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ABSTRACT: A novel method based on ultra-high-performance liquid chromatography 20 

coupled with electrospray ionisation tandem mass spectrometry was developed for the 21 

simultaneous determination of the 14 major active constituents of Longhu Rendan pills. 22 

These 14 compounds were separated within 20 min in a C18 column (2.1 mm i.d. × 100 mm, 23 

3 µm), and good linearity was achieved (r > 0.9980). Gradient elution was applied using a 24 

mobile phase of 0.01% formic acid containing 0.2 mM ammonium formate/acetonitrile. The 25 

analytes were quantified on an LCQ ion trap mass spectrometer in electrospray ionisation 26 

full-scan mode. Variations in the intra- and inter-day precisions of all analytes were below 27 

4.60%, and the accuracy was evaluated by a recovery test within 94.41% to 103.39%. The 28 

method successfully quantified the 14 compounds in three sample batches of Longhu Rendan 29 

pills. Therefore, our method enables the highly accurate, sensitive and reliable determination 30 

of 14 major active constituents, which can aid the quality control investigation of Longhu 31 

Rendan pills. 32 

Keywords: Longhu Rendan pill; ultra-high-performance liquid chromatography-mass 33 

spectrometry; quality control  34 

35 
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1 Introduction 36 

Heatstroke and motion sickness are common illnesses. In China, traditional Chinese medicine 37 

(TCM) has been used for thousands of years to prevent and treat heatstroke and motion sickness. 38 

Longhu Rendan pills (LRP), which consist of Mentholum, Borneolum Synthcticum, Flos 39 

Caryophylli, Fructus Anisi Stellati, Radix Aucklandiae, Fructus Amomi, Cortex Cinnamomi, 40 

Fructus Piperis, Rhizoma Zingiberis, Catechu and Radix Glycytthizae. LRP are one of the widely 41 

used traditional Chinese over-the-counter medicines and are authorised for sale by the state food 42 

and drug administration (SFDA) of China (NO.Z20025168) for the prevention and treatment of 43 

heat stroke and motion sickness. Experimental study has proven that LRP produce significant 44 

anti-heat stroke, anti-motion sickness and peripheral antiemetic effects in rats.1 The annual sales 45 

volume of LRP has exceeded one hundred million RMB (~$16 million U.S.) since 2011. 46 

Heat stroke is a life-threatening illness that is clinically characterised by severe hyperthermia 47 

and multiple organ damage, such as cardiovascular and central nervous system dysfunction, 48 

caused by a complex interplay among heat cytotoxicity, coagulopathies and the systemic 49 

inflammatory response syndrome induced by intestinal endotoxins. The combination of rapid 50 

cooling, supportive care, anti-inflammatory, anti-endotoxin, antioxidant, antipyretic, 51 

anti-coagulation and anti-shock treatments with naloxone can be utilised in clinical settings to 52 

alleviate the symptoms of heat stroke with neuroprotection.2 Motion sickness is a common 53 

disturbance of the inner ear that is caused by acceleration motions in cars, trains, airplanes and 54 

boats. The main symptoms of motion sickness are headache, dizziness, fatigue, nausea and 55 

vomiting triggered by changes in neurotransmitter levels, such as increased histamine and 56 

acetylcholine and decreased norepinephrine, within the brain. In clinical settings, anticholinergic, 57 

antihistamine, central inhibition and promotion of gastrointestinal motility effects can help 58 
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alleviate motion sickness.3, 4 LRP contain diverse classes of compounds, such as the polyphenols 59 

catechin (1) and epicatechin (2); the flavonoids schaftoside (3), liquiritin (4), isoliquiritin (5), 60 

liquiritigenin (6), echinatin (7), isoliquiritigenin (9) and licochalcone A (11); the triterpenoids 61 

glycyrrhizic acid (8) and glycyrrhetinic acid (14); the amide piperine (10); and the 62 

sesquiterpenoids costunolide (12) and dehydrocostuslactone (13). Catechin,5 schaftoside,6 63 

isoliquiritigenin,7 licochalcone A,8 glycyrrhizic acid,9 glycyrrhetinic acid10 and 64 

dehydrocostuslactone11 have anti-inflammatory effects; catechin,12 epicatechin,13 echinatin,14 65 

isoliquiritigenin15 and glycyrrhizic acid16 have anti-oxidation effects; catechin,17 liquiritin,18 66 

isoliquiritigenin,19 glycyrrhizic acid,20 piperine21 and costunolide22 have neuroprotective effects; 67 

piperine has antipyretic effects;23 and costunolide has antispasmodic effects.24 Therefore, these 68 

compounds possibly contribute to the preventive and therapeutic effects of LRP on heat stroke 69 

and motion sickness. 70 

According to the regulatory documents published by SFDA and reported literature, catechin 71 

and epicatechin, which were detected by high-performance liquid chromatography (HPLC), and 72 

menthol and borneol, which were detected by gas chromatography (GC), were chosen as “marked 73 

compounds” for the quality control of LRP. However, quantitative analysis of only a limited 74 

number of components in herbal medicine formulas may not be adequate. Thus, determining the 75 

other components of LRP is necessary to ensure the reliability and repeatability of quality 76 

assessments. 77 

In the present study, we developed an accurate, sensitive and reliable method of 78 

ultra-high-performance liquid chromatography coupled with electrospray ionisation tandem mass 79 

spectrometry (UHPLC-ESI-MS) to determine the active compounds of LRP. These compounds 80 

include catechin, epicatechin, schaftoside, liquiritin, isoliquiritin, liquiritigenin, echinatin, 81 
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glycyrrhizic acid, isoliquiritigenin, piperine, licochalcone A, costunolide, dehydrocostuslactone 82 

and glycyrrhetinic acid (Figure 1). The method successfully detected these 14 compounds in three 83 

batches of LRP samples.  84 

2 Experimental 85 

2.1 Reagents and materials 86 

Catechin, epicatechin, liquiritin, glycyrrhizic acid, piperine and glycyrrhetinic acid were 87 

purchased from the Chinese Institute for the Control of Pharmaceutical and Biological Products 88 

(Beijing, China). Schaftoside, echinatin, isoliquiritigenin and licochalcone A were obtained from 89 

Shanghai Yuanye Bio-Technology Company (Shanghai, China). Isoliquiritin and liquiritigenin 90 

were purchased from Shanghai Winherb Medical Technology Co., Ltd. (Shanghai, China). 91 

Costunolide and dehydrocostuslactone were obtained from Nanjing Spring and Autumn 92 

Biological Engineering Co., Ltd. (Nanjing, China). The purities of all reference compounds were 93 

greater than 98% according to HPLC analysis. LRP were provided by Shanghai Zhonghua 94 

Pharmaceutical Co., Ltd. (Shanghai, China). 95 

Acetonitrile and methanol were of HPLC grade from Burdick and Jackson Company (Ulsan, 96 

Korea). Formic acid (HPLC grade) was purchased from CNW Technologies GmbH Company 97 

(Düsseldorf, Germany). Ammonium formate (HPLC grade) was obtained from Sigma–Aldrich 98 

Chemie GmbH (Buchs, Switzerland). Acetic acid (HPLC grade) was purchased from Tedia 99 

Company (Fairfield, USA). Ultra-pure water was purified by a Milli-Q system (Millipore, 100 

Bedford, MA, USA). All other reagents were of analytical grade. 101 

2.2 Chromatography and MS conditions 102 
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Chromatographic analysis was performed on a Shimadzu UHPLC-XR system (Shimadzu, Japan) 103 

equipped with a binary solvent delivery system, a vacuum degasser, an autosampler and a column 104 

compartment. Chromatographic separation was performed on a Thermo BDS Hypersil C18 105 

column (2.1 mm i.d. × 100 mm, 3 μm) maintained at 30 °C. The mobile phase consisted of 0.01% 106 

formic acid containing 0.2 mM ammonium formate (A) and acetonitrile (B) with a gradient 107 

elution of 10% B from 0 min to 1.5 min, 10% to 80% B from 1.5 min to 15 min, 80% B from 108 

15 min to 16 min and 10% B from 16 min to 20 min with a flow rate of 0.25 mL/min. Mass 109 

spectra were acquired using an LCQ ion trap mass spectrometer (Thermo Fisher Scientific, USA) 110 

equipped with an electrospray ionisation (ESI) source that switches between positive and 111 

negative polarity mode in a single run. The mass spectrometer parameters were ion spray voltage 112 

at 5000 V (+) or 4500 V (−), capillary voltage at 26 V (+) or 37 V (−), capillary temperature at 113 

300 °C, sheath gas flow rate at 40 psi and auxiliary gas flow rate at 5 psi. 114 

2.3 Sample preparation 115 

Powdered LRP (30 mg) were extracted with 10 mL of 30% acetonitrile in an ultrasonic bath for 116 

20 min. The extracted solution was centrifuged at 12,000 rpm for 10 min. A 10 μL aliquot of the 117 

supernatant was injected into the UHPLC-MS system for analysis. 118 

2.4 Preparation of standard solutions 119 

The reference standards were accurately weighed and dissolved in acetonitrile to prepare stock 120 

solutions. All standards were completely dissolved in the mixed standard working solution. 121 

Mixed standard working solutions containing 14 compounds were obtained by diluting the stock 122 

solutions with acetonitrile–water (30:70, v/v) to a series of appropriate concentration ranges for 123 
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the construction of calibration curves. A mixed standard working solution was prepared before 124 

use. The stock and working solutions were stored in a refrigerator at 4 °C. 125 

2.5 Method validation 126 

2.5.1 Linearity, limit of detection (LOD) and limit of quantification (LOQ) 127 

A mixed standard working solution containing the 14 analytes was diluted to the appropriate 128 

concentration range to establish calibration curves. The calibration curve of each compound was 129 

constructed with at least six concentrations. The LOD and LOQ were determined as 130 

signal-to-noise ratios of 3 and 10, respectively. 131 

2.5.2 Precision and accuracy 132 

Intra-day variations at three times within 1 day and inter-day variations for 3 consecutive days 133 

were chosen to determine the precision of the developed method. Recovery was used to further 134 

evaluate the accuracy of the method. Three levels (low, middle and high) of the 14 standards were 135 

added to known amounts of samples. The amount of each analyte was calculated using the 136 

corresponding calibration curve; the recovery of each analyte was calculated as Recovery (%) = 137 

(Amountdetected − Amountoriginal)/Amountspiked × 100).  138 

2.5.3 Repeatability and stability 139 

To investigate the repeatability, five solutions of LRP were analysed, and the RSD was 140 

considered as a measure of reproducibility. The same sample solution was stored at 4 °C and was 141 

analysed at 0, 2, 4, 6, 8, 12 and 24 h to investigate the stability of the solution. Moreover, the 14 142 

standard stock solutions were determined weekly to detect possible degradation during storage. 143 
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3 Results and discussion 144 

3.1 Method validation 145 

3.1.1 Calibration curves, LOD and LOQ  146 

Table 1 shows the regression equation for the 14 analytes, as well as the LOD and LOQ values 147 

and mass spectrometry parameters. All calibration curves showed satisfactory linearity (r > 148 

0.9980). 149 

3.1.2 Precision and accuracy 150 

The precision of the results is shown in Table 2. The precision of the intra- and inter-day variation 151 

for the detected levels of the investigated compounds was less than 4.60%. Table 3 lists the mean 152 

recoveries of the 14 analytes, which ranged from 94.41% to 103.39%, with RSD values < 6.05%. 153 

3.1.3 Repeatability and stability 154 

The RSD of the repeatability test was not over 5% for all analyses. When the solution was stored 155 

at 4 °C, the 14 compounds stabilised within 24 h (RSD < 4.69%). 156 

These results indicate that the developed method was accurate, sensitive and reliable enough for 157 

the quantification of the major constituents in LRP. 158 

3.2 Optimisation of the LC-MS conditions  159 

Several chromatographic columns and mobile phases were tested to achieve better separation and 160 

higher response signals for the 14 compounds. Three reversed-phase columns were used for the 161 

separation analysis, including an Agilent Zorbax SB C18 (4.6 mm i.d. × 250 mm, 5 μm), a 162 
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Thermo BDS Hypersil C18 (2.1 mm i.d. × 100 mm, 3 μm) and a Thermo BDS Hypersil C18 (2.1 163 

mm i.d. × 50 mm, 3 μm). The Thermo BDS Hypersil C18 (2.1 mm i.d. × 100 mm, 3 μm) column 164 

was the most suitable for this application. Acetonitrile separated 14 compounds more effectively 165 

than methanol and was thus selected as the organic phase. Formic acid, acetic acid, ammonium 166 

acetate and ammonium formate were added to the mobile phase to achieve high sensitivity and 167 

restrain peak tailing. Adding appropriate concentrations of formic acid and ammonium acetate 168 

enhanced the signal intensity of the compounds and improved the peak shape. As a result, an 169 

optimum mobile phase was achieved using 0.01% formic acid containing 0.2 mM ammonium 170 

formate and acetonitrile in a gradient elution mode. 171 

The mass spectral conditions were optimised in full scan mode using the reference compounds. 172 

Protonated [M+H]+ molecular ions of schaftoside, liquiritin, isoliquiritin, echinatin, glycyrrhizic 173 

acid, isoliquiritigenin, piperine, licochalcone A, costunolide, dehydrocostuslactone and 174 

glycyrrhetinic acid were generated in the positive ionisation mode, whereas deprotonated 175 

[M−H]− molecular ions of catechin, epicatechin, schaftoside, liquiritin, isoliquiritin, liquiritigenin, 176 

echinatin, glycyrrhizic acid, isoliquiritigenin, licochalcone A and glycyrrhetinic acid were 177 

generated in the negative ionisation mode. Some reference compounds exhibited strong signals in 178 

both recording modes. The reference compounds were also used to optimise these parameters to 179 

meet the demands of the quantitative analysis based on the lowest interference and the highest 180 

signal intensity. We detected 10 compounds in positive ionisation mode and 11 compounds in 181 

negative ionisation mode. Therefore, a full scan mode with the polarity of the electrospray ion 182 

source alternating between positive and negative modes was used for quantification in a single 183 

run. The total ion chromatograms are shown in Figure 2, and the extracted ion chromatograms of 184 

these reference compounds are shown in Figure 3. 185 
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In the LRP extract, catechin and epicatechin, liquiritin and isoliquiritin, liquiritigenin and 186 

isoliquiritigenin are isomers. However, the retention time of these isomers differed after each 187 

standard was separately injected to analysis. The exact retention time and mass spectra were 188 

compared between the peaks of the LRP sample and the standards to ensure that the same 189 

components were detected and to avoid the effect of isomers on the identification of components.  190 

3.3 Sample extraction optimisation 191 

The extraction methods, solvents, solvent volume and extraction time were investigated to 192 

identify the optimum extraction efficiency. The results demonstrated that ultrasonic bath 193 

extraction was more effective than refluxing for the 14 components. The acetonitrile 194 

concentration (30%, 50%, 70%, 90% and 100%, v/v), solvent volume (5, 10 and 20 mL) and 195 

extraction time (10, 20, 40 and 80 min) were also investigated. The optimal extraction was 196 

achieved with 30 mg of sample in powder form, extracted with 10 mL of 30% acetonitrile in an 197 

ultrasonic bath for 20 min. 198 

3.4 Sample analysis 199 

The developed method was used to detect the 14 analytes in three batches of LRP samples. Each 200 

batch was analysed in five replicates. The analytes were identified by comparing their exact 201 

retention time and mass spectra with those of the reference materials. As shown in Table 4, the 202 

analytes had similar levels among the three batches. Among the 14 analytes, catechin (1) and 203 

glycyrrhizic acid (8) exhibited the highest concentrations, followed by epicatechin (2). The sum 204 

of the remaining compounds was approximately 10% of the total. The combined level of catechin 205 

and epicatechin was 29.2 ± 2.7 mg/g, which meets the quality standard of no less than 20 mg/g in 206 
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LRP per SFDA. However, in the traditional quality standard, the remaining components, which 207 

account for 50% of the total, were not considered even through some of them are known to 208 

exhibit pharmacological effects.5–24 The capability of this method to analyse more ingredients 209 

could improve the quality assessment of LRP. Other components, such as borneol, in the LRP 210 

have important pharmacological effects, including neuroprotection25 and inhibition of 211 

acetylcholine-mediated effects.26 Borneol can easily penetrate the blood–brain barrier and 212 

enhance the oral bioavailability and the distribution of drugs in brain tissue.27, 28 These effects 213 

may contribute to the anti-heat stroke and anti-motion sickness effects of LRP. However, this 214 

study did not include volatile components, such as borneol, because of the limitation of LC-MS. 215 

These ingredients will be detected by GC-MS/MS in a separate investigation. 216 

4 Conclusion 217 

In this study, a simple, rapid and accurate UHPLC-MS method was established to determine 14 218 

major components of LRP. The method was used to successfully quantify the 14 components in 219 

three batches of LRP samples. The results showed that the analytes had similar levels among the 220 

three batches of LRP. The validation results demonstrated that the proposed method is reliable 221 

and sensitive. 222 

223 
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Table 1. Calibration curves, LODs and LOQ of the 14 major compounds 268 

No Calibration curve Correlation coefficient 
Linear range 

(μg/mL) 

LOQ 

(ng/mL) 

LOD 

(ng/mL) 
M/Z Detected ion 

1 Y = -58.7323+7969.49*X    0.9996 0.11  - 2.26  11.29 3.42 289.2 [M-H]- 

2 Y = -27.1152+9662.59*X    0.9998 0.10  - 1.92  9.58 2.90 289.2 [M-H]- 

3 Y = 21.5606+45664.2*X      0.9997 0.04  - 0.74  0.74 0.22 564.9 [M+H]+ 

4 Y = 1412.54+17234.1*X       0.9988 0.44  - 8.72  2.91 0.88 417.2 [M-H]- 

5 Y = 148.628+31138.9*X    0.9994 0.09  - 1.82  0.61 0.18 417.2 [M-H]- 

6 Y = 506.994+26899*X    0.9992 0.09  - 1.75  4.36 1.32 255.2 [M-H]- 

7 Y = 1355.87+103418*X      0.9986 0.03  - 0.53  0.53 0.16 271.0 [M+H]+ 

8 Y = -3837.66+68406.2*X    0.9990 0.22  - 4.40  1.47 0.44 821.8 [M-H]- 

9 Y = -25.543+46162.5*X      0.9993 0.02  - 0.38  1.88 0.57 255.2 [M-H]- 

10 Y = -67.6756+806193*X      0.9987 0.01  - 0.23  0.23 0.07 286.1 [M+H]+ 

11 Y = 2756.77+191952*X      0.9984 0.03  - 0.50  0.50 0.15 339.1 [M+H]+ 

12 Y = -57.0924+5792.34*X    0.9988 0.17  - 3.38  33.82 10.25 232.9 [M+H]+ 

13 Y = -39.382+2253.51*X    0.9983 0.43  - 8.69  43.43 13.16 230.9 [M+H]+ 

14 Y = -2462.4+112672*X    0.9980 0.04  - 0.84  2.11 0.64 471.2 [M+H]+ 
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Table 2.Precision levels of the assay of the 14 components. 271 

NO. 
Concentration 

(μg/ml) 

Intra-day (n=3)  Inter-day (n=3) 

Mean (μg/ml) RSD (%)  Mean (μg/ml) RSD (%) 

1 0.11 0.12 ± 0.00 3.43  0.12 ± 0.00 3.31 

 

0.45 0.45 ± 0.02 3.90  0.45 ± 0.01 2.93 

 

1.81 1.80 ± 0.04 1.96  1.80 ± 0.03 1.89 

2 0.10 0.10 ± 0.00 4.46  0.10 ± 0.00 3.50 

 0.38 0.38 ± 0.00 0.55  0.38 ± 0.01 2.30 

 1.53 1.52 ± 0.01 0.58  1.52 ± 0.03 1.79 

3 0.04 0.04 ± 0.00 3.87  0.04 ± 0.00 3.74 

 0.15 0.15 ± 0.01 4.26  0.14 ± 0.01 3.90 

 0.59 0.59 ± 0.01 1.50  0.60 ± 0.01 1.57 

4 0.44 0.41 ± 0.01 2.93  0.41 ± 0.01 3.48 

 1.74 1.85 ± 0.02 0.82  1.85 ± 0.03 1.49 

 6.97 6.90 ± 0.05 0.74  6.88 ± 0.10 1.48 

5 0.09 0.09 ± 0.00 2.38  0.09 ± 0.00 1.95 

 0.36 0.37 ± 0.01 1.61  0.37 ± 0.01 1.82 

 1.45 1.44 ± 0.02 1.19  1.44 ± 0.03 1.88 

6 0.09 0.08 ± 0.00 0.89  0.08 ± 0.00 2.67 

 0.35 0.36 ± 0.01 1.92  0.36 ± 0.01 1.57 

 1.40 1.38 ± 0.01 0.76  1.38 ± 0.03 2.19 

7 0.03 0.02 ± 0.00 0.89  0.02 ± 0.00 4.52 

 0.11 0.11 ± 0.00 2.69  0.11 ± 0.00 2.73 

 0.42 0.41 ± 0.01 3.04  0.41 ± 0.01 2.46 

8 0.22 0.23 ± 0.01 3.28  0.23 ± 0.01 4.14 

 0.88 0.83 ± 0.03 3.29  0.83 ± 0.03 3.20 

 3.52 3.55 ± 0.05 1.38  3.57 ± 0.04 1.18 

9 0.02 0.02 ± 0.00 4.01  0.02 ± 0.00 3.93 

 0.08 0.08 ± 0.00 3.22  0.08 ± 0.00 2.47 

 0.30 0.30 ± 0.01 2.77  0.30 ± 0.01 1.96 

10 0.01 0.01 ± 0.00 2.82  0.01 ± 0.00 3.75 

 0.05 0.05 ± 0.00 2.35  0.05 ± 0.00 3.66 

 0.18 0.18 ± 0.00 1.20  0.18 ± 0.00 1.30 

11 0.02 0.02 ± 0.00 1.59  0.02 ± 0.00 2.68 

 0.10 0.11 ± 0.00 3.45  0.11 ± 0.00 3.48 

 0.40 0.39 ± 0.00 0.71  0.39 ± 0.00 0.94 

12 0.17 0.18 ± 0.00 2.37  0.18 ± 0.01 4.60 

 0.68 0.65 ± 0.02 2.34  0.66 ± 0.02 3.23 

 2.71 2.75 ± 0.07 2.46  2.68 ± 0.08 2.82 

13 0.43 0.48 ± 0.01 1.55  0.47 ± 0.02 3.59 

 1.74 1.57 ± 0.01 0.75  1.58 ± 0.04 2.40 

 6.95  6.94 ± 0.12 1.76  6.97 ± 0.15 2.19 

14 0.04 0.05 ± 0.00 2.76  0.05 ± 0.00 4.34 

 0.17 0.15 ± 0.00 1.13  0.15 ± 0.00 2.74 

 0.68   0.68 ± 0.01 1.31  0.68 ± 0.01 1.89 
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Table 3. Accuracy and reproducibility levels of the 14 analytes in LRP. 276 

NO. 
Accuracy (n=3) 

 

Reproducibility (n=5) 

Recovery (%) RSD (%) 

 

Mean (μg/ml) RSD (%) 

1 95.93 ± 2.53 2.64   1.40 ± 0.05 3.47 

2 95.51 ± 3.86 4.04 

 

0.51 ± 0.01 1.49 

3 99.66 ± 5.05 5.07  0.73 ± 0.01 0.66 

4 97.61 ± 5.90 6.05 

 

5.89 ± 0.11 1.81 

5 98.36 ± 5.79 5.89  0.13 ± 0.01 4.99 

6 103.39 ± 2.56 2.47 

 

0.66 ± 0.03 3.75 

7 99.71 ± 5.08 5.10 

 

0.06 ± 0.00 4.88 

8 94.41 ± 2.43 2.57 

 

1.27 ± 0.04 2.93 

9 97.49 ± 5.07 5.21 

 

0.19 ± 0.01 3.53 

10 99.67 ± 3.34 3.35 

 

0.03 ± 0.00 3.27 

11 95.58 ± 4.37 4.57 

 

0.30 ± 0.01 1.69 

12 101.23 ± 3.17 3.13 

 

0.47 ± 0.01 3.23 

13 98.04 ± 4.41 4.49 

 

1.04 ± 0.05 4.64 

14 96.67 ± 3.70 3.83   0.15 ± 0.00 2.04 
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Table 4. Contents of the 14 compounds in three batches of Longhu Rendan pills 305 

NO. 
Content (mg/g) 

Sample 1 Sample 2 Sample 3 

1 23.407 ± 0.812 21.359 ± 0.381 18.996 ± 0.460 

2 8.489 ± 0.127 7.937 ± 0.148 7.419 ± 0.261 

3 0.242 ± 0.002 0.245 ± 0.005 0.245 ± 0.003 

4 1.965 ± 0.035 2.251 ± 0.062 1.980 ± 0.070 

5 0.547 ± 0.027 0.646 ± 0.035 0.558 ± 0.026 

6 0.220 ± 0.008 0.252 ± 0.005 0.215 ± 0.010 

7 0.241 ± 0.012 0.249 ± 0.009 0.267 ± 0.012 

8 20.675 ± 0.605 22.754 ± 0.477 20.855 ± 0.580 

9 0.065 ± 0.002 0.077 ± 0.002 0.063 ± 0.003 

10 0.502 ± 0.016 0.658 ± 0.028 0.552 ± 0.012 

11 1.266 ± 0.024 1.383 ± 0.023 1.340 ± 0.028 

12 0.157 ± 0.005 0.155 ± 0.007 0.142 ± 0.006 

13 0.346 ± 0.016 0.303 ± 0.008 0.333 ± 0.009 

14 0.050 ± 0.001 0.057 ± 0.003 0.049 ± 0.001 
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 308 
Figure 1. Structures of the 14 analytes.  309 
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 311 

Figure 2. Total ion chromatograms of (A) reference compounds in negative mode; (B) reference compounds in positive mode; (C) Longhu Rendan pills 312 

(LRP) sample in negative mode; and (D) LRP sample in positive mode: (1) catechin, (2) epicatechin, (3) schaftoside, (4) liquiritin, (5) isoliquiritin, (6) 313 

liquiritigenin, (7) echinatin, (8) glycyrrhizic acid, (9) isoliquiritigenin, (10) piperine, (11) licochalcone A, (12) costunolide, (13) dehydrocostuslactone, (14) 314 

glycyrrhetinic acid. 315 
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 327 
Figure 3. Extracted ion chromatograms of (A) reference standards and (B) Longhu Rendan pills sample: (1) catechin, (2) epicatechin, (3) schaftoside, (4) 328 

liquiritin, (5) isoliquiritin, (6) liquiritigenin, (7) echinatin, (8) glycyrrhizic acid, (9) isoliquiritigenin, (10) piperine, (11) licochalcone A, (12) costunolide, (13) 329 

dehydrocostuslactone, (14) glycyrrhetinic acid. 330 
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