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Abstract: Fingerprints contain important information such as the ingredients ingested by the

donor. By analyzing the characteristic components in fingerprints, the donor can be character-
ized, which would provide insights for investigation of a given case. This approach can also be
used in the qualitative monitoring of drug intake. Therefore, the examination of hypotensive
drugs in fingerprints has significant value in practical application. This study established a method
based on ultra performance liquid chromatography-triple quadrupole composite linear ion trap
mass spectrometry ( UPLC-Q-TRAP/MS) for the simultaneous determination of 36 hypotensive
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drugs in fingerprints. The pre-treatment method was based on protein precipitation. A 3xX3 cm
filter paper was cut into pieces and placed in a 2 mL plastic centrifuge tube after fingerprint col-
lection. Then, 0. 50 mL methanol was added, followed by vortex mixing for 1 min and ultrasonic
oscillation for 3 min. The filter paper was centrifuged at 12 000 r/min for 5 min, and the super-
natant was withdrawn for sample analysis. An ACQUITY UPLC® BEH C18 chromatographic col-
umn (100 mmx3. 0 mm, 1.7 pm) was selected, with 0. 01% aqueous formic acid and methanol
as mobile phases for gradient elution. MS analysis involved scheduled multiple reaction monito-
ring-information dependent acquisition-enhanced product ion ( SMRM-IDA-EPI) scanning. This
method could be used to retrieve library researching during high-sensitivity analysis, which
could increase the accuracy of qualitative results. The calibration curves showed good linearity
in the range of 0. 05-50. 00 ng/fingerprint, with correlation coefficients (7) greater than 0. 99
for all 36 analytes. The limits of detection and limits of quantification of the 36 hypotensive
drugs were 0. 001-0. 045 ng/fingerprint and 0. 002-0. 050 ng/fingerprint, respectively. At spiked
levels of 0. 25, 2. 50, 25. 00 ng/fingerprint, the matrix effects, recoveries, intra-day precisions,
and inter-day precisions of the 36 hypotensive drugs were 79.0% —119.2%, 79.3% -116.2%,
0.2%—-18.3%, and 1. 6% - 19. 1%, respectively. This method was used to detect hypotensive
drugs in the fingerprints of 87 hypertensive patients, and hypotensive drug intakes were accu-
rately detected in most cases. The established method is operationally simple, with high sensi-
tivity and good selectivity, and it is suitable for screening and testing hypotensive drugs in
fingerprints.

Key words: ultra performance liquid chromatography-triple quadrupole composite linear ion
trap mass spectrometry ( UPLC-Q-TRAP/MS) ; hypotensive drugs; fingerprints
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Table 1 Retention times and MS parameters of the 36 hypotensive drugs

No. Compound tg/min Precursor ion/(m/z) Product ions/ (m/z) CE/eV DP/V
1 atenolol (Bi#¥#IK) 3.08 267.2 190.2, 145.1* 24, 32 80
2 hydrochlorothiazide (% %HEH) 3.19 296.0 268.9* , 205.0 -26, -30 -60
3 lisinopril (#iikEH]) 3.71 406.2 246.0, 84.2* 30, 29 80
4 triamterene (ZAEUENE) 3.77 254.2 237.2%, 104.1 34, 48 80
5 metoprolol ( EFLIER) 4.03 268.2 116.1* , 98.1 22,24 80
6  captopril (RFEHEF]) 4.22 216.0 182.0%, 114.1 -15, -16 -50
7  chlortalidone ( 5% MEfi ) 4.23 337.0 190.1*, 146.1 -22, -23 -80
8  bisoprolol ( lLZRWKIK) 4.58 326.3 116.2*, 74.1 24, 28 80
9  olmesartan (J3EVMIH) 4.66 447.2 429.2, 207.1* 15, 26 60

10 propranolol (HZEK/R) 4.81 260.2 183.1, 116.1* 23, 22 80

11 carvedilol (F4EH1E) 4.89 407.3 224.1%, 99.9 28, 32 80
12 enalapril (f&KHBHEF]) 4.90 377.2 303.2, 234.2* 25, 24 80

13 furosemide (MLZEXK) 4.90 329.0 285.0, 205.0°* -20, -28 -60

14 betaxolol (fFflig/K) 4.92 308.3 116.1% , 98.0 25, 30 80

15  imidapril (Bkik%F]) 4.93 406.2 332.1, 234.2" 24,25 80

16 eplerenone (¥ FIH ) 4.99 415.2 337.2, 163.0" 20, 20 80

17 verapamil (4EHiHAK) 4.99 455.2 303.1, 165.0°* 31, 34 80

18  nicardipine (J& KHiF) 5.05 480.3 315.2% , 166.0 28, 23 80

19 indapamide ( "33k MAI%) 5.07 366.0 132.1%, 91.0 16, 38 22

20  perindopril (#5MEEF)) 5.14 369.3 172.1* | 98.1 26, 43 80

21  benidipine ( Il JE#5F) 5.16 506.3 315.2, 174.2" 31, 30 80

22 benazepril ( DUIFEF]) 5.40 425.4 351.1%, 190.0 27, 39 80

23 ramipril (FKEF]) 5.52 417.2 234.2* | 130.1 25, 35 80

24 amlodipine (2 &) 5.56 409.2 294.0, 238.0 11, 11 80

25  telmisartan (EKVPIH) 5.59 515.4 497.2, 276.2* 45, 58 80

26  nifedipine (fEZEHLF) 5.62 329.3 284.1%, 267.9 27, 30 50

27  candesartan (iVPIH) 5.71 441.2 423.2,263.1* 14, 15 60

28  losartan (‘G VPIH) 5.84 435.2 391.3, 157.1°* -18, -28 -60

29  lercanidipine ( %k FHIF) 5.94 611.8 280.0* , 100.0 29, 50 80

30  irbesartan (JE DI 7bIH) 5.97 427.2 399.3, 193.0* -25, -32 -60

31  spironolactone (ZPYEE) 6.02 417.3 341.3" , 106.9 13, 41 60

32 valsartan (#4f7b3H) 6.13 433.9 350.1, 179.2* -24, -29 -80

33 nitrendipine (JEREHLF) 6.27 361.3 329.2, 315.2* 14, 15 80

34 felodipine (3Ei%H1F) 6.96 382.1 236.1, 144.9* -15, -16 -80

35  lacidipine ($74H1F) 7.30 473.4 354.1%, 310.1 17, 31 40

36  fosinopril (& H)) 7.51 564.4 436.3, 152.2" 20, 51 80

CE: collision energies; DP. declustering potential; * quantitative ion.
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Fig. 1 Total ion current chromatogram of the 36

hypotensive drugs
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Table 2 Regression equations, correlation coefficients (r), LODs and LOQs of the 36 hypotensive drugs
Compound Regression equation LOD/ (ng/fingerprint ) LOQ/ ( ng/fingerprint )

Atenolol ¥=9.05%10% 2+2.50x10* 0.9950 0.014 0.048
Hydrochlorothiazide y=4.05x10* x+3.15x10° 0.9993 0.001 0.003
Lisinopril y=1.26x10* x+2.24x10* 0.9958 0.045 0.050
Triamterene y=5.39x10° x+5.69x10° 0.9958 0.001 0.004
Metoprolol y=1.48x10° x+2.56x10* 0.9979 0.003 0.011
Captopril y=1.06x10* x+1.70x10* 0.9903 0.035 0.050
Chlortalidone y=3.62x10" x+4.49%10° 0.9979 0.007 0.022
Bisoprolol y=2.23x10° x+6.91x10* 0.9982 0.001 0.002
Olmesartan yY=2.95x10° x+4.33x10* 0.9988 0.004 0.014
Propranolol y=3.27x10° x+1.61x10° 0.9960 0.001 0.005
Carvedilol y=3.60x10° x+1.54x10° 0.9964 0.002 0.007
Enalapril y=1.89x10° x+3.08x10* 0.9992 0.001 0.007
Furosemide y=8.57x10* x+1.54x10* 0.9982 0.026 0.050
Betaxolol y=1.67x10° x+7.48x10* 0.9970 0.002 0.007
Imidapril y=1.14x10° x+1.29x10* 0.9987 0.003 0.011
Eplerenone ¥=3.96x10* x+4.69x10° 0.9996 0.004 0.013
Verapamil y=2.12x10° x+5.59x10* 0.9980 0.001 0.003
Nicardipine y=5.07x10° x+3.14x10° 0.9948 0.001 0.003
Indapamide y=6.05x10* £+9.59x10° 0.9988 0.003 0.010
Perindopril Y=4.99x10° x+1.40x10° 0.9983 0.001 0.003
Benidipine Y=4.97x10° x+2.41x10° 0.9964 0.001 0.005
Benazepril y=3.09x10° x+3.52x10* 0.9990 0.002 0.007
Ramipril y=3.03x10° x+7.46x10* 0.9986 0.001 0.004
Amlodipine y=1.96x10° x+1.79x10* 0.9987 0.007 0.022
Telmisartan y=6.30x10° x+4.02x10° 0.9952 0.002 0.005
Nifedipine y=2.05x10° x+1.68x10* 0.9976 0.001 0.005
Candesartan y=1.33x10° x+6.37x10° 0.9993 0.002 0.007
Losartan y=1.39%x10° £+5.19x103 0.9989 0.009 0.030
Lercanidipine y=8.45x10* x+3.97x10* 0.9967 0.004 0.014
Irbesartan y=3.29x10* x+8.70x10° 0.9984 0.008 0.027
Spironolactone y=1.16x10° x+4.92x10* 0.9993 0.005 0.018
Valsartan y=5.08x10" 2+3.65%10° 0.9992 0.005 0.018
Nitrendipine y=3.38x10° x+1.27x10° 0.9976 0.006 0.019
Felodipine y=4.77x10* x+1.13x10* 0.9960 0.003 0.009
Lacidipine y=2.24x10° x+3.71x10* 0.9937 0.001 0.004
Fosinopril y=3.12x10* x+6.59x10° 0.9902 0.005 0.017

Y. peak area; x: content, ng/fingerprint.
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Table 3 Matrix effects and spiked recoveries of the 36 hypotensive drugs (n=5)

Matrix effects/% Recoveries/% Intra-day RSDs/% Inter-day RSDs/%

Compound 0.25 2.50 25.00 0.25 2.50 25.00 0.25 2.50 25.00 0.25 2.50 25.00
ng/fp  ng/fp ng/fp  ng/fp ng/fp ng/fp  ng/fo ng/fo  ng/fp  ng/fp ng/fp  ng/fp

Atenolol 119.2 106.6 105.4 84.7 91.5 82.9 18.0 13.0 3.7 17.4 13.9 12.5
Hydrochlorothiazide 81.5 83.8 86.8 95.8 83.7 83.3 4.4 4.1 0.6 5.1 3.5 2.5
Lisinopril 114.1 114.4 115.1 81.4 81.4 80.5 5.2 2.7 3.6 6.2 3.2 4.3
Triamterene 99.5 95.5 94.7 80.7 81.8 79.3 10.2 9.6 9.6 9.6 8.5 9.1
Metoprolol 93.0 96.0 93.1 97.8 106.1 92.3 2.7 3.6 5.3 3.5 3.1 5.7
Captopril 81.9 82.3 85.7 80.1 114.3 83.5 18.3 15.6 13.6 14.6 14.2 12.7
Chlortalidone 87.1 98.3 98.7 85.4 97.8 95.8 1.7 4.9 6.4 2.9 3.7 5.0
Bisoprolol 92.2 93.5 99.8 94.8 99.9 100.0 1.4 1.6 2.1 3.6 2.3 2.2
Olmesartan 92.3 114.2 95.9 84.9 98.6 94.6 1.5 3.2 2.9 2.9 3.9 3.5
Propranolol 88.6 99.2 96.0 92.2 106.9 89.9 2.0 4.9 5.5 3.2 3.4 4.5
Carvedilol 90.5 96.5 100.9 83.1 83.1 80.9 5.5 5.0 4.0 7.5 4.9 6.2
Enalapril 90.5 90.7 101.1 88.1 100.4 95.4 4.8 2.1 2.2 4.8 4.3 2.2
Furosemide 97.0 93.5 105.6 82.2 81.3 83.0 10.4 10.6 4.0 8.8 8.4 3.5
Betaxolol 95.2 87.0 95.8 87.9 107.2 98.6 1.9 1.6 3.4 4.1 3.3 4.9
Imidapril 88.8 95.7 95.4 83.2 93.0 89.4 5.5 3.6 3.9 4.3 3.7 5.1
Eplerenone 97.4 86.0 100.5 84.9 96.6 93.2 1.4 4.0 1.0 3.1 4.1 4.1
Verapamil 95.0 94.8 94.2 98.9 98.3 102.0 2.3 3.7 1.1 3.0 3.0 5.7
Nicardipine 93.3 97.8 82.0 84.8 95.2 92.1 2.3 1.8 2.7 3.1 2.6 4.1
Indapamide 95.2 99.8 94.4 83.0 85.4 100.1 1.4 0.8 2.3 4.5 4.2 4.2
Perindopril 94.8 94.1 99.3 86.9 101.3 100.6 2.6 2.8 1.4 3.3 3.4 2.1
Benidipine 91.3 96.4 92.0 80.5 102.9 100.3 2.0 3.5 2.7 1.6 3.2 3.2
Benazepril 90.9 90.4 103.9 89.0 81.7 87.9 3.0 4.3 2.7 3.0 4.9 2.7
Ramipril 90.5 94.6 100.6 96.3 98.9 97.9 2.2 3.1 1.9 2.8 4.9 3.0
Amlodipine 94.1 87.8 93.9 79.4 92.9 84.3 5.3 1.0 5.0 6.0 4.1 5.2
Telmisartan 89.2 88.7 98.4 91.0 102.6 94.7 0.2 3.2 2.2 6.1 5.1 3.7
Nifedipine 82.7 82.5 93.9 80.4 84.3 81.1 9.5 5.2 2.8 7.0 7.5 4.6
Candesartan 87.6 113.5 95.4 116.2 94.1 92.6 5.0 6.9 1.7 7.5 7.5 3.7
Losartan 83.9 97.4 113.7 79.3 93.8 96.3 5.1 6.3 3.7 4.6 5.4 4.7
Lercanidipine 90.9 81.6 87.1 86.7 111.1 104.0 5.1 3.4 5.2 7.3 7.7 5.7
Irbesartan 85.0 88.9 104.1 93.6 96.7 100.9 1.7 1.0 1.5 3.2 4.0 4.7
Spironolactone 102.9 104.1 109.1 110.7 97.5 95.5 12.7 6.5 9.7 13.4 19.1 13.5
Valsartan 79.0 114.4 105.4 103.5 113.3 102.1 4.3 8.9 1.2 5.8 7.7 3.5
Nitrendipine 92.0 86.2 95.2 85.1 94.9 97.7 5.6 5.3 5.9 10.1 9.4 6.5
Felodipine 104.6 100.8 98.4 80.9 97.1 84.4 1.2 10.0 5.5 5.7 8.9 7.8
Lacidipine 81.7 85.0 100.9 80.6 86.5 91.8 6.1 7.0 9.9 8.6 4.4 7.4
Fosinopril 103.8 105.1 106.5 105.0 87.5 82.2 14.0 11.2 13.9 15.5 17.0 12.5

ng/fp. ng/fingerprint.
R4 TEERRAZY RGNS oG H ALK

Table 4 Hypotensive drugs taken by volunteers, the numbers of people taking drugs and detected drugs from fingerprints

Hypotensive Number of people Number of people Hypotensive Number of people Number of people
drug taking drugs detected dru.gs drug taking drugs detected dru.gs
from fingerprints from fingerprints
Amlodipine 26 22 Irbesartan 3 2
Felodipine 1 1 Losartan 1
Nifedipine 34 26 Telmisartan 10 7
Benazepril 2 2 Valsartan 2 1
Captopril 4 3 Bisoprolol 1 1
Enalapril 3 2 Metoprolol 5 4
Candesartan 2 1 Propranolol 2 2
Irbesartan 3 2 Hydrochlorothiazide 7 5
Losartan 1 1 Indapamide 4 3
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