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Abstract 

Purpose: To establish a method for the simultaneous determination of multi-components of Rhizoma 
coptidis steamed with rice wine (RCRW), and to provide a reference for assessing its standard of 
quality.  
Method: Chromatographic separation was performed on a high performance liquid chromatography 
(HPLC) system to determine the characteristic fingerprint of RCRW. The mobile phase consisted of 
acetonitrile (A) and 0.1 % trifluoroacetic acid (B), with gradients of B as follows: 15 - 20 % from 0 – 30 
min; 20 - 25 % from 30 - 50 min; 25 - 35 % for 50 - 60 min, and 35 % for 60 - 70 min.   
Results: In the multiple reaction monitoring mode, eight components of RCRW were isolated by HPLC- 
photo-diode array (PDA) method. A fingerprint of the RCRW was established and 8 peaks were 
calibrated. The method was further validated in terms of linearity (R2 > 0.9993), precision (relative 
standard deviation, RSD < 1.51 %); repeatability (RSD < 2.98 %) and stability (RSD < 1.93 %). Mean 
recovery rate ranged from 96.2 to 103.8 %, while RSD values ranged from 0.92 to 2.88 %.  
Conclusion: These results show that HPLC-PDA method is accurate and feasible, and that they 
provide a reference for further comprehensive and effective quality control of RCRW. 
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INTRODUCTION 
 
Traditional Chinese medicines (TCM) refer to 
drugs produced under the guidance of Chinese 
medicinal theory. The compositions of these 
drugs are complex, but the effective active 
principles reside in one or more of these 
components [1,2]. Thus, it is difficult to accurately 

ascertain the internal comprehensive quality of 
TCM [3]. Therefore, quality control model for 
multi-component simultaneous determination has 
emerged as a quite important and indispensable 
tool for TCM’s quality control [4,5].  
 
In Chinese Pharmacopoeia, Rhizoma coptidis 
(RC) refers to the dry rhizomes of Coptis 
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chinensis Franch, Coptisteeta Wall, or Coptis 
deltoidea C. Y. Cheng et Hsiao.  Rhizoma 
coptidis is usually used for “clearing heat and 
dampness, and purging fire’, and for 
detoxification”. Pharmacological researches have 
revealed the beneficial effects of RC in the 
treatment of sour regurgitation, diarrhea, 
jaundice, high fever and dizziness, insomnia, 
palpitation and restlessness [6]. Rhizoma 
coptidis steamed with rice wine (RCRW) is a 
processed product of RC which has a very good 
anti-diabetic effect [7,8].  
 
Studies have shown that berberrubine, a 
metabolite of berberine, is produced in RCRW 
[9]. Berberrubine possesses hypoglycemic [10], 
anti-tumor, and anti-inflammatory properties [11]. 
Studies have shown that RCRW improved insulin 
resistance in 3T3-L1 adipocytes, and enhanced 
the ability of adipocytes to take up glucose and 
use it to improve insulin resistance at the cellular 
level in vitro [12].  
 
However, there are no studies so far on the 
quality control system of RCRW, and research 
on its composition is scanty [12]. Thus, it’s 
important to set up a comprehensive quality 
control mean for the RCRW.  
 
Multi-component quantitative analysis in 
combination with chromatographic fingerprint is 
an effective strategy for quality control of TCMs 
[13]. This technique is used in the quality control 
of Centipedae Herba [14], Yu-jin processed 
products [15], Bai Alba processed products [16], 
Radix scutellariae [17], and Rutaecarpine [18]. 
Thus, multi-component determination combined 
with fingerprint might be a feasible approach for 
the comprehensive quality control of RCRW. 
Consequently, the present study was carried out 
to establish a quality control method for RCRW 
using HPLC-PDA, based on fingerprint and 
simultaneous multi-component quantification of 8 
components (Figure 1). 
 

 
 
Figure 1: Chemical structures of the eight alkaloids in 
RCRW 
 

EXPERIMENTAL 
 
Chemicals, reagents and samples 
 
Reference standards of groenlandicine (batch 
number: MUST-17110502), columbamine (batch 
number: MUST-17031901), epiberberine (batch 
number: MUST-072011), jatrorrhizine 
hydrochloride (batch number: MUST-17110702), 
coptisine chloride (batch number: MUST-
17061705), palmatine hydrochloride (batch 
number: MUST-17022604), and berberine 
hydrochloride (batch number: MUST-17110105) 
(purity ≥ 98 %) were purchased from the 
Chengdu Must Bio-Technology Co., Ltd. The 
reference standard of berberrubine (batch 
number: 16121302) (purity ≥ 98 %) was bought 
from Chengdu Pufei De Biotech., Ltd. Methanol 
and acetonitrile (Fisher Scientific) were of HPLC 
grade. Other reagents were of analytical purity. 
Liquid-phase water was made by superior-PU 
Ultra-Pure (UPH-I-10T, Chengdu Ultrapure 
Technology Co. Ltd). 
 
Five 5 batches of RCRW samples used (S1-S5) 
were provided by the Xunkang Pharm. Ltd. 
(Ya’an, China), while 5 other batches of RCRW 
(S6-S10) were processed in our laboratory (State 
Administration of Traditional Chinese Medicine 
Research Laboratory). RC samples were 
obtained from Chengdu Hehuachi medicinal 
herbs market, and were identified by Professor 
Xianming Lu (detailed sample information is 
shown on Table 1). Compared with RC, the color 
of RCRW ranged from brownish to dark brown, 
and the appearance was rough, with tiny fibrous 
roots (Figure 2). 
 
Table 1: Information on 10 batches of RCRW used 
 

Code Sample 
information 

Place of purchase 

S1 Company made 1 Xunkang Pharm. Ltd. 
(Ya’an, China) 

S2 Company made 2 Xunkang Pharm. Ltd. 
(Ya’an, China) 

S3 Company made 3 Xunkang Pharm. Ltd. 
(Ya’an, China) 

S4 Company made 4 Xunkang Pharm. Ltd. 
(Ya’an, China) 

S5 Company made 5 Xunkang Pharm. Ltd. 
(Ya’an, China) 

S6 Laboratory made 1 Chengdu Hehuachi 
medicinal herbs market 

S7 Laboratory made 2 Chengdu Hehuachi 
medicinal herbs market 

S8 Laboratory made 3 Chengdu Hehuachi 
medicinal herbs market 

S9 Laboratory made 4 Chengdu Hehuachi 
medicinal herbs market 

S10 Laboratory made 5 Chengdu Hehuachi 
medicinal herbs market 
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Figure 2: Original plant (Coptis chinensis Franch) (A); 
Original herbs (B); Rhizoma Coptidis (C), and 
Rhizoma Coptidis steamed with rice wine (D) 
 
Instrumentation and chromatographic 
conditions 
 
The HPLC analyses was performed using a 
Prominence-i LC-2030C 3D instrument equipped 
with a photo-diode array (PDA) detector, an auto 
sampler, a column heater, and a Welch 
Ultimate®XB-C18 (250 mm×4.6 mm, 5 µm) 
column. The mobile phase consisted of 
acetonitrile (A) and 0.1 % trifluoroacetic acid (B), 
with gradient of B as follows: 15 - 20 % from 0 – 
30 min; 20 - 25 % from 30 - 50 min; 25 - 35 % for 
50 - 60 min, and 35 % for 60 - 70 min. Column 
temperature was set at 25 oC, while its flow rate 
was 1 mL/min. The injection volume was 10 µL, 
and 346 nm is the UV detection wavelength. 
 
Under these chromatographic conditions, 
chromatographic peaks of the sample solution 
and reference solution were identical and had the 
same retention times. The degree of separation 
of groenlandicine, columbamine, epiberberine, 
jatrorrhizine hydrochloride, coptisine chloride, 
berberrubine, palmatine hydrochloride, and 
berberine hydrochloride were all greater than 1.5, 
the number of theoretical plates was greater than 
60000, and the negative reference substance 
showed no chromatographic peak in 
corresponding position. Thus, the method 
showed good specificity. 
 
Sample preparation 
 
The RCRW (0.2 g, sieved through a 60-mesh) 
was mixed with 50 mL of a solution of methanol 
and hydrochloric acid (100:1, v/v). Then, it was 
processed ultrasonically for 30 min, after 
weighing the flask. The solution was then filtered. 
The filtrate (2 mL) was put in a 10-mL volumetric 
flask, and methanol was added to the tick mark, 

with shaking. The solution was filtered through a 
filter (0.45 µm pore size, Nylon) prior to injection. 
 
Preparation of standard solutions 
 
Methanol (HPLC grade) was used to prepare 25 
mL of each of the standard compounds 
groenlandicine, columbamine, epiberberine, 
jatrorrhizine hydrochloride, coptisine chloride, 
berberrubine, palmatine hydrochloride, and 
berberine hydrochloride at concentrations of 
1.36, 7.12, 0.643, 4.176, 18.33, 0.515, 15.708 
and 58.32 μg/mL. The standard solutions were 
kept at 4 °C prior to analysis. 
 
Validation of HPLC method 
 
Linearity was surveyed and evaluated using 
serial concentrations of the standard solutions of 
the eight components. Using the 
chromatographic conditions stated earlier, the 
peak areas of mixed standard solutions were 
determined with sample volumes of 1, 2, 4, 6, 8, 
10, 15 and 20 μL. The calibration curves were 
constructed by plotting peak area against 
concentration. From the standard curve, 
regression equations were derived using the 
reference quantity of the control sample as the 
horizontal axis (x) and the peak area of the 
chromatogram as the ordinate (y). The limit of 
detection (LOD) and limit of quantification (LOQ) 
were the corresponding concentrations at signal-
to-noise ratios of 3:1 and 10:1, respectively.  
 
Precision was assessed by repeating six 
measurements of the same mixed reference 
solution with a sample volume of 10 μL. The 
RSD values were calculated from the peak areas 
of groenlandicine, columbamine, epiberberine, 
jatrorrhizine hydrochloride, coptisine chloride, 
berberrubine, palmatine hydrochloride and 
berberine hydrochloride. 
 
Repeatability was obtained from six replicated 
determinations of the sample (sample 1) solution 
with sample volume of 10 μL. The RSD values 
were calculated based on the mass fraction of 
groenlandicine, columbamine, epiberberine, 
jatrorrhizine hydrochloride, coptisine chloride, 
berberrubine, palmatine hydrochloride and 
berberine hydrochloride.  
 
Stability was tested with 10 μl of each sample 
solution kept at room temperature for different 
durations i.e. 0, 2, 4, 6, 8, 1, 12, 16 and 24 h 
after preparation, and the RSD values were 
calculated. 
 
Six samples (S1, 0.1 g), determined already, 
were weighed. Then 1 mL standard solution in 
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which the concentrations of the eight compounds 
were 0.2125, 0.6675, 0.150, 0.475, 2.225, 
0.08125, 2.025, and 2.625 mg/mL, respectively, 
was added. Using the above method of sample 
preparation, the peak areas of the mixed 
standard solution were determined with the 
sample size of 10 μL, and the rate of recovery 
(R) was obtained. Estimating the average 
recovery based on the following formula: 
 
R(%)=[(Af-Of)/As]100 ............. (1) 
 
where Af is the actual measured content, Of is 
the theoretical material content, and As is the 
amount of standard. 
 
RESULTS 
 
The HPLC chromatograms of mixed standards, 
sample and negative reference compound are 
shown in Figure 3. 
 

 
 
Figure 3: HPLC chromatograph of reference 
compounds (A), sample (B) and negative reference 
substance (C). (4: groenlandicine, 7: Columbamine, 8: 
epiberberine, 9: jatrorrhizine hydrochloride, 10: 
coptisine chloride, 11: berberrubine, 12: palmatine 
hydrochloride, and 13: berberine hydrochloride) 
 
To confirm the most effective extraction 
procedure with the highest yields of the eight 
compounds, different extraction parameters i.e. 
extraction methods (ultrasonic, and reflux), 
extraction solvents (methanol, methanol: 

hydrochloric acid (100:1, v:v), methanol-
hydrochloric acid (100:3, v:v), 70 % methanol, 70 
% methanol: hydrochloric acid (100:1, v:v)), 
volume of solvent (30, 50 and 70 mL), and 
extraction time (15, 30 and 45 min) were 
examined and optimized. 
 
Ultrasonic extraction with 50 mL of methanol: 
hydrochloric acid (100:1, v:v) for 30 min was 
selected as the best extraction condition. 
Furthermore, different types of columns were 
investigated. The Welch Ultimate®XB-C18 (250 
mm×4.6 mm, 5mm) column, which allowed for 
providing the widest range of usable pH(pH 2-
10), was selected. Aqueous solutions of 
acetonitrile and 0.1 % trifluoroacetic acid were 
the most suitable eluents for gradient elution 
because they resulted in satisfactory resolutions 
and fairish peak parameters. 
 
The linearity results for the eight components are 
shown in Table 2. The data showed a good linear 
correlation (R2 > 0.9993). The LOD and LOQ 
values ranged from 0.03 to 0.54 ng, and 0.11 to 
1.90 ng, respectively. 
 
In the precision test, the RSD values of the peak 
areas of the eight components ranged from 0.88 
to 1.51 %, which indicated that the instrument 
had high precision, and in the repeatability test, 
the RSD values of each compound were less 
than 2.98 %, indicating the method had good 
repeatability. In the stability test, the RSD values 
of the compounds ranged from 0.99 to 1.93 %, 
suggesting that the eight compounds were stable 
within 24 h. With regard to the recovery results, 
the average recovery rates were between 96.97 
and 103.01 %, with RSD values ranging from 
0.92 to 2.88 %. These results are shown in Table 
3 and Table 4. 
 
From the results of characteristic pattern analysis 
of 10 batches of samples, there were 13 
common characteristic peaks in RCRW (Figure 
4). Eight of these peaks were identified by 
comparing with the standard compounds. 

 
Table 2: Calibration curves, LOD and LOQ of the investigated compounds 
 
Compound Regression equation Linear range R2 LOD  

(ng) 
LOQ 
(ng) 

Groenlandicine y=5241366.6960x-2320.6343 1.36-27.20 R2=0.9993 0.54 1.90 
Columbamine y=4551141.9960x-402.8308 7.12-142.40 R2=0.9999 0.12 0.39 
Epiberberine y=48318782.5900x-608.9129 0.64-12.86 R2=0.9999 0.03 0.11 
Jatrorrhizine hydrochloride y=5341672.4650x-516.5498 4.18-83.52 R2=0.9999 0.12 0.40 
Coptisine chloride y=3058012.4930x-916.1692 18.33-366.60 R2=0.9999 0.14 0.46 
Berberrubine y=8319926.0740x-475.0846 0.52-10.29 R2=0.9997 0.20 0.78 
Palmatine hydrochloride y=4177409.4220x+3913.2391 15.71-314.16 R2=0.9999 0.07 0.25 
Berberine hydrochloride y=3860587.4720x+5614.4852 58.32-1166.40 R2=0.9999 0.05 0.19 
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Table 3: Recovery in the HPLC method for determination of 4 of the compounds 
 

Compound Original found 
(mg) 

Amount spiked 
(mg) 

Amount found 
(mg) Recovery (%) Mean 

recovery (%) RSD (%) 

Groenlandicine 

0.17  0.21  0.39  103.64  

101.38  2.88  

0.18  0.21  0.40  104.45  
0.18  0.21  0.40  103.69  
0.17  0.21  0.38  97.44  
0.16  0.21  0.38  99.06  
0.17  0.21  0.38  100.01  

Columbamine 

0.61  0.67  1.27  99.06  

97.60  2.23  

0.63  0.67  1.26  95.22  
0.62  0.67  1.26  95.60  
0.62  0.67  1.29  100.81  
0.60  0.67  1.25  96.54  
0.61  0.67  1.26  98.35  

Epiberberine 

0.08  0.15  0.23  103.54  

102.64  1.05  

0.08  0.15  0.23  103.42  
0.08  0.15  0.23  102.77  
0.08  0.15  0.23  103.21  
0.08  0.15  0.23  102.23  
0.07  0.15  0.22  100.68  

Jatrorrhizine 
hydrochloride 

0.41  0.48  0.88  99.40  

97.15  1.60  

0.42  0.48  0.88  95.97  
0.42  0.48  0.88  96.99  
0.40  0.48  0.87  97.18  
0.41  0.48  0.87  98.27  
0.39  0.48  0.85  95.07  

 
Table 4: Recovery in the HPLC method for determination of 4 of the compounds 
 

Compound Original found 
(mg) 

Amount spiked 
(mg) 

Amount found 
(mg) Recovery (%) Mean 

recovery (%) RSD (%) 

Coptisine 
chloride 

2.31 2.23 4.47 97.30 

97.01 1.56 

2.36 2.23 4.54 97.61 
2.34 2.23 4.55 99.46 
2.26 2.23 4.41 96.55 
2.28 2.23 4.42 96.08 
2.21 2.23 4.32 95.04 

Berberrubine 

0.04 0.08 0.12 101.44 

100.94 0.92 

0.04 0.08 0.12 102.47 
0.04 0.08 0.12 100.56 
0.04 0.08 0.12 99.78 
0.04 0.08 0.12 100.95 
0.04 0.08 0.12 100.42 

Palmatine 
hydrochloride 

1.93 2.03 3.92 98.06 

96.97 1.61 

1.98 2.03 3.92 95.73 
1.97 2.03 3.90 95.57 
1.96 2.03 3.97 99.56 
1.90 2.03 3.84 96.13 
1.91 2.03 3.87 96.77 

Berberine 
hydrochloride 

8.08 2.63 10.80 103.41 

103.01 1.11 

8.02 2.63 10.68 101.58 
7.74 2.63 10.46 103.33 
7.81 2.63 10.56 104.88 
7.55 2.63 10.24 102.32 
7.71 2.63 10.41 102.53 

 
Peak 4 was groenlandicine, and peaks 7 - 13 
were identified as columbamine, epiberberine, 
jatrorrhizine hydrochloride, coptisine chloride, 
berberrubine, palmatine hydrochloride and 
berberine hydrochloride, respectively. The 
regularities of these characteristic peaks were 
relatively strong and had good consistency, and 
they could be used as an effective quality 
evaluation method for RCRW. The characteristic 
fingerprint established had strong specificity, and 

was of reference significance for the identification 
of RCRW. 
 
The results of HPLC-PDA quantitative assays for 
the 10 batches of samples are shown in Table 5. 
In the RCRW, the average contents of berberine 
and coptisine chloride were 7.69 and 2.46 %, 
respectively. The changes in contents may be 
due to processing. 
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Table 5: Contents of the 10 batches of RCRW 
 

No. Groenlandicine Columbamine Epiberberine Jatrorrhizine 
Hydrochloride 

(mg/g) 

Coptisine 
chloride 
(mg/g) 

Berberrubine Palmatine 
hydrochloride 

Berberine 
hydrochloride

（mg/g） (mg/g) (mg/g) (mg/g) (mg)) (mg) 
S1 1.79 6.38 0.80 4.35 24.15 0.43 20.25 82.41 
S2 1.89 5.59 0.89 4.41 25.35 0.36 18.89 80.27 
S3 1.84 5.13 1.02 3.85 26.92 0.13 18.05 80.74 
S4 1.39 4.99 0.70 3.62 20.72 0.10 16.61 73.01 
S5 1.41 5.16 0.70 3.66 22.02 0.21 16.34 69.38 
S6 1.89 5.46 0.94 4.20 27.31 0.11 17.91 76.57 
S7 1.76 5.25 0.93 4.11 26.83 0.13 17.30 76.45 
S8 1.77 5.54 0.89 4.13 25.72 0.10 17.68 72.66 
S9 1.79 6.31 0.87 4.19 24.55 0.36 20.07 81.32 
S10 1.62 5.82 0.76 3.95 22.33 0.29 19.01 76.58 

 

 
 
Figure 4: Standardized characteristic fingerprints of 
RCRW (S1 - S10) 
 
DISCUSSION 
 
The use of HPLC-ELSD, HPLC and UPLC-PAD 
as a means of quality control of RC have been 
reported [19-23]. In the 2015 edition of the 
Chinese Pharmacopoeia and Hong Kong 
Chinese standards, the quality control of RC 
used 4 and 2 components as quality control 
indicators, respectively. At present, the quality 
control of RCRW is based on RC, but studies on 
RCRW lack deep specificity. Moreover, there are 
no investigations on simultaneous determination 
of groenlandicine, columbamine, epiberberine, 
jatrorrhizine hydrochloride, coptisine chloride, 
berberrubine, palmatine hydrochloride, and 
berberine hydrochloride in RCRW. Thus, it is 
very necessary to study the standard of quality of 
RCRW. 
 
In the present study, the HPLC-PDA method was 
used to analyze the quality of 8 components of 
RCRW from the point of view of fingerprint and 
multi-component quantification, and a method of 
simultaneous determination of multiple 
components was established, which was simple 
and reproducible. The use of the eight alkaloids 
was based on reports from relevant literature on 

the high activity components found on related 
websites. These compounds can serve as 
reference for assessing the standard of quality of 
RCRW. 
 
CONCLUSION 
 
A characteristic HPLC fingerprint of RCRW has 
been successfully established with simultaneous 
content determination of 8 constituents 
(groenlandicine, columbamine, epiberberine, 
jatrorrhizine hydrochloride, coptisine chloride, 
berberrubine, palmatine hydrochloride and 
berberine hydrochlorid). The established method 
is simple, rapid and accurate. It has both 
qualitative and quantitative applications, and it 
provides a scientific basis for effective quality 
control of RCRW. 
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