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Aromatic ring derivative molecules l ike 
daunomycin, epiadriamycin and adriamycin  are 
anticancerous anthracycline drugs that are obtained 
from Streptomyces peucetius strains of bacteria 
through the process of fermentation.These drugs 
are  e ffec t ive  in  the  t rea tment  of  acute 
lymphoblastic leukemia, and myelogenous 
leukemia. These drugs intercalate in the major 
groove and minor groove of various DNA 
sequences and inhibit the replication of DNA 
during the S-phase of cell cycle. The structure of 
these drugs consists of a planar, hydrophobic 
tetracycline ring structure linked to a sugar moiety 

with a glycosidic bond linkage. The anthracycline 
der iva t ive  has  four  fused  r ings  (A-D) . 
Epiadriamycin molecule has 4' hydroxyl (OH) 
group inversion on the sugar moiety as compared to 
Adriamycin and Daunomycin molecules. There are 
various forces between drug-DNA complexes such 
as electrostatic forces,  hydrogen bonds, 
hydrophobic effects, salt bridges, and dispersion 
forces. Electrostatic forces depend upon the 
concentration of salt solutions as the concentration 
increases, the electrostatic force decreases. The 
electrostatic forces vary where there is a presence 
of water and or its absence and the forces are much 
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ABSTRACT

The anticancer drugs like adriamycin,epiadriamycin and daunomycin intercalate with different 
sequences of DNA and provide hindrance to the replication of DNA in cancerous cells by interacting with 
DNA gyrase, DNA helicase and DNA topoisomerase which help in the winding and unwinding of  DNA 
respectively. The drugs bind in the major groove and minor groove of DNA according to the base 
specificity of nucleotides in DNA. Various forces that help in the stabilization of drug with DNA are 
electrostatic forces like salt bridges, dipole forces like hydrogen bonds, entropic forces like hydrophobic 
effect, base stacking forces like dispersion forces. Adriamycin has a higher affinity, cooperativity and 
conformational stability during binding to poly(dA.dT) than epiadriamycin and daunomycin Further 
studies were done to study the binding of daunomycin, adriamycin, and epiadriamycin to hexanucleotide 
sequence d-CGATCG by absorption and fluorescence measurements and energy minimization studies 
were done with AMBER force field to study the hydrogen binding interactions between drug and DNA 
sequence. In addition to these studies,the affinity of binding of hexanucleotide sequences like d-CGATCA, 
and dCGTACA to drugs adriamycin, epiadriamycin and daunomycin was studied and compared with d-
CGATCG sequence. Sugar moiety in drug molecules interacts more strongly with d-CGATCA than with d-
CGTACA due to the formation of direct hydrogen bonds between d-CGATCA and not in altered nucleotide 
conformation sequence d-CGTACA. In sequence d-CGATCG interaction with drug epiadriamycin, the 
4'hydroxyl group is inverted in the sugar molecule as compared to the adriamycin drug where the 4-
hydroxyl group position helps in the formation of hydrogen bonds with adenine N atom in the DNA 
hexanucleotide sequence d-CGATCG.
Keywords- Hexanucleotide drug; DNA; Absorption spectroscopy; Fluorescence spectroscopy; 
Adriamycin; Epiadriamycin; Daunomycin; Anticancer drugs; Intercalation; Drug-DNA binding.
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stronger in the absence of water molecules due to 
the dielectric constant and polarity of water which 
forms hydrogen bonds and weakens the 
electrostatic forces. The C-11 H–atom of hydroxyl 
groups in ring C forms a hydrogen bond with ring B 
oxygen atom in drug molecules and the C-9 
carbonyl oxygen atoms in ring D of the drug 
molecule also forms hydrogen bonds with guanine 
NH –group (amine) nucleotide group in the DNA 2

molecule.  The other effects  include the 
hydrophobic effects caused due to the hydrophobic 
aromatic anthracycline rings of drug molecules 
when water molecules surround them. These water 
molecules are released during the formation of 
clusters and stacking of aromatic drug molecules 
leading to the formation of aggregates. Further 
these interactions stabilize the entropy of the 
system and decrease the free energy. Further 
interaction studies were studied in the intercalation 

[1]of salmon sperm DNA with daunomycin  .The 
effect of increase in the concentration of drug 
daunomycin was studied by spectrophotometric 
absorption spectroscopy to analyze the afnity of 
intercalation of this drug with salmon sperm DNA 
sequence  and the concentration of bound, unbound 
drug and extinction coefcients of the free and 
DNA bound drugs like daunomycin was analyzed 

[2].
experimentally  

Absorption spectrophotometry
The results of the intercalation of the drug 
daunomycin with salmon sperm DNA was 

 [ 2 ]
analyzed experimentally  by absorption 
spectrophotometry at wavelength 480nm in 10mM 

0MES buffer, pH=6.2 at 25 C. Further linear plots 
and scatchard plots  were drawn for the 
spectrophotometric data according to the equation 
given below, n=n -(1/K )(n/D ) ,  where  m a x a f

n=number of moles of drug bound per mole of 
DNA sequence, n = represents the maximum max

binding capacity of the drug with DNA, K =  a

association constant for the drug-DNA complex, 
and D = is the concentration of unbound drug. f

Further hydrogen bonding of the amino group 
present at the 3' position of the sugar moiety in the 
drug molecule with the nucleotide of the salmon 
sperm DNA was studied and the substitution of the 
amino group at the 3' position of the sugar of drug 
molecule with peptides lead to an alternation in the 
binding afnity of the drug with DNA, and 

weakened the interaction and intercalation of the 
drug with DNA. Further absorption experiments 
were done to study the intercalation of daunomycin 

 [3]drug with DNA sequence . The total concentration 
of the drug was calculated from the Lambert-Beer's 
Law at 540nm wavelength, C = A /ϵ  where t 540 540

A =absorbance at 540nm, ϵ = molar extinction 540 540
 [3]

coefcient at 540nm . Further formula was used to 
calculate the amount of bound drug= C = b

A/∆ϵ=(A -A )( ϵ - ϵ ), the amount of free drug o observance f d

was calculated by taking the difference of total drug 
concentration (C ) – the bound drug concentration t

(C ),A is the absorbance of drug at a known b o 

concentration and A is the absorbance at a observed 

particular ratio of DNA to drug. Further for 
absorption studies the concentration of free drug 
was calculated according to formula C =C [(A/A -f t o

P)/(1-P,) where C  is the concentration of free drug f

C  is the concentration of bound drug, A is the , t

absorbance at a given ratio of nucleic acid binding 
to drug, A  is the absorbance of drug at o

concentration 10µM , P=A /A where A is the α o α 

absorbance when all the drug is bound to DNA 
sequence. In addition to these experiments 
uorescence studies were done at wavelength 
λ =480nm and λ =555nm. Ratio of exitation emmission

Fluorescent intensity of drug daunomycin before 
and after binding to DNA sequence was used to 
calculate the amount the concentration of bound 
drug to DNA, C =C (I/I -P)/(1-P), where C  is the f t 0 t

concentration of bound drug and P=is the ratio of 
quantum yield of uorescence of total bound drug 
to DNA to the uorescent intensity of bound drug at 
concentration 10 µM, where P=I /I Analysis of α o..

data was done ahead by drawing the graphs of r/Cf 

where r=number of moles of bound  daunomycin 
per mole of DNA base pair and C is the f   

concentration of free drug(unbound drug), The 
calculation of this ratio was explained by the 
algorithm loop of Crothers (1968) and closed form 
of Mc Ghee and Von Hippel (1974), r/C =K (1-f i

n-1nr)[(1-nr)/{1-(n-1)}]  , where K  is the intrinsic i

binding constant and n is exclusion parameter in 
base pairs. The experiments were continued ahead 
by analyzing the equilibrium binding of 
daunomycin and adriamycin with calf thymus 

 [4]
DNA . The absorbance spectra of daunomycin 
drug in free state and bound state from wavelength 
480nm to 505 nm shows a red shift and 
uorescence spectra was calculated at 555nm and 
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592nm for excitation and emission of the drug  
daunomycin . The concentration ratio of drug to 
DNA varies from 1:6 to 1:10 along with the 
variation in temperature and ionic strength of salts. 
Various plots were studied and analyzed for the 
binding of drug to DNA by calculating the ratios of 
r/C  with r at various concentrations of drug from 3-f

0 0
7 µm at different temperatures of 15 C to 25 C. The 
sigmoid curves were plotted with following 
characteristics of r and free drug concentration (C ) f

with drug concentration in the range from 4.4 µm to 
5.5 µm for adriamycin. The result suggested that 
the sigmoid curve decreased as the concentration of 

 [4] 
the adriamycin decreased and next graphical 
analysis of fractional drug saturation and DNA 
concentration revealed that as the concentration of 
daunomycin was increased, the sigmoid curve of 

[4]fractional saturation decreased.  

Cooperativity behavior of the binding of 
anticancer drugs with different 
sequences of DNA
Experiments suggested that the binding of 
adriamycin to DNA takes place by a positive 
cooperative mechanism and a positive slope is 
formed in the curve of saturation kinetics of drug- 

 [5]
DNA interaction  and is dependent upon the ionic 
concentration of salts in the solution. Various 
sequences of DNA nucleotides were compared and 
it was shown that the positive cooperativity 
decreases in the order as follows poly(dG-
dT)—poly(dA-dC) > poly(dAdT)---poly(dA-

[5]
dT),>poly(dG-dC)---poly(dG-dC) . The binding 
of the drug decreases with the increase in the salt 
concentration from 0.1M to 0.2M. Studies revealed 
that daunomycin molecules interact immediately 
upstream of the DNA. Further the interaction of 
drug daunomycin with sequence dCGATCG has 
more pronounced stacking pattern than interaction 
of sequence dTGATCA with daunomycin drug. 
Studies revealed that daunomycin binds to DNA 
specic nucleotides for every two base pairs, and 
the binding afnity varies for the drug as it was 
observed for guanine nucleotide along with 5'-
methyl group cytosine. The X-ray crystal structure 
was developed after the intercalation of drug 
daunomycin-(CGTACG)  with 2-NH  amine group 2 2

with variation in ionic strength and polyelectrolyte 
[8]

concentration with different ionic strength . 
Crystallization studies of 4'-epiadriamycin with 

hexamer dCGATCG revealed that one drug 
molecule binds at each CpG site and the sugar 
molecule attached to the anthracycline ring of drug 
binds to the minor groove of DNA whereas 
spermine molecules bind to the major groove of 

[9]DNA. There is variation in the binding afnity of 
drug with hexamer sequence dCGATCG than with 
sequence dCGTACG. Direct hydrogen bonds are 
formed in the drug-dCGATCG complex and not in 
drug-CGTACG complex in the minor groove of 
DNA. In the major groove of DNA, the sequence 
dCGATCG forms a complex with spermine protein 

[6]
but not in dCGTACG sequence . The methylene 
and amino groups of spermine lead to the formation 
of Van-der-Waals forces in the drug-dCGATCG 
c o m p l e x  b u t  n o t  i n  d r u g - d C G TA C G 

[6]complex .Studies ahead proved that adriamycin 
drug has much more binding afnity for 
hexanucleotide d(TATATA)  than for hexanuc-2

leotide d(CGCGCG)  although in hexanucleotide 2

d(CGTACG)  strongest afnity for this sequence is 2

observed than for other nucleotides along with 
afnity of interaction at the 9'OH position in drug 

[10]and the DNA sequence . Base pair triplet in the 
hexanucleotide sequence denes the afnity of 
interaction of the drug-DNA complex than the 
presence of different types of two base pairs during 
drug-DNA intercalation studies.

MATERIALS AND METHODS
Calf  Thymus DNA and hexanucleot ides 
d(CGATCG) were intercalated with adriamycin, 
epiadriamycin and daunomycin anticancer drugs 
and the complex was mixed and the results were 
analyzed by spectrophotometer and spectro 
uorometer. The concentrations of drugs were 
taken in the range of 10µM. The concentration 
was100µM for spectrophotometry and 50µM for 
spectrouorometry  s tudies  (DNA).0.1M 
phosphate buffer was used at pH=7.1 with 5mM 
EDTA which was diluted to 20mM phosphate 
b u f f e r  a n d  1 m M  E D TA .  A b s o r p t i o n 
spectrophotometry was performed on Carry 100 
Bio(Varian) UV-visible spectrophotometer with 
peltier thermostatted cell holder and quartz cuvette 
(path length=1cm).Further titration was done by 
mixing 20µl of DNA to a drug solution 9-11µM and 
recording the spectrum in the wavelength range of 
2 0 0 n m - 8 0 0 n m  a f t e r  e a c h  a d d i t i o n . 
Spectrouorometry was performed by adding 3ml 
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 RESULTS AND DISCUSSION
1. Absorption spectrophotometry of DNA sequence dCGATCG with drug Adriamycin

The interaction of drug adriamycin with calf 
thymus DNA was studied by absorption 
spectrophotometry. The kinetics of intercalation of 
the drug with DNA was studied and the wavelength 
scanning showed a change in the absorption peak 
from 480nm to 503 nm, called as the bathochromic 
(red shift). Further isosbestic point was observed at 
540nm which is the point on the absorption curve at 
which the concentration of bound drug and 
unbound drug is the same. Scatter plots were 
plotted for r and r/C  values as already discussed. f

Absorption spectrophotometry graphs were plotted 
for intercalation of adriamycin drug with sequence 
dCGATCG(Fig no.1, Fig no.2), graphs for 
epiadriamycin drug with sequence dCGATCG(Fig 
no. 3,4), graphs for daunomycin with dCGATCG  
(Fig no. 5,6) for different concentration ranges and 
uorescent studies were done for the intercalation 
of drug adriamycin with sequence dCGATCG, 
epiadriamycin with sequence dCGATCG, drug  
daunomycin with sequence dCGATCG, and all 
these uorometric intensity graphs showed the 
same results as the spectrophotometric graphs 
already discussed.

It was analyzed from the graphs that the binding of 
the drugs adriamycin, epiadriamycin, and 
daunomycin with calf thymus DNA observes 
noncooperative kinetics and the binding of the 
drugs with sequence dCGATCG observes 
cooperative kinetics The binding sites for the 
intercalation of epiadriamycin with DNA was 
found out to be maximum, then for daunomycin 
and least for adriamycin whereas the association 
constant i.e the strength of the binding of drug is 
maximum for daunomycin ,then for epiadriamycin 
and least for adriamycin as compared to the other 
research works with different concentration limits 
of drug and sequences of nucleotides of 

[10]DNA .The work can be compared to previous 
works where the afnity and the strength of binding 
of the anticancer drug adriamycin was analyzed 

[10]with different sequences of DNA . In the graph of 
intercalation of drug adriamycin with DNA 
sequence dCGATCG, the number of binding sites 
of drug to DNA is equal to 0.52 and the Y-axis 
depiction of n/C  value which is equal to n/ Kf association 

6
is 2.14 x 10 .

www.ijsir.co.in4

Fig- no.1 Graph plot of 1/DNA (dCGATCG) Vs 1/A -A of drug Adriamycin.0
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Fig no.2 Scatter plot of r (x-axis) Vs r/C (y-axis) for dCGATCG with drug Adriamycin.f  

2.     Absorption spectrophotometry of DNA sequence dCGATCG with drug epiadriamycin .

Fig no. 3 Graph plot of 1/DNA(x-axis)   (dCGATCG) Vs 1/Ao-A(y-axis) with epiadriamycin drug. 

In the same way graph of intercalation of 
epiadriamycin with DNA sequence was studied by 
absorption spectrophotometry (Fig no. 3, 4).The 

number of binding sites of drug on DNA is 0.63, 
and the Y-intercept (Fig no. 4) gives the value of 

6r/C  which is equal to n/K  equal to 2.73 x 10 . f association
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Fig no.5 Graph plot of 1/DNA (dCGATCG) Vs 1/A -A of drug  daunomycin.0

Fig no. 4 Scatter plot of r Vs r/C for dCGATCG with drug epiadriamycin drug. f 

Further absorption spectrophotometry was performed by mixing daunomycin drug with DNA sequence 
dCGATCG was calculated to be 0.52. The Y-axis value from g no. 6 which gives the value of r/C  (or f

6n/K ) is equal to 4.72 x 10 .association
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3.     Absorption spectrophotometry of DNA sequence dCGATCG with daunomycin

Fig no. 6 Scatter plot of r Vs r/C for dCGATCG with drug daunomycin drug. f 

Further spectrouorometric quenching studies 
were done for the anticancer drugs adriamycin, 

epiadriamycin and daunomycin as depicted in the 
graphical gure no. 7,8.

Fig no 7. The graph shows the ratio of DNA/Drug concentration to the percentage (%) 
fluorescence intensity.

[7]
Studies were compared with intercalation of daunomycin with poly(dG-dC) sequence .

Fig no.8 Graph of 1/DNA (x-axis) concentration of dCGATCG and % fluorescence quenching  
of drugs.
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CONCLUSION
The paper discusses about the strength, afnity, 
steric and conformational interaction of anticancer 
drugs like adriamycin, epiadriamycin and 
daunomycin with different hexanucleotide 
sequences of DNA by absorption spectroph-
otometry and uorescent spectroscopy techniques. 
The drugs bind to the major groove and minor 
groove of the DNA as it is elucidated in this 
scientic article and prevent the replication of DNA 
by intercalating with it and further inhibiting the 
activity of enzymes like gyrase, topoisomerase in 
the cells.
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