
　　该方法操作简便 ,重现性好 ,可作为含白芍制剂

控制质量的参考依据。
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Simultaneous determination of danshensu , protocatechuic aldehyde ,
caffeic acid , rosmarinci acid , salvianolic acid B, and salvianolic

acid A in Xiangdan Injection by HPLC

YUAN Ji2cheng , YIN Yong2qin , SH EN Zhi2bin 3 , J IAN G Yong2he
(College of Chinese Materia Medica , Guangdong Pharmaceutical University , Guangzhou 510006 , China)

Abstract : Objective　To establish an HPLC method to determine simultaneously the content of six water2soluble

chemical constituent s ( danshensu , protocatechuic aldehyde , caffeic acid , rosmarinci acid , salvianolic acid B , and

salvianolic acid A) in Xiangdan Injection , and to compare their content discrepancy of Xiangdan Injection f rom 20

manufacturers1 Methods　The HPLC method was established1 The column was Alltima C18 (250 mm×416 mm , 5

μm) at the gradient elution mode with the flow rate of 110 mL/ min , column temperature was kept at 25 ℃and the

detector was set at 288 nm1 Results　Six component s were separated clearly1 The relationship between the concen2
t ration and the peak areas of the six compounds was all linear. The precision , stability , repetition , and average re2
covery were complied with the limit1 Significant difference was found in contents of six chemical constituent s in

Xiangdan Injections f rom different manufacturers that the variation of salvianolic acid A content was the most dis2
tinct and danshensu was the most quietly1 Conclusion 　The method has been successfully used to quanlify the six

compounds in Xiangdan Injection , and then , can offer the reference for the quality control of Xiangdan Injections

roundly1
Key words : Xiangdan (XD) Injection ; water2soluble chemical constituent s ; HPLC

HPLC法测定香丹注射液中丹参素、原儿茶醛、咖啡酸、迷迭香酸、丹酚酸 B和丹酚酸 A

袁继承 ,尹永芹 ,沈志滨 ,蒋永和
(广东药学院中药学院 , 广东 广州　510006)

摘　要 : 目的　建立用高效液相色谱同时测定香丹注射液中丹参素、原儿茶醛、咖啡酸、迷迭香酸、丹酚酸 B

和丹酚酸 A 6个水溶性成分的方法 ,并对 20个生产厂家香丹注射液进行测定。方法　采用 HPLC色谱系统 ,All2
tima C18 (250 mm×416 mm , 5μm) ;流动相为乙腈201026 %磷酸 ,梯度洗脱 ;流速为 110 mL/ min ;柱温 25 ℃;检测

波长为 288 nm。结果　本方法 6个成分色谱峰之间具有良好的分离度 ,它们的浓度和各自峰面积之间有着良好的

线性关系 ,精密度、稳定性、重复性及加样回收率均符合要求。不同厂家香丹注射液中化学成分的含量存在较大差

异 , 其中丹酚酸 A量差异最大 ,丹参素差异最小。结论　本方法能同时测定香丹注射液中 6个主要化学成分 ,可

为全面控制香丹注射液的质量提供参考。

关键词 :香丹注射液 ;水溶性成分 ; HPLC

　　The Chinese herbal medicine compound prepa2 ration of Xiangdan ( XD) Injection , made f rom t he
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water ext ract of salvia and the rosewood sat urated

aqueous solution by distillation ext raction met hod ,

which has shown obvious p hysiological effect s in

expanding blood vessel and increasing coronary

blood flow , and has been widely used for the p re2
vention and t reatment of angina pectoris and myo2
cardial infarction in clinic[1 ]1 Salvia , whose main

active component is t he water2soluble p henolic

acids , is t he p rimary drug in XD Injection , and it s

content has intimately relevant with t he whole clin2
ical effect1 Protocatechuic aldehyde was only re2
gard as t he crucial ingredient for t he standard of

quality cont rol , t hough XD Injection was produced

by many drug manufact urers[2 ] 1 In t he domestic

report s it was only some component s content rath2
er than t he majority one[3—5 ] , t herefore , develo2
ping a multi2component assaying met hod is impor2
tant for t he quality cont rol of Xiangdan Injection1
1　Materials and apparatus

111　Chemicals and reagent s

　　Met hanol ( chromatograp hy p ure ) was p ur2
chased f rom Merck Company1 Acetonit rile (chro2
matograp hy p ure) f rom Tianjin Siyou Fine Chemi2
cals Co1 , L td1 Ort hop hosp horic acid (chromatog2
rap hy p ure) f rom Tianjin Kermel Chemical Rea2
gent Co1 , L td1 Wat sons water was p urchased for

chromatograp hy1 The reference substances of sodi2
um Danshensu ( LN 1108552200405 ) , p rotocate2
chuic aldehyde ( LN 1108102200506 ) , salvianolic

acid B (L N 1115622200504) , and caffeic acid (L N

1108852200102) were p rovided by National Instit u2
te for The Cont rol of Pharmaceutical and Biological

Product s1 The reference substances of rosmarinic

acid (L N2081111) and salvianolic acid A by Shang2
hai U2sea Biotech Co1 , L td1
112　Apparat us

　　HPL C system ( Waters 2695) combined Waters

2996 photodiode Array Detector with Waters Empower

data processing unit1 The column was Alltima C18 (250

mm×416 mm , 5μm)1
2　Methods and results

211　H PL C Analysis[6 ]

　　The HPL C analysis was carried out on a Wa2
ters high2performance liquid chromatograp hy sys2

tem1 The mobile p hase was acetonit rile201026 %

p hosp horic acid solution mixt ure , gradient elution ,

with t he flow rate of 110 mL/ min , column temper2
ature was kept at 25 ℃and the detector was set at

288 nm1 The injection volume was 20μL1 The

standard curve of peak area was used to determine

t he sample content s , t he number of t heoretical

plates is more than 3 0001
212　Sample p reparation

21211 　Preparation of cont rol solution : Precisely

weighed t he aut hentic samples respectively , such

as sodium danshensu 13150 mg , p rotocatechuic al2
dehyde 2159 mg , rosmarinic acid 1188 mg , salvian2
olic A 15145 mg , salvianolic B 2155 mg , and dis2
solved wit h met hanol to volume 10 mL1 As well as

t he caffeic acid 2127 mg to 10 mL , and t hen select2
ed t he diluted met hanol 1 mL to 10 mL , that was

t he solution of caffeic acid reference solution1 Mix2
ing above reference solutions to p repare the mix2
t ure reference substance solution for injection

( Fig11)1

12danshensu　22protocatechuic aldehyde　32caffeic acid

42rosmarinic acid　52salvianolic acid B 62salvianolic acid A

Fig11　Chromatogram of reference substances

21212 　 Preparation of test solution : Precisely

weighed adequate Xiangdan Injection of various

manufacturers respectively , which was diluted

with met hanol in t he ratio of 1∶3 to the definitive

volume , filtered by t he microfilt ration membrane

with the 0145μm droplet size , finally taking t he

subsequent filt rate as the testing solution ( Fig12)1

12danshensu　22protocatechuic aldehyde　32caffeic acid

42rosmarinic acid　52salvianolic acid B　62salvianolic acid A

Fig12　Chromatogram of Xiangdan Injections ( XD218)
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213　Standard curves st udies

　　Precisely weighed the adequate reference solution ,

diluted with methanol to 60 ,30 ,15 ,6 ,3 ,2 ,115 ,112 ,

and 1 fold , respectively , then injected 20μL , meas2

ured the peak areas1 The linear regression equation of

the reference solution was each chromatographic peak

area of integral value ( Y) to its concentration ( X) for

linear regression ( Table 1)1
Table 1　Linear relationship for peak area2concentration of six components

component s regression equation linear range/ (μg·mL - 1) R2

sodium danshensu Y = 91 282 X×103 - 51 731×104 2215—135010 01999 3

protocatechuic aldehyde Y = 71 812 X×104 - 21 809×105 4132—259135 01999 4

caffeic acid Y = 81 116 X×104 - 21 098×104 0138— 22165 01999 0

rosmarinic acid Y = 21 787 X×104 - 61 726×104 3113—18715 01999 6

salvianolic acid B Y = 11 585 X×104 - 21 564×105 25175—154510 01999 8

salvianolic acid A Y = 41 814 X×104 - 11 074×105 4125— 25510 01999 4

214　Precision st udies

　　Injecting XD Injection ( XD218) continuously

for 5 times , and then , determining t he integral

value of each peak area , t he RSD of danshensu ,

p rotocatechuic aldehyde , caffeic acid , rosmarinic

acid , salvianolic acid B , and salvianolic acid A was

1116 % , 0194 % , 1194 % , 1112 % , 0153 % , and

0185 % , respectively1 The result illust rated t hat

t he p recision was fit for the standard1
215　Stability st udies

　　XD Injection (XD218) was prepared to t he tes2
ting solution in accordance wit h t he above chroma2
tograp hic conditions and was continuously injected

for six times per 75 min in every 8 h , whose com2
position of t he peak area value was determined , the

RSD ( n = 6) was as follows : sodium Danshensu

0119 % , protocatechuic aldehyde 0123 % , caffeic

acid 3138 % , rosmarinic acid 0156 % , Salvianolic

acid B 0187 % , and salvianolic acid A 4189 % , re2
spectively1 The result s showed the various compo2
nent s of the sample solution was stable in 8 h1
216　Repetition st udies

　　U nder t he same conditions , six samples of XD

Injection (XD218) were taken to prepare to the test

solution , and to determine t he content of each

composition1 The average concent ration showed

danshensu 429164μg/ mL , p rotocatechuic aldehyde

111154μg/ mL , caffeic acid 3158μg/ mL , rosma2
rinic acid 78113μg/ mL , Salvianolic acid B 135185

μg/ mL , and salvianolic acid A 156121μg/ mL , re2
spectively1 The RSD of danshensu , p rotocatechuic

aldehyde , caffeic acid , rosmaric acid , salvianolic

acid B and salvianolic acid A was 0129 % , 0130 % ,

3103 % , 1118 % , 4143 % , and 4188 % , respective2
ly1 The result illust rated that t he repetition was fit

for t he standard1
217　Average recovery rate st udies

　　Six Xiangdan Injection ( XD218) samples were

p recisely taken , ( 110 mL per one sample) , into

t he volumet ric flask of 10 mL , respectively , added

t he corresponding cont rol solution 110 mL , and

diluted to volume 10mL by met hanol1 Filtered by

t he microfilt ration membrane wit h t he 0145 μm

droplet size , injected 20μL subsequent filt rate into

t he chromatograp hy , t he recovery rate of each

component was finally determined and calculated

( Table 2)1
218　Sample determination and result s

　　Each Xiangdan Injection sample was taken to

prepare t he testing solution1 Injected 20μL , recor2
ded t he peak area , t hen added t he result to each re2
gression equation , respectively1 Finally t he aver2
age content of the six constit uent s was calculated

and , t ransfered to t he original content ( Table 3) 1
Table 2　Reset of recovery rate ( n = 6)

composition sample content s/μg addition/μg average determination/μg recovery rate/ % RSD/ %

danshensu 1 32416 1 350. 0 1 362170 100190 0162

protocatechuic aldehyde 33419 259. 0 258141 99177 1111

caffeic acid 1114 2217 22159 99152 1167

rosmarinic acid 23717 188. 0 190149 101130 2126

salvianolic acid B 42417 1545. 0 1585119 102160 1118

salvianolic acid A 49515 255. 0 260128 102110 1111
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Table 3　Results of sample determination (μg/ mL , n = 3)

samples lot numbers
sodium

danshensu

protocatechuic

aldehyde

caffeic

acid

rosmarinic

acid

salvianolic

acid B

salvianolic

acid A

XD21 080312 19921 43 3881 68 9157 2081 39 5841 45 389190

XD22 200806155 22021 25 4491 41 13196 4931 11 8061 18 104113

XD23 20090201 20091 24 4091 87 11162 3111 02 3411 06 174199

XD24 080702 17761 43 2591 11 11178 6481 96 3941 62 200100

XD25 07080142 16741 79 6721 69 31103 4551 56 5101 88 200141

XD26 20080104 16521 06 2861 93 11142 3611 13 9131 24 19181

XD27 0809221 28581 21 2301 24 6122 1481 01 7711 76 203118

XD28 08071121 17051 67 3071 04 20149 2161 77 8851 90 227157

XD29 0809042 19491 90 2771 92 7118 211 36 1281 55 144183

XD210 081104 16321 94 5631 67 33120 6491 96 6891 36 160177

XD211 08052704 22671 06 2371 40 6101 161 43 1231 60 22150

XD212 20089302 19621 26 3951 68 9160 3461 45 3761 96 287146

XD213 070812 26001 85 3421 56 8102 1061 35 1981 21 361191

XD214 0809050 37921 18 5551 00 15180 5781 54 8541 34 924124

XD215 0712031 23241 69 4261 54 7108 2941 53 3971 98 244130

XD216 08070921 31631 35 5601 84 11124 4071 74 4931 07 603109

XD217 081002 18001 52 1471 09 8179 1011 75 6211 06 267192

XD218 0702085 17661 05 4461 55 15114 3161 90 5661 22 660164

XD219 081101 18671 70 3311 75 8184 3121 32 3371 78 485174

XD220 080307 14951 88 4681 16 27166 4811 15 7991 47 85143

3　Discussion

　　Protocatechuic aldehyde was the only indica2
tors of the quality cont rol component in the origi2
nal ministerial standard of Xiangdan Injection , and

it s content was defined no less than 0117 mg per

110 mL1 According to t his standard , twenty

manufact urers′product s were sub2standard except

t he XD217 , and t he highest content ( 672169μg)

and the lowest content ( 147109μg) were nearly

4162fold difference1 At t he same time , by calculat2
ing the ratio between t he highest content and the

lowest one , the sample of t he content of p rotocate2
chuic aldehyde was not t he most different , howev2
er , t he ratio of the rosmarinic acid and rosemary

salvianolic acid A had reached to 39155 and 46167

respectively that was bound to lead to t he differ2
ences efficacy and adversed reactions in clinical1
Therefore , t he component s including t he multiple

indicators should be measured for t he quality con2
t rol of Xiangdan Injection at the same time1
　　Salvianolic acid A had a st rong f ree radical

scavenging and antioxidant effect s[7 ] , however , it s

content was gradual lower in line with the require2
ment s of t he met hodology in 8 h in t he stability

test1 As for t he conversion factors and circum2
stances about t he stability of salvianolic acid A , it

had a good f urt her investigation1
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