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QUANTITATIVE ANALYSIS OF ACTEOSIDE AND JIONOSIDE B1
IN THE TUBEROUS ROOTS OF Rehmannia glutinosa
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This study reports the quantitative determination of two
phenylpropanoid glycosides, Acteoside and Jionoside B1, in the
tuberous roots of Rehmannia glutinosa using high-performance liquid
chromatography (HPLC). The analysis was carried out on an Agilent
1260 Infinity 11 system equipped with a Hydrosphere C18 column and a
diode-array detector (DAD) at 198 nm. Chromatographic conditions
were optimized to ensure effective separation and accurate
quantification of the target compounds. Calibration curves exhibited
good linearity over the concentration range of 100-5000 pg/mL with
correlation coefficients (R?) above 0.996. The validated method showed
satisfactory precision, accuracy, and sensitivity in accordance with
AOAC guidelines. The contents of Acteoside and Jionoside B1 in the
total methanolic extract were 2.12% and 2.39%, respectively,
corresponding to 0.59% and 0.66% in the dried tuberous roots of
Rehmannia glutinosa. These results suggest that both compounds may
serve as suitable chemical markers for the quality control and
standardization of Rehmannia glutinosa and related medicinal products.

PHAN TiCH PINH LUQNG HQP CHAT ACTEOSIDE VA JIONOSIDE Bl
TRONG RE CU LOAI PIA HOANG Rehmannia glutinosa
BANG PHUONG PHAP SAC KY LONG HIEU NANG CAO

Vil Kim Thw
Truong Pai hoc Md - Dia chat

THONG TIN BAI BAO

TOM TAT

Ngay nhin bai:  30/3/2026
Ngay hoan thién:  28/5/2026
Ngay dang: 29/5/2026

TU KHOA
Acteoside

Jionoside B1
Rehmannia glutinosa

Phan tich dinh lugng
HPLC

Nghién ctu nay trinh bay két qua dinh luong hai hop chat
phenylpropanoid glycoside 1a Acteoside va Jionoside B1 trong ré cu
loai Dia hoang (Rehmannia glutinosa) bang phuong phap sic ky long
hiéu ning cao (HPLC). Phan tich duoc thuc hién trén hé thng Agilent
1260 Infinity Il sir dung cot Hydrosphere C18 va detector mang diode
(DAD) tai bu6c song 198 nm. Cac didu kién sic ky duoc toi wu nhim
dam bao kha ning tach va dinh lugng chinh xac cac hop chat muc tiéu.
DPuong chuan cho thay tinh tuyén tinh tét trong khoang nong do 100—
5000 pg/mL véi hé s6 tuong quan (R2) 16n hon 0,996. Phuong phap dat
do chinh xic, do ding va do nhay phu hop theo huéng dan AOAC.
Ham lugng Acteoside va Jionoside B1 trong cao chiét methanol tong
1An luot 14 2,12% va 2,39%, twong ang voi 0,59% va 0,66% trong mau
r& ca kho cua Rehmannia glutinosa. Két qua cho thay hai hop chét nay
c6 thé duoc sir dung lam chit danh déu héa hoc trong kiém soat va
chudn hoa chat lwong duoc liéu Dia hoang va cac san pham lién quan.
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1. Introduction

The tuberous roots of Rehmannia glutinosa have been widely used in traditional medicine for
the treatment of diabetes, anemia, hemoptysis, cancer, and gynecological disorders [1]-[3]. Our
previous scientific publications reported that the principal chemical constituents of Rehmannia
glutinosa are iridoid glycosides and phenylpropanoid glycosides, among which the
phenylpropanoid glycosides exhibit significantly stronger a-glucosidase inhibitory activity than
the iridoid glycosides [4]-[7].

Our further phytochemical investigations revealed that two phenylpropanoid glycosides,
Acteoside and Jionoside B1, are present in higher abundance compared to other constituents [6].
Therefore, this article aims to present the quantitative analysis of these two compounds in the
tuberous roots of Rehmannia glutinosa using high-performance liquid chromatography (HPLC).

2. Materials and Methods

The tuberous roots of Rehmannia glutinosa were collected in Viet Tri, Phu Tho Province,
Vietnam, in March 2020 and authenticated by Dr. Nguyen The Cuong (Institute of Ecology and
Biological Resources, Vietnam Academy of Science and Technology). The plant material was
cleaned, air-dried, and ground into powder (RG). The fresh and dried tuberous-root samples of
Rehmannia glutinosa are presented in Figure 1.
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Figure 1. Fresh and dried tuberous root samples of Rehmannia glutinosa

The powdered sample of 50.0 g was ultrasonically extracted three times (300 mL each
extraction, sonicated for 30 minutes at room temperature). The methanolic extract was
concentrated under reduced pressure to obtain 13.815 g of methanolic residue (RGM).

The RGM was subsequently dissolved in methanol to prepare the sample solution at a
concentration of 30 mg/mL (Csg).

The pure compounds, Acteoside and Jionoside B1, previously isolated from the tuberous roots
of Rehmannia glutinosa, were used as reference standard compounds [6]. Stock solutions of each
compound were prepared at a concentration of 5 mg/mL. From these stock solutions, accurately
measured volumes were diluted with methanol to obtain a series of solutions with decreasing
concentrations. The chemical structures of Acteoside and Jionoside B1 are presented in Figure 2.
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Figure 2. Chemical structures of Acteoside (a) and Jionoside B1 (b)

HPLC-grade solvents (Merck), including methanol (CHsOH), acetonitrile (CHsCN, ACN),
and acetic acid, were used. Deionized water was obtained directly from a Milli-Q water
purification system (Merck).
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The amount of the target compounds in the samples was quantified using high-performance
liquid chromatography (HPLC). The analysis was performed on an Agilent 1260 Infinity Il
system equipped with a binary solvent pump, an autosampler, a column oven, and a diode-array
detector (DAD), using a Hydrosphere C18 analytical column (150 x 4.6 mm, 5 um) at the
Institute of Chemistry, Vietnam Academy of Science and Technology.

3. Results and Discussion
3.1. Optimization of HPLC analytical conditions
3.1.1. Selection of the optimal wavelength

The selected wavelength corresponded to the maximum absorption wavelength (Amax) Of the
two compounds, which was determined by analyzing each reference standard individually under
chromatographic conditions. The DAD detection wavelength was investigated experimentally,

and the UV spectra of the two compounds are presented in Figure 3.

(a) (b)

Figure 3. UV spectra of Acteoside (a) and Jionoside B1 (b)
The experimental results obtained from the two reference standards indicated that both
compounds exhibited maximum absorption at Am. = 198 nm. Therefore, a wavelength of 198 nm
was selected for the quantitative determination of Acteoside and Jionoside B1 in the tuberous
root samples of Rehmannia glutinosa.

3.1.2. Selection of injection volume, flow rate, and mobile phase composition

Experimental evaluation of the injection volume indicated that an injection volume of 5 uL.
provided symmetrical peaks. Therefore, 5 uL was selected as the optimal injection volume for
the chromatographic analysis.

After investigating several solvent systems, ACN-water was selected as the mobile phase.
The suitable chromatographic conditions were established as follows:

* Chromatographic column: Hydrosphere C18 (150 x 4.6 mm, 5 um)

* Flow rate: 1 mL/min

* Injection volume: 5 pL

* Mobile phase: ACN—water with gradient elution as follows in Table 1.

Table 1. ACN-water mobile phase with gradient elution

Time (min) % ACN (0.1% acetic acid) % H20 (0.1% acetic acid)
0 15 85
10 15 85
35 100 0

3.1.3. Determination of the retention times of the two standard compounds

Each reference standard solution (at a concentration of 5 mg/mL) was individually injected
and analyzed under the established chromatographic conditions. Under the selected conditions,
the obtained chromatograms showed well-resolved peaks with good symmetry and stable
baselines. The retention times of the two standard compounds are shown in Figure 4.
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Figure 4. Retention times of Acteoside (a) and Jionoside B1 (b)
Each reference compound produced a single, symmetrical chromatographic peak. Both
compounds exhibited distinct and stable retention times under the same chromatographic
conditions. Thus, the selected analytical conditions allowed effective simultaneous separation of
both compounds in the analytical sample. The retention times of the two reference compounds
are presented in Table 2.

Table 2. Retention times of the two reference compounds

Compound Retention time (min)
Acteoside 16.5+16.6
Jionoside B1 17.0+17.1

3.2. Construction of calibration curves and validation

From the 5 mg/mL stock solutions, accurately measured volumes were diluted with methanol
to prepare calibration solutions, including 5000 pg/mL, 2500 pg/mL, 1000 pg/mL, 500 pg/mL,
and 100 pg/mL for both Acteoside and Jionoside B1.

The HPLC analysis was performed under the optimized chromatographic conditions. The
analytes signals were recorded at the previously determined maximum absorption wavelength (198
nm). Calibration curves were constructed by plotting peak area (Y) versus the corresponding
concentration (X). The calibration curves for the two reference standards are presented in Figure 5.
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Figure 5. Calibration curves of Acteoside (a) and Jionoside B1 (b) at 198 nm
The calibration equations of the individual reference standards are summarized in Table 3.
Table 3. Linear regression data, LOD and LOQ of Acteoside and Jionoside B1

No. Analytes Regression equation Test range R’ LOD LOQ
(n=3) (ng/mL) (pg/mL)  (pg/mL)

1 Acteoside Y =4.4728X + 374.6 100-5000 0.9971 5.44 16.48

2 Jionoside B1 Y =4.3326X — 272.55 100-5000 0.9960 4.52 13.71

According to the guidelines of the Association of Official Analytical Chemists (AOAC) [8],
calibration curves with correlation coefficients within 0.995 < R? < 1 meet acceptable standards.
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Therefore, both calibration curves demonstrated high linearity. The limits of detection (LOD) and
quantification (LOQ) values were determined at a signal-to-noise ratio of 3.3 (LOD) and 10
(LOQ). Under the present conditions, the LOD and LOQ of Acteoside were 5.44 pg/mL and
16.48 pg/mL; and those of Jionoside B1 were 4.52 pg/mL and 13.71 pg/mL, respectively.

Furthermore, the calibration ranges were relatively wide (100-5000 pg/mL), indicating that
the method provides reliable quantification and is suitable for the determination of the target
compounds in Rehmannia glutinosa tuberous root samples.

The repeatability of the method was evaluated by assaying six replicate injections, three times
for intra-day (0 h, 3 h, 6 h) and three for inter-day (1%, 2", and 3" day) of each analyte at the same
concentration (1000 pg/mL), under the same experimental conditions. Variations of peak areas
were monitored as relative standard deviations (RSD). The results showed that reproducibility
(RSD values) for Acteoside were 0.64% (intra-day) and 1.47% (inter-day); and reproducibility for
Jionoside B1 were 0.37% (intra-day) and 0.91% (inter-day). A recovery test was used to evaluate
the accuracy of the analysis. The methanolic extract solution of R. glutinosa (10,000 pg/mL) was
spiked with known amounts of Acteoside and Jionoside B1. The mixtures were analyzed under the
above-established method. For comparison, a vehicle sample (spiked with methanol) was prepared
and analyzed. The percentage recoveries were evaluated by calculating the ratio of the detected
amount to the added amount. As shown in Table 4, the recovery rates were in the range 97.72%—
101.48% for Acteoside and 98.01-101.87% for Jionoside B1, and their RSD values were both less
than 2% (1.93% and 1.97% respectively). The RSD values in both repeatability and recovery test
were in the acceptable range of the AOAC guidelines.

Table 4. Recoveries of Acteoside and Jionoside B1

No. Analytes Spiked Found Recovery Mean RSD
(ng) (ng) (%) (%) (%)
500 488.61 97.72
1 Acteoside 1000 989.35 98.94 99.38 1.93
2500 2537.11 101.48
500 490.04 98.01
2 Jionoside B1 1000 1018.7 101.87 100.18 1.97
2500 2516.2 100.65

3.3. Quantification of the two reference compounds in rehmannia glutinosa tuberous root samples
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Figure 6. HPLC chromatogram of methanolic extract (RGM) at 198 nm
showing Acteoside (tr = 16.6) and Jionoside B1 (tg = 17.1)
The RG powder (50 g) was ultrasonically extracted three times with methanol. The
methanolic extract was concentrated under reduced pressure to obtain RGM (13.815 g),
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corresponding to an extraction yield of 27.63%. The RGM residue was dissolved in methanol at
30,000 pg/mL and analyzed by HPLC. The HPLC chromatogram of the methanolic extract
residue of the sample is presented in Figure 6.

The contents of the reference compounds were calculated according to Equation (1).

Ca
%A =—X C% (1)

Cp
Where C, is the concentration of the reference compound determined from the calibration

curve (ug/mL), Cg is the concentration of the sample solution (30,000 pg/mL), C% is the
percentage of methanolic extract in the dried Rehmannia glutinosa tuberous root sample.

Based on the calibration equations, the concentrations of the reference compounds were
determined, and the data were processed according to equation (1). The resulting contents of the
compounds are presented in Table 5.

Table 5. Quantitative content of the two compounds in Rehmannia glutinosa samples
Quantitative content (%)

Compound

Content in RGM (%) Content in dried root (%)
Acteoside 2.12 0.59
Jionoside B1 2.39 0.66

HPLC quantitative analysis determined that the content of Acteoside was 2.12% and Jionoside
Bl was 2.39% in the total methanolic extract (RGM), corresponding to 0.59% and 0.66%,
respectively, in the dried Rehmannia glutinosa tuberous root powder (RG).

Several studies have reported HPLC-based quantification of Acteoside in Rehmannia glutinosa,
particularly for quality control purposes. However, most of these studies focused on Acteoside as a
single marker compound or in combination with other common glycosides [9]-[11].

The Acteoside content in the dried tuberous roots of Rehmannia glutinosa was 0.59% (w/w),
which is markedly higher than previously reported levels in crude materials (0.07-0.11%) [1]. It
is also comparable to the upper range reported under optimized conditions or specific tissues
(~0.5-0.7%) [9]. This variation is likely due to differences in plant origin, harvesting conditions,
and extraction procedures.

To the best of our knowledge, the quantitative analysis of Acteoside and Jionoside B1 in
Rehmannia glutinosa has not been reported to date.

In a previous publication on phenylpropanoid glycosides, Acteoside and Jionoside B1 exhibited
strong a-glucosidase inhibitory activity with ICso values of 295.22 & 13.72 uM and 408.74 + 19.18
uM, respectively (compared to the positive control acarbose: 204.17 + 19.90 uM) [6].

Several scientific studies have also reported a-glucosidase inhibitory activity of
phenylpropanoid glycosides, indicating their potential for the development of antidiabetic
therapeutic products [12]-[15].

4. Conclusion

This article presents a study on establishing quantitative analytical data for two compounds,
Acteoside and Jionoside B1, in Rehmannia glutinosa samples using high-performance liquid
chromatography (HPLC).

The obtained results showed that the contents of Acteoside and Jionoside B1 in the total
methanolic extract were 2.12% and 2.39% at 198 nm, respectively, corresponding to 0.59% and
0.66% in the tuberous roots of Rehmannia glutinosa.

The study indicates that the two phenylpropanoid glycosides, Acteoside and Jionoside B1, are
present in relatively high amounts and exhibit good a-glucosidase inhibitory activity, thereby
demonstrating the potential application of Rehmannia glutinosa in the development of
pharmaceutical products for the potential treatment of diabetes.
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