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SUMMARY

A qualitative method with thin layer chromatography (TLC) combined with surface enhanced
Raman spectroscopy (SERS) was developed for identification of vardenafil adulterated in herbal
products. The method was proposed as: TLC plate - silice gel GF254; Mobile phase - Ethylacetate-
isopropanol-ammonia 25% (45:5:2.6, v/v/v), with freshly prepared silver colloid for Raman signal
enhancement and typical Raman shift for SERS detection. The detection limit of the proposed TLC-
SERS was 1.65 Ng vardenafil/spot. As tests for practical application of the method, 24 herbal
products for erectile dysfunction therapy on the market were analyzed and the results were verified
by liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS). Of these, one
herbal supplement product was found adulterated with vardenafil by both TLC-SERS and LC-MS/MS
methods.

Tur khéa: ché phdam duoc liéu, sdc ky I6p méng, phé Raman tdng cudng bé mat (TLC-SERS),
vardenafil.

Dat vén deé

Cho téi nay, viéc tron trai phép cac thudc
diéu tri r6i loan cuong duang nhém e ché
enzym phosphodiesterase-5 (PDE-5) trong
ché& pham nguén géc dugc liéu van la mot
hién trang can dugc khac phuc. Thong tu
10/2021/TT-BYT clia B6 Té da dua ra danh
muc cac chat cam s dung trong san xuat va

kinh doanh cac san pham thuc pham bao vé
suc khoé (TPBVSK)(TPBVSK), trong dé c6 mot
s6 chat nhém PDE-5 nhu sildenafil, vardenafil,
tadalafil. D€ phuc vu cho céng tac phat hién
va ngan chan tinh trang tron trai phép PDE-5
trong cac ché pham dugc liéu, nhiéu phuong
phap phat hién thuéc nhom PDE-5 trong
chhé pham ti dugc liéu da dugc phat trién
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nhu HPTLC [2], HPLC [3], LC-MS/MS [8], sac ky
mién dich [6]. Dac biét, quang phé Raman
dang la phuong phap nhan dugc su quan tam
va c6 nhiéu Uing dung trong kiém nghiém
thudc, co do6 dac hiéu cao dac biét khi strdung
phé Raman ting cudng bé mat (SERS -
Surface-enhanced Raman scattering) [1], [9].
Tuy nhién, nén mau ché phdm c6 nguén géc
tU dugc liéu véi cac thanh phan phc tap,
phat huynh quang manh va it bén véi nhiét
cUa tia laser la thach thirc d6i véi Raman. Do
do, phuong phap TLC-SERS da st dung sac ky
I6p mdng (TLC) dé tach cac thanh phan phat
huynh quang ti dugc liéu, khac phuc nhugc
diém nay. Viéc két hop TLC vai SERS gitp cho
phat hién nhanh tai chd cac chat phan tich véi
dod nhay cao, don gian, dugc 4p dung thanh
céng dé phat hién cac chat phan tich khac
nhau, dac biét la phat hién cac chat tron trai
phép trong cac ché pham cé ngudn gdc tir
dugc liéu [5],[7]. Viéc phat trién ky thuat TLC-
SERS trong kiém nghiém thudc, thuc pham co6
nén mau phuc tap, v6i d6 nhay cao va dé dac
hiéu tot, sé la moét cong cu kha thi phuc vu
coéng tac kiém tra chat lugng, gilp ngudi su
dung tranh dugc tac dung phu nguy hiém.

Nam 2019, nhédm nghién cdu da thanh
céng phat hién sildenafil trong ché pham
nguoén goc dugc liéu bang phuong phap TLC-
SERS [5]. Vardenafil 1a hoat chat thuéc nhém
PDE-5, c6 cau tric héa hoc tuong tu sildenafil,
va cling cé trong danh muc cac chat cdm theo
thong tu 10/2021/TT-BYT. Do d6, nghién ctdu
nay dugc thuc hién nham phat hién vardenafil
tron trai phép trong ché pham ngudn géc
duogc liéu bang ky thuat TLC-SERS.

Nguyén liév va phuong phep nghién cou

Héa chdt, chdt chudn

Chdt d6i chiéu: Vardenafil hydroclorid ham
luong 90,5 %, Code Y0001647, Hbi ddng Dugc
dién Chau Au. Sildenafil citrate (98,8 %) SKS.
C0419265.04, Vién kiém thuéc Trung Uong.

Héa chdt, vdt tu: Methanol, ethyl acetat,
isopropanol, amoniac dat do tinh khiét phan
tich. Acetonitril, methanol, acid formic dat tiéu
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chudn HPLC. Bdn méng TLC silica gel 60 F254
cla Merck (Buc). Cot sac ky Restek Ultra I1C18
(100mm x 2,1 mm; 1,9 um), My.

Thiét bi nghién ctu: Hé théng quang phé
Raman, LabRam, Horiba Jobin Yvon, camera
CCD, tia laser 632,8 nm (Phap). Dai do séng
120-4000 cm'. Phan mém Labspec va Origin.
Hé théng sac ky LC-MS/MS, EVOQ Qube,
Bruker, (My). Can phan tich chinh xac dén 0,01
mg XPE105 (Mettler Toledo, Thuy Si); can ky
thuat XP 320C (Presica, Thuy Si); may ly tam
Z306 (Hermle,Duc).

Déi tuong nghién ciru

Cdc ché phdm c6 ngudn géc duoc liéu trong
do c6 24 ché pham véi dang bao ché vién
hoan, vién nang, cao thudc cé tac dung tang
cudng sinh ly, ho trg diéu tri cac bénh ly liét
duong, dang luu hanh tai Viét Nam; cac ché
phdm nay dugc mua tai cac nha thudc, qua
internet, clia luong y va ngudi dung nghi ngs
gui dén.

Mau placebo: Xay dung 3 nén mau co
thanh phan dua trén cac bai thudc cé truyén.
Nén vién nang tu tao bao ché tir dugc liéu dua
trén bai thuéc Hoan sam nhung bé than trong
Dugc dién Viét Nam V; nén vién hoan dua trén
bai thudéc Minh mang thang; nén cao thudc
dua trén bai thudc Diéu nguyén cdu ban thang
trong Hai Thuong Y téng tam linh.

Phuong phdp nghién ciu

Quy trinh x& ly mau thuc hién theo quy
trinh da xay dung [2]: Mau th dugc nghién
min, can % liéu dung mau thd hodc mau
placebo vao 6ng falcon. Thém 25 ml methanol,
lac xody 5 phut, siéu am 10 phdt, ly tam 6000
vong/phuttrong 5 phut, loc I6p dich trong qua
mang loc 0,45 um, cham sac ky.

Chudn bi dung dich keo bac: Hén dich keo
bac 6n dinh dugc nhém nghién clu tu ché
tao theo quy trinh [5]: Ldy 194 ml nudc cat
dugc dun nong dén 100 °C dudi sinh han hoi
luu c6 khudy ttr manh. Sau khi séi, thém tiing
giotlan luot 2 ml dung dich AgNOz 0,1 M va 4
ml dung dich natri citrat 1 %. Tiép tuc, dun hoi
luu trong 40 phut, sau d6 dé ngudi dén nhiét
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doé phong. Bdo quan trong tu lanh, dung
trong thai gian 6 thang.

Phuong phdp TLC: Gom pha tinh TLC silica
gel 60 F254 vgi kich thudc (20x10cm); thé
tich mau 5 pl, hé dung trién khai ethyl acetat-
isopropanol-amoniac 25 % (45:5:2,6), thai
gian trién khai 20 phut, vét vardenafil tach
hoan toan khoi nén dugc liéu, vét gon, mau
den phat hién dudi den UV 254 nm véGi Rs
la 0,35.

Tham dinh phuong phap theo AOAC [4].

Phuong phdp LC-MS/MS: Vardenafil dugc
tach bang cét Ultrall C18 (100mm x 2,1 mm;
1,9um), pha déng gém acid formic 0,1 %
trong nudéc (A) va acid formic 0,1 % trong
acetonitril (B); ti |é pha déng: gradient (0 -7
phut, 30 % B; 7 phat, 70 % B; 8,5 phut, 30 % B;
12 phut, 30 % B) thé tich tiém mau 2 pl, t6c do
dong 0,3 ml/phut, thai gian 12 phut. Chat
phan tich dugc phat hién bang detector
MS/MS véi nguén ion hoéa ESI (+), manh me
c6 m/z la 489,2 va 2 manh con la 151,1 va
312,0;ti 1é 2 manh con 151,1 va 312,0 lan luot
13 86,4 %; 13,6 %; theo tiéu chudn EC cho
phép ty &€ manh con £ 20 %.

Két qua nghién cou

Xdy dung bé dinh ddc trung dinh tinh
vardenafil bang TLC-SERS

Mot s6 nghién clu trude day da cho thay
hién tugng trén dong thai nhiéu chat trong
cung nhém PDE-5 trong cac TPBVSK, dugc
phat hién déng thaoi bang cac phuong phap
sac ky khac nhau nhu HPTLC [2] hay LC-
MS/MS [3]. Phuong phap TLC stir dung trong
nghién clu nay da tach dugc vét vardenafil va
sildenafil [2], nén hoan toan c6 thé phat hién
dong thai sildenafil va vardenafil véi d6 dac
hiéu cao.

Trong nghién cdu truéc cia nhom [5],
sildenafil tron trai phép trong mot s6 mau
TPBVSK da dugc phat hién thanh cong bang
phuong phap TLC-SERS bang b dinh dac
trung cho sildenafil. Néu xac dinh dugc bo
dinh dac trung cho vardenafil véi cac dinh
khac biét so vdéi sildenafil, d6 dac hiéu cla viéc

phat hién bang SERS sé tang lén. Néu Rf cla
hé TLC én dinh, ing dung nay c6 thé mé ra
kha nang phat hién bang TLC-SERS ké ca khi
khéng c6 cac dung dich chuan, ma chi can so
sanh phd khép véi cac dinh trong bé dinh dac
trung cla ting chat. D& xac dinh cac dinh
tuong Ung véi cau truc trong phd SERS, trudc
hét can so sanh phé Raman cua hai chat &
dang bot, dé xac dinh cac dinh khac biét tiém
nang.nang.

Khdo sdt phé Raman cta bét vardenafil
chudn

DPiém khac biét gilta cau truc héa hoc va
phd SERS cla vardenafil bot chuan so vdi
sildenafil bot chudn c6 thé dugc quan séat
trong Hinh 1.
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Hinh 1. Cdu tric héa hoc va phé SERS cta bot
chuan Sildenafil va Vardenafil

Trong hinh 1, phé SERS cua sildenafil vai
cac dinh dac trung la 1238 cm™ (us SO+ v C-
N), 1271 cm™ (6 vong), 1404 cm™ (u C-N), 1529
m™ (& NH+ & CH), 1563 cm-1 (6 NH), 1581 cm-

1 (& vong); phd SERS cuia vardenafil gém 1235
m (us SO2+ u C-N), 1304 cm™ (6 vong), 1424
cm(u C-N), 1561 cm-1 (& NH+ & CH), 1580
m (& NH), 1594 cm™ (6 vong), 1624 cm™ (6
NH) 5. Dac biét cau tric héa hoc cta sildenafil
va vardenafil c6 diém khac biét chinh la vong
piperazin 5 canh cé 2 nito dugc gan khac
nhau. Do d6, phd SERS clia bét chuan
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Vardenafil c6 dinh khéc biét v&i bét chudn
Sildenafil & mét s6 dinh dac trung tai 1624 cm,
c6 thém dinh 1215 cm rat rdé & phia trudc
dinh 1235 cm™.

Khdo sdt phé SERS cua vardenafil trén ban
madng TLC - Xdc dinh b dinh ddc trung

Do anh hudng tang cudng cla nano bac,
phd SERS clia mot chat cé thé c6 nhiing
chénh léch nhat dinh vé vi tri va cudng dé
dinh. D€ xac dinh cac dinh dac trung trén phé
SERS cua vardenafil, tién hanh do va so sanh
(Hinh 2.b) phé SERS ctia vét cham dung dich
vardenafil trén ban TLC thu dugc sau khi nho
keo bac nano vdi (Hinh 2.a) phé Raman cla
vardenafil bét chudn. Phé TLC-SERS cula
vardenafil trong Hinh 2.b da dugc trir phé cho
mau trang, la phd TLC-SERS khi nhd keo bac
[én Mot vi tri chi c6 dung moéi (MeOH) ma
khéng c6 chat phan tich hay dich chiét.
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Hinh 2. Phé Raman cta bét vardenafil (a), va
phé SERS cta dung dich vardenafil trén TLC (b).

TU hinh 2, phé SERS cla vardenafil chuén
& cac ban mdéng khac nhau xac dinh dugc 7
dinh dac trung cda vardenafil chuan trong d6
dinh 1235 cm™ dugc chon lam dinh tham
chiéu. Cac dinh dac trung ctia vardenafil & cac
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ban moéng khac nhau c6 cac dinh dao déng
nhusau 1235+ 1, 1305 + 2, 1405 + 2, 1428 £
2,1563+1,1586+1va 1624 + 2 cm™ véi dao
dong ty 1é so vai dinh 1235 cm™ tuong Ung
lan lugt 1,00; 0,24-0,33; 0,22-0,24; 0,14-0,17;
0,88-1,64; 2,06-3,29; 0,61-1,21.

Khdo sdt diéu kién nhé keo bac nano va
ghi phé SERS

Diéu kién ghi phé Raman

Nhé dung dich keo bac Ién vét dugc danh
dau co Rf tuong duong véi vardenafil. Phat
hién vét bang may Raman cho tin hiéu tan xa
Raman tang cuong bé mat (SERS) bang tia
laser 632,8 nm, thai gian chiéu tia laser 60
gidy, cong suat laser 10 mW.

Khdo sdt thé tich nhé hén dich keo bac

Pha dung dich chuan vardenafil 1 mg/ml
trong methanol. Tién hanh TLC véi cac diéu
kién da chon va danh dau cac diém phan
tach. So sanh phé SERS cua cac vét chuén
sildenafil khi nhé hén dich keo c6 cac thé tich
khac nhau tu 0,5; 1,0; 1,5; 2,0 ul; trong thoi
gian thu tin hiéu 60s vai hén dich keo bac, va
danh gia cuong dé dinh 1564 cm'. Két qua
dugc minh hoa trong hinh 3.a. Lua chon thé
tich keo bac la 1,5 ul vi cudng d6 tin hiéu cao
va vét keo loang khéng qua I6n.

Khao sat vi tri chiéu tia laser

Pha dung dich chuan vardenafil 1 mg/ml
trong methanol. Tién hanh TLC véi cac diéu
kién da chon va danh dau cac diém phan
tach. Chiéu tia laser tai cac vi tri tir 1 (tam vét)
dén vi tri 10 (vién ngoai cling cla vét), két qua
minh hoa trén hinh 3.b. Cudng d6 dinh 1624
cm'; clia dinh vardenafil tang tur 1 (tam vét)
dén 6 (vanh keo); va giam tir 6 (vanh keo) dén
10 (vién ngoai cling ctia vét). Do dé, hiéu ting
giot ca phé van dugc ghi nhan d6i véi
vardenafil, tuong tu sildenafil 7.

Tham dinh phuong phdp dinh tinh
vardenafil bang TLC-SERS

D6 chon loc

Phan tich va ghi nhan céc phé SERS dong
thai 3 loai mau gém dich chiét mau placebo
(cac dang vién nang, vién hoan, cao thuéc),
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Hinh 4. Phé SERS ddnh gid d6 chon loc vardenafil trong nén hoan: (a).Nén hoan; (b). Vardenafil
thém vao nén hoan; (c). Vardenafil chudn

dung dich vardenafil chuan va dich chiét mau
placebo thém chuan. Hinh 4 thé hién mét vi
du khao sat do chon loc trén nén vién hoan,
goém phd SERS cho nén hoan (hinh 4.a) va nén
hoan thém chuén (hinh 4b) va dung dich
chuan vardenafil (hinh 4c). Két qua phé SERS
cla cac vét cho thay vardenafil trong mau
placebo thém chuén (hinh 4b) c6 cac tin hiéu
dac trung tai lap quanh cac dich chuyén
Raman chinh cla chat chuén (hinh 4c). Nén
mau anh hudng khong dang ké dén vi tri cac
dinh dac trung cda vardenafil (hinh 4a). Nhu
vay cac dinh déc trung cltia vardenafil gom cé
1235+ 1,1305+£2,1405+£2,1428 £ 2,1563
2,1586+1va1624+2cm™.

Gidi han phdt hién (LOD):

Thém 1 dung dich chuan cla vardenafil

hydroclorid c6 ndbng d6 33,000; 16,500; 8,250;
4,125 pg/ml. Thém 1 ml cac dung dich trén
vao bot nén mau trang véi lugng khoang %
lieu dung, tron déu. X ly mau va tién hanh
phan tich, tin hiéu cac dinh dac trung cua
vardenafil & néng dé 8,250 ug/ml (tuong
duang 1,65 ng/vét) phat hién dugc. Do do,
LOD cuia vardenafil la 1,65 ng/vét.

Ung dung phuong phdp

Ung dung phuong phéap dé phan tich 24
mau ché& phadm ¢4 nguén géc dugc liéu thu
thap dugc. Cac mau ché pham dugc xu ly
theo quy trinh va phan tich bang TLC-SERS vd&i
cac diéu kién da chon. Két qua thu dugc cho
thay trén sdc ky d6 TLC cia 24 mau ché pham
c6 nguén géc dugc lieu dugce khao sat, phat
hién c6 01 mau VNP04 cé vét tuong Ung tai Re
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Hinh 5. Sdc ky d6 cia mét s6 méu thuc vdi vi tri s6 2 trén vét chudn la vardenafil (a); Phé SERS tai
Rf tuong tng 0,35 cta chudn Vardenafil (b); méu VNP0O4 duong tinh véi vardenafil (c);
Phé SERS ctia VNHPO8 am tinh véi Vardenafil (d).

cta vardenafil chuan theo hinh 5 (a). Trén phé
SERS cta 01 vét VNP0O4 cho két qua & hinh 5
(b), bdng 1 nhu sau:
Bdng 1. Cdc dinh ddc trung va ti Ié cudng dé
SERS ctia mdu VNPO04 duong tinh

Raman | 53511304 1405|1428 [1563 1586 [1624
\VNPo4 [shift (cm™)
Tile [1,00(030 0,16 0,21 1,05 [2,50 (0,85

Phuong phdp sdc ky khéi phé LC-MS/MS
dé kiém chung két quad cia TLC-SERS

Tién hanh pha lodng 50 lan trong
methanol cac dung dich mau th dung cho
TLC-SERS va tiém vao hé thong LC-MS/MS. Két
qua cho thay 1/24 méau phat hién duoc
vardenafil [a VNP04 cho manh ion me cé m/z
la 489,2 va 2 manh con la 151,1 va 312,0; ti lé
2 manh con 151,1 va 312,0 lan luot la 74,9 %;
25,1 %, dap ung yéu cau sé diém IP = 4 cho
phép khang dinh su c6 mat cGia vardenafil. Tat
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ca cac két luan am tinh va duong tinh qua
phan tich LC-MS/MS déu tuong dong vai két
qua thu dugc khi phan tich 24 mau tha
nghién ctu bang phuong phap TLC-SERS. Két
qua nay minh ching cho tinh dac hiéu va do
tin cay cta phuong phap TLC-SERS vua xay
dung.

Ban luan

Mau VNPO4 cho tin hiéu SERS c6 cac dinh
dac trung trung véi cac dinh dac trung cla
vardenafil chuan vdi ti 1& cac dinh nam trong
ngudng dao dong. Nhu vay, phuong phap
TLC-SERS da khang dinh dugc 1 mau duang
tinh véi vardenafil trong téng s6 24 mau ché
phdm dugc khdo sat. Nghién clu cla
Xiaopeng Hu va céng su [7] cing da s dung
phuong phap TLC-SERS dé phat hién 6 chat
Uc ché PDE-5 trong d6 c6 vardenafil
dihydrochlorid va pseudo vardenafil. Tuy
nhién, khi khdo sat trén 50 ché pham co
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ngudn goc dugc liéu chua phat hién mau
duong tinh vardenafil.

Két luan

Nghién ctu da phan tach vardenafil trong 3
nén mau ché pham c6 nguén géc dugc liéu vién
nang, vién hoan, cao thudc; dua vao Rf cla
vardenafil r6i nho keo bac, chiéu tia laser trong
60 giay, thu nhan dugc phd SERS véi cac dinh
dac trung clia vardenafil bang phuong phéap
TLC-SERS. Phuong phap da duoc tham dinh
theo AOAC, c6 gidi han phat hién la 1,65 ng/vét,
va da dugc kiém chiing song song véi phuong

phap LC-MS/MS. Bay la phuong phap méi dugc
phat trién tai Viét Nam, da thanh cong phat hién
1 mau duong tinh vaéi vardenafil trong 24 mau
ché ché pham c6 nguén géc duac liéu dang luu
hanh trén thi trudng, md ra nhiéu trién vong
trong Ung dung phat hién cac chat tron trai
phép trong ché phdm cé nguén géc dugc liéu.
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