
Short Communication

Simultaneous determination of yohimbine,
sildenafil, vardenafil and tadalafil in dietary
supplements using high-performance liquid
chromatography-tandem mass
spectrometry

A simple and sensitive method was developed for determination of illegal adulterants

(yohimbine, sildenafil, vardenafil and tadalafil) in dietary supplements by HPLC-MS/MS.

The separation was achieved on a C18 column with the mobile phase consisting of ace-

tonitrile and 0.1% acetic acid aqueous solution with a gradient elution at a flow rate of

0.5 mL/min. The analytes were quantified and identified by two characteristic transitions

using the multiple-reaction monitoring mode. The recoveries of the analytes ranged from

77.5 to 109.3% with the RSD less than 8.1% (n 5 6). The method has been successfully

applied to screen illegal adulterations of natural dietary supplements.
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1 Introduction

Yohimbine (YOH), an indole alkaloid, is originally extracted

from the bark of the Pausinystalia yohimbe tree. This product

can selectively block the presynaptic receptor a2 to promote

the release of norepinephrine [1]. Now, the synthetic

chemical of YOH is available. It is well known for the

treatment of male erectile dysfunction (ED) [2]. However,

many clinical researches show that YOH overdose has

serious side effects, such as loss of muscle function,

elevation of blood pressure, palpitation, a slight anxiogenic

action, increased frequency of urination and so on. In some

cases, YOH can even cause hallucinations [3].

Sildenafil, vardenafil and tadalafil, inhibitors of

phosphodiesterase type 5, were used for the treatment

of male ED by enhancing relaxation of the penile corpus

cavernosum [4–6]. These drugs should be administrated

under doctors’ instruction because their overdose might

cause a series of side effects. For example, after taking

sildenafil, color discrimination error scores increased

[7, 8]. Though tadalafil and vardenafil are safer than

sildenafil, they still can cause headache, dyspepsia and

back pain [9].

In recent years, dietary supplements are popular with its

harmless treatment of some chronic diseases all over the

world [10]. Some dietary supplements could improve the

male sexual potency without causing any danger, even when

overdose occurs. For the sake of profit and improving the

therapy effect in a short time, some illegal dealers add the

synthetic drugs such as YOH, sildenafil, vardenafil and

tadalafil to their products marketed as ‘‘dietary supple-

ments’’. However, YOH, sildenafil, vardenafil and tadalafil

are all prescription drugs, and are forbidden to be added in

any dietary supplements. These illegal products may

seriously endanger people’s health for a long-term dose. To

ensure the quality of this kind of dietary supplements

and protect people’s health, it is important to develop a

reliable method to determine these drugs in the dietary

supplements.

Several methods have been reported for determining

sildenafil, vardenafil and tadalafil in biological samples or

dietary supplements, including HPLC with UV detector,

fluorescence detection and mass detector (HPLC-UV,

HPLC-FLD, HPLC-MS) [11–16] and CE [17]. For YOH, there

are many studies on its pharmacological and biochemical

properties [2, 18], but no study on YOH in dietary supple-

ments has been reported. So far, only Le Verge [19] has

reported an HPLC method for the determination of YOH
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and its two hydroxylated metabolites in humans. To the best

of our knowledge, sildenafil, vardenafil and tadalafil, espe-

cially YOH are usually alone or together added to the dietary

supplements for male sexual potency by illegal dealers.

However, the separate determination of the four drugs is

apparently time-consuming and noneffective. Additionally,

there are no studies reported on the simultaneous deter-

mination of these four drugs in dietary supplements. Thus,

to ensure the quality and safety of dietary supplements, the

development of a simple and sensitive method for their

simultaneous analysis is urgent and valuable.

HPLC-MS/MS has been proven to be the promising

approach for the rapid analysis of trace level analytes

in complex matrixes due to its high sensitivity and

selectivity [20, 21]. In this study, a simple and reliable

HPLC-MS/MS is proposed for the simultaneous determi-

nation of YOH, sildenafil, vardenafil and tadalafil in dietary

supplements. The sample was simply extracted with

methanol. The proposed method was effectively applied in

identification and quantification of these drugs in dietary

supplements.

2 Materials and methods

2.1 Instrumentation

The HPLC system was Agilent 1100 series (Agilent, USA)

consisting of a quaternary pump, a vacuum degasser and an

automatic sampler. The triple quadrupole API 4000 mass

spectrometer (Applied Biosystems, USA) was coupled to

HPLC using an ESI interface. Analyst software 4.2 was used

for data acquisition and processing.

2.2 Materials and chemicals

The standards of YOH, tadalafil, sildenafil and vardenafil

were purchased from Sigma (Poole, UK). Their structures

are shown in Fig. 1. The purities of all standards were more

than 99%. HPLC-grade methanol and acetonitrile were

obtained from Tedia (Fairfield, OH, USA). Dietary supple-

ments for examination were purchased from local markets

(Changsha, China). All of these products examined are

natural dietary supplements for male sexual health, not for

therapy of ED. The drugs are forbidden to be added in these

products according to the Chinese law and these products

are also not sexual potency enhancing preparation. Acetic

acid and other reagents were of analytical grade. Ultrapure

water was prepared using a Millipore purification system

(Millipore, Bedford, MA, USA).

2.3 Standard solutions

The mixed standard stock solution containing YOH,

tadalafil, sildenafil and vardenafil was prepared with

methanol. The concentration of each compound was

10 mg/mL. A series of working standard solutions were

prepared by dilution of the stock solution with the mixture

solvent of 0.1 acetic acid aqueous solution and methanol

(1:1, v/v) solution. The obtained solutions were stored in a

refrigerator at 41C before use.

2.4 Sample preparation

The dietary supplements were presented in the form of

pills, soft or hard capsules and oral drinks. Twenty pills or

hard capsules, after removing the sugar-coat or capsule

shell, were ground to a homogeneous powder in a mortar,

respectively. In total, 1.0 g samples were weighted out. The

sample was extracted with 80 mL methanol by sonicating for

30 min, and then diluted to 100 mL. About 1.0 mL of the

obtained solution was diluted to 10 mL with the mixture

solvent of 0.1 acetic acid aqueous solution and methanol

(1:1, v/v). An aliquot of 1 mL solution was filtered through a

0.45 mm membrane prior to HPLC-MS/MS analysis. For

soft capsules and oral solutions, the solutions from 20 soft

capsules were gathered in a centrifugal tube and homo-

genized using a vortex-mixer. Ten oral solutions were

combined in a glass vessel and shaken uniformly. Briefly,

1.0 mL of each obtained solution was diluted to 10 mL with

the mixture solvent of 0.1 acetic acid aqueous solution and

methanol (1:1, v/v). Then the solutions were filtered

through a 0.45 mm membrane prior to HPLC-MS/MS

analysis.

2.5 HPLC-MS/MS analysis

The separation of drugs was achieved on a Zorbax Eclipse

XDB-C18 column (150 mm� 4.6 mm, 5 mm). The mobile

phase consisted of 0.1% acetic acid aqueous solution (A)

and acetonitrile (B). The gradient elution was programmed

as follows: 0–3 min, 20% B; 3–8 min, 20–95% B; 8–13 min,

95% B; 13–13.01 min, 95–20% B; 13.01–20 min, 20% B.
Figure 1. The structures and the fragmentation pathways of the
four analytes.
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The flow rate was 0.5 mL/min and the column tempe-

rature was maintained at 301C. The injection volume was

10 mL.

ESI was performed in the positive ion mode. The high-

purity nitrogen was used as the nebulizer gas, curtain gas,

heater gas and collision gas, which were set at 40, 20, 45 and

7 psi, respectively. The ionspray needle voltage was set at

5.0 kV. The spray needle temperature was set at 5501C. The

MS conditions for each drug were optimized using infusion

with a syringe pump. The MS detector was performed using

multiple-reaction monitoring (MRM) mode using the two

selected ion transitions of each compound.

3 Results and discussion

3.1 Optimization of chromatographic separation

conditions

Initially, methanol aqueous solution was investigated to

separate the tested compounds. However, sildenafil and

vardenafil are difficult to separate because of their extremely

similar structures. Then, a mixture of acetonitrile and

water was utilized as the mobile phase. When the

concentration of the acetonitrile is low, vardenafil is

difficult to be eluted in a suitable retention time. Although

when higher concentration of acetonitrile was employed,

worse separation of sildenafil and vardenafil was obtained,

and YOH was eluted quickly, and the ion suppression

was also observed. Hence, the gradient mobile phase was

adopted. In order to improve the peak shape and restrain

the peak tailing, acetic acid was selected as the mobile

phase additive and its concentration was optimized. It

was found that when 0.1% acetic acid was employed,

the peak is sharp and relatively symmetric. When higher

concentrations of acetic acid were employed, no further

improvements in the peaks shapes were observed. Hence,

0.1% aqueous acetic acid solution was selected. To

separate the compounds within an appropriate analysis

time, various mixed gradients of 0.1% aqueous acetic

acid solution with acetonitrile were studied. Finally,

an optimized gradient solvent system was developed.

Under the above-mentioned optimized condition, good

resolution and narrow peaks for the compounds were

obtained.

3.2 Optimization of MS condition

In order to obtain a sensitive mass response of the

compounds, the transitions of the targets and the main

parameters, such as entrance potential (EP), declustering

potential (DP), collision energy and collision cell exit

potential (CXP) were investigated carefully. The optimiza-

tion of MS parameters was performed by flow injection

analysis. A standard solution of 100 mg/L of each analyte

in a mixture of methanol/water (1:1) was directly infused

to mass spectrometer at a rate of 10 mL/min. First, full-

scan spectra were acquired with the first quadrupole

(Q1) scanning. The molecular ions [M1H]1 were the

major peaks for compounds. Then the most abundant

molecular ions were obtained through optimizing the

DP. Second, the molecular ions were selected as the

precursor ions, and collision energies were studied in

order to find the most abundant product ions, and select

the most sensitive transition for quantification and a

second one for confirmation. For YOH, two typical fragment

ions of m/z 144.1 and 212.4 were observed. For sildenafil,

two characteristic fragment ions of m/z 100.1 and 58.1 were

obtained. For vardenafil, the fragment ions of m/z 151.1 and

312.1 were selected. For tadalafil, the main fragment ions of

m/z 268.3 and 135.1 were found. Their possible fragmenta-

tion pathways are shown in Fig. 1. The EP, DP, CE and CXP

values of the chosen MS/MS transitions were optimized and

are listed in Table 1.

Under the optimum HPLC-MS/MS conditions, the total

ion chromatogram and MRM chromatogram of the four

analytes are shown in Fig. 2. It can be seen that the iden-

tification of the targets can be easily achieved by their

respective retention time and MRM transitions.

3.3 Linearity and LOQ

The linearity was studied over the concentration range

of 1–100 ng/mL for each compound. The correlation

coefficients of all calibration curves were higher than

0.9990. LOQs of the investigated compounds were esti-

mated based on a signal-to-noise ratio of 10. According

to the sample preparation, the LOQs of these compounds

were 10 ng/mL and 1.0 mg/g for liquid and solid

sample, respectively. It is suggested that the proposed

method can meet the detection requirement to determine

whether the drugs were illegally added to the samples. For

the analysis of real sample, if the detected concentration is

beyond the linear range, the extract should be diluted

properly, making the detection response within the linear

range.

Table 1. The MRM parameters of the compounds

Compound Q1 (m/z) Q3 (m/z) DP (V) EP (V) CE (V) CXP (V)

YOH 355.2a) 144.1a) 108 10 30 15

355.2 212.4 108 10 50 15

Vardenal 489.5a) 151.1a) 120 10 60 14

489.5 312.1 120 10 56 18

Sildenal 475.3a) 100.1a) 110 10 40 16

475.3 58.0 110 10 82 12

Tadalal 390.4a) 268.3a) 70 10 18 17

390.4 135.1 70 10 30 22

a) Quantitative ion transition.
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3.4 Recovery and precision

Recovery of the proposed method was performed with

blank samples using the standard addition method. The

amino acid drinks, male anti-aging tablets and nutrition

capsule were used, which did not contain the detected

drugs. Meantime, the three samples are representatives

of the soft drink, pill and capsule of the dietary supple-

mentary, respectively. The blank samples were spiked

with three different concentration levels (low, intermediate

and high) of the drugs with six parallels at each level.

Then the samples were prepared in accordance with

Section 2.4 and the results are summarized in Table 2.

The recovery ranges in low, intermediate and high

spiked levels were 77.5–112.1, 80.5–108.2, 79.0–107.9

and 80.5–106.4% for YOH, sildenafil, vardenafil and

tadalafil, respectively. Moreover, good repeatability of the

recovery test (RSDo7.5%, n 5 6) in all spiked levels was

achieved. In the intra- and inter-day precision tests, the

three blank samples were also selected, spiked with

intermediate level standards, and pretreated according

to Section 2.4. This experiment was repeated five times

within a day for intra-day precision test and additionally

performed twice a day over three consecutive days for

inter-day test. The RSD values of intra-day and inter-day

precision were less than 3.5 and 7.2% for all compounds,

respectively, which suggested that the proposed method was

satisfactory.

3.5 Sample analysis

Twenty-six dietary supplements purchased from local

market were determined by the proposed method. The

contents of the four drugs in 26 samples are summarized in

Table 3. Among these tested samples, only five samples

were not found to contain any of the four illegal added

drugs. Notably, 780 mg/g content of sildenafil was found in

one sample, which was the highest level among the detected

samples, while tadalafil was detected in most samples

(approximately 38.5%). Moreover, due to the extremely

complex matrixes of those products, most existing methods

for screening illegal adulterations are liable to false positive.

For example, in one tested sample, the content of sildenafil
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Figure 2. The total ion chro-
matogram and MRM chroma-
tograms of the analytes.
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was only 0.84 mg/g, which might be classified to blank

sample by other methods. As a latest drug, YOH was only

found in one sample with the content of 757 mg/kg. From

the result, we can see that it is necessary and critical to

control the quality of the dietary supplements to protect the

people’s safety and supervise the product’s market.

4 Concluding remarks

In this study, to protect the people’s safety and ensure

the quality of the dietary supplements, a simple and

sensitive method for the simultaneous determination

of YOH, sildenafil, vardenafil and tadalafil in dietary

Table 2. Recoveries of the four analytes in three matrixes spiked at three different levels (n 5 6)

Spiked level YOH Vardenal Sildenal Tadalal

Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%)

10a) 93.6 – 112.1 6.3 81.1 – 97.9 6.2 91.1 – 107.3 5.7 82.1 – 97.7 6.0

50a) 96.6 – 104.0 2.6 86.6 – 99.2 5.0 91.2 – 103.5 4.5 89.8 – 101.0 4.2

100a) 94.4 – 104.2 4.8 85.6 – 98.6 4.7 95.8 – 105.6 3.3 92.8 – 103.2 4.6

1.0b) 81.0 – 109.3 6.3 82.0 – 107.9 7.3 80.0 – 106.1 8.1 81.0 – 106.4 5.2

2.0b) 80.8 – 94.5 4.3 80.5 – 95.5 4.4 90.5 – 102.0 4.3 85.0 – 97.0 3.6

4.0b) 88.3 – 97.3 3.8 85.0 – 98.5 3.8 88.8 – 101.4 3.8 82.3 – 97.8 4.8

1.0c) 78.0 – 101.5 5.3 82.0 – 108.2 7.1 79.0 – 107.9 6.4 81.0 – 106.2 6.8

2.0c) 77.5 – 98.0 4.7 80.5 – 94.5 3.9 80.5 – 103.2 5.7 82.1 – 99.5 4.6

4.0c) 80.7 – 99.3 5.1 80.8 – 98.7 4.5 83.3 – 102.5 5.3 80.5 – 103.4 4.3

a) Soft drinks (amino acid drinks, spiked level: ng/mL).

b) Pills (male anti-aging tablets, spiked level: mg/g).

c) Capsule (nutrition capsule, spiked level: mg/g).

Table 3. The contents of the four drugs contained in the 26 dietary supplements

Sample YOH (mg/g) Tadalal (mg/g) Sildenal (mg/g) Vardenal (mg/g)

Dongfangchaonenga) ND ND ND ND

Haigouwanc) ND ND ND ND

ShengmingAa) ND 6.24 ND ND

Zhendonglia) ND 7.82 ND ND

Wangzhonghuaa) ND 7.49 ND ND

Qidiana) ND 8.51 ND ND

Shenyuangdonglia) ND ND ND 0.07

Yinduzhanshengb) ND ND 673 ND

Zangmishenbaob) ND ND 570 ND

Weiboshib) ND 7.76 ND ND

Jirenqiangshenb) ND ND ND 16.8

Wuditianxiab) ND ND 11 ND

Huangjinshenyuanb) ND ND 450 ND

Langbeib) ND 26.1 641 ND

Paopaohongc) ND ND 542 ND

Jingqishengc) ND ND 780 ND

Ylihuobaoc) ND ND 0.17 ND

Hangongyuewangc) ND 0.04 ND ND

Kebangc) ND ND ND ND

Dihuangwanc) ND ND 0.84 ND

Jinbangdec) ND 0.05 ND ND

Zangfangtianwuc) ND 0.05 ND ND

Xiyangshengd) ND ND ND ND

Caokailiand) ND 0.01 ND ND

Guiluhaigoud) 0.76 ND ND ND

Amino acid drinkd) ND ND ND ND

a) Hard capsules.

b) Soft capsules.

c) Pills.

d) Oral drinks.
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supplements was developed. The proposed method was

successfully applied to screen illegal adulterations in

dietary supplements. The contents of illegal adulterations

in different dietary supplements were accurately determined

by this method, which provides a simple, convenient

and effective means for quality control of the dietary

supplements.
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