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Investigation of Diazepam by Pulsed Rotation Voltammetry
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Abrstract’ ] Diazepam was investigated in aqueous buffer
media using pulsed rotation voltammetry. The depen-
dence of half-wave potentials on pH indicated a two
proton involvement in a two electron transfer reduction
inthe pHrange 3~10. Diazepam at micromolar concen-
tration levels may be determined by measurement of
the limiting difference current.

Keywordsl_ Pulsed rotation voltammetry—Glassy car-
bon rotated disk electrode —Diazepam in aqueous
solution— Two electron transfer reduction of the 4,5
-azomethine group.

Diazepam, a major anticonvulsant drug,
belongs to the class of 1,4-benzodiazepine
compounds and shows electrochemical activity
at the 4,5-azomethine functional group™?.
Its structure is shown in Figure 1. Since the
1,4-benzodiazepines have extremely low
solubilities in aqueous solution (<50xM at
room temperature), most conventional po-
larographic studies have employed organic

solvents™, organic solvent-aqueous buffer
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Fig. 1: Structure of diazepam.
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mixtures 45, strong acids®*®, or dissolution
in strong alkaline solution, immediately
followed by diluting with buffer”. Strong
acid media tend to result in hydrolysis of
benzodiazepines®. Adsorption of ben-
zodiazepines was reported at higher concen-
trations than 10™* M in sulfuric acid® and
sodium hydroxide-phosphate buffer media?.

Two protons and two electrons have been
postulated for the reduction of the azomethine

group?.

| L]
—C=N—+2e"+2H+—»—C—N—H

l
H

The effect of pH on the diazepam reduction
was studied in the pH range 1.2 to 5.6
and 4Ei//dpH was found to be 55 mV?Y,
in agreement with this equation.

Recently the pulsed rotation voltammetric
technique was used for the studies of the
of
and flavin

ferricyanide-ferrocyanide system® and

riboflavin, 5-deazariboflavin
coenzymes?. Pulsed rotation voltammetry
(PRV) involves switching the rotational rate
of a working electrode between two values
while maintaining a constant potential, so
that residual currents due to the surface
condition of the solid electrode are compen-

sated. A glassy carbon rotated disk electrode
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was employed as the working electrode in the

previous studies®?, since it has a greater
cathodic potential range than other solid

PRV is a sensitive analytical

>

electrodes.
technique for the detection of electroactive
species (detection limit at the 107 M level)
and is particularly useful for the electrochemi-

cal study of diazepam in aqueous systems.

EXPERIMENTAL

Electrodes and Measurement System

The electrode assembly and measurement
system previously reported®® were also used
in the present study.

Reagents

Diazepam powder was of pharmaceutical
dosage quality (purity greater than 99 %), and
was obtained from Hoffmann-La Roche Inc.
(Nutley, NIJ). All other chemicals
reagent grade and all aqueous solutions were

were

prepared using deionized water (Culligan
System). The phosphate buffer solutions
contained 0.1 M KCl as a supporting elec-
trolyte and 0.01 M potassium phosphate as a
buffer source. Either potassium phosphate
monobasic (acidic buffer) or potassium
phosphate dibasic (alkaline buffer) was used
as the buffer material and the pH of the
solutions was adjusted by adding concen-
trated HCl or 1 N KOH. The biphthalate
buffer solutions were prepared from solutions
containing 0.1 M KCl and 0.01 M potassium
biphthalate, and then either concentrated HC]
or 1 N KOH was added to adjust the pH. A
0.01 M KCl solution was used for the reference

silver-silver chloride electrode and as a pre-

treating solution.

Procedure

All experiments were carried out at 25.04
0.5°C. The PRV measurement procedure was
similar to that described in the previous paper?
except for pretreatment. For the following
work, the glassy carbon rotated disk working
electrode was pretreated by first applying
+1.4 V for ten minutes, then —-1.8 V for ten
minutes, repeating these steps once more
and then setting the applied potential to 0 V.
A silver-silver chloride electrode in 0.01 M
KCl and a spectroscopic graphite electrode
were employed as a reference and a counter
electrode, respectively. For the PRV mea-
surement, a two electrode system consisting of
a glassy carbon rotated disk electrode and a
silver-silver chloride electrode was used. The
PRV data was analyzed according to the
previous procedure®?,

RESULTS AND DISCUSSION

Effect of pH on Diazepam Reduction
A typical pulsed rotation voltammogram of

Fig. 2: Pulsed rotation voltammogram of 8.2 uM
diazepam in pH 6.0 phosphate buffer.
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Fig 3: Dependence of halfwave potential on pH for
diazepam reduction.
All solutions contain 0.1 M KCl, plus the following
buffer components.

Points 1-3: 0.01 M potassium biphthalate, adjusted
with conc. HCl or 1 N KOH.
Points 4-8: 0.01 M KH, PO, adjusted with conc.

HCl or 1 N KOH.
Points 9-13: 0.01 M K; HPO, adjusted with conc.
HCl or 1 N KOH.

diazepam is shown in Figure 2. The well-
defined single wave is supportive of a two-
electron transfer for the reduction. Similar
voltammograms were obtained for twelve other
systems in the pH range 3~ 10. Figure 3 shows
the dependence of the half-wave potential on
pH. The slope of Figure 3 is 60 mV per pH
unit, with a 909, confidence interval of -2 mV
per pH unit, also supportive of the involve-

Table I: Dependence of limiting difference current
upon concentration

Concentration diy, > 4, ./conc.
(uM) (nA) (nA/zM)
0 15.7+0.5 —_
0.158 23.6+0.5 50
0.790 44.7+04 36.7
1.58 74.2+0.9 37.0
4.74 196.8+4.1 38.2
9.48 358.0+1.1 36.1

*Average of seven replicate measurements+standard
deviation.

ment of two protons per two electron transfer.
The limiting difference current constant (i, ,
Jconc.) was 34.5 nA/uM, with a standard
deviation of 2.6 nA/uM. This compared very
well with a value of 34.9 nA/uM for the known
two-electron reduction of riboflavin on ihe
same electrode®.
Concentration Studies of Diazepam
Diazepam solutions were prepared by
diluting a 15.8 M stock solution with pH 4.0
potassium biphthalate buffer. After pretreat-
ment of the working electrode, seven replicate
current pulses were measured at an applied
potential of —1.200 V (a potential on the
plateau) for the buffer solution, and then
diazepam solutions in the order of increasing
concentration. Results are summarized in
Table I. The limiting difference current con-
stant was linearly dependent upon concen-
tration, the median limiting difference current
constant (4i; ,/conc.) being 37 nA/uM.

CONCLUSION

Pulsed rotation voltammetric studies of
diazepam in aqueous buffer solutions at the
pH range of 3 to 10 showed a single two
electron transfer reduction of the 4,5-azome-
thine group in the presence of two protons.
The present technique may also be used to
study other benzodiazepine compounds at

micromolar concentration levels.
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