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Abstract Isovitexin, a marker compound with various pharma-

cological activities, in Lespedeza cuneata, was analyzed using

high performance liquid chromatography coupled with UV

(HPLC/UV). There are no previous reports on using L. cuneata as

the source material for the quantification of isovitexin. In this

study, we developed an optimized method using HPLC-UV

analysis, which was validated using various parameters. Our

method demonstrated high specificity, and good separation of the

chromatographic peak was achieved. Parameters such as linearity

(r2>0.9997), precision, and accuracy indicated that our proposed

analytical method had good reliability and sensitivity. These

results demonstrate the utility and convenience of our method for

rapidly quantifying isovitexin in L. cuneata extracts.
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Introduction

Lespedeza cuneata (LC), a well-known traditional medicine, is an

aggressive warm-season perennial legume belonging to the

Fabaceae family. The native distribution of LC ranges from

temperate to tropical regions of Asia. It has been introduced to

other countries for use as forage on poor soils, hay production, and

controlling erosion along roadsides [1]. Aerial parts of LC have

been traditionally used to protect the kidney, liver, and lung in

traditional Asian medicine [2]. Our previous study showed that

LC could suppress cancer cell proliferation via apoptosis induction

[3]. Phytochemical investigations of LC led to the isolation of

tannins, β-sitosterol, pinitol, flavonoids, lignans and their glycosides.

The flavonoids include vitexin, myricitrin, rutin, C-glycosyl

flavones such as isovitexin, vicenin II, isoorientin, desmodin,

lucenin II, and homoadonivernith, and O-glycosyl flavonols such

as trifolin, hyperin, avicularin, juglanin, and hirsutrin [4,5].

Compounds derived from natural products have been shown to

possess pharmacological activities useful for treating different

types of diseases. They may act as the active components for

traditional medicines and modern medicines [6,7]. Among these

are flavonoids, a large group of naturally occurring substances

with diverse structures [8,9]. They are considered major bioactive

compounds and are known for their potential health benefits, such

as anti-viral effects, and in treating cancer, as well as cardiovascular,

and neurodegenerative disorders [10]. Flavonoids have various

other biological activities such as protecting DNA damage, and

the skin from UV light exposure, exerting antiseptic and anti-

inflammatory effects, strengthening capillaries, and softening,

soothing, moistening the skin. Based on these properties, flavonoids

can be useful as ingredients in the production of pharmaceutical

and cosmetic products [11,12]. This study has been focused on

LC’s flavonoid content, particularly isovetixin, which is reported

to be pharmacologically active.

Isovitexin (apigenin 6-C-glucoside) is an isomer of vitexin.

Isovitexin has been proven to possess various activities, such as
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anti-inflammatory, anti-oxidant, and anti-AD effects, and could be

used as a novel therapeutic approach for treating diabetic

complications [13-16]. Our recent study reported that isovitexin

from LC showed effective antioxidant activity via scavenging OH

radicals [17]. Some studies have indicated that isovitexin can be

used as a novel therapeutic approach to treating cognitive deficits

[18]. LC also offers a potential therapeutic approach for preventing

pathogenic or diabetic complications [19]. These findings suggest

that isovitexin is a marker compound that possesses various

biological activities.

Considering the beneficial effects of LC is attributed to its

phytochemical constituents, this study’s objective was to develop

a validated analytical method for the quantitative analysis of

isovitexin. This analysis is an integral part of the source material’s

quality control, which will guarantee the efficient determination of

the marker compound [20]. This is the first study, to the best of

our knowledge, to establish a validated analytical method using

HPLC/UV. Validation was achieved by assessing specific parameters

such as specificity, accuracy, linearity, limit of detection (LOD),

limit of quantification (LOQ), and precision.

Materials and Methods

Plant Materials

The dried aerial parts of LC were collected from Inje, Gangwon

Province by the Research & Development Center, Natural Way

Co., Ltd., Pocheon, Korea. Voucher specimens were deposited at

the Department of Plant Science and Technology, Chung-Ang

University, Anseong, Korea.

Instrumentation and Chemicals

The analyses were performed using an HPLC system (Agilent

series 1260), which consisted of a quaternary pump equipped with

a UV detector (Milford, MA, USA). All samples were separated

using an INNO C18 column (4.6×250 mm, 5 μm). HPLC-grade

acetonitrile, water, and glacial acetic acid were purchased from

J.T. Baker (Avantor, Radnor, PA, USA). The reference compound

isovitexin (Fig. 1) was purchased from Natural Product Institute of

Science and Technology (Anseong, Korea).

Preparation of Sample and Standard Solutions

To obtain a test solution, 20 mg of LC extract (LCE) from

Research & Development Center, Natural Way Co., Ltd.

(Pocheon, Korea) was dissolved in 1 mL methanol (MeOH).

Standard stock solutions were prepared by weighing 1 mg of

isovitexin and dissolving in 1 mL of MeOH. The working

solutions were prepared by serial dilution to obtain a calibration

curve.

HPLC-UV Chromatographic Conditions

A gradient elution system composed of 0.5% acetic acid in water

(A) and acetonitrile (B) was used for the chromatographic

conditions. The gradient elution program started with the mobile

phase (A) at 90% and was decreased to 83% after 5 min. Solvent

A was further reduced to 81% after 15 min and was maintained

until 30 min. It was increased from 81 to 91% at 31 min and

maintained until 35 min. The flow rate of the mobile phase was

1 mL/min and the injection volume was 10 μL. The UV detection

wavelength was 270 nm and the temperature of the column was

maintained at 30 oC.

HPLC Method Validation

The analytical method used to determine isovitexin in LCE was

validated by assessing different parameters such as specificity,

linearity, accuracy, precision, LOD and LOQ. Specificity was

tested to determine whether the separation method was free from

any potential interference or impurities of the analytes. Linearity

between the peak area and the concentration was analyzed using

five concentrations of standard mixtures (0.25-0.015 mg/mL) with

three repeated injections. A calibration curve was plotted using the

peak areas measured at 270 nm on the chromatogram against the

standard solutions’ known concentration. Accuracy was assessed

utilizing recovery assays by adding the reference compound

isovitexin to the sample at three different sample concentrations.

The measurements were obtained five times, and the % recovery

was calculated. The precision of the method was investigated in

terms of its intra- and inter-day variations. Intra-day precision was

measured by obtaining five injections of each sample in one day.

Inter-day precision was measured using the same method in a

different laboratory to compare the reproducibility between the

values obtained. LOD and LOQ were determined as the lowest

concentration producing an appropriate peak shape and experi-

mentally calculated by injecting a series of diluted solutions with

known concentrations until the signal-to-noise ratio was 3:1 for

LOD and 10:1 for LOQ.

Calibration Curve

Five different isovitexin concentrations ranging from 0.25-0.015

mg/mL were prepared by serially diluting the standard stock

solutions. The calibration curve was calculated by plotting the

peak area (Y) against the concentration (X, mg/mL). The analyte

Fig. 1 Chemical structure of isovitexin
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concentrations in the samples were calculated using the calibration

equation. All values are reported as the mean (n =3) ± standard

deviation.

Results and Discussions

Analytical studies regarding the quantification of isovitexin from

other plant sources such as buckwheat sprouts have already been

established [21]. This compound was also found and analyzed in

plants such as Passiflora, pigeon pea, wheat leaves, mimosa,

bamboo; it was also screened as a bioactive integrant [13,22-27].

The analytical method we employed in this study aimed to

develop reasonably convenient chromatographic conditions capable

of separating and quantifying the flavone isovitexin present in

LCE. The method was validated using different parameters to

confirm its effectiveness in quantifying the compound.

The method’s specificity was tested by analyzing and comparing

the chromatograms of the standard compound and the test

solution. Figure 2 shows the chromatograms of the standard and

the LC extract. The retention time of isovitexin was recorded at

17.8 min. The chromatogram in Fig. 2B depicts an efficient

separation of the isovitexin peak found in LCE. The results

suggest the method’s high specificity, as no impurity peaks were

detected close to its retention time. The wavelength that provided

a good response in detecting all impurities and the reference

compound in a single run was 270 nm.

Linearity was evaluated by plotting the peak area versus the

standard compound’s concentration expressed as mg/mL. The

correlation coefficient r value for isovitexin was 0.9997 which

indicates a strong linear relationship between the peak area and

the compound concentration (Table 1). The LOQ value represents

the lowest concentration of the analyzed compounds quantifiable

with acceptable precision and accuracy by the instrument and the

analytical method while LOD is defined as the lowest analyte

quantity that renders a measurable signal that is three times greater

than the noise level. As shown in Table 1, the LOD and LOQ

wereas measured to be 0.027 and 0.084 mg/mL, respectively. This

finding indicates that our analytical method exhibited good

sensitivity, as the values were within the acceptable limits.

LCE was spiked with known concentrations of isovitexin to

measure the accuracy of the method. The recovery of each

substance was obtained by calculating the amount quantified and

the original amount. The analyses were performed 5 times. The

results in Table 2 show that the obtained recovery rates ranged

from 96.42-101.3%. These values conform to the acceptable

range, suggesting our method was highly accurate. The method’s

precision was assessed using both intra- and inter-day precision

analyses of isovitexin. As displayed in Table 3, the coefficient of

variation ranged from 0.20 to 0.81%. The values obtained were

less than 2% indicating that our proposed analytical method was

reliable and satisfactory.

Characterization of the chemical composition of medicinal

plants helps identify potential compounds responsible for biological

activities. In line with this, it is crucial to develop a validated

analytical technique to standardize compounds present in plant

Fig. 2 HPLC chromatograms and UV spectra of isovitexin (A) and LCE (B)
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extracts. In this study, we developed an optimized and reliable

HPLC-UV analytical method for quantifying isovitexin in LC

extracts. This compound has been reported to possess many

pharmacological activities. Our previous study showed that the

antioxidant properties of LCE could be attributed to the presence

of isovitexin [17].

Isovitexin was successfully determined using HPLC-UV. The

quantification results of LC extract found the concentration of

isovitexin to be 0.494 mg/g. The validation of our method

delivered excellent results in terms of specificity, accuracy,

precision, and linearity. This finding supports the use of our

method for accurately identifying the marker compound in LCE.

The results of our study could be used as a basis for promoting a

standardized method for content determination in large-scale

extraction processes and industrialization of its extracts for

pharmaceutical purposes.
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