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ABSTRACT 

In pH 4.8 Britton-Robinson (B-R) buffer solution, Mercaptopurine (MP) could react with Cu(II) to form stable chelate 
compound, a new Resonance Rayleigh scattering (RRS) spectrum generated and enhanced for the binary system which 
the highest peak located at 453 nm as detection wavelength. But the RRS spectra could be quenched after adding her- 
ring milt DNA (hsDNA), salmon milt DNA (sDNA) and calf thymus DNA (ctDNA) into the binary system, respec- 
tively. And the weakened degree of spectra was directly proportional to the concentration of DNA. The reaction product 
of three nucleic acid system have identical spectral features, their range of linearity for the relation of spectral intensity 
with concentration respectively are 0.05 - 0.9 μg·mL–1 for hsDNA, 0.1 - 0.9 μg·mL–1 for sDNA and 0.3 - 0.9 μg·mL–1 
for ctDNA; their detection limit respectively are 5 ng·mL–1 for hsDNA, 6 ng·mL–1 for sDNA, 6 ng·mL–1 for ctDNA. So 
a new method for determination of DNA was developed and successfully applied to determine the content of the DNA 
in artificial synthetized samples. At the same time the spectral features of absorption spectra and RRS spectra of the 
three reaction system, and the eligible reaction conditions and influencing factors were investigated in this paper.  
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1. Introduction 

Nucleic acid is an important chemical substance in life 
process, which provides informations, templates and 
tools of generating proteins. Many anti-cancer and cure- 
cancer drugs were designed by means of DNA as the 
drug’s target [1]. The formation of DNA targeting com- 
pounds provided a theoretical basis to search for new 
anti-cancer drugs, to improve the efficacy reasonably and 
reduce the toxicity of anti-cancer drugs. It is a valuable 
and significant work for vitro selection of drugs, diagno- 
sis and treatment of some diseases as well as the design 
and synthesis of novel anti-cancer. In the clinical field 
many anti-cancer drugs were used DNA as the main tar- 
gets, which interacted with the cancer cells in DNA and 
damaged its structure, thereby affecting gene automatic 
regulation and expression, showing anti-cancer activity 

[2-6].  
Mercaptopurine is an anti-metabolic and anti-cancer 

drug, which is mainly used for rapid proliferating tumor 
such as lymphoma and leukemia. Mercaptopurine can 
prevent nucleic acid synthesis, suppress cancer cell divi- 
sion and reproduction. And nucleic acid synthesis was 
disrupted but protein synthesis was not stopped, the growth 

was unbalanced so that cancer cells were killed. Mer- 
captopurine belongs to cycle-specific drug, which mainly 
acts on the S phase and delays G1 phase. Humoral and 
cellular immunity were also inhibited by Mercaptopurine. 
However, taking this drugs easily trigger adverse effects 
such as bone marrow suppression and gastrointestinal 
inhibition [7]. In order to improve efficacy and reduce 
side effects, it was need to make a deep research on the 
reaction mechanism of drug and DNA. At the molecular 
lever, we study the reaction mode of anti-cancer drug and 
DNA, which is extremely important for us to understand 
the effect mechanism and toxic effects of anti-cancer 
drug.  

Resonance Rayleigh scattering spectral method, as a 
new analytical technique, has attracted people’s attention 
due to its high sensitivity and simplicity. It has been ap- 
plied to the determination of macromolecules more and 
more such as nucleic acids, proteins, heparin [8-15], and 
drugs, surfactant, metallic and non-metallic ions. In re- 
cent years, RRS has been widely applied to analyze some 
multicomponent system, and our work find that the RRS 
quenching method can also be available for the determi- 
nation of DNA. The RRS method is very susceptible to 
volume change of material particle in system, and it is 
not only has high sensitivity, but also can provide more *Corresponding author. 
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affluent structural information. At present study on the 
RRS spectral features of the ternary complexes of drug 
with metallic ions and nucleic acid were too little re- 
searched and the RRS spectra quenching method of ter- 
nary system for determination of DNA have not been 
reported. 

Our experiment discovered that in pH 4.8 Britton- 
Robinson buffer medium, the RRS spectra were en- 
hanced and the new RRS spectra was observed when MP 
reacted with Cu(II) to form stable chelate compound, 
although the RRS spectra of both MP and Cu(II) were 
very weak in wavelength range of 220 - 700 nm before 
they interacted. We have tested MP and metallic ion such 
as Cu(II), Pd(II), and Pt(II) etc. formed binary system, 
respectively, the RRS spectra of the binary system of MP 
and Cu(II) was the strongest. Then the RRS spectra of 
the binary system were quenched after adding herring 
milt DNA (hsDNA), salmon milt DNA (sDNA) and calf 
thymus DNA (ctDNA) into the reaction system and the 
weakened degree of spectra was linear correlation to the 
concentration of DNA at the same time the absorption 
spectrum was changed too.  

The scattering quenching relative intensity (ΔI) were 
in the order of hsDNA > sDNA > ctDNA. In this paper, 
the interaction of MP and Cu(II) had been studied by 
RRS spectra method, and those eligible reaction condi- 
tions and influencing factor had been investigated too. 
Meanwhile, the reaction mechanism of the ternary sys- 
tem for the drug and metallic ions reacted with nucleic 
acid had been discussed based on absorption and RRS 
spectra. Therefore, a new method for the determination 
of DNA was established. The experiment showed the 
RRS method has high sensitivity as the detection limits 
(3σ) was 5.0 ng·mL–1 (hsDNA), 6.0 ng·mL–1 (sDNA), 
7.0 ng·mL–1 (ctDNA), respectively. The RRS spectra as a 
useful analytical technique has been used to study the 
interaction of adding nucleic acid into the binary system 
formed by drug and metallic ions, which can be used to 
explore the reaction mechanism of the ternary system, 
understand pharmacology and toxicity of the drug at the 
molecular level, provide much more information on the 
design and synthesis drugs of novel anti-cancer. At the 
same time, the RRS method had also good selectivity for 
the determination of nucleic acid, So a simple, sensitive 
and rapid method has been developed for the quantitative 
determination of trace amounts of nucleic acid using the 
Cu(II)-MP as a RRS spectral probe reagent.  

2. Experimental 

2.1. Apparatus and Reagents 

An F-4500 fluorescence spectrophotometer (Hitachi, Ja- 
pan) was used to record the RRS spectra and measure the 
scattering intensity. A UV-3010 ultraviolet-visibility spec- 

trophotometer (Hitachi, Japan) was used to record the 
absorption spectra and measure the absorbance. The de- 
termination parameters slit was set 10.0 nm. A PHS-3C 
pH meter (Mettle Toledo Instrument Limited Company 
in Shanghai) was used to adjust pH values.  

6-Mercaptopurine (MP, Sigma Co.) was dissolved in a 
little of 0.2 mol·L–1 NaOH to prepare 100 μg·mL–1 stock 
solution, and the concentration of working solution was 
10 μg·mL–1 while using by deliquated.  

The concentration of stock solution of Cupric(II) chlo-
ride (CuCl2, Chongqing Chemical Plant, China) was 8.7 
× 10–3 mol·L–1 and the concentration of working solution 
was 8.7 × 10–4 mol·L–1 while using by deliquated. 

The stock solution of nucleic acids were prepared by 
dissolving herring milt DNA (hsDNA, Sigma Co.), Salmon 
milt DNA (sDNA, Sigma Co.) and calf thymus DNA 
(ctDNA, Sigma Co.) in deionized water. Their concen- 
trations were determined by absorption spectrum at 260.0 
nm. The working solution of nucleic acids was 50.0 
μg·mL–1. All these solution were kept in a refrigerator at 
1˚C - 4˚C.  

Britton-Robinson buffer solutions with different pH 
were prepared by mixing acid (composed of 0.04 mol·L–1 
H3PO4, H3BO3) with 0.2 mol·L–1 NaOH in certain pro- 
portion. The pH values were adjusted by the pH meter. 
All reagents were analytical reagent grade and double- 
distilled water was used in the expweiment.  

2.2. General Procedure 

1.0 mL pH 4.8 B-R buffer solution was added, 3.6 mL 
μg·mL–1 of MP working solution and 1.0 mL of 8.7 × 
10–4 mol·L–1 CuCl2 solution in 10 mL calibrated flask, 
respectively. Shaken thoroughly, standed for 5 min. Then 
added appropriate volume of nucleic acids solution and 
double-distilled water diluted the mixture to the mark, 
and measured after mixed thoroughly, standed 5 min. 
The RRS spectra of the system were recorded with syn- 
chronous scanning at λex = λem and slit width set at 10 nm 
by F-4500 fluorescence spectrophotometer, the scan speed 
was set at 2400 nm per min. At 453 nm measured the 
RRS spectrum intensity IRRS of the ternary system and I0 
of the reagent blank; ΔIRRS = IRRS – I0. Simultaneously, 
the spectra of absorption were recorded.  

3. Results and Discussion 

3.1. RRS Spectra 

3.1.1. RRS Spectra of MP-Cu(II) Binary System  
In pH 4.8 BR buffer medium, both MP and Cu(II) had 
very weak RRS signals in wavelength range 220 - 700 
nm. However, the RRS spectrum intensity was strongly 
enhanced when MP reacted with Cu(II) to form stable 
chelate compound [Cu(MP)2]. The RRS spectrum peak 
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at 453 nm (see Figure 1). The colorless MP solution af- 
ter reacted with Cu(II) changed into yellow and it further 
proved there was the new product generated. The results 
showed that the increased of RRS intensity of MP-Cu(II) 
system was linear correlation with an increased concen- 
tration of MP. Hence, the reagent Cu(II) has higher sen- 
sitivity could be a sensitive RRS spectral probe for the 
determination of trace amount of MP.  
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3.1.2. RRS Spectra of MP-Cu(II)-DNA Ternary  

System  
The RRS spectrum intensity of MP, Cu(II) and DNA 
were all very weak. But the RRS spectrum intensity of 
MP-Cu(II) binary system was strongly enhanced. How- 
ever the RRS spectra was quenched when hsDNA, sDNA 
and ctDNA respectively added into the binary system, 
but the shape and wavelength locations of the RRS spec- 
tra were not changed (see Figure 2). Their maximum 
RRS wavelengths were all located at 453 nm and their 
relative scattering quenching intensity (ΔI) were in se- 
quence of hsDNA > sDNA > ctDNA. The quenching 
intensity was directly proportional to the concentration of 
DNA in a certain range. In the experiment the linear 
ranges were 0.05 - 0.9 μg·mL–1 (hsDNA), 0.1 - 0.9 
μg·mL–1 (sDNA), 0.3 - 0.9 μg·mL–1 (ctDNA), respect- 
tively. The detection limits (3σ) were 5.0 ng·mL–1 
(hsDNA), 8.0 ng·mL–1 (sDNA), 6.0 ng·mL–1 (ctDNA), 
respectively. The results showed that the MP-Cu(II) could 
be selected as higher sensitive RRS spectra probe for the 
determination of DNA at 453 nm.  

3.1.3. Absorption Spectra of MP-Cu(II)-DNA  
Ternary System  

The maximum absorption peak of MP was located at 322 
nm, the maximum absorption peak of Cu(II) was in the 
far ultraviolet region, and the maximum absorption peak 
of hsDNA was located at 260 nm. The absorbance obvi- 
ously decreased at 322 nm after fading reaction of MP by 
hsDNA added.  

There was bigger change of the absorption spectra  
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Figure 1. RRS pectra of MP-Cu(II) system MP concentra- 
tion, from 1 to 5: 0, 0.9, 1.8, 2.7, 3.6 μg·mL–1; Cu(II) con-
centration: 8.7 × 10–5 mol·L–1.  
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Figure 2. RRS pectra of MP-Cu(II)-DNA system. Cu(II) 
concentration: 8.7 × 10–5 mol·L–1; MP concentration: 3.6 
μg·mL–1. (a) hsDNA concentration, from 1 to 6: 0, 0.1, 0.3, 
0.5, 0.7, 0.9 μg·mL–1; (b) sDNA concentration, from 1 to 6: 0, 
0.1, 0.3, 0.5, 0.7, 0.9 μg·mL–1; (c) ctDNA concentration, 
from 1 to 5: 0, 0.3, 0.5, 0.7, 0.9 μg·mL–1.  
 
shape and the absorbance for the binary system of MP- 
Cu(II) which maximum absorption peak was in the far 
ultraviolet region, the phenomenon showed there was the 
new product generated. While the ternary system formed 
by the MP-Cu(II)-hsDNA had stronger absorbance rela- 
tive to the binary system of MP-Cu(II), and the absorp- 
tion spectra shape was changed (see Figure 3), The re- 
sults showed the interaction of MP and Cu(II) was 
changed by adding hsDNA into above binary system.  

3.2. Optimum Reactive Conditions 

3.2.1. Effects of Acidity 
The influences of different buffer solution on RRS spec- 
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0.5tra intensities of the MP-Cu(II) system were tested by 
using Britton-Robinson and HAc-NaAc. The results showed 
that the RRS spectra relative intensity (ΔI) of the binary 
system were very weak when we used HAc-NaAc as 
reaction medium, and When the Britton-Robinson was 
used as reaction medium, the RRS spectra relative inten- 
sity (ΔI) were stable as well as enhanced obviously. The 
influences of different pH on RRS spectra relative inten- 
sity (ΔI) of the system were tested by Britton-Robinson 
(see Figure 4). The results showed that the optimum pH 
range of the MP-Cu(II) system was 4.6 - 4.9, and the 
ΔIRRS reached the maximum and remain constant in the 
range. Therefore, 1.0 mL of B-R buffer solution of pH 
4.8 was selected in the experiment.  

3.2.2. Effects of Cu(II) Concentration  
In the experiment the metal ion such as Cu(II), Pd(II), 
and Pt(II) etc. were tested with MP reaction formed bi- 
nary system, respectively, The results showed that the 
RRS spectra of the binary system of MP and Cu(II) was 
the strongest. The influence of the concentration of Cu(II) 
on the RRS spectra intensity of the MP-Cu(II) system 
was investigated (see Figure 5). The experiment result 
showed that the RRS spectra intensity reached the maxi- 
mum and retained stability when the concentration range 
of Cu(II) was from 0.87 × 10–4 mol·L–1 to 1.74 × 10–4 
mol·L–1. If the concentration of Cu(II) is not enough, the 
reaction would be incomplete. If the concentration of 
Cu(II) was excessive, ΔI would decrease because of the 
increased of RRS spectra intensity against reagent blank. 
So the experiment concentration of Cu(II) was 8.7 × 10–5 
mol·L–1.  

3.2.3. Effects of MP Drug’s Concentration 
The influence of the concentration of MP on the RRS 
spectra intensity of Cu(II)-MP system was investigated. 
The experiment result showed that the RRS spectra in- 
tensity reached the maximum and remained stabile when 
the concentration range of MP was from 0.24 × 10–4 

mol·L–1 to 0.26 × 10–4 mol·L–1. This is coincident with 
composes ratio of 1:2 proved by mole ratio method in 
our experiment. If the concentration of MP was too small, 
the concentration of Cu(II) was excessive, and on the 
contrary, the concentration of Cu(II) was not enough, 
there were all had adverse influence on the complexation 
reaction would be incomplete. So, the experiment opti- 
mal concentration of MP was 2.5 × 10–5 mol·L–1 and 
suitable to used above 3.6 μg·mL–1.  

3.2.4. Effects of Ionic Strength 
The effect of ionic strength on the RRS spectra intensity 
for the ternary system was investigated with NaCl as 
reagent. The result showed when the concentration of 
NaCl solution increased, the ΔIRRS would remain con-  
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Figure 3. UV pectra of hsDNA-MP-Cu(II) system. Cu(II) 
concentration: 8.7 × 10–5 mol·L–1; MP concentration: 3.6 
μg·mL–1; hsDNA concentration: 0.9 μg·mL–1 1: MP; 2: Cu2+; 
3: hsDNA; 4: MP-Cu2+; 5: MP-Cu2+-hsDNA; 6: MP-hsDNA.  
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Figure 4. Effect of pH on RRS spectra. 1: Cu(II); 2: Cu(II)- 
MP Cu(II) concentration: 8.7 × 10–5 mol·L–1; MP concen- 
tration: 1.0 μg·mL–1.  
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Figure 5. Effect of Cu(II) on RRS spectra. 1: Cu(II); 2: MP- 
Cu(II); MP concentration: 1.0 μg·mL–1.  
 
stant. The effect further indicated that the ternary system 
formed stable chelates.  

3.2.5. Effect of the Addition Order of Reagents and 
the Stability of the System 

The effect of addition order on the RRS spectra intensity 
of the reaction system was tested. The result showed that 
the test order of buffer → MP → Cu(II) → DNA was the 
best order. At room temperature, the drugs could react 
thoroughly with metal ion to form chelates in 5 min, 
which could further react with DNA such as hsDNA, 
sDNA and ctDNA through shaking thoroughly to form 
ternary complexes in 5 min. The RRS spectra intensity 
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could achieve optimum value and remain constant for 12 
h at least.  

3.3. The Mechanism of Interaction of  
MP-Cu(II)-DNA System 

The RRS spectra intensity of MP, Cu(II) and DNA, while 
themself alone, were all very weak in weak acidic me- 
dium, because of MP was a weak acid, which was solu- 
ble in NaOH solution and mostly existed in the form of 
the anion [16]; MP containing multiple nitrogen atoms 
and sulfur atoms which has abundant electron can be 
easily reacted with Cu(II) to form stable chelates in the 
mole ratio of 1:2, which was proved with the mole ratio 
method in our experiment. The hydrophobic interface 
formed between the aromatic skeleton and water, so the 
RRS was enhanced.  

Moreover, DNA processed negative charges, the con- 
formation of that could be changed [17] in acidic me- 
dium. After the interaction between DNA and MP, the 
RRS spectra had no obviously enhancement but the ab- 
sorption spectra of the drug had been cut down, due to 
that MP reacted with DNA base to destruct their double 
helix resulting in fading effect of the drug [18,19]. The N 

atom in DNA basic group and -OH in DNA phosphate 
radical could combine with Cu(II) to form coordination 
compound, for the valence space of Cu(II) could com- 
bined with multiple DNA, the RRS spectra intensity was 
not obviously enhanced but the scattering signal could 
been weakened when the MP-Cu(II) binary reaction sys- 
tem was added in DNA. From above analysis, we could 
speculate that MP may firstly occupy the partial space of 
Cu(II), then DNA integrated with the remaining space of 
Cu(II), thereby DNA competitively combined with Cu(II) 
lead to the spectra intensity of the ternary system occur- 
renced quenching.  

3.4. Spectral Response Characteristics of  
MP-Cu(II)-DNA System  

Under the optimum conditions, the enhanced RRS spec- 
tra intensities (ΔI) were measured while MP and Cu(II) 
reacted with different concentrations of Nucleic acids 
(hsDNA, Sdna, ctDNA), separately. The calibration 
graphs of ΔIRRS against the concentrations of DNA were 
constructed. The linear regression equation, correlation 
coefficients, linear ranges and detection limits (3σ) were 
listed in Table 1. In which the RSD (n = 11) could been  

 
Table 1. Related parameters of the calibration graphs and the detection limits for DNA. 

System Method 
Linear regression 

equation (μg·mL–1)
Correlation  

coefficient (r) 
Linear 

range/μg·mL–1 
Detection limits 

3σ/μg·mL–1 
RSD (n = 11) % 

hsDNA-Cu(II)-MP RRS ΔI = 276.8 + 1799C 0.9998 0.05 - 0.9 0.005 2.5 

sDNA-Cu(II)-MP RRS ΔI = 428.9 + 1164C 0.9990 0.1 - 0.9 0.008 2.9 

ctDNA-Cu(II)-MP RRS ΔI = 186.5 + 1485C 0.9997 0.3 - 0.9 0.006 2.8 

Cu(II)-MP RRS ΔI = 343.5 + 548.1C 0.9997 0.05 - 3.6 0.016 3.0 

 
Table 2. Effect of coexisting substances (0.9 μg·mL–1 hsDNA). 

Foreign substance 
Concentration of foreign 

substance (/μg·mL–1) 
Relative error (%) Foreign substance 

Concentration of foreign 
substance (/μg·mL–1) 

Relative error (%) 

Na+, Cl– 1754 2.4 CH2CH5OH 300.0 2.9 

K+,  3NO−

2

4SO −

2

3CO −

3NO−

2020 –5.7 Glucose 200.0 –3.2 

NH4+, Cl– 100.0 –3.6 Sucrose 600.0 –1.3 

Ba2+, Cl– 20 4.1 Maltose 400.0 –3.7 

Mg2+, Cl– 25 –3.6 HSA 0.67 3.2 

Ni2+, Cl– 60 0.21 Urea 500.0 0.17 

Zn2+,  40.0 –4.8 Starch 100.0 2.7 

Ca2+, Cl– 100.0 –1.1 L-Histidine 5.0 1.7 

Fe3+, Cl– 2.1 2.9 DL-Histidine 5.0 –1.8 

Na+,  20.0 –4.2 D-Tryptophan 5.0 –1.9 

Al3+, Cl– 1.9 –1.1 L-Tryptophan 5.0 3.2 

Co2+,  23 –4.6 D-Phenylalanine 10.0 –1.7 
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Table 3. Determination of synthesis samples.  

Synthetical sample/μg·mL–1 Concentration of coexist substance/μg·mL–1 Determination/μg·mL–1 Recovery % RSD (n = 5) %

hsDNA 0.9 
Al3+1.0, Mg2+10, Glucose50, Ca2+10, L-Histidine1.0, 
D-Phenylalanine1.0  

0.89 98.8 2.1 

hsDNA 0.9 
Co2+5.0, , Fe3+0.5, Ba2+5.0, L-Tryptophan1.0, 

D-Tryptophan 1.0 
4NH 50+

0.88 97.7 2.6 

hsDNA 0.9 HSA0.1, Urea100, Ni2+10, Lactose100, Zn2+5.0 0.92 102.0 2.4 

 
obtained by calculated for 3.6 μg·mL–1 MP and 8.7 × 
10–5 mol·L–1 Cu(II). The results show that the method for 
the determination of Nucleic acids has very high sensi-
tivity.   

3.5. Selectivity of the Method and Its Application 

3.5.1. Effect of Coexisting Substances 
Taking the MP-Cu(II)-hsDNA system as an example, 
under optimum conditions, we investigated the effect of 
some co-existing substances on the determination of 
hsDNA. When the concentration of hsDNA is 0.9 μg·mL–1, 
the tolerable concentrations (the relative deviation < ±10%) 
of the coexisting substances are listed in Table 2. It 
could be seen from the table, except for Fe(III), Al(III), 
most of common metal ions, nonmetal ions, and saccha- 
rides did not interfere with the determination of hsDNA. 
And small amount of amino acids and HSA did not in- 
terfere with the determination of hsDNA. So, the RRS 
spectral method would have a good selectivity.  

3.5.2. Analytical Application  
Determination of synthesis samples hsDNA. Three group 
samples were synthesized in accordance with the inter- 
fering permissible amounts of the coexistent components 
in Table 2, the hsDNA were determined using the RRS 
spectral method. The results are listed in Table 3, which 
shows the method had good veracity and reproducibility 
for determination of DNA.  
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