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ABSTRACT 
 
A DFT study of the relationships between electronic structure and inhibitory effects of caffeine 
derivatives on neoplastic transformation was carried out. We obtain one statistically significant 
equation (R=0.97, R²= 0.94, adjusted R²= 0.92, F(7,34) =71.40 (p<0.00001), SD=0.14), relating the 
variation of the biological activity with the variation of the values of a definite set of local atomic 
reactivity indices. Based on the analysis of the results, a partial pharmacophore was built that can 
be employed as a tool for the development of more active molecules. Calculations have been 
performed by DFT/B3LYP method in the 6-31G orbital basis set. 
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1. INTRODUCTION  
 
Cancer is a generic term for a large group of 
diseases that can affect any part of the body. 
Other terms used are malignant tumors and 
neoplasms. One defining feature of cancer is the 
rapid creation of abnormal cells that grow beyond 
their usual boundaries, and which can then 
invade adjoining parts of the body and spread to 
other organs, the latter process is referred to as 
metastasizing. Metastases are a major cause of 
death from cancer [1]. There was a worldwide 
increase of 14 million new cases of different 
types of cancer in 2012 [1]. The increasing 
magnitude of the cancer problem is partly the 
consequence of the population growth and 
ageing. Such demographic transitions mean that 
by 2030, well over 20 million new cancer cases 
will be diagnosed every year [2]. Some studies 
are directed to found compounds with anticancer 
activity [3-10]. Previous studies revealed that 
caffeine inhibits the development of tumors 
induced by various carcinogens in numerous 
organs including skin [11], lung [12], breast [13], 
liver [14] and glioma [15].  
 
Rogozin et al. [16] investigated the potential 
chemopreventive activities of 50 different 1,3,7-
trialkylxanthines which resemble caffeine in their 
structures but differ in the length of the alkyl side 
chains. They reported that the number of carbon 
in two alkyl chain seems to be important for the 
antitumor-promoting activity. 
 
We present in this paper the results of a QSAR 
study of caffeine derivatives with inhibition 
activity on neoplastic transformation. This study 
was performed with the aim of providing more 
information about the atomic sites which can be 
modified to obtain more active molecules. 
 
2.  METHODS, MODELS AND 

CALCULATIONS  
 
2.1 The Method 
 
The methodology employed here to find 
relationships between electronic structure and 
inhibition constants has been discussed in 
several papers [17-24]. The results presented 
here were obtained from what was a routinary 
procedure. For this reason, we built a universal 
model for the paper's structure. This model 
contains standard phrases for the presentation of 
the methods, calculations and results because 

they do not need to be rewritten repeatedly [17-
24]. The application of this method has given 
remarkable results for a great diversity of drug-
receptor systems (see [25-39] and references 
therein). 
 
2.2 Selection of Molecules and Biological 

Activities 
 
Molecules were selected from a set reported in 
Ref. [16]. Their general formula and biological 
activity are displayed, respectively, in Fig. 1 and 
Table 1. The experimental data employed are  
inhibitory activities of caffeine on neoplastic 
transformation, expressed as ICT50. The effect 
of xantines on EGF- or TPA-induced cell 
transformations was investigated using JB6 P+ 
cells. Cells (8103) were exposed to EGF or TPA, 
with or without xantines (0.005-3 mM), in 1 ml of 
0.33% basal medium Eagle agar containing 10% 
FBS and overlaid with 3.5 ml of 0.5%. The effect 
of the compounds on transformation of JB6 P+ 
cells is expressed as a percent inhibition of cell 
transformation compared with EGF- or TPA-
stimulated cells as a positive control [16]. 
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Fig. 1. Structure of caffeine 
 
2.3 Calculations 
 
The electronic structure of all molecules was 
calculated within the Density Functional Theory 
(DFT) at the B3LYP/6-31 g level with full 
geometry optimization. The Gaussian set of 
programs was used [40]. We used D-Cent-QSAR 
software [41,42] for the calculation of the 
numerical values of the local atomic reactivity 
indices from the Gaussian results. Statistica 
software [43] was employed for Linear Multiple 
Regression Analysis (LMRA). All the calculation 
process is explained in several papers (see ref 
[25-39]).  
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Table 1. Selected molecules and their inhibitory ac tivity on neoplastic transformation 
 

No R1 R2 R3 log(ICT50)  
1 Me Me Me 2.68 
2 Me H H 2.72 
3 H H Me 3.07 
4 Me Me H 2.88 
5 Me H Me 3.10 
6 Et H H 2.69 
7 H Et H 2.71 
8 H n-Pr Et 2.20 
9 Et n-Pr H 2.58 
10 Me n-Pr Et 2.40 
11 Et n-Pr Me 2.48 
12 n-Pr n-Pr H 2.11 
13 Me n-Pr n-Pr 2.48 
14 n-Bu H H 2.83 
15 n-Bu Me H 2.48 
16 Me n-Bu H 2.26 
17 n-Bu Et H 1.70 
18 Et n-Bu H 1.70 
19 n-Pr n-Bu H 2.08 
20 n-Bu n-Pr Me 1.70 
21 Me n-Pr n-Bu 2.11 
22 n-Bu n-Bu H 2.18 
23 n-Pent Et H 1.70 
24 Et n-Pent H 2.18 
25 n-Pent n-Pr Me 1.60 

 

No R1 R2 R3 log(ICT50)  
26 n-Pent n-Bu H 1.48 
27 H n-Hex H 1.70 
28 Me n-Hex H 1.30 
29 n-Hex Et H 1.70 
30 Et n-Hex H 1.00 
31 n-Hex n-Pr Me 1.48 
32 n-Hex n-Bu H 1.48 
33 H H H 2.65 
34 H Me H 2.67 
35 H Me Me 2.67 
36 Et Me H 2.38 
37 Et Et H 2.58 
38 n-Pr H H 2.63 
39 H n-Pr H 2.57 
40 n-Pr Me H 2.67 
41 Me n-Pr Me 2.30 
42 H n-Pr Me 2.75 
43 H n-Pr n-Pr 2.52 
44 H n-Bu H 2.46 
45 n-Pent H H 2.75 
46 n-Hex H H 2.59 
47 n-Pr Et H 2.08 
48 n-Pr n-Pr Me 2.51 
49 n-Pent Me H 2.00 
50 n-Hex Me H 2.56 
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Fig. 2. Common skeleton of caffeine 
derivatives 

 
We employed the common skeleton hypothesis 
that holds that there is a certain collection of 
atoms, common to all molecules analyzed, that 
accounts for nearly all the biological activity. The 
action of the substituents consists in modifying 
the electronic structure of the common skeleton 
and influencing the right alignment of the drug 
throughout the orientational parameters. It was 
conjectured that diverse parts or this common 
skeleton accounts for almost all the interactions 
leading to the expression of a given biological 
activity. The common skeleton for caffeine 
derivatives is shown in Fig. 2. 
 

 
3. RESULTS AND DISCUSSION 
 
The best equation obtained was: 
 

)1(*)1(
2

67.3*)2(
8

97.0

*)2(
5

58.50
1

0003.0max
4

79.6

2
0006.0*)(

10
3.2038.12)

50
log(

+−−−

++−

+−+−=

LUMOFHOMOF

LUMOF
R

Q

R
LUMOFICT

ϕ

ϕ

 
with n=42, R=0.97, R2=0.94, adj-R2=0.92, 
F(7,34)=71.40 (p<0.00000) and SD=0.14. No 
outliers were detected and no residuals fell 
outside the ±2σ limits. Here,

 *)(10 LUMOF  is the 

electron population (Fukui index) of lowest 
vacant MO localized on atom 10, 2Rϕ   is the 
orientational parameter of the R2 substituent, 

max
4Q   is the maximum amount of electronic 

charge that atom 4, 1Rϕ   is the orientational 

parameter of the R1 substituent, *)2(5 +LUMOF  is 

the electron population (Fukui index) of third 
lowest vacant MO localized on atom 5, 

*)2(8 −HOMOF  is the electron population (Fukui 

index) of third highest occupied MO localized on 
atom 8 and *)1(2 +LUMOF is the electron 

population (Fukui index) of second lowest vacant 
MO localized on atom 2. 
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Table 2 shows the beta coefficients and the t-test 
results for the significance of coefficients of 
equation 2. Concerning independent variables, 
Table 3 shows that the highest internal 
correlation is r2( *)(10 LUMOF , max

4Q  )=0.27.             

Fig. 3 displays the plot of observed values vs. 
calculated values of log(ICT50). The associated 
statistical parameters of Eq. 1 shows that this 
equation is statistically significant and explaining 

about 92% of the variation of the biological 
activity. 
 

The associated statistical parameters of Eq.1 
indicate that this equation is statistically 
significant and that the variation of the numerical 
values of a group of seven local atomic reactivity 
indices of atoms of the common skeleton 
explains about 92% of the variation of 
log(ICT50). Fig. 3, spanning about

  
Table 2. Beta coefficients and t-test for significa nce of coefficients in equation 1 

 
Variable  Beta coefficients  t(34) p-Value  

 0.27 -5.56 0.000003 

 -0.58 4.12 0.000232 

 0.18 -11.02 0.000000 

 -0.36 3.19 0.003051 

 0.26 -5.91 0.000001 

 -0.21 4.81 0.000030 

 -0.15 -3.70 0.000761 
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Fig. 3. Plot of predicted vs. observed log(ICT50) v alues 
 

Table 3. Squared correlation coefficients for the v ariable appearing in equation 2 
 

       

 0.10 1.00     

 0.27 0.04 1.00    

 0.21 0.02 0.14 1.00   

 0.00 0.01 0.06 0.02 1.00  

 0.12 0.22 0.01 0.03 0.06 1.00 

 0.11 0.10 0.02 0.02 0.10 0.11 

*)LUMO(F10

2Rϕ
max
4Q

1Rϕ
*)2LUMO(F5 +

*)2HOMO(F8 −
*)1LUMO(F2 +

*)LUMO(F10 2Rϕ max
4Q 1Rϕ *)2LUMO(F5 + *)2HOMO(F8 −

2Rϕ
max
4Q

1Rϕ
*)2LUMO(F5 +

*)2HOMO(F8 −
*)1LUMO(F2 +
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2.6 orders of magnitude, shows that there is a 
good correlation of observed versus calculated 
values and that almost all points are inside the 
95% confidence interval. A significant point to 
stress is the following. When a local atomic 
reactivity index of an inner occupied MO (i.e., 
HOMO-1 and/or HOMO-2) or of a higher vacant 
MO (LUMO+1 and/or LUMO+2) appears in any 
equation, this means that the remaining of the 
upper occupied MOs (for example, if HOMO-2 
appears, upper means HOMO-1 and HOMO) or 
the remaining of the empty MOs (for example, if 
LUMO+1 appears, lower means the LUMO) 

contribute to the interaction. Their absence in the 
equation only means that the variation of their 
numerical values does not account for the 
variation of the numerical value of the biological 
property. 
 
3.1 Local Molecular Orbitals 
 
Table 4 shows the local MO structure of atoms 
with reactivity indices appearing in Eq. 1 (see 
Fig. 2). Nomenclature: Molecule (HOMO) / 
(HOMO-2)* (HOMO-1)* (HOMO)* - (LUMO)* 
(LUMO+1)* (LUMO+2)*. 

 
Table 4. Local molecular orbitals of atoms 2, 5, 8 and 10 

 
Molecule Atom 2 (C) Atom 5 (C) Atom 8 (C) Atom 10 ( O) 
1 (51) 47π50π51π-

53π56π57σ 
48π50π51π-
52π53π54π 

47σ48π51π-
52π54π55π 

49π50π51π-
53π59π68π 

2 (43) 38σ40π42π-
45π48π49σ 

40π42π43π-
44π45π46π 

39π40σ43π-
44π46π47π 

41π42π43π-
45π50π54π 

3 (43) 38π40π42π-
45π47π51σ 

41π42π43π-
44π45π46π 

40σ41π43π-
44π46π48π 

41π42π43π-
45π49π52π 

4 (47) 44π46π47π-
49π52σ53σ 

44π46π47π-
48π49π50π 

42π43π47π-
48π50π51π 

45π46π47π-
49π54π60π 

5 (47) 42π43π46π-
49π51σ53σ 

44π46π47π-
48π49π50π 

43σ44π47π-
48π50π52π 

45π46π47π-
49π55π61π 

6 (47) 41π44π46σ-
49π52σ53σ 

44π46π47π-
48π49π50π 

43π44σ47π-
48π50π51π 

45π46π47π-
49π55π61π 

7 (47) 44π46σ47π-
49π52π53σ 

44π46π47π-
48π49π50π 

43π44σ47π-
48π49π50π 

45π46π47π-
49π55π61π 

8 (55) 53π54π55π-
57π59π60σ 

53π54π55π-
56π57π58π 

52π53π55π-
56π58π60π 

53π54π55π-
57π64π71π 

9 (59) 56π58π59π-
61π64σ65σ 

56π58π59π-
60π61π62π 

55π56π59π-
60π62π63π 

57π58π59π-
61π67π80π 

10 (63) 59π62π63π-
65π68π69σ 

60π62π63π-
64π65π66π 

60π61π63π-
64π66π67π 

61π62π63π-
65π71π84π 

11 (63) 60π62π63π-
65π67σ69σ 

60π62π63π-
64π65π66π 

60π61π63π-
64π66π67σ 

61π62π63π-
65π72π87π 

12 (63) 60π62π63π-
65π68σ70σ 

60π62π63π-
64π65π66π 

59π60σ63π-
64π66π67π 

61π62π63π-
65π78π86π 

13 (67) 63π66π67π-
69π72π73σ 

64π66π67π-
68π69π70π 

64π65π67π-
68π70π71π 

65π66π67π-
69π75π91π 

14 (55) 47π52π54π-
57π60π61σ 

52π54π55π-
56π57π58π 

50σ51π55π-
56π58π59π 

53π54π55π-
57π63π69π 

15 (59) 56π58π59π-
61π64σ65σ 

56π58π59π-
60π61π62π 

54σ55π59π-
60π62π63π 

57π58π59π-
61π68π77π 

16 (59) 56π58π59π-
61π64σ65σ 

56π58π59π-
60π61π62π 

55π56σ59π-
60π62π63σ 

57π58π59π-
61π68π81π 

17 (63) 60π62π63π-
65π68π69σ 

60π62π63π-
64π65π66π 

59π60π63π-
64π66π67π 

61π62π63π-
65π72π81π 

18 (63) 60π62π63π-
65π68σ69σ 

60π62π63π-
64π65π66π 

59π60σ63π-
64π66π67π 

61π62π63π-
65π72π86π 

19 (67) 64π66π67π-
69π72σ74σ 

64π66π67π-
68π69π70π 

63π64σ67π-
68π70π71π 

65π66π67π-
69π77π85π 

20 (71) 68π70π71π-
73π75σ78σ 

68π70π71π-
72π73π74π 

67π68π71π-
72π74π76π 

69π70π71π-
73π81π89π 

21 (71) 67π70π71π-
73π76σ78σ 

68π70π71π-
72π73π74π 

68π69π71π-
72π74π75π 

69π70π71π-
73π80π100π 

22 (71) 68π70π71π-
73π76σ78σ 

68π70π71π-
72π73π74π 

67π68π71π-
72π74π75π 

69π70π71π-
73π81π82π 
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Molecule Atom 2 (C) Atom 5 (C) Atom 8 (C) Atom 10 ( O) 
23 (67) 64π66π67π-

69π72σ73σ 
64π66π67π-
68π69π70π 

63π64π67π-
68π70π71π 

65π66π67π-
69π76π77π 

24 (67) 64π66π67π-
69π73σ74σ 

64π66π67π-
68π69π70π 

63π64σ67π-
68π70π71π 

65π66π67π-
69π76π79π 

25 (75) 72π74π75π-
77π79σ82σ 

72π74π75π-
76π77π78π 

72π73π75π-
76π78π80π 

73π74π75π-
77π86π98π 

26 (75) 72π74π75π-
77π80σ82σ 

72π74π75π-
76π77π78π 

71π72σ75π-
76π78π79π 

73π74π75π-
77π85π96π 

27 (63) 60π62π63π-
65π66π69σ 

60π62π63π-
64π65π66π 

59π60π63π-
64π65π66π 

61π62π63π-
65π73π74π 

28 (67) 64π66π67π-
69π73σ74σ 

64π66π67π-
68π69π70π 

63π64σ67π-
68π70π71π 

65π66π67π-
69π76π77π 

29 (71) 68π70π71π-
73π77σ78σ 

68π70π71π-
72π73π74π 

67π68π71π-
72π74π75π 

69π70π71π-
73π81π98π 

30 (71) 68π70π71π-
73π77σ78σ 

68π70π71π-
72π73π74π 

67π68π71π-
72π74π75π 

69π70π71π-
73π81π83π 

31 (79) 76π78π79π-
81π83σ87σ 

76π78π79π-
80π81π82π 

76π77π79π-
80π82π84π 

77π78π79π-
81π90π112π 

32 (79) 76π78π79π-
81π84σ86σ 

76π78π79π-
80π81π82π 

75π76π79π-
80π82π83π 

77π78π79π-
81π90π100π 

33 (39) 34π36π38π-
41π44π46σ 

37π38π39π-
40π41π42π 

36π37π39π-
40π42π43π 

37π38π39π-
41π45π47π 

34 (43) 40π42π43π-
45π48σ49σ 

40π42π43π-
44σ45π46π 

39π40π43π-
44π46π47π 

41π42π43π-
45π51π52π 

35 (47) 45π46π47π-
49π51σ53σ 

45π46π47π-
48π49π50π 

44π45π47π-
48π50π51π 

45π46π47π-
49π55π 63π 

36 (51) 48π50π51π-
53π56σ57σ 

48π50π51π-
52π53π54π 

46π47π51π-
52π54π55π 

49π50π51π-
53π59π60π 

37 (55) 52π54π55π-
57π60σ61σ 

52π54π55π-
56π57π58π 

51π52π55π-
56π58π59π 

53π54π55π-
57π62π63π 

38 (51) 45π48π50π-
53π56σ57σ 

48π50π51π-
52π53π54π 

47π48π51π-
52π54π55π 

49π50π51π-
53π59π64π 

39 (51) 48π50π51π-
53π56π57σ 

48π50π51π-
52π53π54π 

47π48σ51π-
52π53π54π 

49π50π51π-
53π59π69π 

40 (55) 52π54π55π-
57π60σ61π 

52π54π55π-
56π57π58π 

50π51π55π-
56σ58π59σ 

53π54π55π-
57π63π66π 

41 (55) 52π54π55σ57π60σ61σ 52π54π55π-
56π57π58π 

51π52π55π-
56π58π59π 

53π54π55π-
57π64π72π 

42 (59) 57π58π59π-
61π64π65σ 

57π58π59π-
60π61π62π 

56π57π59π-
60π62π63π 

57π58π59π-
61π67π68π 

43 (63) 59π62π63π-
65π68σ70π 

61π62π63π-
64π65π66π 

60π61π63π-
64π66π67π 

61π62π63π-
65π72π 87π 

44 (55) 52π54σ55π-57π58π 
60σ 

52π54π55π-
56π57π58π 

51π52π55π-
56π57π58π 

53π54π55π-
57π65π75π 

45 (59) 51π56π58π- 
61π64π65σ 

56π 58π 59-
60π61π62π 

54π55π59- 60π 62π 
63π 

57π58π59π-61π 
69π75π 

46 (63) 54π60π62σ-65π68σ 
70σ 

60π62π63π-
64π65π66π 

58π59π63π-64π66π 
67π 

61π62π63π-
65π73π74π 

47 (59) 56π58σ59π-61π64σ 
65σ 

56π58π59π-
60π61π62π 

55π56σ59π-
60π62π63π 

57π58π59π-
61π67π76π 

48 (63) 60π62π 63π-
65π68σ70σ 

60π62π63π-
64π65π66π 

59π60π63π-
64π66π67π 

61π62π63π-
65π78π86π 

49 (63) 60π62σ63π-
65π69σ70σ 

60π62π63π-
64π65π66π 

58π59π63π-
64π66π67π 

61π62π63π-
65π72π84π 

50 (67) 64π66π67π-
69π73σ74σ 

64π66π67π-
68π69π70π 

62π63π67π-
68π70π71π 

65π66π67π-
69π77π88π 

 
The results indicate that for these molecules the 
variation of the inhibition activity on neoplastic 
transformation is related to the variation of the 
numerical values of seven local atomic reactivity 
indices belonging to the common skeleton. The 

beta values (Table 2) show that the importance 

of the variables is 2Rϕ >> 1Rϕ > *)LUMO(F10
>

*)2LUMO(F5 + > *)2HOMO(F8 − > max
4Q >

*)1LUMO(F2 + . 
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Fig. 4. Proposed partial 2D pharmacophore for the i nhibitory activity of caffeine derivatives on 
neoplastic transformation  

 
The process seems to be orientational 
parameters and orbital-controlled. We used 
variable-by-variable analysis (this is an 
approximation because the inhibition activity on 
neoplastic transformation depends 
simultaneously on all variables of the equation). 
We notice that the concerning variables are 
positives numerical values. So the good inhibition 
activity on neoplastic transformation is 

associated with high numerical values for 2Rϕ , 

1Rϕ , *)2HOMO(F8 − , *)1LUMO(F2 +  and low 

numerical values for ,  
and . 
 
A high value of  means that the R2 substituent 
should have a high value of orientational 
parameter, but with similar electronic effects on 
the cycle. We suggest to use substituents such 
as (CH2)nMe, (CH2)nOMe  with n ≥ 1. The same 
is suggested for the R1 substituent. The maximal 
optimal size of both substituents cannot be 
calculated theoretically and it is necessary to wait 
for new experimental results. It is important to 

note that the beta value of  is higher than 
the other beta values. Therefore, selecting the 
most active molecule of Table 1 and trying 
several different R2 substituents is a reasonable 
approach. 

Atom 8 is carbon atom on ring B (Fig. 2). A high 
activity is associated with a high value of    
implying that (HOMO-1)8* and (HOMO)8* also 
participate. (HOMO-1)8* and (HOMO-1)8* have a 
π nature in almost all cases (Table 4). Therefore, 
we suggest that atom 8 should interact with a site 
that has empty π MOs. The participation of σ 
MOs can be explained by suggesting the 
possibility of a second interaction of the σ-π kind, 
but this is not clear. It is possible also that an 
ideal molecule has the three highest occupied 
local MOs with a π nature. 
 
Atom 2 is a carbon atom on ring A (Fig. 2). A 
high value of *)1(2 +LUMOF    is associated with 
high activity. This suggests that (LUMO+1)2* 
interacts with an electron-rich center. (LUMO)2* 
also participates in the process. Table 4 shows 
that *

2(LUMO)   has a π nature in all molecules. 

(LUMO+1)2* has a σ nature in most molecules.   
This strongly suggests that atom 2 could interact 
with a site having π occupied molecular orbitals 
and with an additional site having σ occupied 
MOs.  
 
Atom 10 is an oxygen atom bond to the ring A 
(Fig. 2). A high activity is associated with a low 
value for *)(10 LUMOF  . Table 4 shows that this 

MO has a π nature. Note that this MO does not 
coincide with the molecule’s LUMO. A low value 

*)LUMO(F10 *)2LUMO(F5 +
max
4Q

2Rϕ
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for this index can be obtained by lowering the 
corresponding Fukui index. Another way is 
finding a substituent making that (LUMO)10* 
coincides with some of the molecule’s empty 
MOs other than (LUMO), (LUMO+1), (LUMO+2), 
etc. This suggests that atom 10 is interacting with 
an electron-deficient center through π-π stacked, 
π-π T-shaped and/or π-cation interactions.  
 
Atom 5 is a carbon atom of rings A and B (Fig. 
2). A low value of *)2(5 +LUMOF  is associated 

with high activity. Table 4 shows that the three 
lowest empty MOs have a π nature in all 
molecules. The local (LUMO)5* coincides with 
the molecule’s LUMO. A possible suggestion is 
that atom 5 acts as an electron donor through π-
π stacked, π-π T-shaped and/or π-cation 
interactions, and that (LUMO+1)5* is engaged in 
a repulsive interaction with empty MOs of the 
site. 
 
Atom 4 is carbon atom of ring A (Fig. 2). A low 
value of max

4Q  suggest that this atom is not prone 
to receive extra charge. Therefore atom 4 is 
probably facing an electron-deficient center.   
 
This analysis allows us to propose the following 
partial 2D pharmacophore for the inhibition 
activity of caffeine derivatives on neoplastic 
transformation. 
 
4. CONCLUSION 
 
We have obtained statistically significant results 
relating the variation of the numerical values of a 
definite set of local atomic reactivity indices with 
the variation of the inhibitory activity on 
neoplastic transformation of caffeine derivative. 
Our model shows that the orientational 
parameters of two substituents on the ring A are 
important to explain this biological activity, so the 
length of the alkyl chain influences the activity of 
caffeine derivatives. This result agrees with the 
report of Rogozin [16]. The results should be 
useful to propose new molecules which have 
higher inhibitory effects on neoplastic 
transformation. 
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