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ABSTRACT 
Rumex crispus (RC) or Cordyceps militaris (CM) has been used traditionally to treat various diseases and 

has been also consumed as a functional food made by humanitas medicine concept. We prepared a new 

herbal mixture, AST2017-01 which is mainly composed of processed (Beopje)-RC (P-RC) and -CM (P-

CM). This study aims to validate marker compounds (chrysophanol and cordycepin) in P-RC and P-CM 

and water extracted-RC and -CM using liquid chromatography-tandem mass spectrometry. In addition, 

we analyzed contents of chrysophanol and cordycepin in AST2017-01. The linarites of chrysophanol and 

cordycepin were obtained in calibration curve with a coefficient of correlation of 0.999. The results 

showed that the concentrations of chrysophanol and cordycepin in P-RC and P-CM were almost 1.70 and 

1.23 fold higher than that in RC and CM, respectively. Furthermore, contents of chrysophanol and 

cordycepin in the AST2017-01 are approximately 0.13% and 0.028%, respectively. In conclusion, these 
results indicate that chrysophanol and cordycepin were validated as marker compounds in the AST2017-

01. 
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INTRODUCTION 
 
Standardization of medicinal herb is very important parts for 

the development and production of health functional foods and 
medicinal drugs. Medicinal herbs have obtained their efficacy 
and safety through long-term ingestion experience. However, 
qualities of medicinal herbs depend on a natural product-
producing center, soil, collection time, and cultivation 
conditions. And contents of compound in medicinal herbs are 
difference by various extraction methods. The quality control 
method based on the content of a marker compound is usefully 
used to scientifically demonstrate the functionality and safety 

of medicinal herbs and a marker compound can be used as an 
index of quality control by establishing standardization for 
functional foods or medicinal drugs (KFDA, 2007).  

Rumex crispus (RC) belongs to the family Polygonaceae. In 
Korean medicine, this is widely used to treat inflammation, 
diarrhea, jaundice, disinfestation, and edema (Cho et al., 2016; 
Lee et al., 2013). Recently, Orbán-Gyapai et al. (2014) reported 
that RC has neuroprotective and neurorestorative properties. 

The marker compound of RC is chrysophanol (Qian et al., 
2008).  

Cordyceps militaris (CM), a species of the fungal genus 

Cordyceps, have been generally used as a traditional tonic in 
East Asia and China (Won and Park, 2005; Das et al., 2010; 

Yue et al., 2013). CM shows anti-cancer and anti-inflammatory 
properties (Rao et al., 2010; Ruma et al., 2014; Lee et al., 
2015;Song et al., 2016). Cordycepin, one of the marker 
compound and major bioactive components of CM, has anti-
allergic inflammatory and anti-oxidant properties (Kim et al., 
2006; Yoou et al., 2016, 2017). 

 
Fig. 1. Plants and structure of marker compounds. (A) Rumex crispus. 

(B) Structure of chrysophanol. (C) Cordyceps militaris. (D) Structure 

of cordycepin. 
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In Korean medicine, various processing methods (Beopje, 

法製) have been applied to herbal medicines in order to 

improve their therapeutic effects and safety in clinical trials. 
The processing methods for herbal medicines such as toasting, 
boiling in honey, steaming, and dipping or soaking in alcohol, 
water, or vinegar can increase their desirable effect, and 
decrease toxicities and side effects (Kim et al., 2002; Lee et al., 

2003). Studies investigating changes in biological activities and 
chemical components upon processing were carried out for 
several medicinal herbs (Doui et al., 2010; Lee et al., 2010; 
Shin et al., 2003). In this respect, we applied the specific 
process to the RC and CM and prepared a new healthful herbal 
mixture, AST2017-01 which is mainly composed of processed-
RC (P-RC) and processed-CM (P-CM). In this study, we 
identified the changes of chrysophanol and cordycepin in non-
processed and processed herbs and validated chrysophanol and 

cordycepin as the marker compounds in AST2017-01 using 
liquid chromatography-tandem mass spectrometry (LC-
MS/MS). 

 

 

MATERIALS AND METHODS  
 

Preparation of RC and CM 
AST2017-01 was provided by Gahwa Well Food Co. 
(Chungbuk, Republic of Korea). RC and CM were boiled with 
distilled water (DW) at 80°C for 3 h. P-RC and P-CM were 
processed by Korean traditional method, Beopje. Dried RC and 
CM were prepared in order of wash, steam, dehydrated, parch, 

and then dehydrate. The crude extracts (RC, CM, P-RC, P-CM, 
and AST2017-1) were filtered and concentrated in vacuo at 

60C. And then these were lyophilized. The extract yields of 

herbs were about 15 - 20 % (w/w). The powders were dissolved 

in DW and filtered using a 0.22 m syringe filter and kept at 

4°C. Chrysophanol (purity: ≥ 98%) and cordycepin (purity: ≥ 
95) were purchased from Sigma Chemical Co.(St. Louis, MO, 
USA) and prepared by dissolving it in dimethyl sulfoxide and 
DW, respectively and then diluting with DW.  

 

Table 1. Analytical conditions of LC-MS/MS for analysis of 

chrysophanol 

Column 
Thermo Syncronis HILIC column 

 (150 X 2.1mm, 5 μm) 

Column temp. 25C 

Mobile phase Methanol / 0.1%formic acid = 85/15(v/v) 

Flow rate 200 l /min 

Injection 

volume 
5 l 

Autosampler 

temp. 
25C 

Detector 

(MS/MS) 

Native ion mode, MRM mode 

Target Compound(m/z) 253.1→224.9 

DP. : -77.09 

EP -10.96 

CE -37.95 

CXP: -15.75 
 

 

Analysis of chrysophanol and cordycepin 
The chrysophanol and cordycepin were analyzed using LC-
MS/MS (LC: 1290Infinity; Agilent Technologies, Richardson, 
TX, USA; MS/MS: API 4000; Applied Biosystems, Foster City, 

CA, USA). RC and P-RC were extracted with ethyl acetate and 
filtered. CM and P-CM were dissolved in DW. Analytic 
conditions were summarized in Table 1 and Table 2. The 
concentration was analyzed using Analyst software (version 
1.4.2; Applied Biosystems). 

Table 2. Analytical conditions of LC-MS/MS for analysis of 

cordycepin 

Column 
Thermo Syncronis C18 column  

(150 X 2.1mm, 5 μm) 

Column 

temp. 
25C 

Mobile 

phase 
Methanol / 0.1%formic acid = 85/15(v/v) 

Flow rate 200 l /min 

Injection 

volume 
5 l 

Autosampler 

temp. 
25C 

Detector 

(MS/MS) 

Positive ion mode, MRM mode 

Target Compound(m/z) 252.1→136.1 

DP. : 66.03 

EP 10.89 

CE 21.45 

CXP: 7.09 
 

 

 

RESULTS 
 

Analysis of chrysophanol and cordycepin by LC-MS/MS 
The concentrations of chrysophanol (a marker compound of 

RC) and cordycepin (a marker compound of CM) (Fig. 1) were 
analyzed using LC-MS/MS. Figure 2 showed calibration curves 
(Fig. 2A) and LC-MS/MS spectrum of marker compounds (Fig. 
2B). The linarites of chrysophanol and cordycepin were 
obtained in calibration curve with a coefficient of correlation of 
0.999 (Figs. 2A and B). LC-MS/MS patterns of standard and 
marker compounds were showed in Figure 3. The analytical 
results for chrysophanol and cordycepin are abbreviated in 

Table 3. Results on the chemical compositions of RC, P-RC, 
CM, and P-CM showed that the contents of chrysophanol were 
about 0.8166 mg/g and 1.3842 mg/g in RC and P-RC, 
respectively and the concentrations of cordycepin were about 
1.2029 mg/g and 1.4821 mg/g in CM and P-CM, respectively 
(Table 3). The concentrations of chrysophanol and cordycepin 
in P-RC and P-CM were almost 1.23 and 1.70 fold higher than 
that in RC and CM, respectively. 

 

 
 
Fig. 2. Calibration curves and LC-MS/MS spectrum of marker 

compounds. (A) Calibration curve. (B) LC-MS/MS spectrum of 

chrysophanol (upper) and cordycepin (lower). 
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Fig. 3 LC-MS/MS pattern of standard and marker compounds. (A) 

Chrysophanol standard. (B) Chrysophanol in processed-RC (P-RC). (C) 

Cordycepin standard. (D) Cordycepin in processed-CM (P-CM). 

 

Table 3. Contents of marker compounds by LC-MS/MS. 

Samples Chrysophanol 

(mg/g) 

Cordycepin 

(mg/g) 

Rumex crispus 0.8166   

Processed-Rumex crispus 1.3842   

Cordyceps militaris  1.2029  

Processed-Cordyceps 

militaris 

 1.4821  

 

Contents of chrysophanol and cordycepin in the AST2017-

01 by LC-MS/MS 
Contents of chrysophanol and cordycepin in AST2017-01 were 
determined using LC-MS/MS. The analytical results for 
chrysophanol and cordycepin are abbreviated in Table 4. 
Results on the chemical composition of AST2017-01 showed 
that the chrysophanol was about 0.13% and cordycepin was 

about 0.028%.  

 
Table 4. Contents of marker compounds in AST2017-01 by LC-

MS/MS. 

Samples Chrysophanol 

(%) 

Cordycepin 

(%) 

AST2017-01  0.13 0.028 

 

 

DISCUSSION  
 
Medicinal herb contains a variety of nutrition and diterpenes, 
triterpenes, vitamins, essential amino acids, sesquiterpenes, 
anthraquinones, phytosterols, glycosidic derivatives of 
flavonoids, caffeoylquinic acid derivatives, minerals, and trace 
elements,. It has various biological properties. Although drugs 
can alleviate the symptoms of various diseases, research efforts 

are currently focusing on functional foods and medicinal herbs 
that possess the ability to reduce the clinical symptoms of these 
diseases (Ryu et al., 2015; Seo et al., 2015). Many active 
components derived from medicinal herb have recently 
fascinated attention for their potential use as drugs or functional 
foods for treating and preventing various diseases (Ha et al., 
2014). However, to develop medicinal herb as a health 
functional food or drug, it is also necessary to analyze the 
marker compound. RC contains chrysophanol, saponin, tannins, 

flavonoids, oil, and emodin (Jeong et al., 2006). A variety of 
compounds (cordycepin, cordycepic acid, nucleosides, 
polysaccharides, ergosterol, and other compounds) have been 
isolated from CM (Yue et al., 2012). In this study, we showed 
that contents of chrysophanol and cordycepin in P-RC and P-

CM were higher than RC and CM. In addition, we found that 
AST2017-01 contains chrysophanol and cordycepin as marker 
compounds. In conclusion, we suggested that chrysophanol and 
cordycepin were validated as marker compounds in the 
AST2017-01. 
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