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ABSTRACT:  4- Nitroquinoline-1-oxide (4-NQO) is a carcinogenic compound. In this paper the change transfer 
interaction between acceptor 4-NQO and Genetic Bases like Adenine, cytosine, Uracil has been studied with the help of 
Conductometric Studies. 
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I. INTRODUCTION 
 
 Cancer has been defined as an abnormal mass of tissue, the growth of which exceeds and is uncoordinated 
with that; of the normal tissue and persists in the same excessive manner after the cessation of the stimuli which evoked 
the change. This change may occur due to physical or chemical interaction of a carcinogenic compound with four major 
classes of organic compounds available in living cells. These compounds are protein, carbohydrates, lipids and nucleic 
acids. The mutagenic1,2,3,4,5 and carcinogenic6  activities of 4-NQO have already been reviewed. Its interaction with 
nucleic acids has been studied in vivo7,8,9,10,11 and in vitro12,13,14. However, the nature of its binding to DNA and hence 
the carcinogenic mechanism of 4-NQO has yet been fully explored. Since 4-NQO is a potent carcinogen15 and acts as a 
good electron acceptor. The charge transfer interaction of this carcinogen16 with some of the DNA17 moieties (genetic 
bases), such as, adenine, cytosine and uracil has been studied using electrical conductance measurement in order to 
provide additional evidence on its charge-transfer actions as an acceptor18 and hence on the mechanism of its 
carcinogenesis.19,20 

II. EXPERIMENTAL 
 

 The donors (adenine, cytosine, uracil) were obtained from Fluke and have been used as such. The acceptor, 4-
nitroquino-line-1-oxide (4-NQO), was procured from Sigma. Solvent dimethyl sulfoxide was AR grade (B.D.H.) Stock 
solutions of donor and acceptor of appropriate concentration were prepared by w/v in the above solvent. Electrical 
conductance were measured by Phillips PR-9500 conductivity bridge and conductivity cell (immersion of dip type) 
having cell constant 0.8178.  
All the measurements were made at 50 Hz. Conductivity cell was standardized each day with N/50 KCI solution using 
Lind, Zwolenik and Fuoss21 constants. The conductivity experiments have been performed as follows: 

 By using Gutmann’s21-24 technique to study the charge transfer complexation process, the equimolar stock 
solutions of donors and accept Orin appropriate and varying the volumes of donor and acceptor.  
 

III. RESULTS AND DISCUSSION 
 

On mixing a solution of genetic base (adenine, cytosine or uracil) with a solution of 4-NQO25 in the DMSO 
solvent, an appreciable increase in conductance was noticed with the increase in donor concentration and keeping the 
acceptor concentration constant. At this stage, there may be doubt that the relative increase in 
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conductance may be due to the increase in donor concentration and not due to charge transfer interaction. This problem has been 
solved by taking the conductance of donor and acceptor solution separately. Now on missing the equal amount of donor and acceptor 
solution, the conductance increases appreciably more than that of separate component. This appreciable increase in conductance is 
due to charge transfer interaction and not due to the donor concentration. Thus, this relative increase in conductance of solution may 
be interpreted due to the charge transfer from donor to accepter. 
 
Charge transfer interaction between genetic bases and 4-NQO was studied in dimethylsulfoxide solvent. The titration technique has 
indicated that DNA bases (adenine, cytosine & uracil) FIG. 1.1, form 1:1 complexes with 4-nitroquinoline-1-oxide.  
 
The solvent dimethylsulfoxide used in this study is non-conducting. The genetic bases show little conductance. A representative 
molar ratio plot for uracil: 4-NQO complex is shown in FIG. 1.2. On mixing 1ml of donor and 1ml of acceptor solution, an 
appreciable increase in conductance was noticed. Similarly, an increase in reflective index may be interpreted due to the transfer of 
charge from donor to acceptor. The equilibrium constant data (Table 1.1) indicate the following complexing strength of donors: 
adenine>cytosine>uracil. 
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Table 1.1 Equilibrium Constant (K1)and Extent of Polarization (ρ)   Data for 1:1 Molecular Complexes of 4-NQO with 
some genetic bases in DMSO at 32 oC 

 
Genetic 
Bases 

 
Concentration 

Range of donor* 

 
K1 (dm3mol-1) 

 
Extent of polarization  

ρ×103 

 
Adenine 

 
0.008-0.625M 

 
28.0±4.00 

 
303.00 

Cytosine 0.013-0.156M 12.5±2.00 217.00 

Uracil 0.054-0.500M 7.9±0.25 80.00 

 
*The concentration of the acceptor (4-NQO) was kept constant at  ca. 2×10-4 M in each case. 
The equilibrium constant of guanine : 4-NQO complex could not be determined due to the less solubility of guanine. 
However, it is clear from the equilibrium constant data that purine base (adenine)  forms stronger complex than the 
pyrimidine bases (thymine, cytosine & uracil). The site of interaction of the DNA bases cannot be located by the 
electrical conductance technique.  

However, from the equilibrium constant data it may be proposed that n- * charge-transfer plays an important role in 
the interaction of DNA bases26,27 with 4-NQO. 
Based upon the above experimental results, a model for the carcinogenesis28,29,30,31 of 4-NQO may be proposed, DNA 
and RNA are basic units of nucleic acid. Adenine, cytosine and uracil are constituent units of DNA and RNA in a 
human-being who takes betel quid32, 4-NQO enters his body where it may interact with adenine, cytosine or uracil 
under favorable conditions forming charge transfer complexes.  

In such charge transfer complexes, there is distinct possibility of n- * interaction as shown below: 
 
 

 
 
 
 
 
 
 
 
 
 
Present model requires further work invivo to propose a definite mechanism for the carcinogenesis of 4-NQO. This 
model finds support from the work of Tsibris,33 etal. on the interaction of adenine with flavin, where the interaction 
takes place from N9 position of adenine because it is highest occupied molecular orbital (HOMO). 
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IV. CONCLUSION 
 

 Cancer has been defined as an abnormal mass of tissue the growth of which exceeds and is uncoordinated with 
that of normal tissue and persists in the same excessive manner after the cessations of the stimuli which evoked the 
changes. 4-NQO is present in betel quid, in human beings who takes betel quid 4-NQO (acceptor) enters his body 
where it may interact with genetic bases (adenine, cytosine or uracil) under favorable conditions forming charge 
transfer complexes. In this paper these charge transfer complexes studied by  conductometric studies, by this interaction 
the normal functions of the cell become disturbed leading towards the abnormality in the function of the cell. This 
abnormality may later on appears in the form of mutagenesis which transforms into carcinogenesis. 
 

REFERENCES 
 

[1] Endo, H.; Wada, A.; Miura, K.; Hidaka, Z.; Hiruki, C. Nature 1961, 190, 833. 
[2] Nagai, S. Mutation Res. 1969, 7, 333. 
[3] Okabayashi, T.; Ide, M.; Yoshimoto, A.; Otsubo, M. Chem. Pharm. Bull. (Tokyo) 1965. 13, 610. 
[4] Sambamurti K, Callahan J, Luo X, Perkins CP, Jacobsen JS, Humayun MZ. Genetics. 1988 Dec;120(4):863–873. 
[5] Kohda K, Tada M, Kasai H, Nishimura S, Kawazoe Y. BiochemBiophys Res Commun. 1986 Sep 14;139(2):626–632.  
[6] Wood ML, Dizdaroglu M, Gajewski E, Essigmann JM. Biochemistry. 1990 Jul 31;29(30):7024–7032. 
[7] Nakahara, W.; Fukuoka, F.; Sugimura, T. Gann, 1957, 48, 129. 
[8] Tada, M.; Takahashi, T. Biochem. Biophys. Res. Commun. 1967, 29, 469. 
[9] Tada, M.;Tada, M.;Takahashi, T.Genetic Concepts and Neoplasia, Williams and Wilkins, Baltimore, 1970, p.214. 
[10] Matsushima, T.; Kobuna, I; Sugimura, T. Nature 1967, 216, 508. 
[11] Ikegami, S.; Nemoto, N.; Sato, S.; Sugimura, T. Chem. Biol. Interactions 1969/70, 1, 321. 
[12] Malkin, M.F.; Zahalsky, A.C. Science 1966, 154, 1665. 
[13] Nagata, C.; Kodama, M.; Tagashira, Y.; Imamura, A. Biopolymers 1966, 4, 409. 
[14] Enomoto, M.; Sato, K.; Miller, E.C.; Miller, J.A. Life Science 1968,  7, 1025. 
[15] Loechler EL. Biopolymers. 1989 May;28(5):909–927.  
[16] Tada M, Kohda KH, Kawazoe Y. Gan. 1984 Nov;75(11):976–985. 
[17] Fuchs RP, Schwartz N, Daune MP. Nature. 1981 Dec 17;294(5842):657–659. 
[18] Kadlubar FF. ChemBiol Interact. 1980 Sep;31(3):255–263.  
[19] Bailleul B, Galiègue S, Loucheux-Lefebvre MH. Cancer Res. 1981 Nov;41(11 Pt 1):4559–4565.  
[20] Lind, J.E. Jr.; Fuoss, R.M. J. Phy. Chem. 1961, 65, 999. 
[21] Gutman, F. J. Sci. Industr, Res. 1967, 26, 19. 
[22] Gutman, F.; Keyzer, H. Electrochim. Acta 1965, 11, 1163. 
[23] Gutman, F.; Keyzer, H. Electrochim. Acta 1965, 11, 555. 
[24] Gutman, F.; Keyzer, H. J. Chem. Phys. 1967, 46, 1969. 
[25] Galiègue-Zouitina S, Bailleul B, Ginot YM, Perly B, Vigny P, Cancer Res. 1986 Apr;46(4 Pt 1):1858–1863. 
[26] Prakash L, Stewart JW, Sherman F. J Mol Biol. 1974 May 5;85(1):51–65. 
[27] Loechler EL, Green CL, Essigmann JM. ProcNatlAcadSci U S A. 1984 Oct;81(20):6271–6275. 
[28] Gupta PK, Lee MS, King CM. Carcinogenesis. 1988 Aug;9(8):1337–1345.  
[29] Basu AK, Loechler EL, Leadon SA, Essigmann JM. ProcNatlAcadSci U S A. 1989 Oct;86(20):7677–7681.  
[30] Galiègue-Zouitina S, Bailleul B, Cancer Res. 1985 Feb;45(2):520–525. 
[31] Singh, Vinod, Ph.D. Thesis, Kanpur University, Kanpur 1980. 
[32] Tanakas, T.; Kuniyasu, T.; Shima. H.; Sugie, S.; Mori, H.; Takahashi, M.; Hirono, I. J.Natl. Cancer Inst. 1986, 77, 777. 
[33] Tsibris, J.C.M.; McCormick, D.B.; Wright, L.D. Biochemistry 1965, 4, 504. 

http://www.ijirset.com

