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ABSTRACT 
Roesky’s ketone, its isomers and their sulfur and selenium analogues have been studied in the gas phase using B3LYP method 

with 6-311++G(d,p) as the basis set for all atoms. Molecular parameters, namely bond lengths, bond angles, rotational constants, 

dipole moments and energies, and vibrational parameters, namely harmonic vibrational frequencies and relative intensities are 

predicted for these ketones. Relative energies, atomisation energies, HOMO-LUMO gaps and natural charges on the atoms have 

also been predicted. The molecular parameters and vibrational spectra of Roesky’s ketone are in good agreement with some of the 

available experimental literature data.Therefore, the results from the present theoretical gas phase study are expected to be valid 

for the molecular structures and vibrational spectra of the novel sulfur and selenium analogues. The findings of this work could be 

useful for the characterisation of these compounds as and when they are synthesised. 

 
Keywords: DFT, Vibrational frequencies, Infrared spectra, Roesky’s ketone 

 
1. INTRODUCTION 
5-Oxo-1,3,2,4-dithiadiazole or Roesky’s ketone is a five membered ring system containing the –N=S=N=S- fragment. 

In the last decade, Roesky’s ketone has been the target of some investigations
1-5

 and more interestingly, the 

availability of fast desktop computers and quantum chemical calculation programs such as Gaussian 03W
6
 has led to 

theoretical investigations
7,8 

being used to support experimental findings. A survey of the literature has been helpful in 

setting the objectives of the current research. 

Droogenbroeck
1 

et al. studied the molecular and crystal structure of Roesky's ketone experimentally, by re-

determining the single crystal structure and, theoretically by computations at the DFT level using an extended basis 

set. A comprehensive set of properties, consisting of orbital topologies, atomic charges, atomic and molecular dipoles, 

aromaticity parameters and Fukui functions of Roesky's ketone and a number of its constitutional isomers has been 

calculated in order to formulate a description of its structure, its aromaticity and reactivity. 

Tersago
2 

et al. presented a joint experimental-theoretical study of Roesky's ketone. The theoretical results of a 

vibrational analysis, computed at the B3LYP/6-311+G(d) level of theory, have been compared with experimental data, 

consisting of Raman and IR frequencies in different phases, and the bands have been assigned to the normal vibrations 

of the molecule. Additionally, an analysis of the origin of the high intensity of the band assigned to the CO stretching 

mode was performed based on calculated stockholder charges and atomic dipoles. The results of theoretical 

computations of the 
13

C and 
14

N NMR chemical shifts have been compared to those obtained experimentally. 

Droogenbroeck
3 

et al. investigated the molecular structure of Roesky's ketone theoretically using HF, DFT and MP2 

methods and the results have been compared to the QCISD geometry. Within DFT, the structure is computed using an 

elaborate series of functionals. A number of extended basis sets were used to investigate their influence on the 

computed geometry. Of the nineteen evaluated method/basis set combinations none can reproduce the complete 

QCISD geometry; methods that reproduce the geometry of the NSNS fragment, overestimate the CS bond length and 

vice versa. No systematic way to improve the overall geometry of Roesky's ketone is apparent from the data. 

Tersago
4 

et al. studied the gas-phase geometry of Roesky's ketone using a number of computationally advanced 

methods. The results of CCSD, QCISD and MP4(SDQ) computations are compared with the results of different 

CASSCF and DFT computations. The results obtained with the wave-function-based methods are better than those 

generated by a large number of different DFT functionals, especially for the description of the carbon-sulfur bond. 

However, even at the CCSD and QCISD levels no convergence is achieved; upon increasing the level of theory from 

CCSD to CCSD(T) the quality of the description actually becomes worse. 

In 2006, Tersago
5 

et al. reported the molecular structure of Roesky’s ketone using a large number of computational 

methods. The results of computations using different DFT functionals are compared with those obtained from HF, 

MP2, MP4(SDQ), QCISD and CCSD methods. In addition, the influence of a number of basis sets on the computed 

geometry was investigated. The results of the post-HF methods show that improving the level of theory from CCSD to 

CCSD(T) still has a considerable effect on the geometry. Taking the CCSD/cc-pVTZ geometry as a reference the 

DFT/B1B95/aug-cc-pVTZ combination provides the most valuable description of all the examined functionals. 

These studies indicate that Roesky’s ketone has been explored and DFT level of computation is a satisfactory method 

for theoretical investigation of the molecular structures and infrared vibrational spectra. However,
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to the best of our knowledge, the sulfur and selenium analogues of Roesky’s ketone have not received similar attention 

although they are all isovalent and there are increasing possibilities for the synthesis of thio and selenoketones.
9-12 

In 

2007, Xu and co-workers
13

 reported the biosynthesis of selenocysteine and its tRNA in Euraryotes and the selenium-

containing amino acid is recognised as the 21
st
 amino acid in the genetic code. More interestingly, they found that the 

selenium in selenocysteine plays an essential protective role in the body, including preventing cancer, heart disease 

and delaying aging. In an effort to address the deficiency in the literature of thio and seleno analogues of Roesky’s 

ketone and in continuation with our work dealing with structures and infrared spectra of novel molecules,
14,15

 the 

present research revisits the four isomers of Roesky’s ketone by means of computations at DFT/B3LYP/6-

311++G(d,p) level so as to obtain optimised molecular structures and infrared vibrational spectra in the gas phase. The 

study is then extended to the novel sulfur and selenium analogues of Roesky’s ketone and their isomers. The findings 

of this research are reported herein. 

 

N6 S5

S4 N3

C1

Y2  
Isomer 1 (Cs) 

N6 N3

S4 S5

C1

Y2  
Isomer 2 (C2v) 

S5 N6

S4 N3

C1

Y2  
Isomer 3 (Cs) 

S4 S5

N6 N3

C1

Y2  
Isomer 4 (C2v) 

Fig-1: Structures and atoms label of the isomers Roesky’s ketone (Y=O), its sulfur (Y=S) and 

selenium (Y=Se) analogues 

Table-1(a): Optimised structural parameters of the isomers 1 

 (Y=O) (Y=S) (Y=Se) Literature data for Y=O
1
 

Bond length (Å) 

C1-Y2 1.1937 1.6422 1.8027 1.211 1.211 

C1-S4 1.9416 1.8667 1.8429 1.8305 1.8293 

C1-N3 1.3650 1.3555 1.3486 1.386 1.384 

S5-N3 1.5958 1.5998 1.6044 1.5763 1.5750 

N6-S5 1.6084 1.6045 1.6030 1.5807 1.5814 

N6-S4 1.6412 1.6473 1.6527 1.6395 1.6325 

Bond angle (°) 

Y2-C1-N3 131.3 129.2 128.4 126.5 126.7 

Y2-C1-S4 120.8 121.7 121.5 123.8 123.7 

C1-S4-N6 96.7 97.7 97.7 97.1 97.3 

N3-C1-S4 107.9 109.0 110.1 109.7 109.6 

S5-N3-C1 116.3 116.0 115.5 114.6 114.7 

N6-S5-N3 106.8 105.8 105.5 106.1 106.2 

S4-N6-S5 112.4 111.4 111.2 112.4 112.0 

Rotational constant (GHz) 

Ia 4.275 4.307 4.297   

Ib 2.718 1.567 0.888   

Ic 1.661 1.149 0.736   

Dipole moment (Debye) 

 3.1047 3.6508 3.8376   

Energy (Hartree) 

 -1019.265628 -1342.219023 -3345.548881   

Atomisation energy (kJ/mol) 

 2234.0 1998.3 1926.5   
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2. COMPUTATIONAL DETAILS 
All computations were performed using the Gaussian 03W package and GaussView 3.0

16
 was used for visualising the 

ketones. The optimised equilibrium structures, atomisation energies, uncorrected harmonic frequencies, infrared 

intensities of Roesky’s ketone, its sulfur and selenium analogues and their structural isomers have been computed 

using the density functional three-parameter hybrid model (DFT/B3LYP). The ketones have been studied in 

appropriate symmetries and their atom labels are illustrated in Figure 1. Exceptionally, the Hartree-Fock (HF) model 

has been used for the optimisation of the sulfur analogue of isomer 4 and then the optimised structure has been used 

Table-1(c): Optimised structural parameters of the isomers 3 

 (Y=O) (Y=S) (Y=Se) 

Bond length (Å) 

C1-Y2 1.1862 1.6321 1.7894 

C1-S4 1.8492 1.7941 1.7771 

C1-N3 1.4553 1.4134 1.3994 

N3-N6 1.2261 1.2340 1.2380 

N6-S5 1.7695 1.7592 1.7551 

S5-S4 2.0622 2.0812 2.0904 

Bond angle (°) 

Y2-C1-N3 124.8 124.3 123.8 

Y2-C1-S4 123.4 123.0 122.5 

C1-S4-S5 92.9 93.3 93.0 

N3-C1-S4 111.8 112.7 113.7 

N6-N3-C1 120.8 121.8 121.6 

S5-N6-N3 118.8 118.0 117.7 

S4-S5-N6 95.7 94.2 94.0 

Rotational constant (GHz) 

Ia 4.543 4.714 4.741 

Ib 2.479 1.458 0.844 

Ic 1.604 1.114 0.717 

Dipole moment (Debye) 

 2.8417 2.8057 2.7733 

Energy (Hartree) 

 -1019.278196 -1342.231726 -3345.561909 

Atomisation energy (kJ/mol) 

 2267.0 2031.6 1960.6 

Table-1(b): Optimised structural parameters of the isomers 2 

 (Y=O) (Y=S) (Y=Se) 

Bond length (Å) 

C1-Y2 1.1941 1.6393 1.7975 

C1-S4 1.8111 1.7651 1.7498 

C1-S5 1.8111 1.7651 1.7498 

N3-S5 1.7417 1.7446 1.7529 

N6-N3 1.2378 1.2348 1.2326 

N6-S4 1.7417 1.7446 1.7529 

Bond angle (°) 

Y2-C1-S5 125.9 125.7 125.3 

Y2-C1-S4 125.9 125.7 125.3 

C1-S4-N6 96.7 97.7 97.6 

S5-C1-S4 108.3 108.7 109.5 

N3-S5-C1 96.7 97.7 97.6 

N6-N3-S5 119.2 117.9 117.6 

S4-N6-N3 119.2 117.9 117.6 

Rotational constant (GHz) 

Ia 3.404 3.554 3.579 

Ib 3.172 1.773 0.997 

Ic 1.642 1.183 0.780 

Dipole moment (Debye) 

 0.1683 0.3483 0.4262 

Energy (Hartree) 

 -1019.269709 -1342.228062 -3345.558788 

Atomisation energy (kJ/mol) 

 2244.7 2022.0 1952.4 

Table-1(d): Optimised structural parameters of the isomers 4 

 (Y=O) (Y=S)* (Y=Se) 

Bond length (Å) 

C1-Y2 1.2001 1.6727 1.8130 

C1-N3 1.4290 1.3680 1.3975 

C1-N6 1.4290 1.3680 1.3975 

N3-S5 1.5723 1.5555 1.5804 

S5-S4 2.1515 2.0051 2.1383 

N6-S4 1.5723 1.5555 1.5804 

Bond angle (°) 

Y2-C1-N3 124.1 123.5 123.5 

Y2-C1-N6 124.1 123.5 123.5 

C1-N3-S5 120.2 118.5 120.1 

N6-C1-N3 111.8 112.9 112.9 

S4-N6-C1 120.2 118.5 120.1 

N6-S4-S5 93.9 95.1 93.5 

S4-S5-N3 93.9 95.1 93.5 

Rotational constant (GHz) 

Ia 4.464 5.019 4.549 

Ib 2.522 1.453 0.804 

Ic 1.612 1.127 0.683 

Dipole moment (Debye) 

 6.4902 9.9178 7.8793 

Energy (Hartree) 

 -1019.249030 -1339.192662 -3345.529689 

Atomisation energy (kJ/mol) 

 2190.4 1929.05 1876.0 

*Optimised parameters at HF level 
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for single point computation using B3LYP functional. The basis set used for all atoms is 6-311++G(d,p). Frequency 

computations have also been carried out to confirm the nature of the stationary points. The ketones have been 

subjected to normal coordinate analysis for the assignments of the computed vibrational frequencies. 

 

3. RESULTS AND DISCUSSION 

Tables 1(a)-1(d) summarise the optimised molecular parameters, namely bond lengths, bond angles, rotational 

constants, dipole moments, energies and atomisation energies for Roesky’s ketone, its sulfur and selenium analogues 

and their isomers. The literature experimental data for Roesky’s ketone (isomer 1) are also included in Table 1(a) for 

comparison. It is worth to note at this stage that there is a good comparison between some of the computed structural 

parameters and those reported in the literature.
1
 Analysis of Tables 1(a)-1(d) allows some conclusions to be drawn. 

Firstly, substitution systematically increases, as expected, the C1-Y2 bond length for the ketones. Secondly, the bond 

lengths and bond angles are very much dependent on the isomer considered. Thirdly, the ketones for isomer 2 are less 

polar compared to the other isomers. Fourthly, isomer 3 is more stable for these ketones and this is represented in 

Figures 2(a)-(c). Fifthly, the calculated atomisation energies are comparable for the four isomers but decrease when 

the oxygen of the carbonyl group is substituted by sulfur and selenium. Lastly, the optimised parameters for the sulfur 

analogue of isomer 4 are reported at HF level because computations at B3LYP and even MP2 levels are giving non-

planar structures. This behavior is not surprising with theoretical methods.
17 

 

 

Fig-2(a): Energy (Hartree) of the four isomers for Y=O 

 

 
Fig-2(b): Energy (Hartree) of the four isomers for Y=S 

 

 
Fig-2(c): Energy (Hartree) of the four isomers for Y=Se 
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HOMO of isomer 1 

(Y=O), symmetry A 

LUMO of isomer 1 

(Y=O), symmetry A 

  
HOMO of isomer 1 

(Y=S), symmetry A 

LUMO of isomer 1 

(Y=S), symmetry A 

  
HOMO of isomer 1 

(Y=Se), symmetry A 

LUMO of isomer 1 

(Y=Se), symmetry A 

Fig-3(a): Predicted HOMO and LUMO of the ketones for 

isomer 1 

 

  
HOMO of isomer 3 

(Y=O), symmetry A 

LUMO of isomer 3 

(Y=O), symmetry A 

  
HOMO of isomer 3 

(Y=S), symmetry A 

LUMO of isomer 3 

(Y=S), symmetry A 

  
HOMO of isomer 3 

(Y=Se), symmetry A 

LUMO of isomer 3 

(Y=Se), symmetry A 

Fig-3(c): Predicted HOMO and LUMO of the ketones for 

isomer 3 

 

Natural charges for the ketones and their isomers computed using NBO analysis
18

 are presented in Table 2. These 

charges may be interpreted using the electronegativity of the atoms.
19 

Table 3 summarises the computed 
13

C NMR, 
14

N 

NMR and 
17

O NMR (ppm) of ketones and their isomers. Literature data are also included for isomer 1 of Roesky’s 

ketone and again it is interesting to note that there is a good correlation.The Kohn-Sham HOMO and LUMO surfaces 

for the ketones and their isomers are illustrated in Figures 3(a)-3(d). In DFT framework
20

, two parameters namely  

and  can be calculated using Kohn-Sham HOMO and LUMO energies as: 

  
HOMO of isomer 2 

(Y=O), symmetry B2 

LUMO of isomer 2 

(Y=O), symmetry A2 

  
HOMO of isomer 2 

(Y=S), symmetry B2 

LUMO of isomer 2 

(Y=S), symmetry B1 

  
HOMO of isomer 2 

(Y=Se), symmetry B2 

LUMO of isomer 2 

(Y=Se), symmetry B1 

Fig-3(b): Predicted HOMO and LUMO of the ketones for 

isomer 2 

  
HOMO of isomer 4 

(Y=O), symmetry B1 

LUMO of isomer 4 

(Y=O), symmetry A2 

  
HOMO of isomer 4 

(Y=S), symmetry B2 

LUMO of isomer 4 

(Y=S), symmetry A2 

  
HOMO of isomer 4 

(Y=Se), symmetry B2 

LUMO of isomer 4 

(Y=Se), symmetry A2 

Fig 3(d): Predicted HOMO and LUMO of the ketones for 

isomer 4 
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 HOMOLUMO EE 
2

1
   Equation (1) 

 HOMOLUMO EE 
2

1
   Equation (2) 

These parameters and the Kohn-Sham HOMO-LUMO gaps are reported in Table 4. The significances of  and  are 

that  is related to charge transfer processes and  is related to chemical hardness. In this case, the values of  indicate 

that charge transfer processes are more predominant in the selenoketones and this may favour stabilisation through 

hyperconjugative interactions. The values of  indicate that hardness decreases from ketones (Y=O) to selenoketones 

(Y=Se). 
Table-2: Natural charges in e for the isomers of the ketones 

Isomer 1 

 1(Y=O) 1(Y=S) 1(Y=Se) 

Y2 -0.5423 -0.0332 -0.0007 

C1 0.5012 -0.1948 -0.2545 

N3 -0.7392 -0.6789 -0.6721 

S5 1.0606 1.0662 1.0656 

N6 -0.8057 -0.8083 -0.8087 

S4 0.5255 0.6491 0.6704 

Isomer 2 

Y2 -0.5187 0.0469 0.0869 

C1 0.1493 -0.6487 -0.7339 

S5=S4 0.4505 0.5649 0.5826 

N3=N6 -0.2657 -0.2640 -0.2591 

Isomer 3 

Y2 -0.4908 0.0874 0.1472 

C1 0.4660 -0.2524 -0.3228 

N3 -0.1978 -0.1789 -0.1843 

N6 -0.2093 -0.2164 -0.2193 

S5 0.3228 0.3290 0.3311 

S4 0.1091 0.2313 0.2481 

Isomer 4 

Y2 -0.5713 -0.1129 -0.0998 

C1 0.6968 0.1147 0.0806 

N3=N6 -0.6462 -0.5966 -0.5888 

S5=S4 -0.5834 0.5956 0.5984 

 
Table-3:

13
C NMR, 

14
N NMR and 

17
O NMR (ppm) of the ketones* 

Isomer 1 

 (Y=O) (Y=S) (Y=Se) 

Y2 426.86   

C1 190.49 (189.91)** 222.48 237.28 

N3 283.97 (269.05)** 355.08 374.55 

N6 503.61 (375.30)** 508.35 506.98 

Isomer 2 

Y2 463.43   

C1 202.35 229.87 243.30 

N3=N6 538.38 546.28 546.40 

Isomer 3 

Y2 464.79   

C1 197.20 227.18 240.63 

N3 441.99 497.91 481.76 

N6 514.67 522.57 511.71 

Isomer 4 

Y2 295.30   

C1 180.43 217.79 194.98 

N3=N6 429.57 867.27 406.76 

* References are TMS (6-311+G(2d,p)), NH3 (6-311+G(2d,p)) and H2O (6-311+G(2d,p)) for 
13

C NMR, 
14

N NMR and 
17

O NMR, 

respectively. 

** Values in brackets are the literature experimental values in CHCl3 [ref 2] 
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Raw harmonic vibrational frequencies, their intensities and symmetries computed for the ketones and their isomers are 

reported in Tables 5(a)-5(d). The simulated infrared spectra are illustrated in Figures 4(a)-4(d). The 12 modes of 

vibrations account for the irreducible representations v = 3A + 9A of the Cs point group and v = 5A1 + A2 + B1 + 

4B2 the C2v point group. These vibrations have been assigned on the basis of different motions namely stretching and 

bending modes. Since the vibrations for these ketones are mostly similar, assignments are done for the ketones (Y=O). 

Analysis of Tables 5(a)-5(d) indicates that substitution of the oxygen atom of the carbonyl by sulfur or selenium 

affects mainly those vibrational modes involving atoms attached to the carbon atom of C=Y. This is reflected by the 

close similarities of the spectra in each of the Figures 4(a)-4(d). At this stage, it is worth noting the decrease in the 

C=O stretching frequencies and this decrease in wave number can be accounted in terms of the decreasing force 

constant and increasing reduced mass of the C=Y bond. The C=Y frequencies are relatively high and these are well 

depicted in Figures 4(a)-4(d). 

 

 

 
Fig 4(a): Simulated infrared spectra of the ketones for isomer 1 
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Wave number/ cm-1 

Isomer 1 (Y=Se)

Isomer 1 (Y=S)

Isomer 1 (Y=O)

Table-4: Parameters  and  and Kohn-Sham HOMO-LUMO gap (kJ/mol) of the ketones 

 Y=O Y=S Y=Se 

Isomer 1 

 -561.21 -517.72 -499.90 

 174.82 114.29 89.16 

Kohn-Sham HOMO-LUMO gap 349.64 228.58 178.32 

Isomer 2 

 -498.83 -467.55 -457.27 

 251.61 193.53 168.54 

Kohn-Sham HOMO-LUMO gap 503.23 387.05 337.09 

Isomer 3 

 -536.72 -530.30 -512.38 

 198.26 156.66 129.06 

Kohn-Sham HOMO-LUMO gap 396.53 313.33 258.11 

Isomer 4 

 -563.81 -501.34 -500.38 

 121.68 45.16 21.88 

Kohn-Sham HOMO-LUMO gap 243.35 90.32 43.76 
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Fig 4(b): Simulated infrared spectra of the ketones for isomer 2 

 

 

Fig 4(c): Simulated infrared spectra of the ketones for isomer 3 

 

4. CONCLUDING REMARKS 
To summarise, this theoretical gas phase study has investigated the optimised molecular structures and vibrational 

harmonic frequencies of Roesky’s ketone, its sulfur and selenium analogues and their isomers. The optimised 

structural parameters and infrared vibrational spectra of Roesky’s ketone (isomer 1) are in good agreement with some 

of the available experimental literature data. Therefore, data from the present theoretical gas phase study are expected 

to be valid for the molecular structures and vibrational spectra of the novel sulfur and selenium analogues. The results 

of this work could be useful for the characterisation of these ketones and interpretation of future experiments. A major 

consequence of this study is that these thio and seleno ketones are rational potential candidates for experimental 

chemists as new areas of research. 
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Fig 4(d): Simulated infrared spectra of the ketones for isomer 4 

 

 
Table-5(a): Infrared vibrational parameters of the isomers 1 

No. 
Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Assignment for 

Y=O 

Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Symmetry 

  O   S  Se  

1 
636.5 

(637)* 
10.5 

Out of plane 

mode CO 
558.7 0.03 535.5 0.04 A 

2 
422.2 

(422) 
18.7 

Ring out of 

plane mode 
411.7 19.4 406.6 20.1 A 

3 
173.7 

(173) 
0.8 

Ring out of 

plane mode 
136.8 0.07 117.8 0.0009 A 

4 
1826.8 

(1826) 
693.2 CO stretching 1266.2 496.7 1225.5 313.4 A 

5 
1093.3 

(1094) 
53.9 CN3 stretching 988.2 8.6 935.0 24.7 A 

6 
915.1 

(916) 
91.2 S5N3 stretching 895.7 30.8 881.6 15.2 A 

7 
873.1 

(874) 
12.7 S5N6 stretching 844.1 55.8 827.0 81.4 A 

8 
785.8 

(786) 
47.1 

S4N6 

stretching 
766.6 81.7 750.8 89.3 A 

9 
611.6 

(612) 
7.1 

Ring bending 

mode 
600.4 16.6 595.4 14.4 A 

10 
521.3 

(522) 
1.7 

Ring bending 

mode 
510.4 17.1 523.4 16.2 A 

11 
513.9 

(515) 
5.1 

Bending mode 

CO 
419.9 0.3 312.7 2.8 A 

12 
305.9 

(307) 
11.1 CS stretching 242.8 5.0 194.9 2.9 A 

*Values in bracket are literature values obtained using B3LYP/6-311+G(d) [ref 2] 
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Table-5(b): Infrared vibrational parameters of the isomers 2 

No. 
Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Assignment for 

Y=O 

Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Symmetry 

  O   S  Se  

1 1776.6 473.5 
CO 

stretching 
1505.5 77.7 1511.7 79.1 A1 

2 1486.6 108.1 
NN 

stretching 
1089.0 302.7 958.1 222.7 A1 

3 575.0 13.6 
SN 

stretching 
554.3 21.3 537.1 21.7 A1 

4 520.4 16.2 
Ring bending 

mode 
504.5 4.0 495.4 0.3 A1 

5 442.2 0.8 
Ring bending 

mode 
404.7 0.5 301.9 0.01 A1 

6 518.1 0 
Ring out of 

plane mode 
516.6 0 516.5 0 A2 

7 558.2 1.6 
Out of plane 

CO 
467.1 4.1 434.1 7.4 B1 

8 142.8 8.4 
Ring out of 

plane mode 
129.7 4.7 122.0 3.2 B1 

9 803.5 43.8 
Ring bending 

mode 
806.9 4.1 828.3 3.5 B2 

10 760.2 70.3 
Ring bending 

mode 
765.8 52.3 766.7 44.2 B2 

11 422.2 6.1 CS stretching 446.0 9.8 433.4 10.1 B2 

12 351.9 0.2 
Bending mode 

CO 
218.6 0.0011 165.9 0.008 B2 

 
Table-5(c): Infrared vibrational parameters of the isomers 3 

No. 
Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Assignment for 

Y=O 

Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Symmetry 

  O   S  Se  

1 666.1 4.2 

Out of plane 

mode 

(CO) 

618.4 1.8 606.1 3.4 A 

2 426.1 5.3 
Ring bending 

mode 
388.5 0.4 372.3 0.06 A 

3 135.4 0.1 
Ring out of 

plane mode 
114.6 0.1 107.2 0.3 A 

4 1830.7 471.7 CO stretching 1527.6 183.3 1502.5 162.1 A 

5 1558.2 382.7 NN stretching 1152.8 329.4 1067.5 168.4 A 

6 870.3 26.8 
Ring bending 

mode 
899.3 31.3 917.9 67.3 A 

7 737.7 12.6 CN stretching 735.5 1.0 730.4 3.0 A 

8 604.2 13.5 
CS 

stretching 
567.5 47.1 560.6 60.9 A 

9 495.0 15.7 SS stretching 486.4 28.6 476.2 21.1 A 

10 473.2 49.9 
Ring bending 

mode 
449.9 32.0 404.2 57.6 A 

11 402.9 30.5 
Bending mode 

CO 
350.0 37.8 296.8 6.5 A 

12 325.4 28.7 
SN 

stretching 
265.4 0.7 212.1 1.0 A 
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Table-5(d): Infrared vibrational parameters of the isomers 4 

No. 
Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Assignment 
Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Frequency 

(cm
-1

) 

Infrared 

intensity 

(km mol
-1

) 

Symmetry 

  O   S  Se  

1 1783.6 846.7 CO stretching 1332.8 1012.0 1157.9 743.2 A1 

2 1122.5 96.2 
Ring bending 

mode 
1099.3 70.9 968.2 80.4 A1 

3 748.5 15.5 
Ring bending 

mode 
913.8 0.02 762.2 4.5 A1 

4 602.5 0.1 
Ring bending 

mode 
577.4 1.5 374.7 7.2 A1 

5 375.7 8.4 
SS 

stretching 
485.2 14.0 326.3 1.3 A1 

6 354.8 0 
Ring out of 

plane mode 
394.9 0 328.1 0 A2 

7 709.9 20.8 
Ring out of 

plane mode 
697.9 3.4 621.1 1.9 B1 

8 108.4 1.2 
Ring out of 

plane mode 
146.5 1.7 294.2 8.6 B1 

9 981.3 150.6 
SN 

stretching 
1060.4 0.8 919.7 45.9 B2 

10 801.7 7.7 
CN 

stretching 
888.4 500.5 846.8 73.7 B2 

11 558.6 5.5 
Ring bending 

mode 
623.4 0.002 559.0 1.4 B2 

12 465.8 4.4 
Out of plane 

mode CO 
292.8 43.8 169.1 38.4 B2 
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ABSTRACT 
Anxiety disorders are among most frequent mental disorders encountered by Clinicians. Untreated anxiety may result in increase 

health care utilization, morbidity, mortality and poorer quality of life. Individual with GAD, social phobias and panic disorder 

show less satisfaction with their quality of life. Basolateral amygdale has been implicated in anxiety generations. Mutations in Sk3 

(calcium channel) are suspected to be underlying cause of severe neurological disorder including anxiety.  Therapeutic effects of 

benzodiazepine are usually or often sustained over months or years, with the need for increased dosage in the treatment of GAD 

and panic disorders. Flurazepam is a hypnotic agent useful for the treatment of insomnia characterized by frequent nocturnal 

awakening and other insomnia symptoms such as trouble falling or staying sleep. It acts on BZ1 and BZ2 receptor sites. The 

mechanism of action of zopiclone is similar to benzodiazepines, but it wines more selectively to BZ1 receptor with similar effects 

on locomotor activity and on dopamine and serotonin turnover. Zopiclone although molecularly different from benzodiazepines, 

shares an almost identical pharmacological profile as benzodiazepines including anxiolytic properties. The present study is 

designed to assess two drugs of different classes that act through same receptor against control for their effects on some of the 

behavioral activities. Results indicated that zopiclone produced reduction in anxiety more than flurazepam.  

 

Key words: Anxiety, Benzodiazepines, GAD, hypnotic agent, insomnia 

 

1. INTRODUCTION 
Anxiety disorders are among most frequent mental disorders encountered by clinicians. Untreated anxiety may result 

in increase health care utilization, morbidity, mortality and poorer quality of life. Anxiety is of many types, attacks of 

anxiety that are accompanied by physiological manifestations and people with this disorders often undergoing medical 

evaluation for symptoms related to heart attacks or other medical conditions. Panic attacks may occur at any time even 

during sleep.  

When the body does not get enough rest required, the brain cannot think clearly, but tries to do it. In this 

process patient get panic and anxiety attacks. Similarly, when patient suffering from anxiety disorder, they can 

experience difficulties in sleep patterns, which can lead to insomnia. Insomnia is a symptom, which is characterized 

by persistent difficulty in falling asleep. It is typically accompanied by functioning impairment when awake. All 

behavioral and environmental factors that precede sleep may interfere with sleep
1
. Mind body therapy such as stimulus 

control therapy and cognitive behavioral therapy are particularly helpful. If sleep hygiene do not help, prescription 

may be an appropriate choice and the best medication is benzodiazepine that include flurazepam. Another class of 

sedative hypnotic medication includes the non benzodiazepine receptor agonists which include zolpidem, zaleplon and 

zopiclone. 

Benzodiazepines have been found useful in a remarkably wide and varied array of such clinical applications. 

Most traditional clinical use has been based on their anxiolytic, hypnotic, anticonvulsant and antispastic effects. Other 

possibly related effects demonstrated in clinical trials and practice includes antipanic, antidepressants, amnestic and 

anesthetic effects.  

Flurazepam is one of benzodiazapines, which has several different effects on body, including relaxing 

muscles, reducing anxiety, causing sleepiness, stopping seizures and impairing short term memory. Benzodiazepines 

agonist and other agonist ligands at benzodiazepines site achieve their therapeutic effects by enhancing the action of 

the inhibitory neurotransmitter GABA (gamma amino butyric acid) at its receptor. The central GABA receptor, known 

as GABA A receptor, consist of  at least four subunits; three of these alpha, beta and gamma each contain three to six 

variants. Benzodiazepines binds at the interference of alpha and gamma subunits of GABAA receptor binding also 

requires that alpha subunit contains a histidine amino acid residue and hence Benzodiazepine show no affinity for 

GABA A receptor containing α 4 and α 6 subunits with arginine instead of histidine
2
. 

Two GABA receptors have been identified anatomically and pharmacologically. These receptors are variably 

called type-I and type-II, Benzodiazepine-I and Benzodiazepine -II, or omega-I and omega –II are located out much of 

the central nervous system. The omega –I site has been associated with the alpha-I subunit, where as the omega –II 

site appear to be heterogeneous, located on receptors with α-2, α-3 and α-5 subunits. Most of the Benzodiazepines 

currently available for therapeutic use are consider being full agonists at the Benzodiazepine site. Benzodiazepine also 

functions as weak adenosine reuptake inhibitors, and the anticonvulsant, anxiolytic and muscle relaxant effects are 

mediated through GABAA action
3
. When used to treat anxiety or sleep disorders flurazepam is usually given orally. 

Flurazepam produces a metabolite with very longer half life (140-250 hours), and is therefore only used for short term 
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treatment of insomnia, and is considered to be hypnotic
4
. Flurazepam which is mainly used for hypnosis, is oxidized 

by hepatic enzymes to three active metabolites, Desalkylflurazepam, hydroxymethylflurazepam and 

flurazepamaldehyde have elimination half-lives ranging 30-100 hours. This may result in unwanted central nervous 

system depression. In most cases, changes in renal function do not have marked effect on the elimination of parent 

drugs. The most common side effects of flurazepam in routine clinical use are manifestations of excessive depression 

of the CNS, adverse effects on other physiological system are rare. Side effects include drowsiness, muscle weakness, 

light headedness, vertigo, heartburn, nausea, vomiting, ataxia, diplopia, blurring of vision, apathy, severe sedation, 

disorientation and coma. There have also been rare occurrence of leucopenia, granulocytopenia, sweating, 

hypotension, shortness of breath, purities, skin rash, dry mouth, euphoria, depression, slurred speech and paradoxical 

reactions e.g. Excitement, agitation, aggressive behavior and anxiety. The flurazepam with drawl syndrome has been 

described by many authors. The syndrome can be of considerable severity and have similarities to abstinence 

syndromes associated with alcohol, opiates and barbiturates. Muscle cramps, vomiting, sweating have occurred 

following abrupt discontinuation of flurazepam. 

BZ1 receptors that occur in brain areas are involved in sedation, where as BZ2 are highly concentrated in areas 

responsible for cognition, memory and psychomotor functioning. While benzodiazepines act selectively on two BZ 

receptors sub-type, newer such as zopiclone, zolpidem etc are more selective agents and have similar hypnotic activity 

but reduced CNS unwanted effects. The mechanism of action of zopiclone is similar to benzodiazepines, with similar 

effects on locomotor activity and on dopamine and serotonin turnover. Zopiclone although molecularly different from 

benzodiazepines, shares an almost similar pharmacological profile as benzodiazepines including anxiolytic properties. 

Its mechanism of action is via binding to the benzodiazepine site which in turn positively modulates benzodiazepine 

sensitive GABAA receptors to produce zopiclone’s pharmacological properties. Zopiclone is the oldest of new 

compounds considered here, having been introduced in the late 1970s. Most controlled studies of zopiclone have 

compared the hypnotic effects of 7.5 mg dose with those of benzodiazepines hypnotic dose. In studies using subjective 

ratings, zopiclone was equivalent to flurazepam 30 mg, triazolam 0.25 mg and nitrazepam 5mg on most or all 

measures. Zopiclone is used for the treatment of short term insomnia. It is suitable in a dosage from 3.75 to7.5 mg for 

cases of insomnia that are not accompanied by anxiety. After oral administration, zopiclone is rapidly absorbed, with 

bioavailability of 80%. The plasma protein binding of zopiclone has been reported to be between 45-80%. It is widely 

and rapidly distributed to body tissues including the brain and other. It is partly metabolized in the liver in form of 

inactive N-demethylated derivative and an active N-oxide metabolite. Zopiclone is excreted in urine, saliva and breast 

milk. The pharmacokinetic of zopiclone is altered by aging and is influenced by renal and hepatic functions
5
. 

Zopiclone is short to intermediate acting, with half life ranging from 3.5 to 6.5 hours and has no active metabolites. 

The mechanism of action of zopiclone is same as that of benzodiazepines with similar effects on locomotor activity 

and on dopamine and serotonin turn over. Zopiclone acts at the benzodiazepine binding site on α 1, 2, 3 & 5 GABAA 

containing receptors as full agonists causing an enhancement of the action of GABA to produce the therapeutic and 

adverse effect of zopiclone. Zopiclone and its active metabolite desmethylzopiclone also inhibit N-methyl-D-aspartate 

receptor (NMDA) and nicotinic acetylcholine receptors (nACHRs) which might play additive role in addictive 

properties of these drugs. The most common side effects are taste alteration or dysgeusia (bitter metallic taste). 

Palpitation may occur at day time following withdrawal from the drug after prolong use. It induces amnesia type 

memory impairments, impairments to driving skills with a resultant increased risk of road accidents. At the level of 

CNS, disruption of REM sleep, double vision, drowsiness, headache and fatigue is observed. Abrupt withdrawal 

particularly with prolonged and high doses can in severe cases causes seizures and delirium
6
.  

 

2. PURPOSE OF STUDY 
Prescription medications such as benzodiazepines that include flurazepam may cause psychological and physical 

dependence because of non-selectivity to receptors site. Physical withdrawal symptoms may occur if the drug is 

tapered for long term use. The newer sedative and hypnotic drugs includes non benzodiazepine, benzodiazepine 

receptor agonists, zopiclone are more selective for benzodiazepine receptor BZ1. These newer appear to have better 

safety profiles and fewer adverse effects than benzodiazepines; they are also associated with low risk of abuse and 

dependence than benzodiazepines, although dependence occur. The present study is designed to assess two drugs of 

different classes that act through same receptors against control for their effects on some behavioral activities. The 

permission for carrying out the research work was granted by department of Pharmacology, University of Karachi. 

 

3. EXPERIMENTAL 
The present study was conducted on 30 locally bred Swiss albino rats purchased from HEJ research institute of 

chemistry. All were male, divided into three groups each comprising of 10 rats, weighing between 150-200gm, housed 

in standard size poly propylene cages and maintained in reserve light and dark cycle of 12 hours each. Animals were 

fed on standard diet, water and libitum. Flurazepam HCl and zopiclone were used in the experiment against control 

animals which were treated with saline only. Dose of the drugs were calculated according to the body weight of 

animals, zopiclone 7.5 mg/60 kg and flurazepam 15mg/ kg. The tablets of both the drugs were crushed and powdered
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and were diluted with water, the suspension was then given to rats with feeding tubes in the morning. The drugs were 

administered for duration of 4 weeks as follows:  

 
No of animals Control Drug Treated 

10 Saline - 

10 - Zopiclone 

10 - Flurazepam 

 

All the animals were weighed before starting the experiment and at the end of the study.  

The various experimental parameters monitored during the treatment were as follows: 

 

3.1 Gross behavior 
All the animals were observed for acute behavioral changes which include: grooming, straub’s phenomena, writhing, 

tremors, twitches, righting reflex, pinna reflex, corneal reflex, exopthalamus, salivation, lacrimation, defecation, 

urination and motor activity etc. 

 

3.2 Open field activity 
Animals were kept in the center of the square area measuring 76x76 cms with walls of 72 cm in height and the 

changes in behavior were observed against control animals exactly after 30 minutes of oral administration, this was 

continuously repeated on alternate days and observed finally after 28 days. 

 

3.3 Cage crossing 
The activity of both control and treated animals was observed weekly by placing animals in cage and allow them to 

move freely and the number of crossings with all four paws was scored for 10 minutes and was observed finally after 

28 days. 

Animals were forced to swim in the water tank, as they are not habituated for swimming they tried to escape 

and struggle for it for 2-3 minutes then stop struggling and start swimming. The duration in which rats struggle, is 

called struggling time. 

 

3.4 Exploratory behavior 
To determine this activity each animal was kept in a square box having 16 equally spaced small holes called head dip 

apparatus. Rats because of inquisitive nature try to explore by dipping head in each hole several times, and tries to 

escape from these holes. According to the cut off time of 10 minutes, the number of times it dips its head is calculated 

and noted. 

 

3.5 Grip Test 
The animals are forced to hang on a wire or rod for a period of ten minutes and note the traction time for which the 

animals were hanged. The experiment was repeated on alternate days and finally on day 28. 

 

4. STATISTICAL ANALYSIS 
Results are presented as mean + standard error of the mean (S.E.M). Data on the effects of zopiclone, flurazepam 

administration as compare to control on cumulative weight gain, gross behavior, open field activity, cage crossing, 

forced swimming, traction and exploratory activity were statistically analyzed by students “t” test. 

Difference between the various groups were considered statistically significant when it is in the acceptance region (p = 

0.05).  

 

5. RESULTS AND DISCUSSION 
Flurazepam binds with BZ1 and BZ2 sites and because of its non selectivity, it exerts its action of receptors i.e. 

psychomotor depression, sedation, cognition and impaired memory, sleep and blurred vision. Zopiclone, a non 

benzodiazepines, are  more selective for BZ1 receptors which involves sedation, hypnosis and thus have similar 

hypnotic activity with less propensity of un wanted CNS adverse effects i.e. drowsiness, fatigue and headache. 

The untreated rats move freely in the previously measured field with mean X = 78.3+7.8 (Table-1), while the 

rats treated with zopiclone showed less activity than control with mean 39.8 + 5.69 because of sedative and hypnotic 

effect of the drug. The activity of the animals treated with zopiclone and flurazepam was decreased from control but it 

was more significant with zopiclone. It has also been reported by Denise and Bocca
7
 (2003), that zopiclone reduces 

motor activity. This indicates that zopiclone produces reduction in motor activity due to its hypnotic action, and due to 

its action on GABA and NMDA receptors, also zopiclone can produce the effect on nicotinic receptors which might 

also correlate to its effect on reduction in motor activity observed in open field activity. 
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Table-1: Effect of drugs on open field activity of animals 

Groups Control Flurazepam treated Zopiclone treated 

No of models 10 10 10 

Mean (X) 78.3 times 46 times 39.8 times 

Standard deviation (S.D) +   7.8 +  9.79 +  5.69 

 
Table-2: Effect of drugs on cage crossing activity of animals 

Groups Control Flurazepam treated Zopiclone treated 

No of models 10 10 10 

Mean (X) 76.8  times 39.2 times 36.2 times 

Standard deviation (S.D) +   4.15 +  6.33 +  8.27 

 
Table-3: Effect of drugs on exploratory activity of animals 

Groups Control Flurazepam treated Zopiclone treated 

No of models 10 10 10 

Mean (X) 52.77 times 27.6 times 27.5 times 

Standard deviation (S.D) +   7.3 +  4.45 +  6.67 

 
Table-4: Effect of drugs on forced swimming activity of animals 

Groups Control Flurazepam treated Zopiclone treated 

No of models 10 10 10 

Mean (X) 1.60 minutes 1.55 minutes 1.32 minutes 

Standard deviation (S.D) +   0.37 +  0.49 +  0.31 

 

The controlled rats showed crossing scored with mean X = 76.8 + 4.15 (Table-2) while the rats treated with zopiclone 

showed much decline in scores having mean X = 36.2 + 8.27 may be due to less energy formation as the drug effect 

the cyclooxygenase pathway.  

The cage crossing was decreased by zopiclone and by flurazepam both as compared to control, however the 

effects was more significant for zopiclone, this  decrease is due to effects on GABA receptor that cause calming action 

and leads to decrease locomotory activity. This finding is related to its indication and its mechanism of action .It has 

also been reported by Jeffery .et al.
8
 (2001) that zopiclone can affect the locomotory activity. 

The rats treated with flurazepam showed less activity than control with mean X= 39.2 + 6.33, the reduction in the 

locomotory activity by flurazepam was also significant but the reduction was not as marked as was produce by 

zopiclone, the reason for this effect is that flurazepam act as partial agonist also and impairment of motor function is 

not as marked as that for zopiclone. It has also been reported by Ongini .et al.
9
 (1981) that flurazepam can cause 

cGMP lowering; this lowering is not the reason for motor impairment i.e. produced by benzodiazepines. This effect 

may be due to increased effect of GABA that decrease the model’s level of anxiety and may produce effect on BZ2 

receptor that affects the motor activity. 

The struggling time shown by the controls were 1.60 + 0.37 minutes (Table-4) then they start swimming, 

while the zopiclone treated rats showed the decrease mean struggling time i.e. 1.32 + 0.31 is observed. This may be 

due to sedation or CNS depression. The struggling time was decreased because zopiclone has anti anxiety activity and 

is metabolites have anxiolytic profile. It is because of this effect that the animal has less struggling time, and animal is 

relaxed and doesn’t show any despair to come out of water tank. It is also reported by Bilhard .et al.
10

 (1989) that 

zopiclone can impair hand, eye coordination, which may be a cause also due to which the rats did not show struggling. 

The effect of flurazepam on swimming induced test was that it decrease the time in few animals but was less than that 

of zopiclone, this could also be attributed to a fact that zopiclone act as partial agonist of benzodiazepines leading to 

this effect
11

.  

The control rats because of inquisitive nature explore by head dipping with mean X= 52.77 + 7.3(Table-3), 

but the zopiclone treated rats have decreased exploration counts having mean X =27.5 + 6.67 , which might be due to 

calming, sedative and calming effect of zopiclone. The activity of zopiclone on exploratory activity was also 

significant as compare to control and is due to drug anxiolytic profile. This is also reported by Jefferey .et al.
8
 (2001), 

that zopiclone and its metabolite has anxiolytic profile. This leads to calming action, slight sedation and a reduction in 

exploratory activity. The anxiolytic profile is also observed for flurazepam but due to sedation effect of zopiclone and 

anxiolytic profile the reduction in exploratory activity is less than that for flurazepam indicating that GABA effects of 

flurazepam can produce more pronounced effects on the cognition and can significantly the exploratory activity.  

The effect of flurazepam on exploratory behaviors of rats is nearly same to that of zopiclone with mean X=27.6 that 

might be due to enhancement of GABA’s effects and sleep induction. It is due to fact that flurazeam has anxiolytic 

activity due to its effect on GABA receptors like other benzodiazepines. This is also in consistent findings of Zhang .et 

al.
11

 (1993), according to which there is a decline in spontaneous activity by flurazepam due to decrease in the rate of 

neuronal discharge. 
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All control models shows positive traction and griped the wire, while after treatment with zopiclone most of the rat 

failed to grip the wire that may be due to sedation and hypnosis induction. 

Confusion, drowsiness, sedation, less respond to reflexes and over all decrease in mental activity was observed 

because of sedative and depressive effect, while urination, defecation and salivation is normal. 

The number of gross behavioral effects were observed during the present work includes decrease locomotory activity, 

zopiclone significantly reduced locomotory activity which is also observed in our study. From the facts that zopiclone 

inhibits locomotor activity in rats, and inhibits brain dopamine and 5 HT turn over, the mechanism of action of 

zopiclone in brain neurons is similar to that of benzodiazepine derivatives. Our results of the present research work are 

in accordance with the research of Liu .et al.
13

 (1985).  
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ABSTRACT 
Sixty five water samples (four surface water and sixty one groundwater) were collected from taluka Nawabshah and were 

analyzed for physico-chemical parameters; pH, electrical conductivity (EC), total dissolved salts (TDS) and heavy metals, Fe, Zn, 

Cu, Mn, Co, Pb, Ni and Cd. The results were obtained in the ranges; pH 6.95-8.87, EC 239-13170 µS/cm and TDS 153-8429. The 

concentration of heavy metals was observed in the ranges; Fe 46-1070 µg/L, Zn 0-460 µg/L, Cu 3-311 µg/L, Mn 4-418 µg/L, Co 

0-33 µg/L, Pb 6-50 µg/L, Ni 0-37µg/L and Cd 0-18µg/L. The results were compared with world health organization (WHO) and 

local standards set for drinking water. Contamination index of groundwater was observed within 0.2-20.7. Only two water 

samples (both surface water) were observed suitable for drinking purpose, but all the remaining samples were highly contaminated 

with toxic heavy metals. An elevated level of toxic heavy metals in the groundwater of the area is of great concern.  

 
1. INTRODUCTION 
The importance of clean and pure drinking water is well known. The water we drink should meet some national and 

international standards. Chemical composition of surface and groundwater is one of the major factors to which the 

suitability of water for industrial, domestic and agricultural purpose depends. The groundwater is only 0.6% of the 

total fresh water available on our earth
1
. Groundwater is not only the source of drinking water, but is also used as 

irrigation water in Pakistan. The use of groundwater for irrigation purpose has increased from 3.34 MAF in 1959 to 48 

MAF in 1996-1997
2
 and is increasing day by day. This situation decreases the groundwater deposits and may result in 

the poor quality due to increase in the concentration of a number of polluting agents. The pollution of groundwater 

results from all the processes and reactions which the water faces from the moment it condensed in the atmosphere to 

the time it is discharged by a well or hand pump and varies from place to place with depth
3
. Major portion of the rural 

population depends upon the groundwater due to unavailability of water treatment and supply of potable water. 40% 

of the deaths in Pakistan are caused by water borne diseases directly or indirectly
4
. A number of factors cause 

pollution of surface as well groundwater including urbanization and industrialization. The quality of groundwater in 

Pakistan is deteriorating day by day
2
. Pollution of water resources with heavy metals, especially Pb and Cd is a health-

associated problem in many parts of Asia and rest of the world. It focused the attention of the environmental scientists 

to study the polluted sites in detail and suggest the measures for their remediation. Heavy metals like Zn and Cu in 

drinking water are necessary in low concentration, however the majority of the heavy metals present in the drinking 

water may be toxic and harmful for the health.   

 Heavy metals are the elements with molecular weight greater than 53, density greater than 6 gm/cm
3
 and 

atomic number greater than 20 
[5]

. Natural sources of the heavy metals are weathering of minerals and soils. Few 

heavy metals like, Fe, Mn, Mo, Cu and Zn are necessary in low concentrations for all living organisms, while most of 

them present toxicity hazards at high concentrations, on the other hand As, Hg, Cd and Pb have no any biological 

importance and are highly toxic to health
6-7

. A number of attempts have been made to examine water quality of 

surface and groundwater from different parts of the country including Sindh province
8-12

. The studies are also carried 

out to determine the metal contents in the water bodies
13-19

. We earlier reported the arsenic concentration in 

groundwater of Khairpur and Matiari districts of Sindh province and quality of groundwater with respect to heavy 

metals and physico-chemical parameters of some parts of the district Nawabshah
20-22

. 

The Nawabshah district is located at the center of the Sindh province and Nawabshah city is the exact center 

of the Sindh province and is the administrative head quarter of the district as well as taluka. The Nawabshah city is 

situated at a distance of 298 kilo meters in the north east of provincial capital Karachi. The taluka was established in 

1907 and the Nawabshah city was established in November 1912. Total population of the Nawabshah district and 

Nawabshah city is 1071533 and 229590 respectively (Census 1998). The projected population of the city will reach to 

about 418843 people by the year 2020. Most of the soil of the district is fertile growing different crops, besides; there 

are some saline and uncultivated pieces of soil also. Rohri canal is the major source to provide water for drinking and 

irrigation purpose in the district. The people in the villages mostly use groundwater for drinking purpose, but in 

Nawabshah city, the groundwater and surface water thorough water supply scheme is used for drinking purpose. The 

climate of the area is hot and dry but falls to -4
0
C in December to February. Water supply schemes are available in the 

different parts of the Nawabshah city but groundwater is also being used as a source of drinking water. As the 

population of the city is growing rapidly which increases the basic needs of the peoples including clean drinking 

water. The industries, like Habib Sugar Mills and Chemi Visco Fiber are throwing the effluent into the Canal (Gajra 

wah) running along the city, damaging the quality of the surface as well as groundwater badly. Present work is one of 

the steps made to analyze the heavy metals contamination of groundwater of the study area.  
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2. RESULTS AND DISCUSSION 
Fig-1 indicates the map of Nawabshah district pointing at the taluka Nawabshah (Sampling area). pH of water samples 

ranged between 6.59 and 8.87 (Table-1). Eleven sites (V2, V3, V8, V23, V24, V25, P4, P5, P8, P11 and N11) were 

found basic with maximum pH (7.53-8.87). Five sites (V6, V7, V15, V17 and N21) were slightly acidic with pH 

(6.59-6.88). The pH of rest of the sites was around 7. Total dissolved salts (TDS) of the water samples were found in 

the range of 153-8429mg/L. Thirteen sites (N2, N3, N7, N8, N11, N12, V3, V5, V11, P5, P13, P16 and P18) were 

observed as suitable for drinking   purpose on basis of TDS (TDS within 500 mg/L). Out of these thirteen sites, four 

are surface waters and are studied as reference samples and rest of the nine samples are groundwater samples. 36 

groundwater samples are being used for drinking purpose but the TDS of only 9 of the samples (groundwater) was 

within the safe limits of WHO set for drinking water. Most of these sites indicated their TDS values below 2000 mg/L. 

The water samples with TDS 2000 or above are not being used for drinking purpose but are being used for cattle/ live 

stock and cleaning of house hold utensils. Minimum and maximum contents of TDS (153 and 8429 mg/L) were found 

at sites N17 and P12 respectively. Sample No P12 was collected from Nawabshah city (Unar Petrol Pump), the soil 

around, was saline and no any cultivation was there. The higher level of TDS may be due to high deposits of salts in 

the soil there. Water at 18 sites (including 4 surface waters) may be classified as fresh water with TDS below 1000 

mg/L and rest of the 47 sites are brackish with TDS 1000-10000 mg/L
23

. 

 
Fig-1: Map of Nawabshah District (dots shows the sampling locations). 

 

The concentration of heavy metals is presented in Table-1. Iron (Fe) is one of the most abundant metals in the earth’s 

crust and is an essential element in human nutrition. Fe concentration of water samples ranged between 46 and 1070 

µg/L. Twenty three sites were unsuitable for drinking purpose with their Fe contents above 300 µg/L and rest of the 

forty two sites were within the limits of WHO for drinking water (Fig-2). Higher concentration of Fe at these sites 

may be due to geochemical reasons. Elevated levels of iron in drinking water may impose bad taste to water and cause 

vomiting. The concentration of zinc (Zn) in the water samples was found in the range of 0-460 µg/L. None of the sites 

indicated Zn contents above the WHO threshold (3000 µg/L). Water of all the sites was suitable for drinking purpose, 

with respect to Zn contents. Concentration of copper (Cu) ranged as 3-311 µg/L. Cu is essential for life but may cause 

health problems if present in high concentrations in the drinking water. Concentration of copper (Cu) at all sites was 

within the limits of WHO (1000 µg/L). Manganese (Mn) is an essential nutrient and plays a key role in bone 

mineralization, protein and energy metabolism. Mn contents of water samples were found between 4 and 418 µg/L. 

Excess amount of Mn may cause damage to liver, kidneys and brain
7
. All the sites indicated their Mn concentration 

within the threshold set by WHO (500 µg/L) for drinking water. The cobalt is of relatively low abundance in the 

Earth's crust and in natural waters. The cobalt is used to treat anaemia with pregnant women, because it stimulates the 

production of red blood cells. The Co is an essential metal and is part of vitamin B12 with no any health hazards. 

Cobalt concentration of water samples was found between 0 and 33 µg/L. Eleven sites (V5, V6, V7, V8, V11, P12, 

P13, N1, N18, N19 and N20) indicated a little higher concentration of cobalt ranging between 26 and 33 µg/L (n=11),
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Table-1: Concentration of Heavy Metals at different sampling sites. 

 pH EC TDS Fe Zn Mn Cu Co Ni Pb Cd 

N1 7.29 5040 2326 113 25 227 8 28 20 22 5 

N2 7.71 314 201 300 49 27 27 7 0 10 0 

N3 7.77 257 164 250 44 14 90 3 0 9 1 

N4 7.53 2350 1504 105 44 52 6 6 15 32 2 

N5 7.24 3280 2099 273 116 159 38 1 26 35 4 

N6 7.16 6540 4186 485 288 208 41 4 20 32 5 

N7 7.99 327 209 350 24 24 10 2 11 10 3 

N8 7.13 633 405 159 31 8 57 8 18 25 11 

N9 7.10 2150 1376 46 199 116 103 11 21 6 12 

N10 7.09 3650 2336 173 87 52 12 0.2 22 20 13 

N11 8.63 239 153 290 28 216 32 3 24 25 11 

N12 7.61 696 445 192 43 11 76 8 18 31 18 

N13 7.53 1223 783 217 67 41 100 7 19 27 15 

N14 7.63 1856 1188 517 259 80 10 10 27 24 10 

N15 7.57 2860 1930 119 294 199 31 7 31 28 11 

N16 8.23 900 576 131 294 23 8 5 19 27 10 

N17 7.76 7170 4589 146 313 153 34 7 32 11 17 

N18 7.07 6840 4377 90 169 214 12 29 26 34 7 

N19 7.05 6500 4160 59 140 201 16 33 24 26 6 

N20 7.09 6740 4314 71 210 196 3 32 21 26 6 

N21 6.95 1634 1046 1000 240 55 51 6 16 40 4 

V1 7.39 2890 1850 326 50 36 30 27 32 31 4 

V2 7.55 3780 2419 318 67 39 24 14 24 36 6 

V3 7.94 370 237 90 47 35 101 0 22 20 2 

V4 7.10 1008 645 107 70 40 51 0 36 38 5 

V5 7.02 746 477 26 129 20 70 32 25 30 4 

V6 6.86 1362 872 230 70 115 24 31 32 40 5 

V7 6.88 1106 708 260 108 60 20 32 26 25 4 

V8 7.83 3120 1997 17 36 21 21 27 31 40 5 

V9 7.03 1784 1142 70 33 63 21 11 29 38 4 

V10 7.02 1703 1090 620 122 91 21 13 29 22 5 

V11 6.96 757 484 1070 68 15 19 26 24 19 4 

V12 6.93 2050 1312 180 63 83 41 0 25 27 4 

V13 6.99 2160 1382 890 350 163 26 3 30 35 4 

V14 7.05 4260 2726 580 240 87 38 4 37 45 4 

V15 6.64 3170 2029 210 141 229 42 12 20 50 4 

V16 7.19 2550 1632 380 180 180 37 13 24 40 3 

V17 6.76 2140 1370 37 215 190 194 5 35 42 4 

V18 6.98 4810 3078 15 24 410 19 3 23 49 4 

V19 6.93 2800 1792 60 185 259 112 11 30 46 4 

V20 7.07 2020 1293 460 330 224 42 4 21 20 3 

V21 7.45 1160 742 600 64 24 137 11 31 21 5 

V22 7.28 3590 2298 278 47 141 52 12 26 22 6 

V23 7.56 3290 2106 344 0 128 159 16 28 39 7 

V24 7.53 3670 2349 327 330 233 44 14 24 34 7 

V25 7.76 1345 861 272 56 24 76 10 25 17 4 

P1 7.42 4290 2746 450 25 9 12 8 33 49 8 

P2 7.29 1386 887 352 177 82 18 5 28 30 7 

P3 7.28 1703 1090 358 68 4 47 7 29 32 6 

P4 8.37 1780 1139 475 294 24 140 3 20 41 5 

P5 8.87 319 204 548 82 16 11 5 22 47 7 

P6 7.32 3160 2022 600 460 140 73 26 28 33 6 

P7 7.26 1835 1174 625 390 52 199 4 33 42 4 

P8 7.88 2750 1760 660 51 84 19 5 33 44 4 

P9 7.16 893 572 383 21 70 58 0 36 30 4 
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may be due to geological reasons. Lead (Pb) is considered as highly toxic and is pollution indicator. It is toxic to 

nervous system inducing sub-oncephalopathic neurological and behavioral effect. It can accumulate in the skeleton. 

The infants/children up to six years of age and pregnant women are more susceptible to its adverse health effects. Pb 

enters in water bodies from natural sources, but it originate also due to industrial activities
24

. Pb concentration of the 

water samples was observed in the range of 6-50 µg/L. The upper limit of Pb in drinking water is 10 µg/L. Average 

concentration of Pb at all the sites was 31 µg/L (n=65). Only four sampling sites from surface water indicated their Pb 

concentration within the regulations set by WHO. All the rest groundwater samples were found contaminated with Pb 

and were unsuitable for drinking purpose. Main source of Pb in groundwater of these sites may be geological and 

industrial waste of the battery workshops. The lead from these batteries may be entering in the groundwater. The 

higher concentration of lead may be a threat to the masses using the water of these sites for drinking purpose because 

it has no any physiological benefits but causes several health hazards. The United States of America Environmental 

Protection Agency (USA EPA) has classified Pb to be hazardous and toxic. Nickel (Ni) is known to be a carcinogen to 

humans. It is more hazardous when taken in empty stomach through drinking water than taken with food
7
. Sources of 

nickel in groundwater, apart form geological, include contamination from municipal sewage sludge, waste water from 

sewage treatment plants and groundwater near landfill sites 
[25]

. The concentration of Ni in the water samples of the 

study area ranged as 0-37 µg/L. Fifty one sites indicated the levels of Ni above the limits set by WHO (20 µg/L) for 

drinking water. Cadmium (Cd) is one of the heavy metals with no any health benefits but is very toxic, its sources are 

natural as well as human made, like, wastes from Cd made batteries, industries, run offs from agricultural soils. It 

accumulates into liver and kidney and leads to kidney dysfunction. Cd also has been implicated in renal problems in 

humans and has been found to induce cell injury and death by interfering with calcium regulation in biological 

systems
24

. Cadmium (Cd) contents of the water samples of study area were observed in the range of 0-18 µg/L. Cd 

concentration at only eight sites (V3, P10, P16, P18, N2, N3, N4 and N7) was within the WHO threshold. The 

concentration of Cd in drinking water set by WHO is 3 µg/L. Fifty seven sites were contaminated with Cd (Fig-3). 

The industries, tractor workshops and battery workshops present in the city may be responsible for Cd contamination 

at these sites.  

 

 
Fig-2: Comparison among the concentration of Fe and Ni. 
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P10 7.13 946 605 162 21 100 14 9 36 33 3 

P11 7.58 4750 3040 139 0 32 12 17 29 31 6 

P12 7.99 13170 8429 70 39 47 18 33 25 43 7 

P13 7.52 440 282 270 240 63 20 30 23 22 4 

P14 7.00 2180 1395 180 200 418 311 9 36 32 5 

P15 7.14 1146 733 120 350 10 184 13 31 31 5 

P16 7.12 619 396 320 44 42 24 0 24 42 3 

P17 7.02 2920 1869 530 310 254 29 10 31 20 4 

P18 7.71 394 252 170 141 6 151 1 13 29 3 

P19 7.61 2170 1389 223 74 54 91 10 30 20 5 

N = Nawabshah city, V = Villages, P = Common public places. 
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The results revealed that sites of present study were contaminated with heavy metals, which may cause several health 

complications to the inhibitors of the area. Only two sites (N2 and N3) indicated all the parameters within the safe 

limits set by WHO and may be used for drinking purpose. Both these samples were surface waters (water supply and 

filter plant respectively). Rest of the sixty three sites were unsuitable for drinking purpose. It is clear from the results 

obtained during this study that presence of excess of heavy metals like, Cd, Ni, and Pb in groundwater is an 

environmental problem and removal of these metals from environment (specially from water) is challenge for the 

current era. The hazardous health effects caused by heavy metals are in most cases not immediately apparent but  

manifest by disrupting enzymatic and metabolic activities resulting in nutritional, developmental and immunological 

problems
7
. 

 
Fig-3: Comparison between the concentration of Pb and Cd. 

 

2.1 Coefficient of determination (r2) 
The coefficient of determination (r

2
) is calculated to note the similarities in occurrence of the heavy metals analyzed. 

A coefficient of determination was noted between all the pairs of elements. The r
2
 of zinc with iron, copper and 

manganese was 0.0769, 0.0543 and 0.0866 respectively and maximum value of r
2
 (0.1667) was observed between Pb 

and Ni. All the other elements indicated smaller values of coefficient of determination, thus may be of different origin. 

 

2.2 The contamination index Cd  
Contamination index (Cd) is the degree of contamination on an individual site as a whole including all parameters 

which exceed the standards. Calculation of Cd gives a clear idea that to how much level an individual site is polluted.     

 
Table-2: Contamination index (Cd) of the sites investigated. 

S. No Cd S. No Cd S. No Cd S. No Cd S. No Cd 

N1 10.2 N14 8.6 V6 6.7 V19 10.6 P7 8.9 

N2 0 N15 11.6 V7 3.9 V20 5.8 P8 11.6 

N3 0 N16 5.4 V8 10.9 V21 5.3 P9 4.7 

N4 7.3 N17 22.7 V9 7.5 V22 10.7 P10 4.5 

N5 10.5 N18 20.6 V10 6.8 V23 12.2 P11 14.7 

N6 19.3 N19 18.4 V11 4.0 V24 12.4 P12 37.6 

N7 0.2 N20 18.9 V12 6.5 V25 3.7 P13 1.7 

N8 4.2 N21 8.9 V13 9.9 P1 16.7 P14 8.3 

N9 7.6 V1 9.8 V14 15.6 P2 6.5 P15 5.3 

N10 12.8 V2 12.5 V15 11.5 P3 7.2 P16 3.5 

N11 4.4 V3 1.1 V16 9.0 P4 7.9 P17 9.1 

N12 7.1 V4 5.9 V17 8.7 P5 6.0 P18 1.9 

N13 7.9 V5 2.6 V18 15.7 P6 15.1 P19 6.7 
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Only two surface water samples (N2 and N3) were found to have zero value of Cd (Table-2) with all the parameters 

within the safe limits of WHO for drinking water and water of these sites may be used for drinking purpose. The Cd of 

rest of the sites ranged between 0.2 and 20.7. Minimum Cd was observed for site N7 which was also the water supply 

scheme, but the water was taken from another part of the city. Thirty nine sites indicated their Cd5 or above and are 

considered as highly polluted sites. The water can be classified into three classes on the bases of Cd, (I) low 

contaminated (Cd < 1), (II) medium contaminated (Cd < 3) and (III) highly contaminated (Cd > 3). None of the 

groundwater can be placed in class (I), however three surface water samples can be placed in this categories, four 

water samples may be classified as (II) and rest of 58 groundwater samples are placed in class (III). The calculation of 

Cd reveals that the study area is highly contaminated zone with toxic heavy metals. The groundwater of the area is not 

suitable to be used for drinking purpose and may cause a number of health problems to the habitants. 

 

3. EXPERIMENTAL 

 

3.1 Study Area 
The samples were collected from Nawabshah city and different villages of taluka Nawabshah, District Nawabshah.  

 

3.2 Sampling strategy and pre-treatment 
Water samples (65) were collected (61 groundwater and 04 surface water), comprising; 02 from water schemes of the 

city, 01 from filter plant, 01 from canal running through the city and 61 groundwater samples from different parts of 

the taluka; 17 from Nawabshah city, 25 from different villages and 19 from some common public places like schools, 

bus stops and other government institutions. The groundwater samples were collected from 12 electrical motors and 

49 from hand pumps. Out of the 61 groundwater samples, about 36 samples in different villages were being used for 

drinking purpose due to unavailability of potable water. The samples were collected randomly from the study area into 

clean 1.5L plastic bottle washed twice with sample at the sampling point and preserved with 5ml conc. HNO3.  

 

3.3 Reagents 
All the reagents used were of analytical grade and all the glassware used, was washed properly with double distilled 

water before use. The metal standard solutions were prepared by dilution from 1000 mg/L stock solution of each 

metal. 

 

3.4 Instrumentation 
The electrical conductivity (EC) and total dissolved salts (TDS) were evaluated with Orion 115 conductivity meter 

and the pH was measured with “Orion 420A” pH meter (Orion, Boston, USA). 

The concentrations of metals were determined using VARIAN Spectr AA-20 Atomic absorption spectrometer with 

standard burner head and air acetylene flame at the conditions recommended by the manufacturer. 

The analysis was carried out in triplicate with integration time 3 sec and delay time 3 sec. Sample (250ml) containing 

nitric acid (1ml) was heated gently at 90-95
0
C and was concentrated to about 15-20ml. Then final volume was thus 

adjusted to 25ml.  

 

3.5 The contamination index Cd  
The contamination index Cd

26
 is calculated for each sample, which is the sum of contamination factors of every 

parameter of a single sample exceeding the World Health Organization (WHO) limits set for drinking water, using 

following formula: 

   n 

Cd =  ∑  Cfi    

  i=1 

 

Where 

 

Cfi = [(CAi / CNi)-1] 

Cfi = contamination factor for the i-th component 

CAi = analytical value for the i-th component 

CNi = upper permissible concentration for the i-th component 

4. CONCLUSION 
Sixty five sites were sampled and analyzed for their heavy metal contents. The results revealed that only surface water 

was observed as suitable for drinking purpose with all the parameters within the respective limits set by WHO. 

Majority of the sites (all ground waters) were highly contaminated with toxic heavy metals, especially with Pb and Cd. 

The industrial waste and geological reasons were the main pollutants. The groundwater pollution of the area is of main 

concern.  
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Table-3: Coefficient of correlation among the Heavy Metals 

 Fe Zn Cu Mn Co Pb Ni Cd 

Fe 1 0.0769 0.0036 0.022 0.0251 0.0038 0.003 0.0298 

Zn  1 0.0543 0.0866 0.0002 0.0002 0.0212 0.0065 

Cu   1 0.0159 0.0411 0.0022 0.0243 0.0024 

Mn    1 0.0028 0.0248 0.0391 0.0007 

Co     1 5x10
-5 

0.0101 0.001 

Pb      1 0.1667 0.0224 

Ni       1 0.0052 

Cd        1 
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ABSTRACT 
The present study was designed to investigate the presence of mannose binding lectin (ManBL) in the sera and tissue samples of 

patients with tumoral (benign & malignant) kidney in addition to patients with non tumoral kidney affection, in order to establish 

the possibility of using serum and tissue ManBL test for diagnosis and epidemiological testing of kidney cancers. Participants of 

the present study were 96 patients at the age range 12-80 years; they were attending by different hospitals in Najaf (basically) and 

Karbala, and 46 healthy individuals within the same age range of the studying patients groups. Specific hemagglutination activity 

levels were revealed a significant increased (p < 0.001) in the sera and tissues of the patients with the malignant tumors specimens 

in comparison to that of pathological controls and healthy individuals. Serum and tissue hemagglutination activity levels were 

significantly higher (p < 0.001) in patients with metastatic disease compared with patients with localized tumors. While, the levels 

of the hemagglutination activity were approximate at patients with the end malignant kidney tumors stages. Upon electrophoresis 

of the study samples, the results reflected presence of changes in some proteins and glycoproteins bands presents in these samples. 

Using hydrophobic affinity chromatography, ManBLs were purified from sera of malignant, benign kidney tumors and non 

tumoral kidney diseases in addition to healthy individuals groups. The purified lectins were found to be glycoprotein with 77.45 

KD as an approximate molecular weight and its sugar content was equal to13.5%. The maximum concentration of purified 

ManBL was found at patients with malignant kidney tumors.The results revealed that the highest hemagglutination activity of 

purified ManBL occurred with O
+
 RBCs, at pH 7.4, and 37˚C. ManBL (regardless of its origin) lost the hemagglutination activity, 

completely, in the presence of EDTA. A result that indicates that the present purified the human ManBLs is a calcium dependent 

type. 

 
1. INTRODUCTION 
Lectins, simply; are ubiquitous proteins or glycoproteins that are probably present in all eukaryotic cells

1-6
, and many 

bacterial species
7, 8

, as well as in some viruses
9, 10

. Theyare capable to bind mono - and oligosaccharides with high 

affinity
11, 12

, and usually agglutinate cells or precipitate polysaccharides and glycoconjugates specifically and 

reversibly
13, 11

. The binding involves hydrophobic interactions as well as hydrogen bonds
14

. Lectin specificity for 

individual sugars or groups of sugars makes them powerful tools for detecting changes in the carbohydrate structure of 

the glycoproteins
15, 16

.  

Early observations of cancer patients who had fully recovered from an acute bacterial infection suggested that innate 

immunity has anti tumor activity. Complement activation may lead to the liberation of pro-inflammatory factors and 

the activation of inflammatory cells, which may have pro-carcinogenic effects. Activation of complement by mannose 

binding lectin (ManBL) is crucial for innate immune .This relationship has been revealed by analysis of common 

single nucleotide polymorphisms (SNPs) in the ManBL2 gene, which encodes ManBL. The frequency of SNP-

determined ManBL deficiency is significantly higher in patients presenting with various infections and autoimmune 

disorders than it is in the general population, indicating the importance of ManBL in host defence. Thus, additional 

evidence suggests that ManBL function contributes to human cancer risk
17, 18

.  

Renal cancer is the third most common malignancy of the genitourinary system
19

, and accounts for 3% of adult 

malignancies globally
20

. Limited early warning signs result in late recognition with metastases present in 

approximately one third of patients at the time of diagnosis
21

, with 210,000 new cases per year and more than 100,000 

deaths occurring worldwide annually. The male to female ratio is 1.5:1, and the disease usually occurs in the sixth and 

seventh decades of life
22

. RCCs are highly vascularized tumors, which may explain the 30-40% prevalence of 

metastatic disease at initial diagnosis
23, 24

, when systemic therapies are then necessary. In this group of patients, one-

year survival rate are ~25%, illustrating the limited role of both chemotherapy and radiotherapy in the management of 

advanced stages of RCC
25

.  
 

2. EXPERIMENTAL 

 

2.1 Patient and Control Individuals 
The present study involved 96 patients (55 cases with malignant kidney tumors, 23 cases with benign kidney tumors, 

and 18 cases with non tumoral kidney diseases) with the age range 10-80 years, in addition to 46 healthy individuals, 

at the same age range. 
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2.2 Isolation of Crude Lectins from Serum and Tissue Specimens 
Ten millilitres of venous blood samples were collected from patients and the control groups. Samples were allowed to 

clot at room temperature, centrifuged at 3000 xg for 5 minutes, and then sera were collected and stored at –15˚C. 

Different tissue specimens were removed from the patients by surgery carried out by specialist during surgical 

intervention, washed many times with 0.9% (w / v) NaCl, and stored immediately at  –15˚C. 

The frozen tissue (1g); after cutting into slices was homogenated by manual homogenizer in 3 ml of Tris-HCl buffer 

solution (20 mM, pH 8) on ice bath. The suspension was centrifuged and the supernatant was used for lectin isolation.  

For isolation of serum and tissue crude lectins, 1 volume of serum was mixed with 2.5 volumes of petroleum ether, 

while; 2 volume of the homogenate supernatant were mixed with 3 ml of petroleum ether for defatting. The mixtures 

were shacked strongly, then, centrifuged at 3000 xg for 5 minutes. The organic phase was neglected and defatted 

serum and homogenate supernatant were stored at –15˚C to be used for determination of the hemagglutination activity. 
 

2.3 Preparation of Standard Ttrypsinized Erythrocyte Suspension for Hemagglutination Test 
Human blood group O

+
 erythrocytes were collected from the local blood bank in Al-Sadder Teaching Hospital in 

Najaf in Iraq. Blood was centrifuged at 3000 xg for 5 minutes, the sera were discarded. The erythrocytes were washed 

with saline solution (5 ml saline: 1 ml packed erythrocytes), then were suspended in phosphate buffer saline solution 

(pH 7.4), and diluted with the same buffer to give an absorbance of 2 ml at 620 nm. 

One part of trypsin solution (1%) was added to 10 parts of the final erythrocytes suspension. the mixture was 

incubated at 37˚C for 1 hour, and then centrifuged at 5000 xg for 5 minutes. The trypsinized erythrocytes mixture was 

washed 3 – 5 times with saline solution to remove trypsin traces. Saline solution was added, until the absorbance of 

the erythrocyte suspension was 1.4 at 620 nm. 

 

2.4 Protein Determination 
Total proteins in the studied samples were estimated using Bradford method

26
, and bovine serum albumin was used as 

a standard protein.    

 

2.5 Determination of Hemagglutination Activity of Crude Serum and Tissue Lectins of Patient and Control 

Groups 
To determine the hemagglutination activity in serum and tissue Lis and Sharon

27
 method was used, with essential 

modifications. The procedure involved three tubes, test (T), blank (B), and control (C). A set of control tubes (2 – 4) 

were used in each experiment and the assay was carried out as in the following 

 

Components Test Blank Control 

Diluted serum (1:20) with Tris-HCl buffer (20 Mm, 

pH 8), or Crude tissue lectins preparation 

1 ml 

 

1 ml 

 

- 

 

Trypsinized erythrocyte suspension 2 ml - 2 ml 

Saline solution - 2 ml 1ml 

Calcium chloride solution (60 mM) 1 ml 1 ml 1 ml 

T, B, and C tubes were placed in exactly vertical position at 37˚C for 75 min. 

Cells were separated after centrifugation at 3000 xg for 3 minutes, then  re-suspended in the above mentioned buffer by gentle 

shaking, and allowed to stand for another 75 minutes at 37˚C. 

The absorbance of 2 ml of the upper mixtures was measured at 620 nm. 

 
The reduction of optical density (ROD) in the test tube (in crude sera and tissues determination) was measured from 

the following equation: 

 

100

C
A

BTA
C

A
   ROD% 




 
 

Where: 

 

C
A  = Optical density of cell suspension in the control tube. 

BT
A


 = Optical density of cell suspension in the test tube – Optical density of cell suspension in the blank tube. 
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2.6 Purification of ManBL 
Affinity chromatography technique was applied for the purification of ManBL from patients' with tumoral and non 

tumoral kidney diseases, in addition to healthy individuals. Preparation of the affinity chromatography column was 

carried out according to the instructions of Hermanson
28

, and Amersham handbook [Amersham Pharmacia Biotech]. 

 

2.7 Determination of Carbohydrate Content in the Purified ManBL 
Dubois method

29
 was followed for determination of carbohydrate amount in the purified ManBL. Where glucose was 

used as a standard sugar. 

 

3. RESULTS AND DISCUSSION 

3.1 Levels of the Specific Hemagglutination Activity in Patients and Control Groups 

 
3.1.1 In Serum 

The optimized conditions of the hemagglutination protocol were used for estimation of individual serum lectin activity 

in the studied groups. It was expressed as specific hemagglutination activity unit (SHU). Fig-1, demonstrates that 52 

patients out of the 55 studied patients of malignant kidney tumors have a hemagglutination activity higher than 6 

SHU, while those of non tumoral kidney diseases and healthy individuals (except one sample in each group) have less 

than 6 SHU. Also those of benign kidney tumors were found to have specific activity less than 6 SHU. These results 

suggest the possibility of using 6 SHU as a cut off value for the specific hemagglutination activity. A result showed 

the possibility of using this parameter as a biomarker for discriminating of patients with malignant kidney tumors 

among those with benign, non tumoral kidney diseases, and healthy individuals.  

 

 
Fig-1: Distribution of the Serum Hemagglutination Activity in Patients of Malignant Kidney Tumors (K1), Benign Kidney 

Tumors (K2), Non Tumoral Kidney Diseases (K3), and Healthy Individuals (H). The symbol – - – - refer to the cut off of 

malignant kidney tumors value 

 
The evaluation of the specific hemagglutination activity in the various groups revealed a significant increase (p < 

0.001) in patients of malignant kidney tumors when compared with those of benign tumors, non tumoral kidney 

diseases, and healthy individuals. However, non significant variations were obtained when other groups were 

compared together (Table-1). The sensitivity and specificity of serum lectin activity in detection of malignant kidney 

tumors were 94.54 % and 95.65 % respectively. 

 
Table-1: Serum Specific Hemagglutination Activity Levels in Patients of Malignant Kidney (K1) and Benign Kidney (K2) 

Tumors, Non Tumoral Kidney Diseases (K3), and Healthy Individuals (HK1 and HK2) 

Group 

Age (year) 

Mean ± S.D. 

Range 

SHU 

Mean ± S.D. 

Range 
p 

K1 

(55) 

54.93 ± 12.50 

32 – 80 

14.99 ± 6.21 

4.79 – 29.08 0.000** for K1vs K2 

 

0.000** for K1vs K3 

 

0.309 for K2vs K3 

 

0.000** for K1 vsHK1 

 

0.491 for K2vs HK2 

 

0.724 for K3vs HK2 

K2 

(23) 

45.04 ± 15.33 

10 – 66 

3.04  ± 1.31 

1.17 – 6.49 

K3 

(18) 

42.39  ± 16.60 

12 – 68 

4.44  ± 4.27 

0.99 – 20.70 

HK1 

(32) 

47.38 ± 10.92 

32 – 80 

4.27 ± 1.87 

1.09 – 9.09 

HK2 

(43) 

39.77 ± 13.77 

10 – 66 

3.94 ± 1.71 

1.09 – 9.09 

HK2 

(43) 

39.77 ± 13.77 

10 – 66 

3.94 ± 1.71 

1.09 – 9.09 

The mean difference is significant at the 0.001 level. **Refers to significant difference between variables. 
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In the present study, the hemagglutination activity levels in 21 patients with malignant kidney tumors were followed 

up for 72 hours after surgical operation, of the removal of the tumor. The result showed presence of a decrease in their 

serum hemagglutination activities after the removal of the tumors (data not shown). 
 

3.1.2 In Tissue 

Fig-2, shows that patients of malignant kidney tumors (except one case only) have a tissue hemagglutination activity 

level higher than 0.13 SHU, while those of benign kidney tumors and non tumoral kidney diseases were less than 0.13 

SHU. These results suggest that 0.13 SHU could be used as a cutoff value (biomarker) for discriminating, the tissue of 

patients of malignant kidney tumors from other kidney tumoral& none tumoral diseases. 

 

 
Fig-2: Distribution of Tissue Hemagglutination Activity Levels in Patients of Malignant Kidney Tumors (K1), Benign Kidney 

Tumors (K2), and Non Tumoral Kidney Diseases (K3). The symbol – - – - refer to the cut off malignant kidney tumors value. 

 
The evaluation of the SHU in the various kidney groups revealed a significant increase (p < 0.001) in patients of 

malignant kidney tumors when compared with those of benign tumors, and non tumoral kidney diseases, while, non 

significant difference was found when the benign kidney tumors and non tumoral kidney diseases groups were 

compared together (Table-2). 

 
Table-2:Tissue Specific Hemagglutination Activity Levels of Tumoral(Malignant and Benign) and Non Tumoral Kidney Patients 

Patients Age (year) Mean ± S.D. 

Range 

SHU 

Mean ± S.D. Range 

p 

K1 

(55) 

54.93 ± 12.50 

32 – 80 

0.24 ± 0.08 

0.12 – 0.40 

0.000**for K1vs K2 

 

0.000** for K1vs K3 

 
0.627for K2vs K3 

K2 

(23) 
45.04 ± 15.33 

10 – 66 

0.08 ± 0.02 

0.05 – 0.12 

K3 

(18) 

42.39 ± 16.60 

12 – 68 

0.09 ± 0.02 

0.07 – 0.12 

K1: Malignant Kidney Tumor Patient group, K2: Benign Kidney Tumor Patients and K3: Non Tumoral Kidney Patients. The 

mean difference is significant at the 0.001 level. **Refers to significance between the variables 

 

3.2 Correlation of Serum and Tissue Hemagglutination Activities of kidney patients Groups 
The correlation of lectin contents (specific hemagglutination activity) in serum and tissue from malignant kidney 

tumor patients in addition to pathological tissues (benign tumors and non tumoral kidney tissues) was evaluated using 

the linear regression analysis. Fig-3 A, B, and C, illustrates presence of a significant positive correlation (r = 0.89 at p 

< 0.001) between the specific hemagglutination activity of serum and tissue samples in the cases of malignant kidney 

tumors. While such correlation was not observed in those of benign tumors and non tumoral diseases. 

 

 
Fig-3: Correlation of Serum and Tissue Hemagglutination Levels in Patients of A: Malignant tumors, B: Benign tumors, and C: 

Non Tumoral Kidney Diseases 
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3.3 Implication of Stages of Malignancy in Serum and Tissue Specific Hemagglutination Activity 
In order to verify the changes of the hemagglutination activity with the advancing of malignancy, the patients were 

subdivided according to the stage of the diseases into stage I, II, III, and IV. From the statistical analysis of the 

malignant kidney tumors of different stages, a positive correlation was observed between the serum specific 

hemagglutination activity & the malignant tumor progression (r = 0.767 at p < 0.0005) (Fig-4).  

 

 
Fig-4: Correlation of Serum Hemagglutination Activity with Stages of Malignant Kidney Tumors 

 

The mean levels of specific hemagglutination activity in patients of the four stages of malignant kidney tumors are 

illustrated in table 3. Significant elevations (p < 0.001) of the specific hemagglutination activity were observed when 

the data of each two stages (except III and IV) were compared. 
 

Table 3:The Differences in Serum Specific Hemagglutination Activity of Malignant Kidney Tumor Patients According to the 

Stage of the Disease 

Subjects 

Age (year) 

Mean± S.D. 

Range 

SHU 

Mean± S.D. 

Range 

p 

Stage І 

(14) 

49.07 ± 11.94 

32 – 74 

8.03 ± 2.40 

4.79 – 12.80 
 

0.000** For 

(1, 2, 3, 4, and 5) 

 

0.011 for (6) 

Stage П 

(12) 

55.67 ± 13.85 

34 – 79 

12.40 ± 1.21 

10.37 – 14.42 

Stage Ш 

(11) 

53.73 ± 9.71 

43 – 75 

17.58 ± 2.73 

13.87 – 23.47 

Stage ΙV 

(18) 

59.72 ± 12.40 

41 – 80 

20.55 ± 5.57 

7.97 – 29.08 

The mean difference is significant at the 0.001 level. **Refers to significance between the variables. 

1)Stage I vs. Stage II, 2) Stage I vs. Stage III, 3) Stage I vs. Stage IV, 4) Stage II vs. Stage III, 5) Stage II vs. Stage IV 

6) Stage III vs. Stage IV 

 

Fig-5 demonstrates presence of a significant (r = 0.781 at p < 0.0005) positive correlation between tissue 

hemagglutination activity of kidney tumors& the progression of the malignancy.  

 

 
 

Fig-5:Correlation of Tissue Hemagglutination Activity with Stages of Malignant Kidney Tumors 

 

The evaluation of tissue specific hemagglutination activity levels in patients of malignant kidney tumors at different 

stages of the disease demonstrated a trend of gradual rise as malignancies were advanced (Table-4).  
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Table 4: Levels of Tissue Specific Hemagglutination Activity at Different Stages of Malignant Kidney Tumors 

 

Subjects 

 

Age (year) 

Mean± S.D. 

Range 

SHU 

Mean± S.D. 

Range 

p 

Stage І 

(14) 

49.07 ± 11.94 

32 – 74 

0.16 ± 0.03 

0.12 – 0.20 
0.000** for  (2, 3, 4, and5) 

 

0.103 for (1) 

 

0.299 for (6) 

Stage П 

(12) 

55.67 ± 13.85 

34 – 79 

0.19 ± 0.03 

0.14 – 0.25 

Stage Ш 

(11) 

53.73 ± 9.71 

43 – 75 

0.29± 0.50 

0.22 – 0.36 

Stage ΙV 

(18) 

59.72 ± 12.40 

41 – 80 

0.30 ± 0.06 

0.16 – 0.40 

The mean difference is significant at 0.00 The mean difference is significant at 0.001 levels. **Refers to significance between 

variables 

1)Stage I vs. Stage II,2)  Stage I vs. Stage III, 3)Stage I vs. Stage IV, 4)Stage II vs. Stage III, 5) Stage II vs. Stage IV 

6)Stage III vs. Stage IV 

 

3.4 Gender Involvement in Kidney Lectins Hemagglutination Activity Changes 
The effect of gender on the kidney specific hemagglutination activity levels in patients of cancerous tumors, benign 

tumors, and non tumoral kidney subgroups was evaluated. Student's t-test failed to exhibit significant changes among 

male and female patients (Table-5 and 6). 

 
Table-5:Gender Differences of Serum Specific Hemagglutination Activity in Tumoral and non Tumoral Kidney Disease Patients 

and Healthy Individuals 

Type 

 

Gender 

 

Age (year) 

Mean ± S.D. 

Range 

SHU 

Mean ± S.D. 

Range 

p 

 

K1 

(55) 

M 

(36) 

57.31 ± 13.69 

32 – 80 

15.48 ± 6.94 

4.79 – 29.08  

0.259 F 

(19) 

50.79 ± 9.19 

37 – 65 

14.08 ± 4.55 

7.97 – 21.69 

 

K2 

(23) 

M 

(14) 

43.93± 16.73 

10 – 66 

2.40 ± 0.77 

1.17 – 3.59  

0.377 F 

(9) 

47.44 ± 12.28 

25 – 62 

4.04± 1.38 

2.45 – 6.49 

 

K3 

(18) 

M 

11)) 

47.36 ± 11.33 

27 – 62 

3.95 ± 1.23 

2.05 – 6.00  

0.550 F 

(7) 

34.57 ± 21.22 

12 – 68 

5.21 ± 6.92 

0.99– 20.70 

 

H 

(46) 

M 

(21) 

44.24 ± 9.57 

10 -81 

4.69 ± 2.08 

1.09– 9.09  

0.432 F 

(25) 

44.88 ± 17.10 

11– 87 

3.53 ± 1.14 

1.09 – 6.13 

K1: Malignant Kidney Tumor Patient group, K2: Benign Kidney Tumor Patient group, K3: Non Tumoral Kidney Patients, and H: 

total healthy individuals. M: Male, F: Female. The mean difference is significant at 0.001 level 

 

Previously, the source of increased serum lectins in cancer patient was reported to be unclear
30

.The significant positive 

correlations of serum and tissue lectins of patients with malignant tumors reported here suggest presence of a direct 

relationship between their lectins levels which means that the malignant tumors are the sources of lectin present   in 

the sera of the malignant patients. 

Increased levels of tissue lectins in malignant tumor specimens may be due to: (1) during malignancy, an increased 

expression of oncogene proteins due to chromosomal translocation, amplification, or mutation that is considered one 

of the main alterations in the cancer cells. Lectin may be one of these proteins. (2) In malignant tumor cells, the loss of 

tumor suppressor gene protein products due to deletion or mutation, may lead to increase the oncogene proteins, where 

lectin may be among them. (3) Genetic imprinting errors and genetic instability leading to progressive loss of 

regulated cell proliferation, increased invasiveness, and increased metastatic potential. Expression of lectins is 

completely controlled by the machinery system of protein synthesis. Therefore, it is prone for alteration during 

malignant transformation
4
. (4) The elevation in several carbohydrates concentrations in malignant cells and the 

aberrant glycosylation of glycoproteins
16

 can be considered one of the causes for lectin production.  

In the present study, removal of the tumors, decreased serum hemagglutination activity, thus tumor tissues are 

most likely to produce and secrete lectins in sera. The agglutination test of cancerous tissues showed that lectin was 

found not only on malignant cells but also in macrophages and stromal cells (mainly fibroblasts) near cancer focus, 
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and the stromal cells immediately adjacent to cancer nests was found to have higher levels of the hemagglutination 

activity in comparison to cells far from the nests. These results suggest that circulating lectins are generated not only 

by tumor cells but also from peritumoral inflammatory cells and stromal cells. 

 
Table-6:Gender Differences of Tissue Specific Hemagglutination Activity in Tumoral and non Tumoral Kidney disease Patients 

Type 

 

Gender 

 

Age (year) 

Mean ± S.D. 

Range 

SHU 

Mean ± S.D. 

Range 

p 

 

K1 

(55) 

M 

(36) 

57.31 ± 13.69 

32 – 80 

0.24 ± 0.08 

0.12 – 0.40 
0.338 

F 

(19) 

50.79 ± 9.19 

37 – 65 

0.23 ± 0.07 

0.12 – 0.35 

 

K2 

(23) 

M 

(14) 

43.93± 16.73 

10 – 66 

0.09 ± 0.05 

0.05 – 0.25 
0.798 

F 

(9) 

47.44 ± 12.28 

25 – 62 

0.09  ± 0.02 

0.06 – 0.12 

 

K3 

(18) 

M 

11)) 

47.36 ± 11.33 

27 – 62 

0.09 ± 0.01 

0.08 – 0.11 
0.948 

F 

(7) 

34.57 ± 21.22 

12 – 68 

0.09 ±0.02 

0.07 – 0.12 

K1:Malignant Kidney Tumor Patient group, K2: Benign Kidney Tumor Patient group, K3: Non Tumoral Kidney Patients, and H: 

total healthy individuals. M: Male, F: Female. The mean difference is significant at 0.001 level 

 

3.5 Purification of Serum Human ManBL 
Hydrophobic affinity chromatography was used for isolation and purification of ManBL from sera of patients with 

malignant kidney tumors, benign kidney tumors, non tumoral kidney diseases, and healthy individuals. The 

purification protocol was carried out by using sepharose 6B column activated with bis-oxirane (1, 4 – 

Butanedioldiglycidyl ether) (C10H18O4). The chromatograms of the purified ManBLs were demonstrated in figure 3 

(A, B, C, and D). 

 

 
Fig-6: Affinity Chromatogram of ManBL from A: Malignant Kidney Tumor Patients, B: Benign Kidney Tumor Patients, C: Non 

Tumoral Kidney Diseases Patients, and D: Healthy individuals. Using Sepharose 6B // Mannose Column (1.6×1.3) at Flow Rate 

30 ml / hour. The volume of each fraction was 1 ml. Tris Buffer of 20 mM and 7.4 pH contained 60 mM CaCl2, used as a 

Washing Solution. The Elution step was carried out using the Tris Buffer (20 mM, pH 7.4) contained 5 mM EDTA. 

 

The purification folds and the yield of ManBL from malignant kidney tumors, benign kidney tumors, non tumoral 

kidney diseases, and healthy individuals were139 with 26.4, 185 with 24.2 %, 45 with 6.4 %, and 158 with 18.3 %, 

respectively, (Table-7). 

The analysis of PAGE electrophoresis pattern of purified lectins from patients and the control group 

highlighted the appearance of ManBL band in sera of patients with malignant kidney tumors, benign kidney tumors, 
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and non tumoral kidney diseases, in addition to the healthy subjects. The band seemed to be identical and independent 

on the source of the sample, suggesting unchanged expression of ManBL during malignant transformation of the 

kidney. Such observation confirmed the results of affinity chromatography of the intended lectin (Fig-7). 
 

Table-7: Results of the Purification Protocol of Lectins from Sera of Patients with Benign Kidney Tumors, Non Tumoral Kidney 

Diseases, and Healthy Individuals 

Purification step 

Total volume (ml) 

and Total protein 

(mg) 

Total activity 

(HU) 

SHU (HA/ mg of 

protein) 
Purification (fold) Yield % 

MKT Serum 
3 

45 
44.325 0.985 1 100 

ManBL 
7 

0.085 
11.688 136.862 139 26.4 

BKT Serum 
3 

45 
4.353 0.097 1 100 

ManBL 
7 

0.059 
1.054 17.864 185 24.2 

NTKD Serum 
3 

45 
17.059 0.379 1 100 

ManBL 
8 

0.064 
1.093 17.078 45 6.4 

HI Serum 
3 

45 
4.706 0.105 1 100 

ManBL 
9 

0.052 
0.860 16.539 158 18.3 

The abbreviations: MKT, BKT, NTKD, and HI: Malignant Kidney Tumor, Benign Kidney Tumor, Non Tumoral Kidney 

Diseases, and Healthy Individual sera 

 

 
Fig-7: Conventional Polyacrylamide Gel Electrophoresis (PAGE) 7.5% for Proteins. Tris - glycin buffer (0.075 M, pH 8.9) used 

as the electrodes buffer solution. Prelctrophoresis conditions were 50 mA as a constant current for 30 minutes, with voltage of 15 

v/cm, and at 4ºC.  Electrophoresis was carried out for10 minutes at 20mA, then the process was continued  for 3.5 hours at 4ºC by 

using 40 mA as a constant current and voltage of 15 v/cm. The gel was stained for protein with silver. The crude and purified 

samples that applied were: 

H: crude Healthy Individuals Sera, 1: purified ManBL from Healthy Individuals Sera, NT: crude Non Tumoral Kidney Affections 

Sera, 2: purified ManBL from Non Tumoral Kidney Affections Sera, B: crude Benign Kidney Tumors Sera, 3: purified ManBL 

from Benign Kidney Tumors Sera, M:crude Malignant Kidney Tumors Sera, 4: purified ManBL from Malignant Kidney Tumors 

Sera 

 

The approximate molecular weights of purified ManBLs were determined using conventional PAGE. Five standard 

proteins with known molecular weighs (Lysozyme 13.6 kD, Chemotrypsinogene  25 kD, Ovalbumin  47 kD, Bovine 

Serum Albumin  67 kD, Lactate Dehydrogenase  140 kD)were used. The estimated molecular weight of ManBLs was 

77.45. 

ManBL (the key component of innate immune system) is the first element to recognize microorganisms and 

control infections when adaptive immune response is immature during childhood or when it is compromised by 

immunosuppressive drugs
31, 17

.Exon 1 of the ManBL2gene, which located on chromosome 10, contains 3 functional 

single nucleotide polymorphism at codons 52-54 and 57 referred to variant alleles of D, B and C respectively. The 

impairment of polymerization causes low serum levels or impaired ManBL function. Most ManBL deficient 

individuals are apparently healthy, because they have alternative mechanisms for antimicrobial protection. However, 

ManBL deficiency can become a strong risk factor of developing infectious diseases in immunocompromised 

individuals such as organ transplant recipients
32

. Clinically serum ManBL was suggested a double-edged sword 

– 

+ 

M B N H 1 2 3 4 
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function, meaning that low serum ManBL levels are indicative of increased risk of infections
33, 34

, whereas;  high 

serum ManBL levels is associated with transplant rejection
35, 36

, with advanced renal failure predicting all-cause 

mortality
32

, and with increased cell invasiveness of primary tumors to distant sites
4, 37

.  
 

3.6 ManBL Activity toward Various Human Blood Groups 
To examine the sensitivity of purified ManBLs in the agglutination reactions, blood of A

+
, B

+
, and O

+
 groups were 

used as the source of the erythrocyte samples. O
+
 RBCs were indicated to exhibit the maximal agglutination, among 

the evaluated blood groups. This finding could be explained by differences in glycosylation of the surface proteins of 

red blood cells
38

.Several studies tested the effect of blood sources on the hemagglutination process of purified lectins 

from various sources
39-41

; the result of the present study agreed with some and disagreed with the others. 

 

3.7 Inhibition of ManBL(s) Activity by EDTA 
The hemagglutination process was carried out for the purified ManBLs using human O

+ 
red blood cells trypsinized 

suspension in the presence of EDTA. ManBL (regardless of its origin) lost the hemagglutination activity, completely, 

in the presence of 1×10
-5

 M EDTA. 

 
3.8 Relevance of ManBL Activity with pH Changes 
The effect of pH on the activity of the four purified ManBLs was investigated. Fig-8 points out that maximal lectin 

activity was achieved at pH 7.4 regardless to the source of the examined ManBL, while the purified lectins were 

sensitive to acidic (pH 3) and to basic (pH 12) conditions, under which the activities were completely lost. 

 

 
Fig-8: Effect of the pH on Purified ManBLs Hemagglutination Activity 

 

3.9 Thermal Stability of ManBL Activity 
To explore the effect of temperature on the hemagglutination activity of purified ManBLs, they were incubated at 

various temperatures (0
°
C, 30

°
C, 40

°
C, 50

°
C, 60

°
C, 80

°
C, and 100

°
C) for 1 hour; the mixtures were cooled until room 

temperature. The hemagglutination activity was carried out at 30
°
C

42
.Thermal stability results revealed that purified 

lectins remained stable below 40ºC for one  hour with no loss of hemagglutination activity, while; they loss about 40% 

of their hemagglutination activity at 50 ºC. Lectin activity disappeared when the denaturation was carried out at more 

than 60 ºC (Fig-9). 

 

 
Fig-9: Thermal Denaturation of Purified ManBLs Hemagglutination Activity 

 
The influence of temperature on the hemagglutination activity of purified ManBLs was also evaluated through the 

incubation of purified ManBLs with erythrocyte suspension at 0, 32, 37, 45, 60, and 75˚C. 37˚C seems to be more 

suitable among the examined temperatures for the agglutination process of purified ManBLs (Fig-10). 
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Fig-10: Temperature Effect on the Purified ManBLs Hemagglutination Activity 

 

3.10 The Carbohydrate Content in Purified Lectins 
Total carbohydrate content was found to be 13.5 % from the purified ManBL.  
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ABSTRACT  
Effects on some selected physiological and biochemical parameters of Glycine max and Phaseolus vulgaris were inspecting in present 

investigation using exposure to enhanced CO2 levels. Enriched CO2 levels (2 and 3%) were used to exposed two weeks olds Glycine 

max and Phaseolus vulgaris seedling for 15 minutes per days, for 40 days duration. Aeration with enriched CO2 air resulted in higher 

carbohydrate content as compare to plants grown in ambient CO2 condition. However, reduction in protein was found under elevated 

levels of CO2, the effect was more pronounced at 3% CO2 level as compared to 2%. The amount of various amino acids was increase 

in both CO2 treatments, while decrease was observed in the quantity of glycine and serine. In present study, we furthermore 

investigate the changes in the activity of peroxidase enzyme, which involved in defense mechanisms of plants under oxidative stress. 

The activity of peroxidase enzyme was found to be increases, this increased continued till the end of experimental period and higher 

activity of peroxidase was found in the treated plants than control. 

 

Key words: Amino acid; Carbohydrate; Peroxidase; protein; Glycine max; Phaseolus vulgaris. 

 
1.INTRODUCTION 
CO2 is a natural component of the earth’s atmosphere and it is considered as important gaseous nutrient for green plants in 

order to carry out photosynthesis
1
. The concentration of CO2 in the air has enhanced slowly since about 1850 from about 

280 µl/l to slightly over 340 µl/l at present
2
.  The amount of CO2 that requires by plants to grow vary from plant to plant, it 

was observed that most of plants will stop growing when the CO2 level decreases below 150 ppm, 370 ppm was found to 

be averaged level for normal plant growth, according to another report 1000 to 1400 ppm CO2 level was found to ideal 

level for plant growth and it dramatically increase photosynthetic rates and hence the growth
3
. Elevated CO2 is the 

primary variable that influences growth, yield and increases aboveground biomass
4
.In C3 crops elevated CO2 stimulates 

photosynthesis because ribulose 1, 5-bisphosphate carboxylase/oxygenase (Rubisco) is not CO2 saturated at current CO2 

level and because elevated level of CO2 inhibits photorespiration
5
. There has been no significant stimulation of yield was 

established in C4 crops because C4 photosynthesis is saturated under ambient CO2
6-9

. 

On other hand CO2 is consider as major air pollutant
10

, because it is an important green house gas and absorbing 

infrared radiation from the earth and predicated to cause global warming through a process called the green house effect
11

. 

CO2 enters the atmosphere through burning of fossil fuels, deforestation and also chemical reactions undergoing in 

different factories
12

. Many studies concluded that natural phenomena like volcanoes also produced the warming of earth 
climate13

. Global warming and increased atmospheric CO2 is having a major impact on plant distributions; in general, Plants 

benefit from slightly warmer temperatures and higher CO2, but not all plants will benefit equally from these conditions, 

and some may even be harmed
14

. 

The main intention of this study was to determine the effect of elevated level of CO2 on total carbohydrate, total 

protein and individual amino acid content of Glycine max and Phaseolus vulgaris and to determine the effect of elevated 

levels of CO2 exposure on peroxidase activity, which play important role in protecting plants against injury of oxidative 

stressors. In this study we tested hypothesize that magnitude of responses of both legume species differ with exposure to 

treatments of CO2(2 and 3%) and physiological parameters were used to recognize the difference. 

 

2. EXPERIMENTAL 
Experiments were conducted on Glycine max and Phaseolus vulgaris. The seeds were obtained from local Market. 

Healthy seeds of both species were selected and sterilized with 0.1% Mercuric chloride solution for 5 minutes followed by 

rinsing with tap and distilled water. Seeds were sown in 8cm diameter plastic pots containing 300gm of sterilized 

soil.Half-strength Hoagland's solution was used to irrigate the plants throughout experimental period
15

.Two weeks old 

seedlings were exposed to two different 2 and 3% levels of CO2in controlled environment chamber for 40 days. Air is 

drawn into chamber by cylinder which were obtained from “The National Gas Limited Pakistan”, enriched with CO2, and 

blown through the chamber. All the chambers were maintained at 2 and 3% CO2 levels at 30°C temperature. Plants were 

fumigated with elevated CO2 for 15 minutes per day for 40 days duration, inside chamber light was deliver by fluorescent 

mailto:neelofer_physio@yahoo.com
http://en.wikipedia.org/wiki/Volcano
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and luminescent lamps, which adjusted at top of the canopy. After CO2 exposure the pots were returned to natural 

environmental condition in the net house for growth. The non treated plants serve as control. There were there replicates 

for each treatment.  

 

2.1 Plants responses measurements 
Control and treated leaf samples were collected in early hours of the morning and were kept in labeled sample bags. The 

plants samples were analyzed for following biochemical parameters. 

 

2.2 Estimation of carbohydrate content 
Carbohydrate content was measured according to the method of Yemm & Willis

16
 method using anthrone reagent. 1.0 gm 

of leaves was homogenized in 10 ml of distilled water and centrifuged at 500 rpm for 5 minutes. The supernatant was 

used for estimation of total carbohydrate content. The reaction mixture contained 0.5 ml of supernatant and 5 ml of 

anthrone reagent which was boiled at 100°C for 30 minutes. Absorbance was determined at 620nm. The carbohydrate 

content expressed as µg.mg
-1

 fresh weight.  

 

2.3 Estimation of peroxidase activity 
The activity of Enzyme peroxidase was assayed according to the method of Alvarez

17
. 0.5g leaf were ground ice chilled 

3ml of 0.15M phosphate buffer of pH 5.6 then drop of 3mM Sodium EDTA was added after that the extract was 

centrifuged at 4000 rpm for 10 minutes at 0°C in a refrigerated centrifuge, the supernatant was used for the estimation of 

peroxidase activity and soluble protein. Soluble protein was estimated using Folin reagent and Bovine serum albumin 

using as standard reference (Lowry et al.,. 1951)
18

. For determination of peroxidase activity 0.5ml of crude enzyme 

extract was mixed with 2.5ml of 0.15M phosphate buffer (pH 5.6) and then 0.25ml of 0.1M H2O2 and 0.01M pyrogallol 

was added and after incubation at 28°C absorbance were recorded at 410nm. Activity of peroxidase expressed as µg. mg
-1

 

min
-1

 of leaf fresh weight.   

 

2.4 Extraction and Estimation of protein 
Estimation of Protein was done in plant extracts by the method of Lowry et al

18
. For protein assays, 0.5g leaves were 

ground in 10ml of distilled water. The homogenates were centrifuged for 10 minutes at 3000rpm and the resulting 

supernatants were used for determination of protein content assays. To 0.2ml of plant sample, add 3ml alkaline copper 

sulfate in the presence of tartrate, letthe mixture stand at room temperature for 30minutes. This incubation is then 

followed by the addition of Folin reagent furthermore read the absorbance at 750nm and Bovine serum albumin is used to 

make the standard curve. The amount of total protein content was calculated from a standard curve of Bovine serum 

albumin and expressed as µg. mg
-1

 of leaf fresh weight. 

 

2.5 Amino acid Estimation 
Amino acid were extracted and estimated by the method given by Harbon

19
, 1.0g of plant material were heat at 60°C for 

10 minutes in 10ml of 80% ethanol then material kept over night. Next day it was centrifuged twice at 4000rpm and 

supernatant was taken in vial and their volume is reduced up to 1ml at 40°C temperature then in reduce extract 1ml of 

50% ethanol was added. Separation of amino acids were done by using thin layer chromatography (TLC) technique, on 

thin layer of silica gel amino acid extract  were loaded and run in  n-butanol - acetic acid -water (4:1:1) as solvent. After 

chromatogram dried at room temperature spraying was done with 2% ninhydrine in acetone then spraying the plate and 

heated for 10 minutes at 105°C when most amino acids give purple or grey-blue color their Rf values were calculated. 

Standard of amino acids were prepared by dissolving 250µg amino acid in 1 ml absolute ethanol. 

 

3. STATISTICAL ANALYSIS 
The data for protein, carbohydrate and peroxidase activity of Glycine max and Phaseolus vulgaris 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 
The results achieved for the effect of different concentration of CO2 on total carbohydrate content of Glycine max and 

Phaseolus vulgaris leaves are shown in Fig. 1. Significant (**P<0.01) increase in total carbohydrate content was observed 

in treated samples as compared to control samples throughout experimental period. The result for the effect of elevated 

level of CO2 treatment on enzymatic activity of peroxidase of Glycine max and Phaseolus vulgaris are showing in Fig. 2,
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Fig-1: Total carbohydrate content in Glycine max and Phaserlus vulgaris leaves grown under different Carbon dioxide 

concentration. 

 

 
Fig-2: Peroxidase activity in Glycine max and Phaseolus vulgaris leaves grown under different Carbon dioxide concentration 

 

 
Fig-3: Total protein content in Glycine max and Phaseolus vulgaris leaves grown under different Carbon dioxide 

concentration 

 

the result obtained were statistically significant (P<0.01). Both CO2 treatment of Glycine max and Phaseolus vulgaris 

demonstrate an increase in activity of peroxidase as compare to control. 

 The result get for the effect of different concentration of CO2 on total protein content of Glycine max and 

Phaseolus vulgaris are shown in Fig. 3. From Fig. 3 it is clear that Significant decrease in amount of total protein in leave 

of Phaseolus vulgaris (P<0.05) and Glycine max (P<0.01)was observed throughout the experimental period, whereas, 

increase was observed in control of both species. Individual amino acids content of Glycine max were showing in Table 1, 

at 20
th
 day tyrosine and tryptophan were absent in Glycine max. Lycine, proline, valin and phenylalanine were absent only 
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in control while their traces were present in CO2 treatment.  Traces of threonine and asparagines present in control and 3% 

CO2 however they absent in 2% CO2 treatment. Arginine, alanine, cystine and histidine traces, but low quantity of 

aspartate, glutamate and glutamine were found in both CO2 treatments as well as in control of Glycine max. In control of 

Glycine max glycine and serine was found in low amount whereas their trace were present in both CO2 treatment. 

Moderate amount of methionine, leucine and isoleucine was found in 2 and 3% CO2 treatment furthermore their traces 

were found in control of Glycine max.  

 At 30
th
 and 40

th
 day arginine and tyrosine were absent whereas traces of cystine, threonine, glycine, alanine, 

valine, methionine and phenylalanine and low amount of glutamate and glutamine and aspartate were present in control 

and both CO2 treatment of Glycine max, rest of the amino acids illustrate the uneven trend.  

 Individual amino acids content of Phaseolus vulgaris were presented in Table 2, at 20
th
 day Phaseolus vulgaris 

illustrate bit lower amount i.e. traces of Cystine, asparagines, alanine, valine, metheonine, leucine and glutamine were 

present while isoleucine and tyrosine were absent in Phaseolus vulgaris, in addition histidine and serine were present in 

traces in control, but lacking in both CO2 treatment of Phaseolus vulgaris. Traces of lycine, arginine, prolein, 

phenylalanine, tryptophan and aspartate were found equally in 2% and 3% CO2 treatments while missing in control of 

Phaseolus vulgaris. In both CO2 treatment and control of Phaseolus vulgaris glutamate was found in low amount whereas 

threonine and glycine were present in control but lacking in CO2 treatments. 

 At 30
th
 day cystine, histidine, aspartate, threonine, asparagines, methoinie, serine and glutamine traces but 

moderated amount of glycine, glutamate and arginine were present while lycine, tyrosine, proline, tryptophan, alanine, 

valine, phenylalanine, leucine and isoleucine were missing in control of Phaseolus vulgaris. In 2% CO2 treatment cystine, 

tyrosine and serine were absent while the traces of all other amino acid were present in Phaseolus vulgaris. Cystine, 

histidine, arginine, methioine, glutamine, phenylalanine, leucine, alanine and valine were present in traces, while low 

quantity of aspartate, glutamate, proline and asparagines were present in 3% CO2 treatment of Phaseolus vulgaris. 

 At 40
th
 day amount of various amino acids were found in moderate amount in 2% and 3% CO2 treatments of 

Phaseolus vulgaris while in control of Phaseolus vulgaris traces of various amino acids were observed. 

 

Table-1: Changes in the free amino acids quality in leaves of Glycine max under different concentration of CO2 

Amino Acids 

Control 2% CO2 3% CO2 

Days after the treatment application 

20 30 40 20 30 40 20 30 40 

Cystine + + + + + + + + + 

Histidine + + + + + + + - - 

Lycine - + - + + + + + + 

Aspartate ++ + ++ ++ ++ ++ ++ ++ ++ 

Threonine + + + - + + + + + 

Glycine ++ + + + + + + + + 

Glutamate ++ ++ ++ ++ ++ ++ ++ ++ ++ 

Arginine + - - + - - + - - 

Tyrosine - - - - - - - - - 

Proline - - - + + ++ + + ++ 

Asparagine + + + - - - + + + 

Tryptophan - - - - - - - + + 

Alanine + + + + + + + + + 

Valine - + + + + + + + + 

Methionine + + + +++ + + +++ + + 

Phenylalanine - + + + ++ ++ + + + 

Leucine + - - +++ + - +++ + + 

Serine ++ ++ ++ + + + + - - 

Isoleucine + - - +++ + + +++ - ++ 

Glutamine ++ ++ ++ ++ + ++ ++ ++ ++ 

+ Traces, ++ low, +++ moderate and ++++ high. 
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Table-2: Changes in the free amino acids quality in leaves of Phaseolus vulgaris under different concentration of CO2 

Amino Acids 

Control 2% CO2 3% CO2 

Days after the treatment application 

20 30 40  20 30 40  20 

Cystine + + + + - +++ + + - 

Histidine + + + - + +++ - + +++ 

Lycine - - + + + ++ + - - 

Aspartate - + + + + +++ + ++ +++ 

Threonine + + + + + +++ - - +++ 

Glycine ++ ++ + + + + - - - 

Glutamate ++ ++ + ++ + ++ ++ ++ - 

Arginine - ++ + + + +++ + + +++ 

Tyrosine - - - - - - - - ++ 

Proline - - - + + ++ + ++ + 

Asparagine + + + + + + + ++ ++ 

Tryptophan - - + + + +++ + - +++ 

Alanine + - + + + ++ + + - 

Valine + - + + + - + + ++ 

Methionine + + + + + ++ + + +++ 

Phenylalanine - - - + + +++ + + ++ 

Leucine + - - + + + + + ++ 

Serine + + + - - - - - - 

Isoleucine - - - - + ++ - - - 

Glutamine + + - ++ + +++ + + +++ 

+ Traces, ++ low, +++ moderate and ++++ high 

 

5. DISCUSSION 
In present investigation increased in total carbohydrate content was observed. Elevated CO2 conditions produced an 

average increase in total carbohydrate contents of 28% for clover and 16% for phalaris
20

. Short-term exposure of elevated 

CO2 for plants generally leads to increased rates of leaf-level photosynthesis due to better activity of ribulose-1.5-

bisphosphate carboxylase/oxygenase
21

. Many studies reported that during growth under twice-ambient CO2, leaf soluble 

carbohydrate content increased on average by 52% and starch content by 160% 
21

. In the short term (hours to days), 

elevated CO2 increases the rate of photosynthesis in plants. However, over the longer term (days to weeks), growth in 

elevated CO3 often decreases photosynthetic capacity because of decreased in the content of photosynthetic enzymes
22

. 

According to an other report an increased in total carbohydrate content of two Vigna species was observed, which exposed 

to enriched CO2 air for short duration
23

.  

Increase in peroxidase activity of Glycine max and Phaseolus vulgaris revealed in present investigation. Short 

term exposure of enriched CO2 is reported to enhance the activity of peroxidase
24

. Peroxidase is involved in numerous 

physiological mechanisms and it is commonly reported that frequently oxidizing agents are responsible for the stimulation 

of peroxidase activity in plants
25

. Peroxidase is believed to assist the production and breakdown of hydrogen peroxide and 

other reactive oxygen species
26-28

. Elevated level of CO2 and ozone, alone and in combination with one another, found to 

increase the activity of peroxidase, which is the first line of enzymatic defense against oxidative stress, Thus, atmospheric 

CO2 enrichment increased the activities of peroxidase enzymes that function to keep cells from experiencing oxidative 

damage, particularly to their membranes
29

. 

 In the present investigation, decrease in the total protein content is evident with fumigation of the elevated levels 

of CO2,however increased in various amino acid content was observed on one hand, on the other lower glycine and serine 

was observed. Elevated levels of CO2 caused significant reduction in protein content in wheat
30

.  Barbehenn suggested 

that plants protein concentration decreased much more in the C3 species (22%) than in the C4 species (7%) when the 

plants were grown in CO2 enriched air
31

. Likewise, Agrawal and Deepak
32

 determined that CO2 enrichment results in 

diminish leaf protein levels by 3-4% in wheat. Zeigler suggested that such decrease could be attributed to break down of 

existing protein and reduced in synthesis
33

. Rise in the atmospheric CO2 content typically lead to greater decreases in the 

concentrations of nitrogen and, therefore, protein in the foliage of C3 as compared to C4 grasses
34

. Another investigation 

supported that the CO2-induced decrease in leaf protein concentration but it did not reduces the growth rate of plants
35

. 

Rogers et al. found that total amino acid and Nitrogen content increased markedly at elevated level of CO2 
36

. Although 

Amino acids involved in photorespiration (glycine, serine) make a large contribution to the total amino acid pool; as a 

consequence of the lower rates of photorespiration these amino acids typically decrease at elevated level of CO2
37

. 

Ferrario-Mery et al suggested that, reducing photorespiration at elevated CO2 level may result in large decreases in leaf 
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concentration of glycine and serine and ammonium
38

. Stitt & Krapp recommended that decreased in pool sizes of glycine 

and serine furthermore associated with lower protein content in leaves at elevated CO2 (37). Reduced photorespiration 

decreases the rate of nitrate photo reduction and this may contribute to lower protein content in leaves that grow at 

enriched CO2 circumstance
39

. 

 

6. CONCLUSION 
Exposure of elevated level of CO2 led to increased carbohydrate content of both legume species. The decrease in protein 

content and free amino acids (glycine and serine) of Glycine max and Phaseolus vulgaris was observed. While activity of 

Peroxidase enzyme, which participate in defense mechanisms of plants under oxidative stress, increases at enriched CO2 

condition. 
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ABSTRACT 

Natural dyes are living chemical compound which showed color in presence of oxygen and color less in presence of hydrogen. 

The addition of oxygen and hydrogen results in an oxidation and reduction of dye. This change in color was used for the 

demonstration of oxidation and reduction visually in one day open activity of chemical show of oxidation reduction reaction 

where students gain knowledge very easily about the oxidation and reduction reaction just by showing the change in color of 

reaction mixture. 

 

Keywords: dyes, oxidation, reduction, learning, color 

 
1. INTRODUCTION 
The students find great difficulty in verbal demonstration of loss and gain of electron during learning of oxidation and 

reduction reactions or explanation of addition of oxygen and hydrogen but perception of oxidation and reduction 

reactioncan be developed by using famous blue bottle experiment as dyes showed following important aspects 

 Dyes have many properties of changing color
1-4

 

 Interaction of light gives excitation of electron which results in change in color  

 Addition of “H” gives color less state
5
 

 Removal of Oxygen gives color less state
2
 

This study was planned for the development of the visual concept of oxidation reduction reaction by the color of dye.  

 

2. EXPERIMENTAL 
1. Before starting the visual demonstration of blue bottle experiment a theoretical concept of redox reaction of 

about 20 - 30 minutes was delivered.  

2. All required solution of dye,reducing sugar and alkaline medium (NaOH)were prepared by usual methods as 

reported earlier
1
. 

3. Shaking of solution  allow  to dissolve the oxygen  in reaction mixture which give blue color  

4. Upon standing color permanently change. 

 

2.1 The demonstration of methodology 
1. Flask which contains dye, mannose and sodium hydroxide solution was shaking vigorously to show that blue 

color appear due to the dissolve oxygen from atmosphere. 

2. The blue color of the dye showed the oxidized state of the dye or oxidation of dye occurs.  

3. Now allow to stand the flask, blue color will change into the color less which showed that oxygen is 

consumed by the sugar which converted into respective acid and now hydrogen from sugar acid will 

abstracted by the dye or “H”will added into the dye molecule for its reduction and reduction is indicated by 

the color less state after addition of hydrogen
1
 (Figure). 

 

3. RESULTS AND DISCUSSION 
Verbal learning of oxidation reduction reaction at grade twelve levels is a difficult task for the students. Blue bottle 

experiment can now be applied to teach oxidation reduction reaction to grade twelve students visually through which 

they can understand the redox reaction easily. Dyes are mysterious compounds, showed color in presence of oxygen 

while colorless when hydrogen is added
6; 7

.This property of dyes gives good demonstration of the oxidation–reduction. 

For this purpose methylene green (MG) and mannose were found to be suitable in alkaline medium to demonstrate the 

dissolved oxygen in an alkaline reaction mixture. Students from grade 12 find this reaction excellent and it is 

considered a classic clip in chemical demonstration shows.  

Addition of oxygen or oxidation of dyes can simply be explained by appearing color in a half-full bottle of 

colorless liquid of MG, turns blue when shaken due to dissolve oxygen, and when the bottle is allowed to sit still, the 

color fades. Figure showed that solution which is in contact with the air gives blue color whereas inside colorless state 

showed that  oxygen consumed in the oxidation of  mannose due to which reduction of dye was occurred by hydrogen 

abstraction from the respective acid of  sugar
3,4,7

. On the molecular level, the blue bottle experiment is a complex 

system composed of water, the simple sugar mannose, the dye methylene green, the hydroxide ion, and oxygen from 

the atmosphere. The color change occurs to a pair of competing reduction-oxidation reactions. Hence, the blue bottle 
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experiment
1
 is an astonishing tool for introducing the key concepts of reduction and oxidation. In thefirst stage of the 

blue bottle experiment, the methylene green acts an oxidizing agent and the mannose acts as a reducing agent. When 

the bottle is shaken, more oxygen will dissolve in the reaction mixture. The additional oxygen acts as an oxidizing 

agent and changed methylene green to its blue (oxidized) form. The result is a dramatic color change from colorless to 

blue and best visual explanation of oxidation and reduction reaction simultaneously through famous blue bottle 

experiments (Fig). 

 

4. TEACHING COMMENTS 

 A white background helps is required for demonstration redox reaction visually
1
. 

 Methylene green is a redox indicator like methylene blue and is colorless when reduced but color restore on 

oxidation
1
. 

 The removal and regeneration of the color is due to oxidation-reduction reaction, under alkaline conditions, 

and shaking the solution allows oxygen enter into solution which shift the equilibrium in backward direction 

and re-oxidizes the methylene green back to the blue form
1
. 

 This experiment can be a popular “Open Day activity “but can   also be used to demonstrate the oxidation 

reduction reaction visually 

. 

Fig-1: A visual demonstration of oxidation reduction reaction by methylene green and Mannose 
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ABSTRACT 
Partial molar volume, V

0
, of Ciprofloxacin in water, 0.05 mol Kg

-1
 hydrochloric acid and 0.05 mol Kg

-1
, Iron (III) chloride 

solutions at 298.15 and 308.15 K was calculated from precision densities obtained from Density Sound Analyzer (DSA 5000). 

The data represent the smaller volume of drug in 0.05 mol Kg
-1

 Iron (III) chloride solution than water and 0.05 mol Kg
-1

 

hydrochloric acid at constant temperature.  The differences in volumes are interpreted as due to hydrophobicity of solutes. 

Relative hydrophobicities were estimated from volumes of transfer from one media to another media. The hydrophobicity of this 

compound also plays a key role in the drug action. The possible mechanism of drug binding with the membrane structure is also 

discussed. 

 

Key words: Ciprofloxacin, apparent molar volume, partial molar volume, partial molar expansivity, Hydrophobicity 

 
1. INTODUCTION  
In bio-physical chemistry, drug interaction is the subject of intensive studies, involving complex molecular 

mechanism and certain hormones, antibiotic and peptide actions, amphiphilicity in molecular structure are considered 

to be a key factor in the overall drug mechanism
1, 2

. The knowledge of thermodynamic properties and properties of 

water and aqueous solutions in relations to ions or other types of solute molecules are of particular importance in 

biology
3
. The partial molar volume of a solute can be regarded as the sum of intrinsic volume, Vi, plus volumetric 

effects of solute-solvent interactions
4
. The partial molar volume and the related volumetric parameters of drug 

compounds in aqueous solutions at different temperatures and pressures have been investigated by several authors
5-9

. 

Since volume is an additive property therefore gross changes in the volume of a system can be assessed by 

comparing the volume of the system with those of its components hence volumetric data of drugs can provide clues to 

the interactions occurring in cellular fluids. Recent literature on the volumetric properties of drug and other materials 

of biological importance shows increasing interest by a number of workers in this area of study (6-10). 

The fluoroquinolones are well-established broad-spectrum antibiotics with activity against clinically 

important uropathogens
10-13

. Ciprofloxacin is one of them which have been evaluated as single agents for the treatment 

of pneumonia. This fluorinated quinolone demonstrates excellent in vitro activity against Haemophilus influenzae, 

Enterobacteriacae, including Enterobacter cloacae, methicillin-susceptible Staphylococcus aureus, and Pseudomonas 

aeruginosa, and moderate activity against Streptococcus pneumoniae
14-18

. Due to importance of ciprofloxacin as an 

antibiotic drug, the study of its volumetric properties in various aqueous solutions may be helpful in investigating the 

molecular phenomenon occurring in physiological media
18-22

.  

This work is part of a study of molecular interactions in drug-substrate systems using thermodynamic 

methods. Partial molar volumes of ciprofloxacin, is calculated from experimental densities in water, 0.05 mol Kg
-1

 

hydrochloric acid and 0.05 mol Kg
-1

,  Iron (III) chloride solutions at 298.15 and 308.15 K calculated from precision 

densities obtained from Density Sound Analyzer (DSA 5000).  The data are discussed in terms of relative solvation of 

this compound in water, hydrochloric acid and Iron (III) chloride solutions. The hydrophobicity of drug and aspects of 

structural features along with drug action are also discussed.  

 

2. EXPERIMENTAL 
Ciprofloxacin C17H18FN3O3, used in this study was supplied by Sigma (64K-661214). It is a faintly yellowish to light 

yellow crystalline substance and its chemical structure (Fig-1) The solvents used were water, conc. HCl (Riedel-231-

595-7) and FeCl3.6H2O (Merck, D6100). This compound was further purified by recrystallising from ethanol-water 

mixture. Water used in the experiments were doubly distilled and degassed. Solutions were prepared immediately 

prior to measurements by addition of stochiometric quantity ciprofloxacin to the solvents and were prepared by weight 

using Sartorious balance. The molality range studied was between 2.0 x 10
-2

 ± 10
-5 

mol Kg
-1

 and  3.0 x 10
-2

 ± 10
-5 

mol 

Kg
-1

. The density of Ciprofloxacin solutions of different concentrations at different temperatures were determined by 

DSA. Before measurements the DSA was calibrated using ultra pure water and air at each temperature.  

 

3. RESULTS AND DISCUSSION 

The apparent molar volumes of ciprofloxacin (V/cm
3
.mol

-1
) have been calculated by the following equation 

V = M/d – 10
3
(d – do)/mdsdo ,              (1) 
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Where M is the molar mass of ciprofloxacin and do, ds and m are the solvent density, solution density and the solution 

molality, respectively. The constant 10
3
 is for recalculation of molality from mol/Kg into mol/g to be consistent with 

M in mol/g. The V data obtained from equation (1) was fitted to the following equation
23

. 

V = V
0
 + Svm,                  (2) 

Where V
0
 is the partial molar volume at infinite dilution, m is the molality of ciprofloxacin solution and Sv is the 

impirical parameter which depends on solvent, solute and temperature 
23

. The values of V
0 
and Sv are given in Table 1. 

The values of partial molar expansivity were then calculated from the partial molar volume by the relation: 

E
0
 = (V

o
/T)p                                  (3) 

The isobaric coefficient of thermal expansion was determined, as defined by
23

 

()p = (E
o 
/ V

o
)p,               (4)

 

The values of E
0 
and ()p are given in Table 2. 

The increase in partial molar volume V
0
 with an increase in temperature  (Table 1) is believed to be occurring due to 

the reduction in electrostriction. A decreasing trend is also observed in the values of V
0
 as the solvent media changes 

from water to 0.05 mol/Kg HCl and 0.05 mol/Kg FeCl3.6H2O solution at the same temperature. This can be explained 

by the disruption phenomenon of side-group hydration by that of the charged end. The values of the partial molar 

transfer volume Vtr of ciprofloxacin in water and 0.05 mol/Kg HCl and water and 0.05 mol/Kg FeCl3 solution are 

given in Table 3 and are calculated as; 

Vtr = V
o
 (in water) - V

o 
(in aq. HCl)  (5) 

Vtr = V
o
 (in water) - V

o 
(in aq. FeCl3)  (6) 

The positive values of Vtr  indicated that he hydration shell of the solute molecule increases in volume with the 

change of solvent due to increase in hydrogen bonding with the water molecules as discussed above. This leads to 

decrease to structure breaking tendency of the ion and then enhance the electrostriction of the water caused by 

hydrogen and chloride ion.  

 
Table-1: Values of the partial molar volume (V

o
) and solute-solute interactions parameter (Sv) of Ciprofloxacin in various 

solvents at 208.15 K and 308.15K 

Solvents Temperature(K) V
o
(cm

3
mol

-1
) Sv (cm

3
mol

-2 
kg) 

Water 
298.15 273.216 500.141 

308.15 277.835 497.285 

HCl 
298.15 260.493 713.785 

308.15 269.973 499.114 

FeCl3.6H2O 
298.15 241.721 500.471 

308.15 246.362 498.957 

 
Table-2: Partial molar volumes and expansibilities of Ciprofloxacin studied in various solvents at 208.15 K and 308.15K 

Solvents 
Temperature 

(K) 

E
o 

(cm
3
mol

-1
 K

-1
) 

(K
-1

10 
-3

) 

Water 
298.15 

0.46 
1.683 

308.15 1.655 

HCl 
298.15 

0.37 
1.420 

308.15 1.370 

FeCl3.6H2O 
298.15 

0.47 
1.944 

308.15 1.907 

 

Table-3: Partial  molar transfer volume Vtr of ciprofloxacin in water and 0.05 mol/Kg HCl and water and 0.05 mol/Kg FeCl3 

solution 

Temperature V
o
 (in water) V

o 
(in aq. HCl) V

o 
(in aq. FeCl3) 

Vtr 

(cm
3
 mol

-1
) 

298.15 273.216 260.493 - 12.723 

308.15 277.835 269.973 - 7.862 

298.15 273.216 - 241.721 31.495 

308.15 277.835 - 246.362 31.473 

 

Partial molar expansibilities E
o
, can be calculated using equation 2. E

o
 values obtained in this manner are shown in 

Table 2. The positive values of E
0
 indicate that the hydration shell of the solute molecules increases in volume with a 

change of the solvent due to increase in the water molecules and hence indicate the predominance of hydrophobic 

hydration over the electrostriction of water molecules around the solute molecules. 
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The compound studied in this work is a flouroquinolone antibiotic which exhibits minimal side effects and has broad 

antimicrobial spectrum, is being used frequently to treat various infections
24

. Fig-1 shows that an important structural 

feature of these compounds is the presence of hydrophobic and hydrophilic domains. The hydrophobicity of these 

compounds may well play a crucial role in the resulting drug reaction. It can be argued that the hydrophobic force 

supplements the structure-activity relationship in that these molecules tend to bind in a site-specific manner.  The 

hydrophilic and hydrophobic parts of the drug match with the specific counter sites on the membrane. The hydrophilic 

part of the drug molecule being anchored to the polar head group of the lipid chain (or at some suitable site on the 

imbedded protein), pushes the hydrophobic tail into the bilayer grease. The decrease of the bioavailability of 

ciprofloxacin due to interactions with drugs or food containing metal ions is known for a long time
25, 26

. A marked 

rank order correlation between the extent of ciprofloxacin coordination with various metal cations and the reduction in 

ciprofloxacin oral bioavailability was observed. Thus, the reduction of bioavailability is somehow related to the 

formation of complexes between ciprofloxacin and metal ions
27

. The complexed species is different from the 

uncomplexed drug in size, geometry and charge. These factors could hinder the passive diffusion of ciprofloxacin 

through the cell membranes
27, 28

. Thus the partial molar volume, V
0
, of ciprofloxacin values (Table 1) in FeCl3 solution 

was found to be decreased as compared with water and HCl which may be due to the complex formation. 

 

 
Fig-1: 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinolinecarboxylic acid 

 

 
Fig-2: Molality and Apparent molar volume (V ) plot for Ciprofloxacin in H2O at 298.15 K and 308.15 K 

 

 
Fig-3: Molality and Apparent molar volume (V ) plot for Ciprofloxacin in HCl at 298.15 K and 308.15 K 
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Fig-4: Molality and Apparent molar volume (V ) plot for Ciprofloxacin in FeCl3.6H2O at 298.15 K and 308.15 K 
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ABSTRACT 
A pot experiment was conducted with six different concentrations of copper (Cu) viz., 0, 10, 20, 30, 40 and 50 (ppm) to determine 

the the response of wheat plants grown in earthen pots lined with polythene bags under glass house conditions. The growth 

attributes like plant height, fresh and dry weight yield, percent dry matter enhanced with increasing Cu concentrations and was 

maximum at 30 (ppm) Cu while the number of tillers was minimum at this level. The grain yield at 30 (ppm). Cu was enhanced by 

65.2% from the control. The increase in weight of 1000 grains ranged from 45.95 to 48.49 g in comparison to control (3205 g).  

Harvest index (%) also increased and ranged from 42.49 to 49.50 in different treatments in comparison to control (39.99). Both 

1000 grain weight and harvest index were maximum in the plants at 30 (ppm) copper. Cu concentrations in leaves, grain and straw 

enhanced with increasing levels of Cu application. The Fe concentration in leaves was significantly reduced by Cu application and 

the reduction was 11.5% at 50 (ppm) Cu and was not influenced in by Cu application in grain and straw. The Mn concentration 

was not affected by Cu application in any of the plant part studied. However, Zn concentration decreased significantly at higher 

levels of Cu (40 and 50 ppm) in leaves and remained unaffected in the grain and straw.  

 

Keywords: Growth, Yield, Photosynthetic Pigments , Mineral Composition, Wheat, Cu, Toxicity  

 
1. INTRODUCTION  
Micronutrient deficiency has become a major constraint for crop productivity in many Pakistani soils. The deficiency 

of micronutrients may either be primary, due to their low total contents or secondary, caused by soil factors that 

reduce their availability to plants (Sharma and Chaudhary, 2007). Copper as an essential micronutrient for normal 

growth and metabolism of plants is well documented (Sharma and Agarwal, 2005; Singh et al., 2007). Deficiency of 

Cu in soils has been observed only in certain parts of punjab (Tiwari and Tiwari, 1993) and therefore responses of 

crops to Cu were assessed only at a few locations (Sakal, 2001).Although the reported available soil Cu content in 

alluvial soils of Pakistan. is not indicative of Cu deficiency but plant response to Cu application is known for such 

soils (Katyal and Agarwala, 1982; Mehrotra, 1993). It is also known for agricultural species that soil analysis does not 

always discriminate between responsive and non-responsive sites (Robson and Reuter, 1981). Moreover, level of Cu 

in soil decreases with increasing pH due to stronger adsorption of Cu to soil particles (Lindsay, 1972). Hence, high pH 

soils may also possess problem of low Cu availability.  

A nutrient imbalance may also arise by the presence of an excessive amount of a nutrient element that hinders 

another nutrient in performing its normal metabolic functions (Malewar, 2005; Zengin and Kirbag, 2007). 

Furthermore, the knowledge of the plant parts which accumulate the highest concentration of any nutrient should 

prove to be useful criterion in delineating the deficiency levels of nutrients from sufficiency and toxicity levels. The 

concentration of micronutrient cations (Cu, Fe, Mn and Zn ) often does not vary greatly within plant parts, however, 

application of nutrient(s) in question may alter the concentration of other micronutrients to some extent which may 

influence their critical level in plant parts (Sharma and Bapat, 2000). Wheat is an important cereal crop of India which 

is highly susceptible to low level of Cu (Patel and Singh, 1995). Despite the application of recommended quantities of 

the major plant nutrients, the increase in productivity of wheat crop is not encouraging. This indicates that in addition 

to major plant nutrients, there is a need to apply those micronutrients which are deficient or low in the soil in a 

balanced manner. Many interactions among these micronutrients may also occur. Studies have shown that Cu and Zn 

interact with each other due to antagonistic relationship as Cu -Zn antagonism has been suggested by many workers 

(Dangarwala, 2001).The present study was conducted to examine the effect of different exogeniuously applied 

concentrations of Cu on the growth, yield, photosynthetic pigments and mineral composition in various parts of wheat 

in pot culture.  
 
2. EXPERIMENTAL 
A pot experiment was conducted with wheat (Triticum aestivum Faisalabad 2008) in the botanical garden, department 

of biological sciences university of Sargodha. Some physicochemical characteristics of the soil were: texture- sandy 

bloam, pH (1:50 soil water extract) 8.6, EC2 0.20 dSm
-1

, organic matter 0.67%, CaCO3 0.80%, diethylene triamine 

penta acetic acid (DTPA) extractable Cu, Fe, Mn and Zn were 1.1, 8.4, 7.8 and 1.7Dg g
-1

 soil, respectively. Soil 

analysis for calcium carbonate was done by rapid titration method (Jackson, 1958), organic matter by Walkley and 

Black's titrimetric method and available Cu, Fe, Mn and Zn in DTPA extract (Lindsay and Norvell , 1978).  A basal 

treatment of 200 ppm soil as Ca (NO3), 100 mg kg
-1

 soil as KH2PO and 100 mg kg
-1

 soil as MgSO4 was applied to all 

the pots. The different micronutrients, like Fe, Mn, Zn, B and Mo were applied @ 10, 10, 1,1 and 10 ppm, respectively 
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through their AR grade salt  solutions, FeSO4.7H2O, MnSO4.4H2O,  ZnSO4.7H2O, NaBO.10H2O and 

(NH)MoO.4H2O, respectively. The experiment was conducted in completely randomized design. There were six 

treatments comprising 6 levels of Cu (0, 10, 20, 30, 40 and 50 mg Cu kg
-1

 soil). Cu treatments were given through 

addition of varying amounts of AR grade salt solutions of CuSO4.5H2O. The solutions were prepared in distilled water 

using required amount of copper sulphate. The fertilized soil was filled in 10" undrained polyethylene (plastic) pots (8 

kg soil pot
-1

). Four plants of wheat were grown in each pot and each treatment had four replications. Pots were 

randomized in an evaporatively cooled glass house and irrigated with deionised water throughout the experiment. 

Data pertaining to growth parameters were recorded as plant height, tillering, fresh and dry matter yield. Various grain 

yields attributes were also recorded at harvest. Samples of leaves at flowering stage, grain and straw at maturity were 

taken for chemical anlaysis. The plant samples were oven dried at 70 
o
C for 48 hours and powdered. For analysis of 

micronutrients like Fe, Mn, Zn and Cu, 1 g dried sample was wet digested in nitric-perchloric acid (10:1 v/v) mixture 

(Piper, 1942). The concentrations of Fe, Mn, Zn and Cu were determined by using an atomic absorption 

spectrophotometer (Techtron AA120). The data have been analyzed for its statistical significance at p=0.05 (5% level 

of probability) by analysis of variance in completely randomized design.  
 
3. RESULTS AND DISCUSSIONS  
Plant growth, fresh and dry matter yield: The increase in plant  height was maximum (23%) at 30 mg kg Cu 

application in comparison to control plants . The number of tillers was maximum in control plants which decreased to 

a minimum in the plants at 30 mg kg
-1

 Cu level (Table-1). However, all the tillers of control plants were not of 

effective type. Thus the plants at low copper had decreased height and profuse tillering which could be attributed to 

the loss of apical dominance of the main stem. Similar effects of low Cu have also been described in different plants 

(Agarwala and Sharma, 1976; Agarwala and Sharma, 1979; Marschner, 1995). Shoot fresh and dry matter yield and 

percent dry matter were minimum in the control plants and increased with an increase in Cu application rate to a 

maximum at 30 mg kg
-1

 Cu at 80 days of growth (Table 1). At levels higher than 30 ppm Cu, the shoot dry matter 

yield decreased slightly in agreement with the reports of Kumar et al. (1990) in wheat plants.  

Table-1: Toxic Effect of different increasing  concentrations  of copper on growth parameters  of wheat at seedling stage 

Cu applied 

Ppm 

Plant Height 

(cm) 

Number of tillers 

/plant 

Shoot fresh weight 

(g/pot) 

Shoot dry weight 

(g/pot) 

Percent dry weight 

% 

0 1.09 0.21 1.29 0.28 5.68 

10 1.03 0.18 1.23 0.29 5.63 

20 1.16 0.21 1.39 0.32 5.60 

30 1.02 0.19 1.26 0.26 5.45 

40 1.01 0.15 1.19 0.24 5.38 

50 1.00 0.13 1.17 0.21 5.18 

SE (difference)      

Significant at p=0.05(5% level of probability 

Table-2: Toxic Effect of different increasing concentrations of copper on the grain yield attributes, straw yield and harvest index 

of wheat 

Cu applied 

Ppm 

Length of 

main ear (cm) 

Number of 

ears/plant 

Number of 

grains /ear 

Grain yield 

(g/pot) 

Straw yield 

(g/pot) 

1000 grains 

weight.(g) 

Harvest 

index (%) 

0 7.7 1.9 11.6 4.99 8.88 33.68 36.96 

10 8.8 1.8 15.8 5.48 7.77 36.07 42.39 

20 9.5 1.3 13.7 5.46 6.66 39.52 43.99 

30 10.5 1.7 18.00 7.42 4.90 42.75 46.76 

40 8.8 1.6 16.5 5.55 0.96 34.75 41.81 

50 8.2 1.5 17.1 3.90 5.48 34.94 40.52 

SE (difference) 0.9 1.3 2.4 0.96 4.32 1.63 3.39 

CD (p=0.05) 1.5 NS 6.5 2.04 1.13 3.42 6.03 

Significant at p=0.05 (5% level of probability) 

Table-3: Toxic Effect of different increasing concentrations  of copper on Photosynthetic pigments 

Cu applied Chorophyll a Chlorophyll b Chlorophyll a+b Carotenoids Chlorophyll a/b 

0 1.09 0.21 1.29 0.28 5.68 

10 1.03 0.18 1.23 0.29 5.63 

20 1.16 0.21 1.39 0.32 5.60 

30 1.02 0.19 1.26 0.26 5.45 

40 1.01 0.15 1.19 0.24 5.38 

50 1.00 0.13 1.17 0.21 5.18 

SE (difference)      

Significant at p=0.05 (5% level of probability) 

Grain yield attributes and straw yield: The length of the main ear was significantly increased in plants applied with 20 

ppm and 30 ppm Cu while the number of ears per plant was not significantly affected by Cu application. The number 
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of grains per ear was significantly increased in plants at 30 and 40 ppm Cu levels. The grain yield was maximum in 

the plants at 30 ppm Cu level and it was 62.9% higher than the control plants. However, the grain yield was reduced 

by further addition of Cu at 40 mg kg
-1

 and 50 mg kg
-1

. The weight of 1000 grains and harvest index were also 

increased significantly in plants at 30 ppm Cu (Table-2). 

The grain yield enhancement at 30 ppm Cu was mainly due to increase in the length of ear, grain number per 

ear, grain weight and harvest index. The results are in accord with the earlier reports that plants grown in alluvial soils 

of Uttar Pradesh respond to Cu application even if the soil is not deficient in available Cu (Katyal and Agarwala, 

1982; Mehrotra, 1993; Tiwari and Tiwari, 1993). Reduced grain yield in low Cu plants is in accordance with the 

reports of Nambiar (1976) and Agarwala and Sharma (1979). This is due to the reduction in the number of effective 

tillers, disturbed setting of grains and the production of rudimentary and blind ears in suchplants. The reduction in 

grain yield at 40 and 50 ppm Cu levels may be due to excess of Cu and its interaction with other micronutrients like Fe 

and Zn (Dangarwala, 2001).  

The straw yield of wheat was not significantly influenced by Cu application (Table 2). This might be due to 

excessive tillering in low Cu plants as a result of loss of apical dominance of the main stem (Marschner, 1995). 

Tissue Mineral composition The Cu concentrations in leaves, grain and straw increased significantly with an increase 

in the level of applied Cu and was maximum at 50 mg kg
-1

 Cu. This is in accordance with the reports of Loneragan et 

al. (1980) and Kumar et al. (1990). The percent increase in Cu concentration at 50 ppm Cu was 40.0, 38.8 and 46.1 

respectively in leaves, grain and straw.  

The application of Cu significantly reduced the Fe content in the leaves and the magnitude of reduction was 

10.3% with the application of 50 ppm Cu over control. The results are in agreement with those of Brar and Sekhon 

(1978) who observed that excess Cu antagonistically affect the translocation of Fe from stem to the leaves. However, 

no such effect was seen in the Fe content of grains and straw which showed only slight variation with the increasing 

Cu levels. 

The concentration of Mn in leaves, grain and straw was higher at lower levels of Cu and insignificantly 

decreased at higher levels of Cu. Hulagur and Dangarwala (1982) have reported a decrease in Mn uptake on Cu 

application in maize plants grown in a loamy sand soil.  

The application of Cu did not affect the concentration of Zn in the leaves of wheat plants at  lower levels of 

Cu but at higher levels of Cu (40 and 50 ppm), the Zn concentration decreased significantly. The antagonistic effect of 

Cu and Zn on plant growth has been well documented (Arora and Sekhon, 1982; Dangarwala, 2001). However, no 

such effect was observed in Zn concentrations of grain and straw of wheat plants.  

The present findings thus suggest that Cu fluxes and it's interactions with other micronutrients (Fe, Mn and 

Zn) affect the growth and yield of wheat plants. Application of Cu in excess amount may induce the deficiency of 

other micronutrients and adversely affect the yield. Hence, judicious and adequate amendment of Cu can contribute to 

a great deal in enhancing the yield of wheat crop, in Pakistan. 
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