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Abstract

:

The quantitative analysis of multiple indexes remains an important quality evaluation method of traditional Chinese medicine (TCM) herbal formulas. The Chinese Pharmacopoeia 2015 only stipulates the content of a single component, specnuezhenide, in Erzhiwan composed of the Fructus Ligustri Lucidi (FLL) powder and aqueous extracts of Herba Ecliptae (HE). To generalize the intrinsic quality of Erzhiwan, a novel C30-HPLC method with good precision, accuracy, and reproducibility was developed for the simultaneous determination of six compounds, including two isomers, and then an analytic hierarchy process was further applied to integrate and discriminate the quality of four samples prepared via different methods. The results of the analysis were in agreement with the antioxidant tests in vitro. This comprehensive strategy could provide a reference and suggestions for the improvement of the quality evaluation method of TCM herbal formulas.
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1. Introduction


As a combination of a range of herbal medicines based on specific clinical and practical experience, traditional Chinese medicine (TCM) herbal formulas sufficiently embody the therapeutic thought of syndrome differentiation over thousands of years. Unlike synthetic drugs, it is well known that herbal formulas generally exert their therapeutic effects through the synergic effects of multiple active ingredients and their multiple targets [1]. One of the key content of TCM quality evaluation is how to establish a multi-index quality control method that can effectively reflect the overall effect of TCM formulas [2]. However, the quantitative control of most TCM formulas in the Chinese Pharmacopoeia 2015 (ChP 2015) is only carried out using a single or a few indexes in the current quality evaluation. Erzhiwan (EZW), firstly recorded for nourishing liver and kidney in “Fu Shou Jing Fang” written in the Ming Dynasty, contains two herbs, Fructus Ligustri Lucidi (FLL) and Herba Ecliptae (HE) [3]. According to ChP 2015, it is composed of FLL (steamed) powder and aqueous extracts of HE, possessing the functions of tonifying the liver and kidney yin, strengthening tendon and bone, and arresting hemorrhage [4]. The main compounds from EZW, including phenylethanoid glycosides, iridoid glycosides, coumarins, triterpenes, and others, have antioxidant abilities [5,6,7,8,9], and EZW also plays many critical roles in protecting the liver and kidney [10,11]. However, the quality control of EZW still depends on the quantitation of the single-index specnuezhenide in the ChP 2015. In recent years, the simultaneous quantification of more components, such as salidroside, specnuezhenide, ligustroflavone, wedelolactone, oleanolic acid, and ursolic acid, was used to enhance the quality control of EZW [12,13,14,15,16]. The contents of these compounds are different in various samples; therefore, it is difficult to declare whether or not the sample is superior or inferior. Furthermore, chromatographic baseline separation could not be achieved using common reversed-phase columns for some isomeric compounds, such as oleanolic acid and ursolic acid, affecting the accuracy and reproducibility.



As a weighing methodological approach, the analytic hierarchy process (AHP) was developed for making effective decisions and achieving consensus from divergent judgments [17]. AHP could be better for solving the problems of the comprehensive evaluation of multi-component systems. It was widely used in method optimization, disease risk assessment, environment protection, and so on [18,19]. Recently, the AHP technique was also applied to the preliminary quality research of Chinese medicine [20]. As a novel reversed-phase column with a multilayer polymer stationary phase, the C30 HPLC column was firstly applied to separate isomeric carotenoids [21]. It was also widely used in improving the method for separating retinol [22], all-trans lycopene, and β-carotene [23]. Therefore, separation with a C30 column was more effective than that with a C18 column for non-polar geometric isomers [24].



In this study, six important compounds from the EZW formula, including two isomers, oleanolic acid and ursolic acid, were effectively separated and determined using C30-HPLC-UV. The antioxidant ability of each compound, tested using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method, were used for their weighting in the AHP. Combining the contents of the above indexes, the total scores were calculated for a comprehensive quality evaluation of a series of samples, including the traditional formula, EZW product (EZWP), and different compositions of FLL and HE, EZW-1, EZW-2, and EZW-3. The results of the AHP for all samples were further validated by the determination of antioxidant ability with the DPPH method. The main purpose of this study was to develop a comprehensive quality assessment method for TCM herbal formulas based on the content and efficacy of certain compounds.




2. Results and Discussion


2.1. Selection of the UV Wavelength for Determination


HPLC-UV was previously employed for the separation and determination of some of the six compounds in EZW. Specnuezhenide, wedelolactone, and oleanolic acid were detected at a wavelength of 215 nm using HPLC [13]. Since the UV absorbance wavelength of oleanolic acid and ursolic acid were at the terminal position of the spectrum, and their spectrum profiles were similar, the detective wavelength could be set at 215 nm (Figure S1E,F in the Supplementary Materials). Salidroside and wedelolactone in EZW were determined using an accurate HPLC method with a UV detective wavelength at 220 nm [12]. For better selecting the UV wavelength in HPLC, the UV spectra of salidroside, specnuezhenide, ligustroflavone, wedelolactone, oleanolic acid, and ursolic acid were also extracted from a photo diode array detector (Figure S1 in the Supplementary Materials). Therefore, the detective wavelength of the UV detector was set at 215 nm for the determination of all six compounds.




2.2. Selection of the Chromatography Column for Separation


The resolution of oleanolic acid and ursolic acid using a C18 column was less than 1.5 (Figure 1C); thus, it could not be enrolled into the quantitation. As shown in Figure 1B, the resolution could reach 2.80 when the C18 column was replaced by a C30 column. It was revealed that the C30 phase exhibited superior resolution compared with the C18 phase in separating isomers. Compared with the C18 column, the C30 column with the multilayer polymer stationary phase formed a highly dense C30 alkyl chain on the surface of the silica gel to be more hydrophobic. Therefore, the C30 column had a higher retention and resolution of non-polar solutes.




2.3. Linearity, Range, Limit of Detection (LOD), and Limit of Quantitation (LOQ)


The standard solutions at six different concentrations were analyzed in triplicate. Table 1 shows the linear calibration regression equations, correlation coefficients, and the LOD and LOQ of salidroside, specnuezhenide, ligustroflavone, wedelolactone, oleanolic acid, and ursolic acid. S/N is defined as the power ratio of a signal (meaningful information) to the background noise (unwanted signal). The LOD is considered to be the concentration at which the S/N is equal to 3/1. The LOQ was the injection concentration corresponding to an S/N ratio of 10. The LODs and LOQs for all standard substances separated on the C30 column were confirmed, and showed that the method has sufficient sensitivity and precision.




2.4. Precision, Repeatability, and Stability


The precision was tested through continuous six-time determinations of the standard solution, and the values of relative standard deviation (RSD) were less than 0.96%. The repeatability was evaluated through six copies of determinations of the sample solution, and the RSD was less than 2.75%. Stability was assessed by analyzing three replicates of the same sample at different time intervals (0, 2, 4, 8, 12, 18, and 24 h), and the contents of the six compounds were found to be stable within 24 h (RSD < 2.88%, n = 3). All of these data in Table 1 indicate that the proposed method has high precision, reliable repeatability, and good stability.




2.5. Recovery


In order to determine the recovery, a known content of investigated compounds was added to the sample solution. Accurate amounts of each standard solution at equal concentrations were added to 0.5 g of EZW-3. The samples were prepared in sextuplicate using the same method. The mixture was extracted and analyzed. Good recoveries were obtained, and the results are also shown in Table 1. The mean recoveries of the investigated compounds ranged from 94.24 to 99.46%. The acceptable recovery indicates that the experimental protocol is feasible.




2.6. Assay of EZW Samples


The HPLC method was subsequently applied to determine the contents of the six compounds in the samples. The quantitative determination results are shown in Figure 2. It demonstrates that there were distinct differences in the contents of the analytes from different EZW samples. All EZW samples met the requirements of the content of specnuezhenide prescribed by the ChP 2015. Compared with EZWP from the drug stores, the content of specnuezhenide was lower in EZW-1, EZW-2, and EZW-3. However, the contents of other compounds (salidroside, wedelolactone, oleanolic acid, and ursolic acid) in these samples were higher than in EZWP. These compounds cannot be ignored in the quality evaluation of EZW due to their good antioxidant activity [9,25,26,27]. The above results indicated that the quality control of a single index could not reflect the overall quality of the TCM herbal formula. Hence, the simultaneous determination of multiple indexes should be used in quality control. It is necessary to establish a novel comprehensive evaluation method for improving the quality control of EZW based on multicomponent quantification using C30-HPLC-UV.




2.7. AHP Analysis


As is known, the contents and activities of bioactive components are predominant for the drug’s effect [28]. Six components associated with the antioxidant function of EZW were selected for the AHP analysis, and the analytical results are shown in Table 2. The AHP analysis was carried out using the following steps. Firstly, the antioxidant activities of the components were measured using DPPH, and the half maximal inhibitory concentrations (IC50) were used as indicators to compare their relative pairwise importance (Table 3). Secondly, based on the IC50 values and the literature [29], the antioxidant activity of each standard was arranged in the following order: wedelolactone > oleanolic acid = ursolic acid > salidroside > specnuezhenide > ligustroflavone. Thirdly, the importance ratio of each component, making up the pairwise comparison matrix, was assigned. Fourthly, the consistency ratio (CR) value of the above matrix was calculated to detect its consistency. The result was 0.011 (<0.10), indicating that the consistency of the comparison matrix was acceptable. Finally, the comprehensive evaluation scores of the EZW samples were calculated. The score of EZW-3 was the highest with 0.837, while EZW-2 and EZW-1 acquired the second and third highest scores, with 0.781 and 0.463, respectively. EZWP tied in last place with 0.432. The scores of EZW-1, EZW-2, EZW-3, and EZWP were different, indicating that the AHP could distinguish and evaluate their quality.




2.8. Validation of the AHP Results In Vitro


The AHP result was a predictive theoretical result, requiring a verification of credibility. The antioxidant activity of EZW samples in vitro was used to test the credibility of the AHP results. The IC50 values of the EZW samples (Table 3), calculated using different clearance rates (Table S3), demonstrated that different antioxidant effects may be related to the different contents of the constituents in samples. Since a lower IC50 value represents higher antioxidant activity, the antioxidant activity of EZW samples was as follows: EZW-3 > EZW-2 > EZW-1 > EZWP. The results were consistent with the results of AHP analysis, indicating that the established AHP method of evaluating the EZW comprehensive quality was convincing.





3. Material and Methods


3.1. Materials and Chemicals


The samples of FLL and HE were purchased from HETIAN Chinese medicine Co. Ltd. (Tongling, China) and identified by Professor Qinan Wu (a TCM identification expert at Nanjing University of Chinese Medicine). Erzhiwan product (EZWP, Lot: 160901, Fuzhou, China) was acquired from Jiangxi Renfeng Pharmaceutical Co., Ltd. Furthermore, 2,2-diphenyl-1-picrylhydrazyl (DPPH) was bought from TCI Shanghai Development Co., Ltd. (Shanghai, China). The reference standards of salidroside, specnuezhenide, ligustroflavone, wedelolactone, and oleanolic acid were purchased from PUSH biotechnology Co. Ltd. (Chengdu, China) The reference standard of ursolic acid was bought from the National Institute for Food and Drug Control of China (Beijing, China). Acetonitrile and methanol were obtained from Merck (Darmstadt, Germany). Phosphoric acid was provided by Aladdin (Shanghai, China). Deionized water was obtained from a Milli-Q system (Millipore, Bedford, MA, USA).




3.2. Apparatus


Quantitative HPLC was performed on a Waters 2695 with a 2996 photo diode array detector HPLC system (Waters, MA, USA), and a personal computer (PC) with the Empower work station for data processing. Agilent provided an Extend-C18 column (250 mm × 4.6 mm i.d., 5-μm particle size, Santa, Clara, CA, USA), and Welch provided an Ultimate®XB C30 column (250 mm × 4.6 mm i.d., 5-μm particle size, Shanghai, China). Ultrasound-assisted extraction (UAE) was performed using an ultrasonic cleaning bath (KQ-250V, Kun-Shan Ultrasonic Instruments Co., Ltd., Kunshan, China). The absorbance was measured at 517 nm for the microplate reader (Infinite®Pro200 TECAN, Männedorf, Switzerland).




3.3. Preparation of the Stock Solution


The standard stock solutions of salidroside (0.234 mg·mL−1), specnuezhenide (1.502 mg·mL−1), ligustroflavone (0.113 mg·mL−1), wedelolactone (0.079 mg·mL−1), oleanolic acid (0.576 mg·mL−1), and ursolic acid (0.168 mg·mL−1) were prepared in 80% methanol and then stored away from light at 4 °C. Working solutions were prepared using the appropriate dilution of the obtained stock solution.




3.4. Preparation of EZW Samples


Wine FLL was the steamed product of FLL mixed with wine [30]. For the preparation of EZW, it was dried and ground into powder in accordance with the ChP 2015. The extracts of wine FLL were prepared separately by extracting the powders with water or 95% alcohol. For the aqueous extract (or alcohol extract), 100 g of wine-FLL powder was soaked and boiled in 1000 mL of water (or 95% alcohol) under reflux twice, for two hours each time. For extract A of wine FLL, 100 g of powder was soaked and boiled in 1:10 (w:v) 95% alcohol twice, and for extract B, the filter residue was boiled in 1:10 (w:v) water twice, for two hours each time. Following the above steps, the solutions of each extract were filtered, condensed, and dried by lyophilization. The aqueous extract of HE was prepared according to the ChP 2015. EZW-1 was made up of aqueous extracts of HE and wine FLL according to their crude-drug ratio. EZW-2 contained an aqueous extract of HE and an alcohol extract of wine FLL. EZW-3 was composed of extracts A and B of wine FLL, and an aqueous extract of HE in the same crude-drug ratio. All samples were stored at −20 °C. The herbal extraction was done on three independent batches of herbs, and the voucher specimen was deposited in the Level-3 Laboratory for the Chinese Medicine Chemistry of State Administration of TCM at the Nanjing University of Chinese Medicine.




3.5. Sample Preparation for HPLC


The above samples were appropriately ground to powder, and the powder (1.0 g) was mixed with 25 mL of 80% methanol in a 50-mL conical flask with a cover. The mixture was extracted ultrasonically (40 kHz, 600 W, 25 °C) for 30 min. After cooling, the solution was then made up to the required volume. Then, the mixture was centrifuged for 10 min at 15,000 rpm to deposit the suspension particle, and the supernatant was injected into the HPLC system.




3.6. Chromatographic Conditions


For the quantitation of salidroside, specnuezhenide, ligustroflavone, wedelolactone, oleanolic acid, and ursolic acid, HPLC was conducted using a Welch Ultimate®XB C30 column (250 mm× 4.6 mm i.d., 5-μm particle size), and the mobile phase consisted of acetonitrile (solution A) and 0.1% phosphoric acid in water (solution B). The flow rate, column temperature, and injection volume were set to 1 mL·min−1, 30 °C, and 10 μL, respectively. The gradient program was set as follows: 0–5 min with 5–9% A, 5–12 min with 9–14% A, 12–15 min with 14–23% A, 15–26 min with 23% A, 26–27 min with 23–35% A, 27–35 min with 35–40% A, 35–36 min with 40–91% A, 36–48 min with 91% A, 48–50 min with 91–95% A, 50–52 min with 95% A, 52–55 min with 95–5% A. The wavelength of the UV detector was fixed at 215 nm for determination.




3.7. Antioxidant Activity In Vitro


The DPPH method is widely used for testing the antioxidant activity of compounds in vitro. The antioxidant activity of each compound and of various EZW samples was determined using the DPPH radical scavenging method according to the method outlined by Majeed et al. [31]. The DPPH working solution (0.041 mg·mL−1) was prepared by dissolving and diluting the powder with methanol, and the stock solutions of salidroside, specnuezhenide, ligustroflavone, wedelolactone, oleanolic acid, and ursolic acid were prepared in 80% methanol to 1.04, 1.08, 1.02, 0.206, 0.232, 0.222 mg·mL−1, and then stored away from light at 4 °C. Sample solutions were prepared using the appropriate dilution of the obtained stock solution. The solution of 90% methanol was the blank group, and the methanol and sample solutions were mixed with equal volumes of DPPH working solution as the control groups and test groups. After an incubation period of 30 min in the dark, the absorbance was read at 517 nm. All tests were repeated three times, and the results were substituted into the Equation (1) to calculate the scavenging rate (SR). The concentration of the sample scavenging 50% of the DPPH free radicals was named the IC50 value, and a smaller IC50 value represented a higher antioxidant activity. The IC50 value of each sample was calculated using the SPSS 20.0 software (SPSS, Chicago, IL, USA).


   SR / % = ( 1 −    A 3  −  A 0     A 1    ) × 10  ,  



(1)




where A0, A1, and A2 are the absorbance values of the blank, test, and control, respectively.




3.8. Analytic Hierarchy Process


Firstly, six compounds (salidroside, specnuezhenide, ligustroflavone, wedelolactone, oleanolic acid, and ursolic acid) with antioxidant activity were chosen as the indexes for evaluating the quality of the EZW samples. Then, according to their radical scavenging activity, the relative pairwise importance of two indexes was obtained from a nine-point numerical scale (Table S1 in the Supplementary Materials) to indicate the importance ratio of one attribute to another [32]. The data consisting of a pairwise comparison matrix were used to find the comparative weights among the attributes of the decision elements. There was some subjectivity in that the generated pairwise comparison matrix was from the importance ratio of one attribute to another. Because the comparison matrix could not become a positive reciprocal matrix, it could be allowed to have some degree of inconsistency. In order to ensure the consistency of the subjective perception and the accuracy of the comparative weights, the consistency index (CI) and the consistency ratio (CR) were calculated using the equations below. If the CR was lower than or equal to 0.10, it was considered acceptable. If it was higher than 0.10, the importance ratio was judged again [17].


    w i ′  =    a  i 1    a  i 2   ⋯  a  im    m  ,   



(2)






    w i  =    w i ′      ∑   i = 1  m   w i ′    ,   



(3)






    λ  max   =     ∑   i = 1  m   (    ∑   j = 1  m     (   a  ij    w j   )     w i     )   m  ,   



(4)






   CI =    λ  max   − m   m − 1   ,   



(5)






   CR =   CI   RI   ,   



(6)




where a, i, j, and m are the elements, columns, rows, and order of the judgment matrix, respectively.    w i ′   ,    w i    are the separated initial weights and normalized weights.    λ  max     is the largest eigenvalue for the judgment matrix. The random index (RI) is the mean randomness consistency of the comparison matrix. For a 6 × 6 matrix, its value was 1.24 queried from Table S2.



The ultimate purpose of this comprehensive evaluation was to synthesize all of the index values into an integrality evaluation score, after which we could rank different EZW samples. The raw data of each criterion were standardized in order to rule out the effects of different dimensions and the disparities in orders of magnitude. Considering the nature of the methods of standardization and the possible ranges in data after standardization, we performed calculations using the following equation (the min–max normalization) to standardize the raw data of the criteria:


    x  ij   =    a  ij   −  m j     M j  −  m j    ,   



(7)




where Mj and mj are the results of the max {aij} and min {aij}.



Finally, to meet the study aims, a linear weighting method was chosen as the method of determining the criterion weights, as it was appropriate for comprehensively evaluating synthetic criterion data.


  y =   ∑   i = 1  m   w i   x i  ,  



(8)




where wi is the corresponding weight of xi (0 ≤ xi ≤ 1 (i = 1, 2, …, m,     ∑   i = 1  m   w i    = 1), xi is the value of each evaluation criterion, and y is the comprehensive evaluation score, the value of which is based on the quality. A higher score represented a better sample quality in the evaluation system.





4. Conclusions


In this work, a comprehensive strategy using C30 HPLC coupled with AHP analysis was proposed for the quality evaluation of the TCM formula, EZW. The evaluation data of the AHP analysis were completely consistent with the antioxidant activity test using DPPH in vitro. The above results revealed that it was feasible to use this comprehensive strategy for the quality evaluation of EZW. The developed quantitative method is promising for improving the quality evaluation standard of EZW by determining multiple indexes. Therefore, this strategy also has great guiding significance for the quality evaluation of TCM formulas according to the pharmacological activities and contents of the measured indexes.








Supplementary Materials


Supplementary materials Figure S1, Tables S1–S3 are available online.





Author Contributions


N.Y. and W.Y. conducted all the experiments and the manuscript preparation. All authors read and approved the final manuscript.




Funding


This work was financially supported by the National Natural Science Foundation of China (Grant No. 81573554), and a Project Funded by the Priority Academic Program Development of Jiangsu Higher Education Institutions (PAPD). This research was also supported by a Project Funded by the Qing Lan Project of Jiangsu Province and the Six Talent Peaks Project in Jiangsu Province (2016-YY-026).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Xie, P.; Chen, S.; Liang, Y.-Z.; Wang, X.; Tian, R.; Upton, R. Chromatographic fingerprint analysis—A rational approach for quality assessment of traditional Chinese herbal medicine. J. Chromatogr. A 2006, 1112, 171–180. [Google Scholar] [CrossRef] [PubMed]

	



Yang, D.Z.; An, Y.Q.; Jiang, X.L.; Tang, D.Q.; Gao, Y.Y.; Zhao, H.T.; Wu, X.W. Development of a novel method combining HPLC fingerprint and multi-ingredients quantitative analysis for quality evaluation of traditional Chinese medicine preparation. Talanta 2011, 85, 885–890. [Google Scholar] [CrossRef] [PubMed]

	



Cai, X.J.; Huang, M.Y.; Ding, A.W.; Yao, W.F.; Zhang, L. Progress of Textual Research and Pharmacological Effects on Erzhi Pills. Chin. J. Exp. Tradit. Med. 2011, 17, 272–275. [Google Scholar]

	



Committee, N.P. Pharmacopoeia of the People’s Republic of China Part 1; Chinese Medical Science and Technology Press: Beijing, China, 2015; pp. 437–438. [Google Scholar]

	



Mao, G.X.; Wang, Y.; Qiu, Q.; Deng, H.B.; Yuan, L.G.; Li, R.G.; Song, D.Q.; Li, Y.Y.Y.; Li, D.D.; Wang, Z. Salidroside protects human fibroblast cells from premature senescence induced by H2O2 partly through modulating oxidative status. Mech. Ageing Dev. 2010, 131, 723–731. [Google Scholar] [CrossRef] [PubMed]

	



Ngo, Q.-M.T.; Lee, H.-S.; Nguyen, V.T.; Kim, J.A.; Woo, M.H.; Min, B.S. Chemical constituents from the fruits of Ligustrum japonicum and their inhibitory effects on T cell activation. Phytochemistry 2017, 141, 147–155. [Google Scholar] [CrossRef] [PubMed]

	



Ding, S.M.; Hou, X.F.; Yuan, J.R.; Tan, X.B.; Chen, J.; Yang, N.; Luo, Y.; Jiang, Z.Y.; Jin, P.; Dong, Z.B. Wedelolactone protects human bronchial epithelial cell injury against cigarette smoke extract-induced oxidant stress and inflammation responses through Nrf2 pathway. Int. Immunopharmacol. 2015, 29, 648–655. [Google Scholar] [CrossRef] [PubMed]

	



Long, C.; Yang, J.; Yang, H.; Li, X.; Wang, G. Attenuation of renal ischemia/reperfusion injury by oleanolic acid preconditioning via its antioxidant, anti-inflammatory, and anti-apoptotic activities. Mol. Med. Rep. 2016, 13, 4697–4704. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, C.Y.; Wang, C.; Li, W.J.; Wu, R.Y.; Guo, Y.; Cheng, D.; Yang, Y.Q.; Androulakis, I.P.; Kong, A.-N. Pharmacokinetics and Pharmacodynamics of the Triterpenoid Ursolic Acid in Regulating the Antioxidant, Anti-inflammatory, and Epigenetic Gene Responses in Rat Leukocytes. Mol. Pharm. 2017, 14, 3709–3717. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Wang, M.J.; Ren, H.L.; Ren, H.Y. Experimental Study of Erzhiwan on NO, SOD in Aged Mice Resulting from d-galactose. Acta Chin. Med. 2010, 3, 473–474. [Google Scholar]

	



Gao, H.L.; Wang, D.Q.; Wang, X.Y.; Wang, Z.G.; Wang, X.M.; Wu, Z.E.; Liu, H.; Ma, Y.Y.; Niu, X.H.; Li, L.D. Effect of Erzhi Pill on Improving Cerebral Nerve Cell Apoptosis in Aging Rats. Chin. J. Integr. Med. 2010, 16, 504–509. [Google Scholar] [CrossRef] [PubMed]

	



Li, Z.Y.; Chen, X.H.; Ma, F.; Sun, A.; Bi, K.S. RP-HPLC simultaneous determination of salidroside, nuzhenide and wedelolactone in Erzhi pills. Chin. J. Pharm. Anal. 2011, 31, 19–21. [Google Scholar] [CrossRef]

	



He, M.; Yao, W.F.; Zhang, L.; Ding, A.W. Simultaneous Determination of Four Components in Erzhi Pills by HPLC. China J. Chin. Mater. Med. 2012, 37, 594–596. [Google Scholar]

	



Lin, X.H.; Wu, Y.B.; Gao, W.C.; Wu, J.Z. Simultaneous Determination of Oleanolic Acid and Ursolic Acid in Erzhi Pills by HPLC. J. Fujian Univ. TCM 2009, 19, 23–25. [Google Scholar]

	



Wang, M.; Jin, X.; Ren, X.; Zhu, Y.; Liu, Z.; Gao, X. Comparative in vitro dissolution of two commercially available Er-Zhi-Wan herbal medicinal products. Indian J. Pharm. Sci. 2015, 77, 391. [Google Scholar] [PubMed]

	



Kim, K.; Kyung, T.; Kim, W.; Shin, C.; Song, Y.; Lee, M.Y.; Lee, H.; Cho, Y. Efficient management design for swimming exercise treatment. Korean J. Physiol. Pharmacol. 2009, 13, 497–502. [Google Scholar] [CrossRef] [PubMed]

	



Çalışkan, H. Selection of boron based tribological hard coatings using multi-criteria decision making methods. Mater. Des. 2013, 50, 742–749. [Google Scholar] [CrossRef]

	



Xu, L.; Wang, T.; Chen, T.; Yang, W.Q.; Liang, Z.P.; Zhu, J.C. Identification of risk factors for enteral feeding intolerance screening in critically ill patients. Saudi Med. J. 2017, 38, 816. [Google Scholar] [CrossRef] [PubMed]

	



Kumar, P.; Thakur, P.K.; Bansod, B.K.; Debnath, S.K. Multi-criteria evaluation of hydro-geological and anthropogenic parameters for the groundwater vulnerability assessment. Environ. Monit. Assess. 2017, 189, 564–587. [Google Scholar] [CrossRef] [PubMed]

	



Guo, J.Y.; Yan, Y.; Sun, L.; Yu, H.S.; Li, W.; Zhang, L.J.; Song, X.B. Multi-index Evaluation of Reflux Extraction Techniques Optimization of Siwu Decoction by Analytic Hierarchy Process. J. Liaoning Univ. TCM 2017, 19, 54–56. [Google Scholar]

	



Sander, L.C.; Sharpless, K.E.; Pursch, M. C30 stationary phases for the analysis of food by liquid chromatography. J. Chromatogr. A 2000, 880, 189–202. [Google Scholar] [CrossRef]

	



Goetz, H.J.; Kopec, R.E.; Riedl, K.M.; Cooperstone, J.L.; Narayanasamy, S.; Curley, R.W., Jr.; Schwartz, S.J. An HPLC-MS/MS method for the separation of α-retinyl esters from retinyl esters. J. Chromatogr. B 2016, 1029–1030, 68–71. [Google Scholar] [CrossRef] [PubMed]

	



Ding, J.; Hui, B.D. Quantification of All-trans-lycopene and β-Carotene from Tomato and Its Products by Internal Standard Method on C30-HPLC. Food Sci. 2010, 31, 348–354. [Google Scholar]

	



Nunes, I.L.; Mercadante, A.Z. Vantagens e desvantagens das colunas C18 e C30 para a separação de carotenóides por CLAE. Revista Brasileira de Ciências Farmacêuticas 2006, 42, 539–546. [Google Scholar] [CrossRef][Green Version]

	



Zduriencikova, M.; Cholujova, D.; Duraj, J.; Mastihubova, M.; Mastihuba, V.; Karnisova Potocka, E.; Galova, E.; Sevcovicova, A.; Klapakova, M.; Horvathova, E. Salidroside, a Chemopreventive Glycoside, Diminishes Cytotoxic Effect of Cisplatin in Vitro. Basic Clin. Pharmacol. Toxicol. 2018, 122, 346–354. [Google Scholar] [CrossRef] [PubMed]

	



Wagner, H.; Fessler, B. In-Vitro-5-Lipoxygenasehemmung durch Eclipta alba Extrakte und das Coumestan-Derivat Wedelolacton. Planta Med. 1986, 52, 374–377. [Google Scholar] [CrossRef]

	



Castellano, J.; Guinda, A.; Macías, L.; Santos-Lozano, J.; Lapetra, J.; Rada, M. Free radical scavenging and α-glucosidase inhibition, two potential mechanisms involved in the anti-diabetic activity of oleanolic acid. Grasas Aceites 2016, 67, 142. [Google Scholar] [CrossRef]

	



He, Y.Y.; Han, H.Y.; Li, E.W.; Dai, Y.H.; Suo, Y.R.; Lin, R.C. Content Determination of Rutin and Kaempferol in Anchusa Italica Retz. from Different Regions and Its Anti-complement Activity. Inf. Tradit. Chin. Med. 2017, 34, 20–23. [Google Scholar]

	



Jianng, H.B.; Dong, X.P.; Tian, R.J.; Zhang, Z.Q. Study on the triterpenes constituents and its antioxidant activities in vitro from the fruits of Ligustrum lucidum. West China J. Pharm. Sci. 2015, 30, 163–164. [Google Scholar]

	



Li, H.; Liu, Q.N.; Zhang, L.; Yao, W.F.; Ding, A.W. Optimization of processing technology of Ligustri Lucidi Fructus stewed with wine based on analytic hierarchy process and multi-index orthogonal test. Chin. Tradit. Herb. Drugs 2016, 47, 2832–2837. [Google Scholar]

	



Majeed, M.; Hussain, A.I.; Chatha, S.A.; Khosa, M.K.; Kamal, G.M.; Kamal, M.A.; Zhang, X.; Liu, M. Optimization protocol for the extraction of antioxidant components from Origanum vulgare leaves using response surface methodology. Saudi J. Biol. Sci. 2016, 23, 389–396. [Google Scholar] [CrossRef] [PubMed]

	



Dou, L.; Yin, A.T.; Hao, M.; Lu, J. An evaluation system for financial compensation in traditional Chinese medicine services. Complement. Ther. Med. 2015, 23, 637–643. [Google Scholar] [CrossRef] [PubMed]












	
	
Sample Availability: Samples of EZW-1, EZW-2 and EZW-3 are available from the authors.












[image: Molecules 23 02045 g001 550] 





Figure 1. Chromatograms of reference substances using the C30-column (A); Erzhiwan (EZW)-3 sample using the C30-column (B); EZW-3 sample using the C18-column (C). Letters a–f represent salidroside (a), specnuezhenide (b), ligustroflavone (c), wedelolactone (d), oleanolic acid (e), and ursolic acid (f), respectively. 
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Figure 2. The contents of the six components from different EZW samples. 
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Table 1. Calibration curves, limits of detection (LODs), limits of quantitation (LOQs), precision, repeatability, stability, and recoveries of the six analytes.
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Component

	
Calibration Curves

	
r

	
Linear

	
LOD

	
LOQ

	
RPrecision

	
Repeatability

	
Stability

	
Recoveries *




	

	

	

	
(μg·mL−1)

	
(μg·mL−1)

	
(μg·mL−1)

	
RSD #

	
RRSD

	
RRSD

	
(%, n = 6)




	

	

	

	

	

	

	
(%, n = 6)

	
R(%, n = 6)

	
(%)

	
Mean

	
RSD






	
Salidroside

	
y = 16,251x − 475.66

	
0.9996

	
0.46–234.00

	
0.034

	
0.110

	
0.92

	
1.81

	
2.88

	
95.17

	
1.71




	
Specnuezhenide

	
y = 8414.3x − 524.10

	
0.9997

	
1.47–1502.00

	
0.064

	
0.210

	
0.12

	
1.06

	
1.73

	
98.15

	
2.30




	
Ligustroflavone

	
y = 21,308x − 781.94

	
0.9995

	
0.22–113.00

	
0.028

	
0.094

	
0.31

	
2.38

	
2.46

	
99.05

	
0.47




	
Wedelolactone

	
y = 72,542x − 3010.1

	
0.9994

	
0.15–79.00

	
0.009

	
0.028

	
0.18

	
2.17

	
2.18

	
99.43

	
0.72




	
Oleanolic acid

	
y = 3259.9x − 1509.8

	
0.9995

	
2.25–576.00

	
0.200

	
0.650

	
0.37

	
2.41

	
0.70

	
94.24

	
1.91




	
Ursolic acid

	
y = 2800.5x − 1339.7

	
0.9998

	
1.31–168.00

	
0.250

	
0.840

	
0.96

	
2.75

	
1.34

	
94.66

	
1.87








* Recoveries (%) = (found amount − original amount)/spiked amount × 100. # RSD: relative standard deviation.
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Table 2. Decision matrix of the pairwise comparison of indexes and results of the multi-index weight.
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Salidroside

	
Specnuezhenide

	
Ligustroflavone

	
Wedelolactone

	
Oleanolic Acid

	
Ursolic Acid

	
λmax

	
CI

	
CR

	
wi’

	
wi






	
Salidroside

	
1

	
2

	
3

	
1/3

	
1/2

	
1/2

	
6.072

	
0.014

	
0.011

	
0.891

	
0.122




	
Specnuezhenide

	
1/2

	
1

	
2

	
1/4

	
1/3

	
1/3

	
0.550

	
0.075




	
Ligustroflavone

	
1/3

	
1/2

	
1

	
1/5

	
1/4

	
1/4

	
0.357

	
0.049




	
Wedelolactone

	
3

	
4

	
5

	
1

	
2

	
2

	
2.493

	
0.341




	
Oleanolic acid

	
2

	
3

	
4

	
1/2

	
1

	
1

	
1.513

	
0.207




	
Ursolic acid

	
2

	
3

	
4

	
1/2

	
1

	
1

	
1.513

	
0.207








Notes: λmax is the largest eigenvalue for the judgment matrix. CI is the consistency index. CR is the consistency ratio. wi’ is the initial weights. wi is the normalized weights.
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Table 3. Half maximal inhibitory concentrations (IC50) of various standard stock and Erzhiwan (EZW) samples (n = 3).
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	IC50 (mg·mL−1)



	Salidroside
	1.640



	Specnuezhenide
	2.125



	Ligustroflavone
	3.660



	Wedelolactone
	0.045



	Oleanolic acid
	0.321



	Ursolic acid
	0.324



	
	IC50 (mg·mL−1)



	EZW-1
	0.357



	EZW-2
	0.321



	EZW-3
	0.224



	EZWP
	0.518
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