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Abstract 
A rapid and sensitive liquid chromatography-tandem mass chromatography 
(LC-MS/MS) method has been developed and validated for simultaneous de-
termination of catalpol and harpagide in rat plasma. The samples were ex-
tracted by one-step protein precipitation and separated on a SunFireTM C18 
column (100 mm × 2.1 mm, 3.5 μm; Waters) using acetonitrile-10 mM am-
monium formate as mobile phase at a flow rate 0.3 mL/min in gradient mode. 
The analytes were detected without interference in Multiple Reaction Moni-
toring (MRM) mode with negative electrospray ionization. Linear responses 
were obtained for catalpol ranging from 20 to 5000 ng/mL and harpagide 
ranging from 10 to 2500 ng/mL. Coefficients of correlation (r) for the calibra-
tion curves were more than 0.99 for both analytes. Intra- and inter-day accu-
racy and precision were within the acceptable limits of less than 15.0% at all 
concentrations. The quantitation method was successfully applied for simul-
taneous estimation of catalpol and harpagide after oral administration of Zeng 
Ye Decoction. 
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1. Introduction 

Zeng Ye Decoction (ZYD), a well-known Chinese herbal formula, is an aqueous 
extract of Radix Scrophulariae, Radix Rehmanniae and Radix Ophiopogonis at 
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the weight ratio of 5:4:4. This prescription is widely used in clinical, and espe-
cially plays an important role in moisturizing dryness, promoting the production 
of body fluids, and primarily treating functional constipation associated with yin 
deficiency [1]. Catalpol and harpagide are two characteristic iridoid glycosides 
extensively investigated in Zeng Ye Decoction. Catalpol is now expanding ra-
pidly and making its way to the forefront of anti-diabetic [2] [3] [4], an-
ti-inflammatory [5] [6] [7] and neuroprotective research [8] [9] [10] [11]. Har-
pagide has also presented anti-inflammatory, anti-osteoporotic and antibacterial 
activities [12] [13] [14]. As the major bioactive components in ZYD, catalpol 
and harpagide are speculated to be the representative ingredients that contribute 
to the pharmacodynamics material basis. Due to the complexity of constituents 
in Chinese medicine, one or several compounds are generally selected to inves-
tigate the pharmacokinetic properties of the prescription and assess the compa-
tibility of compound recipe which is significant in the evaluation of drug thera-
peutic effect, dose adjustment and the rational use of the drug in the clinic. 

There are many analytical methods developed to determine catalpol [15] [16] 
[17] [18] and harpagide [19] [20] [21]. However, the method for simultaneous 
determination of catalpol and harpagide by LC-MS/MS has not been mentioned 
in the literatures. Based on these reasons, an LC-MS/MS method for simultane-
ous quantification of catalpol and harpagide by one-step protein precipitation 
was developed and validated in this study. This method is simple, sensitive and 
reproducible, and successfully applied to pharmacokinetic study of ZYD extract 
after oral administration to rats. 

2. Experimental 
2.1. Reagents, Chemicals and Animals 

The reference standard of harpagide and catalpol (purity > 98.0%, HPLC) were 
purchased from Beijing Solarbio Science & Technology Co. Ltd (Beijing, China), 
and their structures are shown in Figure 1. Diclofenac sodium (purity > 99.5%) 
used as the internal standard (IS), was obtained from Shanghai Yuanye 
Bio-Technology Co. Ltd (Shanghai, China). The crude drugs of Radix scrophu-
lariae, Radix Ophiopogonis and Radix rehmannia were purchased from Tong 
Ren Tang Chinese Medicine Co., Ltd. (Beijing, China) and carefully authenti-
cated by Dr. Liang Peng according to Chinese pharmacopoeia (The Pharmaco-
poeia Commission of PRC, 2015). Solvents used as eluents for liquid chromato-
graphy-mass spectrometry were HPLC grade from Fisher Scientific (FairLawn, 
NJ, USA). All the other reagents were analytical grade and redistilled water was 
used throughout this study. 

Specific pathogen free (SPF) Wistar rats (200 - 230 g) were purchased from the 
Experimental Center of Hubei Medical Scientific Academy (SCXK2015-00018, 
Hubei, China). The animal experiments were performed in the Center for Ani-
mal Experiment of Hubei College of Chinese Medicine (Jingzhou, China), which 
has been accredited by the Association for Assessment and Accreditation of La-
boratory Animal Care International. All animal experiment procedures were  
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Figure 1. Chemical structures and MS-MS spectra of catalpol (a) and harpagide (b). 

 
approved and performed in accordance with the Guidelines for the Care and Use 
of Laboratory Animals of the Chinese Animal Welfare Committee. 

2.2. Preparation of Aqueous Extract of ZYD 

ZYD was obtained by decocting the crude drugs of Radix Scrophulariae, Radix 
Ophiopogonis and Radix Rehmannia in the proportion of 5:4:4 according to the 
traditional use. In brief, the crude drugs (130 g) were extracted with 20 folds wa-
ter for 1 h by reflux extraction. After filtered, the supernatant was collected and 
evaporated to dryness. Then the residue was reconstituted in water to obtain 
concentrations equivalent to 0.25 g/mL of Radix Scrophulariae, 0.2 g/mL of Ra-
dix Ophiopogonis and 0.2 g/mL of Radix Rehmanniae. The extracts were kept at 
4˚C for further oral gavage to rats. To calculate the administered dose, the con-
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tent of catalpol and harpagide in ZYD were quantitatively analyzed. The solution 
obtained was diluted 50 times, filtered through a 0.22 mm membrane, and then 
quantitatively assayed by LC external standard method. The contents of catalpol 
and harpagide were determined to be 2.37 and 1.28 mg/mL in ZYD given to rats, 
respectively. 

2.3. Instruments and LC-MS Conditions 

Samples analyses were performed on a Shimadzu HPLC system (Shimadzu, 
Kyoto, Japan) interfaced with an API 4500 Qtrap (AB Sciex, Concord, Canada). 
The HPLC system consists of an LC-20ADXR binary pump, a SIL-20ACXR au-
tosampler, a CTO-20AC column oven, a DGU-20A3 degasser and a CBM-20A 
controller. Chromatographic separation was performed on Waters SunFireTM 
C18 column (100 mm × 2.1 mm, 3.5 μm; Waters, Milford, MA, USA) maintained 
at 40˚C. The mobile phases consisted of acetonitrile as mobile phase A (A) and 
10 mM ammonium formate as mobile phase B (B). The flow rate was set at 0.3 
mL/min. The gradient elution program optimized for separation efficiency was 
as follows: 0 - 2.0 min, 2% A; 2.0 - 3.0 min, 2% - 40% A; 3.0 - 6.0 min, 40% - 90% 
A; 6 - 7 min, 90% A. The injection volume was 2.0 μL. 

A 4500 QTRAP® mass spectrometer (AB SCIEX, Concord, Canada) equipped 
with a Turboionspray® source (TIS) was operated in the negative ion mode with 
MRM (multiple reaction monitoring) for LC-QTRAP-MS/MS analysis. The MS 
parameters were optimized as follows: TIS temperature, 500˚C; ionspray voltage, 
−4500 V; curtain gas, nitrogen, 30; nebulizing gas, 50; TIS gas, 50; declustering 
potential, −40 V for catalpol, −40 V for harpagide and −29 V for IS; entrance 
potential, −10 V; collision energy (CE), −25 eV for catalpol, −27 eV for harpa-
gide and −31 eV for IS. The following MRM transitions were used: m/z 407.2  
199.0 for catalpol, 409.2  201.0 for harpagide and 294.0  214.0 for IS, respec-
tively. 

2.4. Stock Solution, Calibration Standards and Quality Control  
Samples 

Stock solutions of catalpol, harpagide and IS were prepared in methanol-water 
(50:50, v/v) with a final concentration of 0.5 mg/mL, 0.25 mg/mL and 0.1 
mg/mL, respectively. Working solutions were prepared by diluting respective 
stocking solution to suitable concentrations of 0.1 - 25 μg/mL for catalpol and 
0.05 - 12.5 μg/mL for harpagide with methanol-water (50:50, v/v). Quality con-
trol (QC) working solutions at concentrations of 0.1, 0.2, 2.0 and 20 μg/mL for 
catalpol and 0.05, 0.1, 1.0 and 10 μg/mL for harpagide were made from a sepa-
rately prepared 400 μg/mL stock solution of catalpol and 200 μg/mL stock solu-
tion of harpagide. IS working solution was prepared to suitable concentration of 
200 ng/mL. All solutions were kept at 4˚C and were brought to room tempera-
ture before use. 

Calibration standards were prepared as follows: 4 μL of catalpol and harpagide 
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working solution was pipetted into an Eppendorf tube and evaporated to dry-
ness by a gentle stream of nitrogen. Then 20 μL of blank rat plasma was added to 
create calibration curve (20, 50, 100, 200, 500, 1000, 2000 and 5000 ng/mL for 
catalpol and 10, 25, 50, 100, 250, 500, 1000 and 2500 ng/mL for harpagide). QC 
samples were prepared by the same procedure as above at concentrations of 20, 
40, 400 and 4000 ng/mL for catalpol and 10, 20, 200 and 2000 ng/mL for harpa-
gide. QC samples were stored at −80˚C for stability evaluation. 

2.5. Sample Preparation 

An aliquot of 20 μL plasma sample was transferred to an Eppendorf tube. Then 
20 μL of IS working solution and 100 μL of acetonitrile were added. The mix-
tures were vortex-mixed for 2 min and centrifuged at 13,000 rpm for 10 min. 
The supernatant was diluted 1:2 with mobile phase and then vortex-mixed for 30 
s. An aliquot of 2 μL of the mixture was injected into the LC-MS/MS system. 

2.6. Method Validation Procedure  

Specificity was assessed by comparing chromatograms obtained from six differ-
ent batches of blank rat plasma with those obtained from corresponding stan-
dard samples spiked with catalpol, harpagide and IS, and a rat plasma sample 
after oral administration of ZYD. The linearity of the assay was assessed by ana-
lyzing the calibration curves using least-squares linear regression of the peak 
area ratios of the analytes to the IS versus the nominal concentration of the cali-
bration standard with a weighed factor (1/x2). QC samples at low, medium and 
high concentration were analyzed on three separate occasions with six replicates 
at each concentration per occasion to determine the accuracy and precision. 
Precision was defined as the relative standard deviation (RSD %) and accuracy as 
relative error (RE %). The recoveries of catalpol and harpagide were determined 
at three QC levels with six replicates by comparing the peak areas from extracted 
samples with those in post-extracted samples spiked with the analytes at the 
same concentration. The matrix effect was measured at three QC levels by com-
paring the peak response of blank bio-sample extracts spiked with the analytes 
(A) with that of pure standard solution containing equivalent amounts of the 
compounds (B). The ratio (A/B × 100)% was used to evaluate the matrix effect. 
Stability studies in bio-samples were also conducted at three QC levels in several 
different storage conditions: at room temperature for 6 h, at −80˚C for at least 10 
days, after three freeze-thaw cycles, and for 8 h in processed samples at 10˚C in 
auto-sampler tray. Each concentration was analyzed in three replicates. 

2.7. Application to a Pharmacokinetic Study 

The method was successfully applied to generate the plasma concentration ver-
sus time profile of catalpol and harpagide in rat plasma. Before the experiment, 
six rats were fasted overnight with free access to water. Aqueous solutions of 
ZYD were given to rats at a dose of 23.7 mg/kg of catalpol and 12.8 mg/kg of 
harpagide. Whole blood samples (about 0.1 mL) were collected from the fossa 
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orbitalis vein into heparinized centrifuge tubes at 10, 20, 30 and 45 min, 1, 1.5, 2, 
3, 4, 6, 8, 12 and 24 h after oral administration of ZYD. These samples were se-
parated for plasma by centrifugation for 5 min at 2200 ×g and then stored at 
−80˚C until further analysis. The pharmacokinetic parameters of catalpol and 
harpagide in rats were calculated by DAS3.0 software supplied by the Pharma-
cological Society of China (Beijing, China). All data were expressed as means ± 
standard deviation. 

3. Results 
3.1. Optimization of LC-MS/MS Condition 

Mass spectrometric parameters were optimized in negative ionization mode with 
infusion and flow injection analysis. It was observed that the signal intensity of 
[M+HCOO−]− ions were much higher than [M-H]− ions for catalpol and harpa-
gide, while the signal intensity of [M-H]− ion for IS was much higher. Therefore, 
[M+HCOO−]− ions for catalpol (m/z 407.2) and harpagide (m/z 409.2), [M-H]− 
ion for IS (m/z 294.0) were chosen as precursor ions. The most abundant and 
stable fragment ions at m/z 199.0 for catalpol, m/z 201.0 for harpagide and m/z 
214.0 for IS were selected for the product ions. Figure 1 displays the full-scan 
product ion mass spectra of [M+HCOO−]− ions of catalpol and harpagide. In 
order to reduce MS contamination, a diverter valve was installed between HPLC 
and MS to send HPLC eluent to waste from 0 to 0.8 min. 

The analytes and IS showed a good retention on a Waters SunFireTM C18 
column (100 mm × 2.1 mm, 3.5 μm; Waters, Milford, MA, USA) with a gradient 
elution program. In order to find the most sensitive analytical condition, several 
parameters were investigated including composition of mobile phase, and type 
(formic acid, acetic acid, or ammonium formate) and concentration of additives. 
Finally, acetonitrile-10 mM ammonium formate with gradient elution resulted 
in symmetrical peak shapes and high sensitivity for all the analytes. 

3.2. Sample Cleanup 

Sample preparation is the rate-limiting step in achieving high-throughput sam-
ple analysis. It is necessary to develop simple and efficient sample cleanup after 
devoid of matrix effects and interference from endogenous plasma components 
for estimation of the analytes in rat plasma. Compared with liquid-liquid extrac-
tion or solid phase extraction, protein precipitation (PPT) has some advantages, 
such as high extraction efficiency, environmentally lower toxicity and simple 
procedure. A simple and rapid one-step protein precipitation method was 
adopted in this study as follows: 20 μL of plasma was precipitated with 100 μL of 
acetonitrile and the supernatant was diluted 1:2 with mobile phase prior to in-
jection. 

3.3. Method Validation 

This assay was carried out according to the guidelines for bioanalytical method 
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validation as issued by the FDA Center for Drug Evaluation and Research 
(2001). 

Selectivity and the lower limit of quantification The specificity of the method 
was established with blank, pooled and individual plasma samples from six dif-
ferent sources. The results showed no interference with catalpol, harpagide and 
IS, as shown in Figure 2. The limits of detection for catalpol and harpagide with 
the signal-to-noise over 3 were 2 ng/mL and 0.5 ng/mL, respectively. The lower 
limits of quantification (LLOQ) for catalpol and harpagide in plasma with the 
signal-to-noise over 15 were 20 and 10 ng/mL, respectively. At these concentra-
tions, the intra- and inter-day CVs were less than 14.3%, and the REs were 
within ±13.2% for both catalpol and harpagide, meeting the requirements. 

Linearity The linearity was evaluated on three separate occasions with two sets 
calibration curves per occasion. Calibration curves were best fitted by quadratic 
regression with 1/x2 as the weighting factor. Correlation coefficients (r) of 0.993 
or higher were obtained for catalpol and harpagide, indicating that the linearity 
were good over the concentration ranges of 20 to 5000 ng/mL for catalpol (y = 
(0.02173 ± 0.00192)x + (0.00095 ± 0.00043)), and 10 to 2500 ng/mL for harpa-
gide (y = (0.03127 ± 0.00374)x + (0.00149 ± 0.00051)). All standards met criteria 
of <15% deviation from nominal concentration. 

Precision and accuracy The within day assay precision were estimated by  
 

 
Figure 2. Representative MRM chromatograms of catalpol, harpagide and IS in rat plasma (a): a blank rat plasma; (b): a blank rat 
plasma spiked with catalpol (LLOQ), harpagide (LLOQ) and IS; C: a rat plasma 0.33 h after oral administration of ZYD. 
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analyzing six replicates containing analytes of catalpol and harpagide at three 
different QC levels. Between day assay precision and accuracy were determined 
by analyzing the three level QC samples on three different runs. Table 1 shows 
the results obtained for the within batch and between batch precisions and ac-
curacies of catalpol and harpagide. The precision (% RSD) for all these analytes 
under investigation did not exceed 15%. Accuracy (% RE) for all analytes was in 
the range from −5.9% to 6.5% at any of the concentrations studied and met the 
requirements of validation. 

Recovery and matrix effect The recovery of catalpol and harpagide from 
plasma was estimated at three QC levels. Plasma samples (in six replicates) con-
taining all analytes at QC concentration level were also spiked with internal 
standard. Comparing the peak areas from extracted samples with those from 
post-extracted blank plasma samples spiked with the pure standards at the same 
concentration, the ratios of the peak response were within the acceptable limit. 
The recoveries ranged from 79.4% to 81.2% and 78.9% to 83.1% for catalpol and 
harpagide, respectively. The mean recovery of the IS was 82.7% at a concentra-
tion of 200 ng/mL. The results are shown in Table 1. 

The matrix effect was measured at three QC levels by comparing the peak re-
sponse of blank plasma extracts spiked with the analytes (A) with that of pure 
standard solution containing equivalent amounts of the compounds (B). The ra-
tio (A/B × 100)% was used to evaluate the matrix effect. All the ratios are listed 
in Table 1 and were within the range 94.3% - 103.6% for catalpol, and 97.1% - 
108.2% for harpagide, indicating that no significant matrix effect was observed 
for catalpolorharpagide. The mean matrix effect for the IS was 100.9% at a con-
centration of 200 ng/mL. 

Stability QC samples were subjected to short-term (Room temperature for 6 
h) and long-term (−80˚C for 10 days) storage condition, freeze-thaw stability 
(three times), and autosampler stability (processed samples at 10˚C in atuo-
sampler for 8 h). All stability studies were carried out at three concentration le-
vels in three replicates. The results of stability experiments are summarized in  
 
Table 1. Precisions, accuracies, recoveries and matrix effects for analysis of catalpol, har-
pagideand IS in rat plasma (n = 6). 

compound 
Concentration 
spiked (ng/mL) 

Intra-day Inter-day Accuracy Recovery Matrix effect 

RSD % RSD % (RE %) (%, mean ± SD) (%, mean ± SD) 

catalpol 

40 7.9 12.9 6.5 81.2 ± 10.4 94.3 ± 6.9 

400 5 6.6 4.2 79.4 ± 4.3 103.6 ± 3.7 

4000 3.3 6.8 -5.9 80.6 ± 6.1 99.8 ± 4.8 

harpagide 

20 8.8 5.2 2.2 83.1 ± 5.7 97.1 ± 9.7 

200 4.5 5.2 5.5 80.8 ± 2.9 108.2 ± 3.4 

2000 4.8 13.2 3.9 78.9 ± 3.5 105.5 ± 6.5 

IS 200 - - - 82.7 ± 5.4 100.9 ± 4.7 

RSD: Relative standard deviation. RE: Relative frror. SD: Standard deviation. 
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Table 2. All results for the samples tested were within the acceptable criteria of 
±15%, indicating that catalpol and harpagide were stable under the conditions 
described above. 

3.4. Pharmacokinetic Study 

The validated method was applied to investigate the pharmacokinetics of cata-
lpol and harpagide in rats after intragastric administration of ZYD. Figure 3 
shows the mean plasma concentrations of catalpol and harpagidevs time. The 
main pharmacokinetic parameters estimated by noncompartmental analysis us-
ing DAS3.0 software are listed in Table 3.  

Catalpol plasma concentration reached a maximum at 0.95 ± 0.11 h after ad-
ministration with an average Cmax of 4.850 ± 1.475 mg/L. The average area under 
the curve (AUC0-∞) was 23.95 ± 9.01 mg h/L. 

Harpagide plasma concentration reached a maximum at 0.70 ± 0.45 h after 
administration with an average Cmax of 0.371 ± 0.098 mg/L. The average AUC0-∞ 
was 1.928 ± 0.549 mg h/L. 
 
Table 2. Stability of catalpol and harpagide in rat plasma (n = 3). 

Compound 
Concentration 

spiked 
(ng/mL) 

Room  
temperature  

for 6 h 
−80˚C for 10 days 

Three times 
freeze-thaw 

cylcles 

Processed samples  
in atuosampler  

for 8 h 

RE % RSD % RE % RSD % RE % RSD % RE % RSD % 

catalpol 

40 3.6 4.1 −1.9 6.3 4.1 9.4 1.4 3.9 

400 2.7 3.9 −5.1 5.4 −0.9 11.2 −3.3 4.2 

4000 3.2 7.1 −3.8 5.9 4.9 3.3 −4.1 13.1 

harpagide 

20 1.1 5.9 0.3 7.0 6.7 12.1 −0.9 2.2 

200 4.8 3.1 −4.1 3.9 2.0 7.8 −3.2 4.9 

2000 −2.7 4.7 −6.3 9.7 4.7 2.9 −5.9 7.1 

 
Table 3. The main pharmacokinetic parameters of catalpol and harpagide after oral ad-
ministration of ZYD (Mean ± SD; n = 6). 

Parameters units 
Catalpol Harpagide 

(mean ± SD) (mean ± SD) 

AUC(0-t) mg·L−1 h 23.75 ± 9.05 1.666 ± 0.693 

AUC(0-∞) mg·L−1 h 23.95 ± 9.01 1.928 ± 0.549 

t1/2z h 2.04 ± 0.59 5.06 ± 2.29 

Tmax h 0.95 ± 0.11 0.70 ± 0.45 

CLz/F L·h−1·kg−1 1.116 ± 0.429 6.978 ± 1.511 

Vz/F L·kg−1 2.99 ± 0.29 52.67 ± 18.73 

Cmax mg·L−1 4.850 ± 1.475 0.371 ± 0.098 
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Figure 3. Mean concentration time curves of catalpol and harpa-
gide in rat plasma after the oral administration of ZYD (n = 6). 

4. Discussion  

Our microsampling method was found to cause minimal stress to the rats, and a 
maximum of 1.3 mL whole blood could be collected for 13 time points over a 
24-hour time period. Furthermore, after centrifugation and isolation of plasma, 
a small volume (20 μL) was found to be sufficient for LC-MS/MS quantification. 
One-step protein precipitation method was adopted in this study achieving 
high-throughput sample analysis. 

After intragastric administration of ZYD, catalpol and harpagide were rapidly 
absorbed and reached its peak concentrations in rats. Catalpol and harpagide 
have showed a double-peak phenomenon, which was usually seen in the phar-
macokinetic study of herb medicine [22] [23] [24] [25]. Absorption of drugs 
(especially for herb medicines) from the gastrointestinal tract was a complex 
process and the phenomenon might be caused by variability of absorption with-
in different regions of the gut or transformation of different compounds [23] 
[26]. Some iridoidglucosides were hydrolyzed by enzymes such as β-glucosidase 
[12] [27]. Catalpol or harpagide may be biotransformed from other components 
in ZYD, which should be clarified in the further studies. 

5. Conclusions  

A simple, fast and sensitive LC-MS/MS method has been developed and vali-
dated for the simultaneous quantification of catalpol and harpagide in rat plas-
ma after oral administration of ZYD. Compared with previously published me-
thods, this method provides major advantages in terms of less plasma volume 
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(20 μL), shorter run time less (8 min) and wider linear range (20 to 5000 ng/mL 
for catalpol and 10 to 2500 ng/mL for harpagide). The method was successfully 
applied to pharmacokinetic study of catalpol and harpagide in rats. The obtained 
in vivo data for catalpol and harpagide will be helpful to better understand the 
pharmacological effect of ZYD. 
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