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Simultaneous Determination of Phenolic Acids and Anthraquinones in
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Abstract : To establish a high performance liquid chromatography (HPLC) method for the simultaneous determination of
chlorogenic acid,neochlorogenic acid ,nprotocatechualdehyde , nprotocatechuicnacid , cryptochlorogenic acid, caffeic acid,
1,3-dicaffeoylquinic acid,ferulic acid,3,4-dicaffeoylquinic acid,3,5-dicaffeoylquinic acid,4 ,5-dicaffeoylquinic acid, al-
oe emodin, emodin and chrysophanol in Xanthii Herba and Xanthii Fructus. The assay was conducted on an Agilent
ZORBAX SB-Cj; column (250 x4.6 mm,5 pm) with methanol-0. 1% formic acid in water as mobile phases. The flow
rate was 1.0 mL/min,the detection wavelength was 254 nm and the column oven temperature was 35 “C. The injection
volume was 10 pL. The calibration curves of the 14 constituents showed good linearity (r >0.9931) within the ranges of
the tested concentrations. The average recoveries (n =6) of 14 constituents were 97. 18%-101. 09% . The results
showed that the contents of these 14 constituents varied in Xanthii Herba and Xanthii Fructus. The contents of chlorogen-
ic acid and protocatechuic acid were the highest,while the contents of aloe emodin,emodin and chrysophanol were low-
est. The developed method was simple, accurate and reproducible. It can be used for the quality evaluation and control of
Xanthii Herba and Xanthii Fructus.
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Table 1 ~ Sample information of X. stbiricum
' FE JnT FEHL Eiinss E 3
No. Sample Processing method Producing place Batch Source
e . ) . GRIE PR R A R
S1 & H- % Xanthii Herba fifi+ Sun drying 114 Shandong 20130809 Anhui Guoxin Herbal Pieces Co. . Lid.
e e . . s . RO ET AR A IRA
S2 % H-#1 Xanthii Herba fifi+ Sun drying 2244 Anhui 20130914 Anhui Hugiao Medicine Technology Co. , Lid.
TRRAEE PR AR A
S3 % H-# Xanthii Herba fifi+ Sun drying 1 ZR Shandong 20130914 Anhui Fu Chun Tang Chinese
medicine Yinpian Co. , Lid.
DRI = LA FR S
S4 % H-# Xanthii Herba i+ Sun drying 2 Anhui 20130828 Anhui Bozhou three Yi Tang
Pharmaceutical Co. ,Ltd.
e e . ' . N . BTN A BRA H
S5 = H-¥1 Xanthii Herba ffi+ Sun drying 7t Hebei 20130703 Anhui Jiren Pharmaceutical Co. | Lid.
P . . M s P2 R A B 7
6 T Xanthii Herba BT Sun drying (L) Jiangsu Taizhou Gaogang Chinese Medicine Co. Lid.
T . . . M 25 A A
S7 4 HFT Xanthii Herba Wi Sun drying {175 Jiangsu 20130718 Suzhou Chunhui Tong Pharmaceutical Co. Ltd.
e e .. . LI A ERE Yancheng
S8 % H- %1 Xanthii Herba fifi+ Sun drying 115 Shandong 20130630 Hospital of Traditional Chinese Medicine
e . e AR A A 7
S9 % H-3 Xanthii Herba i+ Sun drying {I.75 Jiangsu 20130825 Bozhou Yonggang pieces Co. Ltd.
e e .. . , . AL A AT PR T
S10 % H-®1 Xanthii Herba i+ Sun drying 14t Hubei 20130622 Nanjing medical Co. Lid.
S11 B H-FL Xanthii Herba fifi+ Sun drying VL5 Jiangsu 20130324 KAEH 245 Dahua Chinese medicine shop
S12 B H- 2L Xanthii Herba fifi+ Sun drying 48 Anhui 120803 5 F K255 Yifeng Large Pharmacy
T ] o y . e VL7 H EEBE Jiangsu Province
S13 & H-# Xanthii Herba fifi+ Sun drying 7L.75 Jiangsu 130912 Traditional Chinese Medicine Hospital
e e . - . . . LHARAR PR A IR AR
Si4 #H-5 Xanthii Herba A5 T Sun drying #IAL Hubei 130803 Anhui Fu Chun Tang Pharmaceutical Co. ,Ltd.
S15 % H-# Xanthii Herba fi#i+ Sun drying VL5 Jiangsu 20130718 P MALAE Yizheng, Yangzhou
S16 B H-EL Xanthii Herba ffi+ Sun drying 284 Anhui 20130630 28 =M Bozhou , Anhui
S17 % H-# Xanthii Herba fifi+ Sun drying 1% Shandong 20130825 IIZR T & Qingdao, Shandong
S . . . S 1 T P R 2R 2 2450 Nanjing University of
S18 & H-% Xanthii Herba fifi+ Sun drying Y175 Jiangsu 20131015 Chinese Medicine of Jiangsu drug court
S19 % H-F Xanthii Fructus fifi+ Sun drying ¥ Henan 20131020 T BT & Kaifeng, Henan
S20 % H-F Xanthii Fructus i+ Sun drying PgJi| Sichuan 20131103 P9 1] 5 # Chengdu , Sichuan
s21 % H-F Xanthii Fructus 5T Sun drying 1t Hubei 20131028 W11t +38 Shiyan, Hubei
S22 & H-F Xanthii Fructus i+ Sun drying 114 Shandong 20130916 A HFE Zaozhuang , Shandong
S23 % H-1 Xanthii Fructus fifi+ Sun drying 5% Inner Mongolia 20131107 N5 756 Chifeng, Inner Mongolia
S24 % H-1 Xanthii Fructus ffi+ Sun drying 52 Inner Mongolia 20131004 %2433k Baotou, Inner Mongolia
S25 % H--F Xanthii Fructus fifi+ Sun drying VLI Jiangsu 20131015 PR 25 KA 2540 Nanjing University of

Chinese Medicine of Jiangsu drug court
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S26 & H-F Xanthii Fructus  #5# Yellowing by stir-frying W5t . 20131107 N5 7514 Chifeng, Inner Mongolia
Inner Mongolia
.. . e N . B R BE 2R 2% 2431 Nanjing University of
P s _ T )
S27 B H-7 Xanthii Fructus 45 #% Yellowing by stir-frying VL7 Jiangsu 20131015 Chinese Medicine of Jiangsu drug court
e . . PN R =P 2RO R R
. ; 193 = YLopn
528 T Xanthii Fructus 58 Yellowing by stir-frying  LJJ Jiangsu Nantong Sanyue Chinese Herbal Medicine Co. Lid.
e . . e . R P AR A AR
) B Stir- < She
S29 % H-F Xanthii Fructus Y5 Yellowing by stir-frying [1] %5 Shandong Anhui Huilong Chinese Herbal Medicine Co. |, Ltd.
A ZE 15 Dahue
S30 % H.1 Xanthii Fructus ~ #5# Yellowing by stir-frying ]t Hubei 20130401 j(+¢‘z’5ﬁ|:_| ,Dthd
Chinese medicine shop
S e A
s31 % HF Xanthii Fructus 453 Yellowing by stir-frying JT % Jiangsu 120513007 AR RS
Beijing Tongrentang Pharmacy
S32 % H.1 Xanthii Fructus ~ #5# Yellowing by stir-frying 71 F§ Henan 130911 5 FE K2 B3 Yifeng Large Pharmacy
- e .. . . . e 1 VL7 W EEBE Jiangsu Province
S33 % H-F Xanthii Fructus Y5 Yellowing by stir-frying VT.J5 Jiangsu 130826 Traditional Chinese Medicine Hospital
s 4o A ) ¥ C
S34 B H-7 Xanthii Fructus %5 #% Yellowing by stir-frying PUJI| Sichuan hkﬁﬁfﬂ%(&*%ﬁfm éy'(,hengdu
Lotus Pond Chinese medicine market
.. . e . . BT AL H 2544 T3 Chengdu
pis P 1S Pl -
S35 B HF Xanthii Fructus ~ #5# Yellowing by stir-frying & K Chongqing Lotus Pond Chinese medicine market
. . e NEJ! M TR A PR H
pas [ Pl Ving -1y
536 EHF Xanthii Fructus — AH] Yellowing by stir-frying nner Mongolia 121201 Bozhou Qian Grass Pharmaceutical Co. ,Ltd.
. e . - . s . LA PR A R
. s Wb : G ;
S37 B H-T Xanthii Fructus ~ #5# Yellowing by stir-frying ]t Hubei 130902 Anhui Fu Chun Tang Pharmaceutical Co. . Ltd.
LRHRE PR AR R
S38 B H-7 Xanthii Fructus 5 #% Yellowing by stir-frying b Hubei 130101 Anhui Tianma Chinese herbal medicine
science and Technology Co. |, Ltd.
Jbnt B MR 5 A TR A R
S39 T H-T Xanthii Fructus  #0# Yellowing by stir-frying [lI %< Shandong 200007460 Beijing Bozhou Tongrentang pieces
limited liability company
PETIN SR T -
S40 & H-F Xanthii Fructus 5 # Yellowing by stir-frying “ZZ#{ Anhui 140101 TLJ 48 H PR Jiangsu Province

Traditional Chinese Medicine Hospital
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Table 2 Calibration cures,LODs and LOQs of fourteen reference substances

o f{i&ﬁﬁﬁ ?32@7@5] RN R
Substances egression r Linear range LOD LOQ
equation (pg/mL) (pg/mL) (pg/mL)
2% J5 iR Chlorogenic acid Y =2.76 x 107X + 178575 0.9990 8.24 ~28.7 0.13 0.48
B4k JE 2 Neochlorogenic acid Y=1.08 x10"X -11162 0.9931 1.27 ~8.89 0.21 0.44
JE JLZS I Protocatechuic aldehyde Y =4.13 x 10°X +464.77 0.9993 1.17 ~8.19 0.15 0.33
JFLZS 2 Protocatechuic acid Y =1.25 x10"X -5084. 8 0.9973 0.76 ~5.32 0.18 0.34
24k IR 4-Dicaffeoylquinic acid Y =1.93 x107X -5360.7 0.9983 1.05 ~7.35 0.24 0.42
MIMERZ Caffeic acid Y =2.26 x 107X -5386.7 0.9991 1.07 ~7.49 0.15 0.35
ZWMEREZS T2 1,3-Dicaffeoylquinic acid Y =1.30 x 107X +4879.3 0.9987 0.99 ~6.93 0.34 0.49
P32 Ferulic acid Y=1.11x10"X -3703.6 0.9991 0.94 ~6.58 0.29 0.48
3, 4-WNMEBEZS TR 3 ,4-Dicaffeoylquinic acid Y =3.03 x 107X -10461 0.9978 1.24 ~8.68 0.21 0.41
3,5-ZWMEREZS T2 3 ,5-dicaffeoylquinic acid Y =7.16 x 107X 2830.5 0.9984 3.16 ~22.12 0.12 0.35
4. 5-WNMEREZE TR 4 ,5-Dicaffeoylquinic acid Y =2.84 x 107X -31234 0.9993 1.69 ~11.83 0.26 0.55
Z R E Aloeemodin Y =4.33 x 107X + 167593 0.9991 1.25 ~20.00 0.07 0.22
K ZE Emodin Y =2.99 x107X-1393. 1 0.9992 1.53~24.4 0.15 0.37
K% Chrysophanol Y =9.77 x 10°X-3896. 5 0.9993 1.65 ~26.4 0.24 0.40
x3 ERHEH OEEREER
Table 3 Results of theoretical plate numbers and resolutions
way B e ] B R SYESRE R
Substances Retention Theoretical — -
time (min) plate (n) i Before J& After
2% JE R Chlorogenic acid 7.399 6561 2.08 2.74
Hrak iR Neochlorogenic acid 10. 060 8971 2.78 1.63
J51 JLZSE Protocatechuic aldehyde 12.485 65297 1.69 4.47
J5 JLZSBZ Protocatechuic acid 13.872 28036 4.47 4.95
fask R 4-Dicaffeoylquinic acid 16.075 14897 1.50 2.39
HIMERR Caffeic acid 17.579 16719 2.39 6.40
ZMEREZS TR 1,3-Dicaffeoylquinic acid 27.656 35600 8.22 5.79
P2 Ferulic acid 35.289 74163 4.87 1.52
3, 4-WnMEREZs TR 3 ,4-Dicaffeoylquinic acid 36.221 75632 1.52 7.91
3,5-NHEREZS T 3, 5-dicaffeoylquinic acid 39.663 557777 7.91 5.99
4,5-InME®BEZS TR 4 ,5-Dicaffeoylquinic acid 42.059 129587 5.99 2.22
PRI R Aloeemodin 44.575 523548 2.63 3.30
K% Emodin 47.195 141794 2.21 3.10
K # M Chrysophanol 48.778 285155 3.10 2.56

i 0.5 g KB FRE , AT 6 KT B IMA —E & 2.9 HROW

ISR IER BT 4% R | UL 2R S JRLAS IR | B st I P EZGMRE S, 522, 27 TR Jr ikl & it
B MERR 1 ,3- T EEE L TR T BRAR 3,4 SRR, SR AMR T SRR S P AR R R T
MEBEZS TR 3,5- eSS TR 4, 5- mHEREZE R JRJLZSEE FULZR R | Bt R R L EERR (1, 3-—
TR L RKER REFE R m T RS, 1 EBEZS TR TERER 3, 4- nEBE S TR 3, 5-
“2. 2”IﬁTﬁé§ﬂﬂJ%1 KW, SRR 3 o EBR TR 4, S5-I e B 2 TR L 2 K
W 14 R p R, SR 4, BORKIR KW &, 45 RIS,
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Fig. 1 HPLC chromatograms of mixed standards ( A) ,Xanthii Herba sample ( B) Xanthii Fructus sample (C)
TE 1B 50 5 2B SR 5 3 - I LS I 5 4- 5 LS IR 5 S- B I 12 5 6-MIERR 57-1,3 , - Wl IbE 22 7" 1% 5 8- W BRI ; 9-3 , 4- Wil i 28 712 5 10-3,
S-ZOmmEREZE T 114, 5-ZMMERE S TR 5 12-7 25 KB 5 13- K 5 14- KB
Note ; 1-Chlorogenic acid ;2-Neochlorogenic acid ;3-Protocatechuic aldehyde ;4-Protocatechuic acid ;5-4-Dicaffeoylquinic acid ;6-Caffeic acid;7-1,3-Di-

caffeoylquinic acid ;8-Ferulic acid;9-3 ,4-Dicaffeoylquinic acid;10-3,5-Dicaffeoylquinic acid ;114 ,5-Dicaffeoylquinic acid;12-Aloeemodin ;13-Emod-

in; 14-Chrysophanol

R4 BEERER.ESUHRMEDRERLEER

Table 4 Results of precision,stability , repeatability and recovery tests

e TR [ s
ey Precision faEr: TR Recovery (n=6)
= — . — Stability (n =6) Repeatability (n =6} -
Substances H PR % H )45 % RSD (%) RSD (%) SRR TR
Intra-day(n =6)  Inter-day(n =3) Average RSD (%)
RSD (% ) RSD (% ) recovery (% )
4 2
j)}i& . 1.31 1.14 0.81 0.79 98.37 1.67
Chlorogenic acid
s %
gﬁ(iﬁi& . 0.98 1.68 1.31 0.52 100. 49 2.08
Neochlorogenic acid
JRLASTE
Protocatechuic aldehyde 1.19 1.06 1.27 1.81 99.19 2.46
FEHS
LR 0.69 0.76 0.48 0.58 97.53 1.42

Protocatechuic acid
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4-Dicaffeoylquinic acid 1.46 1.23 1.22 0.91 99.13 2.10
WA R
Caffeic acid 0.55 0.50 1.91 1.56 97.18 1.31
1,3-Z0immEmE2E 77 iR
1 3-Dicaffeoylquinic acid 0.84 0.93 1.45 2.45 100.03 2.09
BE‘[?%’M. 1.24 1.15 0.63 0.85 98.15 1.72
Ferulic acid
3, 4-Zmnk R 4 T R
3 4-Dicaffeoylquinic acid 0.37 0.46 1.07 2.31 98.75 2.14
_ Zs 2 A
3,5 QWMFMiTM 1.06 0.95 0.27 1.57 100.24 1.20
3 ,5-dicaffeoylquinic acid
4,5-Z e 2 TR
4 5-Dicaffeoylquinic acid 0.93 0.96 0.94 0.65 100.07 1.60
P%tﬁ%‘: 0.61 0.86 1.10 2.42 100. 35 1.30
Aloeemodin
REE 111 1.04 1.16 0.26 101.09 1.04
Emodin
AR 0.88 0.82 0.33 1.23 99.22 1.84
Chrysophanol

x5 BEXRAMD 4FHEINEENESER (mg/g,n =2)

Table 5 Contents determination results of the 14 investigated constituents in Xanthii Herba and Xanthii Fructus . (mg/g,n =2)

1,3- 3,4- 3,5- 4.5-
I - 1] R
W Bl BUL R e B .
e SRR R KR Em O ER owim o mmm . e ME RS
ETRCIN . . TR COTR®R TR TRORER OREZR KEW
Chlorogenic Neoch  Protoca  Protoca 4-Dicaffeoy Caffeic Ferulic ;
No. wcid 1 i techuic  techuic lauinic acid 1,3- acid 3,4- 3,5- 4,5- Aloe  Emodin Chrysophanol
act urogftnlL echme e _ulL qul'mc act Dicaffeo act Dicaff  dicaffeo Dicaffeo emodin
acid  aldehyde acid acid .. .. . .
: ylquinic eoylquinic ylquinic ylquinic
acid acid acid acid
S1 0.102 - 0.278 - 0.167 0.091 0.083 0.153 0.052 0.114 0.126 0.072 - -
S2 1.216  0.136 0.301 0.365 0.191 0.208 0.044 0.312 0.056 0.103 0.128 - 0.064 0.159
S3 0.613 0.146 0.237 0.246 0.186 - 0.113  0.106 0.047 0.136 0.129 0.011  0.061 -
4 0.188 1.106 0.288 0.324 0.093 0.076 0.074 0.134 0.041 0.176  0.129 0.019  0.066 -
S5 0.177 0.194 0.230 0.383 - 0.108 0.064 0.189 0.058 - 0.127  0.011  0.055 -
S6 0.262 0.282 0.238 0.327 0.157 0.103 - 0.131 0.049 0.142 0.139 0.012 0.055 -
S7 0.177 0.169 0.271 0.453 0.186 0.120 0.121 0.182 0.049 0.348 0.134 0.019 0.031 0.050
S8 0.186 0.138 0.237 0.472 0.151 0.133 0.278 0.264 0.046 0.937 0.132 0.031 0.027 0.121
S9 0.303 0.113 0.227 0.525 0.219 0.178 0.129 0.116 0.043 0.126 0.129 0.030 0.065 0.142
S10 0.351 0.126 0.514 0.295 - 0.091 0.258 0.211 0.046 0.163 0.132 0.020 0.052 -
S11 0.177 0.121 0.258 0.651 0.175 0.080 0.047 0.175 0.043 0.220 0.127 0.006 0.061 0.143
S12 0.153 0.146 0.160 - 0.063  0.166 - 0.220 0.042 0.103 0.131 0.015 0.057 0.051
S13 0.151 0.110 0.268 0.589 0.078 0.092 0.167 0.205 0.085 0.177 0.131 0.023  0.062 0.056
S14 0.145 0.251 0.230 - 0.182  0.129 - 0.274 0.126 0.235 0.133  0.058 0.055 0.052
S15 0.558 0.250 0.207 0.759 0.194 0.101 0.596 1.147 0.177 0.218 0.159 0.023  0.049 0.068
S16 0.280 0.165 0.194 0.700 0.100 0.093 0.317 1.068 0.096 0.209 0.127 0.032 0.037 0.055
S17 0.115 0.142 0.572  0.111 - 0.111  0.072 1.279 0.081 0.192 0.134 0.018 0.049 -
S18 0.490 0.128 0.655 0.480 0.068 0.107 0.209 1.255 0.159 0.151 0.127 - 0.020 0.066
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S19 1.717  0.151 0.279 1.699 0.319 0.130 0.135 0.266 0.055 0.105 0.134 0.005 0.023 0.077
S20 2.242  0.173  0.322  2.206 0.441 0.212 0.097 0.297 0.102 - 0.142 - 0.022 0.056
S21 3.966  0.224 0.705 1.373 0.603 0.098 0.127 0.522 0.228 0.138 0.156 0.020 0.023 0.073
S22 1.769 0.211 0.778 1.094 0.440 0.185 - 0.274 0.064 0.114 0.161 - 0.026 0.061
S23 2.032  0.200 0.450 1.792 0.429 0.097 0.144 0.258 0.060 0.090 0.169 0.005 0.034 0.054
S24 1.658 0.244 0.940 0.891 0.334  0.251 0.139 0.340 0.067 0.102 0.174 - 0.027 0.167
S25 1.267 0.198 0.516 1.030 0.177 0.067 0.263 0.553 0.155 0.095 0.145 0.008 0.028 0.114
S26 1.086 0.218 0.736  0.955 0.344 0.265 0.063 0.317 0.058 0.111 0.197 0.016 0.022 0.098
S27 0.973  0.294 0.681 0.782 - 0.168 0.115 1.078 0.109 0.089 0.164 0.006 - -
S28 0.078 0.606 0.562 0.657 0.177 0.243 0.047 0.294 0.048 0.156 0.156 0.003 0.029 -
S29 2.109  0.427 - 0.497 0.165 0.261 - - - 0.118 - 0.009 - -
S30 0.701 0.133 0.435 0.822 0.449 0.146 0.039 0.512 0.049 0.147 0.143 0.006 0.023 0.050
S31 0.715 0.243 0.340 0.892 0.308 0.199 0.036 0.285 0.055 0.161 0.156 0.022 0.016
S32 0.969 0.193 0.331 1.217 0.477 0.385 0.079 0.366 0.059 - 0.193 0.029 0.019 0.073
S33 1.005 0.425 0.291 1.027 0.411 0.266 0.100 0.525 0.048 0.077 0.168 - 0.014 -
S34 1.409 0.193 0.510 1.143 0.227 0.149 0.035 0.270 0.050 0.056 0.122 0.031 0.013 0.121
S35 1.312  0.314 1.677 0.639 0.364 0.384 0.737 1.577 0.097 0.095 0.133 0.018 0.019 0.142
536 1.414 0.297 0.825 1.068 0.218 0.307 0.057 0.190 0.060 0.090 0.197 0.002 0.025 -
S37 1.059 0.137 0.281 1.308 0.331 0.283 0.074 0.255 0.055 0.075 0.156 0.030 0.021 0.143
S38 2.922  0.258 1.103  0.945 0.457 0.198 0.056 0.646 0.202 0.119 0.171 - 0.027 0.051
S39 1.407 0.144  0.569 1.130  0.391 0.109 0.169 0.198 0.043 0.098 0.124 - 0.024 0.056
540 1.749 0.190 0.254 1.483 0.333 0.287 0.081 0.387 0.048 0.110 0.143 0.020 0.018 0.052

W RRARMT
Note: “-” indicated “not detected”.
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