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Studies on Electrochemical Behavior of Bleomycin and Its Inter-
action with DNA at a Co/GC Ion Implantation Modified Elec-
trode
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Electrochemical investigation of Bleomycin (BLM) and its in-
teraction with DNA at a Co/GC ion implantation modified
electrode was reported for the first time. The electrochemical
behavior of BLM at Co/GC modified electrode has been stud-
ied by linear sweep and cyclic voltammetry, The reaction of
BLM with DNA formed an electrochemically nonactive com-
plex, which resulted in a decrease in the BLM equilibrium
concentration and its reduction current. The decrease in peak
current was proportional to DNA concentration and could be
used to determination DNA concentration. The equilibrium
constant of DNA-BLM complex B was determined to be 5.16 x
10, The experiments of AES and XPS showed that Co was
surely implanted into the surface of GCE(glassy carbon elec-
trode) and the depth distribution of Co was in good agreement
with Gaussian normal distribution; the implanted Co at GCE
improved the electrocatalytic activity.
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Introduction

Ion implantation is a kind of new material surface
modification technique. Recently, Li et al.! have led
this technique into analytical chemistry and made modi-
fied electrode with particular function. It has been ap-
plied to study the electrochemical behaviors and the de-
terminations of organic drugs, which offers the following
advantages: (1) It can implant different ions into differ-
ent material surfaces according to different desires and
requirements to make modified eléctrodes with catalytic
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activity. (2) Because the implanted surface causes de-
fect and partial dislocation to form many active centres,
its catalytic activity is much higher than that of the raw
material. (3) The modified electrode has good stability
and reproductivity !

For several reasons the interaction of anticancer
drugs with DNA has attracted considerable interest. The
bleomycin ( BLM) exhibits antitumor and antibacterial
activity,? and has been employed for treatment of human
squamous cell carcinoma. The properties and determina-
tions of BLM by gas chromatography and high perfor-
mance  liquid  chromatography,®®  immunological
method, 5" microbial method,®® polarography'® and ad-
sorptive stripping voltammetry'!’’> have been reported.
The interaction of free porphyrin TMAP with DNA" and
the interaction of BLM with DNA have been reported. 4
In this work, electrochemical behavior of BLM and its
interaction with DNA at Co/GC ion implantation modi-
fied electrode were studied for the first time and a
method for the determination of DNA was developed. In
HOAeNaOAc (0.1 mol/L, pH 4.62), a reductive
peak of BLM was obtained by voltammetry. The peak
potential was — 0.73 V(vs. SCE). The peak current
was proportional to the concentration of BEM over the
range of 5.0 x 1078—1.0 x 107® mol/L and 1.0 x
1075—1.0 x 107° mol/L. The reaction of DNA with
BIM formed an electrochemically nonactive complex,
which resulted in a decrease in the BLM equilibrium
concentration and its reduction current. The decrease in
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peak current was proportional to DNA concentration and
could be used to determine DNA concentration. The ex-
periments of AES and XPS showed that Co was surely
implanted into the surface of GCE. The implanted Co at
GCE improved the electrocatalytic activity.

Experimental
Apparatus

The electrode material was glassy carbon (GC),
which was cut, polished and cleaned by acetone, NaOH
(1 mol/L), HNO;(1 mol/L) and water, successively.
JY2 8010 Metal Vacum Arc lon Source was used for ion
implantation at an accelerating voltage of 40 keV in the
dosage of 5 x 107 Co?* /em®. The electrode surface area
was 1.0 cm?. CHI660M Electrochemical Workstation
CH Instruments Inc. (USA) was used for linear sweep
and cyclic voltammetry, with a three electrode system
consisting of a Co/GC electrode as working electrode, a
SCE as reference electrode and a platinum as counter
electrode. A Model 501 thermostat ( Experimental In-
strument Factory, Shanghai, China) was used to main-
tain a temperature of 25 + 0.20 C. A Model DF 807
digital pH/ion meter was used for pH determination.

Reagents

BIM was obtained from the Institute of Materia
Medica, Chinese Academy of Medical Science (Beijing,
China) , with a purity of 98% . Stock standard solution
of BLM (1.7 x 107* mol/L) was stored in the dark.
Calf thymus DNA (CTSNA) and Fish sperm DNA (Fs-
DNA) were purchased from Beijing Baitai Technology
Company. The stock solution of CTDNA and FSDNA was
prepared by directly dissolving them in triple distilled
water. Their concentrations were determined by the ab-
sorbance at 260 nm in 0.05 mol/L NaCl/0.005 mol/L
Trihydroxymethyl aminomethane (pH 7. 1) solution.
Unless otherwise stated, the DNA in this paper repre-
sents CTDNA. The mixture of DNA and BLM was incu-
bated in 1.0 mol/L HOAc-NaOAc solution (pH 4.62)
for 2 h at 37 °C. All the chemicals were of analytical
grade. All solutions were prepared from triple distilled

water.

Procedure

A 10 mL of HOAc-NaOAc (0.1 mol/L, pH 4.62)
containing a specific amount of sample solution was
added to cell and purged with purified nitrogen for 4 min
to remove oxygen. The voltammogram was recorded by
using linear sweep voltammetry at a scan rate of 100
mV/s. The scan was terminated at —1.4 V.,

Results and discussion
Electrochemical behavior of BLM

In HOAc-NaOAc (0.1 mol/L) buffer solution, a
sensitive reduction peak of BLM was obtained by linear
sweep voltammetry at a Co/GC ion implanted modified
electrode (Fig. 1). The peak potential was — 0.73 V
(vs. SCE) (curve c¢), illustrating that Co/GC electrode
had higher catalytic activity for the reduction of BLM.
The peak current was proportional to the concentration of
BLM over the range of 5.0 x 1078—1.0 x 107 mol/L
and 1.0 x 1075—1.0 x 10™° mol/L with a detection
limit of 1.0 x 10 mol/L. It can be determined the
trace of BLM.
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Linear-sweep voltammograms. (a) 0.1 mol/L HOAc-
NaOAc at Co/GCE, (b) 0.1 mol/L HOAc-NaOAc +
1.0 x 107% mol/L BIM at GCE; (c¢) 0.1 mol/L
HOAc-NaOAc + 1.0 x 10~ ¢ mol/L BIM at Co/GCE.

Repetitive cyclic voltammograms

The repetitive cyclic voltammograms for 1.0 x 10~°
mol/L. BLM were shown in Fig. 2. The cathodic and
anodic current hardly changed, indicating that BLM had
little adsorption characteristic at the Co/GC electrode. A
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well-defined peak was observed on the anodic branch,
and I,/ I,,%#1, &AE, =0.20 V, indicating that the
reduction process of BLM at the Co/GC electrode was
quasi-reversible.
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Fig. 2 Repetitive cyclic voltammograms. (a) First scan,
(b) second scan. 0.1 mol/L HOAc-NaOAc +
1.0% 10% mol/L BIM, v =100 mV/s.

Effect of scan rate

The effect of scan rate v on the peak current I, was
studied. The I, was linear function of v'/?; the relation-
ship between the I, and v showed a downward-inclined
curve, indicating that the peak current of BLM was dif-
fusion controlled.

The experiment of effect of the accumulation time
on the peak current was also studied and indicated that
the peak current hardly changed with increasing the ac-
cumulation time. This showed that this system had no

adsorption property .
Effect of scan rate on catalytic efficiency

The ratio of the peak current at the Co/GC elec-
trode I, to the peak current at the GCE /4 in the solution
containing BILM is an important parameter. It shows the
catalytic efficiency of the Co/GC electrode. The ratio
I./1,in different scan rate showed in Fig. 3. The I ./14
decreased with increasing the scan rate, indicating that

the slower the scan rate is, the more beneficial to the re-

duction of BLM at the Co/GC electrode. This is evident-

ly a characteristic of electrocatalytic reaction. '

Surface analysis of Co/GC electrode surface

The depth distribution of Co element in the surface
of the Co/GC electrode was in good agreement with

Gaussian normal distribution . !¢
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Fig. 3 Effect of scan rate on catalytic efficiency. 0.1 mol/L
HOAc-NaOAe, 1.0x 1076 mol/L BIM

XPS of a GCE and Co/GC electrode showed that
there were only two elements C and O in the surface of
the GCE, while there were three elements C, O and Co
in the surface of Co/GC electrode, indicating that Co
was implanted into the GCE surface . '°

Studies of the mixture of BLM and DNA

The experiments showed that in HOAc-NaOAc
(0.1 mol/L) buffer solution ( pH 4.62), BLM was re-
ducible at the Co/GC electrode, while DNA was not re-
ducible. Under the conditions of 0.1 mol/L HOAc-
NaOAc buffer solution and the warming in water bath for
2 hat 37 °C, the peak current of BLM decreased with
increasing the concentration of DNA, indicating that the
interaction of BLM with DNA had taken place to form an
electrochemically nonactive complex.

Effect of temperature on the complex formation of BLM
with DNA

The effect of temperatufe on the peak current was
studied in the temperature over the range of 4—40 °C
for 2 h and the results were shown in Fig. 4. The peak
current decreased with increasing the temperature and
tended to a stable value at the temperature of 30—40
<C.
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Effect of warming time on the complex formation of BLM
with DNA

The effect of warming time on the peak current was
also studied. Fig. 5 showed that the peak current de-
creased with increasing the warming time and tended to a
stable value when the time is 1.5—3.0 h at 37 C, in-
dicating that the interaction of BLM with DNA was com-
pleted.
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Fig. 4 FEffect of temperature. 0.1 mol/L HOAc-NaOAc ( pH

4.62), 1.7 x 107% mol/L BIM, 5.3 x 10° mol/L

DNA, v=100 mV/s, t,,=2s.
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Fig. § Effect of warming time. The conditions are the same as in
Fig. 4.

Determination of the stoichiometry of DNA-BLM complex

In Fig. 6 curve (b) typically represented the cur-
rent I, change at cpny = 5.3 x 10~¢ mol/L on varying
the concentration of BLM. Curve (a) showed the rela-
tionship between I, and cpyy in the absence of DNA.
Curve (c) is the relationship between A1, which is
I, - I, and the concentration of BLM.

According to the method," it is assumed that the
interaction of DNA with BLM forms only a single com-
plex DNA-mBLM;

DNA + mBIM & DNA-mBILM
The equilibrium constant is

8= [DNA-mBIM]/([BLM]™+[DNA]) (1)

And the following equations can be deduced:

ATyax = k' epya (2)
A= k'[ DNA-mBIM] (3)
[DNA] + [DNA-mBIM] = cpm (4)

Ahyx - A1 =k cpya — [DNA-mBLM ]} (5)

= k'[DNA] (6)

Incorporating (3) and (6) into (1) leads to
logl A /(A Lyax — 1) ] = logB + mlog[ BLM ] (7)

If DNA and BLM form a single complex, the plot of
log[ AI/(ATyax - AI)] versus log[ BLM] becomes
linear with the slope of m = 2.87~3 (Fig. 7). From
the intercept of the line the equilibrium constant 8 can
be calculated to be 5.16 x 10V,
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Fig. 6 Relationships between I, and cpy (a, b) and be-

tween AIP and CBIM (C) (a) CDNA=0’ (b) CDNA
=5.3% 1076 mol/L, (c) Al = Iy, — Ly, Other

conditions are the same as in Fig. 4.
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Analytical application

Adding DNA to BLM solution resulted in a decrease
in the I, of BLM, which can be used to determine DNA
concentration. When DNA was added to 1.7 x 107°
mol/L BLM solution, the I, of BLM decreased linearly
with DNA concentration from 2.65 x 10™7 to 1. 06 x
107% mol/L. The linear regression equation is I p =
72.62¢ —5.654 (I,in pA, ¢ in 107°mol/L), and the
correlation coefficient r = 0.9978. DNA samples 1 and
2 were obtained from the Department of Biology, Beijing
Normal University. The determination results were shown
in Table 1. Table 2 showed consistency by two kinds of
methods, i. e., UV spectroscopy (UV-S) and electro-
chemical method (ECM), indicating that the ECM is
suitable for the determination of DNA concentration.
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Fig. 7 Relationship between log[ (A I/A Ly — A1)] and
log[BLM].
Table 1 Results of sample determinations
Sermol Added Found Recovery RSD
(10 mol/L) (10 mol/L) (%) (%)
CTDNA 1.54 1.50 97.4 1.2
3.09 3.15 101.9 2.0
FSDNA 5.15 5.0 98.1 1.4
CTDNA +
1. 2. 4. 102.7 1.7
FSDNA 54+2.55 20
1 3.75 1.5
2 3.05 1.8

Table 2 Comparison of results determined by UV-S and ECM

Sample UV-S (107° mol/L) ECM (107 mol/L)

1 3.75 3.55
2 3.07 3.10
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