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Foreword

This standard was drafted according with GB/T 1.1—2009.

Please note that some of the content of this document may involve patents. The publisher of this
document does not assume the responsibility to identify these patents.

This standard was proposed by and is under the charge of the Certification and Accreditation Admin-
istration of the People’s Republic of China.

This standard was drafted by the Hunan Entry-Exit Inspection and Quarantine Bureau of the People’s
Republic of China,Hunan Academy of Inspection and Quarantine and Hunan Normal University.

The standard was mainly drafted by Ying Zhang, Meiling Wang, Shaohua Zhu, Fan Zhang, Hongfei Yan,
Shanliang Fu, Yongjun Li and Bo Chen.
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Determination of yohimbin, tadalafil,
sildenafil and vardenafil in health foods for
export—LC-MS/MS method

1 Scope

This standard specifies the determination of yohimbin, tadalafil. sildenafil and vardenafil in heath
foods by LC-MS/MS.

This standard is applicable to the determination and the confirmation of yohimbin, tadalafil, sildenafil
and vardenafil in troche,capsule and oral solution.

2 Cited normative documents

The following normative documents are indispensable to the application of this standard. For dated
references,only the edition bearing such date applies to this standard.For undated references, the lat-
est edition of the normative document referred to (including all the amendments) applies.

GB/T 6682 Water for analytical laboratory use—Specification and test methods

3 Abstract of method

Yohimbin . tadalafil, sildenafil and vardenafil in troche, capsule and oral solution are extracted with
methanol in an ultrasonic washer and then the extract is diluted and filtered off. The oral solution
sample is only diluted and filtered off. The diluted solution is determined by LC/MS/MS, using
external standard method.

4 Reagents and materials

Unless otherwise specified, all the reagents should be of analytical grade.“Water” is the first grade
water prescribed by GB/T 6682.

4.1 Methanol.HPLC grade.
4.2 Acetonitrile:HPLC grade,

4.3 Acetic acid.
8
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4.4 0.1% acetic acid solution:Accurately transfer 1 mL acetic acid into 1 000 mL volumetric flask,
then make up to graduation with water.

4.5 0.1% acetic acid-methanol mixed solution (1+1, V/ V) . Transfer 100 mL methanol! into 100 mL
0.1% acetic acid solution,mix adequately.

4.6 Yohimbin(CAS NO.:146-48-5,molecular formula:C; Hz;sN.O;) standard;Purity==99.0%.

4.7 Tadalafil(CAS NO. .171596-29-5 ,moalecular formula:C,;;HysN; O, ) standard ; Purity==99.0%.

4.8 Sildenafil(CAS NO, .139755-83-2,molecular formula:C,;H;,Ns0,S) standard.Purity==99.0%.

4.9 Vardenafil (CAS NQ.,224785-91-5,molecular formula: C,sHs,Ns0,'S « HCI) standard : Purity =>99.0%.
4,10 Standard stock solution; Accurately weight an adequate amount of yohimbin, tadalafil , sildenafil
and vardenafil,dissolve in methanol to make a mixed standard stock solution of 1.0 mg/mL in con-

centration. The standard solution should be stored below 4 T avoiding sunlight.

4,11 Mixed standard solution.Dilute the standard stock solution with methanol to obtain a solution
of 10 ug/mL as mixed standard solution,stored below 4 T avoiding sunlight.

4,12 Standard working solution. Dilute the mixed standard solution (4.11) with 0.1% acetic acid-

methanol mixed solution(4.5) to prepare a series of standard working solutions with concentrations
of 1 ng/mL.5 ng/mL,10 ng/mL.50 ng/mL and 100 ng/mL, just before use.

5 Apparatus and equipment

5.1 Liguid chromatography-tandem mass spectrometry : Equipped with electrospray ion source(ESI).
5.2 Ultrasonic washer.
5.3 Triturator.

5.4 Electronic balance;Readability 0.000 1 g and 0.01 g.

6 Sample preparation and storage

6.1 Preparation of test sample
6.1.1 Solid sample

Tablet, capsule contents and capsule shell should be grinded and blended to produce homogeneous
9
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samples,divided into two equal portions and put in suitable clean containers, sealed and labeled.
6.1.2 Liquid sample

The oral solution sample should be blended to produce homogeneous samples,divided into two equal
portions and put in suitable clean containers,sealed and labeled.

6.2 Storage of test sample

The test sample should be stored at 0 C ~4 T.While sampling and sample preparation, precaution
must be taken to avoid contamination or any factors that may cause the change of residue content.

7 procedure

7.1 Extraction

7.1.1 Troche and capsule

Weigh ca 1 g(accurate to 0.01 g) of the test sample into a 100 mL conical flask with stopper. Add
80 mL methanol and extracted in a ultrasonic washer for 30 min.Take it out and cool down to room
temperature. Transfer all the sample into 100 mL volumetric flask and wash the beaker with 15 mL
methanol in several times, Combine the washing fluids into the volumetric flask and dilute to mark
with methanol and mix the contents.Let it stand for 5 min. Transfer 1.0 mL the extract upper layer in-
to a 10 mL volumetric flask and dilute to mark with 0.1% acetic acid-methanol mixed solution(4.5),
The diluted solution is filtered throught a 0.45 um membrane and determined by LC-MS/MS.

7.1.2 Oral solution

Accurately transfer 1.0 mL of test sample into a 10 mL volumetric flask and dilute to mark with 0.1%
acetic acid-methanol mixed solution (4.5).The diluted solution is filtered throught a 0.45 um mem-
brane and determined by LC-MS/MS.

7.2 Determination

7.2.1 LC operating condition

LC operating condition is as following:

a) Chromatographic column:Octadecyisilica(ODs) or equivalent column [150 mm x 4.6 mm(i.d.),5 pm];

b) Mobile phase and gradient program:See Table 1;
10
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c¢) Flow rate:0.5 mL/min;

d) Column temperature:40 T;

e) Injection volume:10 uL.

Table 1 Gradient program of mobile phase

Time 0.1% Acetic acid Acetonitrile
min % %

0.00 80.0 20.0
3.00 80.0 20.0
8.00 5.0 95.0
13.00 5.0 95.0
13.01 _ 80.0 20,0
20.00 80.0 20.0

7.2.2 MS operating condition

MS operating referenced conditions are shown in Annex A.
7.2.3 LC-MS/MS determination

7.2.3.1 Qualitative determination

According to the estimated approximate concentration of yohimbin, tadalafil, sildenafil and vardenafil
in the sample solution,select the standard working solution of suitable concentration to that of sam-
ple solution. The responses of yohimbin, tadalafil, sildenafil and vardenafil in the standard working so-
lution and the sample solution should be in the linear range of the instrumental detection. If the re-
sponse is above the linear range, dilute the sample solution.Under the above LC-MS/MS operating
conditions, the retention time of yohimbin, tadalafil, sildenafil and vardenafil are ca 9.4 min,10.0 min,
10.2 min,11.9 min, respectively. Quantitative analysis was carried out by external standard method.
LC-MS/MS multiple reactions monitoring chromatograms of standard solution are shown in Figure
B.1 in Annex B.

7.2.3.2 Confirmation

Under above determination conditions,if the retention time of sample chromatogram peaks are con-
sistent with the standards,and subtracted from background compensation,selected ions are all pres-
ent and the relative ion abundance of the selected ions according with that of the calibration stand-
ard,at comparable concentrations, within the tolerances (see Table 2). The corresponding analyte

could be confirmed.,
11
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Table 2 Maximum permitted tolerances for relative ion intensities while confirmation

Relative ion intensities Permitted relative tolerances
% %
=50 +20
>20~50 +25
>10~20 +30
=10 +50

7.3 Blank test

The operation of the blank test is the same as that described in the method of determination but
without addition of sample.

7.4 Calculation and expression of result
Calculate the content of yohimbin, tadalafil, sildenafil and vardenafil in the test sample by LC-MS/MS
data processor or using the followed formula (1), the blank value should be subtracted from the re-

sult of calculation:

y - XV x1000
"~ "m x 1000

Where,

X; —the content of tested composition in the test samples,mg/kg or mg/L;

¢; —the concentration of tested composition in the standard working solution,pg/mL;
V —the final volume of sample solution,mL;

m —the corresponding mass of test sample in the final sample solution,g or the corresponding vol-
ume of test sample, mL.

8 Limit of quantitation and recovery

8.1 Limit of quantitation

The limit of quantitation of yohimbin, tadalafil, sildenafil and vardenafil is 1.0 mg/kg for troche and

capsule and 0.01 mg/L for oral solution.
12
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According to the experimental data for troche,capsule and oral solution, the fortifying concentration

of yohimbin, tadalafil, sildenafil and vardenafil for each sample and the range of recovery is shown in

Table 3.
Table 3 The fortifying concentration and the range of recovery of yohimbin,
tadalafil.sildenafil and vardenafil in troche,capsule and oral solution
Sample
Troche Capsule Oral solution
Compound Fortified Range of Fortified Range of Fortified Range of
level recovery level recovery level recovery
mg/ kg % mg/kg % ma/L %
1.0 81.0~109.0 1.0 78.0~101.0 0.01 93.6~112
Yohimbin 2.0 80.0~94.5 2.0 77.5~98.0 0.05 96.6~104.0
4.0 88.3~97.3 4.0 80.7~99.3 0.10 94.4~104.0
1.0 82.0~107.0 1.0 82.0~108.0 0.01 81.1~97.9
Vardenafil 2.0 80.5~95.5 2.0 80.5~94.5 0.05 91.2~103.0
4.0 85.0~98.5 4.0 80.0~98.7 0.10 95.8~105.0
1.0 80.0~106.0 1.0 79.0~108.0 0.01 91.1~107.0
Sildenafil 2.0 90.5~102.0 2.0 80.5~103.0 0.05 91.2~103.0
4.0 88.8~101.0 4.0 83.3~102.0 0.10 95.8~105.0
1.0 81.0~106.0 1.0 81.0~1086.0 0.01 82.1~97.7
Tadalafil 2.0 85.0~97.0 2.0 81.0~89.5 0.05 89.8~101.0
4.0 82.3~97.8 4.0 80.5~103.0 0.10 92.8~103.0

13
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Annex A
(Informative)
LC-MS/MS reference condition"

LC-MS/MS reference condition:

a) Scan mode:Positive ion;

b) Detection mode:Multiple reaction monitoring(MRMD ;
¢) Curtain gas(CUR) :138 kPa(20 psi);

d) Nebulizer gas(GS1) 276 kPa(40 psi);

e) Auxiliary gas(GS2) :310 kPa(45 psi);

f)  Collision gas(CAD) .55 kPa(8 psi);

g) lon spray voltage (1S).5 000 V;

h) lon source temperature(TEM).550.0 T.

Confirmation ion,quantification ion,declustering Potential (DP), collision Energy (CE).and collision
cell exit potential(CXP) see Table A.1.

Table A.1—Confirmation ion,quantification ion,declustering potential,.collision energy
and collision cell exit potential for compound

; L. Collision cell
Parant ion | Daughter ion Declustering Collision Exit Potential
dr
Compound Potential( DP} Eni (CE)
poun (m/2> (m/2) b (CXP)
v v
Vv
144.1° 108 50 15
Yohimbin 355.2
212.4 108 30 15
151.1° 120 60 14
Vardenafil 489.5
321 120 56 18
100.1* 110 40 16
Sildenafil 475.3
58.0 110 82 12
268.3° 70 18 17
Tadalafil 390.4
1351 70 30 22

Annotation. the symbol® * "represents the guantitative ion.

1)  Non-commercial statement; The reference mass parameters in Annex A are accomplished by API4000 LC-MS/MS,
the equipment and its type involved in the standard method is only for reference and not related to any commercial
aim, and the analysts are encouraged to use equipments of different corporation or different type.

14



Multiple reaction monitor(MRM)chromatograms of yohimbin, tadalafil,

Annex B
(Informative)
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sildenafil and vardenafil standard solution
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Figure B.1—Multiple reaction monitor(MRM)chromatograms of yohimbin, tadalafil,
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