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Establishment of simultaneous analysis validation
for Perilla frutescens var. acuta extract
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Abstract

In this study, the UV spectra maximum absorption wavelengths and molecular weights of major compounds 1-3 were
identified in Perilla frutescens var. acuta extract using high-performance liquid chromatography (HPLC)-DAD and HPLC-
MS/MS. Luteolin-7-O-diglucuronide (1), scutellarin (2), and rosmarinic acid (3) were identified, and simultaneous analysis
validation was performed for quantification using HPLC-DAD. All linearities showed R? values of 0.9993 or higher, and the
limits of detection and quantification were measured in the ranges of 4.4802-5.4133 and 13.5764-16.4038 pg/mL, respectively.
The relative standard deviation (RSD) values for accuracy ranged from 0.09 to 0.89%, and the recovery rates were in the range
of 99.36-101.96%. The precision RSD values within the laboratory were in the range of 0.05-1.04%, and the RSD values for
repeatability evaluation were below the guideline criteria of 2%. The content change of the three marker compounds within
24 h was 0.36-0.69%, confirming the chemical stability of the extract within 24 h, which was below the guideline criteria
of 2.0% established by the Ministry of Food and Drug Safety guidelines. The content analysis of the extract according to
ethanol concentration showed that luteolin-7-O-diglucuronide had the highest content of 302.22 ug/mL in the 0% ethanol
extract, while scutellarin and rosmarinic acid showed the highest contents of 103.61 and 118.77 ug/mL, respectively, in the

60% ethanol extract.

Keywords: Perilla frutescens var. acuta; major compounds; validation.

Practical Application: basic data for the development of natural antioxidant products from Perilla frutescens var. acuta.

1 INTRODUCTION

As civilization advances, people’s awareness on maintain-
ing good health is increasing, leading to a mounting interest
in various foods and natural medicines such as ginseng (Yoo
etal., 2010). Therefore, there is a growing need for standardized
manufacturing methods and quality specifications for various
natural medicines and healthy foods to ensure quality control
(KFDA, 2007). In particular, standardization and specification
of raw materials are important in the development and produc-
tion of healthy foods using medicinal herbs, and quality control
methods using indicator components’ content to scientifically
prove the functionality and safety of raw materials (Kim et al.,
2012). Such quality control methods are the most common way
to minimize differences in indicator components present in raw
materials to reach in final products, thus maintaining the desired
components during the manufacturing process (Jeon et al.,
2011). Indicator components are selected for standardization of
raw materials, taking into consideration the availability, speci-
ficity, representativeness, safety, ease of analysis technology, and
reliability (Ahn et al., 2017). The method of verifying indicator
components involves the use of accredited or precision analysis

methods to ensure reliable results, requiring validation of the
analysis method (KFDA, 2004).

Perilla frutescens var. acuta is an annual or biennial herba-
ceous plant primarily cultivated in Asian countries. Its leaves
are commonly referred to as “purple leaves” because both sides
of the leaves have a purple coloration. It has been used in tradi-
tional medicine for asthma, cough, pharyngitis, indigestion, in-
somnia, and diabetes (Kim et al., 2007). The major components
of P, frutescens var. acuta include rosmarinic acid, luteolin, api-
genin, and caffeic acid, which are known to exhibit antioxidant,
anti-inflammatory, antimicrobial, and anti-allergic effects (Bae
etal,, 2017). Although studies on the physiological activities and
major components of P. frutescens var. acuta are well reported,
there is a lack of validation studies on the reliability of analytical
methods for its major components. In this study, we identified
and characterized indicator components of P. frutescens var.
acuta extract, which is known for its various functions, using
high-performance liquid chromatography (HPLC)-DAD and
LC-MS/MS. We developed an analytical method to simultane-
ously analyze the indicator components using HPLC-DAD and
determine their content. To validate the method, we performed
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Simultaneous analysis validation of Perilla frutescens var. acuta

validation tests for specificity, linearity, detection limit, quanti-
fication limit, accuracy, precision, and stability.

2 MATERIALS AND METHODS

2.1 Preparation of materials and sample extracts

In February 2021, 600 g of P. frutescens var. acuta used in
this study was purchased from Nongup Hwasa Corporation,
Duson-Aeyakcho (Yeongcheon, Gyeongsangbuk-do, Korea).
The purchased plant was separated into leaves and stems, and only
the leaves were used for the experiments. The leaves were ground
using a grinder (NFM-3561SN, NUC Co., Daegu, Korea). Nota-
bly, 10 g of the ground sample was mixed with 100 mL of distilled
water, 20% ethanol, 40% ethanol, 60% ethanol, 80% ethanol, and
100% ethanol, respectively, and reflux-extracted for 1 h at 100°C.
After extraction, the solution was filtered through a 185-mm
Whatman filter paper (GE Healthcare Life Sciences, California,
USA), and the filtrate was concentrated using a rotary evaporator
(EYELA, N-1110, China) and then dried using a freeze-dryer
(Hyper COOL HC3110, Hanil Scientific Inc., Gimpo, Korea).
The samples were stored at 4°C until used for the experiments.

2.2 Preparation of samples and standards for analysis

The analysis samples were prepared by filtering the perilla
extract through a syringe filter (0.45 ym, Hyundai Micro Co.,
Seoul, Korea). Standards for compounds 1-3 were dissolved in
100% ethanol at a concentration of 800 yg/mL and then diluted
to concentrations of 25, 50, 100, 200, and 400 yg/mL through fil-
tration with a syringe filter (0.45 ym, Hyundai Micro Co., Seoul,
Korea) to prepare standard solutions of the marker compounds.

2.3 HPLC-DAD and HPLC-MS/MS analysis
conditions for the identification of major components

To identify and establish an analysis method for the indica-
tor components present in the P. frutescens var. acuta extract, we
used an HPLC Agilent 1100 series HPLC (Agilent Technologies,
California, USA) equipped with an autosampler and a DAD
detector. The column used was SHISEIDO (UG 120, 4.6 x 250
mm, 5 ym), and the mobile phase consisted of 0.1% formic
acid in third distilled water (solvent A) and 0.1% formic acid in
acetonitrile (solvent B). The analysis time was set to be 0-25%
(0-25 min), 25-40% (25-50 min), and 40-50% (50-60 min)
for solvent B. A sample injection of 10 yL was performed, and
the analysis was carried out at a flow rate of 0.5 mL/min and a
detection wavelength of 280 nm.

For mass analysis of the major compounds 1-3 in the P
frutescens var. acuta extract, a triple quadrupole mass spectrom-
eter (LCMS-8050, Shimadzu, Kyoto, Japan) coupled with an LC-
30A liquid chromatography system (Shimadzu, Kyoto, Japan)
was used. The same mobile phase and separation conditions
used in the HPLC profiling analysis were employed. The samples
were ionized using an electrospray ionization (ESI) source and
analyzed under a collision-induced dissociation gas (argon)
pressure of 270 kPa, with nebulizing gas, drying gas, and heating
gas flow rates set at 3, 10, and 10 L/min, respectively. Other anal-
ysis conditions included setting the interface, desolvation line,

and heat block temperatures to 300, 250, and 350°C, respec-
tively. Mass analysis was performed in scan mode in the range
of 100-1,200 m/z, and MS/MS analysis was performed at the
confirmed molecular weight within the same range.

2.4 Validation of simultaneous
analysis method for major components

In this study, the established simultaneous analysis meth-
od was validated for its specificity, linearity, limit of detection
(LOD), limit of quantitation (LOQ), accuracy, precision, and
stability according to the pharmaceutical validation guidelines
specified by the regulatory agency (KFDA, 2015).

2.4.1 Specificity

A standard mixture was prepared by mixing the sample
and each reference compound, and the obtained chromatogram
was visually evaluated. The UV spectrum maximum absorption
wavelength pattern of the standard compounds was also evalu-
ated by comparing it with the literature.

2.4.2 Linearity

The standard calibration curve and regression equation
were evaluated using the results obtained from the analysis of
indicator components diluted to concentrations of 25, 50, 100,
200, and 400 ug/mL, followed by three analyses.

2.4.3 Limit of detection and limit of quantitation

Using the method based on the average slope and standard
deviation of the y-intercept obtained through linearity verifi-
cation, the limit of detection (LOD) and limit of quantitation
(LOQ) were calculated by substituting into the Equations 1 and 2:

Limit of detection (LOD) = 3.3 x
(SD/slope of calibration curve)

(1)

Limit of quantitation (LOQ) = 10 x
(SD/slope of calibration curve)

2)

SD: standard deviation of the response.

2.4.4 Accuracy and precision

Accuracy refers to the degree of proximity between the
measured and known true values and was evaluated by measur-
ing the recovery rate after measuring the concentrations of 25,
100, and 400 pug/mL three times each. Precision was determined
by the relative standard deviation (RSD) of each measurement
value obtained when measuring a single sample under predeter-
mined conditions. The RSD of the results obtained from three
repeated experiments with a mixed standard solution of three
concentrations (i.e., 25, 100, and 400 yg/mL) was calculated to
evaluate precision.
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2.4.5 Stability

To confirm the chemical stability of the indicator compo-
nents over the storage period, the content was measured after
24 h of storage at room temperature.

2.5 Analysis of Perilla frutescens var. acuta extracts content

Using the same analytical method, the average and standard
deviation of the peak area values of the indicator components
were determined by analyzing the extract of the reference sam-
ple at different ethanol concentrations. Then, the content was
calculated by substituting the obtained regression equation from
the linearity evaluation.

3 RESULTS AND DISCUSSION

3.1 Identification of compounds 1-3
from Perilla frutescens var. acuta extracts

Using the 60% ethanol extract with the best separation at dif-
ferent concentrations of reference samples, the molecular weights
of compounds 1-3 were determined under LC-MS/MS ESI spec-
trum analysis conditions (Figure 1), and the maximum absorption
wavelengths of compounds 1-3 were determined under HPLC-
DAD analysis conditions for their UV spectra (Figure 2).

In the MS spectra of compound 1, the [M-H]- form at
637.1 m/z in the negative mode and the [M+H]* form at
639.1 m/z in the positive mode were observed, confirming
that the molecular weight of the compound is 638. The MS/MS
spectra generated from 637.1 m/zin the negative mode showed
characteristic fragment ions at 285.1 and 351.1 m/z (Figure 1B).
The UV spectrum showed maximum absorption wavelengths of
254,267, and 347 nm (Figure 2B). Comparing these MS spectra
and UV spectrum patterns with those in previous literature,
the compound was identified as luteolin-7-O-diglucuronide
(Cho et al., 2020).

In the MS spectra of compound 2, the [M-H] form at 461.1
m/z in the negative mode and the [M+H]* form at 463.1 m/z in
the positive mode were observed, confirming that the molecular
weight of the compound is 462. The MS/MS spectra generated
from 461.1 m/z in the negative mode showed a characteristic
fragment ion at 285.1 m/z (Figure 1B). The UV spectrum showed
maximum absorption wavelengths of 283 and 335 nm (Fig-
ure 2B). Comparing these MS spectra and UV spectrum patterns
with those in previous literature, the compound was identified as
scutellarin (Cui et al., 2015; Tang et al., 2014; Wong et al., 2022).

In the MS spectra of compound 3, the [M-H]" form at
359.1 m/z in the negative mode and the [M+H]* form at
361.1 m/z in the positive mode were observed, confirming
that the molecular weight of the compound is 360. The MS/MS
spectra generated from 359.1 m/z in the negative mode showed
characteristic fragment ions at 161.1, 179.2, and 197.1 m/z
(Figure 1B). The UV spectrum showed a maximum absorption
wavelength of 332 nm (Figure 2B). Comparing these MS spectra
and UV spectrum patterns with those in previous literature, the
compound was identified as rosmarinic acid (Jeong et al., 2018;
Jun et al., 2014; Wang et al., 2021).
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3.2 Validation of simultaneous
analysis method for major components

3.2.1 Specificity

When analyzing a mixture of standards for luteo-
lin-7-O-diglucuronide (1), scutellarin (2), and rosmarinic
acid (3) using the same method as the 60% ethanol extract
from the tea leaves, the identical retention time was observed.
Additionally, the UV spectrum maximum absorption pat-
terns of the marker peaks in the 60% ethanol extract were
compared with those in the literature, and they were found
to match (Table 1).

Linearity, limit of detection, and limit of quantification

Values were measured by analyzing luteolin-7-O-diglu-
curonide, scutellarin, and rosmarinic acid diluted stepwise at
concentrations of 25, 50, 100, 200, and 400 pg/mL in triplicate
by HPLC-DAD and were used to construct calibration curves.
The correlation coefficients (R?) for luteolin-7-O-diglucuro-
nide, scutellarin, and rosmarinic acid were all above 0.9993,
indicating high linearity. The limits of detection (LOD) were
4.4802, 5.4133, and 4.6262 ug/mL, respectively, and the limits
of quantification (LOQ) were 13.5764, 16.4038, and 14.0187 ug/
mL, respectively (Table 2).

Accuracy

To verify accuracy, three concentration ranges (i.e., 25,
100, and 400 pg/mL) were measured and analyzed three times.
The RSDs for each indicator component ranged from 0.09 to
0.89%, which was below the guideline standard of 2.0% set by
the regulatory agency. The recovery rates were measured in the
range of 99.36-101.96% (Table 3).

Precision

For intermediate precision, three concentrations of 25, 100,
and 400 pyg/mL of the three major compounds were analyzed in
triplicate. The RSDs for intermediate precision ranged from 0.05
to 1.04%, which was below the guideline value of 2.0% set by the
regulatory authority. In addition, repeatability was measured by
analyzing the major compounds at a concentration of 100 yg/mL
six times. The RSDs for repeatability ranged from 0.49 to 1.92%,
which were also below the guideline value of 2% (Table 4).

Stability

To confirm the chemical stability of the three major com-
pounds in the sample, the final concentration of 400 ug/mL was
stored at room temperature for 0-24 h and the changes in the
content were measured (Table 5). The results indicate that the
content increased as time passed, and the change rate before
and after 24 h was 0.36-0.69%, which was within the standard
of 2% set by the Ministry of Food and Drug Safety guidelines.
These results confirm the chemical stability of the three major
compounds for 24 h.
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Figure 1. The structure of major compounds identified from Perilla frutescens var. acuta extracts. (A) Structure of compounds 1-3. (B) HPLC-
-MS/MS analysis results of compounds 1-3.
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Figure 2. HPLC and UV-spectrum maximum absorption wavelength pattern analytical chromatogram of major compounds 1-3. (A) HPLC
chromatogram of standards. (B) UV-spectrum maximum absorption wavelength.

Table 1. HPLC-MS/MS analysis of major compounds 1-3 identified from Perilla frutescens var. acuta extracts.

Peak No. Identification Chemical formula t‘.‘ uv )\'“‘“" [M+H]* (m/z) [M-H] (m/z) MS/MS fragments Reference
(min) (nm) (m/z)
1 Luteolin-7-O-diglucuronide C,H,0, 34.1 254,267,347 639 637 285, 351 (10)
Scutellarin C,H,0, 389 283,335 463 461 285 (11-13)
3 Rosmarinic acid CsH,O4 44.6 332 361 359 161, 179, 197 (14-16)
Table 2. Calibration curve, linearity, limit of detection (LOD), and limit of quantitation (LOQ) of three major compounds.
Compound Concentration (yg/mL) Regression equation' R? LOD (ug/mL) LOQ (ug/mL)
y=10.412x - 6.0417 1
Luteolin-7-O-diglucuronide 24.3-388.0 y=10.410x + 17.171 0.9997 4.4802 13.5764
y = 10.463x + 19.608 0.9998
y =21.160x + 46.125 0.9998
Scutellarin 24.8-396.0 y=21.122x + 101.42 0.9993 5.4133 16.4038
y=21.267x +110.23 0.9993
y =26.363x + 33.617 0.9999
Rosmarinic acid 24.5-392.0 y =26.242x + 98.121 0.9997 4.6262 14.0187
y = 26.404x + 96.992 0.9996

ly: peak area; x: concentration.
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Table 3. Accuracy of three major compounds.

Compound Spiked amount (ug/mL) Measured amount (yg/mL) RSD! (%) Recovery average® (%)
24.3 24.34+0.15 0.63 100.16 £ 0.63
Luteolin-7-O-diglucuronide 97.0 98.90 = 0.88 0.89 101.96 £ 0.91
388.0 386.66 + 1.69 0.44 99.65 + 0.43
24.8 25.23+£0.09 0.35 101.71+£0.36
Scutellarin 99.0 100.89 £0.10 0.10 101.91+£0.11
396.0 393.46 +2.04 0.52 99.36 +0.51
24.5 24.53 £ 0.04 0.17 100.11+0.17
Rosmarinic acid 98.0 97.98 £ 0.09 0.09 99.98 £0.09
392.0 390.42+1.14 0.29 99.60 £0.29
'Relative standard deviation; “recovery average (%) = (measured amount/spiked amount) x 100%.
Table 4A. Precision of three major compounds: Inter-day and intra-day precision of three major compounds.
) Inter-1 day Inter-2 day
Peak No. Concentration (ug/mL)
Mean + SD! RSD? (%) Mean = SD RSD (%)
24.3 24.24+0.20 0.81 24.34+0.15 0.63
1 97.0 98.11+1.02 1.04 98.90+0.88 0.89
388.0 389.12 £ 0.27 0.07 386.66 + 1.69 0.44
24.8 25.27 £0.09 0.37 25.23 +£0.09 0.35
2 99.0 101.73 £0.26 0.26 100.89 £0.10 0.10
396.0 396.20 £ 0.20 0.05 393.46 = 2.04 0.52
24.5 24.56 £ 0.06 0.26 24.53 £0.04 0.17
3 98.0 101.42 £0.53 0.53 97.98 £0.09 0.09
392.0 391.83 £0.22 0.06 390.42+1.14 0.29

Values are mean * standard deviation (n = 3); *relative standard deviation.

Table 4B. Precision of three major compounds: repeatability of three
major compounds

Table 6. Contents of three major compounds in Perilla frutescens var.
acuta extracts.

Compound Cor(l;z?gi;lon Mean £ SD! R(;)D) ’
Luteolin-7-O-diglucuronide 97 98.50+0.96 0.97
Scutellarin 99 101.31£0.49 049
Rosmarinic acid 98 99.70+1.92  1.92

'Values are mean + standard deviation (n = 6); *relative standard deviation.

Table 5. Analytical result of three major compounds stability test.

Concentration (yg/mL)

Sample Luteolin-7-O- . Rosmarinic
diglucuronide Scutellarin acid

0% EtOH 302.22+7.58 59.58 £2.33 -

20% EtOH 223.78 £0.88 46.37 £0.21 30.90 £ 0.36
40% EtOH 263.42+9.33 71.20 £2.84 64.36 £2.16
60% EtOH 244.68 = 5.60 103.61 +4.69 118.77 £ 4.89
80% EtOH 29.61 £0.86 63.79£1.90 71.75+1.49
100% EtOH - - 40.37£0.23

Concentration X
Difference’
Compound (ug/mL) (%)
Oh 24h
Luteolin-7-O-diglucuronide 386.66  389.12 0.63
Scutellarin 393.46  396.20 0.69
Rosmarinic acid 39042 391.83 0.36

'Difference (%) = [(0 h Area-24 h Area)/0 h Area] x 100%.

3.3 Analysis of contents of Perilla frutescens
var. acuta extracts

Using the same HPLC-DAD analysis method, the contents
of tea extracts extracted with 0, 20, 40, 60, 80, and 100% ethanol
were analyzed for luteolin-7-O-diglucuronide, scutellarin, and
rosmarinic acid, and the results are shown in Table 6. Luteo-
lin-7-O-diglucuronide had the highest content in the 0% ethanol
extract at 302.22 yg/mL, while scutellarin and rosmarinic acid

had the highest contents in the 60% ethanol extract at 103.61
and 118.77 ug/mlL, respectively.

4 CONCLUSION

In this study, we identified the major compounds of ethanol
extracts of P. frutescens var. acuta at different concentrations
using HPLC-DAD and HPLC-MS/MS, namely, luteolin-7-O-di-
glucuronide (1), scutellarin (2), and rosmarinic acid (3). We also
performed quantification and simultaneous analysis valida-
tion of the HPLC-DAD method. The linearity was confirmed
by the regression equation and determination coefficient (R?)
values greater than 0.9993, and the detection and quantifica-
tion limits were measured in the range of 4.4802-5.4133 and
13.5764-16.4038 ug/mL, respectively. The accuracy analysis
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showed RSD values of 0.09-0.89% for each marker compound,
and the recovery rates were measured in the range of 99.36-
101.96%. The precision analysis within the laboratory showed
RSD values in the range of 0.05-1.04%, and the RSD values in
the range of 0.49-1.92% were confirmed in the repeatability
evaluation, which met the criterion of the validation guidelines
for drug testing methods of less than 2%. The 24-h changes in
the content of the three major compounds were 0.36-0.69%,
which confirmed the chemical stability within 24 h, meeting the
guideline criterion of less than 2%. The quantification analysis
of the ethanol extracts of P. frutescens var. acuta showed that
luteolin-7-O-diglucuronide had the highest content in the 0%
ethanol extract at 302.22 yg/mL, while scutellarin and rosma-
rinic acid had the highest content in the 60% ethanol extract at
103.61 and 118.77 ug/mL, respectively. Therefore, through the
validation process of this analytical method, we confirmed that
the HPLC-DAD method for luteolin-7-O-diglucuronide (1),
scutellarin (2), and rosmarinic acid (3) is sufficient for quanti-
tative analysis of P, frutescens var. acuta extracts.
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