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Abstract

Brazilin and 6-gingerol, bioactive compounds found in sappan wood (Caesalpinia sappan L.) and ginger rhizome (Zingiber
officinale Rosc.) extracts, offer various potential pharmacological benefits. The combination of these extracts has shown
promising antithrombotic and antihyperlipidemic properties, suggesting the potential use of this combination in herbal
products. Quantitative analysis is required to ensure the quality control of herbal products. However, the simultaneous
quantification of Brazilin and 6-gingerol using an HPLC method is currently unavailable. To address this gap, this study aimed
to develop and validate a simultaneous quantification method for Brazilin and 6-gingerol in combined extracts of sappan wood
and ginger using RP-HPLC. Chromatographic analysis was performed using a reverse-phase C18 Inertsil ODS3 column (4.5 x
250 mm; particle size 5 um) at room temperature, with detection at 282 nm using a UV detector. The mobile phase consisted
of acetonitrile (A) and water containing 0.1% acetic acid (B), with gradient elution optimized as follows: 0-12 min 15% A:
85% B; 12-16 min 30% A: 70% B; 16-21 min 45% A: 55% B; 21-35 min 60% A: 40% B, at a flow rate of 1 mL/min with an
injected volume of 20 pL. The developed method demonstrated acceptable system suitability (peak resolution, tailing factor,
theoretical plate number, selectivity) and validated parameters. Both Brazilin and 6-gingerol displayed linear calibration
curves (R? > 0.999), high intraday and interday precision (%RSD < 2%) and accuracy (93-106%). This study successfully
developed and validated a rapid RP-HPLC method for simultaneous quantifying Brazilin and 6-gingerol in combined extracts
of sappan wood and ginger rhizome. This method provides a reliable means for quality control analysis and could facilitate the
development of herbal products incorporating these bioactive compounds. © 2023 Friends Science Publishers
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Introduction

Sappan wood (Caesalpinia sappan L.) and ginger rhizome
(Zingiber officinale Rosc.) are herbal plants that are
commonly used as traditional medicines. Ginger rhizome
extract, known for its main active compound 6-gingerol
(Zhong et al. 2022), has been reported to have various
biological capabilities such as anti-platelet (Nurtjahja-
Tjendraputra et al. 2003), antioxidant, antitussive,
hypotensive, analgesic, anti-inflammatory, anti-cancer and
anti-gastric ulcer (Saputri et al. 2017). Sappan wood extract,
containing Brazilin as its main compound (Yan et al. 2015),
has been studied for its anti-inflammatory, antibacterial,
hypoglycemic, anti-allergic, antioxidant, hepatoprotective

(Nirmal et al. 2015), cytotoxic (Haryanti et al. 2018) and
neuroprotective properties (Wan et al. 2019).

In Indonesia, the combination of sappan wood and
ginger rhizome is commonly used in traditional medicinal
drinks and these drinks are believed to provide various
health benefits such as lower blood pressure (Sari and
Suhartati 2016; Setyowati et al. 2023). In-vivo studies have
shown that the combination of sappan wood and ginger
rhizome extracts containing 6-gingerol and Brazilin exhibits
an antithrombotic effect (Saputri et al. 2017) and can lower
cholesterol and triglyceride level in hyperlipidemic-induced
rats (lzzatinisa 2022). Although the number of available
pharmacological studies is limited, the combination of
ginger and sappan extracts shows potential to be developed
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into herbal dosage forms with antithrombotic and
antihyperlipidemic benefits.

Ensuring the quality, efficacy and safety of herbal
medicines is crucial. One important aspect of quality control
is the identification and analysis of bioactive compounds in
extracts or herbal dosage forms, which can be achieved
using accurate, rapid, sensitive and precise High-Pressure
Liquid Chromatography (HPLC) (Chaudhari et al. 2020).
Several quantification methods using HPLC have been
developed for separate analyses of Brazilin and 6-gingerol.
Theoretically, simultaneous quantification of Brazilin and 6-
gingerol using Reversed Phase HPLC (RP-HPLC) is
feasible. Both Brazilin (with a Log P of +1.3 and a
Hydrophobic Index of 5.0) (Dapson and Bain 2015) and 6-
gingerol (with a log P of +3.56 and is insoluble in water)
(Ley-Martinez et al. 2022), are both semi-polar compounds
and have similar wavelength detection at 282 nm in the UV-
VIS spectrum (Nirmal et al. 2015; Cafino et al. 2016).
Simultaneous analysis methods offer advantages over
separate quantification, including time-saving, cost-
effectiveness, higher throughput and simplification.
However, there is currently a lack of references for the
simultaneous quantification of Brazilin and 6-gingerol in
extract samples or finished herbal products using RP-HPLC.
In this research, a simultaneous quantification method for
Brazilin and 6-gingerol in combined extracts of sappan
wood and ginger rhizome using RP-HPLC has been
developed and validated. The method developed in this
study can serve as a standardization tool for herbal extracts
containing Brazilin and 6-gingerol.

Materials and Method
Materials and extraction

Plant materials: The dried sliced ginger rhizome was
collected from the local market in Malang and sappan wood
was collected from the local market in Blora and both are in
East Java, Indonesia. Sample authentication was conducted
by the Research and Development Division of PT.
Phytochemindo Reksa, Bogor, Indonesia using Thin Layer
Chromatography (TLC) and comparing the samples to
Brazilin and 6-gingerol markers. The samples were ground
to a size of 3 mm using a grinder (Rong Tsong, China) and
stored in a sealed container, protected from sunlight until
they were used in the study.

Plants extraction: The Extraction process followed a high-
pressure method, as described in the previous study (Hu et
al. 2011) but with some modifications. In this research, the
extraction was conducted simultaneously on the ginger
rhizome and sappan wood. Two hundred grams of each
ground ginger rhizome and ground sappan wood were
immersed in one liter of 70% ethanol with low agitation at
230 ppm (IKA® RW 20 Digital Stirrer, Germany) at room
temperature for 30 min. The mixture of ground samples and
solvent were then put in a filter bag and placed into a lab-

scale high-pressure extraction machine (Hydrotech,
Indonesia). A pressure of 200 bar was applied for 30 min at
room temperature. After the compression period, the system
was decompressed to normal atmospheric pressure and the
filtrate was discharged through the bottom valve and
collected in a container. The filtrate was further evaporated
at 45°C for three hours using a vacuum rotary evaporator
(Buchi, Switzerland) with a pressure of -50 cmHg until a
thick liquid of extract was obtained. The thick liquid extract
was collected and transferred to dark glass vials, completely
covered with aluminum foil and stored at 4°C in the
refrigerator until analysis.

Reagents: Brazilin and 6-gingerol standards were
purchased from Sigma, United States, and used for the
system suitability test and validation of the method.
Methanol, Acetic Acid and Acetonitrile (ACN) of HPLC
grade were purchased from Sigma, United States and used
as the mobile phase.

Instrument: During this research, an HPLC system
(Waters™ Alliance e2695) equipped with a quaternary low-
pressure mixing pump, autosampler and Photodiode Array
(PDA) detection system (PDA 2998 Waters™) was used.
This system used Empower3™ software to control the
instrument parameters. A calibrated weighing balance
(Sartorius BSA2245-CW, Germany) was used to accurately
weigh all the standards.

Selections of chromatographic conditions

The development of a simultaneous quantification method
of Brazilin and 6-gingerol levels was performed based on
previously established analytical methods for separate
quantification of Brazilin (Settharaksa et al. 2019; Wan et
al. 2019) and 6-gingerol ( Sharif and Bennett 2016; Simon-
Brown et al. 2016). These previously developed methods
shared similar conditions such as the mobile phase,
detection wavelength, temperature, and column type, but
differed in mobile phase ratios: a more polar phase for
Brazilin and a more non-polar phase for 6-gingerol. In this
study, optimization of various mobile phase ratios and
gradient adjustments was performed to achieve proper
separation, system suitability, and good validation,
accuracy, and precision. Chromatographic separation of
Brazilin and 6-gingerol was developed using a reverse-
phase Inertsil ODS3 C-18 column (250 mm x 4.6 mm; 5
pm particle size). The mobile phase consisted of a mixture
of Acetonitrile (A) as the organic phase and HPLC-grade
water containing 0.1% wi/v acetic acid (B) as the aqueous
phase, employing a gradient elution mode with the
following profile: 0-12 min 15% A: 85% B; 12-16 min
30% A: 70% B; 16-21 min 45% A: 55% B; 21-35 min
60% A: 40% B. The mobile phase was filtered through a
0.45 um membrane filter and the flow rate was set at 1
mL/min. The injection volume of 20 pL was used. The
column temperature was maintained at room temperature,
the UV detection wavelength was set at 282 nm and the
total run time was targeted to be less than 35 min.
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Standard and extract sample solution preparation

Primary standard solutions of Brazilin and 6-gingerol at a
concentration of 1000 pg /mL were prepared by dissolving
5 mg of standard Brazilin in 5 mL methanol in a volumetric
flask and similarly, 5 mg of standard 6-gingerol was
dissolved in 5 mL methanol in another volumetric flask.
These standard solutions were stored in dark glass vials,
completely covered by aluminium foil and stored in a
refrigerator at 4°C until analysis. For the sample
preparation, 50 mg of the thick extract obtained from the
simultaneous extraction was dissolved in methanol (25 mL).
The extract sample solution was placed in an ultrasonic bath
(ROHS, China) with a frequency of 40KHz for 15 min. All
extract sample solutions were filtered through a 0.45 pum
micropores membrane and stored in dark vials covered with
aluminium foil. These vials were stored in a refrigerator
until further analysis.

System suitability test

The system suitability procedures and acceptance criteria
were performed in accordance with the guidelines provided
by USP and AOAC (USP-NF 2022; AOAC 2012) to ensure
that the chromatographic system was appropriate for the
desired analysis. To conduct the test, three replicate
injections of a standard solution containing 100 pg/mL of
Brazilin and 100 pg/mL of 6-gingerol were used.
Additionally, the extract sample solutions were also
injected. System suitability parameters, including peak
resolution, tailing factor, theoretical plate number, and
selectivity, were determined using the Empower3™
software.

Method validation

The validation parameters of the proposed method followed
guidelines provided by ICH (International Conference on
Harmonization 2022); this includes linearity, sensitivity,
specificity, interday and intraday precision, accuracy and
recovery.

Linearity: A linearity study was conducted by preparing
calibration curves using Brazilin and 6-gingerol standard
solutions at various concentrations. The primary standard
solution was serially diluted to obtain concentrations of 25,
50, 75, 100 and 150 pg/mL for both Brazilin and 6-gingerol
standard solutions. Each standard solution was then injected
three times using the developed analytical method. The
resulting peak area was then plotted against the
corresponding concentrations to construct calibration curves
for Brazilin and 6-gingerol using linear regression. The
linearity of the calibration curves was assessed by

evaluating the correlation coefficient (R?) values.
Sensitivity: The sensitivity of the analysis method was
determined from the calculation of Limit of Detection
(LOD) and Limit of Quantification (LOQ) shown below
(International Conference on Harmonization 2022).

3.3 Sy

LoD = ——2
S

10 Sy

LOQ = —=
0=—3

. — y)2
Sy = /Z(il_ Zy)

S is the slope of the calibration curve.

Accuracy/Percent recovery: In this study, the accuracy test
was conducted using a spiking study: adding a standard
solution of known concentration to a sample solution. The
accuracy was reported in the form of a recovery percentage
of several standards added (addition/spike) to the test
sample with a total sample of a minimum of three repetition
series of three standard solution concentration levels,
resulting in a minimum of nine test points (International
Conference on Harmonization 2022). Three standard
solutions added to the sample solution were 25, 37.5 and 50
pg/mL and% recovery is calculated using the equation
below.

Cf u
——x100%
Ca

Cf is the total concentration of the sample solution
after the addition of the standard, Cu is the concentration of
the analyte in the sample solution and Ca is the
concentration of the standard solution (AOAC 2012).
Specificity: In this study, the chromatogram of the extract
sample solution containing Brazilin, 6-gingerol, and other
unspecified compounds was compared to the chromatogram
of mixed standard solutions of Brazilin and 6-gingerol. The
presence of other unidentified impurities in the extract
should not interfere with the peak area of Brazilin and 6-
gingerol. The results between the chromatogram of the
standard solution and the extract sample solution must show
identical peaks with the same retention time. Additionally,
the chromatogram of the blank solution should exhibit no
visible disturbances in the area around the retention time. A
spiking study was also conducted, involving the addition of
a standard solution to the extract sample solution (Raut and
Shaji 2021). The chromatography results should only
display the enlarged peak areas and should not show any
additional peaks in the retention areas of Brazilin and 6-
gingerol.

%Recovery =
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Fig. 1: Chromatogram results of 100 pg/mL Brazilin and 6-gingerol in mixed standard solutions. (a) Using isocratic elution mode in a
more polar mobile phase (20% A: 80% B), only the Brazilin peak was observed, while the 6-gingerol peak was absent. (b) In isocratic
elution mode (50% A: 50% B), a peak corresponding to 6-gingerol was visible, along with a shoulder peak of Brazilin

Precision: Precision calculations were assessed from two
test categories: repeatability (inter-day precision) and
intermediate/intraday precision. Repeatability (inter-day
precision) was assessed using a minimum of 3
concentrations with three replicates each within the range of
use of the analytical method or 6 data with 100%
concentration on the same day (International Conference on
Harmonization 2022). All measurements are carried out by
the same analyst in the same test laboratory, with test
intervals that are close enough.

The intermediate/interday  precision test was
performed on different days, environmental conditions,
analysts, or equipment to know the effect of different
environments on the performance of the analytical method.
This research assessed intraday and intermediate precision
by injecting three standard solution concentration levels: 25,
100 and 150 pg/mL (with 3 replicates each) across three
different days.

Precision was characterized by the relative standard
deviation (RSD), which should be within the specification
limits of < 2% (USP-NF 2022). RSD was calculated using
the equation:

100
%RSD = —

Statistical Analysis

The % RSD was calculated to assess the accuracy and
precision of the method, with the specification limits set at <
2%. Linearity was determined using linear regression
analysis. Both ANOVA and linear regression analyses were
calculated using SPSS Statistics v. 25 software, with a
confidence level of 95%.

Results

Method Development

In this study, various mobile phase ratios and gradient
adjustments were optimized through several trials. The
chromatogram result of Brazilin and 6-gingerol standard
solution in a more polar mobile phase (20% A — 80% B, Fig.
1a) showed only the Brazilin peak while the 6-gingerol peak
did not appear during the 35 min chromatogram run. The
ratio was then changed to a more non-polar phase (50% A —
50% B, Fig. 1b). The chromatogram result showed a sharp 6-
gingerol peak but only a broad Brazilin peak. Since the
isocratic elution methods (20% A — 80% B and 50% A —
50% B) could not produce sharp peaks for both Brazilin and
6-gingerol, the elution was then changed to gradient mode.

A gradient elution mode (0-8 min 15% A: 85% B; 8—
11 min 30% A: 70% B; 11-15 min 45% A: 55% B; 15-30
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Table 1: System Suitability Test Parameters and Values in Standard Solutions

Analytes Retention time (min) Theoretical Plate (N) Tailing Factor (T) Selectivity ()

Brazilin 12.68 £0.04 5539.01 +94.71 0.96+0.01 -

%RSD 0.31% 1.71% 1.10%

6-Gingerol 29.02 £0.01 45385.84 + 349.79 1.07£0.01 2.34+0.01

%RSD 0.28% 0.77% 0.70% 0.35%

Expressed in mean value + SD (n = 6)

Table 2: System Suitability Test Parameters and Values in Extract Sample Solutions

Analytes Retention time (min) Resolution (R) Theoretical Plate (N) Tailing Factor (T) Selectivity (a)

Unknown peak 1 5235.24 + 236.88 1.01+0.03

%RSD 4.52% 2.85%

Brazilin 1.99+0.09 4868.57 +109.68 0.96 + 0.02 1.13+0.01

%RSD 2.25% 2.18% 0.51%

Unknown Peak 2 2,03+0.01 5294.62 + 296.58 1,03+0.04 1.13+0.01

%RSD 5.60% 3.69% 0.01%

6-Gingerol 20,60 +0.76 37317.08 £ 1629.02 1.07+£0.01 2.05+0.06

%RSD 4.37% 0.54% 3.13%

Expressed in mean value + SD (n = 3)

Table 3: % Recovery at different concentrations of added standard solution

Analytes Nominal standard concentration (ug/mL) Actual added concentration* (ug/mL) + SD % recovery* + SD %RSD

Brazilin 25 25.16 +0.16 100.63 + 0.63% 0.63
375 39.9+0.10 106.41 +0.27% 0.25
50 53.05+0.09 106.09 +0.18% 0.17

6-Gingerol 25 2344 +0.33 93.76 + 1.30% 1.39
375 39.01+0.19 104.03 +£0.51% 0.49
50 49.82+0.14 99.64 +0.28% 0.28

*mean value (n = 3)

Table 4: Accuracy and Intraday Precision at different concentration of validated method

Analytes  Nominal standard concentration (ug/mL) Actual concentration* (ug/mL) + SD % Accuracy* + SD Intraday Precision (%RSD)

Brazilin 25 2452 +0.26
75 74.92 +0.06
150 14799 £0.23

6-Gingerol 25 2541+0.03
75 74.26 £0.31
150 150.31 + 0.66

96.90 +1.04% 1.07
99.9 +0.08% 0.08
98.66 + 0.15% 0.15
101.63 £0.11% 0.11
99.01 +0.42% 0.42

100.20 +0.44% 0.44

*mean value (n = 3)

min 60% A: 40% B) successfully displayed both peaks of
Brazilin and 6-gingerol with good resolutions and selectivity
using standard solution (Fig. 2a). However, this method
failed to achieve efficient chromatographic separation
between Brazilin and the adjacent peaks in the extract
sample solution (Fig. 2b). Therefore, the gradient method
then was modified to use a slightly longer elution time and a
higher ratio of the aqueous phase (0-12 min 15% A: 85% B;
12-16 min 30% A: 70% B; 16-21 min 45% A: 55% B; 21—
35 min 60% A: 40% B). With this modified method, the
retention time for Brazilin and 6-gingerol in standard
solution was observed at 12.7 and 29.0 min, respectively
(Fig. 3a). This method also achieved efficient separation
between Brazilin and the adjacent unknown peaks in the
extract sample solution (Fig. 3b).

System suitability

The resolution between Brazilin and 6-gingerol peaks in the

standard solution chromatogram was reported as 25.65
(Table 1). Furthermore, the chromatogram of the extract
sample solution showed average peak resolution values
greater than 1.99 between Brazilin, 6-gingerol and other
adjacent peaks (Table 2). Other parameters such as the
tailing factor, theoretical plate number, and selectivity were
found to be 0.96-1.07, 486845385 and 1.13-2.34,
respectively, in both the standard solution and extract
sample solution (Table 1 and 2).

Method validation

Linearity: The regression equation of the Calibration curve
for Brazilin, with a concentration range between 25-150
pg/mL, was y = 27493.5x -56238.7, yielding a correlation
coefficient (R?) of 0.9997. For 6-gingerol, the regression
equation was y = 11285.2x + 4207.8 with a correlation
coefficient (R? of 0.9998. Both regression models had p
values < 0.000 at a confidence level of 95%.
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Fig. 2: Chromatogram result of Brazilin and 6-gingerol (a) in mixed standard solution, 100 pg/mL each and (b) in the extract sample
solution using gradient elution mode (0-8 min 15% A: 85% B; 8-11 min 30% A: 70% B; 11-15 min 45% A: 55% B; 15-30 min 60% A:

40% B)

25064

(®)

Fig. 3: Chromatogram of Brazilin and 6-gingerol (a) in mixed standard solutions, 100 pg/mL each and (b) in the extract sample solution
using gradient elution mode (012 min 15% A: 85% B; 12—16 min 30% A: 70% B; 16-21 min 45% A: 55% B; 21-35 min 60% A: 40% B)

Sensitivity: LOD and LOQ of this analysis method for
Brazilin were 3.31 and 10.02 pg/mL, respectively, while
LOD and LOQ for 6-gingerol were 2.67 and 8.08 pg/mL,
respectively.

Accuracy: The accuracy level for this method was
demonstrated by the percent recovery of the spiked sample

with the addition of 25, 37.5 and 50 pg/mL Brazilin and 6-
gingerol standard solutions. % recovery for 6-gingerol was
93-99% while for Brazilin was 100-106% (Table 3).
RSD% was found to be 0.17-1.39% (Table 3).

Specificity: Results of the chromatogram of the standard
solution (Fig. 4b) and the extract sample solution (Fig. 4c)
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Table 5: Inter-day Precision at different concentrations of a validated method
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Brazilin 6-Gingerol Brazilin 6-Gingerol Brazilin 6-Gingerol
Nominal Standard Conc. 25 pg/mL 100 pg/mL 150 pg/mL

Day 1 Actual Conc +SD (n=3) 24.22 +£0.26 25.41+0.03 103.66 £0.31 99.98+0.16 147.99+0.23 150.31 £ 0.66
% Accuracy 96.90 +1.04 101.63+£0.11 103.66+0.31 99.98+0.16 98.66+0.15 100.20 £ 0.44
Intraday Precision (%RSD) (n = 3) 1.07% 0.11% 0.30% 0.16% 0.15% 0.44%

Day 2 Actual Conc +SD (n=23) 23.89+0.16 23.93+0.32 9726+0.11 98.18+0.10 145.88+0.69 146.94 £ 0.42
% Accuracy 96.20 +0.64 101.63£0.11 97.26+0.11  99.01+£0.42 97.26+0.46 97.96 +0.28
Intraday Precision (%RSD) (n = 3) 0.67% 0.11% 0.11% 0.42% 0.47% 0.29%

Day 3 Actual Conc +SD (n=3) 2447+0.14 24.35+0.44 103.43+£1.04 982+056 15424+0.35 150.75 £ 0.70
% Accuracy 9789+057% 9739+175% 10343+1.04 982+056 102.82+0.24% 98.20 +0.56%
Intraday Precision (%RSD) (n = 3) 0.58% 1.80% 1.01% 0.57% 0.23% 0.57%
Interday Precision (%RSD) 1.03% 2.91% 3.15% 0.95% 2.53% 1.26%

*mean value (n = 3)

) (a)
-
: (b)
s
(c)
| g
‘ |
| -
(d)
| -

Fig. 4: Chromatogram of the blank sample (a), standard solution (b), extract sample solution without the addition of standard (c) and
extract sample solution with the addition of standard (d)
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Fig. 5: Chemical structural representation of (a) Brazilin and (b)
6-gingerol

showed identical peaks with the same retention time.
Additionally, there were no visible disturbances in the
chromatogram of the blank solution in the area around the
retention time of Brazilin and 6-gingerol (Fig. 4a).
Furthermore, the addition of the standard solution to the
sample solution was also performed, and the
chromatography results showed no additional peaks in the
retention areas of Brazilin and 6-gingerol (Fig. 4d).
Intraday and Interday Precision: Repeatability (intraday
precision) results were presented in Table 4, with % RSD
values ranging from 0.08 to 1.07% for Brazilin and 0.11 to
0.44% for 6-gingerol. Interday injections demonstrated %
RSD values of 1.03-3.15% for Brazilin and 0.95-2.91% for
6-gingerol (Table 5).

Discussion

The development of an RP-HPLC method for the
simultaneous quantification of Brazilin and 6-gingerol
began with the optimization of mobile phase ratios using
isocratic elution while other conditions were maintained
constant. The criteria for selecting the optimum mobile
phase ratio were as follows: 1) meeting the acceptance
criteria for system suitability in terms of peak resolution
between the adjacent peaks, tailing factor, theoretical plate
number and selectivity; 2) enabling the elution of Brazilin
and 6-gingerol with sharp peaks and 3) achieving the
shortest retention time for Brazilin and 6-Gingerol in both
standard and extract sample solutions (Cafino et al. 2016).
However, the isocratic elution mode did not meet these
criteria, leading to a change in the mobile phase to the
gradient mode/ the mobile phase then was changed to
gradient mode. Brazilin (Fig. 5a) (log p +1.3) is more polar
than 6-gingerol (Fig. 5b) (log p is +3.56) (Dapson and Bain
2015; Ley-Martinez et al. 2022); Brazilin is less
hydrophobic and has less affinity to the reversed-phase
column than 6-gingerol. During gradient elution mode (0—
12 min 15% A: 85% B; 12-16 min 30% A: 70% B; 16-21
min 45% A: 55% B; 21-35 min 60% A: 40% B), as Brazilin
has more affinity to the more polar mobile phase, it was
eluted first. 6-gingerol has more affinity to the column;
therefore, the strength of hydrophobic interaction needed to
be reduced to elute 6-gingerol faster. This was done by

adjusting the mobile phase composition to a more organic
phase during the later stage of gradient elution mode. The
proposed gradient mode successfully eluted both Brazilin
and 6-gingerol, with retention times of 12.7 and 29.0 min,
respectively (Fig. 3a). This simultaneous analysis within 30
min simplifies routine quality control procedures and makes
the overall process time-efficient and cost-effective.

The proposed method met the required criteria for
system suitability. The peak resolution between Brazilin and
6-gingerol in standard solutions was 26.5 on average (Table
1), while the average peak resolution between Brazilin and
adjacent peaks in extract samples was 1.99 (Table 2). A
resolution of at least 1.5 is necessary for good peak
separation (Papadoyannis and Samanidou 2004; AOAC
2012). The extract sample solution was expected to show
more peaks due to the presence of other compounds besides
Brazilin and 6-gingerol. A suitable method should be not
only able to separate the markers but also be able to separate
all other compounds present in the extracted sample. Other
system suitability parameters, such as theoretical plate
number (4868-45385), separation factor (o) values (1.13—
2.34) and tailing factor (As) values of 0.96-1.07
demonstrated efficient column efficiency, good selectivity
and symmetrical peaks. The criteria for a well-accepted
theoretical plate number are > 2000, the tailing factor (As)
value should be within the range of 0.8-1.8 and the
separation factor (o) is > 1 (USP-NF 2022).

The calibration curves for both Brazilin and 6-gingerol
standard solutions, with a concentration range between 25—
150 pg/mL, showed linearity with correlation coefficient
(R?) values of 0.9997 for Brazilin and 0.9998 for 6-gingerol.
The p-values of < 0.000 for both regression models were
statistically significantly good fits for the data. The percent
recovery for 6-gingerol ranged from 93 to 99% and for
Brazilin it ranged from 100 to 106% (Table 3). The RSD
values were 0.17-1.39%. The acceptance criteria for
accuracy, represented by the percent recovery, in biological
samples are at 90-110% (Papadoyannis and Samanidou
2004; AOAC 2012). Additionally, the relative standard
deviation (RSD) should be lower than 2%. These results
demonstrate that the proposed method was accurate (close
to true values).

The limit of detection (LOD) and Ilimit of
quantification (LOQ) for Brazilin were 3.31 and 10.02
pg/mL, respectively, while for 6-gingerol, the LOD and
LOQ were 2.67 and 8.08 ug/mL, respectively. These values
indicate that the method was sensitive for effective detection
and quantification of Brazilin and 6-gingerol in the
concentration range between 25-150 pg/mL. The specificity
study showed that the proposed method is specific to
Brazilin and 6-gingerol. Intraday precision demonstrated %
RSD values of 0.08-1.07% for Brazilin and 0.11-0.44% for
6-gingerol, while interday precision showed %RSD values
of 1.03 to 3.15% for Brazilin and 0.95 to 2.91% for 6-
gingerol. The method demonstrated repeatability and
precision in both intraday and interday analyses.
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Conclusion

The analytical method for simultaneous quantification of
Brazilin and 6-gingerol in the extract sample was
successfully developed and validated following ICH and
USP guidelines. The system suitability test parameters,
including resolution, selectivity, theoretical plate number,
tailing factor, as well as validation parameters, met the
acceptance criteria with good linearity, high selectivity,
specificity, accuracy, and precision. Therefore, this developed
and validated method can be applied for quality control
analysis of Brazilin and 6-gingerol in the combined extracts
of sappan wood and ginger rhizome. Further studies are
needed to test this analysis method and quantify the level of
Brazilin and 6-gingerol in herbal dosage forms containing
extracts of sappan wood and ginger rhizome. These studies
will provide valuable information on the content of Brazilin
and 6-gingerol in the final products and ensure their quality
and consistency.
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