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ABSTRACT 
Sulfonamides belong to an active group with biological activities and these activities can be enhanced by introducing heterocyclic 

moiety. N-((3,4-methylenedioxyphenyl)methyl) arylsulfonamides (3a-f) were synthesized by gearing up (3,4-

methylenedioxyphenyl)methyl amine (1) and arylsulfonyl chlorides (2a-f) in a weak basic aqueous medium. The target molecules, 

6a-f and 7a-f were yielded by the reaction of 3a-f with ethyl iodide (4) and 4-flourobenzyl chloride (5) respectively in a weak 

basic aprotic polar medium. Structural analysis of the synthesized molecules was processed through the spectral data of IR, 
1
H-

NMR, 
13

C-NMR and EIMS. All the synthesized molecules were evaluated for the antibacterial activity and remained moderately 

better inhibitors. 

 

Keywords: (3,4-methylenedioxyphenyl)methylamine, antibacterial activity and arylsulfonyl chlorides. 

 
1. INTRODUCTION 
All the sulfonamides bear sulfamoyl group (-NSO2) in common and have an importance in medicinal chemistry owing 

to their biological activities. These are widely employed as the carbonic anhydrase inhibitors; anticancer, anti-

inflammatory, antiviral agents; antimicrobial drugs and antitumor drugs, plausibly because of reasonable cost, 

decremented toxicity and incremented activities
1-5

. The sulfonamides have been evaluated for a number of biological 

activities including antibacterial activities
6-7

. The benzodioxol moiety has much importance in the field of biological 

active compounds. The various natural products like narciclasine, lycoricidine and pancratistatin bear benzodioxole 

moiety and have been employed for anticancer etc. Some other drugs like the antidepressant including paroxetine, 

escitalopram etc also possess this moiety
8-9

. 

The synthesis of different sulfonamides is the interesting part of research because of their ease of formation 

and attractive biological activities. We have synthesized different sulfonamides including heterocyclic moieties
10-13

 for 

the evaluation of their various biological activities, as synthesis followed by biological activities is the ongoing 

methodology of the researchers. This is crucial as the need of hour is to inaugurate new potent molecules with great 

resistance against the existing microbes. This prompted us to develop new potent molecules and the attempt remained 

moderately fruitful in this regard.  

 

2. RESULTS AND DISCUSSION 

 

2.1 Chemistry 
A number of compounds of sulfonamide class are synthesized by the protocol outlined in scheme-1 including reagents 

and conditions. The various synthesized compounds were evaluated for their antibacterial activity against different 

bacterial strains of gram-positive and gram-negative bacteria. The theme of the synthesis was to find new potent 

candidates that might be used as precursors in the drug development programme in the pharmacological industries. 

The parent molecules, N-((3,4-methylenedioxyphenyl)methyl)arylsulfonamides (3a-f) were yielded by 

reacting (3,4-methylenedioxyphenyl)methylamine (1) with arylsulfonyl chlorides (2a-f) under basic pH control in an 

aqueous medium. The products were separated after acidification by dil. HCl. The small amount of acid enhances the 

yield because of decrease in salt form in the reaction mixture but excess decrements the yield. The parent molecules 

were further treated with the electrophiles, alkyl/aralkyl halides (4-5) to synthesize the products, 6a-f and 7a-f, in the 

presence of NaH as weak base and activator in a polar aprotic solvent using DMF. The sodium hydride detaches the 

acidic proton to attach the alkyl/aralkyl groups. The structures of all the synthesized molecules were corroborated by 

spectral data as described in experimental section.  

The molecule 3a exhibited the [M]
+
 peak at m/z 293 and the nominating peaks at m/z 141 for phenylsulfonyl 

cation, at m/z 77 for phenyl cation after the loss of SO2 and at m/z 135 for the (3,4-methylenedioxyphenyl)methyl 

cation, in EI-MS spectrum. Two absorption bands for sulfamoyl group appeared in the IR spectrum at 3310 cm
–1

 and 

1350 cm
-1 

due to N-H (stretching) and -SO2 (stretching of sulfonyl group), respectively. In the 
1
H-NMR spectrum, the 

signals resonating at δ 6.67 (d, J = 8.0 Hz, 1H, H-6), 6.64 (s, 1H, H-2), 6.61 (d, J = 8.0 Hz, 1H, H-5), 5.90 (s, 2H, H-

8) and 4.02 (s, 2H, H-7) affirmed the presence of (3,4-methylenedioxyphenyl)methyl group attached at nitrogen of 

sulfamoyl group. The three signals resonating at δ 7.85 (d, J = 7.2 Hz, 2H, H-2', H-6'), 7.57 (t, J = 7.2 Hz, 1H, H-4')  
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And 7.50 (t, J = 8.0 Hz, 2H, H-3', H-5') confirmed the phenyl ring attached to the sulfur of sulfamoyl group. In BB 

(broad band) and DEPT (distorsionless enhancement by polarization transfer) of 
13

C-NMR, twelve signals resonated 

for four quaternary, eight methine and two methylene carbons. Eight signals of three quaternary, three methine and 

two methylene carbons of (3,4-methylenedioxyphenyl)methyl group appeared at δ 150.2 (C-3), 144.3 (C-4), 135.6 (C-

1), 121.7 (C-6), 108.7 (C-5), 108.3 (C-2), 101.0 (C-8) and 48.5 (C-7). Four signals of one quaternary and five methine 

carbons of phenyl sulfonyl group appeared at δ 141.6 (C-1'), 132.1 (C-4'), 129.4 (C-3' & C-5') and 127.5 (C-2' & C-6'). 

All these manifests corroborated the structure of N-((3,4-methylenedioxyphenyl)methyl)benzenesulfonamide (3a). 

The mass fragmentation pattern of N-(4-flourobenzyl)-N-((3,4-methylenedioxyphenyl)methylbenzenesulfonamide 

(7a) is sketched in Figure-1. In the same way, the structures of other synthesized compounds were corroborated by 
1
H-

NMR, 
13

C-NMR, IR and mass spectral data as described in experimental section. 

 

2.1 Antibacterial activity 
The results of antibacterial study of the synthesized compounds are listed in Table-1 as their %age inhibition and MIC 

values. The series of synthesized molecules has been shown to be potentially active against the five bacterial strains of 

Gram-bacteria. 

Among the Gram-negative bacterial strains, the molecules 3f and 7b; 6c, 7d and 7e; and 6c, 6d and 7a 

remained inactive against Salmonella typhi, Escherichia coli and Pseudomonas aeruginosa, respectively. The 

molecules 6b showed the most potential activity (with MIC values of 10.90±2.88 µM) relative to the reference 

standard, ciprofloxacin (with MIC value of 9.42±1.09 µM) against Salmonella typhi. The most potent molecules 

against Escherichia coli were 3d and 3e with MIC values of 8.70±1.00 and 8.66±4.54 µM, 
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Scheme-1: Synthesis of N-alkyl/aralkyl-N-((3,4-methylenedioxyphenyl)methyl) arylsulfonamides 
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much comparable to that of ciprofloxacin i.e. 8.02±2.17 µM. Only 3c exhibited the prominent activity against 

Pseudomonas aeruginosa, comparable to the reference. Among the Gram-positive bacterial strains, only parent 

molecules i.e. 3a to 3f and some derivatives showed the activity against Bacillus subtilis. The only two molecules, 3b 

and 6a executed the same activity as that of ciprofloxacin against Staphylococcus aureus, evident from their MIC 

values. Almost the whole series remained active against all the bacterial strains, credibly, because of the heterocyclic 

moiety attached to the sulfamoyl group and whose interaction was extended by substitution of acidic proton at 

nitrogen of sulfamoyl group.   
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Fig-1: Mass fragmentation pattern of N-(4-flourobenzyl)-N-((3,4-methylenedioxyphenyl) methyl)benzenesulfonamide (7a) 

 
Table-1: %age inhibition and MIC values of antibacterial activity 

Comp

ound 

S. typhi (-) E. coli (-) P. aeroginosa  (-) B. subtilis (+) S. aureus (+) 

%age 

inhibition 
MIC 

%age 

inhibition 
MIC 

%age 

inhibition 
MIC 

%age 

inhibition 
MIC 

%age 

inhibition 
MIC 

3a 66.41±2.18 11.47±2.91 77.25±4.63 11.08±2.41 63.67±2.92 12.74±3.75 69.10±3.10 12.66±2.14 64.05±0.85 14.95±1.86 

3b 60.12±5.00 15.09±1.55 64.88±2.25 13.04±1.90 62.50±2.00 13.16±2.00 63.50±2.00 13.07±1.99 76.80±1.60 10.85±1.47 

3c 63.53±2.12 12.05±1.64 59.94±5.00 14.60±1.57 70.83±2.33 8.50±1.42 64.60±0.60 11.82±3.02 56.55±0.55 15.95±1.33 

3d 63.71±1.82 12.19±1.37 83.81±1.19 8.70±1.00 53.79±1.29 17.93±3.58 66.85±0.95 11.48±2.15 62.05±2.75 14.52±2.47 

3e 64.76±2.29 13.17±1.44 82.25±2.38 8.66±4.54 62.50±3.58 12.34±3.42 65.35±1.45 11.69±2.74 64.00±1.00 13.07±3.02 

3f 47.47±5.00 - 59.19±1.56 11.12±3.14 50.17±5.00 19.85±4.42 60.45±2.45 14.36±1.61 50.70±5.00 19.26±2.68 

6a 63.67±4.44 13.92±1.07 50.63±4.32 19.75±1.20 69.65±2.70 11.00±1.25 59.41±5.00 13.99±5.00 60.41±4.29 10.76±3.17 

6b 75.33±1.56 10.90±2.88 85.84±2.47 10.73±1.15 61.65±2.87 16.23±4.83 65.00±1.55 14.69±1.37 58.01±2.50 16.18±2.63 

6c 59.33±2.00 15.37±1.76 41.16±5.00 - 49.91±1.65 - 50.82±2.14 19.63±1.81 55.61±4.59 16.92±1.32 

6d 66.78±3.33 12.58±0.87 70.47±0.58 13.58±1.15 48.91±1.99 - 29.82±4.00 - 53.67±1.84 17.56±2.40 

6e 59.28±1.28 15.15±1.13 86.11±1.26 10.66±3.75 63.26±2.65 13.53±3.92 43.77±2.59 - 52.60±3.32 18.64±1.47 

6f 74.94±2.28 11.08±1.67 57.95±5.00 14.11±2.11 74.26±1.43 10.76±2.00 68.18±1.36 15.65±2.94 68.32±1.36 11.89±2.52 

7a 62.50±3.83 13.27±3.47 58.00±4.53 16.04±1.44 46.78±2.96 - 55.55±2.36 18.37±1.19 58.98±3.57 16.14±1.75 

7b 46.22±0.78 - 53.11±3.74 17.14±2.75 57.26±4.22 16.09±4.17 42.45±4.70 - 40.66±1.89 - 

7c 69.11±69.11 11.29±1.93 78.84±3.52 11.08±4.00 67.39±1.99 16.12±3.83 36.91±4.00 - 62.81±2.70 11.46±2.25 

7d 57.67±2.32 15.95±2.58 20.84±4.56 - 53.13±2.09 17.15±2.15 39.55±3.23 - 59.18±2.00 15.98±1.00 

7e 70.61±0.17 11.08±1.27 47.20±3.05 - 53.43±2.57 15.93±1.33 35.32±5.00 - 59.64±2.91 15.73±1.47 

7f 64.89±3.12 12.81±2.41 77.26±1.58 11.02±1.75 64.39±3.43 13.78±1.78 49.18±3.65 - 60.31±3.57 12.17±1.18 

Cipro

floxac

in 
91.19±2.10 9.42±1.09 90.44±1.23 8.02±2.17 92.00±2.76 8.11±1.32 89.98±2.07 8.88±2.00 92.21±1.59 9.23±1.87 

NOTE: Minimum inhibitory concentration (MIC) was measured with suitable dilutions (5-30 µg/well) and results were calculated 

using EZ-Fit Perrella Scientific Inc. Amherst USA software, and data was expressed as MIC 
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3. EXPERIMENTAL 

 

3.1 General 
Purity of the synthesized molecules was analyzed by thin layer chromatography (TLC) using EtOAc and n-hexane as 

solvent systems, followed by visualization under UV at 254 nm. Melting points of all synthesized compounds were 

recorded on a Griffin-George melting point apparatus by open capillary tube and were uncorrected. The I.R. spectra 

were recorded in KBr pellet method on a Jasco-320-A spectrophotometer (wave number in cm
-1

). 
1
H-NMR and 

13
C-

NMR spectra were recorded in CHCl3-d1 on a Bruker spectrometers at 400 MHz and 100 MHz respectively, with 

chemical shift in δ-values, tetramethylsilane as reference standard, and the coupling constants (J) in Hz. Mass spectra 

(EIMS) were recorded on a JMS-HX-110 spectrometer. (3,4-methylenedioxyphenyl)methylamine, arylsulfonyl 

chlorides and alkyl/aralkyl halides were purchased from Merck and Alfa Aeser through local suppliers. The solvents 

used, were of analytical grade. 

 

3.2 Procedure for the synthesis of N-((3,4-methylenedioxyphenyl)methyl)arylsulfonamides (3a-f) 
(3,4-methylenedioxyphenyl)methylamine (0.01 mol; 1) was suspended in 50 mL water using 200 mL round bottom 

(RB) flask. The pH of reaction mixture was strictly maintained 9.0-10.0 by using aqueous Na2CO3 solution (20%). 

Arylsulfonyl chlorides (0.01 mol; 2a-f) were poured into the flask in short time duration along with stirring. The 

reaction contents were kept on stirring for 2-3 hours and monitored by TLC till the single spot. At the completion of 

reaction, dil. HCl (2.0-3.0 mL) was added slowly along with shaking to make the pH slightly acidic. The reaction 

mixture was kept undisturbed for 0-5 minutes and then shaken to get the precipitates.  

 

3.2.1 N-((3,4-methylenedioxyphenyl)methyl)benzenesulfonamide (3a) 
White amorphous solid; Yield: 70%; M.P.: 80-82 

o
C; Mol. Formula: C14H13NO4S; Mol. Mass: 293 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3310 (N-H), 3080 (Ar C-H), 1610 (Ar C=C), 1350 (S=O), 1235 (C-O); 
1
H-NMR (CDCl3, 400 MHz, 

δ/ppm): 7.85 (d, J = 7.2 Hz, 2H, H-2', H-6'), 7.57 (t, J = 7.2 Hz, 1H, H-4'), 7.50 (t, J = 8.0 Hz, 2H, H-3', H-5'), 6.67 

(d, J = 8.0 Hz, 1H, H-6), 6.64 (s, 1H, H-2), 6.61 (d, J = 8.0 Hz, 1H, H-5), 5.90 (s, 2H, H-8), 4.02 (s, 2H, H-7); 
13

C-

NMR (CDCl3, 100 MHz, δ/ppm): 150.2 (C-3), 144.3 (C-4), 141.6 (C-1'), 135.6 (C-1), 132.1 (C-4'), 129.4 (C-3' & C-

5'), 127.5 (C-2' & C-6'), 121.7 (C-6), 108.7 (C-5), 108.3 (C-2), 101.0 (C-8), 48.5 (C-7); EIMS (m/z): 293 [M]
+
, 150 

[C8H8NO2]
+
, 141 [C6H5SO2]

+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
, 77 [C6H5]

+
, 51 [C4H3]

+
. 

 

3.2.2 N-((3,4-methylenedioxyphenyl)methyl)-2,4,6-trimethylbenzenesulfonamide (3b) 
White amorphous solid; Yield: 82%; M.P.: 100-102 

o
C; Mol. Formula: C17H19NO4S; Mol. Mass: 333 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3323 (N-H), 3055 (Ar C-H), 1621 (Ar C=C), 1365 (S=O), 1225 (C-O); 
1
H-NMR (CDCl3, 400 MHz, 

δ/ppm): 6.94 (s, 2H, H-3', H-5'), 6.66 (d, J = 8.4 Hz, 1H, H-6), 6.60 (s, 1H, H-2), 6.57 (d, J = 8.8 Hz, 1H, H-5), 5.90 

(s, 2H, H-8), 3.95 (s, 2H, H-7), 2.60 (s, 6H, CH3-7', CH3-8'), 2.29 (s, 3H, CH3-9'); 
13

C-NMR (CDCl3, 100 MHz, 

δ/ppm): 148.7 (C-1'), 146.9 (C-3), 145.2 (C-2' & C-6'), 142.0 (C-4), 138.9 (C-4'), 135.3 (C-3' & C-5'), 133.8 (C-1), 

122.9 (C-6), 108.5 (C-5), 107.6 (C-2), 101.4 (C-8), 50.0 (C-7), 21.4 (C-7' & C-8'), 18.9 (C-9'); EIMS (m/z): 333 [M]
+
, 

183 [C9H11SO2]
+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
, 119 [C9H11]

+
, 74 [C6H2]

+
. 

 

3.2.3 N-((3,4-methylenedioxyphenyl)methyl)-2,4-dinitrobenzenesulfonamide (3c) 
Yellow amorphous solid; Yield: 81%; M.P.: 96-98 

o
C; Mol. Formula: C14H11N3O8S; Mol. Mass: 381 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3376 (N-H), 3057 (Ar C-H), 1607 (Ar C=C), 1367 (S=O), 1219 (C-O); 
1
H-NMR (CDCl3, 400 MHz, 

δ/ppm): 8.58 (d, J = 2.0 Hz, 1H, H-3'), 8.37 (dd, J = 8.8, 2.4 Hz, 1H, H-5'), 8.10 (d, J = 8.8 Hz, 1H, H-6'), 6.65 (d, J = 

7.2 Hz, 1H, H-6), 6.63 (d, J = 2.4 Hz, 1H, H-2), 6.60 (d, J = 7.2 Hz, 1H, H-5), 5.85 (s, 2H, H-8), 4.25 (s, 2H, H-7); 
13

C-NMR (CDCl3, 100 MHz, δ/ppm): 153.2 (C-4'), 149.4 (C-3), 143.2 (C-4), 141.7 (C-1'), 139.8 (C-2'), 133.4 (C-1), 

129.3 (C-6'), 128.6 (C-5'), 122.6 (C-6), 120.7 (C-3'), 109.4 (C-5), 108.6 (C-2), 101.0 (C-8), 45.4 (C-7); EIMS (m/z): 

381 [M]
+
, 231 [C6H3N2O4SO2]

+
, 167 [C6H3N2O4]

+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
, 75 [C6H3]

+
. 

 

3.2.4 N-((3,4-methylenedioxyphenyl)methyl)-2-naphthalenesulfonamide (3d) 
White amorphous solid; Yield: 77%; M.P.: 104-106 

o
C; Mol. Formula: C18H15NO4S; Mol. Mass: 341 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3316 (N-H), 3078 (Ar C-H), 1614 (Ar C=C), 1347 (S=O), 1227 (C-O); 
1
H-NMR (CDCl3, 400 MHz, 

δ/ppm): 8.38 (s, 1H, H-8'), 7.95 (d, J = 8.4 Hz, 1H, H-3'), 7.91 (d, J = 8.4 Hz, 1H, H-2'), 7.86 (d, J = 8.4 Hz, 1H, H-

4'), 7.80 (d, J = 8.4 Hz, 1H, H-7'), 7.64 (t, J = 7.2 Hz, 1H, H-6'), 7.60 (t, J = 7.2 Hz, 1H, H-5'), 6.65 (d, J = 7.2 Hz, 

1H, H-6), 6.62 (s, 1H, H-2), 6.59 (d, J = 7.2 Hz, 1H, H-5), 5.82 (s, 2H, H-8), 4.06 (s, 2H, H-7); 
13

C-NMR (CDCl3, 100 

MHz, δ/ppm): 149.9 (C-3), 144.2 (C-4), 140.5 (C-2'), 138.7 (C-10'), 129.1 (C-5'), 128.8 (C-7'), 128.7 (C-1), 128.4 (C-

8'), 127.9 (C-4'), 127.5 (C-6'), 127.1 (C-9'), 126.7 (C-1'), 123.3 (C-3'), 121.5 (C-6), 109.2 (C-5), 108.4 (C-2), 100.7 (C-

8), 50.3 (C-7); EIMS (m/z): 341 [M]
+
, 191 [C10H7SO2]

+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 127 [C10H7]

+
, 121 

[C7H5O2]
+
, 102 [C8H6]

+
. 
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3.2.5 N-((3,4-methylenedioxyphenyl)methyl)-1-phenylmethanesulfonamide (3e) 
White amorphous solid; Yield: 91%; M.P.: 80-82 

o
C; Mol. Formula: C15H15NO4S; Mol. Mass: 305 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3345 (N-H), 3065 (Ar C-H), 1604 (Ar C=C), 1375 (S=O), 1249 (C-O); 
1
H-NMR (CDCl3, 400 MHz, 

δ/ppm): 7.36-7.32 (m, 5H, H-2' to H-6'), 6.82 (d, J = 2.0 Hz, 1H, H-2), 6.74 (d, J = 7.6 Hz, 1H, H-6), 6.69 (d, J = 8.0 

Hz, 1H, H-5), 5.94 (s, 2H, H-8), 4.20 (s, 2H, H-7'), 4.08 (s, 2H, H-7); 
13

C-NMR (CDCl3, 100 MHz, δ/ppm): 150.3 (C-

3), 143.5 (C-4), 133.4 (C-1), 130.6 (C-2' & C-6'), 128.8 (C-3' & C-5'), 128.4 (C-1'), 127.5 (C-4'), 121.5 (C-6), 108.6 

(C-5), 108.3 (C-2), 101.2 (C-8), 59.4 (C-7'), 47.5 (C-7); EIMS (m/z): 305 [M]
+
, 155 [C7H7SO2]

+
, 150 [C8H8NO2]

+
, 135 

[C8H7O2]
+
, 121 [C7H5O2]

+
, 91 [C7H7]

+
, 65 [C5H5]

+
. 

 

3.2.6 N-((3,4-methylenedioxyphenyl)methyl)-1-((1R,4R)-7,7-dimethyl-2-oxobicyclo[2.2.1] heptan-1-

yl)methanesulfonamide (3f) 
White amorphous solid; Yield: 77%; M.P.: 110-112 

o
C; Mol. Formula: C18H23NO5S; Mol. Mass: 365 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3345 (N-H), 3057 (Ar C-H), 1622 (Ar C=C), 1378 (S=O), 1241 (C-O); 
1
H-NMR (CDCl3, 400 MHz, 

δ/ppm): 6.85 (d, J = 1.2 Hz, 1H, H-2), 6.81 (d, J = 8.0 Hz, 1H, H-6), 6.74 (d, J = 8.0 Hz, 1H, H-5), 5.92 (s, 2H, H-8), 

4.23 (s, 2H, H-7), 3.11 (s, 2H, H-10'), 2.39-2.37 (m, 2H, H-3'), 2.12-2.07 (m, 2H, H-6'), 2.00-1.96 (m, 2H, H-4'), 1.44-

1.39 (m, 1H, H-5'), 0.94 (s, 6H, CH3-8', CH3-9'); 
13

C-NMR (CDCl3, 100 MHz, δ/ppm): 210.7 (C-1'), 148.4 (C-3), 

141.3 (C-4), 137.6 (C-1), 123.1 (C-6), 111.2 (C-5), 108.9 (C-2), 100.6 (C-8), 55.2 (C-2'), 52.9 (C-10'), 45.3 (C-7'), 

43.2 (C-5'), 41.9 (C-6'), 40.4 (C-7), 29.4 (C-3'), 28.1 (C-4'), 20.3 (C-8'), 18.7 (C-9'); EIMS (m/z): 365 [M]
+
, 215 

[C10H15OSO2]
+
, 151 [C10H15O]

+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
. 

 

3.3 Procedure for the synthesis of N-alkyl/aralkyl-N-((3,4-methylenedioxyphenyl)methyl) arylsulfonamides 

(6a-f, 7a-f) 
Compounds 3a-f (0.01 mol) was homogeneously dissolved in 10 mL N,N-dimethyl formamide (DMF) in a 100 mL 

RB flask along with the addition of sodium hydride (0.01 mol) at room temperature (RT). The reaction contents were 

stirred for 30-45 min and then the electrophiles; ethyl iodide (0.01 mol; 4) and 4-flourobenzyl chloride (0.01 mol; 5) 

were added to yield the target molecules 6a-f and 7a-f respectively after stirring for 3-4 hours. After complete reaction 

as per single spot on TLC, the reaction mixture was quenched with ice cold distilled water (200 mL) along with hand 

shaking. The formed precipitates were kept undisturbed for 10-15 minutes and then were filtered, washed with water 

and dried to yield the corresponding molecules 6a-f and 7a-f. 

 

3.3.1 N-ethyl-N-((3,4-methylenedioxyphenyl)methyl)benzenesulfonamide (6a) 
White amorphous solid; Yield: 73%; M.P.: 76-78 

o
C; Mol. Formula: C16H17NO4S; Mol. Mass: 319 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3065 (Ar C-H), 1603 (Ar C=C), 1339 (S=O), 1241 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 7.83 (d, J 

= 7.6 Hz, 2H, H-2', H-6'), 7.55 (t, J = 7.6 Hz, 1H, H-4'), 7.51 (t, J = 7.6 Hz, 2H, H-3', H-5'), 6.69 (d, J = 8.0 Hz, 1H, 

H-6), 6.67 (s, 1H, H-2), 6.63 (d, J = 8.0 Hz, 1H, H-5), 5.89 (s, 2H, H-8), 4.05 (s, 2H, H-7), 3.21 (q, J = 7.2 Hz, 2H, H-

1''), 0.95 (t, J = 7.2 Hz, 3H, CH3-2''); EIMS (m/z): 319 [M]
+
, 150 [C8H8NO2]

+
, 141 [C6H5SO2]

+
, 135 [C8H7O2]

+
, 121 

[C7H5O2]
+
, 77 [C6H5]

+
, 51 [C4H3]

+
, 29 [C2H5]

+
. 

 

3.3.2 N-ethyl-N-((3,4-methylenedioxyphenyl)methyl)-2,4,6-trimethylbenzenesulfonamide (6b) 
White crystalline solid; Yield: 89%; M.P.: 104-106 

o
C; Mol. Formula: C19H23NO4S; Mol. Mass: 361 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3075 (Ar C-H), 1613 (Ar C=C), 1359 (S=O), 1231 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 6.93 (s, 

2H, H-3', H-5'), 6.71 (s, 1H, H-2), 6.67 (d, J = 8.4 Hz, 1H, H-6), 6.57 (d, J = 8.0 Hz, 1H, H-5), 5.93 (s, 2H, H-8), 4.18 

(s, 2H, H-7), 3.34 (q, J = 7.2 Hz, 2H, H-1''), 2.55 (s, 6H, CH3-7', CH3-8'), 2.23 (s, 3H, CH3-9'), 0.96 (t, J = 7.2 Hz, 3H, 

CH3-2''); EIMS (m/z): 361 [M]
+
, 183 [C9H11SO2]

+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
, 119 [C9H11]

+
, 74 

[C6H2]
+
, 29 [C2H5]

+
. 

 

3.3.3 N-ethyl-N-((3,4-methylenedioxyphenyl)methyl)-2,4-dinitrobenzenesulfonamide (6c) 
Light brown sticky solid; Yield: 76%; Mol. Formula: C16H15N3O8S; Mol. Mass: 409 gmol

-1
; IR (KBr, vmax (cm

-1
)): 

3062 (Ar C-H), 1604 (Ar C=C), 1379 (S=O), 1281 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 8.51 (d, J = 2.4 Hz, 

1H, H-3'), 8.45 (dd, J = 8.4, 2.0 Hz, 1H, H-5'), 8.19 (d, J = 8.4 Hz, 1H, H-6'), 6.71 (d, J = 8.4 Hz, 1H, H-6), 6.66 (s, 

1H, H-2), 6.63 (d, J = 8.4 Hz, 1H, H-5), 5.92 (s, 2H, H-8), 4.19 (s, 2H, H-7), 3.45 (q, J = 7.2 Hz, 2H, H-1''), 1.03 (t, J 

= 7.2 Hz, 3H, CH3-2''); EIMS (m/z): 409 [M]
+
, 231 [C6H3N2O4SO2]

+
, 167 [C6H3N2O4]

+
, 150 [C8H8NO2]

+
, 135 

[C8H7O2]
+
, 121 [C7H5O2]

+
, 75 [C6H3]

+
, 29 [C2H5]

+
. 

 

3.3.4 N-ethyl-N-((3,4-methylenedioxyphenyl)methyl)-2-naphthalenesulfonamide (6d) 
White amorphous solid; Yield: 75%; M.P.: 100-102 

o
C; Mol. Formula: C20H19NO4S; Mol. Mass: 369 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3053 (Ar C-H), 1617 (Ar C=C), 1347 (S=O), 1223 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 8.38 (d, J 

= 4.0 Hz, 1H, H-8'), 7.95 (dd, J = 8.4, 3.6 Hz, 1H, H-2'), 7.90 (d, J = 7.6 Hz, 1H, H-3'), 7.80 (dd, J = 7.6, 1.6 Hz, 1H, 
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H-4'), 7.78 (d, J = 7.6 Hz, 1H, H-7'), 7.63-7.59 (m, 2H, H-5', H-6'), 6.72 (s, 1H, H-2), 6.65 (d, J = 8.0 Hz, 1H, H-6), 

6.62 (d, J = 8.0 Hz, 1H, H-5), 5.90 (s, 2H, H-8), 4.29 (s, 2H, H-7), 3.23 (q, J = 7.2 Hz, 2H, H-1''), 0.92 (t, J = 7.2 Hz, 

3H, CH3-2''); EIMS (m/z): 369 [M]
+
, 191 [C10H7SO2]

+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 127 [C10H7]

+
, 121 [C7H5O2]

+
, 

102 [C8H6]
+
, 29 [C2H5]

+
. 

 

3.3.5 N-ethyl-N-((3,4-methylenedioxyphenyl)methyl)-1-phenylmethanesulfonamide (6e) 
White amorphous solid; Yield: 83%; M.P.: 84-86 

o
C; Mol. Formula: C17H19NO4S; Mol. Mass: 333 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3075 (Ar C-H), 1621 (Ar C=C), 1381 (S=O), 1248 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 7.39-7.30 

(m, 5H, H-2' to H-6'), 6.78 (s, 1H, H-2), 6.73 (d, J = 7.2 Hz, 1H, H-6), 6.69 (d, J = 7.2 Hz, 1H, H-5), 5.94 (s, 2H, H-

8), 4.21 (s, 2H, H-7'), 4.00 (s, 2H, H-7), 3.05 (q, J = 7.2 Hz, 2H, H-1''), 0.94 (t, J = 7.2 Hz, 3H, CH3-2''); EIMS (m/z): 

333 [M]
+
, 155 [C7H7SO2]

+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
, 91 [C7H7]

+
, 65 [C5H5]

+
, 29 [C2H5]

+
. 

 

3.3.6 N-ethyl-N-((3,4-methylenedioxyphenyl)methyl)-1-((1R,4R)-7,7-dimethyl-2-oxobicyclo [2.2.1]heptan-1-

yl)methanesulfonamide (6f) 
Light yellow liquid; Yield: 79%; Mol. Formula: C20H27NO5S; Mol. Mass: 393 gmol

-1
; IR (KBr, vmax (cm

-1
)): 3058 (Ar 

C-H), 1609 (Ar C=C), 1357 (S=O), 1235 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 6.80 (s, 1H, H-2), 6.69 (d, J = 

8.4 Hz, 1H, H-6), 6.64 (d, J = 8.4 Hz, 1H, H-5), 5.93 (s, 2H, H-8), 4.20 (s, 2H, H-7), 3.29 (q, J = 7.2 Hz, 2H, H-1''), 

3.16 (s, 2H, H-10'), 2.45-2.42 (m, 2H, H-3'), 2.13-2.06 (m, 2H, H-6'), 2.01-1.98 (m, 2H, H-4'), 1.56-1.47 (m, 1H, H-

5'), 0.99 (t, J = 7.2 Hz, 3H, CH3-2''), 0.92 (s, 6H, CH3-8', CH3-9'); EIMS (m/z): 393 [M]
+
, 215 [C10H15OSO2]

+
, 151 

[C10H15O]
+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
, 29 [C2H5]

+
. 

 

3.3.7 N-(4-fluorobenzyl)-N-((3,4-methylenedioxyphenyl)methyl)benzenesulfonamide (7a) 
Grey amorphous solid; Yield: 69%; M.P.: 88-90 

o
C; Mol. Formula: C21H18FNO4S; Mol. Mass: 399 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3066 (Ar C-H), 1601 (Ar C=C), 1332 (S=O), 1248 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 7.80 (d, J 

= 8.0 Hz, 2H, H-2', H-6'), 7.65 (d, J = 7.6 Hz, 2H, H-2'', H-6''), 7.50 (t, J = 8.0 Hz, 1H, H-4'), 7.45 (t, J = 8.0 Hz, 2H, 

H-3', H-5'), 7.27 (t, J = 7.6 Hz, 2H, H-3'', H-5''), 6.64 (d, J = 7.6 Hz, 1H, H-6), 6.62 (s, 1H, H-2), 6.59 (d, J = 7.6 Hz, 

1H, H-5), 5.85 (s, 2H, H-8), 4.12 (s, 2H, H-7), 3.89 (s, 2H, H-7''); EIMS (m/z): 399 [M]
+
, 150 [C8H8NO2]

+
, 141 

[C6H5SO2]
+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
, 109 [C7H6F]

+
, 90 [C7H6]

+
, 83 [C5H4F]

+
, 77 [C6H5]

+
, 64 [C5H4]

+
, 51 

[C4H3]
+
. 

 

3.3.8 N-(4-flourobenzyl)-N-((3,4-methylenedioxyphenyl)methyl)-2,4,6-trimethylbenzene sulfonamide (7b) 
Cream white amorphous solid; Yield: 86%; M.P.: 114-116 

o
C; Mol. Formula: C24H24FNO4S; Mol. Mass: 441 gmol

-1
; 

IR (KBr, vmax (cm
-1

)): 3090 (Ar C-H), 1612 (Ar C=C), 1347 (S=O), 1232 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 

7.40 (d, J = 8.4 Hz, 2H, H-2'', H-6''), 7.15 (t, J = 8.4 Hz, 2H, H-3'', H-5''), 6.95 (s, 2H, H-3', H-5'), 6.79 (s, 1H, H-2), 

6.76 (d, J = 8.0 Hz, 1H, H-6), 6.69 (d, J = 7.6 Hz, 1H, H-5), 5.87 (s, 2H, H-8), 4.19 (s, 2H, H-7), 3.71 (s, 2H, H-7''), 

2.50 (s, 6H, CH3-7', CH3-8'), 2.25 (s, 3H, CH3-9'); EIMS (m/z): 441 [M]
+
, 183 [C9H11SO2]

+
, 150 [C8H8NO2]

+
, 135 

[C8H7O2]
+
, 121 [C7H5O2]

+
, 119 [C9H11]

+
, 109 [C7H6F]

+
, 90 [C7H6]

+
, 83 [C5H4F]

+
, 74 [C6H2]

+
, 64 [C5H4]

+
. 

 

3.3.9 N-(4-flourobenzyl)-N-((3,4-methylenedioxyphenyl)methyl)-2,4-dinitrobenzene sulfonamide (7c) 
Light brown sticky solid; Yield: 77%; Mol. Formula: C21H16FN3O8S; Mol. Mass: 489 gmol

-1
; IR (KBr, vmax (cm

-1
)): 

3059 (Ar C-H), 1598 (Ar C=C), 1343 (S=O), 1221 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 8.54 (d, J = 2.4 Hz, 

1H, H-3'), 8.46 (dd, J = 8.0, 2.0 Hz, 1H, H-5'), 8.33 (d, J = 8.4 Hz, 1H, H-6'), 7.51 (d, J = 8.0 Hz, 2H, H-2'', H-6''), 

7.17 (t, J = 8.0 Hz, 2H, H-3'', H-5''), 6.75 (s, 1H, H-2), 6.71 (d, J = 8.4 Hz, 1H, H-6), 6.68 (d, J = 8.4 Hz, 1H, H-5), 

5.89 (s, 2H, H-8), 4.44 (s, 2H, H-7), 3.81 (s, 2H, H-7''); EIMS (m/z): 489 [M]
+
, 231 [C6H3N2O4SO2]

+
, 167 

[C6H3N2O4]
+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
, 109 [C7H6F]

+
, 90 [C7H6]

+
, 83 [C5H4F]

+
, 75 [C6H3]

+
, 64 

[C5H4]
+
. 

 

3.3.10 N-(4-flourobenzyl)-N-((3,4-methylenedioxyphenyl)methyl)-2-naphthalene sulfonamide (7d) 
White amorphous solid; Yield: 86%; M.P.: 118-120 

o
C; Mol. Formula: C25H20FNO4S; Mol. Mass: 449 gmol

-1
; IR 

(KBr, vmax (cm
-1

)): 3051 (Ar C-H), 1611 (Ar C=C), 1369 (S=O), 1237 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 

8.38 (s, 1H, H-8'), 7.95 (d, J = 8.4 Hz, 1H, H-3'), 7.91 (d, J = 8.4 Hz, 1H, H-2'), 7.89 (d, J = 8.4 Hz, 2H, H-2'', H-6''), 

7.80 (dd, J = 8.0, 1.6 Hz, 1H, H-4'), 7.73 (dd, J = 8.0, 1.6 Hz, 1H, H-7'), 7.64 (t, J = 8.4 Hz, 2H, H-3'', H-5''), 7.62 (t, 

J = 8.0 Hz, 1H, H-6'), 7.60 (t, J = 8.0 Hz, 1H, H-5'), 6.64 (d, J = 7.2 Hz, 1H, H-6), 6.61 (d, J = 3.6 Hz, 1H, H-2), 6.59 

(d, J = 7.2 Hz, 1H, H-5), 5.82 (s, 2H, H-8), 4.05 (s, 2H, H-7), 3.28 (s, 2H, H-7''); EIMS (m/z): 449 [M]
+
, 191 

[C10H7SO2]
+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 127 [C10H7]

+
, 121 [C7H5O2]

+
, 109 [C7H6F]

+
, 102 [C8H6]

+
, 90 [C7H6]

+
, 

83 [C5H4F]
+
, 64 [C5H4]

+
. 
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3.3.11 N-(4-flourobenzyl)-N-((3,4-methylenedioxyphenyl)methyl)-1-phenylmethane sulfonamide (7e) 
White crystalline solid; Yield: 86%; M.P.: 90-92 

o
C; Mol. Formula: C22H20FNO4S; Mol. Mass: 413 gmol

-1
; IR (KBr, 

vmax (cm
-1

)): 3085 (Ar C-H), 1600 (Ar C=C), 1382 (S=O), 1251 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 7.30 (d, J 

= 8.4 Hz, 2H, H-2'', H-6''), 7.18-7.11 (m, 5H, H-2' to H-6'), 6.97 (t, J = 8.4 Hz, 2H, H-3'', H-5''), 6.72 (s, 1H, H-2), 

6.69 (dd, J = 8.0, 2.4 Hz, 1H, H-6), 6.62 (d, J = 8.0 Hz, 1H, H-5), 5.93 (s, 2H, H-8), 4.15 (s, 2H, H-7'), 4.03 (s, 2H, H-

7), 3.99 (s, 2H, H-7''); EIMS (m/z): 413 [M]
+
, 155 [C7H7SO2]

+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
, 91 

[C7H7]
+
, 65 [C5H5]

+
; EIMS (m/z): 413 [M]

+
, 155 [C7H7SO2]

+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
, 109 

[C7H6F]
+
, 90 [C7H6]

+
, 83 [C5H4F]

+
, 64 [C5H4]

+
. 

 

3.3.12 N-(4-flourobenzyl)-N-((3,4-methylenedioxyphenyl)methyl)-1-((1R,4R)-7,7-dimethyl-2-

oxobicyclo[2.2.1]heptan-1-yl)methanesulfonamide (7f) 
Colorless liquid; Yield: 86%; Mol. Formula: C25H28FNO5S; Mol. Mass: 473 gmol

-1
; IR (KBr, vmax (cm

-1
)): 3076 (Ar 

C-H), 1605 (Ar C=C), 1384 (S=O), 1221 (C-O); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 7.32 (d, J = 8.0 Hz, 2H, H-2'', 

H-6''), 7.25 (t, J = 8.0 Hz, 2H, H-3'', H-5''), 6.74 (s, 1H, H-2), 6.69 (d, J = 7.6 Hz, 1H, H-6), 6.64 (d, J = 7.6 Hz, 1H, 

H-5), 5.89 (s, 2H, H-8), 4.21 (s, 2H, H-7), 3.73 (s, 2H, H-7''), 3.33 (s, 2H, H-10'), 2.41-2.38 (m, 2H, H-3'), 2.17-2.11 

(m, 2H, H-6'), 2.09-2.00 (m, 2H, H-4'), 1.38-1.35 (m, 1H, H-5'), 0.95 (s, 6H, CH3-8', CH3-9'); EIMS (m/z): 473 [M]
+
, 

215 [C10H15OSO2]
+
, 151 [C10H15O]

+
, 150 [C8H8NO2]

+
, 135 [C8H7O2]

+
, 121 [C7H5O2]

+
, 109 [C7H6F]

+
, 90 [C7H6]

+
, 83 

[C5H4F]
+
, 64 [C5H4]

+
. 

 

3.4 Antibacterial activity 
The antibacterial activity method was based on the principle that microbial cell number or microbial growth was 

directly related to the log phase of growth with increase in absorbance of broth medium
13-14

. The clinically isolated 

two gram-positive (Bacillus subtilis and Staphylococcus aureus) and three gram-negative (Salmonella typhi, 

Escherichia coli and Pseudomonas aeruginosa) bacteria were stored on stock culture agar medium. 20 µg test samples 

with dilution by suited solvents and 180 µL overnight maintained fresh bacterial cultures with suited dilution with 

fresh nutrient broth were mixed. The initial absorbance was crucially between 0.12-0.19 at 540 nm. The incubation 

was processed at 37 
o
C for 16-24 hrs with lid on the micro plate. The absorbance was measured at 540 nm using micro 

plate reader before and after incubation and the difference was noted as an index of bacterial growth. The percent 

inhibition was calculated using the formula: 

           ( )  
            

       
     

where     Control = Absorbance in control with bacterial culture  

  Test = Absorbance in test sample 

 
Results are mean of triplicate (n=3, ± sem). Ciprofloxacin was employed as standard. Minimum inhibitory 

concentration (MIC) was measured with suitable dilutions (5-30 µg/well) and results were calculated using EZ-Fit 

Perrella Scientific Inc. Amherst USA software, and data was expressed as MIC. 

 

3.5 Statistical analysis  
All the measurements were done in triplicate and statistical analysis was performed by Microsoft Excel 2010. Results 

are presented as mean ± sem. 

 

4. CONCLUSION 
All the compounds of this series were synthesized in good yield and purity. All the structures were well supported by 

spectral analysis and executed for the antibacterial activity. The results assisted our aim of preparing these molecules 

i.e. to inaugurate new potent molecules with more potential. The pharmacological industries can further proceed these 

synthesized molecules to evaluate their in vivo activity and toxicity. 
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ABSTRACT  
A new series of substituted 5, 6, 7, 8 tetrahydro quinazoline derivative has been synthesized from a mixture of 

methyl/ethylacetoacetate with different substituted aromatic/ hetero aromatic aldehydes. Then treated with aminoguanidines / 

thiourea afforded 2-hydrizino substituted 5, 6, 7, 8-tetrahydro quinazoline (D1-8)/ 2-mercapto substituted 5, 6, 7, 8-tetrahydro 

quinazoline derivatives (E1-8). The structures of newly synthesized compounds were confirmed by spectral data (IR, H
1
NMR, 

C
13

NMR, Mass spectra and Elemental analysis).The synthesized compounds were also evaluated for their anthelimentic activity 

using earth worms of nearly equal size (8 cm±1) were selected randomly for present study and Albendazole was used as reference 

standard. The compounds which contains Cl and F groups substituted at Para position on phenyl ring at C5 of substituted 5, 6, 7, 8 

tetrahydro quinazoline derivatives showed good activity when compared with reference standard. 

 

Keywords: Tetrahydro quinazoline, anthelimentic activity, 2-mercapto/r-hydrizinyl and Albendazole (ALB) 

 
1.  INTRODUCTION  
Gastrointestinal parasites create a serious threat to the production of livestock in developing nations. As per WHO, 

only few drugs are frequently used in the treatment of helminthes in human beings. Helminthes parasite infections are 

global problems with serious social and economic repercussions in developing countries. Some type of dangerous 

helminthes infections like filariasis has only a few therapeutic modalities at present. The universal requirement on 

heterocyclic compounds for their potential activities against microorganisms and significance in the pharmaceutical 

field prompted us to synthesize pyrimidines and pyrazolines from cyclic keto esters. Cyclohex-2-enones are useful in 

the synthesis of organic compounds
 1-5

. Synthesis of cyclohex-2-enones involves Knoevenagel condensation of 

acetylacetone or ethyl acetoacetate with aromatic aldehydes in the presences of methylamine in ethanol, yielded cyclic 

β-keto esters. We have found that the quinqzoline and condensed quinazoline derivatives are found to exhibit potent 

biological
6-11

 and pharmaceutical activities. In view of the above and in a continuation of our interest in the 

development of quinazoline/quinazolinone chemistry. We have synthesized new 2-mercapto/hydrizino substituted 5, 

6, 7, 8 tetrahydro quinazoline derivatives for anthelimentic activity. 

 
2. MATERIALS AND METHODS 

 
2.1 Preparation of 3-aryl-2, 4-biscarbethoxy-5-hydroxy-5-methylcyclohexanones (C1-8) 
All the compounds C1-8 were prepared by using the procedure of Pandiarajan et al

12
. A mixture of 

methyl/ethylacetoacetate (A) (100 mmoles), aromatic benzaldehyde (B) (50 mmoles) and methylamine (50 mmoles) 

in ethanol (50 mL) was warmed on a water bath for about 10 min. The reaction mixture was kept overnight for one / 

two days respectively. The separated solid was filtered and it was purified by recrystallisation from ethanol. 

 

2.2 Preparation of D1-8 & E1-8  
Compound C1-8 (10 mmoles) was dissolved in ethanol (3mL) and after addition of hydrazine hydrate (15 mmoles) the 

reaction mixture was heated under reflux for 2h. Then the mixture was cooled and poured into crushed ice, and the 

precipitate was filtered off, dried, and recrystallized from ethanol. 

 

3. EXPERIMENTAL PROCEDURE 
Melting points of the newly synthesized compounds were determined in open capillary tubes and were uncorrected. IR 

Spectra were recorded on a Perkin – Elmer BXF1, FT-IR spectrophotometer using KBr disc and the values expressed 

in cm
-1

. H
1
NMR Spectra were recorded on a Bruker AMX, 400 MHz, using TMS as an internal standard and the 

values are expressed in ppm. Mass Spectrum was recorded on Agilent 1100 ESI- Mass (turbo spray) 

spectrophotometer. C H N analysis was carried out on Carlo Erba 1108 Elemental analyzer. Homogeneity of the 

compounds was checked by TLC on silica gel plates. 

3.1 4 - ethoxy - 2 - hydrazinyl - 7 - hydroxyl - 7 - methyl - 5, 6, 7, 8 - tetrahydro - 5 - (p -tolyl) - quinazoline - 6 

- ethylcarboxylate (D1). 
m.p. 98-100

0
C, yield  82%, Rf  0.61; IR (KBr, Cm-1) 3400 (NH, Str), 1560 (C=N, Str), 1170 (C-O-C, Str), 

1690 (C=O of COOC2H5,Str ), 3090 (OH, Str), 2810 (C-H, Str); H
1
 NMR (δ ppm) 5.34 (2H,s,H-N-H), 10.15 (1H,s,N-



Pakistan Journal of Chemistry 2013 

 

151 

H), 4.72  (1H, s, OH at C7), 1.06 (3H, s, Me at C7), 1.28 (3H, s, Me of COOC2H5), 3.41 (2H, d, CH2 of COOC2H5),  

2.85 (3H, s, Me of OC2H5),  3.26 (2H, d, CH2 of OC2H5), 7.01- 7.26 (4H, m, Ar-H ), 4.63 (1H, s, 5Ha ), 3.31 (1H, s, 

6Ha), 1.98 (3H, s, Ar-CH3 at C5), 5.08 (2H, s, 8 Ha & 8 He ); C
13

NMR (δ ppm): C2-139.89, C4-138.73, C5 – 60.56, C6 -

76.74, C7 -77.37, C8 -60.48, C9 -136.22, C10 -129.23, CH2 of OC2H5 at C4 -54.26, CH3 of OC2H5 at C4 -21.01, C=O of 

COOC2H5 at C6  -172.95, CH2 of COOC2H5 at C6 -53.84, CH3 of COOC2H5 at C6 -21.84, CH3 at C8-16.45, Ar- CH3 at 

C5 -31.03, aromatic carbons: 1’-129.11, 128.80,128.97,127.50,127.36, 126.94; Mass (m/z)  400 (M+,18%), 359 

(100%); anal. calcd(found)  63.00 (63.02), 6.98 (7.02), 14.06 (13.98)  for C21H28O4N4 . 

 

3.2 4 - ethoxy - 2 - hydrazinyl - 7 - hydroxyl - 7 - methyl - 5, 6, 7, 8 - tetrahydro - 5 -phenylquinazoline - 6 - 

ethylcarboxylate (D2). 
m.p. 192-194

0
C, yield  91%, Rf 0.65; IR (KBr, Cm-1) 3420 (NH, Str), 1480 (C=N,str), 1220 (C-O-C, str), 1665 (C=O 

of COOC2H5, str), 3030 (OH, Str), 2870 (C-H, Str); H
1
 NMR (δ ppm) 5.85 (2H, s, H-N-H), 9.18 (1H, s, N-H), 4.17 

(1H, s,OH at C7), 1.05 (3H, s, Me at C7), 2.46 (3H, s, Me of COOC2H5), 3.86 (2H, d, CH2 of COOC2H5), 2.67 (2H, s,), 

3.82 (2H, d, CH2 OC2H5), 7.102- 7.260 (5H, m, Ar-H), 4.62 (1H, s, 5Ha ), 3.34 (1H, s, 6Ha) , 5.24 (2H, s, 8 Ha & 8 

He ); Mass (m/z)  386 (M+,08%); anal.calcd(found) 62.17 (62.36), 6.70 (6.90), 14.50 (14.26) for C20H26O4N4. 

 

3.3 4 - ethoxy - 2 - hydrazinyl - 7 - hydroxyl - 7 - methyl - 5, 6, 7, 8 - tetrahydro - 5 - (p-chlorophenyl) - 

quinazoline - 6 - ethylcarboxylate (D3). 
m.p. 122-124

0
C, yield 84%, Rf 0.71; IR (KBr, Cm-1) 3420 (NH, str), 1460 (C=N, str), 1230 (C-O-C, str), 1670 (C=O 

of COOC2H5, str ), 3240 (OH, str), 2825 (C-H, str), 780 (C-Cl, str) ; H
1
 NMR (δ ppm) 5.40 (2H,s,H-N-H), 10.41 

(1H,s,N-H), 4.10 (1H, s, OH at C7), 1.11 (3H, s, Me at C7 ), 2.17  (3H, s, Me of COOC2H5), 3.88 (2H, d, CH2 of 

COOC2H5), 2.32 (3H,s, Me of OC2H5), 3.32 (2H, d, CH2 of OC2H5), 7.03- 7.29  ( 4H, m, Ar-H ), 4.28 ( 1H, s, 5Ha ), 

3.96 ( 1H, s, 6Ha), 5.46 (2H, s, 8Ha & 8H e ). Mass (m/z)   420.5 (M+, 09%); anal. calcd (found) 57.07 (57.28), 5.94 

(6.12), 13.31 (13.16) for C20H25O4N4Cl 

 

3.4 4 - ethoxy - 2 - hydrazinyl - 7 - hydroxyl -7 - methyl - 5, 6, 7, 8 - tetrahydro - 5 - (4 -fluorophenyl) 

quinazoline - 6 - ethylcarboxylate (D4). 
m.p. 100-102

0
C, yield  45%, Rf 0.72; IR (KBr, Cm-1): 3355 (NH, Str), 1490 (C=N, Str), 1265 (C-O-C, Str), 1655 

(C=O of COOC2H5,Str ), 3060 (OH, Str), 2845 (C-H, Str), 1080 (C-F, str);  H
1
 NMR (δ ppm) 5.20 (2H ,s, H-N-H), 

10.05 (1H, s, N-H), 4.86 (1H, s, OH at C7 ),1.27 (3H, s, Me at C7 ), 1.64  ( 3H, s, Me of COOC2H5 ), 3.18 ( 2H, d, CH2 

of COOC2H5 ), 2.99 ( 3H, s Me of OC2H5), 3.42  ( 2H, d, CH2 of OC2H5 ) , 7.00- 7.26 ( 4H, m , Ar-H ), 4.78 ( 1H, s, 

5Ha ), 3.26 ( 1H, s, 6Ha ), 5.02 (2H, s, 8Ha & 8He ); Mass (m/z) 404 (M+, 12%); anal. calcd (found) 59.40 (59.53), 

6.18 (6.33), 13.86 (13.78) for C20H25O4N4F. 

 

3.5 4 - methoxy - 7 - methyl - 2 - hydraziny - 7 - hydroxy - 5, 6, 7, 8 - tetrahydro - 5 - (p - tolyl) 

phenylquinazoline - 6 - methylcarboxylate (D5). 
m.p. 112-114

0
C, yield 65%, Rf 0.63; IR (KBr, Cm-1) 3450 (NH, Str), 1485 (C=N, Str), 1245 (C-O-C, Str), 1660 (C=O 

of COOCH3,Str ), 3230 (OH, Str), 2890 (C-H, Str);  H
1
 NMR (δ ppm)  5.40 (2H, s, H-N-H) , 10.06 (1H ,s, N-H) , 4.70 

(1H , s, OH at C7 ) , 2.05 (3H ,s, Me at C7), 1.60 ( 3H, s, Me of COOCH3 ),  1.89 ( 3H, s, Me of OCH3), 2.43 (3H, s, 

Ar-CH3 at C5) 7.01- 7.33 ( 4H, M , Ar-H ) , 3.42 ( 1H, s, 5Ha ), 3.00 ( 1H ,s, 6Ha ), 5.51 (2H, s, 8Ha & 8He ); Mass 

(m/z)  372 (M+, 11%); anal.calcd (found) 61.29 (61.46), 6.45 (6.52), 15.05 (15.08) for C19H24O4N4 

 

3.6 4 - methoxy - 7 - methyl - 2 - hydraziny - 7 - hydroxy - 5, 6, 7, 8 - tetrahydro - 5 -phenylquinazoline - 6 - 

methylcarboxylate (D6). 
m.p. 170-172

0
C, yield 63%, Rf 0.75; IR (KBr, Cm-1) 3335 (NH, Str), 1485 (C=N, Str), 1185 (C-O-C, Str), 1655 (C=O 

of COOCH3,Str ), 3060 (OH, Str), 2880 (C-H, Str); H
1
 NMR (δ ppm) 5.24 (2H, s, H-N-H), 9.22 (1H,s,N-H), 4.56 (1H, 

s, OH at C7), 1.25 (3H, s , Me at C7), 1.60 (3H, s, Me of COOCH3),  1.89 (3H,s, Me of OCH3),  7.14- 7.39 (4H,m,Ar-

H) , 3.46 (1H, s,5Ha) , 3.01 ( 1H,s,6Ha) , 4.92 (2H, s, 8Ha & 8He ); Mass (m/z)   358 (M+, 22%); anal.calcd(found) 

60.97 (61.08), 6.14 (6.23), 15.60 (15.58) for C18H22O4N4   

 

3.7 4 - methoxy - 7 - methyl - 2 - hydrazinyl - 7 - hydroxy - 5, 6, 7, 8 - tetrahydro - 5 - (4 -chlorophenyl) 

quinazoline - 6 - methylcarboxylate (D7).  
m.p. 96-98

0
C, yield 66%, Rf 0.61; IR (KBr, Cm-1) 3379 (NH, Str), 1489 (C=N, Str), 1295 (C-O-C, Str), 1676 (C=O 

of COOCH3,Str ), 3185 (OH, Str), 2876 (C-H, Str), 816 (C-Cl, str); H
1
 NMR (δ ppm)  5.91 (2H, s, H-N-H), 9.09 (1H, 

s, N-H), 4.81 (1H, s, OH at C7), 0.96 (3H, s, Me at C7), 2.60 (3H, s, Me of COOCH3),  1.37 (3H, s, Me of OCH3),  

7.06- 7.31 (3H, m, Ar-H ), 3.52 (1H, s, 5Ha) , 2.97 ( 1H, s, 6Ha) , 5.36 (1H, s, 8Ha&8He); Mass (m/z)  392 (M+, 

10%); anal.calcd(found) 55.03 (55.06), 5.35 (5.54), 14.26 (14.15) for C18H21O4N4Cl  
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3.8 4 - methoxy - 7 - methyl - 2 - hydrazinyl - 7 - hydroxy - 5, 6, 7, 8 – tetrahydro - 5 - (4 -florophenyl) 

quinazoline - 6 - methylcarboxylate (D8).  
m.p. 136-138

0
C, yield 58%, Rf 0.42; IR (KBr, Cm-1) 3353 (NH, str), 1495 (C=N, str), 1279 (C-O-C, str), 1657 (C=O 

of COOCH3, str ), 3224 (OH, str), 2842 (C-H, str), 1076 (C-F, str) ; H
1
 NMR (δ ppm) :  5.72 (2H, s, H-N-H), 10.03 

(1H, s, N-H), 4.34 (1H, s, OH at C7), 1.17 (3H, s,-Me at C7), 2.68 (3H, s, Me of COOCH3),  1.25 (3H, s, Me of OCH3),  

7.06- 7.31 (3H, m, Ar-H ), 3.64 (1H, s, 5Ha), 2.86 ( 1H, s, 6Ha), 5.62 (2H, s, 8Ha&8He); Mass (m/z)  376 (M+, 05%); 

anal.calcd (found) 57.44 (57.66), 6.11 (6.24), 14.08 (13.95) for C18H23O4N4F 

 

3.9 7 - hydroxy - 2 - mercapto - 4 - methoxy - 7 – methyl - 5, 6, 7, 8 – tetrahydro – 5 - (p - tolyl) quinazoline - 6 

- ethylcarboxylate (E1). 
m.p. 252-254

0
C, yield 78%, Rf 0.66; IR (KBr, Cm-1) 1263 (C-O-C, str), 1523 (C=N, str), 3063 (OH, str), 1667 (C=O 

of COOC2H5,str), 1139 (SH, str); H
1
 NMR (δ ppm) 3.32 (1H, s, S-H), 2.81(3H, s, Me at C7), 4.42 (1H, s, OH at C7), 

1.56 (3H, s, Me of COOC2H5), 3.86 (2H, d, CH2 of COOC2H5), 1.64 (3H, s, Me of O C2H5), 3.40 (2H, d, CH2 of O 

C2H5), 2.12 (3H, s, Ar-CH3 at C5), 7.08-7.26 (4H, m, Ar-H), 4.45 (1H, s, 5Ha), 3.16 (1H, s, 6Ha) 4.62 (2H, s, 

8Ha&8He); Mass (m/z)  402 (M+, 15%); anal.calcd(found) 62.68 (62.74), 6.46 (6.66), 6.96 (6.54) for C21H26O4N2S  

 

3.10 7 - hydroxy - 2 - mercapto - 4 - methoxy - 7 – methyl - 5, 6, 7, 8 - tetra hydro - 5 -phenylquinazoline - 6 - 

ethylcarboxylate (E2). 
m.p. 220-222

0
C, yield 68%, Rf: 0.69; IR (KBr, Cm-1) 3265 (NH, str), 1260 (C-O-C, str), 1546 (C=N, str), 3037 (OH, 

str), 1675 (C=O of COOC2H5, str), 1143 (SH, str); H
1
 NMR (δ ppm) : 3.03 (1H, s, SH), 2.95 (3H, s, Me at C7), 4.48 

(1H,s,OH at C7), 1.25 (3H, s, Me of COOC2H5), 3.46 (2H, d, CH2 of COOC2H5), 1.70 (3H, s, Me of OC2H5), 3.26 (2H, 

d, CH2 of O C2H5), 7.08-7.26 (4H, m, Ar-H), 3.75 (1H, s, 5Ha), 3.30 (1H, s, 6Ha) 4.79 (2H, s, 8Ha&8He); Mass (m/z)  

388 (M+, 19%); anal.calcd(found) 61.85 (62.02), 6.18 (6.22), 7.21 (7.12) for C20H24O4N2S 

 

3.11 7 - hydroxy - 2 - mercapto - 4 - methoxy - 7 - methyl - 5, 6, 7, 8 - tetrahydro - 5 - (p -chlorophenyl ) 

quinazoline - 6 - ethylcarboxylate (E3).   
m.p. 196-198

0
C, yield 78%, Rf 0.69; IR (KBr, Cm-1) 1190 (C-O-C, str), 1546 (C=N, str), 3376 (OH, str), 1646 (C=O 

of COOC2H5, str), 1146 (SH, str), 763 (C-Cl, str); H
1
 NMR (δ ppm) 3.24 (1H, s, S-H), 2.95 (3H, s, Me at C7), 4.69 

(1H, s, OH at C7), 1.43 (3H, s, Me of COOC2H5), 3.14 (2H, d, CH2 of COOC2H5), 1.75 (3H, s, Me of OC2H5), 3.02 

(2H, d, CH2 of OC2H5) 7.04 -7.20 (4H, m, Ar-H), 4.75 (1H, s, 5Ha), 3.06 (1H, s, 6Ha) 4.70 (2H, s, 8Ha&8He); Mass 

(m/z)  422 (M+, 16%); anal.calcd(found) 56.80 (56.96), 5.44 (5.48), 6.62 (6.56) for C20H23O4N2SCl  

 

3.12 7 - hydroxy - 2 - mercapto - 4 - methoxy - 7 - methyl - 5, 6, 7, 8 - tetrahedro - 5 - (p -fluorophenyl) 

quinazoline - 6 - ethylcarboxylate (E4). 
m.p. 262-264

0
C, yield  54%, Rf 0.63; IR (KBr, Cm-1) 1242 (C-O-C, str), 1567 (C=N, str), 3235 (OH, str), 1665 (C=O 

of COOC2H5, str), 1215 (SH, str), 1054 (C-F, str); H
1
 NMR (δ ppm) 3.27 (1H, s, SH), 2.67 (3H, s, CH3 at C7), 4.41 

(1H, s ,OH at C7), 1.56 (3H, s, Me of COOC2H5), 3.81 (2H, d, CH2 of COOC2H5) 1.70 (3H, s, Me of O C2H5), 3.34 

(2H, d, CH2 of OC2H5), 7.03- 7.26 (4H, m, Ar-H), 4.57 (1H, s, 5Ha), 3.41 (1H, s, 6Ha) 5.04 (2H, s, 8Ha&8He); Mass 

(m/z)  406 (M+, 10%) anal.calcd(found) 59.11 (59.16), 5.66 (5.69), 6.89 (6.79) for C20H23O4N2SF  

 

3.13 7 - hydroxy - 2 - mercapto - 4 - methoxy - 7 - methyl - 5, 6, 7, 8 - tetrahydro - 5 - (p -tolyl) quinazoline - 6 - 

methylcarboxylate (E5). 
m.p. 244-246

0
C, yield 52%, Rf 0.67; IR (KBr, Cm-1) 1260 (C-O-C, str), 1543 (C=N, str), 3268 (OH, str), 1656 (C=O 

of COOCH3, str), 1232 (SH, str); H
1
 NMR (δ ppm) 3.23 (1H, s, SH), 2.91(3H, s, Me at C7), 4.72 (1H, s, OH at C7), 

1.66 (3H, s, Me of COOCH3), 1.47 (3H, s, Me of OCH3), 7.26 (4H, m, Ar-H), 2.24 (3H, s, Ar-Me at C5), 1.47 (1H, s, 

5Ha), 3.06 (1H, s, 6Ha), 5.67 (2H, s, 8Ha&8He); Mass (m/z)  374 (M+, 20%); anal.calcd(found) 60.90 (60.99), 5.88 

(6.11), 7.47 (7.49) for C19H22O4N2S  

 

3.14 7 - hydroxy - 2 - mercapto - 4 - methoxy - 7 - methyl - 5, 6, 7, 8 - tetrahydro - 5 -phenylquinazoline - 6 - 

methylcarboxylate (E6). 
m.p. 232-234

0
C, yield 84%, Rf 0.67; IR (KBr, Cm-1) 1247 (C-O-C, str), 1530 (C=N, str), 3356 (OH, str), 1667 (C=O 

of COOCH3, str), 1236 (SH, str);  H
1
 NMR (δ ppm) 3.32 (1H, s, SH), 2.95 (3H, s, Me at C7), 2.41 (1H, s, OH at C7), 

1.25 (3H, s, Me of COOCH3), 1.70 (3H, s, Me of OCH3), 7.26 (4H, m, Ar-H), 4.05 (1H, s, 5Ha), 4.30 (1H, s, 6Ha) 

4.90 (2H, s, 8Ha&8He); Mass (m/z)  360 (M+, 12%); anal.calcd(found) 60.00 (60.02), 5.50 (5.58), 7.70 (7.42) for 

C18H20O4N2S  

3.15 7 - hydroxy - 2 - mercapto - 4 - methoxy - 7 - methyl - 5, 6, 7, 8 - tetrahydro - 5 - (p -chlorophenyl) 

quinazolin - 6 - methylcarboxylate (E7). 
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m.p. 148-150
0
C, yield  72%, Rf 0.62; IR (KBr, Cm-1) 1267 (C-O-C, str), 1543 (C=N, str), 3237 (OH, str), 1693 (C=O 

of COOCH3, str), 1198 (SH, str), 784 (C-Cl, str);  H
1
 NMR (δ ppm) 3.15 (1H, s, SH), 2.25 (3H, s, Me at C7), 2.12 (1H, 

s, OH at C7), 1.56 (3H, s, Me of COOCH3) ,1.04 (3H, s, Me of OCH3), 7.60 (4H, m, Ar-H), 4.25 (1H, s, 5Ha), 4.06 

(1H, s, 6Ha) 4.82 (2H, s, 8Ha&8He); Mass (m/z)  394 (M+, 08%) anal.calcd(found) 54.75 (54.81), 4.81 (4.86), 7.09 

(7.02) for C18H19O4N2SCl 

 

3.16 7 - hydroxy - 2 - mercapto - 4 - methoxy - 7 - methyl - 5, 6, 7, 8 - tetrahydro - 5 - (p -florophenyl) 

quinazolin - 6 - methylcarboxylate (E8). 
m.p. 162-164

0
C, yield  68%, Rf 0.45; IR (KBr, Cm-1) 1285 (C-O-C, str), 1545 (C=N, str), 3167 (OH, str), 1697 (C=O 

of COOCH3 str), 1236 (SH, str), 1064 (C-F, str) ; H
1
 NMR (δ ppm) 3.03 (1H, s, SH), 2.05 (3H, s, Me at C7), 2.36 (1H, 

s, OH at C7), 1.40 (3H, s, Me of COOCH3), 1.62 (3H, s, Me of OCH3), 7.18 (4H, m, Ar-H), 4.15 (1H, s, 5Ha), 4.56 

(1H, s, 6Ha) 5.09 (2H, s, 8Ha&8He); Mass (m/z)  378 (M+, 13%); anal.calcd(found) 57.14 (57.40), 5.02 (5.31), 7.40 

(7.36) for C18H19O4N2SF  

 
3.17 Experimental animals Collection13-14 

Indian adult earthworm (P. Posthuma) were collected from Guntur near Amaravathi road fields area, Andhra Pradesh, 

India, were used to study. The collected earthworms were, washed with normal saline to remove all faecal matter. The 

earthworms of 8 cm±1 in length and 1.5-2 cm in width were used for all experimental protocol. The earthworm’s 

resembled the intestinal round worm parasites of human beings both anatomically and physiologically and hence 

where used to study the anthelimentic activity. 

 

3.18 Evaluation of Anthelmintic activity15 
The synthesized compounds were screened for anthelimentic activity. Earth worms of nearly equal size 8 cm±1 were 

selected randomly for present study. The earth worms were acclimatized to the laboratory condition before 

experimentation. The earthworms were divided into three groups of six earth worms each. Six earthworms of nearly 

equal size were placed in standard drug solution and test compound’s solutions at room temperature. Normal saline 

used as control.  Standard drug and test compounds 10mg, 50mg and 100mg were dissolved in minimum quantity of 

dimethyl formamide (DMF) and adjusted the volume up to 15 ml with normal saline solution. Albendazole was used 

as a standard drug. The compounds were evaluated by the time taken for complete paralysis and death of earthworms. 

The mean lethal time for each test compound was recorded and compared with standard drug. The time taken by 

worms to become motionless was noted as paralysis time. To ascertain the death of the motionless worms were 

frequently applied with external stimuli, which stimulate and induce movement in the worms, if alive.  

 

3.19 Statistical Analysis 
Results were expressed as mean+SEM. statistical significance was determined by one-way analysis of variance 

(ANOVA) followed by Dunnet’s test with the level of significance at p < 0.01 and p < 0.001. 

 

4. RESULTS AND DISCUSSION 

 

4.1 Chemistry  
The series of heterocyclic D1-8 & E1-8 were newly synthesized  by the reaction of C1-8 with appropriate hydrazine 

hydrate & thiourea, after cyclization as presented in scheme-I. The IR, H
1
NMR, C

13
NMR, Mass & Elemental analysis 

for the newly synthesized compounds are in accordance with the assigned structures. The IR (cm
-1

) spectrum of 

compounds in D1-8 series showed the stretching bands of NH group at 3335-3450 respectively. The IR (cm
-1

) spectrum 

of compounds in E1-8 series showed the stretching bands of SH group at 1150-1250 respectively. The presence of NH 

group for D1-8 & the presence of SH group for E1-8 series provides a strong evidence for the condensation & also 

confirms the formation of 2-mercapto/ hydrizinyl 5, 6, 7, 8 - tetrahydro quinazoline derivatives. The H
1
NMR (ppm) 

spectra of D1-8 & E1-8 and their corresponding derivatives have been recorded in CDCl3. In D1-8 series the NH2 

chemical shift appears at δ 5.2 - 5.9 for two (2H) protons and NH chemical shift appears at δ 9.0 - 10.5 for one (1H) 

proton respectively. In E1-8 series the SH chemical shift appears at δ 3.0 - 3.5 for one (1H) proton respectively. The 

presence of NH and NH2 chemical shift in the proton NMR spectra of final compounds confirms the hydrizinyl 

protons at C2 position of 5, 6, 7, 8 tetrahydro quinazoline derivatives in D1-8 series. The presence of SH chemical shift 

in H
1
 NMR spectra of final compounds confirms at C2 position of 5, 6, 7, 8 tetrahydro quinazoline derivatives in E1-8 

series. 
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Scheme-1 

4.2 Anthelimintic activity 
All the newly synthesized compounds screened for their anthelimentic activity. The observed results shown in Table-

1. Among all the screened compounds some of the compounds showed moderate to considerable activity and 

particularly compounds D3, D4, D7, D8 & E3, E4, E7 and E8 have enhanced activity when compared to reference 

standard Albendazole due to the presence of chlorine and fluorine at para position on C-5 phenyl ring at minimal dose 

of 10mg/mL. At the concentration of 10mg/ml D3, D4, D7, D8 & E3, E4, E7 and E8 exhibited their good activity (P < 

0.001) for time taken to paralysis and death when compared to standard Albendazole at 10mg/ml while increasing the 

concentration at 50mg/mL and 100mg/mL the compounds showed considerable activity (P < 0.01) by reducing the 

paralysis and death time when compared to standard. 

 

5. CONCLUSION 
The objective of this research work has to investigate anthelmintic activity of novel series of 2-substituted 5, 6, 7, 8 

tetra hydro quinazolines prepared by the reaction of key intermediate C1-8 with hydrazine hydrate and thiourea. The 

results of the anthelmintic activity of D1-8 and E1-8 series showed moderate enhancement of activity .The compounds 

D3, D4, D7, D8 & E3, E4, E7 and E8 emerged as the most active compound in exhibiting anthelmintic activity and rest of 

the compounds are having no significant activity when compared with the reference standard. Hence these series 

would be developed by as a novel class of anthelimentic agents. However further structural modifications is planned 

to increase the activity. 
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Table-1:  Anthelimintic activity of synthesized compounds (D1-8 & E1-8) 

Time taken for paralysis  and Death 
 Paralysis time (min) Death time (min) 
Entry 10mg/ml 50mg/ml 100mg/ml 10mg/ml 50mg/ml 100mg/ml 

D1 35.83 ± 1.537 56.83 ± 0.703 75.00 ± 4.280 34.16 ± 0.307 53.67 ± 2.076 74.16 ± 0.542 

D2 45.33 ± 1.308 67.16 ± 0.746 82.25 ± 0.250 48.83 ± 2.210 55.83 ± 0.870 67.33 ± 0.760 

D3 25.33 ± 1.174
***

 32.50 ± 0.500 48.50 ± 0.428 19.33 ± 1.202
***

 30.00 ± 3.055 45.00 ± 0.365 

D4 24.23 ± 0.980
***

 35.44 ± 1.820 49.55 ± 0.563 20.67 ± 0.550
***

 32.83 ± 1.187 52.44 ± 0.870 

D5 43.56 ± 0.650 51.35 ± 1.085 60.00 ± 0.987 39.88 ± 1.156 51.00 ± 1.054 70.36 ± 0.683 

D6 40.00 ± 0.447 52.33 ± 1.874 64.33 ± 0.210 40.56 ± 1.080 56.83 ± 1.270 74.83 ± 0.307 

D7 27.67 ± 2.028
**

 39.66 ± 0.330 44.83 ± 0.307 20.33 ± 1.745
**

 34.67 ± 1.783 48.90 ± 0.447 

D8 25.36 ± 1.067
**

 40.50 ± 0.619 48.83 ± 0.317 21.50 ± 1.607
**

 38.67 ± 0.802 51.17 ± 0.872 

E1  34.83 ± 1.400  41.50 ± 2.094  54.33 ± 0.210  32.67 ± 1.308  45.33 ± 1.687  56.50 ± 0.428 34.83 ± 1.400 41.50 ± 2.094 54.33 ± 0.210 32.67 ± 1.308 45.33 ± 1.687 56.50 ± 0.428 

E2 36.83 ± 2.380 42.17 ± 0.833 56.83 ± 0.600 38.00 ± 1.028 48.50 ± 0.619 62.16 ± 0.307 

E3 29.98 ± 2.078
**

 34.30 ± 1.080 47.80 ± 0.109 21.55 ± 1.210
**

 35.16 ± 0.912 52.87 ± 0.507 

E4 26.00 ± 1.930
**

 36.83 ± 0.401 52.00 ± 0.258 23.83 ± 1.515
**

 38.00 ± 1.125 53.66 ± 0.210 

E5 39.67 ± 0.557 49.16 ± 0.401 64.83 ± 0.307 46.47 ± 1.667 63.33 ± 6.009 78.50 ± 0.562 

E6 42.00 ± 0.447 56.33 ± 0.557 63.83 ± 0.307 32.17 ± 1.014 51.50 ± 0.806 75.00 ± 4.282 

E7 28.67 ± 0.666
**

 29.50 ± 1.258 39.33 ± 0.333 19.67 ± 0.614
***

 38.33 ± 2.789 54.66 ± 0.494 

E8 27.50 ± 1.360
**

 35.17 ± 1.447 45.00 ± 0.365 20.50 ± 0.763
**

 39.50 ± 3.500 60.67± 3.333 

ALB 24.17 ± 1.558 - - 18.50 ± 0.763 - - 

Control - - - - - - 

All determinations were done in triplicate and results are expressed as Mean ± SEM. P value was calculated by comparing with 

control by one-way ANNOVA. Control worms were alive up to 24 hrs of observation.  **p < 0.01 and ***p < 0.001, Significantly 

different when compared with reference compound, Albendazole prototypes used for the study were designated as D3, D4, D7, D8 

& E3, E4, E7 and E8 at 10mg/mL, 50mg/mL and 100mg/mL respectively and the standard drug  Albendazole (ALB) was used at 

10mg/ml. 
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ABSTRACT  
Medicinal plants have been extensively used contrary to various infectious and non-infectious maladies world wide. A plethora of 

medicinal plants of Balochistan region have exhibited potential antiviral activity against a number of infections. Among numerous 

other ailments, viral infections have denounced the humankind survival, distressing millions of people every year, causing 

disability and death.  A plausible remedy for the viral infections from medicinal plants could be inferred through 

ethnopharmacological approach.  

The purpose of current study is an ethnopharmacological screening for antiviral medicinal plants that are being used traditionally 

by the local population for different types of viral infections in Pishin and Loralai areas of Balochistan. The study resulted 30 

medicinal being used against viral infections in the region. 

 

Keywords: Balochistan, Ethanobotany, Indigenous medicinal plants, Virucidals effects.  

 
1. INTRODUCTION 
There natural products are usually explored by two approaches with respect to their biological activities. The 

traditional procedure is laboratory oriented and depends upon previous taxonomic findings, immunopharmacological 

investigations, phytochemical aspects, and random screening techniques. The alternate one is the ethnobotanical route, 

which is being more acceptable among the researchers, is inspection of the well documented traditional texts, 

ethnopharmacological applications of the herbs, and local awareness about the medicinal plants from popular native 

healers
1
. The study of botanicals or “Nature’s diverse Combinatorial Library” has a long history as potential 

pharmaceuticals, and are well rooted in medical practice by ancient practitioners for general therapeutics. During 

1981-2002, 61% of all the new drugs recommended globally contain natural products and their derivatives and around 

60% of the global community still depends almost entirely on medicinal plants for the primary health care
2
. According 

to a rational approximation, 25% of the medicines employed generally contain compounds extracted from plant 

sources and numerous others could present a rich potential reserve for drug discovery for communicable diseases
3
. 

Being a developing nation of the South Asia, and a country with an area of 87.98 million hectares, Pakistan almost 

receives more than 80 % of its medicaments from the herbal sources
4
. In indigenous and conventional medicine 

system, most plants based therapeutics does not produce any adverse side effects in contrast to some chemical or 

synthetic drugs
5
. A variety of herbal plants have displayed potential for the treatment of numerous viral infections, and 

some of them have exhibited comprehensive virucidals activity
6
. A viral infection is any type of illness or disease 

caused by a virus. Most of the human infections are caused by the viruses, among them the common one are acute, 

short-lived illnesses like colds. Herpes, HIV, hepatitis etc type viruses are never eradicated completely from the body 

but persist for years in chronic infections
7
. The infections caused by the virus rely upon person's physical condition; 

various viruses can infect the immune system and leaves the body susceptible to a variety of fatal infections.  

Even the common viral infections cannot be treated with antibiotics and are usually defended by the body's 

own immune system with a slight assistance from appropriate diet, hydration and respite
8
. Through in vitro and in vivo 

studies, it has been observed that medicinal plants are the promising source for potential and novel antiviral drugs 

employed against chronic viral infections such as hepatitis C, as well as for the treatment of viral lesions such as HSV, 

due to greater efficacy on viral strains and low toxicity to the host
9
. The purpose of this investigation was to identify 

the indigenous medicinal plants of Balochistan precise region with potential antiviral activities against a diverse group 

of viruses, as used by the traditional healers and common populace. 

 

2. RESULTS AND DISCUSSION 
All the plants mentioned in this study are very popular among the various communities of Balochistan and are crucial 

for the phytotherapy of this region. In general 30 medicinal plant belonging to 24 families have been recorded which 

are being used for antiviral purposes. A survey of the medicinal plants with their main aspects including chemical 

constituents, preparation and application parts used are gathered in [Table-1], and the plants species are described in 

consecutive alphabetical order.  
 

 

http://www.google.com.hk/url?sa=t&rct=j&q=urdu%20university%20karachi&source=web&cd=1&ved=0CCkQFjAA&url=%68%74%74%70%3a%2f%2f%77%77%77%2e%66%75%75%61%73%74%2e%65%64%75%2e%70%6b%2f&ei=DuwuUqbuK6O5iQekm4CgBA&usg=AFQjCNHtzmudAH4mJ4TtoTl-4zPFRXqCRw&bvm=bv.51773540,d.aGc&cad=rjt
http://www.medterms.com/script/main/art.asp?articlekey=3907
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Table-1: Indigenous Antiviral medicinal plants with chemical constituents, preparation and parts used    arranged in alphabetic 

order. 

 Scientific/ 

Vernacular Name 
Family 

Parts 

Used 
Viruses Chemical Constituents 

Applications/Antiviral 

Effect 

1 

 

Allium sativum 
Werznu, Lahsan, 

Lassan 

Alliaceae Fruit 
Influenza, 

Hepatitis 

Allin, allicin, sativin I & 

II, seordinine, scordine, 

anthocyanins, glycosides 

of kaempferol and 

querection and essential 

oil. vitamins like 

thiamine, riboflavin and 

niacin 

The fresh fruit is used 

in different quantities. 

Dried fruit of the plant 

is grounded to make 

decoction. 

2 

Althaea Officinalis 

Linn 

Tukhm-e-khitmi; Gul-

e-Khainu 

Malvaceae 

Leaves, 

root and 

flowers 

Hepatitis 

Mucilage, starch, 

polysaccharide 

compounds, seed oil, 

malvalic acid, fatty oil, 

butyric acid, phytosterin. 

Decoction is made 

from the roots by 

boiling them in water. 

The leaves and flowers 

are also used to treat 

different viral ailments. 

3 

 

Argyreia Speciosa 

sweet 

Samundar-sokh 

Convolvulaceae 
Root and 

seeds 
Influenza 

The leaves yields 1- 

tricontanol, epifriedelinol 

and β-sitosterol, quercetin, 

flavonoids, quercetin 

kaemperol.The root yields 

tetradecanyl palminate, 

scopoletin. The seed 

yields fatty oil which 

found to contain the 

glycerides of palminate, 

stearic, linoleic, linolenic 

and oleic acids. 

The dried seeds and 

fruits are grounded 

along with sugar. 

4 
Artemisia maritima 

Dron, Tarkha, 

Kirmala,zoon, Jhan. 

Asteraceae 
Whole 

plant. 
Hepatitis 

Choline, santonin, cineole, 

insitol, phenol, rutin, 

succinic acid, 

artemisifolin, 

artemisinine. 

The entire plant is 

poached in water and 

kept in the dark. The 

pure decoction is used 

against the Hepatitis. 

 

5 

Asparagus racemosus 

willd. 

Shaqaqul; Sat Muli, 

Satavari 

Liliaceae 
Young 

shoots 
Hepatitis 

Leaves contain quercetin-

3-glucoromide, diosgenin, 

sito- sterol, stigmasterol, 

sarsapogin, sito-sterol D-

glucoside, stigmasteral-B-

D-glucoside, two 

spirostanolic and two 

furostandic Saponins in 

root. Sarsapogenin, 

saponins A4-A7, 

ghycosides of quercatin, 

rutin, hyperoside in flower 

& fruit. 

The young shoots are 

taken and dried to 

make decoction. The 

shoots are also dried 

and grounded and used 

along with sugar. 

Tablets are also made 

and taken orally. 

 

 

6 

 

Berberis lycium 
Kartoshki, Zarch, 

Chowenj, Ishkeen 

Berberdiaceae Leaves 

Influenza, 

Varicella 

zoster 

(Chicken 

pox) 

Alkaloids barberin 

barbamine, umbellatine, 

tannins and starch grains. 

The fruit contains malic, 

tartaric, citric acids and 

tannin. 

The decoction of fresh 

leaves boiled in water 

is given to the patients 

thrice a day. 

 

7 

 

Cannabis sativa 

Bhang,Ganja,Thoonchi 
Cannabaceae 

Stem, 

leaves 

and 

flowering 

shoots 

Influenza 

It contains 

sesquiterpenes, Δ
9
-

Tetrahydrocannabinol, 

Myrcene,  -Pinene, α- 

Terpinolene, Trans- β-

caryophyllene, Trans- β-

ocimene  

Humulene. 

Seeds and fresh leaves 

are used. The seed, either 

as a paste or as an 

unguent are helpful 

The decoction of the root 

is also made and drunk.  

The leaf, prepared in 

various manners. Seeds 

ground and mixed with 

porridge given to 

weaning children 

http://en.wikipedia.org/wiki/Varicella_zoster_virus
http://en.wikipedia.org/wiki/Varicella_zoster_virus
http://en.wikipedia.org/wiki/Varicella_zoster_virus
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8 
Cichorium intybus 

Kasthi, Kasini 

Compositae 

(Asteraceae) 

Whole 

plant 
Hepatitis 

Cichorium intybus 

contains taraxerone, -

amyrin, baurenyl acetate 

and -sitosterol. 

Twelve compounds 

were also obtained from 

the root of plant 

including 2, 3, 4, 9-

tetrahydro-1H-pyrido-

(3, 4-b) indole-3-

carboxylic acid. 

The green C. intybus is 

steamed with sugar to 

form the porridge. Then 

the decoction as a half 

cup is given to the 

patients. 

 

 

 

9 

 

Crocus sativus 

Zafran, Kesar 
Iridaceae Flowers 

Influenza, 

Hepatitis 

Glucoside, crocin, 

crocetin, picro-crocin 

essential oil, b and R 

carotene, lycopene, 

riboflavin and thiamine. 

The flowers of C. sativus 

are boiled in water to 

make decoction. The 

flowers are also rinsed in 

water and then dried. 

Furthermore syrup is also 

made locally. It is used 

against smallpox, 

pneumonia and for 

ailments related to the 

heart and nervous system. 

It is religiously well 

known plant. 

10 

 
Cydonia oblonga 

Chna, Bigi, Bibi 
Rosaceae 

Fruits 

and 

leaves 

Influenza, 

Varicella 

zoster 

(Chicken 

pox) 

The pulp of plant 

contains quercetin 

glycoside, rutin (in low 

amount), caffeoylquinic 

acids (3-, 4-, and 5-O 

caffeoylquinic acids and 

3, 5 dicaffeoylquinic 

acid) and the plant also 

contain Amygdalin, 

ascorbic acid, carotene 

gum,  mucilage,  N-

paraffins, Rutin, ß-

sitosterol, tannin, 

tartaric acid, thiamine. 

 

The fresh plant (fruits 

and leaves) are saturated 

in water and used before 

the lunch for persistent 

cough and stomach ulcer. 

 

 

11 
Glycyrrhiza glabra L 

Moyu, Mulathi 
Fabaceae 

Whole 

plant 
Influenza 

Triterpenoids saponin 

glycosides, 

glycyrrhizinic acid, 

glycyrrhizn, potassiumn 

& calcium salts of 

glycyrrhetinic acid. 

Steroid estrogen 

(possibly esteriol) and a 

haemolytically active 

saponin 

 

Whole plant is boiled in 

water to make decoction 

and drunk. It is used 

against flue, caught and 

ulcers. 

 

12 
Hyoscyamus niger 

Bazarbhang 
Solanaceae 

Leaves 

and 

flowers 

Influenza 

Maine constituents are 

Atropine, hyoscyamine, 

hyoscypikrin and 

scopolamine with little 

atropine, hyoscypikrin. 

A decoction is made 

basically from leaves 

and flowers to treat 

different ailments that 

are viral. 

13 
 

Hyssopus officinalis 

Zufa, zufa-yabis 

 

Lamiaceae 

 

Aerial 

part 

 

Influenza,  

Hepatitis 

Carotene, choline, 

Diosmin, essential oil, 

fats, flavonoid 

glycosides, glycosides, 

iodine, mucilage, resins, 

sugar, tannic acid, 

tannin. Essential oils 

contain -Pinene, 

bicyclic sesquiterpenes, 

camphene, ketone l-

pinocamphone and ß-

Pinenes. 

The aerial parts of H. 

officinalis are grided to 

make decoction and 

syrup. 
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14 
Malva sylvestris Linn 

Gulkhair, Khubazi 
Euphorbiaceae 

Leaves, 

root, 

flowers. 

Influenza, 

Hepatitis 

Anthocyanin, Ascorbic 

ccid, bitter principle, 

calcium, carotene, 

flavonal glycosides, 

malvin 

A mineral, mucilage, ß-

sitosterol, tannin, vitamin 

A, vitamin B1 and vitamin 

B2. Leaves contain 

Tannin. 

Decoction is made 

from the seeds of plant 

by boiling them in 

water. This decoction is 

Demulcent, Diuretic, 

Emollient, Expectorant 

and also used against 

flue and coughing. 

 

15 
Morus alba 

Kitoria, Tut, Tul 
Moraceae Fruit 

Influenza, 

Varicella 

zoster 

(Chicken 

pox) 

Carotene, ascorbic acid, 

glutathione, vitamin D, 

copper, calcium,iron, 

boron, manganese, zinc, 

volatile oil, tannins, 

thiamine, riboflavin, 

nicotinic acid, drying oil, 

penta hydroxyflavone. 

Fresh fruits are crushed 

to make the syrup. The 

patient is treated by 

conferring one cup of 

the syrup twice a day. 

 

16 
Onosma bracteatum 
Gaozaban, Lisan al-

Thawr 

Boraginaceae 
whole 

herb 
Influenza 

The main constituents of 

O. bracteatum are 

Retronecine, alumina, iron 

traces, lime traces and 

silica. 

Whole herb is boiled to 

make decoction and 

used against different 

viral ailments like flue, 

coughing, pneumonia, 

and headache. 

17 
Oxalis corniculata 

Miaradian 
Oxalidaceae Leaves 

Influenza,  

Hepatitis 

Vitamin C, carotene, 

malic, tartaric and citric 

acids (stem, leaves), C-

glycosyl flavonoids, 

5,7,4¢-trihydroxy-8-C-b-

D-glucopyranosides 

(vitexin), 5,7,4¢-

trihydroxy-6-C-b-D- 

glucopyranoside 

(isovitexin) and vitexin-

2¢¢--O-b-

Dglucopyranoside 

(leaves). 

Green leaves are 

mashed and blended in 

water to make the 

syrup. The liquid is 

given to the patient 

twice a day. 

 

18 
Papaver somniferum 

Poust,  Afim 
Papaveraceae 

Seeds, 

fruits. 
Influenza 

Albumin, berberine, 

codeine, morphine, 

narceine, narcotine, 

papaverine, pectins, 

Resins, and thebaine, 

laudanine and protopine. 

 

 

The air-dried milky 

latex from unripened 

capsule and also seeds 

are used for different 

diseases. The dried 

fruit is also boiled in 

water to make a 

decoction and syrup is 

also made and drunk. 

Its action is well 

reputed in coughing, 

lungs and other 

diseases 

19 

Phyllanthus amarus 

Amli 

 

 

Euphorbiaceae Leaves Hepatitis 

Diarylbutane, phyllanthin, 

aryltetrahydronaphthalene, 

hypophyllanthin, 

phyllanthusiin D3, 

amariin4, amarulone5, 

amarinic acid,  

norsecurinine, 

sobubbialine, 

epibubbialine, 

diarylbutane, nyrphyllin 6 

and phyllnirurin. 

The plant material is 

rinsed in water and 

dried at room 

temperature for two 

weeks. The dried plant 

sample is ground into 

powder. The powder 

obtained is then used to 

prepare the extracts. 

20 

Phyllanthus emblica 

Amla, Amlaki, 

Nellikai 

 

Euphorbiaceae Fruit Influenza 

Alanine, glumatic acid, 

aspartic acid, proline, 

lysine, minerals, protein, 

fat, carbohydrates fibers 

Dry fruit of P. emblica 

and seeds of P. 

granatum are crushed 

jointly along with sugar 

http://en.wikipedia.org/wiki/Varicella_zoster_virus
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 and niacin. and are suspended in 

one cup of water and 

used orally. 

21 

Plantago Ovata. 

Isapghul, Bazre-katina, 

Bartang 

 

 

Plantaginaceae Seeds Influenza 

Seeds contain mucilage. It 

also contains xylose, 

arabinose, galaecturonic 

acid, rhanos, galactose, 

albumine, tannine and 

acetylene. The seeds pulp 

contains lilonic acid and 

stable oils. 

Two small spoon of 

fruit or seeds husk are 

saturated in water to 

prepare the decoction. 

This syrup is mixed 

with sugar and used on 

the daily basis before 

the breakfast 

22 

Prunus domestica L 

Aalu bukhara 

 

 

Rosaceae Fruit. 

Influenza, 

Hepatitis 

(HBV) 

D-mannose, D-glactose, 

D-xylose, L-arabinose, L-

rhamnose, glucuronic 

acid, flavonoid, 

kaempferol, dihydroka 

empferol, kaempferide 

and prudomesti. 

 

 

Dried fruit of P. 

domestica is saturated 

in water for over night. 

The individual is 

treated by conferring 

the decoction for two to 

three weeks. 

23 

Punica granatum 

Dalum, Anar 

 

 

Punicaceae 
Fruit, 

Seeds 
Influenza 

Mannitol, sorbitol, 

isoquercetrin, citric acid, 

pelletierine, β-sitosterol, 

friedelin, D-mannitol, 

estrone, fructose, glucose, 

maltose, sucrose, and 

oxalic acid. 

 

 

Dried fruit of P. 

granatum is crushed 

along with sugar. The 

residue in three 

teaspoons are 

suspended in a cup of 

water and used orally. 

The syrup of Punica 

granatum is also used. 

24 

Rumex sp 

Chirkonzu, Churki 

 

 

Polygonaceae Leaves 
Influenza, 

Hepatitis 

Ascorbic acid, calcium 

oxalate, lapathin, rumicin 

and tannin. 

Fresh leaves are 

crushed in water in the 

presence of sugar. A 

cup of this decoction is 

given to the suffering 

one. 

25 

 

 

 

Sisymbrium irio L. 

Khelikheli 

 

 

Brassicaceae 
whole 

herb 

Influenza, 

Hepatitis 

Isorhamnetin, fatty acids, 

proteins, oil, 24-

mrthylene, cholesterol. 

 

The whole herb is 

boiled in water to make 

a decoction. The syrup 

of this plant is also 

used against different 

viral and other 

diseases. 

26 

Taraxacum officinale 

Shantha, Dulal. 

 

 

Compositae Rhizome Influenza 

Taraxacerine, taraxacin, 

choline, cerylalcohol, 

lactuce-roltaraxacin, 

tannin, inulin, etereal oil, 

vitamin C, xanthophylls, 

vitamin A and potassium. 

Parched rhizomes are 

steamed with sugar to 

form the decoction. 

One cup of this extract 

is taken before the 

breakfast. 

27 

Trachyspermum 

ammi 

Ajwan 

 

 

Apiaceae Fruits 

Influenza 

Varicella 

zoster 

(Chicken 

pox) 

Carvacrol, flavone, 

saponins, tannin, and 

thymol are the active 

constituents of  T. amm.i 

 

 

 

 

 

Dry seeds of the plant 

are crushed to powder 

and dissolved in milk, 

after the filtration this 

fed is then given to 

babies. The fruits are 

also boiled to make 

decoction and syrup to 

treat viral and other 

diseases like flue, 

cough, constipation and 

pneumonia. 

28 

Viola sp. 

Punar, Banafsha 

 

 

Violaceae 
whole 

herb 
Influenza 

Glycosides, alkaloid 

voiline, viola gum, methyl 

salicylate, quercitrin, 

mucilage, saponin and 

sugar 

The whole herb is 

boiled in water to make 

a decoction. The syrup 

of this plant is used 

against the flue, cough 

and influenza. 
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29 

Withania somnifera 
Asgand, 

Ashwagandha, asana 

 

Solanaceae 

Shoots 

and 

roots. 

Influenza 

Somniferin, 

Somniferinine, Somnine, 

Tannin, Visamine, 

Withaferine A, 

Withananine, 

Withanine.the leaves also 

contain 3-Alpha-

Tigloxytropine Anaferine, 

Anahygrine and Choline. 

The dried roots are the 

main portion of the 

plant used 

therapeutically. Fruit 

and seeds are also 

soaked in water at night 

and taken the extract 

early in the morning. 

30 
Zingiber officinale 

Adrak 
Zingiberaceae Fruit 

Influenza, 

Varicella 

zoster 

(Chicken 

pox) 

6-Gingesulfonic acid, -

Curcumene, -

zingiberene, borneol, 

geranial, gingerol and ß-

sesquiphellandrene. 

Mainly the fruit of Z. 

officinale is used. The 

fruit is dried and 

grounded to make 

decoction and syrup 

and applied to the 

patient. 

 

3. CONCLUSION  
In the current study, thirty medicinal plant species from Loralai and Pishin regions of Balochistan used to treat viral 

diseases were described and reported The utilization of these medicinal plants to medicate various viral ailments is 

still needed by the rural communities of Balochistan, owing to poor socio-economic conditions, soaring cost and a 

difficult access to allopathic medication. Most of the accounted species are uncommon and wild. In the present 

context, preservation of conventional knowledge is seriously threatened by various factors correlated to modernization 

of the region and lack of cooperation from the native healers in delivering it to next generation. It is, therefore, 

imperative to put away the cultural tradition of the natives, by authenticating the practice with scientific paradigm. In 

this perspective, efforts should be made for the screening of active constituents from the medicinal plants and 

examining their activities against various viral infections affecting human populace. 

 

4. MATERIALS AND METHODS 
The current investigations are focused on the traditional use of medicinal plants to treat viral infections. The study was 

carried out by interviewing respondents in Loralai and Pishin districts of Balochistan. The key respondents were the 

knowledgeable persons including local practitioners, old aged women and common men that posses prior knowledge 

on the therapeutic applications of medicinal plants for indigenous healing practice including viral infections. For the 

systematic collection of data from the respondents regarding the treatment of viral infections, the ethno botanical 

interviews were conducted. The study contained queries that mark the traditional names of medicinal plants and their 

parts utilized, preparation methods and applications. The study revealed in 205 informants that included 112 male, 71 

female, and 22 native healers. All the informants confirmed their consent to contribute in study.The research 

employed interviews that covered the name and age of the person, area/village, time of the account, common names of 

medicinal herbs, herbal part being utilized, preparation system, purpose of practice, habitat type and evaluation of 

conservation status. The accumulated information was also cross checked in various vicinities from native informants 

either by viewing the plant specimen or expressing local names to the informants to confirm the validity of claims. 

The existing literature on the biological activity of these therapeutic plants was also scrutinized so as to ensure the 

potency and validity of therapeutic uses highlighted by the native population of the focused area, so as to ascertain 

possible validation between the real life usage and existing data on these plants 
10

. The data concerning the chemical 

composition of these plants described in the current study was collected from the relevant sources (Table 1)
11-14

. Plants 

material compiled in the current investigation was collected in the herbaria of the university and was identified by the 

author with the help of available literature 
15

 and herbarium of BUITEMS Quetta, Pakistan.  
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ABSTRACT  
Cement is widely used everywhere for construction purposes and quality comparison of different ordinary Portland cements is very 

important. Five different brands of cement were tested for their chemical constituents such as silica, alumina, iron, calcium, 

magnesium, sulfates, insoluble residue, free lime and loss on ignition with American standards for testing and materials (ASTM). 

Results for five locally produced Portland cements revealed that the chemical compositions of most cement as determined by standard 

methods lie within standard limits. But the difference in constituents of various brands of cements is due to quality control setup 

differences of different cement plants.  

 
Keywords: Ordinary Portland Cement (OPC), Chemical constituents, Quality 

 
1. INTRODUCTION 
A gigantic quantity of Ordinary Portland Cement created at different cement plants in Pakistan and used for the erection 

of edifice, bridges, highway and additional domestic purposes. This is especially important for Pakistan where 

earthquakes are common and therefore all buildings need to be able to withstand severe shocks. Moreover the severe 

climate of Pakistan with hot summers and cold winters with heavy rains during the monsoon months of July August again 

highlight the requirement and importance of quality and tailor- made construction materials. 

Cement, used during assembly must include assured qualities like strength and setting time etc. consecutively to 

improve building structure effectively. The cement performance will be satisfactory if the above mentioned properties 

lounge within specified limits. To ensure the quality of cement a number of tests performed that conform the requirement 

of the relevant standards 
[1]

.  

Several ordinary Portland cements (OPC) are available in Pakistani markets and their chemical constituents vary 

to some extent which leads to variations in their physical properties. This study was undertaken to perform chemical 

analysis of commonly available ordinary Portland cements. Five brands of OP cements namely Askari, DG, Bestway, 

Pioneer and Flying cement were chosen for this comparative study. For these cements chemical constituents such as Silica 

(SiO2), Alumina (Al2O3), Iron Oxide (Fe2O3), Calcium Oxide (CaO), Magnesium Oxide (MgO), Sulfuric Anhydride 

(SO3), Insoluble Residue (IR), free lime (F.CaO) and Loss on Ignition (LOI) were determined using standard methods
[2]

. 
 

2. BASIC CHEMISTRY OF PORTLAND CEMENT 
Portland cement is a type of hydraulic binder developed by grinding cement clinker with one or more form of calcium 

sulphate. Portland cement clinker itself is a mixture of compounds of various silicates, aluminates and ferrites of calcium, 

with some minor contaminating compounds of lesser importance.   

Silicates of lime are primary constituents of Portland cement, so any material, providing silica and calcium in 

favorable composition and proportion is appropriate for cement manufacturing. Chemically speaking, the raw materials 

required primarily are the basic calcium carbonate and acidic oxides of silica, alumina and iron. Seldom a single material 

in which all the required component s are present is available to provide the required type of Portland cement so a 

combination of limestone, clay and laterite or bauxite are used to produce the cement. The composition of raw material as 

well as those of clinkers and cements is expressed in term of oxides of various elements present however the composition 

of clinker and cement is characterized by compound composition rather than oxides composition. 

Chemical components in Portland cement are responsible for various physical properties of Portland cement. 

Major compounds in Portland cement are tricalcium silicate (C3S), dicalciumsilicate (C2S), tricalcium aluminate (C3A), 

and tetracalcium aluminoferite (C4AF). The silicates are responsible for strengthening the hydrated cement paste. C3A in 

cement is suspectable to sulphate attack. C4AF also present in small amount does not affect the behaviour of the cement 

significantly 
[3, 4]. 
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3. MATERIALS AND METHODS 
American Standard ASTM C-114 followed for chemical investigation of SiO2, Al2O3, Fe2O3, CaO, MgO, SO3, IR, free 

lime (CaO) and LOI in mentioned brands of cements by using chemicals of analytical grade. 
 

4. RESULTS AND DISCUSSION 
All the results obtained are summarized in Table-1 with ASTM specifications. For better comparison these are presented 

graphically. 
 

Table.1: Chemical composition of various Portland cement brands 

%age 

Elements 
ASTM for 

OPC 

OPC Samples 

Askari DG Bestway Pioneer Flying 

SiO2 20.00 min 20.25 20.40 20.01 19.85 19.85 

Al2O3 6.00 5.12 5.01 5.13 5.14 5.45 

Fe2O3 6.00  3.21 3.15 3.01 3.24 

CaO - 63.21 62.54 63.12 64.00 64.45 

MgO 6.00 1.56 1.54 2.01 2.12 2.21 

Free lime 2.00 1.20 1.25 1.51 1.01 1.64 

SO3 3.00 2.45 2.35 2.41 2.65 3.10 

IR 0.75 0.55 0.70 0.65 0.53 0.45 

LOI 3.00 1.75 2.21 2.25 2.45 2.95 

 

American standard (ASTM) identify the amount of SiO2 within the range not less than 20%. This minimum amount of 

SiO2 is essential for silicate mineral of cement. Askari, DG and Bestway B cements show specified amount of silica. But 

pioneer and flying cements results faintly diverge from specification as shown in Fig.1. 
 

 
Fig.1: Silica (SiO2) Content in various cement brands 

 

Amount of calcium oxide (CaO) is not précised by the American standard (ASTM) but normally it range from 62% to 

65%. Above mentioned five brands of cement contain CaO within the normal range and can be observed from Fig.2.
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The lime content strengthens the cement. Under low lime content the main strength forming mineral tricalcium silicate 

(C3S) will not formed in sufficient amount which lead to low strength cement and when it is too high the free lime 

increases which on hydration creates unsoundness. Lime content is linked with premature strength while vaguely lesser 

content of lime favors eventual potency which develops steadily above elongated period of time 
[5].

 In order to boost the 

potency, it is compulsory to elevate the lime content but privileged temperatures are required to blaze up high lime 

mixtures 
[6].

 
 

 
Fig.2: Calcium Oxide (CaO) content in various cement brands 

 

 
Fig.3: Magnesium Oxide (MgO) content in various cement brands

ASTM specifies that the amount of Magnesium oxide (MgO) in ordinary Portland cement (OPC) is less than 6.0%. 

Magnesium oxide content lies within the specified limit as shown in Fig.3 

The magnesia content does not go beyond 6% as higher magnesium oxide content may cause soundness of 

cement. Beyond that limit it appears in the clinker as free MgO known as Pericles which reacts with water to form Mg 
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(OH) 2, in view of the fact that Mg (OH) 2 occupies a huge volume than MgO resulting in expansion cracks and destroys 

the hardened structure. 

If noticeable lime left uncombined, it might cause expansion and cracking of the mortar or concrete 
[7]. 

Free lime 

content present from 1.2 to 1.51 % among the different brands of cements as shown in Fig.4. 
 

 
Fig.4: Free lime (F.CaO) content in various cement brands 

  

Amount of Al2O3 and Fe2O3 was found to be within particular range. Al2O3 and Fe2O3 in different brands are exposed in 

Figure 5 and 6 respectively. 
  

 
Fig.5: Alumina (Al2O3) content in various cement brands 

 

If the lime content is predetermined and the silica is decreasing, which may decrease alumina and ferric oxide and 

temperature of burning will be raised. Alumina and ferric oxide both act as flux so these must be in controlled limit. The 

high alumina lead to formation of greater C3S and cement will set quickly which decrease the workability of cement. 
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Greater quantity of alumina compounds (C3S) which come into sight of diminutive worth for cementing behavior but are 

suspected to sulphate attack. Swift setting is unwanted and is not allowed by standard specifications since cement sets up 

so quickly that it cannot appropriately worked prior to stiffening occurs 
[3, 7]

 

 

 
Fig.6: Iron Oxide (Fe2O3) in various cement brands 

 

American Standard for Testing and Materials (ASTM) C-150 specifies maximum amounts of SO3 in Portland cement 3.00 

%. Askari, DG, Bestway and Pioneer cements were found to contain SO3 within normal range whereas Flying cement 

slightly deviated from the specification. 
 

 
Fig.7: Sulfuric Anhydride (SO3) content in various cement brands 

 

Small amount of calcium sulfate (gypsum) is added to clinker to control setting time of cement efficiently. Maximum 

acceptable sulfuric anhydride content (SO3) prevents sulfate expansion lies between 1.5 to 2.5 %. The lowest limit 

imposed by cement standard specification, prevent extensive sulfatizing of the alkalies 
[1, 3, 7]
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Insoluble residue comes from raw materials such as clay and particularly affects compressive strength of cement. 

According to American standard, maximum IR content limit is 0.75 %. IR content in Portland cement influence the 

compressive strength of cement mortar during hydration as it hinders the formation of channel type structure of cement. 

Fig.8 exposes IR content in given cement samples. 
 

 
Fig.8: Insoluble Residue (IR) in various cement brands 

 

Loss on ignition is very important parameter of cement quality. A high LOI indicates mixing of some unburned material 

in cement due to pre-hydration and carbonation caused by improper and prolonged storage of ordinary Portland cement 

(OPC). LOI of under investigation brands is shown in fig.9. 
 

 
Fig.9: Loss on ignition (LOI) in various cement brands 

 

5. CONCLUSION 
Ordinary Portland cement is an artificial mineral which is manufactured from natural minerals the possible reasons of 

variations in different brands are raw material sources, raw mix design parameter such as Lime Saturation Factor (LSF), 

Silica modulus, alumina modulus, improper blending and impurities during processing of raw materials. 

0

1

2

3

4

5

6

A
S

T
M

A
s
k
a

ri

D
G

B
e
s
tw

a
y

P
io

n
e
e
r

F
ly

in
g

%
 I

.R
 

Brand Name 

0

0.5

1

1.5

2

2.5

3

A
S

T
M

A
s
k
a

ri

D
G

B
e
s
tw

a
y

P
io

n
e
e

r

F
ly

in
g

%
 L

O
I 

Brand Name 



Shahzadi et al, 2013 

   

169 

Chemical constituents influence the quality of cement akin to hardening behaviour, setting time, compressive strength, 

corrosion resistance, soundness, expansion etc 
[8, 9].

 

The perfect composition array of Portland cement is predicament for a chemist. But experience of vigilant 

operatives, experimentally demonstrated formulation by engineers and chemists certain specific boundaries has been 

established in the viable sonata of cement
[10]

.If the constituents of cement are present within standard limits, mixture 

behaves satisfactorily in the kilns and produce good quality cement and Outside of those limits experience trouble in 

burning and inferior quality of cement. 
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ABSTRACT 
This work analyzes, from the effects related to the processes of transportation of carrier and the changes in the electronic structure 

of semiconductors materials due to the presence of defects and disorders in the crystalline net. These defects are located in 

specific areas of the material and either interact or remain inert. In general, they are described by local wave functions. The study 

of superlattices of semiconductor crystal considers important parameters such as disorder effects in crystals and the alternate 

periodic growth of the layer of two semiconductors with different gaps and minigaps energies. The quantum mechanical 

calculations are applied for determining the physical properties of the semiconductors crystals. This study encompasses the effects 

of defects and the crystalline disorders evaluation by quantum mechanics. Further, it is discuss the presence of defects in the 

periodic, quasiperiodic and disordered arrangements. The theoretical approach use to understand the mechanism and the results of 

experimental techniques in which are characterized the current and optic transportation of a semiconductor crystal. 

 
Keywords: Defects, Superlattices, Semiconductors, Quantum Mechanics. 

 
1. INTRODUCTION 
The solid structures and especially the composition of the alloys are always investigated by the scientific field, and to 

refer the properties solids and heterostructures formed. Scientists over time is the strong tool use quantum mechanics 

to understand and make appropriate interpretations of the properties observed in these materials, the knowledge of 

these properties contribute to the technological development in the area of communications, data processing and in 

various electronics
1
. It is well known that the electricity-conducting materials are also good thermal conductors 

(copper). Properties such as electrical resistivity and thermal conductivity can be qualitatively explained by the 

classical theory. However, when going for a quantitative analysis of the same does not occur. The values obtained for 

various macroscopic parameters such as the resistivity and heat capacity are not explained by the classical theory, 

when it involves significant variations with temperature.  

The structural defects in solids are an imperfection or we can say, the atoms are not fully organized in regular 

periodic arrangement in the crystal. Crystals typically are not perfect, and contain various imperfections or defects that 

affect many of its physical and mechanical properties. However, compositions which comprise the structures of 

metallic materials are profoundly affected by the presence of crystalline defects and certain characteristics are often 

intentionally modified by the introduction of controlled amounts of defects. 

However, the defects allow to control the electrical behavior and/or of the optical semiconductor materials and 

structures. These semiconductor materials have great applicability in industrial field. And the defects contained in the 

semiconductor stems essentially from the wrong defect and / or the wrong concentration and / or in the wrong position 

in the structures formed in semiconductor materials. It is important to note that some defects are formed in the 

semiconductor and point defect mainly depends on the vapor pressure of the components of the material composition. 

It is clear that the symmetrical dependence of a Schottky type AB type compound semiconductor. And, for the other 

types of defects such dependence is obtained in a similar way, but we know that some researchers have studied which 

can be seen in the literature
2
. 

     The semiconductor heterostructures obtained by joining different materials have been investigated intensively 

because of their unique properties that are not observed in homogeneous. It was possible to artificially create 

structures such as quantum wells, quantum wires, quantum dots and super-networks, having a great technological 

impact, with applications in the development of new electronic and optical devices. These systems the exchange 

interaction between magnetic ions located and carrying the conduction and valence bands produces a Zeeman 

extremely large when compared with the conventional semiconductor.  

In the super-semi magnetic semiconductor networks, these effects are evidenced by the degeneracy of the spin 

in its unit cell.  Soon, the heterostructures represent a practical one-dimensional confinement potential. In most cases, 

the special properties of the semiconductor heterostructures are due to the behavior of charge carriers (electrons and 

holes) in the potential containment previously designed
3
. The present work is to analyze, from approaches developed, 

the physical model with strong concepts of quantum mechanics. This model, enabling discussion and understanding of 
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some fluctuations of energy, which causes the appearance of valence bands, suffer degeneration of disorder in 

semiconductor heterostructures. 

 

2. DEVELOPMENT IN THEORY 

 

2.1 Initial Consideration 
Crystalline materials are constantly being investigated by scientists, particularly those materials with the formation of 

semiconductor heterostructures. Is necessary to understand the operation of semiconductor materials with and without 

the presence of impurities, it is crucial to know their electronic structures
4
. i.e., it is extremely important to the 

understanding of the energy levels of these materials, and how they are affected by the presence of other atoms. This 

requires the application of quantum mechanics to describe the behavior of electrons as the free-electron theory, the 

effect of temperature on the Fermi distribution, density of state, the wave equation in a periodic potential, etc. 

Therefore, to understand the physical properties of metals, it is important to use the model of the Theory of 

Free Electron. This model tells us that the more weakly bound electrons of the constituents move freely through the 

crystal volume. The valence electrons of the atoms become conduction electrons and the forces between the 

conduction electrons and the ionic cores and the potential energy are negligible in the free electron model. 

Use or composition of the material to be applied, it is necessary to study the behavior of such heterostructures 

and if the atoms are not isolated, the interaction forces between them are significant. The electrons in crystals are 

grouped into energy bands separated by energy regions for which no orbital electrons. These energy gaps or band gaps 

are known as forbidden zones (gap), resulting from the interaction of the waves of the conduction electrons with ions 

of the crystal
5
.  In the study of semiconductor super-networks, the calculations are made in the dispersion relation, 

applying the Kronig-Penney model for one-dimensional periodic potential (approximated by rectangular wells). 

Figure 1 shows the band structure of the GaAs semiconductor, which is representative of most semiconductor 

alloys formed from semiconductor materials that have the crystalline structure of the "zinc-blend", as is the case of the 

InGaAs
6
. 

 
Fig-1: Band structure of the GaAs semiconductor characteristic of crystal structure of type "zinc-blend" 

 

The valence bands are degenerate at the point effects of confinement is, for example, quantum wells leads to the state 

of degeneration. Next states have different curvatures holes as you can see in Figure 1. The difference in curvature of 

these states (according to the definition of the effective mass): 
2

* 2 2

1 1 ( )d k

m dk

  
   
  

                                                              (1) 

where m * is  the effective mass of charge carriers in the crystal lattice) causes the effective masses of holes occupying 

such states are different. Here, we use a simple notation ( k  instead of ( )k k ) suitable for 1D, or for an isotropic 

energy dispersion in 3D.  The isotropic energy means that   is dependent only on only on k k . In the most general 

case, the effect mass is defined as a tensor but we won’t go there. Note also that we are concerned with a non-

relativistic only. It is helpful to check the above definition is reasonable for a free electron. In this case, 
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2 2

( )
2 e

k
k

m
                                                                      (2) 

where for  clarity often used m  to mean em ,the electron mass
7
. Here, we are taking only the kinetic part, since the rest 

energy part,
2

em c  is just a constant. The energy dispersion ( )k of the electron in a crystal contains information about 

the quantum mechanical interaction between the “bare” electrons with the electronic of semiconductors crystal lattice. 

Due to this interaction, the electron might find itself a bit more difficult to move around or a bit easier to move around.  

As we shall see later on, this concept of “how easily the electron moves around” is the concept of the mobility, 

which is an important concept and is related partly to the effective mass. Among the structural composition InGaAs 

and GaAs substrates generate offsets targeting high density which may extend to regions of its surface active
8
. 

The properties and performance based devices are greatly influenced by their structures which are linked to 

defects in epitaxial stress in the system of their energy levels. 

 

2.2 Energy Levels 
Semiconductors Superlattices consist in a grouping of layers of different semiconductors materials; for instance, A and 

B, which are periodically arranged for a superstructure such as ABBA…ABAB…BAAB.  

 

 
Fig-2: Illustration of three superlattices schemes: a) Periodic superlattice formed by GaAs/AlGaAs; b) Potential profile and c) 

Dispersion of energy. 

 

Figure 2 shows the propagations; i.e., without disorder characterizing the metallic behavior of sample. In the above 

figure, DSL indicates the period of Superlattices and W the width of miniband. The direction of growth of layers is seen 

in z direction. In characterizing electronic transportation in semiconductors heterostructures, it is usual to add the 

electronic effective mass and the microscopic effects of the crystalline net in the electron movement
9
.  

The samples are formed of materials with different conduction bands, and therefore, the study of electronic 

transport in semiconductor heterostructures, a common practice is to incorporate electron effective mass in the 

microscopic effects of the crystal lattice in the movement of electrons. 

In this case, for example of a structure formed by A and B, the effective electron masses has two Am
 and Bm

. 

In each, the wave function assumes the type Bloch 
( )

( )
i
zik z

kze u z  where the periodic ( )kzu z  is regarded the same in 

both materials and ( , )i

zk i A B  depends on the kinetic energy of the electron in each semiconductor layer.  

The wave functions of the super-network are determined by the condition continuity between the wave 

functions of each specific material, A B   and the probability of the current density,
1 1A B

A Bm z m z

 
 

 


 
 , 

interfaces between A and B, the structure of the semiconductor material. 

 

2.3 Quantum Well 
Quantum well is a system comprised of two semiconductors materials with gaps of different energies. Figure 3 shows 

the construction of heterostructures leagues of AlGaAs between two leagues of GaAs. 

The origin of the potential in Figure 2 is explained by the difference of energy ΔEg as follows: 

     AlGaAs GaAs

g g gE E E    (2) 

 

In the above equation, Eg 
AlGaAs

 is the gap of AlGaAs material and Eg
GaAs 

, i.e., the gap of GaAs material. The 

difference of energy ΔEg is distributed between the bands of valence and of conduction in several ways. In bulk GaAs 

at the point of symmetry of holes states have the same energy, ie, are rogue. For this reason, the transitions between 
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electrons and holes occur between levels of electrons and heavy hole levels, because it distinguishes light heavy hole 

because of this degeneracy. Alloys AlGaAs /GaAs/AlGaAs, electrons are trapped in layers of GaAs by potential 

barriers of AlGaAs due to discontinuities of the conduction bands of both. Likewise, holes are trapped by the 

discontinuity in the valence bands. For a stoichiometric composition of the alloy AlxGa1-xAs has the same structure of 

GaAs, except that a fraction x of Ga atoms has been replaced by Al atoms quantities such as the lattice parameter, the 

dielectric constant, the  effective mass of the charge carriers in the energy gap, among others, depend on aluminum 

concentration (x)
10

. 

 

 
Fig-3: a) Quantum well; b) Potential profile of quantum well; z is the direction of growth in quantum well; Lw represents the 

width of quantum; e1 is the first level of electrons; hh1 indicates the first level of heavy holes and lh1 is the first level of light 

holes 

 

3. DEVELOPMENT OF A THEORETICAL MODEL FOR SUPERLATTICE 
In order to obtain a superlattice it is necessary to repeat the same process for building a quantum well. Figure 4 below 

shows the construction of superlattices. 

 
Fig-4. a) Superlattice builds by the over position of layers of A and B semiconductors materials; b) Penetration of wave functions 

at the barrier and wells and c) Formation of energy minibands (for electrons and holes) along the superlattice. 

 

With the help of Quantum Mechanics it is possible to study the interaction between wave functions which describe the 

electrons in the potential wells. Consequently, the existence of an energy band (miniband) affects the transportation 

phenomenon of loads through the structure. Figure 5 shows an infinite sequence of quantum wells of width L 

separated by barriers of thickness ℏ. 

 
Fig-5: Profile of potential energy of a segment of a superlattice with period d = L+h. 
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Calculations for determining energies and wave functions in a potential well made by two semiconductors materials 

are shown below. The potential energy Vb(Z) is a periodic function with period d = L + h is given by
11

 

   ( )   b b

n

V V z nd




   (3) 

 

Where: 

, ( )
2

( )

0, ( )
2

b

b

L
V for z nd

V z nd
L

for z nd


  

  
  


 (4) 

For a superlattice with energy greater than the height of barrier, the following equations are defined: 
( ) ( )

      ( )                        w wik z nd ik z nd

w Z e e      (5) 

For      
2

L
z nd   (6) 

( ) ( )
2 2      ( )       

b b

d d
ik z nd ik z nd

w Z e e  
    

   (7) 

For     
2 2

d
z nd    (8) 

 
However, when an electron with energy higher than the barrier height (E > 0) is affected by superlattice potential, its 

energy is given by: 
2 2 2 2

* *2 2

b x
b

k k
V

m m
      (9) 

 

The periodicity of a potential can be determined by the operator of the superlattice. The autofunctions and 

autovalues can be demonstrated via Schrödinger equation, as follows
12

 
2 2

* 2

( )
( ) ( ) ( )

2

d z
V z z E z

m dz


    (10) 

 

The crystal size is nd where n is an integer, and impose periodic boundary conditions so that we, ( ) ( )q qz nd z    

L is the length of the shaft. Thus, using the Bloch theorem, we find that 2qnd p  with p  integer. I.e., q  is real 

and discreet, being 2
nd

  the spacing between two consecutive values. Is well defined space of vectors q, which is 

called reciprocal space. The segment ,
d d

  
 

in reciprocal space is known as the first Brillouin zone
13

. The 

functions q  must be continuous, as its first derivative .Thus, the interface between a well and a barrier, we have: 

  ( ) ( ) ( )2 2 2 2w w b b
L h hLik ik ik ik

e e e e   
 

    (11) 

   ( ) ( ) ( ) ( )
2 2 2 2w w w w

L L L Lik ik ik ik

w bik e e ik e e   
  

    (12) 

 
In the interface between a barrier and a well are: 

 
( ) ( )

2 2( 1 )
2

w b
h hik ik

q
Lz n d e e  


      (13) 

 
Again using the Bloch theorem we can rewrite, 

( ( 1) )
2q

Lz n d     (14) 

 
as: 
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( )( ( 1) ) ( )
2 2

iqd

q q

L L
z n d e z nd        (15) 

 
Proceeding with the calculations for the derivatives, we arrive at a system of four equations and four unknowns 

( , , , )    ,admits nontrivial solution if the following equation is satisfied: 

1 1
cos( ) cos( )cos( ) ( ) ( )

2
w b w bqd k L k h sen k L sen k L



 
   

 
                                   (16) 

b

w

k
k

                                     (17) 

Above only consider the situation where we have propagating states with energies above the top of the barrier  0  . 

Thus, equation (16) gives us the levels of virtual states such heterostructures. However, states that interest us most are 

the quasi-particle states in which bound 0bV    .In this case, the wave functions are evanescent in the barrier and 

simply make the substitutions 

bkb i with
2

2
,b

m
i


  


  , being  b

bk


   (18) 

In equation (16) and she is: 

1 1
cos( ) cos( )cosh( ) ( ) h( )

2
w b w bqd k L h sen k L sen h  



 
   

 
                            (19) 

 

We note that equation (19) diverges exponentially with increasing h( )bh
e


.To maintain the convergence of the 

solutions, we must have the coefficients which multiply these terms may be null, which occurs when: 

1 1
cos( ) ( ) 0

2
w wk L sen k L



 
    

 
 (20) 

Equation (19) is the same which gives the values of the energy levels of simple square shaft. Thus, we conclude that 

the energy levels of the structure of the superlattices semiconductor multi-quantum wells are a hybridization of the 

energy levels of the well isolated. These levels hybridized form miniband energy when the overlap of the wave 

functions of each well through the finite barrier is very large
14

. Equation (19) provides an implicit relationship 

between the energy levels of states allowed in the pit and the parameters of the sample. The interval 1,1 , the right 

side of this equation, 

1 1
( ) cos( )cosh( ) ( ) ( )

2
w b w bF k L h sen k L senh h   



 
   

 
                                     (21) 

shows the states allowed to structure multi-quantum wells as it is equal to cos( )qd . 

 

4. CONCLUSIONS 
Structural imperfections in semiconductor superlattices have a strong influence on the optical properties of 

semiconductor heterostructures that form the basis of many current photonic and optoelectronic devices. A clear 

understanding of the origin of these defects is essential for their control and minimizes its effects. In this work, we 

discuss the general features related to structural imperfections of interfaces and the formation of compound 

semiconductors involving mixing of three or more chemical elements. Through the analysis of different systems 

forming semiconductor quantum wells, we found a high degree of sensitivity of the energy spectra of the effects of 

these imperfections the superlattices. 

Many advantages are observed in the utilization of these materials, principally when concerns its optic and 

electric properties. Valuable informations are obtained from temperature studies such as the electron confinement in 

quantum wells, quantum threads and quantum points. This theoretical Model evidentiated some properties of 

heterostructures where disorders are diversified leading to interesting and surprisingly results. Calculations made at 

level of band energy can be solved through equation of Schrödinger. This Model also showed that the introduction of 

dopants in a semiconductor crystal determine the bearers (electron or hole) responsible for its conductivity as 

predicted by the laws of quantum mechanics. 
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ABSTRACT 
This study shows synthesis of a new quinoxaline derivatives (LH) and preparation of copper (Cu-LH) and cobalt (Co-LH) 

complexes and studying the effect of these compounds on the activity of lactate dehydrogenase (LDH) a primary enzyme to the 

process of anaerobic glycolysis which is the source of energy in tumor cell. This study included of 40 women with recently 

diagnosed of malignancies Breast cancer; (20) subject women in stage I&(20)subject women in stage II who were admitted to 

Medical City Hospital with age ranged (37-45) years and 30 apparently healthy woman matched for age served as controls. 
Serum LDH activity was assayed on the time of the diagnosis in all cases and after addition of different concentrations (10

-1
, 10

-2
, 

10
-3

) of quinoxalin derivatives and transition metals complexes in vitro. The results revealed an inhibitory effect of LH and its 

complexes with Cu and Co in all concentrations used in this study on LDH activity. The inhibition percent’s increased with 

increase concentration for LH and its complexes. Also the results reveal that the inhibitory effect of LH in all concentrations used 

were more than inhibitory effect of its complexes. Moreover the inhibitory effect of LH-Co complex was more than inhibitory 

effect of LH-Cu complex in all concentrations used. The inhibition ability of quinoxaline derivative and its complexes on the 

enzyme lactate dehydrogenase leads to the fact that these compounds can be characterized as an active anti –cancer substances for 

one of the metabolic enzymes necessary to feed the cancer cells. 

 
Keyword: breast cancer, quinoxaline derivatives, copper and cobalt complexes, lactate dehydrogenase 

 

1. INTRODUCTION 
Breast cancer is a malignant tumor that starts in the cells of the breast. A malignant tumor is a group of cancer cells 

that can grow into (invade) surrounding tissues or spread (metastasize) to distant areas of the body. There are many 

different types of breast cancer, with different stages (spread), aggressiveness, and genetic makeup; survival varies 

greatly depending on those factors. The disease occurs almost entirely in women, but men can get it, too
1
. 

For the early detection of carcinoma of various origins, a number of biochemical markers have been studied to 

evaluate the malignancy. Tumor associated markers reflect behavioral changes from tissue to blood, resulting in 

changes in levels of enzymes, proteins and hormones both in cancerous tissue and blood because of unchecked 

proliferation of cells. Therefore, alteration in particular enzyme contents in serum could be a good index of 

malignancy in its early and best manageable stage
2
. A relationship between neoplasia and increased LDH levels has 

been reported by many worker’s in both human and animal tumors
3 

also (Maity C,etal 1988)
4
 reported the Serum 

levels of glycolytic enzymes were found to be increased in patients with breast carcinoma. Thus LDH levels are a 

good adjunct in the diagnosis, are an indicator of the stage of the disease, response to treatment and prognosis of the 

patient
 5
. 
LDH is distributed widely in body tissues and is raised in variety of physiological and pathological status. 

Raised levels of LDH are seen in malignancies because of high rate of glycolysis, increased production of enzyme by 

tumor cells, change in the permeability of cells, allowing leakage of soluble enzyme into circulation and because of 

tumor blockade of the duct system through which enzyme passes
6
.  

Lactate dehydrogenase is an oxidation reduction enzyme which reversibly catalyses the reaction between pyruvic acid 

to lactic acid. LDH is a tetrameric enzyme, containing 2 major subunits (A and B) coded by 2 different genes (LDH-A 

and LDH-B), which may form 5 isozymes
7
. 

All 5 isozymes can catalyze the forward and backward conversion of pyruvate and lactate. LDH-A (LDH-5, 

M-LDH, or A4) kinetically favors the conversion of pyruvate to lactate whereas LDH-B (LDH-1, H-LDH, or B4) 

predominantly converts lactate to pyruvate, which will be further oxidized through the TCA cycle
8
.  

The LDH-A and LDH-B subunits and their ratio are very important in the formation and function of the 

tetrameric enzyme, and the subunit composition impacts on the kinetics and the direction of the LDH-regulated 

reaction. In cancer patients, serum total lactate dehydrogenase (LDH) levels are often increased, and the gene for 

LDH-A protein is often upregulated in tumors
9
. Because LDH-A protein is required for the maintenance and 

progression of many tumors
10

, it is also becoming a potential target for cancer therapy
11

. 
Quinoxaline derivatives are double nitrogen containing heterocyclic compounds which possess biological 

importance. A wide variety of pharmacological properties has been associated with quinoxaline derivatives. These 

include anticancer
12

, antidiabetic
13

, anti-inflammatory
14

 antimicrobial
15 

and antivira
16 

activities.  
The aim of this study to synthesize certain new quinoxaline analogues and to prepare transition metal 

complexes to be evaluated for antitumor activity Through studying its impact on the activity of lactate dehydrogenase 

enzyme a primary enzyme to the process of anaerobic glycolysis, which is a source of energy in tumor cell.  
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2. MATERIAL AND METHODS   

2.1 Subject  
Forty  women with recently diagnosed of malignancies Breast cancer; (20)subject women in stage I and (20)subject 

women in stage II who were admitted to Medical City Hospital with age ranged (37-45) years and 30 apparently 

healthy woman of matched age served as controls. 
 

2.2 Enzyme assay  
Serum LDH activity was assayed according to the method of (Wroblewsk F, el.al 1955)

17 
by using randox kit 

(England). The determination was done on the time of the diagnosis in all cases and after addition of quinoxalin 

derivatives and transition metals complexes in vitro  
 

2.3 Synthesis of 3-amino quinoxaline -2 (1H)-thione and its complexes  
2.3.1 3-amino quinoxaline -2 (1H)-thione (LH) 
0.240 gm. portion of dithio-oxamide were dissolved in 10 ml of ethanol. The solution was refluxed at 70Cº, 0.216gm 

1, 2 phenylene diamine in 10ml of ethanol were added. Heating was stopped after half an hour. 

The mixture continue refluxed for 8hrs at room temperature for 30min then allowed to stand for crystal 

formation,  filtered, washed with water and recrystallized from hot (0.4bezen+1. 6CCl4). 

The compound obtained was yellowish-brown solid (46%) confirmed by ; IR (KBr)in cm
-1

 :  (3500,3400 ) 

NH2, (3294)NH,(3080w)CH aromatic, (1585st)C=N+C=C, (1153m)C=S; 
1
HNMR(DMOS) in ppm :  (2.5 ) 

NH2,(4.3)NH, (6.5-7)H aromatic; C
13

NMR(ppm) : (150-160)C-NH2,  (135-115)C-aromatic,  (194)C=S; UV-Vis( 

nm): (242,420). Analysis calculated for C8H7N3S, (177)M.Wt(53.7)C,(3.7)H,(23.38)N, 

found(54.02)C,(3.95)H,(23.7)N,m.p(178-180)C
0. 

 

2.3.2 Metal complexes for (LH) 
Cu-LH & Co-LH– complexes: to(LH)solution (0.177gm)in 5ml ethanol were added (0.211gm)CuCl2.6H2O in 

ethanol solvent, the reaction was allowed to stir for (1hr), dark brown solid was formed,  the product was washed with 

water, recrystllized with hot ethanol. similar method was used to prepare LH-Co-complex except CuCl2.6H2O was 

replaced by solution of (0.208gm)CoCl2.6H2O,  the complexes were obtained confirmed by;IR (KBr) cm
-1

for LH-Cu 

;LH-Co complexes respectively : (3150,3240w), (3200,3250w ) NH2, (1157, 1157m) C=S,  ( 3080-3450 br),  (3040-

3380br), (763,760ben)-H2O, (520,530)M-N ;UV -Vis: (630)nm for LH-Cu, (605,675),  LH- Co in absence LDH,(  
495,540)nm in presence LDH.  

Analysis calculated for : C8H11N3 S O2Cl2Cu, C8H11N3 S O2Cl2Co,  (348,345)M.wt, 

(27.6,27.09)C,(3.16,3.2)H,(12.06,12.24)N,(9.1,9.3)Sfound(27.46,27.61)C,(3.01,3.0)H,(12.01,12.0)N m.p(225,215),  

molar conductivity measurement is non electrolyte, molar ratio M:L 1:1,  Yield  dark-brown solid 50%, brown  solid 

54%, in all cases  from  result the structural formula were proposed complexes are octahedral geometry
(1)

 as shown in 

fallowing of scheme. 
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2.3.3 Preparation LH and metal complexes solution 
10ml of different concentrations (10

-1
, 10

-2
, 10

-3
) M of each of LH and its complexes were prepared, are shown in 

table(1).  
 

Table.1: The molecular formula and weight of LH and its complexes for preparation of stock solutions 

Formula Wight (gm) Solvent (H2O: ethanol) 

C8H7N3S 177 1:9 

[C8H11N3 S O2Cl2Cu] 348 1:9 

[C8H11N3 S O2Cl2Co] 345 1:9 

 

3. RESULTS AND DISCUSSION  
 

Table.2: LDH activity without inhibitor and the inhibition percentage of LH in different concentration on LDH in serum of stages 

I&II of breast cancer patients 

 
Stage I 

LDH activity(u/l)  inhibition% 

Stage II 

LDH activity(u/l)  inhibition% 

without inhibiter 388  507  

with 10
-1 

M of LH 222.8 34 330 35 

with 10
-2

M of LH 299.2 11.48 442 12.9 

with 10
-3 

M of LH 328.4 2.85 490 3.4 

 

Table.3: LDH activity without inhibitor and the inhibition percentage of LH -Cu in different concentration on LDH in serum of 

stages I&II of breast cancer patients 

 
Stage I 

LDH activity(u/l)  inhibition% 

Stage II 

LDH activity(u/l)  inhibition% 

without inhibiter 388  507  

with 10
-1 

M of LH –Cu 296 12.43 442 12.83 

with 10
-2

M of LH-Cu 311.2 7.93 465.1 8.27 

with 10
-3 

M of LH-Cu 312.8 7.46 470 7.3 

 

Table.4: LDH activity without inhibitor and the inhibition percentage of LH-Co in different concentration on LDH in serum of 

stages I&II of breast cancer patients 

 
Stage I 

LDH activity(u/l) inhibition % 

Stage II 

LDH activity(u/l) inhibition % 

without inhibiter 388  507  

with 10
-1 

M of LH-Co 236.4 30.1 350 30.97 

with 10
-2

M of LH- Co 303.2 10.3 450 11.75 

with 10
-3 

M of LH- Co 308.4 7.76 462 8.88 
 

Data in the tables (2), (3) and (4) shows the inhibition percentages of LH and its complexes in different concentration 

10
-1

,10
-2

,10
-3

 respectively on LDH activity in sera of stage I&II of Brest cancer. The results revealed an inhibitory 

effect of LH and complexes with Cu and Co in all concentrations used in this study on LDH activity and the inhibition 

percentages were increased with concentration increase for LH and its complexes. Also these tables show the 

inhibitory effects of LH in all concentrations used more than inhibitory effects for its complexes and the inhibitory 

effects of LH-Co complex were more than inhibitory effects of LH-Cu complex in all concentrations used. 

Cancer is caused by abnormalities in the genetic material of the affected cells. On the way to tumorigenesis 

there occurs an accumulation of successive mutations in proto-oncogenes and suppressor genes that deregulates the 

cell cycle. The events key to tumorigenesis are for instance point mutations in DNA sequences, chromosomal 

aberrations such as translocations or deletions and changes that affect the chromatin structure such as methylation of 

DNA or acetylation of histones. Cancer therapy is mostly based largely on surgery, radiotherapy, hormone and 

chemotherapy 
18

. 

The word 'chemotherapy' was first introduced by the German chemist and immunologist Paul Ehrlich, which 

means treatment of the diseases with chemicals. Chemotherapeutical drugs aim at killing malignant tumor cells more 

or less selectively. Throughout the years, there were many key advances in the development of cancer chemotherapy, 

beginning in the first half of the 20th century
19

. 
 

The first chemotherapeutic agents developed—nucleoside analogues referred to as antimetabolites— target 

nucleotide biosynthesis through the direct inhibition of enzymes used in DNA synthesis
20

. Another therapeutic 
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opportunity that has been explored is the small-molecule inhibition of key enzymes involved in metabolic pathways 

such as glycolysis and fatty acid synthesis
21

. 

The inhibitory abilities of quinoxaline derivatives and its complexes show the effectiveness of the lactate 

dehydrogenase enzyme,  which lead to the fact that it can be characterized as anti-cancerous activity so as to their 

ability inhibitory to one of the metabolic enzymes necessary to feed the cancer cells. 

The inhibitory effect of quinoxaline derivatives on lactate dehydrogenase activity was believed to be due to 

that quinoxaline derivatives are double nitrogen containing heterocyclic compounds were interchelators bind to DNA 

of LDH-A gene by non-covalent interactions and constitute DNA–interchelator complex. The only recognized forces 

that maintain the stability of the DNA–interchelator complex, even more than that of DNA alone, are van der Waals, 

hydrogen bonding, polarization and hydrophobic forces
22

.
 
The force of interaction between compound and DNA 

usually correlates with the anticancer activity
23

. 

LDH-A gene that encodes for LDH-A protein synthesis one of the subunits of LDH is the key enzyme of 

anaerobic glycolysis, which is the main source of energy in cancer cells according to Warburg's hypothesis was 

postulated by the Nobel laureate Otto Heinrich Warburg in 1924
24

. He hypothesized that cancer, malignant growth, 

and tumor growth are caused by the fact that tumor cells mainly generate energy (as e.g. adenosine triphosphate / 

ATP) by non-oxidative breakdown of glucose (a process called glycolysis). This is in contrast to "healthy" cells which 

mainly generate energy from oxidative breakdown of pyruvate. Pyruvate is an end-product of glycolysis, and is 

oxidized within the mitochondria. Hence, according to Warburg, the driver of cancer cells should be interpreted as 

stemming from a lowering of mitochondrial respiration. Warburg Effect would be defined as the observation that 

cancer cells exhibit glycolysis with lactate secretion and mitochondrial respiration even in the presence of oxygen
25

.
 
 

In the recent years much effort has been made to increase the number of therapeutic metal complexes. Historically, 

metals and metal complexes have played a key role in the development of pharmacy and modern chemotherapy. 

However, they still remain a tiny minority of all therapeutics on the market today
26

.  

Transition metal complexes that are suitable for binding and cleaving double-stranded DNA are of 

considerable current interest due to their various applications in nucleic acid chemistry like foot-printing and 

sequence-specific binding agents, for modelling the restriction enzymes in genomic research, and as structural probes 

for therapeutic applications in cancer treatment. Cleavage of DNA can be achieved by targeting its basic constituents 

like base and/or sugar by an oxidative pathway or by hydrolysis of phosphoester linkages. Copper complex are known 

to be useful for oxidative cleavage of DNA involving nucleobase oxidation and/or degradation of sugar by abstraction 

of deoxyribose hydrogen atom(s). 

The ability of the LH-Cu inhibitory to the effectiveness of the enzyme lactate dehydrogenase as possible be 

interpreted on the basis that complexes containing strong Lewis acids like copper (II) is suitable for hydrolytic 

cleavage of DNA
27

.  

The results of this study agree with Sigman and co-workers who have reported bis (phen) copper (I) complex 

as the first copper-based ―chemical nuclease‖ that cleaves DNA in the presence of H2O2 and a thiol
28

.  

The cobalt complexes are of more limited medical usage compared to copper complexes, Since the first 

reported studies on the biological activity of cobalt complexes in 1952
29, 

 Cobalt(III) complexes have been widely 

studied as anticancer agents
30

. 

Co
II
 is stable in aqueous solution, in strong field Co

II
 is oxidation to Co

III
 
31

. From our results Uv-Vis for LH-

Co complex in absence of LD H (605,675) nm due
4
 T1g    

V 2      
T2g(F), 

4
T1g   

V
3   

4
A2g(p)

32  
in presence of LDH the 

spectrum of compound  shows an increase in the intensity and change in shape, two  strong transitions in (495,540 

)nm due to  
1
A 1g    

V
1  T2g, 

1
A1g   

V
2    T1g that was showed the oxidation of Co

II 
to Co

III
 in more strong felid

33
. 

The Co (III) carrier is used as a transporter for the drug and the activation by a bioreductive pathway to the Co 

(II) complex which releases the inhibitor ligand intracellular
34

. Cobalt (III) complexes have been described as hypoxia 

selective antitumor agents the concept of such a design is based on the fact that the tumor cells develop resistance to 

chemotherapeutic agents under anaerobic conditions. They may be reduced under hypoxic conditions to Co (II) 

species followed by loss of neutral ligand
35-36

. Through the progress it can be explained the high inhibitory ability of 

cobalt complex (LH-Co) compared with the copper complex (LH-Cu) of the effectiveness of anaerobic glycolysis 

enzyme LDH 
 

4. CONCLUSION 
The inhibition ability of quinoxaline derivative and the high inhibitory ability of cobalt complex (LH-Co) compared 

with the copper complex (LH-Cu) of the effectiveness of anaerobic glycolysis enzyme LDH leads to the fact that these 

compounds can be characterized as an active anti –cancer substances for one of the metabolic enzymes necessary to 

feed the cancer cells. 
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ABSTRACT 
The redox properties of hydralazine were studied by cyclic voltammetric method. The effect of scan rates on the voltammogram 

of hydralazine was studied and various electrochemical parameters e.g.Epa, Epc, Ipa, Ipcwere determined. The results show a quasi-

reversible behavior of hydralazine hydrochloride. 
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1. INTRODUCTION 
Significant morbidity and mortality are consequences of heart failure. However, the therapy has been improved 

significantly. An estimated lifetime risk, at the age of 40, due to developing heart failure is about 40%. This situation 

depends upon the occurrence of unrestrained hypertension or other melancholic cardiovascular conditions
 [1]

.  

There is a delicate balancing of many complex biochemical processes for normal cardiovascular performance. 

Disturbance of which might lead to myocardial dysfunction. It also might be a secondary cause of structural heart 

disease, for example, myocardial infarction (MI) or cardiomyopathic processes. Consequently, these altered signaling 

systems can lead to the development of myocardial dysfunction.  

In the past few years several research groups have investigated the roles of ROS (reactive oxygen species) and RNS 

(reactive nitrogen species) in failing and normal myocardium and vasculature. Yet it remains a subject of considerable 

debate
[2]

.  

Signaling by RNS and modulation caused through ROS are thought to be important part of normal myocardial 

and vascular function. A better understanding of these mechanisms not only provides an insight into the activity of 

current therapies but also direct to the development of new therapeutic agents 
[3]

. Many existing drugs for heart disease 

exhibit redox modulatory activity. 

A combination of isosorbidedinitrate and hydralazine has recently been proved to be highly effective in 

treatment of heart failure 
[4]

. Isosorbidedinitrate stimulates nitric oxide signaling. On the other hand, hydralazine is a 

vasodilator and antioxidant, which is responsible for inhibition of the enzymatic formation of ROS (reactive oxygen 

species) such as superoxide (O2
–
) by NADH and NADPH oxidases 

[5,6]
.In addition; some recent reports have shown 

free radical scavenging activity of hydralazine
[7]

.The need to understand the biochemistry of superoxide and nitric 

oxide and their interaction has been brought to forefront by the success of this therapy
[8]

. Although, the mechanism of 

action of hydralazine is not well understood, it has been recommended for inhibition of this activity both by reducing 

nitrate tolerance and/or by lowering superoxide levels 
[6].  

 

 
Scheme-1: Structure of Hydralazine Hydrochloride 

 

Hydralazine is active in vasodilatation and reduction in total peripheral vascular resistance, which subsequently 

increases stroke volume, cardiac output and heart rate 
[9,11]

. Keeping in view all these effects of hydralazine, it is useful 

to determine the redox properties of this drug.  

Electrochemistry provides a fast, accurate and convenient method to study the equilibrium and transport 

properties of ionic solutes 
[12]

.In recent years, cyclic voltammetry (CV) has become a tool in medicinal chemistry. It is 

used to determine the lipophilicity of ionic drugs and mechanism of their transfer at ITIES (interface between two 

immiscible electrolyte solutions) 
[13,14]

. 
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2. RESULTS 
The base line of pure supporting electrolyte was found to be horizontally straight at different current sensitivities 

(Fig.1). Voltammogram of hydralazine hydrochloride was obtained at various scan rates i.e. at 10 mV/s, 20mV/s, 30 

mV/s, 60 mV/s, 80 mV/s and 100 mV/s (Fig.2).  

 

 
Fig-1: Base-lines of KNO3 at different current sensitivities at 20mV/Sec 

A = 300 mAmp/Volt, B = 200 mAmp/Volt, C = 100 mAmp/Volt D = 500 mAmp/Volt 

 

 
Fig-2: Overlay voltammogram of Hydralazine at different scan rates at Pt electrode Vs Ag/AgCl reference electrode. 

 

 

Table-1:Different Parameters Obtained from cyclic voltammograms of Hydralazine Hydrochloride at different scan rates 

Scan rate 

(mV/s) 

Epa 

(mV) 

Epa/2 

(mV) 

Epa-Epa/2 

(mV) 

Epa-Epc 

(mV) 

Ipa 

(μA) 
βnb 

10 515 400 115 180 5.00 0.417 ± 0.01 

20 540 410 130 250 4.60 0.369 ± 0.01 

30 565 425 140 295 6.20 0.343 ± 0.01 

60 620 385 235 410 7.20 0.204 ± 0.01 

80 670 415 255 460 5.80 0.188 ± 0.01 

Scan rate 

(mV/s) 

Epc 

(mV) 

Epc/2 

(mV) 

Epc-Epc/2 

(mV) 

Ipc 

(μA) 
Ipa/Ipc αna 

10 330 390 -60.0 10.2 0.490 0.800 ± 0.01 

20 290 365 -75.0 8.60 0.535 0.640 ± 0.01 

30 270 365 -95.0 7.40 0.816 0.505±0.01 

60 210 340 -130 7.00 1.028 0.369 ± 0.01 

80 210 320 -110 10.4 0.828 0.436 ± 0.01 

100 170 300 -130 8.40 0.786 0.369 ± 0.01 

Working electrode = Pt 

Reference electrode = Ag|AgCl 

Temperature = 25 ± 1°C 

Current sensitivity = 20μA/V 

Supporting electrolyte (KNO3) = 0.1M 
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The values of (E°)c and (E°)a were also determined for hydralazine by calculating Ip85% at all scan rates (Table 2)
[17]

. 

Electrochemical parameters like Epa, Epc, Ipa, Ipc were determined from these voltammograms (Table 1). The value of 

αna (where na is the number of electron involved in the rate determining step and α is the transfer coefficient) was 

calculated, for the quasi-reversible reaction of hydralazine according to the following equation;  

αna = 0.048/ (Ep-Ep/2)
[15,16]

. The calculated values of αna at the Pt electrode at various potential scan rates are 

given in Table.1. 
 

Table-2: Redox Potential obtained from cyclic voltammogram of Hydralazine Hydrochloride at different scan rates. 

ν 

(V/s) 

ν 
½ 

(V/s) 

Epc 

(V) 

Epc/2 

(V) 

(E°)c 

(V) 

Epa 

(V) 

Epa/2 

(V) 

(E°)a 

(V) 

0.010 0.100 0.330 0.390 0.250 0.515 0.400 0.440 

0.020 0.141 0.290 0.365 0.170 0.540 0.410 0.450 

0.030 0.173 0.270 0.365 0.160 0.565 0.425 0.480 

0.060 0.245 0.210 0.340 0.090 0.620 0.350 0.510 

0.080 0.283 0.210 0.320 0.040 0.670 0.370 0.520 

0.100 0.316 0.170 0.300 0.020 0.720 ------ 0.540 

Working electrode = Pt 

Reference electrode = Ag|AgCl 

Temperature = 25 ± 1°C 

Current sensitivity = 20 μA/V 

Supporting electrolyte (KNO3) = 0.1M 

Concentration of Hydralazine Hydrochloride = 0.01 M 
 

Table-3: Diffusion coefficient of Hydralazine Hydrochloride at different scan rates. 

 



 
Ipa D

1/2
 

D 

(mV/s) (V/s) (µA) (A) (cm
2
 s

-1
) 

010 0.01 0.100 5.00 5.00 E-06 1.64 E-03 2.71 E-06 

020 0.02 0.141 4.60 4.60 E-06 1.07 E-03 1.15 E-06 

030 0.03 0.173 6.20 6.20 E-06 1.18 E-03 1.39 E-06 

060 0.06 0.245 7.20 7.20 E-06 9.67 E-04 9.35 E-07 

080 0.08 0.283 5.80 5.80 E-06 6.75 E-04 4.55 E-07 

100 0.10 0.316 6.60 6.60 E-06 6.87 E-04 4.71 E-07 

 



 
Ipc D

1/2
 

D 

(mV/s) (V/s) (µ A) (A) (cm
2
 s

-1
) 

010 0.01 0.100 10.2 1.02 E-05 3.36 E-03 1.13 E-05 

020 0.02 0.141 8.60 8.60 E-06 2.00 E-03 4.00 E-06 

030 0.03 0.173 7.40 7.40 E-06 1.41 E-03 1.98 E-06 

060 0.06 0.245 7.00 7.00 E-06 9.40 E-04 8.84 E-07 

080 0.08 0.283 10.4 1.04 E-05 1.21 E-03 1.46 E-06 

100 0.10 0.316 8.40 8.40 E-06 8.74 E-03 7.64 E-05 

Working electrode = Pt 

Reference electrode = Ag|AgCl 

Temperature = 25 ± 1°C 

Current sensitivity = 20 μA/V 

Supporting electrolyte (KNO3) = 0.1M 

Concentration of Hydralazine Hydrochloride= 1x10-5 mol cm-3 

n = number of electron transfer = 1 

A= Area of the electrode = 0.0113 cm2 

D1/2 = Ip / (2.69x105) (n)3/2 A C (ν)1/2 
 

The value of diffusion coefficient, ‘D’, was calculated using Randles-Sevcik equation, which is as follows
[12]

: 
 

Ip = 2.69 x 10
5 
n

3/2
A D

1/2 
C v

1/2

Where,   

Ip = Peak current (Amp) 

n = Number of electron transfer 

A = Electro-active area of the electrode (cm
2
) 

D = Diffusion coefficient (cm
2
 Sec

-1
) 

C = Concentration (mole cm
-3

) 

v = Scan rate (Volts/Sec) 
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The values of diffusion coefficient determined at different scan rates are given in Table.3. 
 

3. DISCUSSION 
At first glance the cyclic voltammograms appear to show the presence of a quasi-reversible electron transfer (Figure 

2). A quasi-reversible process, which is reversible at low sweep rates, becomes irreversible at higher ones, after having 

passed through a region known as quasi-reversible at intermediate values 
[18]

. This transition from reversibility occurs 

when the relative rate of the electron transfer with respect to that of mass transport is insufficient to maintain 

Nernstian equilibrium at the electrode surface. In the quasi-reversible region both forward and back reactions make a 

contribution to the observed current 
[19]

. This change from reversible, to quasi reversible and finally irreversible 

behavior can readily be seen from a plot of peak current density, Jp (Ipa or Ipc) as a function of square root of scan rate 

(ν
1/2

) (Fig.3). 

 
Fig-3: Variations of anodic peak current density with square root of sweep rate from the cyclic voltammograms of Hydralazine in 

KNO3 (0.1M). 
 

Other diagnostic tests for a quasi reversible system and their comparison with the results obtained from the 

voltammogram of hydralazine are shown in table 4
[20]

.  

The first point of table 4 for quasi-reversible behavior has been discussed in the above paragraph in which 

anodic (Ipa) peak current density was plotted against square root of scan rate (ν
1/2

). The plot shows that the current 

density increased with increasing ν
1/2

 but it is not proportional to it (Fig.3).  
 

 
Fig-4: Variations of anodic and cathodic peak potential (Ep and Ep/2) with square root of sweep rate from the cyclic 

voltammograms of Hydralazine in KNO3

The difference Epa-Epc was found to be greater than 59/n mV and increases with potential scan rate (Table.1). The last 

point of the table is that when scan rate increases, Epcunder goes a negative shift, this behavior also confirms quasi-

reversible electron transfer process (Table.1).  

A plot of peak potential (i.e. Epa and Epc) vs. log of scan rate indicates that peak potential increases with scan 

rate. The same results were obtained when Epa/2 and Epc/2 were plotted against log of scan rate (Fig.4).  

Hydralazine hydrochloride fulfills the diagnostic tests for quasi-reversibility and does not stand the diagnostic 

tests for totally reversible and irreversible processes in the presence of KNO3 (Table.4). 
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Table-4: Diagnostic criteria for a quasi-reversible system at 25 ± 1
o

C. 

S. No. Criteria for quasi-reversible system Results obtained for Hydralazine Hydrochloride 

1. 
Ip is not proportional to 

1/2
 but increases as with 

increase in 
1/2

 
Ip is not proportional to 

1/2
but increases with 

1/2
 

2. | Ipa / Ipc = 1 provided αc =αa = 0.5 Ipa / Ipc ≈ 1 

3. 
Epa- Epc is greater than 59/n mV and increases as 

increases 
Epa- Epc> 59 mV and increases as increases 

4. Epc shifts negatively on increasing  On increasing  the Epc shifts negatively 

 

4. CONCLUSION 
Cyclic voltammetric study of hydralazine suggests that; 

 Hydralazine shows quasi-reversible behavior.  

 The diffusion coefficient value shows that it can pass through cell membrane.  

Cyclic voltammetric data also shows that hydralazine can reduce different metals at different potentials due to its 

quasi-reversible behavior. 
 

5. MATERIALS AND METHOD 
Analytical grade chemicals were used in all the experiments, and employed without further purification. Special care 

was taken to wash the glassware before use. For this study CO2 free water was used which was prepared by boiling 

distilled deionized water for about 10 minutes and then cooling in an airtight bottle 
[21]

. 

Cyclic Voltammetric studies were carried out onCV-1B Cyclic Voltammetry controller (EF1011-00) unit, 

Bioanalytical System Inc. USA. Hydralazine hydrochloride was prepared in 0.1 M solution of potassium nitrate 

(KNO3), the supporting electrolyte. The calibration of the instrument was accomplished following the procedure given 

in the installation/operation manual of the instrument. Calibration was also done by using 0.001M solution of 

Ferrocene in Acetonitrile containing 0.1M tetraethylamonium phosphate (TEAP) for which the ferrocenium/ferrocene 

reduction potential was 400mV and ΔE= 72 mV at scan rate of 100 mV/s
[22]

.  

The base-line of pure supporting electrolyte was recorded at Pt electrode vs. Ag|AgCl reference electrode, at 

25 ± 1
o

C and at 20 mV/s. 15 mL of Hydralazine hydrochloride solution was transferred to the cell. Repeated insertion 

of electrode assembly in the analyte solution ensured the removal of air bubbles from the surface of the Pt electrode. 

The cell top was fixed firmly at the cell, and nitrogen gas was flushed for five minutes. The solution in the cell was 

stirred for three minutes. Adjustments related to current sensitivity, initial and final switching potential, voltage scan 

rate, and chart recorder sensitivity were made during nitrogen purging prior to the initiation of scan. The cyclic 

voltammetry was performed at various scan rates ranging from 10-100mV/s. 
 

6. REFERENCES 
1. Carmody, M. S., Anderson, J. R., Cardoil.Rev., (2007), 15(1), 46-53, 

http://dx.doi.org/10.1097/01.crd.0000250840.15645.fb. 

2. Jeffrey, M. Z., Joshua, M. H., Circulation, (2006), 114; 1531-1544, 

http://dx.doi.org/10.1161/CIRCULATIONAHA.105.605519. 

3. Stamler, J. S., Singel, D. J., Loscalzo, J., Science, (1992), 18; 258(5090):1898–1902. 

4. Taylor, A. L., Ziesche, S., Yancy, C., Carson, P. D., Agostino, R. Jr., Ferdinand, K., Taylor, M., Adams, K., 

Sabolinski, M., Worcel, M., Cohn, J. N., New Eng. J. Med., (2004), 11; 351(20):2049-57. 

5. Sydow, K., Daiber, A., Oelze, M., et al., J. Clin. Invest., (2004), 113:482-489, 

http://dx.doi.org/10.1172/JCI200419267. 

6. Munzel, T., Kurz, S., Rajagopalan, S., Thoenes, M., Berrington, W. R., Thompson, J. A., Freeman, B. A., 

Harrison, D. G., J. Clin. Invest, (1996), 15; 98(6):1465–1470 

7. Daiber, A., Oelze, M., Coldewey, M., Kaiser, K., Huth, C., Schildknecht, S., Bachschmid, M., Nazirisadeh, 

Y., Ullrich, V., Mulsch, A., Munzel, T., Tsilimingas, N., Biochem. Biophys. Res. Commu.,(2005), 338:1865–

1874, http://dx.doi.org/10.1016/j.bbrc.2005.10.106. 

8. Joshua, M., Hare, M. D., New Eng. J. Med., (2004), 351:2112-2114, http://dx.doi.org/10.1056/NEJMe048269. 

9. Apresoline hydrochloride tablets package insert (Ciba—US), Rev 8/89, Rec. 11/91; Rev 4/92, Rec. 3/94; Rev 

5/95, Rec. 2/98. 

10. Phillip, A. R., Med. Res. Rev., (1981), 1(1), 73-96, http://dx.doi.org/10.1002/med.2610010105. 

11. Talseth, T., Eur. J. Clin. Pharmacol., (1976), 10(6), 395-401, http://dx.doi.org/10.1007/BF00563075. 

12. Bard, A. J., Faulkner, L. R., Electrochemical Methods: Fundamentals and Applications, (2001), John Wiley 

and Sons, New York, 2
nd

 edition. 

13. Hailemichael, A., Pur. App. Chem., (2004), Vol. 76, No. 4, pp. 697–705.  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Anderson%20JR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://dx.doi.org/10.1097/01.crd.0000250840.15645.fb
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.605519
http://dx.doi.org/10.1172/JCI200419267
http://dx.doi.org/10.1016/j.bbrc.2005.10.106
http://dx.doi.org/10.1056/NEJMe048269
http://dx.doi.org/10.1002/med.2610010105
http://dx.doi.org/10.1007/BF00563075


Imad et al, 2013 

 

186 

14. Reymond, F., Fermín, D., Lee, H. J., Girault, H. H., Electrochim. Acta, (2000), 45, 2647-2662, 

http://dx.doi.org/10.1016/S0013-4686(00)00343-1. 

15. Steven, C. P., Chem. Edu.,(2000), 5, 231, http://dx.doi.org/10.1007/s00897000416a. 

16. Dennis, H. E., Kathleen, M. O'C., Ralph, A. P., Michael, J. K., J. Chem. Edu., (1983), 60 (4), p 290 

17. Sawyer, D. T., Sobkowiak, A., Roberts, J. L., Electrochemistry for Chemists, (1995), Interscience Publishes: 

UK., 2
nd

 edition. 

18. Rieger, PH., Voltammetry of Reversible System: Electrochemistry, (1994), Chapman & Hall: New York, 

2
nd

edition, 183-194, http://dx.doi.org/10.1007/978-94-011-0691-7. 

19. Greef, R., Peat, R., Reter, L. M., Pletcher, D., Robinson, J., Instrumental Methods in Electrochemistry, (1985), 

New York: John Wiley and Sons, 1
st
 edition. 

20. Richard, S. N., Analy. Chem., (1965), 37(11), 1351, http://dx.doi.org/10.1021/ac60230a016. 

21. Cox, P. A., The Elements on Earth, In.,Inorganic Chemistry in the Environment, (1995), Oxford University 

Press: New York, 166-167. 

22. Robert, R. G., Carl, A. K., George, C. L., Inorg. Chem., (1980), 19, 2854, 

http://dx.doi.org/10.1021/ic50208a065.

 

http://dx.doi.org/10.1016/S0013-4686(00)00343-1
http://dx.doi.org/10.1007/s00897000416a
http://dx.doi.org/10.1007/978-94-011-0691-7
http://dx.doi.org/10.1021/ac60230a016
http://dx.doi.org/10.1021/ic50208a065


Pak. J. Chem. 3(4): 188-197, 2013                                                                                                                                         Full Paper 

ISSN (Print): 2220-2625 

ISSN (Online): 2222-307X                                                                                                                DOI: 10.15228/2013.v03.i04.p08 

*Corresponding Author                                                                        Received 23
rd

 December 2013, Accepted 26
th

 December 2013 

Effects of Chicken Manure and Mineral Fertilizer on Some Nutritive Parameters and 

Lead Accumulation in Two Vigna Species Grown in Lead Contaminated Soil 
 

N. Hamid and 
*
F. Jawaid 

Department of Botany, University of Karachi, Karachi-75279, Pakistan 

Email: 
*
faizajawaid226@yahoo.com 

 

ABSTRACT 
Effect of chicken manure and mineral fertilizer on Vigna radiata and Vigna unguiculata plants grown in lead contaminated soil 

were examined. Plants were grown in lead polluted soil, which is amended with different concentrations of chicken manure and 

mineral fertilizer (NPK). Accumulation of lead in the leaves of both Vigna species was reduced when chicken manure was added. 
Application of mineral fertilizer increased the accumulation of lead in Vigna radiata, but caused a decrease in Vigna unguiculata. 

Application of both fertilizers improved the chlorophyll, protein and carbohydrate contents of both species. Results are discussed 

in relation to the significance of organic and inorganic manure with accumulation of heavy metals such as lead particularly in 

contaminated soils and their consequences on protein and chlorophyll synthesis. 

 
1. INTRODUCTION 
Soil pollution as a result of toxic metals is one of the severe harms of the environment (Mathe-Gaspar and Anton, 

2002). These toxic metals are non-biodegradable (Chaturvedi, 2004) and toxic to plants at high levels (Nedelkoska 

and Doran, 2000). Among the existing heavy metal pollutants, lead (Pb) is the major contaminant of the soil (Romerio 

et al., 2006). Significant increase in the Pb content of cultivated observed near industrial areas soils has been in 

particular (Sharma and Dubey, 2005). The main sources of Pb pollution are exhaust fumes from automobiles, 

chimneys of factories, effluents from the storage battery, industry, mining and smelting of Pb ores, metal plating and 

finishing operations, fertilizers, pesticides and additives in pigments and gasoline (Sharma and Dubey, 2005). The soil 

with heavy metal contamination, Pb in particular, enhances the Pb uptake and causes their accumulation in different 

plants parts (Chaturvedi, 2004). 
Soil improvement is a major requirement for the successful establishment of vegetation especially in metal-

contaminated soils (Rotkittikhun et al., 2007). The application of cow manure, poultry manure, pig manure and 

sewage sludge are known to support plant growth, reduce metal uptake and accumulation in plant tissue (Chiu et al., 

2006). It has been suggested that organic manure are improve the soil condition especially of contaminated soil 

through the increase in nitrogen (N), phosphorous (P) and potassium (K) contents in soil (Chiu et al., 2006). Malak 

Ramadan et al., 2007 have reported that poultry manure is a complete fertilizer due to it being rich in organic matter 

and organic carbon which positively influences the crop production. Awodun, 2007 indicated that poultry manure 

facilitates the growth of soil organisms thus promoting the soil’s free mineral supply & for the reason of being evenly 

distributed in soil poultry manure tends to stay longer and not leaches abruptly. Blay et al., 2002 have reported the 

beneficial effects of poultry manure on the soil and the crops grown therein. Besides being free from pathogens 

(infectious bacteria), poultry manure increases the fertility of aged soils, improves the soil structure by loosening of 

the compact soil to facilitate the ventilation.  

The main objective of the present study was not only to evaluate the effect of different concentrations of 

chicken manure and mineral fertilizer (NPK) on Pb uptake and nutritive values such as total chlorophyll, carbohydrate 

and protein content of Vigna radiata and Vigna unguiculata grown in heavy metal contaminated soil but also for 

establishing suitable application dosage of these fertilizers for development of the lead contaminated soil. Therefore, it 

is presumed that compared to the inorganic manure, organic manure especially chicken manure can more efficiently 

improve the chemical and physical conditions of metal contaminated soil. 
 

2. MATERIAL AND METHODS 
Pot experiments were conducted on two different edible beans Vigna unguiculata and Vigna radiata. Healthy seeds of 

each species were selected and sterilized with 0.1% Mercuric Chloride solution for 5 minutes followed by washing 

with tap and distilled water. Seeds were sown in plastic bag containing 300gm sterilized soil. Two-week old seedlings 

were transplanted into plastic pots (12cm diameter and 15cm height) containing Pb contaminated soil which was 

collected from Karachi industrial region which was mixed with three levels of chicken manure and mineral fertilizer. 

Chicken manure was mixed with soil at different concentrations i.e. 50, 75 and 100gm chicken manure. Kg
-1

. In 

addition, soil was also assorted with three different levels of mineral fertilizer addition (N:P:K= 15:15:15): 50, 75 and 

100 mg fertilizer.Kg
-1

 of dry soil. Soil without mineral fertilizer and chicken manure served as the control. Plants were 

watered on alternate days throughout the experimental periods till maturity  
 

3. SOIL ANALYSIS 
Soil samples were collected before treatment and analyzed for following chemical parameters:  
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3.1 Soil Ph and Ec 
Soils pH and EC were measured before the addition of NPK and chicken manure. 10gm dried sieved soil mixed and 

homogenized in 100ml-distilled water. The mixture was then allowed to settle. Soil suspension was filtered, pH and 

EC were recorded using a glass-electrode pH meter (Mettler Toledo, Serial MP-220 P.H 200223M) and conductivity 

meter (Mettler Toledo, Serial 76785 C.M.D. 500 conductivity meter) respectively. 
 

3.2 Soil Organic Matter 
Loss on Ignition (LOI) method was used for measuring the soil organic matter, which involves burning off organic 

matter in soil samples (Konen et al., 2002). Air-drying of the soil sample was followed by passing of the air-dried soil 

through a 2 mm mesh sieve. 5g of air-dried soil was placed in a crucible and weighed (pre-weight). The crucible with 

soil was placed in a furnace and heated to about 360
o
C for 3 hours. Later, the sample was weighed (post-weight). 

Percent organic matter was calculated using the following formula 

 

% Organic Matter = (pre-weight – post-weight) x 100 

pre-weight 

3.3 Soil Heavy Metal Analysis  
Soil samples, NPK and chicken manure were dried in oven at 40°C for 48 h and then passed through a 2 mm sieve to 

discard non soil particles. After that 5 gm of both fertilizer and soil sample were digested in 50 ml of 2 M Nitric acid 

for 2 h at 100°C. The extracts were analyzed for total lead by atomic absorption spectrophotometer (Nowack et al., 

2001).  
 

3.4 Biochemical Analysis of Plants 
The leaf samples from both control and treated plants were collected randomly in early hours of the morning and were 

kept in labeled sample bags. Later total chlorophyll (Maclachlam and Zalik, 1963) total protein (Lowry et al., 1951) 

and carbohydrate (Yemm and Willis, 1959) were examined. 
 

3.5 Plants Heavy Metal Analysis 
Plants leave samples were dried for 42 h at 40°C. 20ml of 70% Nitric acid was added in 1 g plant leave material, 

covered with glass Petri dish and incubated for 30 minutes. The sample was heated until the entire solid particle 

disappeared. Later 10 ml of 70 % perchloric acid was added to the sample. The heating was continued until the 

volume was reduced upto to 3ml, then solution was cooled and volume was made upto 100 ml with de-ionized water 

followed by filtering through Whatman Number 1 filter paper and then sample used to study the amount of lead 

present. Lead was analyzed by atomic absorption spectrophotometer (Richards, 1954). 

 

3.6 Statistical Analysis  
The data for chlorophyll, protein, carbohydrate and heavy metal concentrations of plant under different treatments 

were analyzed using the “COSTAT” statistical program by two-way analysis of variance (ANOVA) to compare the 

means of different treatment and “SIGMA PLOT” program was used for graphic presentation of the data.  
 

4. RESULTS 

4.1 Soil characteristics  
Table-1 reveal that amount of extractable lead was higher in contaminated soil 345.260 µg.mg

-1
 as compare to chicken 

manure 53.760 µg.mg
-1

 and mineral fertilizer 32.910 µg.mg
-1

. The contaminated soil contained low level of organic 

matter (0.323%), while nitrogen, phosphorus and potassium content of polluted soil was low as compare to chicken 

manure and mineral fertilizer. 
 

Table-1: Chemical properties of experimental soil, chicken manure and NPK. 

Parameters Soil Chicken manure Mineral Fertilizer 

pH 7.04 6.23 6.91 

EC (µs/m) 1226 4220 - 

Organic matter (%) 0.323 59.10 - 

Nitrogen (%) 0.050 2.260 33.50 

Phosphorus (%) 0.030 2.170 15.50 

Potassium (%) 0.040 1.480 48.00 

Extractable Pb (µg.mg
-1

) 345.26 53.76 32.91 
 

The data in table 2 illustrate the EC of contaminated soil was lower as compare to other treatments. The pH of the 

polluted soil was neutral, whereas pH of soil with chicken manure was nearly neutral and soil with mineral fertilizer 

was basic. Table 2 also shows that amount of extractable lead was decrease after chicken manure addition, whereas in 

mineral fertilizer treatment was increased as compare to non amended soil sample. 
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Table-2: pH, EC and extractable Pb in the different treatments before plant growth experiment 

Treatments pH EC (µs/m) Extractable Pb (µg.mg
-1

) 

Soil 7.04 1226 345.260±10.844 

Soil+50g chicken manure 7.16 2814 218.327±12.374 

Soil+75g chicken manure 7.15 3786 187.462±10.666 

Soil+ 100g chicken manure 7.18 4223 156.753±10.431 

Soil+50mg mineral fertilizer 7.83 2347 261.616±15.363 

Soil+75mg mineral fertilizer 7.85 2528 283.167±11.561 

Soil+ 100mg mineral fertilizer 7.96 2639 313.714±14.536 

 

4.2 Accumulation of Lead 
Significant (P<0.001) accumulation of lead in leaves of Vigna unguiculata and Vigna radiata was observed by 

mineral fertilizer (NPK) application. In Vigna radiata (Fig. 1a) accumulation of lead increased with increasing the 

concentration of applied NPK, whereas in Vigna unguiculata (Fig. 1b) variable trend of lead accumulation was 

observed. In both species maximum lead accumulation was found in 100gm/Kg NPK treatment compared to control. 
This increase sustained till the end of experiment. Hence the inorganic fertilizer addition was not very effective in 

reducing the lead uptake in plant tissue. 
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Fig. 1: Effect of different concentration of mineral fertilizer (a, b) and chicken 

manure (c, d) on lead accumulation in leave of Vigna radiata and Vigna unguiculata 

grown on lead contaminated soil. 

 
 

Fig-1: Effect of different concentration of mineral fertilizer (a, b) and chicken manure (c, d) on lead accumulation in leave of 

Vigna radiata and Vigna unguiculata grown on lead contaminated soil. 

 

From Fig. 1d and 1c, it is obvious that increasing addition of chicken manure reduces the uptake of lead by Vigna 

radiata and Vigna unguiculata. Significant impacts of chicken manure were observed in reducing accumulation of 
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lead in leaves of Vigna unguiculata (P<0.001) and Vigna radiata (P<0.01) throughout the experimental period, 

however highest accumulation of lead was observed in non amended control of Vigna radiata and Vigna unguiculata. 

Result suggested that chicken manure addition was very effective in reducing the lead uptake by plants. In Vigna 

unguiculata (Fig. 1d) lead accumulation was reduces with increasing addition of chicken manure however uneven 

trend of heavy metal concentration in leaves of Vigna radiata was observed (Fig. 1c). 
 

4.3 Total Chlorophyll 
The results obtained are illustrated in Fig 2; which indicate that chlorophyll content of Vigna unguiculata (P<0.001) 

and Vigna radiata (P<0.05) were significantly affected by mineral fertilizer application. Increasing concentration of 

applied NPK markedly increased the chlorophyll contents. The stimulating influence of mineral fertilizer amendments 

on Vigna radiata grown in lead polluted soil was uneven; 50g/Kg NPK treatment gave highest chlorophyll content as 

compared to 75 and 100g/Kg NPK treatments (Fig. 2a). However in Vigna unguiculata chlorophyll content increased 

with increasing addition of mineral fertilizer. In Vigna unguiculata increasing trend of chlorophyll content was 

observed till the end of experimental period. The chlorophyll stimulating influence of mineral fertilizer on Vigna 

radiata and Vigna unguiculata grown in lead polluted soil may be due to improvement in availability of the nutrients 

of polluted soil. 
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Fig. 2: Effect of different concentration of mineral fertilizer (a, b) and 

chicken manure (c, d) on total carbohydrate content of Vigna radiata and 

Vigna unguiculata grown on lead contaminated soil. 

 
Fig-2: Effect of different concentration of mineral fertilizer (a, b) and chicken manure (c, d) on total carbohydrate content of 

Vigna radiata and Vigna unguiculata on grown lead contaminated soil. 

 

Results indicated that chicken manure had stimulating effect on total chlorophyll content of Vigna radiata and Vigna 

unguiculata as statistically significant (Vigna radiata P<0.01 Vigna unguiculata P<0.001) results were attained. The 

chlorophyll enhancement in Vigna radiata and Vigna unguiculata by the application of chicken manure may be due to 
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increased nutrient contents of the lead polluted soil. Data presented in Fig 2 indicated that the chlorophyll content of 

Vigna radiata and Vigna unguiculata were markedly increased with increasing concentration of application of chicken 

manure.  
 

4.4 Total Protein  
Fig 3 indicates that applied mineral fertilizer levels caused increase in protein content of Vigna radiata and Vigna 

unguiculata grown in lead polluted soil. These increases might be due to improvement in nutrient content of the 

polluted soil after NPK addition. The result obtained for the affect of mineral fertilizer on protein content of Vigna 

radiata and Vigna unguiculata were statistically significant (P<0.01). 

Results in Fig 3 illustrated that chicken manure had a significant (P<0.01) effects on protein contents of Vigna 

radiata and Vigna unguiculata. Increasing concentration of applied chicken manure from 50 to 100g/Kg markedly 

increased the chlorophyll contents. The stimulating influence of chicken manure amendments on Vigna radiata and 

Vigna unguiculata continued till the end of experiment. 
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Fig. 3: Effect of different concentration of mineral fertilizer (a, b) and 

chicken manure (c, d) on total protein content of Vigna radiata and Vigna 
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Fig-3: Effect of different concentration of mineral fertilizer (a, b) and chicken manure (c, d) on total protein content of Vigna 

radiata and Vigna unguiculata frown on lead contaminated soil. 

 

4.5 Total Carbohydrates 
Result indicated increase in total carbohydrate content of Vigna radiata and Vigna unguiculata in all mineral fertilizer 

treatments as compare to control (Fig. 4), and the results obtained were statistically significant (P<0.01). Mineral 

fertilizer amendment had stimulating influence on carbohydrate content of both species. Maximum increase in total 
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carbohydrate content of Vigna radiata and Vigna unguiculata was observed in 50 and 75 g/Kg mineral fertilizer 

treatment respectively. 

 Different level of applied chicken manure showed significant (P<0.01) changes in carbohydrate content of 

Vigna radiata and Vigna unguiculata which grown in lead contaminated soil. Data presented in Fig. 4 indicated 

increase in all chicken manure treatment of both species as compare to control. In all chicken manure treatment 

increased in carbohydrate content continued till the end of experiment and maximum increased was observed in 

75g/Kg chicken manure treatment of both species. 
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Fig. 4: Effect of different concentration of mineral fertilizer (a, b) and 

chicken manure (c, d) on total carbohydrate content of Vigna radiata and 

Vigna unguiculata grown on lead contaminated soil. 

 
Fig-4: Effect of different concentration of mineral fertilizer (a, b) and chicken manure (c, d) on total carbohydrate content of 

Vigna radiata and Vigna unguiculata grown on lead contaminated soil. 

5. DISCUSSION 
The present study demonstrated that the application of chicken manure was very effective in reducing the uptake of 

lead by plants as compare to inorganic fertilizer. Lead polluted soil amended with fertilizer enhances the plant growth 

as compare to non-amended Pb polluted soil. Similar results were reported by Rotkittikhun et al., 2007 by the addition

to the pig manure in polluted soil thus reducing the uptake of lead by plants while the inorganic fertilizer addition 

enhanced the uptake of lead by plants. Rahman et al., 2007 also suggested that heavy metal uptake was comparatively 

higher in inorganic fertilizer treated plants than plants treated with organic fertilizer. Further, many factors such as 

poor physical structure, low water and nutrient holding capacity, deficiency of major nutrients (N, P, K), acidity and 

alkaline, water supply, toxic materials, salinity, stability, surface temperature are known to affect plant establishment 

on polluted soil (Bradshaw and Chadwick, 1980). The uptake of heavy metals by plants from soils is affected by 
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management factors like application of organic fertilizers, despite the fact that organic fertilizers themselves can be a 

source for heavy metals, nevertheless organic matter added with manures, compost, and sludge’s greatly increases soil 

physical features like colloidal stability and cation exchange capacity and chemical features like plant available 

nutrients and chelating compounds which have a beneficial effect on soil biology (Gaj et al., 2006). Decomposing 

poultry manure slowly releases the nutrients into the soil thus reducing the nutrient loss (Ramadan et al., 2007). 

Organic matter improves soil structure, reduces erosion, increases infiltration, in addition organic amendments also 

help to immediately decrease metal bioavailability and provide a slow-release fertilizer (Mendez and Maier, 2008). 

NPK and organic material of domestic refuse could improve the poor physical properties and microbial activities of 

the polluted soil although reduced heavy metal toxicity to plants by complexing (Wong and Lau, 1985). Organic 

matter amendment reduced the heavy metal in polluted soil, this may be due to chelation, complexation, adsorption 

between metals in soils and the organic matter that is contained in organic amendments and also the dilution effect 

when they are mixed with soils (Chiu et al., 2006). It was suggested that soil had a comparatively large capability for 

the immobilization of ionic lead and that the precipitation of lead was primarily through the fixation by organic matter 

(Alloway, 1995). Organic fertilization may affect the transfer of heavy metals to plants by several mechanisms like 

enhanced metal adsorption through increased surface charge, increased formation of organic and inorganic metal 

complexes, precipitation of metals, and reduction of metals from higher valency mobile form to lower valency 

immobile form (Bolan and Duraisamy, 2003). Various reasons could be attributed to the increase in the reduction
 
of 

heavy metal in the presence of the organic amendments. These include
 
the supply of carbon and protons, and 

stimulation of microorganisms
 
that are considered to be the major factors for enhancing the reduction

 
of heavy metal 

(Losi et al., 1994). The oxidation of organic matter releases the proton and lowers the pH of soil, which results in 

lowering the mobility of heavy metal (Khoshgoftarmanesh and Kalbasi, 2002). Awodun (2007) proposed that in 

presence of poultry manure the high pH of the soil could be brought closer to neutral. The organic amendments were 

rich in Nitrogen (part of which was in Ammoniacal form). Oxidation of Ammoniacal
 
N to Nitrate N (nitrification) 

resulted in the release of protons, which may be one of the reasons for the decrease in soil pH with
 
the addition of the 

organic amendment. (Bolan et al.,  2003) suggested that the organic fertilization improve soils storage capacity of 

heavy metals by increasing cation exchange capacity and increased concentration of chelating agents, in addition this 

function acts as a buffer system against heavy metal transfers in ecosystems either by preventing them from leaching 

or by counteracting their accumulation in plants (Rechcigl, 1995). 

Chlorophyll is the central part of the energy manifestation of every green plant system and therefore, any 

significance alteration in their levels is likely to cause marked effects on the entire metabolism of plants (Knudson et 

al., 1977). In the present investigation, total chlorophyll content of control plants was more affected as compare to 

treatments. Present work is supported by the work of Sinha and Gupta, 2005 who suggested that chlorophyll contents 

of Sesbania cannabina increased with an increase in the fly ash amendment, but fly ash amendment enhanced the 

accumulation of metals (Fe, Mn, Zn, Cu, Pb and Ni). Lead inhibits the chlorophyll synthesis by impairing uptake of 

essential elements such as Mg and Fe by plants (Burzynski, 1987). Negative effect on chlorophyll development by 

heavy metals may be due to the interference to proteins (enzymatic proteins) responsible for chlorophyll biosynthesis 

(Jaleel et al., 2009). It has also been proposed that plants exposed to lead ions showed a decline in the photosynthetic 

rate as a result of distorted chloroplast, restrained synthesis of chlorophyll, obstructed electron transport (Sharma and 

Dubey, 2005). Tawfik, (2008) suggested that heavy metal could accumulate to higher levels in the aerial part 

preferentially in the chloroplast and disturb the enzyme of chlorophyll biosynthesis by interacting with SH group of 

chloroplast synthesizing enzyme. The key enzyme of chlorophyll biosynthesis, d-amino laevulinate dehydrogenase, is 

strongly inhibited by lead ions (Prassad and Prassad, 1987). An enhancement of chlorophyll degradation occurs in 

lead treated plants due to increased chlorophylase activity (Drazkiewicz, 1994). The results indicate that in Vigna 

unguiculata and Vigna radiata chlorophyll content increase with fertilizer application. The significant impact of 

nutrient sources (organic and inorganic fertilizers) was observed on chlorophyll content of plant (Amujoyegbe et al., 

2007).  

In the present work, protein content of Vigna radiata and Vigna unguiculata was increased by increasing the 

levels of chicken manure and mineral fertilizer amendments compared to non amended control. Increase in protein 

content of Sesbania cannabina was observed with increasing levels of the fly ash amendment (Sinha and Gupta, 

2005). The decrease in protein content in control samples may be due to enhanced protein degradation process as a 

result of increased protease activity that is found increased under stress conditions (Palma et al., 2002).  Increased 

proteolytic activities in response to heavy metals were found by Lee et al., (1976) who observed increased activities of 

hydrolytic enzyme of soybean leaves in response to heavy metal stress. It is also possible that these heavy metals may

have induced lipid per oxidation in fragmentation of proteins due to toxic effects of reactive oxygen species leading to 

reduce protein content (Davies et al., 1987). The application of both organic and inorganic fertilizer stimulated the 

protein content of plants by improving nutrient status of the soil terms of both physical and biological characteristic 

(Zeidan, 2007). 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V74-4KCGHS5-1&_user=3415223&_coverDate=01%2F31%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=5832&_sort=d&_docanchor=&view=c&_searchStrId=966243034&_rerunOrigin=google&_acct=C000060484&_version=1&_urlVersion=0&_userid=3415223&md5=c5ed010eccedce34bbf0ec9c7fe409e2#bib12
http://jeq.scijournals.org/cgi/content/full/32/1/120#BIB31#BIB31
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In present study, carbohydrate content of control showed decrease as compare to fertilizer treatment. Sugars 

considered key metabolites in plant metabolism, not only because the first complex organic compounds formed in 

plants as the result of photosynthesis, but also provides a major source of respiratory energy (Deef, 2007).  Sugars also 

play a number of ecological roles in plant protection against wounds and infection as well as in the detoxification of 

foreign substances (Sativir et al., 2000). Carbohydrates perform important hormone-like functions as primary 

messengers due to their essential role in plant growth, development and metabolic links with the initial physiological 

processes (Rolland et al., 2002). Warrier and Saroja (2008), found reduction in carbohydrate content as the result of 

heavy metal pollution and suggested this decline might be the result of decreased photosynthesis. Our result 

corroborated with finding of Ahmed (1978), who found that treatment of plant with lead increased respiration rates of 

its organ and reduced the photosynthetic rates. The negative effect of heavy metals on carbon metabolism is a result of 

their possible interaction with the reactive centre of ribulosebisphosphate carboxylase (Stiborova et al., 1987). The 

results indicate increase in carbohydrate content of Vigna unguiculata and Vigna radiata which grown in fertilizer 

amended soil. Fertilization of soil affects the photosynthesis and controls plant development, possibly through 

carbohydrate metabolism which is involved in other important plant signaling and regulatory pathways (Mcintyre, 

2001). 
 

6. CONCLUSION 
The study showed that applications of both chicken manure and mineral fertilizer to the lead contaminated soil 

improve the growth, protein, chlorophyll and carbohydrate contents of leaves of both Vigna species. Application of 

chicken manure and mineral fertilizer decreases the lead uptake by Vigna unguiculata and Vigna radiata indicated that 

application of chicken manure and mineral fertilizer used for successful establishment of plants in heavy metal 

polluted soil. Knowledge obtained in present investigation showed that chicken manure seem to be well suited for 

Vigna unguiculata and Vigna radiata cultivation in lead polluted soil since it reduces the lead uptake and improves the 

nutritive values  as compare to mineral fertilizer.  
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