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Abstract

Background: Neurological diseases affect over one billion
people globally, presenting a significant health burden,
especially for vulnerable populations. The FLEGMEN-SIP
capsule was developed as a treatment option for central
nervous system disorders, containing glycyrrhizic acid as
its primary active ingredient. This study aims to quantify
the glycyrrhizic acid content in FLEGMEN-SIP capsules
using high-performance liquid chromatography (HPLC) to
ensure compliance with therapeutic standards. Methods:
The study utilized HPLC to quantify glycyrrhizic acid in
FLEGMEN-SIP capsules. The capsules contain a dry extract
derived from Phlomis regelii, Leonurus turkestanicus,
Mentha piperita, and Glycyrrhiza glabra, with glycyrrhizic
acid comprising 1.39% of the dry extract. Samples were
prepared by dissolving 0.050 g of the drug in the mobile
phase and filtered using a 0.45 pm membrane filter. The
HPLC system included a Zorbax column and UV detection
at 254 nm. The analysis was repeated five times for
accuracy. Results: The glycyrrhizic acid content in
FLEGMEN-SIP capsules was determined to be 0.55%,

surpassing the minimum regulatory requirement of 0.4%.

Significance | This study validates HPLC for accurately quantifying
glycyrrhizic acid in FLEGMEN-SIP capsules,
compliance for neurological treatments.

ensuring therapeutic
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The
reproducibility and reliability, confirming the quality and

chromatographic method demonstrated high
therapeutic efficacy of the capsules. Conclusion: The
study validated the use of HPLC as an effective method for
quantifying glycyrrhizic acid in FLEGMEN-SIP capsules.
The

standards, ensuring their suitability for treating central

results confirm the capsules meet regulatory

nervous system disorders.
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Introduction

Neurological diseases represent a significant global health burden,
with over one billion individuals affected, according to the World
Federation of Neurology (2023). These disorders, which impact the
central nervous system, lead to high mortality rates, particularly
among vulnerable populations such as the elderly and people with
disabilities. The advent of the COVID-19 pandemic has
exacerbated these conditions, intensifying the need for new,
effective treatments (The Lancet, 2023; Berger et al., 2017; Misra et
al., 2021; Schultheiss et al., 2020; Chow, 2020). In response to this
challenge, there is a growing emphasis on developing high-quality
pharmaceutical products that target neurological diseases (De
Felice et al., 2017; Elsayed et al., 2021; Flerlage et al., 2020). This is
especially true for countries like Uzbekistan, where expanding the
range of locally produced, high-quality medications is critical to
addressing the healthcare needs of the population (World Health
Organization, n.d.). Among the pharmacological agents designed to
support neurological health is the FLEGMEN-SIP capsule. This

medication offers a range of advantages due to its formulation,
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Figure 1. Chromatogram of a standard glycyrrhizic acid sample, demonstrating a peak at the retention time of 2.700 minutes, used for
comparison with FLEGMEN-SIP capsule analysis.
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Figure 2. Chromatogram of the FLEGMEN-SIP capsule containing glycyrrhizic acid, with a retention time of 2.700 minutes,
confirming the presence of glycyrrhizic acid in the formulation.

Table 1. Results of quantitative analysis of glycyrrhizic acid in FLEGMEN-SIP capsules using high-performance liquid
chromatography (HPLC). The analysis showed a glycyrrhizic acid content of 0.55%, surpassing the regulatory minimum of 0.4%.

Ne Indicator Regulatory document The results of the analysis
L. Determination of the | FS- 42 Uz-0979-2022 The content in one 0,55%
amount of glycyrrhizic | capsule is not less than 0.4 %
acid
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which masks unpleasant tastes and odors while allowing for
convenient administration. The capsule format also facilitates more
rapid drug absorption compared to traditional tablets and can be
adapted for oral, rectal, or vaginal administration. Given these
benefits, FLEGMEN-SIP has become an important candidate in the
fight against central nervous system disorders (Kekelidze &
Portnova, 2002; Kekelidze et al., 2004; Lodi et al., 2020; Hansson,
2019).

The active ingredient in FLEGMEN-SIP is glycyrrhizic acid, which
is extracted from licorice (Glycyrrhiza glabra). Glycyrrhizic acid has
been widely studied for its anti-inflammatory, antiviral, and
neuroprotective properties, making it a valuable compound for
addressing neurological diseases (Mukhitdinov et al., 2018; Olimov
& Aminov, 2011; Al-Dosari et al., 2021; Diniz et al., 2022; Begum et
al., 2020; Ben-Arye et al, 2015; Asl & Hosseinzadeh, 2008).
Accurate quantification of glycyrrhizic acid in pharmaceutical
formulations is essential to ensure the efficacy and safety of the
drug. This study focuses on the use of high-performance liquid
chromatography (HPLC) to determine the amount of glycyrrhizic
acid in FLEGMEN-SIP capsules, providing a reliable method for
quality control and regulatory compliance (Sychev, 2000;
Dastmalchi et al., 2020; Das et al., 2018; Boer & Morshed, 2022).
HPLC is a well-established analytical technique widely used in
pharmaceutical analysis due to its precision and reproducibility. It
allows for the separation, identification, and quantification of
bioactive compounds in complex mixtures (Zhang et al., 2022;
Shoaib et al., 2021; Gotte et al., 2020). The objective of this research
is to quantify the glycyrrhizic acid content in FLEGMEN-SIP
capsules using high-performance liquid chromatography (HPLC)
to ensure that the formulation meets the required therapeutic
standards. By employing HPLC, this study aims to validate the
accuracy and consistency of the glycyrrhizic acid concentration,
which is crucial for the drug’s efficacy in treating central nervous

system disorders.

Materials and Methods

We determined the glycyrrhizic acid content in FLEGMEN-SIP
capsules from a formulation using high-performance liquid
chromatography (HPLC). HPLC was selected after reviewing
several alternatives, given its precision and reliability for analyzing
complex mixtures of biologically active substances (Mukhitdinov et
al.,, 2018; Olimov & Aminov, 2011).

Capsule Composition

The FLEGMEN-SIP capsule contains a dry extract derived from a
blend of medicinal plants: Regel’s zopnik (Phlomis regelii),
Turkestan motherwort (Leonurus turkestanicus), peppermint
(Mentha piperita), and licorice (Glycyrrhiza glabra). These plants

were mixed in a ratio of 3:3:2:2, respectively. The main

active ingredient is glycyrrhizic acid, with 1.39% of the dry extract
containing this compound. Based on regulatory guidelines, the
glycyrrhizic acid content in each capsule should be at least 0.4%.
HPLC Procedure

The determination of glycyrrhizic acid content was performed
using HPLC, a modern physicochemical method widely employed
in pharmaceutical analysis. To prepare the sample, 0.050 g of the
precisely weighed FLEGMEN-SIP drug was placed in a 100 mL
volumetric flask. This was dissolved in 50 mL of the mobile phase
and stirred using a powerful agitator. The volume was then adjusted
to 100 mL with the solvent, and the mixture was filtered through a
Millipore membrane filter with a pore size of 0.45 pum.

A 20 pL aliquot of the solution was injected into the HPLC system,
equipped with a Zorbax column (150 x 3.0 mm) containing particles
of 3.5 um in size. Detection was achieved using an ultraviolet (UV)
detector set at a wavelength of 254 nm. The flow rate of the mobile
phase, consisting of acetic acid, acetonitrile, methanol, and water
(1:35:20:44 ratio), was set to 1.0 mL/min. The chromatographic
analysis was performed at room temperature, and the experiment
was repeated five times to ensure accuracy.

Chromatographic Analysis

Under the specified conditions, the chromatogram for FLEGMEN-
SIP was generated, and a standard sample of glycyrrhizic acid was
run in parallel for comparison (Sychev, 2000). The retention time
for glycyrrhizic acid was 2.700 minutes, which was confirmed by the
standard chromatogram. The percentage content of glycyrrhizic
acid in FLEGMEN-SIP capsules was calculated using the peak area
from the chromatogram of the standard glycyrrhizic acid and the
peak areas from the components of the FLEGMEN-SIP capsule
(Figure 1, Figure 2).

The calculation formula used was:

SFSK * 100, where:

u

X =

Srx- peak area of a standard glycyrrhizic acid sample,
2. S,- the peak area of the components of the investigated
capsule "FLEGMEN-SIP"

Results and Discussion

The HPLC analysis of FLEGMEN-SIP capsules successfully
quantified the glycyrrhizic acid content, revealing a concentration
of 0.55% (Table 1). This value exceeds the regulatory minimum
requirement of 0.4%, ensuring that the formulation meets
therapeutic standards. The chromatographic method produced a
clear peak with a retention time of 2.700 minutes, consistent with
the retention time of a standard glycyrrhizic acid sample,
confirming the accuracy of the method.

The analysis, performed in quintuplicate, demonstrated high
reproducibility and reliability. The content of glycyrrhizic acid was
calculated using the formula based on the peak areas of the sample

and the reference standard. The data confirmed that the
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FLEGMEN-SIP capsules not only meet but surpass the required
quality metrics, ensuring efficacy and safety.

These findings highlight the robustness of the HPLC method for
ensuring the consistent quality of glycyrrhizic acid in
The

glycyrrhizic acid concentration positions FLEGMEN-SIP as a

pharmaceutical ~ formulations. higher-than-required
reliable candidate for treating central nervous system disorders,
reinforcing its potential therapeutic efficacy. The study validates the
method as suitable for quality control and regulatory compliance in

pharmaceutical production.

Conclusion

The application of HPLC in this study successfully quantified
glycyrrhizic acid content in FLEGMEN-SIP capsules, confirming
the formulation's compliance with regulatory guidelines. The
measured concentration of 0.55% exceeded the required minimum,
ensuring the product’s therapeutic efficacy and safety for
neurological treatment. This method offers a reliable approach for
quality control in pharmaceutical production, supporting the
development of high-quality, locally produced medications for

neurological diseases.
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