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ABSTRACT

Boesenbergia rotunda, or krachai in Thai, is a medicinal plant with the potential for medicinal and
nutraceutical development because of its pharmacological properties. Therefore, a well-developed and accurate
analytical method is crucial to ensure the appropriate quality control of B. rotunda products. This study aimed to
develop a simple stability-indicating HPLC-UV method for the quantitative determination of pinocembrin,
pinostrobin, and panduratin A contents in B. rotunda extract capsules. HPLC chromatographic conditions were
optimized using a C18 column. The mobile phase comprised of 0.1% formic acid in water and methanol in
acetonitrile using a gradient system at a flow rate of 1 mL/min. The detection wavelength was 300 nm. The
method was validated according to the guidelines of the International Conference on Harmonization (ICH Q2)
for linearity, accuracy, precision, and specificity. Forced degradation studies under acid, base, oxidation, and sun
photolytic conditions were also performed. The forced degradation of B. rotunda extract capsule showed that all
selected chemical constituents were stable in acid and oxidative conditions, but they were highly labile under
basic and photolytic conditions. There was no interference from impurities, degradation products, or excipients
in the HPLC chromatogram at the retention times of those standards indicating the specificity of the analytical
method. The developed HPLC method promoted linear correlations in the range of 10-200 pg/mL for
pinocembrin, 50-1000 pg/mL for pinostrobin, and 5-100 pug/mL for panduratin A, with correlation coefficients
(r) > 0.99. The recoveries were acceptable for all markers. Relative standard deviations (RSDs) of repeatability
and intermediate precision were less than 2.0%. HPLC method has been successfully developed and validated
for quantitative analysis of chemical markers in B. rotunda extract capsules. This study provides a promising
chemical analysis approach for quality control and standardization of herbal medicines, especially B. rotunda
products in the future.
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1. INTRODUCTION Zingiberaceae family'.It is widely used as a spice in

some Asian countries, such as Indonesia, Malaysia, and
Fingerroot (Boesenbergia rotunda (L.) Mansf.), Thailand. Like its relatives in the Zingiberacea family,
or krachai in Thai, is a tropical plant that belongs to the  B. rotunda is a small herbaceous plant with short, fleshy,
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or finger-shaped rhizomes growing from the mother
thizomes'?. Traditionally, this herb was used to treat
rheumatism, muscle pain, fever, gout, gastrointestinal
disorders, flatulence, carminative, stomachache,
dyspepsia, and peptic ulcers®*. The rhizomes of
B. rotunda heavily subsidize a wide range of
pharmacological activities, including antimicrobial,
antiparasitic, antiallergenic, anti-tumor, anti-mutagenic,
anti-fungal, anti-anxiety, antihyperlipidemic, and anti-
inflammatory activities'®. B. rotunda rhizomes contain
several phytochemicals, including alkaloids, essential
oils, phenolic compounds, and flavonoids®®. Different
types of flavonoids have been previously detected.
Among them, pinocembrin, pinostrobin, and panduratin
A are considered the major components in
Thai fingerroot™'®. Pinocembrin (Figure 1A), 5,7-
dihydroxyflavanone, exhibits a wide range of beneficial
effects including antioxidant, anti-inflammatory,
antimicrobial, neuroprotective, cardioprotective and
anticancer activities''. Remarkably, B. rotunda extract and
pinocembrin had a wound healing activity that enhanced
the survival and proliferation of a human keratinocyte
cell line (HaCaT) by activating ERK1/2 and PI3K/Akt
kinases'”>. Moreover, pinocembrin inhibited the
inflammatory response stimulated by lipopolysaccharide
(LPS) in macrophages and decreased the inflammatory
response induced by LPS and bleomycin (BLM) in
mice'®. Pinostrobin (Figure 1B), also known as 5-
hydroxy-7-methoxyflavanone, has been linked to
pharmacological advantages, including anticancer and
antioxidant properties'®. Recent investigations have
shown that B. rotunda extract and pinostrobin can reduce
inflammation and oxidative stress in cellular models'*'*.
Pinostrobin reduced TNF-a and IL-1f expression caused
by LPS, both in vitro and in vivo'¢. Panduratin A (Figure
1C), a cyclohexenyl chalcone compound abundant in
fingerroot cultivated in Indonesia, possesses numerous
pharmacological activities, including anti-inflammatory,
antioxidative, antimutagenic, antibacterial, anticancer,
anti-allergy, and anti-obesity properties'’. More
importantly, B. rotunda extract and panduratin A have
demonstrated significant inhibitory effects against the
replication and infectivity of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) in Vero E6 cells,
with a favorable cytotoxicity profile?.

Among the several analytical procedures,
high-performance liquid chromatography with UV
detection (HPLC-UV) is the most commonly utilized
to quantify flavonoids in B. rotunda rhizomes and
plant cell cultures. However, many of the proposed
HPLC techniques for quantification of flavonoids
have either not been adequately validated or are
uneconomical due to excessive run durations'®2°. To
the best of our knowledge, no stability-indicating
method (SIM) has been developed to quantify
flavonoids in B. rotunda extract or formulation. For
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SIM development, a forced degradation study has to be
implemented. The chemical behavior of the compound
under test is demonstrated, along with likely pathways
of degradation®'. This information is helpful for pre-
formulation research, formulation development,
container design, and storage requirement selection.
The purpose of this study is to provide a simple,
robust and stability-indicating HPLC-UV method for
quantitatively  determining flavonoids in capsule
formulations of B. rotunda extract. Pinocembrin,
pinostrobin, and panduratin A were used as markers.
Forced degradation studies on flavonoids were carried out
under various stress conditions?. Furthermore, the
approach was established and validated in accordance with
the International Conference on Harmonization of
Technical Requirements for Pharmaceutical Registration
for Human Use (ICH) and the Association of Official
Agricultural Chemists (AOAC) criteria®**. The approach
is suitable for determining the amount of flavonoids in
nutraceutical products with B. rotunda extract.

2. MATERIALS AND METHODS
2.1. Chemicals and reagents

Pinocembrin, pinostrobin, and panduratin A
standards were acquired from Naturewill Biotechnology
Co., Ltd (Sichuan, China), National Institute of
Metrology (Pathum Thani, Thailand) and PhytoLab
GmbH and CO. KG (Bavaria, Germany). HPLC-grade
methanol and acetonitrile were purchased from Merck
(Darmstadt, Germany). Formic acid for the preparation
of the mobile phase was obtained from Fisher Scientific
(Leicestershire, UK). Hydrochloric acid from QRéEC
(Asia) Sdn. Bhd. (Selangor, Malaysia), sodium
hydroxide and hydrogent perxoide from Merck
(Darmstadt, Germany) were used for stress testing.
Water for irrigation was purchased from the GHP
(Public) Co, Ltd. (Patumthani, Thailand).

2.2. Preparation of the standard and sample solutions
2.2.1 Standard solution

The stock solutions of pinocembrin, pinostrobin,
and panduratin A were prepared separately in methanol.
The concentrations of analytes in these stock solutions
were 200 mg/mL for pinocembrin, 1000 mg/mL for
pinostrobin, and 100 mg/mL for panduratin A. The
stock solutions were stored in a freezer at -20°C until
further use. Prior to analysis, working solutions were
prepared by diluting the stock solutions with methanol
to achieve the desired concentrations for each analyte.
The working solutions were then stored in amber vials
to protect them from light degradation. Before use, the
solutions were allowed to come to room temperature to
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ensure accurate and consistent results during analysis.
The stability of the stock solutions was monitored over
time to ensure the reliability of the results obtained.

2.2.2 Sample solution

The B. rotunda extract capsules were obtained
from the Chaophraya Abhaibhubejhr Hospital. After
being combined from 5 capsules, they were weighed at
50 mg and vortexed for a minute with 1 mL of methanol.
For 15 min, the sample was extracted using an ultrasonic
bath. After centrifugation for 5 minutes at 5000 rpm, the
supernatant was collected and transferred into a 10-mL
volumetric flask. The extraction procedure was repeated
three times, and methanol was used to adjust the volume
of the obtained supernatants.
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Figure 1. Chemical structures of (A) pinocembrin, (B) pinostrobin,
and (C) panduratin A

2.3. Instrumentation and analytical conditions

The chromatographic conditions were carried
out on a Shimadzu i-Series LC-2050 system (Kyoto,
Japan) comprising a photodiode array detector. An
Imchem Sharper C18 column (5 pm, 4.6x150 mm) was
maintained at 25°C within the column oven. The
separation of markers in the extracted sample was
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accomplished using a flow rate of 1 mL/min and a
gradient elution composed of (A) 0.1% formic acid in
water pH 2.65 and (B) 12% methanol in acetonitrile.
The linear gradient started with 40% B, increasing to
69% in 16 min, maintaining 69% B from 16 to 18 min,
further increasing B to 85% from 18 to 25 min, holding
at 85% B from 25 to 33 min, increasing B to 90% from
33 to 34 min, then decreasing to 40% B from 34 to 35
min, and maintaining this condition until 40 min. The
markers were detected using a PDA detector set at 300
nm, with an injection volume of 5 pL.

2.4. Method validation

The optimized method was validated based on
ICH Q2 (R1)* and AOAC?* guideline. Parameters such
as specificity, linearity, range, accuracy, precision, limit
of quantitation (LOQ), and limit of detection (LOD)
were evaluated.

Specificity was assessed to ensure that no
interferences affected the retention times of markers.
This was achieved by comparing chromatograms of
forced degradation and control (unforced) samples with
peak purity values exceeding 0.9 and resolution greater
than or equal to 1.3.

B. rotunda extract capsules were subjected to
four stress testing conditions defined in the ICH
guideline Q1A: acid hydrolysis, alkali hydrolysis,
oxidation, and photolysis. Accurately weighed powder
of B. rotunda extract mixed with inactive ingredient (50
mg) were subjected to degradation by direct application
of specific chemicals or exposure to sunlight prior to
extraction, as described in section 2.2. For acid
hydrolysis, 200 uL of 0.1 N hydrochloric acid was
added, and the samples were heated in 1 mL of methanol
at 60°C for 2 hours. For alkali hydrolysis, 200 pL of 0.1
N sodium hydroxide was added to the samples, which
were then heated in 1 mL of methanol for 10 minutes at
60°C. In oxidative degradation, the sample was oxidized
by adding 10 mL of 30% w/w hydrogen peroxide and
heating it in 1 mL of methanol for 30 minutes at 60°C.
For photolytic degradation, the sample was exposed to
sunlight for 8 hours before being extracted with 1 mL of
methanol. The percentage of remaining markers was
calculated in comparison to the control sample.

For linearity, calibration curves were established
using six concentration levels of standard solutions
covering the ranges of 10-200 pg/mL for pinocembrin,
50-1000 pg/mL for pinostrobin, and 5-100 pg/mL for
panduratin A. The linearity of each calibration curve was
evaluated through linear regression analysis, with
correlation coefficient (r) as the determining factor.

Accuracy was evaluated by spiking samples
with 3 different concentration levels of each marker:
pinocembrin (10, 20, and 40 pg/mL), pinostrobin (50,
100, and 200 pg/mL), and panduratin A (5, 10, and 20
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pg/mL). The percentage recovery was calculated from
three replicates per concentration level.

Precision was assessed by analyzing six
samples (n = 6) on the same day for repeatability and 12
samples (n = 12) on different days for intermediate
precision. The percentage relative standard deviation
was calculated to ensure the precision of the method.

The LOQ was the lowest concentration that
yielded acceptable accuracy (%recovery) and precision
(%RSD). Six samples prepared at the concentration of
LOQ were determined as %recovery and %RSD. While
acceptable precision is concerned in LOD.

2.6. Stability study of chemical markers in standard
and sample solutions stored in autosampler and
determination of markers in B. rotunda extract
capsules

The stability of the markers in standard and
sample solutions in autosampler at 15°C was investigated.
They were kept in autosampler and analyzed at 0, 12, 18,
and 24 hours. The initial value at 0 h was considered 100%,
and subsequent analyses were compared to this baseline.
Moreover, the contents of pinocembrin, pinostrobin, and
panduratin A in B. rotunda extract capsules were
calculated as the amount of markers per 1 capsule.

3. RESULTS AND DISCUSSION
3.1. Method development

The chromatographic conditions outlined by
Tan et al." was adjusted to match our C18 fully porous
silica column, with a reduction in flow rate of 1.0
mL/min to accommodate the differences between our
column and the monolithic column used in their study.
The monolithic column, composed of a silica rod, offers
faster mass transfer and 30-40% lower back pressure
than conventional silica particle columns. The mobile
phase consists of 0.1% formic acid in water, adjusted to
pH 2.65 (A) and acetonitrile (B). The gradient elution
protocol was tailored for a 38-min runtime, commencing
with 40% B, followed by a linear gradient to 85% B over
25 min, a 5-min hold at 85%, a linear increase to 90% B in
2 min, re-equilibrate by a linear gradient to 40% B in 1
min, a subsequent 5-min hold. Further adjustments were
made to enhance the resolution of pinostrobin from an
adjacent peak, including a 2-min hold at 69% B from 16
to 18 min within the linear gradient from 0 to 25 min.
Despite these modifications, the separation of pinostrobin
and the subsequent peak remained unsatisfactory.
Additionally, the separation of panduratin. A posed
challenges. To migrate these issues, 10% methanol was
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introduced into the organic phase (B) to reduce the
eluting power of the mobile phase system while
maintaining a similar gradient elution profile. This
adjustment improved the separation of pinostrobin,
achieving a resolution greater than 2, yet the separation
of panduratin A and its subsequent peak remained
suboptimal. Consequently, the methanol content was
increased to 12% to enhance the retention of its
subsequent compound on the column, thereby
improving the resolution of panduratin A. After these
adjustments, we achieved the optimum chromatographic
condition, as detailed in section 2.3.

The sample preparation procedure was also
modified based on the methodology outlined by Wong
et al.>, wherein water:ethyl acetate (1:1) solvent system
was used to partition the methanolic extract of B.
rotunda rhizome, aiming to remove excessive polar
compounds from the extract. To minimize the use of
organic solvents, the sample preparation protocol was
streamlined to include only methanol in accordance
with the preparation of crude extract. Crude extract for
the capsules was obtained through supercritical fluid
extraction using carbon dioxide as the extraction medium,
yielding a product rich in non-polar components.
Ultrasonic extraction and re-extraction with methanol
were applied to increase the extraction yield.

3.2. Method validation

All method wvalidation parameters were
thoroughly assessed to ensure compliance with the
acceptable criteria of ICH and AOAC guidelines® . A
comprehensive summary of the validation results is
provided in Table 1.

The elution profiles of pinocembrin, pinostrobin,
and panduratin A are shown in Figure 2, with the
respective retention times of 10.98, 17.73, and 29.09 min.
The system suitability parameters are showed in Table 2.
Peak purity, determined from PDA detector analyses of
these markers in sample solution, yielded values of 1.00
for pinocembrin, 1.00 for pinostrobin, and 1.00 for
panduratin A. Furthermore, the lowest resolution among
all markers, between panduratin A and its adjacent peak,
is 1.3. As this resolution, the normalized gaussian
distribution indicates that the peaks overlap by 0.46%.
Additionally, both peaks meet the acceptance criteria for
accuracy and precision, demonstrating appropriate
separation from adjacent peaks. Notably, chromatograms
of forced degradation samples (Figure 2) illustrate the
effective separation of interferences from the peaks of
target analytes, affirming the specificity and selectivity of
the method, thus enabling the analysis of these markers
in further stability study
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Figure 2. HPLC chromatograms of standard mixture solution (A) and the B. rotunda extract capsules control (unforced) sample (B), as well
as under acid hydrolysis (C), alkali hydrolysis (D), photolysis (E), and oxidation (F). Pinocembrin, pinostrobin, and panduratin A are peak 1,

2, and 3, respectively.
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Alterations in drug products during storage can
impact their quality, safety, and efficiency. Stability
studies should encompass attributes prone to
susceptibility. Stress testing serves as a predictive
methodology for stability studies. Hence, the analytical
procedure must be fully validated and stability-
indicating® %’ It is recommended that the percentage
degradation of drug substances used for validation of
chromatographic assay be within the range of 5 to 20%,
as excessive degradation does not reflect a long-term
stability condition®" %,

B. rotunda extract capsules were subjected to four
different stress conditions, with adjusted duration for
proper percentage depredation of products. The effect of
temperature has been included in acid and alkali hydrolysis
experiments using 60°C. As mentioned in ICH Q1A (R2),
the nature of stress testing will depend on the individual
drug substance and drug product involved. Therefore,
these stress testing can generate the potential degradation
products. Chromatograms of these stress conditions,

Pharmaceutical Sciences Asia

control sample, and standard mixture are shown in Figure
2, while the remaining percentages are represented in
Table 3. Following 2 hours of acid hydrolysis,
approximately 15% of all markers were degraded. Under
alkali hydrolysis with a shorter duration of 10 min, around
3% of these markers were reduced. The stability of
pinocembrin in both acidic and alkaline conditions has
been previously investigated by Zhou et al., wherein rapid
degradation of pinocembrin occurred after 48 and 40
hours at room temperature in acid and alkali conditions,
respectively, compared to pinocembrin-protected with
cyclodextrin®. This observation is further supported by
a decrease in total flavonoids in cocoa samples with
increased temperature®. No reduction in peak areas was
observed after 8 hours of photolysis, possibly due to the
absence of a hydroxyl group at position 3 and a C2-C3
double bond, which may decrease flavonoid stability™..
Regrettably, to the best of our knowledge, reports
on the stability and degradation pathway of panduratin A,
cyclohexenyl chalcone compound, remain lacking.

Table 1. Validation results of analytical method for determination of pinocembrin, pinostrobin, and panduratin A in B. rotunda extract capsules.

Validation Criteria Markers

parameter Pinocembrin Pinostrobin Panduratin A
Linearity r>0.9900 1.0000 1.0000 0.9999
Range N/A 10-200 pg/mL 50-1000 pg/mL 5-100 pg/mL
Accuracy Mean recovery 95.3(92.2-100.6) 96.8 (94.7 - 100.1) 99.8 (94.1 — 104.9)

92 —105%

Precision
- Repeatability %RSD <2 (n=6) 13,1.8 15,15 19,1.5
- Intermediate %RSD <2 (n=12) 1.6 1.4 1.6
precision
LOQ 0.58 pg/mg 6.03 pg/mg 0.91 pg/mg
- Accuracy of LOQ Mean recovery 91.9 (90.6 —92.7) 98.3 (94.5 —99.5) 106.9 (103.0 — 108.0)

90 — 108%

- Precision of LOQ %RSD < 3 (n=6) 0.8 1.9 1.8
LOD 0.17 pg/mg 2.91 pg/mg 0.49 pg/mg
- Precision of LOD %RSD < 3 (n=6) 2.9 2.2 2.0

r = correlation coefficient, N/A = not applicable, LOQ = limit of quantitation, LOD = limit of detection

Table 2. System suitability parameters of markers in standard mixture and B. rotunda extract capsules.

Standard mixture solution

B. rotunda extract capsules

Pinocembrin  Pinostrobin Panduratin A Pinocembrin Pinostrobin Panduratin A
Retention time (min) 11.30 17.94 29.19 11.25 29.16
Peak purity 1.0 1.0 1.0 1.0 1.0
Resolution 17.7 19.8 31.4 2.4 1.3
Number of theoretical plates 20642 40169 106675 38673 167409
Tailing factor 1.0 1.0 0.9 1.1 0.9
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Table 3. Stress testing results of markers in B. rotunda extract capsules

Pharm Sci Asia 2025; 52(1), 55-64

Markers Remaining under stress condition (%)
Acid hydrolysis Alkali hydrolysis Oxidation Photolysis
Pinocembrin 87.16 97.25 102.41 99.76
Pinostrobin 85.67 96.89 100.93 104.28
Panduratin A 82.36 97.49 102.14 103.52

Calibration curves were constructed by plotting
the peak area against the concentration of the standard.
They showed good linearity, with r > 0.9900, within the
specified ranges detailed in Tables 1 and 4.

Precision was evaluated through repeatability
(intra-day precision) and intermediate precision (inter-
day precision), as indicated by %RSD shown in Tables
1 and 5. All values were found to < 2.0, meeting the
criteria required by the AOAC guideline.

The accuracy of the analytical method was
assessed by %recovery, with mean recovery falling within
92-105%, in accordance with the acceptance criteria.
These results suggest the method's capacity to analyze
samples accurately and its suitability for routine quality
control (Tables 1 and 6).

Table 4. Linearity

The LOQ for each marker was determined as
0.58 pg/mg for pinocembrin, 6.03 ug/mg for pinostrobin,
and 0.91 pg/mg for panduratin A. These concentrations
were accurately and precisely determined based on the
results demonstrated in Table 1.

At the LOD concentrations, each marker showed
acceptable precision, as shown in Table 1. These
concentrations included 0.17 pg/mg for pinocembrin,
291 pg/mg for pinostrobin, and 0.49 pg/mg for
panduratin A.

Based on these validation results, the
developed method is deemed suitable for analyzing
pinocembrin, pinostrobin, and panduratin A in B.
rotunda extract capsules for routine quality control and
stability study.

Marker Slope y-intercept r Residual sum square
Pinocembrin 13109.91 -8196.83 1.0000 736897780.5
Pinostrobin 11660.64 12218.88 1.0000 11502243712.0
Panduratin A 10232.67 -5465.59 0.9999 102046677.2

r = correlation coefficient

Table 5. Repeatability and intermediate precision

Sample No. Pinocembrin (mg/g) Pinostrobin (mg/g) Panduratin A (mg/g)
Day1 Day 2 Day 1 Day 2 Day 1 Day 2
F1 12.66 12.26 93.09 89.88 12.81 12.50
F2 12.41 12.92 91.06 93.94 12.64 13.05
F3 12.66 12.84 92.66 93.36 12.96 13.00
F4 12.43 12.63 92.20 92.86 12.63 12.87
F5 12.26 12.64 90.40 92.00 12.47 12.87
F6 12.62 12.69 94.14 92.12 13.11 12.85
Repeatability (n=6)
Average (mg/g) 12.51 12.66 92.26 92.36 12.77 12.86
%RSD 1.3 1.8 15 15 1.9 15
Intermediate precision (n=12)
Average (mg/g) 12.58 92.31 12.81
%RSD 1.6 1.4 1.6
Table 6. Recovery study
Recovery (%)
Pinocembrin Pinostrobin Panduratin A

Concentration 1 96.2 97.2 98.3

100.6 99.0 97.0

92.2 95.5 98.5
Concentration 2 94.3 100.1 94.1

94.8 94.7 101.4

93.9 98.7 104.9
Concentration 3 96.3 95.9 103.3

95.2 94.8 100.6

94.2 94.9 100.0
Mean recovery (%) 95.3 96.8 99.8
%RSD 2.5 2.1 3.3
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3.3. Stability study of chemical markers in standard
and sample solutions stored in autosampler and
determination of markers in B. rotunda extract
capsules.

This method is typically used to analyze
samples in accelerated and long-term stability studies to
confirm its performance. To ensure the applicability of
this stability-indicating method, standard and sample
solution B. rotunda extract capsules containing 1%
sodium lauryl sulfate (formulation+1% SLS) were
evaluated. These solutions were stored in an
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autosampler at 15°C to simulate the degradation
process. Degradation profiles of these solutions are
depicted in Figure 3.

Standard solutions of pinocembrin, pinostrobin,
and panduratin A remained stable for 12 hours. Other
compounds in supercritical fluid extract, as well as
excipients in formulation, may contribute to the
preservation of these markers in sample solution.

Furthermore, the contents of pinocembrin,
pinostrobin, and panduratin A in B. rotunda extract
capsules (n = 3) were determined, with the results
presented in Table 7.

Table 7. the contents of pinocembrin, pinostrobin, and panduratin A in B. rotunda extract capsules (n=3)

Markers Content
(Average = SD, mg/capsule)
Pinocembrin 6.17 = 0.06
Pinostrobin 49.95+ 0.61
Panduratin A 6.51 + 0.09
100
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Figure 3. Degradation profiles of (A) pinocembrin, (B) pinostrobin, and (C) panduratin A stored in an autosampler at 15°C for 24 hours

(SLS = sodium lauryl sulfate
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4. CONCLUSION

For the first time, we present a study on the degradation of
pinocembrin, pinostrobin, and panduratin A in B. rotunda
extract capsules. A straightforward, robust, and stability-
indicating HPLC-UV method was optimized and validated
to determine these three flavonoids in the formulation
simultaneously. This method is deemed suitable for
routine analysis of samples for finished product release
and stability assessments. Sample degradation was
induced under conditions imitating long-term stability
studies, ensuring that peak degradation did not exceed
20%.

Under various stress conditions, all three
markers exhibited similar degradation trends. They
remained stable under oxidation and photolysis but
underwent degradation under acid and alkali hydrolysis
with heating. This finding aligns with existing literature
on flavanone degradation, although information on the
degradation of panduratin A is lacking.

Sample preparation was modified from previous
protocols to suit our matrix nature. Ethyl acetate, a harmful
organic solvent, was omitted from the protocol, given that
the B. rotunda extract capsules prepared from supercritical
fluid extraction yield a nonpolar compound-rich product,
including flavonoids. Chromatographic conditions were
refined to ensure satisfactory resolution within a suitable
analysis duration.

The developed stability-indicating HPLC-UV
method proved its applicability by analyzing standard
and sample solutions stored in an autosampler to evaluate
solution stability. Results indicate that the B. rotunda
extract capsules remain stable for 24 hours, whereas the
standard solution maintains stability for 12 hours.
Therefore, analyses should be conducted within a 12-
hour timeframe for each run to ensure reliable results.

Although this method demonstrates applicability,
certain gaps in knowledge persist, notably regarding the
degradation pathways of these markers. Future
investigations could employ LC tandem mass
spectroscopy to elucidate these pathways.
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