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Electrochemistry of Hypericin Incorporated into a Cationic Lipid Film
on a Graphite Electrode in an Aqueous Medium
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Quasi-reversible two-consecutive one-electron  reduction
processes of hypericin (Hyp) in an aqueous medium were
achieved by incorporating Hyp into a cast film of a synthetic
cationic  lipid, dioctadecyldimethylammonium  bromide
(2C1gN'Br), coated on a basal-plane pyrolytic graphite (BPG)
electrode. Importance of the electrostatic interaction between
Hyp anions and the cationic sites in the matrix was suggested.

Hypericin (Hyp: 4,5,7,4°,5°,7’-hexahydroxy-2,2’-dimethyl-
meso-naphthodianthrone), a naturally occurring photo-sensitive
dye, has attractive photochemical and pharmaceutical
activities.'” Hyp is sparingly soluble in water in the absence of
a solubilizing reagent such as B-cyclodextrin.3’4 If aqueous
electrochemistry of Hyp could be readily attained at an electrode
surface, expected is the use of this dye as an active center of a
photo-induced electron or proton transfer system in an aqueous
environment. Burel ef al. have attempted to bring Hyp into an
aqueous medium without loss of the electroactivity by
encapsulating Hyp in a phospholipid liposorne.7 However,
well-resolved voltammogram has been obtained merely at a Hg
electrode, and only the first reduction step has appeared
chemically-reversible.

We have recently found that, when incorporating [Ceo]
fullerene into a cast film of a synthetic ammonium lipid,
multiple reduction ste I%S to Ceo anions can be clearly observed in
an aqueous medium. Binding of the electrogenerated Ceo
anions to the ammonium ion makes the formal potential shift to
less negative.” If such a binding interaction with cationic site
is not specific for Cg anions but general for m-conjugated
anionic dyes, incorporation of Hyp into a cationic lipid may
facilitate the electrochemistry of Hyp.

We hereby describe the achievement of quasi-reversible, two-
consecutive reduction of Hyp in an aqueous solution at a BPG
electrode covered with a cast film of 2C;gN*Br using the results
of voltammetric and electroreflectance (ER) measurements.

A drop of the solution of Hyp (Carl Roth Co.) + 2C;sN*Br
(molar ratio, 1/40) in chloroform containing 1% ethanol was
placed on a BPG electrode surface freshly prepared by a peeling-
off procedure and was allowed to air-dry. The BPG electrode
modified with a cast film of Hyp + 2C;gN"Br” showed a stable
cyclic voltammogram (CV) in deaerated 0.01 M KCl aqueous
solution (M = mol dm™) with two redox waves (Figure 1).
Differential pulse voltammograms (DPVs) ensured the existence
of two waves. CV curves with various negative end potentials
confirmed that peaks pcl and pal are coupled as well as peaks
pc2 and pa2. The midpoint potentials, E; = -837 mV for pcl-
pal couple and E; = -976 mV for pc2-pa2 couple, were
consistent with DPV data. The CV peak current values for all
four peaks were proportional to v™ in the range of 20-200 mV s™,
where v is the sweep rate. The value of m had sample-to-
sample variability but ranged within 0.63-0.73. This connotes
that Hyp molecules both in the film interior and in contact with

the BPG surface are electroactive and that the current is
controlled, in part, by diffusional process. In contrast, the CV
curve for a BPG electrode with a deposit of solely Hyp exhibited
only a trace of a short-lived irreversible cathodic peak at
-1100 mV. Thus, incorporation of Hyp into the 2C;sN'Br
matrix facilitates the reduction of Hyp. As an average of the
measurements using four different BPG electrodes covered wrth
Hyp + 2CgsN'Br film, obtained formal potentials are E»
-851 + 11 mV and Ezo’ =-970 £ 13 mV in 0.01 M KCl solution.

Transmission absorption spectrum of a Hyp + 2C1gN*Br film
(Figure 2-A) showed a feature of Hyp monomer, indicating that
aggregation of Hyp is prevented in the cast film of 2C;gN'Br
even in an aqueous medium. "

The ER spectra (Figure 2-B) represent the difference
absorption spectra between oxidized and reduced forms of
reacting Hyp. The detarls of ER spectroscopic measurements
were described elsewhere.'* As far as the imaginary part is
concerned, the positive- and negative-going peaks are due,
respectively, to the absorption by oxidized and reduced forms.
Therefore, the oxidized form at E; exhibits absorption maxima
(Amax) at 606, 558 and 484 nm. Although Anm.x at 606 and
558 nm are at longer wavelengths than those in Figure 2-A, the
ER spectral profiles of positive-going bands at E; are similar to
those in Figure 2-A. The reduced form at £ exhibited Anmay at
744 nm and around 585 nm. It is known that one-electron
reduced form of Hyp, ie. Hyp'z', possesses an absorption
maximum at 741 nm at an n-octadecanethiol (ClgSH)
monolayer-modified Au electrode in acetomtrrle (AN)2
740 nm in tetrahydrofuran and at 735 nm in AN.® Therefore
the 744 nm ER band is assigned to Hyp Sumrnrng ug the
redox reaction at E; is written as Hyp + € ).
We hereby assume that oxidized form of Hyp in the rnatrlx is
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Figure 1. Cyclic voltammogram (100 mVs') of a BPG electrode
(0.36 cm®) covered with a cast film of Hyp + 2CN'Br in 0.01 M KCI
solution at 23 °C. A 10 wl portion of 1.1 mM Hyp + 44 mM 2C;sN*Br”
chloroform solution was coated to prepare the cast film. Ag|AgCl reference
electrode in saturated KCI solution was used.
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singly deprotonated to Hyp™ and that the proton transfer is not
associated with the electron transfer.® In order for the
protonation state to be clarified, we are currently underway of
the detailed pH dependence measurement.

The different ER spectral profile between solid and broken
lines in Figures 2-B indicates that a different redox process from
the reaction (1) undergoes at E;. The positive-going band
around. 596 nm at E; corresponds to the negative-going band
around 585 nm at E,, which is responsible to the absorption of
Hyp'z'. The broken line has negative-going bands at 485 and
760 nm, in accordance to the absorption bands of Hyp3' in AN.®
Therefore, the redox reaction at F, can be written as Hyp'z' +e
<= Hyp" (). |

The above interpretation was further confirmed by the use of
ER voltammograms (ERV). For example, the imaginary part of
the ERV at 485 nm showed a positive-going peak at E; and a
negative-going peak at F,, consistent with Figures 1 and 2.

‘We previously reported the formal potentials of Hyp in AN at
a C;gSH-modified Au electrode.® Those wvalues vs.
ferrocenelferrocenium couple in AN can be calibrated to the
values vs. AglAgCl reference electrode in saturated KCl solution
by adding 351 mV.'®  Thus, the formal potentials of Hyp in AN
are E1” = -1090 mV and E,” = -1390 mV vs. AglAgCl electrode
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Figure 2. A: UV-vis transmission absorption spectrum of a cast film of Hyp
+ 2C;sN*Br coated on an octadecyltriethoxysilane-treated hydrophobic glass
plate in 0.01 M KCI solution. B: ER spectra (imaginary part) of a2 BPG
electrode covered with a cast film of Hyp + 2C;gN*Br in 0.01 M KClI solution
at E; (solid line) and E, (broken line). Preparation of the cast film was the
same as that in Figure 1. Potential-modulation, 30 mV,amplitude at
14 Hz.
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in saturated KCl solution. The values of E;” and EX in
2CgN*Br  matrix are, respectively, 240 and 420 mV less
negative than those in AN. These positive shifts are large
enough to let the formal potentials come into the aqueous
electrochemical window. The measurements of CV curves of a
BPG electrode covered with Hyp + 2C;sN"Br at various KCl
concentrations (ckcy) revealed that the binding of Hyp anions to
ammonium cationic sites in the matrix plays a key role. The
plots of E; and E, against the logarithm of ckcy gave straight
lines with an identical slope of dEy/dlog(cka/M) =
dE,/dlog(ckcyM) = -43 mV in the range of ckq from 5 mM to
1 M. This fact leads us to a conclusion that binding of Hyp
anions to the cationic sites in the film is responsible to the
positive shift of the formal potentials and that the binding
competes with the binding of CI. Additionally, both the first
and second reduction steps produce more negatively-charged
reduced forms than oxidized counterparts, supporting the
assignment of the redox processes expressed by (1) and (2) with
no involvement of proton transfer. The value of the slope
indicates also that the apparent number of electrons involved in
the redox equilibrium is (.73, probably reflecting the
distribution in the states of Hyp molecules in the matrix.

In conclusion, incorporation of Hyp in the cationic matrix
enables us to observe the two-consecutive one-electron transfer
processes of Hyp in an aqueous solution, which cannot be
observed at a bare electrode. The binding of Hyp anions to
cationic sites in the matrix makes the formal potential shift to
less negative and, as a result, facilitates the redox reaction.
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