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ABSTRACT

Background: Organic acids (malic, citric, tartaric, oxalic, acetic, formic, isovaleric, ascorbic
acids) make up a large group of biologically active substances and play an important role in
plant and human metabolism. They are found in large quantities in the fruits of Rosaceae
family medicinal plants that included in State Pharmacopoeia of the Russian Federation.
Standardization of crude herbal drugs containing organic acids by modern physicochemical
methods is a high-priority task.

Materials and methods: The determination of total organic acids amount was carried out in
aqueous extracts from different fruits of Rosaceae family plants by galvanostatic coulometry
and potentiometry methods. Galvanostatic coulometry was performed with the help of
the “Expert-006" coulometer with a current of 5 mA (integrated pH meter). lodine as an
electrogenerated titrant was used for ascorbic acid determination; electro generation of
hydroxide ions was carried out for determination of total organic acids amount. A potentiometer
“Aquilon pH-410" with attached glass and silver chloride electrodes was used for potentiometric
determination of total organic acids amount. Individual organic acids have been determined by
reverse-phase high-performance liquid chromatography with ultra-violet detection (RP-HPLC-
UV) method. The following conditions were established: Gilson HPLC system, Alltech OA-
1000 Organic Acids (6.5x300 mm, 9 um) chromatography column, a gradient elution mode,
component A of the mobile phase is 98% (0.1% phosphoric acid, 10 mM KH,PO,, solution
in water) with 2% acetonitrile, component B is acetonitrile, the eluent feed rate is 1 ml/min.
Results: Modern physicochemical methods for the analysis of biologically active substances,
organic acids, for quality control of crude herbal drugs and medicinal herbal preparations,
are developed and discussed. The optimal conditions for the qualitative and quantitative
organic acid analysis are selected and described taking into account modern pharmacopoeial
requirements.

Conclusion: Galvanostatic coulometry and potentiometry methods, as well as RP-HPLC-UV,
can be successfully used in the quality control of crude herbal drugs and medicinal herbal
preparations, specifically fruits of Rosaceae family plants. Development and validation of
analytical methods for monitoring the content of this BAS group is an important research area
in the pharmacopoeial standardization of crude herbal drugs.

Key words: Crude herbal drugs, Organic acids, Titrimetric Methods, Coulometry, Potentiometry,
Redox titration, High performance liquid chromatography.

INTRODUCTION

The current level of natural biologically active
substances (BAS) analysis, as well as issues
related to the development and improvement
of standardization procedures, requires the use
of exact physicochemical methods in quality
control of crude herbal drugs. The main problem
in the crude herbal drugs (CHD) standardization
associated with the multicomponent BAS
composition with different  physicochemical
nature and the mutual interaction of some BAS
groups with others. The range expansion of the

medicinal herbal preparations nomenclature (both
domestic and foreign production) is associated with
the development of evidence-based pharmacology,
the discovery of new BAS properties. Drugs of
natural origin must meet the quality criteria, their
determination should be carried out by objective and
modern physicochemical methods.'?

Organic acids, (OA: malic, citric, tartaric, oxalic,
acetic, formic, isovaleric, ascorbic acids) make up
a large group of BAS and play an important role in
plant metabolism. They are intermediate compounds
during the oxidation of carbohydrates, fats, amino
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acids, and proteins. OA have a wide range of biological effects on the
human body: in addition to vitamin properties, they have a choleretic
effect that normalizes the activity of the digestive system. OA regulate
the secretion of bile and pancreatic juice, improve appetite; have
bactericidal properties and reduce the putrefactive processes in the
body. Ascorbic acid, increasing the redox processes in tissues, plays
an important role in a skin barrier function, promotes regeneration
with various injuries by stimulating assimilation and dissimilation
processes; reduces melanogenesis in the epidermis, has a specific effect
on the capillary walls, stimulating the synthesis of procollagen and
turning it into collagen; promotes glucose utilization, reduces tissue
permeability, inhibits hydrolytic reactions, which plays an important
role in the regeneration of burns."?

OA are found in large quantities in the fruits of Rosaceae family
medicinal plants (redhaw hawthorn (Crataegus sanguinea Pall.),*”
European mountain ash (Sorbus aucuparia L.),** common raspberry
(Rubus idaeus L.),>'° Cinnamon rosehip (Rosa majalis Herrm.)),!" and
Caprifoliaceae family medicinal plants (European dogwood (Viburnum
opulus L.))."*" The aim of the research is to study the composition
and content of organic acids in the Russian medical plants by various
methods and to determine the most suitable option for pharmacopoeial
analysis.

MATERIALS AND METHODS

The determination of organic acids was performed in aqueous extracts
obtained from different fruits of Rosaceae family plants by galvanostatic
coulometry and potentiometry methods. Per the requirements of
the State Pharmacopoeia of the Russian Federation XI Edition, the
determination of the total OA amount in rosehips, used for medicinal
herbal preparations (rosehip syrup, “Holosas, “Karotolin”), was
determined by acid-base titration method. Rosehips aqueous extract
is titrated by 0.1 mol/l solution of sodium hydroxide in the presence
of indicators (methylene blue and phenolphthalein) until a violet-pink
color appears in the foam. At the same time, according to this method,
it is recommended to conduct a substantial and approximate dilution
of 10 ml of extracts with freshly boiled water in a volume of 200-300
ml. The acid-base titration technique with an indicator has several
drawbacks: it requires prior standardization of the titrant, implies the
use of indicators, the color transition of indicators can be established
with a certain accuracy only after significant dilution of the extract. OA
titration process occurs before the appearance of a lilac-pink color in
the foam, which also does not give an accurate result of the titration
endpoint; also there is the inability to analyze colored solutions that do
not form a foam when shaken. These facts consequently lead to a failure
to identify the titration endpoint.

The determination of ascorbic acid in crude herbal drugs is
recommended to be carried out by titration with a solution of
2,6-dichloroindophenol sodium salt according to the method of the
State Pharmacopoeia of Russian Federation XI edition (SPRF XI) of
the monograph “Rosae fructus” (rosehips). The disadvantages are also
the inaccuracy of the results, the difficulty in determining the titration
endpoint due to the intrinsic color of the fruit extracts, the possible
influence of other BAS that have redox properties.>!*1>

Taking into account the above-mentioned disadvantages of titration
methods with indicators, it has recently become increasingly common to
determine the OA content in crude herbal drugs using electrochemical
methods - potentiometric and coulometric titration.

Galvanostatic coulometry was performed with the help of the
“Expert-006” coulometer (Econix-Expert, Russia) with a current of 5
mA (integrated pH meter)' Iodine as an electrogenerated titrant was
used for ascorbic acid determination. Electro-generated iodine was
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obtained from a 0.1 M KI solution in hydrochloric acid and potassium
chloride (pH 1.2). Testing the effectiveness of coulometric titration is
carried out according to the standard titer “Sodium sulfate 5-hydrate
(Na§,0, « 5H,0) = 0.1 mol/dm® (0.IN)”.

The amount of electricity spent on titration experimentally on the
coulometer “Expert-0067, is calculated by the formula:

4 —6
chp _m 10 1-96485,3 (C),
248,2
where m - the mass of sodium thiosulfate in the sample, found
coulometrically, ug (there should be 124.1 pg). Ascorbic acid interacts
with an electrogenerated iodine quickly and in stoichiometric amounts
in a 1: 1 ratio.

Electrogeneration of hydroxide ions was carried out for the
determination of total organic acids amount.

A potentiometer “Aquilon pH-410" (Aquilon, Russia) with attached
glass and silver chloride electrodes was used for potentiometric
determination of total organic acids amount.

Individual organic acids have been determined by RP-HPLC-UV
method. Gilson HPLC system (Villiers Le Bel, France) with the
subsequent computer processing of the research results using the
“Multichrome” program for “Windows” Chromatography column
“Alltech OA-1000 Organic Acids” (6.5x300 mm, 9 um) was used as
a stationary phase. The separation of OA is carried out in a gradient
elution mode, component A of the mobile phase is 98% (0.1%
phosphoric acid, 10 mM KH,PO,, solution in water) + 2% acetonitrile,
component B is acetonitrile, at room temperature, the eluent feed rate
is 1 ml/min.

RESULTS AND DISCUSSION

The method of galvanostatic coulometry, in particular, coulometric
titration, is characterized by high accuracy, speed, simplicity of the
experiment, does not require preliminary standardization of the
titrant, use of standard samples, construction of calibration graphs
and is relevant for the analysis of BAS in CHD. Time and amperage are
the main controlled parameters in coulometric titration."”** Modern
devices allow measuring automatically these parameters with very
high accuracy. A distinctive feature of galvanostatic coulometry is the
possibility of obtaining a large number of electrogenerated titrants
(Figure 1) in both aqueous and non-aqueous media that can possess
various types of chemical reactions (redox, precipitating, acid-base
types) with the test substance, which significantly expands the range
of defined compounds. The unification of analytical methods is
equally important. Since it is the basis for improving and simplifying
analytical control methods. A unified approach to the analysis of herbal
medicines and herbal medicines is being formed, the analysis time and
the reagents quantity are reduced.

As a rule, the model sample is the aqueous extract from the rosehips.
Coulometric curves of ascorbic acid titration and aqueous extracts
from rosehips have a similar character (Figure 2) and it can be assumed
that ascorbic acid is titrated in aqueous extract under these conditions.

It is very promising to determine the total OA content in the fruits of
mountain ash, wild rosehips (pharmacopoeia species) and European
dogwood by electrogenerated hydroxide ions."*** It is established that
malic acid interacts with electrogenerated hydroxide ions quickly and
quantitatively in a 1: 2 ratio. The similarity of the curves of titration
of malic acid and aqueous extract from rosehips suggests that in the
aqueous extract, the amount of OA is titrated under the conditions
found (Figure 3).
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Figure 1: Diagram of electrogenerated titrants use in pharmaceutical
analysis.
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Figure 2: Coulometric curves of ascorbic acid titration () and aqueous
extract from the rosehips (1)

it I PH 7\ il
8 \ 8 \
\ \

7 \\ 7 \
AN

6" — 7 \\/

20 40 60 80 1, se 20 40 60 80 ¢, sec

Figure 3: Coulometric curves of malic acid titration (l) and rosehips
aqueous extract (Il).

For research, the instruments of the Expert-006 coulometer with
a current of 5 mA were used; pH meter is built into the coulometer.
Electrogeneration of hydroxide ions was carried out from a saturated
K,SO, aqueous solution, the titration endpoint was determined pH-
metrically using an ESC-10614 laboratory combined semi-micro-pH
electrode. The composition of the background electrolyte: K,SO, (sat.):
H,O (1:7), there is a 100% current output. The efficiency of coulometric
titration has been proposed to be checked using the standard titer
“Hydrochloric acid C (HCI) = 0.1 N

Potentiometry is an electrochemical method of analysis based on
determining the amount of a substance in an analyzed sample from
the magnitude of the electrode potential. Modern potentiometers are
distinguished by their compactness, ease of calibration, ease of use due
to a capacious battery, a complete set of electrodes, a stand for them,
and a thermal compensator. The advantage of potentiometric titration
is the ease of analysis, high accuracy, and sensitivity, the ability to
more accurately indicate titration endpoint and titration in turbid and
colored media, work with extracts without dilution, analysis of aqueous
and non-aqueous extracts, the possibility of automating the titration
process. Among the disadvantages of the method, it is possible to note
the relative duration of the titration associated with the need for time to
establish the equilibrium.?"*

An acid-base reaction is used as a titration reaction in acid-base
potentiometric titration, an i.e. reaction involving protons. Therefore,
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the titration curve in acid-base potentiometric titration will be the
dependence of the pH of the test solution on the volume of the titrant
added. When titrating the total OA amount with indicators in hips,
viburnum, mountain ash, black currant, the content of phenolic
compounds titrated with sodium hydroxide is neglected. This may
affect the accuracy of titrimetric analysis using indicators due to an
error in the results. Similar problems can be avoided by potentiometric
determination of equivalent volume.'>?*?*

In our work, a potentiometer “Aquilon pH-410" with attached glass
and silver chloride electrodes was used. The freshly prepared extract
is titrated with 0.1 M sodium hydroxide solution from a microburette
with constant stirring using a magnetic stirrer. The potentiometer
readings are fixed after the establishment of equilibrium, and according
to the obtained results, titration curves are plotted in the coordinates
of pH (V) to determine the equivalence point (for example, extracting
rosehips) (Figure 4). The titration curve has a typical form for the
titration of weak acids with a strong base.

It is necessary to carry out validation to prove the possibility of
including methods of potentiometric and coulometric titration
of ascorbic acid and the total OA amount in terms of malic acid
in the regulatory documentation (RD) of the Russian Federation.
The validation procedure includes the determination of specificity,
detection limit, quantitation limit, analytical area (range), linearity,
trueness, precision, robustness.

At present, physicochemical methods in the analysis of crude
herbal drugs and medicinal herbal preparations are prioritized.
These methods provide great opportunities for the quantitative
determination of different groups of biologically active substances
(organic acids, flavonoids, tannins, the elemental composition of
CHD).

Discussing here the modern physicochemical analysis methods, it
should not go unnoticed an instrumental chromatographic method
of high-performance liquid chromatography (HPLC). HPLC is a
column chromatography method in which a liquid phase moving
through a chromatographic column filled with a stationary phase
(sorbent) serves as a mobile phase. Depending on the mechanism of
substances separation distinguish the following options for HPLC:
adsorption, distribution, ion exchange, exclusion, chiral. Depending
on the type of mobile and stationary phase, normal phase and reverse
phase chromatography are distinguished.>**

The undoubted advantage of the HPLC method is efficiency and
selectivity, high sensitivity and speed of analysis, the ability to study
almost any objects without any restrictions on their physicochemical
properties, for example, boiling points or molecular weight.

In the analysis of CHD, the HPLC method solves the problem of
qualitative analysis (identification) of BAS complex or individual
compounds and quantification (separation and purification
stage) 2% OA, as a rule, are determined under the conditions of
reverse phase HPLC (RP HPLC).** The separation of OA occurs
in a chromatographic column filled with octadecyl silica gel.
Concentrations are determined using a spectrophotometric detector
at a wavelength of 210 nm using the external standard method.?**
There are various conditions for analysis and equipment. For example,
it is possible to use a Gilson HPLC system with the subsequent
computer processing of the research results using the “Multichrome”
program for “Windows” (column “Alltech OA-1000 Organic Acids”
6.5x300 mm, 9 um). The obtained chromatogram is presented at
Figure 5.
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Figure 4: Titration curves of organic acids with sodium hydroxide
solution (0.1 M) in the rose hips extract: A - integral titration curve; B -
differential titration curves.
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Figure 5: HPLC-UV chromatogram of OA in bilberry fruits extract.

CONCLUSION

Galvanostatic coulometry and potentiometry methods, as well
as reverse-phase high-performance liquid chromatography, can
be successfully used in the quality control of crude herbal drugs
and medicinal herbal preparations, specifically fruits of Rosaceae
family plants. Development and validation of analytical methods for
monitoring the content of this BAS group is an important research area
in the pharmacopoeial standardization of crude herbal drugs.**

RP HPLC with UV-detection is the most promising method for
pharmacopoeial analysis in Russian Federation because it provides
an opportunity to carry out qualitative and quantitative analysis
simultaneously; at the same time, it makes possible determination of
the identity and high-quality indicators. HPLC-DAD “fingerprints”
of OA profile can serve as an important proof of crude herbal drug
identity.*>?
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