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Abstract: A high performance liquid chromatography-photodiode array detection (HPLC-PDA) method was established
for detecting 14 chemical drugs illegally added to health products and Chinese patent medicines for sexual enhancement.
The detected compounds comprised 11 phosphodiesterase inhibitors that met the supplementary test criteria, as well as
three typical serotonin reuptake inhibitors. The samples were extracted with acetonitrile and then separated using an
Agilent 5 HC-C18(2) chromatographic column (250 mmx4.6 mm, 5 um) through gradient elution with a mobile phase consisting
of acetonitrile, methanol, ammonium, and acetate. The mobile phase pH was 5.0 and 7.0, flow velocity was 1.0 mL/min, column
temperature was 30 ‘C , sample size was 10 pL, PDA detector scanning range was 190~400 nm, monitoring was conducted at 254
and 238 nm, and the compounds were quantified using an external standard. The separation of 14 chemical drugs was adequate,
the linear relationship was good within a certain concentration range, and the correlation coefficient r was >0.999 9. The
average recoveries (n = 9) of low, medium, and high concentrations were 99.9%~101.0% with RSD <2%, and the detection
limit was 0.016~0.201 pg/mL. A total of seven positive samples were detected in 91 batches of marketed products; the

addition of three compounds was illegal. The method is simple, accurate, specific, and sensitive; therefore, it is suitable

2025, Vol.41, No.1

for daily supervision and inspection.
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Fig.1 The chromatograms of the 14 compounds determined
by different chromatographic columns
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Fig.2 The chromatograms of the 14 compounds determined
by different pH
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Fig.3 The chromatograms of the 14 compounds determined

at different column temperatures
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Table 3 The separation degree of 14 compounds determined at different pH value

pH/E 1 2 3 4 5 6 7 8 9 10 11 12 13 14
35 — 29 11,6 25 319 298 350 — — — — — — —
4.5 — 31 211 29 196 276 311 — — — — — — —
5.0 — 31 369 43 101 290 224 — — — — — — —
5.5 — 29 469 86 28 276 88 — 129 13 5.8 1.0 42 363
6.5 — — — — — — — — 142 25 5.1 120 22 257
7.0 — — — — — — — — 141 28 54 125 58 205
7.5 — — — — — — — — 141 29 59 124 80 185

JE: |- AR AR AR 2- o AREE; 3- EbARAE; 4- 2 EEWALIE; 5- HBRR AT IT; 6- BT HARE; 7- A E FH3AR AR
8- B Mk d5dE: 9- ik dadE; 10- MMBRAZE 23 \AREE; 11- HEB AT IT; 12- KRR, 13- B A WAk, 14- 41X
AR, —RTREIE.
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Fig.4 HPLC chromatograms of mixed reference solution,
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B -5 TR A 0 R VA 2 H PR A 5T H DG ] —
B, IF HBHPERE S B 2% Btk g 14 BB BE
ez 2y (ki A ORI (] B E S, AhE AT
DLIE I PDA i I HEBR 2 J5 280 S A I i 4 o BTt
KA T AR BRI &Rk,

242 KHFRZER. BNRATER

>k Fl HPLC-PDA 73 7l X Vi & X /il 28 91 5 K
[ FVRA X FE A RV L 3E AT 408, DA R
(ng/mL) AMEALRE (x), WEHBAMSLIR (), %
HbRAE RN 2R, H LR PR T 7R« 45 SR 03K 4 o,
14 PR B H: BH 2R Ak 5 245 W 1 i 285 2 (1) o1 = vk B 5
BN EIH RIFHEERR, rEMHXRE
BIRT 09999, g x) HR S AT B M RE, FH LA
{5 EE Roy =3 F1 Ry = 10 I [ 5 B B 43 BIAE kG
MR (LOD) FEER (LOQ). &Fh#Wit) LOD M
LOQ W3k 40 X T 14 P25, G PRHEFE R BRI
/IMRAFIEA 10~50 mg, WA 5887731 2
AT S SR 5T B 2 £E 200~1 000 pg/mL 2 [A],
M ASHEFT 240 S € &R Y 0.05~0.71 pg/mL.
XFEC AT, AT R ) R K IR T A &2
Ve BRI 1000 £5 LA b, DRI AR 75 7 8 o€ 4 9
B 14 AN HEVR U AL 2% 2 1) 1 o ke 1 R RORE
243 EDREKE

AN B 14 b B 1 BE 28 4k 2% 25 9 1 B 14 A
M — ]I E, oM, 534, A3 M.
53 ) A A5 2 RE A T N AN [ A R TR A e
fits 20 1 B A 0 BRI, & G s
fa =N K o B A RE B B A AR VA W, R
KRBV ITE 1.3.2 3 H 1 s3 (20 pg/mL)-.
s4 (40 pg/mL). s5 (80 ug/mL) F1q3 (10 pg/mL).
q4 (25 pg/mL). q5 (50 pg/mL) /K “F L. X
BN bRVE AT A, TH RS AR I T R 14 Fl
A0 B H: B 2 Ak 2% 245 1 B I b [0S 2 AR R b v i
7% (RSD). W3R 5 Fzn, 14 AL &7 1Bl i 2 45
7E 97.8%~102.8% 2 [8), RSD ¥J /N F 2% (n=3 5§
n=9), RIARWFHTH LM HER 1 R 47, BR68
S SEBRAT: it I € 1) 58 B K
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Table 3 The regression equations, linear ranges, LODs and LOQs

tboth LML E /(ug/mL) )52 r LOD/(ug/mL) LOQ/(ug/mL)
AR 41 o 7R 4E 5~400 =16 990.8x-4 215.74  1.000 0 0.03 0.08
AR )2 5~400 y=17376.3x-1470.48  1.000 0 0.02 0.05
& AR 3E 5~400 y=18214.5x+11067.7  1.000 0 0.03 0.09
%2 B AR 5~400 y=19524.4x+10195.7  1.000 0 0.03 0.09
Bk 5T 5~400 y=2334.77x-276.120  1.000 0 0.24 0.71
BRI AR 5~400 y=24375.6x+2 584.75 1.000 0 0.03 0.09
AR 3E 4 AR AE 5~400 y=17733.3x+8 325.58  1.000 0 0.03 0.09
B AL A 2.5~250 =20 801.6x+26 122.6  0.999 9 0.03 0.08
ik 35 4F 2.5~250 y=20580.9x+24 776.1  0.999 9 0.03 0.08
B F I 3 BTN AE 2.5~250 $=20595.0x+18 1482 0.999 9 0.04 0.12
H B REIT 2.5~250 y=4372.10x+4917.38  0.999 9 0.08 0.26
AR A AE 2.5~250 y=33220.6x+283172  0.999 9 0.03 0.08
B AWK 2.5~250 y=2610.58x+2 116.40 0.999 9 0.25 0.70
1% A A 2.5~250 y=34387.3x+30 0959  0.9999 0.02 0.07
%5 BEIRRELER
Table 4 The results of recovery test
i kR ekE  THARRE/%  RSDI%  FHEIRE%  RSD/%
/(ng/mL) (n=3) (n=9)
20 99.7 0.31
AR 41 0 7R 4E 40 102.4 0.54 100.3 1.61
80 98.7 0.47
20 99.8 0.23
AR ] 40 102.3 0.54 100.3 1.47
80 98.9 0.43
20 100.1 0.27
7 M AR 4E 40 101.9 0.56 100.0 1.70
80 97.9 0.37
20 100.1 0.14
%3 HHARAE 40 101.9 0.53 99.9 1.69
80 97.8 0.36
20 100.2 0.43
A AT T 40 102.8 0.46 100.7 1.52
80 99.2 0.40
20 99.8 0.23
AR AT AE 40 102.1 0.47 100.2 1.42
80 98.7 0.37
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&gR5
P ke s THEKE%  RSDI%  FHERE/%  RSD/%
/(ng/mL) (n=3) (n=9)

20 100.4 0.22

7R 3 75 AR 3F 40 102.3 0.49 100.3 1.7
80 98.1 0.39
10 100.6 0.77

R A A FAE 25 99.4 0.51 100.4 0.91
50 101.2 0.49
10 101.4 0.58

ik 35 4F 25 99.0 0.46 100.5 1.15
50 101.2 053
10 101.5 0.61

A B F2 IR % TR AE 25 100.4 1.28 101.0 0.83
50 101.1 0.55
10 98.9 0.64

HER AT T 25 99.8 0.77 100.3 1.44
50 102.1 0.46
10 1013 0.62

AR AR AE 25 99.1 0.57 100.6 1.12
50 101.2 0.56
10 99.5 1.17

EXIE RN 25 98.9 0.35 100.0 1.32
50 101.5 0.81
10 101.4 0.66

A& 3AR 2E 25 99.1 0.46 100.5 1.13
50 101.2 0.56

244 AEEARE

ARG B L - W TR — [ i 2 4 v ) B A
BRI W, TR AT RS T 4l A 0 s T Bk FE
7E s4 (40 pg/mL) 7KF L, VAT RS T4 mbs
FUEIRETE q4 (25 ng/mL) KV o ZELENE 6 Ik,
103K 14 A H AR AR, I H5H RSD. 4R BoR,
14 AMGA DI Bk i I T AR RSD (n=6) (KT
2%, ULHXESEA R IR % .

H RS2 2R B RS2 E = 20 APRR B i 2 TR
[ AR 3 AN S KT, s
AAE 1.3.2 T sl (5 ug/mL). s4 (40 pg/mL).
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s7 (400 ug/mL) Al ql (2.5 pg/mL). g4 (25ug/mL).
q7 (250 pg/mL) KF L, B4 h g —k, ELk
24 h, fERHAREERE: 512 hllE—k, &
923 d, fENHNREEERE, THE &40 1m
FARSD. 25 U15R 6 fiiun, RIAWEFRT 7%
B RIS
245 FHMKE

B[] — 4tk 5 AR VE AR 0 ) BE A, SRS 6
I P IR AT B, DAAMARIE S Sl R A
FHAE RSD . 6 il it & & RSD (n=6) Ky
1.1%, RUZINEEEIERLF.
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Table 5 The results of intra-day and inter-day precision

ot ik (1m6) RSDI%

et  (pg/mL) - T

5 0.35 0.54

AR LT AR AE 40 0.29 0.99
400 0.34 1.18

5 0.26 0.68

213 AR 4E 40 0.27 1.09
400 0.54 1.20

5 0.44 0.89

7 3R 4E 40 0.31 1.00
400 0.28 0.82

5 0.39 0.82

%X HHARE 40 0.35 1.07
400 0.27 0.78

5 0.95 1.92

BRI T 40 0.37 1.18
400 0.21 0.57

5 0.41 0.59

BRI AR AE 40 0.25 1.00
400 0.19 1.24

5 0.49 1.82

AR R AR AE 40 0.32 1.16
400 0.22 0.76

25 0.31 0.77

Rk Ak 25 0.13 0.52
250 0.19 1.17

25 0.47 0.98

foik 5 3F 25 0.13 0.62
250 0.20 1.19

. 25 0.28 1.03
*zfigizifif? 25 0.25 0.65
250 0.24 1.06

25 0.65 0.39

LB AHIT 25 0.25 0.53
250 0.22 1.24

2.5 0.26 1.03

AR AR HE 25 0.16 0.60
250 0.25 1.09

2.5 0.55 1.02

R A AR 25 0.24 0.49
250 0.20 0.97

25 0.45 1.03

AhAR A AE 25 0.17 0.54
250 0.20 1.17

2.5 SEFRAF AR

KA TIIERT 91 HEFE AT R 73 Hr, 45 RAE
10 ST I R 2 ¥R AR N 254, 175 81 #it
PRAEE S A 7 JEBHPERE S, 3 RIS INZiY.
2 VLR AR H PR EE (171 mg/g) 1 HEHLFF
doks L PEHE IR (22.94 mg/g) 2 HERFEF bk !
flikFrAE (4.88. 8.79 mg/g). 2 b F 7 b 2 R
EVHTETT (25.46. 17.33 mg/g). 1 HLRFEF b RIS
H AR (18.88 mg/g) FftiAHAE (16.25 mg/g)-.
Hodp, A RiAE 72 h WHEE IR FIESN 10 mg, &
KA 20 mg, HAEIESSHRA, #IRiZH
PEFE S U BHEE AR A 05, R fh R
33.30 mg, LIRS AR 3 fif. i FRBH A
wi > A UPLC-MS/MS A ill, i H BEESFF1 2 XJ+
BTWERH, S7FEERRAFAER, B8 BIE,
o &5 B 55 4 F A 7010 HPLC vk — 8, RA
TR R T EE . IR EE FmT s, 2GR )
RAar HARVEIR N 254, R BRI AT R R S 3R W B
IEFLZG JE PR EA T A K. R R TRk
R EE R R A RS, B Rl 2R
EHIEER AR B+ mEENE . R
e G R B PEAS HH RN 8.6%, 6L HH 3R v 11 L IR 7T i
SEFE Rk A FE A R T EE S, ABAE AT E HANE I
PR LR A S AR NI G AMORAEAE . I HATIIH 1
il SSRIs, Y FuILARIEIR N2 i o A e B A
T BB E S, A0 e R A T
BEAENRE. WA, AERRINEIFEZ TR,
TIHEZYHR. AR INAA M E 2R g,
DRI 75 1E— 25 naon # B BH 2SS L I A 0

3 #ip

AHIFFEIENL T — Fhksr il ORAdE £ T A R R 14
Folveies LN B H BH Ak 2= 2 ) s A €3 - el
CHE BRI k. IR T AN TSRS 7% 2009030
H 11 Fi PDES ARSI AR #E LLAR ) 3 Fh 374 ) SSRIs.
FHEE T 4M 84656575 2009030,  AHIF 7838 i (it 4 1
MtAk, T4k T IEARA R, FEA 2T 0 7 B AR
UeAk, @ TSGR, DL R REARIE, ERH T %
Tk R R R R B A5 S R R e AT AL
SRR B %R T 91 LS Brbt SRS,
76 H PRI Y 2 B PDES, 1 Fh SSRIs, ¥ & M
WERFBEEAE. 25 b, AT AT S S
ERPET, 0] R 0N T DR A B i R 2 e
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