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ABSTRACT 
A simple technique was established for the specific modification of guanidine groups in different extracts of tissues involving 

reaction with ninhydrin. The extent of the reaction is simply determined by spectrophotometric analysis. The method compared 

with HPLC. This modified method made easily determined in micro-quantities of L-arginine, which were operating conditions for 

the successful determination of arginine were optimized. The results shed the light on reduction of interference substance with and 

given accuracy as compared with HPLC analytical method with acceptable recovery percent as well as this method given the 

amount of free type of arginine based on rapid reaction of amino group of L-arginine and compartmentalization was neglected the 

bound type profile. Finally the procedure was display high reproducibility and sensitivity of different biological tissues extracts, 

further studies need to explore the pharmacokinetic using of this method for given their applicability. 
 

Key words: L-arginine, Modification, Spectroscopic Method 

 
1. INTRODUCTION 
L-arginine is an essential amino acid particularly for the developing adolescents, which had been documented since 

the 1889s. L-arginine was involved in numerous metabolic pathways: comprising the synthesis of urea, creatine and 

agmatine. L-arginine is also the physiological forerunner of nitric oxide, a mediator released by vascular endothelial 

cells. That accounts for the biological activity of endothelium- derived relaxing factor Metabolic disorders of arginine 

catabolism can lead to periodical and enduring hyperargininemia, where with the last one, certain cases, but not all of 

them, are mentally retarded
1,13

. It was necessary to take worthy maintenance with the quantity of nourishment and 

pharmaceutical preparations (regarding the amount of amino acids). Several analytical methods had been developed 

for the determination of arginine and the majorities of them were applicable to microgram amounts and have a narrow 

dynamic range of determination. Among these were spectrophotometry, HPLC with UV detection and turbidimetry. 

Pulsed amperometry for determination of arginine uses high anodic potential polarization. Ionization mass 

spectrometry had also been used for the determination of arginine with high sensitivity, but suffers from a more time 

overriding techniques and expensive instrumentation. Chemiluminescence was an attractive analytical method due to 

its sensitivity, ease and simplified of operation especially to trace biological substances analysis, but this method had 

not been widely used in practice. Some studies involved enzymes which made the experiment more expensive and 

required more care for maintaining the activity of the enzymes
2,16

. 

Modification method of guanidino-specific reagents manner is needed for the resolve of the precise amount of 

arginine containing in the different tissues of the animals and plants structure of free form. The guanidino group of 

arginine (PKa 12.5) had been modified by reaction with several diketones
18

. This reagent exhibited specificity for 

guanidine groups over amino groups, because the distance between the two carbonyl groups closely matches that of 

the two non-replaced nitrogen atoms of the guanidino group. However, the reactions involved are unspecific site. The 

application of this reaction to the modification of the guanidino group of arginine by ninhydrin had been explored and 

the specificity of their action determined with amino acids. The reaction had been used to examine the exposure of the 

arginine contain in the liquid extracted and in mixture or combined drugs
3
. 

In continuation of arginine studies a simple technique was developed for the specific reversible modification 

of guanidine groups in proteins involving reaction with ninhydrin. The extent of the reaction is easily determined non-

destructively by spectrophotometric analysis
3,17

. The reagent can also be used for the titration of thiol groups in 

proteins which were prospective determination of L-arginine in different biological fluids and pharmaceutical 

preparations.  

 

2. MATERIAL AND METHODS 
In order to determine the lowest possible determine able concentration of arginine, the conditions needed to be 

optimized. Therefore, the dependence of the ninhydrin reactions on the concentration of each of the reactants was 

determined as follows: 

 

2.1 Reagents 
Ethyl alcohol (80%), Chloroform, deionized water, sodium dihydrogen phosphate, disodium hydrogen phosphate, 

ninhydrin (Fluka,Co). 
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2.2 Apparatus 
UV-Visible spectrophotometer (Apel, Co.), PH meter (Hanna). 

 

2.3 Extraction and sampling of different biological fluids 
There were different methods for extraction and sampling of several biological fluids, one of these methods is as 

follows:- The reaction was carried out in the following way, In since the samples are  protein complex and therefore 

had small quantities of amino acids apart from the large quantities of other substances such as vitamins and proteins in 

the form of gluconates, and considering their given proportion in the sample, it was necessary to combine several 

methods for isolation and determination of arginine. Firstly, amino acids were separated using 80% ethylalcohol and 

the proteins were deposited by chloroform; next, the base amino acids (histidine, lysine, arginine) were separated; 

finally, arginine was separated from lysine andhistidine.0.5 g of the sample was placed into an Erlenmeyer flask and 4 

mL of deionized water was added together with16 mL of absolute alcohol. The contents were shaken for half an hour 

and moved into a 100 mL separation funnel where 60 mL of chloroform was added and all was well shaken the upper 

water
4
. 

The base amino acids were carried out according to
14

 formulated a method for the separation of base amino 

acids: arginine, histidine and lysine. A warm concentrated solution of Ag2SO4 in a small surplus was added to the 

water solution of amino acids. Arginine and histidine were deposited out of the solution by adding Ba (OH)2, while 

lysine remained in the solution. These two amino acids were then separated on the basis of the different properties of 

their respective silver salts at pH= 7: silver salt of histidine deposits, whereas arginine remains in the solution. Silver 

ions were removed by adding (0.1) mol L
-1

 Na2S2O3 solution which binds silver ions into a stable complex. Employing 

multiple chloroform extractions, complex of Ag
+ 

with S2O3
-2

 was extracted from the water solution. 

 

2.4 Procedure 
Several steps were done to determine concentration of L arginine according to

5
 with modification 

19
 

 

2.4.1 Preparation of phosphate buffer solution 
The phosphate buffer solution at PH 9.0 was prepared by mixing appropriate volume of 0.2M disodium hydrogen 

phosphate (50) ml and 0.2 M sodium dihydrogen phosphate (0.35) ml. 

 

2.4.2 Preparation of ninhydrin solution  
Ninhydrin reagent (2%) was prepared by dissolving 2.0g of ninhydrin in phosphate buffer, PH 9.0 (100) ml. 

 

2.4.3 Preparation of L-arginine standard solution 
The stock solution of L-arginine at concentration of 3mg/ml was prepared by dissolving 30 mg of L-arginine in 10.0 

of phosphate buffer, PH 9.0. Then, 1.0 ml of solution was transferred into 25 ml volumetric flask and diluted to the 

mark set point with the same buffer (0.12) mg/ml. 

 

2.4.4 Preparation of calibration solution of L-arginine 
Serial dilutions of L-arginine were prepared by transferring (0.3, 0.35, 0.4, 0.45, 0.50, 0.55, 0.60) mg/ml,of standard 

solution of L-arginine(0.12) mg/ml separately in to series of the glassed test tubes, then the test tubes were extended 

and diluted to (2) ml with phosphate buffer PH 9.0and plus 1.0ml aliquot of ninhydrin reagent was added and finally 

the end concentration were became (0.012, 0.014, 0.016, 0.018, 0.020, 0.022 and 0.024). The resulting mixtures were 

heated in water bath at 80C
◦
 for 15min. After cooling, they were subjected to spectrophotometric analysis at λ=404nm 

against the mixture of 2 ml of phosphate buffer, PH 9.0 and 1ml of ninhydrin reagent as the blank and the absorbance 

of these mixtures were recorded. A calibration graph was obtained by regression of the standard L-arginine 

concentration against absorbance of certain concentration. This calibration graph was used to calculate the 

concentration of L-arginine in unknown samples. 

 

2.5 Determination of L-arginine in Pharmaceutical Preparations and biological fluids 
Phosphate buffer solution (2) ml of PH 9.0 and 1ml of ninhydrin solution were transferred separately into series of the 

glassed test tube. 0.1-0.3 ml of the different biological extracts from plants and animals fluids was added to the 

contents of each test tube. The resulting mixtures were heated in water bath at 80 C
◦
 for 15 min. After cooling they 

were subjected to spectrophotometric analysis at λ=404 nm against the mixture of 2 ml of phosphate buffer, PH 9.0 

and (1) ml of ninhydrin reagent as the blank and the absorbance of these mixtures were recorded. 

3. RESULTS 

3.1 Interfering Substances 
After reaction with ninhydrin, the following substances did not yield significant increases in optical densities at 515nm 

when present in molar concentrations 100 times as great as those of L-arginine: leucine, isoleucine, serine, valine, 
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threonine, glutamic acid, glycine, alanine, and amino valeric acid, urea, creatine, creatinine, glycocyamine, 

glucosamine, ammonium chloride, pyrrolidone carboxylic acid. The following substances did not yield significant 

increases in optical densities at 515 nm when present in molar concentrations 10 times as great. As those of L-

arginine: glutamine, histidine, cystine, methionine, tryptophan, tyrosine, hydroxyproline, aspartic acid, asparagine, 

phenylalanine, 1,4-diaminobutane, 1,5-diaminopentane. The following substances yield significant increases in optical 

densities at 515 nm when present in molar concentrations 10 times as great as those of L-arginine: citrulline, cysteine, 

lysine, and hydroxyl lysine. The interference produced by arginine is probably not the result of production of ornithine 

during the reaction with ninhydrin: the absorption coefficient varies from sample to sample and there is no increase in 

the optical densities of the solutions when these are heated for longer than the specified 60 minutes. It appears that 

small and variable amounts of a contaminant, possibly preformed ornithine may be present in the several samples of 

arginine examined. As is evident from cysteine produces a characteristic color; this color is not produced with cystine. 

The cysteine reaction product has not been identified. The interference by citrulline may be due to hydrolysis of this 

amino acid to yield proline. Tryptophan gives a canary yellow color, with a peak at 320 nm. Agreement with Bouguer-

Beer Law-A linear relationship is obtained between concentrations of amino acid. 

 

 

 
 

Fig-1: Standard calibration curve of L-arginine concentration vs. absorbance 

 

 

4. DISCUSSION 
The applicability and limitations of the technique were obvious from the results. The technique was best suited for the 

identification and estimation of the L-arginine indicated above in those instances in which interfering substances had 

been removed, for example by extracted plant and animal samples as well as direct biological fluids forms (6), or in 

which was interfering substances were known to be absent. The procedure had already been applied by several 

investigators. It must be emphasized that the possible interference of peptides and particularly of polypeptides had not 

been investigated. It is tentatively suggested that the L-arginine undergoes oxidation, deamination and decarboxylation 

and that the resultant aldehyde group condenses with the terminal amino group with formation of a ring. This cyclic 

product then couples with 2 molecules of ninhydrin to form the colored product
7,14

. The appearance of a yellow color 

in the reaction of L-arginine, not apparent in the reaction of amino acids, suggests that a side reaction occurs.  

This could account for the fact that less color is produced by reaction of L-arginine than by reaction of other 

amino acid with ninhydrin
8,15

.  

Ninhydrin solutions in distilled water gave a U.V. spectrum similar to that obtained by
5
, display a chief peak 

at (404) nm, and given concentration (0.012, 0.014, 0.016, 0.018, 0.020, 0.022 and 0.024) respectively, all of which 

varied slightly with respect to their found amount of L-arginine. When the ninhydrin solution was allowed to react 

with solutions of various amino acids or proteins at 37C
°
, the (404) nm absorption gradually disappeared, and this 

decrease was used as a measure of the extent of reaction (Table 1).The reaction between arginine and ninhydrin took 

place in two stages, an initial rapid reaction to an equilibrium state followed by a very slow reaction(1000-fold slower) 

of similar velocity (11 pmol of ninhydrin reacted/min per mol of L-arginine) to that between glycine and ninhydrin 

(151nmol of ninhydrin reacted/min per mol of glycine) under the same conditions of temperature (37°C) and pH 

(9.1).During the first rapid reaction there was no reduction in the 254nm absorption peak, display a similarity to the 
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reaction between ninhydrin  and guanidine
3
, but this peak lessened during the later actual slow reaction phase in a 

ninhydrin was allowed to react with an amino acid or protein in a 0.1 M-NaH2PO4/Na2HPO4 buffer at 37C
◦
, and the  

 
Table-1: Determination of L-arginine concentration in different tissue and fluids extracts in both spectrophotometric and HPLC 

methods 

Methods of Measurements 

(extracts) 

Mucus of cow 

vagina extract 

Cow saliva 

extracts 

Cow Semen fluid 

extract 

Nut extracts 

extract 

L-arginine 

pharmaceutics 

preparation 

extract 

Spectrophotometric 

measurement of L-

arginine mg/ml 

0.0048±0.00096 

a 

0.0099±0.00010 

a 

0.0097±0.00040 

a 

0.0314±0.0092 

a 

0.0201±0.0036 

a 

Spectrophotometric 

method recovery % 
90.31±5.701 88.83±6.593 98.20±1.845 96.14±3.817 99.21±1.872 

HPLC measurement of 

L-arginine mg/ml 

0.0049±0.00038  

a 

0.0108±0.00617 

a 

0.0099±0.00114 

a 

0.0333±0.0075 

a 

0.025±0.001 

b 

Mean ± SE, n=8, Letters denoted to significant at P<0.05 

 

extent of the reaction was determined by the loss in absorbance at 232nm. Similar manner to that happened in the 

reaction among ninhydrin and serine, glycine, histidine, lysine and cysteine
4
.  

This suggested that the initial rapid reaction was due to an exact reaction of ninhydrin with the guanidino group 

and that the later slow reaction was due to the non-specific reaction of ninhydrin with the free amino groups of these 

amino acids. Ninhydrin reacts with arginine very rapidly compared with other amino acids, except cysteine
8
. 

The initial rate of this reaction was found to be proportional to the concentration of ninhydrin and of L-arginine 

and to the OH- ion concentration, (Table 1).  

This agrees with
22

 in that the free thiol group
21

 of papain is suppressed deep in the molecule, but the rate 

indicates that most of the arginine residues
21,11

 were also stericallyl delayed at least to the extent that reaction with 

ninhydrin was concerned. The reaction between cysteine thiol groups and ninhydrin was rapid and energies essentially 

to completion. It can be used for the adjustment and titration of these groups, when they are not steric-allyl protected 

or for the resolve of the degree of steric protection. The ninhydrin- arginine reaction could be used for the titration of 

steric-allyl unprotected arginine group sin proteins and other contaminate for the change of proteins for investigation 

into their structure/activity locus. After reaction at alkaline pH; the protein can be kept for some time at acid pH for 

study free from excess of reagents
12

. This reaction can usefully be applied to standardize and estimation of reactive 

amount of unbound L-arginine and a kinetic studies on the allosteric and active sites of enzymes, with low interference 

due to side reactions. These applications, involving a relatively cheap and readily available reagent, are simplified by 

the ease with which the rate and degree of reaction can be determined non-destructively by U.V. 

spectrophotometry
9,10

. 

This work of measurement of L-arginine provides further evidence of L-arginine compartmentalization. They 

demonstrated that a simple exists between spectrophotometric and compared with HPLC methods in different that 

associated with a major free L-arginine contents protein in biological fluids extracts and pharmaceutics compound
2
. 

These data suggested that L-arginine is sequestered from the intracellular L-arginine supply by being located within 

compartmentalization and dependent upon the direct transfer of L-arginine into this extracellular compartment by the 

system y
+
 transporter. If the transporter function is decreased as may occur with oxidative injury, the L-arginine 

supply could immediately become limiting and be the basis of determination of variation. L-arginine intakes and 

endogenous   may affect the delivery of arginine to the external excretion and, consequently, to the inner 

compartmentalization. One of the limitations in this study is we did not measure bound amino acid levels in the cells 

and had no information about the ambient amount of L-arginine storage from protein intake. 

 As well as there were no significant differences occur between two methods in their values give an impression 

could use to study of L-arginine pharmacokinetic
20

. 
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ABSTRACT 
The multiple linear regression (MLR) was used to build the linear quantitative structure-property relationship (QSPR) model for 

the prediction of the molar diamagnetic susceptibility (χm) for 140 diverse organic compounds using the three significant 

descriptors calculated from the molecular structures alone and selected by stepwise regression method. Stepwise regression was 

employed to develop a regression equation based on 100 training compounds, and predictive ability was tested on 40 compounds 

reserved for that purpose. The stability of the proposed model was validated using Leave-One-Out cross-validation and 

randomization test. Application of the developed model to a testing set of 40 organic compounds demonstrates that the new model 

is reliable with good predictive accuracy and simple formulation. By applying MLR method we can predict the test set (40 

compounds) with Q
2
ext of 0.9894 and average root mean square error (RMSE) of 2.2550. The model applicability domain was 

always verified by the leverage approach in order to propose reliable predicted data. The prediction results are in good agreement 

with the experimental values. 

 

Keywords: Molar diamagnetic susceptibility, Molecular descriptors, MLR, Prediction, QSPR 

 
1. INTRODUCTION 
Quantitative structure-activity relationships (QSARs) and quantitative structure-property relationships (QSPRs) are 

scientific fields in which the use of chemometric methods is of outstanding importance. Indeed, chemometric 

methods, as well as statistics and chemoinformatics, are the basic tools for finding mathematical meaningful 

relationships between the molecular structure and biological activities, physicochemical, toxicological, and 

environmental properties of chemicals. The diamagnetic susceptibility (χ) of compounds is an important 

physicochemical property. If a substance has no permanent magnetic dipole, but has one induced in it by an external 

field, this induced magnetic field will oppose the applied field. This effect is known as diamagnetism and is a 

universal property that is shown by most inorganic compounds. It is most perceptible when all electrons are paired, 

that is, when they have no permanent spin moment. For a diamagnetic substance χ is negative, small, independent of 

the magnetic field intensity, and independent of temperature. Molecules with a permanent magnetic dipole will behave 

like small bar magnets; they will align themselves with an applied field, thus reinforcing it. This effect is known as 

paramagnetism. Salts and certain complexes of transition elements, “odd” electron molecules like NO2, O2, and free 

radicals such as tri-phenyl methyl exhibit this effect, an effect sufficiently large to mask the underlying diamagnetism. 

For a paramagnetic substance χ is positive, small, independent of the magnetic field intensity, and decreases with 

increasing temperature. If the permanent magnetic dipoles in a substance are so close together as to interact and 

support each other, the result is a group or cooperative effect known as ferromagnetism. For a ferromagnetic substance 

χ is positive, large, and dependent on the magnetic field and temperature, and dependent on previous history. Beyond 

a certain temperature (the Curie point), magnetism drops and the material shows paramagnetic behavior. For an anti-

ferromagnetic substance   is small and positive, is dependent on previous history, and has complex temperature 

dependence. Up to a critical temperature, magnetization increases, then decreases past the transition temperature 

(known as the Néel point) as the material becomes diamagnetic.
1
 

When a material is placed in a magnetic field H, a magnetization M is induced in the material which is related 

to H by M = κH, where κ is called the volume susceptibility. Since H and M have the same dimensions, κ is 

dimensionless. A more useful parameter is the molar susceptibility χm, defined by:  

 

       
  

 
     (1) 

 

where Vm is the molar volume of the substance, M the molar mass, and ρ the mass density. When the cgs system is 

used, the customary unit for χm is cm
3 

mol
-1

; the corresponding SI unit is m
3 

mol
-1

. Substances with no unpaired 

electrons are called diamagnetic; they have negative values of χm. Their molar susceptibility varies only slightly with 

temperature. Substances with unpaired electrons, which are termed paramagnetic, have positive χm and show much 

stronger temperature dependence, varying roughly as 1/T.
2
 

Quantitative structure–property/activity relationships (QSPR/QSAR) are tools of modeling property/activity 

as defined by mathematical functions of molecular structure. The QSPR can be used to predict physicochemical 

properties of organic compounds by using theoretical descriptors. To develop a QSPR, molecular structures are often 

represented using molecular descriptors which encode much structural information. After the calculation of molecular 
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descriptors, linear methods, such as multiple linear regression (MLR), principal component regression (PCR) and 

partial least squares (PLS) or non-linear methods, i.e. neural networks (NN) and support vector machine (SVM) can 

be used in the development of a mathematical relationship between the structural descriptors and the property. There 

are many reports about the applications of different modeling approaches to predict the diamagnetic property of 

inorganic and organic compounds.
3-11

 

In our previous papers, we reported on the application of quantitative structure–property/activity relationships 

(QSPR/QSAR) techniques in the development of a new, simplified approach to prediction of compounds properties 

using different models.
12-17

 

Our goal here is to develop an accurate, simple, fast, and less expensive method for calculation of χm values. 

A stepwise regression (SR) procedure was used for selection of descriptors. Multiple linear regression (MLR) method 

is utilized to establish quantitative relationships between molar diamagnetic susceptibility and molecular descriptors. 

Compared with the previous work, the data set used in our investigation is more diverse and the model developed is 

more general and practical. The predictive power of the resulting model is demonstrated by testing them on unseen 

data that were not used during model generation. A physicochemical explanation of the selected descriptors is also 

given. 

 

2. MATERIAL AND METHODS 
The methodology applied in our study involved the following five steps: (i) collecting experimental data and splitting 

the compounds, for which the data was available, into a training set and a validation test set; (ii) molecular geometry 

optimization,(iii) calculating molecular descriptors for all compounds and selecting the optimal pool of the descriptors 

to be utilized in the QSPR model development; (iv) training and, simultaneously, internal validating the QSPR model, 

(v) externally validating the developed model with use of the validation test set. 

 

2.1 Data set 
All diamagnetic susceptibilities data of the present investigation were obtained from the CRC Handbook of Physics 

and Chemistry 2010.
2
Diamagnetic susceptibility range was from (-132.2×10

-6
) to (-30.50×10

-6
) cm3mol

-1
. A complete 

list (140 compounds) of the compound names and corresponding experimental diamagnetic susceptibilities are shown 

in Table1. The data set was randomly divided into two subsets: a training set of 100 compounds and a validation set of 

40 compounds. The training set was used to adjust the parameters of the MLR and the test set was used to evaluate its 

prediction ability. 

 

Table-1: Molecular Descriptors, Experimental           , Predicted           , residuals and percent 

relative error values for training and test sets 
NO. Name Sv 1Xv MR χm(Exp) χm(Pred) Residual %RE 

1 Ethylene oxide 3.71 1.08 13.40 30.50 29.87 0.63 -2.08 

2 Pyrazine 5.65 1.46 18.30 37.80 40.76 -2.96 7.82 

3 Cyclopropane 4.79 1.50 16.70 39.20 38.41 0.79 -2.01 

4 Methyloxirane 5.31 1.51 17.40 42.50 39.89 2.61 -6.14 

5 Pyrimidine 6.59 1.70 20.20 43.10 46.07 -2.97 6.90 

6 Furan 5.71 1.47 18.80 43.10 41.42 1.68 -3.90 

7 Furfural 7.22 1.92 21.54 47.20 50.26 -3.06 6.49 

8 Succinic anhydride 6.73 1.86 20.33 47.50 47.88 -0.38 0.80 

9 Pyridine 7.19 1.85 23.90 48.70 51.83 -3.13 6.43 

10 1,4-Cyclohexadiene 7.33 1.97 22.70 48.70 51.98 -3.28 6.74 

11 Cyclopentanone 7.71 2.09 22.50 51.60 53.42 -1.82 3.53 

12 1,4-Dioxane 7.41 2.16 22.09 52.20 53.22 -1.02 1.95 

13 1,2-Epoxybutane 7.27 2.05 22.80 54.80 52.72 2.08 -3.80 

14 Benzene 7.79 2.00 26.06 54.80 56.11 -1.31 2.38 

15 Morpholine 7.90 2.12 24.00 55.00 55.40 -0.40 0.72 

16 Cyclopentane 7.99 2.24 23.01 56.20 55.68 0.52 -0.93 

17 Thiophene 7.77 2.20 23.08 57.30 55.08 2.22 -3.88 

18 Cyclohexene 8.99 2.36 27.09 58.00 62.07 -4.07 7.01 

19 Fluorobenzene 7.90 2.10 26.27 58.40 57.39 1.01 -1.73 

20 Phenol  8.31 2.13 27.75 60.60 59.68 0.92 -1.52 

21 Furfuryl alcohol 7.82 2.07 26.50 61.00 57.17 3.83 -6.28 

22 Cyclohexanone 9.50 2.43 26.80 62.00 63.14 -1.14 1.84 

23 Aniline 8.79 2.20 30.00 62.40 63.09 -0.69 1.10 

24 Piperidine 8.98 2.51 29.10 64.20 65.36 -1.16 1.81 

25 Resorcinol  8.82 2.27 29.45 67.20 63.25 3.95 -5.88 

26 o-Nitroaniline 10.21 2.71 32.40 67.40 72.01 -4.61 6.84 

27 Styrene 10.39 2.61 33.99 68.20 72.89 -4.69 6.87 

28 o-Nitrophenol 9.73 2.64 35.08 68.90 73.31 -4.41 6.40 
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29 Tetrahydrofurfuryl alcohol 9.01 2.66 30.00 69.40 67.62 1.78 -2.56 

30 Chlorobenzene 9.33 2.48 30.86 69.50 67.23 2.27 -3.26 

31 m-Nitroaniline 10.21 2.70 33.80 69.70 73.29 -3.59 5.16 

32 Methylcyclopentane 9.59 2.70 31.10 70.20 69.87 0.33 -0.47 

33 m-Phenylenediamine 9.78 2.40 35.46 70.40 71.52 -1.12 1.59 

34 p-Phenylenediamine 9.78 2.40 35.46 70.70 71.52 -0.82 1.16 

35 Benzyl alcohol 9.90 2.58 32.87 71.80 70.88 0.92 -1.28 

36 Benzamide 10.30 2.65 34.64 72.00 73.79 -1.79 2.49 

37 m-Cresol  9.90 2.55 32.79 72.20 70.48 1.72 -2.38 

38 Anisole 9.90 2.52 31.17 72.20 68.73 3.47 -4.81 

39 p-Cresol  9.90 2.55 32.79 72.40 70.48 1.92 -2.65 

40 o-Phenylenediamine 9.78 2.41 35.46 72.50 71.57 0.93 -1.28 

41 p-Methylaniline 10.38 2.61 35.80 72.50 74.62 -2.12 2.92 

42 2,6-Dimethylpyridine 10.38 2.69 33.70 72.50 73.36 -0.86 1.18 

43 m-Nitrotoluene 10.81 2.91 35.20 72.70 77.41 -4.71 6.47 

44 o-Cresol 9.90 2.55 32.79 73.30 70.54 2.76 -3.77 

45 Cyclohexanol 10.10 2.80 32.40 73.40 72.74 0.66 -0.91 

46 Cycloheptane 11.18 2.82 32.21 73.90 74.22 -0.32 0.43 

47 N-Methylaniline 10.38 2.66 36.25 74.10 75.52 -1.42 1.92 

48 Salicylic acid 10.33 2.73 34.51 75.00 74.42 0.58 -0.78 

49 m-Chloroaniline 10.32 2.68 35.56 76.60 74.93 1.67 -2.18 

50 Benzeneacetonitrile 10.79 2.84 36.55 76.90 78.03 -1.13 1.47 

51 p-Xylene 10.99 2.82 36.14 77.00 77.73 -0.73 0.95 

52 Ethylbenzene 10.99 2.97 35.70 77.30 78.69 -1.39 1.80 

53 Methylcyclohexane 11.18 3.06 34.30 78.90 78.44 0.46 -0.58 

54 o-Chloroaniline 10.87 2.68 35.56 79.50 75.74 3.76 -4.73 

55 Isopropenylbenzene 11.62 3.01 38.42 80.00 82.56 -2.56 3.20 

56 p-Chlorotoluene 11.23 2.89 35.90 80.30 78.45 1.85 -2.30 

57 Methyl benzoate 11.41 2.98 37.59 81.60 81.13 0.47 -0.57 

58 p-Dichlorobenzene 10.78 2.96 35.67 81.70 78.23 3.47 -4.25 

59 o-Chlorotoluene 11.42 2.89 35.90 82.40 78.77 3.63 -4.40 

60 p-Toluic acid 11.41 3.00 37.86 82.40 81.59 0.81 -0.98 

61 m-Toluic acid 11.41 3.00 37.86 83.00 81.59 1.41 -1.69 

62 Indene 11.39 3.21 38.42 83.00 84.07 -1.07 1.28 

63 Phthalic acid 11.84 3.18 39.58 83.60 85.53 -1.93 2.31 

64 Isoquinoline 11.79 3.25 40.35 83.90 86.86 -2.96 3.52 

65 o-Toluic acid 11.41 3.01 37.86 84.30 81.65 2.65 -3.14 

66 Phenetole 11.50 3.11 35.92 84.50 80.90 3.60 -4.26 

67 Indole 11.70 2.99 37.15 85.00 81.21 3.79 -4.46 

68 N,N-Dimethylaniline 11.98 3.03 40.49 85.10 85.17 -0.07 0.08 

69 N-Ethylaniline 11.98 3.22 41.00 85.60 87.43 -1.83 2.14 

70 Paraldehyde 11.74 3.15 38.00 86.10 83.54 2.56 -2.97 

71 Methyl salicylate 11.93 3.12 39.28 86.60 84.76 1.84 -2.13 

72 Propylbenzene 12.59 3.47 40.30 89.10 89.91 -0.81 0.91 

73 Isopropylbenzene 12.59 3.35 40.25 89.50 88.78 0.72 -0.80 

74 Naphthalene 12.39 3.41 42.51 91.60 91.14 0.46 -0.50 

75 1,3,5-Trimethylbenzene 12.59 3.44 41.18 92.30 90.47 1.83 -1.98 

76 1-Naphthalenamine 13.38 3.61 43.90 92.50 95.72 -3.22 3.49 

77 Benzyl acetate 13.01 3.46 42.03 93.20 92.05 1.15 -1.24 

78 Ethyl benzoate 13.01 3.57 42.33 93.80 93.30 0.50 -0.53 

79 1-Naphthol 12.90 3.55 44.20 96.20 94.75 1.45 -1.50 

80 2-Naphthol 12.90 3.54 44.20 96.80 94.70 2.10 -2.17 

81 Safrole 14.01 3.75 43.60 97.50 97.60 -0.10 0.10 

82 2-Naphthalenamine 13.38 3.60 45.80 98.00 97.49 0.51 -0.52 

83 a-Pinene 14.78 3.92 43.65 100.70 100.27 0.43 -0.42 

84 1,2,4,5-Tetramethylbenzene 14.18 3.66 46.22 101.20 99.46 1.74 -1.72 

85 Dimethyl terephthalate 15.04 3.95 47.50 101.60 104.63 -3.03 2.98 

86 b-Pinene 14.78 4.00 43.65 101.90 101.01 0.89 -0.87 

87 2-Methylnaphthalene 13.99 3.82 47.55 102.70 101.95 0.75 -0.73 

88 p-Cymene 14.18 3.77 45.29 102.80 99.59 3.21 -3.13 

89 Camphor, (+) 15.29 4.08 47.20 103.00 105.85 -2.85 2.77 

90 Benzil 14.88 4.19 50.70 106.80 109.65 -2.85 2.67 

91 1-Chloronaphthalene 14.66 4.03 49.20 107.60 106.43 1.17 -1.09 

92 Acenaphthene 14.99 4.25 50.79 109.90 110.44 -0.54 0.49 

93 Acenaphthylene 15.38 4.15 50.27 111.60 109.55 2.05 -1.84 
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94 9,10-Anthracenedione 16.64 4.45 52.80 113.00 116.48 -3.48 3.08 

95 Acridine 16.38 4.54 56.06 118.80 120.07 -1.27 1.07 

96 Carbazole 16.56 4.48 54.50 119.90 118.27 1.63 -1.36 

97 1-Bromonaphthalene 16.79 4.72 55.10 123.60 121.38 2.22 -1.80 

98 Phenanthrene 16.99 4.82 58.96 127.60 126.22 1.38 -1.08 

99 1,2-Diphenylethane 18.18 4.87 60.40 127.80 129.74 -1.94 1.52 

100 Benzyl benzoate 18.61 5.12 62.20 132.20 134.38 -2.18 1.65 

 

Table-1: (continued) 
NO. Name Sv 1Xv MR χm(Exp) χm(Pred) Residual %RE 

1 Maleic anhydride 5.35 1.39 17.40 35.80 38.84 -3.04 8.48 

2 Cyclobutane 6.39 1.61 18.40 40.00 43.26 -3.26 8.15 

3 Pyrrole 6.19 1.76 20.82 48.60 46.68 1.92 -3.96 

4 Pyrrolidine 7.38 2.21 23.50 54.80 55.01 -0.21 0.38 

5 4-Methylpyridine 8.79 2.26 28.94 59.80 62.64 -2.84 4.75 

6 Cyclopentanol 8.50 2.58 28.00 64.00 64.25 -0.25 0.39 

7 p-Hydroquinone 8.82 2.27 29.45 64.70 63.25 1.45 -2.25 

8 Benzonitrile 9.19 2.38 31.80 65.20 67.07 -1.86 2.86 

9 Toluene 9.39 2.41 31.10 65.60 66.92 -1.32 2.02 

10 Salicylaldehyde 9.82 2.58 34.34 66.80 72.13 -5.33 7.98 

11 Cyclohexane 9.59 2.71 29.60 68.00 68.53 -0.53 0.77 

12 Pyrocatechol 8.82 2.28 29.45 68.20 63.30 4.90 -7.18 

13 2,4-Dimethylpyridine 10.38 2.68 33.84 71.30 73.40 -2.10 2.95 

14 m-Methylaniline 10.38 2.61 35.80 74.60 74.62 -0.02 0.02 

15 o-Methylaniline 10.38 2.62 35.80 74.90 74.67 0.23 -0.30 

16 m-Xylene 10.99 2.82 36.14 76.40 77.73 -1.33 1.74 

17 p-Chloroaniline 10.43 2.68 35.56 76.70 75.08 1.62 -2.11 

18 o-Xylene 10.99 2.83 36.14 77.70 77.79 -0.09 0.11 

19 o-Methoxyaniline 10.90 2.73 35.87 79.10 76.49 2.61 -3.30 

20 m-Chlorotoluene 11.03 2.89 35.90 79.70 78.18 1.52 -1.91 

21 (Chloromethyl)benzene 11.11 3.07 35.93 81.60 79.95 1.65 -2.02 

22 Benzeneacetic acid 11.41 3.05 37.37 82.40 81.56 0.84 -1.02 

23 2,4,6-Trimethylpyridine 11.98 3.10 38.74 83.10 84.18 -1.08 1.29 

24 Terephthalic acid 11.84 3.18 39.58 83.50 85.47 -1.97 2.36 

25 m-Dichlorobenzene 11.51 2.96 35.67 84.10 79.23 4.87 -5.79 

26 Isophthalic acid 11.84 3.18 39.58 84.60 85.47 -0.87 1.03 

27 Cyclooctane 12.45 3.25 36.81 85.30 84.34 0.96 -1.13 

28 Quinoline 11.79 3.26 39.98 86.10 86.59 -0.49 0.57 

29 p-Bromotoluene 11.88 3.30 38.72 88.70 85.87 2.83 -3.19 

30 d-Limonene 13.75 3.81 45.61 98.00 99.71 -1.71 1.75 

31 Butylbenzene 14.18 3.97 44.90 100.70 101.12 -0.42 0.41 

32 Isobutylbenzene 14.18 3.89 44.85 101.70 100.34 1.36 -1.34 

33 tert-Butylbenzene 14.18 3.66 44.72 101.80 98.08 3.72 -3.65 

34 1-Methylnaphthalene 13.99 3.82 47.55 102.90 102.00 0.90 -0.87 

35 N,N-Diethylaniline 15.18 4.18 49.98 107.90 109.29 -1.39 1.29 

36 Diphenylmethane 16.59 4.53 54.40 116.00 118.66 -2.66 2.29 

37 Diphenylacetylene 16.99 4.57 54.70 116.00 119.89 -3.89 3.36 

38 Hexamethylbenzene 17.38 4.58 56.31 122.50 122.05 0.45 -0.37 

39 Diethyl phthalate 18.23 4.91 58.61 127.50 128.47 -0.97 0.76 

40 Anthracene 17.75 4.81 58.96 129.80 127.21 2.59 -2.00 

 

2.2 Descriptor generation 
The molecular structures of all compounds were drawn into the HyperChem7.5 program (Hypercube, Inc., 

Gainesville, 2002) and pre-optimized using MM+ molecular mechanics method (Polak–Ribiere algorithm). The final 

geometries of the minimum energy conformation were obtained by more precise optimization with the semi-empirical 

PM3 method, applying a root mean square gradient limit of 0.01 Kcal/(mol. Å) as a stopping criterion for optimized 

structures. Then a total of 1195 molecular descriptors were calculated for each polymer by the DRAGON software 

(Taletesrl, Milan, 2006) on the minimal energy conformations. These descriptors are classified as (a) 0D-constitutional 

(atom and group counts); (b) 1D-functional groups and atom centered fragments; (c) 2D-topological, BCUTs, walk 

and path counts, autocorrelations, connectivity indices, information indices, topological charge indices, and 

eigenvalue-based indices; and (d) 3D-Randic molecular profiles from the geometry matrix, geometrical, WHIM, and 

GETAWAY descriptors. In order to reduce redundant and non-useful information, constant or near constant values 

and descriptors found to be highly correlated pair-wise (one of any two descriptors with a correlation greater than 
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0.99)
18

 were excluded in a pre-reduction step, therefore 145 molecular descriptors underwent subsequent variable 

selection. 

 

2.3 Stepwise regression for descriptor selection 
After the calculation of molecular descriptors, a stepwise regression routine implemented in SPSS 15.0 software 

package (SPSS Inc., 2006, Chicago, IL) was used to develop the linear QSPR model using calculated descriptors. The 

selection of relevant descriptors, which relate the molar diamagnetic susceptibility to the molecular structure, is an 

important step to construct a predictive model. In order to select the subset of descriptors that best explain compounds 

χm, we have used stepwise regression.
19-21

The stepwise regression was applied to the input set of 145 molecular 

descriptors for each chemical of the studied data sets and the related response, in order to extract the best set of 

molecular descriptors, which are, in combination, the most relevant variables in modeling the response of the training 

set chemicals. Stepwise regression(SR), included in the SPSS software, was used for variables selection (based on the 

training set). Finally we obtained a three significant descriptor subset, which keeps most interpretive information for 

χm. A total of three descriptors were calculated for each organic in the data set. The selected descriptors are Ghose-

Crippen molar refractivity, MR (Steric molecular properties),
 22

 valence connectivity index chi-1, 
1
χ

v 
(topological 

descriptors)
 23

 and sum of atomic vander Waals volumes (scaled on Carbon atom),Sv (constitutional descriptors).
24

 

 

2.4 Linear modeling 
The general purpose of multiple regressions is to quantify the relationship between several independent or predictor 

variables and a dependent variable. A set of coefficients defines the single linear combination of independent variables 

(molecular descriptors) that best describes molar diamagnetic susceptibility. The molar diamagnetic susceptibility 

value for each compound would then be calculated as a composite of each molecular descriptor weighted by the 

respective coefficients. A multi-linear model can be represented as:  

 

kk3322110 xb...xbxbxbby                    (2) 

 

Where k is the number of independent variables (descriptors), b1, . . . ,bk are the regression coefficients and y is the 

dependent variable (χm). Regression coefficients represent the independent contributions of each calculated molecular 

descriptor. The algebraic MLR model is defined in Eq. (2) and in matrix notation: 

 

y = Xb + e                                                                 (3) 

When X is of full rank the least squares solution is: yXX)(Xb
T1T ˆ where b̂  is the estimator for the regression 

coefficients in b̂ . 

A MLR model was developed for organic compounds using The Unscrambler version 9.7 software (CAMO 

Software AS, 2007; Norway). MLR model was constructed with remaining descriptors based on stepwise feature 

selection. The MLR model was built using a training set and validation using an external prediction set. MLR 

techniques based on least-squares procedures are very often used for estimating the coefficients involved in the model 

equation.
25 

 

2.5 Validation of the model 
Model validation is of crucial importance to QSPR modeling. The training and predictive capability of a QSPR model 

should be tested through model validation.
26-29

 

Leave one out cross validation (LOO-CV) is one of the QSPR model internal validation. The predictability of 

the QSPR model is determined using the LOO-CV method. The cross validated explained variance (    
   is 

calculated by the following equation: 

 

    
    

∑      ̂  
  

   

∑      ̅   
   

      (4) 

 

Where yi,  ̂  and  ̅ are, respectively, the measured, predicted, and averaged (over the entire training set) values of the 

dependent variable, respectively; the summations cover all the compounds in the training set. The LOO-CV approach 

is not sufficient to assess robustness and predictivity. The QSPR model developed using only training set chemicals is 

then applied to the external validation set chemicals to verify, more reliably, the predictive ability of the model. 

The formula for the calculation of      
  is: 

 

    
    

∑      ̂  
     

   

∑      ̅   
     

   

(5) 
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Where    and   ̂  are respectively the measured and predicted (over the test set) values of the dependent variable, and 

 ̅   is the averaged value of the property for the training set; the summations cover all the compounds in the validation 

set. The Q
2
 value is good tests for evenly distributed data, but they are not always reliable for unevenly distributed 

datasets; instead RMSEs (Root Mean Squared Errors)provide a more reliable indication of the fitness of the model, 

independently of the applied splitting. Other useful parameter to be considered are the RMSEs calculated on different 

sets: on training (RMSEV) and prediction (RMSEP). RMSE is calculated as in Eq. (6): 

 

     [
 

 
∑    

 
     ̂  

 ]
   

(6) 

 

Where    and  ̂  are respectively the measured and predicted values of the property; n is the number of compounds in 

each set of data. 

Another method for validation of the model is randomization testing or Y-scrambling. Randomization testing 

is a technique for checking the robustness of a QSPR model and the statistical significance of the estimated predicted 

power. In this test, the dependent variable vector (χm), Y-vector, is randomly shuffled and a new QSPR model is 

developed using the original independent variable matrix. The process is repeated several times. It is expected that the 

resulting QSPR models will generally have low R
2
, low     

 and high RMSE values. If the new models developed 

from the data set with randomized responses have significantly lower R
2
 and Q

2
 than the original model, then this is 

strong evidence that the proposed model is well founded, and not just the result of chance correlation. In contrast, if all 

the QSPR models obtained in the Y-randomization test have relatively high R
2
 and     

 , then it implies that, for the 

given data set, the current modeling method is unable to give an acceptable QSPR model.
30,31 

 

2.6 Applicability domain of the model 
A crucial problem of a QSPR model is the applicability domain (AD).As even a robust, significant and validated 

QSPR cannot be expected to reliably predict the modeled property for the entire universe of chemicals, its domain of 

application must be defined, and the predictions for only those chemicals that fall in this domain can be considered 

reliable. The chemical domain of applicability is a theoretical region in the space defined by the modeled response and 

the descriptors of the model, for which a given QSPR should make reliable predictions. This region is defined by the 

nature of the chemicals in the training set, and can be characterized in various ways. Away of defining the AD of a 

QSPR model is according to the leverage of a compound. The leverage (h) of a compound measures its influence on 

the model.
32,33

 The leverage of a compound in the original variable space is defined as: 

 

            (7) 

 

Where theX is the model matrix derived from the training set descriptor values and the leverage values of training set 

are diagonal elements of the Hat or Influence matrix H (          . The leverage values are always between 0 and 

1. The warning leverage h* is defined as follows: 

 

     
∑    

 
   

  

 
                   (8) 

 

Where n is the number of training set compounds and p' is the number of model parameters plus one.Observations 

with standardized residuals greater than (-2; +2) range, which lie outside the horizontal reference lines on the plot, are 

outlier's responses in The Unscrambler 9.7 

 

Standardized residual (SRi) for each sample is calculated as in Eq. (9): 

 

n

yy

yy
SR

n
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1

2)ˆ(

)ˆ(        (9) 

 

Where    and  ̂  are respectively the measured and predicted values of the property; n is the number of compounds in 

each set of data. 

In the standardized residuals plot all values are within the (-2; +2) range, which confirms that there are no outliers. 

Furthermore, there is no clear pattern in the residuals, so nothing seems to be wrong with the model. To 

visualize the AD of a QSPR model, the plot of standardized residuals versus leverage values (h) (Williams plot) can 

be used for an immediate and simple graphical detection of both the response outliers and structurally influential 

chemicals in a model (h>h*).Samples with high leverages have a stronger influence on the model than other samples; 
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they may or may not be outliers, but they are influential. An influential outlier (high residual + high leverage) is the 

worst case; it can however easily be detected using an influence plot. Leverages are useful for the detection of samples 

which are far from the center within the space described by the model. If a sample has a very large leverage, it may be 

different from the rest and can be considered to be an outlier. Large leverage indicates a high influence on the model. 

 

3. RESULTS AND DISCUSSION 

 

3.1 MLR analysis 
The software package used for conducting MLR analysis was Unscrambler 9.7. Multiple linear regression (MLR) 

analysis has been carried out to derive the best QSPR model. The MLR technique was performed on the molecules of 

the training set shown in Table-1:. After regression analysis, a few suitable models were obtained among which the 

best model was selected and presented in Eq. (10). A small number of molecular descriptors (SV, 
1 v

and MR) 

proposed were used to establish a QSPR model. Multiple linear regression analysis provided a useful equation that can 

be used to predict theχm of organic compound based upon these parameters. The best equation obtained for the molar 

diamagnetic susceptibility of the organic compounds is:     

 

                   [  ]          [1 v]           [  ]           (10) 

 

                    
             

                     2915.341 

 

Where n is the number of compounds used for regression, R
2
 is the squared correlation coefficient,    

 is the adjusted 

squared correlation coefficient,    
  is the cross-validated squared correlation coefficient, s is the standard error of the 

regression, and F is the Fisher ratio for the regression. The squared correlation coefficient, R
2
=0.9892, is a measure of 

the fit of the regression model. Correspondingly, it represents the part of the variation in the experimental data that is 

explained by the model. The squared correlation coefficient values closer to 1 represents the better fit of the model. 

Eq. (10) has an adjusted R
2
 value of 0.98880, which indicates very good agreement between the correlation and the 

variation in the data. The cross-validated squared correlation coefficient     
 =0.0.988359 illustrates the robustness 

and stability of the model by focusing on the sensitivity of the model to the elimination of any single data point. The s 

is the standard error measured by the error mean square, which expresses the variation of the residuals or the variation 

about the regression line. Thus, the standard error measures the model error. In general, the larger the magnitude of the 

F ratio, the better the model predicts the property values in the training set. The large F ratio of 2915.341 indicates that 

Eq. (10) does an excellent job of predicting the χm values of the training set. The F-test reflects the ratio of the 

variance explained by the model and the variance due to the error in the model, and high values of the F-test indicate 

the model is statistically significant. Positive values in the regression coefficients indicate that the indicated descriptor 

contributes positively to the value of χm. In other words, increasing the Sv, 
1
χ

v
andMR will increase absolute value 

(more negative) χm of the organic compounds. The predicted values of χm, residuals and the percent relative errors 

(%RE) of prediction obtained by the MLR method are presented in Table-1:. The plot of predicted χm versus 

experimental χm and the residuals (experimental χm - predicted χm) versus experimental χm values, obtained by the 

MLR modeling, and the random distribution of residuals about zero mean are shown in Figure1. 

 
Fig-1: Plot of predicted χm and residuals estimated by MLR modeling versus experimental χm of training and test sets 

The distributions of residuals for the whole dataset are also shown graphically in Figure1.The predicted values are in 

good agreement with the experimental values. The robustness of each model was expressed by the cross-validated 

(leave-one-out technique, LOO) validation coefficient (    
 ) and the root mean square errors of LOO cross validation 

(RMSECV). Successfully validated QSPR model with confirmed predictive abilities was used to predict χm for all 40 

compounds. The internal predictive capability of a model was evaluated by leave-one-out cross-validation     
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        on the training set, and the predictive capability of a model on external test set can be expressed by      
  

      .Moreover, both useful parameters the root means square error (RMSE) and the average percent relative error 

(   ̅̅ ̅̅ ) calculated on both the training and test sets were employed to evaluate the performance of the developed 

model (see Table-2). The statistical results are listed in Table-2. 

 
Table-2:The main statistical parameters of the obtained MLR model 

Statistical parameters Training set Test set 

N
 

100 40 

R
2
 0.9892 - 

    
 

 0.9888 - 

    
 

 0.9884 - 

    
 

 - 0.9894 

RMSE 2.2246 2.2550 

   ̅̅ ̅̅  0.1217 0.3333 

 

The model was subsequently validated using the response permutation test, also known as Y-scrambling. This 

procedure involves fitting several models, on the same dependent variables but on a permutated response. It gave the 

following results: the random models, performed using a scrambled order of the χm values, were found to have 

significantly lower R
2
and     

 and higher RMSE than the original model (R
2
 range: 0.0013 – 0.0239;     

  range: 

0.0003-0.0205; RMSE range: 21.0931-28.4233) corroborating the statistical reliability of the actual model. 

To visualize the AD of a QSPR model, the plot of standardized residuals versus leverage values (h) (the 

Williams plot) can be used for an immediate and simple graphical detection of both the response outliers and 

structurally influential chemicals in a model. In the Williams plot for AD (see Fig. 2), sample 98 (Phenanthrene) in the 

training set is to the right of the vertical line, which indicate it has slightly high leverage value (h>h*=0.12) and low 

standardized residual, it is belong to the model AD. Samples 26 (o-Nitroaniline), 27 (Styrene), 43 (m-Nitrotoluene) in 

the training set and 10 (Salicylaldehyde), 12 (Pyrocatechol), 25 (m-Dichlorobenzene) in the test set are outliers, 

indicated by their position above and below the horizontal reference lines, but they have low leverage values. 

Sample10 (Salicylaldehyde) is wrongly predicted, but in this case it belongs to the AD of the model because in this 

area there are three compounds belong to the training set. As can be found there is no influential chemical in the test 

set used in this study. 

 
Fig-2: Williams plot for the model with four variables. The χm values for the training and test set chemicals are labeled 

differently, the response outliers and structurally influential chemicals are numbered. The solid lines are, respectively, the     

limit and the warning value of hat (h* = 0.12). 

Chemicals 12 and 25 are wrongly predicted, but in this case they belong to the model AD, being within the cutoff 

value of Hat (h*).This erroneous prediction could probably be attributed to wrong experimental data rather than to 

molecular structure. 

3.2 Interpretation of descriptors 
The first selected significant descriptor involved in the Eq. (10) is sum of atomic vander Waals volumes (scaled on 

carbon atom), SV. This parameter is a measure of the size of a molecule. The constitutional descriptors depend on 
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atomic constitution of the chemical structure (molecule). They also include the descriptors related to the types of 

bonds and the presence of rings in the molecule and etc. The vander Waals radius, rw, of an atom is the radius of an 

imaginary hard sphere which can be used to model the atom for many purposes. The vander Waals volume, Vw, also 

called the atomic volume or molecular volume, is the atomic property most directly related to the vander Waals radius. 

It is the volume "occupied" by an individual atom (or molecule). The vander Waals volume may be calculated if the 

vander Waals radii (and, for molecules, the inter-atomic distances and angles) are known. For a spherical single atom, 

it is the volume of a sphere whose radius is the vander Waals radius of the atom: 

 

   
 

 
   

 (11) 

 

For a molecule, it is the volume enclosed by the vander Waals surface. The vander Waals volume of a molecule is 

always smaller than the sum of the vander Waals volumes of the constituent atoms: the atoms can be said to "overlap" 

when they form chemical bonds. The vander Waals volume of an atom or molecule may also be determined by 

experimental measurements on gases, notably from the vander Waals constant (b), the polarizability ( ) or the molar 

refractivity (MR). In all three cases, measurements are made on macroscopic samples and it is normal to express the 

results as molar quantities. To find the vander Waals volume of a single atom or molecule, it is necessary to divide by 

the Avogadro constant (NA).
34

When the size of atomic vander Waals volume a molecule increases the χm of that 

molecule increases. In other words, the molar diamagnetic susceptibility of a molecule increases when its size 

increases. 

The second selected significant descriptor involved in the Eq. (10) is first order valence connectivity (
1
χ

v
).As 

the name suggests, topological descriptors consider the topology of a molecule. That is, in the most general case, only 

the connections between the atoms in a hydrogen suppressed molecule, effectively converting it into a mathematical 

graph. Certain topological descriptors consider the type or certain properties of atoms involved in the connections as 

weights. Topological descriptors characterize features such as path lengths and connectivity. 

Topological molecular descriptors calculated from the vertex degree of the atoms in the H-depleted molecular graph. 

Hall and Kier 
23,35

 have developed molecular connectivity indices (Chi) that reflect the atom identities, 

bonding environments and number of bonding hydrogen's. These Kier indices are consequently useful in a wider 

variety of applications. Molecules that are drawn without hydrogen atoms can be decomposed into fragments of length 

m, which may be divided into different categories. Hall and Kier defined four series of fragment categories: Path, 

Cluster, Path/Cluster, and Ring. The spread and numbers of fragment membership for each category is determined by 

molecule connectivity. Hall and Kier defined groups of Chi (χ) and ChiV (χ
v
) indices based on these fragment 

categories, also incorporating information about the bonding environment. Molecular graph can be denoted by G and 

having v1, v2, v3,. . .,vn as its vertices. The connectivity index χ=χ (G) of a graph G is defined by Randic
36

as under: 

 

χ  χ    ∑
 

√     
      (12) 

 

Where  i and  j are the valence of a vertex i and j, equal to the number of bonds connected to the atoms i and j, in G. 

In the case of hetero-systems the connectivity is given in terms of valence delta values 
v

i  and 
v

j  of atoms i and j 

and is denoted by
v . This version of the connectivity index is called the valence connectivity index and is defined 

36
as under: 

         ∑
 

√  
    

 
     (13) 

 

where the sum is taken over all bonds i–j of the molecule. Valence delta values are given by the following expression: 

 

1




v

ii

i

v

iv

i
ZZ

HZ
           (14) 

 

Where Zi is the atomic number of atom i, 
v

iZ  is the number of valence electron of the atom i and Hi is the number of 

hydrogen atoms attached to atom i. Now-a-days, the connectivity and the valence connectivity indices expressed by 

Eq.(12)and (13) are termed as first-order connectivity and first-order valence connectivity indices, respectively. The 

molecular connectivity index is a good descriptor of molecular bulk. 
37, 38

The compounds with the highest first-order 

valence connectivity indices have the highest molar diamagnetic susceptibility. The results indicate that the first order 

valence connectivity increases as χm increases. With increasing the number of atoms and the number of valence 

http://en.wikipedia.org/wiki/Atom
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http://en.wikipedia.org/wiki/Van_der_Waals_surface
http://en.wikipedia.org/wiki/Chemical_bond
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http://en.wikipedia.org/wiki/Polarizability
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electron of the atom in compounds the molecular weight and intermolecular forces increases. Finally with increasing 

the first valence connectivity index χm increases.  

The third descriptor in the QSPR model is molar refractivity (MR).The molar refractivity is a constitutive-

additive property calculated by the Lorenz-Lorentz formula: 

 

   
    

    
 
 

ρ
  (15) 

 

Where M is the molecular weight, n is the refraction index and ρ the density, and its value depends only of the 

wavelength of the light used to measure the refraction index.
39

For a radiation of infinite wavelength, the molar 

refractivity represents the real volume of the molecules and its polarizability. Then, the molar refractivity is related, 

not only to the volume of the molecules but also to the London dispersive forces that act in the intermolecular 

interaction. The atomic contribution to molecular refractivity calculated by Ghose and Crippen method. Ghose and 

Crippen defined 110 atom types, representing most commonly occurring atomic states of carbon, hydrogen, oxygen, 

nitrogen, halogens, and sulphur in organic molecules to split the molar refractivity.
40,41

 They stated that this 

classification partially differentiates the polarizing effects of heteroatom and the effect of overlapping with non-

hydrogen atoms, although they accepted that this classification might be weak in differentiating the conjugation 

effects. The authors stated that the classification may not completely cover all organic molecules, and that addition of 

atom types is always feasible. They assumed that the sum of the atomic values (ai) is the molecular value of the molar 

refractivity (Eq.(16)): 

 

        ∑         (16) 

 

The results indicate that the molar refractivity increases as χm increases. Finally we see the SV,
 1

X
v
 and MR have the 

additive atomic relationships. As molar diamagnetic susceptibility is essentially an additive property. According to Eq. 

(1), the selected significant descriptors are interpretable and meaningful. 

 

4. CONCLUSION 
The herein presented QSPR three-parameter model allows the prediction of molar diamagnetic susceptibilities of 

structurally diverse cyclic and aromatic compounds with average percent relative error of 0.33%. The model is 

theoretically justified and provides significant additional insight into the relationship between the structure and the 

molar diamagnetic susceptibilities of the compounds. The aim of this work is the development, using theoretical 

molecular descriptors, and the proposal of externally validated general QSPR models for the prediction of molar 

diamagnetic susceptibilities for a wide and heterogeneous set of organic compounds. The great advantage of 

theoretical descriptors is that they can be calculated homogeneously by defined software for all chemicals, even those 

not yet synthesized, the only need being a hypothesized chemical structure. The results indicate that the stepwise 

regression (SR) is a very effective variable selection approach for QSPR analysis. Multiple linear regression (MLR) 

has been used for structure–property relationship analysis for a set of 140 organic compounds. The results obtained 

from this study indicate that three descriptors, SV, 
1
χ

v
and MR play an important role on the molar diamagnetic 

susceptibility of organic structures. Application of the developed model to a testing set of 40 compounds demonstrates 

that the new model is reliable with good predictive accuracy and simple formulation. Since the QSPR was developed 

on the basis of theoretical molecular descriptors calculated exclusively from molecular structure, the proposed model 

could potentially provide useful information about the χm of organic compounds. This procedure allowed us to achieve 

a precise and relatively fast method for determination of χm of different series of organic compounds and to predict 

with sufficient accuracy the χm of new organic derivatives. The macroscopic (bulk) activities/properties of chemical 

compounds clearly depend on their microscopic (structural) characteristics. Development of quantitative structure 

property/ activity relationships (QSPR/QSAR) on theoretical descriptors is a powerful tool not only for prediction of 

the chemical, physical and biological properties/activities of compounds, but also for deeper understanding of the 

detailed mechanisms of interactions in complex systems that predetermine these properties/activities. 
 

REFERENCE 
1. Dean J. A., Analytical chemistry handbook, McGraw-Hill, New York, (1995). 

 

2. Lide D. R., CRC Handbook of Chemistry and Physics, 90th Edition, CRC Press/Taylorand Francis, Boca 

Raton, FL, (2010). 

3. Afantitis A., Melagraki G., Sarimveis H., Koutentis P. A., Markopoulos J., Markopoulou O. I., Development 

and Evaluation of a QSPR Model for the Prediction of Diamagnetic Susceptibility. QSAR Comb. Sci. (2008) 

27:432-436. 



Saaidpour et, al 2012 

 

16 

4. Estrada E., Modelling the Diamagnetic Susceptibility of Organic Compounds by a Sub-Structural Graph-

Theoretical Approach. J. Chem. Soc. Faraday Trans. (1998) 94:1407-140. 

5. Estrada E., Gutierrez Y., Gonzalez H.,Modeling Diamagnetic and Magnetooptic Properties of Organic 

Compounds with the TOSS-MODE Approach. J. Chem. Inf.Compute. Sci. (2000) 40: 1386-1399. 

6. Zhokhova N. I., Baskin I. I., Palyulin V., Zefirov  N., Zefirov N. S., Fragment descriptors in qspr:application 

to magnetic susceptibility calculations. J. Struct. Chem. (2004) 45: 626-635. 

7. Mu L., He H. M., FengC. J., Quantitative Structure Property Relations (QSPR) for Predicting Molar 

Diamagnetic Susceptibilities, χm, of Inorganic Compounds. Chin. J. Chem. (2007) 25: 743-750. 

8. Mu L., Feng C. J., He H. M., Modeling diamagnetic susceptibilities of organic compounds with a novel 

connectivity index. Ind. Eng. Chem. Res. (2008) 47: 2428-2433. 

9. Mu L., Feng C. J., He H. M., Topological research on diamagnetic susceptibilities of organic compounds. J. 

Mol. Model. (2008) 14: 109-134. 

10. Mu L., He H., Yang W., Improved QSPR study of diamagnetic susceptibilities for organic compounds using 

two novel molecular connectivity indexes. Chin. J. Chem. (2009) 27: 1045-1054. 

11. Mu L., He H., Yang W., FengC., Variable molecular connectivity indices for predicting the diamagnetic 

susceptibilities of organic compounds. Ind. Eng. Chem. Res. (2009) 48: 4165-4175. 

12. Ghasemi J., Saaidpour S., Quantitative structure-property relationship study of n-octanol-water partition 

coefficients of some of diverse drugs using multiple linear regression. Anal. Chim. Acta (2007)  604:99-106. 

13. Ghasemi J., Saaidpour S., QSPR prediction of aqueous solubility of drug-like organic compounds.Chem. 

Pharm. Bull. (2007) 55:669-674. 

14. Ghasemi J., Saaidpour S., Brown S. D.,QSPR study for estimation of acidity constants of some aromatic acids 

derivatives using multiple linear regression (MLR) analysis. J. Mol. Struct. (Theochem) (2007) 805: 27-32. 

15. Ghasemi J., Saaidpour S.,QSPR modeling of stability constants of diverse 15-crown-5 ethers complexes using 

best multiple linear regression.J. Incl. Phenom. Macrocycl. Chem. (2008) 60: 339-351. 

16. Ghasemi J., Saaidpour S., Artificial Neural Network Based Quantitative Structural Property Relationship for 

Predicting Boiling Points of Refrigerants.QSAR Comb. Sci. (2009) 28: 1245-1254. 

17. Ghasemi J., Saaidpour S., QSRR prediction of the chromatographic retention behavior of painkiller drugs.J. 

Chromatogr. Sci. (2009) 47:156-163. 

18. Liu H., Gramatica P., QSAR study of selective ligands for the thyroid hormone receptor beta. Bioorgan. Med. 

Chem. (2007) 15: 5251-5261. 

19. Massart D. L., Vandeginste B. G. M., Buydens L. M. C., Jong S. D., Lewi P. J., Verbeke J. S., Handbook of 

Chemometrics and Qualimetrics, Part A.Elseiver, Amsterdam, (1997). 

20. Darlington R.B., Regression and Linear Models.McGraw-Hill Higher Education, New York (1990). 

21. Xu L., Zhang W. J., Comparison of different methods for variable selection, Anal. Chim. Acta (2001) 446: 

475-481. 

22. Viswanadhan V.N., Ghose A.K., Revankar G.R., Robins R.K., Ghose-Crippen molar refractivity. J. Chem. 

Inf. Comput. Sci. (1989) 29:163-172. 

23. Kier L.B., Hall L.H., Molecular connectivity in Structure-Activity Analysis. RSP-Wiley, Chichetser, (1986). 

24. Todeschini R., Consonni V., Handbook of Molecular Descriptors. Wiley-VCH, Weinheim, Germany, (2000). 

25. Gemperline P., Practical guide to chemometrics.  Taylor & Francis Group, LLC, Boca Raton, (2006). 

26. Golbraikh A., Tropsha A., Beware of Q
2
.J. Mol. Graph. Model. (2002) 20: 269-276. 

27. Gramatica P., Pilutti P., Papa E., Validated QSAR prediction of OH tropospheric degradation of VOCs: 

splitting into training-test sets and consensus modeling. J. Chem. Inf. Comput. Sci. (2004) 44: 1794-1802. 

28. Gramatica P., Principles of QSAR models validation: internal and external. QSAR Comb. Sci. (2007) 26: 694-

701. 

29. Gramatica P., Giani E., Papa E., Statistical external validation and consensus modeling: a QSPR case study 

for KOC prediction. J. Mol. Graph. Model. (2007) 25:755-766. 

30. Tropsha A., Gramatica P., Gombar V.K., The Importance of Being Earnest: Validation is the Absolute 

Essential for Successful Application and Interpretation of QSPR Models, QSAR Comb. Sci. (2003) 22: 69-76. 

31. Eriksson L., Jaworska J., Worth A., Cronin M., McDowell R.M., Gramatica P., Methods for Reliability, 

Uncertainty Assessment, and Applicability Evaluations of Regression Based and Classification QSARs. 

Environ. Health Perspect. (2003) 111:1361-1375. 

32. Atkinson A.C., Plots, Transformations and Regression. Clarendon Press, Oxford, (1985). 

 

33. Shacham M., Brauner N., Cholakov G. S., Stateva R.P., Identifying applicability domains for quantitative 

structure property relationships, in Computer Aided Chemical Engineering, eds. P. Valentin and A. Paul 

Serban, Elsevier, (2007). 

34. Bondi A.,Vanderwaals volumes and radii. J. Phys. Chem.(1964) 68: 441-451. 

http://pubs.acs.org/doi/pdf/10.1021/j100785a001
http://en.wikipedia.org/wiki/Journal_of_Physical_Chemistry


Pakistan Journal of Chemistry 2012 

 

17 

 

35. Hall L.H., Kier L.B., The molecular connectivity chi indexes and kappa shape indexes in structure-property 

modeling. VCH Publishers, Inc., (1991). 

36. Randic M.,Characterization of Molecular Branching. J. Am. Chem. Soc.(1975) 97: 6609-6615. 

37. Kier L.B., Hall L. H.,Murray W., Molecular Connectivity I: Relationship to local anasthesia, J. Pharm. 

Sci.(1975) 64: 1971-1974. 

38. Kier L.B., Hall L. H., Molecular Connectivity VII: Specific Treatment to Heteroatom's. J. Pharm. Sci.(1976) 

65:1806-1809. 

39. Livingstone D.J., The characterization of chemical structures using molecular properties - a survey. J. Chem. 

Inform. Comput.  Sci. (2000) 40: 195-209. 

40. Ghose A.K., Crippen G. M., Physicochemical parameters for three-dimensional structure-directed quantitative 

structure-activity relationships. i. partition coefficients as a measure of hydrophobicity. J. Comput. Chem. 

(1986) 7: 565-577. 

41. Ghose A.K., Crippen G.M., Atomic physicochemical parameters for three-dimensional structure-directed 

quantitative structure-activity relationships. 2. Modeling dispersive and hydrophobic interactions. J. Comput. 

Chem. (1987) 27: 21-35. 
 



Pak. J. Chem. 2(1):18-23, 2012                                                                                                                                              Full Paper 

ISSN (Print): 2220-2625 

ISSN (Online): 2222-307X   

*Corresponding Author                                                                         Received 7
th

 November 2011, Accepted 19
th

 December 2011 

An Improved Synthesis And Biological Evaluation Of Some New 4,5-dihydro-pyrazole-

1-Carbaldehyde Derivatives 
 

S. B. Zangade, A. T. Shinde, A. Y. Vibhute and 
*
Y. B. Vibhute 

Organic Research Laboratory, P.G. Department of studies in Chemistry, 

Yeshwant Mahavidyalaya Nanded - 431602 (M.S.) INDIA. 

E-mail: drsbz@rediffmail.com, 
*
drybvibhute@gmail.com 

ABSTRACT  
An improved condensation of substituted chalcones 1a-g with hydrazine hydrate and formic acid in 2-methoxyethanol to afford 

new series of 4,5-dihydro-pyrazole-1-carbaldehyde derivatives 2a-g. Clean reaction conditions, simple workup procedure and 

short reaction time giving high yields of product are notable advantages of method. All newly synthesized compounds 

characterized by chemical test, spectral and elemental analysis. Further, all newly synthesized compounds were screened for their 

antimicrobial activity. Most of these title compounds exhibited potent activity. 

 

Keywords: Synthesis, substituted chalcones, 2-methoxyethanol, 4,5-dihydro-1-carbaldehyde pyrazolines, antimicrobial activity.  

 
1. INTRODUCTION 
Numerous pyrazolines type compounds have found to exhibit bioactivities

1,2
 which has excellent role in many 

pharmaceutical, agrochemical and dystuff research
3,4

. Pyrazolines derivatives with a phenyl group at 5-position 

possess good flim-forming properties, exhibit excellent characteristics of blue photoluminescence and 

electroluminescence
5
.   Moreover pyrazolines are extensively useful synthons in organic chemistry and also important 

in the development of theory in heterocyclic chemistry. These compounds are also well known for their pronounced 

biological activities including antimicrobial
5-7

, antitumor
8
, immunosuppressive

9
, anti-inflammatory

10
, anticancer

11
, 

antidiabetic
12

, antiamoebic
13

, anticonvulsant
14

, antidepressant
15

, anesthetic
16

, estrogen receptor agonists
17

 and 

cyclooxygenase inhibitor
18

 properties. 

Synthesis of bicyclic pyrazoline derivatives were reported by condensation of 2,6-diarylidenecyclohexanones 

with hydrazine hydrate
19

. Acetone and acetophenones on base catalyzed condensation with substituted aldehyde 

affords α,β-unsaturated carbonyl compound which on treatment with hydrazine hydrate and formic acid yielded a 2-

pyrazoline
20

. In view of these observations; it was thought worthwhile to synthesize some new different substituted 

pyrazoline derivatives by reacting chalcones with hydrazine hydrate and formic acid in 2-methoxyethanol as an 

alternative reaction solvent and to evaluate them for  antimicrobial activity against Bacillus subtilis (Bs), 

Staphylococcus aureus (Sa), Candida albicans (Ca) and Aspergillus flavus (Af).  
 

2. RESULTS AND DISCUSSION 
In continuation of our work on different methodology in organic synthesis

21
 and studies on some new bioactive 

compounds and their heterocycles
22

, herein we report synthesis of some new series of 4,5-dihydro-pyrazole-1-

carbaldehyde derivatives by condensation of chalcones with hydrazine hydrate and formic acid in 2-methoxyethanol 

as an alternative reaction solvent.  

The starting chalcones 1a-g were prepared by classical aldol condensation involving base-catalyzed 

condensation of the desired carbonyl compounds followed by dehydration forming α,β-unsaturated carbonyl 

compounds. Synthesis of 4,5-dihydro-pyrazole-1-carbaldehyde were attempted by reacting α,β-unsaturated carbonyl 

compounds (chalcones) with hydrazine hydrate and formic acid in presence of 2-methoxyethanol as solvent (Scheme-

1). Recently the formation of 2-pyrazoline was reported by the reaction of chalcones with hydrazine hydrate take place 

in various conditions using ethanol
23

, acetic acid
24

, formic acid
20

, or pyridine
25

 as solvent. However, many of these 

reported procedures have one or more disadvantages such as use of expensive catalyst, low selectivity, harsh reaction 

conditions, low yield, relatively long reaction time and environmental concern. After some preliminary observation we 

found that 2-methoxyethanol as an efficient reaction medium in terms of clean reaction conditions, not expensive, 

short reaction time giving high yields of desired product. In view of these results, we turned our attention towards 

variety substituted chalcones. In all cases, reaction proceeds efficiently in high yields using 2-methoxyethanol (Table-

3). The formation of products were assumed to proceed through the Micheal-type addition of hydrazine to activated 

double bond followed by intramolecular cyclization with the elimination of water molecule
26

.  

The formation of chalcones 1a-g was confirmed by IR spectra, absence of a band around 1710-1720 cm
-1

 due 

to the ketonic C=O stretch and the appearance of characteristic band near 1655 cm
-1

 and near 1610 cm
-1

 due to α,β-

unsaturated carbonyl group and ν (C=C) respectively. In 
1
H NMR spectrum of chalcones two doublet in range at δ 

6.86 (H-α, J = 16.5 HZ) and δ 7.32 (H-β, J = 16.5 HZ) suggested the presence of olefin protons at α,β-position to the 

carbonyl group. The IR spectrum of newly synthesized 2-pyrazolines 2a-g showed a strong band for carbonyl group 

near 1635 cm
-1

 and band at 1577 cm
-1

 due to C=N. In the 
1
H NMR spectra, an ABX pattern was observed for HA, HB 

and HX proton which appear as pair of doublets near δ 3.20, 3.72 and 5.42 ppm. Trans olefin proton appears as
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doublets near δ 6.85 and 7.14 ppm with J = 16 HZ. The singlet of CHO appeared at δ 8.92 ppm which conforms the N-

H of 2-pyrazoline replaced by N-CHO group. This also conforms on the basis of silver mirror test
27

. 

The results of antimicrobial screening data are given in Table 4. In comparison with reference drugs, 

compounds 2e, 2f and 2g showed effective activity against all tested microbes. Compounds 2f and 2g showed near to 

par activity against Candida albicans. Only compound 2f showed potent activity against Aspergillus flavus than 

standard fluconazole fungicide. Moreover compound 2f showed stronger activity against Staphylococcus aureus than 

reference streptomycin drug. The remaining compounds 2a-d displayed moderate antimicrobial activity. On the other 

hand compound 2a and 2b are inactive against Bacillus subtilis and Candida albicans. Results show that presence of 

halogen with hydroxy and methoxy substituent in basic pyrazole nucleus exhibits potent antimicrobial activity against 

various pathogens. 
 

3. CONCLUSION 
In summary, we have developed simple and easy procedure for synthesis of some novel 4,5-dihydro-pyrazole-1-

carbaldehyde derivative by condensation of chalcones with hydrazine hydrate and formic acid in 2-methoxyethanol as 

efficient and alternative reaction solvent. The advantages of present protocol are simplicity of operation, high yields of 

products and avoidance of expensive catalyst and usage of volatile organic solvent.  

 The preliminary in vitro antimicrobial screening of this series revealed that compounds 2e, 2f and 2g showed 

potent activity when compared with standard drug. Therefore, the present study is useful drug in medicinal 

investigation against bacterial and fungal diseases.  
 

4. EXPERIMENTAL 
Melting points were determined in an open capillary tube and are uncorrected. IR spectra were recorded in KBr on a 

Perkin-Elmer spectrometer. 
1
H NMR spectra were recorded on a Gemini 300-MHZ instrument in DMSO as solvent 

and TMS as an internal standard. The mass spectra were recorded on EISHIMADZU-GC-MS spectrometer. Elemental 

analyses were performed on a Perkin-Elmer 240 CHN elemental analyzer.    
 

4.1 General Procedure for synthesis of chalcones 1a-g 
To a mixture of different substituted benzaldehyde 1 (0.02 mol) and acetone 2 (0.01 mol) in ethanol,  10 % aqueous 

sodium hydroxide (10 ml) was added drop by drop with constant stirring at 0-5 
0
C. After complete addition of NaOH 

solution, the reaction mixture left to stand in ice bath for 20 min. Then obtained yellow coloured solid was filtered 

washed with cold water and crystallized from ethanol to give the corresponding chalcones derivative. The physical 

data of synthesized chalcones are given in Table-1.  

 
Table-1: Physical Data Of Synthesized Products (la-g) 

Product R R1 R2 R3 Yeild(%) M.P (
O
C) (Reported) 

1a OH H H H 80 110-113 (112)
28 

1b H H OCH3 H 84 117-119 (118)
29 

1c H OCH3 OH H 82 124-126 (124)
30 

1d H OC2H5 OH H 79 138-140 (139)
31 

1e H OCH3 OH Br 86 145-147 (145)
32 

1f OH Br H Br 83 157-159 ---- 

1g OH I H I 88 132-135 ---- 

 

4.2 1,5-Bis-(3,5-dibromo-2-hydroxy-phenyl)-penta-1,4-dien-3-one.1f  
IR (KBr): 3236 (OH), 1656 (C=O), 1608 (C=C) cm

-1
. 

1
H NMR (300 MHZ, DMSO) δ 6.86 (d, J = 16.5 HZ, 2H, Hα), δ 

7.31 (d, J = 16.5 HZ, 2H, Hβ), δ 12.21 (s, 2H, OH), δ 7.14-7.88 (m, 4H, Ar-H). MS m/z: 582 (M
+
). Anal. Cacld for 

C17H10O3Br4: C, 35.05; H, 1.71; X (Br), 54.98. Found: C, 33.08; H, 1.75; X (Br), 55.02.   
 

4.3 1,5-Bis-(2-hydroxy-3,5-diiodo-phenyl)-penta-1,4-dien-3-one.1g: IR (KBr)  
3232 (OH), 1652 (C=O), 1610 (C=C) cm

-1
. 

1
H NMR (300 MHZ, DMSO) δ 6.89 (d, J = 16.5 HZ, 2H, Hα), δ 7.34 (d, J = 

16.5 HZ, 2H, Hβ), δ 12.26 (s, 2H, OH), δ 7.14-7.82 (m, 4H, Ar-H). MS m/z: 770 (M
+
). Anal. Cacld for C17H10O3I4: C, 

26.49; H, 1.29; X (I), 65.97. C, 26.52; H, 1.31; X (I), 66.01. 
 

4.4 Typical procedure for synthesis of 4,5-dihydro-pyrazole-1-carbaldehyde. 2a-g 
A mixture of 1a (0.01 mol) hydrazine hydrate (0.02 mol) and formic acid (2ml) was dissolved in 2-methoxyethanol 

(10 ml). The reaction mixture was refluxed for period as shown in Table-2. The progress of reaction was monitored by 

TLC. After completion, reaction solution get cooled to room temperature and poured into crushed ice, obtained crude 

product was filtered washed with cold water and recrystallized from mixture of ethanol: dioxane to give the product 

2a-g. Similarly, other analogues of this were synthesized by using same procedure. 
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Table-2: Physical Data Of Newly Synthesized 4.5-dihydro-pyrazole-1-carbaldehyde derivatives (2a-g) 

Product R R1 R2 R3 Time(h) Yeild(%) M.P (
O
C) 

2a OH H H H 3 78 129-131 

2b H H OCH3 H 4 86 133-135 

2c H OCH3 OH H 3.5 84 141-143 

2d H OC2H5 OH H 4 83 147-149 

2e H OCH3 OH Br 3.5 80 154-156 

2f OH Br H Br 3 88 169-171 

2g OH I H I 4 91 158-160 

 

The progress of reaction was monitored by TLC. After completion, reaction solution get cooled to room temperature 

and poured into crushed ice, obtained crude product was filtered washed with cold water and recrystallized from 

mixture of ethanol: dioxane to give the product 2a-g. Similarly, other analogues of this were synthesized by using 

same procedure. 
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Scheme-1 : Synthesis of 4,5-dihydro-pyrazole-1-carbaldehyde 2a-g
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Scheme-1: Synthesis of 4,5-dihydro-pyrazole-1-carbaldehyde 2a-g 

 

4.5 5-(2-Hydroxy-phenyl)-3-[2-(2-hydroxy-phenyl)-vinyl]-4,5-dihydro-pyrazole-1-carbaldehyde.2a  
IR (KBr): 3373 (OH), 1628 (C=O), 1578 (C=N) cm

-1
. 

1
H NMR (300 MHZ, DMSO) δ 3.20 (dd, J = 5.0, 17.8 HZ, 1H, 

HA), δ 3.71 (dd, J = 12.0, 17.8 HZ, 1H, HB), δ 5.42 (dd, J = 5.1, 12.1 HZ, 1H, HX), δ 6.83 (d, J = 16.2 HZ, 1H, Hα), δ 

7.21 (d, J = 16.2 HZ, 1H, Hβ), δ 7.12-7.68 (m, 8H, Ar-H), δ 8.92 (s, 1H, CHO), 11.8 (s, 2H, two OH). 
13

CNMR 

(DMSO) 162.48 (C=O), 156.19 (2C, of two Ar-OH), 144.72 (C=N), 138.24 (Cβ, C=C double bond), 137.23 (C, Ar-C), 

135.18 (C, Ar-C) 132.72 (2CH, of two Ar-C), 130.50 (2CH, of two Ar-C), 128.65 (2CH, of two Ar-C), 120.48 (2CH, 

of two Ar-C) 118.12 (Cα, C=C double bond), 50.57 (-CH), 39.44 (-CH2). MS m/z 308 (M
+
). Anal. Cacld for 

C18H16O3N2: C, 70.12; H, 5.19. Found: C, 70.16; H, 5.22.  

 
4.6 5-(4-Methoxy-phenyl)-3-[2-(4-methoxy-phenyl)-vinyl]-4,5-dihydro-pyrazole-1-carbaldehyde (2b) 
IR (KBr): 1626 (C=O), 1572 (C=N) cm

-1
. 

1
H NMR (300 MHZ, DMSO) δ 3.82 (s, 6H, two OCH3), δ 3.21 (dd, J = 5.1, 

17.9 HZ, 1H, HA), δ 3.73 (dd, J = 12.2, 17.8 HZ, 1H, HB), δ 5.44 (dd, J = 5.1, 12.2 HZ, 1H, HX), δ 6.81 (d, J = 16.2 HZ, 

1H, Hα), δ 7.18 (d, J = 16.2 HZ, 1H, Hβ), δ 7.25-7.81 (m, 8H, Ar-H), δ 8.90 (s, 1H, CHO). 
13

CNMR (DMSO) 165.58 

(2C of two para Ar-ome), 163.22 (C=O), 144.88 (C=N), 138.26 (Cβ of C=C double bond), 137.18 (C, Ar-C), 135.26 

(C, Ar-C), 131.43 (4CH of four Ar-C), 118.14 (Cα of C=C double bond), 116.13 (4CH of four Ar-C), 58.42 (2C, of 

two OCH3) 51.13 (-CH), 37.80 (-CH2),. MS m/z: 336 (M
+
). Anal. Cacl for C20H20O3N2: C, 71.42; H, 5.95. Found: C, 

71.40; H, 5.92. 
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4.7 5-(4-Hydroxy-3-methoxy-phenyl)-3-[2-(4-hydroxy-3-methoxy-phenyl)-vinyl]-4,5-dihydro-pyrazole-1-

carbaldehyde.2c 
IR (KBr): 3368 (OH), 1635 (C=O), 1577 (C=N) cm

-1
. 

1
H NMR (300 MHZ, DMSO) δ 3.8 (s, 6H, two OCH3), δ 3.23 

(dd, J = 5.1, 17.9 HZ,  1H, HA), δ 3.71 (dd, J = 12.1, 17.8 HZ,  1H, HB), δ 5.42 (dd, J = 5.1, 12.2 HZ, 1H, HX), δ 6.82 (d, 

J = 16 HZ, 1H, Hα), δ 7.14 (d, J = 16 HZ, 1H, Hβ), δ 7.28-7.76 (m, 6H, Ar-H), δ 8.93 (s, 1H, CHO), δ 10.73 (s, 2H, two 

OH). 
13

CNMR (DMSO) 165.52 (2C of two Ar-ome), 162.25 (C=O), 156.21 (2C of two Ar-OH), 145.13 (C=N), 137.16 

(C, Ar-C), 135.20 (C, Ar-C), 138.26 (Cβ of C=C double bond), 121.87 (2CH, of two Ar-C), 118.38 (2CH, of two Ar-

C), 118.13 (Cα of C=C double bond), 114.27 (2CH of two Ar-C), 58.45 (2C of two OCH3), 50.41 (-CH), 38.37 (-CH2). 

MS m/z: 368 (M
+
). Anal. Cacl for C20H20O5N2: C, 65.21; H, 5.43. Found: C, 65.18; H, 5.40. 

 

4.8 5-(3-Ethoxy-4-hydroxy-phenyl)-3-[2-(3-ethoxy-4-hydroxy-phenyl)-vinyl]-4,5-dihydro-pyrazole-1-

carbaldehyde.2d 
 IR (KBr): 3372 (OH), 1628 (C=O), 1574 (C=N) cm

-1
. 

1
H NMR (300 MHZ, DMSO) δ 1.38 (t, 6H, two CH3), δ 3.89 (q, 

4H, two OCH2), δ 3.22 (dd, J = 5.2, 17.9 HZ,1H, HA), δ 3.76 (dd, J = 12.2, 17.9 HZ,  1H, HB), δ 5.48 (dd, J = 5.2, 12.2 

HZ,  1H, HX), δ 6.79 (d, J = 16 HZ, 1H, Hα), δ 7.12 (d, J = 16 HZ, 1H, Hβ), δ 7.22-7.79 (m, 6H, Ar-H), δ 8.92 (s, 1H, 

CHO), δ 10.68 (s, 2H, two OH). 
13

CNMR (DMSO) 164.88 (2C, of two Ar-OEt), 162.78 (C=O), 156.23 (2C, of two Ar-

OH), 145.22 (C=N), 137.18 (C, Ar-C), 135.16 (C, Ar-C), 138.24 (Cβ of C=C double bond), 121.92 (2CH, of two Ar-

C), 118.43 (2CH, of two Ar-C),  118.15 (Cα of C=C double bond), 114.32 (2CH, of two Ar-C) 51.17 (-CH), 38.33 (-

CH2, ring), 58.52 (2C of two OCH2), 16 (2C, of two CH3). MS m/z: 396 (M
+
). Anal. Cacl for C22H24O5N2: C, 66.66; H, 

5.05. Found: C, 66.68; H, 5.08. 
 

4.9 5-(3-Bromo-4-hydroxy-5-methoxy-phenyl)-3-[2-(3-bromo-4-hydroxy-5-methoxy-phenyl)-vinyl]-4,5-

dihydro-pyrazole-1-carbaldehyde.2e 
 IR (KBr): 3366 (OH), 1632 (C=O), 1576 (C=N) cm

-1
. 

1
H NMR (300 MHZ, DMSO) δ 3.86 (s, 6H, two OCH3), δ 3.24 

(dd, J = 5.2, 17.9 HZ, 1H, HA), δ 3.71 (dd, J = 12.1, 17.8 HZ, 1H, HB), δ 5.47 (dd, J = 5.2, 12.1 HZ,   1H, HX), δ 6.82 (d, 

J = 16 HZ, 1H, Hα), δ 7.14 (d, J = 16 HZ, 1H, Hβ), δ 7.26-7.81 (m, 4H, Ar-H), δ 8.95 (s, 1H, CHO), δ 10.64 (s, 2H, 

OH).
 13

CNMR (DMSO) 165.58 (2C of two Ar-ome), 156.29 (2C of two Ar-OH), 162.88 (C=O), 145.51 (C=N), 138.35 

(Cβ of C=C double bond), 137.14 (C of Ar-C), 135.12 (C of Ar-C), 125.51 (2CH of two Ar-C), 118.24 (Cα of C=C 

double bond), 119.52 (2C of two Ar-Br), 113.78 (2CH of two Ar-C), 58.49 (2C of two -OCH3), 51.25 (-CH), 38.26 (-

CH2). MS m/z: 526 (M
+
). Anal. Cacl for C20H18O5N2Br2: C, 45.62; H, 3.42; X (Br), 34.22. Found: C, 45.59; H, 3.40; X 

(Br), 34.18. 

 

4.10 5-(3,5-Dibromo-2-hydroxy-phenyl)-3-[2-(3,5-dibromo-2-hydroxy-phenyl)-vinyl]-4,5-dihydro-pyrazole-1-

carbaldehyde.2f  
IR (KBr): 3371 (OH), 1630 (C=O), 1573 (C=N) cm

-1
. 

1
H NMR (300 MHZ, DMSO) δ 3.23 (dd, J = 5.0, 17.8 HZ, 1H, 

HA), δ 3.70 (dd, J = 12.0, 17.8 HZ,  1H, HB), δ 5.46 (dd, J = 5.1, 12.1 HZ,  1H, HX), δ 6.85 (d, J = 16 HZ, 1H, Hα), δ 

7.12 (d, J = 16 HZ, 1H, Hβ), 7.25-7.83 (m, 4H, Ar-H), δ 8.92 (s, 1H, CHO), δ 12.0 (s, 2H, two OH). 
13

CNMR (DMSO) 

163.21 (C=O), 156.29 (2C of two Ar-OH), 144.97 (C=N), 138.28 (Cβ of C=C double bond), 137.24 (C of Ar-C), 

135.27 (C of Ar-C), 130.74 (2CH of two Ar-C), 129.61 (2CH of twoAr-C), 119.48 (2C of two Ar-Br), 118.18 (Cα of  

C=C double bond), 114.08 (2C of two Ar-Br), 51.32 (-CH), 37.88 (-CH2).  MS m/z: 624 (M
+
). Anal. Cacl for 

C18H12O3N2Br4: C, 34.61; H, 1.92; X (Br), 51.28. Found: C, 34.63; H, 1.95; X (Br), 51.30. 

 

4.11 5-(2-Hydroxy-3,5-diiodo-phenyl)-3-[2-(2-hydroxy-3,5-diiodo-phenyl)-vinyl]-4,5-dihydro-pyrazole-1-

carbaldehyde.2g 
IR (KBr): 3373 (OH), 1635 (C=O), 1573 (C=N) cm

-1
. 

1
H NMR (300 MHZ, DMSO) δ 3.23 (dd, J = 5.1, 17.9 HZ,   1H, 

HA), δ 3.67 (dd, J = 12.1, 17.8 HZ, 1H, HB), δ 5.44 (dd, J = 5.1, 12.2 HZ,  1H, HX), δ 6.87 (d, J = 16 HZ, 1H, Hα), δ 7.12 

(d, J = 16 HZ, 1H, Hβ), 7.22-7.81 (m, 4H, Ar-H), δ 8.93 (s, 1H, CHO), δ 12.1 (s, 2H, two OH). 
13

CNMR (DMSO) 

163.27 (C=O), 156.24 (2C of two Ar-OH), 145.08 (C=N), 138.32 (Cβ of C=C double bond), 137.26 (C of Ar-C), 

135.22 (C of Ar-C), 130.57 (2CH of two Ar-C), 118.24 (Cα of C=C double bond) 112.36 (2CH, of two Ar-C), 88.17 

(4C of four Ar-I), 51.37 (-CH), 37.96 (-CH2). MS m/z: 812 (M
+
). Anal. Cacl for C18H12O3N2I4: C, 26.60; H, 1.47; X 

(I), 62.56. Found: C, 26.63; H, 1.49; X (I), 62.58 

 

4.12 Antimicrobial Assay 
The antibacterial activities of the synthesized compounds (2a-g) were determined by agar well diffusion method

33
. 

The compounds were evaluated for antibacterial activity against Bacillus subtilis [MTCC 2063] and Staphylococcus 

aureus [MTCC 2901]. The antifungal activity performed against Aspergillus flavus [MTCC 2501] and Candida 

albicans [MTCC 183] were procured from Institute of Microbial Technology (IMTech), Chandigarh, India. The 

antibiotic streptomycin (25µ/mL) and fluconazole used as reference drug for antibacterial and antifungal activity, 

respectively. Dimethyl sulphoxide (1%, DMSO) used a control without compound. 
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Table-3: Effect of solvent on synthesis of 5-(2-Hydroxy-3,5-diiodo-phenyl)-3-[2-(2-hydroxy-3,5-diiodo-phenyl)-vinyl]-4,5-

dihydro-pyrazole-1-carbaldehyde : 2g 

Entry Solvent Time (h) Yield (%) 

1 Ethanol 14 70 

2 Acetic acid 16 65 

3 Formic acid 18 68 

4 DMF 12 75 

5 2-Methoxyethanol 04 91 

 

Table-4: Antimicrobial screening of some new 4,5-dihydro-pyrozole-1-carbaldehyde 

Entry Zone of inhibition (mm) 

 Af Ca Bs Sa 

2a 12 15 -- 13 

2b 17 -- 15 12 

2c 21 19 18 17 

2d 23 21 19 19 

2e 26 24 28 26 

2f 28 26 26 30 

2g 26 26 28 26 

Reference 1 26 28 NA NA 

Reference 2 NA NA 30 28 
Reference 1 = Fluconazole 

Reference 2 = Streptomycin 

NA= Not Applicable 

 

The culture strains of bacteria were maintained on nutrient agar slant at 37 ± 0.5 
0
C for 24 h. The antibacterial activity 

was evaluated using nutrient agar plate seeded with 0.1 mL of respective bacterial culture strain suspension prepared 

in sterile saline (0.85%) of 10
5
 CFU/mL dilutions. The wells of 6 mm diameter were filled with 0.1 mL of compound 

solution at fixed concentration 25 µ/mL separately for each bacterial strain. All plates were incubated at 37 ± 0.5 
0
C 

for 24 h. Zone of inhibition were noted in mm, Table-4.  

For antifungal activity, all culture strains of fungi maintained on potato dextrose agar (PDA) slant at 27 ± 0.2 
0
C for 24-48 h, until sporulation. Spore of strains were transferred into 5 mL of sterile distilled water containing 1% 

Tween-80 (to suspend the spore properly). The spores were counted by haemocytometer (10
6
 CFU/mL). Sterile PDA 

plate was prepared containing 2% agar; 0.1 mL of each fungal spore suspension was spread on each plate and 

incubated at 27± 0.2 
0
C for 12 h. After incubation well prepared using sterile cork borer and each agar well was filled 

with 0.1 mL of compound solution at fixed concentration 25 µ/mL. The plates were kept in refrigerator for 20 min for 

diffusion and then incubated at 27± 0.2 
0
C for 7 days except Candida albicans. After incubation, zone of inhibition of 

compounds were measured in mm along with standard, Table-4.  
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ABSTRACT 
Twelve compounds have been isolated for the first time from Amberboa ramosa namely, octacosanoic acid (1), cinnamicacid (2), 

7,8-dihydroxycoumarin (3), 5-hydroxy-7,8-dimethoxyflavone(4), 5-hydroxy-3,6,7,4-tetramethoxyflavone (5), 5,7,3',4'-

tetrahydroxyflavone (6),-amyrin (7),-amyrin acetate (8), marrusidin A (9) marrusidin B (10), polyodonine (11), stigmasterol 

3-O--D-glucopyranoside (12)respectively. Their structures have been elucidated by EI-MS, HR-EI-MS, HR-FAB-MS, 
1
H-NMR 

and 
13

C-NMR spectroscopic data. Compounds 2-6 showed moderate antioxidant activity. 

 

Keywords: NMR; Amberboa ramosa; Compositeae; Antioxidant activity; Compositeae. 

 
1. INTRODUCTION 
The genus Amberboa is a small genus of family Compositeae, comprising six species. These are annuals or biennials 

extending from Mediterranean to Central Asia
1-2

. This plant is used as tonic, aperient, febrifuge, deobstruent, cytotoxic 

and antibacterial activities. A decoction of leaves is given to relieve swelling and to dissolve kidney stones, treating 

vomiting, paralysis and diseases of spleen. A paste of this plant is used on open wounds and other skin diseases. Its 

roots and flowers are reported to possess medicinal properties against rheumatism and kidney troubles
3-5

. Shifting of 

literature revealed that triterpenoids, flavonoids, steroids and sesquiterpene lactones have previously been reported 

from this species
6-8

. The chemotaxonomic and ethnopharmacological significance of the genus Amberboa promted us 

to reinvestigate the constituents of A. ramosa. As a result, we now report the isolation and structural elucidation of 

octacosanoic acid (1), cinnamic acid (2), 7,8-dihydroxycoumarin (3), 5-hydroxy-7,8-dimethoxyflavone(4), 5-hydroxy-

3,6,7,4-tetramethoxyflavone (5),  5,7,3',4'-tetrahydroxyflavone (6),-amyrin (7),-amyrin acetate (8), marrusidin A 

(9) marrusidin B (10), polyodonine (11), stigmasterol 3-O--D-glucopyranoside (12), respectively. The compounds 2 

– 6 showed moderate antioxidant activity. 

 

2. RESULTS AND DISCUSSION 
The methanolic extract of the whole plant of Amberboa ramosa was subsequently divided into n-hexane, chloroform, 

ethylacetate, n-butanol and water-soluble fractions. The ethyl acetate soluble fraction was subjected to a series of 

column and flash chromatographic techniques as described in the experimental to obtain twelve compounds reported 

for the first time from this species. These could be identified octacosanoic acid (1), cinnamic acid (2), 7,8-

dihydroxycoumarin (3), 5-hydroxy-7,8-dimethoxyflavone(4), 5-hydroxy-3,6,7,4-tetramethoxyflavone (5), 5,7,3',4'-

tetrahydroxyflavone (6),-amyrin (7),-amyrin acetate (8), marrusidin A (9) marrusidin B (10), polyodonine (11), 

stigmasterol 3-O--D-glucopyranoside (12) respectively, on the basis of their respective spectral data.  
 

3. EXPERIMENTAL 

 

3.1 General 
Optical rotations were measured on a JASCO DIP-360 polarimeter. IR spectra were recorded on a 460 Shimadzu 

spectrometer. EI-MS and HR-FAB-MS were recorded on JMS-HX-110 and JMS-DA 5000 mass spectrometers. The 
1
H-NMR, 

13
C-NMR, HMQC, and HMBC spectra were recorded on Bruker spectrometers operating at 400 MHz for 

1
H- and 100 MHz for 

13
C-NMR, respectively. The chemical shift values are reported in ppm (δ) units and the coupling 

constants (J) are in Hz. Aluminum sheets precoated with silica gel 60 F254 (20 × 20 cm, 0.2 mm thick; E-Merck) were 

used for TLC and silica gel (230-400 mesh) was used for column chromatography. Visualization of the TLC plates 

was carried out under UV at 254 and 366 nm and by spraying with ceric sulfate reagent (with heating). Melting points 

were determined on a Gallenkemp apparatus and are uncorrected. For antioxidant assay all the chemicals were 

purchased from Sigma Chemical Company (St. Louis, MO, USA) 

 

3.2 Plant Material  

The whole plant of Amberboa ramosa Jafri (Compositae) was collected in June 2002, from Karachi (Pakistan) and 

identified by Dr. SurraiyaKhatoon, Plant Taxonomist, Department of Botany, University of Karachi, where a voucher 

specimen (no. KU 312 b) has been deposited. 

mailto:fsrehmani@uok.edu.pk
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3.3 Extraction and Isolation  
The shade dried plant material (22 kg) was extracted with methanol (3x40 L) for ten days at room temperature. The 

solvent was evaporated under reduced pressure and the residue (217 g) was partitioned between n-hexane and water. 

The water soluble fraction was further extracted with chloroform, ethyl acetate and n-butanol. The column 

chromatography of the ethyl acetate soluble fraction (90 g) over silica gel and elution with n-hexane-ethyl acetate in 

increasing order of polarity afforded six major fractions (A-F). The fraction A which was obtained from n-hexane: 

CHCl3 (8:2) was further purified by column chromatography over silica gel eluting successively with hexane and 

chloroform (8.6:1.4) to afford 1 and (7.5:2.5) to furnished compound 2. The fraction B obtained from n-hexane-CHCl3 

(7.0:3.0) was a mixture of three components, which were separated by column chromatography using solvent system 

n-hexane-CHCl3 (7.7:2.3) to afford compound 4, n-hexane-CHCl3 (7.4:2.6) to afford compounds 7 and n-hexane-

CHCl3 (7.2:2.8) compound 8, respectively. The fraction C obtained from n-hexane-CHCl3 (5.0:5.0) was further 

purified by column chromatography eluting with n-hexane-CHCl3 (5.6:4.4) to afford compound 3 and mixture of two 

compounds which was further purified by column chromatography using solvent n-hexane-CHCl3 (4.9:5.1) as eluent 

to obtain compounds 5 and 11. The fraction D obtained from n-hexane-CHCl3 (2.0:8.0) was rechromatographed over 

silica gel and eluted with n-hexane-CHCl3 (2.3:7.7) afford compounds 9 and 10 from the top and tail fractions, 

respectively. The fraction E obtained from CHCl3 was rechromatographed and eluted with CHCl3-MeOH (9.9:0.1) to 

afford compound 6. The fraction F obtained from CHCl3-MeOH (9.5:0.5) was subjected to column chromatography 

eluting with CHCl3-MeOH (9.8:0.2) to obtain compound 12. 

3.3.1 Octacosanoic acid 

Amorphous solid (21 mg); 135-136 °C; IR (KBr) max cm
-1

: 2780 and 1705; 
1
H-NMR (CDCl3, 400 MHz) : 2.32 (2H, 

t, J= 7.5 Hz, H-2), 1.61 (2H, q, H-3), 1.23-1.28 (48H, br s, H-4-H27) and 0.84 (3H, t, J= 6.4 Hz, Me-28); EI-MS m/z 

(rel. int.): 424 (M
+
), 368 (80), 325 (9), 269 (16), 185 (14), 111 (31), 101 (13), 87 (23), 73 (100), 60 (55); HR-EI-MS 

m/z: 424.4276 (calcd for C28H56O2, 424.4280).The physical and spectral data showed complete agreement with those 

reported in the literature
9
. 

3.3.2 Cinnamic acid 

White solid (8 mg), m.p. 132-133 
o
C; UV (CHCl3) max (log ε) nm: 326 (3.9), 285 (3.06); 

1
H-NMR (CDCl3, 400 MHz) 

δ: 7.52 (1H, d, J = 15.9 Hz, H-1), 7.36 (m), 7.29 (m), 7.21 (m), 6.25 (1H, d, J =15.9 Hz, H-2); HR-EI-MS, 

m/z:148.6151 (calcd for C9H8O2, 148.6158), El-MS mlz(rel. int.): 148 [M]
+
 (21), 117 (25), 107 (100), 105 (16). The 

physical and spectral data showed complete agreement with those reported in the literature
10

. 

3.3.3 7,8-Dihydroxycoumarin 

Amorphous solid (14 mg), m.p. 113-114°C; UV (CHCl3) max (log ε) nm: 312 (3.77), 243 (3.82), 218 (4.08); IR (KBr) 

max cm
-1

: 3108, 1713, 1607, 1595, 1525, 1503; 
1
H-NMR (CDCl3, 400 MHz) δ: 7.61 (1H, d, J = 9.5 Hz, H-4), 6.85 

(1H, d, J = 8.4 Hz, H-5), 6.75 (1H, d, J = 8.4 Hz, H-6), 6.10 (1H, d, J = 9.5 Hz, H-3); HR-EI-MS, m/z: 178.0261 

(calcd for C9H6O4, 178.0267), El-MS mlz(rel. int.): 178 (100), 150 (84), 122 (14), 94 (28), 66 (43), 51 (14). The 

physical and spectral data were much closed to the reported values
11

. 

3.3.4 5-Hydroxy-7,8-dimethoxyflavone 
Yellowish crystalline solid (18 mg); M.P.:97-98 °C; UV (MeOH)λmax nm (log ε): 247 (3.28), 215 (3.50), 315 (4.52) 

IR(KBr) maxcm
-1

:3519, 2925, 1660, 1610, 157o;
1
H-NMR(CD3OD, 400 MHz) δ: 6.68 (s, H-6), 7.85 (1H, d, J = 7.6 

Hz, H-2', H-6'), 7.53 (3H, m, H-3', H-4', H-5'), 6.58 (1H, s, H-3), 3.92, 3.98 (6H, s, MeO-7, 8) and 12.69 (chelated 

hydroxyl group at C-5); EI-MSm/z (rel. int.): 298 (37), 255 (28), 181 (15), 153 (53), 125 (17), 102 (19), 93 (21), 77 

(25), 69 (100); HR-EI-MS: [M] 
+
 peak atm/z: 298.0829 (calcd for C17H14O5; 298.0831). The physical and spectral data 

were in closed agreement to the reported values
12

. 

3.3.5 5-Hydroxy-3,6,7,4-tetramethoxyflavone 

Amorphous powder (12 mg), m.p. 178-180 ºC; UV (CHCl3) max (log ε) nm: 331 (3.92), 275 (3.89), 252 (4.06); IR 

(KBr) max cm
-1

: 3502, 2954, 1672, 1621, 1564, 1509; 
1
H-NMR (CDCl3, 400 MHz) δ : 8.05 (2H, d, J = 8.5 Hz, H-2', 

H-6'), 6.99 (2H, d, J = 8.5, H-3', H-5'), 6.48 (1H, s, H-8), 3.93, 3.90, 3.87, 3.84 (12H, s, MeO-6, 7, 3, 4'), and 12.60 

due to chelated hydroxyl group at C-5; HR-EI-MS showed [M]
+
 at m/z 358.1123 (calcd for C19H18O7, 358.1129), E-

IMS m/z (rel. int.): 358 (100), 344 (57), 316 (11), 300 (18), 226 (20), 165 (16), 135 (28), 83 (25). The physical and 

spectral data identified it as 5-hydroxy-3,6,7,4-tetramethoxyflavone
13-14

. 

3.3.6 5,7,3',4'-Tetrahydroxyflavone 

Yellow crystals (10 mg), m.p. 328°C; UV (CHCl3) max (log ε) nm: 256 (3.64), 265 (3.62), 360 (4.12) and 306 (4.41); 

IR (KBr) max cm
-1

: 3300 (OH), 1655 (C=O) and 1593 (C=C); 
1
H-NMR (C5D5N, 400 MHz) : 6.72 (1H, d, J = 1.8 Hz, 

H-6), 6.91 (1H, d, J = 1.8 Hz, H-8), 6.79 (1H, s, H-3), 7.54 (1H, dd, J = 8.2, 2.2 Hz, H-6'), 7.27 (1H, d, J = 8.2 Hz, H-

5'), 7.51 (1H, d, J = 2.2 Hz, H-2'), 13.78 (1H, br s, 5-OH); 
13

C-NMR (C5D5N, 100 MHz)  : 181.7 (C-4), 166.9 (C-7), 

157.9 (C-5), 101.8 (C-9), 162.6 (C-2) , 114.7 (C-3), 150.4 (C-3), 151.9 (C-4), 147.8 (C-6), 116.8 (C-1), 119.4 (C-
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5), 122.7 (C-2), 164.0 (C-10); HR-EI-MS, m/z:286.2321 (calcd for C15H10O6, 286.2365),EI-MS m/z (rel. int.): 286 

(100), 270 (34), 153 (16) and 69 (18). The physical and spectral data showed complete agreement with those reported 

in literature
15

. 
 

3.3.7 -Amyrin 

Crystallized from ethanol (33 mg); MP: 197-198 
o
C; [α]D

25
: +100(c = 0.21, CHCl3); IR (KBr) max cm

-1
: 3510, 3055, 

1635 and 820; 
1
H-NMR (CDCl3, 500 MHz) δ: 5.11 (1H, m, H-12), 3.19 (1H, dd, J= 10.0, 4.5 Hz, H-3), 1.02, 1.01, 

1.08, 0.96, 0.93, 0.88, 0.85 and 0.80 (3H, each s, Me); EI-MS m/z (rel. int.): 426 [M]
+ 

(15), 411 (18), 408 (16), 393 

(32), 257 (20), 218 (100), 207 (10), 203 (40) and 189 (55); HR-EI-MS m/z: 426.3825 (calcd. for C30H50O, 426.3861). 

The physical and spectral data were in close agreement to the reported values
16-17

. 
 

3.3.8 -Amyrin acetate 

Crystallized from MeOH (34 mg); MP: 244-245 
º
C; [α]D

25
: + 81.4(c = 0.20, CHCl3); IR (KBr) maxcm

-1
: 3055, 1710, 

1660, 1460, 1382, 1180 and 810; 
1
H-NMR (CDCl3, 500 MHz) δ:5.10 (1H, m, H-12), 4.05 (1H, dd, J= 10.0, 4.5 Hz, H-

3), 2.13 (3H, s, OAc), 1.00, 1.07, 0.98, 0.96 (3H, each s, Me), 0.90 (6H, s, H-29 and H-30), 0.86 and 0.81 (3H, each s, 

Me); EI-MS m/z (rel. int.): 468 [M]
+
 (27), 426 (35), 411 (11), 408 (12), 257 (26), 218 (100), 207 (8), 203 (55) and 189 

(75); HR-EI-MS m/z: 468.3931 (calcd. for C32H52O3, 468.3916). The physical and spectral data coincided with the 

literature
18

. 

 

3.3.9 Marrusidin A 

Amorphous powder (38 mg); M.p. 228-230°C; [α]
25

D = -42.2(c =0.045, CHCl3); IR (KBr)max cm
-1

: 2975, 1782, 1765, 

1475, 1180 and 1050; 
1
HNMR (CDCl3, 400 MHz)m, H-1a), 1.29-1.30 (1H, m, H-1b), 1.78-1.80 

(1H, m, H-2a), 1.71-1.73 (1H, m, H-2b), 2.10-2.13 (1H, m, H-3a), 1.42-1.44 (1H, m, H-3b), 2.05 (1H, d, J=4.5 Hz, H-

5), 4.68 (1H, t, J=5.4 Hz, H-6), 2.15-2.17 (1H, m, H-7a), 1.75-1.77 (1H, m, H-7b), 2.14-2.15 (1H, m, H-8), 2.07-2.08 

(1H, m, H-11a), 1.86-1.87 (1H, m, H-11b), 2.37-2.39 (1H, m, H-12a), 2.17-2.19 (1H, m, H-12b), 2.41 (1H, dd, 

J=13.4, 5.5, H-14a), 2.21-2.24 (1H, m, H-14b), 5.32 (1H, dd, J=9.2, 5.7, H-15), 1.10 (3H, d, J=6.3 Hz, H-17), 1.27 

(3H, s,  H-18), 1.04 (3H, s, H-20), 3.45 (3H, s, OMe at C-15); EI-MS: m/z 378 (34), 335 (10), 320 (7), 211 (100); HR-

EI-MS: m/z378.1340 (C21H30O6; calc. 378.1346). Its physical and spectral data showed complete agreement with those 

reported in literature
19

. 

 

3.3.10 Marrusidin B  

Amorphous powder (38 mg); M.p.230-232°; []D
25 

= +21.0 ( c 0.045, CHCl3); IR (KBr)max cm
-1

: 2974, 1780, 1768, 

1473, 1178 and 1055; 
1
HNMR (CDCl3, 400 MHz) m, H-1a), 1.30-1.32 (1H, m, H-1b), 1.76-1.77 

(1H, m, H-2a), 1.66-1.69 (1H, m, H-2b), 2.05-2.06 (1H, m, H-3a), 1.40-1.43 (1H, m, H-3b), 2.14 (1H, d, J=4.5 Hz, H-

5), 4.67 (1H, t, J=5.2 Hz, H-6), 2.21-2.23 (1H, m, H-7a), 1.70-1.74 (1H, m, H-7b), 2.09-2.2.11 (1H, m, H-8), 2.24-

2.25 (1H, m, H-11a), 1.87-1.88 (1H, m, H-11b), 2.33-2.55 (1H, m, H-12a), 2.15-2.17 (1H, m, H-12b), 2.55 (1H, dd, 

J=13.6, 5.6, H-14a), 2.18-2.19 (1H, m, H-14b), 5.36 (1H, dd, J=9.0, 5.8, H-15), 0.84 (3H, d, J=6.0 Hz, H-17), 1.25 

(3H, s,  H-18), 1.02 (3H, s, H-20), 3.48 (3H, s, OMe at C-15); EI-MS: m/z 378 (36), 335 (9), 320 (6), 211 (100); HR-

EI-MS: m/z378.1340 (C21H30O6; calc. 378.1346). The physical and spectral data showed complete resemblance with 

the reported values
19

. 
 

3.3.11 Polyodonine 

White crystalline solid (38 mg); M.p 200-201
o
C; [a]D

25
 = +78

o
 (c 0.1, CHCl3); IR (KBr)max cm

-1
:1760 cm

-1
 and 1740, 

3092 and 1602 cm
-1

; 
1
HNMR (CDCl3, 400 MHz): : 1.71(m, 1H), 1.31(m, 1H), 1.59(m, 1H), 1.83(m, 1H), 2.17(m, 

1H), 1.52 (m, 1H), 2.28 (d, 4.4 Hz, 1H), 4.75 (dd, 4.4, 6.0 Hz), 1.73 (m, 1H), 2.23 (m, 1H), 2.15 (m, 1H), 2.37 (d, 18.4 

Hz, 1H), 2.80 (d, 18.4 Hz, 1H), 4.99 (d, 2.5 Hz, 1H), 6.62 (dd, 2.5, 0.5 Hz, 1H), 4.33 (d, 10.7 Hz, 1H), 4.47 (dd10.7, 

0.5 Hz, 1H), 0.72 (d, 6.4 Hz, 3H), 1.32 (s, 3H), 1.07 (s, 3H); 
13

C-NMR (CDCl3, 100 MHz ) : 28.3 (C-1), 17.7 (C-2), 

28.1 (C-3), 44.0(C-4), 44.3 (C-5), 75.5 (C-6), 31.1 (C-7), 31.3 (C-3), 84.6 (C-9), 38.5 (C-10), 40.0 (C-11), 212.5 (C-

12), 92.7 (C-13), 102.7 (C-14), 151.4 (C-15), 77.9 (C-16). 15.6 (C-17), 22.5 (C-18), 183.4 (C-19), 23.7 (C-20); EIMS: 

m/z (rel. intensity):  346.2 (13), 329 (6), 234 (47), 207 (3) and 173 (39). The physical and spectral data showed 

complete agreement with literature
20

. 

 

3.3.12 Stigmasterol 3-O--D-glucopyranoside 

Colorless crystals (38 mg); MP: 289-290 
o
C; []D

 25
:–51.5 (c = 0.22, CH3OH); IR (KBr) max cm

-1
: 3454 (OH), 3024, 

1646 (C=C); 
1
H-NMR (CD3OD, 400 MHz) δ: 5.23 (lH, br d, J = 5.4 Hz, H-6), 5.14 (lH, dd, J = 15.2, 8.4 Hz, H-22), 

5.02 (lH, dd, J= 15.2, 8.6 Hz, H-23), 4.78 (lH, d, J= 7.4Hz, H-l), 3.83 (lH, m, H-3), 3.84-4.44 (m, Glc-H), 1.01 (3H, 

s, Me-19), 0.90.(3H, d, J = 6.2 Hz, Me-21), 0.83 (3H, d, J = 6.5 Hz, Me-26), 0.82 (3H, t, J = 7.0 Hz, Me-29), 0.80 

(3H, d, J = 6.5 Hz, Me-27), 0.67 (3H, s, Me-18); 
13

C-NMR (CD3OD, 125 MHz) δ: 141.5 (C-5), 138.9 (C-22), 129.1 

(C-23), 121.1 (C-6), 102.8 (C-1'), 79.8 (C-3), 76.9 (C-3'), 76.7 (C-5'), 74.2 (C-2'), 70.6 (C-4'),62.2 (C-6'), 57.0 (C-14), 
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56.1 (C-17), 52.1 (C-24), 50.8 (C-9), 43.9 (C-4), 43.1 (C-13), 40.5 (C-20), 39.9 (C-12), 37.8 (C-l), 36.9 (C-10), 32.9 

(C-25), 32.8 (C2), 31.9 (C-7), 31.7 (C-8), 28.9 (C-16), 25.6 (C-28), 24.5 (C-15), 21.9 (C-21), 21.7 (C-27), 21.5 (C-

11), 19.5 (C-19), 19.1 (C-26), 12.6 (C-18), 12.1 (C-29); EI-MS m/z (rel. int.): 412 [M-Glu]
+
 (72), 397 (15), 394 (22), 

379 (28), 369 (35), 351 (71), 300 (67), 327 (55), 301 (15), 273 (21), 271 (26); HR-FAB-M\S m/z: 575.4231 [M+H]
+ 

(calcd for C35H5906, 575.4233). It was identified through physical and spectral data as stigmasterol 3-O--D-

glucopyranoside
21-22

. 
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Fig. 1: Structure of compounds 1-12 isolated from Amberboa ramosa
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ABSTRACT 
A rapid, sensitive and selective HPLC separation with photodiode array detector was developed for the determination of the α-

keto acids from pharmaceutical tablet.  α-keto acids (1) 3-methyl 2-oxobutyric acid (MKBA), (2) 3-methyl 2-oxovaleric acid 

(K3MVA), (3) 4-methyl-2-oxovaleric acid (K4MVA) and (4) Phenyl pyruvic acid (PPY)  as  derivatives with 4-dinitro 1,2- 

phenylenediamine (NPD) eluted and separated from HPLC column Zorbax C–18 and the UV detection was carried out by 

photodiode array at 255 nm at  pH 3. The isocratic elution was with methanol-water-acetonitrile (42:56:2V/V/V) with flow rate 

0.9 ml/min. The standard curves were linear from 0.45-100 µg/ml and detection limits were within 0.1-0.266 µg/ml of each acid. 

The elution and separation of four keto acids was rapid within 10 min.The method was repeatable with relative standard deviation 

(RSD) within 0.1-2.9% for each of the α-keto acids. The method was applied for determination of α-keto acids from a 

pharmaceutical preparation. The result was further confirmed by standard addition technique. 
 

Keywords: HPLC, α-Keto acids, 4-nitro1, 2-phenylenediamine, Ketostril tablet. 

 
1. INTRODUCTION 
α-Keto acids are important intermediates in the biosynthesis of amino acids and carboxylic acids, glycolysis 

cabohydrates  metabolism
1-2

. Each of the keto acid has its specific function, Pyruvic acid (PYR) is involved in 

biosynthesis of alanine and a change in the concentration of phenylpyruvic acid is reported in hypercatobolic states
3-4

 , 

while the concentration of phenylpyruvic acid is increased in plasma from patients with hereditary metabolic 

diseases
5-6

. Branched chain keto acids, 3-methyl 2-oxovaleric acid (K3MVA) and 4-methyl-2-oxovaleric acid 

(K4MVA) are involved in protein turn over, hence their determination is of interest of pathological situation such as 

sepsis burns and heptic disorders
7-9

.  

The common methods for the determination of α-keto acids are based on spectrophotometric and 

spectroflurimetric, High Performance Liquid Chromatography HPLC
10-15

 and gas chromatography
16-19

. The 

chromatography of α-keto acids involves derivatization before their detection. The derivatizing reagents used for the 

sensitive HPLC determination are mainly 2,4-dinitro-phenylhydrazine
20

, 4-hydrazine-2-stilbanzole
21

, 1, 2- diamino-4, 

5-dimethoxybenzene
22

 , 1, 2- diamino-4, 5-methylenedioxybenzene
23

 and 4, 5-diaminophthalhydrazide
24

. o-

phenylenediamine
25-27

. 4-nitro1, 2-phenylenediamine (NPD) is related to o-phenylenediamine and has been used for 

the determination of -keto acids by paper chromatography. However these techniques are required time consuming 

and procedure of sample preparation involving complications. 

The present work examines the use of 4-nitro1, 2-phenylenediamine (NPD) as a derivatizing reagent for 

HPLC separation and determination of -keto acids from a pharmaceutical preparation.  
 

2. MATERIAL AND METHODS 
 

2.1 Reagents 
MKBA, K3MVA, K4MVA, sodium salt, (Fluka, Switzerland), PPY (sigma,USA) and NPD (Fluka, Switzerland) were 

used. The standard solutions of α-Keto acids (1.0 mg/ml) were prepared in 10 % acetic acid (w/v). Further solutions 

were prepared by appropriate dilution.  

The NPD was recrystalized from n-heptane before use. Methanol (Fisher Scientific, HPLC grade 

Leicestershire, UK), acetic acid, (Riedel-dehaen,Germany), hydrochloric acid (37%), potassium chloride, sodium 

acetate, ammonium acetate, boric acid, sodium tetraborate,  sodium bicarbonate, sodium carbonate, ammonium 

chloride and ammonia (25%) (E. Merck, Germany) were used. 

The Buffer solutions within pH 1-10 at unit interval were prepared from the following: Hydrochloric acid (0.1 

M) and potassium chloride (1 M)), acetic acid (1 M) and sodium acetate (1 M), ammonium acetate (1 M) boric acid (1 

M) and sodium tetraborate (1 M), sodium bicarbonate (1 M), sodium carbonate (saturated) and ammonium chloride (1 

M) and ammonia solution (1 M). 
 

2.2 Equipment 
pH measurement was made with an Orion 420 A pH meter (Orion (Pvt), Ltd, Boston, U.S.A) with combined glass 

electrode and internal reference electrode. Spectrophotometric study was carried out with a double-beam Hitachi 220 

mailto:kpmahar@yahoo.com
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Spectrophotometer (Hitachi (Pvt) Ltd Tokyo, Japan) with dual 1 cm silica cuvettes. High Performance Liquid 

Chromatography was carried out on Agilent model 1100–network HPLC System (Agilent Technology Inc, USA) 

1100 series with diode array detection system. The computer with Chemstation software controlled the HPLC. The 

column ZORBAX 300 SB-C18 (4.6x150mm id) (Agilent Technology Inc, USA) was used throughout the study.  
 

2.3 Analytical Procedures 
 

2.3.1 Spectrophotometric Procedure 
The solution (1-2 ml) containing (5-100 µg) MKBA, K3MVA, K4MVA and PPY was transferred to 10 ml volumetric 

flask separately. Each of the solution was added NPD solution (1.5 mL, 1%, w/v in methanol), acetic-acid sodium 

acetate buffer (pH 3) (1 ml) and contents were warmed on water bath at 80 
0
C for 30 minutes. The volume was 

adjusted with methanol and absorption spectrum was recorded within 400-250 nm against reagent blank. The reagent 

blank was prepared following the same procedure, without the addition of α- keto acids. 
 

2.3.2 HPLC Procedure 
The solution (1ml) containing MKBA, K3MVA, K4MVA, and  PPY  of each within the concentration range as 

indicated in Table-1, was added NPD reagent solution (1.5 ml, 1%, w/v in methanol) and acetic acid-sodium acetate 

buffer pH 3 (1 ml). The contents were warmed at 80 
0
C for 30 minutes and volume was adjusted with methanol to 10 

ml. The solution (20 µl) was injected on the column Zorbax C-18 (4.6x150 mm-id) and eluted with methanol-water-

acetonitrile (42:56:2V/V/V) with a flow rate 0.9 ml/min. The detection was at 255 nm.       
 

Table-1: HPLC parameter for α-Keto acids using NPD as a derivatization reagent 

S.no 
Name of 

Compound 

Calibration 

Range 

(µg/mL) 

Coefficient of 

determination 

(R
2
) 

Least Square 

Or Regression 

Limit of 

Detection N 

(LOD) (µg/mL) 

Limit of 

Quantitation 

(LOQ) 

1 MKBA (0.45-100) 0.998 Y=0.4897x+0.0119 0.15 0.45 

2 K3MVA (0.6-100) 0.9976 Y=0.2584x+0.0286 0.266 0.8 

3 K4MVA (0.6-100) 0.9983 Y=0.148x+0.0333 0.2 0.6 

4 PPY (0.4-100) 0.9957 Y=0.1196x  -0.0519 0.1 0.3 
                      

2.3.3 Analysis of Pharmaceutical preparation 
Five tablets Ketostril (Fresenius Kabi Bad Homburg, Germany) were ground to powder and amount (0.802 g) 

corresponding to one tablet was dissolved in 10% acetic   ml). The solution was filtered and volume adjusted to 100 

ml. Well mixed solution 0.4 ml and 0.6 ml were transferred to 10 ml volumetric flasks and analytical procedure 2.3.2 

was followed. The quantitation was carried out using linear calibration curves based on  
 

Y=ax=+b. 
    

2.3.4 Analysis of Pharmaceutical Preparation by Standard Addition  
Five tablets of Ketostril were treated as 2.3.3. The solutions 0.4 ml and 0.6 ml were taken in duplicate. A solution was 

processed as 2.3.2 and others were added MKBA 50 µg, K3MVA 60 µg, and K4MVA 100 µg, PPY 40 µg, and again 

processed as 2.3.2. The quantitation was carried out from external calibration curve and an increase in the response 

with added standards. 
 

3. RESULTS AND DISCUSSION 

α-keto acids react with NPD to form nitroquinoxanol. The effect of reaction conditions in terms of pH, 

amount of reagent NPD added per analysis, warming time and temperature were examined. The reactions 

were initially monitored by spectrophotometer. The derivatives indicated maximum absorbance within 299-

340 nm against reagent blank and were used for monitoring of each reaction. The condition which gave 

maximum absorbance was considered optimum. The effect of pH within 1 to 10 at unit interval was 

examined and the reaction was observed maximum in acidic medium and acetate buffer pH 3 was selected. 

The reagent solution (1% w/v in methanol) was varied from 0.5-4.0 ml and at an interval of 0.5 ml. A 

similar response was observed with the addition of 1 ml and above and addition of 1.5 ml was selected. The 

warming time at 80 
0
C was varied from 10-40 min at an interval 5 min. Maximum absorbance was observed 

with warming time of 15 min and above and warming time of 30 min was selected. Each of the derivatives 

at optimized conditions obeyed the Beer’s law within 10-100 µg/ml and did not show any change in 

absorbance up to 24 hours. For the simultaneous determination of the α-keto acids HPLC was examined from 

Zorbax C-18 column. Each of the derivatives eluted as single peak and separated from the derivatizing reagent. The 

separation of the α-keto acids was next examined using different compositions of eluting solvent system. An optimal 

separation between MKBA, K3MVA, K4MVA and PPY was obtained when eluted isocratically with methanol-water-
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acetonitrile (42:56:2 v/v/v) with a flow rate of 0.9 ml/min (Fig-1). Complete and baseline separation was obtained. 

The peak identification was made on the basis of retention time and by spiking each of the α-keto acids in sequence. 

Repeatability of the separation (precision) in terms of retention time and peak height was examined (n=5) and relative 

standard deviations (RSD) were observed within 0.1-2.0% and 1.5-2.9% respectively. The derivatives absorb within 

UV region due to -* transition within quinoxalinols rings and wave length at peak maximum was examined with 

the diode array detector and wave length of the UV detector was fixed at 255 nm. 
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Fig-1: HPLC separation of (1) Reagent, (2) MKBA, (3) K3MVA, (4) K4MVA, (5)PPY 

from Tablet sample. 

Conditions:  column Zorbax C-18 (4.6 x 150 mm id) isocratic elution with 

methanol – water - acetonitrile (42:56:2 v/v/v) with a flow rate of 

0.9 ml / min. UV detection by photodiode array at 255 nm. 
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Fig-2: HPLC separation of (1) Reagent, (2) MKBA, (3) K3MVA, (4) K4MVA, (5)PPY by standard addition method 

Conditions as Fig-1 
 

4. QUANTITATION AND VALIDATION 
Linear calibration curves were obtained by recording average peak height / peak area (n=4) versus concentration with 

MKBA (2.5-100 µg/ml), K3MVA (8-100 µg/ml), K4MVA (6-100 µg/ml), and PPY (3-100 µg/ml) with coefficient of 

determination (r
2
) 0.999, 0.9943, 0.9961 and 0.9983 respectively. The standard deviation (SD) and 95% confidence 

limit of slope (b) and intercept (a) for the linear regression equation Y=bx+a were calculated (Table-2). The limits of 

detection (LOD) measured as three times the signal to noise ratio (3:1) were obtained within the range 0.05-2.5 µg/ml

and limit of quantitation (LOQ) measured as signal to noise ratio (10:1) were within (0.15-2.7) µg/ml (Table-1). The 

analysis of test solutions (n=6) of the mixture of the -keto acids indicated relative error within 0.1-2.9%. The 

derivatization reaction and separation was repeatable and reproducible and variation in the response (peak height / 

peak area) of each of the α-keto acid was examined intra and inter day by the same operator under same conditions on 
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the same day and  different days (n=5) and RSDs were observed within (0.3-2.8%) and (0.5-3.2%) respectively. The 

derivatives formed were highly stable and did not show any change in response up to 48 h.  

 

Table-2: HPLC analytical results of -keto acids from Pharmaceutical preparation using 4-nitro-1, 2, Phenylenediamine as a 

derivatization reagent 

Product 
Name of -

keto 

Amount 

reported 

mg/tab 

Amount found 

mg/tab 

Relative 

deviation 

(RSD) 

%  recovery 

Tablet 

Ketosteril 

Bad Homburg, 

V.D.H.Germany 

MKBA 86 82.5 2.1 95.9 

K3MVA 67 64.8 2.6 96.7 

K4MVA 101 98 2.9 97.0 

PPY 68 65.8 0.9 97.0 

 

5. SAMPLE ANALYSIS 

A pharmaceutical preparation Ketostril tablet was analyzed for the contents of the -keto acids and amount of MKBA, 

K3MVA, K4MVA, and PPY found were 82.5 mg/tab, 64.8 mg/tab, 98 mg/tab 65.8 mg/tab with RSD 2.1%, 2.6%, 

2.2% and 1.9% and correlated with the labeled values of 86 mg/tab, 67 mg/tab 101 mg/tab and 68 mg/tab respectively. 

The analysis was also carried out by standard addition by spiking the solutions of the drug with MKBA, K3MVA 

K4MVA and PPY. The amounts found again correlated with labeled value and % recovery was observed 95.9%, 

96.7%, 97.0% and 97% with RSD 0.91%, 1.2%, 1.8% 2.0% for MKBA, K3MVA, K4MVA and PPY respectively. 

Kieber and Mopper
1
 have reported the separation of nine -keto acids within 24 min. using o-phenylenediamineas 

dervatizing reagent, spectrophotometric detection and gradient elution for sample analysis, but the present method 

reports the separation of nine -keto acids within 14 min and more commonly available spectrofluorometric detection 

and isocratic elution.  

 
Table-3:By standard addition method, 20, 80, 30 &60 ppm 

Product 
Name of -

keto 

Amount 

reported 

mg/tab 

Amount found 

mg/tab 

Relative 

deviation 

(RSD) 

%  recovery 

Tablet 

Ketosteril 

Bad Homburg, 

V.D.H.Germany 

MKBA 86   82.0   2.2   94.6  

K3MVA  67   64.9   1.9    96.0   

 K4MVA  101   98.6   2.0   95.0  

 PPY 68   65.2    1.2    98.2   

 

6. CONCLUSION 

An analytical procedure has been developed for the determination of -keto acids using NPD as derivatizing reagent. 

The Results of the analysis using the developed method for three -keto acids agreed with the labeled values in 

pharmaceutical preparation. The method reports quick and simple isocratic HPLC elution method for the separation 

and determination of α-keto acids.  
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ABSTRACT 
Nine pesticides of commonly used in Gaza Strip were tested in this work for optimal separation onto silica gel TLC plates in 

acetone/ cyclohexane, 1:2 (v/v), as a mobile phase to develop a new densitometric method for quantification and determination of 

these pesticides in water samples. These pesticides are: abamectine, atrazine, benomyl, cymoxanil, diuron, imidacloprid, linuron, 

penconazole, and propazine. Calibration plots were linear between 25 to 1000 ng/spot for all pesticides with a correlation 

coefficient, r, between 0.9920 and 0.9993. Recoveries after enrichment of real water samples on Bakerbond RP-C18cartridges 

were between 79.4 and 103.7 % at a relative standard deviation between ± 1.92 and 3.68 %. Detection limits LOD of 25 - 100 ng 

per spot for eight of the pesticides were reached, which meet the European limits for pesticides in drinking water (100 ngL
-1

), 

while penconazole has an LOD value of 200 ngL
-1

 because of its low UV-absorption coefficient. 
 

Key words: pesticides, TLC, solid phase extraction, Gaza Strip. 

 
1. INTRODUCTION 
In modern agricultural practices pesticides are used mainly for the protection of crops against pests and diseases. 

However, they have several disadvantages as a result of their undecimate application: they are hazardous to human 

health and animals, they do not completely solve pest problems, they often contaminate food, water and air. 

Pesticides are considered priority pollutants in Gaza and, with the expanding use of greenhouses; Palestinian 

agriculture is becoming increasingly dependent on chemical pesticides and fertilizers. Leaching of pesticides, a 

common and growing problem in major agricultural regions including Gaza Strip, Palestine
1
 , from soil can lead to the 

contamination of the Gaza groundwater
2
. 

Issa concluded in his survey that the misuse of pesticides by the general public increased the level of soil and 

water contamination across Gaza
3
.  According to Safi

4
, Gaza Strip consumed more than 393.3 tons of pesticides and 

more than 900 tons of methyl bromide are used annually to protect the major crops, including vegetables, citrus, olives 

and grapes in 1999
5-6

. More than 100 metric tons of formulated pesticides (about 75 pesticides) are used annually in 

Gaza Strip. It was found that 19 of these pesticides, that have been used, are internationally suspended, cancelled and 

banned pesticides
7-8

. 

Shomar et al
2
 showed that, more than 92% of common pesticides in groundwater were much lower than their 

allowable limit of the World Health Organization (WHO). However, the municipal groundwater wells showed better 

quality as they are located in the residential areas than the private wells in the agricultural regions. Atrazine, atrazine-

desisopropyl, propazine, simazine, DDT, DDE, DDD and triadimenol were detected in some wells in Gaza Strip. 

Aaron et al
9
 found that the relatively high pesticide contamination levels in ground waters and surface waters: 0.1 - 0.3 

μg L
-1 

in US ground waters, 0.03 - 0.5 μg L
-1 

 in European ground waters, while according to the above study
2
, 

approximately 1.2 - 3.5 μg L
-1  

for some pesticides were detected in ground water of Gaza Strip. The widespread use of 

pesticides in the Gaza Strip and their presence in varying and troubling quantities makes us worry about the future of 

groundwater in the Gaza Strip and the risk of the impact of these pesticides on the soil, plants, humans and the 

environment. For example, methyl bromide, which is used extensively in Gaza, causes fetus deformations, eye 

infections and dermatitis
4
 . Organochlorine pesticides used in Gaza cause breast cancer

10
. Another study conducted by 

Safi
4
 showed that heavy misuse of pesticides in the Gaza environment correlated with the growing incidence of 

cancer. It is ironic that pesticides are banned or restricted in many countries are being marketed and used in Gaza 

because of lack proper assessment and monitoring programs
11

. Also lack of awareness among pesticides' shop owners, 

farmers and public increased the level of soil and water contamination across Gaza
3-12

.  

This work contributes to development of a new densitometric method, using TLC plates, appropriate for 

monitoring of nine pesticides, mostly used in the Gaza Strip in Palestine, in water samples. The proposed method is 

rapid, simple and inexpensive.These pesticides are: abamectine, atrazine, benomyl, cymoxanil, diuron, imidacloprid, 

linuron, penconazole, and propazine. Solid phase extraction (SPE) conditions was optimized to obtain good recovery 

for investigated pesticides. Also, the LOD for them was measured.  

Although there is a wide choice of other chromatographic methods for pesticides analysis (GC, HPLC), thin 

layer chromatography TLC remains a valid and simple analytical procedure for qualitative detection and quantitative 

determination of pesticides and their metabolites in the environmental samples
13

. TLC is being used more in the recent 

past, and is the object of an official method
14

. Among several published, this method has proven every efficient and 
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reliable in the screening of the various classes of pesticides. 

From many literature reviews it was found that the nine investigated pesticides had not been completely 

separated together on one stationary phase of TLC plates. Only some of the investigated pesticides were separated on 

several stationary phases and a number of visualization techniques were tested in order to enhance the UV – 

absorption coefficient
15-37

. 
 

2. EXPERIMENTAL 
The investigated pesticides were obtained from Dr Ehrenstofer GmbH, Augsburg, Germany; the compound sand 

purities were: abamectine, atrazine, benomyl, cymoxanil, diuron, imidacloprid, linuron, penconazole, and propazine. 

RP-C18 Bakerbond spe, 3 mL, 500 mgcartridges from J.T.Baker (Gross-Gerau, Germany) were used to enrich water 

samples. All solvents for SPE and mobile phase components were of analytical grade and were obtained from Merck, 

Darmstadt, Germany. 

Standard solutions of investigated pesticides were prepared by dissolving 2 mg of each in 1 mL in suitable 

solvents to achieve best solubility as follows: abamectine, cymoxanil, diuron, linuron and atrazine were dissolved in 

ethyl acetate, benomyl in ethanol, penconazole in dichloromethane, propazine in toluene, and imidaclopride in 

dichloromethane. The prepared standard solutions were then diluted stepwise in the range between 5 and 2000 ngL
-1

. 

The solutions were stored under refrigeration at +4
o
C for several days.  

 

2.1 Solid–Phase Extraction 
One liter of drinking water was adjusted to a pH 5-7 using an Orion model 330 pH-meter and spiked with a solution of 

the nine investigated pesticides (abamectine, atrazine, benomyl, cymoxanil, diuron, imidacloprid, linuron, 

penconazole, and propazine). The water sample was enriched on C18 Bakerbond spe, 3 mL, 500 mg cartridges as 

follows: The cartridges were firstly washed with 10 mL methanol and then conditioned with 5 mL water. The column 

should not be allowed to run dry between and after the conditioning steps. After allowing the sample to pass through 

the cartridges with a rate of 2-3 mL / min the cartridges were washed with 3 mL water and let drying for 20 min under 

vacuum. For the elution of investigated pesticides different volumes of methanol and acetonitrile were tested 

separately in 1 ml portions. Using this procedure it was found that 5 ml of the acetonitrile was sufficient enough to 

elute the most pesticides from the solid material of the cartridges. 

Each cartridge was finally eluted with 5 ml acetonitrile, evaporated to dryness by a stream of nitrogen gas and 

re-dissolved in 100 μL acetonitrile. The solution obtained was used for TLC analysis. The same procedure was applied 

for blank sample. 

The above SPE developed method was capable to remove all interferences in drinking water such as the high 

concentration of nitrates and chlorides and other dissolved natural organic materials. The chromatogram in Fig-1B of 

a blank sample was obtained after SPE enrichment showed no interfering peaks. 
 

2.2 Chromatography 
Chromatography was performed on 20 cm x 20 cm plates pre-coated with 0.2 mm layer of silica gel 60 F254 

(Macherey-Nagel, Germany). For quantitative analysis standard solutions (2 μL) and sample solutions (2 μL) were 

applied to the plates as spots by using disposable micropipets; otherwise the entire SPE eluate (100 μL) was applied as 

a band, by use of the Linomat IV (Camag), with distance of 1 cm between the bands (0.5 cm wide) and a distance of 2 

cm from the bottom and both edges of the TLC plate. The nine investigated pesticides were separated by ascending 

one-diminsional development, in a saturated chamber, with acetone/ cyclohexane, 1:2 (v/v), as a mobile phase. The 

development distance was 10 cm and the run time 15 min. The spots or bands were located by viewing under a 

universal UV lamp (Vilber Lourmat, France) at λ = 254 nm. Pesticides were determined with a Shimadzu CS-9301 

dual Wavelength,  flying-spot scanning densitometer in reflectance mode using deuterium lamp at  λ = 270 nm. The 

beam size was 0.4 mm x 16 mm, the deuterium lamp was used for zero set mode at start, 15-point smoothing, and the 

calibration via peak area. The peak find filter was 50 and resolution during data collection was 0.04. 
 

3. RESULTS AND DISCUSSION 
Different combinations of solvents on silica gel TLC plates were tested for optimum separation of the nine 

investigated pesticides (abamectine, atrazine, benomyl, cymoxanil, diuron, imidacloprid, linuron, penconazole, and 

propazine) (Table-1). Acetone-cyclohexane, 1:2 (v/v), as a mobile phase in a saturated chamber proved to be optimum 

for separation of the nine investigated pesticides. The UV absorption wave lengths of the nine pesticides varied from 

222 to 279 nm. However, the best chromatogram of the scanned separated pesticides on the TLC plate was obtained at 

a wave length of 270 nm. Figure 2 shows the hRF values of all investigated pesticides. These analyses were conducted 

in triplicates and the results showed at the mean values. The relative standard deviations for the three determinations 

were in the range of 1.8 – 3.2%.Figure 1illustrates the separation of the nine pesticides on silica gel TLC plate 

(development distance 10 cm) after SPE of spiked real water sample (obtained from university well).It was observed 

that shorter development distance of the TLC plate lead to overlapping of the pesticides while development 

to longer distance gave bad resolution because of the high diffusion efficiency of acetone. 
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Table-1: The structures and the chemical names of the nine investigated pesticides. 

Pesticide Structural formula Chemical name 

Imidacloprid 

 

(2E)-1-[(6-chloro-3-

pyridinyl)methyl]-N-nitro-2-

imidazolidinimine 

Benomyl 

 

methyl[1-[(butylamino)carbonyl]-

1H-benzimidazol-2-yl]carbamate 

Abamectin 

 

avermectin B1 

Cymoxanil 

 

2-cyano-N-[(ethylamino)carbonyl]-

2-(methoxyimino)acetamide 

Diuron 

 

N'-(3,4-dichlorophenyl)-N,N-

dimethylurea 

Penconazole 

 

1-[2-(2,4-dichlorophenyl)pentyl]-

1H-1,2,4-triazole 

Linuron 

 

N′-(3,4-dichlorophenyl)-N-methoxy-

N-methylurea 

Atrazine 

 

6-chloro-N-ethyl-N′-(1-

methylethyl)-1,3,5-triazine-2,4-

diamine 

Propazine 

 

6-chloro-N,N′-bis(1-methylethyl)-

1,3,5-triazine-2,4-diamine 
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Fig-1:A: Densitogram obtained from separation of the nine investigated pesticides on silica gel TLC plate after 

enrichment of spiked real water sample; 1: Propazine, 2: Atrazine, 3: Linuron, 4: Penconazole, 5: Diuron, 6: 

Cymoxanil, 7: Abamectine, 8: Benomyl, 9: Imidaclopride; mobile phase: acetone / cyclohexane 1: 2 (v/v); 

developing distance 10 cm. 

B: Densitogram obtained from blank extract of real water sample (from university well). 

 

 
 

Fig-2: The hRF values of all investigated pesticides. 
 

Calibration plots were constructed for each pesticide under investigation by plotting peak area against the 

concentration of pesticide applied to the TLC plate (not shown). The spots or bands were scanned with the help of the 

CS-9301 Shimadzu densitometer in the cross lateral direction of the developing axis under the same chromatographic 

conditions mentioned above. The plots were linear in the range between 25 and 1000 ng, with correlation coefficient,  

r, between 0.9920 and 0.9993. A signal-to-noise ratio of 3 to 1 was chosen to define the detection limit for each 

investigated pesticide.  
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Table-2: The correlation coefficient, regression equations, r, mean Rf – values, LOD values and the specific UV 

absorption wavelength for nine investigated pesticides 

Pesticide Wavelength  λ 

(nm) 

correlation 

coefficient (R
2
) 

regression equations 
LOD 

(ng L
-1

) 
Imidacloprid 270 0.9989 y = 0.1518x + 8.0577 100 

Benomyl 279 0.9992 y = 0.2521x + 15.946 25 
Abamectine 244 0.9991 y = 0.0479x + 6.1537 100 
Cymoxanil 244 0.9920 y = 0.076x + 13.32 100 

Diuron 250 0.9989 y = 0.2479x + 5.2442 25 
Penconazole 220 0.9987 y = 0.1261x - 12.504 200 

Linuron 250 0.9992 y = 0.1799x + 0.6208 25 
Atrazine 222 0.9993 y = 0.3556x + 4.0515 50 

 

These results are summarized in Table 2. A detection limit of 25 - 100 ng per spot (or band) for eight of 

pesticides were reached, which meet the European limits for pesticides in drinking water (100 ng L
-1

). 

However, the penconazole pesticide has weaker absorption to UV light, which lead to higher LOD value 

(200 ng L
-1

). In this case a 2 L sample for SPE could solve the problem. 

 
Table-3: Recoveries, standard deviation (SD) and relative standard deviation (RSD) after enrichment of a liter water 

life sample spiked with the investigated pesticides (100 ng) on RP-C18 bakerbond cartridges. 

 Pesticide Areas Average SD RSD % Recoveries % 

Imidacloprid 

523.5 

508.2 

528.4 

520.03 10.5 2.01 94.8 

Benomyl 

285.1 

278.6 

290.4 

284.7 5.9 2.07 85.9 

Abamectine 

218.6 

230.5 

221.1 

223.4 6.25 2.79 79.8 

Cymoxanil 

267.8 

280.6 

263.1 

270.5 9.05 3.34 92.5 

Diuron 

183.9 

180.2 

191.6 

185.2 5.8 3.1 95.8 

Penconazole 

188.9 

181.7 

195.6 

188.7 6.95 3.68 79.4 

Linuron 

154.3 

158.5 

152.7 

155.2 2.99 1.92 103.7 

Atrazine 

476.4 

467.2 

498.9 

480.8 16.3 3.4 95.3 

Propazine 

338.9 

326.6 

340.2 

335.2 7.5 2.2 80.5 

  

To test the applicability of this method to the determination of the studied pesticides in drinking water, a sample of 

pesticide-free drinking water (1 L), obtained from university well, was spiked with the nine

 pesticides in study ( 0.1 μg of each), adjusted to pH 5-7 and the sample was enriched by C18 Bakerbond spe, 3 mL, 

500 mg cartridges. After drying, the cartridges were eluted as described above. The eluate was

evaporated to dryness and re-dissolved in 100 μL acetonitrile. The complete volume could be applied to the TLC plate 

by means of Linomat IV with standard solutions, then scanned by densitometer and determined quantitatively.  The 

results obtained from the SPE material are listed in Table-3. 
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4. CONCLUSION 
In this work, TLC separation of nine investigated pesticides, commonly used in Gaza Strip, on silica gel plate, and 

their densitometric determination, are described. Recoveries after enrichment of real water samples by solid phase 

extraction were optimum for quantitative determination. 

The method developed is rapid, inexpensive, reliable and sensitive enough to meet international limits ( 0.1 μg L
-1

).  

The nine investigated pesticides were separated on silica gel TLC plate in acetone/cyclohexane 1:2 (v/v) as a 

mobile phase at a developing distance of 10 cm. A linearity range between 25 to 1000 ng/spot was achieved with a 

correlation coefficient between 0.9920 and 0.9993. The recoveries obtained were between 79.4 and 103.7 % at a 

relative standard deviations between 1.92 and 3.68 %. 
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ABSTRACT 
The disposal of industrial wastage without proper treatment is responsible for the lowering of crop productivity with the 

accumulation of essential and non essential trace metals in the land. The present research was designed to evaluate Cadmium 

toxicity on plant growth and to describe the remedial effect of tea wastage against Cd(II) toxicity with reference to the growth of 

wheat (Triticum aestivum L).Application of Cd
2+

decreased the wheat seedling growth along with alleviated concentration. It was 

dose-dependent, and significant at higher concentration of CdCl2. The result showed the inhibitory effect of Cd
2+

ion on plant 

growth which includes reduction in shoot and root length, plant fresh and dry biomass and soluble carbohydrate and significant 

increase in total phenol contents as defense biomolecule against external stress. Adsorption is a promising alternative method to 

treat industrial effluents. Mainly because of its low cost and high metal binding capacity tea waste is one of the low cost and easily 

available adsorbent having strong adsorptivity towards heavy metals. The consumed tea leaves were found to be able to remove 

substantial amounts of Cd
+2

ions from aqueous solution. Thus it can be inferred that the addition of tea waste at appropriate rate 

may be useful approach to enhance the plant growth and to immobilize Cd
2+

by depressing its bioavailability. 
 

Key word: toxic metals; remedial effect; tea wastage; bioavailability. 

 
1. INTRODUCTION 
Cd

2+
 is recognized as an extremely significant pollutant due to its high toxicity and large solubility in water

1
.Cadmium 

can alter the uptake of minerals by plants through its effects on minerals availability
2
. Stomatal opening, transpiration, 

and photosynthesis
3 
have been reported to be affected by Cd

2+
. Like other divalent ions, Cd

2+
 is also able to displace 

essential metal cations from proteins generally leading to inhibition of enzyme activities. Among other effects, Cd
2+ 

generates free radicals and reactive oxygen species (ROS) in plant and animal tissues, leading to oxidative stress 
4, 5

. 

Adsorption is a promising alternative method to treat metal ions effects. Mainly because of metal binding capacity
6,7

, 

tea waste is one of the low cost and easily available adsorbent having strong adsorptivity towards metals like Cd, Zn, 

Ni, and Pb
8,9

because of the soft colloid and chemical components like palmatic acid of fatty group and terpenes 

present in it 
10

.In the given research, the adsorption ability of tea waste was investigated for the removal of Cd(II) from 

aqueous systems. It has been suggested that the metal uptake capacity of tea waste is due to the chelating properties of 

its constituents especially lignin and cellulose. These materials are the major constituents of cell walls and possess 

polar functional groups such as alcohols, aldehydes, ketones, carboxylic acids, Phenolic hydroxides and ethers. The 

polar nature of these complex materials can remove large quantities of metal ions from solutions 
11

. 
 

2. MATERIAL AND METHOD 
A set of treatments was designed with different levels of CdCl2 concentrations alone and along with tea waste 

@5ton/ha (i.e.2.25gm/lit). The experiment was laid out in randomized complete block design (RCBD) in plate and pot 

culture having three replicates of each treatment. For the preparation of aqueous extract a well dried consumed tea 

waste were dispersed in distilled water for overnight, the extract was then filtered and stored at cool place. Research 

grade CdCl2 was used to prepare 1000ppm Cd stock solution in deionized double distilled water and dilution were 

made from 5ppm-1000ppm carefully. 
 

3. EXPERIMENTAL SETUP 
Ten healthy sterilized seed of wheat (Triticum aestivum L) were placed in Petri dishes with one disc of filter paper 

under normal laboratory condition at 21-25
0
C. Five ml of each treatment were added to each treatment plate. Distilled 

water was applied to the control level. The growth parameters including length and weight were recorded after 6th day 

of germination. For the analysis of some useful biochemical parameters, a set of 50ppm, 100ppm and 150ppm Cd, 

alone and along with tea waste was established on soil medium. After a month of treatment exposure, plants were 

harvested and plants were subjected to the analysis of biochemical test to check the toxic effect of cadmium on these 

processes of plant. Soluble Carbohydrate was estimated by Yemm & Willi’s method, 1954 
12

and Total Phenol 

Estimation by Ainsworth & Gillespie, 2007
13

. 
 

3.1. Inhibitory Percentage (I) 
The % of inhibition over control was calculated by Surendra and Pota, 1978

14
 formula: I = 100-T/C x 100. Where, I is 

the % of inhibition, T is treatment reading and C is control reading. 
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3.2 Statistical Analysis 
The data obtained was statistically analyzed and presented as ± SE and Standard deviation calculated by SPSS 

programme to examine the differences between each treatment. The level of statistical significance was set at P>0.05. 
 

4. RESULT AND DISCUSSION 
Cadmium toxic effect on plant growth was examined in terms of seedling height, biomass and biochemical 

production. The result showed that the elevated Cd concentration (i.e. 5ppm -1000ppm) significantly increased the 

toxic effect of heavy metal on Shoot and Root length, fresh and dry weight of wheat (Triticum aestivum) seedling. 

These observations are in accordance with the findings of Hsu and Chang-Hung Chou 
15

, who determined the 

inhibitory effects of some heavy metals (CdCl2, CuS04, PbCl2, HgCl2) on Miscanthus species. Rubio et al.
16

also 

reported that, length and dry matter accumulation were significantly lower in Cd-treated rice (Oryza sativa L.) plants 

than in the control. The given results also notify that, the plant response to Cd treatment was strongly dependent on 

concentration at which CdCl2 was applied. These results confirmed the report of Zaman and Zereen
17

, who reported a 

dose-related growth inhibition in the radish (Raphanus sativus L.) in the presence of Cd. At 20-40ppm, the shoot and 

root length of wheat seedling showed tolerance against the Cd toxicity proving the safe level as described as 

USEPA
18

guideline.This increase in growth parameters at low concentration of Cd could be due to the presence of the 

phenomenon of hormesis, a response of the seedlings where the low dose stimulates the growth while high dose 

suppresses the growth 
19

. In the given research, 5ppmCd–40ppmCd levels were found beneficent for shoot length and 

less inhibitory for plant dry weight accumulation, this may be due to the conservative strategy of crop to survive in an 

stressed environment, that may resulted in increased dry weight, due to accumulation of primary product of plant 

under stress condition. Although, all the high doses of Cd
2+

 greatly influenced dry weight accumulation. Due to the 

biosorbent property of tea waste, when applied with CdCl2, it controls the toxicity of cadmium ion by lowering its 

uptake. 
 

Table-1(a): Effect of Cd and solid tea wastage as a biosorbent manure on Shoot and Root Length  of 

 wheat (Triticum aestivum) 

Cd 

(ppm) 
Control 

SET -1 SET-2 

 

Cd 

(ppm) 
Control 

SET -1 SET-2 

CdCl2 

CdCl2 + Tea 

Waste 

(5ton/ha) 

CdCl2 
CdCl2 + Tea 

Waste (5ton/ha) 

Shoot Length (cm) Root  Length (cm) 

5 

7.46 

+0.89                              

(0) 

6.44 +0.86                                                                   

(-13.6) 

6.624 +0.77                                                             

(-11.2) 
5 

6.93 

+0.20                            

(0) 

4.252+0.35                                

(-38.6) 

4.34   +0.47                                         

(-37.37) 

10 
6.89 +1.13                               

(-7.6) 

7.83 +1.14                         

(+4.95) 
10 

4.497 +0.63                                          

(-35.1) 

4.74  +0.75                                         

(-31.6) 

15 
6.79 + 0.49                                

(-8.98) 

7.53 + 0.57                                 

(+0.93) 
15 

4.293  +0.31                                

(-38.05) 

4.59  +0.59                                                   

(-33.7) 

20 
10.66 +0.24                           

(+42.8) 

11.32  +1.03                        

(+51.7) 
20 

6.886 +0.96                                             

(-0.63) 

13.07  +0.528                              

(+88.6) 

30 
9.87  +0.85                               

(+32.3) 

10.8 +0.37                                     

(+44.7) 
30 

7.16 +0.89                          

(+3.31) 

8.54 + 0.68                              

(+23.2) 

40 
7.91 +0.22                            

(+6.03) 

8.14 +2.15                             

(+9.11) 
40 

4.36  +1.0                          

(-37) 

6.39 +1.39                         

(-7.79) 

50 
4.696  +1.25                                

(-37) 

7.07 +0.39                                      

(-5.22) 
50 

3.378  +0.13                                       

(-51.2) 

4.04 +0.21                                              

(-41.7) 

60 
4.58 +0.03                                            

(-38.6) 

6.56  +0.05                                             

(-12.06) 
60 

3.396 +0.07                                           

(-50.9) 

4.58 +0.34                                          

(-33.9) 

100 
4.81 +1.08                                                           

(-35.5) 

6.51  +0.63                                    

(-12.7) 
100 

2.26 +0.49                                            

(-67.3) 

2.36  +0.08                                           

(-65.9) 

250 
4.68  + 1.0                                                

(-37.2) 

6.38 +2.36                                          

(-14.4) 
250 

1.55 +0.64                                          

(-85.3) 

2.26 +1.11                                       

(-67.3) 

500 
1.75  +0.50                                                   

(-76.5) 

6.05 + 4.02                                              

(-18.9) 
500 

0.42 +0.07                                    

(-93.3) 

2.31  +1.29                                

(-66.6) 

1000 
0 + 0.0                                                  

(-100) 

3.28 +1.12                                           

(-56) 
1000 

0  +0.0                                                   

(-100) 

0.5 +0.26                                         

(-92.7) 

Value in parenthesis indicate percent increase (+) or decrease (-) over control. 

Means followed by digits and letter shows significant result at the level of + Standard Error of Mean. 

4.1 Shoot Length (cm) 
Table-1(a) indicated that, the inhibitory effect of Cd

2+
 on shoot length increased along with raising Cd

2+
 concentration 

above 40ppm.The elevated Cd
2+

 levels (i.e. 5ppm -1000ppm) significantly reduced wheat shoot length from 7.6% (at 

10ppm) to 100% (at 1000ppm), while at 20 - 40ppm, Cd increased shoot length by 42.8%, 32.3% and 6.03% 
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respectively over control. The same phenomena were reported by Kinraide
20

for Al that frequently stimulates plant 

growth at low concentration. Addition of tea waste influenced the Cd
2+

 toxicity by reducing metal inhibitory effect 

with respect to shoot length increase. This was due to the absorbent property of tea waste which controls the metal 

uptake from root, lowered availability of metal ion to the plant tissue, and thus reduced the metal toxicity on growing 

crop. This increase in growth by tea wastage treatment was in accordance with the finding of Rafia Azmat
21

 in Vigna 

Radiata treated with Cr
2+

metal. 
 

4.2 Root Length (cm) 
A decrease in root length (Table1-a) showed a fluctuation in inhibitory percentage along the elevated Cd levels, it may 

be due to the difference in osmotic gradient. There was a minimum reduction i.e 0.63% found with 20ppmCd, raised 

to 100% at 1000ppm Cd. Table-1a also indicated that, the root length of Wheat plant increased when tea wastage was 

applied simultaneously with CdCl2, and the increase was highly significant (p~0.05) at all Cd levels, as compared with 

untreated controls. 
 

4.3 Plant Fresh Biomass (gm) 
Table-1b indicated that plant fresh mass decreased by Cd

2+
 application from 1.93% at 5ppm Cd to 70.2% at 500ppm 

Cd. At the level of 50-60ppm Cd, the plant showed slightly positive response toward fresh weight i.e. 1.926% 

inhibition and 4.203% increase respectively over control.  
 

Table-1(b): Effect of Cd and solid tea wastage as a biosorbent manure on Fresh and Dry Biomass of 

 wheat (Triticum aestivum) 

Cd (ppm) Control 

SET -1 SET-2 

 

Cd (ppm) Control 

SET -1 SET-2 

CdCl2 

CdCl2 + Tea 

Waste 

(5ton/ha) 

CdCl2 
CdCl2 + Tea 

Waste (5ton/ha) 

Plant Fresh Weight (gm) Plant Dry Weight (gm) 

5 

0.571 

+0.116                                                             

(0) 

0.56+0.144                                       

(-1.926) 

0.575+0.004 

 (+.70) 
5 

0.084 

+0.0026               

(0) 

0.07+0.005                                          

(-16.46)          

0.073+0.014                                

(-12.88) 

10 
0.48+0.151                                       

(-15.93) 

0.6+0.137                               

(+5.07) 
10 

 0.06+0.0166                                        

(-28.40) 

0.09+0.017                            

(+7.398) 

15 
0.64+0.016                                     

(+20.84) 

0.69+0.032                               

(+20.84) 
15 

0.093+0.003                                

(+10.97) 

0.096+0.0088                                             

(+14.55) 

20 
0.343+0.147                                             

(-39.92) 

0.396+0.033                                         

(-30.64) 
20 

0.077+0.017                                         

(-8.591) 

0.097+0.021                                   

(+15.27) 

30 
0.383+0.089                                               

(-32.92) 

0.426+0.093                                 

(-25.39) 
30 

0.077+0.0033                                     

(-8.33) 

0.1066+0.0088                                       

(+26.90) 

40 
0.368  +0.237                                

(-35.63) 

0.458  +0.197                               

(-19.87) 
40 

0.078  +0.0025                            

(-7.142) 

0.077  +0.004                                     

(-8.33) 

50 
0.56+0.00                                            

(-1.926) 

0.67+0.023                        

(+17.33) 
50 

0.065+0.0028                                        

(-22.43) 

0.08+0.0057                                           

(-4.534) 

60 
0.595+0.020                           

(+4.203) 

0.715+0.124                         

(+25.21) 
60 

0.075+0.0028                                   

(-10.50) 

0.09+0.0057                         

(+7.398) 

100 
0.32+0.0057                                          

(-43.9) 

0.361+0.001                                       

(-36.7) 
100 

0.061+0.0052                                          

(-28.7) 

0.066+0.0076                                         

(-21.4) 

250 
0.23+0.0057                                  

(-59.7) 

0.29+0.010                                        

(-49.2) 
250 

0.049+0.0006                                        

(-41.6) 

0.053+0.0005                                       

(-36.9) 

500 
0.17 +0.005                                         

(-70.2) 

0.23+0.10                                          

(-59.7+) 
500 

0.032+0.0006                                        

(-61.7) 

0.037+0.0005                                            

(-55.9) 

1000 
0+0.00                                                

(-100) 

0.08+0.0057                                          

(-85.9) 
1000 

0 +0.00                                              

(-100) 

0.019+0.0057                                         

(-77.3) 

Value in parenthesis indicate percent increase (+) or decrease (-) over control. 

Means followed by digits and letter shows significant result at the level of + Standard Error of Mean 

 

Tea waste application significantly suppressed metal inhibitory effect on water uptake from external media. This is 

mainly due to absorptive property of tea waste which lowers the osmotic potential of external solution thus increased 

water intake from root system. The maximum inhibition of fresh weight (i.e. 70.2%) at 500ppm Cd treated plant was 

efficiently overcome to 59.7% with tea waste application. 
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4.4 Plant Dry Biomass (gm) 
Plant dry weight also followed the same response as the plant length acquired under different Cd levels (Table-1(b)). 

By increasing the metal concentration, plant dry mass reduced, significantly from 60ppm to onward. This was due to 

the toxicity of heavy metal above tolerance level. Tea waste extract promoted wheat dry mass accumulation by 

lowering the metal ion uptake and also by providing some essential elements which promoted the biosynthesis of 

primary products that enhanced dry weight. 
 

4.5 Primary and Secondary Metabolites 
Table-2 indicated a significant increase in phenolic content and a gradual decline in the soluble carbohydrate with 

elevated Cd conc. This was due to heavy metal stress on cell physiological function which reduced the ability and 

production of carbohydrate by lowering photosynthesis and enhanced the production of antioxidant defense 

biomolecule (i.e. phenols) (Fig-1) as a conservative strategy against external stress.Table-2 showed a decrease of 

35.68% to 72.49% soluble carbohydrate at 50ppm to 150ppmCd and increase of 47.5% total phenol at 100ppmCd 

over control. This decrease in saccharides content may be due to the increase in diffusion resistance of the stomata to 

CO2 and consequently reduced carbon fixation. While, an increase of phenolics, correlated to the increase in activity of 

enzymes involved in phenolic compounds metabolism suggesting de novo synthesis of phenolics under heavy metal 

stress. This induction of phenolic compound biosynthesis was also observed in wheat in response to Ni
2+

 toxicity
22

 and 

in maize in response to Al
2+23

.The addition of tea waste enhanced soluble carbohydrate. This improvement in 

carbohydrate stuff (Fig-1) was mainly due to the presence of essential elements in tea waste material that facilitated 

the production and performance of photosynthesis essentials. 
 

Table-2:Effect of Cd Stress and solid tea wastage as a biosorbent manure on Different Biomolecules of  

WHEAT (Triticum aestivum) 

TREATMENT 

Primary Metabolite Secondary Metabolite 

Soluble Carbohydrate Total Phenol 

uM/gmfr.wt mg/gm Dry wt. 

T0 CONTROL 
3.469     c 

(0) 

15.45    e 

(0) 

T1 50ppm Cd 
2.231    d 

(-35.68) 

14.7      f 

(-4.85) 

T2 50ppm +  tea wastage@ 5ton/ha 
0.513     g 

(-295.6) 

15.3      e 

(-0.97) 

T3 100ppm Cd 
1.379      e 

(-60.24) 

22.8     b 

(+47.5) 

T4 100ppm + tea wastage@ 5ton/ha 
7.338      a 

(+111.5) 

25.2     a 

(+63.1) 

T5 150ppm Cd 
0.954      f 

(-72.49) 

18.6    d 

(+20.3) 

T6 150ppm + tea wastage@ 5ton/ha 
4.535     b 

(+30.72) 

21.3    c 

(+37.8) 

Value in parenthesis indicate percent increase (+) or decrease (-) over control. 

Means followed by different letter (a,b,c.) shows significant result at the level of St. deviation. 
 

 
Fig.1: Effect of Cd Stress and Solid tea wastage as biosorbent manure on different Biomolecules of 

WHEAT (Triticum aestivum L.) 
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ABSTRACT 
Concepts play a vital role in enabling chemist to deliver. The recently developing concept based teaching methods are likely to 

play a pivotal role towards the efforts for promoting understanding of chemical concepts and assimilation of vital theoretical 

foundations of chemistry. A. F. M. Fahmy and J. J. Lagowski are the leading figures in a worldwide derive towards concept 

building of young generation through this novel mode of teaching and learning. However, their efforts, till recently have been 

mostly organic chemistry specific. Nevertheless, SALTC teaching methods are equally applicable to various other disciplines in 

chemistry. SATLC methodology can also be thus used to overcome the problems faced by students in understanding the efficacy 

of any chemical entity for a specific and desired chemical action. This presentation outlines possible applications of SATLC 

technique to the concepts related to a number of aspects of Physical Chemistry that are to be put together in one unit for 

facilitating a chemical compound’s application in any chemical change desired by any researcher. 
 

Keywords: Chemical Specie; Systemic Approach; Chemistry Learning. 

 
1. INTRODUCTION 
Teaching is the most demanding profession. It is the duty of a teacher to deliver the basics of the subject. There are 

numerous strategies, through which teaching and learning of scientific subjects, in general, and chemistry in particular 

may be made much easier to understand. Various teaching options continue to be reported in literature to illustrate the 

basics of chemistry in order to enhance its teaching and learning
1-8

.
.
Ping Y. Furlan et al. express chemistry concepts by 

poetry writing, poster illustration and group presentations. Concept mapping is one of the ways to summarize the 

connections of the subject. Boyd L. Earl has given the concept map of quantitative chemical relationships and 

structure and properties for general chemical courses. In the past decade an innovative way of teaching and learning 

through systemic approach (SATL) has been introduced
9-12

 for this end. 

In Systemic Approach in Teaching and Learning Chemistry (SATLC) technique the ideas are arranged in such 

a way that the interaction between a range of concepts and issues are made understandable. In various publications it 

has been stated that systemic approach to teaching and learning (SATL) for discussing any issue initiates with the 

systemic diagram (SD0), which is based on the previous knowledge of students
12

. After inclusion of similar systemics 

with known and unknown relationships (SD1, SD2, SD3 and so on) the unit ends at final systemic diagram (SDf). In 

(SDf) all the relationships between different concepts of the unit have been delivered to the students.(Fig-1) 

Several systemic diagrams on a variety of topics can be developed and finally all of these may be assembled 

together (Fig-2). 

 

Fig-1: Systemic approach stratagem 

Physical properties of a substance are of vital importance while these are chosen for any chemical application in 

improving quality of life on this planet. These applications may be industrial, cosmetic or concerning pollution abating 

properties, a few to refer to here. Hence it is highly advisable that the users are in a position to comprehend the inter 

relationships concerning the physical properties of these chemical entities. We find SATL methodology an appropriate 

means to deliver in this context .In the following description a model lecture encompassing discussion connected to a 

number of physical properties of a chemical substance is being brought into focus.  
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Fig-2: Association of final systemic diagrams (SDf) on various topics. 
 

2. METHODOLOGY 

When we look for the suitability of any chemical entity for a particular usage in the direction of a chemical process 

being undertaken, it is always advisable to look into its physical and chemical properties in a single package. This 

package has got to encompass all the doable and otherwise restrictions regarding the sustainability and the safety of 

the chemical processes involved. Therefore here “A chemical species” is taken into focus to demonstrate the efficacy 

of SATLC towards this pursuit. Mostly linear approach is used to address this question. In this draft the linear 

approach towards this topic will be transformed into systemic approach.  
 

 

Fig-3: Linear relations between some of the properties of a chemical species. 
 

Fig-3 is based upon a score of linear relationships among various properties of any chemical species.

The relationships (A-G) in Fig-3 are represented as a sequence of linear associations which are related to a chemical 

compound. Figure 3 can now be transformed into the systemic diagram (SD0) as shown in Fig-4. 
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Fig-4: Systemic diagram (SD0) represents some of the properties of a chemical species. 

 

In systemic diagram (SD0) Figure 4, all the relationships are unknown. These unidentified relations will be deciphered 

systemically. Following the explanation of intermolecular forces in a certain chemical species (A) and its connection 

with electrical attractions (1) within the molecules of a species (B) and also by discussing their relationship with 

physical properties (2) of the chemical, (SD0) can be altered to another diagram as shown in Fig-5 (SD1). 
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Fig-5:  (SD1)  

In Figure 5 (SD1) still there are some properties (D-G) and relationships (3-7), which have to be interpreted. 

After studying some of these properties and their relations Figure 5 (SD1) will be modified to Fig-6 (SD2). 

 

 
Fig-6:  (SD2)  
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The remaining link of connecting this bogey of pertinent issues to the environmental pollution (G) for example its 

association with intermolecular forces (7) and nature of a chemical as a solvent (6), (SDf) can be acquired. 
 

 

 

 

 

 

Fig-7: Systemic diagram (SDf) with known properties (A-G) and relationships (1-7). 

 

 
 

Similarly the following systemic diagrams concerning different other issues can be developed (Fig-8, 14). All the 

systemic diagrams discussed can be related to Figure 7 so that a number of interrelated topics can be brought to focus 

in one display (Fig-15). 
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Fig-8: Systemic diagram (SD) represents interchange of one state into another. 
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Fig-9: Systemic diagram (SD) represents association among various properties.  
 

 

 

 

Fig-10: Systemic diagram (SD) represents the alteration of different states if water is taken as an example. 
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Fig-11: Systemic diagram (SD) represents some factors associated with the surface tension. 

 

 

 

Fig-12: Systemic diagram (SD) represents relations between several other properties. 
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Fig-13: Systemic diagram (SD) represents some aspects of environmental pollution. 
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Fig-14: Systemic diagram (SD) represents solubility and its connection with a number of different issues. 
 

3. SUMMARY 

By using SATLC methodology while discussing a particular issue (SD0) is considered as a starting point. Through the 

understanding of a range of connections in (SD0) stepwise, finally systemic diagram (SDf) can be achieved. Systemic 

diagrams (SDf) for various topics can be presented together (Figure 15) to further clarify the subject. 
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Fig-15: Figure represents a variety of subject matter in single display. 
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