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Abstract: As a traditional herbal medicine, the major alkaloids in Uncaria rhynchophylla have been proven to have blood pressure-lowering and sedative effects. It is essential to develop an effective method for the determination of the major alkaloids in U. rhynchophylla. In this research, a rapid quantitative analysis involving multi-components analysis by a single marker strategy coupled with core-shell column HPLC was adopted to analyse four alkaloids (corynoxeine, isocorynoxeine, isorhynchophylline, rhynchophylline) in U. rhynchophylla. Isorhynchophylline was selected as the internal reference substance, the content of which was determined by the traditional external standard method. Relative correction factors (RCF) between isorhynchophylline and the other three alkaloids were calculated respectively. The results showed that the QAMS method had good robustness under different HPLC instruments. Nineteen batches of U. rhynchophylla were tested. No significant difference was observed between the results by QAMS and EMS (Correlation coefficient > 0.99, p > 0.05). The QAMS method could be employed as a rapid, effective technique for the quality control of U. rhynchophylla.
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Nomenclature



	HPLC:
	High performance liquid chromatography



	QAMS:
	Quantitative analysis of multi-components by single marker



	ESM:
	External standard method



	TCM:
	Traditional Chinese Medicine




1  Introduction

As a woody vine or liana in the Rubiaceae family, Uncaria contains 34 species worldwide, which are extensively distributed in subtropics and tropical regions, including Southern China, Southeast Asia and South America, etc. [1]. China has numerous Uncaria species, five species, U. rhynchophylla, U. macrophylla, U. hirsuta, U. sinensis and U. sessilifrudus are listed in “ChP” (Pharmacopoeia of the People’s Republic of China) [2]. In most Chinese areas, the mainstream commodity among Uncaria species is the stem with hook of U. rhynchophylla. U. rhynchophylla mainly contains alkaloids, flavonoids, saponins as well as other components. Among which alkaloids account for the largest proportion and the total amount of rhynchophylline and isorhynchophylline accounts for the 40% or more of alkaloids [3,4]. Monoterpenoid indole alkaloids have been reported to possess various pharmacological activities, such as antihyper-tensive and anti-proliferative effects [5,6]. Therefore, monoterpenoid indole alkaloids such as corynoxeine, isorhynchophylline, isocorynoxeine, and rhynchophylline usually serve as markers for the quality control of U. rhynchophylla [7,8].

In the previous researches, the quantitative analysis of U. rhynchophylla alkaloids was mainly based on the determination of isorhynchophylline and rhynchophylline on HPLC, while simultaneous determination of multiple alkaloids was mainly achieved by UPLC or NMR (1H nuclear magnetic resonance) [8,9]. These methods had significant disadvantages since they require a long analysis time or expensive instruments. In recent years, the core-shell columns have been increasingly used in the field of quality control of TCM. Core-shell column-HPLC can achieve a high-efficiency separation similar to UPLC [10–12]. Rapid quantitative analysis of the active components of Astragali Radix and Ophiocordyceps sinensis has been achieved by using core-shell chromatography [13,14].

Currently, ESM is the most widely accepted method for the quantitative analysis of TCM. However, the standard chemical markers used in ESM are expensive and difficult to obtain. The absence of such standards represents a major challenge for ESM. QAMS is an ideal strategy to solve this problem. Recently, QAMS has been extensively applied for the quality analysis of TCM, and is considered to be a feasible alternative to ESM [15–17]. It is gradually included in the official pharmacopoeia of an increasing number of countries such as China, India, USA, and the countries in Europe [18].

In the present study, a QAMS method by core-shell column-HPLC was developed for simultaneous determination of four alkaloids including corynoxeine, isocorynoxeine, isorhynchophylline and rhynchophylline (structures as shown in Fig. 1) in U. rhynchophylla. Sample extraction and HPLC conditions were optimized. Nineteen batches of U. rhynchophylla were tested by both QAMS and ESM strategies. The results demonstrated that there was no significant difference between the ESM and QAMS method, which indicated that the QAMS method could be employed as a rapid, effective technique for the quality control of U. rhynchophylla.
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Figure 1: The structures of four alkaloids in U. rhynchophylla

2  Materials and Methods

2.1 Materials and Reagents

The samples of U. rhynchophylla were gathered from Hunan, Hubei, Guizhou, Yunnan, Guangxi, and Jiangxi Provinces. The botanical origin of the materials was identified by Dr. Ning Li.

Corynoxeine, isocorynoxeine, isorhynchophylline, and rhynchophylline were obtained from Chengdu Must Biotechnology Co., Ltd. (Chengdu, China). The purity of each compound was certified to be >98% and verified by HPLC. HPLC-grade acetonitrile and methanol were purchased from Merck (USA). Triethylamine was purchased from CNW (Germany) and purified water was prepared by a pro-DI System (Sartorius, Germany).

2.2 Instruments and Conditions

HPLC analyses were conducted on Shimadzu LC-2030 HPLC system (Shimadzu, Japan) and Waters e2695 HPLC system (Waters, USA), respectively, which were both equipped with an online degasser, autosampler, quaternary pump, photodiode array detector and column temperature controller. Separation was performed on a PoroShell 120 EC-C18 column (75 mm × 4.6 mm, 2.7 μm). The mobile phase was composed of 0.015 mol·L−1 solution of dipotassium hydrogen phosphate (adjust pH to 7.7–7.8 with 2% phosphoric acid) (A) and acetonitrile (B). The mobile phase ratio was 62:38 (A:B). The flow rate was 0.8 mL·min−1 and the analysis time was 20 min. The detection wavelength was 246 nm while the collection frequency was 5 Hz. The column temperature was set at 25°C. The injection volume was 5 µL.

2.3 HPLC Analysis

2.3.1 Sample Preparation

U. rhynchophylla was crushed and passed through a No. 3 sieve. 2.0 g of the powder was accurately weighed and transferred to a 25 mL conical flask with a stopper. The powder was immersed in 2 mL of ammonia for 30 min and then refluxed with 25 mL methanol for 45 min. Replenish the weight loss with methanol when the sample solvent cooled to room temperature. The test solution was filtered through a PTEE membrane (0.45 µm). The continuous filtrate was taken for subsequent HPLC analysis.

2.3.2 Preparation of Standard Solution

Each standard substance was precisely weighed and dissolved in methanol to prepare the standard stock solutions. These were corynoxeine 161.73 μg·mL−1, isocorynoxeine 163.15 μg·mL−1, isorhynchophylline 160.62 μg·mL−1 and rhynchophylline 159.88 μg·mL−1. The above four standard stock solutions were mixed in a volume ratio of 1:1:1:1 to obtain the mixed standard solution. All the above solutions were stored in a freezer at 4°C.

2.4 Calculation of Relative Correction Factors and Relative Retention Time

2.4.1 Relative Retention Time

Under the chromatographic conditions of Section 2.2, the standard solutions of the four alkaloids mixtures were tested at different concentrations and peak retention times were recorded to establish the RRT (relative retention time). The RRT is calculated by the following Eq. (1):


RRT=TxTi
(1)

Ti and Tx respectively denote the retention times of isorhynchophylline and the relevant analyte.

2.4.2 Relative Correction Factors

Currently, two methods are commonly used to calculate the relative correction factor, the concentration method and the slope method [19,20]. The slope method cannot neglect the effect of the interception in the line regression equation, while the concentration method only uses a solution of one single concentration. To address these issues, a combination of the two methods was employed. Eqs. (2) and (3) were used to calculate the RCF (fsi). The averages of the results calculated by the two methods were used as the final RCF values. Isorhynchophylline was selected as the internal reference substance.


fsi=fsfi=As/CsAi/Ci
(2)


fsi=fsfi=1Ksi=KsKi
(3)

From Eqs. (2) and (3), we can infer Eq. (4):


Ci=fsi×Cs×AiAs
(4)

where Cs and Ci are the concentrations of isorhynchophylline and other components; As and Ai are the peak areas of isorhynchophylline and other components; Ks and Ki are the standard curve slopes of isorhynchophylline and other components, respectively.

Additionally, this study investigated the influence of different HPLC conditions on the robustness of RCFs.

2.5 Data Analysis

Data was analyzed through SPSS 26.0 statistical software.

3  Results and Discussion

3.1 Optimization of Extraction Condition

Alkaloid components are easily soluble in organic solvents such as chloroform and methanol. In this study, chloroform and methanol were comparatively studied, methanol showed better extraction efficiency than chloroform. Two extraction methods including ultrasonic extraction and refluxing extraction were compared. The results showed that the efficiency of reflux extraction was about 20% higher than that of sonication. The influence of refluxing time and number of extractions were investigated. The total amount of the four alkaloids reached the peak when the heating time was 45 min and then tended to be stable, but decreased slightly. No significant difference was observed between multiple extraction and one single extraction of 45 min. In addition, the test found that adding 2 mL of concentrated ammonia to U. rhynchophylla powder before the extraction could improve the extraction yields of alkaloids by 32.9%–48.2%. Most alkaloids exist in plants in the form of salts, which can be converted into free state after infiltration with ammonia [21].

The above results indicated that the optimized extraction conditions were as follows: adding 2 mL of the ammonia for 30 min soaking and then adding 25 mL of methanol and refluxing extraction for 45 min.

3.2 Optimization of the Chromatographic Conditions

Different mobile phases, methanol/water and acetonitrile/water with different pH adjusting agents such as triethylamine, dipotassium hydrogen phosphate, phosphoric acid, ammonium acetate and dipotassium hydrogen phosphate were compared. 0.015 mol·L−1 solution of dipotassium hydrogen phosphate with acetonitrile provided a better separation between the four alkaloids. Representative HPLC chromatograms with different buffer pH were shown in Fig. 2. As a result, we chose acetonitrile (A)0.015 mol·L−1 solution of dipotassium hydrogen phosphate (adjust pH to 7.7–7.8 with 2% phosphoric acid, B) system. Moreover, the flow rates (0.7, 0.8, 0.9, and 1.0 mL·min−1), column temperatures (22°C, 25°C, and 28°C), and mobile phase ratios were carefully evaluated and compared. The study found that with the increase of the flow rate, the pressure of the chromatographic column increased gradually while the separation of each peak gradually decreased. Finally, we optimized the mobile phase ratio as 38:62 (A:B), the column temperature was 25°C, while the flow rate was set at 0.8 mL·min−1. The detection wavelength was set at 246 nm for both sensitivity and specificity. These chromatographic conditions could provide a desired separation in less than 20 min.
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Figure 2: Chromatograms of mixed standard solution under the mobile phases with different pH

3.3 Method Validation

The established HPLC method was validated for the linearity, limits of quantification, precision, repeatability, stability and accuracy.

3.3.1 Linearity and Range

The standard stock solution was diluted 2, 4, 8, 16, 32 and 160 times with methanol to obtain 6 mixed standard working solutions I–VI. The linearity of four alkaloids were evaluated by plotting the calibration curves with the six levels of concentration of the solution listed above and the corresponding peak areas. The correlation coefficient values (r2 > 0.9999) indicated that the four alkaloid components had a good linear relationship within the concentration range of the design.

3.3.2 Limits of Quantification

The standard solution containing four alkaloid components was diluted constantly with methanol, injected and analyzed according to the chromatographic conditions under Section 2.2. A signal-to-noise ratio (S/N) of 10 was used to determine the limit of quantification (LOQ).

3.3.3 Precision, Repeatability and Stability

The method precision was conducted by injecting the standard solution for six consecutive times and the repeatability was assessed by injecting six independently prepared samples according to the approach described in Section 2.3.1. Moreover, the stability of the sample solution was evaluated by the determination of the same sample solution (S1) stored at room temperature (25°C ± 2°C) at different time points (0, 3, 6, 9, 12 and 24 h). The results demonstrated that the sample solutions were relatively stable within 24 h.

3.3.4 Recovery

The accuracy of the method was assessed by recovery. The investigated components were spiked at three distinct concentrations (50%, 100% and 150%) to a certain amount (1.0 g) of sample. Extraction and analysis of the mixture were repeated three times according to the method described in Sections 2.2 and 2.3.1. The average recovery and RSD% of each alkaloid components were calculated.

All the above methodological test information was summarized in Table 1. The results showed that the analytical method was accurate and reliable.
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3.4 Quantitative Analysis of Multi-Components by Single Marker

3.4.1 Selection of the Internal Reference Substance

The selection of the internal reference substance must take into account the characteristics of easy availability, high stability, low cost, and low difficulty in preparation [10]. Compared with the other three components to be analyzed, the chromatographic peak of isorhynchophylline is in the middle of the chromatogram, with high response value and a low price. Therefore, isorhynchophylline was selected as the internal reference substance.

3.4.2 Calculation of RCFs and RRTs

This study evaluated two calculation methods of the RCFs which had been previously reported [14,15]. On one hand, we calculated the ratios of the slopes of the calibration equations for the three alkaloid components relative to the isorhynchophylline; on the other hand, the RCFs of the three alkaloid components were calculated by six gradient concentrations. The experiment results demonstrated that there was no significant distinction in the results calculated by the two methods, and the relative mean deviations (RAD) was less than 2%.

We calculated the results of RCFs and RRTs according to Eqs. (1)–(3). The results of the three components were displayed in Table 2.
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3.4.3 Robustness of RCFs

As shown in Tables 3 and 4, this work investigated the variation of RCFs in different applied volumes, flow rates, column temperatures and instruments. The impact of various chromatographic conditions on the robustness of RCFs in the QAMS method was evaluated.
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The data in Table 3 exhibited that all RAD values was less than 2%, which indicated that the deviations caused by distinct HPLC instruments had little effect on the RCFs. It showed that the QSM method was also highly feasible to be applied to different HPLC instruments.

As illustrated in Table 4, all RSD values were less than 2%. The RSDs of all the six influencing factors were <3.0%, all of these deviations caused by the above parameters were small and the RCFs of these alkaloids were fairly steady. The above results verified the robustness of the method to a certain extent.

3.4.4 Consistency Assessment of QAMS and ESM Results

To assess and validate the practicability of QAMS method, the contents of the four alkaloids in 19 typical samples from six regions were calculated by ESM and the QAMS method based on RCFs. After 19 batches of samples were verified, the relative errors of these two methods were within 2%. Afterward, a t-test was performed for the QAMS and ESM results, p-values of corynoxeine, isocorynoxeine, and rhynchophylline, were all > 0.05. The correlation coefficients were all greater than 0.99. The nearer the correlation coefficient value got to 1, the more alike the target sample was. The above result indicating that there was no significant difference between the calculation results of the ESM and the QAMS methods. The calculation results of the QSM and ESM methods of the three components were displayed in Table 5, respectively.
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3.5 Sample Analysis

This newly established HPLC method was applied to the determination of the four alkaloids in U. rhynchophylla. The analysis time of this new method was 20 min, while more than 50 min was usually taken in the previous reports [22]. The established QSM method was also applicable to conventional columns but was not recommended due to its chromatographic analysis time exceeding 75 min. The core-shell column chromatograms of reference compounds and U. rhynchophylla were shown in Fig. 3. The contents of the four alkaloids in 16 batches of U. rhynchophylla samples were selected as a variable to obtain ANOVA results (Eliminated S1, S4 and S6 data) so that we could acquire an objective quantitative analysis of U. rhynchophylla of various origins. The results demonstrated that there were significant differences in the isorhynchophylline and corynoxeine contents in U. rhynchophylla from different origins. The p-values of isorhynchophylline and corynoxeine were 0.001 and 0.002, which were all <0.05. The overall average values of isorhynchophylline and corynoxeine of U. rhynchophylla in Jiangxi province were the highest, which presumably were induced by the different growing conditions of U. rhynchophylla in Jiangxi province. The possible influencing factors included soil type, climate, humidity, and temperature etc. The sample information of U. rhynchophylla from different origins were shown in Table 6.
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Figure 3: HPLC of core-shell column chromatogram (A) and test products (B) 1: corynoxeine; 2: isocorynoxeine; 3: isorhynchophylline; 4: rhynchophylline
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4  Conclusions

In this study, a rapid method for the simultaneous determination of four alkaloids in U. rhynchophylla by core-shell column HPLC and QAMS was established. The quantitative analysis method has good linear relationship, precision, repeatability, durability, sample recovery rate and stability. No significant difference was observed between the results by QAMS and EMS. The QAMS method could be employed as a rapid, effective technique for the quality control of U. rhynchophylla. This study provided an example for the quality evaluation of TCM by using a combination of core-shell column HPLC and QAMS.
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Table 1: The results of method validation

Analyte Rhynchophylline Isorhynchophylline Isocorynoxeine Corynoxeine

Regression y=19510x+ y=21690x + y=2076lx+ y=18 740x +

equation 946.61 460.4 655.36 111.88

r* 1.000 1.000 1.000 1.000

Linear range  1.00-159.88 1.00-160.62 1.02-163.15  1.01-161.73

(ng'mL™)

LOQ (ug) 0.80 0.81 0.81 0.81
Precision Intraday (%) 0.3 0.5 0.4 0.5
(RSD,n=6)  mterday (%) 0.8 0.9 1.2 0.8
Repeatability  Mean (ug/g)  74.9 78.7 89.9 60.5
(n = 6) RSD (%) 1.2 0.5 0.3 0.2
Recovery Mean (%) 92.3 108.8 98.7 108.0
(n=9) RSD (%) 1.3 1.4 2.5 2.9
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Table 3: Effects of instruments upon RCFs

Instrument

Corynoxeine Isocorynoxeine Rhynchophylline

Shimadzu LC-2030
Waters €2695
Mean

RAD/%

1.1717 1.0637 1.1149
1.1834 1.0764 1.1367
1.1776 1.0701 1.1258

0.5 0.6 1.0
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Table 6: The information of U. rhiynchophylla from different producing areas

No.

Producing areas

No.

Producing areas

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10

Hubei, China
Guizhou, China
Guizhou, China
Yunnan, China
Guizhou, China
Guangxi, China
Guizhou, China
Jiangxi, China
Jiangxi, China
Jiangxi, China

S11
S12
S13
S14
S15
S16
S17
S18
S19

Jiangxi, China
Jiangxi, China
Jiangxi, China
Hunan, China
Hunan, China
Guizhou, China
Guizhou, China
Hunan, China
Hunan, China
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Table 4: Effects of application volume, flow rate, absorption wavelength, mobile phase ratio, pH and column
temperature upon RCFs

Influencing factors Corynoxeine Isocorynoxeine Rhynchophylline
Application volume/uL. 1 1.1743 1.0661 1.1155
2 1.1769 1.0687 1.1138
5 1.1752 1.0687 1.1178
8 1.1753 1.0696 1.1159
10 1.1781 1.0677 1.1152
Absorption wavelength/nm 244 1.1759 1.0706 1.1176
245 1.1757 1.0679 1.1158
246 1.1794 1.0669 1.1119
247 1.1795 1.0659 1.1148
248 1.1844 1.0669 1.1118
pH 7.6 1.1771 1.0591 1.1013
7.7 1.1767 1.0544 1.0950
7.8 1.1755 1.0533 1.0954
7.9 1.1767 1.0551 1.0979
Mobile phase ratio 63:37 1.1770 1.0603 1.1050
62:38 1.1767 1.0551 1.0979
61:39 1.1879 1.0853 1.1435
Column temperature/°C 22 1.1809 1.0640 1.1065
25 1.1794 1.0669 1.1119
28 1.1774 1.0643 1.1143
Flow rate/mL-min " 0.7 1.1879 1.0913 1.1526
0.8 1.1794 1.0669 1.1119
0.9 1.1869 1.0902 1.1518
Mean 1.1789 1.0672 1.1146
RSD/% 0.4 1.0 1.5
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Table 2: The RCFs and RRTs of three components in the U. rhynchophylia

Instrument Chromatogram Analyte RRT RCF values RAD/
column Values The concent-  The slope Mean &
ration method method
Shimadzu LC- PoroShell Corynoxeine 0.82  1.1717 1.1574 1.1646 0.7
2030 HPLC 120 EC-C18  [gocorynoxeine 0.89  1.0637 1.0447  1.0542 1.0
Rhynchophylline 1.14  1.1149 1.1085 1.1117 0.3
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Table 5: The content of four alkaloids in 19 batches of U. rhynchophylla determined based on ESM and
QAMS methods

Samples Isorhynchophylline Corynoxeine [socorynoxeine Rhynchophylline
(ngg ) (ngg ) (hgg ) (hgg )
ESM ESM QAMS ESM QAMS ESM QAMS
S1 78.7 59.9 60.5 91.9 89.9 74.4 74.9
S2 71.3 67.6 69.9 105.7 105.0 57.8 56.2
S3 75.9 72.0 74.4 104.8 104.1 66.1 65.2
S4 68.5 75.3 77.8 102.8 102.2 39.7 38.9
S5 65.4 67.4 69.7 94.6 94 .4 54.4 53.0
S6 117.4 115.4 119.2 156.8 154.8 102.1 102.5
S7 74.4 89.3 92.3 111.6 111.6 58.0 58.3
S8 106.4 101.2 104.5 123.0 127.3 82.8 82.1
S9 127.5 142 .4 147.1 113.0 113.9 60.8 59.1
S10 102.7 89.4 92.3 120.7 117.5 83.3 82.6
S11 102.5 89.4 92.4 130.3 126.6 85.9 85.0
S12 67.8 81.9 84.6 57.2 57.6 27.8 26.8
S13 90.6 114.9 118.8 91.9 91.8 37.3 37.6
S14 41.2 38.9 39.3 93.5 93.3 110.4 108.9
S15 41.7 51.9 52.6 80.7 80.2 70.5 71.5
S16 62.7 70.2 71.1 98.0 98.5 102.8 99.8
S17 37.4 39.9 40.4 80.8 78.4 85.7 83.1
S18 40.0 40.2 40.7 91.5 91.3 94.8 94.8
S19 46.6 45.0 45.6 85.8 85.1 103.3 103.2
Correlation coefficient 1.000 0.997 0.999
p-values 0.821 0.934 0.923
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