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ABSTRACT 
The aim of this study was to determine the capacity of 12 new synthesized biologi-

cally active compounds from colleagues of the New Delhi University, India, with anti-
inflammatory and anticancer activity, as radical scavengers. These compounds are: (1) 7-
hydroxy-4-methyl-2H-chromen-2-one; (2) 6,7,-dihydroxy-4-methyl-2H-chromen-2-one; 
(3) 7,8-dihydroxy-4-methyl-2H-chromen-2-one; (4) ethyl-3-(7,8-dihydroxy-4-methyl-2-
oxo-2H-chromen-3-yl) propanoate; (5) ethyl-3-(6,7-dihydroxy-4-methyl-2-oxo-2H-
chromen-3-yl)propanoate; (6) 7,8-dihydroxy-4-methyl-2H-chromanol-2-thione; (7)5,7-
dihydroxy-2,2-dimethyl-chroman-4-one; (8) 5-hydroxy-3,7,8-trimethoxy-2-methyl-4H-
chromen-4-one; (9) 6-allyl-5,7-dihydroxy-2-methyl-4H-chromen-4-one; (10) (E)-3-(3-
isopropoxybuta)-1,3-dienyl)benzene-1,2-diol; (11) 4-(3-methylbut-2-2nyl)-6-(prop-1-en-
2-yl) benzene-1,3-diol; (12) 5-(2,5-dimethoxyphenyl)-2-methylene-2H-chromen-7-ol. 
The quantitative evaluation of the compounds, i. e. radical scavenging activity (%RSA) 
was determined as %RSA=(Abs(0)–Abs(t)/Abs(0))х100,%. The study was made on 
physiological temperature (37оС) and the results obtained were compared with those of 
standard and known inhibitors: e.g. caffeic acid (CA), DL-α-tocopherol (TOH), gallic 
acid (GA) and butylated hydroxytoluene (BHT) at the same experimental conditions. 
Lipinski’s Rule of Five was used for explaining their pharmacokinetic behavior. 

 
Key words: radical scavenging activity, DPPH test, biologically active compounds, 

Lipinski’s Rule of Five 
 
INTRODUCTION 
The human body is constantly subjected to a significant oxidation stress as a result 

of the disbalance between antioxidative protective systems and the formation of strong 
oxidizing substances, including free radicals [1].  Free radical formation process results 
in damage and death of cells, accelerates the aging and initiates many diseases, such as – 
cardio-vascular, cancer, Parkinson disease etc. [2]. In this respect the medical treatment 
of most of them includes formulations based on a combination of traditional drugs with 
targeted functionality and different antioxidants [3]. The activity of antioxidants depends 
on complex factors including:  the nature of antioxidants, the conditions of oxidation, the 
properties of the oxidizing substrate and the stage of oxidation [4,5].  
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There are a lot of papers in the literature in which the authors discussed the antioxi-
dant activity of studied compounds on the base of experimental data of radical scaveng-
ing activity towards DPPH radical. It must be noted that the radical scavenging activity 
differ significantly from the chain breaking antioxidant activity. Radical scavenging ac-
tivity towards DPPH radical gives us only information about the H-donating capacity of 
the studied compounds and some preliminary information for their possibility to be used 
as antioxidants. The antioxidant activity is the capacity of the compound to short the 
oxidation chain length as a result of its reaction with peroxyl radicals. For that reason we 
mean as antioxidant activity the chain breaking activity of the compounds. 

The aim of this study was to determine the capacity of 12 new synthesized biologi-
cally active compounds from colleagues of the New Delhi University, India, with anti-
inflammatory and anticancer activity, as radical scavengers. The quantitative evaluation 
of the compounds, i.e. radical scavenging activity (%RSA). The study was made on 
physiological temperature (37оС) and the results obtained were compared with those of 
standard and known inhibitors: e.g. caffeic acid (CA), DL-α-tocopherol (TOH), gallic 
acid (GA) and butylated hydroquinone (BHT) at the same experimental conditions. Lip-
inski’s Rule of Five was used for explaining their pharmacokinetic behavior. 

 
EXPERIMENTAL 
Standard antioxidants: DL-α-Tocopherol (TOH), butylated hydroxytoluene (BHT), 

caffeic acid (CA) and gallic acid (GA) were obtained from E. Merck (Darmstadt, Ger-
many). New biologically active compounds were synthesized and characterized from 
our colleagues of New Delhi University, India according to [6]. 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) radical (approximately 90%) was from Sigma Chemical Co. 
Solvents used were with a highest quality (HPLC grade) available from Merck (Darm-
stadt, Germany).  

Estimation of radical scavenging activity (%RSA) by rapid DPPH radical test The 
radical scavenging activity (%RSA) of phenolic compounds (AH) under study was 
based on the rapid DPPH test of Nenadis and Tsimidou [7]. We used acetone as solvent 
according to Yordanov [8] and Kancheva et al. [9]. The decrease  in the absorbtion at 
516-517nm of the DPPH radical solution in acetone after addition of the AH was meas-
ured in a glass cuvette (1cm long), automatically. The UV-Vis spectral measurements 
were performed on Perkin Elmer Lambda 16 UV-Vis spectrophotometer, equipped with 
a HAAKE FE 2 thermostat (precision 1oC). Kinetics of the absorbance decrease was 
monitored at a concentration expressed as the number of antioxidant moles per mole of 
DPPH ([AH]/[DPPH] = 0.25) during 20 minutes after starting time (t = 0min). The ac-
tivity of all studied compounds to scavenge free radicals (DPPH) was obtained as per-
cent radical scavenging activity (%RSA). The latest was calculated from the absorbance 
at the start (0) and after some reaction time (t) and expressed as 

%RSA = [Abs(0) – Abs(t) /Abs (t)] x 100, % (1) 
Absorbance values were corrected for radical decay using blank solutions. All tests 

were performed in duplicate at 37oC. 
Lipinski's Rule of Five  
Lipinski's rule [10-12] says that, in general, an orally active drug has no more than 

one violation of the following criteria: 
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 No more than 5 hydrogen bond donators (nitrogen or oxygen atoms with one or 
more hydrogen atoms)  

 No more than 10 hydrogen bond acceptors (nitrogen or oxygen atoms)  
 A molecular weight under 500 dalton 
 An octanol-water partition coefficient, log P of less than 5  
To evaluate the drug-likeness better, the rules have spawned many extensions, for 

example one from a study by Ghose et al. in the year 1999 [10]: 
 Partition coefficient, log P in -0.4 to +5.6 range  
 Molar refractivity from 40 to 130  
 Molecular weight from 160 to 480 dalton 
 Number of atoms from 20 to 70.  
 
RESULTS AND DISCUSSION 
Figure 1 presents structure of all new compounds and standard antioxidants in this 

study. 
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Figure 1. Structures of new biologically active compounds (1-12) and of standard  
antioxidant: CA, GA, BHT, TOH 

 
Radical scavenging activity (%RSA) of new biologically active compounds 
DPPH rapid test gives information about the H - donating capacity of the phenolic 

compounds towards free (DPPH) radicals: 
AH + DPPH → DPPH-H + A● (2); 
A● + DPPH → A-DPPH (3) 
It must be noted that it is not an antioxidant activity, only antiradical activity. 
Comparable analysis for the radical scavenging activity (%RSA) of new com-

pounds and standard antioxidants 
Radical scavenging activity as %RSA was calculated according equation (1) and 

for all studied compounds and standard antioxidants are shown at Figure 2. 

Figure 2. %RSA towards DPPH radical of all compounds under study 
 

On the base of these results all studied compounds are grouped into 3 main groups: 
Group A: Compounds with strong activity (%RSA > 40%)  
Compound 4 demonstrated the strongest RSA comparable with those of the 

most powerful antioxidants TOH and CA. Compound 3 also showed strong RSA, 
similar with the activity of GA, but lower than those of compound 4, TOH and CA.  

Group B: Compounds with moderate activity ( 15% < RSA < 40%) 
Compounds 5, 2 and 6 are in this group and their activity is almost 2-fold lower 

that activity of compound 3 and GA and 3-fold lower than activity of compound 
4 and of TOH and CA. 

Group C: Compounds with weak activity (RSA < 15%)) 
In this group are compounds 1,7-11. However their activity is closed to the ac-

tivity of BHT. 
It has been found for the first time that the radical scavenging activity decreases 

in the following sequences depending on the time of contact between DPPH radical 
and studied compounds: 

a) At the maximal reaction time t = 20min: 
4 (64,2%) > TOH (61,1%) > CA (58,6%) > GA (45,7%) > 3 (41,8%) >  
5 (21,2%) > 2 (17,3%) > 6 (15,8%) >> BHT (3,6%) ≈ 7 (3,4%) > 9 (2,7%) =  
11 (2,7%) ≈ 10 (2,6%) > 1 (2,2%) ≈ 12 (2,1%) > 8 (1,8%) 

RSA % 

Time, min
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These results demonstrated how is important to monitor not only the absorbance 
decrease at the fixed time (t=10 min, or t=20min), but to follow the kinetics of this proc-
ess. We can see also for the standard antioxidants with known activity that depending on 
the reaction time they showed different activity: a) at reaction time of t = 2 min: CA 
(43,7%) > TOH (38,8%) > GA (26,5%) >> BHT (2,5%); b) at reaction time of t = 8min: 
CA (56,2%) ≈ TOH (56,6%) > GA (39,9%) >> BHT (3,0%); c) at reaction time of t =10 
min: TOH (58,1%) ≈ CA (57,1%) > GA (41,6%) >> BHT (3,1%); d) at reaction time of 
t = 20min: TOH (61,1%) > CA (58,6%) > GA (45,7%) >> BHT (3,6%). 

It is evident that for the reaction time t < 4 min, CA showed a higher activity 
that TOH; for the reaction time of  6min < t < 8 min %RSA of CA and TOH are al-
most the same; and for reaction time 10 min < t < 20 min %RSA of TOH is higher 
than those of CA. 

The results obtained demonstrated that if we have no data about the kinetics of 
this process different results may be obtained depending on the different reaction time. 

Lipinski's Rule of Five 
 
Table 1 presents the data obtained for all the coumarins of the present study. 
 

Table 1. Lipinski's Rule of Five main parameters 

Structures Lipinski Rule  
of Five Structures Lipinski Rule  

of Five Structures Lipinski Rule  
of Five 

 

miLogP 1.887 
natoms 13 
MW 176.171 
nON 3 
nOHNH 1 

 

miLogP 1.553 
natoms 19 
MW 266.249 
nON 6 
nOHNH 1 

 

miLogP 2.805 
natoms 15 
MW 208.257 
nON 3 
nOHNH 2 

 

miLogP 1.398 
natoms 14 
MW 192.17 
nON 4 
nOHNH 2 

miLogP 2.464 
natoms 17 
MW 232.235 
nON 4 
nOHNH 2 

 

miLogP 1.953 
natoms 21 
MW 292.287 
nON 6 
nOHNH 2 

 

miLogP 1.627 
natoms 14 
MW 192.17 
nON 4 
nOHNH 2 

miLogP 3.387 
natoms 16 
MW 220.268 
nON 3 
nOHNH 2 

 

miLogP 2.182 
natoms 21 
MW 292.287 
nON 6 
nOHNH 2 

 

miLogP 1.969 
natoms 14 
MW 208.238 
nON 3 
nOHNH 2 

miLogP 4.357 
natoms 16 
MW 218.296 
nON 2 
nOHNH 2 

 

miLogP 3.995 
natoms 22 
MW 296.322 
nON 4 
nOHNH 1 
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It could be seen that all compounds of the present study are in agreement with 
the Lipinski's Rule of Five. 

 
CONCLUSIONS 
In this study we found for the first time the new order of the radical scavenging 

activity of all compounds under study at physiological temperature (37oC). New order 
of radical scavenging activity was obtained (t=10 min) and three main groups were 
found depending from their radical scavenging activity: Group A: Compounds with 
strong activity (%RSA > 40%): 4 (63.1%) > TOH (58.1%) > CA (57.1%) > GA =  
3 (41.7%); Group B: Compounds with moderate activity (15% <%RSA < 40%):  
5 (20.7%) > 2 (16.9%) > 6 (15.8%) and Group C: Compounds with weak activity 
(%RSA<15%): BHT (3.6%) ≈ 7 (3.4%) > 9 (2.8%) = 11 (2.7%) > 10 (2.4%) =  
1 (2.3%) = 12 (2.3%) > 8 (1.8%). 

The main conclusion is that all compounds under study are effective as scaven-
gers of free radicals. However, other studies are in progress about their ability to stop 
the degradation process of lipid autoxidation, i.e. their chain-breaking antioxidant ac-
tivity. 

It could be seen that all compounds of the present study are in agreement with 
the Lipinski's Rule of Five, which is of importance for further development of drugs 
based upon these substances, and their analogs. 

 
REFERENCES 
1. O. Potterat: Antioxidants and Free Radical Scavengers of Natural Origin, 

Current Organic Chemistry, 1, 1997, 415–440. 
2. F. Shahidi: Natural Antioxidants, Chemistry, Health Effects and Applica-

tions, AOCS, Press, Champaign, Illinois, USA, 1999. 
3. E. B. Burlakova: Bioantioxidants. Molecular cell biophysics, Russ. Chem. J., 

51, 2007, 3–12. 
4. V. D. Kancheva: Phenolic antioxidants – radical scavenging and chain 

breaking activities. Comparative study. Eur J lipid Sci Technol., 111, 2009, 
1072–1089. 

5. V. D. Kancheva, Phenolic antioxidants of natural origin – structure activity 
relationship and their beneficial effect on human health. In: „Phytochemicals 
and Human Health: Pharmacological and Molecular Aspects“, Nova Sci-
ence, USA, Ed. A. Farooqui, 2011, in press.  

6. V. D. Kancheva, L. Saso, P. V. Boranova, M. K. Pandey, Sh. Malhorta, 
J. T. Nechev, A. K. Prasad, M. B. Georgieva, A. L. DePass, V. S. Parmar: 
Structure-activity relationship of some dihydroxy coumarins. Correlation be-
tween experimental and theoretical data and synergistic effect. BIOCHIMIE, 
92, 2010, 1089 – 1100. 

7. N. Nenadis, M. Tsimidou: Observations on the estimation of scavenging ac-
tivity of phenolic compounds using rapid 1,1-diphenyl – 2 picrylhydrazyl 
(DPPH) tests. J. Am. Oil Chem. Soc., 79, 2002, 1191–1195. 



OPTICAL AND AFM MICROSCOPY STUDING OF THIN FILMS… 
 

 77

8. N. Yordanov: Is our knowledge about the chemical and the physical proper-
ties of DPPH enough to consider it as a primary standard for quantitative 
EPR spectrometry. Appl. Magn. Reson. 10 (1996) 339 – 350. 

9. V. D. Kancheva, P. V. Boranova, J. T. Nechev, I. I. Manolov: Structure-
activity relationships of new 4-hydroxy – bis-coumarins as radical scaven-
gers and chain-breaking antioxidants. BIOCHIMIE, 92, 2010, 1138 – 1146. 

10. A. K. Ghose, V. N. Viswanadhan, J. J. Wendoloski: A knowledge-B\based 
approach in designing combinatorial or medicinal chemistry libraries for 
drug discovery. J. Combin. Chem., 1, 1999, 55 – 68. 

11. C. A. Lipinski, F. Lombardo, B. W. Dominy, P. J. Feeney: Experimental and 
computational approaches to estimate solubility and permeability in drug 
discovery and development settings. Adv. Drug Del. Rev., 23, 1997, 3–25.  

12. T. I. Oprea, A. M. Davis, S. J. Teague, P. D. Leeson: Is there a difference be-
tween leads and drugs? A historical perspective. J. Chem. Inf. Comput. Sci., 
41, 2001, 1308–1315. 



Vessela Kancheva, Adriana Slavova-Kazakova 
 

 78 

 


