, Anommax needed to lower than 

50% oxygen demand and consumes 100% less biodegradable organic carbon14. Also in this process, there is saving of 

cost by no adding organic carbon in combined with partial nitrification 12. The main parameters in Anommaxare pH 

and temperature and biological community are very sensitive to aeration of these agents. In this work, we used of 

Anommax for municipal wastewater treatment and our novelty in this study is the application of Anommaxfor higher 

C:N ratios rather than conventional Anommax usage, and this study don’t report by any authors. 
  

2. MATERIAL AND METHODS 
The synthetic wastewater was prepared in laboratory scale in compared to desirable characterizes. All reagents were 

provided of analytical grade from Merck and Sigma Company. These regents on to three types as micro elements, 

macro elements and nutrients (for start-up step) are provided in Table-1. 
 

2.1 Analytical techniques 
Referring to standard methods for the examination of water and wastewater, all experiments such as: COD, Nitrate 

and nitrite, Ammonium were performed15. 

2.2 Start-up  
First, to provide the microbial cultures of Anommax process the start-up stage was used. In this stage, a bioreactor in 

volume of 30 liter as Fig.1 was made and was filled with fluid medium with surface area of 800 m3/m2 (Fig.2). Added 
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nutrients for supportive of Anommax bacteria growth listed in Table.1. This reactor was fed on top and recycled the 

contents to achieve desirable contact time during six months. Start-up reactor was operated in anaerobic conditions 

and batch flow mode. The start-up reactor was fabricated at 170 cm height and 15 cm diameter. 
 

Table-1: The composition of the mineral medium 

Micro elements mg/kg
COD

 Macro elements g/L Nutrients start-up g/L 

Al2(SO4)3,2H2O 1.9 NH4Cl 1.383 NH4Cl 0.3 

CaCl2,6H2O 693.8 C6H12O6 0.156 NaHCO3 0.07 

CoCl2 4.02 KH2PO4 0.07 NaNO2 0.15 

CuCl2 0.6 NaHCO3 2.16   

FeCl3,6H2O 482.1     

MgSO4,7H2O 2563.5     

MnSO4, H2O 3.1     

(NH4)6Mo7O24,H2O 0.2     

NiCl2,6H2O 2     

ZnCl2 6.3     

EDTA 0.006     

 

 
 

Fig-1: Start-up Reactor configuration. 
 

 

 
 

Fig-2:The construction of fluid medium. 
 

2.3 Reactor experiments 
Fig.3 (a) is shown the overall flow-sheet that consists of Sharon (partial Aeration) and Anommax process with a 

sedimentation reactor. In order to creation, the partial nitrification was used the Sharon reactor and reduction the 

portion of organic carbon. In sedimentation tank is occurred adjacent the C:N ratios and was equipped with pumps to 

aeration. Anommax reactor was fabricated in Plexiglas structure with 100 cm height and 25 cm diameter and filled 

with fluid medium and harvested biomass cultures from start-up stage that was used in start-up stage. The Anommax 

process was prepared in useful volume of 10 Liter and was conducted on continuous and up flow forms. Anommax 

was operated on three conditions of organic load and HRT 24 hours and 3-5 day of SRT were considered for 55 days. 

Fig.3 (b) indicates the prepared bacterial cultures in start-up stage and provided during 55 days. And the Rod colors of 

bacterial culture are considered as desirable growth. 
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Fig-3: Schematic Sharon, sedimentation and Anommax Reactors (a) Anommax bacteria(b). 

 

3. RESULTS AND DISCUSSION 
 

3.1 Nitrite, Ammonium  
As seen the overall variations, the important parameter of Anommax reactor is shown Fig.4. First step, the ammonium 

influences adjacent in three concentrations of 40, 60 and 80 mg/L that takes placea low, medium and high rate, 

respectively. Although three stages in all of the experiments were considered. Due to aerobic activity of heterotrophic 

cultures have been decreased the most of the ammonium concentrations. According to Fig.5 diagram can be found that 

the developed nitrite is dependence with initial NH4 load. This can be occurred by primary accordance of bacterial 

cultures and setupping system, and return can be found higher compatibility at medium stage. Generally, can be 

expressed the better contents of residual ammonium in each reactor are occurred in higher amounts of ammonium 

loads. Also the residual of ammonium and nitrate in Anommax reactor are at lower amounts of itself. Therefore, this 

reduction can be approved the successful performance of the anaerobic biological treating on Anommax.  

Fig. 6 illustrates the efficiency of ammonium and nitrite removal with variation of pH at during the operation 

time. That resulting from three stages performance of Anommax reactor and can consider a removal percentage of 

50% for the entering nitrite to Anommax tank. Maximum removal rate of ammonium was acquired 50% during the 

third phase of the ammonium loading. The relatively regular trend of converting the nitrate and ammonium can be due 

to stable conditions in the Anommax process. In addition, the variation of pH shows on all the periods of operation 

and that is illustrated small fluctuations in range of pH 6.3-8. According to plots can be found the best conditions of 

pH for 

removal of nitrite and ammonium occurred at pH 7.5-8 and operation time of 11 to 21 days. Chamchoi and Nitisoravut 

(2007) have been reported the higher ammonium removal efficiency obtained in range of pH of 7.3–8.3 during a  

stationary phase 16. 

 
Fig-4: The trend of nitrogen compounds during aeration, sedimentation and anommax process. 
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Fig-5: The trend of nitrogen compounds during aeration, sedimentation and Anommax process. 

 
Fig-6: The trend of pH, nitrite and ammonium removal during Anommax process.

 

3.2 Effect of process on COD 
The removal trend of COD values in three stages for aeration and anommax process are shown in Fig-7. According to 

reports of Molinuevo (2009)9, the growths of anommax bacteria are influenced heterotrophic denitrifiers and return 

these bacteria are dominated at higher COD. Hence,the main port of COD Much must be removed in 

the aeration process,and this act was performed in Sharon'sprocess (partial aeration reactor). At 

the similar trend can be seen the removal rate of COD at aeration tank is close to the amount of removed values in 

the anommax reactor. The average efficiency of the elimination of COD has occurred with theregular trend about 

89.22%, but the removal rate of COD in anommax reactor has been made irregularly,and average rate on efficiency 

was obtained about 49.5%.   

 

3.3 Temperature variation and NO2/NH4 ratio 
In anommax process, the controlling parameters are temperature and pH, and culture's bacteria are very sensitive to 

these parameters. Fig. 8 displays the variation of temperature versus operation time in aeration, sedimentation and 

anommax reactors. Desirable amount of this factor for Nitrifying bacteria is about 35 oC and lower than it, in the 

effluent can make to increase the both of nitrite concentration and COD removal rate and ammonia concentration 

decreased. However, in higher temperature of 35 oC, nitrite and COD removal rate decreased, and the ammonium 
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content increased 17. At present work, natural temperature was considered. More fluctuation of temperature is seen in 

aeration phase and this relatively regular in sedimentation and anommax reactors. Generally can be expressed amounts 

of temperature in anommax are more than sedimentation tank and this higher amount occurred due to biological 

activities of anommax reactor. Higher temperature is observed at operating time of 9 to 23 days and in this time was 

found maximum efficiency in nitrite and ammonium removal (Fig. 6).     
 

 
Fig-7: The removal efficiency of initial COD during the aeration and anommax process. 

 

 
Fig-8: Variation of temperature during the aeration, sedimentation and anommax process. 

 

The pH is a significant factor to monitoring the nitrite/ammonium ratio close to the desirable amount 3, and Park and 

Noguera (2004) 18 and Chuang et al. (2007) 19 have been suggested that the pH to be superior at nitritation and 

confidence of nitrite oxidation taken at 7.9–8.3. With regard to Fig.9 can be seen the fluctuant of pH with 5% of an 

error bar in theaeration tank that is shown the trend of pH during the three stages of operation. Furthermore, the 

NO2/NH4 ratio is illustrated in this diagram. Based on results, can be expressed the variation of the nitrite/ammonium 

ratio is dependence to pH conditions, and higher ratio of this parameter is associated to be higher pH in this tank. 

Thus, lower values of NO2/NH4have occurred with decrease of pH at third phase of anommax process. 

 

4. CONCLUSIONS  
Based on acquired results in present work can be expressed;  

1. The aerobic activity of heterotrophic cultures can be decreased the most of the ammonium concentrations. 

2. The developed nitrite rate is depended to initial load of NH4. 

3. The best amount pH for removal of nitrite and ammonium were occurred at pH 7.5-8. 

4. Anommax process can remove the lower amount of COD and main port of COD was removed in 

the aeration process. 
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5. Temperature and pH are sensitive parameters in operating rather than other. 
 

 
Fig-9: The trend of pH and NO2/NH4 ratio during the anommax process  
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ABSTRACT 
A quantitative structure–activity relationships (QSAR) study is suggested for the prediction of solubility of pharmaceutical 

compounds in aqueous solution by using chemometrics methods. Ab initio theory was used to calculate some quantum chemical 

descriptors including electrostatic potentials and local charges at each atom, HOMO and LUMO energies, etc. Also, Dragon 

software was used to calculate some descriptors such as WIHM and GETAWAY. QSAR studies are mathematical quantification of 

relations between structure and activity or property. These are extensively used in pharmaceutical and agricultural chemistry for 

screening potential compounds for specific biological activity. Computable molecular descriptors are preferred to experimental 

properties in QSAR analyses because require molecular structure as the only input and can be in expensively calculated for a 

chemical in less than a millisecond. By multivariate calibration methods such as partial least squares (PLS) regression and least 

squares support vector analysis (LS-SVM), it is possible to obtain a model adjusted to the concentration values of the mixtures used 

in the calibration range. Orthogonal signal/descriptor correction (OSC/ODC) is a preprocessing technique used for removing the 

information unrelated to the target variables based on constrained principal component analysis. OSC is a suitable preprocessing 

method for PLS calibration of mixtures without loss of prediction capacity using cited descriptors. The root mean square error of 

prediction (RMSEP) was also quite acceptable for OSC-PLS (0.0095) and LS-SVM (0.0023) 

 

Keywords: Solubility, Pharmaceutical, PLS, OSC-PLS, LS-SVM, WHIM, GETAWAY. 

 
1. INTRODUCTION 
Aqueous solubility is one of the most important physicochemical properties that plays a significant role in various 

physical and biological processes and has a marked impact on the design and pharmaceutical formulation 

development. For weak electrolyte drugs, salt formation is a common approach to improve its solubility, since it is a 

much simpler method than complex molecular modifications. Using different counter-ions can result in salts with 

difference in physicochemical properties. Until now, various organic and inorganic salts of acidic and basic drugs 

have been prepared and their physicochemical properties were subsequently determined in order to aid the selection of 

the most suitable salt for drug development1-2.  

Among the investigation of QSAR, one of the most important factors affecting the quality of the model is the 

method to build the model. Many multivariate data analysis methods such as multiple linear regression (MLR)3, 

partial least squares (PLS)4 and artificial neural network (ANN)5 have been used in QSAR studies. MLR, as most 

commonly used chemometrics method, has been extensively applied to QSAR investigations. However, the practical 

usefulness of MLR in QSAR studies is rather limited, as it provides relatively poor accuracy. ANN offers satisfactory 

accuracy in most cases but tends to over fit the training data. The support vector machine (SVM) is a popular 

algorithm developed from the machine learning community. Due to its advantages and remarkable generalization 

performance over other methods, SVM has attracted attention and gained extensive applications
6-7

. As a simplification 

of traditional of SVM, Suykens and Vandewalle8-9 have proposed the use of least-squares SVM (LS-SVM). LS-SVM 

encompasses similar advantages as SVM, but its additional advantage is that it requires solving a set of only linear 

equations (linear programming), which is much easier and computationally more simple10.  

The basic principle of the multivariate calibration is the simultaneous utilization of many independent 

variables, 1x , 2x , . . . , nx , to quantify one or more dependent variables of interest, y . The partial least squares (PLS) 

regression analysis is the most widely used method for this purpose, and it is based on the latent variable 

decomposition relating two blocks of variables, matrices X and Y , which may contain spectral and concentration 

data, respectively. These matrices can be simultaneously decomposed into a sum of f  latent variables, as follows: 

)2(

)1(

'

'

EquEUQY

EptETPY

ff

T

ff

T

 

 

in which T  and U  are the score matrices for X  and Y , respectively; P and Q are the loadings matrices for X  and 

Y , respectively, E  and F  are the residual matrices. The two matrices are correlated by the scores T  and U , for 

each latent variable, as follows: 

mailto:zeaodin@yahoo.com
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)3(fff tbu  

in which 
fb  is the regression coefficient for the f latent variable. The matrix Y  can be calculated from 

fu , as Eq. 

(4), and the concentration of the new samples can be estimated from the new scores 
*T , which are substituted in Eq. 

(4), leading to Eq. (5) 
 

)5(

)4(

* T

new

T

BQTY

FTBQY
 

 

In this procedure, it is necessary to find the best number of latent variables, which normally is performed by using 

cross-validation, based on determination of minimum prediction error. Several determinations based on the application 

of this method to spectrophotometric and QSAR data have been reported by several workers11-15.  

Orthogonal signal correction (OSC) was introduced by Wold et al. to remove systematic variation from the 

response matrix X  that is unrelated, or orthogonal, to the property matrix Y . Therefore, one can be certain that 

important information regarding the analyte is retained. Since then, several groups have published various OSC 

algorithms in an attempt to reduce model complexity by removing orthogonal components from the signal16-17.  

Theory of LS-SVM has also been described clearly by Suykens et al. and application of LS-SVM in 

quantification, classification and QSAR reported by some of the workers18-19. So, we will only briefly describe the 

theory of LS-SVM. The LS-SVM is capable of dealing with linear and nonlinear multivariate calibration and resolves 

multivariate calibration problems in a relatively a fast way. In LS-SVM a linear estimation is done in kernel-induced 

feature space ))(( bxwy T
. In the present paper, the PLS, OSC-PLS and LS-SVM methods were applied in 

QSAR/QSSR for modeling the relationship between the solubility of 148 pharmaceutical compounds by using ab 

initio and structural molecular descriptors. 
 

2. COMPUTATIONAL METHODS 
 

2.1 Hardware and software 
The computations were made with an AMD 2000 XP (1 Gb RAM) microcomputer with the Windows XP operating 

system and with Matlab (version 7.0, Mathwork, Inc.). The PLS evaluations were carried out by using the PLS 

program from PLS-Toolbox Version 2.0 for use with Matlab from Eigenvector Research Inc. The LS-SVM 

optimization and model results were obtained using the LS-SVM lab toolbox (Matlab/C Toolbox for Least-Squares 

Support Vector Machines). ChemDraw Ultra version 9.0 (ChemOffice 2005, CambridgeSoft Corporation) software 

was used to draw the molecular structures and optimization by the AM1. Descriptors were calculated utilizing Dragon 

software20. These descriptors are calculated using two-dimensional representation of the molecules and therefore 

geometry optimization is not essential for calculating these types of descriptors. 
 

2.2 Data set  
The QSSR model for the estimation of the solubility's of pharmaceutical compounds is established in the following 

steps: the molecular structure input and generation of the files containing the chemical structures is stored in a 

computer-readable format; quantum mechanics geometry is optimized with a semi-empirical (AM1) method; 

structural descriptors are computed; and the structural-solubility model is generated by the chemometrics methods and 

statistical analysis. The solubility's of 148 pharmaceutical compounds was collected from21.   
 

3. RESULTS AND DISCUSSION  
Solubility's of 148 of pharmaceutical compounds taken from the literature21, and was studied in this study. A major 

step in constructing QSAR/QSRR models is finding one or more molecular descriptors that represent variation in the 

structural property of the molecules by a number. A wide variety of descriptors have been reported to be used in 

QSAR/QSRR analysis20. 

A pool containing molecular descriptors is derived to property characterize the chemical structure of the these 

compounds, involving variables of the type Constitutional, Topological Geometrical, Charge, GETAWAY (Geometry, 

Topological, Atoms-Weighted Assembly), WHIM (Weighted Holistic Invariant Molecular descriptors), 3D-MoRSE 

(3D-Molecular Representation of Structure based on Electron diffraction), Molecular Walk Counts, BCUT 

descriptors, 2D-Autocorrealtions, Aromaticity Indices, Randic molecular profiles, Radial Distribution Functions, 

Functional Groups and Atom-Centered Fragments. These variables are calculated by means of the software Dragon. 

For the evaluation of the predictive ability of a different model, the root mean square error of prediction (RMSEP) and 

relative standard error of prediction (RSEP) can be used. 
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where predy  is the predicted concentration in the sample, obsy  is the observed value of the concentration in the sample 

and n  is the number of samples in the validation set. 

In order to detect the homogeneities in the data set and identify possible outliers and clusters, PCA was 

performed within the calculated structure descriptors space for the whole data set. PCA is a useful multivariate 

statistical technique in which new variables (called principal components, PCs) are calculated as linear combinations 

of the old ones. These PCs are sorted by decreasing information content (i.e. decreasing variance) so that most of the 

information is preserved in the first few PCs. An important feature is that the obtained PCs are uncorrelated, and they 

can be used to derive scores which can be used to display most of the original variations in a smaller number of 

dimensions. These scores can also allow us to recognize groups of samples with similar behavior (Fig-1). 

 
Fig-1: Principal components analysis of the structural descriptors for the data set. 

 

3.1 PLS analysis 
The factor-analytical multivariate calibration method is a powerful tool for modeling, because it extracts more 

information from the data and allows building more robust models. According to solubility's of pharmaceutical data21 , 

data classified to training and prediction sets by descriptor compound selection (MDC). The optimum number of 

factors to be included in the calibration model was determined by computing the prediction error sum of squares 

(PRESS) fro cross-validated models using a high number of factors. The cross-validation method employed was to 

eliminate only one compound at a time and then PLS calibrated the remaining of training set. The solubility of the left-

out sample was predicted by using this calibration. This process was repeated until each compound in the training set 

had been left out once. According to Haaland suggestion22, the optimum number of factor was selected (Fig-2).  
 

3.2 Preprocessing by orthogonal signal correction 
For calibration set six OSC components were used for filtering. Evaluation of the prediction errors for the validation 

set reveals that the OSC treated data give substantially lower RMSEP values than original data. Also, the OSC-filtered 

data give much simpler calibration models with fewer components than the ones based on original data. The results 

imply that the OSC method indeed removes information from descriptor data that is not necessary for fitting of the Y-

variables. In some cases the OSC method also removes non-linear relationships between X and Y. The OSC-PLS 

score plots depicted in a more clear way the location of the solutions in the scores map which are the same as square 

experimental design was used in preparation of calibration set. 
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Fig-2: Plots of PRESS versus number of factors by PLS and OSC-PLS. 

 

3.3 LS-SVM analysis 
The all descriptors were used as the input to develop nonlinear model by LS-SVM. The quality of LS-SVM for 

regression depend on  and 2 parameters. In this work, LS-SVM was performed with radial basis function (RBF) as a 

kernel function. To determine the optimal parameters, a grid search was performed based on leave-one-out cross-

validation on the original training set for all parameter combinations of  and 2 from 1 to 500 and 1 to 500, 

respectively, with increment steps of 1. Table 1 shows the optimum  and 2 parameters for the LS-SVM and RBF 

kernel, using the calibration sets. 
 

3.4 Prediction of solubility of pharmaceutical compounds 
The predictive ability of these methods (PLS, OSC-PLS and LS-SVM) were determined using 8 solubility (their 

structure are given in Table-1). The results obtained by PLS, OSC-PLS and LS-SVM methods are listed in Table-1. 

Table-1 also shows RMSEP, RSEP and the percentage error for prediction of solubility of these compounds. As can 

be seen, the percentage error was also quite acceptable only for OSC-PLS and LS-SVM. 
 

Table-1: Actual and predicted values of solubility of complex petroleum compounds using PLS, OSC-PLS and LS-SVM models. 

Substance 
Experimental 

Solubility 

Predicted solubility 

PLS Error (%) OSC-PLS Error (%) LSSVM Error (%) 

Aspirin 0.663 0.689 3.92 0.672 1.36 0.661 -0.30 

Histidine 1.659 1.682 1.39 1.668 0.54 1.662 0.18 

Picric Acid 1.104 1.058 -4.17 1.088 -1.45 1.105 0.09 

Adenine 0.013 0.018 38.46 0.016 23.08 0.013 0.00 

Diazinon -1.398 -1.392 -0.43 -1.387 -0.79 -1.397 -0.07 

Biotin -0.658 -0.666 1.22 -0.663 0.76 -0.655 -0.46 

Isoniazid 2.146 2.162 0.75 2.153 0.33 2.148 0.09 

Diazepam -1.301 -1.316 1.15 -1.311 0.77 -1.305 0.31 

N.F. 
a
  9  5    

PRESS  0.0224  0.0202    

      100  

2
      20  

RMSEP  0.0221  0.0095  0.0023  

RSEP (%)  1.7316  0.7425  0.1833  
aNumber of factor 

 

Good results were achieved in LS-SVM model with percentage error ranges from -0.46 to 0.31 for solubility of 

pharmaceuticals. Also, it is possible to see that LS-SVM presents excellent prediction abilities when compared with 

other regression. According to the results, structural descriptors are suitable descriptors for describing the solubility of 

these compounds. When LS-SVM method with all descriptors is used, prediction of solubility in test step, with a small 

error is possible; this is improved in comparison with other method (PLS and OSC-PLS). This shows that by using all 

structural descriptors and also LS-SVM method, the solubility pf pharmaceutical compounds is predicted with 

satisfactory results. 
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4. CONCLUSION  
A least squares-support vector machine (LS-SVM) model was established to predict the solubility of some 

pharmaceutical compounds. A proper model with high statistical quality and low prediction errors was obtained. The 

model could predict the solubility of drug compounds not existed in the modeling procedure accurately. The structural 

and topological descriptors concerning to the whole molecular properties and those of individual atoms in the 

molecule were found to be important factors controlling the solubility behavior.  
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ABSTRACT 
Two carotenoids have been isolated from the leaves of Toona sureni (Blume) Merr. The structures of the compounds were 

determined to be (all-E)-β-carotene (1) and (all-E)-β,-carotene 3,3’-diol (2), based on UV-vis, FTIR, NMR and EIMS spectra. 
 

Keywords: Toona sureni, carotenoid, β -carotene and β,-carotene 3,3’-diol 

 
1. INTRODUCTION 
The plant of Toona sureni (Blume) Merr belongs to the Meliaceae family, and in Indonesia it is found in Sumatra, 

Java and Sulawesi. Various parts of the tree, especially the bark and root, are used for medicinal purposes, e.g. to treat 

diarrhoea, while the leaves extracts have been reported to have an antibiotic effect. The bark and fruits have been used 

for production of essential oils.1 

Carotenoids are among the most widespread and important natural pigments. Together with chlorophylls they 

are found in all organisms which involve in photosynthesis.2 Their biological activities are as a vitamin A precursor,2 

antioxidant,4-7anticancer,8-10 antivirus,11and cytotoxic against cultured human colon tumor cells.12 Literature search 

revealed that a number of different compounds have previously been isolated from the leaves of the plant, including 

tetranortriterpenoid (surenin, surenone and surenolactone).13,14 Another species of Toona genus, e.g. Toona ciliata 

contains limonoid15, terpenoid16 and the essential oil from the leaves.17 In this paper, we report the isolation and 

structural elucidation of two carotenoids, (all-E)-β-carotene (1)  and (all-E)-β,-carotene 3,3’-diol (2), from the leaves 

of the title plant. 
 

2. EXPERIMENTAL 

2.1 General Experimental Procedures 
NMR spectra were recorded on a JEOL JNM ECA- 500 NMR spectrometer (1H NMR 500 MHz and 13C NMR 125 

MHz). Chemical shifts were referenced to acetone-d6 (δH 2.05 and δC 29.9 and 206.7). IR spectrum was recorded on a 

JASCO FT-IR 460 plus spectrophotometer in KBr pellet. UV-vis spectrum was recorded on SECOMAM UV S S100 

spectrophotometer in methanol solution. EIMS (70 eV) was recorded on Funnigan MAT SSQ 710 spectrometer. 
 

2.2 Plant material 
Plant materials were collected in Padang, West Sumatera, Indonesia in July 2007, and identified by the staff of the 

Herbarium of the Andalas University (ANDA), Padang, and the voucher specimen (M.Taufik Ekaprasada, 0107, 

ANDA.Fr) was deposted in the herbarium. 
 

2.3 Extraction and isolation 
The finely chopped fresh leaves (5 kg) of the plant were macerated with MeOH (20 L) for 5 days and the process was 

repeated twice. The combined extracts were evaporated under reduced pressure to a small volume (ca. 1 L). The 

MeOH extract was saponified with 5 % KOH-MeOH for 12 h at room temperature. Then unsaponifiable matter was 

extracted with Et2O and then with EtOAc and water added until two layers were formed. The organic layers were red 

due the presence of carotenoids and aqueous layer was green due to the presence of chlorophylls. The ether layer was 

separated and washed with H2O and dried over anhydrous Na2SO4 and then evaporated to dryness. The residue (28 g) 

was subjected to a column chromatography of silica gel and eluted with an increasing percentage of Me2CO in n-

hexane (100: 0; 90:10; 80: 20; 75: 25; 70: 30 and 60: 40 v/v) togive 4 fractions. After evaporating the solvens,fractions 

I was crystallized from methanol to give compound 1 ( 20 mg), red needles meeting out at 172-173 ºC, the other 3 

fractions were not investigated due to give broadening spots on t.l.c The acetate layer was separated and washed with 

water, dried over anhydrous Na2SO4 and evaporatedto dryness. The residuwas subjected to a column chromatography 

of silica the residue gel and eluted with an increasing percentage of Me2CO in n-hexane (100: 0; 90:10; 80: 20; 75: 25; 

70: 30 and 60: 40 v/v).Fractions with  the same Rf on TLC were combined and rechromatographed on the silica gel 

column and eluted  with n-hexane-Me2CO (8:2 v/v) and was further recrystalized from n-hexane to give  a red solid of 

compopund 2 (10 mg).  

Compound 1 was obtained as a red needles (methanol), m. p. 172-173 oC; UV (MeOH) max: 275, 428 and 448 

nm, and 476 nm; IR (KBr) max: 2915 (C-H), 1624 (C=C) olefinic conjugated, 1445 (C-H) methylene), 1371 (C-H) of 

methyl group, and 976 (C-H) olefinic  cm-1; 1H NMR (500 MHz, acetone-d6): see Table 1;13C NMR (125 MHz,
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acetone-d6): see Table 1;EIMS (70 eV)  m/z 536 [M]+ (100), 444 (5), 430 (1), 307 (7). 

Compound 2was obtained as a red powder (n-hexane), m. p. 166-168 oC; UV (MeOH) max: 420, 443 and 471 

nm; IR (KBr) max: 3426 (OH), 2920 (C-H), 1635 (C=C) cm-1; 1H NMR (500 MHz, acetone-d6): see Table 2; 13C 

NMR (125 MHz, acetone-d6): see Table 2; EIMS (70 eV)  m/z 568.4 [M]+ (18), 550.4 (100), 476.3 (6), 458.3 (36), 

429.3 (5), 337.3 (10). 
 

3. RESULTS DISCUSSION 
Uv-vis spectrum of compound 1 gave absorpsion maxima at 428 and 448 nm, and 476 nm. The absence of near-UV 

(about 330 nm) absorbance was characteristic of the all-E arrangement of the double bonds. 

Infra red spectrum showed absorption at wavelength of 2915, 1624, 1445, 1371, and 967 cm-1. The peaks did not show 

any characteristic of hydroxyl, amine, carbonyl or acetylenic groups. Based on spectrum it was predictedthat 

compound was hydrocarbon. The presence of single peaks at 967 cm-1 indicated that compound was trans isomer, 

since trans isomer would give double peak at 967 cm-1. 
 

Tabel-1: NMR data of compound 1 in acetone-d6 

No H (mult., J in Hz C DEPT
a 

1,1’ - 34.28 C 

2,2’ 1.46 (m)b 39.66 CH2 

3,3’ 1.62 ( m)b 19.27 CH2 

4,4’ 2.02(t, 6.01) 33.12 CH2 

5,5’ - 129.39 C 

6,6’ - 137.92 C 

7,7’ 6.14 (d, 7.3) 126.66 CH 

8,8’ 6.14 (d, 7.3) 138.43 CH 

9,9’ - 136.02 C 

10,10’ 6.12 (d, 10.8) 130.84 CH 

11,11’ 6.65 (dd, 10.8; 14.9) 125.04 CH 

12,12’ 6.35 (d, 14.9) 137.23 CH 

13,13’  136.48 C 

14,14’ 6.25 (d, 10.8) 132.42 CH 

15,15’ 6.63 (d, 10.8) 129.99 CH 

16,16’ 1.03 (s) 28.98 CH3 

17,17’ 1.03 (s) 28.98 CH3 

18,18’ 1.72 (s) 21.76 CH3 

19,19’ 1.97 (s) 12.82 CH3 

20,20’ 1.98 (s) 12.77 CH3 
aassignments are based on DEPT; bcoupling constant could not be determined due to overlapping  multiples. 

 

The 1H NMR spectrum of compound 1showed peaks at  6.65 ppm (dd, J1= 10.8 and J2=14.9), 6.63 ppm (d, J = 10.8), 

6.35 ppm (d, J = 14.9), 6.25 ppm (J = 10.8), 2.02 ppm (t, J = 6.01), 1.97 ppm (s), 1.72 ppm (s), 1.62 ppm (m), 1.46 

ppm (m), 1.03 (s). The 1H NMR spectrum of compound 1showed the presence 56 of protons. H11 proton gave doublet-

doublet peat at 6.65 ppm, since it was coupled by H10 and H12 proton (1H;dd;J = 10.8 Hz and J2 = 14.9 Hz).Doublet 

peak at 6.63 ppm was assumed to be H15 peak, since it was coupled by H14 proton (1H;d; J =10.8 Hz). Doblet peak at 

6.35 ppm was assumed to be H12 which was coupled by H11 proton (1H; d; J = 14.9 Hz). H7 and H8 protons were 

coupled each other and gave doublet peak at 6.14 ppm (2H; d; J = 7.3 Hz). Doublet peak at 6.12 ppm was thought to 

be H10 proton which was coupled by H11 proton (1H; d; J = 10.8 Hz). 

Triplet peak at 2.02 ppm indicated two protons of C4 which were coupled by protons of C3 (2H; t; J = 6.01 

Hz). Singlet peak at 1.97 ppm indicated 6 protos of C19 and C20 (6H; s; CH3 of C19; CH3 of C18; CH3 of C20). Single 

peak at 1.72 ppm indicated 3 protons of C18 (3H; s; CH3 of C18). Multiplet peak at 1.60 ppm indicated 2 protons of C3 

which were coupled by two protons of C2 and two protons  of C4 (2H; m; CH2 of C3). Multiplet peak at 1.46 ppm 

indicated two protons of C2 which were coupled  by two protons of C3 (2H; m; CH2 of C2). Singlet peak at 1.03 ppm 

indicated six protons of C16 and C17 (6H; s; CH3 of C16 andC17). 

The mass spectrum showed that moleculer ion was 536. This moleculer ion corresponds to C40H56. Double 

bond equivalence (DBE) was 13. This DBE showed the presence of 11 doublet bonds and two rings the 

fragmentations  showed loss toluene (M-92) and xylene (M-106),  the characteristic of carotenoid compounds. 

The 13C NMR showed the presence of 20 peaks. This indicated the presence of 20 carbon aatoms so that both 

spectra indicated that this molecule was symmetrical, that is why 13C NMR gave peaks instead of 40 peaks. 

The DEPT 90 13C NMR spectrum showed the presence of 7 tertiary carbon peaks. The DEPT 135 13C NMR 

spectrum showed the presence of 5 tertiary carbon peaks, 3 secondary carbon peaks. 13C NMR spectrum showed the 

presence of 20 peaks, so that there were 5 quaternary carbon peaks. Since the molecule was symmetrical, there were 
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10 primary, 5 secondary, 14 tertiary, and 10 quaternary carbon atoms. Based on spectroscopic evidence compound 1 

was (all-E)-β-carotene.  

Compound 2 showed absorption maxima at 420, 443 and 471 nm, indicating that it has a carotenoid 

chromophore. The absence of near-UV (about 330 nm) absorbance was characteristic of the all-E arrangement of the 

double bonds. The FTIR spectrum confirmed a carbon-carbon double bond  (maks1635 cm-1) and C-H stretching (maks 

2920 cm-1), as well as revealed the presence of OH (maks 3426 cm-1 broad). In the EIMS the compound showed a 

molecular ion peak atm/z 568.4 corresponds to the formula C40H55O2. Further structural analysis was made by using 

extensive NMR data including 1H and 13C NMR, 1H-1H COSY, HMQC and HMBC spectra. 

 

 

 

 

 
       1 

  

 

 

 

 

 

 
 

2 

 

 

 

Fig-1: Structure of carotenoid compounds isolated from Toona sureni (Blume) Merr 
 

The 1H NMR spectrum of 2 (Table) showed a crowded methyl and olefinic signals at H 0.97 – 1.98 (10 methyl 

signals) and 5.51 – 7.4 ppm (15 methine signals), respectively. The 1H NMR spectrum also showed two broad signals 

at  H 3.90  and  4.17 ppm   attributed   to   two secondary hydroxyl groups, and three methylene signal in the region 

1.34 – 2.30 ppm. These proton chemical shift assignments were made through interpretation of the 1H-1H COSY 

spectrum which showed connectivities between proton signals within each isolated spin system.  

 
 

Tabel-2: NMR data of compound 2 in acetone-d6
a 

No H (mult., J in Hz COSY C DEPT HMBC (H  C 

1 - - 37.60 C - 

2 
1.41 (dd, 11.6,11.6 

1.76 (m)b 
H-3 

 
49.57 CH2 

C-1, C-3, C-4, C-16 

 

3 3.9 (br m) H-2 64.45 CH - 

4 
2.03(m)b 

2.30 (dd, 16.5, 5.5) 

- 

- 
43.59 CH2 C-2, C-3, C-5 

5 - - 127.64 C - 

6 - - 138.43 C - 

7 6.18 (d, 15.3) H-8 126.69 CH C-6, C-9, C-19 

8 6.20 (d, 15.3) H-7 131.78 CH C-9, C-10 

9 - - 136.37 C - 

10 6.18 (d, 15.3) H-8 139.20 CH C-9, C-19 

11 6.73 (m)b H-8, H-10, H-12, H-14 131.21 CH C-12, C-13 

12 6.33 (m)b 10,14 133.60 CH C-11, C-14, C-20 

13 - - 137.28 C - 

14 6.41 (d, 13.4) H-12, H-15 138.50 CH C-12, C-20 

15 6.73 (m)b 
H-8, H-10, H-12, H-14, H-

15’ 
125.97 CH C-12, C-13 

16 1.05 (s) - 29.10 CH3 C-1, C-2, C-6, C-17 

17 1.05 (s) - 29.10 CH3 C-1, C-2, C-6, C-16 

18 1.72 (s) - 21.97 CH3 C-4, C-5, C-6 

19 1.92 (s) - 13.19 CH3 C-8, C-9, C-10 

20 1.98 (s) - 12.89 CH3 C-11, C-12, C-13 

1’ - - 34.73 C - 
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2’ 
1.34 (dd, 12.8,7.3) 

1.79 (m)b 

H-3’ 

 
45.77 CH2 

C-1’, C-3’, C-4’, C-6’, 

C-16’, C-17’ 

3’ 4.17 (br m) H-2’ 65.39 CH - 

4’ 5.51 (d, 10.4 ) H-6’ 127.13 CH C-5’, C-6’, C-18’ 

5’ - - 135.96 C - 

6’ 2.43 (d, 10.4) H-4’ 55.85 CH C-5’, C-7’ 

7’ 5.52 (dd, 15.0, 10.4) H-8’ 130.21 CH C-5’, C-6’, C-18’ 

8’ 6.22 (d, 15.0) H-6’, H-7’ 132.38 CH 
C-6’, C-9’, C-10’, C-

19’ 

9’ - - 136.45 C - 

10’ 6.18 (d, 15.3) H-8’ 139.28 CH C-9’, C-19’ 

11’ 6.74 (m)b 
H-8’, H-10’ 

H-12’, H-14’ 131.21 CH C-13’, C-14’ 

12’ 6.33 (m)b H-10’, H-14’ 133.66 CH C-11’, C-14’, C-20’ 

13’ - - 137.32 C - 

14’ 6.41 (d, 13.4) H-12’, H-15’ 138.53 CH C-12’, C-20’ 

15’ 6.74 (m)b 
H-8’, H-10’, 

H-12’, H-14’ 
126.05 CH C-12’, C-13’ 

16’ 0.84 (s) - 24.43 CH3 C-1’, C-2’, C-6’, C-17’ 

17’ 0.97 (s) - 30.10 CH3 C-1’, C-2’, C-6’,C-16’, 

18’ 1.59 (s) - 23.11 CH3 C-4’, C-5, C-6’ 

19’ 1.98 (s) - 12.89 CH3 C-11’, C-12’, C-13’ 

20’ 1.98 (s) - 12.82 CH3 C-11’, C-12’, C-13’ 
aassignments are based on DEPT, HMQC, and  HMBC; bcoupling constant could not be determined due to overlapping multiplets 
 

The 13C NMR spectrum of compound 2 revealed signals consistent with the structure and was assigned through the 

interpretation of the HMQC and HMBC spectra, as shown in the Table 2. From these analysis and by comparison with 

those reported  from the literature.18-21, compound 2 was assigned as (all-E)-β,-carotene 3,3’-diol. The 

stereochemistry of the secondary hydroxyl was not determined, however the configuration of the double bond was 

made by using the coupling constant of the vinyl signals. 
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ABSTRACT 

The antioxidant activity of essential oil of Thymus serpyllum was determined by using DMPD/ferric chloride assay. The purple 

colored cation was formed by the oxidation of N,N-dimethyl-p-phenylenediamine (DMPD) with 0.05 M solution of ferric chloride. 

The purple colored radical cation obtained was decolorized by the antioxidants present in Thymus serpyllum oil. The antioxidant 

value of Thymus serpyllum oil was then measured by its ability to inhibit the color intensity of DMPD radical cation. It was also 

observed that the antioxidant value of Thymus serpyllum oil decreased with the passage of time. 
 

Keywords: Thymus serpyllum; Antioxidant activity; DMPD/ferric chloride assay; DMPD radical cation 

 
 

1. INTRODUCTION 
Pure essential oils are a natural product and contain no preservatives or additives. A few of them can also be quite 

dangerous if not handled correctly. Some basic procedures should therefore be observed in order to ensure safety but 

also the quality of the oils in storage. Pure essential oils are extracted from an array of plant sources, petals, leaves, 

seeds, nut kernels, bark, stalks, flower heads, gums, resins of trees and contain the active ingredient of a plant in a 

highly concentrated and potent form. Thymus serpyllum belonging to genus thymus (include 300-400 species) has 

been extensively used for environmental, medicinal and edible uses1-3. Thymus serpyllum having many common 

names (wild thyme, creeping thyme, Breckland thyme, Ban Ajwain, Mother of thyme) belongs to family Lamiaceae 

(subfamily Nepetoideae, Tribe Mentheae) possessing interesting medicinal properties. Mostly plants contain abundant 

volatile aromatic oils, such as thymol (Thymus), Lavender oil (Lavendla), Rosemary oil (Rosemarinus) etc. All are 

used in perfumery4. Thymus serpyllum oil is a yellow liquid. The content of essential oil varies drastically with 

climate, time of harvest and storage conditions; extreme values are 0.75 % and 6.5 %. Antioxidants are substances or 

nutrients in our foods, which can prevent or slow the oxidative damage to our body. When our body cells use oxygen, 

they naturally produce free radicals (by-products), which can cause damage. Antioxidants act as “free radical 

scavengers” and hence prevent and stop damage done by these free radicals. Health problems such as heart disease, 

diabetics, cancer etc. are all contributed by oxidative damage. Antioxidants may also enhance immune defense and 

therefore low the risk of cancer and infection5. Evidences from biomedical and animal models suggest that nutritional 

antioxidant protects against the development of chronic diseases, including coronary heart disease, atherosclerosis and 

certain forms of cancer
6
. Antioxidant is a substance that when present in low concentrations relative to the oxidizable 

substrate significantly delays or reduces oxidation of the substrate. These are the substances that protect other 

substances from damaging oxidation reactions by reacting with free radicals and other reactive oxygen species within 

these substances. During this reaction the antioxidant is oxidized. Antioxidant plays an important role to detoxify such 

reactive oxygen intermediates in the oxidizable substances. Antioxidants act as chemical inhibitors to auto-oxidation 

damages. Examples of antioxidants include β-carotene lycopene, vitamins C, E and A, and other substances. Many 

antioxidants are highly substituted phenols, aromatic amines, amino acids and sulphur compounds. 

 Antioxidant action arises from a combination of several distinct chemical events, which include metal 

chelation, hydrogen donation from phenolic groups, oxidation to a non-propagating radical, redox potential, enzyme 

inhibition etc., interruption of auto-oxidation chain by an antioxidant taking place at the peroxy radical stage of the 

chain reaction. Antioxidants such as poly-phenols or aromatic amines act as chain breakers in the auto-oxidative 

process and usually not invariably oxidized themselves in doing so. Other act as synergists and enhance the activity of 

phenolic antioxidants, some other function by preventive mechanism and from inactive complexes with traces of pro-

oxidant metals such copper, manganese or iron. The effectiveness of a particular antioxidant may be quite different in 

the presence and absence of enzymic, metallic pro-oxidant or of light7.   

 The antioxidant activity of essential oils of Thymus serpyllum was determined by DMPD radical cation 

method and compared with that of standard antioxidant i.e. alpha-tocopherol and a relationship between the 

antioxidant activity and concentration of essential oil was determined8. 
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2. EXPERIMENTAL 
2.1 Materials and methods 
 

2.1.1 DMPD/ferric chloride assay 
 

2.1.2 Preparation of reagents 
All reagents and stock solutions required for the spectrophotometric studies were prepared in doubly distilled water, 

deionized water and ethyl alcohol, which were of analytical grade. 
 

2.1.3 DMPD solution (100 mM) 
209 mg of DMPD were dissolved in 10 ml of deionized water. 
 

2.1.4 Acetate buffer (0.1 M) 
2.2 g of Sodium acetate were dissolved in 1.5 ml of acetic acid and volume was made up to 250 ml with distilled 

water. 
 

2.1.5 Ferric chloride solution (0.05 M) 
0.807 g of Ferric chloride was dissolved in 100 ml of distilled water.  
 

2.1.6 Alpha-tocopherol solution 
The stock solution of alpha-tocopherol was prepared by dissolving 300 mg of alpha-tocopherol acetate in 100 ml of 

ethanol, heated in a water bath for three hours at 80 oC and cooled. The volume was made again 100 ml with ethanol. 

The strength of the solution will be 300 mg / 100 ml. This was used as stock solution. Different concentrations of 

alpha-tocopherol solution were prepared as follows.  
 

 1 µg: 0.1 ml into 10 ml of ethanol. 

 2.5 µg: 0.25 ml into 10 ml of ethanol. 

 5 µg: 0.5 ml into 10 ml of ethanol. 

 7.5 µg: 0.75 ml into 10 ml of ethanol. 

 10 µg: 1 ml into 10 ml of ethanol. 
 

2.2 Procedure 
The standard protocol as developed by Fogliano et al.9 was followed. 100 mM DMPD solution was prepared by 

dissolving 209 mg of DMPD in 10 ml of deionized water, 1 ml of this solution was added to 100 ml of 0.1 M acetate 

buffer, pH 5.25, and the colored radical cation (DMPD*+) was obtained by adding 0.2 ml solution of 0.05 M ferric 

chloride. One milliliter of this solution was directly placed in 1 ml plastic cuvette and its absorbance at 505 nm was 

measured. An optical density of 0.900 + 0.100 unit of absorbance was obtained and it represents the uninhibited 

signal. 

Fifty microliters of standard antioxidant i.e. alpha-tocopherol or of oil samples were added in the 

spectrophotometric cuvette and after 10 minutes at 25 oC under continuous stirring, the absorbance at 505 nm was 

measured. The buffered solution was placed in the reference cuvette. A curve was derived for -tocopherol by plotting 

the absorbance at 505 nm as percentage of the absorbance of the uninhibited radical cation solution (blank) according 

to the equation: 

Inhibition of A505 (%) = (l - Af  / Ao) x 100 
 

Where Ao is the absorbance or uninhibited radical cation and Af is the absorbance measured 10 min after the addition 

of antioxidant sample. 
 

2.3 Chemical reaction 
 

DMPD (uncolored) + oxidant (Fe
+3

) + H     DMPD
*+

(purple) 

DMPD
*+

 (purple) + AOH    DMPD
+

(uncolored) + AO 
 

-tocopherol was used as standard antioxidant and standard curve was drawn by taking inhibition curve along Y-axis 

and conc. of -tocopherol along X-axis9. 
 

3. RESULTS AND DISCUSSION 
This study was brought about to evaluate antioxidant activity of Thymus serpyllum using DMPD radical cation. Now a 

day, antioxidants are widely being used in a number of medicinal products including drugs for heart diseases,

diabetes, and cancer etc. The reason to choose Thymus serpyllum for this study is because of its prominent 
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antioxidant activity, and furthermore its wide occurrence in Pakistan. The aim of this study is to highlight the 

medicinal importance of Thymus serpyllum to use it as a raw material in the local production of antioxidant drugs. 

Several assays have been introduced for the measurement of antioxidant activity of single compounds and /or a 

complex mixture. It is accepted that the effects exerted by different compounds in various environments require 

different methods to be evaluated. 

A different approach based on the chromatic properties of stable radical cation was first envisaged by Blois 

(1958) who used the radical of , -diphenyl- -pycryl-hydrazyl (DPPH) to measure the antioxidant activity of several 

natural compounds. More recent Miller (1993), using the color solution of the ABTS radical cation, were able to set 

up a very simple and efficient method to measure the antioxidant status of human plasma. The same author used 

ABTS also to assess the efficiency of antioxidant compounds from different vegetables developing a decolorization 

assay. 

 
Fig-1: UV-Visible spectrum of the DMPD radical cation (DMPD*+) that shows maximum absorbance at 505 nm. 

 

A similar approach was followed by using N,N-dimethyl-p-phenylenediamine (DMPD). In the presence of suitable 

oxidant solution, a colored DMPD radical cation is formed. Antioxidant compounds which are able to transfer a 

hydrogen atom to DMPD*+, cause a decolorization of the solution. DMPD*+ radical cation was prepared by suitable 

oxidant solution at an acidic pH and max was noted by using UV-Visible spectrophotometer. Spectrum of DMPD*+ is 

reported in fig-1 that shows a maximum absorbance at 505 nm. The max is also reported in the previous work10,11. 

Dependence of color formation on DMPD concentration is also noted. Absorbance at 505 nm was recorded 10 min 

after ferric chloride addition. The value of optical density remains stable for several hours, fig-2. Different oxidants 

were used previously for measuring antioxidant activity but the best results were obtained with ferric chloride which 

gives up to a final concentration of 0.1 mM, stable colored solution. DMPD solution, acetate buffer and ferric chloride 

solution were already prepared. A colored radical cation of DMPD was developed by mixing DMPD solution (1 ml), 

acetate buffer (250 ml) and ferric chloride solution and its absorbance was measured at 505 nm. Standard ( -

tocopherol) and samples were separately added into cationic solution and absorbance was measured again at 505 nm. 

Activity of inhibition of standard ( -tocopherol) as well as sample was calculated through the valid equation and 

curves were drawn accordingly. Antioxidant activity was determined through these curves. 
 

 
 

Fig-2: Dependence of color formation on DMPD concentration also noted. Absorbance at 505 nm was recorded 10 min after 

ferric chloride addition. The value of optical density remains stable for several hours. 
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The standard stock solution of -tocopherol was prepared and then different concentrations from this stock solution 

were prepared. The absorbance and inhibition of standard -tocopherol were given in the table-1, the standard curve 

for the absorbance was drawn from the observation shown in fig-3. 

 

Table-1: Inhibition of DMPD with -tocopherol. 

Conc. of -tocopherol (µg) Absorbance (nm) (1-Af  / Ao) x 100 (%) 

0.1 0.766 5.4 

2.5 0.627 22.5 

5.0 0.486 40 

7.5 0.344 57.5 

10 0.206 74.5 

„Af„ is the absorbance measured 10 minutes after the addition of antioxidant  

„Ao‟ is the absorbance of uninhibited radical cation   

Absorbance of DMPD at 505 nm was 0.810 

 
Fig-3: Calibration curve for the determination of antioxidant activity of Thymus serpyllum oil. 

 

In our study, we took three samples. The antioxidant activity was measured of all three samples by taking the Thymus 

serpyllum extract in three different ways. The absorbance and inhibition for samples is shown in table-2. After that the 

concentration of antioxidant in the samples was calculated by comparing the standard -tocopherol inhibition values.  
 

Table-2: Concentration of antioxidant sample. 

Type Absorbance (nm) (1-Af / Ao) x 100 (%) Conc. with respect to -tocopherol 

Oil and -tocopherol 0.416 41.40 5.23 

Oil, -tocopherol (acidic medium) 0.425 40.14 5.08 

Oil, -tocopherol (basic medium) 0.441 37.88 4.80 
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ABSTRACT 
The environment is under increasing pressure from solid and liquid wastes emanating from the leather industry. These are 

inevitable by-products of the leather manufacturing process and causes significant pollution unless treated in some way prior to 

discharge. The tanneries wastes samples were collected from Lahore Pakistan. The samples were digested by wet oxidation 

method and the concentrations of metals: Cr, Co, Cu, Cd, Mn, Zn, Ni and Pb were estimated in sediments and liquid waste 

samples by atomic absorption spectrophotometer. 

The results show that the concentrations of these metals were higher than the values given by the national environmental 

quality standards. Selective separation of Cr ion from other metals was investigated in sediment sample TS2 by adsorption method 

using low cost natural adsorbent activated charcoal. The adsorption studies were carried out under the optimized conditions of 

adsorption like pH, shaking time and amount of adsorbent. The concentration of Cr after removal was determined by atomic 

absorption spectrophotometer. The adsorption equilibrium data were fitted in adsorption isotherm equations like: Freundlich, and 

Dubinin-Radushkevich equations at temperatures ranges from 303 to 318 K. Thermodynamic parameters ∆H, ∆S and ∆G were 

also calculated. The values of sorption free energy were estimated by employing D-R equation. The percent removal data show 

that about 99% removal was achieved by employing low cost adsorbent.  This method can be employed on industrial scale for the 

treatment of solid and liquid waste before discharge into the main streams. 
 

Key words:  Tannery waste, sediments, liquid waste, adsorption, activated charcoal. 

 
1.INTRODUCTION 
Environmental pollution is a growing hazard to human health. Tanneries are proliferating world-wide and their 

harmful effects on the environment are increasing yearly, because they are major consumers of chromium chemicals. 

The hazards to environment caused by the effluents from tanneries are currently an acute problem in Pakistan1.The 

present free style way of disposal of the tanneries effluent is polluting air, soil, sub soil, surface water and 

underground water. Theses effluents contain not only Cr but also other pollutants such as toxic chemicals, metallic 

compounds, biologically oxidizable materials and large quantities of putrefying suspended matters. These pollutants 

load containing effluents, when discharged to water bodies ultimately affects the food chain as well as the ecosystem 2-

4. 

The potential toxicity of Cr (III) is well documented due to possible oxidation to Cr (VI) under environmental 

conditions 5. Conventional methods for the removal of Cr from waste water by activated charcoal have been reported 

by many investigators 6. In the past, charcoal or carbon columns has been used exclusively for the removal of trace 

quantities of organic compounds. However, several researchers have also demonstrated the ability of activated 

charcoal to remove heavy metals from aqueous waste stream7. The removal of Cr is of particular concern due to its 

widespread industrial use and its chemical complexity 8. By employing low cost adsorbent it can be effectively 

removed to achieve the permissible level. 
 

2. MATERIALS AND METHODS 
 

2.1 Sample Collection 
The sediments and liquid wastes samples were collected from selected tanneries of Lahore Pakistan as shown in Fig-1. 

They have been considered composite and representative of the total effluents emanating from the tanneries viz. mixed 

washing and chrome processing. 
 

2.2 Digestion of samples 
The sediment and liquid waste samples were digested with concentrated nitric acid (65%) at 140 °C using wet 

oxidation method. 
 

2.3 Analysis of samples 
The digested samples were analyzed by flame atomic absorption spectrophotometer by adopting standard calibration 

method 9. A Shimadzu Atomic Absorption Spectrophotometer model (AA-670), using air acetylene flame, equipped 

with an automatic background corrector, standard cathode lamp and recorder was used, throughout this work. 

Triplicate sub-samples of sediments and liquid wastes were run to ascertain the precision of data. 

 



Pakistan Journal of Chemistry 2012 

 

127 

 
Fig-1: Study area showing sampliing site distribution for Tanning Industries of Pakistan 

 

2.4 Treatment of Tannery wastes 
The removal of chromium from TS2 sample was carried out by adsorption method using activated charcoal. 
 

2.5 Adsorption studies 
The adsorption measurements were carried out by batch method at temperatures ranges from 303 to 318K, by taking 

various initial concentrations of TS2 sample ranges from 8.0 to 54.0 mg/L.  
 

2.6 Optimization of pH 
The pH was varied from 2.0– 7.0 and adjusted with buffer solutions. The samples were run by keeping constant 

amount of adsorbent and shaking time. After specific time period the content were filter out and analyzed by atomic 

absoption spectrophotometer.  
 

2.7 Optimization of amount of adsorbent 
Activated charcoal of known amounts 0.01-0.5 gram was added in shaking flasks and placed in electric shaker for a 

desired time period. The contents of reagent bottles were filtered to separate the activated charcoal. Chromium was 

quantified in the filtrate by Atomic absorption spectrophotometer. 
 

2.8 Optimization of shaking time 
The shaking time also varied from 10 to 100 minutes by keeping the optimum amount of adsorbent and pH. After the 

intervals of 10 minutes each bottle was ejected and filters out the content. The filtrate was analyzed by Atomic 

absorption spectrophotometer.  
 

3. RESULTS AND DISCUSSION 
The results of chemical analysis of liquid waste and sediment samples are shown in Fig-2 and 3 respectively. The 

present study revealed that in liquid samples, maximum concentration of Zn and Cr (176.0 and 170.0 mg/L) were 

found in TE2 sample. In sediment samples, the concentration of Cr is highest in TS2 (2200 mg/kg) and is also higher 

than maximum permitted level (100.0 mg/kg) 10. The results showed that the level of Cr in sediment and liquid waste 

samples were higher than other metals because chromium sulphate is used as tanning agent in the tanneries and in 

being discharge as liquid waste without treatment. If the present mode of disposal of tannery effluent is continued, it is 

likely that the ground water of an extensive area would become highly saline and contaminated with toxic metals. 

Table-1 summarizes relevant statistical parameters for various metals in tannery liquid wastes and sediments 

in terms of average concentration values, standard deviation (±SD), t- Test analysis for the comparison of averages 

and probability of t-values for relevant pairs of sediments and liquid wastes. 

In liquid wastes samples, Zn and Cr showed the maximum average concentrations (44.55 mg L-1 and 44.50 

mg L-1), while in sediments Cr had the highest average concentration (822.9 mg kg-1). The largest concentration 

dispersions were measured as a function of standard deviation (±SD) values. In liquid wastes it was observed for Zn 

and Cr (± 87.64 mg L-1 and ± 83.67 mg L-1) and in sediments only for Cr (± 931.2 mg kg -1). 
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The comparison of average concentrations of metals and probability of t-values for relevant pairs of sediments and 

liquid wastes showed that probabilities of t-values were significant for Co, Pb and Mn, while for Cr, Cd, Zn, Ni, Cu 

and Mg these were non- significant. 
 

 
Fig-2: Levels of trace metals (mg L-1) in liquid wastes of Tanneries samples from TE1 through TE4 (left to right) 

 

 
Fig-3: Levels of trace metals (mg kg-1) in sediments of Tanneries samples from TS1 through TS4 (left to right) 

 

Table-1: Statistical parameter of selected metals in liquid wastes and sediments  (n= 4 and 4 respectively) from various 

Tanneries samples 

Metal Liquid wastes Sediments t-value/Probability-t 

 Range(mg/L) 
Standard 

deviation 
 SD Range(mg/L) 

Standard 

deviation 
± SD   

Cr 1.800 - 170.0 44.50 83.67 188.0 - 2200 822.9 931.2 1.834 0.164 

Co 0.060 - 1.240 0.770 0.505 34.60 - 71.00 49.45 16.53 6.043 0.009 

Cd 0.005 - 0.053 0.027 0.023 0.048 - 0.340 0.162 0.125 2.118 0.156 

Zn 0.200 - 176.0 44.55 87.64 17.34 - 106.4 70.94 39.08 0.425 0.699 

Ni 0.040 - 9.280 2.460 4.549 6.000 - 111.0 43.80 46.41 1.749 0.179 

Pb 0.860 - 2.870 1.694 0.845 19.96 - 41.96 33.51 10.29 5.748 0.011 

Mn 0.050 - 0.200 0.132 0.064 3.200 - 6.790 4.457 1.598 5.335 0.013 

Cu 0.036 - 0.460 0.150 0.206 5.380 - 24.08 15.20 10.19 2.916 0.062 

Mg 0.291 - 13.91 6.900 6.746 0.039 - 18.00 5.178 8.573 0.251 0.818 
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Table-2 incorporates the correlation matrix for paired variables: sediments Vs. sediments and liquid wastes Vs. liquid 

wastes. The sediments Vs. sediments system showed strong positive correlation between Co-Cr, Mn-Cr, Mn-Co, Cu-

Co and Mg-Ni with corresponding r values (0.782, 0.974, 0.733, 0.889 and 0.982 respectively). In liquid wastes Vs. 

liquid wastes system, strong positive correlations were found for Zn-Cr, Zn-Cd, Ni-Cr and Ni-Zn at r values (0.900, 

0.745, 0.997 and 0.997 respectively). 

To control the levels of metals in the effluent emitting from tanneries suitable measures were adopted to avert 

the steady degradation of the environment with particular regards to the quality of ground water 11. 

The adsorption of chromium was carried out by using low cost adsorbent activated charcoal as a function of shaking 

time, pH and amount of activated charcoal. 
 

Table-2: Statistical multiple correlations between paired sediments and liquid wastes  from various Tanneries samples 
Metal Cr Co Cd Zn Ni Mn Cu Mg Pb 

Sediments Vs. Sediment 

Cr -         

Co 0.782 -        

Cd -0.630 -0.608 -       

Zn -0.836 -0.992 0.564 -      

Ni -0.262 0.388 -0.132 -0.284 -     

Mn 0.974 0.733 -0.590 -0.796 -0.337 -    

Cu 0.472 0.889 -0.668 -0.823 0.563 0.434 -   

Mg -0.406 0.231 -0.101 -0.116 0.982 -0.477 0.613 -  

Pb -0.027 -0.612 0.434 0.510 -0.945 0.053 -0.894 -0.902  

Liquid wastes Vs. Liquid wastes 

Cr -         

Co 0.619 -        

Cd 0.741 0.730 -       

Zn 0.900 0.616 0.745 -      

Ni 0.997 0.599 0.733 0.997 -     

Mn -0.163 0.691 0.303 -0.137 0.159 -    

Cu -0.321 0.102 -0.604 -0.331 0.332 -0.328 -   

Mg 0.448 0.456 -0.088 0.438 0.441 0.071 0.692 -  

Pb -0.093 0.588 0.538 -0.091 -0.114 0.882 -0.142 -0.341 - 
 

3.1 Adsorption Studies 
 

3.2 Effect of shaking time 
The optimum time for equilibrium was determined by shaking 50 mg/L stock solution of chromium nitrate, with fixed 

amount of activated charcoal by varying shaking time from 10 to 100 minutes. The sorption of chromium was found 

to be maximum at 60 minutes shaking time and afterward, it was remained constant. Therefore, 60 minutes shaking 

time was selected for all further studies 12. 
 

3.3 Effect of the amount of activated charcoal 
Another parameter which affects on the sorption phenomenon is the amount of activated charcoal. The sorption of 

chromium was increased as the amount of activated charcoal increased up to 0.1 g and with the further addition there 

was a decreasing trend in sorption. It may be due to the conglomeration of the charcoal particles especially at higher 

amounts. Therefore, 0.1g of activated charcoal and 50 mg/L stock solution of chromium nitrate were uses for all 

further studies 13. The results are shown in Fig-4. 

 

3.4 Effect of pH 
The influence of pH on the adsorption of Cr on activated charcoal has been studied under the optimized conditions of 

shaking time and amount of adsorbent. The adsorption was increased with the increase in pH up to the value of 2 and 

afterwards it started to decreases. The results are shown in Fig-5. The influence of pH on chromium adsorption can be 

explained as: The hydrolysis of Cr takes place as the pH varies from 1 to 3, and the availability of free Cr ion is 

maximum at pH 2. Therefore, buffer with a pH of 2 was used for all further investigations 14
. 

 

3.5 Adsorption Isotherms 
Sorption isotherms were recorded by the variation of KD  and % removal values are shown in Fig-6 and 7 illustrating 

the temperature dependence of adsorption reaction in the range from 303  to 318K. The rates of adsorption and % 

removal were increased with the rise in temperature. 
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Fig-4: Influence of amount of Activated Charcoal on the adsorption of Cr [The Cr. Soln. conc. 50.00 mg L-1] 

 

 
Fig-5: Influence of pH on Cr adsorption on Activated Charcoal [The Cr. Soln. conc. 50.00 mg L-1] 

 

This indicates that Cr adsorption is an endothermic process. These isotherms were L3 type by Gile’s classification 15, 

indicating the strong tendency in the process of monolayer formation. The amount of Cr sorption per gram of charcoal 

was calculated using the following formula 16. 
 

Xm= (Co- Ce) V / m         (1) 
 

Where Co is the initial solution concentration (mg/L) and Ce is the solution concentration at equilibrium (mg/L). V is 

the volume of solution in (L) and M is the amount of charcoal (g).  

The distribution coefficients (KD in ml/g) were computed in the following way 17.  

 

KD = (Ci - Cf / Ci) × (V/M) (2) 

 

Where Cf is the concentration of Cr remaining in the solution and Ci is the concentration of metal ions in original 

sample. V is the volume of the solution and M is the amount of adsorbent. 

The % removal values were estimated by employing the following expression18. 

 

% Removal =   (Ci - Cf / Ci) × 100  (3) 
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The data were fitted in Freundlich and Dubinin-Radushkevich (D-R) isotherms equations 19. These results were 

subjected to Freundlich isotherm eq. in the form as: 
 

X/m = KCe1/n  (4) 
 

While K and 1/n are empirical constants, which are computed from the Freundlich isotherm are tabulated in Table 3. 

The value of n reveals the nature and strength of adsorptive forces involves. The higher fractional values of n signify 

the strong adsorption forces are operating on the surface of charcoal. However, the values of K were proportional to 

the heat of adsorption which increases with the temperature, also confirms the higher affinity of chromium adsorption 

on the surface of charcoal at higher temperatures. 20 

 

Table-3: Freundlich parameters for the Cr adsorption from TS2 sample 

Adsorbent Temperature( K) n K 

Activated Charcoal 

303 1.041 0.798 

308 1.026 1.013 

313 1.193 1.417 

318 1.363 1.921 
 

As an alternative to Freundlich isotherm, the data were also fitted to Dubinin-Radushkevich (D-R) equation 21
 in the 

linearized from as follows: 

Ln X/m = Ln Xm- K/ε2  (5) 
 

ε =RTln (1+1/Ce)  (6) 

 

Where Xm is the monolayer capacity of adsorbent, K/ is a constant related to adsorption energy,.R is a gas constant, 

and T is Absolute temperature.The quantities X/m and Ce have their usual meanings. Values of Xm and K/ were 

calculated from the intercept and slope of D-R plots are shown in Table-4. 
 

Table-4:  D-R Parameters for the Cr adsorption from TS2 sample 

Adsorbent Temperature (K) Xm   (mol/g) -K   (mol
2
/KJ

2
) Ea   (KJ/mol) 

Activated Charcoal 

303 5.135 1.145 0.661 

308 6.072 0.909 0.741 

313 6.240 0.807 0.787 

318 6.315 0.563 1.332 
 

By making certain assumptions 22, the mean free energy of adsorption (Ea) was calculated from D-R parameter K as 

follows. 23 

Ea = (-2K)-1/2   (7) 
 

It is evident from the data as shown in Table 2 , the values of sorption free energy (Ea) was increases with the rise in 

temperature, showing that there was an increase in adsorption with temperature. 

The values of % Removal of chromium were increases with the temperature, showing that adsorption process 

is endothermic in nature. The results are tabulated in Table-5. 

Table-5: Percent removal values of chromium at different temperatures from TS2 sample 

Initial Conc. (mg/L) 
% Removal 

30
◦
C 35

◦
C 40

◦
C 45

◦
C 

8.0 93.2 95.5 98.6 99.4 

16.0 95.2 97.6 97.8 97.9 

24.0 96.2 98.1 98.6 98.6 

32.0 96.5 98.9 98.8 98.8 

40.0 96.9 98.1 98.6 98.8 

48.0 97.3 97.5 97.8 98.6 

56.0 97.6 97.8 97.9 97.0 

64.0 97.9 97.9 97.9 98.1 
 

Thermodynamic parameters ∆G
ο
 , ∆H

ο and ∆S
ο
 were also calculated as shown in Table-6. 

The values of ∆H
ο
 and ∆S

ο were calculated from the slope and intercepts of the linear variation of ln K with the 

reciprocal of temperature, 1/T using the relation 24
 

 

Ln K =  ∆S/R -∆H /(RT)  ( 8) 
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Table-6:  Thermodynamic Parameters for Chromium adsorption from TS2 sample 

Adsorbent Temperature (K) 
∆H 

(kJ/mol) 

-∆G 

(kJ/mol) 

∆S 

(kJ.Deg
-1

 mol
-1

) 

Activated Charcoal 

303 22.695 0.340 7.600 

308 22.695 0.244 7.440 

313 22.695 0.557 7.420 

318 22.695 1.518 7.614 
 

 

The ∆G values were calculated by employing Gibbs equation: 
 

∆G
ο =  - RT Ln K    (9) 

 

While∆ S was calculated as: 
 

∆S
ο = (∆H

ο - ∆ H
ο) / T   (10) 
 

The relatively large negative values of ∆ G
ο, suggest the nature of Chromium uptake which is strong chemisorption 

and spontaneous process. Further the ∆ G
ο
 values were decreases with the rise in temperature showing that there is an 

increase in feasibility of adsorption at higher temperatures. The positive values of ∆H
ο indicate that the chromium-

charcoal interactions were endothermic process. The values of ∆H
ο
 22.7 (kJ/mol) during adsorption suggest the strong 

binding capacity of chromium with the active surface sites of charcoal. The positive values of ∆S
ο suggest that there is 

an increase in randomness at charcoal-solution interface during the adsorption of chromium on the surface of activated 

charcoal 25. 
 

4. CONCLUSIONS 
It is evident from the present studies that the suspended matter of tannery effluent contains considerable quantities of 

metals especially chromium which involves in the tanning process is settles down on the sediments of the pathway. 

Soil sediments tends to accumulate metals on a relatively long term basis since many metals in soil are not so mobile. 

Thus the distribution pattern of various metal species in sediments and liquid waste are not identical. This explains the 

overall higher contamination levels of metals in sediments than in liquid wastes. Effectiveness of the method as a 

means of removing chromium metal from the elevated amounts of other metals in dilute effluents to meet permissible 

discharge levels has also been studied. The results showed that the chromium, under optimized conditions, can be 

removed about (99.4 %) by using low cost adsorbent activated charcoal from dilute effluent solution. The simplicity of 

the method, allows economic removal of Chromium in a directly reusable form from dilute effluent streams. 
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ABSTRACT 
In the present work, two important medicinal plants of genus Ocimum, O. basilicum and O.sanctum have been compared in a 

number of phytochemical parameters. Effect of extraction techniques, solvent extraction, Soxhlet extraction and hydro-distillation, 

on the yield in different solvents have been investigated. Hydro-distillation gave a better yield of more volatile components than 

hexane fraction of the other two techniques. Both the plants showed good urease inhibitory activity. Hydro-distillate was stronger 

inhibitor than hexane or methanolic extracts of solvent or Soxhlet extractions. The extracts of O. basilicumshowed a greater urease 

activity than extracts of O. sanctum.Alpha-amylase inhibitory activity of O. basilicum was also higher than that of O. sanctum. 

Notably, the synergistic effect of the extracts of the two plants was much higher than their individual efficacy against alpha-

amylase. The activity decreased with decrease in concentration. Both the species had almost equal air pollution tolerance index 

(APTI) with O. basilicum(10.558) having slightly higher value than O. sanctum (9.202).Both plants contained alkaloids and 

phenolics. Both the plants also had almost same nutritional values.  

 

Keywords: Ocimumbasilicum, Ocimum sanctum, extraction, urease, alpha-amylase, APTI 

 
1. INTRODUCTION 
The genus Ocimum belongs to the family Lamiaceae (Labiateae) and is well-known for its importance in perfume 

industry. There are conflicting reports about the number of species in the genus. According to some reports there are 

50 to 60 species 1, 2while some authors gave the number as large as 150. 

Basil is the collective name for the plants of the genus3. Ocimum basilicum and Ocimum sanctum are the two most 

important species of the genus, which are most widely distributed and widely studied. 

Ocimum basilicum L.,or Sweet Basil,is an evergreen herb and is believed to have originated in the warmer 

parts of the Indo-Malayan regions and is distributed in tropical and hotter parts of the Indo-Pakistan Subcontinent. 

Essential oils extracted from fresh leaves and flowers of the plant are used as additives in food, pharmaceuticals and 

cosmetics4.It has got ethnomedicinal value of being used in the treatment of headaches, coughs, diarrhea, constipation, 

pain in the joints, warts, worms, asthma, enlarged spleen and kidney disorders. It is known to be stomachic, diuretic 

and anthelmintic as well as useful in disorders related to heart and brain. Majority of the aroma compounds from 

volatile extracts of Ocimum basilicum have antioxidant activity4. The seeds being mucilaginous treat chronic 

dysentery. They are also given with juices in cases of constipation and internal piles5. 

Ocimum sanctum, Holy Basil, is believed to have immense medicinal value by the local people6. In view of 

the wide range of its pharmacological applications like antioxidant7, antidiabetic8, antifungal9, cardioprotection10, 

immunostimulant8, a number of scientists investigated the plant.  

The present study was aimed to compare the two species in different aspects. The plant materials 

wereextracted in different solvents using different techniques and their quantities were compared. The extracts were 

subjected to preliminary phytochemical analysis, determination of nutritional values, and air pollution tolerance 

indices (APTI).Enzyme inhibition activity of plant extracts against α-amylase and urease was also studied. 
 

2. MATERIALS AND METHODS 
 

2.1 The Plant Materials 
The leaves of Ocimum basilicum and Ocimum sanctum were collected from a local nursery of Lahore, Pakistan and 

identified by the authors. After removing dust and foreign particles, the fresh leaves were used for extraction. 
 

2.2 Chemicals 
All the chemicals used were of analytical grade and were purchased from E. Merck, Germany. α-amylase used was of 

fungal origin (Aspergillus oryzae) and purchased from UNICHEM, Turkey. Acarbose was purchased from Baeyer, 

Pakistan.Urease was of Jack Bean origin and was purchased from AVONCHEM. Throughout the study, double-

distilled water and de-ionized water was used.UV-Visible Spectrophotometer UVD-3200Labomed, Inc. was used to 

measure absorbance.  
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2.3 Extraction by Different Techniques 
Solvent extraction, Soxhlet extraction and hydro-distillation techniques were used to extract essential oils and other 

chemical constituents from the leaves of O. basilicum and O. sanctum.  Hexane, methanol, chloroform and diethyl 

ether were used as solvents.  

Solvent ExtractionFresh leaves (500 g) were ground to obtain a paste which was soaked in 500 mL of hexane 

kept at room temperature for 14 days with occasional shaking and stirring with a glass rod. Then the extract was 

filtered andfrom the filtrate, hexane fraction was separated from the aqueous phase with separatory funnel. The hexane 

portion so obtained was dried over anhydrous Na2SO3 and solvent was recovered under reduced pressure using rotary 

evaporator. In this way hexane extract was obtained. The aqueous portion was extracted with chloroform to get 

chloroform extract. The plant residue was extracted with methanol for 14 days and methanolic extract was obtained 

using the same technique. 

Soxhlet Extraction In Soxhlet extraction,a paste of the ground leaves (500 g) was extracted with 500 mL of 

hexane for 24 hours at 69°C.The plant residue and aqueous phase were extracted with methanol and chloroform to get 

their fractions. 

Hydro-distillation In hydro-distillation the paste of the plant material (500 g) was soaked in distilled water and 

distillation was carried out giving 2 hr/50 g at 100oC. Essential oils were extracted from the distillate in diethyl ether 

with a separatory funnel. 
 

2.4 Phytochemical Analysis 
The extracts of both the plants were tested for the presence of alkaloids11, carbohydrates12, saponins, proteins and 

amino acids, fixed oils and fats13, phenolic compounds and tannins14and gum and mucilages15.  
 

2.5 Urease Inhibition  
Urease inhibition was carried out according to the reported method16, 17. The principle on which the method is based is 

that urease catalyzes the conversion of urea to ammonia which on reaction with salicylate, hypochlorite and 

nitroprusside forms a blue coloured compound called indophenol (λmax is 625 nm):  

 

To determine the ability of an extract to inhibit urease, the extract (0.1 g) was dissolved in 25 mL of phosphate buffer 

(pH 7.0) and stored at 4oC. Then, different dilutions (5-100 µg/5mL) of this solution weremade to prepare test 

solutions of the extract. To a test solution taken in a testtube 15 µL of urea (0.08g/mL), 485 µL of phosphate buffer 

and 2.5 mL of Reagent 1(consisting of phosphate buffer 120 mmol/L, sodium salicylate 60 mmol/L, sodium 

nitroprusside 5 mmol/L, EDTA 1mmol/L, and urease 0.005g/L) was added, and after incubating the mixture at 37oC 

for 5 min, 2.5 mL of Reagent2(consisting of phosphate buffer 120 mmol/L, sodium hydroxide 400 mmol/L, and 

sodium hypochlorite 10 mmol/L) was added. The reactions mixture was incubated at 25oC for 10 min, and absorbance 

was noted at 625 nm on a UV-visible spectrophotometer against a blank. The blank contained 500µL of buffer and 2.5 

mL of Reagent 1 and 2.5 mLof Reagent 2, which was added without prior incubation of the mixture.The standard 

contained all the reagents except the sample. The percent inhibition was determined using the formula: 
 

% Urease Inhibition = 100[(Ao – As)/Ao] 
 

Here Ao is the absorbance of the standard, while As is the absorbance of the sample. Each experiment was repeated 

thrice and average was calculated. 
 

2.6 α-Amylase Inhibition 
Time-Dependent Inhibition: α-Amylase inhibitory activity of plant extracts by time-dependent method was analyzed 

by slightly modifying the reported method18, 19. Enzyme solution was prepared by dissolving 0.05 g of α-amylase in 

100 mL distilled water. Potato starch (0.5%w/v) prepared in 20 mM phosphate buffer was used as substrate. DNS 

(dinitrosalicylic acid) reagent was prepared by mixing 96 mM 3,5-dinitrosalicylic acid and 12 g sodium potassium 

tartarate in 8 mL of 2M NaOH. To study the inhibitory effect of a sample, 120 µL of the sample (20 mg/mL in 

DMSO), 480 µL of distilled water and 1200 µL of the starch solution were mixed.  The reaction was started by adding 

600 µL of enzyme solution and the reaction was incubated at 25 oC for 3 min. After every one min, 200 µLwas 

removed from the reaction mixture and added into a tube containing 100 µL of DNS reagent. The tube was then kept 

in water bath at 85oC for 15 min. After cooling the mixture to room temperature, 900 µL of distilled water was added 

and mixed thoroughly. Absorbance of the reaction mixture was observed at 540 nm against a blank. The blank 

contained 600 µL of distilled water instead of the enzyme solution. For control, the plant extract was replaced by
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120 µL of DMSO and hence represented maximum enzyme activity. For t=0 min, a separate experiment was 

performed. To determine the combined or synergistic inhibitory effect of the two plants, samples were prepared by 

mixing the extracts of two in equal concentrations. 

From the maltose standard curve (0-0.4 % w/v), the amount of maltose generated in the samples was 

calculated. For calculating the percentage inhibition, following equations were used: 
 

% Reaction = (Mean maltose in sample/Mean maltose in control) ×100 
 

% Inhibition= 100 - % Reaction 
 

Dose-Dependent Inhibition: α-Amylase inhibition in dose-dependent manner was carried out according to the reported 

method20. The starch solution (0.5% w/v) was taken as the substrate and was prepared by boiling 0.5 g of potato starch 

in 100 mL of distilled water for 15 min. The enzyme solution was prepared by dissolving 0.001 g of α-amylase in 100 

mL of 20 mM phosphate buffer (pH 6.9). The test solutions were prepared in DMSO to give concentrations from 1.18 

to 3.6 mg/mL. The DNS solution (20 mL 96 mM 3, 5-dinitrosalicylic acid, 12 g sodium potassium tartarate in 8 mL of 

2 M sodium hydroxide and 12 mL deionized water) was used as the colour reagent of reaction. Three sets of 

experiments were conducted: test along with synergistic effect, blank and control. 1 mL test solution and 1 mL 

enzyme solution were mixed in a tube and incubated at 25°C for 30 min. Then 1 mL was taken out and 1 mL of starch 

solution was added and the tubes were incubated at 25°C for 3 min. Finally, 1 mL of the colour reagent was added and 

after covering the tubes, they were placed in water bath set at 85oC for 15 min. The tubes were then cooled and the 

reaction mixture was diluted with 9 mL of distilled water. The absorbance value was recorded at 540 nm. In case of 

blank incubations, the colour reagent was added before the addition of starch solution. Rest of the method was same as 

for the test. For control incubations all procedure was again the same except that plant extract was replaced by 1 mL 

DMSO. Antidiabetic medicine acarbose (in concentrations of 0.0094, 0.0118, 0.0147, 0.0184, 0.023, 0.036, 0.056, 

0.07, 0.11, 0.21, 0.42 μg/mL) was used as positive control. The percentage inhibition was calculated by the formula: 
 

%Inhibition=100×[ (Ac – As) /Ac] 
 

Here Ac is the absorbance of control while As the absorbance of sample. The %Inhibition was plotted versus the 

sample concentration and a logarithmic regression curve was established to calculate the IC50 value for each sample 

which is the concentration of a sample required to inhibit the activity of α-amylase by 50%. 
 

2.7 Nutritional Evaluation 
Proximate nutritional evaluation was carried out according to the methods reported21. The moisture content was 

determined by drying the samples in an oven at 100°C until constant weight was attained. Ash was estimated by 

heating the samples in a muffle furnace at 600 °C until white ash was obtained. Proximate protein content was 

estimated by nitrogen determination using the Kjeldahl method22. Total lipid content was determined by Soxhlet 

extraction for 18 h at 160°C using hexane as the extracting solvent. Fibre content was evaluated by successive 

digestion of the defatted sample with 1.25% H2SO4 and 1.25% NaOH.  Proximate carbohydrate estimation was made 

by the difference method23using the following equation:  
 

Carbohydrates = 100- (ash + fat + protein + moisture + fiber) 
 

Nitrogen free extract (NFE) was calculated according to the following expression: 
 

NFE= 100- (% Crude protein+ % Crude fat+ % Crude fiber+ % Ash) 
 

Energy/Caloric value was calculated using the conversion factors24: 1 g of carbohydrates and protein each provides 4 

Kcal while 1 g fat provides 9 Kcal of energy. 
 

2.8 Air Pollution Tolerance Indices (APTI) 
Air pollution tolerance indices of both plants were estimated according to the reported method25. In a detailed analysis, 

relative leaf water content26, total chlorophyll content27, leaf extract pH and ascorbic acid content28were determined 

and used in the formula to find out APTI of each plant. 
 

3. STATISTICAL ANALYSIS 
Statistical Analysis of the results was done by using SPSS (16.0) and GraphPad Prism 3.02 for Windows (GraphPad 

Software, USA). One-way analysis of variance (ANOVA) followed by Tukey’s post test was used to assess the 

presence of significant differences (P<0.05) between the extracts. 
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4. RESULTS 
Percent yield of extracts in various solvents of O. basilicum and O. sanctum obtained through different techniques is 

given in Table I. Results of the urease inhibitory potential of various extracts of the plants are displayed in Table II.  

Findings of the alpha-amylase inhibitory activities of the extracts of the plants determined through time- and dose-

dependent methods are given in Tables III and IV.  The results of nutritional values, preliminary phytochemical 

analyses, air pollution tolerance indices, and proximate nutritional values are shown in Tables V, VI and VII, 

respectively.  
 

 Table-1: Percent yield of the extracts in different solvents of Ocimum basilicum and Ocimum sanctum 

S.no Plant Species 
Extraction 

Technique 

 % Yield in different solvents 

Hexane Methanol  Chloroform 

1 
Ocimum 

basilicum 

Solvent 

Extraction 
0.553 0.841 

 
0.064 

Soxhlet 

Extraction 
0.072 1.124 

 
0.013 

2 
Ocimum 

sanctum 

Solvent 

Extraction 
0.353 1.263 

 
0.024 

Soxhlet 

Extraction 
0.104 0.742 

 
0.013 

 The % Yield of essential oils extracted through hydro-distillate method was 0.70 for O. basilicum and 0.64 for O. 

sanctum which is higher than the hexane extracts of both the plants. 

 

Table-2: Percent Urease Inhibition by Extracts of Ocimum species 

S.no 
Conc. 

(µg/5mL) 

% Inhibition 

Methanolic fraction Hexane fraction Hydro-distillate 

O. b O. s 
Synergic 

Effect 
O. b O.s 

Synergic 

Effect 
O. b O. s 

Synergic 

Effect 

1 100 97.18 73.23 70.42 98.65 98.64 93.24 98.46 95.40 90.77 

2 80 95.77 71.83 69.01 97.280 97.30 91.90 97.92 92.31 89.23 

3 60 94.36 70.42 67.60 95.95 95.95 90.54 96.93 87.70 89.22 

4 40 81.69 69.01 66.19 94.60 94.60 89.19 96.90 87.70 88.77 

5 20 78.87 63.38 64.78 93.24 91.90 78.38 96.46 89.23 87.69 

6 10 73.23 61.97 63.38 91.89 90.54 77.03 96.40 87.70 87.65 

7 05 71.83 60.56 61.97 90.54 89.20 74.32 95.40 87.79 86.23 
 

Table-3: α-Amylase Percent Inhibition by Ocimum basilicum and Ocimum sanctum by Time-Dependent Method 

S.no Fractions 
% Inhibition at t = 3 min 

Ocimum basilicum Ocimum sanctum Synergistic Effect 

1 Hexane 72.60 60.46 69.91 

2 Methanol 96 87.5 66.66 

3 Chloroform 37.37 56.52 22.22 

4 Hydro-distillate 64.16 95.87 73.98 
 

Table-4: α-Amylase Percent Inhibition by Ocimum basilicum and Ocimum sanctum by Dose-Dependent Method 
  % Inhibition 

S.no 
Concn. 

(mg/mL) 

Hydro-distillate Methanol Fraction 

O. basilicum O. sanctum 
Synergic 

Effect 
O. basilicum O. sanctum 

Synergic 

Effect 

1 3.6 76.65 57.550 97.170 38.09 43.88 70.25 

2 3.00 63.91 47.10 80.110 31.801 36.80 61.99 

3 2.88 61.40 46.06 77.670 30.05 35.23 60.21 

4 2.3 48.10 36.80 62.100 24.435 28.05 52.41 

5 2.0 42.601 31.101 53.102 21.161 24.51 49.101 

6 1.84 39.30 29.50 49.800 19.52 22.601 47.80 

7 1.47 31.40 23.501 39.900 15.71 17.19 42.73 

8 1.18 25.30 18.871 31.990 12.60 14.62 38.704 
 

5. DISCUSSION 
The aim of the present study was to carry out a comparative analysis of two important species of genus Ocimum, 

namely, Ocimum basilicum and Ocimum sanctum from various parameters such as the effect of various techniques on 

the quantity of the extracts in different solvents, preliminary phytochemical analysis, urease and alpha-amylase 

inhibitory effects, nutritional values, and air pollution tolerance indices.  
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Table-5: Preliminary Phytochemical Analysis of Extracts of Ocimum basilicum (O.b) and Ocimum sanctum (O.s) 

S.no 
Phytochemical 

Test 

Methanol Fraction Hexane Fraction Hydro-distillate 

O.b O.s O.b O.s O.b O.s 

1 Alkaloids, Hager’s test -ve +ve -ve +ve -ve +ve 

2 Saponins -ve -ve -ve -ve -ve -ve 

3 

Phenolic compounds 

Lead acetate test 
+ve 

+ve 

 
+ve 

+ve 

 
+ve 

+ve 

 

Alkaline reagent test +ve 
+ve 

 
+ve 

+ve 

 
+ve +ve 

4 Gums and Mucilages -ve -ve -ve -ve -ve -ve 

5 Sodium 0.01 ppm 0.01ppm 0.00 0.00 - - 

6 Potassium 0.01 ppm 0.01ppm 0.00 0.00 - - 
 

 

Table-6:  Air Pollution Tolerance Indices of Ocimum basilicum and Ocimum sanctum 

S.no Parameters Ocimum basilicum Ocimum sanctum Difference 

1 Relative leaf water content % 86.57% 91.127% * 

2 Total Chlorophyll Content 26.3174 mg/g 26.2026 mg/g ** 

3 Leaf Extract pH 7.63 7.8 ** 

4 Ascorbic Acid Content (AA) 0.056 mg/g 0.022 mg/g NS 

5 Air pollution tolerance index 10.558 9.202 * 

NS: Non Significant. *: p<0.05; **: p<0.01 
 

Table-7: Proximate  Nutritional Values of Ocimum basilicum and Ocimum sanctum 
S.no Parameters Ocimum basilicum Ocimum sanctum Difference 

1 Moisture 95.5% 95.2% ** 

2 Crude Fat 0.1% 0.09% * 

3 Ash 1.91% 1.9% ** 

4 Crude Protein 1.2% 1.02% NS 

5 Crude Fiber 1.08% 0.2% NS 

6 Carbohydrates 0.21% 1.59% NS 

7 Total energy 0.2616 Kcal 0.4491 Kcal NS 

8 Nitrogen Free Extract 95.71% 96.79% ** 

NS: Non Significant. *: p<0.05; **: p<0.01 
 

5.1 Percent Yield of Extracts 
The percent yield of different extracts obtained from Ocimum basilicum and Ocimum sanctumin different 

solventsextracted by three different techniques,i.e., solvent extraction, Soxhlet extraction and hydro-distillation is 

given in Table I. For O. basilicum methanol fraction obtained through Soxhlet extraction gave the highest percent 

yield (1.124%). The results are in agreement with the work reported29 according to which the yield of the hydro-

distilled essential oils is from 0.5%-0.8%. The results are also justified through another reported work30according to 

which the yield of the essential oils was 0.37% extracted from basil plants of Serbia and Montenegro. For O. sanctum 

maximum percent yield was of the methanol fraction obtained through Soxhlet extraction (0.742%). The results are in 

agreement with the reported work31 according to which the yield of Ocimum sanctum essential oilswas 1.45% and 

Ocimum basilicum essential oil was 0.98%. The results are also in agreement with another work
32

 which reports the 

yield of two Ocimum basilicum varieties to be 0.20% and 0.50%, respectively. The results showed that hexane fraction 

was obtained in greater amount for Ocimum basilicum when extracted through solvent extraction and methanol 

fraction was obtained more for Ocimum sanctum when extracted through the same technique. Soxhlet extraction gave 

more yield of methanol fraction in case of Ocimum basilicum. The yield of chloroform fraction was higher through 

both Soxhlet and solvent extraction for Ocimumbasilicum. In case of hydro-distillation, the yield was greater for 

Ocimum basilicum. The comparative study reveals that Ocimum basilicum has overall more essential oil content than 

Ocimum sanctum and solvent extraction gave better yield than Soxhlet extraction for both plants. However, for the 

extraction of more volatile substances from both the species hydro-distillation method proved to be more successful as 

it gave better yield than hexane extracts obtained through solvent and Soxhlet extraction. 
 

5.2 Urease Inhibition 
The results of urease inhibition are given in Table II. The hydro-distillate (98.46-95.40), hexane (98.65-90.54) and 

methanol (97.18-71.83) fractions of Ocimum basilicum showed higher urease inhibition (%) as compared to Ocimum 

sanctum. In synergistic studies, the anti-enzyme action was less than that of O. basilicum and almost equal to that of 

O. sanctum. The hydro-distillate of both the plants showed comparatively better inhibitory effect than the other 

fractions. However, when hydro-distillates of both the plants were used combined, they also showed less inhibitory 

activity. The hexane fractions that comprise more volatile components were comparatively weaker inhibitors of
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 urease. As expected, the urease inhibitory activity of the extracts of both the plants decreased with the decrease in 

concentration.  

Both the species of Ocimum exhibited strong urease inhibitory activities, which are higher than many plants 

reported in other studies16. In view of these results it can safely be said that these medicinal plants can be used where 

required to inhibit activity of urease such as to control urease induced stomach ulcers33.  
 

5.3  α-Amylase Inhibition 
Time-Dependent Method: The results of α-amylase inhibition through time-dependent method for both the plants are 

given in Table 3. The hexane (72.60%) and methanol (96%) fractions of Ocimum basilicum showed greater inhibition 

of α-amylase as compared to Ocimum sanctum, however, chloroform fraction (56.52%) and hydro-distillate (95.87%) 

of the latter were more effective than the former. The synergistic inhibitory effect of the two plants, in general, gave 

almost an average value in these experiments.  

Dose-Dependent method: The results of dose-dependent method are shown in Table IV. Alpha-amylase 

inhibitory effect of all the extracts of both the plants decreased with the decrease in their concentration. Although a 

number of studies have been conducted on alpha-amylase inhibitory activities of O. basilicum and O. sanctum34, 35, 

36,11but their synergistic effect has not been so far evaluated. In dose-dependent analysis, the synergistic effect was in 

general much higher as compared to their individual effectiveness. For instance, at concentration 3.6 mg/mL, efficacy 

(in percent) of hydro-distillate of O. basilicum and O. sanctum was 76.65 and 57.55 while their synergistic effect was 

97.17, which was much higher than their average. In the same manner, the synergistic effect of the methanolic extract 

of the two plants (70.25) was much higher than their individual effects which were 38.09 and 43.88 respectively. 

These results are very encouraging and the plants can be further explored on these lines to develop appropriate herbal 

recipes to inhibit alpha-amylase activity in diabetic patients.  
 

5.4 Phytochemical Analysis 
The results of phytochemical analysis of O. basilicum and O. sanctum are given in Table V. For Thephenolic 

compounds and alkaloids were detected in hydro-distillate, hexane and methanolic fractions of both the plants. The 

results are in agreement with the work37which reports the presence of phenols in essential oils of O. sanctum 

The sodium and potassium levels of methanolic and hexane fractions of O. basilicum and O. sanctum were same for 

both the plants. The results are in agreement with the reported work38 which mentions the presence of trace elements 

in Ocimum basilicum and found Na and K in very small amounts. In some studies, presence of flavonoids has also 

been reported. 
 

5.5 Air Pollution Tolerance Indices 
The results of air pollution tolerance index (APTI) are given in Table VI. For O.basilicum, APTI was 10.558 whereas 

for O.sanctum it was 9.202.  APTI of O.basilicum and O.sanctumwere reported to be 12.28 and 12.16 respectively39, 

which is higher than our results. However, the variation of results between the two species was the same i.e., 

O.basilicumwas more tolerant to air pollution than O.sanctum. Since leaves are greater in number, more exposed to 

the environment and are the direct receptors of pollution, they are used in APTI studies. Relative leaf water content 

(RWC) tells about the healthy environment in which the plant is grown. The more the water content, the 

healthiershould be the plant tissues. Thus, O.sanctumhaving higher water content (91.127%) represented a healthier 

species. The chlorophyll content is related to the biomass development of a plant and has a relationship with the age of 

the plant. The plants having greater chlorophyll have greater biomass development. The chlorophyll content of 

O.basilicum is 26.3174 mg/g and that of O.sanctum is 26.2026 mg/g. It shows that biomass is slightly well-developed 

in O.basilicum than O.sanctum. The pH of the leaf extract shows the acidity or basicity of the pollutants. A plant 

material having acidic pH means it has higher pollutant levels. In the present study, the pH of the leave extract 

ofO.basilicum was 7.63 and that of O.sanctum was 7.8 which were almost equal. In plants, ascorbic acid (vitamin C) 

content is related to SO2 pollution. It is also a good radical scavenger and antioxidant. The data shows that 

O.basilicum was more resistant to sulfur dioxide pollution having 0.056mg/g ascorbic acid content as compared to 

0.022mg/g value for O.sanctum. Overall, the parameters responsible for APTI were stronger in magnitude for 

O.basilicum.  
 

5.6 Nutritional Values 
The results of nutritional evaluation are given in Table VII. As the results show, the percentage of moisture (95.5%), 

ash (1.91%), crude fat (0.1%), crude protein (1.2%) and crude fiber (1.08%) was higher for O.basilicum as compared 

to O. sanctum. Percentage of carbohydrates (1.59%) and value of total energy (0.4491 Kcal) was higher for O. 

sanctum. Our findings are in agreement with those reported37. 

 

6. CONCLUSION 
Ocimum basilicum and Ocimum sanctum are the two most important medicinal herbs of the family Lamiaceae. They 

possess notable urease and alpha-amylase inhibitory properties. They can find application in slowing urease catalyzed
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decomposition of urea in the soil. They can be included in diet to cure stomach ulcer as well as to inhibit hydrolysis of 

starch into di-and mono-saccharidesthus giving relief to diabetic patients. Further studies on these lines may result in 

the discovery of a cheaper therapy for such ailments. 
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ABSTRACT 
Some polydiacetylenes have been synthesized using UV light in topochemical polymerization technique. Some diacetylene 

compounds were reacted with benzocaine and procaine in an attempt to be used as biosensors in topochemical polymerization 

process (In vivo). The linear (Amorphous) polymer was allowed to react with some commercial antibiotics and were studied as 

slow drug release polymers. Externally treatment of the drug containing polymers to groups of infected rabbits revealed that these 

polymers are effective against certain types of micro organisms. 
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1. INTRODUCTION 
It was found that the benzoxazane containing diacetylene monomers can be polymerize at low temperature giving 

thermally stable ploy diacetylenes1-2 has succeed in preparing  ploy diacetylenes using jell method in preparing 

organojell in presence of zinc ion. The resulted spiral fibers were found to change their color according to temperature 

change in various solvents  

Stanish and his coworkers3 used versatile methods to prepare ploy diacetylenes containing lipid moieties. 

These polymers were found stable in buffer solution and were used as biosensors. Usually the ploy diacetylene 

components in order to be used as biosensors must have hydrophilic groups like lipid, enzyme or antibiotic as a 

terminal group to the diacetylene monomer which can be form bilayer upon polymerization   similar to the blood cell 

while the hydrophobic group represent the alkyl backbone of the polymer 4 . Some amino acid containing polymers 

were prepared  from  the reaction of stearic acid with 10,12-pentacosadioic acid5. Jung and his coworkers6 have 

prepared some  ploydiacetylene from the reaction of biotin with 10,12-pentacosadioic acid for Chlamydia diagnosis of 

many diseases. Condensation polymers themselves were found to have versatile biological applications7-8. Donaruma 

and his coworkers9 have succeeded in preparing some linear polymers from trobolon and formaldehyde .These 

polymers were found to have antibacterial activity. Some poly acrylic, methacrylic phenoxarsnes were found to have 

remarkable activity against several types of bacteria 10. Some maleic anhydride, N-vinylpyrolidone and vinyl butyl 

ether were found to have antimicrobial activities11-12 . 

 Other researchers 13 studied the  physical bounding between  linear polymer and some additive materials like 

starch to hold the antibiotics with the polymer backbone. There is another way of bounding with the polymer 

backbone which is nowadays used by many researchers14-16 based on the formation of sigma bound between the 

polymer and the drug and sometime these polymers were allowed to polymerize into a network using some cross 

linking agents like N,N-methylene bis aryl amide.  
 

2. EXPERIMENTAL 
Melting points were measured using HS591,TC92 Controller apparatus. The molecular weight of the synthesized 

compounds is measured by Elmer Torbo mass spectrometer, PE-5Ms capillary column, Mean average M.wt was 

measured using gell permeation chromatography. IR,1HNMR and 13CNMR of the synthesized compounds were 

measured using FT-IR, 205, ATR Diamond Perkin Elmer and Bruker AMX 400MHz respectively at Sheffield 

university UK  Acrylic–Itaconic copolymer was prepared according to the published procedure17. Compounds 1,2, and 

3 were also prepared according to the published procedure18. EDC Compound was prepared following  the well known 

procedure19. 
 

2.1 Synthesis of 1,4-Bis (N-alkyl pyridinum ) – buta -1,3-diyne dibromide and diiodide 20 (4-7) 
1,4- Di(4-pyridyl )-1,3-butadiyne (0.5g,0,00245 mol. ) and alkyl halide (0.005 mol.), 50 ml of actonitilre were mixed 

together in  dark place and under nitrogen atmosphere. The mixture was refluxed for 96 hour , Cooled and the solvent 

was removed under reduced pressure. The product was recrystallized from ethyl acetate/petroleum ether 1:3 

respectively, the physical properties of the above compounds were illustrated in Table-1. 
 

2.2 Synthesis of N-Succinimidyl -10,12-pentacosadiynoate (13) 
This compound was prepared following Murry procedure 21. The synthesized compound showed the same m.p (64-66 
0C) and identical IR spectrum. 
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2.3 Synthesis of 1-(N- diethylamino ) ethyl-4- pentacosa -10,12-diyne amido benzoate 22 (9) 
Procaine (0.529, 0.0022 mol.) ,Triethyl amine (0.726g,0.007 mol.) and DMF (5 ml) were mixed together . This 

solution was added to a solution of compound (8,49 1.0 g,0.00212 mol.) in DMF(5 ml).The final solution was stirred 

for 24 hour at r.t The solvent was removed under reduced pressure. The solid product was treated with 1 Molar 

solution of potassium hydrogen sulfate .The solution was then extracted with    (50 ml )ethyl acetate three times .The 

 
 

Scheme (1): Synthetic steps of polymers (11-14) 
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pH of the solution was adjusted at 8.5 using solid sodium hydrogen carbonate and extracted with (50 ml) of CH2Cl2 

three times . The combined extract was dried on Mgso4 anhydrous, flittered off .The solvent was removed under 

reduced pressure using rotary evaporator. The Crude product was recrystallized from ethyl acetate/petroleum ether 

(40-60),85/15  giving the above compound  as brown crystals m.p 61-62 0C with 64% yield .    

 

 

 
 

 
Scheme (2): Synthetic steps of compound (10) 
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Scheme (3): synthetic steps of compounds (17-19) 
 

                                                         

2.4 Synthesis of ploy 1-(N-2-Diethylamino) ethyl-4-pentacosa -10,12-Diyne amido benzoate 23 (10) 
Compound (9, 0.012g, 0.02mol.) was dissolved in 1.0 ml. of DMSO .Deionizer water 19 ml. was then added to the 

mixture. The final solution was sonicated at 80 0C for 25 min. The solution was flittered off using 0.45 µm Wattman 

flitter paper .The filtrate was then cooled and kept at 40C for 24 h. The final solution was then allowed to stand for 

1h.to reach r.t and was irradiated by UV light at wavelength 254 nm for 5 minutes. The monomer solution color was 

changed from colorless into yellow after this irradiation. 
          
2.5 Synthesis of diacetylene polymers (8-11) General procedure  
The diacetylene monomer (0.01 mol.) was placed in watch glass and was irradiated with UV light oparating at 

wavelength between 254-366 nm. The irradiation was stopped 1h. interval for each 3h. irradiation .The final product 

was washed with chloroform to remove the non polymerized monomer ,flittered ,The physical constant of the products 

were illustrated in Table-1. 
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  Table-1: physical constants of compounds( 4-7 ) 

Comp.No n x Color 
Yield 

(%) 

M.P 

(°C) 

Molecular weight 

Mol Form Calc Meas 

4 6 I Light red 90 107-110 C30H42N2I2 684.514 684.0 

5 10 Br Light red 83 92-94 C38H58N2Br2 702.72 704.0 

6 14 Br Light red 78 77-79 C46H74N2Br2 814.92 815.0 

7 16 Br Light red 77 59-60 C50H82N2Br2 871.04 871.0 
 

2.6 Synthesis of copoly Acryloyl-Itaconyl Chloride 17 (16)    
Acrylic- Itaconic coplolymer (2.0g, 0.0064 mol.) was dissolved in 30ml. of dry acetonitrile and(15 ml,0.2mol.) of 

thionyl chloride was then added. The mixture was stirred for 6h.at 60 0C  under N2  gas .The excess  of thionyl 

chloride was removed under reduced pressure .The yellow solid product  m.p (117-120 0C) was used as it is in further 

step. 
  
3. GRAFTING OF ACRYLIC-ITACONIC COPOLYMER WITH COMMERCIAL ANTIBIOTICS 
 

3.1 General procedure24  
Compound (16) 1.4g, 0.005 mol. was dissolved in 20ml. of dry dioxin. To this solution was drop-wise added a 

solution of 0.001 mol. Antibiotic in 10 mil of dioxane  . Pyridine 0.5ml, 0.006 mol. Was  drop-wise added to the 

above solution under N2  atmosphere .After complete addition, the final solution was stirred at r.t for 24h. The solvent 

was removed under reduced pressure. The solid product was washed with distilled water and dried at r.t . The grfted 

copolymers 17, 18, 19 showed the following softening points; 61-63,83-85,104-105 0C respectively and an average 

grafting percent of about 50-60%.  
 

3.2 The biological studies 
Compounds (17-19) were studied against the following types of bacteria E.coli, Psedu. aerugnosa, Staph. 

aureus,Ercherichia.cloi invivo .Six groups of libratory animals(rabbits ) were used for this investigation .These 

animals(Albino type) weighted between 750-1500 gm and aged between (4-6 months ) were supplied by Mosul 

university research center.       
 

3.2.1 The Fist Group 
In this group of animals an infectionwas created with Staph. aureus and this infection was then treated with the 

commercial erythromycin antibiotic . 
 

3.2.2 The Second Group 
Creation of an infection with Staph.  aureus and treated with compound 17 
 

3.2.3 The Third Group 
Creation of infection with Psedu.aerugnosa and treated with chloramphinicol. 
  

3.2.4 The Forth Group 
Creation of infection with Psedu.  aerugnosa and   treated with  compound 18 
 

3.2.5 The Fifth Group 
Creation of infection with Ercherichia.cloi and treated with Amoxicillin 
 

3.2.6 The Sixth Group 
Creation of infection with Ercherichia.cloi and treated with 19 
 

3.3 Preparation of the laboratory animal for antibacterial study 25 
The legs of the studied animal were cleaned with 70% ethanol after removal of the hair. Injury within the legs of these 

animals (about 1-2 cm) was created. This injury was then treated with a microbial suspension25 containing 10 

microorganisms/cm3 .The injury was then surgically closed. The 1st, 3nd and 5th groups of animals were treated with the 

commercial antibiotics while the 2nd , 4th  and the 6th groups were treated with 1 g of compounds 17-19 mixed with 

10g of Vaseline. 

 

3.4 The bacteriological study: 
A cotton swab was taken from the infection area at different time intervals (1, 3, 5, 7, days) and growth on nutrition 

agar (Mannitol /salt agar) and the samples were incubated at 37 0C for 24 h. and the colonies growth were measured 

after 1, 3 and 7 days. 
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Table-2: IR spectral data for compounds (1, 4-7) 

Comp. No. 

 

IR νcm
-1 

 
(Str.) 

 

(Str.)  

(Str.). 

,

 

Str,  
Other 

Str,  
Aliphatic Aromatic Aromatic 

1 --- 3060 2978 2233 1599-1574 C-O 1164 

4 3140 3102 2979 2232 1614- - --- 

5 3312 3071 2921 2232 1635-1607 --- 

6 3278 3086 2920 2225 1635-1607 --- 

7 3268 3064 2917 2232 1636-1613 --- 
 

 

Table-3:  1H NMR spectral data for compounds (4-7) 

 

 
Comp. 

No. 

 

n 1H NMR, δ( ppm ) CHCl3-d1 

4 5 
0.85(t,3H) C1-H, 1.28(m,2H) Cn-H, 2.04(m,2H) C2-H,  4.82( t,2H) C3-H, 8.05(d,1H) C5,6-H, 9.25(d,1H) 

C4,7-H 

5 9 
0.85(t,3H) C1-H, 1.29(m,2H) Cn-H, 1.98(m,2H) C2-H, 4.85( t,2H) C3-H, 8.01(d,1H) C5,6-H, 9.31(d,1H) 

C4,7-H 

6 13 
0.88(t,3H) C1-H, 1.33(m,2H) Cn-H, 2.0(m,2H) C2-H, 4.88(t,2H) C3-H, 7.99(d,1H) C5,6-H, 9.30 (d,1H) C4,7-

H 

7 15 
0.88(t,3H) C1-H, 1.26(m,2H) Cn-H, 1.99(m,2H) C2-H, 4.89( t,2H) C3-H, 8.0 (d,1H) C5,6-H, 9.28(d,1H) 

C4,7-H 
 

4. RESULTS AND DISCUSSION 
The 1,4-Bis(4-pyridyl) buta-1,3-diyne compound(3) was prepared according to the published procedure18.The  m.p of 

this compound was found 202-204 0C with a yield of 55%.The 1HNMR spectrum showed a doublet signal at 7.55 ppm 

related to two pyridyl protons near the acetelynic linkage and doublet signal resonated at 8.87 ppm for the two protons 

near the nitrogen atom .Compound 4-7,scheme( 1)showed identical M.wt of the calculated and the measured values.IR 

spectra indicate the existence of C ≡ C absorbed between 2232-2225 Cm-1 for all the above compound . 
1HNMR spectra where indicated in Table (3) .13C NMR spectra, Table-4 showed the corresponding signals as 

appeared in this table. These signals where assigned for different types of carbons related to these compounds. 

Compound (8) was prepared following the same procedure 21. It has the same physical properties and identical IR 

spectra .This compound has melting point( 63-64 0C ,while in Murry thesis it was 64-66 0C)  93% yield  . The IR 

spectrum gave the following absorption bands 2053,1670,1684  C ≡  C  ,C=O amide and for succinimide respectively 

.Compound(9) was prepared as mentioned in the experimental part and as shown in scheme(2). The IR spectrum of 

this compound showed the following absorption bands :3289,2065Cm-1 belong to NH, C≡C stretching vibration 

,1732,1651,1556 Cm-1 for C=O ,C=CAromatic and NH deformation .polymer (10) was prepared as a solution polymer 

following the procedure indicated in the experimental part . The yellow color solution after irradiation indicate the 

occurrence of the polymerization process in this compound and accordingly it could be used as biosensor which is our 

next   study . 

Copoly acrylic –itaconic acid was prepared as mentioned in the experimental part and could be shown in 

scheme (3). The structure of this polymer was elucidated by combination of spectroscopic methods IR, GPC. The IR 

spectrum showed the following absorption bands :2995,1700,3430 Cm-1  for CH,C=O,OH carboxylic .The GPC 

measurements reviled that its M.wt is 3629 g/mol. Using DMF as solvent. 

Copolymers (17-19, scheme 3) were prepared by grafting acrylic-itaconic copolymer with erythromycin, 

chloramphenicol and Amoxicillin as mentioned in the experimental part. The formation of N-C or O-C linkage 

between the antibiotics and the polymer backbone was followed by the brooding change of the OH group to minimum 

values and the appearance of the ester, amide linkage as presented in Table-5. 

 

4.1 The biological study(25) 
The studied compound were used as antibacterial agent against three types of bacteria such as staph. aurus, E.col and 

pseudo.arug . The study reveals that both the tested compounds and the control gave +ve results after 1st ,3rdand 5th 

days .Compound(17) showed  highest activity especially for 3rd and  5th days, while after the 7th day there is negligible 

growth for the two groups. 
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Table-4: 13C NMR spectral data for compounds  (4-7 ) 

 
Comp. No. n 13 C NMR, δ( ppm ) CHCl3-d1 

4 5 
14.07 C1, 22.56 C2, 25.99 C6, 28.64 C4,5, 28.98 C7, 30.89 C3, 61.91 C14, 61.45 C8, 65.32 C15, 127.58 

C10,12, 129.99 C11, 144.42 C9,13 

5 9 
14.11 C1, 22.56 C2, 26.07 C10, 29.07 C4,9, 29.49 C5-8, 29.9 C11, 30.82 C3, 31.64 C12, 61.74 C18, 65.11 

C19, 129.98 C14,16,   140.78 C15, 144.61 C13,17 

6 13 
14.07C1, 22.9 C2, 26.5 C14, 27.7 C4,13, 29.2 C5-12 , 29.4 C15,  30.08 C3, 31.9 C16, 61.8 C22, 65.09 C23, 

129.99 C18,20,140.08 C19 ,145.0 C17,21 

7 15 
14.12 C1, 22.68 C2, 26.09 C16, 29.53 C4,15, 29.71 C5-14, 30.80 C17 ,31.77 C3, 53.82 C18, 62.01 C24, 

65.18 C25, 129.97 C20,22,  140.08 C21 , 144.57 C19,23 

 

Table (5) IR spectral data for compounds (17-19 ) 

Comp. 

No. 

 

 
(Str.) 

 

(Str.) 

 

 

(Str.) 

,  

(Str.)  
Def.  

Others 

(Str.) 
Aromatic Aliphatic Ester Amide Aromatic 

17 3426-2740 --- 2979 1726 --- --- --- 1172-1039(C-O) 

18 3446-2677 3080 2976 1734 1648 1636-1596 1558 
1541,1364(N-O) 

1171-1069(C-O) 

19 3326-2622 3040 2931 1717 1653 1623-1585 1558 1174-1011(C-O) 

 
Compound (18) was tested against E.col it also gave +ve results  for the 1st,3rd  and 5th days but the growth was found 

to extend after 3rd and 5th days for animals treated with this compound .The study  also revealed that  the growth is 

slightly higher for this compound than the control.  

Compound (19) was used against pseudo.arug . The result of growth also +ve for the 1st ,3rd and 5th days for both .The 

study also revealed that animals treated with this compound shows slightly more growth than the control especially 

after 3 and 5 days. 
 

5. CONCLUSION 
In conclusion of the above study the prepared streoregular polymers which are all new compounds were structurally 

elucidated and has been confirmed.  It is also clear that the three polymer containing the drug showed release 

capability of drug for 7 days against the studied bacteria while the commercial antibiotics (treated three times a day) 

gave nearly the same results and some times the polymers results are higher. These observations gave evidences to use 

these polymers successfully as drug release polymers. 
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ABSTRACT 
The determination amoxicillin, ampicillin and cephalexin was studied by complexation of the antibiotics with Au(III) and Hg(II) 

ions in bulk and pharmaceutical preparations using uv-visible spectrophotometry, atomic absorption, and HPLC techniques. 

Optimum conditions for complex formation were fixed at pH 4 and (2-4) for Au(III) and Hg(II)complexes respectively, heating 

temperature at (60 °C) and heating time for (10 minute). All complexes were extracted from aqueous solution with benzyl alcohol 

prior to measurements except in the case of HPLC. The L:M ratios for all complexes were determined and stability constants were 

calculated using mole ratio method. The Beer's law was obeyed over the concentration range (5-60) and 5-50 µg/ml of antibiotics 

for Au(III) and Hg(II) complexes using colorimetric method and (1-25 µg/ml) of Au(III) for FAAS. The linearity for HPLC 

method was (10-110 and 10-120 µg/ml) respectively. The correlation coefficients (r) were (0.9981-0.9997). Generally, the highest 

sensitivity was recorded by FAAS. 
 

Key words: β-lactam drugs, solvent extraction, complex formation, correlation coefficient, direct methods. 

 
1. INTRODUCTION 
A wide range of metal ions have been reported for the determination and assay of antibiotics using different methods 

1-

9. In this work the determination of the three antibiotics Ampicillin, Amoxicillin, and Cephalexin (Scheme (1)) is 

investigated by studying their complexation behavior with Au(III) and Hg(II)ions depending on uv–visible molecular 

spectrophotometry, atomic absorption and HPLC methods.  
 

 

 

 

 

 

 
Scheme (1): Chemical structure of: a-Ampicillin, b-amoxicillin and c-cephalexin. 

 

2. EXPERIMENTAL 
UV-Visible spectra were recorded on Varian Gary 100 conc. UV-Visible spectrophotometer. FTIR spectra were 

measured in KBr disc using 8400S Fourier transforms spectrophotometer (Shimadzu). Determination of Au metal by 

flame atomic absorption spectrophotometry (FAAS) was carried out using GBC 933 plus flame atomic absorption. 

HPLC of the drugs and their metal complexes was performed on Shimadzu LC 2010A, with UV-Vis detector. pH 

values of the prepared solutions were measured by using HANA, HI 98150 GLP PH/ORP-meter calibrated with buffer 

solutions of pH 4.0 and 9.0.All chemicals used were of analytical reagent grade.  
 

2.1 Preparation of standard solutions 
Stock solutions (1000 µg.ml-1) of antibiotics were prepared by dissolving 0.10 g standard powder in 100 ml distilled 

deionized water (DDW). Working solutions (100 µg.ml-1) for the present study were prepared by diluting 10 ml of 

stock solutions to 100 ml with (DDW) in a volumetric flask. The stock solution of Hg+2 ion was prepared by 

dissolving 0.1350g of HgCl2 in 100 ml (DDW) in a volumetric flask, while 100 µg.ml-1 standard solution of Au3+ ion 

was obtained from 1000 µg.ml-1 of Au+3 solution prepared by dissolving 0.1g of the metal in aqua regia followed by 

dilution with DDW.  
 

2.2 UV-Visible spectrophotometry assay method 
Aqueous solutions containing (5-60 µg.ml-1 for amp., amox., or ceph.) and 10 µg.ml-1 of metals ion solutions were 

prepared by pipetting (1 ml) of (100 µg.ml-1) metal ion solution to 0.5-6 ml of antibiotic solution (100 µg.ml-1 ) in (10 

ml ) volumetric flasks followed by dilution to the mark. Complexes were extracted with (1ml) benzyl alcohol and the 

absorbance in each case was recorded at the recommended λmax. Optimum values of concentrations, pH, and 

temperature, heating time and extraction efficiency were tabulated. The absorbance values were plotted against the

concentration of the cited antibiotic to obtain the standard calibration curves.  

 
a 

b c 
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2.2.1 Mole ratio method for complex formation 
Complex formation by mole ratio method at optimum conditions was carried out by pipetting (0.25, 0.5, 0.75, 1.0, 2.0, 

3.0, and 4.0 ml) of ligand solution (5.08 X 10-3 M) to 1ml aliquots of metal ion solutions (5.08 X 10-3 M) in 10ml 

volumetric flask.  
 

2.2.2 Determination of antibiotic-complexes in dosage form by direct method 
0.1g of powder obtained from 20 capsules of (ampicillin, amoxicillin and, cephalexin (500 mg) were dissolved in 100 

ml distilled deionized water in volumetric flasks. 10 ml of the resulted solution was diluted to 100 ml DDW in 

volumetric flasks. (1, 2, and 3 ml) of this solution were transferred to (10 ml) volumetric flasks and (1 ml) of metal ion 

solutions (100 µg.ml-1) were added and the volumes were diluted to the marks. Absorbance of these solutions was 

recorded against blank solution and the concentration of the studied analyst was calculated depending upon the 

respective standard calibration curves. 

 
2.2.3 Determination of antibiotic-complexes in dosage form by standard addition method 
To a solution mixture containing (1 ml) of metal ion solution (100 µg.ml-1) and 0.5-5.5 ml of standard antibiotic 

solutions (100 µg.ml-1) in 10ml volumetric flasks was added (1 ml) of the dosage antibiotic solution (100 µg.ml-1) . 

Volumes were completed to the marks. After adjusting the optimum conditions absorbance values were plotted against 

concentration to construct standard addition curves. 
 

2.3 Flame atomic absorption spectrometry assay method (FAAS) 
This method was based on measuring the absorbance of standard solutions containing a mixture of (1-25 µg.ml-1) 

(ampi. amox. ceph.) and 8 µg.ml-1 gold ion after adjusting all optimum conditions. Absorbance values were plotted 

against concentration to produce standard calibration curves. For drug determination by direct method, solutions 

containing ( 0.6 , 0.8 , and 1.0 ml ) of each dosage antibiotic (500 mg capsules) solutions ( 100 µg.ml-1 ) and ( 0.8 ml) 

of ( 100 µg.ml-1 ) gold (III) ion solution in ( 10 ml ) volumetric flasks were prepared . The volumes were completed to 

the mark and the absorbance values of these solutions at optimum conditions were measured against blank solution. 

The concentrations of solutions were then calculated depending on standard calibration curves. For standard addition 

curves, aliquots ( 0.8 ml ) of ( 100 µg.ml-1) of dosage drug solution were added to a series of 10 ml aqueous solution 

mixtures containing Au(III) ion solutions (100 µg.ml-1, 0.8ml) and standard antibiotic solutions (100 µg.ml-1, 0.1-2ml 

). The absorbance values were plotted against concentrations to produce standard addition curves  
 

2.4 Direct method for determination of antibiotic and Au (III) complexes in dosage form by high performance 

liquid chromatography (HPLC) 
Chromatographic optimum conditions for determination of antibiotics and their metal complexes were studied 

simultaneously in aqueous solution mixture without extraction with benzyl alcohol. Standard calibration curves were 

obtained using solution mixtures of 10-120 µg.ml-1 of each antibiotic and 10 µg.ml-1 of metal ions. A series of aqueous 

solutions containing 30, 50 and 100 µg.ml-1 of dosage antibiotics and10 µg.ml-1 of metal ion solution were prepared 

and all optimum conditions were adjusted. Peak area of complexes was measured and the concentrations of solutions 

were calculated.  
 

3. RESULTS AND DISCUSSION 
The FTIR spectra of the Au (III) complexes exhibited the disappearance of the OH stretching vibration of the COOH 

group and shifts of lactam and carboxylate carbonyl groups to lower frequencies. This refers to the coordination of the 

two carbonyls with the metal ion1, 10a. Complexes of the Hg(II) ion exhibited the shift of both the OH stretching 

vibration of COOH groups and lactam carbonyl groups to lower frequencies as a result of coordination of these groups 

to Hg(II)ion10. No significant changes were observed on the vibrational modes of amide or amine groups. 

Conductivity measurements showed no electrolytic nature of the complexes10b.  
 

3.1 Uv-visible spectrophotometry 
 

3.1.1 The optimum absorbance conditions of metal complexes: 
 

Maximum absorption peaks of the metal free ligand solutions ampicillin, amoxicillin and cephalexin) were observed 

at λ (230,325), (230,295) and (240) nm respectively (Figure 1) and were assigned to π π * transitions11. Complexation 

with metal ions caused hypsochromic shifts of the transition bands with a sharp decrease in the intensity of 

the lower energy band in case of ampicillin and amoxicillin. New absorption bands were observed in the near visible

region at λmax 395 nm and 350nm for Au(III) and Hg(II) ions respectively for the three drugs (Figure1).These bands 

were assigned to ligand to metal charge transfer and 1A1g→1Eg transitions for square planar Au(III) complexes10b,12 

and to ligand to metal charge transfer transitons of tetrahedral geometries of Hg(II) complexes 10b,12,13 as illustrated in 

scheme 2. 
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The complexation behavior of the three antibiotics (50µg/ml) with various concentrations of Au (III) and Hg (II) ions 

by uv-visible spectrophotometry was studied at λmax 395 and 350 nm respectively. Optimum conditions of 

absorbance were fixed at metal ion was 10 μg/ml at pH= 4 for Au(III)complexes and pH= 2-4 for Hg(II) complexes at 

heating temperature of 60 ᴼ C and heating time of 10 minutes (except the Ceph-Hg complex, 15 minutes) . At higher 

pH values the decrease in absorbance resulted from the formation of metal hydroxides 14, 15. Table 1 describes the 

molar extinction coefficients for Au (III) and Hg (II) complexes of the studied drugs extracted in benzyl alcohol16 at 

optimum conditions.  
 

Table -1: Optimum conditions for the complex formation of antibiotics (50µg/ml) with Au (III) and Hg (II) ions (10µg/ml each), 

molar extinction coefficient ( max) in benzyl alcohol at λmax 395 and 350nm respectively and the stability constants of complexes 

Complex pH 
Temp. 

(°C) 

Heating 

Time 

(min.) 

Phase ratio 

(org: 

aqu.) 

Extraction 

time 

(min.) 

Extraction% 

E. %) 

maxof 

complexes 

(l.mol
-1

 cm
-1

) 

Stability 

constant K 

(M
-1

) 

Ampi-Au(III) 4 60 10 1:5 1 96.819 3.482x103 8.4950x105 

Amox-Au(III) 4 60 10 1:5 1 95.714 4.494x103 6.1611x105 

Ceph-Au(III) 4 60 10 1:5 1 93.626 5.735x103 1.1630x104 

Ampi-Hg(II) 2-4 60 10 1:5 1 97.465 6.2789x103 4.3464x105 

Amox-Hg(II) 2-4 60 10 1:5 1-2 94.696 6.9227x103 6.3937x105 

Ceph-Hg(II) 2-4 60 15 1:5 1-2 95.959 5.7972x103 4.2387x106 
 

3.1.2 Stability constants (K) of complexes by mole ratio 
The study of complex formation by mole ratio method 16, 17 showed that the drug :metal ion ratios in all complexes 

were 1:1 using a constant volume of metal ion solution(5.08x10-3 M) with different volumes of ligand solutions 

(5.08x10-3 M ) (figure 2). The stability constant values calculated in optimum conditions by mole ratio method17 are 

described in table1. 

 

3.1.3 Determination of dosage Drug-Au complexes by direct calibration and standard addition UV-Vis method 
The results obtained from the uv-visible spectrophotometric determination of dosage antibiotic by complexation with 

Au(III) and Hg(II) ions are described in tables 2 and 3 respectively depending on direct and standard addition 

calibration curves curves shown in figures 3and 4 respectively. Tables (2,3) show that t-tabulated are more than t-

calculated which indicates that the results of applied method were acceptable. The slopes of standard addition method 

were parallel to slopes of direct method which means that no matrix interference exists in these methods and that there 

Scheme-2: The suggested structures of: a-ampicillin-Au (III) and b- amoxicillin-Hg (II) complexes 

Fig-1: Electronic spectra of a-ampicillin, (50 µg/ml) and its complexes with b-Au(III) and c-Hg(II) ions (50µg/ml) in aqueous 

solutions 
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Fig-2: Mole ratio plots for the complex formation of ampicillin (5.08x10-3M) with a- Au (III) and b- Hg (II) ions (5.08x10-3M 

each) 

 

is a linear relationship between concentration and absorbance18,19. The Hg(II) complex of cephalexin recorded the 

highest DL and RSD values .Percentage relative errors for determination of dosage Drug -Au and Hg(II) complexes 

by direct and standard addition UV-Vis method using 500mg /unit capsules were quite acceptable as is described in 

table-4 

 

  

  

  

 

Fig-3: Direct and standard addition calibration curves for determination ampicillin, amoxiciline and cephlexine -Au complexes.by 

colorimetric method 

 

3.2 Determination of Au (III)-antibiotics complexes by flame atomic absorption spectrophotometry FAAS 
The flame atomic absorption spectroscopy was applied for the determination of drugs indirectly by determination gold 

ions in their complexes following the direct and standard addition curves shown in figure 5. As in the case of uv-

visible method the data described in table 5 show that t-tabulated are  more than t-calculated, and the slope of standard 

addition method was parallel to slope of direct method which means that the results of applied method are accepted18 

.However the detection limits by FAAS method are much lower than uv-visible spectrophotometry especially in the 

case of cephalexin -Au(III) complex where both the RSD and DL are the lowest . Percentage relative error for 

determination Drug-Au complexes by direct and standard addition FAAS method is described in table-6. The 

correction coefficient factors support the studied method. 
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Fig-4: Direct and standard addition calibration curves for determination of ampicillin, amoxicillin and cephalexin-Hg (II) 

complexes by uv-visible spectrophotometric method 

 

 

 
Table-2: Regression Equation ( Regr.eq.) ,Correlation coefficient (Corr.Coef.,r) , linear range of antibiotic concentration , 

detection limit(D.L), t-test, confidence limit, RSD% and mean recovery% (Rec.%) , for determination of Drug-Au complexes by 

direct calibration and standard addition uv-visible spectrophotometric methods. 

Name of 

drug 

Regr.eq. 

y=Bx±A 

Corr. 

Coef (r) 

Linear Range  

(µg/ml) 

D.L. 

(µg/ml) 

t-test 

calc. 

Tabulated t-

test two tailed 

%95 C.I. 

Mean RSD% 

(n=4) 

Mean 

Rec.% 

Direct Method 

Amp. 
y=0.0087x- 

0.0099 
0.9987 5-60 0.2362 0.4320 2.365 1.7789 101.05 

Amox. 
y=0.0069x- 

0.0167 
0.9983 5-60 0.3056 0.5022 2.365 0.9309 101.02 

Ceph. 
y=0.0096x- 

0.0179 
0.9992 5-60 0.2044 0.2757 2.365 1.7049 101.06 

Standard Addition Method 

Amp. 
y=0.0109x+ 

0.0988 
0.9992 5-55  1.134 2.365 1.046 95.940 

Amox. 
y=0.0089x+ 

0.09 
0.9988 5-55  1.870 2.365 0.6673 103.45 

Ceph. 
y=0.0090x+ 

0.0937 
0.9992 5-55  1.547 2.365 

1.0062 

 

94.450 
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Table-3 : Regression Equation, Correlation coefficient, t-test ,the concentration ranges, detection limits, RSD% and mean 

recovery values using direct calibration and standard addition curves for Drug-Hg complexes by uv-visible spectrophotometric 

methods 

Name of 

drug 

Regr.eq. 

Y=Bx±A 

Corr. 

Coef. (r) 

Linearity 

(µg/ml) 

D.L. 

(µg/ml) 

t-test 

statisticalc. 

Tabulated 

t-test two 

tailed %95 

C.I. 

Mean 

RSD% 

(n=4) 

Mean 

Rec.% 

Direct Method 

Amp. 
y=0.0108x- 

0.0229 
0.9990 5-55 0.2667 0.3562 2.365 1.3083 100.970 

Amox. 
y=0.0115x- 

0.0182 
0.9985 5-55 0.2007 0.4488 2.365 0.9547 100.996 

Ceph. 
y=0.0100x+ 

0.0017 
0.9990 3-55 0.4333 0.1500 2.365 1.9567 100.983 

Standard Addition Method 

Amp. 
y=0.0104x+ 

0.1084 
0.9994 5-50  2.1909 2.365 

 

1.973 

 

108.150 

Amox. 
y=0.0107x+ 

0.0973 
0.9990 5-50  1.8721 2.365 1.044 97. 050 

Ceph. 
y=0.0110x+ 

0.1054 
0.9994 5-50  1.760 2.365 1.9567 95.450 

 

 
Table-4: Percentage relative error for determination of dosage Drug -Au and Hg(II) complexes by direct and standard addition 

UV-Vis method using 500mg /unit capsules 

%Erel 

Found st.add. 

calb. 

(mg per unit) 

Erel. % 
Found direct calb. 

(mg per unit) 

Stated conc. 

(mg per unit) 
Drugs 

Au(III) complexes 

4.060- 479.705 +1.050 505.250 500 Ampi. 

+3.453 517.265 +1.020 505.100 500 Amox. 

-5.550 472.255 +1.060 505.300 500 Ceph. 

Hg(II) complexes 

-4.404 477.980 +1.100 505.500 500 Amp. 

+3.550 516.750 +0.966 504.830 500 Amox. 

-4.270 478.650 +0.983 504.915 500 Ceph. 
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Fig-5: Direct and standard addition calibration curves for determination of Ampi- , Amox- and Ceph.-Au complexes by FAAS 
 

Table- 5: Regression Equation, Correlation coefficient, t-test, RSD% and Percentage recovery for determination Drug-Au 

complexes by direct and standard addition FAAS 

Mean 

Rec.% 

RSD% 

(n=4) 

Tabulated 

t-test %95 

C.I. 

t-test 

calc. 

D.L. 

(µg/ml) 

Linearity 

(µg/ml) 

Corr. 

coef. (r) 

Regr.eq. 

y=Bx±A 
drug 

Direct method 

101.425 1.199 2.571 2.5201 0.0766 1-25 0.9997 
y=0.0398x+ 

0.0131 
Ampi. 

101.540 1.209 2.571 0.8626 0.0770 1-25 0.9996 
y=0.0460x+ 

0.0096 
Amox. 

104.229 
0.9363 

 
2.571 2.4175 0 0194 1-25 0.9988 

y=0.0548x+ 

0.0038 
Ceph. 

Standard Addition Method 

105.00 2.024 2.571 0.8680  1-22 0.9934 
y=0.0402x+ 

0.2104 
Ampi. 

95.600 3.504 2.571 0.8619  1-22 0.9990 
y=0.0503x+

0.2395 
Amox. 

97.090 3.389 2.571 0.8538  1-22 0.9993 
y=0.0556x+ 

0.2674 
Ceph. 

 

Table-6: Percentage relative error for determination Drug-Au complexes by direct and standard addition FAAS method 

Erel. % 
Found st. ads. 

cal.(mg per unit ) 
Eer. % 

Found direct-

calb.(mg per unit) 

Stated 

concentration 

(mg per unit) 

Type of 

prepart-ion 

Name of 

drug 

+5.000 525.00 +1.425 507.125 500 Capsule Ampi. 

-4.400 478.00 +1.440 507.700 500 Capsule Amox. 

-2.909 485.454 +4.229 521.145 500 Capsule Ceph. 

  
3.3 Determination of antibiotics by High Performance Liquid chromatography (HPLC) method 
The determination of each metal complex was studied by plotting the area under the curve against concentrations at 

detection wavelengths 254nm for all complexes except Amox-Hg complex at 276nm. HPLC chromatograms and 

calibration curves are shown in figures 6 and 7. 

 

  

  
 

Fig-6a: HPLC chromatogram of ampicillin and its Au(III)complex with retention times (2.951and 4.815min)respectively at 

λmax.254nm (left) and calibration curve of peak area of Amp-Au(III) complex against concentration(right) 
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Figure-6b: HPLC chromatogram of amoxicillin and its Au (III) complex, retention time for each (2.247, 3.569min respectively) 

at λmax.254nm (left) and calibration curve of peak area of amoxicillin-Au (III) complex against concentration (right) 

 

  
 

Fig-6c: HPLC chromatogram of cephalexin and its Au(III) complex , retention time(3.194, and 5.059min)respectively at 

λmax.254nm(left) and calibration curve of peak area of of Ceph.-Au complex against concentration(right) 

 
The peaks corresponding to the complexes appeared at higher retention times than the original drug. The linearity of 

peak area with concentrations was 10-110 and 10-120 for Au (III) and Hg (II) complexes respectively. From the 

calibration curves t-statistic were found less than t-tabulated (table-7) which indicates that there is a linear relationship 

between concentration and peak area and that the results of applied method acceptable 18,19.  

 

  

 

Fig-7a: HPLC chromatogram of ampicillin and its Hg(II) complex with retention times (5.899,7.766 min) respectively at λmax.254 nm(left) and

direct calibration curve of Ampi.-Hg(II) complex(right) 

 

  
Fig-7b: HPLC chromatogram of amoxicillin and its Hg (II) complex with retention times (5.220, 6.860 min) respectively at 

λmax.276 nm (left) and  direct calibration curve of Amox.-Hg complex (right) 
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Fig-7c: HPLC chromatogram of cephalexin and its Hg (II) complex with retention times (6.296, 8.0690min) respectively at 

λmax.254 nm (left) and  direct calibration curve of Ceph.-Hg (II) complex (right) 

 
 

Table-7: Regression Equation, Correlation coefficient, linearity, detection limits , t-test , RSD%, and mean recovery % for Drug 

complexes with Au(III) and Hg(II) ions by HPLC  using direct method 

Name of 

drug 

Regr.eq. 

y=Bx±A 

Corr. 

Coef. (r) 

Linearity 

µg/ml 

D.L. 

(µg/ml) 

t-test 

statistic 

Tabulated 

t-test two 

tailed %95 

C.I. 

RSD% 

(n=4) 

Mean 

Rec.% 

Au(III) complexes 

Ampi. 
y=4.0286x- 

0.6809 
0.9981 10-110 2.192 1.1782 2.365 0.9387 101.208 

Amox. 
y=3.8550x-

0.2325 
0.9993 10-110 2.398 1.5625 2.365 1.0412 101.611 

Ceph. 
y=4.7399x+ 

0.9065 
0.9994 10-110 2.236 0.5571 2.365 0.8771 101.388 

Hg(II) complexes 

Ampi. 
y=3.8078x+ 

0.4044 
0.9993 10-120 2.450 1.6481 2.365 1.013 101.696 

Amox. 
y=4.6176x+ 

0.6912 
0.9983 10-120 3.667 1.4940 2.365 1.09999 102.666 

Ceph. 
y=4.7216x+ 

0.5809 
0.9982 10-120 2.090 0.4292 2.365 1.2599 101.533 

 

The detection limits in this method are higher than the two other methods. However these cannot be considered as 

final results because HPLC depends mainly on the selected mobile phase which has a large effect on the sensitivity, 

and resolution19.  
 

3.4 Comparison of the three assay methods 
Table-9 shows a summary of the determination of the three drugs by complexation with Au (III) ion using direct 

methods where the FAAS method is more sensitive. Although the HPLC methods took lower period of time and no 

extraction process was required for analysis compared with the two spectrophotometric methods, the results obtained 

by HPLC showed higher detection limits. The selection of a better  mobile phase and columns may  lead to better 

separation result. 

 

4. CONCLUSIONS 
In this study uv-visible absorption spectrophotometry, flame atomic absorption spectrophotometry FAAS, and high 

performance liquid chromatography HPLC were adopted to determine three β- lactam antibiotics in bulk and in 

pharmaceutical preparations by studying their complexation behavior with gold(III) and mercury(II) ions . The mole 

ratio of drugs: metal ions L: M was 1:1 in all complexes. The FTIR spectra suggest the bonding of metal ions with 

carbonyl groups of lactam ring and oxygen atoms of carboxyl group. 
Depending on direct and standard addition calibration curves of concentrations, the FAAS method, showed 

higher sensitivity, lower detection limits and linear ranges compared with the other two methods. The HPLC method 

showed lower period of time for analysis compared with the other methods. In all the applied methods, the slopes of 

standard addition plots were parallel to slopes of direct plots which means that no matrix interference exists in these 

methods and that there is a linear relationship between concentration and absorbance. The calculated t-test values were 

lower than tabulated and correlation coefficients were within the accepted assay limits. 
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Table-8: Relative percentage error for determination of Au (III) and Hg(II) complexes of drugs in pharmaceutical dosage 

(capsule) by direct method using HPLC 

Mean %Eer 
Found 

(mg per unit) 

Stated dose (mg per 

unit) 
Drugs 

Au(III) complexes 

+1.208 506.041 500 Amp. 

+1.611 508.055 500 Amox. 

+1.388 506.944 500 Ceph. 

Hg(II)complexes 

+1.96666 509.833 500 Amp. 

+2.277 511.388 500 Amox. 

+1.5333 507.6665 500 Ceph. 
 

 

Table-9: Comparison of analytical assay data for Au(III)-drug complexes by direct methods 

HPLC 

method 

FAAS 

method 

UV-Vis. 

Method 
Name of Drug 

10-110 

0.9981 

2.192 

1-25 

0.9997 

0.0766 

5-60 

0.9987 

0.2362 

Amp. 

LDR(µg/ml) 

r 

D.L.( µg/ml) 

10-110 

0.9993 

2.3988 

1-25 

0.9996 

0.0770 

5-60 

0.9983 

0.3056 

Amox. 

LDR(µg/ml) 

r 

D.L.( µg/ml) 

10-110 

0.9994 

2.2360 

1-25 

0.9988 

0. 1940 

5-60 

0.9992 

0.2044 

Ceph. 

LDR(µg/ml) 

r 

D.L.( µg/ml) 
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