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ABSTRACT

The electrochemical behavior of the antitumor herbal drug apigenin was
studied in 0.1 M B-R buffer solution (50% ethanol, pH 9.0) by cyclic
voltammetry (CV), normal pul se voltammetry (NPV), chronoamperometry
(CA) and chronocoulometry (CC) at glassy carbon electrode. In CV, only
oneirreversible anodic peak with E = 0.580V was appeared at scan rate of
50 mV/s and a new electroanalytical method for this herbal drug was es-
tablished according to this anodic peak. Moreover, the electrode process
dynamics parameterswere also investigated by electrochemical techniques
and the possible electrode reaction mechanism was deduced. We also
study the interaction of apigenin with DNA by DPV and Ultraviolet —
Visible (UV) spectra. Theresults show apigenin doesn’t interact with DNA
under the conditions. © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

Chinese herbal drugsespecially anticancer herbal
drugs haveattracted great i nterest in recent research-
ers. Many activeingredients of Traditional Chinese
Medianewerefound andtheir molecular sructureswere
determined. Apigeninisaflavonefoundin vegetables,
seasoningsand oranges¥, and it possesses antioxidant
activity invitro?3, Potent biological effectshavebeen
described invitro and in vivo including anti-carcino-
genic, anti-inflammatory, and antimutageni ..

Anaysisof herbal medicineisanimportant tech-
nique, which offersmany applicationsin biochemical,
pharmaceutica and dinica research. Althoughthehigh-
performanceliquid chromatography (HPLC) hasbeen
used oftenfor analysis of theflavonoidsincluding api-

genin®?, useof HPLC for analysisof traditional Chi-
nese medi cines often have shortcomings such aslong
analysistime, low resolution, and short columnlife-
time, owing to easy contamination. Micellar € ectroki-
netic capillary electrophoresis (MEK C)™, thin-layer
chromatography (TLC)™*Y and gas chromatography
(GC)11213 havea so been used for this purpose. These
methodsrely on photoabsorption detection, and their
sengtivitiesarerdatively low and need relatively heavy
and costly instrumentation. In thisapproach, we de-
velop anew electroana ytical method whichisrela
tively sensitive, simple, quite rapid and reasonably
cheap. It can unveil the messages about thereaction
mechanism and the dynami cs parameters of analytes.
Intheinvestigation of gpigenin, voltammetrictechnique
isvery hel pful in understanding the pharmacol ogical
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effect and the antineopl astic mechanism. Thereare of -
ten three flavones (apigenin, luteolin, and quercetin)
withsmilar Sructurecoexistinginthesamesampleand
it’s hard to detect the three flavones separably at the
sametime. Theaim of thiswork isto develop anew
analytical method without separation and present the
bas ¢ dynamicsdataabout apigenin, whichisuseful for
clinic study of apigenin. Thereisno need to separate
other flavonoidscontained in sample.

APPARATUSAND MATERIALS

Mode 650A dectrochemical system (CHI Instru-
ment Company, USA) wasemployed for e ectrochemi-
cal techniques. A standard three-electrode electro-
chemical cell wasused for all eectrochemical experi-
mentswith glassy carbon el ectrode (GCE) (& =3 mm,
A =7.07x102 cm?) asworking el ectrode, aplatinum
(Pt) wireasauxiliary dectrodeand asaturated caomel
electrode (SCE) asreference el ectrode respectively.

Stock solutions of 1.000x 103 M apigenin, quer-
cetin and luteolin (Checkout Ingtitute of Biology Drugs,
China) were prepared with nonagueous ethanol as sol-
vent and stored at 4°C. Fish tests DNA (Shanghai
Sangon Company, China) solutions 1.0 mg/mL was
prepared with doubly distilled water. Other chemicals
used inthisstudy were analytical grade. Doubly dis-
tilled water was used for al preparations. N, wasem-
ployed to deoxygenize and all experimentswere car-
ried out at room temperature.

THECYCLICVOLTAMMETRY BEHAVIOR
OFAPIGENINAT GCELECTRODE

Cycdlicvoltammetry (CV) wasperformedinastan-
dard three-electrode electrochemical cell. Figure 1
showsthe cyclicvoltammogram of gpigenin (5.000%x 10
4M)inB-R (pH 9.0) buffer solution. An anodic peak
appeared at potential of 0.580V (Ep) with scan rate of
50 mV/s. Obvioudly, thisisanirreversible electrode
reaction process because no corresponding cathodic
peak appears. That is, apigenin can only be oxidized
and can’t be reduced at electrode surface. This char-
acter may explainwhy apigenin possesses antioxidant
activity invitrg?3,
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ELECTRODE PROCESSDYNAMICSOF
APIGENIN

Theé ectron transfer number (n) of electrodepro-
cesswas detected by NPV in5.0x10*M apigenin so-
lution. For theirreversible electrode reaction we can
obtainthe n by thefoll owing equation™4:

RT i, —i
E=E,, ,+2303—log-
1/2 py= g

|
Based ontheliterature®®, we know that if we suppose
thea = 0.5 for the irreversible reaction and the calcula-
tion error isnot larger than 6%. So the e ectron transfer
number nwas calculated equal to 1.
The proton number (0) of partingin electrodere-
action can becal cul ated by Nernstian equation:

RT | ol _,RT

nF [R] nF
Thelinear regression equation of E versuspH IS E =
0.5028-0.07441 pH. Based on both above equations,
we cal culated thevalue of 0 = 1. Hence, oneelectron
and oneproton wereinvolvedinthiselectrodereaction
process.

Theéectrodereactionisdriven by diffusion, sothe
diffusion coefficient (D) can be determined by CA and
CC techniques. Adding astep potentia from 0.2V to
0.9V on electrode and solution contained apigenin
5.0x10M, thei~t and Q~t curveswererecorded. D
can be ca culated by Controll equation™.

E=E°+ In[H*]

nFAD*2C 2nFADY2C Y2
@ Q)= B T a—

The straight lines of i vs. t¥2 and Q vs. tY2were
obtained. The slope values of two curves werethen
utilizedtocalculateD. D wascaculatedas1.11 X 10
"cm?/sby theslopevalueof i vs. tY2and 4.17 X 107
cm?/s by the slope value of Q vs. t2. Two kinds of
results are approaching. The average value of D is
2.64X 107 cm?/s.

Theélectrode reaction gpparent rate constant (K))
can be detected using themethod described by Haoging
Wu*¥l, Thefollowing equationisobtained adding astep
potentia on aplate e ectrode.

2HVt | K, K,

Jn DY; " Dyt
Becausetherewas only an oxidation process of apige-
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nin, the second part of H can be neglected. That is:
K
H =Df;2.WhiIet—>O, thecurrenti(t) islinear rela-
OoX

tionshipwitht¥2, On plotting i(t) against t¥2, wegot the
slope and intercept, and then the apparent rate con-
stant K, was calculated, whichwas 1.3x103s™,

OH O

Their research was performed in 0.1M phosphate
buffer (pH = 4.0). Quercetin have a cathodic peak with
E = 0.315V and an anodic peak with E_= 0.365V. From
the structure of quercetin, we know the two neighboring

OH
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Figurel: Thecyclic voltammogram of apigeninin B-R (pH
9.0) buffer solution at the scan rate of 50 mV/sCurve1): the
B-R buffer solution without apigenin; Curve?2): 1) +5.000x10r
4M apigenin
From the deduced mechanism of apigenin, anin-
termediate of negative carbon freeradica wasformed.
It may bejust thefreeradical to polymerize and passi-
vatetheelectrode surface, bring that thereisno reduce
peak apparent during reversescanin CV, and thereare
no redox peak of K [Fe(CN) ] after having scanned

thed ectrodein apigenin solution.
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THE REACTION MECHANISM
OFAPIGENIN

Quercetin, another flavonoid compoundswithsmilar
structure of gpigenin (Figure 1), wasstudied by Hamid
R. Zare™. The dectrodereaction mechanism of quer-
cetinisexpressed as.

OH O

hydroxyls are changed to two carbonyls by the oxidation
reaction. So based on the number of electron transfer and
proton involved in the el ectrode reaction of apigenin, we
deduce the oxidation process may be expressed as:

THEINTERACTION OFAPIGENIN
WITH DNA

pH 7.0, 0.1 M B-R buffer solution (50jpethanol)
was chosen as supporting e ectrolyte. Figure 2 shows
DPV of apigeninwith and without adding DNA into
apigenin solution. The peak current and the peak po-
tential don’t change after adding DNA. The result shows
apigenin probably doesn’t interact with DNA. We also
did the UV spectra of apigenin and DNA. Figure 3
showsthe UV spectraof DNA (curvel) gpigenin(curve
2), and apigenin-DNA (curve 3). DNA hasan absorp-
tion peak at about 260 nm. Apigenin hasthree small
absorption peaksat about 270nm, 325nm and 398nm
respectively. One big absorption peak (curve 3) has
been observed at about 270nm, which ascribesto the
combination of DNA and apigenin. Curve 3 showsthe
absorption peaks at about 325 nm and 398nm don’t
changeafter adding DNA. Sowebdievethat apigenin
does’tinteract with DNA. The result is consistent with
that from el ectrochemistry study. Apigenin showsthe
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anticancer activity not by interacting with DNA but by
other ways. Thissmultaneously exhibitsthelow toxic
effect of apigeninto acertain extent.
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Figure2: TheDPV of apigenin with different concentration
of DNA in B-R (pH 7.0) buffer solution (50§ ethanol); Curve
1): apigenin+20pg/mL DNA; Curve 2): apigenin+40ug/mL
DNA; Curve 3): apigenin (5.0x10°¢M)
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Figure3: UV-visspectraof apigenin and DNA in B-R (pH 7.0)
buffer solution; Curvel) 10pg/mL DNA; Curve2) apigenin
(5.0x10% M); Curve3y5.0x10° M apigenin +10ug/mL DNA
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