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Abstract 19 

A rapid, sensitive and reliable Ultra Fast Liquid Chromatography - tandem mass spectrometry 20 

(UFLC-MS/MS) method has been developed for simultaneous quantitation of benzoylmesaconine 21 

and piperine in rat plasma after oral administration of Naru-3 pill. Naru-3 is a well-known traditional 22 

Mongolian medical analgesic formula, which contains three Chinese herb powder - Aconiti 23 

Kusnezoffii Radix Cocta, Piperis Longi Fructus and Chebulae Fructus. After addition of brucine 24 

(internal standard, IS), 100 µL of plasma were extracted by liquid-liquid extraction with methyl 25 

tert-butyl ether, and then the two analytes and IS were separated on a Venusil MP C18 column 26 

(100mm × 2.1mm, 3.0 µm) at 30 ºC with a gradient program of 0.1% formic acid - methanol in water 27 

as the mobile phase. UFLC-MS/MS system coupled with an electrospray ionization source was 28 

performed in multiple reaction monitoring mode. The linear range was 0.075 - 15 ng/mL
 
for 29 

benzoylmesaconine and 5 - 1000 ng/mL
 
for piperine, respectively. Linearity, accuracy, precision, 30 

recovery and matrix effect of the two analytes were all within satisfaction. The validated method was 31 

successfully applied to compare pharmacokinetic profiles of the analytes in rat plasma after oral 32 

administration of three compatibility-composition suspensions designed according to Naru-3 pill. 33 

The pharmacokinetic data obtained by the method indicated that some ingredients in Naru-3 pill 34 

would have influence on the pharmacokinetic behavior of the two analytes.  35 

 36 

Keywords: Benzoylmesaconine; Piperine; Naru-3 pill; Pharmacokinetics; Ultra Fast Liquid 37 

Chromatography - tandem mass spectrometry  38 
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1 Introduction 40 

 41 

Rheumatoid arthritis (RA) is a systemic, chronic inflammatory disease associated with not only a 42 

slowly progressive disease limited to the joins, but rather an increased prevalence of systemic disease, 43 

which may cause disability, decrease of life quality and even mortality of patients.
1-3
 Thus RA would 44 

carry “social costs” as well as economic burden.
4
 Naru-3 pill, a well-known and widely-used 45 

traditional Mongolian medical analgesic formula, was originally described in a traditional Mongolian 46 

medical book “Zhi Gao Yao Fang”. It has the efficacy of subsiding swelling, expelling wind, 47 

dispelling cold and analgesia.
5
 During an extremely long period of clinical practice, its excellent 48 

efficacy in RA treatment has been demonstrated.
6
  49 

 50 

Attributed to the complexity, unknown effective ingredients and herbs combination of the formula, 51 

Traditional Chinese Medicine (TCM) preparation is commonly used to treat various complex 52 

diseases. Naru-3 pill contains three Chinese herb powder with a ratio of 1:0.6:2 (w/w/w), Aconiti 53 

Kusnezoffii Radix Cocta (AKRC, the processed products of the dried root of Aconitum kusnezoffii 54 

Reichb.), Piperis Longi Fructus (PLF, the dried clusters of Piper longum L.) and Chebulae Fructus 55 

(CF, the dried fruit of Terminalia chebula Retz. or Terminalia chebula Retz. var. tomentella Kurt.). 56 

AKRC is the key component of anti-inflammatory and analgesic in the Naru-3 prescription. 57 

Meanwhile, extreme toxicity exists in all Aconitum herbs which have a narrow therapeutic window 58 

between therapeutic and toxic doses.
7
 Diester diterpenoid alkaloids (DDAs), such as aconitine, 59 

mesaconitine, and hypaconitine, are considered as the chief toxic ingredients in the plant Aconitum 60 

spec.. To ensure therapeutic safety, only carefully processed root of aconites could be used clinically, 61 

since after processed, most of the DDAs changed to monoester diterpenoid alkaloids (MDAS).
8
 62 

Some studies reported that MDAs have much less toxicity than DDAs.
9-10

 Additionally, as one of the 63 

vital MDAs in AKRC, benzoylmesaconine exhibited activities in anti-inflammatory and analgesia. In 64 

TCM, PLF could dispel cold by warming stomach and could be helpful for RA patients. Piperine, a 65 

major active ingredient in PLF, has been widely reported as an effective constituent for the treatment 66 

of ache and inflammation.
11-12

 When drugs co-administered with piperine, enhancement of 67 
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bioavailability and improvement of therapeutic effects have been demonstrated by a plenty of 68 

studies
13-15

. CF, rich in tannins and phenolic acid,
16

 is commonly used combining with AKRC to 69 

reduced AKRC’s toxicity. Benzoylmesaconine and piperine were chosen as target markers to 70 

investigate the possible influence of the drug-drug interactions on the pharmacokinetic behavior 71 

between single herb and different compatibility-composition groups after oral administration of 72 

different herb powder. The combination of Chinese Material Medica might produce a synergistic 73 

effect or antagonistic action. Moreover, the pharmacokinetics of the ingredients in prescription might 74 

be influenced by the combination.
17-18

 Therefore, the study of the composite prescription theory 75 

would make a considerable contribution to the therapeutic application of traditional Chinese 76 

medicine formulae, especially the poisonous ones. In this study, three groups (AKRC, AKRC: PLF 77 

1:0.6 and AKRC: PLF: CF 1:0.6:2) were designed following the original ratio of Naru-3 pill to 78 

investigate the possible pharmacokinetic differences of the two target markers among the three 79 

groups. 80 

Several quantitation methods have been demonstrated for determination of Aconitum alkaloids and 81 

piperine in vitro, including CE-electrochemiluminescence (CE-ECL) technology
19

 and 82 

high-performance liquid chromatography coupled with photodiode array detector system 83 

(HPLC-DAD).
20

 In the vivo study, the content of components was at fairly low level; as a 84 

consequence, it required a more sensitivity method to meet the analysis requirements. In particular, 85 

LC-MS and LC coupled with tandem mass spectrometry (LC-MS/MS) have been proposed for the 86 

determination of aconitum alkaloids
21-22 

or piperine,
23

 separately. Benzoylmesaconine was the 87 

maximum alkaloid of AKRC. Simultaneous determination of benzoylmesaconine and piperine has 88 

not been reported. Therefore, a simple, fast and highly sensitive UFLC-MS/MS method has been 89 

developed and completely validated for the first time for simultaneous determination of 90 

benzoylmesaconine and piperine in rat plasma after oral administration of AKRC, AKRC:PLF and 91 

AKRC:PLF:CF herb powder. The result of the pharmacokinetics study might improve the clinical 92 

rational application of Naru-3 pill. 93 

 94 

95 

Page 4 of 26Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



2 Experimental 96 

 97 

2.1 Animals 98 

Eighteen pathogen-free male Wistar rats (200 ± 20g) supplied by Liaoning Changsheng 99 

Biotechnology Co., Ltd. (Benxi, China) were kept in an environmentally controlled room for at least 100 

7d before the experiments. The experimental animals were randomly and averagely divided into 3 101 

groups by giving different compatibility-composition drugs orally. The animal study was carried out 102 

in accordance with the Guideline for Animal Experimentation of Shenyang Pharmaceutical 103 

University, and the protocol was approved by the Animal Ethics Committee of the institution. 104 

 105 

2.2 Chemicals and Materials 106 

Aconiti Kusnezoffii Radix Cocta was purchased from Yaodu pharmaceutical Co., Ltd. (Anguo, 107 

China), Piperis Longi Fructus was purchased from Tong-Ren-Tang TCM store (Shenyang, China) 108 

and Chebulae Fructus was purchased from Kangmei pharmaceutical Co., Ltd. (Puning, China). All 109 

the crude drugs were authenticated by associate professor Ying Jia (Department of Pharmacognosy, 110 

Shenyang Pharmaceutical University, Shenyang, China). All the three herbs were finely powdered. 111 

The reference standards of benzoylmesaconine (Figure 1a) and brucine (Figure 1c, IS) were acquired 112 

from the National Institutes for Food and Drug Control (purity both >98%, Beijing, China). Piperine 113 

(Figure 1b, purity >97%) was obtained from Sigma-Aldrich (St. Louis, MO). Methanol and 114 

acetonitrile of HPLC grade was from Fisher Scientific (Fair Lawn, NJ, USA). HPLC grade reagents 115 

such as formic acid, acetic acid, isopropanol, ethyl acetate, methyl tert-butyl ether and ammonia 116 

water were provided by Shandong Yuwang Industrial Co., Ltd. (Yucheng, China). Distilled water 117 

prepared with demineralized water was used throughout the study. 118 

<Figure 1> 119 

 120 

2.3 Instruments and LC-MS/MS Conditions 121 
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The assay was carried out on a Prominence
TM

 LC-20A UFLC XR system equipped with the 122 

following components: a binary pump, a degasser, a thermostatted auto sampler and a thermostatted 123 

column compartment (Shimadzu, Japan), and a 4000 QTRAP™ linear ion trap triple stage 124 

quadrupole tandem mass spectrometer equipped with a turbo ion spray (TIS) source (AB Sciex, 125 

Foster City, CA, USA). Instrument control, acquisition and quantification of data were all operated 126 

using the Analyst software (version 1.5.2, AB Sciex, USA). Benzoylmesaconine, piperine, and IS 127 

were separated on a Venusil MP C18 column (100mm×2.1mm, 3.0 µm) at 30 ºC. The mobile phase 128 

consisted of 0.1% formic acid in water (A) and methanol (B) at a flow rate of 0.4 mL/min in a total 129 

run time of 7.0 min. The UFLC gradient program was as follows: 80% A 0-0.5 min; 80%-25% A 130 

0.5-1.7 min; 25%-10% A 1.7-1.8 min; 10%-2% A 1.8-3.0 min; 2% A 3-4 min; 80% A 4-7 min. The 131 

autosampler was set at 4 ºC with an injection volume of 2 µL. The analytes and IS were measured in 132 

the multiple reaction monitoring mode (MRM) using electrospray ionization (ESI) operated in the 133 

positive-ion mode under the following source conditions: curtain gas, 20 psi; gas 1, 50 psi; gas 2, 50 134 

psi (all gases: nitrogen) with a source temperature of 500 ºC; ion spray voltage, 5500 V. Quantitative 135 

parameters are listed in Table 1. 136 

<Table 1> 137 

 138 

2.4 Sample Preparation 139 

2.4.1 Preparation of administration solution 140 

In the study, the dosage of experimental groups were as follows: AKRC group was administrated 141 

with AKRC 1.5 g/kg; following original ratio, the AKRC-PLF group was administrated with AKRC 142 

1.5 g/kg-PLF 0.9 g/kg; the Naru-3 group was administrated with 1.5 g/kg, 0.9 g/kg and 3 g/kg for 143 

AKRC, PLF and CF respectively. AKRC contains 0.11 % benzoylmesaconine and PLF contains 144 

2.85% piperine. So the dose of benzoylmesaconine and piperine was 1.65 mg/kg and 25.65 mg/kg. 145 

The dosage has also been used in the previous pharmacodynamic experiment and has been proved 146 

effective. The herb powder were evenly mixed, dissolved in 0.5% CMC-Na solution and then 147 

supersonicated for 15 min to make the final intragastric administration suspension at the dose of 10 148 

mL/kg.  149 
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 150 

2.4.2 Preparation of Standard Solutions and Quality-Control Samples 151 

The stock solutions of benzoylmesaconine and piperine were prepared in methanol at the 152 

concentration of 1.0 µg/mL and 10 µg/mL
 
for each. They were further diluted with methanol to make 153 

a series of mixed working solutions at the concentration of 0.3-60 ng/mL for benzoylmesaconine and 154 

20-4000 ng/mL for piperine and quality control (QC) solutions at three levels containing 0.75, 6, 48 155 

ng/mL for benzoylmesaconine and 50, 400, 3200 ng/mL for piperine. The working solution of IS was 156 

1.0 µg/mL. All the stock solutions were stored at 4 ºC. 157 

The calibration standard samples of benzoylmesaconine (0.075, 0.15, 0.75, 1.875, 3.75, 7.5, 15 158 

ng/mL) and piperine (5, 10, 50, 125, 250, 500, 1000 ng/mL) were prepared by adding appropriate 159 

amounts of the mixed working standard solution and IS working solution (10 µL) to blank rat plasma 160 

(100 µL). 161 

Daily QC samples at three levels were prepared in the same process (0.187, 1.5, 12 ng/mL for 162 

benzoylmesaconine and 12.5, 100, 800 ng/mL for piperine). 163 

 164 

2.4.3 Preparation of rat plasma samples 165 

After thawing the plasma samples at room temperature for 30min and vortexing for 30 s, 10 µL of IS 166 

and 50 µL 10% ammonia solution v/v were spiked into plasma samples (100 µL) by vortexing for 30 167 

s, and then the mixture was extracted with 1 mL of methyl tert-butyl ether by vortexing for 3 min. 168 

After centrifuging at 13000 g, 4 ºC for 5 min, the upper organic phase was transferred to a clean 169 

centrifuge tube and evaporated to dryness under a gentle stream of nitrogen at 35 ºC. The residue 170 

was reconstituted in 100 µL methanol by vortex-mixing for 1 min, supersonicated for 3 min then 171 

centrifuged at 13000 g for 5min. Finally, 2 µL supernatant was injected into the UFLC-MS/MS 172 

system for analysis.  173 

 174 

2.5 Method validation  175 
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The method was validated following the European Medicines Agency (EMA) guideline on 176 

bioanalytical Method Validation
24

 and the currently accepted US-FDA Bioanalytical Method 177 

Validation Guidance.
25

 Method validation was with respect to selectivity, lower limit of 178 

quantification, calibration curve, accuracy and precision, recovery, matrix effect and stability. 179 

 180 

2.5.1 Selectivity 181 

The specificity was verified by comparing chromatograms of blank plasma from six different rats, 182 

with blank plasma spiked with benzoylmesaconine, piperine and IS, and plasma samples obtained 20 183 

min after oral administration of Naru-3 pill. 184 

 185 

2.5.2 Linearity and sensitivity 186 

The calibration curves of the UFLC-MS/MS method for the test compounds were evaluated by 187 

analyzing a series of standard plasma samples at concentrations 0.075-15 ng/mL for 188 

benzoylmesaconine and piperine 5-1000 ng/mL using least-square linear regression of two 189 

analytes-to-IS peak area ratios versus the normalized concentration of the calibration standard with a 190 

weighted factor (1/x
2
). The lower limit of quantification (LLOQ) were defined as the lowest plasma 191 

concentration which gave a signal to noise ratio (S/N) >10 as well as an acceptable accuracy within 192 

±20% and the precision below 20%. 193 

 194 

2.5.3 Accuracy and precision 195 

The intra-batch accuracy and precision were evaluated by analyzing five replicates at three QC levels 196 

of the same batch. The inter-batch precisions were carried out by analyzing the respective QC 197 

samples between three different batches. 198 

 199 

2.5.4 Recovery and matrix effect 200 
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The recoveries of the two analytes were determined by comparing the peak area ratios obtained from 201 

rat plasma samples spiked with the known amount of standards with those obtained from the true 202 

concentrations of pure standard solutions at three QC levels. The recovery of IS from rat plasma was 203 

evaluated at a concentration of 1 µg/mL for brucine by the same method. 204 

The matrix effect of the two analytes was measured at three QC levels by comparing the peak 205 

response in the presence of matrix (calculating by analyzing blank plasma extraction with analytes) 206 

to the peak response of pure standard solutions. The IS was measured in the same way. 207 

 208 

2.5.5 Stability 209 

Several different storage conditions such as at room temperature for 12 h, at -20 ºC for at least 7 days, 210 

after three freeze-thaw cycles and 8 h after prepared at 4 ºC were chosen to evaluate the stability in 211 

plasma at three QC levels. 212 

 213 

2.6 Pharmacokinetic study 214 

The animals fasted for 12 h with free access to water prior to the oral administration of experimental 215 

drugs. The eighteen rats were divided randomly into 3 groups and orally administrated with different 216 

suspension, respectively. Animal blood (approx. 0.3 mL) were collected from the suborbital vein and 217 

transferred into heparinized tubes before administration and at 0.167, 0.33, 0.5, 1, 2, 4, 6, 8, 10, 12, 218 

24, 36, 48 h after administration, and then immediately centrifuged at 12000 g for 5min. The 219 

supernatant was transferred into clean tubes and stored at -20 ºC for later analysis. 220 

The pharmacokinetic parameters (AUC, Cmax, T1/2 and Tmax) of the analytes were calculated by 221 

DAS 2.1 software package (Chinese Pharmacological Society). Comparison of pharmacokinetic 222 

among 3 groups was performed by SPSS 16.0 (SPSS Inc. Chicago, IL, USA), using independent 223 

samples t-tests after their natural logarithmic transformation test for AUC, Cmax, nonparametric 224 

statistical test (Mann-Whitney U test) for T1/2 and Tmax. p<0.05 was considered statistically 225 

significant difference for all the tests. All data were presented as mean ± SD. 226 

 227 

228 
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3 Results and discussion 229 

 230 

3.1 Preparation of rat plasma samples 231 

A simple and adequately stabilized sample preparation method is the premise for the development of 232 

a new method. Liquid-liquid extraction (LLE) technique was applied in the study. Several extractants 233 

such as isopropanol, ethyl acetate, methyl tert-butyl ether and isopropanol-ethyl acetate in different 234 

ratios (1:1, 1:2, 2:1, v/v) had been tested in the study. Methyl tert-butyl ether could increase the 235 

recovery of benzoylmesaconine [from 30.23% (isopropanol-ethyl acetate 2:1, v/v) to 59.11%], which 236 

was helpful for the study. Meanwhile methyl tert-butyl ether required the shortest time for dryness. 237 

The two analysts and IS all belonged to alkaloids, so appropriate pH and organic solvent played a 238 

vital role in sample preparation. The alkaline condition could increase the recoveries of the analysts. 239 

In our preliminary experiment, 10%, 20%, 50% ammonia solution [v/v, prepared by NH3·H2O (25% 240 

g/g) and H2O], and 0.5 M/L NaOH were spiked to the plasma respectively, and the result showed that 241 

ammonia solution exhibited high recoveries for both of the two analysts and the concentrations of 242 

NH3·H2O has just a little influence on the improvement of the recoveries for the two analysts. For 243 

example, the recovery ranged from 68.22% to 59.85% for benzoylmesaconine after addition 10%, 244 

20% and 50% ammonia solution. On the contrary, NaOH solution showed a very low recovery for 245 

benzoylmesaconine. It might attribute to the instable structure of benzoylmesaconine, which could 246 

lead to a structure broken in strong alkaline condition. Finally, addition of 50 µL of 10% ammonia 247 

solution and 1 mL of methyl tert-butyl ether into 100 µL plasma was selected for the sample 248 

preparation for the high recoveries for both of the two analysts. 249 

 250 

3.2 LC-MS/MS optimization 251 

The mobile phase played a critical role in achieving good chromatographic behavior and appropriate 252 

ionization. In consideration of the properties of the analysts, addition of 0.1% formic acid enhanced 253 

the sensitivity and improved the peak shape compared with no additives. Methanol-water system was 254 

chosen as the organic modifier due to higher response and lower background noise than acetonitrile. 255 

A pair of precursor and product ion with steady and high response were chosen to quantitate the 256 
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analytes and IS in ESI positive ion mode and the full-scan mass spectrums of the analysts and IS 257 

after direct injection into the mass spectrometer were obtained (Figure 2). Some parameters such as 258 

gas 1, gas 2, curtain gas, DP, EP, CE and CXP were optimized in the meantime. The other parameters 259 

were adopted for the recommended value of the instrument.  260 

In pharmacokinetic study, a proper IS is necessary to control extraction, injection, and ionization 261 

variability. In the study, matrine, diazepam, berberine, and brucine were tested as IS, and brucine was 262 

eventually chosen due to its stable recovery, appropriate chromatographic retention time, and 263 

ionization response, which were similar to those of the analytes in positive mode.  264 

<Figure 2> 265 

 266 

3.3 Method validation 267 

3.3.1 Selectivity  268 

There was no endogenous interference observed from the blank plasma at the relevant retentions. 269 

The retention times were about 2.77, 3.52 and 2.42 min for benzoylmesaconine, piperine and IS, 270 

respectively (Figure.3). 271 

<Figure 3> 272 

 273 

3.3.2 Linearity and LLOQ 274 

Calibration curves of two analytes (0.075-15 ng/mL for benzoylmesaconine and 5-1000 ng/mL for 275 

piperine) were established by weighted (w = 1/x
2
) linear regression analysis. The parameters of 276 

regression equations of the analytes were as follows: y=4.99 × 10
-3
x + 0.10 × 10

-4
(r=0.9961) for 277 

benzoylmesaconine; y=6.768 × 10
-2
x + 2.822 × 10

-1
(r=0.9962) for piperine. x stood for the 278 

concentration of analytes in plasma (ng/mL); y represented the peak area ration of analytes and IS. 279 

The LLOQ of analytes in plasma were 0.075 ng/mL with RSD 4.34% and RE 1.3% for 280 

benzoylmesaconine and 5 ng/mL with RSD 3.08% and RE -7.8% for piperine. 281 

 282 

283 
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3.3.3 Precision and accuracy 284 

The intra- and inter-day precision (presented as RSD) and accuracy (presented as RE) were evaluated 285 

by replicate analysis at least five QC samples at three different levels. All the data are shown in Table 286 

2. The results for both benzoylmesaconine and piperine were all within acceptance criteria, 287 

indicating that the accuracy and precision of the method satisfied the stipulation of bioanalytical 288 

method validation. 289 

<Table 2> 290 

 291 

3.3.4 Recovery and matrix effect 292 

The mean absolute recoveries of benzoylmesaconine and piperine were all more than 60% at 293 

different concentration levels (Table 2), and the mean recovery of IS was 70.3%. 294 

The matrix effect of the analytes was evaluated by the RSD of the IS-normalized MF which were 295 

all no more than 15% (Table 2). 296 

The results indicated that the process of extraction was stable and efficient, and the endogenous 297 

has no effect on the quantification of both the two analytes. 298 

 299 

3.3.5 Stability 300 

The results of stability experiments of benzoylmesaconine and piperine in rat plasma under various 301 

conditions are listed in Table 3. Room temperature for 12 h, -20 ºC for at least 7 days, after three 302 

freeze-thaw cycles and 8 h after prepared at 4 ºC were chosen to evaluate the stability in plasma at 303 

three QC levels. 304 

<Table 3> 305 

 306 

307 
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3.3.6 Pharmacokinetics study 308 

 309 

The validated method was successfully applied to the comparative pharmacokinetic study of 310 

benzoylmesaconine and piperine in rat plasma after administration of different 311 

compatibility-composition groups mentioned above. The mean concentration-time curves are 312 

illustrated in Figure 4. The pharmacokinetic parameters are given in Table 4.  313 

According to Table 4, for benzoylmesaconine, when administration of AKRC combined with PLF, 314 

the AUC increased significantly, but the Cmax decreased remarkably. The T1/2 became slightly longer 315 

than administration of AKRC powder alone and the Tmax changed barely. After mixing the CF 316 

powder to prepare the Naru-3 suspension, the AUC of benzoylmesaconine was reduced obviously, 317 

and the Tmax prolonged significantly comparing with Group A.  318 

Numerous studies have reported that piperine, which is the main medicinal ingredient of PLF, 319 

could enhance bioavailability of many drugs by inhibiting P-gp
13

 or cytochrome P.
26-27 

Therefore it 320 

might contribute to the increase of AUC (0-t), AUC (0-∞) of benzoylmesaconine in group B.  321 

In traditional Mongolian medicine, application of AKRC combined with CF was commonly used 322 

to reduce the toxicity of AKRC. An existing popular view for the explanation of the compatibility 323 

mechanism is that the acid compounds in CF could peculiarly conjunct with the alkaline compounds 324 

in AKRC. Thus, the decrease of benzoylmesaconine in AUC (0-t), AUC (0-∞) and Cmax after 325 

administration of Naru-3 suspension might be caused by CF. The similar compatibility could also be 326 

found in the TCM such as the Aconiti Lateralis Radix Praeparata - Glycyrrhizae Radix et Rhizoma 327 

herb-pair.
28 

328 

 329 

<Table 4> 330 

<Figure 4> 331 

The variation of pharmacokinetics parameters of piperine were not the same as 332 

benzoylmesaconine. Comparing group C with group B, the AUC (0-t), AUC (0-∞) and Cmax of piperine 333 

increased distinctly, and the T1/2 and Tmax shortened. Piperine is a weak alkaloid with pKa 2.4, hence 334 
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it might lead to that the conjunction of the constituents in PLF and CF might not be as tight as that in 335 

the AKRC and CF combination, and some studies have proved that CF could increase gastric 336 

emptying time.
29

 This might also have an influence on the altering of piperine pharmacokinetic 337 

parameters. 338 

 339 

More than one plasma concentration peak could be found obviously from Figure 4. Previously 340 

study confirmed that some drugs could store in tissues when the concentration of the drug in plasma 341 

was much lower than that of tissues. It could transfer from tissues to plasma, and this might cause 342 

another absorption peak in plasma.
30

 Meanwhile intrahepatic circulation could also be responsible 343 

for the appearance of the second peak.
 
Moreover, herb powders were the experimental material in the 344 

study. As a consequence, the constituents in deep layer dissolving from herb powders would take 345 

more time than that in surface layer.
31

 It might be another conceivable reason for the multimodal 346 

phenomenon. 347 

 348 

4 Conclusion 349 

 350 

In summary, a simple, specific and sensitive LC-MS/MS method has been developed and completely 351 

validated with a satisfactory selectivity, precision, stability and a simple sample preparation for 352 

simultaneous determination of benzoylmesaconine and piperine in rat plasma after oral 353 

administration of Naru-3 pill. The method was successfully employed to a comparative 354 

pharmacokinetic behavior of benzoylmesaconine and piperine in rat plasma after administration of 355 

different components combination of Naru-3 for the first time. The results indicated that the 356 

absorption of benzoylmesaconine increased when AKRC was applied combined with PLF, 357 

comparing with administration of AKRC herb powder alone, whereas the absorption decreased in 358 

Naru-3 group. On the contrary, the absorption of piperine in Naru-3 group was greater than that of 359 

the group with administration of AKRC combined with PLF. The chemical and pharmacology 360 

properties of compositions of AKRC, PLF and CF would have a key influence on the change of 361 

pharmacokinetic behavior of benzoylmesaconine and piperine in different components combination 362 
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of Naru-3. The study could clarify the compatibility mechanism of Naru-3 decoction, and would be 363 

helpful to the application of Naru-3 pill for treatment of rheumatoid arthritis. 364 

 365 

Acknowledgement 366 

This study was financially supported by Liaoning Innovative Research Team in University (LNIRT, 367 

Grant No. LT2013022). 368 

 369 

References 370 

1 T. Pincus, R. H. Brooks and L. F. Callahan, Ann Intern Med, 120 1994, 120, 26-34. 371 

 372 

2 F. Wolfe, D. M. Mitchell, J. T. Sibley, J. F. Fries, D. A. Bloch, C. A. Williams, P. W. Spitz, M. Haga, 373 

S. M. Kleinheksel and M. A. Cathey, Arthritis & Rheumatism, 1994, 37, 481-494. 374 

 375 

3 C. Zhang, M. Jiang and A. Lu, European Journal of Integrative Medicine, 2011, e219–e231. 376 

 377 

4 WHO report: the global burden of rheumatoid arthritis in the year 2000, 378 

http://www.who.int/healthinfo/statistics/bod rheumatoidarthritis.pdf/ [accessed March 16, 2011.] 379 

 380 

5 Drug Standard of Ministry of Public Health of the People’s Republic of China (Mongolian Drugs 381 

Fascicule), 1998, 332-333. 382 

 383 

6 M. R. Bai, Y. Tu, G. N. Ba and X. H. Bao, Chinese Traditional Patent Medicine, 2010, 32, 384 

1488-1491. 385 

 386 

7 U. T. Gutser, J. Friese, J. F. Heubach, T. Matthiesen, N. Selve, B. Wilffert and J. Gleitz, Naunyn 387 

Schmiedebergs Arch Pharmacol, 1998, 357, 39-48. 388 

 389 

8 H. Sun, B. Ni, A. Zhang, M. Wang, H. Dong and X. Wang, Analyst, 2011, 137, 170-185. 390 

 391 

9 J. Friese, J. Gleitz, U. T. Gutser, J. F. Heubach, T. Matthiesen, B. Wiffert and N. Selve, Eur J 392 

Pharmacol, 1997, 337, 165-174. 393 

Page 15 of 26 Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



 394 

10 M. Mizugaki and Y. Suzuki, Japanese Journal of Toxicity, 1989, 2, 225-228. 395 

 396 

11 S. A. Sudjarwo, Folia Medica Indonesiana, 2005, 4, 190-194. 397 

 398 

12 S. Kumar, V. Singhal, R. Roshan, A. Sharma, G. W. Rembhotkar and B. Ghosh, European Journal 399 

of Pharmacology, 2007, 575, 177-186. 400 

 401 

13 D. V. Singh, M. M. Godbole and K. Misra, J Mol Model, 2013, 19, 227-238. 402 

 403 

14 Smita Pattanaik, Debasish Hota, Sudesh Prabhakar, Parampreet Kharbanda, Promila Pandhi, 404 

Phytotherapy Resarch, 2006, 20, 683-686. 405 

 406 

15 A. Khajuria, N. Thusu, U. Zutshi, Phytomedicine, 2002, 9, 224-231. 407 

 408 

16 B. Anwesa, S. K. Bhattacharyya and R. R. Chattopadhyay, Asian Pac J Trop Biomed, 2013, 3, 409 

244-252. 410 

 411 

17 M. F. Zeng, L. M. Pan, H. X. Zhu, Q. C. Zhang and L. W. Guo, Fitoterapia, 2010, 81, 490–496.  412 

 413 

18 X. R. Guo, X. H. Chen, L. Li, Z. D. Shen, X. L. Wang, P. Zheng, F. X. Duan, Y. F. Ma and K. S. 414 

Bi, Journal of Chromatography B, 2008, 873, 51-58.  415 

 416 

19Y. Bao, F. Yang and X. R. Yang, Electrophoresis, 2011, 32, 1515-1521. 417 

 418 

20 Y. Xie, Z. H. Jiang, H. Zhou, H. X. Xu and L. Liu, Journal of Chromatography A, 2005, 1093, 419 

195-203. 420 

 421 

21 G. G. Tan, J. Jing, Z. Y. Zhu, Z. Y. Lou, W. H. Li, L. Zhao, G. Q. Zhang and Y. F. Chai, Biomedical 422 

Chromatography, 2012, 26, 178-191. 423 

 424 

22 J. Beyer, F.T. Peters, T. Kraemer and H. H. Maurer, Journal of Mass Spectrometry, 2007, 42, 425 

621-633. 426 

 427 

Page 16 of 26Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



23 J. H. Liu, Y. Bi, R. Luo and X. Wu , Journal of Chromatography B, 2011, 879, 2885-2890. 428 

 429 

24 European Medicines Agency, Guideline on bioanalytical method validation, 2011, 430 

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC5001096431 

86.pdf.  432 

 433 

25 US Food and Drug Administration, Guidance for Industry: Bioanalytical Method Validation, 2001, 434 

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM435 

070107.pdf. 436 

 437 

26 S. Bajad, R. K. Johri, K. Singh, J. Singh and K. L. Bedi, Journal of Chromatography A, 2002, 949, 438 

43-47. 439 

 440 

27 S. Koul, L. Koul, S. C. Taneja, K. L. Dhar, D. S. Jamwal, K. Singh, R. K. Reen and J. Singh, 441 

Bioorganic & Medicinal Chemistry, 2000, 8, 251-268. 442 

 443 

28 J. M. Zhang, W. Liao, Y. X. He, Y. He, D. Yan and C. M. Fu, Journal of Ethnopharmacology, 444 

2013, 147, 128-135. 445 

 446 

29 M. D. Tamhane, S. P. Thorat, N. N. Rege and S. A. Dahanukar, Journal of Postgraduate Medicine, 447 

1997, 43, 12-13. 448 

 449 

30 F. Zuo, J. Zhao, N. Nakamura, J. J. Gao, T. Akao, M. Hattori, Y. Oomiga and Y. Kikuchi, J. Nat. 450 

Med., 2006, 60, 313-321. 451 

 452 

31 R. Yan, Y. Wang, W. J. Shen, Y. P. Liu and X. Di, Fitoterapia, 2011, 82, 1152-1159. 453 

454 

Page 17 of 26 Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



Figure Legends: 455 

 456 

Figure 1 Chemical structures of benzoylmesaconine (a), piperine (b), and IS (c). 457 

 458 

Figure 2 Full scan product ion spectrums of benzoylmesaconine (a), piperine (b) and IS (c). 459 

 460 

Figure 3 MRM chromatograms of a blank plasma sample (a), a blank plasma sample spiked with 461 

benzoylmesaconine, piperine and IS (b) at 0.75 ng/mL, 50 ng/mL, 1.0 µg/mL, respectively, and a 462 

plasma sample 0.33 h after oral administration of Naru-3 suspension (c). MRM transitions named 463 

m/z 590.4→105.1, 286.2→201.1 and 395.2→324.2, for benzoylmesaconine, piperine, and IS, 464 

respectively. 465 

 466 

Figure 4 Mean plasma concentration-time profiles for benzoylmesaconine (a),(b) and (c), piperine (d) 467 

and (e) in rat plasma after oral administration of different powder suspensions (n=6). Group A for 468 

AKRC group; Group B for AKRC-PLF (1:0.6); Group C for AKRC-PLF-CF (1:0.6:2). Insets show 469 

initial 1 h profiles for the two analytes. 470 
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Table 1 471 

List of selected MRM parameters, declustering potential (DP), entrance potential (EP), collision 472 

energy (CE), and cell exit potential (CXP) for each analyte and IS. 473 

 474 

Analyte Transitions DP EP CE CXP 

Benzoylmesaconine 590.4→105.1 120 10 60 10 

Piperine 286.2→201.1 110.8 10 27.5 12.6 

Brucine (IS) 395.2→324.2 125.2 10 43.3 20.6 

 475 

Table 2 476 

Summary of accuracy, precision, recovery and matrix effect of benzoylmesaconine and piperine in 477 

rat plasma (n=6). 478 

 479 

Analytes Concentration 

(ng/mL) 

Intra-day 

RSD% 

Inter-day 

RSD% 

Accuracy 

RE% 

Recovery 

(%,mean±SD) 

Matrix 

effect 

(RSD, %) 

 0.187 3.7 4.3 -7.18 68.14±5.3 4.9 

benzoylmesaconine 1.5 1.9 3.5 -8.3 73.27±2.4 4.9 

 12 3.6 6.9 -5.69 75.70±3.4 6.3 

       

 12.5 1.5 5.5 13.4 85.0±2.6 3.9 

piperine 100 1.9 2.4 -9.1 88.6±2.4 12.3 

 800 1.1 0.4 -13.0 90.5±1.6 10.7 

 480 

481 
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Table 3 482 

Summary of stability of benzoylmesaconine and piperine under various storage conditions (n=6). 483 

Condition Benzoylmesaconine  Piperine 

 concentration  

(ng/mL) 

RE(%) RSD(%) concentration 

(ng/mL) 

RE(%) RSD(%) 

Room temperature for 12 h 

 0.187 -3.2 3.6  12.5 12.5 1.2 

 1.5 -9.5 1.4  100 -14.3 1.0 

 12 -6.2 1.7  800 -9.6 2.4 

Frozen for 7 days        

 0.187 2.7 2.4  12.5 13.3 3.8 

 1.5 -3.4 1.9  100 -5.3 1.8 

 12 -7.4 3.8  800 -6.5 1.5 

Three freeze-thaw cycles       

 0.187 -2.5 10.8  12.5 9.8 4.7 

 1.5 4.3 1.5  100 -3.7 3.4 

 12 -2.9 1.6  800 -6.4 13.8 

4 ºC in autosampler for 8h in processed samples    

 0.187 -3.3 8.8  12.5 5.0 9.2 

 1.5 4.5 2.3  100 2.4 2.5 

 12 -6.3 5.5  800 -12.5 7.7 

484 
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Table 4 485 

Pharmacokinetic parameters of benzoylmesaconine and piperine in rat plasma (n=6) after oral 486 

administration three compatibility-composition suspensions designed according to Naru-3 pill. 487 

*
 means compare with Group A, p<0.05 488 

#
 means compare with Group B, p<0.05 489 

1 
AKRC  490 

2
 AKRC-PLF (1:0.6) 491 

3
AKRC-PLF-CF (1:0.6:2) 492 

Data  Benzoylmesaconine Piperine 

Group A
1
  Group B

2 
Group C

3
   Group B

2 
Group C

3
 

AUC(o-t) 

(ng h/mL) 

36.28±4.86 42.73±12.55
* 

30.33±4.94
# 

3764±724 5738±1159
#
 

AUC(o-∞) 

(ng h/mL) 

39.72±7.84 49.58±12.97 33.75±4.70
# 

3842±724 5883±1227
# 

Cmax 

(ng/mL) 

5.75±1.58 3.25±0.52
*
 4.58±1.61 382.1±72.8 446.6±91.7 

T1/2 

(h)  

13.90±4.27 16.91±3.17 14.35±2.92 8.56±1.03 8.40±1.30 

Tmax 

(h) 

0.29±0.08 0.25±0.10 0.5±0.00
*，# 0.38±0.16 0.25±0.10 
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Figure 1 Chemical structures of benzoylmesaconine (a), piperine (b), and IS (c).  
142x108mm (300 x 300 DPI)  
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Figure 2 Full scan product ion spectrums of benzoylmesaconine (a), piperine (b) and IS (c).  
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Figure 3 MRM chromatograms of a blank plasma sample (a), a blank plasma sample spiked with 
benzoylmesaconine, piperine and IS (b) at 0.75 ng/mL, 50 ng/mL, 1.0 µg/mL, respectively, and a plasma 

sample 0.33 h after oral administration of Naru-3 suspension (c). MRM transitions named m/z 590.4→105.1, 

286.2→201.1 and 395.2→324.2, for benzoylmesaconine, piperine, and IS, respectively.  

196x147mm (300 x 300 DPI)  
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Figure 4 Mean plasma concentration-time profiles for benzoylmesaconine (a),(b) and (c), piperine (d) and 
(e) in rat plasma after oral administration of different powder suspensions (n=6). Group A for AKRC group; 
Group B for AKRC-PLF (1:0.6); Group C for AKRC-PLF-CF (1:0.6:2). Insets show initial 1 h profiles for the 

two analytes.    
162x154mm (300 x 300 DPI)  
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