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Abstract

Novel adsorptive stripping square-wave voltammetric method as well as a new high-pressure liquid chromatographic method for direct
determination of glycyrrhizinic acid in dosage pharmaceutical preparation, used against virus infections, have been developed. Glycyr-
rhizinic acid is an electrochemically active compound, which undergoes irreversible reduction on a mercury electrode surface in an aque-
ous medium. Its redox properties were studied thoroughly by means of square-wave voltammetry, as one of the most advanced electro-
analytical technique. The voltammetric response depends mainly on the pH of the medium, composition of the supporting electrolyte, as
well as the parameters of the excitement signal. It was also observed that the voltammetric properties strongly depend on the accumula-
tion time and potential, revealing significant adsorption of glycyrrhizinic acid onto the mercury electrode surface. Upon this feature, an
adsorptive stripping voltammetric method for quantitative determination of glycyrrhizinic acid was developed. A simple, sensitive and
precise reversed phase HPLC method with photodiode array UV detection has also been developed, mainly for comparison and confor-

mation of the results obtained with the voltammetric method.
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Introduction

Glycyrrhizinic acid (GA) is a saponin extracted from
Glycyrrhiza glabra root. According to its chemical struc-
ture, it belongs to penthacyclical triterpenoid saponins,
products of B-amyrin (1). GA and its aglycon 18f3 gly-
cyrrhetinic acid are widely used against bacterial and virus
infections, also as antiflogistics, expectorants, corrigens
and as components with mineralocorticoid effect (2).

Many analytical methods have been employed for the
determination of GA, such as: chromatographic techniques
(high-pressure liquid chromatography, thin-layer chroma-
tography, micellar electrokinetic chromatography, gas
chromatography) (3-10); electrochemical techniques
(oscillopolarography, single-sweep polarography) (11, 12);
spectroscopic methods (13, 14). Immunoassays (ELISA
and RIA techniques) were also used for determination of
the glycyrrhizinic acid (15).
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The general purpose of the work was to develop simple,
precise and accurate methods for quantification of glycy-
rrhizinic acid in pharmaceutical dosage forms.

Adsorptive stripping voltammetry is a valuable and
well-known analytical method for trace analysis of
electroactive compounds capable to adsorb onto the work-
ing electrode surface (16).

In the family of pulse techniques square-wave voltamme-
try appears to be one of the most advanced electroanalytical
techniques (17). This technique is attributed with unique
advantages, such as: high frequency and amplitude, solitary
approach in the current-sampling procedure, as well as the
effective ability to discriminate the capacity current. Thus, for
developing a particular absorptive stripping voltammetric
method for determination of miscellaneous species, square-
wave voltammetry is most frequently a technique of choice.

In addition to the current voltammetric method, the paper
also describes a new chromatographic method for determi-
nation of GA serving mainly for comparison and conforma-
tion of the results obtained with the voltammetric method.
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Experimental

The analyzed sample was a pharmaceutical dosage in a
form of spray. As declared by the manufacturer, the sam-
ple contains 0.1 % (w/w) glycyrrhizinic acid, while other
components are maleic acid, fumaric acid, ascorbic acid,
folic acid, polysorbate 80, propylen glycol and purified
water. Glycyrrhizinic acid, standard substance, was a
product of "Chemonova International, S. A." from Spain.

Voltammetric method

All used chemicals were of analytical reagent grade. K1,
Na,SO,, NaNO,, KCIO,, KBr, citric acid, and Na,HPO,
were all Merck products. Double distilled water was
used. The buffer solutions were prepared by mixing of
appropriate quantities of citric acid and Na,;PO,. The
stock solution of glycyrrhizinic acid was prepared by
dissolving in redistilled water.

The oxygen removal from the electrolyzed solutions
was performed by purging with highly purified nitrogen
for ten minutes prior each measurement, and a nitrogen
blanket over the solution was maintained thereafter. The
measurements were carried out at room temperature.

All voltammograms were recorded with multi-mode
polarograph Princeton Applied Research Model 384 B
equipped with static mercury drop electrode Model
PAR 303A. The reference was Ag/AgCl (sat. KCI) and
a platinum wire was used as a third electrode. A small
mercury drop with a surface of 0.0147 cm? was used as
a working electrode.

The other experimental conditions are indicated in
the caption of the figures.

HPLC method

All used chemicals were HPLC grade. The chromato-
grams were recorded on Waters HPLC system, equipped
with Pump Waters 600 E, sample injector Rheodyne 77251
with 20 ul loop, Photodiode Array Detector 996 and col-
umn oven. Glycyrrhizinic acid was separated on a 5 mm
Symmetry C18 column (25 cm x 4.6 mm i.d.) operated at
35 0C, using 25 mM potassium dihydrogen phosphate
(pH 2.2) / acetonitril (60: 40 v/v) as a mobile phase (and
solvent) at a flow rate of 1.6 ml/min and detection at 251
nm. The chromatographic system was controlled by soft-
ware program Waters Millennium 32.

Results and discussion

Determination of glycyrrhizinic acid
by voltammetric method

Glycyrrhizinic acid is both electroactive and surface-
active compound. Its undergoes totally irreversible reduc-

tion onto the mercury electrode surface. Under conditions
of square-wave voltammetry, the response consists of a
single well-defined peak at potential of about -1.50 V as
represented in Fig. 1. The SW voltammograms were ana-
lyzed for the peak position, height, and half-peak width.
All these properties of the voltammetric responses are
strong function of pH and chemical composition of the
medium, accumulation time and potential, as well as the
parameters of the excitement signal.

The redox reaction of GA could be measured only
within the pH interval from 2.0 to 8.0. Beyond these
boundaries, no voltammetric response could be detect-
ed. In strong acidic medium pH < 2, the hydrolysis of
GA occurs at appreciable rate (18) preventing its elec-
trochemical detection. As pH increases from 2.0 to 4.9,
the SW peak shifts slightly towards potential that is
more negative (see data in Table 1). At the same time,
the peak current depends non-linearly on pH, crossing
through maximum value at about pH = 3.8. Within the
interval 5.4 < pH < 7.5, the SWV response of GA splits
in two peaks indicating existence of two different redox
reactions. For analytical purposes, this phenomenon is
strongly unfavorable.

The complexity of the pH effect upon the voltammet-
ric response arises from the complexity of the redox reac-
tion of GA as well as the complexity of its adsorption
process onto the working electrode surface. Nevertheless,
the electrolyte solution with 3.8 < pH < 5.0 provides a
save medium for analytical application, as the SWV
response in those solutions consists of a well-defined sin-
gle peak. Moreover, the ratio [ /AE, (where [,and AE,,
is a peak current and half-peak width, respectively)
should serve as a main criterion for selecting an optimal
response for analytical purposes. This quantity reaches a
maximum value for pH = 4.7 revealing that this medium
is the most suitable for quantitative determination of GA.
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Fig. 1. Square-wave voltammogram of 1 x 10-5 mol/L
glycyrrhizinic acid solution recorded in 0.1 mol/L KI
electrolyte solution buffered to pH 4.7. Other experimental
conditions are: initial potential £, = -0.3 V, final potential
E¢=-1.7 V, accumulation time 7., = 100 s, accumulation

potential £, =-0.3 V, SW frequency /=100 Hz, SW
amplitude Eg, = 25 mV and increment dE = 4 mV
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Table 1. Dependence of peak gotential and peak current of the
voltammetric response of 5 x 107 mol/L glycyrrhizinic acid solution
on pH recorded in citrate buffers. The other experimental conditions
were: /=100 Hz, Eg;, =25 mV, dE=2mV, Eg=-0,8 V and Ef=-1.7.

pH E, IV E,,/V I, 1/nA I, /A

2.0 No voltammetric response

3.6 -1.476 603.7

3.8 -1.478 1183

4.1 -1.486 343.4

43 -1.476 443.6

4.5 -1.502 255.5

4.7 -1.496 309.5

4.9 -1.506 372.4

5.4 1.414 -1.494 556.7 773.7

6.1 -1.37 -1.45 159 172

6.8 -1.358 -1.464 273.7 306.4

7.5 -1.382 -1.456 144.6 153.9

3.0 No voltammetric No voltammetric
response response

Generally speaking, the adsorption of an electroactive
compound onto the electrode surface is affected prima-
rily by the chemical composition of the medium and the
accumulation potential (16). The accumulation of GA
on the mercury electrode surface was studied in four
diverse supporting electrolytes. The results for the peak
currents are listed in Table 2.

As it can be seen, the highest currents were obtained
in 0.1 mol/L solution of KI indicating that in this medi-
um the adsorption occurs at highest rate. Keeping in
mind that the iodide ions are themselves adsorbed on
the electrode surface, one can conclude that GA exhibits
substantial tendency for adsorption. The data presented
in Fig. 2 support this assumption. The Figure 2 illus-
trates the effect of the accumulation time upon the peak
currents of GA investigated at various concentrations of
the analyte. By increasing the accumulation time, the
peak current becomes higher and the entire /-7, rela-

tionship obeys a low of an isotherm. The appear plateaus
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Fig. 2. Dependence of the peak currents on the accumulation

time for different glycyrrhizinic acid concentration
recorded in 0.1 mol/L KI buffered to pH = 4.7.
Experimental conditions were: E,..=-0.8V, f=100 Hz,
E,=25mV,dE=2mV and c (glyc.) =5 x 1077 (1),

1 X 10-6(2), 5% 106 (3) 1 X 10-> mol/L (4).

of the curves 1 and 2 corresponds to the saturation of
the electrode with electroactive material. For analytical
purposes, the electrode should be covered by a mono-
molecular layer of deposited GA molecules, which is
fulfilled within the linear portions of the isotherms.

The influence of the accumulation potential on the
peak current is presented in Fig. 3. The accumulation
potential affects considerably the entire accumulation
process through its influence upon the structure of the
electric double layer adjacent to the electrode surface
(16). The peak current depends sigmoidally on the accu-
mulation potential in a form of a pseudopolarogram.

Table 2. Dependence of peak current of 5 X 10-°mol/L glycyrrhizinic acid solution on the accumulation time recorded in diverse supporting
electrolytes. Experimental conditions were: /=100 Hz, £y, =25 mV, dE =2 mV, E, . = -0.8 V. All supporting electrolytes were buffered with

citrate buffer to pH = 4.7.

I/nA I/nA I/nA I/nA I/nA I/nA
tace/S Na,SO4 NaNO; KCIO4 KI KBr Citrate buffer
0 431.9 395.5 436.4 562.9 425.9 446
50 2323
60 2329 2099 2272 2839 2485
100 3298
120 3396 3190 3264 3862 3272
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Fig. 3. Dependence of the peak current of glycyrrhizinic acid on
the deposition potential. Experimental conditions were:
f=100Hz, E,=-08V, E,,,=25mV, t,.,.= 15s,dE=2mV,
¢ (glyc.) =5x 100 mol/L, supporting electrolyte 0.1 mol/L KI
buffered to pH 4.7.

The peak current decreases considerably as the accumu-
lation potential becomes more negative than -1.0 V. The
most effective accumulation was observed under accu-
mulation potential of about £,..=- 0.80 V and hence, this
value was used in the further measurements.

As mentioned previously, the sensitivity of the method
depends markedly on the properties of the potential
waveform applied in the course of the stripping step.
Accordingly, an attempt was made to optimize the prop-
erties of the SW excitement signal such as SW amplitude
E, (the height of the potential pulses), SW frequency f
(the duration of single potential pulse), and scan incre-
ment d£ (the step of the staircase potential ramp at which
potential pulses of square shape are superimposed).

The peak current increases strongly by increasing the
SW amplitude from 2 to S0mV. This phenomenon has
already been predicted by the theory of SWV regarding
a totally irreversible redox process, which proceeds
from an immobilized state of the reactant.

As the amplitude becomes higher than 50mV, the
peak current reaches a maximum value forming a
plateau on the /-E, function (see curve 1 in Fig. 4).
The peak potential shifts in positive direction within the
interval 2mV < E_, < 150mV. However, the amplitude
also influences the shape of the voltammetric response,
causing the SW peak to widen by the increase of the
amplitude. The ratio  /AE,, gains a maximum value for
Esw = 25mV, consequently this value was selected as
an optimal for analytical measurements.

The signal frequency was varied over the interval
from 10 to 120 Hz. It was observed that the frequency

affects both the position and height of the SW response.
A linear relationship between E, (peak potential) and
logarithm of the frequency was observed with a con-
stant slope of AE /Alog(f) = - 30.1 mV. At the same time,
the peak current increases linearly with the SW frequen-
cy, which is typical for redox reaction occurring on the
electrode surface via adsorbed reactant. The half-peak
width is insensitive on the signal frequency. Thus, SW
frequency of f'= 120Hz was considered as an optimal
value for further quantitative analysis.
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Fig. 4. Dependence of the peak currents (curve 1) and peak
potentials (curve 2) on the signal amplitude.
Experimental conditions were: /= 100 Hz, dE =2 mV,
Epee=-0.8V, 1= 158, ¢ (glyc.) = 5 x 100 mol/L,
supporting electrolyte 0.1 mol/L KI buffered to pH 4.7.

The scan increment exhibits rather similar effect to
the voltammetric response as that of SW amplitude and
consequently those results will be not repeated here-
after. The value of dE' = 8 mV was selected as most rel-
evant for quantitative measurements.

Therefore, the following set of experimental condi-
tions are proposed for quantitative determination of GA:
supporting electrolyte 0.1 mol/L KI buffered with citrate
buffer to pH = 4.7, deposition potential £,..=-0.8 V, SW
frequency = 120 Hz, SW amplitude £, =25 mV, and
scan increment d£ = 8 mV. The duration of the deposition
step depends on the analyte concentration range.

A calibration curve of GA was recorded in 0.1 KI
buffered to pH = 4.7, over the concentration range from
5% 10-7mol/L to 7 x 10-6mol/L. The other experimental
conditions were: f= 100Hz, d£' = 8mV, E,,=25mV, E,,
=-0.8V and #,.,.= 15s. The line is associated with a linear
regression correlation coefficient of R = 0.9992.

To estimate the accuracy of the proposed adsorptive
voltammetric method, a recovery analysis was under-
taken and the corresponding results are listed in Table 3.

Maced. pharm. bull., 48 (1,2) 3-8 (2002)
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Table 3. Results of recovery analysis obtained by standard addition
method. Experimental conditions were: f= 100 Hz, E,, =25 mV,
dE =2 mV, supporting electrolyte 0.1 mol/L KI buffered to pH 4.7.

Sample Added (mol/L)  Found (mol/L) Re?;v)ery
(4
Glyomhlzlnlc 497 % 10° 480 % 10° o6 55
acid -
spray 59x10° 6.06x 10° 102.71

9.95x 10 10.40 x 107 104.50

For recovery analysis, the standard addition method
and the Hon equation were utilized. The Hon formula
for determination of the sample concentration reads:

Cst : Vst : [ .S
Cc, =
I pest (I/cell + Vst )_ I ps I/cell

where ¢, is sample concentration, c is concentration of
the standard addition, V, is volume of the standard
addition, [ is current associated with the sample, /,
is current of the standard addition, and V is volume

of the electrolyzing solution.

Determination of glycyrrhizinic acid by HPLC method

A reversed phase HPLC procedure was developed as
a comparative method for determination of GA in phar-
maceutical preparation. GA was well resolved from the
other formulation components using the previous estab-
lished selective chromatographic conditions. The reten-
tion time of glycyrrhizinic acid was found to be approx-
imately 4.8 minutes (Fig. 5).

Peak purity of glycyrrhizinic acid in the sample has
been established with software program Waters Mille-
nnium 32 by comparing the purity angle (0.119) with
purity threshold (0.269).

The dependence of the GA peak area on the concen-
tration of the injected solution was linear over the inves-
tigated range of 10 to 500 ug/ml with a linear regression
correlation coefficient of R = 0.9994.

The accuracy of the chromatographic procedure was
confirmed by the method of standard addition (Table 4).

The recovery values of GA determinations range
from 99.1 to 101.77 % confirming that HPLC method is
both quantitative and accurate.

The results of GA determination in pharmaceutical
preparation obtained by square-wave voltammetry and
high-pressure liquid chromatography are given in Table 5.

As it can be seen, the results obtained by voltammetric
and HPLC method are precise, accurate and reproducible.
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Fig. 5. Chromatograms of: I - glycyrrhizinic acid, standard
substance (100 pwg/ml), II — sample
(glycyrrhizinic acid ~ 100 pg/ml).

Table 4. Results of glycyrrhizinic acid determination by method of
standard addition, for estimating the accuracy of the HPLC method

Sample Added (mg/ml)  Found(mg/ml) Re(co?\;ery
0
- 0.9953 -
Glycyrrhizinic 0.25 1.2341 99.10
acid -
spray 0.50 1.4733 98.53
1.00 2.0306 101.77

Table 5. Results of glycyrrhizinic acid determination in sample (spray)
by square-wave voltammetry and high-pressure liquid chromatography

Declared Determined RSD Recovery
Method (ng/ml)  (mg/ml) %) (%)
SWvV 1.0 1.037 4.84 103.7
HPLC 0.993 1.54 99.3
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Conclusion

A new adsorptive stripping square-wave voltammetric
method for quantitative determination of glycyrrhizinic
acid in pharmaceutical preparations is proposed. The
method is simple, fast and precise. The voltammetric
measurement itself takes a few seconds. Moreover, it is
important to emphasize that the proposed method could
be applied without previous treatment of the original
preparation. The proposed method is also attractive due to
the low cost of the electrochemical instrumentation. The
conditions for quantification of GA applying high-pres-
sure liquid chromatography are also established. The pre-
cision, accuracy and reproducibility of the voltammetric
method are comparable to those of HPLC method and
both may be applied for routine analysis and determina-
tion of glycyrrhizinic acid in pharmaceutical formulations.
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Pe3nme

KBaHTHUTATHBHO OmpefeslyBame HA MINIMPU3HMHCKA KHCEJIMHA
€O KBaIpaTHO-OpaHOBA BOJITAMETPHja 1 TeYHA XpoMaTorpaduja
MOJ] BUCOK MPUTHCOK

Amnera [IlumutpoBckal, Banentnn MupueBcku?, CBetinana KyneBanona!

IDapmayesiticku ghaxyainetn, Yrusepauitieit ,,Ce. Kupua u Meitioouj”, Boowarncka 17, 1000 Croiije, MaxeooHuja
2Unciuuiuyin 3a xemuja, [Ipupoono maitiemaitiuuku gpaxyaitieiti, YHueepauitei ,,Ce. Kupua u Meitioou;”,
Apxunmeoosa 5, PO. Box 162, 1000 Croiije, MakeooHuja

Kayunu 360po6u: riunepn3nHCKa KUCEINHA, KBaJ[paTHO-OpaHOBa BOJITAaMETpHja, TeUHAa XpoMaTorpaduja 1Moy BUCOK
MIPUTUCOK

Pa3Buen e meTo Ha KBapaTHO-OpaHOBA BOJATMETPHja U TeUHA XpoMaTorpaduja moj BUCOK MPUTUCOK 3a TUPEKTHO
onpefieNlyBamhe Ha MIMIUPU3MHCKATa KUCeIMHA BO JO3UpaH papManBeTCKy Npenapar, IITO ce KOPUCTH IPOTUB BUPYCHI
uHpekuun. [ Muupu3nHckaTa KUceJarHa € eIeKTPOXEeMHUCKH aKTHBHA CyCHTaHIMja, IITO MOMJIEXKN HAa UpEeBep3UOUIHA
penyKiyja Ha TIOBpIIMHATA Ha XXMBHHATA €JIEKTPOJia, BO BOIeH MefiuyM. Peflokc cBojcTBaTa Ha INIMIUPU3NHCKATa KHce-
JuHa Oea 1IeJIOCHO NMPOYYEHH O NMPUMEHa Ha KBajipaTHO-OpaHoBaTa BOJNITaAMETpHja, KaKo ef{Ha Off Haje(hMKaCHUTE eJIeK-
TPOAHATUTUYKYI TEXHUKH. BoaTaMeTpucKoT OfroBop IiaBHO 3aBUcH off pH Ha cpearHaTa, COCTaBOT HAa OCHOBHHUOT €JIeK-
TPOJIUT, KaKO 1 Of] TapaMeTPHUTe Ha EKCUUTUPAYKUOT CUr'HAJ. VICTO Taka, yTBPAEHO € ieKa BOATaMETPUCKHOT OATOBOP
€ CUJIHO 3aBHUCEH OJf BpEMETO Ha aKyMyJlallja ¥ Off IOTEHLIUjaoT, KO YKaKyBaaT Ha 3HAUUTEITHA ajICOPIIIHja Ha TIULIHU-
pU3MHCKaTa KHCENHA Ha MOBPIINHATA HA KUBMHATA €JIEKTPOAA.

MeTopoT Ha peBep3HO-(ha3Ha TeyHa XpoMaTorpaduja oy BUCOK MPUTHUCOK Oellle pa3BHUEH, INIaBHO 3a crnopegda U no-
TBPAlyBathe Ha Pe3yaTaTUTe JOOUEHU CO BOATAMETPUCKHOT METO/.
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