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ABSTRACT
Objective: To establish a reliable High Performance Liquid Chromatography method with photodiode array detection 
(HPLC-PDA) and a suitable extraction method for identification and quantification of Aristolochic acid I (AA-I) 
in 3 different sample types, i.e. Aristolochia tagala Cham.(ATC), Thai Herbal Antitussive 3 Formula (ATF3), and 
Thai Herbal Antitussive 3 Formula containing ATC (ATF3+ATC).
Methods: Two extraction methods, ultrasonication extraction (UE) and solid phase extraction (SPE), were used 
in the present study. Reversed phase separations were performed with a SunFire C18 column and HPLC-PDA. 
Mobile phase was performed by 1 mL/min infusion of mixture of 0.1% o-phosphoric acid and methanol (35:65).
Results: Calibration curve showed a good linearity with R2 equal to 0.9986. Every sample type has been analyzed. 
While the concentration of AA-I in ATF3 cannot be determined due to the absence of the AA-I peak, the AA-I 
concentrations in ATC and ATF3+ATC were 7.50-11.34 and 6.78-11.77 mg/mL respectively. In comparison with 
UE, SPE is more effective in eradication of the interfering compounds and improves the absorbance spectrum of 
the peak and increases extraction efficiency.
Conclusion: A reliable HPLC-PDA and SPE methods for identification and quantification of AA-I in ATF3+ATC, 
ATF3, and ATC were established in the present study. The SPE was more effective than UE in the pretreatment step.

Keywords: Aristolochic acid; Aristolochia tagala Cham.; Thai Herbal Antitussive 3 Formula; High Performance 
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INTRODUCTION
	 The widespread occurrence of aristolochic acids (AA) 
toxicity in Aristolochia plants has greatly restricted their 
usefulness as dietary supplements or medicines. With the 
reports that virtually all of plants in genus Aristolochia 
contain AA1, botanical products containing Aristolochia 
spp are not allowed in many countries including Thailand.  

In 2011, the National Drug Committee removed  
Krai-Krue, identified as Aristolochia pierrei Lec. and 
Aristolochia tagala Cham. (ATC)2, from every Thai  
traditional herbal recipe. Testing for contamination and 
adulteration of AA in herbal products and medicines 
is now the focus of attention. These include many Thai 
traditional herbal recipes in the National Drug list  
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previously containing Krai-Krue such as original 
Ammaruekkhawatee, Homnawakod, Homintrajak, and 
Thartbanjob. The Herbal Antitussive 3 Formula (ATF3), 
used in this study, contains the herbal ingredient as 
Ammaruekkhawatee. ATF3 has been used to relieve cough 
and reduce mucus in respiratory syndrome patients. It 
contains six herbal components which are Terminalia 
chebula Retz., Glycyrrhiza glabra L., Cuminum cyminum L., 
Coriandrum sativum L., Phyllanthus emblica L., and 
Terminalia bellirica (Gaertn.) Roxb.
	 AA is a mixture of structurally related nitrophenanthrene 
carboxylic acids compounds. AA and its derivatives are 
known to be nephrotoxic3-7 and carcinogenic agents.6-9 

Aristolochic acid I (AA-I) is the most abundant of 
these compounds.10 Although many assays can detect 
AA-I, a procedure based on High Performance Liquid 
Chromatography with photodiode array detector (HPLC-
PDA) is a feasible choice, because of its ease of use and 
low cost of operation and maintenance, especially when 
compared to the other hyphenation procedures such as 
Liquid Chromatography with Mass Spectrometry (LC-
MS). Previous studies revealed many extraction methods 
for detection of AA-I from Aristolochia plants such as 
ultrasonication extraction (UE)11-16, Solid phase extraction 
(SPE)17-18, Soxhlet extraction19 and other techniques.19,20 

Among these, UE is an easy and efficient method for AA-I 
quantification when involving single herbal components. 
However, with complex herbal recipes, multiple peak 
separation still remains a significant problem. Concurrently, 
SPE has demonstrated efficacy when used in crude drugs 
and Kampo fomulations.17 Therefore, testing of such 
SPE condition is needed in order to demonstrate similar 
efficacy for Krai-Krue containing ATF3 (ATF3+ATC). 
The aim of this study was to establish a reliable HPLC-
PDA and a suitable extraction method for identification 
and quantification of AA-I in 3 different sample types, 
i.e. ATC, ATF3, and ATF3+ATC.

MATERIALS AND METHODS
Materials and solid phase
	 All plant materials were prepared by the GMP 
certified Manufacturing Unit of Herbal Medicine and 
Products, Center of Applied Thai Traditional Medicine, 
Faculty of Medicine Siriraj Hospital, Mahidol University, 
Bangkok, Thailand. Krai-Krue used in the present study 
was identified as Aristolochia tagala Cham. (ATC). Three 
batches of herbs were used, with each batch comprising of 
3 sample types, ATC, ATF3, and ATF3+ATC. HPLC-grade 
methanol (MeOH) and acetonitrile (ACN) were purchased 
from LEDA (Spain). Analytical grade o-phosphoric acid 
was obtained from Merck (Germany). Standard AA-I was 

purchased from Sigma Chemical Co. (St. Louis, USA). 
HPLC quality water was purified using a Milli-Q water 
system from Millipore (France). Sep-Pak Vac 1cc (100 
mg) Waters Accell Plus QMA cartridges were used. 

Instrument and HPLC condition
	 Analyses were carried out using a Waters Alliance 
2695 HPLC system with a 2998 photodiode array (PDA) 
detector and Empower Software. The separations were 
performed on a reverse phase column (Sunfire C18, 5µm, 
4.6x150 mm, Water, Milford, MA), maintained at 25°C. 
The various percentages of mobile phase comprising of 
MeOH and 0.1% o-phosphoric acid were observed to 
optimize the separation and sensitivity. The experiments 
were performed under isocratic elution which consisted 
of 0.1% o-phosphoric acid: MeOH at 35:65 (v/v) at  
1 mL/min flow rate. The injection volume for all samples 
was 10 µL. The PDA detector was scanned from 200 to 
450 nm. The quantification wavelength was set at 393 
nm to reduce interferences by other constituents.

Extraction of samples 
	 According to the original formula of ATF3+ATC, 
there was 3.292 mg of ATC per 40 mg of ATF3+ATC. 
Therefore, the quantification of AA-I was performed 
with 3.292 mg/mL of ATC and 40 mg/mL of ATF3+ATC 
in order to maintain equal amounts of ATC in these 2 
sample types. 

Ultrasonication extraction (UE)
	 ATF3+ATC batch 1 and ATC batch 1 were used to 
optimize the number of UE. A sample from batch 1 of 
each sample type was divided into 3 groups which went 
through single, double and triple extraction cycles with 
30 minutes ultrasonication for each extraction cycle in 
100% MeOH. Supernates were separated from precipitates 
by centrifugation at 6,500 rpm for 10 minutes at 4˚C 
and filtered through the 0.2 µm PVDF (polyvinylidene 
fluoride) membrane before injection into the HPLC. 
The concentrations of AA-I for samples ATF3+ ATC 
and ATC alone are shown in Fig 1. For both sample 
types, double and triple UE yielded statistically higher 
concentration of AA-I compared to single extraction 
(Fig 1). However, when comparing double versus triple 
extraction, no differences in the yield of AA-I were seen. 
Therefore, the quantification experiment proceeded with 
only double extraction. (Table 1)

Solid phase extraction (SPE)
	 The SPE condition from Yamasaki K et al17 was 
adapted, in order to obtain the appropriate procedure 
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Fig 1. Test for the number of ultrasonication. The result expressed 
as mean±SD of triplicate experiments. One-way ANOVA followed 
by Bonferroni’s post hoc test were applied for statistical study. ns = 
not significant, * p < 0.05, ** p < 0.01, and *** p < 0.001.

TABLE 1. Concentration of Aristolochic acid I in ATC and ATF3+ATC. The result expressed as mean±SD of 
six values. Two-way ANOVA followed by Bonferroni’s post hoc test was applied for statistical study. ND = not 
determine, * p < 0.05, ** p < 0.01, and *** p < 0.001.

Sample type	 Batch	                                 AA-I concentration (µg/mL)	 P-value
		  UE	 SPE

	 1	 8.02±0.08	 11.34±0.11	 <0.001

ATC	 2	 7.50±0.09	 8.51±0.18	 <0.001

	 3	 8.64±0.27	 9.66±0.32	 <0.001

	 1	 6.78±0.05	 9.81±0.12	 <0.001

ATF3+ATC	 2	 ND	 6.94±0.30	 -

	 3	 ND	 11.77±0.51	 -

based on ATF3. First, all sample powders were extracted 
twice by mixing with 1% ammonia in MeOH over 10 
minutes. Supernatants were separated from precipitates 
by centrifugation at 6,500 rpm for 10 minutes at 25˚C. 
One milliliter of extraction solution was loaded onto the 
QMA cartridge, which was previously equilibrated with 
1 mL of 1% ammonia in MeOH. In this step, ammonia 
ionized AA-I to negatively charged ion and adhered with 
an anion exchange resin. Next, washing was performed 
with 5 mL of MeOH in order to remove the interfering 
peaks which were seen to immediately precede the AA-I 
peak. The washing was done until the interfering peaks 
disappeared. Finally, cartridges were eluted with 1 mL of 
ACN:water:o-phosphoric acid (80:20:2) according to the 
best elution yield compared with other mixed ratios of 

ACN:water:o-phosphoric acid for elution solution. Each 
eluent was filtered through the 0.2 µm PVDF membrane 
before the analysis. 

Validation of the HPLC method
	 Stock solution of standard AA-I (100 µg/mL) was 
prepared by accurately weighing of standard AA-I and 
dissolving in MeOH using a volumetric flask. After 
filtering through 0.2 µm PVDF membrane filters, working 
standard solutions were prepared by further dilution 
of the stock solution with the appropriate volume of 
MeOH. Each concentration was analyzed in triplicate. 
The linearity was evaluated by analysis of the standard 
curve.
	 The method precision was evaluated from relative 
standard deviation (RSD) of the area under the curve of 
each standard concentration. Three standard concentration 
solutions were performed five times in one single day 
for intra-day precision. For inter-day precision, the 
measurements from three standard concentrations 
solutions were performed three times a day on three 
consecutive days. 
	 Recovery of the method was performed by adding 
of three known amounts of the standard solution into 
the selected samples. Since, the chromatogram of UE of 
ATF3 batch 2 and 3 (Fig 3B, 3C) showed similar patterns 
which contained the interfering peak preceding that of 
AA-I peak. In order to test whether or not it effected the 
recovery of the method, ATC and ATF3 batch 2 were 
selected as the representatives for the recovery test of 
ATC and ATF3, respectively.

Statistical analysis
	 The concentrations of AA-I in different sample types 
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and through various extractions were represented as 
mean±standard deviation of 3 and 6 measurements. One-
way and two-way analysis of variance with Bonferroni post 
hoc-test were performed. This software used GraphPad 
Prism™ version 5.02 for Windows (GraphPad Software, 
www.graphpad.com); a p-value of less than 0.05 was 
considered to be significant.

RESULTS
	 The results of satisfactory precision and recovery 
rates were shown in Tables 2 and 3. The precision RSDs 
were 0.60-3.30 for intra-day and 2.15-3.83 for inter-day 
(Table 2). The recovery of AA-I of ATC and ATF3 were 
in range of 93.73-103.27%. Whereas, the recovery result 
from UE of ATF3 was not reported in the present study 
(Table 3) because of the interfering peak preceding that 
of AA-I peak after addition of AA-I standard solution. 
The calibration curve was investigated in the range of 
2-18 µg/mL (2, 6, 10, 14, 16, 18 µg/mL). The regression 
equation and correlation coefficient (R2) were as follows: 
Y = 14408.942 X – 6893.590 and R2 = 0.9986, respectively. 
Limit of detection (LOD) and limit of quantification 
(LOQ), calculated as the concentrations of AA-I needed 
to produce signal-to-noise ratios (S/N) of 3 and 10 were 

determined to be 0.7 and 2.0 µg/mL, respectively. All ATC 
samples from both UE and SPE methods represented 
similar chromatograms and UV spectrum patterns as 
ATC sample from batch 1 (Fig 2B and 2b). Based on 
retention times and UV spectra patterns, AA-I was 
found in all ATC samples. In contrast, the concentration 
of AA-I could not be determined due to the absence of 
the AA-I peak in all UE of ATF3 samples (Fig 2C-E). 
Therefore, the SPE experiment for all ATF3 samples were 
not needed to be performed and the amounts of AA-I 
in all ATF3 samples were not reported (Table 1). When 
compared to UE (Fig 3a-c), the absorbance spectrum 
of ATF3+ATC batch 1-3 using SPE (Fig 3d-f) showed 
more similar pattern to standard AA-I. (Fig 2a). SPE 
improved the absorbance spectrum of the peak in this 
case. UE of ATF3+ATC batches 2 and 3 (Fig 3B, 3C) 
showed interfering peaks which could not be distinguished 
from AA-I peaks, which lead to incorrect peak areas 
and amount calculation. In these particular cases, AA-I 
concentrations were reported as not determined (ND) 
as shown in Table 1. While, the SPEs of ATF3+ATC 
batches 2 and 3 (Fig 3E, 3F) show a valuable clean-up of 
the problematic peaks resulting in a proper quantification 
of AA-I.

TABLE 2. Intra-day and inter-day precisions of Aristolochic acid I quantification.

TABLE 3. Recovery tests of Aristolochic acid I in UE of ATC batch 2, SPE of ATC batch 2, and SPE of ATF3  
batch 2. Each concentration was performed in triplicate. 

Chemical compound	 Concentration (µg/mL)	 Intra-day (RSD)	 Inter-day (RSD)

	 2	 3.30	 3.83

Aristolochic acid I	 10	 2.64	 3.28

	 18	 0.60	 2.15

Sample	 Extraction	 Amount added	  Amount measured	 % 	 Mean % 
	 method	 (µg/mL)	 (µg/mL)	 recovery	 recovery

		  6.00	 5.56	 92.66

ATC  	 UE	 7.50	 7.05	 93.98 	 93.73±1.90

		  9.00	 8.51	 94.54

		  6.80	 6.38	 93.76

ATC 	 SPE 	 8.50	 9.06	 106.62 	 103.27±7.53

		  10.20	 11.16	 109.44

		  5.50	 5.70	 103.67

ATF3 	 SPE 	 6.90	 7.00	 101.47	 100.59±3.83

		  8.30	 8.02	 96.63
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Fig 2. HPLC chromatograms (393 nm absorbance) of (A) standard 
AA-I; (B) UE of ATC batch 1; (C) UE of ATF3 batch 1; (D) UE of 
ATF3 batch 2; (E) UE of ATF3 batch 3; (a) Absorbance spectrum of 
standard AA-I recorded at 200-450 nm; (b) absorbance spectrum 
of the AA-I peak in UE of ATC batch 1.

Fig 3. HPLC chromatograms (393 nm absorbance) of (A) UE of 
ATF3+ATC batch 1; (B) UE of ATF3+ATC batch 2; (C) UE of 
ATF3+ATC batch 3; (D) SPE of ATF3+ATC batch 1; (E) SPE of 
ATF3+ATC batch 2; (F) SPE of ATF3+ATC batch 3 (a); Absorbance 
spectrum of the AA-I peak in UE of ATF3+ATC batch 1; (b) absorbance 
spectrum of the AA-I peak in UE of ATF3+ATC batch 2; (c) absorbance 
spectrum of the AA-I peak in UE of ATF3+ATC batch 3; (d) absorbance 
spectrum of the AA-I peak in SPE of ATF3+ATC batch 1; (e) absorbance 
spectrum of the AA-I peak in SPE of ATF3+ATC batch 2; (f) absorbance 
spectrum of the AA-I peak in SPE of ATF3+ATC batch 3.

DISCUSSION
	 There is no doubt that different batches of herbs can 
contain varying types and amount of compounds even 
in the same species of plant. A wide range of factors can 
modulate the active components of herb products, including 
physiological, environmental/cultural factors and genetic 
variation.21 Therefore, the different chromatographic 
patterns from UE of ATF3+ATC batch 1 compared 
with batches 2 and 3 were not entirely unexpected. 
In addition, the good values of recovery from SPE of 
ATF3+ATC (Table 3) represented that SPE eliminated the 
interfering peaks without effect recovery of the method. 
When compared with other studies, there were 2 new 
findings in this study. Firstly, SPE showed a significant 
increase in AA-I concentrations compared to UE for 
all samples. This confirmed that SPE is a more efficient 
extraction method than UE alone. Secondly, it can be 
assumed that AA-I originates from the ATC component, 
since AA-I was found in ATF3+ATC, but not in ATF3 
alone. In addition, the difference of AA-I concentrations 
in ATC compared with ATF3+ATC using SPE within 
the same batch indicated that the differences in type and 

amount of compound integrands in ATF3 in the sample 
matrix affected the efficiency of extraction. Overall, the 
ability of SPE to eradicate interfering compounds while 
improving the absorbance spectrum of AA-I peak and 
extraction efficiency makes it a more superior method 
for sample extraction of complex herbal mixtures. 

CONCLUSION
	 This study provides reliable clarification method for 
the use of HPLC-PDA in analyzing AA-I compound in 
complex herbal mixtures. Since eradication of interfering 
peaks is crucial for accurate AA-I quantification using 
HPLC-PDA, the understanding of the role of SPE may 
contribute to the development of future methods for 
analyzing other complex herbal mixtures.  
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