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ABSTRACT

A quantitative high performance liquid chromatography-tandem mass spectrometry (LC/MS/MS) was developed to analyze 
the constituents of podophyllin.  Chromatographic separation was performed on a Cosmosil 5C18-MS (25 cm × 4.6 mm I.D., 5 µm) 
reverse phase column using a gradient of mobile phase (0.25% formic acid-methanol).  The column effluent was split 2: 3 into the 
photodiode detector and tandem mass spectrometer.  Podophyllotoxin, quercetin and kaempferol in podophyllin were identified by 
daughter ion scan mode and then determined their contents by multiple-reaction monitoring (MRM) mode.  The limits of detection 
and quantitation for podophyllotoxin, quercetin and kaempferol were 2.40, 8.01; 2.94, 9.87 and 3.10, 10.2 ng/mL, respectively.  The 
relative standard deviations of intraday and interday analyses for podophyllotoxin, quercetin and kaempferol ranged from 0.52-
6.01% and 2.48-9.88%, respectively.  The mean recoveries for podophyllotoxin, quercetin and kaempferol were 101.4%, 98.3% and 
98.7%, respectively.   The developed LC/MS/MS method was suitable for the simultaneous determinations of podophyllotoxin, 
quercetin and kaempferol in podophyllin. 

Key words: LC/MS/MS, podophyllin, podophyllotoxin, quercetin, kaempferol

INTRODUCTION

Podophyllin is an alcoholic plant extract from the 
dried rhizomes and roots of Podophyllum emodi (Indian 
Podophyllum) and P. peltatum (Mayapple or Mandrake).  
It possessed various biological activities, and had been 
used to treat constipation, hepatic disorder, and rheu-
matic arthritis.  In 1942, podophyllin was suggested as a 
treatment of condylomata acuminata, one type of venere-
al warts, by Kaplan(1).  Though severe systematic toxici-
ties from ingestion or tropical application of podophyllin 
had been reported, the side effects were usually revers-
ible and fatal(2).  Hence, so far it was used as a tropical 
treatment for genital warts and required to apply a thin 
layer to warts to minimize its side effects(3). 

The chemical constituents of podophyllin had been 
studied since the nineteenth century.  Podophyllotoxin 
(Figure 1), the major constituent of podophyllin, was 
firstly separated and identified in 1880, and subsequent-
ly, a series of aryltetralin-type lignans were isolated and 
documented(4-6).  In addition to lignans, flavonoids, such 
as quercetin and kaempferol (Figure 1) have also been 

found in podophyllin.  Podophyllotoxin has been known 
to display antitumor activity(7), often used as a starting 
material for the synthesis of anticancer drug.  Clinically, 
external preparation of podophyllotoxin was made for 
the treatment of genital warts as podophyllin.   Querce-
tin and kaempferol distribute widely in most of herbals, 
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dhwcheng@tmu.edu.tw Figure 1. Structures of podophyllotoxin, quercetin and kaempferol.
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vegetables, fruits and beverages.   Studies have shown 
that flavonoids have multiple biological activities such 
as antioxidant(8), anti-inflammatory, antiviral, platelet 
aggregation inhibition(9), and antiaging(8); some reports 
suggested that supplement flavonoids could prevent the 
incidence of cardiovascular diseases(8,10,11)

.
A preliminary genotoxicity survey on chemicals 

showed that podophyllin was a potent mutagen in Ames 
Salmonella test.   In order to investigate the mechanism 
of genotoxicity induced by podophyllin, the constituents 
of podophyllin need to be identified.  Various analytical 
methods for the chemical constituents of podophyllin or 
Podophyllum spp. have been published.  Mishra et al.(12) 
described the determination of podophyllotoxin content 
in P. hexandrum by reverse phase high performance thin 
layer chromatography (HPTLC)/Scanning Densitometry.  
A comparison test for the quantitation of podophyllotox-
in from P. hexandrum roots by quantitative high perfor-
mance liquid chromatography and HPTLC was conduct-
ed by Mishra et al.(13).  The limit of detection (LOD) and 
limit of quantitation (LOQ) for methanol extract and 
resin ranged from 30-100 pg and 110-615 pg by HPLC 
and 51-133 ng and 136-872 ng by HPTLC, respectively.  
Nikolova et al.(14) presented the quantification of querce-
tin in Artemisia vulgaris by TLC/Densitometer, and the 
LOD was 0.06 μg/spot.  TLC cannot further provide 
identification information, though it’s a simplest and high 
throughput technique.  Hence, TLC is now mainly used 
for the initial examination of plant materials and for the 
monitoring of various stages during the natural products 
purification. 

Lim(15) compared the resolutions of eight lignans by 
HPLC using four kinds of mobile phases and suggested 
that methanol-water system is most suitable for lignans 
separation. Bastos et al.(16) detected eight Podophyllum 
lignans in P. peltatum by HPLC.  Although the analysis 
of podophyllotoxin showed good resolution and accept-
able recoveries from 74.9 to 106.3% in different parts of 
the plant, complicated mobile phases composed of aceto-
nitrile, acetic acid, ammonium acetate, ethanol, metha-
nol, methyl-t-butyl ether and tetrahydrofuran were used.  
Shen and Tien(17) applied two different mobile phases to 
determine the contents of podophyllotoxin and quercetin 
respectively, methanol-water (65:35) for the former and 
methanol-phosphoric acid for the later.   Liu and Jiao(18) 

demonstrated methanol-water, methanol-phosphate 
buffer (pH 2.5) and acetonitrile-phosphate buffer (pH 
2.5) as mobile phases with isocratic or gradient elution to 
separate eight lignans, quercetin and kaempferol.  Those 
data indicated the calibration concentrations ranging 
from 2-40 µg/mL for quercetin and kaempferol and 2.08-
104 µg/mL for podophyllotoxin.  The recovery data from 
the standard addition was 94.7-101.3% but no further 
LOD and LOQ data was provided. 

Gas chromatography/Mass spectrometry (GC/MS) is 
often used in the analysis of volatile compounds, other-
wise derivatization was needed.   A quick and simple 

GC/MS method for lignan profiling except for podo-
phyllotoxin in Anthriscus sylvestris has been published 
by Koulmann et al.(19).  As to quercetin and kaempferol, 
derivatization of these compounds has been performed 
prior to GC/MS analysis(20-22).  As herbal extracts often 
contain structure related compounds, poor derivatization 
might result in more complicated products, thus increas-
ing the analytical complexity. 

Capillary electrophoresis (CE) has gained acceptance 
as alternative to conventional liquid chromatography in 
analytical research field because of its merits-high reso-
lution, small sample volumes, extraordinarily low buffer 
solution consumption, and rapid separation.   Liu et al. 
(23,24) reported two MEKC methods for the quantitative 
analysis of seven lignans in P. emodi and seven pairs of 
diastereoisomers at C2-position.  Zhang et al.(25) described 
the application of CE to the qualitative and quantification 
of quercetin and kaempferol in Ixeridium gracile.   CE 
can also monitor the configuration of lignans, in the case 
well controlled parameters, such as pH, SDS and modifier 
concentration. 

Among the above-mentioned publications, only 
Liu and Jiao(18) discussed the simultaneous analyses of 
podophyllotoxin, quercetin, and kaempferol.  Literatures 
regarding to simultaneous analysis of lignans and flavo-
noids were few.  As mass spectrometer detector is more 
sensitive and specific than conventional UV detector, 
HPLC/MS and HPLC/MS/MS were gradually applied to 
analyze herb, dietary supplements, food, pesticide-resi-
due and veterinary drugs(26,27).  Hence, we developed a 
new analytical method to characterize and determine the 
contents of podophyllin.

MATERIALS AND METHODS

I. Chemicals and Reagents

Podophyllin (P-8582, P-5583), podophyllotoxin (P-
4405, Purity 99.9%), quercetin (Q-0125, Purity 99.0%) 
and kaempferol (K-0133, Purity 94.0%), caffeine (Inter-
nal standard, 99.6%), formic acid and all of chemicals 
used for the Ames Salmonella test were purchased from 
Sigma-Aldrich (St, Louis, MO, USA).  Methanol of HPLC 
grade was from J.T. Baker (Deventer, Netherlands). 

II. Ames Salmonella Test

The method was based on the recommendations 
of Maron and Ames(28) and Organization for Econom-
ic Cooperation and Development (OECD) guidelines 
(1997)(29).   The Salmonella typhimurium bacteria and 
histidine auxotrophic strains TA98, TA100, and TA102 
were obtained from MOLTOX (Molecular Toxicology, 
Annapolis, MD) and grown for 14 h at 35 ± 2°C with 
continuous shaking.  Bacteria were grown to the density 
of 1 to 2 × 109 cells/mL with absorbance at 600 nm of 
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0.2-0.3.  Top agar containing 2 mL of heated agar, 0.1 mL 
of test chemical and 0.1 mL of bacteria, was mixed up and 
added to three different minimal glucose agar plates.  All 
plates were incubated at 37°C for 48 h, and the number 
of bacteria colonies was determined.  The entire experi-
ment was repeated again on different day with a total of 
six plates for each concentration of podophyllin.   Each 
tester strain was routinely checked to confirm its features 
for optimal response to three known mutagenic chemi-
cals as follows: 4-nitroquinolone-N-oxide (0.5 µg/plate), 
mitomycin c (0.5 µg/plate), and 2-aminoanthracene (5 
µg/plate).  A test compound was judged to be mutagenic 
in the plate test if it produced, in at least one concentra-
tion and one strain, a response equal to twice (or more) 
of the control incidence with a dose-response(30,31).  The 
only exception was strain TA102, which had a relatively 
high spontaneous revertant number, where an increase 
by a factor of 1.5 above the control level was taken as an 
indication of a mutagenic effect.

III. LC/MS/MS Analysis

(I) Standards and Sample Solution

The standard stock solutions of podophyllotoxin, 
quercetin and kaempferol as well as internal standard 
stock solution were prepared in methanol.  The working 
standard solutions of combined standard were subse-
quently prepared, containing the internal standard of 10 
µg/mL, and used to construct the calibration curve.  The 
working standard concentration ranged from 1-100 µg/
mL for podophyllotoxin and 0.5-50 µg/mL for kaempfer-
ol and quercetin.  The sample stock solution (1000 µg/mL 
of podophyllin in methanol) was used for the identifica-
tion.  The sample solution for the quantitation (200  µg/
mL) was prepared by diluting the sample stock solution, 
which was spiked with the internal standard of 10 µg/mL.

(II) LC/MS/MS Conditions

LC/MS/MS experiments were carried out on a Quat-
tro Ultima tandem mass spectrometer coupled with a 
Waters 2690 Alliance LC & 996 PDA with an automatic 
liquid sampler and an injector.  Chromatographic separa-
tion was performed on a Cosmosil 5C18-MS (25 cm × 4.6 
mm I.D., 5 µm) reverse phase column (Nacalai Tesque, 
Kyoto, Japan) with the injection volume of 10 µL.   The 
mobile phase consists of mixture of 0.25% formic acid 
(A) and methanol (B) using a gradient elution.  The gradi-
ent program was set as follows: 0-5 min, 55% B to 60% 
B; 5-25 min, 60% B to 70% B; 25-28 min, 70% B to 55% 
B; and 28-30 min, 55% B.  The flow rate was set at 0.5 
mL/min.  The interface between HPLC and mass spec-
trometer was atmospheric pressure ionization source with 
the electrospray inlet operated in the positive mode.  The 
column effluent was split 2:3 into the photodiode detector 
and tandem mass spectrometer.  The mass spectrometer 

parameters were set as follows: capillary voltage 3 kV, 
the ion source temperature 100°C, desolvation tempera-
ture 350°C, cone gas (nitrogen) flow 50 L/h, desolvation 
gas (nitrogen) flow 500 L/h, ion energy 1.0 V and multi-
plier 600 V.  The parent ion ([M+H]+) for each standard 
was obtained from MS scanning mode by tuning the cone 
voltage (V) while direct infusing the standard solution 
into the mass spectrometer.  Subsequently, daughter ion 
scan mode was carried to get its daughter ions resulted 
from the fragmentation of the precursor ion.   Different 
collision energy (eV) was applied to obtain the optimal 
daughter ion spectrum, which was used to establish the 
mass spectra library.   Argon was used as collision gas 
at a pressure of 3-4 × 10-3 mbar.  In this study, the cone 
voltage/collision energy was set at 40V/10eV, 40V/30eV 
and 80V/30eV for podophyllotoxin, quercetin and kaemp-
ferol, respectively.  The optimal parameters of daughter 
ion scan mode for them were saved as a mass file for the 
subsequent identification work.  Multiple reactions moni-
toring (MRM) with specific parent/daughter ion transi-
tion was used for quantitation.  Similarly, MRM method 
containing transition ions, dwell time, cone voltage and 
collision energy was set up for the following work.  The 
transitions (precursor to product ion) monitored were m/z 
415.3→397.4 for podophyllotoxin; 303.3→153.2 for quer-
cetin; 287.3→153.3 for kaempferol, and 195.3→138.2 for 
the internal standard caffeine.  The dwell time per tran-
sition was 0.25 sec.  Peak areas of all compounds were 
automatically integrated using MassLynx 4.0 software.

The contents of podophyllotoxin, quercetin and 
kaempferol were determined by multiplying dilution 
factor and the interpolated concentrations through each 
of calibration curve. 

 (III) Calibration Curve, Limit of Detection, Limit of Quan-
tification

Five levels of working standard solutions were 
measured in triplicate.   Each calibration curve was 
constructed by linear regression of the average peak 
area ratio of standard to internal standard versus stan-
dard concentration.  The LOD was the concentration of 
signal-to-noise ratio of 3, and LOQ was determined as 
the concentration of signal-to-noise ratio of 10.

(IV) Interday and Intraday Assays

Blank samples spiked with each standard at differ-
ent concentrations were used in the evaluation of inter-
day and intraday assays.  In this experiment, four levels 
of standards were spiked as follows: 10, 25, 50 and 100 
µg/mL for podophyllotoxin, 5, 10, 25 and 50 µg/mL 
for quercetin and kaempferol.   Each spiked sample was 
determined in triplicate for three different days.   The 
interday and intraday precisions were evaluated using the 
relative standard deviation.
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(V) Recovery

The recoveries of podophyllotoxin, quercetin and 
kaempferol in podophyllin were determined by spiking 
standards of podophyllotoxin, quercetin and kaempferol 

into podophyllin.   The spiked concentrations in podo-
phyllin were 20, 35 and 50 µg/mL for podophyllotoxin, 5, 
20 and 25 µg/mL for quercetin and kaempferol, respec-
tively.   Both spiked and un-spiked podophyllin samples 
were run for analysis.  The recovery was determined by 

Figure 2. The total multiple reaction monitoring (MRM) chromatograms of podophyllin and individual MRM channel of podophyllotoxin, 
quercetin and kaempferol from top to bottom by using mobile phase of methanol-water system (A) and methanol-0.25% formic acid (B).  The 
gradient programs for (A) and (B) is the same.  Methanol composition is as follows: 0-5 min, 55% - 60%; 5-25 min, 60%-70%; 25-28 min, 
70%-55%; and 28-30 min, 55%.
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comparing the peak area ratio of the spiked sample to un-
spiked podophyllin.

RESULTS AND DISCUSSION

I. Ames Salmonella Test

The data of podophyllin induced histidine rever-
tants in three strains of Salmonella typhimurium were 
listed in Table 1 and indicated that podophyllin increased 
colony formation in strains TA98, TA100 and TA102 in 
a concentration-dependent manner.  The increasing folds 
over the negative control at podophyllin of 1000 µg/plate 
in TA98, TA100 and TA102 reach 12.0, 2.7 and 1.9 folds, 
respectively.  The induction of TA98 strain over 3 times 
relative to control was taken as a mutagenic effect by 
FDA guideline in 2004(32). 

II. Analysis of Podophyllin by LC/MS/MS 

Prior to this study, the analysis of podophyllotoxin, 
quercetin and kaempferol by HPLC(18) or CE has been 
reported in the literatures.  HPLC/UV method can afford 
qualitative and quantitative data and is often employed 
in the analytical works.   CE/UV is an alternative tech-
nique to HPLC, which provides efficiency equivalent to 
HPLC.  The shortcoming of HPLC/UV and CE/UV is the 
need of reference standard involved in the experiment.  
HPLC, GC or CE hyphenate mass detector can improve 
the demand of reference standard because of mass spec-
tra specificity.  Considering the physico-chemical prop-
erties of the constituents in this study, GC is not a suit-
able method for them.  Recently, LC/MS/MS application 
to chemical analyses of food, drug and herbal medicine is 
gradually increasing, hence, it prompted us to develop a 
simultaneous analysis of podophyllin.

(I) Mobile Phase Considerations 

In the preliminary study, different ratios of mobile 
phases (acetonitrile-water and water-methanol) were 
employed to optimize HPLC separation and MS sensitiv-
ity.  Poor resolution in acetonitrile-water was improved 
by using methanol-water system; this result is the same 
as Liu and Jiao(18).  Lim’s research also revealed that the 
methanol-water mobile phase for the analysis of lignans 
was better and indicated that methanol, an H-bonding 
organic modifier, formed various degrees of H-bond with 
different lignans in various structures and stereo-config-
uration, thus resulting in longer retention time and better 
resolution(15).   Acetic acid and formic acid often added 
into the mobile phase to enhance the ionization of inter-
ested compound.  Formic acid was selected as an acidic 
buffer in this study due to its lower boiling point and 
less smell than acetic acid.  The concentration of acidic 
solvent commonly used ranged from 0.1% to 1%.   As 
shown in the chromatogram in Figure 2, the methanol-
formic acid system for the analysis of podophyllotoxin, 
quercetin and kaempferol was superior to methanol-water 
system concerning the peak resolution and peak shape 
even if the former increased the retention time.   The 
concentration of formic acid used in this study was evalu-
ated based on the interested ion intensity obtained by 
using various concentrations of formic acid.  The result 
showed in Figure 3A.  The high concentration of formic 
acid might suppress ionization efficiency of podophyllo-
toxin, but exert less suppression effect on quercetin and 
kaempferol.   Besides, both methanol-water system and 
methanol-formic acid system were conducted in order to 
confirm the signal intensity (Figure 3B).  The ion signal 
intensity of podophyllotoxin was enhanced, but less effect 
was found in quercetin and kaempferol test.  Therefore, 
mobile phase composed of 0.25% formic acid-methanol 
was selected to perform the following quantitative work.

Table 1. Induction of His+ Revertants in three Strains of Salmonella Typhimurium by podophyllin without Metabolic Activation (S9)

Strains
His+/plate

Negative controla
Positive

controlc, d

PD (μg/plate)

1 20 200 1000

TA 98 27 ± 2 301 ± 29 *** 19 ± 1 (0.7) b 22 ± 2 (0.8) 100 ± 7***(3.7) 225 ± 40***(8.3)

TA 100 97 ± 5 678 ± 41*** 73 ± 15 (0.8) 62 ± 7 (0.6) 111 ± 10 (1.1) 213 ± 3***(2.2)

TA 102 141 ± 9 1277 ± 82*** 132 ± 3*(0.9) 144 ± 7 (1.0) 221 ± 15*** (1.6) 272 ± 9***(1.9)

The values were presented as mean ± SE (N ≥ 6). 
*p < 0.05, **p < 0.01, ***p < 0.001 vs. the negative control.
a 2 µL DMSO/plate was used as the negative control.
b Fold increased relative to the negative control.
c �Positive control in –S9 plate: TA 98, 4-nitro-O-phenylenediamine 2 µg/plate; TA 100, sodium azide 5 µg/plate; TA102, mitomycin C 0.5 

µg/plate.
d Positive control in +S9 plate: TA 98, TA 100 and TA102, 2-aminoanthracene: 5 µg/plate.
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(II) Sample Preparation and Matrix Effect Evaluation

As podophyllin is an alcohol extract, the inter-

ested constituents containing hydroxy group would 
be easily dissolved in methanol(33).   Hence, podophyl-
lin was dissolved in methanol and then directly injected 
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into LC/MS/MS system without cleanup process, such 
as solid phase extraction or liquid-liquid extraction.  LC/
MS/MS can provide quick analysis but certain papers 
indicated ion suppression hampered its application.  The 
ion suppression might mainly come from the complex 
of matrix, implying certain interference co-elutes with 
interested ions in the analytical condition.  The effect of 
ion suppression reduced ionization efficiency and cause 
poor reproducibility and accuracy.   A great number of 
papers discussed the compensation or correction meth-
ods for ion suppression.   The methods included the use 
of internal standards, the application of standard dilu-
tion method, dilution of the extract before instrumental 
determination and off-line or on line extraction proce-
dures(34,35).   For the detection of matrix effect, some 

researchers performed post-column infusion method of 
interest compound while the MRM transition was record-
ed during an injection of blank matrix sample(36), or 
application of different solid phase extraction for remov-
ing interference(37). 

In this study, matrix effect was investigated as 
following.  First, as there is no blank matrix obtainable, 
sample solution was diluted prior to adding standard.  A 
new calibration curve was constructed to compare the 
external standard curve.  The slopes of standard curves 
constructed from methanol solution or diluted podophyl-
lin solution are very close, implying that matrix effect is 
negligible (Figure 4A).  Secondly, internal standard was 
selected to perform the test as the addition of internal 
standard excluded variation in extraction and reconstitu-

Table 2. Validation test for podophyllotoxin, quercetin and kaempferol (n = 3)

Compound Linearity range (µg/mL) Calibration Curve Correlation Coefficient LODa (ng/mL) LOQb (ng/mL)

Podophyllotoxin 1-100 Y = 0.025209X + 0.046406 0.9994 2.40 8.01

Quercetin 0.5-50 Y = 0.011124X + 0.004123 0.9999 2.94 9.87

Kaempferol 0.5-50 Y = 0.018998X + 0.016987 0.9996 3.10 10.2
aLOD = Limit of Detection; bLOQ = Limit of quantitation.

Figure 5. The daughter ion chromatograms of podophyllin analyzed by LC/MS/MS (A), library search results (B-D) and the possible mass 
fragmentation pathways for podophyllotoxin, quercetin and kaempferol (E).  The daughter ion spectra for standards of podophyllotoxin, 
quercetin and kaempferol were established in the previous test.  Podophyllin was analyzed by 0.25% formic acid-methanol with gradient 
elution and using the same electrospray mode coupled with daughter ion scan mode.  The peaks at retention times of 16.4, 15.1 and 21.1 min 
were processed by Masslynx 4.0 software and further compared with the mass spectra database.  The search results are shown in B-D.  The 
R score means reverse peak search.  The higher R score indicates higher similarity of mass spectra between unknown compound and pure 
compound in the mass database.
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tion.   Internal standards were often selected from struc-
ture related compounds or its isotope compounds.   The 
isotope compound was not easily obtained; caffeine was 
selected since there is no interference peak correspond-
ing to caffeine retention time in the total ion chromato-
gram.   From the interday assay, the relative standard 
deviations were less than 10%, hence, the matrix effect 
might be neglected.

(III) Identification and Determination of Podophyllotoxin, 
Quercetin and Kaempferol by LC/MS/MS

As there is no available LC/MS/MS database, a 
homemade-library needs to be established.   Each stan-
dard solution of podophyllotoxin, quercetin and kaemp-
ferol was introduced into tandem mass spectrometer to 
obtain its parent ion spectrum and then further obtain its 
daughter ion spectrum.   The daughter ion spectra were 

Figure 5. Continued
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established into the library as reference spectra.  Prior 
to quantitation, podophyllin solution was analyzed by 
HPLC and the LC effluent was split into PDA and mass 
spectrometer.  The tandem mass spectrometry was oper-
ated on three kinds of daughter ion scanning mode simul-
taneously.   Figure 5A presented the total ion current 
chromatogram of podophyllin.   Its daughter ion spectra 
at retention time 16.4, 15.1, and 21.1 min were selected 
to compare with the library.  Besides, the peaks at 12.0 
and 14.13 min also appeared in the positive m/z 415 
channel, which implied those are belong to lignans-like 
constituents.  By automatic mass spectra library search-
ing function, the possible presences of podophyllotoxin, 
quercetin and kaempferol in podophyllin were showed.  
The searching algorithm was based on the comparison of 
the unknown mass spectra with library by using reverse 
search algorithm.   The reverse peak search enables 
accurate matching of mixture against library of pure 
compound spectra.  The higher R score indicates higher 
similarity of mass spectra between unknown compound 
and pure compound in the mass database.  As shown in 
Figure 5B-5D, podophyllotoxin, quercetin and kaempfer-
ol were identified unambiguously according to R scores 
(>950) and comparisons with retention time between 
podophyllin and standards.  The possible mass fragmen-
tation pathways were also described in Figure 5E.   The 
ions at m/z 397.4, 153.2, and 153.3 respectively repre-
sented the daughter ions of protonated podophyllotoxin, 
quercetin and kaempferol ions and were selected as the 
MRM transition ion for the following quantitation. 

Figure 6 showed the MRM chromatograms of stan-
dards and podophyllin solutions.   LC/MS/MS method 
was more selective and specific than traditional HPLC/
UV-Visible method because of the detection from mass 
spectrometer.  There is no interference peak found in the 
analysis, indicating a suitable method.   The calibration 
curves, correlation coefficients, limit of detection and 
limit of quantitation for podophyllotoxin, quercetin and 
kaempferol were listed in Table 2.   Table 3-4 listed the 
intraday precision and interday precision of podophyl-
lotoxin, quercetin and kaempferol and their respective 
recovery in podophyllin.   The relative standard devia-
tions of intraday analysis for podophyllotoxin, quercetin 
and kaempferol were 3.50-4.44%, 0.54-5.26% and 0.52-
6.01%, respectively.  The relative standard deviations of 
interday assay for podophyllotoxin, quercetin and kaemp-
ferol were 2.48-8.23%, 3.62-8.15%, and 4.39-9.88%, 
respectively.   The mean recoveries for podophyllotoxin, 
quercetin and kaempferol were 101.4%, 98.3% and 98.7%, 
respectively.   The above results showed that precision 
and accuracy met the acceptable criteria.  The contents of 
podophyllotoxin, quercetin and kaempferol in podophyl-
lin (sample A) were shown in Table 5.  Besides, another 
two different sources of podophyllin (samples B and C) 
were also analyzed and listed the results in Table 5.  The 
contents of podophyllotoxin, quercetin and kaempferol 
showed little difference between them. 

Table 4. The recovery analysis of podophyllotoxin, quercetin and 
kaempferol (n = 3)

Compound Add 	
(µg/mL)

Recovery 	
(%)

Average 
recovery (%)

RSDa 	
(%)

Podophyllotoxin 20 101.8 ± 8.29

35 104.0 ± 5.61 101.4 ± 2.82 2.78

50 98.4 ± 6.75

Quercetin 5 102.7 ± 0.61

20 91.1 ± 0.28 98.3 ± 6.26 6.37

25 101.0 ± 0.60

Kaempferol 5 92.9 ± 2.86

20 105.3 ± 1.69 98.7 ± 6.25 6.33

25 97.8 ± 7.8
a RSD = Relative standard deviation.

Table 5. The contents of podophyllotoxin, quercetin and kaempferol 
in three different sources of podophyllin

Content (Mean ± SDa, RSDb %)

Sample Podophyllotoxin Quercetin Kaempferol

A 311.7 ± 22.2 (7.12) 18.1 ± 1.42 (7.80) 32.0 ± 1.57 (4.90)

B 345.9 ± 27.1 (7.83) 25.5 ± 1.34 (5.25) 14.7 ± 1.30 (8.84)

C 297.8 ± 23.9 (8.03) 28.1 ± 0.49 (1.74) 20.2 ± 1.92 ( 9.50)
a SD = Standard Deviation; bRSD = Relative standard deviation.

Table 3. The intra-day and inter-day precision for analysis of podo-
phyllotoxin, quercetin and kaempferol (n = 3)

Compound Concentration 
(µg/mL)

Intra-day 
(RSDa, %)

Inter-day 
(RSDa, %)

Podophyllotoxin 10 4.44 2.48

25 3.50 4.46

50 3.99 8.23

100 3.97 7.54

Quercetin 5 4.27 6.37

10 4.98 6.85

25 5.26 3.62

50 0.54 8.15

Kaempferol 5 4.69 7.11

10 3.83 9.88

25 6.01 6.40

50 0.52 4.39
a RSD = Relative standard deviation.
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CONCLUSIONS

In this paper, we briefly reported that podophyllin 
was a mutagen in Ames Salmonella test.  As podophyl-
lin was a resinous mixture, we analyzed its constituent in 
order to clarify the contribution of genotoxicity.  LC/MS/
MS is often employed to identify and analyze chemical 

compounds due to the specificity and high sensitivity of 
mass spectrometer, though matrix effect or ion suppres-
sion might be an obstacle to perform the study.  So far, 
LC/MS/MS often provides multiple channel detection 
modes and then easily analyzes multiple compounds 
within single run.   In this presentation, we set up three 
kinds of daughter ion spectra for the following character-

Figure 6. The multiple reaction monitoring chromatograms of podophyllin (A) and standards (B).  One MRM mode consists of 4-channel 
MRM, which represented podophyllotoxin, quercetin, kaempferol and internal standard from top to bottom.  In this experiment, caffeine was 
used as the internal standard (Retention time 6.8 min).
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ization of podophyllin.   Within one run, three constitu-
ents can be easily identified.  The established daughter 
ion library could provide the identification reference for 
the inspection of herbal materials.  Application of MRM 
mode to analyze the contents of podophyllotoxin, querce-
tin and kaempferol in podophyllin is also presented.   In 
short, this method is rapid, sensitive and selective, and it 
can be used to inspect various sources of podophyllin or 
Podophyllum species.   Besides, the data obtained from 
this analysis will be further employed to investigate the 
genotoxicity induced by podophyllin. 
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