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DEVELOPMENT OF A METHOD FOR SIMULTANEOUS QUANTIFICATION
OF FIVE PHOSPHODIESTERASE TYPE 5 (PDE-5) INHIBITOR IN
POSTMORTEM BLOOD SAMPLES BY LIQUID CHROMATOGRAPHY TANDEM
MASS SPECTROMETRY
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ABSTRACT: This study developed a method for the simultaneous qualitative and quantitative analysis of
five selective phosphodiesterase type 5 (PDE-5) inhibitors, including sildenafil, tadalafil, vardenafil, avanafil,
and thiosildenafil, in postmortem blood samples using liquid chromatography-mass spectrometry (LC-MS/MS).
This method is developed based on current FDA guidelines. Results: Isotopes Warfarin-d; was used as internal
standard. The procedure for samples treatment was simple with the value of recovery being higher than 85 %
and repeatability being lower than 15.0 %. The experimental results showed that the limit of detection (LOD)
of the analytes ranged from 0.02 to 0.03 ng/mL. The linearity of the method was in the range of 1 ng/mL to 250
ng/mL with a good correlation coefficient (R?) from 0.9989 to 0.9993.

Keywords: PDE-5, sildenafil, tadalafil, vardenafil, avanafil, thiosildenafil, post-mortem blood samples,
LC-MS/MS.
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Tom tit: Nghién ciru phdt trién mot phuwong phdp dinh tinh va dinh heong dong thoi 5 chdt tre ché
phosphodiester nhém 5 (PDE-5), bao gom sildenafil, tadalafil, vardenafil, avanafil va thiosildenafil trong mau
mdu gidm dinh phdp y bang ky thudt sdc ky long khéi phé (LC/MS-MS). Phuong phép duoc khdo sdt theo
hu;o'ng dan hién hanh ct‘la FDA. Ké’t’qud: Phuong phap sir dung qufarin-d s l{im néi chuan. QL{y trinh xir ly
mau don gian, do thu hoi cia cdc chat lom hon 85 % va do léch chuan twong doi duoi 15,0 %. Ket qua nghién
citu cho thdy gidi han phat hién (LOD) ciia cdc chat phan tich nam trong khoang tir 0,02 dén 0,03 ng/mL.
Khodng tuyén tinh khdo sdt cac chdt ¢é ham liwong tie 1 ng/mL dén 250 ng/mL véi hé s6 twong quan tot (R?) tir

0,9989 dén 0,9993.

Tir khéa: PDE-5, sildenafil, tadalafil, vardenafil, avanafil, thiosildenafil, mau mdu nguoi chét, LC-MS/MS.

1. PAT VAN PE

Tai Viét Nam, trong nhitng nam tré lai day cac vu an
lién quan dén yéu t6 tinh duc di c¢6 sy gia ting ca vé s6
vu ciing nhu tinh chat timg vy, gy hau qua nghiém trong,
anh hudng dén an ninh, chinh trj va xa hoi[1]. Trong nhiéu
vu an, cac hoat chat cuong duong bi lam dung dé thuc
hién hanh vi tinh duc nham dat dugc théa méan trong quan
hé. Tuy nhién, hién nay viéc giam dinh dinh lugng céac
hoat chét cuong duong trong méu tai Viét Nam chua c6
quy trinh ciing nhu huéng dan cy thé [2].

Sic ky 1ong két hop véi detector khdi phd ndi tiép 2 1an
(LC-MS/MS) dugc xem la thiét bi phén tich hién dai, voi
nhiéu diém wu viét nhu c6 do nhay, 6 6n dinh, d6 chinh
xac cao va thao tac xtr Iy don gian gitip phan tich nhanh
cac hoat chat cuong duong trong méu vira tiét kiém thoi
gian, cling nhu chi phi [3],[4],[5]. Nghién ctru xay dung
mot quy trinh phén tich dong thoi, chinh xac cac hoat chat
cuong duong trong mau mau st dung thiét bi LC-MS/
MS, két hop véi ki thuat chiét 1ong-long gitup xtr Iy mau
nhanh, don gian, lvgng mau ding trong phan tich it nén c6
¥ nghia thuc tién cao, phuc vu cong tic giam dinh va diéu
tra cho két qua nhanh chong, chinh xéc.

2. THUC NGHIEM
2.1. Thiét bi, dung cu, héa chit, chit chuin
2.1.1. Thiét bi, dung cu

Heé théng sic ky 1ong két ndi detector 2 1an khéi phd
(LC-MS/MS 8045) cua hang Shimadzu; can phan tich
Sartorius (d0 chinh xac 10, g); bé rung siéu 4m Elrpasonic
S100; may ly tdm Rotina 380, bd 1am kho mau bang khi
nito; micropipet cac thé tich tir 2,0-1000,0 ul; cac dung cu
thuy tinh c¢6 d¢ chinh xac va cac dung cu can thiét khac
trong phong thi nghiém. Thiét bi va dung cu dugc hi¢u
chuén dinh ky theo quy dinh ctia ISO/IEC 17025 va GLP.
2.1.2. Héa chit, chit chudn

Chét chuan: sildenafil, tadalafil, vardenafil, avanafil,
thiosildenafil va warfarin-d; (IS) dwoc mua tr hang

2

Cayman Chemicals c6 code lan luot 1a 10008671, 14024,
14930, 23024, 13939, 25432 nguyén trang.

Dung mdi, hoa chat: ethylacetat (EA); diethyl ete;
chloroform; methanol (MeOH); acid formic (HCOOH),
NH,OH 10%; nudc deion.

2.2. Pbi tugng va phwong phap nghién ciru
2.2.1. Déi twong nghién civu

- Pbi twong nghién ctru: Hoat chat cwong duong trong
mau mau.

- MAu sir dung nghién ctru: Miu mau blank (6 mau)
duoc lay tir nhiing nguoi tinh nguyén khoe manh khong
str dung thude. 24 mau mau thyc té 1y clia nam giGi chét
trong khach san sau khi quan hé tinh duc dugc cung cap
bdi cac co quan dicu tra.

2.2.2. Phwong phdp nghién cuu

* Piéu kién sic ky long

- Cot Shim-pack Velox Biphenyl-C ¢ (2,1 x 50 mm,
2,7 pm) cua hang Shimadzu.

- Pha dong: Pha dong: A: acid formic 0,1 % trong nudc
deion; B: acid formic 0,1 % trong methanol. Chay chuong
trinh gradient.

- Téc d6 dong: 0,4 ml/phat

- Thé tich tiém: 3 pL

* Pidu kién khdi phd

St dung detector ghép ndi 2 lan khéi phd Triple
Quadrupole (MS/MS). Kiéu phan tich theo ché d¢ ion hoa
dau phun dién tir (ESI) ban phd ion duong. Phan tich dung
dich chuén va ni chuan & ché d¢ full scan dé xéc dinh lya
chon precursor ion. Ti€p theo, tién hanh phan tich theo ché
d6 production dé xac dinh manh con, tir d6 lva chon manh
ion dé phan tich theo ché d6 MRM (Multiple Reaction
Monitoring). T6i vu héa phuong phap bang phan mém
Optimazation cua thiét bi.

* Chuan bi mau

Lay chinh xac 1,0mL mau vao dng nghiém 5 mL,
thém 50 uL dung dich ndi chuén warfarin-d; (nong do
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1000 ng/mL). Sau d6, mau mau duoc kiém héa bang
50 uL dung dich NH,OH 10 %, lic déu, dé yén trong
15 phut. Thém 2 mL dung dich Chloroform va dem lac
trong 60 phut. Mau duoc ly tim 6000 vong/phit trong
5 phut. Hut 1,0 mL 16p dung méi va lgc qua mang 0,22
um. Lam bay hoi dung moi dudi dong khi nito ¢ 40°C.
Hoa tan c¢in bang 500 pL methanol, dich thu dugc ding
dé phan tich LC-MS/MS.

* Tham dinh phuong phép phan tich

Tham dinh phuong phap phén tich theo huéng dan
ctia US-FDA gbm céc chi tiéu: Do thich hop hé thong,
do dac hiéu, gidi han phat hién (LOD), gi6i han dinh
luong (LOQ), khoang tuyén tinh, d6 ding va do lap
lai[6].

3.KET QUA VA BAN LUAN
3.1. Két qua khao sat diéu kién khoi pho MS/MS

Khéo sat tim manh phan tr me, manh con, ché do
ion hoa mau dya vao chuin don chit sildenafil, tadalafil,
Va}rdenaﬁl, avanafil, thiosild@naﬁl va warfarin-d; cung
nong do 1000 ng/mL. Mo6i chat lya chon 3 manh ion trong
d6 1 manh tin hiéu cao dé dinh lugng va 2 manh dé dinh
tinh. Két qua khao sat dugc trinh bay duéi Hinh 1. Tién
hanh ty dong t6i wu héa dé tim didu kién MS/MS bang
phan mém Optimazation, két qua diéu kién khéi phd dugc
trinh bay dudi Bang 1.

Diéu kién khdi phé: Nhiét do interface, DL-desolvation
line, desolvate hoa lan lugt 1a 300°C, 250°C, 526°C. Téc
d6 khi phun suong, khi 1am néng, khi lam kho lan luot 1a
3 mL/phut, 10 mL/phut, 10 mL/pht.

Bing 1. Két qua khao sat diéu kién phan tich trén khoi pho

(* manh ding dé dinh lrong)

STT | Chét phan tich lTl:‘UO’(li‘l?l‘)‘ M?I'I‘l'/‘z;“? Mi‘;‘;zg"“ Q1 (V) C"'?éiE";‘ (E{‘;rgy Q3 (V)
151% 12 46 14
1 | Vardenafil 0,842 489,0 312 29 39 22
299 21 38 29
100* 20 30 17
2 |Sildenafil 0,934 475,0 283 21 40 30
311 12 29 30
155 21 44 28
3 | Avanafil 1,831 484.0 375+ 28 25 26
233 29 37 24
58+ 10 50 10
4 |Thiosildenafil | 2,185 491,0 299 21 40 30
341 30 30 24
135% 17 24 26
5 |Tadalafil 2,377 390,0 262 10 28 29
205 10 41 13
117 15 37 23
6 | Warfarin-dg 2,160 312,0 161* -15 -19 -17
255 -15 -23 -18
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Hinh 1. Mdnh con hra chon phén tich (4) va sdc ky do (B) ciia Sildenafil.

[M+H]"

vertB. 1 Product lon SCanE+] Precurior 4750000 CE -35.0 Rel Tme [0333] Scaf [21] (%E—[&%AHL‘TS >1nnn[m|( )[:E 300 e ToS S "::txe:‘”“?”s")’ WZW
e L TEE AT R e o 2”*1 S:tDE‘N‘A;:tW ;311 o0(-) CE: 280
A | B
i Nl}gn :xtet: Tu ketAqua ‘tzang} Vafac dlfp kl?n kl‘101 pl}o Bing 2. Chiwong trinh gradient pha déng
da khao sat dugc, nhan thay diéu kién khoi pho hoan toan h
phu hop véi cong thirc phan tir chat phan tich tai ché do Thoi gian Toc do dong A B (%)
X X . 4 ” 0
. Mbi chat phén tich nghién ctru Iyra chon 3 méanh (phut) (ml/phit) (%)
m/z ion con dé dinh tinh va dinh luong. 0,01 - 1,00 0,4 40 60
3.2. Két qua khao sat diéu kién sic ky long 1,01 - 2,50 0,4 27 73
Tién hanh khao sat chwong trinh pha dong ctia phuong 2,51 -4,00 0,4 40 60

phap str dung dung dich chuan hdn hop sildenafil, tadalafil,
Vgrdenaﬁl, avanafil, thiosildenafil va warfarin-d; cung
nong do 100 ng/mL.

Pha dong: A: acid formic 0,1 % trong nudc deion, B:
acid formic 0,1 % trong methanol. Chay chuong trinh
gradient. Két qua khao sat pha dong duoc trinh bay dudi
Béng 2. Séc ky db ciia mau chuin hdn hop 5 chat phan tich
va ndi chuan duoc trinh bay trong Hinh 2.

Nhdn xét: Tl két qua khao sat chuong trinh pha dong
trong Bang 2, nhan thiy véi chuong trinh gradient trén
cho két qua pic cac chat nghién ctru va ndi chudn can dbi,
thoi gian luu 6n dinh. Mot s chat phan tich ¢6 thoi gian
lwu gan nhau, nhung khi phén tich trén detector khéi phd
¢6 thé lwa chon manh m/z theo chat nghién ctru nén khong
bi anh hudng nhiéu.

(100,000} Max Intensity : 502 835
J1*SLOENAFIL 475 0000=100,0000(+) CE: 300 = Time Scan® Tnten.
T2 AVANAFIL 484.0000>375.0000(=} CE: -25.0 8
5.0-]3-TADALAFIL 300.0000-135.0000(+) CE: -24.0
4 THIOSILDENAFIL 491.0000=58.0000(+) CE: -50.0
J5:VARDENAFIL 489 0000151 0000(+) CE: -46.0
4 o JFWARFARIN-DS 312.0000>117.0000(-) CE: 37.0
3.04
2.0
] 2 2
1.0 ! i P
fac
i g _ K
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Hinh 2. Sic ky do chudn hon hop 5 chat phén tich va néi chudn warfarin-d

3.3. Khio sit dung méi chiét

Khao sat 03 dung moi chiét 1ong 1ong bao gdm: ethylacetat, diethylete, chloroform tai 03 mirc nong d6 10 ng/mL,
50 ng/mL va 150 ng/mL. Tién hanh xtr Iy mau theo quy trinh tai muc 2.2.2. Két qua khao sat dung méi chiét duoc trinh

bay trong Bang 3.
4
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Bing 3. Khdo sdt dung méi chiét mau

STT | Chét phan tich Ham lwong thi nghiém (ng/mL) D thu hti (%)
Ethyl acetat | Chloroform | Diethyl ete
10 49,61 83,05 66,67
1 Sildenafil 50 52,06 89,47 71,25
150 66,21 92,02 78,15
10 51,85 82,61 68,12
2 Avanafil 50 59,50 86,23 74,14
150 71,74 93,70 80,68
10 45,34 80,84 62,33
3 Tadalafil 50 53,20 87,31 75,87
150 67,96 91,22 87,43
10 50,84 86,27 72,43
4 Thiosildenafil 50 66,28 90,49 80,27
150 74,25 95,71 83,25
10 64,62 84,50 71,67
5 Vardenafil 50 68,83 87,56 76,28
150 77,64 95,56 87,41

Nhdn xét: Tur két qua Bang 3 cho thdy, dung méi Chloroform cho lugng chit thu hdi sau chiét 16n nhét. Do vay,
nhom nghién ctru lya chon Chloroform lam dung moéi chiét mau.

3.4. Tham dinh phwong phap

3.4.1. D¢ thich hop hé thong LC-MS/MS
Tién hanh phén tich dung dich chun hdn hop 5 chit phan tich & 03 mirc ndng d6 5 ng/mL; 100 ng/mL va 200 ng/mL
cho mdi chit va néng dd noi chuan & mdi muc déu 1a 50 ng/mL. Phan tich 1dp lai 6 1an d6i véi mdi mire n6ng do. Gia tri
ctia d6 1éch chuan twong d6i (RSD) duoc thong ké thong qua ty 1¢ thoi gian luu twong ddi va ty 1¢ dién tich pic ctia 5 chat
phan tich véi ndi chuan warfarin-d. Két qué thi nghiém khdo sét Do thich hop hé théng duoc trinh bay trong Bang 4.
Bing 4. Két qua dé thich hop hé thong

) Do thich hop hé thong LC-MS/MS
STT Chi:c[l)lhﬁn Ty I¢ thoi gian luwu (% RSD) Ty I¢ di¢n tich pic (% RSD)
5,0 (ng/mL) | 100,0 (ng/mL) | 200,0 (ng/mL) | 5,0 (ng/mL) | 100,0 (ng/mL) | 200,0 (ng/mlL)
1 | Sildenafil 0,421 0,774 0,449 3,419 1,841 1,416
2 | Avanafil 0,142 0,047 0,121 3,032 1,768 2,242
3 | Tadalafil 0,222 0,065 0,128 2,144 1,266 2,340
4 | Thiosildenafil 0,263 0,053 0,122 3,202 1,388 1,660
5 | Vardenafil 0,387 0,257 0,298 2,581 2,287 1,230

Nhdn xét: Két qua cho thiy do léch chuan twong d6i (RSD) cua ty 1¢ thoi gian luu trén ndi chuan va ty 1¢ dién tich
pic chat phan tich trén ndi chuan c6 gia tri dudi 5,0 %. Vi vay, phuong phap dat yéu cau vé do thich hgp hé thong.
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3.4.2. D¢ dic hiéu

Tién hanh nghién ctru trén 6 miu méau blank va 6 mau méau blank thém chuén 5 chit phan tich & nong d6 1,0 ng/
mL. Panh gia sy xuat hién tin hiéu cac pic trén sac ky d6 ciia 6 mau blank va 6 mau thém chuan. Két qua duoc trinh bay
trong Hinh 3.
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Hinh 3. Sic ky @6 mau mdu blank (4), Sac ky @6 mdau mdu blank thém chudn ¢ nong d@é 1 ng/mL (B)

Nhin xét: Két qua khao sat do dac hiéu cho thay. Trén sic ky db ciia mau mau blank khong thay xuét hién pic so
voi sdc ky 46 miu méau blank thém chuén tai thoi gian luu chat phan tich. Vi vay, phuong phap phan tich dic hiéu voi
cac chat nghién cuu.

3.4.3. Gidi han phdt hién (LOD) va gidi han dinh lwong (LOQ)

Tién hanh pha lodng dung dich chuin hén hop c6 ndng d6 1,0 ng/mL sau d6 dem phan tich theo diéu kién da chon
dé xac dinh giéi han phat hién (LOD) va gi6i han dinh luong (LOQ) cua chét phan tich. Két qua LOD va LOQ dugc
trinh bay trong Bang 5.

3.4.4. Puong chuin va khodng tuyén tinh

Khodng tuyén tinh dugc khao sat trén cic mau méau blank thém chuan hdn hop 5 chét phén tich & 08 ndng do gom 1;
5; 105 25; 50; 100; 200; 250 ng/mL. Nong d6 cia ndi chuan trong cac mau thém chuan déu 1a 50 ng/mL. Tai mdi nong
do, thi nghiém 13p lai 06 1an va ly gid trj trung binh. Pudng chun dugc xy dung thong qua mdi quan hé tuyén tinh
giita ty 1& lugng chat phén tich va ty 18 dién tich pic ctia chat phan tich so v&i ndi chuan. Trong d6: Y 1a ty 1 dién tich pic
chat phan tich/IS. X 1a ty 1 ndng d6 chét phan tich/IS. Két qua khao sat khoang tuyén tinh duoc trinh bay trong Bang 5
va Hinh 4 dai dién cho D) thi biéu dién khoang tuyén tinh cua Sildenafil.

Bing 5. Két qua khao sdt khodng tuyén tinh, gi6i han phdt hién (LOD) va giéi han dinh leong (LOQ).

STT Chf::’:c[l)lhﬁn Phwong trinh hoi q(llll)lf ;:}(flé;l;)tinh va hé sb twong LOD (ng/mL) | LOQ (ng/mL)
1 Sildenafil Y =0,5486X + 0,0009, R? = 0,9993 0,03 0,10
2 | Avanafil Y =8,5329X + 0,0274, R? = 0,9989 0,02 0,07
3 Tadalafil Y =0,7615X + 0,0025, R? = 0,9989 0,03 0,10
4 | Thiosildenafil Y = 1,4456X - 0,0019, R? = 0,9993 0,03 0,10
5 Vardenafil Y =2,0116X + 0,0063, R?> = 0,9990 0,02 0,07

Nhdn xét: Dudng chuin xay dung dugc gitra ty 1& dién tich pic ctia chit phén tich so voi ndi chuén va ty 16 lugng
chat twrong (g c6 hé so tuong quan R%> 0,995.




TAP CHI KIEM NGHIEM DUGC VA MY PHAM <+ s6 1 Tap 23 Nam 2025

SILDENAHL

¥ = 0.5486x + 0.0009
5 RY=09993

o 1 2 3 4 5 &

Hinh 4. Do thi biéu dién khodng tuyén tinh ciia Sildenafil.
3.4.5. P diing, dé lip lai ciia quy trinh phén tich mau
Do dung va do lap lai ciia phuong phéap duge danh gia trén cic miu mau blank thém chuan hdn hop 5 chit phan tich
& 03 ndng do6 khac nhau 1a 10 ng/mL; 50 ng/mL va 200 ng/mL, ndng d6 ndi chuin warfarin-d; tai moi mirc déu 1a 50,0
ng/mL. Mbi n6ng d6 chuén bi 6 mau. Mdi mirc néng d6 thém chuén tién hanh thi nghiém 06 lan lap lai. Két qua dugc
trinh bay trong Bang 6.

Bing 6. Két qua khdo sat dg thu hoi va dé lap lai ciia quy trinh

. Do thu hoi (%) RSD (%)
STT| Chat phan tich
10 (ng/mL) | 50 (ng/mL) | 200 (ng/mL) |10 (ng/mL) [ 50 (ng/mL) | 200 (ng/mL)
1 Sildenafil 85,96 92,06 95,71 6,675 3,381 2,874
2 Avanafil 86,17 91,78 94,12 4,684 2,935 1,529
3 Tadalafil 87,02 88,84 96,93 7,653 2,366 1,696
4 Thiosildenafil 87,77 93,10 95,13 5,828 2,511 1,279
5 Vardenafil 86,30 92,00 97,08 8,428 3,252 2,009

Nhin xét: Két qua cho thiy do diing nam trong khoang 85,96 dén 97,08 % véi d¢ 1éch chuan tuong dbi tir 1,279 dén
8,428 %. Do vy, phuong phéap xay dung dat yéu cau vé do dung va do lap lai.
3.5. Két qua phén tich miu thye té

Ap dung phuong phap di nghién ctru vao phén tich dinh tinh va dinh luong 24 mau mau cta 24 nguoi chét trong
khach san ¢6 str dung thude trude khi quan hé tinh duc, mau duoc thu giit va giri tir cac co quan canh sat diéu tra tai Viét
Nam. Phat hién 7 mau duong tinh véi sildenafil nong d6 tir 82,14-210,32 ng/mL. 4 mau duong tinh tadalafil véi nong do
tir 74,64-180,51 ng/mL, 6 mau duong tinh v6i vardenafil nong do tir 17,25-28,84 ng/mL. 4 mau duong tinh véi avanafil
ndng do tir 64,82-327,24 ng/mL va 3 mau duong tinh véi thiosildenafil nong do tir 30,41-148,05 ng/mL.Séc ky db dai
dién cho mau duong tinh duoc trinh bay trong Hinh 5, 6,7.8, 9.
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Hinh 5. Sic ky @6 mdu mdu thuc té dicong tinh voi Hinh 6. Sac ky do mau mau thuc te dwong tinh voi
Sildenafil. Tadalafil.
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Hinh 8. Séic ky @6 mau méu dwong tinh véi
Thiosildenafil.
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Hinh 9. Sdc ky do6 mau mdu dirong tinh véi Vardenafil.

4. KET LUAN

Nghién ciru di xay dung phuong phap phan tich dong
thoi 5 chét e ché enzym Phosphodiester type 5 (PDE-5)
la sildenafil, tadalafil, vardenafil, avanafil va thiosildenafil.
Nghién ctru sir dung thiét bi phén tich 1a LC-MS/MS két
hop v6i ki thuét chiét 1ong-Iong dé xtr Iy mau. Phuong
phép phén tich xay dung da khao sat day du cac chi tiéu,
nhur d6 On thich hop hé thong, d6 dac higu, khoang tuyén
tinh, giéi han phat hi¢én (LOD), gi6éi han dinh lugng

(LOQ), d6 thu hdi va do lap lai, c6 st dung chét ndi chuin

warfarin—d5.

Ung dung phuong phép da xay dung phan tich cac chat
trong 24 miu mau ngudi chét trong nha nghi, khach san
duoc cung c?ip boi co quan diéu tra tai Viét Nam. Phuong
phép trén c6 thé ap dung dé xac dinh cac hoat chit cuong
dwong dugc tron trai phép trong mot s thude, san phdm
bao vé surc khoe.
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