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Study on the Interaction between Epirubicin Hydrochloride and
Nucleic acid and Its Analytical Application by Resonance
Rayleigh Scattering Spectra
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Abstract The interaction between epirubicin hydrochloride and DNA such as calf thymus DNA(ct DNA),
salmon DNA(sDNA), herring sperm DNA(hsDNA) was studied using resonance Rayleigh scattering (RRS)
method. In pH 2.0 acidic medium, the RRS signal of epirubicin or nucleic acid alone was very weak, but it
was enhanced greatly and new RRS spectra appeared when they interacted with each other to form a bound
product. There was a little difference of RRS spectra of the bound products for a variety of DNA and their
increments of RRS intensity were followed by this sequence, ctDNA==sDNA>hsDNA. Furthermore the
RRS intensity is proportional to the concentration of DNA in a certain range, and so a new method for the
determination of DNA with epirubicin by RRS technique was developed. The sensitivity of the method was
high with detection limits of different DNA being between 24.0 ng/mL and 28.0 ng/mL and the results of
determination of DNA in the synthetic samples with RRS method were satisfactory. The optimum condi-
tions, influence effects and the properties of analytical chemistry of the bound products were also investi-
gated and the reaction mechanism was discussed using RRS associated with absorption and fluorescence
spectra
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Figurel RRS spectra
A. EPI- nucleic acid systems: 1—ctDNA; 2—sDNA; 3—hsDNA; 4—yRNA;
5—EPI; 6—EPI-yRNA; 7—EPI-hsDNA; 8—EPI-sDNA; 9—EPI-ctDNA;
EPI: 7.5 pg/mL; nucleic acids: 1.8 pg/mL; B. EPI-ctDNA systems: 1—EPI;
2~5—EPI-ctDNA; ctDNA (2~5, ug/mL): 0.88, 1.76, 2.64, 3.52; [EPI]: 7.5
pg/mL
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Table 1 The RRS spectral characteristics of EPI-nucleic acid
systems

system Amax system Amax Aother
ctDNA 3025 EPI- ctDNA 3125
sDNA 303 EPI- sSDNA 285 307
hsDNA 3075 EPI- hsDNA 315 285, 344
yRAN 305 EPI-yRNA 312

EPI 325
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Figure 2 Diagram molecular structures of daunomycin and
epirubicin

232 RFEIIEZ L DNA 25645 2t tiddd fE 69 %ok

(L) AT IGBE FH 5E

KL TR B AR IHA R, B
BRI, e ORI KA T 478 nm, JEE R IR
JFR R (e) A 1.2X 10* Lemol tecm ™. DNA A< 5 1151
& S BRI 2R 1, BT 484X 1) 260~280 nm.
MR DNA [ PANIRFERT 2 (Al K32 b2 R
IR0 5 22 1) =3 B e U A P R Y R it
FEASE, IR RIS 10, DR T SO R K 5

B 3 DNA 5EFLLAME A
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Figure4 The absorption spectra

A. EPI-nucleic acid systems (measured against the water): 1—ctDNA-EPI;
2—sDNA-EPI; 3—hsDNA-EPI; 4—yRNA-EPI; 5—EPI; B. EPI-nucleic acid
systems (measured against the reagent blank): 1—ctDNA-EPI; 2—sDNA-EPI;
3—hsDNA-EPI; 4—yRNA-EPI; EPI: 10.0 ug/mL; nucleic acid: 52.8 pg/mL
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Figure5 Fluorescence spectra
1~5—Excitation spectra, 1'~5—Emission spectra. 1,1'—ctDNA-EPI; 2,2'—
sDNA-EPI; 3,3—hsDNA-EPI; 4,4—yRNA-EPI; 55—EPI; EPI: 10.0 pg/mL;
nucleic acid: 3.5 pg/mL
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Figure6 Comparison of RRS and absorption spectra
1—RRS spectrum; 2—absorption spectrum; EPI: 10.0 pg/mL; ctDNA: 1.3

ng/mL
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Figure 7 The effects of pH on the absorbance, fluorescence and
RRS intensity
1—absorbance; 2—fluorescence intensity; 3—RRS intensity
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AR S, PRI e J v S A8 RE I {2 AR TEE 52 DNA
BT T A0S T A 41

3 RRSEHIS TR A

31 AEMRHE

ISR, AR AR, B RRS TS
N AP BRI R IEI E T DNA, ETRE &
WHETa . SRR AHOC RE A H R 45 41 T
2. K270, RRSAEMIAL H B, LR By
TG EE RIS KL S e i T 2 AR L ANE 2K,

117 504 F1F- DNA FRJR B2 #7.
3.2 FIEHIEEM

S T RS R B B SRR RIS TR
FVER T SNV AR RIS, g5k 3 FioR. W4
JRE - Na', K, zn?", Ca™, AR A5 A il
SE (FIXT i 22 <5.0%), 1l Fe*", Fe®" R BHIXTRDN, &
1175 DNA FIFEgE 4183 E£fiiE P CTAB M1 SDS %t
TR IR K, JUF I B B P RS PR, Rk e ]
LG T DNA M2t Jffeg) i RRS #5113, A
I3 AR R 35 118K 115 DNA KV R &5 419, Bl
3 TR AETE DNA TR ANAE, X E A 7,
DA A0V ARG
3.3 SN A

H RRS 05 T PUASE A AR 53 (R4 1k it
[ CtDNA, 4RI 4. 3k 4TI, J7vk 2T AT ).

R 2 RRSVEMFOCGHNEN E IR ISR TTFE Ltk A H i
Table2 Parameters of determination of DNA by RRS, spectrophotometric and fluorospectrophotometric method

(G WARZS AU (ug/mL) G777 MK R AR (pg/mL)
Spectrophotometry 8.4~25.2 AA=—0.01+3.3X10 *C 0.9977 254
EPI-ctDNA  Fluorospectrophotometry 0.6~35 AF=—1.3+7.4C 0.9994 0.19
RRS 0.08~35 Al=—297.4+1409.5C 0.9991 0.024
Spectrophotometry 7.4~22.2 AA=—0.02+4.6X10 °C 0.9950 242
EPI-sDNA  Fluorospectrophotometry 0.8~4.8 AF=—13+7.4C 0.9964 0.25
RRS 0.08~2.3 Al=—84.8+1443.2C 0.9980 0.024
Spectrophotometry 19.0~44.5 AA=—0.02+15X10 *C 0.9901 5.75
EPI-hsDNA  Fluorospectrophotometry 0.9~35 AF=—1.3+7.4C 0.9983 0.27
RRS 0.09~4.2 |=—334.84+1071.9C 0.9963 0.028
R 3 YT (CDNA: 1.2 pg/mL)
Table3 Effects of coexistent substance
A ) 5 AR Sy A AR Sy
DL-Aspartic acid 2.0 Fe*" 0.6
DL-Threoanine 5.0 Fe** 0.6
L-iso-Leucine 35 crét 8.0
L-Tyrosine 3.0 K* 500.0
Amylum 45.0 Mn?* 30.0
Maltose 30.0 zn* 33.0
Lactose 400.0 Hg* 10.0
Glucose 60.0 cu? 25.0
S03” 35.0 ca’ 33.0
cl- 40.0 SDS 0.01
N2 30 CTAB 0.003
Al®* 25 BSA 0.01
Na' 30.0 HSA 0.03
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Table4 Resultsfor the determination of ctDNA in synthetic samples

Sample FE A28 % Concentration/(ugemL ™) ctDNA/(ugemLY)  Found/(ugsmL™Y) Recovery/%
1 ca®" (0.5), Mn?" (0.9), BSA (0.05), % %4}(3.6) 0.6 0.58 96.2
2 K* (2.5), SDS(2.0), Zn*" (0.2), DL- KA Z 1(0.1) 1.2 111 91.5
3 yRNA (0.07), J£#(0.05), Ni>" (5.0), Cr*" (0.5) 18 1.92 106.7
4 Fe*" (0.1), DL-JA % 1#(0.05), #i%5¥%(0.04), BSA (0.05) 24 2.48 103.7

4 é:é::l/t\, Yu, R. Q. Anal. Chim. Acta 1998, 373, 29.

(1) FIHILHR Rayleigh S itk 45 SR IBO G g Al
PG IT T R 2 LR =i DNA FI—Ff RNA [1)4H
AR, WS AR R LR R S N AE 5 R
AR WO AR AN SO K I RN, 3 B R 5
RO ) 25 G5, JF ™ AR € 1) RRS DG,

(2) RRS JGili MU S WIBOGIEA 0%, 38525 1A
KN I3 T TEARFRI G LA Ry K VIR SR Z S
I RENT R LR DNA A HAE FH St s s
SR E IR OISV IR FIEA RS R iU G

(3) WKW, AU G ED KAy LR E
VERIBES 1 RRS M558 iy FL/N Gy e A% I P i)
AFFERT LTS RRS (145 351958, It RRS JGikhnT
YE R ANAE A B

(4) RRS VA1) R MU AAH [RAA ZR IR 53 606 BEVE R
FHEK LR 2 NECEY 1 AECRE, PRk TRl
RREAEMRN, H RRS BA Ry R BRI A 8 Heige il 2
DNA [f38i 51k
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