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Abstract: Objective: A surface-enhanced Raman spectroscopy
(SERS) method was developed for non-targeted screening of
PDE-5 inhibitors in health wine. Methods: An appropriate SERS
base of colloidal gold was prepared, and SERS analysis was con-

ducted after the base was mixed with 78 kinds of PDE-5
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inhibitors. The spectrogram screening database was established,
and whether the matching degree was higher than 70 % was used
as the basis for judging whether the PDE-5 inhibitors were sus-
pected to be added. Finally, the sensitivity and specificity of the
method were investigated. Results: The best method of preparing
PDE-5 inhibitors of SERS base was adding 1.0 mL 1% chlorauric
acid and 0.7 mL 1% trisodium citrate into 98.3 mL ultrapure wa-
ter. The lowest concentrations were sildenafil 0.05 mg/L, tadan-
afil 0. 5 mg/L, thiosildenafil 0. 05 mg/L. and acevardenafil
0.1 mg/L. respectively. The qualitative results of simulated sam-
ples were consistent with those of HPLLC-MS. Conclusion: In the-
ory, this method can be used to screen non-targeted illegal addi-
tion of PDE-5 inhibitors in health wine.

Keywords: surface-enhanced Raman spectroscopy; health wine;
added; PDE-5 inhibitors; non-targeted

illegally screening;

cluster analysis
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Table 1 Information of the standard substances of 78 kinds of PDE-5 inhibitors
1553 LB E NS &4 CAS F SRS B VS &4 CAS 731
1 PEHAIRAE/Sildenafil 139755-83-2  Co2H3oNsO4S || 18 Bl ZIFE/ Avanafil 330784-47-9  C3 H25CIN; O
2 Ak ARAE / Tadalafil 171596-29-5  Caa Hi9N3; Oy 19 XHIBAE/ Aildenafil 496835-35-9  C3H32Ns Oy S
A A% b AR A / Tmidazosaga- % 576 M AR A / Homosilde-
3 139756-21-1  Ci7Hzo N4 O 20 642928-07-2  Ca3H3:NgO4 S
triazinone nafil
4 PRUBIREE/Gendenafil 147676-66-2  C1oHz2 N, O3 || 21 f&HIBAE/ Vardenafil 224785-90-4  Cy3H3NgO4S
5 MBIAE L HERR/ Acetil acid 147676-78-6  Ci1s H20N, Oy A% PG 3t 78 3l / Thiosildena-
22 ) 479073-79-5 Co2 H30Ng O3S,
6 EEERRIE /Xanthoanthrafil 1020251-53-9  Cio Hz3 N3 Og fil
A Kl 35 B A/ Amin- i A% ZE 55 7 b R E/ Thio-
7 385769-84-6  Co HigN, Oy 23 479073-80-8 C23H32Ng O3 S2
otadalafil homosildenafil
35 TR AR 3 404k 4 / Chilo- % B A i R A/ Hydroxy- )
8 171489-59-1 Cy2H19CIN, Os || 24 224785-98-2  Cy3H32NgO5S
ropretadalafil vardenafil
oK ME BE 21 Hb AP JE/Piperi- T A 3 38 4 IR 9 /Prop-
9 147676-50-4  Ca H31 N5 O3 25 1391053-82-9 CoiH3iNgO4 S
acetildenafil oxyphenyl aildenafil

10 ABLrHbIRAE /Noracetildenafil 949091-38-7  Cay H32 NG O3

11 FEHIRIE/Carbodenafil 944241-52-5  Coy H32Ng O3
h % H IR 9k /Pseudovarde-

12 224788-34-5 Ca3Hzg N5 04 S
nafil
B 5L PG b IR 4l / Norneosilde-

13 371959-09-0 Cay H2g N5 04 S
nafil
N-2 2 H A HIRAE /N -Des- .

14 448184-46-1 Cz1 H2sNg Oy S
ethylvardenafil
N-2 B ZE VY #b IR 9E / N -Des- B

15 139755-82-1 Cy HzsNgO4 S

methylsildenafil

16 £ribAfAE/ Acetildenafil 831217-01-7  Cy5 H3yNs O3

26 SiRdE / Udenafil

JH B IR 1 3k P4 M IR 3
27 PR /Demethylpiperaziny sil- 1357931-55-5

268203-93-6  Cy5 H3NgO4S

Ci7H2o0 N, O5S

denafil sulfonic acid

T8 2 £ Hb 8 Al / Norneovard-

17

= J Z Hb
4E /Hydroxyacetildenafil

Ik
147676-56-0

Cas H3s Ng Oy

28 358390-39-3  CigHzo N, Oy
enafil

29 AR/ Nitrodenafil 147676-99-1  C17H1p N5 Oy
2 3L Ath A AR AIE /Nortadala-

30 il 171596-36-4  C21 Hi17 N3Oy
i
W N-2 FSE T S A/ o

31 139755-95-6  C2 HosNg Oy S
Pyrazole N-desmethylsildenafil
5T 2L PE b IR AR/ Tsobutyl-

32

sildenafil

1391053-95-4

Co3H32 N O4 S

65



66

22 5% SAFETY & INSPECTION

BE 2518 | 202259 8 | RSG5V

gkl
Frs LN S & CAS sy ¥ LD E Y S & CAS s F R
X2 B 74 b R Al / Didescar- o JBEWIR R L AR PG IS AR / De-
33 466684-88-8  CooH2sNsO4S || 57 1353018-10-6 Ci17H20 N, O4S;
bonsildenafil piperazinothiosildenafil
oM A AE UK OB M/ ) _ LT B Al 5K I8 A/ Acet- .
34 448184-58-5 C21H2sNsO5S || 58 1446144-71-3  C23Hz0 N4 Os
Vardenafil oxopiperazine aminotadalafil
7o F A NSk W/ ) RN TS (v 9 | 2V o
35 1094598-75-0 Cy2H3oNgOsS || 59 1353020-85-5  Czs Hz3 N3 Os5
Sildenafil N-oxide 2-Hydroxypropylnortadalafil
AR AE N-SE k¥ / Varde- AR TR AR / Acetylvarde-
36 448184-48-3 Co3H32NsO5S || 60 1261351-28-3  C25 H34 N5 Oy
nafil N-oxide nafil
2-F% & F K Wb sk B AR/ . PSR Bk % Bk 55 ST MR
37 385769-94-8  C23H21 N3 Os5
2-Hydroxyethylnortadalafil 61 dFF/Propoxyphenyl hydroxy- 139755-87-6 CyH3:NgOsS
% oM BE OdE B K/ homosildenafil
38 o 1255919-03-9 C3s HisN1gOgS:
Vardenafil dimer TN R RS 2w B dE/
62 856190-49-3 CosH3iNg O3S,
39 KFHRAE/Mirodenafil 862189-95-5 CasH37N505S Propoxyphenyl thioaildenafil
40 G IR AE/Chlorodenafil 1058653-74-9 CioH21CIN, O5 || 63 #iiMWR I/ Thioguinapiperfil  220060-39-9  Cas HasNg OS
Hydroxychlorodenafil/# 3k 4 FE VG 4b B 4/ Aminosilde-
41 1391054-00-4 Cy9 H23CIN, O3 64 319491-68-4 CisH23N5;04S
AR AE nafil
N-T 3 Al 35 78 4 /N -Bu- N-% 2 S 208 4E /N -Des- )
42 171596-31-9  Cy5 Hos N3 Oy 65 147676-55-9  C23H30NgOs
tyltadalafil ethylacetildenafil
3R B8 HE/Des- . 2 W 3 B A P4 b R HE / Des-
43 147676-79-7  Cy3H30Ng O3 66 479073-86-4 Co1 HosNg O3Sy
methylcarbodenafil methylthiosildenafil
% Mk VG Hiu JIB AIE /Descarbon- N-RUT 8 dE-N-L o3k
44 1393816-99-3 Co1 H30NgO4S
sildenafil 67 Hb [ JE/N-Boc-N- 1246820-46-1 CssH3sNg Os
T 3L 21 48 BB JE /Dimethyl- desethyl acetildenafil
45 e 1290041-88-1  Cas Hyy N3 Oy
acetildenafil N-Z 3 A 35 A8 3k / N-Ethyl-
68 . 1609405-34-6  Cy3 Ha1 N3 Oy
TR R AR B R AR/ tadalafil
46  Dithio-desmethylcarbodena- 1333233-46-7 Cs3Hs0NsOS; O-£ F P H AR AE/O-Des-
. 69 139755-91-2  Cz0H26 N O4 S
fil ethylsildenafil
47 B2 H B AE / Oxohongdenafil 1446144-70-2  Cays H32 Ng Oy N-ZE N K 3 fb 3% 8 A8/
70 2064212-00-4  C30H24 N, Oy
Nk B Ol sk B AR/ N-Phenylpropenyltadalafil
48 1173706-35-8  Ca9 H33 N3Oy
N-Octylnortadalafil N-% Z 3-N-H 3 & b I8
K 21 HF 9E /Dioxohong- 71  4E/N-Desethyl-N-methyl-  224785-87-9 C22H30NgO4S
49 1609405-33-5  Ca5 H30Ns O
denafil vardenafil
A I AV i A3 3 AR 4F / Thioaildena-
50 912576-30-8 Co3H32Ns Oy Sy 72 856190-47-1 C23H32Ng O3S,
4 /Hydroxythiovardenafil fil
51  #%HRAE/Cyclopentynafil 1173706-34-7 CosH3zsNgO4S || 73 A& HIFIE /Dichlorodenafil 1446089-84-4 Cy9 Hyo Clo N, O2
TR LR R L 5 UG 4 74 WRWEARIE /Piperazonifil 1335201-04-1  Ca5 H3y N Oy
52  #F 4E/Propoxyphenyl thio- 479073-90-0 CaziH3iNgO4S: N 45 5L w0 A% v b AR AR/
' ' 75 479073-87-5 Ca3H32 N O3S,
hydroxyhomosildenafil Propoxyphenyl thiosildenafil
53 LV HLABAE /Benzylsildenafil 1446089-82-2 CasH3iNgO4S N4 2 35E A0 25 35 7Y Hb
54 fEHARAE /Cinnamyldenafil  1446089-83-3  C32 HagNg O3 76 3k /Propoxyphenyl thio- 479073-88-6 Cay H5iNgO3S;
o B AE B R R/ homosildenafil
55 398507-55-6 Cy7 He2N12011 Sy
Lodenafil carbonate FZ O R A N R 4
77 1159977-47-5 Cy5 H3aNg O3S
P4 25 3k T 3 FR AR/ Prop- 4k /Hydroxythioacetildenafil
56 877777-10-1 Cp3H32NgO4 S
oxyphenylsildenafil 78  WAHHLARAE /Mutaprodenafil 1387577-30-1 Co His Ng O35S,
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Table 2 The preparation of colloidal gold with

sodium citrate

its LK/ mL 1% ARSI/ mL 1 %GR I Nt/ mL

1 97.0 1.0 2.0
2 97.5 1.0 1.5
3 98.0 1.0 1.0
4 98.3 1.0 0.7
5 98.5 1.0 0.5
6 98.6 1.0 0.4

i FHE 200~800 nm J BLE AT MGG H .
1.2.2 ARUEVSWECH T R4 0 78 RO 2
B ARV SR B 100 me/L A AR HE I W, — 18 °C F bk
PRAr . MERTRR IR B3R
1.2.3 FESAATALIE  WEHL 1 mL iR T 15 mL .08
RO BEOERMA 4 mL ZBR B IR R EE 5 min &
3000 r/min B0 5 min. W4E EZA VA ERZES mL,
FRANAAREOE A, W1 mL 2B A F 10 mL
BLEFRLMA 4 mL 0.3 mol/L BRI W, Ik 7% % it
5 min J& 3 000 r/min &0 5 min, WE T EZBRFEARE
5ml, T2 %W o0 3 B B, MK W 1 & W P o A
500 pL GAKR &, 100 pL $REUK B,100 pL 1% M5 1k
TR IR SIS BRI,
1.2.4  hrE Bk 0m e &0 BOLEIR 1 s, BOB R
100 mW, 4 80 1 K, W 85 4 50 L, ot K
785 nm, JEM 1 200 L/mm, 78 H 650~1 700 ecm ™',
1.3 HFEHKItHH

I OMIC #4347 0408 22 /9 44 18, ] Python 444
X BHE BEAT R B4
2 HRS5nbr
2.1 RUEERIE
2.1.1  RFDRIAR AR 4 BT B 54 RIE 2 1%
R =S8 m AR H 2.0 mL(1 )M 1.5 mL(2 B}, fif
P53 B SR A 4 22 Y5 20 @0, I I 900 R AR 4 R AR e /N L LB
37 WA B2 R, JC R PR AU B S I AR 1.0 mL(3 5) M
0.7 mL(4 B, Bk 4 IR AL S A 5 0.5 mL
(55)H1 0.4 mL(6 5) B}, 2k 20 {0, A1k 4 3% B 48
I, 76 WA S AR AT DL Bk B 4. Hoh 55 06 S E —
BRI TR RENE. M1 5253545
S AR AR B IR 4R VA I R E TR A

BB 1 AT, 6 4140 K 4 % I 39 4 B 6 0 O o e, g
20 B B K OCAE AN T s 1~ 3 5 40 K 4 I A4 A e KR Ol &8
BT 4~ 6 5 1 5 KOG B B W . BE G TR
AN N B D e R R AR T B B
G R, 92K 4 1 i R R AT 0P I R A28 A 38 R R A 21
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Figure 1 UV of colloidal gold with different

particle sizes
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0.7 mL 1% Fr &M =4,
2.1.3  SWUKRE K SEM £ AE 2 JE A T YRR
B SEM E, HE 2 T4 529 kE R T o mi s,
TE AR R B B4R Bl 70~114 nm,
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WHEZ ., FIH WIRE 5.0 $i 8 3% 43 47 8 424 I 4 7]
PRI + HE AR IE + — B § B0 T 3 6 6 B 3E AT
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SEM image of gold colloid substrates

Figure 2
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Table 3

Classification of the 78 kinds of PDE-5 inhibitors
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2.6 MEAZEBREUHRERE

P 4 FEMBAR S 25 o HoA AR E (S 5 B 46
A B 300 ) 1 Ak A 9 AT 7 1 S 1K ARG M R e B T 9
TEWAY A6 A B 43 500 o VG Hb IR 3E | fth 315 IR 3B L B A VS b TR
Ak 2k AR AR AR, H X B 1 S A ARG H T v B LR 4,

6 PG 1S AR 0t A e IR AG R R B A A L 45 SR A
B 3, 25 I A it F i SERS W €4 B, 1 0.05,0. 1,
0.2 mg/L ¥ T bR AE SERS FRAF G 1#E B, b it i
S HC ARG TR R B 0.05 mg/L., HAb AL & ¥ i %
AR AR 8 5 e vk B [ 0 0
2.7 FiEHREER

38 B4 0 A 4 fE G B M RE SR P Lo BE SRR

4 REUGYRRRURERE
Table 4 The lowest detectable concentration of the

representative compound

%A REMAEY R P/ (mg » L7
Py AR AR 2 Py AR AE 0.05
bk TR AR 26 b3k TR AR 0.50
AR AR AR BRACPY AR R 0.05
R AR A 2 AR IR AR 0.10

HRES REEBNEREEFEREERBIERAY

78 T Al FE bR i 5T, 10 AN IR A A 22 A0 TR A 2
o 9 ) S5 OB B 74 b R Sl %2 ik 5% B 7 b IR I | 98 ik i AR
ZEETTHIRAR (£ L FE B IR AE A TR AR £ BERE 2L 804
PSR S T S AR A L b s AR AR — AR o —mi At
EKLHEREIIRAE M HE 20 AW A 50 mg/L AR
PABRPEREAS o 73 5b 20 AR 9 BAPEAR b BENL S5 17 ~
407 R AR 1.2 HPRE ST AL BE 7 VA X 40 HEUCRE SR AT AT Ab
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Figure 3 Spectrogram of minimum detected
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Table 5 Screening of PDE-5 inhibitors in simulated positive samples
Hity AL 25 OB 35— B3 I 3 45 2R 55— DG IC BE E M2
1% FH P 46.0 mg/LORFEZE L PG IR E) P 2 AR Ak 2 (P4 ML AR AR T JE BE A543 97)
2% B 1 At /
3% B ARA /
4% B 1 At /
5% FH P 48.9 mg/ LN E R E: 5 T 5 HIIRE) PG IR AR 286 (P9 48 7 B 3 IR A G TiE B2 45443 88)
6% ks At /
7% FH 44.2 mg/LOIB BTG b AR AR ) TG IR =1 2 (20 3t IR A T e B2 A543 98)
8 FH P 47.1 mg/LURHABIE 2 Bt S o1 AT AE 25 2Tk A% b T3 3 DT FE B A5 43 89)
9% [Uikes At /
107 [ 1 EN oA /
1% FH P 43.3 mg/LOR PG R ) G AR A 2% (75 M AR A DT I5C B2 15343 98)
12% B4 ARA /
13 FF 48.8 mg/LOIFSLVE b AR G I =1 2 (P4 b 3 A T e B2 A543 98)
147 FH 1 46.6 mg/ LA ARAR 410 2% 5D b 3 AR A 2 Cfth R 3 Vg BE #5443 83)
157 FH 46.0 mg/L( A E L FE R B HpAE) A TG TR AR 28 (A AR 25 Y AR R IR AE AR 43 96)
167 PR 43.3 mg/L(E ZH B AT 7 1 IR A 28 (25 P S B IR 3 DG e 3 A543 92)
177 B3 44 AR A
187 FH P 44.2 mg/LORFEZE B PG IR R ) G b AR A 2 VG IR R VL B 454 97)
197 B 44 A A /
20% B 1 A /
21% 7 4 ARAG /
22% [Pk At /

69



70

22 5% SAFETY & INSPECTION

BE 2518 | 202259 8 | RSG5V

gk

%5 AL 1o 280 € - T U 5 2R S — VEJHE BE E P 45 2R

237 [5Re3 ARA /

247 A 2 EN oAt /

25% FH 45.5 mg/LOR AR FE R T 2 CHUIRAE) PE TR AR 2 (9 404 5 S M TR A T e B2 7573 88)

267 [4Ré3 ARA /

27% FA 47.9 mg/LORHEZELPTHLIRAR) P IR A 2 (oY IR Al DE e B2 #5343 91)

28% PR P 49.6 mg/ LRI IFAE £ BEHEZE U4 PR AR A 2 (2T A LB A DE iE B2 A543 89)

297 5 ARA /

307 A EN oAty /

31°% FH P 53.7 mg/LOZ LA ACSE 575 1k ) PGB TR AR 2 (VG 3t IR A DE B BE A5 43 97)

327 B ARAG /

33% PR 41.4 mg/LOR PG TR P 8 =l 2 oy b IR AR DE FE BE 1543 98)

347 PR 53.8 mg/LUBEIRAE AL FD b IB AR AR 2 Aty 3R AR VE T BE 73 53 83)

35% FH P 42.6 mg/L(ZHif % L FE R B BRAC T IR AR 2 AR AN 2 T 2R R IR R A543 96)

367 PR 52.3 mg/L(EZHTHIABAE) PG TR AR 28 (2% YL R b IR AR DG e B2 A 43 92)

37% B 1 AR A /

38% FIPE  43.8 mg/LORERARSE ST BRAC P SR 28 GREEBRAR LT IR 45353 97D

397 A EN oAt /

107 PR 47.2 mg/LORFEERARSEE P sl B AT MR AR 28 O B AR MR AR 1543 97)
3 gjn;i/l’: wines[J]. Guangdong Chemical Industry, 2018, 45(10): 77-79.

(1) HT SERS B A 1 P4 b vl e 3E 2 3 nip
AR 2 25 9 ) BB ST 3 1 2 DA T Wi 2 4 B9 AR R O 2K
S T AR AR R A I AR 2 AR T R A R

(3) X T SERS B i 19 ¥ BE 77 i >R WU B W37 f | 28 4b
JEREFRAE LA S R AL MR, 25 R R IR 2 2 ) e ik
4 SERS B 5 A ) & 77 208 98.3 mL 8 4l K o fm A
1.0 mL 1% &M 0.7 mL 1% Frim =4, XTIk
25 W B0 HE R I T T R R R BT OMIC #144, DL DG g
BESRT = T 70 Yo I AR T BE R IR AR 281k A% 2
AR Al

(3) N T W W i 57 35 38 W i IR AR 25 25 19 A
J& IR I FE T Python # %t 78 MRAESE 25 Wy AT T 2%
IR ESIERC 4 IR P A ARG
HEAT 7 v 0 e AR R B BT L U BE B 5, 45 SR T MR
0.05 mg/L. Mt i A 4 0. 5 mg/L. & 4% 7§ 1 3B 4k
0.05 mg/L. Btk ABAE 0.1 mg/L. 38 i 46 480 52 bR AF
X AT S T A R L 4 R R A PH M B A
P, 1 BT A N7 A Al S 1] A B R R A 800 0% A R f
AR AR 2R T I .

S % Xk
[1] B3, BRI, W Rede, 45, D AEE G i 3F 25 7 o vy st 08 4k 45
11 Fiot: RS 258 A & DF 9T (], |~ &R AL T, 2018, 45(10): 77-79.
CHEN Y H, LIANG M G, LAN K H, et al. The study and investiga-

tion of eleven kinds of sildenafil drug illegally added in functional

[2] MOREIRA S G, BRANNIGAN R E, SPITZ A, et al. Side-effect
profile of sildenafil citrate (Viagra) in clinical practice[J]. Urology,
2000, 56(3): 474-476.

(3] B %, wHder, WRObK, 25 R 8OROR € vk ] A bR ) o BH 28

PRAdE G B 18 AR VE IR (0], BRALRE 3 k24400, 2016, 52
(3): 249-254.
LEI Y, HUANG Y T, CHEN L, et al. Simultaneous rapid determination
of 18 illegal additives in impotence healthy products by HPLC[J]. Physi-
cal Testing and Chemical Analysis Part B: Chemical Analysis. 2016,
52(3): 249-254.

[4] PARK M, AHN S. Quantitative analysis of sildenafil and tadalafil in
various fake drugs recently distributed in Korea[J]. Journal of Fo-
rensic Sciences, 2012, 57(6): 1 637-1 640.

[5] YANG Y J, SONG D M, JIANG W M, et al. Rapid resolution RP-
HPLC-DAD method for simultaneous determination of Sildenafil,
Vardenafil, and Tadalafil in pharmaceutical preparations and coun-
terfeit drugs[J]. Analytical Letters, 2010, 43(1/2/3): 373-380.

[6] WA B, I 5=, HEWT I, 45, OB (35— 5 73 JF B PRk
1 245 VA8 A PR v A 5 S 0BG HE B 25 9 0], €538, 2015(8):
897-901.

HU T T, QU X Y, KANG M Q, et al. Rapid screening and confirma-
tion of illegally added anti-impotence preparations in health care
products by high performance

liquid chromatography-high

resolution mass spectrometry [ J ]. Chinese Journal of
Chromatography, 2015(8): 897-901.
(7] skA33C, 48, o 2 Tl B v 280 MOAR (0 3 — A 006 53 7% () )

AE FE I T A IR AR | P IR AR AL kIR HE B i )], AL BT



&M | Vol.38, No.9

1, 2016, 25(1): 44-46.

ZHANG S W, WANG K, HAN S Q. Determination of vardenafic-
sildenafil and tadalafil in liqueur by UPLC-MS/MSJJ]. Chemical A-
nalysis and Meterage, 2016, 25(1): 44-46.

[8] 2R 2R M, SIFERK, VR F5 0, A 8 oS8O AH € 35 A3 3G 3% 75 A6 T

T 0 7 it o A i R TG MR A ()] & Tl R, 2016, 37C1D):
310-313.
LI S H, WU H Q, XU X L, et al. Detection of sildenafil illegally
added in maca products by liquid chromatography tandem mass
spectrometry[J]. Science and Technology of Food Industry, 2016, 37
(1D): 310-313.

[91 ZHANG Y, HUANG Z, DING L, et al. Simultaneous determination
of Yohimbine, Sildenafil, Vardenafil and Tadalafil in dietary supple-
ments using high-performance liquid chromatography-tandem mass
spectrome-try[J]. Journal of Separation Science, 2010, 33 (14):
2 109-2 114.

[10] LIN L L, XIU J Z, CHAO Z, et al. Simultaneous determination and
determination of Sildenafil and its active metabolite in human
plasma using LC-MS/MS method[J]. Biomedical Chromatography,
2020, 34(10): ¢4927.

[11] LEE J H, MIN A 'Y, PARK O R, et al. Detection of 94 compounds
related to sexual enhancement including Sildenafil, Tadalafil,
Vardenafil and their analogues in various formulations of dietary
supplements and food samples using HPLC and LC-MS/MS[J].
Food Additives & Contaminants: Part A, 2021, 38(5): 769-781.

[12] /i, B e o, skAf 41, 5. b a2y Ko rp 2GR 4l b o n oy
MR AR A PR A I T7 3 (). B BR B 24 4% 2% A, 2008, 28(8):
673-674.

PANG X X, LU H C, ZHANG Y H, et al. Rapid determination of
Sildenafil in Chinese patent medicines and health products[J]. Chi-
nese Journal of Hospital Pharmacy, 2008, 28(8): 673-674.

[13] GUO J B, XU Y, HUANG Z B, et al. Development of an immuno-
assay for rapid screening of vardenafil and its potential analogues
in herbal products based on a group specific monoclonal antibody[J].
Analytica Chimica Acta, 2009, 658(2): 197-203.

[14] SEMRSC, W 2228, A O, 46, 7 7 20 G 6 A5 78 e Sl s 5 S

6ﬁﬁ1EJ+;.IJEP‘@T$JJDE@T’ﬂ%ﬁ&ﬁiﬂ%ﬁﬂlﬁ[ﬂ. R E 255, 2015, 29(3):
303-308.
PENG Y W, SHEN L H, YANG M Z, et al. Establishment of emer-
gency inspection model for rapid screening and identiifcation of
Sildenaifl citrate in tablets [J]. Chinese Pharmaceutical Affairs,
2015, 29(3): 303-308.

[15] VREDENBREGT M J, BLOK-TIP L, HOOGERBRUGGE R, et al.
Screening suspected counterfeit Viagra® and imitations of
Viagra® with near-infrared spectroscopy[J]. Journal of Pharmaceu-
tical & Biomedical Analysis, 2006, 40(4): 840-849.

[16] MANS D J, CALLAHAN R J, DUNN J D, et al. Rapid-screening
detection of acetildenafils, sildenafils and avanafil by ion mobility
spectrometry [J]. Journal of Pharmaceutical and Biomedical
Analysis, 2013, 75: 153-157.

[17] [ 28 T Y s % 4 B0 8 )R 1 i PR AR 28 25 W 1% I E - BJS

HRES REEBNEREEFEREERBIERAY

201601[S]. db5t: K17 W8 45 #LE R, 2016.
State Administration for Market Regulation. Determination of non-
drugs in food: BJS 201601[S]. Beijing: State Administration for
Market Regulation 2016.

(18] 5 17 b7 M B 48 BBV, B P IR AR 2R 25 9 i I 52 < BIS
201805[S]. dt.&t: E%Fﬁbﬁ WE R HLRR, 2018.
State Administration for Market Regulation. Determination of non-
drugs in food: BJS 201805[S]. Beijing: State Administration for
Market Regulation, 2018.

[19] EL0Mg, 2230 B2, WRifpii, 45 . 3 114 5 47 8 3% x) vy sk 4 3¢
%‘E%E@'mbfmvﬂﬂ [T, 0 552 R Ak 2 2441, 2017, 38(6): 1 040-1 045.
WANG HM, LI L L, CHEN H B, et al. Application of Surface-en-
hanced Raman Spectroscopy in the fast screening of phosphodies-
terase type 5 inhibitors [J].
Universities, 2017, 38(6): 1 040-1 045.

[20] % [ 2, JH I £T, 2% SR, S 32 048 5 1 8 O 3% 0 7E £ il
H AR L B Y AR AR (], £ A Tk B4, 2019, 40C11): 254
259, 264.

WU G P, ZHOU Y H, LI J Q, et al. Surface Enhanced Raman

Chemical Journal of Chinese

Spectroscopy (SERS) for the detection of Sildenafil in health care
products[J]. Science and Technology of Food Industry, 2019, 40
(11): 254-259, 264.

211 BAZE TS, TR I8, B —, 5. TR 3 200 i 5 E M E G
DR it o A B S 0 4 P IR AR (0], £ A2, 2020, 41(8):
297-302.

HU J Y, ZHANG M, PI1J Y, et al. Quantitative and qualitative de-
termination of illicit Sildenafil in health foods by surface enhanced
raman spectroscopy([J]. Food Science, 2020, 41(8): 297-302.

[22] SRGEAR. LA G0 KR T B ) o B HG 3R Y OR 2Ot 1 O
FE[D]. B Al K2, 2010.

WU B L. Thepreparation and surface-enhanced Raman
Spectroscopy effect of gold and silver nanoparticles[D]. Wuhan:
Huazhong Agricultural University, 2010.

[23] 5% E 05, BRI, BRAE. 90K 4 09 5 5 R AE [I].
ﬂi( FRBL2E D, 2016, 36(6): 46-49.

GAO Y T, CHEN R, CHEN Y. Synthesis and characterization of

= I R 2

gold Nano-sol[J]. Journal of Yunan Normal University ( Natural
Sciences Edition), 2016, 36(6): 46-49.

[24] ALVAREZ-PUEBLA R A. Effects of the excitation wavelength on
the SERS spectrum[J]. Journal of Physical Chemistry Letters, 2012,
3(7): 857-866.

[25] skoCo i, SRR, BRIELT, 45, 4 I LI A9 SERS ¥
Y TE ], WO Y224, 2014(6): 553-559.
ZHANG X M, SHI X F, HAN X H, et al. Experimental study on

R AR

SERS Enhancement of gold colloid[J]. Acta Laser Biology Sinica,
2014(6): 553-559.

[26] B ¥ . & & P AR I I T
i 25 i R R R 5T B, 2018,
QIN L. Study on the screening model of illegally added substances

i AR WFSE[D]. b st T E &

in food [D]. Beijing: National Institute for Food and Drug
Control, 2018.

71



