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MO PAU

1. Ly do chon @é tai

Trong nhitng nim gan day, viéc sir dung cac san pham thuc phdm bao vé stic
khoe (TPBVSK) dé bd sung thém vao ché d6 an udng hang ngiy dang ngiy cang
phé) bién. TPBVSK duogc st dung & moi lra tudi, voi nhiéu muc dich khac nhau nhu:
duy tri, ting cudng, cai thién cac chirc nang cua co thé con ngudi, giam nguy co mac
bénh, phong ngtra cdc bénh man tinh, cdi thién ngoai hinh, cai thién cac chiic nang
sinh ly, nang cao hiéu qua thé thao [3],... Qua khao sat vé ché do dinh dudng va sirc
khoe tir nim 2003 dén 2006 cho thdy khoang 49% dan s6 My sir dung TPBVSK,
trong d6, 14% sir dung cac san pham c6 nguodn gdc thao duoc. Tai Chau Au (EU),
mot khao sat lién quan dén viéc tiéu thu thuc phém bao vé suc khoe tai 6 quéc gia
(Phan Lan, Ptrc, Y, Romani, Tdy Ban Nha va Anh) cho thiy trung binh gan 19% c6
su dung it nhat mot san phém thuce phém bao vé strc khoe, ti 16 cao & Y (22,7%) va ti
1¢ thap & Phan Lan (9,6%) [100].

Cac san pham TPBVSK, dic biét cac san pham c6 ngudn gdc tir thao dugc
thudng dugc ua chudng hon ca, cic san pham nay thuong phai sir dung trong thoi
gian dai méi c6 thé dat hiéu qua. Tuy nhién, nguoi sit dung TPBVSK c6 xu hudng
thay doi san pham khi nhan thay hiéu qua cham, hoic c6 nhung khong rd rét. Nam
bat dugc tam 1y nay, mot s6 nha san xuat di tron cac chat c¢6 tac dung giup ting nhanh
hiéu qua va cong dung ctia san pham, nhung gy hai cho strc khoe con nguoi nén bi
cAm st dung trong san pham TPBVSK. Pién hinh trong d6 1a cac chat thuéc nhom
trc ché phosphodiesterase type 5 (PDES5) trong TPBVSK cai thién chirc ning sinh 1y;
cac chit gdy biéng an, loi tiéu va nhuén trang trong TPBVSK hd tro giam can; cac
chat giam glucose mau trong TPBVSK hd tro diéu tri bénh tiéu duong [86, 100, 112].

Céc chit ndy nam trong danh muyc thudc ké don, khi duoc st dung khong co
kiém soat, s& giy ra cac tac dung phu anh huéng nguy hai dén sirc khoe nguoi st
dung. Trong d6, cac hoat chét rc ché PDES c6 thé gay ra cac tac dung khéng mong
muén trén co thé nhu: chong mat, tirc nguc, ndi mé day, phat ban, kho tho, rdi loan

tiéu hoa,... Sibutramin lam tang ap lyc mau, nhip tim va thuong ting nguy co dau tim
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cling nhu dot quy. Cac chit diéu hoa duong huyét nhu phenformin, buformin,
metformin, ... déu c6 twong tic manh v&i nhau khi dung cling, dic biét gdy nguy hiém
dén tinh mang cho ngudi st dung dang c6 bénh 1y nén va dang dung nhiéu loai thube
khac nhau. Do vay, nhu cau phan tich dé kiém soat cac chat cAm trong TPBVSK 1a
van dé cap bach nham dam béao chit luvgng san pham va bao vé nguoi tiéu dung.

D3 c6 mot s6 nghién ciru dugce tién hanh voi cac nhoém chit khac nhau, nhung
hau hét cac quy trinh phan tich riéng timg nhom chat hodc cac quy trinh phan tich
d6ng thoi nhung han ché véi cac nhom chét [17]. Cac phuong phap phan tich nhu
quang phé, dién hoa, sic ky chi xac dinh dugc mot sb g161 han céc chit véi quy trinh
riéng r&. Do vdy, ung dung phuong phap sic ky 1ong khdi phod phan giai cao (LC-
HR/MS) dé phan tich, sang loc dong thoi cac nhom chit 13 Iya chon t6i wu nham phan
tich va phat hién cac chit cAm méi trong TPBVSK, dic biét khi ngudn chat chuan
khong san co.

Xuét phat tir nhitng van dé néu trén, dé tai: “Nghién ctru xac dinh mot s6 chat
cam trong thwe pham bao vé strc khée hd tro giam can, chirc niing sinh 1y va tiéu
dwong” di dugc thuc hién nhdm déng goép phan nhod bé vao xdy dung cac phuong
phap phan tich cac chit cdm trong TPBVSK, bao vé strc khoe ngudi tiéu dung.

2. Muc tiéu nghién ciru

Dé tai dugc thuc hién véi hai muc tiéu:

2.1. Nghién cau phat trién phuong phéap sic Iy 1ong khdi pho phan giai cao
LC-HR/MS va sic ky long khdi phd LC-MS/MS dé sang loc va dinh lugng mét sb
chét cAm trong thuc pham bao vé strc khoe hd trg giam cén, chirc nang sinh 1y va tiéu
duong.

2.2. Ap dung cac phuong phap dé xac dinh mot s6 chat cam trong thyuc pham
bao vé stc khoe hd tro chirc nang sinh 1y, giam can va tiéu duong.

3. Péi twong va pham vi nghién ciru
Déi tuong nghién ciru: TPBVSK hd tro chic ning sinh 1y, giam can va tiéu

duong. bé dat dugc muc tiéu dé ra, cac nodi dung cua dé tai bao gém:
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- Xay dung quy trinh LC-HR/MS phan tich sang loc cac chit cam trong
TPBVSK hd tro chirc ning sinh 1y, giam can va tiéu duong: Khao sat diéu kién
HR/MS, diéu kién sic ky long va phan tich mau TPBVSK hd trg chirc ning sinh 1y,
giam can va tiéu duong.

- Xay dung quy trinh LC-MS/MS xac dinh mét s6 chat cim trong TPBVSK
hd trg chirc ning sinh 1y: Khao sat diéu kién LC-MS/MS, xé&c nhan gid tri sir dung
ctiia phuong phap va phan tich trong mau TPBVSK ho tro chic ning sinh ly.

- Xay dyng quy trinh LC-MS/MS xac dinh mét s6 chat cam trong TPBVSK
hd trg giam can: Khao sat diéu kién LC-MS/MS, xac nhan gia tri sir dung ctia phuong
phap va phan tich trong mau TPBVSK hd trg giam can.

- Xay dung quy trinh LC-MS/MS xac dinh mot sé chat cam trong TPBVSK
hd tro tiéu duong: Khao sat diéu kién LC-MS/MS, xac nhan gia tri st dung cua
phuong phap va phan tich trong mau TPBVSK hd tro tiéu duong.

4. 'Y nghia khoa hoc va thuc tién cia dé tai nghién ciu
4.1. Y nghia khoa hoc

- Nghién ctru st dung cac phuong phap phan tich hién dai, c6 do6 nhay va do
chinh xé4c cao nhu: sac ky 1ong khéi pho phéan giai cao (LC-HR/MS) dé sang loc dong
thoi va phat hién cac chat moi; phuong phép sic ky 1ong khdi phd (LC-MS/MS) dé
dinh luong cac chét tron trai phép trong TPBVSK. Pay 1a huéng nghién ciru khong
chi ¢6 tinh méi, y nghia trong khoa hoc, ma con mang tinh toan dién, gép phan ning
cao chit luong cong tac kiém nghiém an toan thic pham, bao vé sirc khoe ngudi tiéu
dung.

- Nghién ctru di phat hién 01 chit méi nhém PDE-5i chwa c6 trong thu vién
pho cua hé thong va ciing chua dugce cong bo trén thé gidi, da phdi hop véi phong thi
nghiém tai Singapore phan lap, xac dinh cdu trac hop chit méi 1a N-hydroxyethyl
dithio-desethyl carbodenafil gop phan bo sung thém vao ngan hang dit liéu toan cau

nhom PDE-5i.
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4.2. Y nghia thyc tién

- S lugng cac chat cam tron trai phép trong TPBVSK ngay cang da dang va
phtrc tap. Qua trinh tdng hop cac chit nay dan t&i xuat hién nhiéu chét voi dan xuat
khac nhau & mot hay vai nhdm thé. Cac chat méi sinh ra nay c6 hoat do, tac dung
tuong tu VGi cac chit gbc nén co thé duoc phan Iap va sir dung trong san pham gay
kho khin cho cong tac kiém nghiém néu chi sir dung cac phuong phép truyén théng.
Phuong phap sac ky long khéi phd phan giai cao LC-HR/MS phan tich chinh xac cau
trdc cua chat phan tich cling nhu tim kiém cac chat méi dya trén cau trdc khung cua
nhom chat da giai quyét duoc van dé trén. Quy trinh nay cé thé &p dung tai cac phong
kiém nghiém an toan thyc pham tuyén trung wong, nhimng noi c6 day di trang thiét bi
hién dai dé tién hanh phan tich dam bao két qua chinh xéc cao.

- Két qua phan tich cac mau TPBVSK trén thuc té dua ra cac bang chang va
khuyén nghi cho cac nha quan ly trong qué trinh cap nhat va xay dung vin ban quan

ly chat cAm trong thuc pham bao vé suc khoe.
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CHUONG 1. TONG QUAN
1.1. Giéi thiéu chung vé chat cam trong thwc pham bio vé siic khoe

TPBVSK 1a nhitng san pham dugc dung dé bo sung thém vao ché do dn udng
hang ngay nham duy tri, ting cuong, cai thién cac chic ning ctia co thé con ngudi,
giam nguy co mic bénh. TPBVSK chtra mot hoidc nhiéu chat hodc hdn hop cac chét
sau: Vitamin, khoang chét, axit amin, axit béo, enzyme, probiotic va chét c6 hoat tinh
sinh hoc khac; chat co nguén géc tu nhién, bao g@)m dong vat, khoang vat va thuc vat
dudi dang chiét xuat, phan lap, c6 dic va chuyén héa; cac ngudn téng hop ciia nhitng
thanh phan trén [23].

TPBVSK dugc trinh bay ¢ dang ché bién nhu vién nang, vién hoan, vién nén,
ché phém dang c6m, bot, long va cac dang bao ché khéc va duoc phan lidu (dé sur
dung) thanh cac don vi liéu nho [23].

Trén thé gidi, phan 16n cac qudc gia khdng quy dinh cu thé danh muc chat cdm
sir dung trong thyc pham ciling nhu trong cac san pham thyc pham bao vé sic khoe.
Cuc Quan 1y thyc pham va duoc pham Hoa Ky (FDA) ban hanh danh muc cac san
pham thuc pham bao vé stre khoe canh bao gian 14n ¢ chira cac chat c6 kha ning gay
nguy hiém [113]. FDA khong cho phép tron cac hop chat PDE-5i vao TPBVSK va
dugc dién My dua ra cic phuong phap xac dinh 64 chat PDE-5i tron trai phép trong
thuc pham b6 sung bang cac phuong phap: HPLC-UV, HPLC-MS, HPTLC -UV/MS,
khéi phd ion hoa nhiét do phong, NMR Spectroscopy, phuong phéap sinh hoc [20].
Hiép hoi cac Quoc gia Pong Nam A ASEAN quy dinh danh muc céc chat khong
dugc phép 1a thanh phan trong san pham TPBVSK, trir phu gia thuc pham, phu liéu,
vitamin, khoang chét, doc t6 ty nhién, cac chat cAm theo luat béo vé dong vat hoang
da. Danh muc chét cim bao gdm nhiéu loai thyc pham cAm st dung trong san pham
TPBVSK [23].

Tai Viét Nam, co quan chirc nang da phat hién cac san phém TPBVSK chtra
chét cAm gy nguy hiém dén strc khoe nguoi tiéu dung, dic biét trong cac san pham
thuc pham bao vé stc khoe hd trg chirc ning sinh 1y, hd tro giam can va hd tro diéu

tri bénh tiéu duong [4], [8]. Pay 1a cac chat nim trong danh muc thudc ké don,
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khi duoc str dung khong c6 kiém soat, s& giy ra cac tac dung phu anh hudng nguy
hai dén strc khoe nguoi str dung. Trong d6, cac hoat chat (rc ché PDE-5i 6 thé giy
ra cac tac dung khong mong mudn trén co thé nhu: Choéng mit, tirc nguc, noi mé day,
phat ban, kho tho, r6i loan tiéu héa, ... Sibutramin lam tdng ap luc mau, nhip tim va
thudng ting nguy co dau tim ciing nhu dot quy. Cac chét diéu hoa duong huyét déu
¢6 twong tac manh véi nhau khi dung cung, dic biét gdy nguy hiém dén tinh mang
cho ngudi str dung dang ¢ bénh 1y nén va dang str dung nhiéu loai thudc khac nhau.
Ngay 30/6/2021, Bo Y té da ban hanh Thong tu s6 10/2021/TT-BYT quy dinh danh
muc chit cAm sir dung trong san xuét, kinh doanh thuc phém bao v¢ strc khoe, trong
d6 cac chat cam thudc nhom hd trg chire ning sinh 1y, ho tro giam can va ho tro diéu
tri bénh tiéu dudng dugc thé hién trong bang 1.1 [1].

Bang 1.1. Cac chdt phan tich thugc nhom chdt cam trong théng tw 10/2021/TT-BYT

Tén nhom Chit phan tich

Aildenafil, Aminotadalafil, Benzamidenafil, Desmethyl
carbodenafil, Desmethylsildenafil,
Dimethylacetildenafil, Dithiodesmethyl carbodenafil,
Flibanserin, Hydroxyhomosildenafil,
Hydroxyacetildenafil, N-Desmethyl tadalafil, N-
Desmethyl-N-benzyl sildenafil, N-Desmethylyardenafil,
Piperadino vardenafil, Sildenafil, Sulfoaildenafil,
Sulfohydroxyhomosildenafil, Tadalafil, Thioaildenafil,
Thiosildenafil, VVardenafil

Nhém hd tro chire
nang sinh 1y

Benzyl sibutramine, Desisobutyl-benzylsibutramine,
Desmethylsibutramine, Didesmethylsibutramine,
Fenfluramine, Orlistat, Phenytoin, 1-3-
dimethylamylamine, Cetilistat, Dapoxetine, Fluoxetine,
Furosemide, Hydrochlorothiazide, Lorcaserin, Doxepin

Nhoém hd tro
giam can

Nhom hd tro tié _ _ .
om ? rotieu Buformin, Metformin, Phenformin
duong
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1.2.  Nhém chét cam trong TPBVSK h§ tro chite ning sinh Iy

TPBVSK hd trg chirc ning sinh 1y dang duogc sir dung rong rai dé hd tro ting
cudng sinh luc va ste bén thé lyc, lam ting hung phén, hd tro diéu tri réi loan cwong
duong, liét duong va ting cuong ham mudn cho nam gigi. Cac san pham nay thudng
c6 ngudn gde ty nhién, thanh phan gdm cac san pham tir déng vat hoic thyuc vat, da
duogc str dung trong dong y nham cai thién chirc ning sinh 1y. Tuy nhién, dé 1am ting
va lam nhanh tdc dung ctia cac san pham thuc pham bao vé sirc khoe nay, mot s nha
san xuat da tron trai phép cac chat cAm, trong d6 dién hinh 1a cac chat thudc nhom e
ché enzyme phosphodiesterase-5 (PDE-5i), gitip san phdm TPBVSK nhanh dat tac
dung. Céc chat nhom PDE-5i bao gom sildenafil, tadalafil, vardenafil va cac hop chat
duogc tong hop tuong tu duoc tim thiy tron trai phép trong cac san pham TPBVSK
hay thudc ting cudng sinh lyc ban trén thi trudng. Cho dén nay, hon 60 chét tuong
tu chat PDE-5i tron trai phép di dugc cong bo.

Trén phuong dién 1am sang cac chat nhom PDE-5i gy tac dung phu déng ké,
nhu nhtc dau, do bung mat, mii tac nghén, roi loan thi giac va dau lung. Bén canh
d6, nhém PDE-5i ciing c6 thé gy ra twong tac thude - thude khi sir dung dong thoi
v6i cac thude co chura nitrat ¢6 thé dan dén ha huyét ap nghiém trong giy ngat hoic
tham chi 14 tir vong. Do vay, nhitng bénh nhan khong biét ¢6 van dé vé tim mach khi
dung ca thudc ¢ nitrat va TPBVSK chira chat PDE-5i ¢6 thé giy nguy hiém dén sirc
khoe, tham chi anh huong dén tinh mang [114]. Trén thi truong, bén canh mot s6 san
pham phéat hién tron trai phép cac chit PDE-5i da duoc phé duyét lam thudc
(sildenafil, tadalafil, vardenafil, ...) thi cac chat duoc téng hop tuwong tu cling duoc
tim thay. Tuy nhién, cac chat nay déu chua duoc co quan chic ning kiém duyét va
cap phép nén mirc do an toan va doc tinh ciia chung chua duoc biét dén va do do,
ngudi tiu ding cac san pham do6 tiém an rat nhidu nguy co.

Hon nita, dé tranh sy kiém tra cila cac co quan chirc nang dan dén ngay cang
nhiéu chat PDE-5i va chét twong tu chiing dugc tong hop. Cac chét thay thé chi khac

cac chat nhém PDE-5i nguyén ban & mot hodc vai nhom thé. Cac dan chét nay c6
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hoat d9, tdc dung tuong tu voi cac chat géc nén c6 thé duoc phan lap va st dung trai
phép trong TPBVSK.
1.2.1. Céc chat irc ché phosphodiesterase type 5

Céc chat e ché phosphodiesterase type 5 (PDE-5i) 1a mot enzyme c6 trong
thanh cua cac mach mau. N6 anh huéng dén sy luu thong mau va cach cac té bao
truyén tin hiéu trong co thé. Chét (rc ché PDE-5i hoat dong bang cach ngin chin
enzyme PDE-5i, tao ra hiéu trng gian mach mau va thic déy luu thong mau. Loi dung
co ché nay, ngudi ta c¢6 thé sir dung cac chét trc ché PDE-5i dé diéu tri rbi loan cuwong
duong hoic ting ap phdi. O nhitng nguoi mic réi loan cwong duong, chit e ché
PDE-5i gitp tang luu thong mau dén duong vat, cai thién chirc ning cuong duong.

Sildenafil 14 chat dau tién duoc cip phép st dung 1am thudc (nim 1998), tiép
theo 1a tadalafil vao nam 2020 va vardenafil vao nam 2005. Ba chat nay dén nay van
dugc phép st dung lam thude va dugce coi 1a thé hé PDE-5i dau tién. Thé hé thir 2 bat
dau khoang tir naim 2013 gdm cac chit avanafil, mirodenafil, udenafil va MDLenafil

ra doi tir nam 2012 cho dén nay [69, 82].

Bang 1.2. Mét sé thong tin chung cuia céac thusc PDE-5i

) " . Cong thirc R Lz
PDE-51 |Biétdwge| Hang . Cong thirc cau tao
phan tir

Sildenafil | Viagra® | Pfizer | C22H30NsO4S
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PDE-5i

Biét duge

Héang

Cong thirc

Cong thirc cdu tao

phan tir
N 'N\ﬂ)
Tadalafil | Cialis® | Eli Lilly | C22H19N3O4 H 5
O
0
0
0 0 HNMN
Vardenafil | Levitra® | Bayer | C23H32NgO4S r/\N’S\@\/Q“N’M {
“‘m.,fN\,) 0
Q)VOH
N
®
Stendra NS
Avanafil va Vevus |CasH2CIN7O3| ¢ Nf
Spedra® j@/\"'
P 0 0 N’\F’Nx
e
o
0 0 N ]*”
A A %
Mirodenafil| Mvix® |SK Group| CzsHs7NsOsS oy \@LH
HO > Z 0 \

18




. n . Cong thirc ) L.
PDE-51 |Biétdwge| Hang . Cong thirc cau tao
phan tir
Udenafil | Zydena® | Dong-A | C2sH3sNsO4S
D
Cristalia
Produtos w JT
Lodenafil |Helleva® | Quimicos | C23sH32NsOsS (\N \[/\
Farmacéut HO T\
icos “»

C6 thé nhan théy, mac du co cung tac dung, cAu tric cua cac chat nhom PDE-
51 ¢6 su khac biét nhat dinh. Tadalafil va Avanafil ¢6 ciu tric khac biét han so véi
cac chét con lai. Dua trén sy lién quan giira cAu tric va tac dung, nhiéu chét tuong tu
cac thuéc PDE-5i da dugc tong hop lam thudc, tuy nhién cho dén nay, van chua c6
thém thuéc PDE-5i nao duoc cip phép sir dung trén thé gioi.
1.2.2. Cé&c chdt twong tw thuéc sc ché phosphodiesterase type 5

Céc chit trong tu thubec PDE-5i dugc xép vao 3 nhém chinh 13 din xuét cua
sildenafil, tadalafil va vardenafil. Bang 1.3 giéi thiéu cac chat twong tu dd dugc phat
hién cho dén nay.

Bang 1.3. Cac chdt twong tw thuéc PDE-5i dd duwroc phét hién

Thubc S6 A .
. Tén hop chat
PDE-5i lwgng
Acetildenafil, Acetil acid, Benzylsildenafil, Carbodenafil,

X . Chlorodenafil, Cyclopentylnafil, Depiperazinothiosildenafil,
Dan xuat . . .
Sildenafil 46 Descarbonsildenafil, Desmethyl fondenafil,

i i

Desmethylthiosildenafil, Dimethylacetildenafil,
Dimethylsildenafil, Dinitrodenafil,
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Thube
PDE-5i

So
lwong

Tén hop chat

Dithiodesmethylcarbodenafil, Gendenafil, Gisadenafil
besylate, Homosildenafil, Hydroxyacetildenafil,
Hydroxychlorodenafil, Hydroxythiohomosildenafil,
Hydroxyhomosildenafil, Imidazosagatriazinone,
Isosildenafil, MDLenafil carbonate, Methisosildenafil,
Mutaprodenafil, N-demethylsildenafil, Nitrodenafil,
Noracetildenafil, Norneosildenafil, O-desethyl-o-propyl
sildenafil, Piperiacetildenafil, Piperazonifil, Propoxyphenyl
aildenafil, Propoxyphenyl thioaildenafil,
Propoxyphenylhomohydroxysildenafil,
Propoxyphenylsildenafil,
Propoxyphenylthiohydroxyhomosildenafil,
Propoxyphenylthiosildenafil, Pyrazole N-demethylsildenafil,
Sildenafil, Sildenafil N-oxide, Thioaildenafil,
Thiohomosildenafil, Thiosildenafil, Zaprinast

Dan xuat
Tadalafil

11

2-Hydroxypropylnortadalafil, Acetaminotadalafil,
Aminotadalafil, Chloropretadalafil, Desmethylenetadalafil,
N-Butyltadalafil, N-desmethyl tadalafil, N-Ethyltadalafil, N-
Octylnortadalafil, Nortadalafil, Tadalafil

Dan xuat
Vardenafil

11

Acetylvardenafil, Benzamidenafil, Hydroxythiovardenafil,
Hydroxyvardenafil, N-Desethylvardenafil,
Norneovardenafil, Pseudovardenafil, VVardenafil, VVardenafil
N-oxide, Vardenafil oxopiperazine, Rac-Xanthoanthrafil

Cac nhém
khac

Avanafil, Mirodenafil, Udenafil

Trong danh muc chat cdm quy dinh tai Thong tu s6 10/2021/TT-BYT, c6 tong

s6 23 chat thuc nhom PDE-5i. Cac chat dugc phat trién tir cAu tric cia sildenafil

chiém ty 1€ cao nhét. Hién nay, ) lugng cac chét tuong ty PDE-51 lién tuc dugc phat

hién do nhi€u nha san xuat thay thé cac nhom thé dé tranh sy phat hién cua cac co

quan churc nang.
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1.2.3. Co ché tac dung va chi dinh ciia cac chdt PDE-5i

- Co ché: Cac guanin triphosphat chuyén héa thanh guanin monophosphate
vong (cGMP) tac dung theo hai huéng. Hudng tac dong 1én protein kinase G lam tang
chuyén hoa protein thanh protein P, 1am giam ndng d6 Ca?* tir d6 lam tang hoat tinh
gidn co, tir 6 lam ting kha ning sinh 1y cia co thé. Con dudng tht 2 cia cGMP
chuyén hoa thanh 5°-GMP nho enzym phosphodiesterase-5. Viée st dung cac PDE-
5i s& {rc ché con duong chuyén hoa thir 2 ctia cGMP, tir d6 lam ting cGMP chuyén

hoa theo con duong 1 va lam ting chirc ning sinh 1y ciia co thé [44, 111] (Hinh 1.1).

Kich thich sinh I¥ GTP protein

Guanylyl Cyclase \ C

Mitric OxideI
comp —
i . Ue ché )
Chat PDE-5i PDES protein-P

5'-GMP

ATP

lower Ca?*

Gian co tron mach
mau

Hinh 1.1. Co ché tac dung cia cac chat nhém PDE-5i

Céac hoat chdt nhom PDE-5i duoc su dung trong cac thude chi dinh rdi loan
cuong duong (ED) duoc khuyén cdo 13 phuwong phap diéu tri ED dau tién do nguyén
nhan tim than, mach mau va bénh 1y than kinh khi két hop véi liéu phap dic hiéu
can nguyén [92].

e Xuét tinh sém (PE) lién quan dén rbi loan cuong duong.

e Tiang huyét ap vo cin - Thudc PDE-5i ding dé kiém soat tang huyét ap phoi
dugc dung cho bénh nhan méc suy tim (NYHA) loai 2 hodc 3 ¢6 dap tmg thude
gidn mach cép tinh 4m tinh va khong duoc chi dinh ¢ nhitng bénh nhan mac
NYHA loai 4.

e Bénh d6 cao - Diéu tri bang sildenafil di cho thdy lam giam ty 18 ting huyét

ap phoi & nhimg ngudi bi ap luc dong mach phdi cao do do cao gy ra, nhung
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khong cai thién tinh trang bdo hoa oxy dong mach, nhip tim va bénh ni cip tinh.

e Phuyc hdi chiic ning duong vat sau phau thuét cit bo tuyén tién liét.

e Diéu tri cac bién ¢ vé tim mach.

e Diéu trj c4c triéu ching duong tiét niéu dudi (LUTS).

- Téc dung phu: Viéc st dung cac hoat chat nhdm PDE-5i ¢c6 thé dan téi tac

dung khéng mong muén trén co thé nhu sau [114]:
e Giam dot ngdt hodc mét thinh lyc, U tai.
e Cuong ctrng kéo dai hon 4 gio.
e Chéng mat, tirc nguc, ndi mé day, phat ban.
e Kho thd hodc nubt, sung mat, ) hong, lud1, moi, mat, tay, chan, mét ca chan,
hodc cang chan; phong rop hodc bong tréc da.
e (Gay chong mat, dau dau, r6i loan tiéu hoa, thay dbi thi giac.
e Bénh nhan uéng thube gian mach vanh tim do mach mau tim bi hep (bénh tang
huyét ap) dung thudc nay c6 thé dan dén huyét ap ha qua nhanh, 1am bénh
nhan mét tinh téo, ngét, c6 thé dan dén nhdi mau co tim cép, tai bién mach
mau ning, ha huyét ap dot ngdt va tir vong.
1.2.4. Tinh trang s dung nhom chdt cém PDE-5i trong TPBVSK
e Tinh trgng si dung nhdm chdt caém PDE-5i trong TPBVSK trén thé gidi

Trén thé gio1, viéc tron 13n cac chat nhom PDE-5i vao cac ché phém dong
dugc, dic biét 1a thuc pham bao vé sirc khoe dién ra kha pho bién. C6 dén 80 hop
chat thudc nhém PDE-5i di dugc phat hién trén thé gidi, trong d6 cac hop chit thude
dan xuét cua sildenafil chiém ty 18 16n nhat (62%), tiép theo 1a dan xuat ctia tadalafil
(26%) va vardenafil (9%). Trong cac khu vuc trén thé gi6i, Chau A c6 ty 18 phat hién
cac hop chat nhom PDE-5i cao nhat (67%), tiép theo d6 1a Chau Au (22%) va Bic
My (11%) [56].

O Thuy Si, Do va cac cong su [32] di st dung HPTLC va HPTLC- ESI/MS
dé phat hién 3 chat nhom PDE -5i (sildenafil, vardenafil, and tadalafil) va 8 chat tuong
tu chung (hydroxyacetildenafil, homosildenafil, thiohomosildenafil, acetaminotadalafil,

propoxyphenyl  hydroxyhomosildenafil,  acetildenafil,  hydroxyhomosildenafil,
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hydroxythiohomosildenafil) trong vién nén, vién nang, cafe, keo chewing. Két qua thu
dugc cho thiy trong 45 mau dugc kiém tra, ¢6 31 mau c6 chaa it nhat 1 trong cac
chét sildenafil, tadalafil, propoxyphenyl, dimethylsildenafil hydroxyhomosildenafil.

Mot nghién ctru tai Phéap tién hanh nghién ciru dinh tinh chat cam trong 150
mAu thuc phdm chtrc ning c6 ngudn gde tir thién nhién gitp ting cudng kha ning
sinh 1y bang phuong phap 'H-NMR. Két qua c¢6 61% mau di pha tron voi cac chét
trc ché phosphodiesterase-5 (PDE-5i) (27% véi thuéc nhém PDE-5i gdm sildenafil,
tadalafil va vardenafil, va 34% voéi cac dan chat ciia ching). Trong s6 mau pha tron
d6, 64% chi chira 1 thude nhém PDE-5i va 36% mau c6 chira hai, ba va tham chi bon
thudc hodc dan chat nhom PDE-5i. Ham luong PDE-5i cao hon liéu khuyén cao tbi
da & 25% mau khao sat bi nhiém cac loai thude nay [39].

O Han Qudc, mdt nghién ctru tién hanh trong 4 nim (2009-2012) trén 164 mau
thuc pham chirc ning duoc quang cdo ting cudng sinh Iy nam gidi cho thiy 77 miu
phat hién c6 chira chat PDE-5i gdm c6 55 mau phat hién tadalafil véi ham luong
trong khoang 0,37 -139 mg/g, 36 mau phat hién sildenafil véi ham luong trong
khoang 0,03- 370 mg/g, 17 mau phét hién déng phan cua tadalafil (aminotadalafil,
chloropretadalafil, octylnortadalafil), 17 miu phat hién dong phéan sildenafil
(dimethylsildenafil, dimethylthiosildenafil, hydroxyhomosildenafil,...) v&i ham
lugng trong khoang 0,01- 67,1 mg/g, mdtsé miu phat hién vardenafil cling
dong phan (hydroxyvardenafil) va Icariin (thanh phan cta dam duong hodc) v6i ham
luong trong khoang 0,09- 36,9 mg/g. Phuong phap LC-MS/MS d3 duoc str dung dé
sang loc cac chat nhdém PDE-5i trong cac dang san pham ciia TPBVSK khac nhau
(Dang bot, vién nén, vién nang, ...) [68]. Cac hop chit sildenafil, tadalafil, vardenafil
va cac chat twong ty ciia chung ciing dugc tim thiy trong cac ché pham thuc pham
chtrc nang, thude khong co sb ding ky va duoc liéu dung dé diéu tri rdi loan cuong
duong bat hop phap bang phuong phap LC- ESI - MS/MS [67]. Két qua thu duoc cho
thiy 87% s6 mau thuc pham chirc nang kiém tra c6 chira thanh phan chat nghién ciru
trong d6 c6 34% s6 miu c6 chira sildenafil trong khoang 0,01 - 77,5 mg/liéu va 81%

c6 chira tadalafil voi ndng d6 khoang 0,30 - 52,7 mg/liéu. P6i v6i cac san pham thude
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khong c6 sb dang ky, sildenafil duoc phat hién trong 73% s6 mau voi ndng do trong
khoang 63,8 — 317 mg/licu.
e Tinh trang st dung nhom chdt cém PDE-5i trong TPBVSK tai Viét Nam

Tai Viét Nam, kha nhiéu nghién ctru da cong bd phat hién cac chit nhém PDE-
5i trong cac san pham TPBVSK. Vién Kiém nghiém An toan vé sinh thuc pham quéc
gia, Vién Kiém nghiém thudc Trung wong d3 phén tich, kiém tra cac san pham thyuc
pham bao vé strc khoe trén thi trudng va phat hién cac chét tron trai phép chat chong
roi loan cuong dwong nhom trc ché phosphodiestarase-5 [8]. Nam 2014, Cuc An toan
thue pham ciing c6 quyét dinh thu hoi va tiéu hity toan bd san pham thyc pham chirc
nang Kim than bao 1 New ctia Cong ty TNHH Thuong mai dugc pham Nam A do ¢
chtra chat tadalafil (36,0 mg/vién) va sildenafil (123 mg/vién) [4].
1.3. Nhom chat cam trong TPBVSK hd tre  giam can

Theo T6 chic Y té thé gidi, thira can béo phi nghia 13 tinh trang tich liy mé&
qua mirc va khong binh thudng tai mot ving co thé hay toan than gay ra nhiéu nguy
hai t6i sic khoe. Nhin chung, bénh thira can béo phi thé hién trong luong co thé cao
hon trong lwong chuan & mot ngudi khoe manh. Bénh thira can, béo phi dugc phan
loai bang chi s khéi co thé (BMI). Chi s6 khéi khdi co thé dugc tinh dua trén chiéu
cao va trong lugng co thé. Theo phan loai caa T6 chic Y té thé gidi, mot ngudi truong
thanh, trir ngudi ¢6 thai néu co chi sé BMI trong khoang 25 — 30 kg/m? dugc xem a
thira can, va mot ngudi truong thanh cé chi s6 BMI > 30 kg/m? dugc xem la béo phi.
DAu hiéu d& nhan thiy nhit cua thira cn béo phi gia ting trong luong co thé va khoi
lugng md tich tu tai mot s6 phan dic biét ciia co thé nhu: bung, dui, eo, va nguc [80].

Béo phi 1a nguyén nhan chinh gy ra cac bénh va céc tinh trang strc khoe khac
nhau, dic biét 1a cac bénh tim mach, tiéu duong type 2, mot sb loai ung thu va viém
xuong khép [26, 41]. Ciing da c6 nhitng nghién ciru cho thiy méi lién hé qua lai giita
béo phi va tram cam, béo phi 1am ting nguy co trdm cam 14m sang va trim cam ciing
dan dén nguy co phat trién béo phi cao hon [73]. Béo phi 1a nguyén nhan gay tir vong
hang dau c6 thé phong ngira duoc trén toan thé gidi, véi ty 18 ngdy cang ting & ngudi

16n va tré em [37]. Nam 2015, 600 tri¢u nguoi 16n (12%) va 100 triéu tré em
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bi béo phi & 195 qudc gia. Cac nha chire trach coi day 13 mét trong nhitng van dé sirc
khoe cong dong nghiém trong nhét cia thé ky 21. Nam 2013, mot s6 hiép hoi y té bao
gdém Hiép hoi Y khoa Hoa Ky va Hiép hoi Tim mach Hoa Ky, dd phan loai béo phi
la mot can bénh [51].

Diéu tri béo phi bao gdm cac bién phép can thiép ¢ cip cong ddng, gia dinh va
ca nhan [26, 41, 80]. Thay d6i ché d6 in udng va tip thé duc la phuong phéap diéu tri
chinh dugc cac chuyén gia y té khuyén nghi. Chat lwong ché d6 an c6 thé duoc cai
thién bang cach giam tiéu thu thyc pham giau ning luong, chang han nhu nhiing thuc
pham giau chat béo hodc duong, va bang cach ting luong chit xo. Ngudi tiéu dung
cling c6 thé sir dung cac loai thudc va TPBVSK, cling vi mot ché do an udng phu
hop, dé giam cam giac thém an hodc giam hap thu chat béo.

Céc hoat chat thuong duoc sir dung tron trai phép trong thuc pham bao vé siic
khoe hd trg giam can ¢ thé phan loai theo tac dung duoc 1y.

1.3.1. Nhém hoat chdt nhudn trang (laxatives)

Cac chat co tac dung nhuan trang 1a mot nhdm chat lam tang téc do di chuyén
cua phan hoic l1am giam d6 dic cua phén, dugc sir dung chu yéu dé diéu trj tao bon.
Co ché hoat dong chinh bao gém ting cuong giit nudc bang co ché ua nudc hoic
tham thau, giam su hap thu rong cua chit long thong qua cac tac dong lén sy van
chuyén chat l6ng va chat dién giai o ruot non hoic rudt gia, va cudi cung 1a thay doi
kha nang van dong bang céch uc ché cac con co that khong day hoic kich thich cac
con co thit day. Céac hoat chét ¢ tac dung nhuan trang thuong dugc xép vao mot
trong bon loai bao gom: chat nhuan trang tao khdi, chat nhuan trang tham thau, thudc
nhuan trang kich thich va chat 1am mém phan hoic chat nhuan trang chét hoat dong
bé mat.

Viéc sir dung céc hoat chat c6 tinh nhuén trang, nham giam can da duoc ghi
nhan trong cac tai lidu tir thé ki 1l sau cdng nguyén ¢ Hy Lap [27]. Tuy nhién, viéc
lam dung cac chat nhuan trang dan t&i tiéu chay man tinh, rdi loan kali mau, réi loan

chic ning rudt, suy giam chirc ning than, ... [101]. Cac hoat chat nhuin trang
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phd bién duoc bd sung trai phép vao cac san pham TPBVSK la phenolphtalein,
bisacodyl, ...

Trong s cé&c thubc nhuan trang kich thich dai trang, phenolphtalein bi lam
dung nhiéu nhat. Tuy nhién, phenolphtalein bi Cuc Quan ly Thuc pham va Duoc
pham Hoa Ky (FDA) ciAm luu hanh tir nim 1999 do chét c6 thé gay anh huéng nghiém
trong dén hé tiéu hda, tim mach, gan cua nguoi dung va co thé gay doc gen hoic dot
bién DNA, giy ung thu ¢ dong vat khi dugc cho in liéu cao. Mot sé loai thudc nhuan
trang dan dau thi truong trudce dy cé chira phenolphtalein da duoc diéu ché lai bang
sennosides, dan téi viéc lam dung sennoside hoac biascodyl c6 thé ting 1én [20].
1.3.2. Nhom chat sc ché suw thém dn

Amphetamin 12 mot hoat chét kich thich hé than kinh trung wong, ddng thoi 1a
mot chat kich thich hé théng than kinh giao cam & ngudi. Do d6, sir dung amphetamin
gy tang nhip tim, ting huyét 4p, ting mic chuyén hoa co ban [43, 87]. Sir dung
amphetamin dé giam cin dua trén 2 tac dung: ting muc tiéu thu ning luong co ban,
va gidm cam gidc thém an cua con nguoi.

Pé han ché tic dung giy nghién cua amphetamin, cac dan chit tuong tu
amphetamin dugc tong hop va nghién ciru nhu phentermin, phenylpropanolamin,
fenfluramin, ... Cac hoat chat nay nhin chung déu trc ché su thém in, giam ngon
miéng & ngudi sir dung bang cach kich hoat hé thong than kinh giao cam adrenergic
[22]. Hién nay, c6 nhitng khuyén cdo vé viéc can nhéc loi ich nguy co, ciing nhu giGi
han thoi gian sir dung cho phép ciia cac hoat chat ndy tir cac co quan quan 1y strc khoe
cia Chau Au va Hoa Ky.

Phenylpropanolamin la mot benzenancol, khi duoc tiém vao tinh mach hay st
dung thudc & liéu lugng 16n, ¢6 the lam ting huyét ap trén co thé dong vat ciing nhur
con ngudi. O lidu luong thip, phenylpropanolamin duoc sir dung dé diéu chinh huyét
ap trong co thé va anh huéng dén co tron va cac md tim tryc tiép bang cach tac dong
Ién cac thy thé adrenergic. Pong thoi, chét ciing gian tiép bang cach khoi goi su giai

phéng ning lwong hodc ngin chin sy tai hap thu cua né [122].
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Fenfluramin tao ra cdm gidc no, giam sy thém an nho vao viéc tang giai phong
serotonin & cac synap than kinh [88]. Nong d6 serotonin ting din dén kich hoat thy
thé serotonin 16n hon, tir 46 dan dén ting cudng truyén serotoninergic & trung tim
ctia hanh vi an ¢ ving duéi ddi, diéu nay ngan chan su thém in carbohydrate. P c6
nhirng nghién ctru xac nhan kha ning giam can cua phac dd két hop fenfluramin va
phentermin va nim 1992 [119]. Tuy nhién, 2 hoat chit ndy da bj rat khoi thi truong vi
tac dung tang huyét ap dong mach phoi nghiém trong duoc ghi nhan vao nam 1997 [61].
1.3.3. Phenylpiperidine va ddn xudt

Phenylpiperidine 1 mot hop chat hoa hoc c6 mot vong benzen lién két véi mot
vong piperidin ¢6 tac dung giam dau va giam cam giac thém an cia con nguoi.
Phenylpiperidine la cAu tric co ban cho nhiéu loai opioid, chéng han nhu meperidine,
ketobemidone, alvimopan, loperamide va diphenoxylate.

Loperamide 1a mot din xuat phenylpiperidine c6 cau tric hoa hoc twong tu
nhu opiate, diphenoxylate va haloperidol. Loperamide lién két véi thu thé opiate &
thanh rudt, Grc ché sy giai phong acetylcholine va prostaglandin, do d6 c6 thé kiém
soat duoc tinh trang tiéu chay lién quan dén bénh viém rudt [15].

1.3.4. Sibutramin va ddn xuat

Sibutramin va din xuét sibutramin 13 nhitng chat rc ché tai hp thu serotonin
va norepinephrin, ho trg diéu trj béo phi dugc FDA phé duyét nam 1997. Mot sb thur
nghiém 1am sang da chimg minh sibutramin con c6 tac dung cai thién chuyén héa
lipid va chuyén hoa glucose & ngudi [91]. Tuy nhién, nim 2010, hoat chat ndy da duoc
cong ty phat trién tu nguyén rat khoi thi truong vi nhitg bao céo ghi nhan sibutramin
1am tang ti 1& xuét hién cac bién chimg tim mach & bénh nhan tiéu dudng [49].

Thong tin chung ctia mot s6 chat cAm nhém hd tro giam can phd bién sir dung

trong nghién ciru duoc thé hién trong bang 1.4.
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Béng 1.4. Céu tao, tinh chat Iy hoa ciia mot sb chat nhom chat cAm hd tro giam can

Tén chat

Cong thirc héa hoc

Tinh chit

Sibutramin

- CTPT: C17H26NCI

- M: 279,8 g/moL

-Tén IUPAC: (+/-)-1-(p-
chlorophenyl)-a-isobutyl-N-N-
dimethylcyclobutan-methylamin.

Tinh tan: Tan nhiéu trong
methanol, do tan trong nudc la
5,2 mg/mL

Nhiét do nong chay: 191-192
°C

Liéu ding: 10- 20 mg/ngay.
Tac dung dwoc ly: Sibutramin
14 mot chat e ché tai thu hoi
serotonin — noradrenalin, thdc
day giam cin ¢ nguoi béo phi.
Pong thoi, 1am giam cam giac
thém an, cho cam gidc no va
gay ra su sinh nhi¢t. Trong co
thé, sibutramin chuyén hoéa
nhanh chéng thanh céc chat
chuyén hoa desmethyl: M1
(mono-desmethyl  sibutramin)
va M2 (di-desmethyl
sibutramin) va sibutramin tac
dong dugce 1y chii yéu thong qua
2 chat chuyén hoa nay dé gay ra
tac dung giam can [109].

N- desmethyl
sibutramin

Cl H;C

NH- e,

CH

-CTPT: C1H24NCI
- M: 265,8 g/moL

Tinh tan: Tan nhiéu trong
methanol, DMSQO; tan it trong
nudc

Nhiét do nong chay: 242°C
Tac dung duoc ly: Desmethyl
sibutramin lam giam cam giac
thém an, cho cam gidc no va
gay ra sy sinh nhiét. Chét gy ra
tac dung phu 1 gay loan than.
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Tén chit

Cong thirc héa hoc

Tinh chit

-Tén IUPAC: 1-[1-(4-
chlorophenyl)  cyclobutyl]-N,3-
dimethylbutan-1-amin

Dong thoi, chat giy ting nguy
co tim mach nhu ting ap luc
mau, nhip tim va thuong tang
nguy co dau tim cling nhu dot

quy.

Cl
NH, CHs

CHs

Tinh tan: Tan nhiéu trong
methanol, DMSQO; tan it trong
nuoc

Nhiét do nong chay: 160-166°C

Didesmethyl Tac dung duwoc ly: Didesmethyl
sibutramin -CTPT: Ci5H22NClI sibutramin lam giam cam giac
- M: 251,8 g/moL thém an, cho cam gidc no va
-Tén IUPAC: 1-[1-(4- | gay ra su sinh nhiét. Chat gy ra
chlorophenyl)cyclobutyl]-3- tac dung phu 1a gy loan than.
methylbutan-1-amine
OH Tinh tan: Tan nhiéu trong
NH, ethanol va nudc
Nhiét do nong chay: 194°C
Tac dung duwoc ly:
Phenylpropan _ . p
) Phenylpropanolamin 1a chat
olamin -CTPT: CoH13NO duoc sir dung nhu mot chat tc
- M: 151,21 g/moL ché théng miii va giam cam
- Tén IUPAC: (1S,2R)-2-amino-1- | giac them dn [84].
phenylpropan-1-ol
F F H Tinh tan: Tan nhiéu trong
N ~ ethanol, it tan trong nudc
F Nhiét do nong chay: 160-170
Fenfluramin oC

-CTPT: C12H16NF3
- M: 231,26 g/moL

Tac dung duoc ly: Fenfluramin
duoc chi dinh diéu tri cic con

co giat lién quan dén hoi chimg
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Tén chit Cong thirc héa hoc Tinh chat

- Tén IUPAC: (1S,2R)-2-amino-1- | Dravet va 1a chit tc ché sy
phenylpropan-1-ol thém #n trong diéu tri bénh béo
phi nhung d3 bi thu hdi do gay

ra doc tinh tim mach.

S Tinh tan: Tan nhiéu trong
| = ethanol, methanol, nudc
A oH Nhiét do nong chay.: 220- 228
_ N oC
© Pl - o Tac dung dwoc ly: Loperamid

Loperamid dugc st dung dé kiém soat va
P - CTPT: C29H33N2CIO2

-M: 477,0 g/moL

giam triéu ching tiéu chay cap

tinh va man tinh. Chét ciling co

-Tén IUPAC: 4-[4-(4- | ¢4c dung chdng ting huyét ap,
chlorophenyl)-4- giam dau va khong gy ra tac
hydroxypiperidin-1-yI]-N,N- dung phu [48].

dimethyl-2,2-diphenylbutanamide

1.3.5. Tinh trang si dung chdt cém trong TPBVSK hé trg giagm can

e Tinh trang sir dung chat cam trong TPBVSK hé tro gidm can trén thé gidi

Trén thé gidi, viéc tron 1an sibutramin va dan xut vao mau TPBVSK co tac
dung giam can dién ra kha phd bién. Tai Bulgaria, mot nghién ctru phan tich
sibutramin trong 10 mau thuc pham chirc ning thao dugc ding dé giam can bang
phuong phap UPHLC- MS/MS va UHPLC- HR/MS. Két qua thu duoc cho thdy 2/10
mau thu thap dugc co chira ham lugng sibutramin 1an luot 13 5 pg/vién va 20 pg/vién
[34]. Viéc b sung sibutramin giy ra tic dung phu nghiém trong va anh huodng t6i
stc khoe lau dai.

Tai Indonesia, Wisnu va cong sy [115] da phat hién sibutramin trong 10/10
mau thyc pham chire ning thao duoc c6 ham lugng trong khoang 3,50 — 19,5 pg/mL
dugc mua tai thanh phd Manado bang phuong phap quang phd UV-Vis. Pong thoi,

Hayun cung cdng su da ing dung phuong phap TLC phat hién sibutramine tai budce
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song 277 nm bang thubc thir Dragendorff. Két qua nghién ctru di phat hién
sibutramine trong 6 mau thuc phém bao v¢ strc khde voi ham luong dao dong tir 3,43
dén 26,2 mg/vién [42].

Tai Trung Qudc, Khazan va cac cong sy dd phat hién sibutramine bang phuong
phap GC-MS trong 6/8 mau TPBVSK c6 tac dung giam can bi nghi ngd tai nha thude
va cho. Nghién ctru phat hién phenolphthalein trong 3/8 mau véi ham luong 233-
1170 mg/vién, bumetanide trong 5/8 mau véi ham luong 1,60- 3,80 mg/vién [60].

e Tinh trang sir dung chat cam trong TPBVSK hé tro gidm can tgi Viét Nam

Tai Viét Nam, tinh dén hién nay sé nghién ctru da cong bd phat hién cac chat
nhom ho trg giam can TPBVSK rat it. Nam 2020, Mai Hoa cung cong su da phat hién
4 mau TPBVSK hd trg gidm can chtra sibutramin v&i ham lugng 2,20- 11,9 mg/g va
1 mAu chira desmethyl sibutramine véi ham luong 2,06 mg/g bang phuong phap LC-
MS/MS [5].

Viét Nam di c6 nhiéu ca ngd doc, cép ctru da xay ra do st dung san phém
giam can. Hau hét nguyén nhan déu do sir dung cic san pham chira chat cAm nhu
sibutramin va dé lai hau qua, anh hudéng dén stc khoé cua nguoi st dung. Nam 2022,
Trung tim Chdng doc (Bénh vién Bach Mai) di tiép nhan mot bénh nhén nit vao cap
clru trong tinh trang hon mé, co giat sau 4 ngay udng ca phé giam can. Bénh nhan
dugc nguodi nha dua vao bénh vién huyén, sau do chuyén théng dén Bénh vién Bach
Mai trong tinh trang kho tho, hon mé va co giat. Két qua chup cat 16p con cho thiy
ndo bi tén thuong. Theo két qua giam dinh cua Vién Phép Y cho thay trong loai ca
phé giam can ma bénh nhan sir dung c6 chira sibutramin, mot chat bi Bo Y té cAm st
dung trong tin duoc, TPBVSK vi nhitng tic dung nguy hiém téi strc khoe ngudi dung.
Sibutramin c6 nhiéu ddc tinh va tac dung phuy, nguy co bién chting vé tim mach, dic
biét 13 dot quy va nhdi mau co tim cho nén ca My va chau Au da ngimg sir dung tir
nam 2010 [38].

Nam 2024, Bénh vién Bach Mai da tiép nhan céc truong hop bénh nhan bi ngd
doc do sir dung san phim giam cén co6 chira chit cAm sibutramin. Sau 10 ngay sir

dung san phém, bénh nhan c6 hién tuong bi dau day chﬁng, sau 2 tudn st dung,
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mit dot ngdt khong nhin thiy gi. Bénh nhan méi st dung san pham giam can khoang
10 ngdy di c6 cac biéu hién vé than kinh, mat, ton thuong no rat rd rang, néu dung
kéo dai c6 thé gay anh huong dén tinh mang. Khai thac tién str bénh nhan, cac bac si
dugc biét bénh nhan c6 udng “thude” giam cin co tén Detox Tao. Xét nghiém loai
“thudc” nay phat hién c6 chira chit cAm sibutramin [13].

Viéc bd sung sibutramin trai phép gan day da duoc phat hién trong nhiéu loai
TPBVSK anh hudng nghiém trong stc khoe nguoi tiéu dung. Vao nam 2010,
sibutramin da bi rt khoi thi truong Chau Au (Co quan Duoc pham Chau Au 2010)
va Hoa Ky (FDA 2010) vi ty 18 ri ro cao va kha ning gy ra cac bién ching tim
mach hodc dot quy.

1.4. Nhom chat cam trong TPBVSK hd tre tiéu dwong

Bénh dai thao duong (tiéu dudng) 1a mot bénh lién quan r6i loan chuyén hoa
duong, xay ra khi co thé mat kha nang diéu hoa nong do glucose trong méau do khong
thé san xuit du insulin hodc khéng thé st dung insulin mot cach hiéu qua. Tinh dén
nam 2019, udc tinh c¢6 khoang 463 triéu ngudi mac bénh tiéu duong trén toan thé gidi
(8,8% dan s truong thanh), trong d6 dai thao duong type 2 chiém khoang 90% céc
truong hop, va xu huéng cho thay ty 18 mac dai thdo duong sé tiép tuc ting [110].
Nim 2019, bénh tiéu duong din dén khoang 4,2 triéu ca tir vong. Pay 1a nguyén nhan
gdy tir vong dung hang thir 7 trén toan cau.

Hién nay, trén thé gidi ty 1& ngudi mic bénh dai thio dudong dang tang 1én
nhanh chéng. Ty 1é hién mac bénh dai thao dudong chuin hoa trén toan cau tiang tir
4,3% vao nam 1980 1én 9,0% (7,2 - 11,1) vao nam 2014 & nam gidi va tu 5,0% 1én
7,9% & phu nit. S6 ngudi 1én mac dai thao dudng trén thé gidi ting tir 108 tridu nguoi
nam 1980 1én 422 triéu ngudi nam 2014. Ty 1é mac dai thio dudng trén thé gidi nam
2000 1a 171 triéu nguoi, nam 2003 tang 1€n 194 tri¢u ngudi va nam 2006 da tang 1én
t61 246 nguoi va theo du bao dén nam 2025 s& tiang 1én 380 - 399 triéu ngudi [7].

Theo nghién ctru cia Vi Thi Thanh Huyén va cong su (2015) diéu tra dich té
hoc trén 2402 d6i twong tai Ha Noi cho thiy ty 18 dai thao duong 1 7,9%; tudi méc

dai thao dudng chi yéu trén 45 tudi (85%). Ty 18 mac dai thao dudng & nam va nit 13
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tuong dwong nhau (91,4% va 92,5%); ngudi lao dong chan tay co ty 16 mac bénh dai
thao duong thap hon hin so véi ngudi khong lao dong chan tay, c6 cong viée tinh tai
(7,4% so v6i 9,2%). Ngudi trén 45 tudi cb ting huyét ap, tién sir rdi loan lipid mau
thi nguy co mac dai thao dudng cao hon nhitng ngudi khong cé tién sir ting huyét ap
va rdi loan lipid mau, trong tng 1a 4,42 14n va 3,45 1an (p < 0,01). Ngudi co chi sb
khéi luong co thé > 23 c6 nguy co mic dai thio dudng cao gip 1,81 1an so voi nguoi
c6 chi s6 khéi lwong co thé < 23 (p < 0,01) [6].

Phac db diéu tri dai thao duong dugc xay dung dua trén viéc két hop ché do
van dong, ché do an uéng va su dung thude. Tuy nhién, bén canh viéc st dung thude
trong diéu tri tiéu dudng, trén thi truong hién nay c6 nhiéu san pham dugc quang céo
c6 ngudn gbe tur nhién giup hd tro diéu hoa luong dudng huyét. Mot s san pham
trong d6 c6 bo sung cac hoat chét trong thanh phan mot cach trai phép, khong dung
v6i quy dinh cta co quan quan 1y. Piéu nay giy ra nhitng khé khan trong viéc kiém
soat diéu tri & bénh nhan cling nhu céc van dé khéc vé strc khoe.

Nhom chit cidm hd tro tiéu duong duoc phan loai thanh 7 nhém hoat chat khac
nhau theo tac dung duoc 1y dugc stir dung trong diéu trj tiéu duong. Trong cac nhom
nay, nhom hoat chat duoc sir dung phd bién nhat phai ké t6i nhom hoat chat ho
biguanid (metformin) va nhom hoat chét ho sulfonylureas (glibenclamide, gliclazide).
Viéc str dung nhirg thudc nay trong diéu tri tiéu dudng can phai c6 su huéng dan
ctia ngudi c6 chuyén mon, dong thoi ciing can c6 sy kiém soat va theo ddi chit ché.
1.4.1. Nhém hoagt chadt biguanid

Biguanid 1 hop chat do sy ngung tu ciia hai phan tir guanidin voi viéc loai bo
amoniac (Hinh 1.2). Cac hoat chit nhém biguanid 1a cdc dan chat thé nito tir phan tir

biguanid.
NH NH

A

HoN N NH
2 H 2

Hinh 1.2. Cdu trlc phan ti# biguanid
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Co ché tac dung ciia nhom biguanide 1am giam tan tao glucose & gan va trc
ché hip thu glucose ¢ dudng tiéu hoa, 1am ting bat giit glucose & co van. Nhoém
Biguanide dugc chi dinh cho déi thio duong type 2, nhit 1a bénh nhdn c6 thira can
hodc béo phi. Tuy nhién, nhom biguanide c6 tdc dung phu trén duong ti€u hoa nhu
chan an, budn ndn, ndn, ddy bung, ia chay, ... véi ty 1& xdy ra & 20% bénh nhan. Pong
thoi, gy ra thiéu vitamin B12 khi diéu tri kéo dai. Dic biét, nhom biguanide cé tac
dung gay nhiém toan acid lactic mau.

C6 3 hoat chat nhom biguanide di tung duoc st dung la
1,1dimethylbiguanide (metformin), 1-(2-phenylethyl)biguanide (phenformin) va 1-
butylbiguanide (buformin). Trong d6, metformin hién nay van l1a mot trong nhitng
thudc dugc st dung rat phd bién nhat trong diéu tri tiéu duong. Hai hoat chat con lai:
phenformin va buformin déu da bi cam sir dung do cac van dé doc tinh lién quan toi
10i loan chuyén hoa acid lactic.

1.4.2. Nhom hoat chdt sulfonylureas

Tir quan diém hoa hoc, cac hoat chat ha dudng huyét sulfonylureas 1a cac chat
dugc gan nhom thé & vi tri p cia vong benzen (RY), nhém thé & N’ ctia phan khung
Ure (R?) trong vong arylsulfonylureas. Tinh chat ha duong huyét ciia nhitng chat co
khung céu tric sulfonylurea dugc phat hién nam 1942, va dugc nghién ctru ing dung

dé str dung 1am thuéc manh mé trong giai doan 1950-1960.

O

O O
W
S _R?
N)LN
H H
R1

Hinh 1.3. Cdu tric chung cua sulfonylureas

Cac hoat chét sulfonylureas thé hé dau tién bao gé)m: tolbutamide,
carbutamide, chlorpropamide, tolazamide, acetohexamide. Qua trinh phat trién cac
hoat chat tiép theo d6 da hinh thanh nhém sulfonylureas thé hé thir 2: glibenclamide,
glipzide, gliclazide,...
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Co ché tac dung cua cac hoat chat sulfonylureas 1a 1am ting tiét insulin tir cac

té bao P tuy [2]. Cac hoat chat duogc chi dinh cho dai thdo dudng type 2 béo phi hoic

khi bénh nhédn c6 ché d¢ an, luyén tap khong c6 hiéu qua. Nhom gay ra tac dung phu

nhu ha glucose huyét, rdi loan tiéu hoa, di Gng va ting men gan.

Bang 1.5. Cdu tgo, tinh chdt ly hoa ciia mét sé chdat nhém chdt cam hé tror tiéu duong

Tén chat

Cong thirc héa hoc

Tinh chit

NH NH
)J\ )J\ CH3
H,N N T/

CHgj

-CTPT: C4H11Ns

Tinh tan: Hoa tan trong methanol,
nudc va khong tan trong aceton,
chloroform va ether.

Nhiét do nong chay: 223- 226°C
Liéu ding: 500- 2500 mg/ngay

Tdc dung dwoc 1y: Metformin co ché

lam tang sir dung glucose & té bao; cai

Metformin - M: 129,16 g/moL thién lién két cta insulin véi thu thé;
-Tén IUPAC: 3- | ic ché téng hop glucose ¢ gan va lam
(diaminomethylidene)-1,1- giam hép thu & rudt. Metformin lam
dimethylguanidine. giam sy ting duong huyét nhung

khong giy tai bién ha duong huyét.
Dic biét lam giam ndng do glucose ca
khi d6i va sau bita an cua ngudi bénh
dai thado duong loai II.
i i Tinh tan: Hoa tan trong nudc va
)k )k methanol; it tan trong chloroform va
A i il ether

Nhiét do nong chay: 176,5 °C

Phenformin | -CTPT: CioH1sNs Tac dyng duge ly: Phenformin chi

- M: 205,26 g/moL

-Tén IUPAC: 1-
(diaminomethylidene)-2-(2-
phenylethyl)guanidine

yéu trc ché qua trinh tan tao glucose
va qua trinh chuyén glycogen thanh
glucose, ting tong hop glycogen ndi
bao, ting d6 nhay cam vdi tac dong

cia insulin tai gan. Tuy nhién,
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Tén chit

Cong thirc héa hoc

Tinh chit

phenformin khong con dugc str dung

vi gdy nhi€ém toan acid lactic mau.

Tinh tan: Hoa tan trong methanol,
ethanol; it tan trong nudc.

Nhiét do nong chay: 169- 170 °C

Tac dung duoc ly: Glibenclamid la
hoat chat sulfonylureas cé tac dung

lam gidm nong dg glucose trong mau,

Cl
Glibenclamid tang gidi phong insulin.
- CTPT: C23H28CIN3OsS
- M: 494,0 g/moL
- Tén IUPAC: 5-chloro-N- [2-[4-
(cyclohexylcarbamoylsulfamoyl
) phenyl] ethyl]-2-
methoxybenzamide
Tinh  tan: Hoa tan  trong
dichloromethane; it tan trong ethanol
o © N
O\S / )J\ N/ﬁ va nudc.
Ny e Nhiét do nong chay: 163- 172 °C
H H
Tac dung dwoc Iy: Gliclazid 1am gidm
Gliclazide duong huyét bang cach kich thich tiét

- CTPT: C15H21N303S3

- M: 323,4 g/moL

-Tén IUPAC: N-
(hexahydrocyclopenta [c]pyrrol-
2(1H)-ylcarbamoyl)-4-
methylbenzenesulfonamide

insulin tur cac té bao B cua ddo tuy.

Hién nay, 2 hoat chat glibenclamide va gliclazide ciing 1a mot trong nhiing thudc

dugc sir dung phd bién nhit trong diéu tri dai thao dudng, ciing nhu bj tron 14n trai

phép trong cac san pham thuc pham bao vé strc khoe.
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Thong tin chung ctia mdt sd chit cAm nhom hd tro tiéu dudng phd bién sir

dung trong nghién ctru dugc thé hién trong bang 1.5.
1.4.3. Tinh trgng si dung cac chdt cam trong TPBVSK hé tre tiéu dwong
e Tinh trang sir dung chat cam trong TPBVSK hé tro tiéu diwong trén thé gidi

Trén thé gidi, phenformin bt dau dugc luu hanh dé diéu trj dai thao dudong vao
nim 1957. Nhiing bao cao ADR dau tién cua thudc ndy duoc ghi nhin 1an dau vao
nam 1963. Ké tir nim 1970, do lién quan dén viéc gdy nhiém toan chuyén hoa (da ghi
nhan céc ca tir vong), thudc di bi thu hdi ¢ nhiéu qudc gia nhu Hoa Ky, Canada, New
Zealand, Brazil, Ethiopia, 15 nudc & Chau Au va 6 nuéc & Chau A [93]. Mic du tat
ca cac thudc nhom biguanid déu co thé gay ra nhiém toan lactic, phenformin dugc
cho 1a thubc c6 nguy co gy phan ing cao nhat. Tan suat xay ra phan tng khi sir dung
metformin timg dugc ghi nhan tai Thuy S§ va Thuy Pién 1an lugt 12 0,067 va 0,084
ca/1000 bénh nhan mdi nam, trong khi d6, tn suat vdi phenformin cao hon khoang
8 - 10 lan [25]. Bén canh d6, nhiém toan lactic thuong bi chan doan nham va do vay
khong dugce xtr tri kip thoi, dic biét trén di twong bénh nhan cao tudi do bi nhidu boi
nhiéu bénh 1y khac nhau.
e Tinh trang s dung chat cam trong TPBVSK hé tro tiéu diwong tai Viét Nam

Nhitng nam gﬁn day, Viét Nam xuat hién cac truong hop bénh nhan nhap vién
do str dung thuc phém bao vé strc khoe chira chat cAm. Nam 2018, mot bénh vién da
ghi nhan 3 bénh nhan nhap vién trong tinh trang ning nhu nhiém toan méu va suy da
tang. Cac bénh nhan nay sau do déu duoc chan doan toan chuyén hoa do ngd doc
phenformin/ Pai thao duong tuyp 2. Cuc Quan Iy Y Duge Co truyén - Bo Y té ciing
d3 c6 cong vin sd 554/YDCT-QLD vé viéc thu hoi voi ché pham “Vién thue mau
xam” dua trén két qua kiém nghiém cho thdy mau thir dwong tinh v&i phenformin.
Bén canh d6, Cuc An toan thuc phém da xur ly va thu hoi céc san phrflm hd trg 6n dinh
duong huyét chira chit cAm trén thi trudng.

Trong danh myc chéat cAm quy dinh tai Thong tu s6 10/2021/TT-BYT, hién nay
co téng s6 03 chat thudc nhom Biguanid hd trg bénh tiéu duong 1a Metformin,

Phenformin va Bufomin.

37



1.5. Cac phwong phap xac dinh chat cAm trong TPBVSK hd tre chite ning sinh
ly, giam can va tiéu duwong
1.5.1. Phwong phdp dién hoa

Céc cam bién dién hoa duoc nghién ctru va img dung tur 1au va van luon thu
hat duoc s quan tdm cia cac phong thi nghiém ciing nhu cac hing san xuét. Cac
cam bién dién hoa c6 uu diém la phan tich nhanh, c6 do chon loc, d§ nhay cao va
thudng c6 kich thude nho gon, ¢ thé phén tich tai hién truong. Tuy nhién, cam bién
dién hoa khong phan tich duge dong thoi nhiéu chat phan tich.

Phuong phap dién hoa da dugc nghién ctru st dung dé xac dinh nhém PDE-5i
(sibutramine, sildenafil, vardenafil) trong cac san pham TPBVSK, ciac miu duoc
phém hd tro gidm can. Pién cyc sir dung co thé bé“tng dién cuc nano cacbon két hop
v6i natri va photpho (Na/P-CNTs) [19], dién cuc than thiy tinh bién tinh bang
graphen muc [104], dién cuc carbon thuy tinh bién tinh bang nano sat tir [89], dién
cuc vang va dién cuc vang bién tinh bing cysteine [72] hay dién cuc bach kim bién
tinh bang nano polypyrol véi k¥ thuat do dién héa xung vi sai [55]. Gii han phat
hién cta phuong phap dao dong tiiy vao cac dién cuc, tir 1,01 mg/L dén 0,005 pg/mL,
d6 thu hoi trong khoang tir 93% dén 104% [19], [72], [89], [104].

Phuong phép nay ciing duoc sir dung dé phéan tich Metformin trong mau nudc
tiéu va duoc phrflm vo1 dién cuc dan cacbon sur dung k¥ thuat do von ké. Tin hiéu thu
dugc khi dién thé quét tir 0,2 V dén 1,0 V véi phép do dién thé xung vi sai, dinh
Metformin thu dugc & + 0,8 V va gidi han phat hi¢n ctia Metformin 1a 14 nM. B§
tuyén tinh dugc xac dinh tir 0,1 dén 80 pM véi hé s6 twong quan R? = 0,995, d6 1éch
chuan RSD < 3,9% va do thu hdi nam trong khoang 92,4 dén 104,6% [83].

Phuong phap dién hda voi mdt dién cuc moi duge bién d6i so véi dién cuc
dan carbon d3 x4c dinh Gliclazide va Glibenclamide trong ché pham thubc. Hai hop
chat duoc xac dinh dong thoi bang viéc ghi lai hiéu dién thé xung vi phan véi dién
thé tir 0,5V dén 1,1 V. Gidi han phét hién Gliclazide va Glibenclamide lan luot 1a
1,2.107Mva 8,0.107M. P tuyén tinh tir 7,5.107- 5,0.10* M (Gliclazide) va 1,0.10°-
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8,0.10* M (Glibenclamide) v6i hé s tuyén tinh R2 = 0,998, d6 1éch chuan RSD <
3,3% [97].
1.5.2. Phwong phdp quang phé hdp thu phan ti

Phuong phép quang phd hap thy phan tir 1a phuong phap phan tich dua trén co
s& mat do quang cua dung dich ty 1& véi ndng do cua chat phan tich (chat phan tich
¢6 tinh chat quang hoc nhu tinh hip thu quang, tinh phét quang...). Cac phwong phap
quang phd hip thu phan tir kha don gian, dé tién hanh, duoc ing dung nhiéu trong
phan tich dugc pham va mau sinh hoc d6i v&i cac chat phan tich hap thu 4nh sang
UV-Vis. Mot sb cong trinh nghién ciru str dung phuong phap quang phd hap thu phan
tr dé xac dinh cac chat cam trong TPBVSK, ddi tuong phan tich 1a cac mau dugc

pham dugc tom tit trong bang 1.6.
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Bang 1.6. TOm tit mgt sé nghién cizu xdc dinh cac chat cam bang phwong phdp quang phé

Nhém chat o < < .
X Chat phéan tich Mau Thuoc thir LOD TL
cam
Nh6ém chét - Hon hop kali iodua, kali idat 0.04. 0.07
cAm hd trg | Sildenafil, vardenafil | Duoc pham | - Budc séng 285 nm (vardenafil), 288 nm| /m;_ [105]
sinh ly Vardenafil Duoc pham | - N-bromosuccinimid - [103]
Nhom - 2,3,5,6-tetrachloro-1,4-benzoquinon,
chat cam Phenylpropanolamin Duoc pham | acetaldehyd 0,244 pg/mL [116]
ho tro - Buéc song 650 nm
giam can Sibutramin Viénnang | - Budc séng 223 nm 0,30 pg/mL [79]
Metformin, Rosiglitazol | Duoc phdm | - Budc séng: 227 nm - [94]
Nhom ) - 9,10-phenanthraquinone trong moi truong
L& Metformin, , N 0,003 -0,01
chat cam _ _ Dugc pham | kiém [15]
x Glibenclamide ) pg/mL
ho tro - Buéc song 416 nm
tiu dudng Phenformin Duoc pham | - Natri nitroprusside trong méi truong kiém | 0,13 pg /mL [118]
p P g
Metformin, Rosiglitazol | Dugc phdm | - Budc séng 236 nm - [75]
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1.5.3. Phwong phdp di¢n di mao qudn

Bang 1.7. TOm tat mét sé nghién citu xdc dinh c&c chat cam bang phwong phdp dién di mao qudn

Nhom
chét Chét phan tich MAu K§ thuat dién di Két qua TL
cam
gi: - :jJ'Vh dém phosphate 100 mM, | - LOD: 0,042 ug/mL
Vardenafil Dugc phim g dich dem phosp | - P thu hdi: 98,4% [46]
pH 6 :
ok - RSD: 3,4%
Budc song 222 nm
CE-CD
] . . . : ) i . - LOD: 0,90 mg/L
Nhém Sildenafil, vardenafil | Dugc pham Dung dich dém acid acetic 500mM, | R2= 0.998 g [98]
chat pH 2,5 S
A hX - -
cam ’0 . - - MEKC-PDA LO[% 0,19 ;0’6,1 mg/L
tro chuc | Sildenafil, vardenafil, 2 . . - Khoang tuyén tinh: 1- 20 mg/L
g i Dugc pham Dung dich dém phosphat 10 mM, . N [36]
nang tadalafil natri dodecvl sulfat 25 mM. oH 12 | - Do thu hoi: 98- 107%
sinh 1y y P _RSD < 2,9%
- Khoang tuyén tinh: 0,070- 1,05
CZE- UV g/L
Sildenafil Dugc pham | - Dung dich dém NaHPO, 60 mM, | - Bg thu hdi: 97,4% [70]
pH 5 - R?=0,9985
-RSD < 4,7%
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Nhom

chét Chét phan tich MAu K§ thuét dién di Két qua TL
cAm

- CZE- UV ;g(z;(g)’ffy?f g}& 0,2-5,0

. . |-D ich dém phosph M, pH P
Tadalafil Duogc phim 3‘g‘g dich dém phosphat S0 mM, pH | ) [18]

B’uéc song 254 nm - D0 thu hoi: 99,5%
5 - R?=0,9998
- Khoang tuyén tinh: 0,50- 12,5
Céac chat dbi quang cua -CZE /mL
quang Duge phim | - Dung dich dém Tris/phosphate 10 | M) [96]
fenfluramin M. bl 2.5 -R?>0,999
PR S _RSD <0,77%
- CE- UV - LOD: 0,03- 0,18 pug/mL

Nhém Sibutramin, - Dung dich dém phosphate 20 mM, | - Khoang tuyén tinh: 0,1- 50

s . TPBVSK ) [117]
chat cam phenolphthalein natri dodecyl sulphat 20 mM, pH 11 pg/mL
hd tro - Budc song 223 nm - P thu hoi: 95,3- 103,4%
glam can siiﬁggrir:éffn _CE-UV _LOD: 100 mg/L
n(?r el dope he dri’n - Dung dich dém natri tetraborate 20 | - R?> 0,998
;’m ) ragmn ' | TPBVSK |mM, natri dodecyl sulfat 10 mM, | - Do thu hdi: 79,6- 112% [71]
. pramon, - acetonitril 5%, pH 9 -RSD < 7,9%
sibutramin, sildenafil, o,
. - Budc song 195 nm
strychnin
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Nhom

chat Chét phan tich MAu K§ thuat dién di Két qua TL
cAm
-CE-UV
DPdng phan d6i quang ] - Dung dich dém phosphate 50 mM, pH | - LOD: 3,4- 3.7 ug/mL [40]
cua sibutramin 4,5 - RSD < 2%
- Budc song 220 nm
- CZE-DAD
. . 2 - Dung dich dém phosphate 50 mM, pH | - R?> 0,998
Sibutramin Duoc pham 70 - D6 thu hdi: 80- 120% [108]
- Budc song 225 nm
Sibutramin va din xuét - CZEMS _ Eﬁiﬁ’?o'éfﬁnflg 025- 125
X - . -
" va Can XL TPBVSK | - Dung dich dém HCOONHs 20mM e ! [16]
phentermin trong acetonitrile, pH 8 mg/g
g P _RSD < 20%
cth’:Z?m -CzE-UV _ Eﬁo’f ugﬂ;h 100- 1200
x .. | Rosiglitazon, metformin | Dugc pham | - Dung dich dém acetat 25mM, pH 4,0 gty ' [123]
ho tro tiéu Buéc song 203 nm hg/mL
duong £ -RSD=0,78%
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Nhom

chat Chét phan tich MAu K§ thuat dién di Két qua TL
cam
- LOD: 12,2- 15 pg/L
Metformin va san phdm . |-CZE-MS - Khoang tuyén tinh: 0,10- 40,0
. Thuyc pha 63
chuyén hoa sepham | _ Dung dich dém amoniacetat, pH 7,0 | ug/L [63]
- R?2=10,998
- MEKC- PDA - LOD: 40 pg/mL
. n - Khoang tuyén tinh: 128- 192
. 2 - Dung dich dém phosphat 10 mM,
Gliclazide Dugc pham . ug/mL [33]
Nhom natri dodecyl sulfat 15 mM, pH 7,0 R2> 0.99
chét cAm - Budc song 225 nm _RSD < 2.0%
hd tro tiéu
duong - CZE- UV -LOD: 0,1 pg/mL
Metformin, phenformin, Huyét - Dung dich hén hop dém ACN, | - Khoang tuyén tinh: 1,00- 15,0 [65]
glyburid tuong amoniacetat 5 mM, acid acetic 5% g/mL
- Buéc song 240 nm -R?>0,96
: -LOD: 0,4 L
Acetohexamid, - CZE- UV © \ 0.40 hlg/rt]
i . % . - Khoang tuyén tinh: 40,0- 80,0
chlorpropamid, 2 - Dung dich hon hop dém phosphate
. . Dugc pham ug/mL [64]
glibenclamid, 100 mM; pH 7,5 R2> 0.999
tolbutamid - Budc song 200 nm _RSD< 1.6%
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Nhom

chat Chét phan tich MAu K§ thuat dién di Két qua TL
cAm
- CZE- UV - LOD: 0,25 pg/mL
Metformin, phenformin Huyét - Dung dich hdn hgp dém phosphate 0,1 | - Khoang tuyén tinh: 0,25- 3,50 [107]
tuong M; pH 2,5 ug/mL
- Bude song 195 nm - R2>0,999
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Dién di mao quan (CE) 12 mot k¥ thuat tach cac chat dya trén co sd sy di chuyén
khac nhau ciia cc phan tir chat (chi yéu 1a cac ion mang dién tich) trong dung dich
chét dién ly (thuong la dung dich dém dién di), dudi tdc dung cia dién truong E nhét
dinh do ngudn thé cao mét chiéu (15- 40 kV) dit vao hai ddu mao quan sinh ra. Ki
thuat tach dugc nghién ciru va phat trién dau tién boi Tiselius (1937).

Phuong phép dién di mao quan (CE) gan day duogc sir dung rong rai dé tach va
xéc dinh cac chit cAm trong nhiéu d6i twong miu khac nhau do c6 nhiéu vu diém nhu
hiéu qua tach cao, thoi gian tich ngin, lugng mau tiéu tén it. Tuy nhién, phuong phap
c6 d6 nhay thap chua phu hop dé phan tich mot s6 chat cAm. Mot s6 cong trinh nghién
ctru str dung phuong phap nay duoc tom tit trong bang 1.7.

1.5.4. Phwong phdp sdc ky

Séc ky 1a phuong phap dung dé tach cac thanh phan cia mot hdn hop dua trén
su phan chia khac nhau cua cic chat vao hai pha luon tiép xuc nhung khong hoa tan
vao nhau 1a pha tinh c6 bé mat tiép xtic 16n va pha dong chay qua pha tinh. Pha tinh
c6 thé 12 mot chét ran (hat xop hay min) hay mot chat long (duoc gitt trén mot chat
mang). Khi pha dong 13 chat 1ong, phuong phap duoc goi 1a phuong phap sic ki 1ong
(LC), twong tu khi pha dong 13 chit khi, phuong phap dugc goi 1a phuwong phap séc
ki khi (GC).

So v&i phuong phap GC, phuong phap LC duoc sitr dung phd bién hon trong
phan tich cac chit cdm trong mau TPBVSK. Trong phuong phap HPLC, tiy thudc
vao ciu tric phan tu, tinh chit hoa 1y, néng dd cua cac chit cAm ma lya chon cac
detector phu hop dé phat hién nhu detector UV, DAD, MS, ... Mot sb nghién clru st
dung phuong phap sic ky xac dinh mot sé chit cdm trong miu dugc phim va

TPBVSK dugc tom tit trong bang 1.8.
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Bang 1.8. Tom tdt mét s nghién citu xdc dinh cac chdt cam bang phwong phap sac ky

Nh(zlgnfhat Chit phin tich Miu Piéu kién phan tich Két qua TLTK
. s x - LC-MS/MS
80 chat gom sibutramin va dan Pha dong: - LOD: 0,01- 2 ng/mL
I ; 2 } Sor -R2>
xuat cua S|Pb[L)JtErg|imn, nhém TPBVSK Kénh A: HCOOH 0,1% _ ; tl:)911991 o 10 [52]
Kénh B: ACN © T Aok 75 ’
: : TLC két hop ta R ta ,
Sildenafil TPBVSK | | -~ o 1oP tan xa RAman Mg |y op. 67 ngvét [10]
cuong bé mat
- LC-ESI-MS/MS - LOD: 0,004- 0,455
Pha dong: ng/ml
z A A - IS -R2>
Nﬁhomzchat 38 chat TPBVSK Kénh A: HCOONH4 2 mM RA 0,993 [67]
cam ho tro Kénh B: ACN - b6 thu hoi: 73,6- 111%
chirc nang ' -RSD < 10%
sinh ly - LC-DAD-Q-TOF ;
Y o déng'Q - Do thu héi: 80,9- 108%
z - v . - < 0
7 chat TPBVSK Kénh A: HCOOH 0.1% RSD < 11% [24]
Kénh B: HCOOH 0,1%, ACN
- UPLC-MS/MS
- Pha dong: -R%2>0,996
18 chit TPBVSK Kénh A: CHsCOOH 0,01%, | - Do thu hoi: 79,5- 114% | [99]
HCOONH4 2 mM - RSD < 18%

Kénh B: ACN
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Nhém chat

cAm Chit phin tich Miu Piéu kién phan tich Két qua TLTK
HPLC-MS/MS - LOD: 0,05- 3,33
52 chét TPBVSK |~ Dha dong: n%/;n >Lo 999 [50]
Renh A: FICOOH 0, 1% Do thu héi: 83- 112%
Kénh B: HCOOH 0,1%, ACN _RSD < 13%
- HPLC-HR/MS
82 chat TPBVSK |~ Fha dong: - D6 thu hdi: 92- 111% | [66]
Kénh A: HCOOH 0,1% '
Nh6m chét Kénh B: HCOOH 0,1%, ACN
cAm hd tro - UPLC-HR/MS/MS
chuc nang - Pha dong:
sinh ly Kénh A:  HCOOH 0,1%,
15 chét TPBVSK | HCOONH, 10 mM - [21]
Kénh B: HCOOH 0,1%,
HCOONH4 10 mM trong MeOH:
ACN (1:1, viv)
- LOQ: 0,05- 0,25 mg/kg
59 chat TPBVSK | - UPLC- HR-MS/MS - o thu hdi: 71- 90% [53]
-RSD < 5,2%
85 chit TPBVSK | - UPLC-Orbitrap-MS -LOQ024-166 nalkg | -,

- D6 thu hoi: 82- 118%
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Nhém chat

cAm Chit phin tich Miu Piéu kién phan tich Két qua TLTK
- LC-MS/MS
. . . - Pha dong: - LOD: 5,0- 20 pg/kg
S'de$;é'é;2?ﬁ'af"’ TPBVSK |  Kénh A: HCOOH 0,1% - Khoéng tuyén tinh: [9]
Kénh B: HCOOH 0,1% trong 0,03- 20 pg/L
MeOH
Ché - LC-MS/MS - LOD: 0,5- 1,0 ng/mL
Sidenafil, Tadalafil, pham | - Pha dong: - R?> 0,996 [11]
Vadernafil dong Kénh A: HCOOH 0,1% - Do thu hoi: 94- 99%
duoc Kénh B: ACN -RSD <4,7%
Sildenafil, dong phan cia .
thiosildenafil TPBVSK | - LTQ Orbitrap - [57]
-TLC- UV
Sibutramin TPBVSK | - Pha dong: Toluene- methanol - [81]
Nhém - Budc song: 225 nm
chét -TLC - LOD: 217 ng/vién
cAm hd Sibutramin TPBVSK |- Pha dong: toluene-diethylamine | - Khoang tuyén tinh: [95]
tro giam (10:0,3, V/v) 0,50- 5,00 pg/mL
can : : . - GC-MS, LC-MS
Sibutramin, phenolphthalein, | oo qi | ppa dong cia LC: MeOH/ Hz0, i [60]

bumetanid va phenytoin

HCOONH42mM (90:10, v/v)
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Nhém chat

cAm Chit phin tich Miu Piéu kién phan tich Két qua TLTK
Fenfluramine, N-
i fenfl i .
nitrosotentluramin, TPBVSK | - GC-MS/MS - P thu hdi: 80,3- 111% | [121]
sibutramin, mazindol,
phenolphthalein
- LOD: 189 ng/g
- HPLC-PDA )
li ilistat, si in | TPBVSK - Do thu héi: 96,1- 97,2%| [124
Orlistat, cetilistat, sibutramin S - Pha dong: ACN va HgPO: 0,02M ;,)t u hoi: 96,1- 9 0| [124]
- R<> 0,999
- Khoang tuyén tinh:
A ) . . - HPLC-UV-ESI-MS
Nhom Sibutramin, N-di- . : 0,025- 1,0 mg/mL
chat ) ) TPBVSK | - Pha dong: ACN va HCOOH 0,2%, ) [45]
that desmethylsibutramin CH-COONH. 20mM -R2> 0,999
cam ho : ! - Po thu hdi: 93- 106%
tro giam - LOD < 23 fmol
can Phentermin, fenfluramin -HPLC-FLD - Khoang tu gzlotinh' 5-
’ i ’ TPBVSK | - Pha dong: ACN, nudc (65:35, v/v) 8ty ' [54]
norfenfluramin Bude sone: 430 nm 2000 nM
© SOnE: _R2> 0,999
- LC-MS/MS
. . . ) - LOD: 5,00- 750 pg/kg
Sibutramin, Orlistat, TPBVSK | Pha dong: - Khodne tuvén tinh. [9]
Phenolphthalein, Furosemid Kénh A: HCOOH 0,1% 0.05 40g /yL )
Kénh B: HCOOH 0,1% trong MeOH | ° HE
i in, N- - UPLC- Q-TOF/M -LOD: 0,4-2 k
Sibutramin, TPBVSK UPLC- Q-TOF/MS OD: 0,4- 2,0 mg/kg [102]

desmethylsibutramin,

- Pha dong:

- P9 thu hoi: 87,0- 113%
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Nhém chat

cAm Chit phin tich Miu Piéu kién phan tich Két qua TLTK
sildenafil, vardenafil va Kénh A: HCOOH 0,1%
tadalafil Kénh B: ACN, HCOOH 0,1%
- HPTLC .
: - D a - Khos? én tinh:
Metformin, rosiglitazol ﬁgicl - Dung moi: MeOH: H20: NH4Cl 1% 20 OOT(;(% tuy;%ttm [75]
P (5:4:1, vIviv) ’ HE
- LC-MS/MS
14 chat hd tro tiéu duong, - Pha dong; - P thu hoi: 88,0- 113%
2 chat hd trg giam can TPBVSK Kénh A: HCOOH 0,1% -RSD < 13% [74]
Kénh B: HCOOH 0,1%, ACN
Nhom chat Metformin, vildagliptin, - Rp-HPLC
hd tro ticu saxagliptin, alogliptin, TPBVSK | - Pha dong: ACN: MeOH: - [106]
duong sitagliptin, linagliptin HCOONH4 (25: 10: 65, viviv)
- HPTLC- MS
Metformin, pioglitazon, - Pha ddng: CeH1:  CHCl2:
T TPBVSK ‘ - 30
glipizide va glimepirid C3H7OH: CH3COONH3 bao hea trong [30]
CH3COOH
- UPLC -LOD: 0,1- 1,7 ug/mL
26 chat trong nhém chat hd trg - Pha dong: -R%2>0,999
; " | TPBVSK ‘ ; 2
tieu duong S Kénh A: H.O - B4 thu hoi: 83,0- 109% [62]

Kénh B: ACN: H20 (95: 5, v/v)

- RSD < 3,4%
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Nhém chat

cAm Chit phin tich Miu Piéu kién phan tich Két qua TLTK
- Rp-HPLC
M_etfor_ml_n, ploglltfelz.on, - Budc Asong 220 nm _LOQ: 0,002- 0,024
sitagliptin, repaglinid, Dugc | - Pha dong:
glibenclamid, gliclazid phém Kénh A: KHPOs 0,05 M; u%z/?lLo 999 [35]
natrioctansulphonate 0,01 (pH 3,55) ) ’
Nhom chat Kénh B: ACN
ho trg ti€u - HPLC
duéng . : . - Bude song 230 nm - LOD: 0,025-0,05
Metformin hydroclorid, Cl}é - Pha dong: pg/mL
glibenclamid, gliclazid, pham Kénh A D-ém natri dihydrophosphat | - R?> 0,99‘7 [14]
glimepirid va glipizid duoc li¢u S - B9 thu hoi: 97,0- 103%
(pH 3) _RSD < 1,7%
Kénh B: MeOH ’
Ché | -HPTLC - LOD: 30- 180 ng/vét
Glimepirid, glipizid, gliclazid, pham | - Budc song 235 nm -R?> 0,99‘5 [12]
glibenclamid dong - Pha dong: HCOOH 0,5% trong n- | - BJ thu hoéi: 95,0 - 105%
duoc butyl acetat -RSD < 3,7%
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Trén co s& két qua tong quan vé phuong phap phan tich cic nhém chét cam,
6 thé thfiy da c6 rat nhiéu nghién ctru dugc thuc hién dé xac dinh ham luong céc chét
cAm trong TPBVSK. Cac k¥ thuat phan tich dugc st dung 1a HPTLC, HPLC, GC.,...
Nhin chung, phuong phap quang phd va phuong phap dién hoa don gian, dé tién hanh
nhung thuong chi phat hién duoc timg chit riéng r& hoic bi 4nh hudéng nhiéu béi nén
mau, do nhay ctia phuong phap va khong phu hop véi phan tich dong thoi cac chat
cAm trong TPBVSK. Do viy, phuong phap LC-MS/MS va LC-HR/MS duoc sir dung
phé bién hon ¢4, véi tinh vu viét trong viéc xac dinh d@)ng thoi sy ¢6 mat cia nhiéu
chat cim trong mau TPBVSK, két qua phéan tach tét va do chinh xac, d6 nhay cao.

Véi dic diém tron trai phép nén ham luong cac chat cAm c6 khoang dao dong
khac nhau, thuong c6 ham lugng kha nhé. Do vdy, can phat trién mot phuong phap
phan tich phu hop vé6i viéc phan tich chit cAm c6 ham luong nho va nén mau phic
tap. Nghién ctru thue hién dé tai dva trén nhitng vu diém ndi bat cua phuwong phap
sic ky long, da lua lya chon phuong phap sac ky 1ong khbi phd va phuong phap sic
ky 1ong khdi phd phan giai cao dé thuc hién phéan tich miu.
1.6. Phwong phap sic ky léng khdi pho
1.6.1. Phwong phdp sic ky léng khéi phé phan gidgi cao (LC-HR/MS)
1.6.1.1. Khai niém
a) Dinh nghia vé khoi lugng “mass”

Céc thiét bi phan tich khéi phd hién dai déu yéu cau sy xac dinh chinh xac vé
"khéi lwong" cia mot phén tir cliing nhu kha nang do dong thoi nhiéu khéi khac nhau.
Phan biét giira khdi lwong nguyén tir, khdi lugng trung binh, khéi lugng chinh xéc,
khdi luong don dong vi va khdi lugng chinh xac ciia mot phan tir co thé gay hiéu
nham trong viéc thu thap dit liéu, giai trinh va bao céo trong phan tich phd khéi luong.
Pon vi SI cua khdi luong 1a kilogram (kg), nhung trong cac phép do & quy méd nguyén
tir/phén tir thudng duoc sir dung don vi khdi lugng dalton (Da), duoc xac dinh 14 1/12
khdi luong clia mot nguyén tir carbon 12 trung binh, vai gia tri 1a 1,66x10°%7 kg. Hinh
1.4 13 vi du minh hoa vé cac khbi lugng, gém c6 khoi lugng danh nghia (nominal

mass), don dong vi (monoisotopic mass) va trung binh (average mass) trong phd khoi
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lugng cia mot hop chit chua biét, trong do, su léch nhau gifra cac khdi lugng c6 thé

tir vai phan triéu dén mot vai dalton [38].
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Hinh 1.4. Vi du minh hoa vé dg léch khoi giita khoi lieong danh nghia, khoi heong
don dong vi va khoi liwong trung binh

b) D6 phan giai khdi

D6 phan giai khéi duge TUPAC dinh nghia 1a ty 1é gitta khéi lugng ctia mot
pic do dugc va do chénh 1éch trong khéi lugng giira hai pic, hay duoc ky hiéu 1aR =
m/Am. Trong d6, m 13 khdi lugng ctia pic va Am 1a chiéu rong cta pic hoic khoang
cach giita hai pic c6 do cao twong duong ma day giita ching thap hon t6i da 10% [47].

Do phan giai khdi do ludng kha ning phan biét hai pic c¢6 sy chénh l1éch nho
vé gia tri m/z. Do phan giai nay thuong duoc thé hién dudi dang m/Amsos, trong dd
m 1a khéi luong ctia pic va Amsos 13 chiéu rong cua pic ¢ nira chiéu cao ti da tinh
theo don vi khdi lugng.

Cho dén nay, hiéu ndng cua cac cong ngh¢ san xuét thiét bi dat do phan giai
khdi cao ngay cang dugc cai thién, voi myc tidu ting cuong kha nang phan biét va
téc do quét. Céac thiét bi khdi pho hién dai dugc phan chia thanh céc loai c6 do phan
giai khac nhau, tir thip va trung binh (nhu b loc tir cuc va biy ion) dén do phan giai
cao (nhu TOF), c6 kha ning phan giai tir hang trim dén hang nghin don vi.
Cong nghé Orbitrap c6 kha ning phén giai khéi lugng 1én dén hang tram nghin, trong

khi FT-ICR c6 thé dat duoc hang triéu don vi [38, 47, 85].
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1.6.1.2. Phan loagi

Co ché phan tich khdi luong 13 diém phan biét cia HR/MS, bao gdm tdc do
quét (chu ky 1am viéc), dai hoat dong, kha ning phan giai khéi luong (R), d6 chinh
xac khoi lwong va kha nang phan manh.

Hién nay c6 ba k¥ thuét chinh dugc st dung dé ting do phan giai khéi, gdm
Co:

- FT-ICR (Fourier-transform ion cyclotron resonance)

- TOF-MS (time-of-flight mass spectrometry)

- Obitrap

Ba k¥ thuat nay tuy c6 co ché khac nhau, nhung muc tiéu chung van 1a phan
biét dugc sy 1éch khoéi dén vai phén tridu dalton.

a) FT-ICR (Fourier-transform ion cyclotron resonance)

FT-ICR 1a mot loai phén tich phd khdi luong duoc st dung dé xac dinh ty 16
khéi lugng-dién tich (m/z) ciia cac ion dua trén tin sd xoay tron cila cac ion trong
mot trudng tur ¢d dinh, duoc phat minh bé1 Melvin B. Comisarow va Alan G. Marshall
tai Dai hoc British Columbia [28].

Phép do phd khdi cong huong cyclotron ion bién d6i Fourier (FT-ICR) dya
trén cac phép do ciia né dua trén dao dong tuan hoan ctia ion tich dién trong tir truong
(tan s6 cyclotron). Dao dong cua cac ion duoc phat hién dudi dang dong dién nhat
thoi trong mién thdi gian bao gdm tong cua tit ca cac chuyén dong cua ion va dugc
chuyén doi thanh cac phép do tan sb bang cach st dung bién d6i Fourier, tan s dao
dong co lién quan dén khéi lwong ion tich dién va c6 mdi quan hé ty 1 giita cong suét
phan gii va toc do quét [38].

b) TOF-MS (time-of-flight mass spectrometry)

TOF-MS 1a mot phuong phap phan tich khéi lwong duya trén thoi gian dé bay
tir nguon ion dén bo phat hién. Trong dé, cac ion duge gia tbc bang mot truong dién
da biét, tao ra niang luong ddng déu cho ching. Thoi gian ma mdi ion dén
bd phat hién phu thudc vao téc do cia né, va do d6 phan anh ty 18 khoi lwong-dién

tich (m/z). Phuong phap nay di duoc phat minh tir nhitng ndm 1940 nhung chi dén
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nhitng nam 1990 mdi trd nén phod bién. Vi nhitng cai tién gan day vé khoa hoc ky
thuat nhu gia tc vudng goc, guong ion va tde do cao cua dién tir dd gbp phan cai
thién dang ké do phan giai cia TOF-MS [120].

c) Obitrap

Obitrap hoat dong dua trén nguyén tic cua quy dao ion, trong d6 cac ion duoc
bat gilt va quy dao xung quanh mdt truc tao thanh bé1 mot dién truong, st dung co
ché quy dao dé do khdi lugng ciia cac ion. CAc ion bi bét giit boi mot dién trudng va
quy dao xung quanh truc. Sy dao dong cua cac ion trong quy dao tao ra mot tin hi¢u
dién tir, duoc ghi lai va chuyén thanh phdi khoi. Orbitrap c6 kha niang do chinh xac
khéi luong ciia cac ion voi do phén giai cao.

May phan tich khéi lugng Orbitrap 1a k¥ thuat cai tién cia ciia hé théng may
phan tich khoi lugng biy. Orbitrap hoat dong vira 1a may phan tich khéi luong vira 1a
may do, dua trén cAu hinh cta té bao bﬁy tinh dién cta no. Cac ion dugc bom thanh
ting gbi vao may phan tich va dao dong doc tryc giita tdm tich dién tinh dién bén
ngoai va dién cuc bén trong. Dong dién tao ra boi cac ion dao dong dugce do béng
thiét bi va phép bién d6i Fourier dugc ap dung dé xac dinh tan sé ion riéng 1é, ty 1é
thuan voi khdi luong ion chinh xac. Kha niang phéan giai khéi luong cua thiét bi
Orbitrap c6 lién quan dén s6 luong “nhip” dao dong trong thoi gian nhat thoi, lién
quan dén khoi lugng ciia chat phén tich dugc do. Két qua 1a kha nang phan giai cia
cac phan tr nho cao hon dang ké, véi kha ning phan giai hiéu qua giam di mot nta
trong khoang m/z 200 va m/z 1000. May phan tich quy dao con c6 kha nang phan
giai khdi dong dua trén thoi gian quét, voi kha ning phan giai cao nhat dya trén mé
hinh. Cong suat phan giai cao nhat dugc bao cao cho cac thiét bi Orbitrap 1a 1.000.000
(FWHM = m/z 200) ¢ tde do quét tuong ddi cham, mic du ching co thé dat toc do
quét 40 Hz khi cong suét phan giai giam. Diém manh 16n nhat cia méay phan tich khoi
lugng Orbitrap nam & kha nang dat dugc kha nang phan giai khéi lugng rat cao va do
chinh x4c khdi luong cao véi kich thudc dé ban. Kha ning phan giai ting 1én
lam giam kha nang xdy ra va cham khoi lwong trong pho quét toan bd, cho phép phat

hién cac khéi luong va cum ddng vi khac biét hon, ciing nhu phan cong phan tir chinh
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xac hon. Hon nira, 1a thiét bi dua trén bﬁy, Orbitrap c6 thé dat dugc do nhay rt cao
bang cach kéo dai thoi gian thu thip ion dé thu thap nhiéu ion hon va tao ra phé MS
va MS/MS chét luong cao hon cho cac tin hiéu ion rat yéu [58, 76-77].

Electrospray lon Source S-Lens Square Quadrupole  Octopole High Pressure Cell ~ Low Pressure Cell Multipole C-Trap HCD Collision Cell

B e i
=

Mass Analyzer \ /

Hinh 1.5. Vi du minh hea cho so d@é bé tri cua thiét bi Orbitrap

O

Thiét bi bao gdm thu kinh S, bo loc khdi bdn cuc, biy C, té bao phén ly
va cham ning luong cao (HCD) va mdy phan tich khéi Orbitrap 14 cac thanh phan
chinh (Hinh 1.5) [78]. Thiét bi 1a mot by ion bao gdm mét dién cuc trung tim hinh
truc chinh va hai dién cuc bén ngoai doi xung bd sung cho hinh dang cta dién cuc
trung tdm va dugc sir dung dé phat hién dong dién hinh anh va thiét 1ap trudng bay
ion. Ca hai dién cuc phai duoc ché tao v&i d6 chinh xac cao nhit dé dat duoc kha
ning kiém soét ion tét nhat c6 thé. Hinh dang cua bay lién quan chat ché dén viéc
phat hién dong dién trong anh va séng hai, do d6 can phai tdi wu hoa thém. Thong
thuong, mot khe duoc gia cong phuc tap véi bo lam 1€ch hudng dé cho phép truyén
céc ion bén ngoai va dong thoi giam that thoat ion trong qua trinh phun. Thay vi sir
dung dién ap tan sd vo tuyén hodc tir trudng dé thu giit cac ion, ngudi ta st dung
truong tinh dién. Khi cac ion di vao may phan tich va bat dau dao dong xung quanh
dién cyc trung tAm, dong dién hinh anh s& dugc cac tim thu tiép nhan va chiu sy bién
d6i Fourier va hiéu chuan hai diém dé tao ra pho khéi lién quan. Ngoai ra, mot Bay
C, nhu mot thiét b luu trit bén ngoai, dong vai trd quan trong trong viéc kiém soét sb
luong ion dugc bom vao may phéan tich va cai thién viéc truyén ion bang cach
cung cap mot noi dé céac ion tich tu. Thanh phan nay cho phép thiét 1ap két ndi giira

may phan tich Orbitrap hoat dong khong lién tuc va cac ngudn ion hoat dong lién tuc
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dé dat duoc kha nang su dung tdi vu. PO nhay dugc nang cao thong qua vi¢c st dung
phan 16n thoi gian phan tich dé tich lity ion, bu dép cho anh hudng ctia dong ion thap
nhu toc d6 thu thap cham hon va chét lwong quang phd khong thuan loi, do d6 cho
phép giai quyét van dé st dung toc d6 thap cho MS/MS,

1.6.2. Phwong phdp sic ky léng khéi phé (LC-MS)

1.6.2.1. Nguyén tdic co ban

Séc ky 1ong (LC) 1a qu4 trinh tach x4y ra trén cot tich v6i pha tinh 1a chat rin
va pha dong 1a chat 1ong. Khi tién hanh sic ky, cac chat phan tich duoc phan b lién
tuc gitta pha dong va pha tinh. Do c4u tric phan tir va tinh chat 1i ho cuia cac chat
khac nhau, nén kha nang tuong tac cua ching véi pha tinh va pha dong khéac nhau.
Do vy, chung di chuyén véi téc dd khac nhau va tach ra khoi nhau.

Pha dong trong HPLC c6 vai trd quan trong trong viéc tich cac chat phan tich
trong qua trinh sic ky. C6 hai loai pha dong: pha dong c6 do phan cuc cao (sic ky
pha dao) va pha dong c6 do phan cyc thap (sic ky pha thuan). C6 thé phéi hop 2 hay
3 dung mai va thay d6i thanh phan dung méi theo thoi gian goi 13 rira giai gradient.

Trong HPLC, bom 13 bd phan quan trong hang dau. Bom dung trong sic ky
16ng can phai dap img mét s6 yéu ciu kha cao: tao dugc 4p suit cao, tao dong lién
tuc, khong bi an mon boi nhiéu loai dung moi. Hién nay céc thiét bi sic ky 1ong hién
dai, bom c6 thé tao dugc ap suét rat cao 1én dén hon 15.000 psi.

B0 phan bom mau ¢ nhiém vu dua mau vao cot phan tich theo phuong phap
dong chay khong ngimg. Hién nay, phuong phap pho bién 1a ding van bom c6 vong
mau véi dung tich x4c dinh va chinh xac. Vong mau c6 thé c¢6 dung tich khac nhau
tir 5 dén 100 pL. Loai tir 20 pL dén 50 pL duoc dung phd bién. C6 hai cach bom mau
vao trong cot, bang cach bom mau bang tay va bom mau ty dong. Cot sic ky 1a trai
tim cta qua trinh sic ky. Cot thong thuong lam bang thép khong ri hodc thuy tinh.
Ngay nay, cot bang thép khong gi dugc dung phd bién, chiéu dai cot khoang 10-30
cm, dudng kinh trong 1-10 mm, hat chat nhdi c& c¢6 dudng kinh khoang 2-10 pum.
Loai pha tinh st dung tiy thudc vao k¥ thuét sic ky stir dung. Dé dam bao tudi tho

cua cOt nén sir dung mot tién cdt ¢ trude cdt phan tich. Cac detector duge s dung
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trong LC bao gdm: detector quang phd tir ngoai kha kién (UV-VIS), detector chudi
diod quang (DAD), detector huynh quang (FLD), detector khuc xa, detector dién hoa,
detector tan xa vi sai... va detector khdi phd (MS).

Khéi ph6 (MS) 1a mot trong nhitng bd phin quan trong nhét cta thiét bi sac
ky 1ong. Mot detector 1y tuong trong sic ky 16ng dat duge nhitng yéu cau sau: Do
nhay phén tich cao, dap ung dugc v&i cac chat can phan tich hodc dic trung cta
chung, khong pha huy mau, khong nhay cam véi cac thay d6i nhiét do va tée 4o dong
cua pha dong, co thé van hanh lién tuc, cho do 1ap lai tdt va dé sur dung.

Khéi phd gém c6 3 thanh phan 12 ngudn ion hoa, b phan tich khdi va bo phat
hién. Mau tir may sic ky 1ong dugc dwa vao may khdi phd s& dugc ion hoa trong
budng ion hoa, sau d6 dugc chuyén dén bo phan loc va phan tich khoi dé tach cac ion
khac khau theo ty 1€ m/z. Cac ion dugc bo phan phat hién thu nhan tin hi¢u, chuyén
tin hiéu vao may tinh dé xu 1y.
1.6.2.2. Phan loai

Nguén ion hoa trong MS thuong dugc cAu tao dé thuc hién nhiém vu hoa hoi,
loai dung méi va ion héa mau. Co nhiéu k¥ thuat ion héa khac nhau nhung hai k¥
thuat hay duogc sir dung trong khéi phd hai 1an bao gdm ion héa phun dién tir (ESI)
va ion hoa hoa hoc & ap suat khi quyén (APCI) [90].

a) Ion hoa phun di¢n tir (ESI)

Nguyén tic: Dong chay dung méi chira chat phén tich tir thiét bi sic ky long
di qua mot dng mao quan c6 duong kinh khoang 0,1 mm va véi mot dién trudng cao
(tir 3 d&én 6 kV) sé tao thanh cac hat mang dién (Hinh 1.6). Dong khi nito thdi vao
mAu 1am bay hoi nhanh dung méi bién cac hat d4 rat nho tré thanh cyc nho trude khi
mau duoc dua vao budng ion hoa. Cac giot phun ra co kich thudc rt nho chira ion
phan tir 1 (M*H)* néu & ché d6 ion dwong hay (M-H)- néu & ché d6 ion am. Ngoai
ra, qua trinh ion hoa c6 thé tao ra mot sb ion khac do su c6 mit cia cac chat trong
mdi truong nhu (M*Na)*, (M*CH3sOH)" hay cac ion da dién tich nhu (M*2H)?+,
(M*3H)3*, (M*4H)* ..
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Electrospray lonisation (ESI) and lon Source

Overview
B - Mass
Inlet . — Spectrometer
. lon
(LC System) \ Mo
Region

Hinh 1.6. Vi du minh hoa cho so d@6 bé tri cia ion héa phun dzen tur

ESI 14 phuong phap ion hoa ¢ kha ning tao ra phirc bang qué trinh cho nhan
electronic trong pha khi, phan tich trong pho khdi luong 70,000 Da va khong bi anh
huong cua nén mau. Tuy nhién, sy hién di€n cua cac mubi va cdp ion cua thudc thir
nhu TFA c6 thé 1am giam do nhay cta thiét bi.

b) lon hoa héa hoc & &p suat khi quyén (APCI)

Nguyén tic: Mau ¢ dang long tir thiét bi sic ky 1ong duoc di qua dau phun dé
tao thanh céc hat suong nho, dudi tac dong cua ngué)n nhi¢t cao nhanh chong hoa hoi.
Sau khi hoa hoi, dong khi nay duoc ion hdéa nho mot bd phan phong dién dé tao thanh
cac ion phan tu (Hinh 1.7)

Spray temperature

sensor R Naibsr N, /// Skimmer
-
|~ 107% Torr
—» Analyzer
N
AR |
Nebulizer gas \ Pumping
Corona discharge

Hinh 1.7. Vi du minh hea cho so dé bé tri cia ion hda héa hoc ¢ ap sudat khi quyén
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Khi nhiing ion dung méi1 hién di¢n & ap suét thuong, sy ion hoa hoa hoc cua
cac ion phan ttr phan tich c6 hiéu quéa cao. Qua trinh dich chuyén proton hay phan
g proton hoa dé xdy ra, qua trinh cong dién tir hay khir proton tao (M-H)" dé hinh
thanh. Tuy nhién, nhitng ion da héa tri khong ton tai do qua trinh ion héa c6 ning

luong cao hon ESI.
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CHUONG 2. THUC NGHIEM

2.1. Thiét bi, dung cu va héa chit, chat chuéan
2.1.1. Thiét bj va dung cu
2.1.1.1. Thiétb;

Thiét bi sic ky 1ong hiéu niang ghép ndi detector khdi phd (HPLC-MS/MS) bao
gbm: hé thdng sic ky 1ong hiéu ning HPLC (Model: CTO- 20A, Shimadzu, Japan)
va hé thong khéi phd (Model: AB SCIEX 5500, USA)

Thiét bi sac ky long khéi phd phan giai cao LC-HR/MS gom sic ky 1ong siéu hiéu
nang Ultimate 3000 két ndi v&i khdi phd Q-exactive Plus ciia Thermo Scientific.
Thiét bi sac ky long hiéu ning ghép ndi detector khdi phé LC-MS/MS Agilent
Triple Quad 6460.

Cot sdc ky pha dao Cis (100 mm x 3,5 pm x 2,1 mm) va tién cot, Waters

Cot sac ky pha dao BEH C1s (100 mm x 1,7 um x 2,1 mm) va tién cot, Waters.
Cot sac ky pha dao Eclipse Plus Cis (150 mm x 3,5 um x 2,1 mm) va tién cot,
Agilent.

Cot chiét pha ran SPE SCX (500 mg, 3 cc), Sigma

Cot chiét pha ran SPE HLB (200 mg, 6 cc), Water

Can phén tich chinh xac dén 0,1 mg va 0,01 mg, Mettler Toledo.

Can ky thuat, chinh xac 0,01 g, Mettler Toledo.

May dong nhat mau, Phillips.

May ly tam c6 thé dat duoc toc do tbi thieu 6000 vong/phut dbi vai dng ly tam 50
mL, Mikro 200R, Hettich.

May ly tam c6 thé dat duoc toc do tdi thiéu 13000 vong/phut dbi vai dng ly tam
2 mL, Mikro 220R, Hettich.

May lic xody vortex, IKA.

May rung siéu am, Elma.

2.1.1.2. Dung cu

Micropipet 10- 100, 20- 200, 100- 1000, 500- 5000 pL.
Binh dinh mrc cac loai: 5 mL, 10 mL, 50 mL va 100 mL.
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- Ong ly tim nhya 15 mL ¢6 nap kin.

- Ong ly tim nhya 2 mL c¢6 nép kin.

- Ong dong 50, 100 mL.

- Lo dyng mau 1,8 mL c6 nép kin.

- Pipet pasteur

- Mang loc mau, kich thuéc 16 0,2 pm.

- Mang loc dung méi, kich thudc 16 0,45 pm

- Gidy loc.

2.1.2.

Hoéa chat, chdt chudn

% Chat chuan nhém hd tro chirc nang sinh Iy:

Bang 2.1. Cac chdt phan tich nhdm chdt cam hé tro chize nang sinh 1y

dwoc st dung trong nghién cuzu

STT Tén chat Hing cung cip Ditinh
khiét (%)
1. |2-Hydroxypropyl nortadalafil Toronto reseach chemicals 98,0
2. |Acetaminotadalafil Toronto reseach chemicals 98,9
3. |Acetil acid Toronto reseach chemicals 98,0
4. |Acetildenafil Toronto reseach chemicals 98,0
5. |Acetylvardenafil Toronto reseach chemicals 98,0
6. |Aminotadalafil LGC 99,4
7. |Avanafil Toronto reseach chemicals 98,0
8. |Benzamidenafil Toronto reseach chemicals >90,0
9. |Benzylsildenafil Toronto reseach chemicals 98,0
10. |[Carbodenafil LGC 99,1
11. |(Chlorodenafil Toronto reseach chemicals 98,0
12. |Chloropretadalafil LGC 99,7
13. |Cyclopentylnafil Toronto reseach chemicals 96,0
14. |Depiperazino-thiosildenafil Toronto reseach chemicals 95,0
15. |Descarbonsildenafil Toronto reseach chemicals 98,0
16. |Desmethyl fondenafil Toronto reseach chemicals 98,0
17. |Dimethylacetildenafil Toronto reseach chemicals 98,0
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Do tinh

STT Tén chét Hang cung cép Khiét (%)
18. |Dimethylsildenafil Toronto reseach chemicals 98,0
19. |Gendenafil Toronto reseach chemicals 98,0
20. |Homosildenafil Toronto reseach chemicals 99,5
21. |Hydroxyacetildenafil Toronto reseach chemicals 98,0
22. |Hydroxychlorodenafil Toronto reseach chemicals 98,0
23. |Hydroxyhomosildenafil Toronto reseach chemicals 97,0
24. |Hydroxythio-homosildenafil Toronto reseach chemicals 98,0
25. |Hydroxythiovardenafil Toronto reseach chemicals 98,0
26. |Hydroxyvardenafil Toronto reseach chemicals 98,0
27. |Imidazosagatriazinone Toronto reseach chemicals 98,0
28. |Isosildenafil Toronto reseach chemicals 98,0
29. |MDLenafil carbonate Toronto reseach chemicals 96,0
30. |Mirodenafil LGC 99,1
31. |Mutaprodenafil Toronto reseach chemicals 98,0
32. |N-Desethylvardenafil Toronto reseach chemicals 97,0
33. |N-Desmethylsildenafil Toronto reseach chemicals 98,0
34. |N-Octylnortadalafil Toronto reseach chemicals 96,0
35. |Nitrodenafil Toronto reseach chemicals 98,0
36. |Noracetildenafil Toronto reseach chemicals 98,0
37. |Norneosildenafil Toronto reseach chemicals 98,0
38. |Norneovardenafil Toronto reseach chemicals 96,0
39. |Nortadalafil Toronto reseach chemicals 95,0
40. |O-desethyl-o-propyl sildenafil Toronto reseach chemicals 98,0
41. |Piperazonifil Toronto reseach chemicals 95,0
42. |Piperiacetildenafil Toronto reseach chemicals 98,0
43. |Propoxyphenyl aildenafil Toronto reseach chemicals 98,0
44, Propoxyphenyl- ) Toronto reseach chemicals 98,7

homohydroxysildenafil

Propoxyphenylthio- i
45, ) ) Toronto reseach chemicals 98,0

hydroxyhomosildenafil
46. |Pseudovardenafil Toronto reseach chemicals 98,0
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Pj tinh

STT Tén chit Hing cung cip Khiét (%)
47. |Sildenafil Toronto reseach chemicals 98,0
48. |Sildenafil N-oxide Toronto reseach chemicals 99,5
49. |Tadalafil Toronto reseach chemicals 96,0
50. |Thioaildenafil Toronto reseach chemicals 98,0
51. |Thiohomosildenafil Toronto reseach chemicals 98,0
52. |Udenafil Toronto reseach chemicals 96,0
53. |Vardenafil Toronto reseach chemicals 98,0

% Chét chuan nhom hd tro giam can

- Sibutramine hydrochloride (hdng: TRC, d¢ tinh khiét: 98,0%)
- Desmethylsibutramine (hing: TRC, d6 tinh khiét: 98,0%)

- Didesmethylsibutramine (hang: TRC, d¢ tinh khiét: 98,0%)

- Fenfluramine hydrochloride (hang: LGC, d6 tinh khiét: 99,6%)
- Phenylpropanolamine hydrochloride (hdng: Mikromol, d6 tinh khiét: 99,7%)
- Loperamid hydrochloride (hing: LGC, d6 tinh khiét: 99,7%)
< Chat chuan nhém hd tro tiéu duong

- Metformin hydrochloride (hang: LGC, d¢ tinh khiét: 99,1%)
- Phenformin hydrochloride (h&ng: LGC, d6 tinh khiét: 98,8%)
- Buformin hydrochloride (hdng: LGC, d¢ tinh khiét: 99,1%)

- Glibenclamide (hang: LGC, d¢ tinh khiét: 99,2%)

- Gliclazide (hing: LGC, d¢ tinh khiét: 99,9%)

Danh muc cac chat chuan kém theo thong tin chi tiét vé nha cung cap, so 16 va

dac tinh k¥ thuat dugc li¢t ké tai Phu luc 1.

% Céch pha dung dich chuan nhém chat cdm hd trg chitc nang sinh ly

- Dung djch chdt chudn géc 1000 pg/mL: Can chinh xac khoang 10 mg cac chat

chuan vao céc c6 moé 25 ml trén can phén tich c6 d6 chinh xac dén 0,01 mg. Hoa

tan bang MeOH va chuyén vao binh dinh mac 10 mL, dinh muc dén vach va lac

déu. Bao quan cac dung dich & 2 + 8°C.
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Dung dich chudn trung gian hén hop 10 pg/mL: Dung micropipet hit chinh xac
100 pL cac dung dich chuan gdc cho vao binh dinh mtc 10 mL, dinh méc d&én
vach biang MeOH va lic déu. Bao quan dung dich ¢ 2 + 8°C.
Dung dich chudn trung gian hén hop 1 pg/mL: Dung micropipet hat chinh xac 1
mL dung dich chuan trung gian hdn hop 10 pg/mL cho vao binh dinh mac 10 mL,
dinh mirc dén vach bang MeOH va lic déu. Bao quan dung dich ¢ 2 + 8°C.
Dung dich chudn trung gian hon hop 100 ng/mL: Dung micropipet hit chinh xéac
100 pL dung dich chuan trung gian hdn hop 10 pg/mL vao binh dinh mérc 10 mL,
dinh muc dén vach bang MeOH lac déu. Bao quan dung dich ¢ 2 + 8°C.

% Céch pha dung dich chuan nhdm hd tro giam can
Dung dich chdt chuan géc 500 pg/mL: Can chinh xac khoang 10 mg céc chat
chuan vao cdc can 25 mL trén can phén tich c6 do chinh xac dén 0,01 mg. Hoa
tan bang MeOH va chuyén vao binh dinh mac 10 mL, dinh muc dén vach va lic
déu. Bao quan dung dich ¢ 2 + 8°C.
Dung dich chudn trung gian hén hop 5 pg/mL: Dung micropipet hat chinh xac
100 pL cac dung dich chuan goc cho vao binh dinh mic 10 mL, dinh mtc dén
vach bang MeOH va lic déu. Bao quan dung dich ¢ 2 + 8°C.
Dung dich chudn trung gian hén hop 1 pg/mL: Dung micropipet hit chinh xéac 2
mL dung dich chuan trung gian hdn hop 10 pg/mL cho vao binh dinh mac 10 mL,
dinh muac dén vach bang MeOH va lic déu. Bao quan dung dich & 2 + 8°C.

% Céch pha dung dich chuan nhém hd tro tiéu duong
Dung dich chdt chudn gac 1000 pg/mL: Can chinh xéac khoang 10 mg céc chat
chuan vao céc c6 mo 25 ml trén can phén tich ¢o d6 chinh xac dén 0,01 mg. Hoa
tan bang MeOH va chuyén vao binh dinh mac 10 mL, dinh mtc dén vach va lic
déu. Bao quan céc dung dich ¢ -20°C.
Dung dich chuan trung gian han hop 10 pg/mL: Dung micropipet hat chinh xac
100 pL cac dung dich chuan gdc cho vao binh dinh mtc 10 mL, dinh mtc d&én

vach bang MeOH va lac déu. Bao quan dung dich ¢ 2 + 8°C.
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- Dung dich chudn trung gian hén hop 1 pg/mL: Dung micropipet hit chinh xac

1000 pL dung dich chuan trung gian hdn hep 10 pg/mL vao binh dinh mac 10

mL, dinh mic d&én vach biang MeOH lic déu. Bao quan dung dich ¢ 2 + 8°C.

% Hda chat dung mdi khac

Céc loai hoa chét str dung déu thudc loai tinh khiét ding cho phan tich. Nuéc

dugc str dung cho thiét bi la nudc dé 1on, st dung cho qua trinh chuan bi mau la nude

cAt 2 1an.

Methanol (Merck)
Acetonitril (Merck)

Acid formic (Merck)

Acid acetic (Merck)
Ammoni format (Merck)
Natri acetat (Merck)
Chloroform (Merck)

n- Hexan (Merck)

Diethyl ether (Merck)
Ethyl acetate (Merck)
Mudi magie sulfat (Merck)
Mudi natri clorua (Merck)
Bot [am sach C18, cd hat 40 pm
Bot carbon graphit (GCB)

Dung dich 10 mM ammonium format va 0,1% acid formic trong nuéc: Hoa

tan 0,63 g ammonium format va 1 mL acid formic vao binh dinh mirc 1000 mL, dinh

muc to1 vach bang nudce cat 2 lan.

Dung dich 10 mM ammonium format va 0,1% acid formic trong acetonitril:

Hoa tan 0,63 g ammonium format va 1 mL acid formic vao binh dinh mirc 1000 mL,

dinh murc t61 vach béng acetonitril.

Dung dich acid acetic 0,1% trong acetonitril: Hat 1 mL acid acetic vao binh

dinh mtc 1 L, dinh muc té1 vach bang nude cat 2 lan, lac déu.
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- Dung dich acetonitril: Nudc (50:50, v/v): Bong 500 mL acetonitril va 500
mL nude vao binh 1000 mL, day nip va lic déu.

- Dung dich acetonitril: Nudc (30:70, v/v): Bong 300 mL acetonitril va 700
mL nude vao binh 1000 mL, day nip va lac déu.

- Dung dich acid formic 0,1%: Hat 1 mL acid formic vao binh dinh mac 1 L,
dinh muc toi vach bang nude cat 2 1an, ddy nap va lic déu.

- Hon hop chit lam sach: Can 50 + 5 mg C18, 25 + 2,5 mg bot GCB trén can
phan tich cho vao dng nhwra 2 mL, lic tron déu. Mbi hdn hop duoc st dung cho mot
mau phan tich.

2.2. Doi twong va phwong phap nghién citu
2.2.1. Doi trong nghién ciru
- Cac mau TPBVSK duoc mua tai cac cira hang thudc trén dia ban thanh phé
Ha Noi.
- Péi twong mau duoc lya chon dé tham dinh phuong phép sac ky. Thong tin
mau dugc dua ra trong Phu lyc 2:
e 92 miu TPBVSK hd trg chirc niing sinh 1y dang vién nang cing va vién nang
mém.
e 30 mAau TPBVSK c6 tac dung hd trg giam can dang vién nang ctig, nang mém
va tra giam can.
e 30 miu TPBVSK c6 tac dung hd trg tiéu dudng dang vién nang cing, nang
mém va dang 1ong.
2.2.2. Phwong phdp xir Iy mdu
2.2.2.1. Chudn bj mdu so bé
- MAu vién nang ctng duoc xay nghién va tron déu bang may dong nhat mau.
- MAu vién nang mém duoc tach bo phan vé nang, lay phan ruét tron déu.

- Mau tdi loc dugc tach bo phan tdi, 1ay phan rudt tron déu.

2.2.2.2. Quy trinh xi Iy mdu

Qua tham khao mot sb tai lidu [9, 11, 31], quy trinh xtr Iy mau dy kién duoc
thuc hién nhu sau:
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a) Quy trinh xiz Iy mdu phan tich sang loc cac chdt cam
Dé xir Iy mau cho phan tich sang loc, can lira chon duoc dung méi chiét ma
c6 thé chiét tdi da tt ca cac chat phan tich va han ché tdi thiéu viéc chiét cac chat gy
anh huong. Dé khong bi loai bo mat chat phan tich, quy trinh xir Iy mau cho phan
tich sang loc thudng chi bao gdm budc chiét chit phan tich tir nén miu vao trong
dung méi, thu ldy phan dich chiét, loai bo phan cin va phan tich trén thiét bi. Quy

trinh xtr Iy mAu phén tich sang loc cic chit cAm dugc trinh bay trong hinh 2.1.

Can chinh xac lg mau
TPBVSK vao ong 50 mL

Thém 40 mL dung moi
ACN: H,O (1:1, v/v)

h 4
[ Lc xoay | phut, rung siéu am
30 phut

h 4
Ly tam 6000 vong/pht,
30 phut

Loc qua mang loc 0,2pum

A
Phan tich trén thiét b
LC-HR/MS

N vy

Hinh 2.1. Quy trinh chiét mdu TPBVSK dai véi sang loc cac chdt cam

b) Quy trinh x:iz Iy mau phan tich dinh lirong nhdm chdt cam hé tro chire nang
sinh ly
Tién hanh khao sat phwong phap chiét 16ng- rin véi cac hé dung méi chiét
khac nhau gdm methanol, acetonitril, nuéc va két hop cac dung méi, két hop qua
trinh rung si€u am dugc trinh bay trong hinh 2.2.
Dbi véi nén mau vién nang mém (c6 chira dau), quy trinh xir Iy mau dwoc khao
sat thém budc loai béo. Cac dung mdi dung dé khao sat bao gdm: diethyl ether, n-

hexan, ethyl acetate va so sanh v6i mau khong loai béo.
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TPBVSK vao 6ng 50 mL

[ Can chinh x4c 1g mau ]

h 4
Thém 40 mL dung moi
chiet A

h 4
Lic xody, rung siéu am
30 phut

h 4
Ly tam 6000 vong/phut,
30 phut

Loai béo bang dung méi B
(V61 mau chira dau)

Loc qua mang loc 0,2um

- 7
v
s - ™
Phan tich trén thiet by
L LC-MS/MS
vy

Hinh 2.2. Khdo sat quy trinh chiét mau TPBVSK ddi véi nhém chdt cam
hé tro chire néing sinh ly

¢) Quy trinh xit Iy mdu phdn tich dinh hrong nhém chdt cam hd tro giam can
Mau trang thém chuan caa chat cdm nhém hd tro giam can duoc chiét bang
cac loai dung moi khac nhau: 2 loai dung moi dugc lya chon la MeOH va ACN/ 1%
axit formic. Pong thoi, tién hanh khao sat 4 quy trinh 1am sach mau khéc nhau. Quy
trinh xtr Iy mau duoc trinh bay ¢ hinh 2.3 va quy trinh 1am sach dich chiét duoc trinh

bay trong bang 2.2.
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Can chinh x4c 1g mau
TPBVSK vao ong 50 mL

[ Chiét

bang dung méi A ]

Dinh mirc, pha lodng mau

phi hop

h 4

Lam sach mau bang

quy trinh

Loc qua mang loc 0,2um

b

Phan

L

tich trén thiét bi
LC-MS/MS

vy

Hinh 2.3. So' d6 quy trinh chiét mdu TPBVSK véi nhdm chdt cam hé tro giam can

Bang 2.2. Quy trinh 1am sach mdu TPBVSK véi nhém chdt cdm hé tror giam can

Tén Quy trinh
Quy | Khong co giai doan lam | Loc mau qua mang loc
trinh 1 | sach
Lam sach qua cot - Hoat hoa cot: 6 mL MeOH, 6 mL H20
Quy | SPE SCX - Nap mau: 4 mL
trinh 2 - Rtra tap: 3 mL H20, 3 mL MeOH
- Rura giai: 4 mL MeOH: NH4OH (95:5)
Lam sach qua cdt SPE |- Hoat hdéa cot: 3 mL MeOH, 3 ml H20O
Quy |HLB - Nap mau: 4 mL
trinh 3 - Rtra tap: 3 mL H20
- Rua giai: 3 mL MeOH
Lam sach bing k¥ thuat | - HGt 10 mL dich chiét vao ng ly tam 15
ouy d-SPE, st dung carbon ercé chtra san 50 mg GCB
inh 4 hoat tinh - Lac khoang 30 giay- 1 phat

- Ly tdm trong vong 1 phut, 14y dich ra dng
ly tdm khac
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d) Quy trinh xut Iy mdu phdn tich dinh hrong nhém chdt cam hé tro tiéu dwong
Tién hanh khao sat phuong phap chiét long- rin véi cac hé dung mai chiét
khac nhau gdm methanol, acetonitril va nuéc, két hop qua trinh rung siéu am. Bong
thoi, tién hanh khao sat qua trinh 1am sach mau véi khéi luwong GCB khéc nhau. Quy

trinh xtr Iy mau dugc trinh bay o hinh 2.4.

Can chinh x4c 1g mau
TPBVSK vao ong 50 mL

Chiét bang dung méi A,
Rung siéu am

h 4
Dinh mite, pha lodng mau
e

|

Lam sach méu bang
GCB

Loc qua mang loec 0,2pm

Phén tich trén thiét bi
LC-MS/MS

o )

Hinh 2.4. So' d6 quy trinh chiét mdu TPBVSK véi nhdm chat cam hé tro tiéu dirong

2.2.3. Phwong phdp phdn tich
2.2.3.1. Phuwong phdp sang loc cac chat cam bang LC-HR/MS
e Khao sat diéu kién khdi phd: Tra ctru manh pho 1y thuyét dua vao CTPT cia
cac hop chat, sau do, tim cac diéu kién toi wu cuia MS dé xac dinh ion me; lua
chon cac ion con pht hop. Tién hanh bom 1 pL dung dich cac chit chuan vao
khéi phd. Po manh pho thuc nghiém bang ché d6 Fullscan ddi véi manh me
va All ion fragmentation (AIF) dé tim kiém manh con cua chét phén tich.
e Khao sat diéu kién sic ky long: Lua chon cdt tach, pha dong va khao sat
gradient nham tach duoc tdi da cac hop chat.
- Khéo sét c¢ot tach: dua vao ban chit cua chét phan tich va céc tai liéu da cong

bd, khao sat mot sb cot C18 véi cac kich thude cot khac nhau.
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- Khao sat thanh phﬁn pha dong: dua trén cac tai li¢u da dugc cong bd vé viéc
xac dinh cac chit cam, tién hanh khao sat mot s pha dong gdm céac thanh phan:
acetonitril, methanol, acid formic 0,1% va amonifomat 10 mM. Danh gia sy anh
hudng cta viéc bd sung acid formic va ammonium format trong acetonitril hodc
methanol, hodc hon hop acetonitril: methanol (1:1). Diéu kién tdi vu 1a diéu kién ma
tai d6 cac chat phan tich tach tdt nhat, thu duogc pic nhon, can doi.

- Khao sat ti 1& pha dong: khao sat ché d6 tach dang dung méi va chuong trinh
gradient.

o Xur Iy 56 liéu phdn tich sang loc
Mau sau khi duoc phan tich trén thiét bi s&é dugc chuyén sang phan mém xir Iy
sd liéu dé tiép tuc qua trinh, twong thich voi Obitrap va phan mém Compound
Discoverers phién ban 3.3, v6i diéu kién tién quyét 1a cac 1an phan tich ldp lai cua

cing mdt mau phai cho ciing mot két qua du doan. M6 hinh hoa budc nay ¢ hinh 2.4.

Tim theo
Khéi Ap mzLogic
Tim /
Chemspider
- \
vVao pho cac chat Tim Chat nghl
mzCloud /
Tim mzVault
So sanh nén Chat khac
trang biét

Hinh 2.5. Quy trinh sang loc chdt cdm bang phan mém Compound Discoverer

Mau sau khi xir Iy qua phan mém, can phan tich thi méi c6 co sé dé dinh

huodng két qua. Uu tién du doan s& dugc dua vao dién tich pic, hé sb tuong thich voi

73



dir liéu thu vién, hé s6 tuong thich vé tinh logic cdu tao va sy xuat hién dong thoi
trong cac 1an phan tich lip dé c6 thé cho ra bang sb liéu nhit quan.

Tién hanh so sanh dit liéu sic ky dd va manh phd twong tng v6i thu vién phd
tur thiét 1ap, thu vién pho truc tuyén Mzcloud, thu vién Spiderchem, thu vién Mzvault
va dy doan cong thirc ciu triic chat phan tich.

Sau khi str dung phén mém dé du doan cac chét phan tich, do chinh x4c cua
chat phan tich c6 mit trong mau duoc thé hién qua do khép véi timg thu vién phd
(Hinh 2.6).

Compounds per File | Merged Features || Features | mzCloud Results | ChemSpider Results || Mass List Search Results | Input Files || Specialized Trace:

Annotation S¢ ]

*ked | Name Formula EE % 5 FISh| Molecular Weight | RT [min]| Area (Max)  |# Che | # mz(| mzCloud Be: ~ | Mas [#]| mzCloud Best Sit| M52
Juis
5845
Benzamidenafil | C19 H23 N3 06 [ [ [ 38015857 | 18528 102733649 3| 1 1000 |00 [
Piperiacetildenafil | C24 H31 N3 03 [ [ [ 43724260 16913| 445453030 1| 4 1000|0H |
Gendenafi C19H22 N4 03 [ [ [ 33416028 | 19575| 452040404 10| 10 999 | [ ]
Piperiacetildenafil | C24 H31 N3 03 [ [ [ 43724250 | 17.126| 83346872 1 1 9991 |
Nomeo sildenafil | C22H2ON3 045 [ [ [mll 45019485 | 20817| 264937975 2| B 999 | [ ]
Hydroxychlorader | C19 H23 CI N4 03 [ [ []] 39014595 | 19502| 199611938 | 1| 4 929 |l |
Imidazosagatriazit| C17 H20 N4 02 [ W[ 31215858 | 20535| 512933070 10| 2 99911 ]

Hinh 2.6. Minh hoa tim kiém hop chdt chuwa biét trong mau bang phan mém
Compound discoverer

+ Tai mdi diém trén sic ky d0, tin hiéu chat phan tich va phd d6 tuong tng
duge du doan ciu tric thong qua manh ion cao nhét, cac manh déng vl va cac manh
con tuong Gng. Tur Iy thuyét giai phd ddéng vi va manh con, du doan cdu tric chit
phan tich.

+ Dbi v6i chit phan tich da dugc du doan & trén, tién hanh so sanh va khép
cong thirc hoa hoc du doan va phd d6 véi cac thu vién phd. Cac chat phan tich c6
manh pho khép nhét véi thu vién ¢6 do chinh x4c cao nhat. Céc thong s duoc thé

hién qua chi s6 Mzcloud best match (> 80%).
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2.2.3.2. Phuong phdp dinh lwong nhdm chdt cam hé tror chite ndng sinh Iy

Hé thdng may khdi phd duge sir dung 1a may sic ky 1ong siéu hiéu ning
Ultimate 3000 két ndi voi khéi pho Q-exactive Plus ctia Thermo Scientific.

Céc diéu kién phan tich chat cAm hd trg chirc nang sinh 1y dugc thiét 1ap nhu
sau:
- Cot phan tich: BEH C18 (100 mm x 1,7 pm x 2,1 mm) va tién cot cia Waters.
- Ngudn ion hoa: ESI duong.
- Ché 6 khéi phd: V6i MS st dung ché d6 quét toan dai (full scan) va voi
MS/MS sir dung ché d6 dd-MS? (data-dependent) v&i 3 gia tri ning luong va
cham tuong d6i 1a 40%, 70%, 100% (NCE).
- BJ phan giai: MS 70.000 (FWHM) va MS/MS 17.500 (FWHM).
- Do chinh xac khbi: Cai dat & 5 ppm.
- Chuong trinh gradient pha dong gdm 2 thanh phan kénh A va kénh B
+ Kénh A: 10 mM ammonium format va 0,1% acid formic trong nudc
+ Kénh B: 10 mM ammonium format va 0,1% acid formic trong acetonitril:
methanol (1:1, v/v)
2.2.3.3. Phan tich dinh lwong nhdm chdt cam hé tror giam can

Hé théng may khéi phd duge sir dung 13 may khéi phd 5500 QQQ ghép ndi
v6i hé thong sac ky 1ong hiéu ning cao LC20AD ctia Shimadzu. Khéi phd 5500 QQQ
1a hé thdng nhay nhét trong phd khéi ba tir cuc, do c6 d6 nhay cao, phu hop véi ddi
tugng mau phan tich 1a mau TPBVSK c¢6 nén mau phtc tap. Toi wu hoa ning luong
bén pha (CE) va dién thé du ra (CXP) tu dong theo phan mém cua thiét bi tim diéu
kién t6i wu dé c6 duoc cac manh dinh tinh, dinh luong ciia sibutramin va dan xuat
cua sibutramin.

Céc diéu kién phan tich chat cAm hd trg giam can duoc thiét 1ap nhu sau:

- Cot phan tich: C18 (100 mm x 3,5 pm x 2,1 mm) va tién cot ciia Waters.

- Ngudn ion hoa: ESI duong.

- Khao sat gradient pha dong gém 2 thanh phan kénh A va kénh B

H¢ pha dong 1: + Kénh A: Ammonium format 2 mM + acid formic 0,1%/ H>0

75



+ Kénh B: ACN (100%)
H¢ pha dong 2: + Kénh A: Ammonium format 2 mM + acid formic 0,1%/ H>O
+ Kénh B: Ammonium format 2 mM + acid formic 0,1%/MeOH
2.2.3.4. Phan tich dinh lirong nhém chdt cdm hé tro tiéu durong
Qua trinh phan tich dugc thuc hién trén thiét bi Agilent Triple Quad 6460 cua
hang Agilent, phii hop véi dbi twong mau phan tich 1a mdu TPBVSK c6 nén mau
phuc tap. Téi vu hoa ning luong bin pha (CE) va dién thé dau ra (CXP) ty dong theo
phan mém cua thiét bj tim diéu kién t6i wu dé c6 dugc cac manh dinh tinh, dinh luong
ctia chat phan tich.
Céc diéu kién phan tich chit cAm hd trg nhém diéu tri tiéu dudng duogc thiét
1ap nhu sau:
- Cot phan tich Agilent Eclipse Plus C18 (150 mm x 3,0 mm; 3,5 um) va tién
cot cua hang Agilent.
- Nguén ion hoa: ESI duong, ché d6 theo ddi chon loc ion (MRM)
- Tham khao céc tai liéu va dua trén diéu kién ctia phong thi nghiém, tién hanh
khao sat pha dong gom kénh A (acid formic 0,1%; dung dich dém format chta
acid formic 0,1% va ammonium format 10 mM) va kénh B (ACN).
2.2.4. Thdm dinh phwong phdp

Thong tin mau trang: Cac nén mau tring duoc thé hién trong Bang 2.3. Mdi
nhom chat cAm dugc tién hanh tham dinh trén cac nén mau pho bién twong tng véi
tung loai TPBVSK.

Bdng 2.3. Thong tin nén mdu trang cua cac nhom chdt cam trong nghién cizu

STT | Nhém chit cAm Nén miu Piéu kién miu
. Chat hd tro chirc - Dang nang CQHg Céc miu
nang sinh 1y - Dang nang mém TPBVSK duoc
- Dang nang clrng xac dinh khéﬁg
2 Chat hd trg giam can | - Dang nang mém chura chat phan
- Dang tra thi loc tich twong ung
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STT | Nhom chét cim Nén mau Diéu kién miu
L% 2 - Dang nang cling (Puoc xac dinh
3 gs;;zo fro ticu - Dang nang mém bang phuong phap
- Dang léng LC-MS/MS)

2.2.4.1.  Thdm dinh phwong phdp sang loc (dinh tinh)
e (i61 han phat hién

Theo hudng dan ctia Uy ban Chau Au (SANTE/12682/2019), gii han phat
hién ctia phuong phap sang loc (screening detection limit - SDL) 12 ham lugng chat
phan tich thap nhat co6 thé phat hién dugc trong 95% s6 mau. Ty 1é Am tinh gia 5%
dugc chip nhan.

Tién hanh thém chuan cac nong d6 nhé dan ctia hdn hop cac chit cAm vao nén
mau tréng. Tai mdi néng dd thuc hién 20 1an. Phan tich cAc mau va xac dinh g161 han
lap lai 1a nong d6 ma tai d6 > 19 mau cho két qua duong tinh.

e Do chon loc (B dac higu)

Chuan bi 20 mau trang (Mau am).

Chuan bi 20 mau trang duoc thém chuan céc chat cAm ¢ nong do gidi han phat
hién (Mau duong).

M4 hoa ngau nhién cac mau 4m va mau duong.

Tién hanh phan tich theo quy trinh da duoc tdi uu va danh gia két qua nhu
Béng 2.4.

Bang 2.4. Panh gid tinh chon loc cua phwong phdp dinh tinh

Két qua Miu dwong (+) Miu 4m (-)
Duong tinh (+) TP (True positive) FP (False positive)
Am tinh (9 FN (False negative) TN (True negative)
D6 chon loc = —— x 100 D6 nhay = —— x 100
TN+FP TP+FN

Do chon loc can dat it nhat 1a 95%.
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2.2.4.2.  Tham dinh phwong phdp dinh lwong

Déi voi phuong phép dinh luong, tién hanh tham dinh, danh gia cac thong sb
sau: do dac hiéu, giéi han phat hién (MDL), gidi han dinh lwong (MQL), khoang
tuyén tinh va dudng chuén, do lip lai, d6 thu héi. Panh gia két qua tham dinh v6i quy
dinh cia AOAC va cac quy dinh khac cta chau Au [29].

e DO dac hiéu

Tinh chon loc cta phuong phap duoc danh gia thong qua viéc so sanh pho cia
céc chat phan tich trén 3 loai mau: mau traing, mau chuan va mau thém chuan. Phuong
phap c6 tinh chon loc cao dbi véi chat phan tich khi khong phat hién tin hiéu cta chét
phan tich trén mau tring, thoi gian lyu ciia chat phan tich trén mau chuan va mau
thém chuan khong léch qué 5%.

Ngoai ra, tinh chon lgc con dugc khéng dinh béng s6 diém nhan dang va ty 1¢
céc ion theo tiéu chuan EC 657/2002 cia Chau Au.

e Gidgi han phat hi¢n cta phuong phap (MDL), gi¢i han dinh luong cua
phuong phap (MQL)

Tién hanh pha mot ) dung dich co néng do gﬁn voi mic MDL, MQL. MDL
va MQL dugc xac dinh dua trén ty 1€ tin hiéu nhiéu duong (S/N). Phan tich mau thém
chuan & néng do thép con c6 thé xuat hién tin hiéu cta chat phan tich. Xac dinh ty 1¢
tin hiéu chia cho nhiéu (S/N = Signal to noise ratio).

MDL 13 ndng d6 ma tai d6 tin hiéu 16n gap 3 1an nhiéu (S/N = 3).

MQL 13 ndng d6 ma tai d6 tin hiéu 16n gip 10 1an nhidu (S/N = 10).

e Khoang tuyén tinh va duong chuan

Pé xac dinh khoang tuyén tinh, thuc hién do 5- 7 diém chuan c6 nong do tir
gia trj dinh luong trd 18n. Sau d6, 14y tdi thiéu 3 diém nim trong khoang tuyén tinh.
Tién hanh khao sat sy phu thudc cia tin hiéu vao néng d6 va vé duong biéu do thé
hién su phu thudc gitia dién tich pic thu dugc vao néng do.

Khoéng tuyén tinh duoc xay dung trong khoang: 10- 200 ng/mL dbi v6i nhom
chat cdm h tro chirc nang sinh 1y, 2- 200 ng/mL d6i v6i nhém chat cam hd trg giam

can, 10- 200 ng/mL ddi v&i nhom chat cim hd tro tiéu dudng.
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Céc dung dich chuan duoc pha trén dich sau khi xir 1y cta mau tréng.
e Do lap lai va d6 thu hoi
Dé x4c dinh d6 1ap lai va do thu hdi cua phuong phap phan tich, tién hanh thi
nghiém l3p lai trén nén miu trang thém chuan & 3 mirc nong d6 khac nhau 1a (N = 6)
va tinh toan két qua theo cac cong thirc sau:
- D06 lap lai duoc biéu dién theo do 1éch chuan tuong ddi RSD(%).
N

> (Xi - ;)2

i=1

S —
RSD (%) = =.100 N -1

x| w»n
|

Trong do:
Xi: fo)ng d6 tinh dugc cua lan thu nghiém thir “1”
x: Nong do trung binh tinh dwoc ctia N 1an thir nghiém.

N : S6 lan thtr nghiém.
. C
- Do thu hoi R (%) = C. 100
Cc

Trong do:
R : Do thu hoi (%)
C : Nong do chét phan tich trong miu tring thém chuan.
C.: Nong d6 chuan thém (1y thuyét).
2.2.5. Phan tich mdu thuc
* Phadn tich sang loc
Ap dung phuong phap da xay dung dé sang loc cac hop cht nhom chéat cam
c6 thé c6 mit trong cac san pham TPBVSK. Phan 16n cac chat déu da cé trong thu
vién phd dugc xdy dung thong qua nghién ctru. Tuy nhién, trudng hop phat hién cac
chat méi, thuc hién tach chiét va sic ky diéu ché dé thu duogc cac chat c6 d6 tinh khiét
tuong ddi, sau d6 xac dinh ciu tric ciia chit bang cac phuong phap phé nhu UV, MS,
IR va NMR.
* Phan tich dinh luong:
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Duong chuan tir 3 diém trén nén mau thuc dugc st dung dé tinh két qua cho
cac mau twong ng. Cin ¢ vao dudng chuin twong quan gitta dién tich pic va ndng
do, can ctr vao dién tich pic mau tinh két qua theo cong thirc sau:

CxVxk
~ mx1000

Trong do:

V: Thé tich dich chiét cudi cung chay may (mL).

C: Nong d6 dung dich chiét mau tinh theo duong chuan (ng/mL).

k : Hé s pha lodng

m: Khdi lugng hodc thé tich ctia mAu phén tich (g).

X: Ham lugng chat cAm trong mAau thir (pug/kg).

Trong truong hop mau thyc ¢ ham luong chat phan tich cao hon dudng chuén,
tién hanh pha lodng mau phu hop véi dudng chuan xay dung.
2.2.6. Phwong phdp xir 1y s6 liéu

Thiét bi LC-HR/MS: Céc két qua phan tich sang loc dugc xur 1y bang phan
mém Compound discoverer 3.1 va két qua dinh lugng duoc xir Iy bang phan mém
TraceFinder 4.1 cua thiét bi LC-HR/MS Ultimate 3000 Q-exactive hang Thermo
Scientific. Cac sb liéu phén tich duoc xtr 1y bang phan mém Microsolf Excel. Phan
mém TraceFinder 4.1 hd trg phén tich dinh lwong, cho phép nguoi dung xac dinh
noéng do cua cac hop chét trong miu. Phan mém nay c6 kha niang xt 1y hang ngan
mau mdi ngady, giup tiét kiém thoi gian va nang cao hiéu qua cong viéc. Ngoai ra,
TraceFinder con tich hop cac cong cu bao cao va quan 1y dir lidu, gitp ngudi ding dé
dang theo ddi va quan 1y két qua phan tich.

Thiét bi LC-MS/MS: Xac dinh ham luong chat cAm trong mau TPBVSK bang
phan mém ciia thiét bi LC. Cac két qua tham dinh phuong phap duoc xir Iy bang phan
mém Microsoft Excel 2010,
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Xay dwng quy trinh LC-HR/MS sang loc mét sé chat cAm trong TPBVSK
hd tro' chire ning sinh 1y, giam can va tiéu dwong
3.1.1. Khdo sdt diéu kien HR/MS phan tich chat cém nhom hé tre chike néing sinh
ly, gigm can va tiéu dwong
3.1.1.1. Tim kiém mdanh phé cdc chdt phan tich
Duwra Va0 cau trdc cua cac chat phan tich va tham khao [31], cho thay cac chat
cam déu co thé phan tich bang ché do ion hoa phun dién tir dwong ESI (+). Nghién
ctiu tién hanh bom 10 pL dung dich chuan hdn hop 1 pg/mL vao thiét bi HR/MS do
manh phé thuc nghiém bang ché do Fullscan dbi voi manh me va dd-dependent MS?
dbi véi manh con. Bong thoi, quét ché do toan dai ion con véi cac ion me lra chon
duoc (All ion fragmentation - AIF) dé tim kiém manh con cua chat phan tich.
Céc diéu kién khdi phé bao gom:
- Full MS-dd-MS?;
e D¢ phan giai MS: 70000 (FWHM)
e Khoang khéi: m/z 220- 1100
e D phan giai MSZ 17500 (FWHM)
e Ning luwong va cham twong ddi (NCE): 30%.
- AlF:
e Do phan giai: 70000 (FWHM)
e Khoang khéi: 50-750
e Ning luong va cham twong d6i (NCE): 40%, 70% va 100%
Céc két qua thu duoc dugc trinh bay & bang 3.1.
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Bang 3.1. Két qud khao sat manh phé ion me va ion con cuia cac chdt cam

. < Cong thirc phan . Manh me :
STT Tén chat . Dang ion Maénh con (m/z)
tir (m/z)
| |Nhém chit cidm trong TPBVSK h tre chirc niing sinh 1y
135,04406; 169,07602; 204,08078; 262,08626;
2-Hydroxypropyl
1. Sortadalafil C24H23N30s [M+H]" | 434,17105 284,13935; 197,07094; 130,06513; 115,05423;
232,07569; 312,13427
204,08078; 262,08626; 135,04406; 205,0886;
2. |Acetaminotadalafil C23H20N40s [M+H]" | 433,15065 233,08352; 232,07569; 169,07602; 191,07295;
263,09408; 250,08626
285,13450; 300,08487; 313,16528; 273,23201;
3. |Acetil acid C18H20N404 [M+H]" | 357,15570 | 234,78161; 329,12441; 57,55269; 76,77712; 91,76711,;
128,33941; 166,09776
111,09167; 97,07602; 70,06513; 84,08078; 72,08078;
4, Acetildenafil C25H34NeO3 [M+H]* | 467,27652 127,12297; 112,09950; 297,13460; 56,04948:;
166,09749
i 169,09715; 70,06513; 84,08078; 341,16082; 111,09167,
5. Acetylvardenafil C25H34N6O3 [M+H]* | 467,27652

72,08078; 127,12297; 97,07602; 112,09950; 110,06004
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R B Cong thirc phan . Manh me i
STT Tén chat Dang ion Manh con (m/z)
tir (m/z2)
204,08078; 135,04406; 262,08626; 233,08352;
6.  |Aminotadalafil C21H18N4O4 [M+H]* | 391,14008 169,07602; 232,07569; 250,08626; 191,07295;
203,07295
_ 155,02582; 375,12184; 105,03349; 77,03858; 95,04914;
1. Avanafil C23H26CIN7O3 [M+H]" | 484,18584
53,03858; 357,11128; 233,10330; 67,05423; 221,10330
_ _ 151,07536; 107,04914; 135,04406; 91,05423; 79,05423,;
8. Benzamidenafil C19H23N306 [M+H]" | 390,16596
105,03349; 90,04640; 136,05188; 65,03858; 93,03349
9.  |Benzylsildenafil C2sH34N604S [M+H]* | 551,24350 91,05423; 65,03858; 134,09643; 377,12781
i 311,11387; 339,14517; 166,09749; 255,12404;
10. |Carbodenafil C24H32N6O3 [M+H]" | 453,26087
69,04472; 97,07602; 225,07709; 70,06513
_ 361,10619; 285,13426; 311,11387; 154,06110;
11. |Chlorodenafil C19H21CIN4O3 [M+H]" | 389,13749
166,09749; 69,05730; 256,09548; 76,97887; 165,01830
_ 135,04406; 274,08559; 204,08078; 216,08078;
12. |Chloropretadalafil C22H19CIN20s [M+H]" | 427,10553
189,06988; 262,08674; 244,07350; 302,08117
461,19682; 377,13029; 344,14611; 313,16608;
13.  |CyclopentyInafil C26HasN6OsS | [M+H]* | 529,25920 277,28223; 237,59493; 210,18739; 169,09731;

142,73310; 98,09704; 75,59057
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14.

Depiperazino-thiosildenafil

C17H20N404S2

[M+H]*

409,10118

381,06896; 365,03707; 352,03045; 328,13556;

300,10448; 272,07283; 253,43238; 218,38203;

200,90222; 182,07341; 146,98571; 130,30821;
91,75983; 69,50264

15.

Descarbonsildenafil

C21H30N604S

[M+H]*

463,21291

418,15475; 311,15069; 432,17177; 406,15494;

361,13279; 344,14795; 283,11908; 238,83536;

192,99106; 175,69979; 151,05383; 125,02768;
87,09227; 72,08158; 58,06610

16.

Desmethyl fondenafil

C23H30N6O3

[M+H]*

439,24589

339,14505; 311,11395; 396,20255; 374,421609;
319,71493; 196,38647; 165,01724; 120,37976;
99,09190; 73,11301

17.

Dimethylacetildenafil

C25H34N603

[M+H]*

467,27652

84,08078; 127,12297; 112,09950; 111,09167; 70,06513;
297,13416; 58,06513; 166,09749; 325,16590;
410,21867

18.

Dimethylsildenafil

C23H32N604S

[M+H]*

489,22785

99,09167; 71,07295; 56,04948; 113,10732; 70,06513,;
283,11895; 311,15025; 84,08078; 377,12780;
225,07709
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19.

Gendenafil

C19H22N40O3

[M+H]*

355,17647

327,14517; 285,13462; 298,10604; 256,09548;
311,11387; 69,04472; 120,04439; 154,06112;
313,16590; 166,09749

20.

Homosildenafil

C23H32N604S

[M+H]*

489,22785

72,08078; 58,06513; 99,09167; 113,10732; 70,06513;
283,11895; 84,08078; 71,07295; 114,11515; 311,15025

21.

Hydroxyacetildenafil

C25H34N604

[M+H]*

483,27143

97,07602; 70,06513; 127,08659; 143,11789; 100,07569;
297,13460; 88,07569; 166,09749; 112,09951,
128,09441

22.

Hydroxychlorodenafil

C19H23CIN4O3

[M+H]*

391,15314

313,12952; 285,1346; 363,12184; 256,09548;
120,04439; 69,04472; 166,09883; 78,99452; 327,14517,
255,08765

23.

Hydroxyhomosildenafil

C23H32N6OsS

[M+H]*

505,22277

99,09167; 70,06513; 58,06513; 84,06822; 97,07602;
283,11895; 88,07569; 129,10224; 112,09950;
311,15025

24,

Hydroxythio-
homosildenafil

C23H32N604S2

[M+H]*

521,19992

99,09167; 70,06513; 58,06513; 84,06823; 299,09611,
129,10224; 97,07602; 88,07569; 327,12741; 112,09950
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167,06375; 360,12506; 99,09167; 315,09037;
25. |Hydroxythiovardenafil C23H32N604S2 [M+H]" | 521,19992 |138,02462; 150,10257; 58,06513; 299,09611; 70,06513;
332,09307
169,09715; 344,14791; 99,09167; 110,06004;
26. |Hydroxyvardenafil C23H32N60sS [M+H]" | 505,22277 | 299,11387; 123,09167; 58,06513; 56,04948; 68,01309;
82,06513
285,13463; 256,09548; 120,04439; 68,03690;
27. |Imidazosagatriazinone C17H20N402 [M+H]* | 313,16590 255,08765; 241,07230; 269,10330; 69,04472;
154,06110; 94,02874
_ _ 58,06513; 99,09167; 283,11895; 100,09950; 56,04948;
28. |lsosildenafil C22H30N604S [M+H]* | 475,21220
253,07240; 70,06513; 311,15025; 225,07709
_ 112,09950; 82,06513; 58,06513; 97,07602; 111,09167;
29. |MDLenafil carbonate Ca7He2N12011S2 | [M+H]" |1048,64223
56,04948; 487,21220; 83,06037; 84,08078; 283,11895
_ _ 99,09167; 296,13935; 312,13427; 70,06513; 56,04948;
30. |Mirodenafil C26H37N505S [M+H]" | 532,25882

84,06820; 210,06619; 129,10224; 88,07569; 121,03964
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31.

Mutaprodenafil

C27H35NgO5S,

[M+H]*

630,22824

142,00711; 602,23247; 560,22363; 516,15042;

489,22772; 439,15549; 404,13937; 377,12856;

344,14797; 312,15851; 288,21153; 219,20777;
163,22714; 113,10774; 84,98616

32.

N-Desethylvardenafil

C21H28N604S

[M+H]*

461,19655

169,09715; 344,14791; 110,06004; 299,11387;
316,11661; 123,09167; 68,01309; 82,06513; 56,04948

33.

N-Desmethylsildenafil

C21H28N604S

[M+H]*

461,19655

85,07602; 283,11895; 311,15025; 56,04948; 299,10868;
225,07709; 254,07983; 253,07249; 377,12780;
344,14791

34,

N-Octylnortadalafil

C29H33N304

[M+H]*

489,31264

169,07602; 135,04406; 204,08078; 262,08626;
338,22269; 115,05423; 197,07094, 264,10191;
130,06513; 232,07569

35.

Nitrodenafil

C17H19N504

[M+H]*

358,15098

330,11968; 316,11661; 154,06118; 256,09548;
68,03695; 255,08765; 313,11694; 227,09274,
269,10330; 136,05054

36.

Noracetildenafil

C24H32N60O3

[M+H]*

453,26087

70,06513; 97,07602; 113,10732; 98,08385; 58,06513,;
56,04948; 297,13463; 166,09749; 325,12952,;
353,16082

87




STT

Tén chat

Cong thirc phan

tuo

Dang ion

Mianh me
(m/z)

Manh con (m/z)

37.

Norneosildenafil

C22H20N504S

[M+H]*

460,20130

283,11895; 84,08078; 299,09611; 311,15025;
154,06101; 316,11661; 255,12404; 344,14791,;
166,09749

38.

Norneovardenafil

C18H20N40O4

[M+H]*

357,15573

169,07602; 110,06004; 329,12443; 328,11661;
123,09167; 68,01309; 300,08531; 55,05423; 82,06513;
95,06037

39.

Nortadalafil

C21H17N304

[M+H]*

376,12918

204,08078; 262,08626; 135,04406; 233,08352;
232,07569; 169,07602; 191,07295; 254,09240;
250,08626

40.

O-desethyl-o-propyl
sildenafil

C23H32NeO4S

[M+H]*

489,22845

447,11960; 416,97849; 391,14451, 347,08125;

325,16612; 283,11909; 252,20022; 230,78935;

193,95794; 163,05384; 107,28071; 100,10004;
91,75806; 70,06595; 58,06599

41.

Piperazonifil

C25H34N6O4

[M+H]*

483,27256

465,26167; 436,22269; 429,52412; 408,22737;

380,20885; 339,18190; 297,13488; 266,45598;

244,121809; 203,11833; 153,10273; 127,08668;
99,09230; 72,08144
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S . 98,09643; 70,06513; 297,13464; 55,05423; 166,09749;
42. |Piperiacetildenafil C24H31Ns03 [M+H]" | 438,24997
341,16082; 69,04472; 325,12952; 86,09643
461,19514; 391,14362; 347,08197; 325,166009;
43. |Propoxyphenyl aildenafil C24H34N604S [M+H]" | 503,24468 283,11925; 256,09442; 189,66799; 159,62481,
137,61562; 113,10770; 99,09223; 91,76256; 71,07376
99,09167; 70,06513; 283,11895; 84,06821; 97,07602;
Propoxyphenyl-
44, i _ C24H34N6OsS [M+H]* | 519,23842 299,11387; 129,10224; 88,07569; 112,09952;
homohydroxysildenafil
255,12404
Propoxyphenylthio- 99,09167; 70,06513; 56,04948; 299,09611; 58,06513;
45, _ _ C24H34N604S; [M+H]* | 535,21557
hydroxyhomaosildenafil 84,0682; 129,10224; 315,09037; 88,07569; 271,10119
169,09715; 110,06004; 344,14791; 299,11387;
46. |Pseudovardenafil C22H29N504S [M+H]" | 460,20130 | 123,09167; 284,12678; 68,01309; 82,06513; 55,05423;
95,06037
i i 58,06513; 100,0995; 99,09167; 56,04948; 283,11895;
47. |Sildenafil C22H30N604S [M+H]" | 475,21220

70,06513; 311,15025; 225,07709; 299,11387
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) ) ) 99,09167, 56,04948; 70,06513; 404,13870; 344,14791;
48. |Sildenafil N-oxide C22H30N60OsS [M+H]* | 491,20712
58,06513; 97,07602; 283,11895; 311,15025; 377,12782
204,08078; 135,04406; 262,08626; 169,07602;
49. [Tadalafil C22H19N304 [M+H]" | 390,14483 205,08861; 232,07569; 233,08352; 240,11314;
268,10805; 250,08626
. i 99,09167, 71,07295; 299,09611; 113,10732; 56,04948;
50. [Thioaildenafil C23H32N603S, [M+H]* | 505,20501
70,06513; 327,12741; 84,08078; 241,05420; 298,08828
) i i 72,08078; 99,09167; 113,10732; 56,04948; 299,09611;
51. |Thiohomosildenafil C23H32N603S, [M+H]* | 505,20501
70,06513; 84,08078; 327,12741; 71,07295; 355,15806
i 84,08078; 112,11208; 283,11895; 58,06513; 325,16590;
52. |Udenafil Ca2sH36N604S [M+H]* | 517,25915
299,11387; 81,06988; 255,12404; 79,05423; 82,06513
169,09715; 344,14791, 110,06004; 299,11387,;
53. [Vardenafil C23H32N604S [M+H]" | 489,22785 | 72,08078; 123,09167; 70,06513; 376,10740; 68,01309;
113,10732
Il |Nhém chat cAm trong TPBVSK h tre giam cén
) ) 125,01525; 139,03096; 103,05428; 153,04664;
54. |Sibutramin Ci7H26CIN [M+H]" | 280,18237
97,10118; 179,06220; 83,08553; 103,05423
55. |Desmethyl sibutramin C16H24CIN [M+H]* | 266,16693 125,01530; 139,03090; 153,46910; 103,05490
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56. |Didesmethyl sibutramin C15H22CIN [M+H]" | 252,15118 125,01532; 139,03085; 235,12460
57. |Fenfluramin C12H16F3N [M+H]" | 232,13080 159,04160; 109,04484; 83,02922; 187,07290
_ 72,04439; 115,05423; 210,12773; 238,12264;
58. |Loperamid C29H33N20Cl [M+H]" | 477,23033
266,15394; 267,15683
59. |Phenylpropanolamin CoH13NO [M+H]" | 152,10699 | 56,04948; 91,05423; 115,05423; 117,06988; 134,09643
I11 |Nhém chit cAm trong TPBVSK hd tro tiéu duwong
_ 60,05562; 71,06043; 85,05091; 96,05560; 113,08220;
60. |Metformin C4H11Ns [M+H]" | 130,10872
88,08629; 56,03760; 68,02431
_ 60,05563; 164,11830; 85,05080; 105,06991; 189,11356;
61. |Phenformin C1oH15Ns [M+H]" | 206,14002
147,09160; 103,05430; 79,05428
62. |Buformin CeH15Ns [M+H]* | 158,14002 | 60,19998; 141,21040; 116,21155; 99,00078; 85,11143
i i 55,05484; 100,11210; 169,00517; 198,03165;
63. |Glibenclamid C23H28CIN3OsS | [M+H]* | 494,15110
259,05195; 304,07351; 369,06702; 414,12357;
o 110,09643; 119,06048; 127,12302; 153,10220;
64. |Gliclazid C15H21N303S [M+H]* | 324,13764

168,11315; 80,07007; 93,07029; 91.05423; 65,03860
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Két qua trong bang cho thdy, cac manh con thu duoc cia ting chit cAm dao
dong tir 9- 15 manh, do d6 phuong phap dam bao do dic hiéu. Péi chiéu véi thu vién
mzCloud, manh me cta cac chit cAm déu c6 d6 chinh xac khéi so véi manh 1y thuyét
trong khoang 5 ppm (5 x 10'), dat yéu cau dit ra cia AOAC [29].
3.1.1.2. Tim kiém mdanh phé Iy thuyét

Trong sé cac chat cim duoc nghién ctu, cac chat cim nhém hd tro sinh ly
dugc xem 14 phic tap nhat do su da dang cta chung. Ban dau chi mot sé chat nhu:
sildenafil, tadalafil, vardenafil duoc sir dung pho bién. Tuy nhién, dé tranh su kiém
tra cta cic co quan chirc niang dan dén ngay cang nhiéu cac chat PDE-5i va chat
tuong tu chung duoc tong hop. Céc chat thay thé chi khéac cac chat nhom PDE-5i
nguyén ban & mot hodc vai nhom thé. Cac dan chat nay cé hoat do, tic dung tuong
tu vGi cac chat goc nén cé thé duoc phan lap va st dung trai phép trong TPBVSK.
Do d6, can thiét phai toi wu cac diéu kién dé phét hién dugc cac chat twong tu trong
ciing nhém cua c&c chat cam, khi khéng cé chat chuan cua ching.

Déi voi cac chat PDE-5i chua c6 chat chuan, nhung da co cac thong tin veé
phan manh da dugc cong bd, tién hanh tra ctu manh phd 1y thuyét theo thu vién
Mzcloud. Sau do, tién hanh xay dung bang phé ly thuyét cia mot s6 chat phan tich
dé ¢ing dung phan tich sang loc. Két qua duoc trinh bay trong bang 3.2.

Bang 3.2. Cac manh phé ly thuyét cia ion me va ion con cia chat
cam nhém hé tro sinh 1y con lgi

STT Tén chat

Cong thirc | Dang | Manh me

Manh con (m/z
phéan tir ion (m/z) (m/z)

85,07602; 299,09610;
327,12784; 56,04948;
Desmethylthiosildenafil|C21H2sNsO3S,|[M+H]*|477,17371| 269,04858; 241,05429;
298,08833; 271,10053;
227,03792
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Desmethylenetadalafil

C21H19N304

[M+H]

378,14483

204,08008; 204,08008;
123,04416; 250,08603;
180,08008; 169,07649;
234,09136; 130,06517;
256,10812; 238,08639

Dinitrodenafil

C17H18N6Os

[M+H]*

403,13606

283,11279; 358,102609;
375,10480; 225,07710;
361,10172; 154,06116;
344,09900; 344,09900;
217,10846; 253,07246

Gisadenafil

C23H33N70sS

[M+H]*

520,23366

72,08078; 111,09170;
58,06513; 99,09167,
56,04948; 83,06037,
70,06513; 113,10734;
332,13530

N-Butyltadalafil

CosH25N304

[M+H]*

432,191/8

135,04416; 204,08008;
169,07669; 262,08630;
205,08862; 250,08634;
282,16011; 232,07572;
191,07683; 264,10196

N-Ethyltadalafil

C23H21N304

[M+H]*

404,16048

135,04418; 204,08008;
169,07646; 262,08663;
205,08876; 232,07574;
250,08663; 233,08345;
254,12880; 191,07360

Propoxyphenyl-
thioaildenafil

C24H34N603S;

[M+H]*

519,22066

477,17455; 458,11860;
407,12811; 341,14373;
315,09125; 299,09564;
271,26389; 245,50922;
195,92928; 149,23769;
135,60355
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Propoxyphenyl-
sildenafil

C23H32N6O4S

[M+H]

489,22785

58,06513; 283,11900;
100,09905; 99,09167,;
299,11723; 56,04948;
255,12484; 225,07742;
166,09745; 97,07602

Propoxyphenyl-
thiosildenafil

C23H32N603S:

[M+H]*

505,20501

58,06513; 299,09610;
99,09167; 100,09950;
313,11180; 56,04948;
70,06513; 315,09170;
329,10671; 271,10124

10.

Pyrazole N-
demethylsildenafil

C21H28N604S

[M+H]*

461,19655

297,13460; 313,12095;
58,06513; 101,10783;
241,10848; 269,10383;
99,09167; 285,09862;
70,06513; 212,07005

11.

Thiosildenafil

C22H30N603S2

[M+H]*

491,18936

58,06513; 99,09167;
100,09951; 299,09610;
56,04948; 70,06513;
341,14224; 327,12074;
85,07602; 312,10331

12.

Vardenafil N-oxide

C23H32N60sS

[M+H]*

505,22277

169,09723; 344,14790;
477,19105; 70,06513;
113,10733; 110,06285;
377,12768; 123,09170;
98,08385; 56,04948

13.

Vardenafil
oxopiperazine

C21H26N6OsS

[M+H]*

475,17582

169,09712; 344,14793;

110,06459; 299,11309;

123,09178; 316,11606;
68,01309; 82,06513;
55,05423; 95,06037
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STT Tén chat ) . Manh con (m/z)
phan tir ion (m/z)

120,04447; 202,06118;
230,06733; 92,04948;

14. |Zaprinast C13H13Ns02  ([M+H]*272,11420| 157,03916; 104,04957,
55,02907; 65,03858;
159,05530; 132,04440

Trén co s d6, tién hanh x4y dung ngudn dit liéu d6i chiéu (thu vién) dé phan

tich cac chat cam nhém hd trg sinh 1y, nhdm hd tro giam can va nhom hd tro tiéu

duong gdm mot sb thong tin trong thu vién & bang 3.1 - 3.2. Hinh 3.1 minh hoa thu

vién phd cta aminotadalafil da duoc xdy dung voi cac thong tin nhu tén chat phan

tich, cong thirc phan tir, manh me, cac manh con véi phén mém TraceFinder. Dé dinh

lugng aminotadalafil theo 1y thuyét phan manh cta khdi phd, tir 1 manh me s& c¢6 10

manh con, tit ca déu c6 do phan giai 1éch khdi ¢& 5 ppm Da, diéu nay cho phép xac

dinh chinh x4c va nang cao tinh chon loc khi phan tich dong thoi nhiéu chat cung

nhém. Thu vién phd ctia nghién ctru duge xay dung dua trén rat nhiéu chét phan tich.

95




Compound

Tree View Pane A iew Pane

[Compound Name g Compound 3 Peak Label 2| Peak Workfiow g | Asseciated g || Chemicat | MS Order © Precumsormfz  ©o| Productm/z o miz 1 Adduct - Polarity a
Expand Al | Callapse All ‘ Name Target Peak Farmula

4[] All Results A 1 Aminotadalafil T1:391.14008 TargetPeak = *  C21H18N4C4 ms] > 0000 39114008 391.14008 Hydrogen ~  Positive =

O *_ISTD_Pyrazole N-Demethyl Sildenafil-d3 (A0AC)

1 E] - 1oTD,Tadaii 3 (A0A) 2 Aminctadalafil TIFY: 391.14008->13 Fragment v TIDII4008 v C21H1ENADS ms2 ~ 39114008 135.04406 135.04406 Hydrogen ~ Positive -
i [ <.ISTD Vardenafil-d5 3 Aminotadalsfil TF2: 391.14008-526 Fragment v TI0I14008 v C21HTENADS ms2 v 30114008 2620859 2620859 Hydrogen v Positive -
:E;:fﬁg;";:ﬂ;m’;:gm 4 Aminotadalafil TIF3: 391,14008->31 Fragment v TL30114008 v C2IHIBN4O4 ms2 v 39114008 31111348 31111348 Hydrogen v Positive -
1 [ Acetil acid 5 Amingtadalafil T1F4 391.14008-526  Fragment - TRIDLM0E v C2IHTENAOD4 ms2 - 30114008 26910309 269,10399 Hydragen - Positive -
: Eft“:z’:::]g;?m 6  Aminotadalafil T1FS: 391.14008->25  Fragment - T30114008 v C21H1ENAD4 ms2 ~ 39114008 250.08509 250.08599 Hydrogen ~ Positive -
4 7 Aminotadalafil T1F6: 391.14008->16 Fragment - T30114008 v C21H1ENADS ms2 ~ 39114008 169.07508 169.07598 Hydrogen ~ Positive -
TPt 20144008 > 135.04406 8 Aminctadalafil TIFT: 391.14008-530 Fragment ~ TI0I4008  ~ C21HTENADS ms2 ~ 30114008 30208074 302.08074 Hydrogen ~ Positive -
| T1F2: 391.14008-262.0859 9 Aminctadalafil TIF8:391.14008-523 Fragment ~ TI0I4008  ~ C21HTENADS ms2 ~ 30114008 233.0837 2320837 Hydrogen ~ Positive -
:I::xi ig”ﬁg::;g;:;i;g 10 Aminotadalafi TIF%: 391,14008->20 Fragment - TRIDLM0E v C2IHTENAD4 ms2 - 30114008 20508509 20508599 Hydragen - Positive -
| [T1F5: 391.14008->250.08599 11 - - - - -

| TTFE: 391.14008- > 160.07598
| TTFT: 391.14008- >302.08074
| T1FE: 381.14008->233.0837
|, TTF8: 391.14008->205.08599

[ Avanafil (A0AC)

[ Benzamidenafil

] Benzylsildenafil

[ Carbodenafi

[ Crlerodenafil

[ Chleropretadalsfil

O Cyclopentylnafil

[ Depiperazinothiosildensfil

[ Descarbansildenafil

] Desmethyl carbodenafil

[] Desmethyl fondenafil < >

[ Desmethylenetadalafil -
[[] Desmethylthiosildenafil
[ Dimethylacetildenafil

[ Dimethylsildanafil Compound Name | |
[ Dinitrodenafil

Compound Details Pane

lonization
[ Dithiodesmethylcaraodenafi Bl .
[] Gendenafil Chemical Formula | C21H18N404 Neutral Mass |390.13280494
[ Gisadenafil
[[] Homasildenafil (AGACH CAS No Categoy [ ]

7
O Hydroxyacetildenafil (ACAC)
[[] Hydroxyhomasildenafil (AGAC)
[[] Hydroxythichomasildenafil (ACAC) Compound Groups | |
[ Hydroxythiovardenafil
[ Hydroxyvardenafil
[ leariin
[] Imidazosagatriazinons
[ Isesildenafil
[[] Ladenafil carbanate (AGAC)
[] Mirodenafil (ACAC)
] Mutapredenafil
[] N-Butyl Nortadalafil

Hinh 3.1. Hinh dnh minh hoa xay ding thu vién phé cia aminotadalafil
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3.1.2. Piéu kign sdic ky léng phan tich chdt cém nhom hé tre' chie nang sinh 1y,
gigm can va tiéu dwong
3.1.2.1. Khao sat cot tach

Céc chat cAm dugc nghién ctru 13 cac hop chat c¢é tinh phan cyc tir trung binh
dén yéu, do d6 cot sic ky pha dao co thé duoc sir dung. Trén co s¢ cac nghién ciru da
cong bd, cot tach sic ky dugce st dung 1a cot C18, phuwong phap phén tich duoc thuc
hién trén thiét bi sic ky 1ong cao ap nén co thé sir dung cot co ¢ hat nhdi nho, hon
nita kich thuéc c¢& hat cang nho thi hiéu qua tach tot.

Nghién ctru tién hanh khéo sat cac cot khac nhau gdbm ACQUITY UPLC BEH
C18 column: 130A: 1,7 pum; 2,2 mm x 150 mm; ACQUITY UPLC BEH C18 column;
130A; 1,7 um; 2,1 mm x 100 mm va Kinetex XB- C18 column; 100 A; 1,7 pm; 2,1
mm x 50 mm dugc trinh bay trong muc 2.2.2. Tin hiéu pic thu nhan cta cic chat phan
tich dugc the hién tai hinh 3.2.

XIC Overlay

- B x
Show Pesks: ©) Top20 O Selected ® Al e
100+ 2493 T 1857
=1 ACQUITY UPLC BEH C18; 130 A;
80— 1
1 1,7 um; 2,2 mm x 150 mm
24L1
AT 1960 RT
RT: ZU 58 [ RT 2195
! Z’I 2 RT: 24.00 |
RT 1g57 R [O4p RT 19.82 RT 2107
BT 2148 RE 2|3 = RT 2435
] 1884 | 2o 204 || _1| 21 4 ”7“ i ﬂ ol
10+ | e 2
E 18,16 1054|Jfg ﬁ\zme Q‘QH o343 ofiiohlde 30 [ Losos 2554 227
14 15 16 17 18 19 ZIU 2‘5 ZIU 27 2‘8
RT{min, }
XIC Overle
owPenc: O Top2 O selected ® A
100 RT: 2418
= ACQUITY UPLC BEH C18; 130 A;
80+ RT. 19.94
o 1,7 um; 2,1 mm x 100 mm s
F 6o |
5 RT:20.08
£ 504
2
& a0 ; RT 2337 RT2412
& 30 R 10.28 h RT 2209 RT 5 80
204 ok i P [ {21 r7 zz 28
N I v |
10-| \ |
b 1524 18,07 19.16 ) i '_, 9 :7 ;7 \324 7 71 §12442 ?.tQ 2552
L L % 27 28
RT(min)
i 11e
XIC Overlay ~8x
Show Peaks: O Top 20 O Selected ® Al
AT 2408 oo
7 RT 2513 oy
90-| H . .
! Kinetex XB-C18; 100 A; ‘H L
»1 1,7 um; 2,1 mm x 50 mm | h
g 6o ML 3.00EC
£ 504 RT. 26,99 N ‘
2 ’
3 ] RT. 19.28 ar 2130 RT.2193 <7 2280 2345 / Hﬁ“”
= 307 RT: mna‘ ‘ ||
20 f‘ 2497 | f\‘\ﬁ s
10- 18.78 J| / f\ H 5 n
1 1341 1418 1480 1531 15.91 1667 1733 1773 18, ,4"- I: M’ 555 26, 5( ?ﬁgﬁ RT. 2759 2821 2881 s !
o 3,1 L} AN /A ) v 24zl g r 202
1 R R T Y ) 21 22 2 24 R R
RT(min)
ML 1s1Er

Hinh 3.2. Sdc ky d@6 TIC cua cac chat nhom hé trorsinh Iy tai cac cét sac ky khac nhau
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Tir két qua trong hinh 3.2 cho thiy, c6t ACQUITY UPLC BEH C18 130A;
1,7um; 2,1 mm x 150 mm c6 kich thudc hat nho va chiéu dai phu hop dé tach cac
chét phan tich va d6 phan giai tt so v6i hai cot sic ky con lai. Do vay, cdt dugc chon
lam diéu kién t6i wu.

DPé dam bao tudi tho cua cot, tién cot tuong trng cua ct BEH C18 (100 mm X
1,7 um x 2,1 mm) duoc sir dung va thiét bi duoc cai dat budce gia nhiét trudc cot tai
40 °C.
3.1.2.2. Khdo sdt thanh phan pha déng

Cac chat phan tich duoc ion héa ¢ dang M+H. Do d6, khi str dung pha dong
chi bao gom dung mdi hitu co nhu acetonitril hodc methanol cho tin hiéu cua chat
phan tich kém. Acid formic 0,1% thudng duoc bd sung vao pha dong khéi phd dé
1am ting kha nang ion héa cua chat phan tich. Mot s6 cdng bé chi phan tich riéng cac
nhom chat cam thuong s dung pha dong la acetonitril chira 0,1% acid formic, va
methanol chta 0,1% acid formic [52, 68, 74, 102]. Két qua khao sat pha dong gom
acetonitril chira 0,1% acid formic va methanol chtra 0,1% acid formic cho théy hinh
dang pic caa cac chat di duoc cai thién, cho pic nhon va can d6i, dac biét d6i véi cac
chat ¢ chira nhém acid carboxylic trong phan tir nhu norneovardenafil. Mac di vy,
khi pha dong chi duoc b sung acid formic 0,1%, cac chat phan tich c6 nhiéu nhoém
nito co ban trong phan tir, chat phan tich & dang trung tinh va dang ion hda bi gap céc
van dé vé sac ky nhu bi kéo dudi hoac hinh dang pic xau, hozc tach khdng tét do anh
huong caa pH. Bé khic phuc van dé nay, bé sung amoni format 10 mM va acid formic
0,1% trong ca pha dong A va B dé on dinh pH. Két qua nay twong dong véi diéu kién
sic ky di duoc quy dinh tai AOAC 2015.12 dé sang loc cac chat cAm nhom PDE-5i.
Bén canh do, thanh phan pha dong hiru co ¢o tac dong dang ké dén do phan giai sac
ky gitra mot s6 hop chat. Mot sb hop chat nhém PDE-5i ¢6 cung sé khéi va gidng
nhau vé cac manh ion con nén khéng thé phan biét duoc ching dua trén kiéu phan

manh MS. Vi vay, can thiét phai nghién ctru diéu kién tach sic ky long ddi voi cac
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hop chit nay. Két qua tach tét nhit thu duoc khi dung méi pha dong chira luong
MeOH va ACN v¢i ti 1€ 1:1.
Do d6, hé dung méi pha dong tdi wu gom:
- Kénh A: 10 mM ammonium format va 0,1% acid formic trong nudc
- Kénh B: 10 mM ammonium format va 0,1% acid formic trong acetonitril:
methanol (1:1, v/v).
Sic ky d6 t6i wu cuia mot sé chat cAm duoc chi ra tai Hinh 3.3.
3.1.2.3. Khao sat ti l¢ pha dong
Mot s6 chat cAm cd cong thirc cau tao twong tu nhau va chi khac nhau & cac
nhom thé, nén nhiéu chat cam cing nhdm cé nhiéu chat tring nhau manh me va 1 sé
manh con. Dé phan biét cac chat phan tich, bén canh su phan tach vé phé MS/MS,
phuong phap can c6 sy phan tach sac ky. Ngoai ra, quy trinh sang loc cac chat cam
dugc xay dung trén nén mau TPBVSK la nhitng nén mau phic tap. Ché do phan tich
& khéi pho 1a fullscan s& quét tat ca cac chat phan tich trong dich chiét dan tgi cac tap
chat s& anh hudng dén tin hiéu cua chat phan tich. Do vay, can phai khao sét ti I¢ pha

dong dé tach cac chat cam ra khoi nhau va ra khoi tap chat.

Tién hanh khao sat mot s6 ché do dang dung mai véi cac ty 18 pha dong (kénh
A: B): 80:20; 60:40; 40:60; 20:80 cho thay: Khi tién hanh rira giai bang ché do dang
dung mdi, cac pic thu duge tu, bi kéo dudi, do nhay kém, anh huong t6i két qua phan
tich. Khi giam ty 1¢ thanh phan dung méi hitu co thi thoi gian luu cta cac chét ting va
cic chét ra mudn. Pic biét khi rira gidi voi ty 1€ 80:20, chi c6 mat s6 chat duoc rira
gidi, cac chat con lai khong dugc rira giai, dong thoi vai ty 1é pha dong nay cac pic bi
kéo dudi va dinh tu.

Qua viéc khao sat 4 ty 18 pha dong & ché do dang dung mdi, nhan thay viéc tach
va xéc dinh cac chat cdm co cdu triic gan gidng nhau bang ché d6 ding dung mai la

khong phii hop. Do d6, can sir dung chuong trinh rira giai gradient.

Dua trén két qua phan tich dang dung méi, nhan thay khi tién hanh rua giai
Véi ty 1¢ thanh phan dung mdi hitu co ting dan thi cac chat duoc rira twong ddi tot,

pic nhon, can ddi, tch tét, véi thoi gian luu dudi 25 phat. Do dé, xay dung ché do
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rira giai gradient véi cac diéu kién nhu bang 3.3. Qua trinh ting tir tir kénh B (kénh
dung mai hitu co) tir 5 phat (2% kénh B) dén 25 phat (95% kénh B) 14 can thiét dé

tach hoan toan cac chat phan tich ra khoi nhau va ra khoi nén mau dé c6 su phan tich

t6t nhat bang hé thong khéi phd phan giai cao.

Bang 3.3. Chuong trinh gradient t6i wu phan tich cac chdt cam

Théi gian | Kénh A (%) | Kénh B (%) | Tée dg dong (mL/phat)
0,0 98 2,0 0,3
5,0 98 2,0 0,3
15,0 60 40 0,3
22,0 5,0 95 0,3
25,0 5,0 95 0,3
26,0 98 2,0 0,3
29,0 98 2,0 0,3

Qua trinh phan tich 64 chat cAm chi trong vong 29 pht, véi téc d6 dong duoc

dit ¢b dinh 13 0,3 mL/phit. Véi diéu kién gradient néu trén, thoi gian luu cia cac chat

cam duoc trinh bay trong bang 3.4.

Bang 3.4. Thoi gian lwu cia c&c chat cam

TT R R Manhme | RT [TT R B Méanh me | RT
Tén chat ; Tén chat i
(m/z)  |(phut) (m/z) |(phut)
1 |Mirodenafil 532,25882 | 9,37 |33 |Nortadalafil 376,12918|18,14
2 |Noracetildenafil 453,26087 (17,56 (34 |Udenafil 517,25915|18,56
3 |Desmethyl fondenafil | 439,24589 |19,29|35 |Benzamidenafil 390,16596|18,74
4 |N-Octylnortadalafil 489,31264 | 21,81 |36 |Norneovardenafil 357,15573|19,04
i Propoxyphenyl-
5 |Acetylvardenafil 467,27652 (17,3137 i . 519,23842|18,78
homohydroxysildenafil
) O-desethyl-o-propyl
6 |MDLenafil carbonate [1048,64223|20,77|38 | . . 489,22845|18,70
sildenafil
i i 2-Hydroxypropyl
7 |Hydroxyacetildenafil |483,27143 (17,63|39 . 434,17105|19,04
nortadalafil
Carbodenafil 453,26087 (17,47 |40 | Tadalafil 390,14483|18,35
Acetildenafil 467,27652 |17,19 |41 |Propoxyphenyl aildenafil  |503,24468|18,83
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TT Tén chit Mainh me R'I: TT Tén chit Mainh me RT
(m/z)  |(phut) (m/z) |(phut)
10 |Descarbonsildenafil 463,21291 (17,36 |42 |Acetil acid 357,15570(19,46
11 |Piperiacetildenafil 438,24997 (18,02|43 |Depiperazino-thiosildenafil |409,10118|19,87
12 |Dimethylacetildenafil | 467,27652 |17,75|44 |Mutaprodenafil 630,22824|20,02
13 |Hydroxyvardenafil 505,22277 |18,10 |45 |Gendenafil 355,17647|19,65
14 |N-Desethylvardenafil | 461,19655 |18,10|46 |Hydroxychlorodenafil 391,15314(19,74
15 |Piperazonifil 483,27256 19,23 |47 Hydroxythiovardenafil 521,19992|20,21
16 |Vardenafil 489,22785 19,10 |48 |Chloropretadalafil 427,10553|20,36
17 |Avanafil 484,18584 (18,37 |49 |Chlorodenafil 389,13749|20,42
18 |Isosildenafil 475,21220 18,42 |50 |Benzylsildenafil 551,24350|20,63
19 |Hydroxyhomosildenafil| 505,22277 {19,62 |51 |Nitrodenafil 358,15098|20,87
20 |N-Desmethylsildenafil | 461,19655 [18,56|52 |Pseudovardenafil 460,20130|20,68
21 |Sildenafil 475,21220 18,47 |53 |Imidazosagatriazinone 313,16590(20,73
. i Propoxyphenylthio-
22 |Homosildenafil 489,22785 (19,73|54 ) . 535,21557|20,86
hydroxyhomosildenafil
23 |Acetaminotadalafil 433,15065 [18,70(55 |Thiohomosildenafil 505,20501|20,55
. i 56 |Hydroxythio-
24 |Aminotadalafil 391,14008 | 19,82 . ) 521,19992|19,83
homosildenafil
25 |Sildenafil N-oxide 491,20712 19,65 |57 [Norneosildenafil 460,20130(21,32
26 |Cyclopentylnafil 529,25920 (19,07 |58 |Thioaildenafil 505,20501|21,13
27 |Dimethylsildenafil 489,22785 19,36 |59 |Sibutramin 280,18237(22,64
28 |Metformin 130,10872 | 1,88 |60 |Desmethyl sibutramin 266,16693|22,87
29 |Phenformin 206,14002 | 6,65 |61 |Didesmethyl sibutramin 252,15118(22,24
30 [Buformin 158,14002 | 6,63 |62 [Fenfluramin 232,13080(19,44
31 |Glibenclamid 494,15110 24,52 |63 |Loperamid 477,23033|22,21
32 |Gliclazid 324,13764 | 22,6464 |Phenylpropanolamin 152,10699(10,55

Két qua cho thay, co thé tach dugc cac chat cam dua trén sy khac nhau vé khéi
va thoi gian lvu. Trong s cac PDE-5i, ¢c6 mot nhém hop chit ¢ khéi lwong phan tu
giong nhau nhu Carbodenafil va Noracetildenafil hay Benzamidenafil va Tadalafil...

Tuy nhién, vé mat sic ky, da tach dugc cac hop chat ndy, thoi gian luu ctia cac hop
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chat khac biét rd rang. Mot s6 sic ky d6 phan tich céc chat cam duogc dua ra ¢ hinh

3.3.

Avanafil Noracetidenafil
R 4827 R ——————
L 1A FNE 13 Ll AEO1SE1 35
£HH: 161902553 £AH: HFELEET
SH: INF SH: 1.64E+D05
100 — p [
Ba Ba-]
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a0 an
20 20
] ] b=y
T ) 154 ) e 174 17E I
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KT 1847 KT 1870
AA: 451335722 A HOF1158
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glin} glin]
BO BO
BO BO
a0 ao
20 _— 10 EE 20 1HEE
124 " 1HE HE He
Acetidenafil " Nortadalafil
AT 47.19 T 1AEE
AA: Z3TIEEAT AR TEIAREA
AH: 133756086 AH: 1118445
SN 230N AE SH: MNF
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BO
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7o 1w 17.4 “ 12 =
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e 0
- 250 17 2z | me oz oz Z08 I
e s ZD Bl mz e b2 o 71 =

Hinh 3.3. Sdc ky do mét sé chadt cam tai diéu kién sdc ky long téi wu
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3.1.3. Tham dinh phwong phdp LC-HR/MS sang loc mét sé chdt cam trong

TPBVSK hé tro chirc ning sinh Iy, gigm can va tiéu dwong

Theo huéng din ciia AOAC [21], viéc tham dinh phuwong phap dinh tinh can
thyc hién danh gia 2 thong sb: tinh chon loc (ddc hi€u) va gidi han phat hién (danh

gi4 x4c sudt phat hién (POD) tai mot s6 nong do.
3.1.3.1. Gigi hgn phat hi¢n

Tién hanh thém chuan cac ndng d6 nhé dan ctiia hdn hop cac chit cdm vao nén
mau tre“ing. Tai mdi nff)ng d6 thuc hién 20 1an. Phan tich cic mau va xac dinh gi61 han
lap lai la néng do ma tai d6 > 19 mau cho két qua duong tinh. Két qua thu dugc nhu
trong Bang 3.5 va hinh 3.4.

Bang 3.5. Gidi han phat hién cua cac chat cam

£ Nong dd
STT Chat phan tich . MDL
dung dich
Sildenafil,
., Tadanafil, 25 ng/L 1,0 pg/kg
Chat cam nhém .
1 N Vardenafil
ho trg sinh ly
Céc chat con lai 2,5 ng/mL 0,1 mg/kg
2 Chat cAm nhém hd tro giam can 2,5 ng/L 0,1 ug/kg
3 Chat cAm nhom hd tro tiéu duong 2,5 ng/mL 0,1 mg/kg

Hinh 3.4 14 sac ky d6 mot s6 chat cam tai mirc MDL.
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3.1.3.2.

Mo6i nhom chat déu dugce X&c dinh trén cac nén mau pho bién twong Gng véi

° ardenafil NL: 2.97ET
2400 RT:20.47 Base Peak miz=
= 459.22540-489 23030 F: FTMS
c +pESIFullms
g 50 [100.0000-1500.0000] M5
I ICIS std200
H 24 .68
= 0 T
10 20
Time (min})
® Hydroxyhom ozildenafil ML: 1.76E7
2100 RT:20.70 Base Peak miz=
a3 505.22024-505.22530 F:
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= =td200
=
k] 17.02
& IJ||||||||||||||||||||||||
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10 15
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R
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g o ....
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=
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Hinh 3.4. Sdc ky do cia mét sé chdt cam tai mizc MDL

Tinh chon loc (do dac hiéu)

ting loai TPBVSK hd tro chitc nang sinh ly, giam can, tiéu dudng trong thuc té. Piéu

nay di dugc thé hién ¢ muyc 2.2.4.

Tién hanh tao mau va phan tich theo thtr ty ngau nhién cia 20 miu doi ching

am, 20 mau ddi ching duong dugc chuan bi nhu muc 2.2.4.1. Két qua duoc tinh theo

cong thirc tai Bang 2.3 va thé hién trong Bang 3.6.
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Bdng 3.6. Panh gid tinh chon loc Cua phuwong phdp

Loai miu S6 lwong miu Miu duong (+) Mau am (-)
Mau duong (+) 20 19 1
Mau am (-) 20 0 20
Do chon loc: 95,2%

Nhu vay, phuong phap c6 do chon loc dat yéu cau.

3.1.4. Sang lgc cac chdt cam nhom hé tre chikc nang sinh Iy, giam can va tiéu
dwong trong mdu TPBVSK

Trén co s phuong phap da xay dung, 92 mau TPBVSK hd tro ting cuong
sinh ly, 30 mau hd tro giam can va 30 mau hd trg tiéu duong dang vién nang cang va
vién nang mém duoc tién hanh phan tich sang loc bing ché d6 FullMS-dd-dependent-
MS2. Két qua phan tich duoc sang loc bang phan mém Compound Discoverer 3.1.

Nghién ciru tién hanh so sanh dit liéu sic ky dd va manh phé twong tng voi
thu vién pho tu thiét 1ap, thu vién phé online Mzcloud, thu vién Spiderchem, thu vién
Mzvault va dyu doan cong thirc cau tric chat phan tich. Bo chinh xéac cua két qua duoc
danh gia thong qua chi s6 ghép (matching index) ddi vdi mdi thu vién pho. Hinh 3.5
minh hoa viéc tim kiém cac hop chét chua biét trong mau TPBVSK.

Sau khi str dung phan mém dé du doan cac chat phén tich, d6 chinh xé4c cua
chat phan tich c6 mat trong mau duoc thé hién qua do khap véi tirng thu vién pho.

+ Tai mdi diém trén sic ky do, tin hiéu chat phan tich va pho dé tuong ung
dugc du doan cau tric théng qua manh ion cao nhat, cac manh dong vi va cac manh
con twong ung. Tur ly thuyét giai phd dong vi va manh con, dy doan cau tric chat
phan tich.

+ Dbi v6i chat phan tich da dugc du doan ¢ trén, tién hanh so sanh va khép
cong thirc héa hoc du doan va phd dd voi cac thu vién phd. Cac chat phén tich co
manh pho khép nhét véi thu vién cé d6 chinh xac cao nhét. Cac thong sé dugc thé

hién qua chi s6 Mzcloud best match (> 80%).
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@ Compounds ¥ Compounds per File | Merged Features | Features | mzCloud Results || ChemSpider Results || Mass List Search Results || Input Files || Specialized Traces

Annotation Sc ] Patt [ Group Areas Bl
ked Name Formula EE E 5 FISh| Molecular Weight | RT [min] | Area (Max) | Che|# mz(|mzCloud Be: = | Mas [] | mzCloud Best Sir| MS2

Sisa 2
Benzamidenafil | C10 H23 N3 06 [ [ [ o] 33015857 | 18528| 1027338d0| 3| 1 1000 |00 ] O 210ad | 207ed | 20224 | 350a2 | 10168
Piperiacetildenafil | C24 H31 N5 03 [ [ [ ] 43724260 | 16013| 445433039 1| 4 1000 |00 ] O 32065 | 31865 | 40565 | 33765 | 33268
Gendenafi C19 H22 N4 03 1T | 35416928 | 19575| 452040404 10| 10 %9 |O0 B | | tzset | 126 | 2200 | 22302 | ddses
Piperiacetildenafil | C24 H31 N5 03 [ [ [ ] 43724259 | 17.126| 833246872 1 1 %99 (00 ] O 17185 | 137e5 | 22265 | 1845 | 7238
Norneo sildenafil | C22 H29 N5 045 ][l 45919485 | 20817| 2e403797s| 2| 8 %9 |O0 B | | asoet | 320 | aa6er | 22800 | 24268
Hydroxychloroder | C19 H23 CIN4 03 [ [[]] 39014595 | 19502 199611958 1| 4 999 (W0 ] O 11604 | 1184 | 17524 | 151e4 | 194e8
Imidazosagatriazit| C17 H20 N4 02 ([ [m[m 31215858 | 20535| 512933070 10 2 999|000 ] O 5084 | 5174 | 675s4 | 505e4 | 4938
Noracetildenafil | C24 H32 N6 03 (1] M 45225350 | 16441| 1024117027 [ 3 999 |[0 '] O 1485 | 14deS | 14265 | 15825 | 8958
Pseudovardenafil | C22 HZON5 04 5 OREE 45019487 | 20416| 323974552 2 8 999 |00 '] O 19684 | 157ed | 17324 | 15084 | 3158
Udenafil C25HIBNGO4S il | [ 51625258 | 18447| 677615373 4| 2 998 |00 '] O 231ed | 21364 | 3304 | 2634 | 602e8
Avanafil C23 H26 CINT O3 o[ [ I} 48317853 | 17.757| 756671738 3 2 998 |00 '] O 537ed | 5.1%d | 634e4 | 556sd | 73268
N-Desethyl varde)| C21 H28 N6 04 § o[ [ I} 46018918 | 17.511| 248791300 7 3 %3 (00 '] O 72984 | 5774 | T55ed | 6.22e4 | 22468
Nitrodenafil C17 H19 N5 04 [ 1 [m[m] 35714403 | 20322| 100579912 3| 5 %8 |00 '] O 1.26ed | 1194 | 18324 | 146ed | 984T
Sildenafil C22HIDNGO4S (] [o[ | 47420455 | 17844| 295565930 6| 2 998 |0 '] O 4030 | GdSed | 6i6ed | 655sd | 24563
N-Desmethyl silde| C21 H28 N6 04 § [ [ [ 46018917 | 17.847| 172204158 710 97|00 '] O S24ed | G654 | 504e4 | 572ad | 1408
Hydroxyacetildeni| C25 H34 N6 04 (] [u[m] 48226402 | 16050| 401843002 3| 32 97|00 '] O 25565 | 25065 | 2535 | 25655 | 2138
Lo medanat | £22 127 ME NS € Tl | cnan1532 | 17eon| wseceneel sl e oo 7 /MO m | - .

Hinh 3.5.

Minh hea viéc tim kiém cac hop chdt chira biét nhém chat

cam trong mau TPBVSK bang phan mém Compound discoverer

Bang 3.7 tong hop cac chat duoc phat hién va sd luong mau twong tng da

duoc phat hién. Cac két qua cho théy, mdt s6 chat nhém PDE-5i d3 duoc phat hién

trong cac mau TPBVSK hd tro chirc niing sinh ly; sibutramin, didesmethylsibutramin

duoc phat hién trong mau TPBVSK hd tro giam can va metformin dugc phat hién

trong mau TPBVSK hd trg tiéu dudng.

Bang 3.7. Mgt sé chdt cam dwoc phét hién trong mau TPBVSK

Loai | Téng o S6 mau <
TT x x Chat phan tich o Mau
mau mau phat hién
SL.06 - SL.08,
SL.14 - SL.16,
1 Nortadalafil 11 SL.24, SL.30,

TPBVSK
hd tro
sinh Iy

92

SL.50, SL.61,

SL.65

Tadalafil

10

SL.06 - SL.08,
SL.18, SL.22,
SL.38, SL.42,
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Loai | Tong o S6 miu «
TT x x Chat phan tich o Mau
mau mau phat hién
SL.50, SL.61,
SL.82
3 Sildenafil 9 SL.08, SL.42
: : SL.13-SL.17,
4 Hydroxyhomosildenafil 6
SL.82
: _ ) SL.13-SL.17,
5 Hydroxythiohomosildenafil 6
SL.82
: i SL.10,
6 Homosildenafil 6
SL.13-SL.17
Thiohomosildenafil SL.10
Sildenafil N-oxyde SL.06, SL.42
Chloropredadalafil SL.30
Propoxyphenyl
10 POXYP y. _ 1 SL.82
homohydroxysildenafil
11 Propoxyphenylaildenafil SL.10
12 Hydroxythiovardenafil SL.82
13 Methisosildenafil SL.10
N-hydroxyethyl dithio-
14 Yaroxyety _ 2 SL.18, SL.22
desethyl carbodenafil
15 | TPBVSK Sibutramin 6 GC.05 - GC.10
ho tro 30
16 giam can Didesmethylsibutramin 1 GC.10
TPBVSK
hd tro .
17 . 30 | Metformin 1 TD.09
ticu
duong

Trong s6 92 mau TPBVSK hd trg chirc ning sinh 1y dugc phan tich, ¢ 20

mau dugc phat hién chira PDE-5i, chiém 21,7%. Trong tong s6 14 hop chat PDE-5i

dugc phat hién, 12 chit da c6 trong thu vién phd cua hé thdng, 01 hop chét chua c6

trong thu vién nhung da dugc cong bé trén thé gidi va 01 hop chat c6 cau tric tuong

tu nhém PDE-5i, tuy nhién khong phu hop véi cac hop chét trong thu vién. Dé xac
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nhan hop chat ndy, nhdm nghién ciru d3 phdi hop v6i phong thi nghiém Duoc phim
(BO phan Khoa hoc tng dung, Co quan khoa hoc suc khoe, Singapore) dé phan lap,
xac dinh cdu trac bang phd hong ngoai FTIR, phd khéi phan giai cao HRMS va phd
cong hudng tir hat nhan NMR. N6 duoc dat tén 1a N-hydroxyethyl dithio-desethyl
carbodenafil do c6 su gin két cia mot nhém hydroxyethyl véi nito di vong cta dithio-
desethyl carbodenafil (Hinh 3.6). Két qua nay di duoc cong bd trén Tap chi phan tich
dugc pham va y sinh [59]. Hop chit méi nay khong nam trong danh muc chat cam
theo thong tu 10/2021/TT-BYT. Bén canh d6, trong s6 14 hop chat PDE-5i dugc phat
hién, c6 10 chit (chiém 71%) 1a cac chat khac nhau twong tu cua sildenafil. Ti 16 nay
cao hon ti 1¢ dugc tim thiy trong bao cdo cua Kee va cong su [56]. Ngoai ra, co 3
chét twong ty cua tadalafil (21%) va chi c6 1 chat twong tu cua vardenafil (7,1%).
Diéu nay cho thiy su da dang va phic tap trong trong viéc phat hién cac chat cam
nhom PDE-5i va nghién ctru da bo sung thém vao ngan hang dit liéu toan cau 01 chat

mol.

4444444

Hinh 3.6. Phé khdi cua hop chdt méi N-hydroxyethyl dithio-desethyl carbodenafil

Trong s6 30 mau TPBVSK hd tro giam can, c6 06 mau duong tinh véi chit
cam, chiém 20% s6 mau. Ca 06 mau duong tinh déu phat hién sibutramin va 01 mau

chtra ddng thoi ca sibutramin va didesmethylsibutramin. Viéc tron trai phép cac chat
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cAm trong TPBVSK hd trg tiéu dudng c6 ti 18 thap hon, chi phat hién 01 mau trong
tong s6 30 mau, chiém 3,33% va chi phat hién 1 loai chat 1a metformin.

C4c mau phat hién duong tinh véi cac chit cim bang phuong phép sang loc
sau d6 dugc phan tich dinh luong nham ddi ching dé khang dinh d6 chinh xac cua
phuong phap. Két qua phan tich dbi chimg cho thay 100% s6 chit phat hién bang
phuong phap sang loc hoan toan trung khép v6i phuong phap dinh lwong. Diéu nay
chtrng td, phuong phap sang loc c6 do chon loc va chinh xéc cao.

3.2.  Xay dwng quy trinh LC-MS/MS xac dinh ddng thei mét so6 chat cam trong
TPBVSK hb trg chirc niing sinh ly
3.2.1. Piéu kign LC-MS/MS

Trong nghién ctru nay, 53 chit cAm nhoém PDE-5i duoc xéac dinh, trong do, co
nhiéu hop chat 1a ddng phan cau tric ciia nhau, c6 ciing manh ion me va cic manh
ion con hodc c6 su khac nhau vé s6 khéi khong dang ké. Dé dinh luong dugc dff)ng
thoi 53 chét nay, can co thiét bi khdi phd dam bao do phan giai dé phan biét dugc cac
chat twong ty nhau trong ciing mot nhom. Thiét bi Ultimate 3000 két ndi v6i khdi phd
Q-exactive Plus cua Thermo Scientific dugc sir dung trong phan tich sang loc cac
chit cAm tai muc 3.1 1a thiét bi vira c6 thé sang loc vira co thé dinh luong duoc cac
chat phan tich. Thiét bi nay tiép tuc duoc st dung dé dinh lugng cac chit cAm nhom
PDE-5i trong TPBVSK hd trg sinh Iy ddm bao do phan gii, do chon loc va do chinh
X&c.

Do vy, cac diéu kién LC-MS/MS ti wu dé dinh luong dong thoi 53 PDE-5i
1a diéu kién da dugc t6i wu tai muc 3.1, cu thé nhu sau:

o Diéukién LC:

+ Tdc d6 dong: 0,3 mL/phut

+ Nhiét do cot: Nhi¢t do phong

+ Thé tich bom mau: 10 pL

+ Pha dong: Theo ché do gradient nhu Bang 3.3
e Diéu kién khdi phé:

+ Use lockmasses: Off
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+ Lockmass injection: -

+ Chrom. Peak width: 10 s

+ Time Method duration: 29,00

+ HESI temperature: 320°C

+ Sheath gas: 30

+ Aux gas flow rate: 10

e Diéu ki¢n FullMS/ dd MS?

- Tong thoi gian quét: 0- 29 pht

- Ché do quét manh: Positive

- Phéan manh trong source (CID): 0 V
- Dién tich (default charge): 1

- Full MS microscan: 1

- Do phén giai: 70000

- AGC target: 10°

- Khoang quét manh: 220 - 1100

- Do phén gisi dd MS?: 17500

- AGC target: 10°

- Khoang quét: 200 - 2000

- NCE (ning luong ban pha twrong d6i): 40%, 70%, 100%
e Diéu kién phan manh (AIF)

- Thoi gian quét: 0-29 phat

- Ché @6 quét: Positive

- Do phén giai: 70000

- NCE (ning luong ban pha trong d6i): 40%, 70%, 100%
- Khoang quét: 50 - 750

Manh phd: Cai dit cac manh phd theo Bang 3.1.
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3.2.2. Khdo sdt quy trinh xir Iy mdu phén tich cdc chit nhém hé tro sinh 1y
3.2.2.1. Khdo sat dung méi chiét

Nghién ctru tién hanh khao sat cac hé dung méi khac nhau gdm acetonitril,
methanol, acetonitrile: nudc (50:50), methanol: nudc (50:50), methanol: nudc
(70:30) duoc trinh bay trong muc 2.2.2. Nghién ctru dugc thuc hién trén mau tring
thém chuén chat phan tich PDE-5i tai ndng d6 4 mg/kg trén miu (twong tng trén dich
cudi 14 100 ng/mL). Két qua khao sat hiéu suét chiét ctia 4 chat dai dién dugc thé hién
trong hinh 3.7.

120

100 100 100 100
100 — 9293

B D (o)
o (@) o

Hiéu suit (%)

N
o

Noracetildenafil Hydroxyvardenafil Avanafil
Chét phén tich

BACN LJACN:H20 (50:50) & MeOH = MeOH:H20 (50:50) @MeOH:H20 (70:30)
Hinh 3.7. P4 thu hai mét sé chdat PDE-5i tai dung méi chiét khac nhau

Phan tich ANOVA dugc stir dung dé so sanh hiéu sut chiét & cac diéu kién
khac nhau cho gia tri P-value trong khoang 1,5.10% - 4,9.106< 0,05 cho thay su khac
nhau ¢ nghia giita cic dung méi chiét khac nhau va hé dung méi acetonitril: nudc
(50:50) cho do thu hoi 16n nhat dbi voi cac PDE-5i. So sanh véi hdn hop
methanol:nudce (70:30) dugce sir dung bdi Lee va cong su [67], Jeong va cong su [50]
hodc methanol dugc st dung boi Ren va cong sy [99], phuong phap nay st dung
lugng dung moi hitu co it hon, phu hop véi xu hudng hda hoc xanh hién nay. Do do,
hdn hop dung moi acetonitril: nude (50:50) d dugc lya chon st dung trong nghién

curu.
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Dbi voi TPBVSK vién nang mém dang dau, cac chat béo c6 thé anh hudng
dén hiéu suét chiét va kha ning lam sach mau. Nghién ctru tién hanh khao sat dung
mdi loai béo véi 3 loai dung méi 1a n-hexane, diethyl ether, ethyl acetate va mau
khong loai béo dugc thyc hién trén mau tréng thém chuan chét phan tich PDE-51 tai
ndng do 4 mg/kg trén mau (twrong tmg trén dich cudi 1a 100 ng/mL). Sau khi rung
siéu 4m mau v4i dung mdi acetonitril: nude (50:50), thém 10 mL dung méi loai béo,
lac déu va ly tm, sau d6 loai 16p dung mai 16p trén va tién hanh cac budc nhu trén.

Két qua duoc thé hién tai hinh 3.8.

105 103
100
Q 95 95
A T 93 [
2 i e R
17 i) ] p
3 90 o el (0
= e e
T i e R
i e R
e v
i o
85 i o R
i) e R
i e R
i e R
i e R
80 et S fud]
n-Hexan Diethyl ether Ethyl acetate
Dung moi
® Hydroxyhomosildenafil = Sildenafil = Homosildenafil = Aminotadalafil

Hinh 3.8. Biéu do két qud khao sat dung mdi logi béo

Tiép tuc danh gia hiéu qua cua dung méi loai béo bang cach st dung phén tich
ANOVA. Ca ba cach lam sach déu cai thién cudng do cua cac chét phan tich. Cuong
d6 cua cac chat phan tich trong cac mau dau duoc lam sach bang n-hexan cao hon
dang ké so véi cac dung moi khéc. Do do, n-hexan dugc chon dé lam sach cac mau
dau nham giam cac hop chat khong mong mudn dugc dua vao hé théng LC-HR/MS,
gitip bao vé ngudn ion khoi cac tap chat béo. Viéc sir dung n-hexan trong cac mau

TPBVSK chtra dau ciing chua timg duogc bao cdo trong cac nghién ciru trude déy.
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3.2.2.2. Pdnh gid dnh hwdéng nén mau

Nghién ctru tién hanh danh gia anh huéng ctia nén mau bang cach 1ap duong
chuén 3-5 diém trén nén mau TPBVSK va duong chuin twong tng trén nén dung
moi, so sanh hé sd goc ciia dudng chuan dung trén nén dung moi va dudng chuin
dung trén nén méiu dé danh gia anh huéng nén. Hinh 3.9 1a vi du vé danh gid anh
huong nén cia acetildenafil khi dung dudng chuén trén nén dung méi va dudng chuin

khi dyng trén nén vién nang cimg.
Acetildenafil (A0AC)

Y =0.32e8X - 1.478=5;, R*2: 0.9809; Origin: Ignore; W: Equal, Area
14IZIIZIU'DDDIZIU—-
12IZIIZIUIDDDIZIEI—-
1DIZIIZIU'DDDIZIU—-

g BIZIIZIt]ﬂDDIJﬂ—-
6IZIIZIGBDDIJU—_
4IZIIJt]ﬂDDIZIEI—- (a)
2IZIIZIt]ﬂDDIZIﬂ—-

0 LI L L L L L L B L B LA L L L L B B B B B L N L L |

o 50 . 100 150 200 250
Nong d6 (ng/mL)

Acetildenafil
1.4E+09
1.2E+09 y = 6E+06x + 7E+06
1E+09 R2=0.999

§ 800000000
<C 600000000

400000000 (b)
200000000
0

0 50 100 150 200 250

Nong d6 (ng/mL)

Hinh 3.9. Puong chudn acetildenafil trén nén dung méi (a) va trén nén vién nang cing (b)

Céch tinh anh hudng nén méu theo cong thuc:

!

Matrix effets (ME) = X 100

Trong d6: A 1 hé sb goc cuia dudng chuan trén nén dung moi
A’ 12 hé s6 goc cua duong chuan trén nén mau.
Két qua gia tri ME cua acetildenafil 1a 5,06% < 10% cho thay anh huéng nén

mau khong dang ké. Cac két qua twong tu ciing duoc xac dinh véi cac PDE-5i khac.
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Do vay, phuong phap c6 thé sir dung dudng chuan trén nén dung méi dé phan tich
mau. Tuy nhién, trong nghién ctru ndy van tién hanh thuc hién xay dung dudng chuan
trén dich chiét mau tring dé dam bao két qua chinh xac nhét.
3.2.3. Thdm dinh phwong phdp phan tich cac chdt cam nhom hé tre' sinh Iy bang
LC-MS/MS
Trén co sé phuong phap dd xdy dung & trén, tién hanh thAm dinh phuong phap
v6i cac thong sb co ban sau:
- Do dac hiéu
- (G161 han dinh lugng va gidi han phat hién
—  Khoang tuyén tinh
- Do lap lai
- Dotailap
- Do thu hoi
3.2.3.1. D¢ dac hi¢u
Dua vao bang 3.1 cho théy, cac chat nhom PDE-5i déu ¢6 mdt manh me va 2
manh con tr& 1én nén s6 diém IP > 5 dat yéu cau ddi voi phan tich trén khdi phd phan
giai cao.
Do dic hiéu cua phuong phap phan tich con dugce xac dinh khi phan tich dung
dich chuan, dung dich thém chuan trén nén mau thir va dung dich mau trang. Két qua
dugc trinh bay ¢ hinh 3.10.

MAu tring Mau chuan ~ MAu thém chuén
RT. 1848 RT. 1844

1 B2 0% 1820

4 3 43 84 85 6 1 142 13 14 s 186
Théi gian v (phit) Thai gian oo (phit) Thiri gian heu (phit)

Hinh 3.10. Sdc ky do ciia mdu trang, mau chuan va mau thém chudn
cua sildenafil tai nong do 30 ng/mL
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Két qua phan tich cho thiy, mau tring khong xut hién tin hiéu chét phan tich,
mau chuan va mau thém chuan co tin hiéu voi cung thoi gian luu 18,4 phit dbi véi
sildenafil.

Ngoai ra, khi so sanh phd d6 ctia mau chuin va miu thém chuan cho thay déu
c6 manh me va cac manh con véi ty 1€ twong duong nhau. Hinh 3.11 thé hién su so
sanh miu chuidn va miu thém chuan tai nong d6 200 ng/mL cia N-

Desethylvardenafil.

.....

Relafive Abundanos
s o @
Reatve Abundance
2 2 o

255.1239

84,1080
4392481

t T T T T

200

al
300 a00 500 600 700

T T
nnnnnnnnnn

Hinh 3.11. Phé @6 cua N-Desethylvardenafil ciia mau chudn va mau
thém chudn tai nong dg 200 ng/mL

Vi vay, phuong phap c6 do dic hiéu cao khi phan tich cac chit cAm nhém
PDE-5i.
3.2.3.2. Gioi han phat hién, gioi han dinh luong

Thém chuén cac chat nhom PDE-5i trén nén miu TPBVSK khong chira chat
phan tich, I3p lai 6 1an. Gi6i han phét hién 1 ndng d6 ma tai d6 c6 S/N = 3. Gi6i han
dinh luong la néng dd cho S/N > 10. G161 han phat hién va gidi han dinh luong ctia
Sildenafil, Tadanafil va Vardenafil 1an luot 1a 1,0 pg/kg va 3,0 pg/kg tuong tng voi
0,025 ng/mL va 0,075 ng/mL trén dung dich. Gidi han phat hién va gidi han dinh
luong cila cac chat con lai lan lugt 1a 0,1 mg/kg va 0,3 mg/kg tuong tng véi 2,5

ng/mL va 7,5 ng/mL trén dung dich.
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Hinh 3.12 1a sic ky d6 ctia mot s6 chat PDE-5i tai mtirc MDL 1,0 pg/kg trén
nén TPBVSK dang nang mém.

Hydrox yhomosildenatil

19.0
S/N = 44,
71-1.486 -1.15 -0.84 -0-0Bloigeub.. 0.61 1.16.1.
18.0 18.5 19.0 19.5 20.0 20.5
Time, min
Homeosildenatil 4
19.6
S/N 59.3
34 -0.97.. -0.83 -NESiHE 1 0.52 _0.711.07 1
18.5 19.0 19.5 20.0 20.5 21.0
Time, min
Vardenatil
189
S/N 67.3
283
-0.21._ dise - 0.97
18.0 18.5 T 19.0 19.5 . 200 20.5
Tirme, rmn
Tadalafil
18.6
S/N =18
-1.42 -0.99._ -0.82|__N8hPse 0.34 0.22 0.47 0.86_.0.97 1.
17.0 17.5 T 18.0 18.5 19.0 19.5

Time, min

Hinh 3.12. Sdc ky do ciia mét sé chat PDE-5i tai mic MDL 1,0 pg/kg trén nén
TPBVSK dgng nang mém

3.2.3.3. Khodng tuyén tinh va dwong chudn

Diy chuan lam viéc duoc pha trong dung dich chiét mau TPBVSK trang. Tién
hanh pha diy chuan lam viéc néng d6 10; 30; 50; 100; 200 ng/mL va phan tich trén
LC-MS/MS. Xay dung duong phu thudc gitra dién tich pic va nong do twong tGng.

Két qua cho thay trong khoang ndng do tir 10 — 200 ng/mL tin hiéu cua chat
phan tich ty 18 tuyén tinh véi ndng d6 véi R2> 0,99 véi do chéch <15% véi tat ca cac
gia tri (Hinh 3.13 12 vi du dudng chuan ctia 2-hydroxypropylnortadalafil, cic két qua
tuong ty cta cac chat PDE-5i khac dugc trinh bay trong Phu luc 3).
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Hinh 3.13. Puwong chudn chdt phan tich 2- Hydroxypropylnortadalafil

3.2.3.4. B¢ lap lai va do thu hoi

Do lap lai va do thu hdi ciia phuong phap dugc danh gia bang cach phan tich
c4C mau trang thém chuan trén nén vién nang ctng va vién nang mém & 3 muc nong
dd khéc nhau 30,0; 100,0 va 200,0 ng/mL trén dich twong ung 1,2; 2,0 va 4,0 mg/kg

trén mau, 1ap lai 6 1an cho mdi néng do. Cac két qua dugc thé hién trong bang 3.8 doi

v6i vardenafil, bang 3.9 va Phu luc 3 d6i véi cac PDE-5i khac.

Bang 3.8. B4 lap lai va dé thu héi cua vardenafil

Nén vién nang cirng

Nén vién nang mém

x Ham 3 Ham 3
Tén mau D6 thu hoi RSDr D6 thu hoi RSDr
lwgng lwgng
(%) % (%) %
(g/kg) (g/kg)
Spk-30-1 30,0 100 30,3 101
Spk-30-2 32,4 108 27,8 92,8
Spk-30-3 24,0 80,0 26,0 86,7
11,5 6,92
Spk-30-4 30,0 99,9 29,8 99,3
Spk-30-5 27,8 92,5 31,8 106
Spk-30-6 25,0 83,2 29,4 98,1
Spk100-1 104 104 99,1 99,1
9,06 5,90
Spk100-2 | 96,8 96,8 105 105
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Nén vién nang cirng Nén vién nang mém
~ Ham s Ham \
Tén miu Pé thu hdi | RSDr P thu hdi | RSDr
lwgng luwgng
(%) % (%) %
(Hg/kg) (Hg/kg)
Spk100-3 95,5 95,5 87,3 87,3
Spk100-4 96,6 96,6 96,8 96,8
Spk100-5 81,7 81,7 97,1 97,1
Spk100-6 107 107 96,1 96,1
Spk200-1 212 106 179 89,7
Spk200-2 220 110 188 94,2
Spk200-3 173 86,5 190 95,1
12,3 3,67
Spk200-4 199 99,4 176 87,8
Spk200-5 214 107 174 87,1
Spk200-6 161 80,4 179 89,5
Bang 3.9. S 1ap lai va dé thu héi cua cac chat PDE-5i
TT Tén chat RSD% | R% |TT Tén chat RSD% | R%
2-Hydroxypropyl . .
1 ) 7,48-11,8| 80-110 | 28 Isosildenafil 6,01-11,7|81,4-110
nortadalafil
2 Acetaminotadalafil |2,81-10,6|81,4-108| 29 Lenafil carbonate 2,89-8,78|82,4-108
3 Acetil acid 5,64-10,4(80,2-109| 30 Mirodenafil 5,68-10,3|80,7-108
4 Acetildenafil 4,19-11,0/80,6-109| 31 Mutaprodenafil 5,33-12,6/80,6-110
5 Acetylvardenafil 3,97-11,0/81,4-109| 32 | N-Desethylvardenafil |4,67-10,5(80,9-108
6 Aminotadalafil 7,03-10,880,1-110| 33 | N-Desmethylsildenafil |4,67-10,4|80,1-110
7 Avanafil 3,45-11,7/80,4-110| 34 | N-Octylnortadalafil |5,41-10,3|80,4-109
8 Benzamidenafil 3,86-9,47(80,0-108| 35 Nitrodenafil 3,43-9,19|81,1-108
9 Benzylsildenafil 2,92-11,5(80,3-110| 36 Noracetildenafil 3,94-10,8/80,8-107
10 Carbodenafil 5,43-10,4/81,1-110| 37 Norneosildenafil 5,65-11,9|81,4-110
11 Chlorodenafil 4,40-11,3|80,8-110| 38 Norneovardenafil  |4,94-10,3|80,5-108
12| Chloropretadalafil |6,79-10,6/81,5-109| 39 Nortadalafil 5,20-9,22|80,5-109
: O-desethyl-o-propyl
13 Cyclopentylnafil 5,28-12,4/80,2-110| 40 sildenafil 4,59-9,83|80,1-107
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TT Tén chat RSD% | R% |TT Tén chit RSD% | R%
Depiperazino- ) .
14 . ) 5,34-10,5|80,1-110| 41 Piperazonifil 4,87-7,94/83,3-110
thiosildenafil
15| Descarbonsildenafil |5,98-10,9|80,6-109| 42 | Piperiacetildenafil |4,66-7,58|82,5-110
Propoxyphenyl
16 | Desmethyl fondenafil |4,89-8,14(80,1-110| 43 POXYPREIVT 15 98-10,3| 80,9-109
aildenafil
Propoxyphenyl-
17 | Dimethylacetildenafil |7,44-11,3|81,5-109| 44 POXYP .y .. 18,56-10,2| 80,4-108
homohydroxysildenafil
. . ) Propoxyphenylthio-
18 | Dimethylsildenafil |3,72-6,80(81,6-110| 45 i .. 15,77-11,6{80,0-109
hydroxyhomosildenafil
19 Gendenafil 4,56-10,3/81,1-109| 46 Pseudovardenafil  |3,47-9,06|82,0-109
20 Homosildenafil 4,68-11,8|80,1-110| 47 Sildenafil 5,35-12,481,1-110
21 | Hydroxyacetildenafil [6,73-10,2|82,2-109| 48 | Sildenafil N-oxide |6,03-11,1|80,2-110
22 | Hydroxychlorodenafil {7,55-9,73|80,1-109| 49 Tadalafil 7,32-10,8/80,1-110
23 |Hydroxyhomosildenafil {7,83-11,3/81,6-107| 50 Thioaildenafil 4,40-10,5/83,5-110
Hydroxythio- . i i
24 ) . 4,12-7,32|87,7-109| 51 | Thiohomosildenafil |7,18-10,5/80,2-110
homosildenafil
25 | Hydroxythiovardenafil |6,33-10,6(80,3-108| 52 Udenafil 5,75-11,6|81,5-108
26 | Hydroxyvardenafil [5,81-9,16(85,7-109| 53 Vardenafil 5,90-12,3|80,0-110
27 | Imidazosagatriazinone |4,75-11,7|81,0-109

Céc két qua trén cho thay, gia tri do thu hoi trung binh cua cac chat PDE-5i

trén cac nén mau nam trong khoang tir 80,0 — 110% véi d6 léch chuan tuong ddi tir

2,81 — 12,6%. Céc két qua nay cho thiy phuong phap c6 do chinh xac dap tng yéu
cau R% < 80-110% va RSD% < 15%, theo AOAC [29].
3.2.4. Phan tich cac chdt nhom hé tre sinh ly trong mdu TPBVSK

Céac mau duong tinh trong téng s6 92 mau TPBVSK hd tro sinh 1y duoc phan

tich sang loc tai muc 3.1.4 s& dugc phan tich dinh luong dé xac nhan két qua. Két qua
phan tich dinh lwong 20 mau TPBVSK dwong tinh véi nhom PDE-5i dugc trinh bay
0 bang 3.10 va Phu luc 3.
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Bang 3.10. Két qud phdn tich dinh lwong c&c chat PDE-5i trén mau

TPBVSK duwong tinh
Mau Chit phat hién Ham luwgng (mg/g)

Nortadalafil 50,0
SL.06 Tadalafil 11,6

Sildenafil-N-oxide 0,073

Nortadalafil 441
SL.07 :

Chloropretadalafil 0,006

Sildenafil 22,2
SL.08 Tadalafil 0,39

Sildenafil-N-oxide 0,06

Propoxyphenylaildenafil 1,02

Thiohomosildenafil 0,78
SL.10 - -

Homosildenafil 0,031

Methisosildenafil 0,03

Hydroxyhomosildenafil 1,05-20,1

SL.13 -SL.17 . - -

Hydroxythiohomosildenafil 0,78 - 22,5
SL.18 Tadalafil 0,08

Tadalafil 10,2
SL.22 :

Chloropretadalafil 5,25

Nortadalafil 12,2
SL.24 -

Chloropretadalafil 0,25

Nortadalafil 10,2
SL.30 -

Chloropretadalafil 5,25
SL.35 Acetil acid 0,13
SL.38 Tadalafil 0,12

Sildenafil 5,25

Tadalafil 477
SL.42 . .

Aminotadalafil 0,52

Sildenafil N-oxyde 0,56

Nortadalafil 0,52
SL.50 .

Chloropretadalafil 4,77
SL.61 Nortadalafil 12,1
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Mau Chit phat hién Ham luwgng (mg/g)
SL.65 Nortadalafil 170,0
Hydroxythiohomosildenafil 226,8
Hydroxythiovardenafil 216,8
SL82 Propoxyphenyl_ | 0.13
homohydroxysildenafil
Hydroxyhomosildenafil 0,048
Hydroxyvardenafil 0,047

Céc két qua cho thiy, da s cac mau TPBVSK co6 it nhéat 1 hodc 2 hop chit
PDE-5i chinh ¢6 ham luong cao (>1 mg/g) va cac chat phu c6 ham luong thap. C6 18
day 1a cac san pham phu cta qua trinh san xuat cac thanh phan chinh. Mot s6 san
pham chi phat hién ham luong thip cac PDE-5i ma khong phat hién thanh phan chinh
(TPBVSK 14, 15), day l1a cac san pham can duoc tiép tuc nghién ctru dé tim hiéu
ngudn gde ctia cac thanh phan PDE-5i ndy. Phan 16n cdc mau c6 ham luwong thip hon
so voi liéu dugce st dung lam thudc. Phuong phap sic ky 1ong khéi phd phan gidi cao
rt ¢6 ¥ nghia trong viéc xac dinh cac hop chit PDE-5i, ddy 1a bién phap hiéu qua dé
giai quyét van dé ngay cang c6 nhiéu ché phadm PDE-5i méi dugc san xuét va tron
trai phép trong san pham TPBVSK.

3.3.  Xay dung quy trinh LC-MS/MS xéc dinh ddng thoi mat sé chat cam trong
TPBVSK h tre giam cén

3.3.1. Khdo sdt diéu kién LC-MS/MS

3.3.1.1. Khdo sat diéu kién MS/MS

Nghién ctru tién hanh bom chat chuan sibutramin, desmethyl sibutramin,
didesmethyl sibutramin, fenfluramin, loperamid va phenylpropanolamin véi néng do
1 pg/mL vao hé thong khdi phd hai lan cung véi dong pha dong ma khong qua cot
sac ky voi diéu kién nhu sau:

+ Kénh A: Amoni format 2mM + axit formic 0,1%/ nudc

+ Kénh B: Amoni format 2mM + axit formic 0,1%/ MeOH
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Sau khi chon ché d6 khéo sat tur dong dé ban pha ion phan tir me thanh cac ion

con, lya chon ion con c6 cuong do cao nhat dé dinh lugng va ion c6 cuong do thap

hon dé x4c nhan, cac két qua duogc trinh bay nhu trong bang 3.11.

Bang 3.11. Cdc diéu kién khai phé phan tich cac chat nhém hé tro giam can

£ L. . . Thé | Ning
Khoi Thoi Manh | Manh | |
£ A oo . on | lwong
STT Chat phan tich lwgng | gian luu | me con , .
han tir | (phat) | (miz) | (miz) | (02| PAn
p .
(V) | pha(E)
6,37 1248 | 22 26
1 Sibutramin 278,9 279,9
6,38 138,4 | 16 26
6,33 1248 | 24 28
2 | Desmethyl sibutramin | 265,0 266,0
6,34 138,8 | 12 28
Didesmethyl 6,27 208,1 | 47 11
3 : : 251,1 252,1
sibutramin 6,28 138,2 | 47 11
6,30 159,1 | 33 12
4 Fenfluramin 231,2 232,2
6,31 187,0 | 20 12
7,12 266 | 30 15
5 Loperamid 477,0 4771
7,13 210 | 35 15
4,35 134 | 15 19
6 | Phenylpropanolamin 151 151,5
4,36 115 | 20 19

Nhin xét: Qua bang 3.11 cho thay, diéu kién khéi pho hoan toan phu hop véi
cong thure phan tir cia cac chat nhom hd tro giam can, s6 khdi cuia cac ion me tuong
g voi timg chit phan tich, chiing déu c6 dang 1a [M+H]*, mdi chat thu dugc 2 ion
con, pht hop véi quy dinh ctia chau Au vé sé diém IP.

Chon ché d¢ khao sat tu dong d6i véi ting ion con dinh lwong va dinh tinh cila
ting chit. Khao sat cac thong sé cho bd phan tao ngudn ion, thu dugc gia tri théng

sO toi uu liét ké trong bang 3.12.
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Bang 3.12. Céc thdng s6 toi uu ciia khoi phé d@é phan tich cac
chat nhém ho tro giam can

Théng s6 Gid tri t6i wu

Thé ion hoa (IS) (V) 5500

Nhiét d6 ion hoa (TEM) (°C) 400
Ap suit khi ngudn ion 1 (GS1) (psi) 20
Ap suat khi ngudn ion 2 (GS2) (psi) 20
Thé dau vao (EP) (V) 10
Ap suat khi (CUR) (psi) 25
Ap suat khi va cham (CAD) (psi) 9

3.3.1.2. Khao sat diéu kién LC
3.3.1.2.1. Lwa chon cot tach

Cot tach 1a bo phan quan trong cua hé thong sic ky. Qua tham khao cac tai
liéu va diéu kién thuc té cta phong thi nghiém, nghién ctru da lya chon c6t tach 1a cot
pha ddo Cig. Trong nghién ctru nay, ¢t Cig (100 mm x 2,1 mm; 3,5um) va tién cot
tuong tng dugc sir dung dé tach cac chat nhém hd trg giam can.
3.3.1.2.2. Lua chon diéu kién pha dong

Qua trinh ion héa trong phan tich khdi pho 13 diéu kién quan trong quyét dinh
d6 nhay cta phuong phap. Dung méi pha dong khong chi anh hudng dén viée rira
gidi cac chat ma con gdp phan giup qua trinh ion hoa tot hon. Ti 1¢ thanh phan cac
dung moi trong pha dong sé tac dong dén kha nang luu giit chat phan tich trén cot
khac nhau, téc do dong pha dong ciing anh hudng téi dd phan giai ctia hdn hop chat
phan tich. Hai hé¢ dung mai tién hanh khao sit duoc trinh bay trong phan 2.2.3.
Chuong trinh gradient dung méi dugc trinh bay & bang 3.13, téc d6 dong pha dong
la 0,35 mL/phut.
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Bang 3.13. Churong trinh gradient phdn tich cac chat nhdm hé tror giam can

Thoi Thanh phin pha dgng
oi
Gradient | gian Ti 16% Amoni format 2mM + | Amoni format 2mM
, ’ acid formic 0,1%/ MeOH | + acid formic 0,1%/
(phut) ACN
(%) H20 (%)
0,00 10 90
] 2,00 10 90
Gradient 1
5,00 90 10
8,00 10 90
0,00 10 90
) 2,00 10 90
Gradient 2
5,00 90 10
8,00 10 90

Sau khi thyuc hién 2 chuong trinh gradient, tin hi¢u pic thu nhan dugc ctuia chat
phan tich dugc thé hién & hinh 3.14 - 3.15.

8 0opb-yrad 1 D881 {U

Inten

f0u4 |
I L
|

) — —

0 10 20 30 40 40 &0 70 80 80

Hinh 3.14. Tin hiéu pic cia mét sé chat nhém hé tro giam can tai chwong trinh
gradient 1

| Desmethy! sibutramin Didesmethy! sibutramin
S0¢% d '-"‘% d
09 0 2 E:zjn‘e:.mj: &3 i 0 % 00 119 20 k] ‘_l:me':mn: 7 10 %0 80 10 20 23 l:_ﬁ;/e.n;i.n i 6 8
Hinh 3.15. Tin hiéu pic ciia mgt sé chat nhém hé tro giam can tai chwong trinh

gradient 2

124



Qua séc db, tin hiéu pic thu nhan duoc khi thuc hién béi hé pha dong 2 (muc
2.2.2) v6i chuong trinh gradient 1 cao hon khi tién hanh phan tich béi hé pha dong 1
v6i chuong trinh gradient 2. Vi vdy, thanh phan pha dong t6i vu 1 hé pha dong 2:
+ Kénh A: Amoni format 2mM + axit formic 0,1%/ H20
+ Kénh B: Amoni format 2mM + axit formic 0,1%/MeOH
Do tbc do dong anh huong dén thoi gian luu giit chat phan tich trén cot. Toc
d6 dong nho tao d6 phan giai tot nhung thoi gian phén tich dai. Sau khi d3 Iya chon
dugc hé pha dong thich hop, nghién ciru ciing thay doi toc d6 dong pha dong 1a 0,4
mL/phat va ché do gradient 3 nhu bang 3.14.
Bang 3.14. Chirong trinh gradient 3 phan tich c&c chat nhém hé tror giam can

Thoi gian Amoni format 2mM + Amoni format 2mM + acid
(phut) acid formic 0,1%/MeOH formic 0,1%/ H20 (%)
0,00 10 90
3,00 10 90
5,00 95 5
7,00 95 5
8,00 10 90

Theo sac db tin hiéu cac pic cac chat nhom hd trg giam can (Hinh 3.16), khdng
c6 sy thay d6i 16n vé tin hiéu pic, tuy nhién thoi gian luu cta chat phén tich da ngin

hon tir 7 phat xudng 6 phut 38.

. Std Sppb - SibuT (Unknown) 279.940/124 800 Da l Std Sppb - DSE1 (Unknown) 266.000/124.500 Da = l Std Bppb - Dides-SB3 (Unknown) 252.100/126.000
Area: 7.00e+005 counts Height: 1.08e+005 cps Asea: 7.252+005 counts Height: 1.08e+005 cps = Ares: 1.89e+005 counts Height: 3.12e+004 cps .
g3z 8,35 6.28
1.00e5 . . 1.00e5 | i
00=5 Sibutramin Desmethyl . ...| Didesmethyl
. : 28244 .
sibutramin sibutramin
30004 8.0084 -
20e4 ]
a8 a 2
= s < 8.00es a
= = = £ 1.5e4]
5 5 2
5 = =
£ o4 £ 4.00es] E pesd
2 0004 ] 2.0024 4 5000.0
0.00 i 0.00 l 0.0 l
o 2 H 6 s 0 2 H 8 & 0 2 4 [ 8
Time min Time. min _ Tima min

Hinh 3.16. Tin hiéu pic cia mét sé chdt nhém hé tror giam can tai
chuwong trinh gradient 3
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Tur cac két qua thu duoc, diéu kién t6i wu cho hé pha dong dugc lya chon la
hé pha dong 2, chuong trinh rira giai theo gradient 3 (Bang 3.14) va toc d6 dong 1a
0,4 mL/phdt.

3.3.2. Khdo sdt quy trinh xiv Iy méu phdn tich cdc chét cim nhém hé tro giam cén
3.3.2.1. Khdo sdt dung méi chiét

Dung mdi chiét mau duoc thuc hién véi muc dich tim dwgc dung mdi hoa tan
dugc nhiéu nhat chat phan tich nhung chon loc véi chat phan tich. Hai loai dung moi
dugc khao sat 1a MeOH va hdn hop dung moi ACN/ acid formic 1%. Két qua do thu
hoi sibutramin trén 3 nén mau: vién nang cang, vién nang mém va mau tra tdi loc
duoc thé hién trén hinh 3.17 va Phu luc 4.
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B MeOH ©ACN/1% acid formic
Hinh 3.17. B¢ thu hai sibutramin tgi dung méi chiét khac nhau
Tir biéu dd cho thay, nén mau c6 anh huéng dén do thu héi. Do thu hdi cua
sibutramin trén nén mau vién nang cting la thap nhat va do thu héi caa hai dan xuat
khi str dung 2 loai dung mdi chiét cho thay khong c6 su khéc biét 16n. Vi dung moi
MeOH c6 kha ning hoa tan chon loc chat phan tich khong tét bang ACN/ axit formic
1% nén d6 thu hoi cua chat phan tich trén cac nén mau khi sir dung dung mai chiét
MeOH c¢6 xu huéng sai s6 duong. Do vay, nghién ciu lua chon hdn hop dung moi

ACN/ axit formic 1% lam dung méi chiét téi vu.
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3.3.2.2. Khdo sat quy trinh lam sach mau
Trude khi tién hanh xac dinh ham luong cac chat trén thiét bi LC-MS/MS, 4
quy trinh 1am sach mau duoc khao sat dé 1am sach dung dich sau chiét.
Quy trinh 1: Chiét mau, loc mu, va tién hanh x4c dinh ngay bang thiét bi LC-
MS/MS
Quy trinh 2: Loai tap bang cach cho mau chiét qua cot SPE-SCX
Quy trinh 3: Loai tap bang cach cho mau chiét qua cot SPE-HLB
Quy trinh 4: Str dung than hoat tinh
Két qua d6 thu hdi trong ing véi timg quy trinh 1am sach mau dugc trinh bay
6 hinh 3.18.
110
90

70

it (%)

éu sua

50

A

30

Hi

10

10 O 1 2 3 4 5
Quy trinh chiét
— & = Sibutramin —®- - Desmethyl sibutramin

—m#— Didesmethyl sibutramin --® =- Fenfluramin

—##— L operamid Phenylpropanolamin

Hinh 3.18. H¢ thu hai cia cac chdt nhdm hé tror giam can tai quy
trinh lam sach khac nhau
Do thu hdi caa chat phan tich khi st dung quy trinh 1 c6 xuat hién sai s6 duong
chang t6 quy trinh 1 xay ra su hoa tan chwa chon loc chat phan tich. Quy trinh 3 sir
dung cot HLB c¢6 do thu hoi thap do chat phan tich bi mat hoan toan khi di qua cot,
khong dugc luu lai trén cot. Quy trinh 2 va 4 ¢6 d6 thu hdi twong duwong, tuy nhién
khi ham luong chat phan tich thap va cac budc nap mau, ria tap, raa giai caa quy
trinh 2 ¢6 thé da anh huong t6i do thu hoi trén nén mau. Nghién ctu ciing da tién

hanh so sanh sy khac nhau vé gié tri trung binh cua 2 phuong phap bang xir ly thong
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ké, két qua cho thay 2 gié tri trung binh khac nhau c6 ¥ nghia. Vi vay, quy trinh 4
duoc chon lam diéu kién téi vu dé 1am sach mau.

Bén canh d6, nghién ctru tién hanh khao sat khéi lugng than hoat twong tng
Vvé6i luong mau can 1am sach do ham lugng than hoat tinh anh huong téi kha nang hap
phu céc chit phan tich.

Khdi luegng than hoat tinh dugc khao sat tai 25 mg, 50 mg, 75 mg va 100 mg
tuong tng véi 10 mL dich chiét mau, mdi miu duoc tién hanh 1am l3p 6 1an. Két qua
thu duoc duogc trinh bay ¢ bang 3.15.

Bang 3.15. D¢ thu hoi cua cac chat nhém hé tro giam can tai
khoi luong than hogt tinh khac nhau

Than hoat tinh Do thu hoi (%)
25 mg 50 mg 75 mg 100 mg

Chat phan tich

Sibutramin 84,8 75,5 74,2 80,7
Desmethyl sibutramin 107 83,1 68,6 30,7
Didesmethyl sibutramin 100 61,7 68,0 21,4
Fenfluramin 95,5 79,6 73,4 36,4
Loperamid 89,4 67,5 57,5 30,8
Phenylpropanolamin 86,0 71,5 68,5 20,5

Tir két qua trong bang 3.15 cho thay, d6 thu hoi cua chat phan tich phy thuoc
vao ham lugng than hoat tinh, khi lugng than hoat tinh 16n dan thi do thu héi bi giam,
nguyén nhan do than hoat tinh d& hap phu chat phan tich. Do vay, luong than hoat
tinh 25 mg twong ung luong mau 10 mL duoc lya chon lam diéu kién ti vu.

Sau khi khao sat va lira chon duoc cac diéu kién chiét va lam sach mau pho
hop, quy trinh t6i wu phan tich cac chat nhém hd tro giam can trong mau TPBVSK
duoc trinh bay ¢ hinh 3.19.
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Can 1g mau vao
ong 50 mL

Thém 20 mL dung moi
.;v ACN/axit formic 1%

[ Lic xody 1 phut, ]

rung siéu am 15 phit

Moau

chiér l .
lap [ Ly tam 6000 vong/phat, 5 phut
lan 2 )

[Chuyén vao binh dinh mirc 50 mL

A 4

[ Pinh mire té1 vach 50 mL

~

J

Léy 10 mL dich chiét trénvdo ong Iy
| tam chira 25 mg than heat tinh
M/ N
Lac xoay,
ly tam trong khoang 1 phut

Loc qua mdng loc 0,2um

-

[Phén tich trén thiét bi LC-MS/MS

Hinh 3.19. Quy trinh téi wru xdc dinh cac chat nhém ho tro
) giam can trong mau TPBVSK 3
3.3.3. Tham dinh phwong phdp phan tich cac chat cam nhém ho tro gi@gm cén

bang LC-MS/MS
3.3.3.1. D¢ dac hiéu

Déi vé6i ki thuat MS can dap tmg duoc yéu cau vé diém IP (Identification
Point). S6 diém IP cuia cac chat cam duoc tinh mdi ion me duoc tinh 2 diém IP, mbi
ion con duoc tinh 2,5 diém IP. Dya vao bang 3.11 cho théy, cac chat nhom hd tro
giam can déu c6 mot manh me va 2 manh con tré 1én nén sb diém IP = 5 dat yéu cau
d6i v6i phan tich trén khdi pho.

b3 déac hiéu cua phuong phép phan tich con dugc xac dinh khi phan tich dung
dich chuan, dung dich thém chuan trén nén mau thir va dung dich mau trang. Két qua

duogc thé hién trong hinh 3.20 va Phy luc 4.
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Hinh 3.20. Sdc d6 mdu trang (A), mau chuan (B) va mau thém chudn sibutramin
trén nén mau tra giam can (C), vién nang cung (D) va vién nang mem (E)

Két qua phan tich cho thiy, mau tring khong xut hién tin hiéu chét phan tich,
mau chuan va miu thém chuan c6 tin hiéu véi ciing thoi gian luu khong qua 2%. Nhu
vay, phuong phap dam bao d6 dic hiéu dé phan tich cac cht cAm nhom hd tro giam
can.
3.3.3.2. Gioi han phat hién (MDL) va gioi han dinh lwong (MQL)

Tién hanh phan tich mau tring thém chuan véi ndng d6 thap con c6 thé xuat
hién tin hiéu chat phan tich. Phan tich lap lai 6 1an. Tién hanh xac dinh ty 1& S/N. Gidi
han phat hién 1a néng do ma tai do c6 S/N = 3. Gi61 han dinh lugng 1a gidi han ma
tai d6 S/N = 10 hay MQL = 3,3 MDL. Hinh 3.21 la sic d6 mau trang thém chuan tai
murc ndng d6 0,3 pg/ke.

It 30 e 70 0150 00 881 o S e ) e o T Sy Ve, B
o 5 = 102
Desmethyl T3
g j T =3.Be2 s Tran=00e+0 s
sibutramin :
—— ~ - S SO S .. L E— —
3 t t B
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. . s
Sibutramin enerns
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sibutramin e S o

I w s 1
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Hinh 3.21. Sdc d6 mau trang thém chudn tai mirc nong dg 0,3 pglkg
doi vai nén mau vién nang cung

130



Tir két qua cho thay, tai muc ndéng d6 0,3 pg/ke, ty 16 S/N > 10. Do d6, gi6i
han dinh luong cta phuong phép 13 0,3 pg/kg ddi v6i ca 3 nén mau vién nang cing,
vién nang mém va mau dang 16ng twong tng véi 6 ng/L trén dung dich va gidi han
phat hién 1a 0,1 pg/kg tuong ung vaéi 2 ng/L trén dung dich. Véi gidi han dinh luong
13 0,3 pg/kg, phuong phap c6 da hiéu ning dé c6 thé phan tich cac miu TPBVSK
trén thi truong, dap tmg duoc yéu cau theo quy dinh tai mot s6 nude EU, Nhat Ban,
Hoa Ky.
3.3.3.3. Khodng tuyén tinh va dwong chudn

Diy chuan 1am viéc dugc pha trong dung dich chiét mau trang. Pha day chuan
1am viéc ndéng d6 2; 5; 10; 20; 50; 100 va 200 ng/mL va phan tich trén LC-MS/MS.
Xay dung duong chuan phu thudc giita dién tich pic va ndng do tuong tmg. Pudng

chuan duoc lap trén phén mém cua thiét bi thé hién trong hinh 3.22 va Phu luc 4.
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Hinh 3.22. Puwong chudn phan tich sibutramin
Két qua cho thiy trong khoang ndng d6 phan tich, tin hiéu cta chat phan tich
ty 1& tuyén tinh v6i ndng do voi hé sb twong quan R? > 0,99 v6i do chéch <15% voi
tat ca cac gia tri. Vi vdy, khoang nong do tir 2 ng/mL dén 200 ng/mL dugc nghién

cuu chon lam khoang dinh lugng.
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3.3.3.4. D¢ ldp lai va dé thu hoi

Duya trén ham luong cac chat nhom hd trg giam can thuong tron trai phép vao
TPBVSK trong mau thuc té, nghién ctiru tién hanh khao sat do 1ap lai va do thu hoi
ctia phuong phap bang cach phan tich c4c mau tring thém chuan ¢ 2 mirc ndng do
khac nhau, ham luong 13 2,0 va 5,0 mg/g d6i vé6i sibutramin, desmethylsibutramin,
didesmethylsibutramin va 5,0 va 10 mg/g déi véi fenfluramin, loperamid va
phenylpropanolamin lip lai 6 1an cho mdi néng d6. Cac két qua duoc thé hién trong
bang 3.16 va Phu luc 4.

Bang 3.16. B¢ lap lai va do thu hoi cua sibutramin

Mikc 2 mglg 5 mgl/g
- Ham lrng Do thu hoi Ham lrgng P thu hoi
Mau (R)% (R)%
1 2,04 102 4,75 95,0
2 1,92 96,0 4,52 90,3
3 1,78 88,9 4,14 82,7
4 1,75 87,3 4,62 92,4
5 1,76 91,8 4,76 95,3
6 1,65 93,4 4,63 92,7
Do thu hoi
trung binh (%) 907 14
SD (%) 0,14 0,23
RSD (%) 9,80 5,08

Tu cac két qué thu duogc, do thu hoi trung binh cuia céc chat nhém hd tro giam
can lan luot ndm trong khoang 82,7 — 102% va d¢ l1éch chuin tuong ddi tir 2,73 —
9,80%. Céc két qua ndy cho thdy phuong phap c6 do chinh xac dap ung yéu cau ciia
AOAC (d6 thu hdi 60-115% va do 1éch chuan tuong dbi < 21% tai ndng do 10 pg/kg)
[29].
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3.3.4. Phan tich c&c chdt nhdm hé tre' giém can trong mau TPBVSK

Trén co s& phuong phap di xay dung, nghién ctru tién hanh xac dinh ham
lwong cac chit nhom hd trg giam can trong 30 mau TPBVSK c6 tac dung hd tro giam
can trén thi truong. Két qua dugc thé hién trong bang 3.17 va Phu luc 4.

Bang 3.17. Két qua phdn tich ham lwong cc chat nhém ha tro giam
can trong m¢t so mau TPBVSK

Ham luwong (mg/g)
Miu Didesmethylsibutramin,
Sibutramin |Desmethylsibutramin | fenfluramin, loperamid,
phenylpropanolamin
GC.01 - GC.04 - - -
GC.05 2,20 - -
GC.06 4,65 - -
GC.07 11,6 - -
GC.08 5,63 - -
GC.09 10,0 - -
GC.10 11,9 2,05 -
GC.11-GC.20 - - -
GC.21 - GC.30 - - -

“-”: khong phat hién hodc nhé hon MDL

Qua bang két qua phan tich, nghién ctru di phat hién c¢6 06 miu vién nang

cimg duong tinh véi sibutramin, 01 mau vién nang cimg duong tinh véi

desmethylsibutramin, khong phat hién miu nao duong tinh v&i
didesmethylsibutramin, fenfluramin, loperamide va phenylpropanolamin.

So sanh véi nghién ciru cuia Jeongeun va cac cong sy tai Han Quéc [52] st

dung k¥ thuat LC-MS/MS phat hién 09/25 mau c6 Sibutramin véi ham lugng tir 0,72

dén 48,6 mg/g. Két qua phan tich cdc mau thuc tai Viét Nam cho théy ti 16 mau phat

hién sibutramin thdp hon va ham lugng trong cic mau c6 xu hudng chum hon. Ngoai

ra, ti 1& s6 mau thuc phém bao vé€ suc khde phat hién sibutramin va mau c6 dan xuét

cta sibutramin 14 269/20 mau theo bao céo cua FDA [110]. Piéu nay cho thiy sy

133



turong doéng vé két qua phan tich mau thuc cua nghién ctru nay véi bao céo cia FDA
vé ti 16 mau phat hién sibutramin va dan xuit cta sibutramin.
3.4. Xay dwng quy trinh LC-MS/MS xac dinh dong thoi mét sé chit cam trong
TPBVSK hd tro tiéu duwong
3.4.1. Khdo st cdc diéu kign LC-MS/MS
3.4.1.1. Khao sat diéu kién MS/MS

Nghién ctru khao sat diéu kién khéi phd bang cach bom cac dung dich chuan
co néng do 1 pg/mL. Lua chon ion con ¢6 cudong do cao nhat dé dinh luong va ion co
cudng d6 thap hon dé xac nhan. Cac thong s6 khdi phd duogc trinh bay trong bang
3.18.

Bang 3.18. Cdc diéu kién khoi phé phan tich cac chat hé tro tiéu dwong

Chit phan Thé va cham
STT ; Miainh me Minh con
tich ’ (CE)
. 60,2 52
1. Metformin 130,1
71,2 76
) 60,2 32
2. Phenformin 206,1
105,1 16
] 60,2 12
3. Buformin 158,1
42,8 32
) i 369,0 48
4, Glibenclamid 4942
169,0 12
. . 91,1 20
5. Gliclazid 324,1
65,2 20

Qua bang 3.18 cho thiy, diéu kién khéi phd hoan toan phu hop véi quy dinh
ctia chau Au vé sd diém IP.

Chon ché d¢ khao sat tu dong d6i véi tirng ion con dinh lwong va dinh tinh cila
ting chit. Khao sat cac thong sé cho bd phan tao ngudn ion, thu dugc gia tri théng

sO t6i uu liét ké trong bang 3.19.
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Bang 3.19. CAc théng so toi wu cuia khoi phé dé phan tich cac chdt nhém tiéu durong

Théng s6 Gia tri ti wu
Thé ion hoa (IS) (V) 4000
Nhiét d6 ion hoa (°C) 300
Téc d6 dong khi (L/min) 11
Ap suat budng ion hoa (psi) 15

3.4.1.2. Khdo sat diéu kién LC
3.4.1.2.1. Lwa chon cot tach

Cot tach 1a b phan quan trong cuia hé théng sdc ky. Qua tham khdo cac tai li¢u
va diéu kién thuc té cua phong thi nghiém, nghién ctru da Iya chon cot tach 1a cot pha
dao C18. Trong nghién ctru nay, cot Eclipse Plus C18 (150 mm x 3,0 mm; 3,5 pm)
va tién cot twong tng duoc sir dung dé tach cac chat nhom tiéu dudng.
3.4.1.2.2. Lura chon diéu kién pha déng

Nghién ctru tién hanh phan tich dung dich chuan hon hop c6 nong do
100 ng/mL véi hai hé dung moéi tién hanh khao sat dugc trinh bay trong phan 2.2.3.
Dién tich pic cta cac chit phan tich duoc trinh bay trong bang 3.20.

Bang 3.20. Két qud khao sat anh huéng pha dong doi véi cac chat nhém tiéu durong

. Dién tich pic
Chat phan ; "
tich Pha dong 1 Pha dong 2 (Dung dich d¢m ammonium
(Acid formic 0,1%) format 10mM, acid formic 0,1%)
Metformin 222022 195629
Phenformin 145319 129168
Buformin 159970 47009
Glibenclamid 70705 33950
Gliclazid 24303 14902

Két qua so sanh dién tich pic cua cac chat phan tich khi phan tich bang pha
dong chira acid formic 0,1% cho tin hi¢u cao hon véi tat ca cac chat phan tich so vdi

dung dich dém chtra acid formic 0,1% va amoni format 10 mM. Do do6, nghién ctru
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lya chon pha dong phan tich chira acid formic 0,1% va ACN v&i chuong trinh gradient
nhu bang 3.21. H¢ sdc ky long dugc van hanh theo céac diéu kién sau:

- Cot sic ky: Agilent Eclipse Plus C18 (150 mm x 3,0 mm, 3,5 um) va tién cot
tuong Uing

- Thé tich bom mau: 5 pL

- Pha dong: acid formic 0,1% (kénh A) va acetonitril (kénh B)

- Téc do dong: 0,4 mL/pht

- Chuong trinh gradient: Bang 3.21

Bang 3.21. Churong trinh gradient phan tich cac chat nhom tiéu dwong

Thoi gian Acid formic 0,1%

(phut) trong nuéc (%) ACN (%)
0,0 90 10
2,0 90 10
3,0 10 90
7,0 10 90
8,0 90 10
10 90 10

3.4.2. Khdo sdt quy trinh xir Iy mdu phdn tich cdc chit cim nhém hé tro tiéu
duong
3.4.2.1. Khdo sdt dung méi chiét

Tién hanh thém chuan & mic néng do 100 ng/mL va 5 loai dung méi duoc
khao sat 1a MeOH, ACN, ACN: Hz0 (1:1), MeOH: H20 (7:3) va MeOH: H0 (5:5).
Két qua do thu hdi trén dung mai chiét trén nén mau thyc pham bao vé stc khoé dang

vién nang ctrng duoc trinh bay trong hinh 3.23.
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m Acetonitril
= Methanol
ACN: H20
O MeOH: H20 (7:3)
= MeOH: H20 (5:5)

Metformin  Phenformin E}uformin Glibenclamid
Chat phan tich

Hinh 3.23. B thu hai c&c chdt nhém tiéu dwrong tai dung mdi chiét khac nhau

Tir biéu do va két qua cho thay, trong 5 loai dung mdi str dung, methanol cho
hiéu qua chiét tt vai cac chat phan tich (véi do thu hdi > 80%). Vi vay, nghién ciu
chon methanol 1am dung mai chiét téi wu.
3.4.2.2. Khao sat s6 lan chiét mdu

Tién hanh chiét lai lan ba véi 10 mL methanol phan cin & trén dé danh gia
hiéu qua cua s6 1an chiét. Két qua cho thay khi chiét lan ba lwong chat phan tich con
lai khong dang ké. Nhu vay, quy trinh phan tich véi hai lan chiét lap da ¢am bao chiét
kiét chat phan tich ra khoi nén mau.

Do nén mau TPBVSK thudng chaa hdn hop cac loai dugc liéu chira nhiéu
flavonoid, acid phenolic cling nhu cac chat mau chlorophyl, ... Céac chat nay hau hét
déu 1a cac chat phan cuc, dé hoa tan trong dung mai chiét 1a methanol, c6 thé anh
hudng dén tin hidu cua chat phan tich cling nhu gay ban va giam tudi tho ciia cot sac
ky va thiét bi. Do d6, nghién ctu tién hanh khao sat diéu kién 1am sach mau.
3.4.2.3. Khdo sat quy trinh lam sach mau

Khi so sanh mot s6 ky thuat 1am sach nhu chiét pha ran (SPE) va chiét phan
tan pha ran (d-SPE), thiy rang k¥ thuat d-SPE 1a ky thuat don gian, nhanh chéng va
hiéu qua dé loai trir cac chat mang mau va cac thanh phan c6 ngudn géc tir thyuc vat,
gia thanh ré, tiét kiém thoi gian phan tich. Do d6, nghién ctru tién hanh khao sat diéu

kién chiét phan tan pha ran st dung bot than hoat tinh (GCB).
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Tién hanh khao sat luong than hoat tinh dugc khao sat tai 25 mg, 50 mg va

100 mg twong tng v&i 10 mL dich chiét mau. Mdi mau duoc tién hanh 1am l3p 3 lan.

Két qua thu duoc duoc trinh bay & bang 3.22.

Bang 3.22. H¢ thu hai cia cac chdt nhom hé tro tiéu dwong tai khéi

luong than hoat tinh kh&c nhau

Than hoat tinh P thu hdi (%)
Chit phan tich 25 mg 50 mg 100 mg
Metformin 91,4 93,7 80,6
Phenformin 99,2 98,7 87,4
Buformin 934 92,5 85,9
Glibenclamid 98,2 92,7 83,8
Gliclazid 91,6 91,6 87,6

Tu

két qua cho thay, do thu hdi cua chat phan tich phu thudc vao ham luong

than hoat tinh, khi luong than hoat tinh 16n dan thi 6 thu hoi bi giam, nguyén nhan

do than hoat tinh da hap phy chat phan tich. Do vay, luong than hoat tinh 25 mg twong

g lwong mau 10 mL duoc lva chon 1am diéu kién téi wu.

Quy trinh t6i wu phan tich mot s6 chat nhdém hd tro tiéu duong dugc trinh bay
& hinh 3.24.

Can g mau vio
ong 50 mL

Thém 20 mL dung méi

> MeOH
v

Lic xo4y 1 phut,
rung siéu am 15 phut

Mau

chiét l
lap [ Ly tam 6000 vong/phit, 5 phiit ]
lan 2

l

[Chuyén vao binh dinh mirc 50 mL]

S

[ Dinh mire téi vach 50 mL ]

Ldy 10 mL dich chiét trénvéo éng Iy
| tam chira 25 mg than hoat tinh

Y
Lac xody,
ly tam trong khoang 1 phut

Loc qua mdng loc 0,2um

[Phén tich trén thiét bi LC-MS/MS]

Hinh 3.24. Quy trinh t6i wu xdc djnh céc chat nhém h tro tiéu
dwong trong mau TPBVSK
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3.4.3. Thdm dinh phwong phdp phan tich cac chat cém nhom hé tre tiéu dwong
biang LC-MS/MS
3.4.3.1. Do ddc hiéu

Dua vao bang 3.18 cho théy, céc chit cAm nhom hd tro tiéu duong déu c6 mot
manh me va 2 manh con trd 1én nén sé diém IP = 5 dat yéu cau d6i véi phan tich trén
khéi phd.
3.4.3.2. Gioi han phat hién (MDL) va gioi han dinh lwong (MQL)

Tién hanh phan tich mAu tring thém chuan véi nong d6 0,1 mg/kg trén cac nén
mAu tring vién nang cimg, vién nang mém Vva dang 1ong. Két qua cho thiy cac gia tri
S/N déu 16n hon 3 cho thay phuong phap dat MDL ¢ murc 0,1 mg/kg theo quy dinh.
Hinh 3.25 14 sic ky db cia mot s chat nhoém hd tro tiéu dudng trén cac nén TPBVSK

& muc thém chuan 0,1 mg/kg.
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w101 Noise (PeskToPeak) = 162 SNR (8 134min) = Glibenclamid

+ESI MRM CF=0.000 DF=0.000 CID@" (324.1000-> 91.1000) cap-spk LOD ppb.d
x101 Noise (PeakToPeak) = 5.16; SNR (7.881min) = 5.6

8 Gliclazid
7 7881
6
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4
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Hinh 3.25. Sac ky do ciia mot sé chat nhém hé tro tiéu dwong trén
cac nén TPBVSK ¢ mizc thém chuan 0,1 mg/kg
MDL cta cac chat cam nhom tiéu duong la 0,1 mg/kg twong tng véi 2,0

ng/mL trén dung dich va MQL la 0,3 mg/kg trong trng vai 6,0 ng/mL trén dung dich
duogc thé hién chi tiét trong bang 3.23.
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Bang 3.23. Gidi han dinh lwgng, gisi han phat hién ciia mét so chat
nhém ho tro tiéu dwong

R R S/N tai S/N tai MDL MQL
Chat phan tich
0,1 mg/kg 0,3 mg/kg (mg/kg) | (mg/kg)
Metformin 5,8 44,0
Phenformin 13,5 59,4
Buformin 7,0 32,5 0,1 0,3
Glimepirid 3,0 11,8
Glibenclamide 5,6 10,7

3.4.3.3. Khodng tuyén tinh va dwong chudn

Dy chuan 1am viéc dugc pha trong dung dich chiét mau trang. Pha diy chuan
lam viéc ndng d6 10; 20; 30; 50; 100; 200 ng/mL va phan tich trén LC-MS/MS. Xay
dung duong phu thudc giita dién tich pic va nong do twong tmg. Puong chuan duoc

lap trén phan mém cua thiét bi thé hién trong hinh 3.26 va Phu lyc 5.

@ %105 |y =1174.778157 * x - 228.542267 3\
2 R”*2 =0.99659246
2.2 Type:Linear, Origin:lgnore, Weight:None

0 20 40 60 80 100 120 140 160 180 200
Concentration (ng/ml)

Hinh 3.26. Puwong chudn phan tich burfomin
Két qua cho thiy trong khoang ndng d phan tich, tin hiéu ciia chat phan tich
ty 1& tuyén tinh v6i ndng do vai hé s twong quan R? > 0,99 v6i do chéch <15% voi
tat ca cac gia tri. Vi vay, khoang nong do tir 10 ng/mL dén 200 ng/mL duoc nghién

cuu chon lam khoang dinh lugng.
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3.4.3.4. D¢ ldp lai va dé thu hoi

Nghién ctru tién hanh khao sat do 13p lai va do thu hdi ciia phuong phéap bang

cach phan tich c4c mAu tring thém chuin & 4 muc nong d6 khac nhau, ham luong 13

1,0; 2,0; 5,0 va 10 mg/kg, lip lai 6 1dn cho mdi nong do. Cac két qua dugc thé hién

trong bang 3.24 va Phu luc 5.

Bang 3.24. D¢ 1ap lai va d@é thu hoi cua burfomin

Mike 10 mg/kg 5 mg/kg 2 mg/kg 1 mg/kg
Miu ll:'r(i’alr:g Dgg?u lt'r(z‘:lr:] le‘im lHam D%g?u lejlm D%g?u
. (R)% ong | lugng | lugng | oo, | lweng | 5o,
1 8,59 85,9 5,00 2,20 2,20 109,9 0,94 94,2
2 9,26 92,6 5,17 2,14 2,14 106,8 0,90 89,9
3 8,94 89,4 5,02 2,01 2,01 100,4 0,85 85,4
4 9,25 92,5 4,59 2,20 2,20 110,1 0,84 83,7
5 8,59 85,9 5,02 2,19 2,19 109,5 0,98 97,8
6 9,34 93,4 4,58 2,03 2,03 101,6 0,91 90,5
Do thu
héi TB 90,0 97,9 106,4 90,26
(%)
SD (%) 3,01 5,08 4,09 5,30
RSD (%) 7,50 8,32 9,55 5,87

Tu cac két qua thu duoc, do thu hoi trung binh cua céc chit nhém hd tro giam

can 1an luot nam trong khoang 82,0 - 108,6% va do léch chuan twong dbi tir 2,62 -

8,97%. Céc két qua ndy cho thdy phuong phap c6 do chinh xac dap ung yéu cau ciia
AOAC [29].
3.4.4. Phan tich céc chdt nhom hé tre tiéu dwong trong mdu TPBVSK

Trén co s& phuong phap di xay dung, nghién ctru tién hanh xac dinh ham

luong céc chat nhém hd tro tiéu dudng trong 30 mau TPBVSK dang vién nang cing,

vién nang mém va dang 16ng. Két qua dugc thé hién trong Bang 3.25.
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Bang 3.25. Két qua phdn tich ham lwong cac chdt nhom he tro tiéu
dwong trong mot s6 mau TPBVSK

Ham lwgng (mg/kg)
Miu _ Phenformin, Buformin,
Metformin . . o

Glibenclamid, Gliclazid
TP.01 - TD.08 - -
TD.09 2,20 -
TP.10 - -
TD.11 - TD.20 - -
TD.21 - TD.30 - -

“-”: khong phat hién hodc nhé hon MDL

Qua bang két qua phan tich, nghién ctru da phat hién c¢6 1 miu vién nang cing,
duong tinh véi metformin va khong phat hién mau nao dwong tinh v6i phenformin,
buformin, glibenclamid va gliclazid.

Céc két qua phén tich chit cAm trong cdc mau thuc pham bao vé sirc khoe hd
trg tiéu duong cho thay ti 18 phat hién rat thap. Cac két qua nay ciing twong dong voi
nghién ctru ciia Ma Jun cung cac cong su [74] va bao cao ciia FDA [110]. Trong thoi
gian toi, nghién ctru tiép tuc thu thip cac mau trén thi trudng va tng dung phuong

phap phan tich dé co cac két qua danh gia toan dién hon.
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KET LUAN

V61 cac muyc ti€u, ndi dung nghién ctru dé ra, sau qué trinh thyuc hién, luén an
da dat duoc cac két qua nhu sau:

1. Pa xay dyung quy trinh LC-HR/MS sang loc cac chat cim nhém hd trg sinh 1y,
hd tro giam can va tiéu duong trong TPBVSK: diéu kién HRMS tim kiém cac
manh phé ly thuyét va thuc nghiém, gisi han phét hién 0,1 pg/kg dén 0,1
mg/kg; (ng dung sang loc cac chat cam trong 152 mau TPBVSK: 20 mau
dwong tinh nhém PDE-5i véi 14 hop chat, 06 mau dwong tinh véi sibutramin
va desmethylsibutramin, 01 mau duong tinh véi metformin. Phat hién 01 hop
chat méi nhém PDE-5i 14 N-hydroxyethyl dithio-desethyl carbodenafil gop
phan bd sung vao thu vién toan cau nhém PDE-5i.

2. Pa xay dung quy trinh LC-MS/MS xéc dinh dong thoi mot sé chat cam trong
TPBVSK hd tro chirc nang sinh Iy: dung méi chiét acetonitril: nudc, MDL:
1,0 pug/kg cho Sildenafil, Tadanafil, Vadernafil va 0,1 mg/kg cho cac chat con
lai, d6 thu hoi trong khoang 80-110% véi RSD < 15%; tng dung phuong phap
dinh luong cac PDE-5i trong 92 mau TPBVSK phat hién duoc 12 hop chat véi
ham luong trong khoang 0,006- 226,8 mg/g.

3. Pa xay dung quy trinh LC-MS/MS xéc dinh dong thoi mot sé chat cam trong
TPBVSK hd tro giam can gom: dung méi chiét ACN/ axit formic 1%, MDL:
0,1 pg/kg, do thu hdi trong khoang 80-110% véi RSD < 9,80%:; ung dung
phuong phap phan tich 30 mau TPBVSK hd trg giam can: 06 mau chira
sibutramin voi ham lugng 2,20- 11,9 mg/g, 01 mau chira desmethylsibutramin
véi ham luong 2,0 mg/g.

4. Pa xay dung quy trinh LC-MS/MS xac dinh d6ng thoi mot sé chat cam trong
TPBVSK hd tro tiéu duong gom: dung mdi chiét MeOH, MDL: 0,1 mg/kg, do
thu hdi trong khoang 83-114% véi RSD < 10,6%; tng dung phwong phap phan
tich 30 mau TPBVSK hd tro tiéu duong phat hién 01 mau vién nang cang co

chua metformin véi ham luong 2,2 mg/kg.
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Céc két qua dat duoc cta luan 4n 13 cin cir dé cac co quan quan 1y sira doi, bd
sung cac quy dinh vé chat cAm trong thuc pham bao vé sitc khoe duoc quy dinh tai
Théng tr 10/2021/TT-BYT bao gdm: bd sung danh muyc chit cdm va quy dinh vé

murc gi61 han phat hién cua cac chat cam trong thuc pham bao vé strc khoe.
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Phu luc 1. Danh muc chit chuén sir dung trong nghién ciru

Bdng PL 1. Danh muc chdt chudn sir dung trong nghién ciru

. Do tinh
TT Tén chat Han% Code S6 16 khiét
cung cap
(%)
NhOm chdt hé tro chikc nang sinh Iy
1. Z'Hydmxypmpyl TRC | 1353000855 | LTPA2l 98,0
nortadalafil
2. |Acetaminotadalafil TRC A161250 7-APD-82-1 | 97,0
3. |Acetil acid TRC C177990 1-WJS-22-3 | 97,0
4. |Acetildenafil TRC A161600 2-ACH-50-1 | 98,0
5. |Acetylvardenafil TRC V098015 1-WJS-172-3 | 98,0
6. |Aminotadalafil LGC C10227200 832386 99,4
7. |Avanafil TRC AT794670 8-GHZ-5-1 98,0
8. |Benzamidenafil TRC X500000 4-ZCA-137-2 | 90,0
9. |Benzylsildenafil TRC M225935 1-JMS-111-1 | 98,0
10. |Carbodenafil LGC |DRE-C11002000| 1207185 99,1
11. |Chlorodenafil TRC C365535 3-PKB-26-3 98,0
12. |Chloropretadalafil LGC |DRE-C11502100 1406246 99,8
13. |Cyclopentylnafil TRC |DRE-C11833595| 1303627 96,0
14. |Depiperazino-thiosildenafill TRC E892530 2-CGF-101-4 | 96,0
15. |Descarbonsildenafil TRC |DRE-C16946550 1121671 99,3
16. |Desmethyl fondenafil TRC D292430 2-CGF-94-3 98,0
17. |Dimethylacetildenafil TRC D282120 19-PSB-16-2 | 98,0
18. |Dimethylsildenafil TRC |LGCFOR0254.08| 1005107 99,9
19. |Gendenafil TRC G349960 11-DPM-169-3| 96,1
) i Biosynth
20. |Homosildenafil FE23841 FE238411801| 99,5
carbOsyth
21. |Hydroxyacetildenafil TRC H739940 1-TEK-52-2 | 98,0
22. |Hydroxychlorodenafil TRC H825115 3-PKB-33-1 | 98,0
23. |Hydroxyhomosildenafil TRC H942840 1-ARD-37-2 | 97,0
Hydroxythio-
24. TRC H963150 1-WBZz-11-3 | 98,0

homosildenafil



https://www.lgcstandards.com/GB/en/Desmethyl-Fondenafil/p/TRC-D292430?queryID=0d28de4ac3445cffa4e1da0a2bc2d953
https://www.lgcstandards.com/GB/en/cis-Dimethylacetildenafil/p/TRC-D282120?queryID=1ba66097289d49093eaf3bff9341c46a
https://www.lgcstandards.com/GB/en/Hydroxythiohomo-Sildenafil/p/TRC-H963150?queryID=67c6fbc2f70b63ef42c975ec2b40776e

Do tinh

. Hang . .
TT Tén chat P Code So 10 khiet
cung cap (%)
25. |Hydroxythiovardenafil TRC H963400 1-JSC-92-2 98,0
26. |Hydroxyvardenafil TRC H995300 1-ARD-6-3 98,0
27. |Imidazosagatriazinone TRC E892725 1-ALB-8-1 95,0
28. |lsosildenafil TRC 1900800 9-SBT-86-1 | 98,0
29. MDLenafil carbonate TRC L469300 13-KSS-45-2 | 96,0
30. |Mirodenafil LGC C15271500 1359158 99,1
31. |Mutaprodenafil TRC TRC-M820000 [16-VKU-117-6| 98,0
32. |N-Desethylvardenafil TRC D289950 3-JQW-50-2 | 97,0
33. [N-Desmethylsildenafil TRC D292205 4-ARD-152-1| 98,0
34. |N-Octylnortadalafil TRC 0241350 1-HPA-15-4 | 96,0
35. [Nitrodenafil TRC N493770 7-GJF-128-1 | 98,0
36. |Noracetildenafil TRC N660500 1-AMR-21-1 | 98,0
37. |Norneosildenafil TRC N824300 1-GAB-99-4 | 98,0
38. |Norneovardenafil TRC N824500 3-L.XS-59-2 96,0
39. |Nortadalafil LGC C15651900 1296838 95,0
O-desethyl-o-propyl
40. | . ) TRC D289605 1-URV-77-1 | 98,0
sildenafil
41. |Piperazonifil TRC P480470 1-ZIW-178-1 | 95,0
42. |Piperiacetildenafil TRC P481480 4-APK-41-1 98,0
43. |Propoxyphenyl aildenafil TRC D289495 1-PRB-41-2 | 98,0
Propoxyphenyl-
44, i i TRC P831600 4-L1J-133-4 | 98,7
homohydroxysildenafil
Propoxyphenylthio-
45, ) i TRC P831635 3-KHI-18-2 | 99,5
hydroxyhomaosildenafil
46. |Pseudovardenafil TRC P839615 1-GAT-28-4 | 98,0
47. |Sildenafil TRC sazsoo1 | BT g0
PFZ
48. |Sildenafil N-oxide TRC S435035 1-LUH-175-4 | 99,5
49. |Tadalafil TRC T004500 3-SXG-103-1| 96,0
50. [Thioaildenafil TRC T344365 1-JMS-114-1 | 98,0
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https://www.lgcstandards.com/GB/en/Nortadalafil/p/DRE-C15651900?queryID=ebc697a08d9989f652fb072b43230a85
https://www.lgcstandards.com/GB/en/Pseudo-Vardenafil/p/TRC-P839615?queryID=e31cb4685d2fc6e6e5f49933c3f59ee4

Do tinh

. Hang . .

TT Tén chat P Code So 10 khiet
cung cap (%)

51. |Thiohomosildenafil TRC T344470 4-TVP-157-11| 98,0
52. |Udenafil TRC U250500 1-CWA-163-2| 96,0
53. |Vardenafil TRC V098002 9-SWZ-36-1 | 98,0

Nhom chdt hé tro giam cin
54. |Sibutramine hydrochloride| TRC S422500 1-DXX-80-1 | 98,0
55. Desmethylsibutramine TRC D292171 11-MJK-58-2 98,0
56. Didesmethylsibutramine TRC D441165 1-THT-94-4 98,0
57, |Fenfluramine LGC |LGCFOR0608.00| 1075687 | 99,6
hydrochloride
58, |Phenylpropanolamine  |MIKIOMOl\yece 00 0os0| G1016222 | 997
hydrochloride I
59. Loperamid hydrochloride LGC |LGCFORO0025.00 18718 99,7
Nhom chdt hé tro tiéu dwong

60. |Metformin hydrochloride LGC |LGCFORO0056.00 1245687 99,1
61. |Phenformin hydroch|0ride LGC LGCFOR1574.00 44038 98,8
62. |Buformin hydroch|0ride LGC DRE-C10831000 1376215 99,1
63. |Glibenclamide LGC |DRE-C14025000| G1304029 99,2
64. |Gliclazide LGC |DRE-C14025500| G1260428 99,9

Ghi chd: TRC: Toronto reseach chemicals



https://www.lgcstandards.com/GB/en/Thiohomo-Sildenafil/p/TRC-T344470?queryID=d3efd904f791491ca88d415aea065ac8
https://www.lgcstandards.com/GB/en/Vardenafil-d5/p/TRC-V098002?queryID=e03bac9af27aaf02325d8e76eb6f5a26

Phu luc 2. Théng tin ciia mau thu thap trong nghién ciru

Bdng PL 2. Md héa madu thu thip trong nghién ciru

Nhém chit

Tong . X . £
N 1 x TT Ma mau Dang bao ché
phan tich sO mau
1 SL.01-SL.31 Dang nang cting
Chat ho tro chirc N
i 92 2 SL.32-SL.62 | Dang nang mém
nang sinh 1y
3 SL.63 -SL.92 Dang bot dugc li¢u
.. 1 GC.01-GC.10 | Dang nang ctirng
Chat ho tro N
e 30 2 GC.11-GC.20 | Dang nang mém
giam can :
3 GC.21-GC.30 | Tra giam can
P 1 TP.01 - TD.10 | Dang nang cliing
Chat ho tro N
2 . 30 2 Tb.11 - Tb.20 | Dang nang mém
tiéu duong :
3 Tb.21 - Tb.30 | Dang long




Phu luc 3. Sic ki @6 chéat phan tich nhém PDE-5i bang LC-MS/MS

fapk 305 Aratiden | (BOWT) lpk 305 Mo cetidenad| lpk30E  Dimatfrlacctidenat] fapk 305 Hypdroorpvarderall
-+ dms - TG = p E51 Full s (22110000 100.0000) F < ldma - ld s
AT 17.18 AT 17.56 AT 776 AT 1808
A 18R3E22 A BTETS0A2 £ BETRNEAE A AEEITD
AH: 701G AH: SATETIE AH: SEDEMT AH: G4BT
EHN: INF SN INF BN 3 106 EH: INF
100, 100, 100+ 100
B B B0 B
BQ. BD. B4 BO.
& a an] a
20 20. 204 20
#6565 1738 1752
fim [ L - = 0 T
o iz 4 na e e e e o o Wz
GG 1 Dasaliylaardandti L0 6 Farcchideall CrRa0E Vardonall (MO Cokae foanalt (N3O
-+l ma S - FTMG = p ES| Full ms (220 C00-100.000) SITEM
AT AE1 AT 1802 AT 1018 RT-18.37
A ETIEM4E A ZEHIEEL2 A THITS Ak Z1D0GS6S
H: 14540 AH: 4085ER5T AH: 1436072 AH: ZHBIZS
SH:INF M INF SH:INF N INF
100 100 100 10
Bl Bl B0 ®
- B B0 B
) &0 &, al
2 20 X
A 1728 7.5 -
1. a T -ia T T T
P PO e o 12z 120 1z 184 12 144 e

FIka0E Fydorghamasioenatl (ACAC | Lokt Gicenail (ADWG) ks MCosmetyidicana CrRa0E Fomosioandi [ACAG)
-+ I me - FTVG + p ES| Full ms (20 0000- H00,0000] -+ 10 e Y ETLES + p ESI Fut s (220 E000-1100.0000]
RT 1844 RT 1847 RT 1847 RT 1856
A 201677090 B T2 AN 3EFIEEER A AZTORICOT
AH: 3055 AH: 1247076 AH: 4805303 AH zn-:nnam
SN:INF SN INF SH:INF
100 10 1m0
B B B B
B0 B0 B B0
20 & & &
0 0 b HEE =
w3 LY
0 " _ [ _ 1 . . - o
e s 15 1 E 1 126
ErRIG Shdonail Ncoite ERa0G ASlmiroloai [AOAC) EIRI0E Aminciacaan] GAHIE Py Py unyaban | L]
F = ldms T -+ ldme «ldme
RT. 1856 RT. 1858 AT 1050 RT. 1852
A HER13ET A LMIE26 R ARSI A ITEEE3
AH: 15257 AH: 1725805 AH: 16ETD0 AH: dE14S
SH:INF SH: INF H: INF SH: INF
10 10 100 100
B B BD. B
B B B B
2 2 a0 . a
b bl 0 vl |
0. 0.
T T T L] T T T ﬂ
16 148 125 1 126 148 HE e e
pkI0E MNodadalafl apk30s Udenall (SOAC) okI0-5  Barzamidanafi 4 ZHycrooypropsinoriadalad]
SR - < I e SPTE - TS + p E51Fui ma (220 0000-100,0000]
RT 1825 RT 1904 AT 1013 RT 1930
A MR Aok ZATIAETAD B 3E1EED A BTRARE
AH; 122061 AH; 365387E BH: BAIT33 AH: EBL43D
SN: INF SN; INF SN: INF SN; 138020
10 1 1m0 100
Ba BO Ba B ta
B B0 B B0
& & & &
b tasr 2 b =
15.06
o T — T a T o T T u
e 6o e 190 1z [=) \z 10z 1




17

18

19 20
apk0E Barzytakdenad] BpkI0E Thizsddenadl pka0E Hydroenythianomesiidenafl (A0AC) pk 305 Hydroogthiorodenafl
F. = !dma F-+dma F. = !dma F-=ldme
RT 2058 RT20.70 RT 1024 RT 2040
A BTS00 A GHEI304 AA BISEACRN B 51564035
#H: B0 AH T2 AH: ER1EE13 HH: BARE2D
SN INF SH:INF SN INF EH: INF
100 100 i0a 100
BO BD Bl BO.
B0 B B, Bl
] 4 0 a0
0 bl B o n en
. B B ' n1 E 15 o ! 2z o B
21 22 23 24
Epka0E Genderafl SpkI0E Chioroprradalaf] 5 HEutyTadaadl K0S Chicroderall
F- FTAE = p ESI Full me [2201.0000-1100.0000) F-=ldma F- FTWEG = p ESI Full ma [201.0000- 1100.0000) F-=ldma
L2045 RL 2070 FT. 2028 RT. 2052
A4 181THEa A WA A% BEMEITY A IGERT2A0
£H: JHGEEMT AH: 199203 AH: 23 BH: 2N EE
SN 1464145 SNINF SN:INF 3N INF
100 100 i0a 00
1] BD B2 BD
2] BQ 1] BQ
& Ll & Ll
B nm @ 2087 n Har 1 aum
Mz x4 M6 E me B Mo Faf 2D
25 26 27 28
o306 Momecesidanafl ok 05 Propooypramyiionydrosdomosiidana| k306 Mirocanali Pk 305 i) i
- FTAS = p ESI Full mes [220.0000-1100.0000) F- = ldms - FTWES + p ESI Full mes [221.0000-1100.0000] F- FTES = p ES1 Full mes [220.0000-11 00.,0000]
RT2.74 R 2124 RT 2124 RT M.ED
A MIERMELE AAC ITEB1EED A 354ED004 AA JBENTONGE
AH: 7298651 HAH: 310565 AH: BRI AH: 45348637
SN INF BN INF SN INF SN Ha50.4E
100 100 100 100
BO BD BO BO.
B BD B BD.
&0 Ll &0 &0,
3: 158 3: .04 3: 21.08 a: 21.28
e e 20 22 24 o 2z 24 24 e e
29 30 31 32
pkI0E  Praudovardanafl lpk 306 Lodenatl carbonate [AOAC) k06 N-Ochyinoadalail pk30-E  Thiohomoslidanafl [A0AC)
- FTAS = p ESI Full mes [220.0000-1100.0000) F- = ldma F-=ldms F-=ldms
RT21.74 RT-22.14 RT 2284 AT 2075
e MERMERS A BITERE A BRSH2ED A BRI
AH: 17258651 &H: 11E0520 AH: 1085333 AH: ZE3EIATT
SH:INF SH:INF EH:INF SH: INF
100 100 100 100
B B Ba B 024
B BD BD. BD.
&0 & a0 &0
W e E| 20 3256 20 _—
e e : i 2 % ) PEl) = e
33 34 35 36
Hinh PL 3.1. M¢t 56 sac ky do tham dinh tai nong do 30 ng/mL cua cdc chat:
1:  Acetidenafil 13: Sildenafil N-oxide 25: Gendenafil
2: Noracetidenafil 14: Acetaminotadalafil 26: Chloropretadalafil
3: Dimethylacetildenafil 15: Aminotadalafil 27: N-Butyladalafil
. Propoxyphenyl- .
4: Hydroxyvardenafil 16: poxyphenyl- . 28: Chlorodenafil
homohydroxysildenafil
5: N-Desethylvardenafil 17: Nortadalafil 29: Norneosildenafil
S . . Propoxyphenylthio-
6: Piperiacetildenafil 18: Udenafil 30: poxypheny

hydroxyhomosildenafil



7: Vardenafil 19: Benzamidenafil 31: Nitrodenafil
8: Avanafil 20: 2-Hydroxypropyl nortadalafil 32: Imidazosagatriazinone
9: Hydroxyhomosildenafil 21: Benzylsildenafil 33: Pseudovardenafil
10: Sildenafil 22: Thioaildenafil 34: Lodenafil carbonate
11: N-Desmethylsildenafil 23: Hydroxythio-homosildenafil  35: N-Octylnortadalafil
12: Homosildenafil 24: Hydroxychlorodenafil 36: Thiohomosildenafil
tpk100-2 Aratiden| (08RG pk100-2 Mormcalidenad| Epk100-2 Dimeifvylacetidenat] Pk 1002 Hydrowyvardanall
F=!d e - FTWS # p ESI Full me [2201.0000-110000000) -+ ldma F-=!dma
RT17.18 RT 1756 RTATTE RT18.10
A BIRB4ED A TERIERATT A TBaE3ETE A MZIaE0L
HiH: E3T4E AH: ZRETE1MT AH: 1TTD2E2 AH: 22083
SN IS0 SN ZD0EHIG SN 1.G0EHI0E SH:INF
i0a 100 100 100
BO B BO. B
B 1] ED. Bl
& 4 &0, &0
= 1706 " T4 :I; 752 1182 ;?‘
70 2 174 s e 176 e o o 12
1 2 3 4
pk 1002 M-Dasetfryhardanafil bk 1002 Fbm‘li:ﬂﬂdﬂ'ﬂl‘l SOk 100-2 Vandanafl {AOAC) Sok100-2 Fomnafil [AOAC)
F-+!d ms F-=ldma F- FTMS = p ES| Full mes [2201.0000- 11 000000 F-+ldms
RT 1810 RT 1802 RT 18.18 RT 1836
A 224380848 Ak D10BREA2 A JERENGT A BEEA2025
AH: 3600014 AiH: 135158500 AH: 30834588 AH: 2438050
SH:INF SN INF SH: INF SH:INF
100 100 100 10
BO. BO. BO. BO.
BD B0 BD BD
40, &0 &0, 40,
3: rET 1754 J: 3: 17.95 8.2 3:
o 12 178 140 Wz o Wz i 182 4 106
5 6

Bpk 1002 Hydrooghomios bdenat] (A0AC)
F.=!dmra

Grkice2 Shmenall

8

[ e]
- FTAES = p ES] Full mes [220.0000-1100,0000]

L0 Fonaieana (PO
-+ i s - FTAG + p E5I Full ms [2210.0000-1100,0000]
AT 1843 AT 1847 AT 1855
A ETSIT38EG AN DEHIASELZ A SEOETEAT
H: OTATTEET HH: TSR HH: TEES1TED
SHNF SHINF SHNF
100 100
B B
1w
B B
& a
n 20
a 1
"z 14 e 14 e 154 e e
0] Sienal Mot 1007 ArolamolmaaiE [0AE) CRT0d fmincadaianl 002 Fropsymranyomohydmosysienat] (i5
-+ 10 s -+ 10 -+ i s -+ 10 s
AT 1BEE AT 4871 AT 1ETY AT 4820
Al B1ATEINE A ATZTBOAT A BATHED At MIEZGEES
AH: 4BTEND AH: GTLZAS AH: T2 AH: 1835465
SN:INF EM: INF SN INF SN INF
100 100 100 100
B Bl B B
B B0 B0 B
P & an. P
x 2 2l e x
1. 1. u n
e e e e e e e e =

15

16



00T Horacaian w002 Uidanal [A0AE) 002 Borzamicana RRD0] EHarmrypropyinorana ]
-+ 10 s -+ 10 -+ i s - FTAS + p E5I Ful ms [220.0000-1100,0000]
FT: 1824 AT 1004 AT 1014 AT 4030
A HTELD AN TIETEBHZ B8 HTTTEE A TR
AH: 48257 AH; 1HEBA3 EH: 17822051 AH: 30T
SH:INF M INF SH:INF SHINF
100 100, 100 100
po] g pa B T
5] 53] 50 ]
s a] 0] ]
2] m 20 20 x
| = ] 124 106
o . a . o o
e e e e o = 18z 182 14
EPRID0.T Fyorcoty o ananl (AOns) G 100-2 Fyermytnicrodenatl G2 Gendeatl 007 Borzytigenatl
-+ 10 s “lims - FTMG + p E5 Full me (22010000 H00.0000] -+ 10 s
RT 1023 RT 2041 RT. 2045 RT. 2057
A AB1IED AR HEGA5A] A% BAIEIE00 A5 HEAE005
AH: ZaTSED AH: 33613772 AH: SGT4EATS AH: 20850
SH:NF M INF SN: ZOTZ1.0E SH:NF
100 100 100 100
B Bl B B
B B0 B0 B
P & an. P
n 20 . n
206 i
o T a T 0l T — o T
146 18 Ao Az a4 a4 e A ae
D02 Tremsbaenad] e 100-2 Chioroprtataatl 002 Trinaidaratl TSR]
-+ 10 s -+l e i - FTAS + p ESI Full ms [220.0000-1100,0000]
RT 2071 RT 2071 RT 2075 AT 2028
A HZATZRE A AR Al MOSTIABAET A TITIITA
AH: ZEOTORT AH: 580312 AH; B40ET44 AH: 265061
SH:INF SH:INF SHINF SHINF
100 100 100 100
B0 Bl BO 2084 B0
B B0 B0 B
P & a. P
n 20 08 . n
W
i} T T i} T 0. T T T i} T
ME E AE e A e B Mo
002 Chicrcderat] G 100-2 Homies ianl SrI00.2 FropoyfranyichyGrosyramosianatl  [aib0-2 Hvasona
g - FTME + p E51 Full mes 2201 0000-1100,0000] -+ ld s - FTAS « p ESI Full ms [220.0000-1100,0000]
AT 2054 AT 2125 AT 1125 RT21.35
A FEEE0E A AGEITEET A M7 A MTITIEER
AH: 2254411 AH: TITSTASD £H: 1774585 HH: TR
SHINF SHINF SN 1365703 SHNF
100 100 100 100
Bl Bl B Bl
B B0 B0 B
B a an. B
n 20 . n
2080 2 A 2. o 2
i} T T LB - T ] —fo— T LB T
ae o 2o 2z 214 2o oz 24 2o 2z 24
002 Imdazmsaganaznong w1007 Frstamvaranall rwI00-2 Lndena] coroonats (WOAL) 002 MDchyirertadaial
- FTME + p ESI Full s [22.0000-1100,0000] - FTME + p E51 Ful e 2201 0000-100,0000] -+ 1 s 1 s
RT. 2150 RE 2474 RT.22.14 RT. 2251
A DEBITE AA: FEAAE0G A TISTEAE A TG40
AH: 142305733 AH; G205 HH: 4907EST AH; 3675133
SN: STEEES SHINF SH:INF SHINF
1 1 100 100
B B B B
B B0 B0 B
& a0 a. &
al . 2] i e | 2 n
i} T 0. L s — 0. T i} T
214 21E e M e o 2 % e P2l

35

36

Hinh PL 3.2. Mét 56 scc ky do tham dinh tai nong dg 100 ng/mL ciia cdc chat sau:



Acetidenafil

1: 13: Sildenafil N-oxide 25: Gendenafil
2: Noracetidenafil 14: Acetaminotadalafil 26: Chloropretadalafil
3: Dimethylacetildenafil 15: Aminotadalafil 27: N-Butyladalafil
. Propoxyphenyl- .
4: Hydroxyvardenafil 16: . . 28: Chlorodenafil
ydroxyvardena 6 homohydroxysildenafil 8: Chlorodena
5:  N-Desethylvardenafil 17: Nortadalafil 29: Norneosildenafil
S . . Propoxyphenylthio-
6: Piperiacetildenafil 18: Udenafil 30: poxyphenytt .
hydroxyhomosildenafil
7: Vardenafil 19: Benzamidenafil 31: Nitrodenafil
8: Avanafil 20: 2-Hydroxypropyl nortadalafil 32: Imidazosagatriazinone
9: Hydroxyhomosildenafil 21: Benzylsildenafil 33: Pseudovardenafil
10: Sildenafil 22: Thioaildenafil 34: Lodenafil carbonate
11: N-Desmethylsildenafil 23: Hydroxythio-homosildenafil  35: N-Octylnortadalafil
12: Homosildenafil 24: Hydroxychlorodenafil 36: Thiohomosildenafil
k001 Aratidenad| (ROAT) R0  Momcatiden il k001 Cimaitolacetidenall k2001 Hydrootyvarderali
F- = d ma F- FTMES = p ESI Full mes [220.0000- 11 00.0000) -+ ldma -+ ldma
RT-17.18 RT 1756 RT17.74 RT. 18.09
LS - | Al 3RE019E1 35 Aol 128824012 £ IT1E1TERS
AH: 133756086 AH: 409536557 AH 271373024 AH: 412E20
- SN AT - SN 1HE+IDG - SN 1.BEEHIG 100 EH: INF
BO. B B. BO.
B EBD. EBD. BD
&0 &0, &0, &
20 20. 20. 20
N 737 - 751 -
. [l e 17.4 174 e e T e we 150 1z
1 2 3 4
pk00-1  MHDesatfrphardenaf] fapk 2001 Piparacctiderafl 001 Wardanall |AORC) R0 Povanalll [ADAC)
- = ldms - = ldma F- FTMES = p ESI Full ms [220.0000- 11 00.0000) -+ ldma
AT 18.11 RT. 1802 RT. 18.47 RT 1837
A 4330307 Sk TT3E2EZA0 B AEOENEQAN A LAOHS0E 13
AH: BT 1B652 AH: 226101868 AH: TIO00ASE AH: 161502862
- SN INF o0 BN INF 100 SN INF .. BN INF
BO. BO. BO. BO
BEO. al B BD
L) Ll &0, &0
.l 0. 20. 20
! 150 18z . 17E = o dz " 150 1z 154 ? 1&2'— 144 e
5 6 7 8
SRHA00-T  Hypdroorghomasideniat] (A0S EOR200-T Shoanall (GOWC) SOR200 T N-Deamatwisildaran SOR200-T  Homosiioananl (AO0AC)
& 1d e F- FTME = p ESI| Full mes [220.0000- 11 00.0000) - = ld e F- FTAE = p ESI Full mes [Z20.0000- 11 00.0000)
R 1843 RT. 1847 RT. 1847 FT. 1853
Sl 1250228214 B 451335722 S 240a21119 £ BREIBEZI
£iH: 1B35R0448 BH: TH4BTT £H: 3ET3RTI £iH: 133118365
- SN INF - SN INF 00 SN INF 00 EH: INF
B0 BD BO BD 1878
] B0 B0 B0 F
a0 Ll Ll a0
2 20 . 185G 20 1EED 20
e [F e ¢ 24 e . 24 e . 144 1HE
9 10 11 12
Wﬁmmm& ;%WLAWM [EraTTa) ;ﬁaﬁ:ﬂmmmuw ;ﬂ*mmmmmmmm
RT. 1066 RT 1870 RT- 1870 RT 1821
BA GTORS0GAL AAC MI0G2EAGL A TI0TF1ES A ZIGIERE
AH: 90612352 AH: 13671817 AH:1ET4NT AH: 38B0TRD
00 SN INF - SN INF 100 SN INF . EH:INF
Bd. BD. BO. BD.
BO. BO. BO. BO.
a0 40. 0. 40
20, 20, 20, 1E5E 20 -
|d.E- 145 a 1EE 1Ee “ 1EE 1Ee 1&.5 1d.B 1;[}
13 14 15 16




Era00oT oadaan 001 Udnal [A0AE) 001 Borzamicanan T T
-+ s -+ i s -+ s - FTMG + p E51 Ful e (201.0000H00.0000]
AT 1025 AT 1000 AT 1015 AT 1034
A TZANEL A 13T A I3 A TREBATR
AH: 1118445 AH: 19600058 H: 309054 AH: TTASES
SH:INF SH:INF SH:INF SH:INF
100, 100 100 100
B B po] B e
53] 50 50 B0
a] 0] ] A
2] a0 2] 20 2
1 1084 ta.08
a T 0. T — a T T a
e 1o e 1o 192 o Wz 1z 194
[Ea00.1 Fyarmyticrodanatl o001 Gengatl 001 BorzyGicenatl 001 Tremsbaenadl
-+ s - FTMG + p E51 Full mes (220 0000100.0000] -+ s -+ s
AT 2041 AT 2045 RT. 2157 RT. 2150
P A4EBOEIE A 12ATIREES A S TBCEED A BRITTATE
BH: TAZITIER AH: 192473541 AH: GGG AH: BRI
SH:INF SH: ZEBE24 SH:INF SH:INF
1m 100 100 100
B B B B
B BO. B0 B0
& an. an. a
2 2. . £
WE _—
i} T 0. T 0. T i} T ™
Az s B als e A6 e B e
a0 Crioropritaatl o001 Thinaidanatl 001 Byl 01 Chicrodanatl
-+ s -+ 1 s - FTMG + p E5I Full me (2200000 H00.0000] -+ s
RT2071 RT 2074 RT 2028 AT 2054
A BZETITR A PEEATEAIT PYTTTE e A5 WERHETES
AH; 1458127 AH; 192573000 AH; BAEET2 AH: 6aEAST
SHINF SHINF SHINF SH:INF
1m 100 100 100
B B 208 B B
B BO. B0 B0
& . a. a
2 2083 2. . £
M58 00
! T 0. T T o T !
AE e ME e ] o ] o
[Ea00-1  Momins imanal SrRa00-1 FroptyPranyHichydrosyramas aanal 001 rerosanan 001 Imaamsaganaznans
- FTME + p E51 Full mes (220 0000-1100,0000] -+ ld s - FTME + p E51 Full mes 22010000 HO0.0000] - FTME + p E51 Full e (22010000 HO0.mo0)
R .35 AT 224 RT. 21.25 AT 2151
A M2 P 320E54301 A 2B A BRI
AH: 16MBERI BH; 42400887 £H: 40045075 AH: FT2E0GATE
SH:INF M INF SH:INF SN BEEBL 0B
1m 100 100 100
B B B B
B BO. B0 B0
an a an. a0
2 2. . £
o HA 21.00 16 2137
fi i . . . o . o . —
2o 2z 24 2o 2z 4 2z 4 24 e e
o001 Frauamvamanall Sra00-1 Ldena] caroonats (WOAL) 001 Moty irortadaianl 001 Mompovarcanzil
- FTME + p E51 Ful e (220 00001000000 -+ 1 s -+ 1 s - FTME + p E51 Full me (22010000 HODm00)
P FT2213 RT2222 A AT
A THSERED A ATE0541 A4 BT Privea il
AH: 120843501 AH: BTSN AH: TAREIGE i
SN INF SN:INF EH:INF :
1 1m0 100 100 |
B B B B
B BO. B0 B0
an & a. a
2] L 2154 2. . £
o o . 0 . 0
HE HE o iz % e P2l
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Hinh PL 3.3. Mét s6 sdc ky do tham dinh tai ncfng do 200 ng/mL cua cac chadt sau:

10



1: Acetidenafil 13: Sildenafil N-oxide 25: Gendenafil
2: Noracetidenafil 14: Acetaminotadalafil 26: Chloropretadalafil
3: Dimethylacetildenafil 15: Aminotadalafil 27: N-Butyladalafil
4: Hydroxyvardenafil 16: Pﬁgfnzngdhre&yytn denafil 28: Chlorodenafil
5:  N-Desethylvardenafil 17: Nortadalafil 29: Norneosildenafil
6: Piperiacetildenafil 18: Udenafil 30: P;ggfg){ﬁgggﬁn?enam
7: Vardenafil 19: Benzamidenafil 31: Nitrodenafil
8: Avanafil 20: 2-Hydroxypropyl nortadalafil 32: Imidazosagatriazinone
9: Hydroxyhomosildenafil 21: Benzylsildenafil 33: Pseudovardenafil
10: Sildenafil 22: Thioaildenafil 34: Lodenafil carbonate
11: N-Desmethylsildenafil 23: Hydroxythio-homosildenafil  35: N-Octylnortadalafil
12: Homosildenafil 24: Hydroxychlorodenafil 36: Thiohomosildenafil
Bang PL 3.1. B$ Idp lai va do thu hoi ciia 2-Hydroxypropyl nortadalafil
) Nén vién nang cirng Nén vién nang mém
Tén mau C RSDy C RSDy
womb) | " e | amy | R | %
spk-30-1 28,4 94,6 33,0 110
spk-30-2 24,4 81,2 30,6 102
spk-30-3 30,6 102 32,7 109
spk-30-4 32,4 108 118 32,1 107 8,16
spk-30-5 24,6 82,1 27,0 90,0
spk-30-6 26,3 87,5 28,2 94,0
spk100-1 103 103 90,2 90,2
spk100-2 80,0 80,0 82,8 82,8
spk100-3 80,4 80,4 93,9 93,9
spk100-4 87,4 87,4 9,54 92,2 92,2 7,48
spk100-5 91,0 91,0 103,4 103
spk100-6 89,8 89,8 88,2 88,2
spk200-1 185 92,7 202 101
spk200-2 188 93,9 218 109
spk200-3 190 95,1 180 90,0
spk200-4 218 109 714 216 108 10,4
spk200-5 216 108 182 91,0
spk200-6 187 93,5 170 85,0
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Bang PL 3.2. D¢ lap lgi va do thu hoi ciia Acetaminotadalafil

Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDr C o RSDy
(omi) |S°1 o | gmi) [N e
spk-30-1 26,1 87,1 32,4 108
spk-30-2 25,6 85,3 27,8 92,8
spk-30-3 27,2 90,8 24,7 82,4
spk-30-4 25,3 84,3 281 25,1 83,6 10,6
spk-30-5 26,8 89,3 25,9 86,3
spk-30-6 25,9 86,4 29,0 96,5
spk100-1 87,7 87,7 88,2 88,2
spk100-2 84,8 84,8 82,1 82,1
spk100-3 93,2 93,2 81,4 81,4
spk100-4 92,7 92,7 412 86,6 86,6 3,61
spk100-5 93,4 93,4 87,1 87,1
spk100-6 93,7 93,7 88,4 88,4
spk200-1 177 88,5 187 93,6
spk200-2 179 89,4 169 84,5
spk200-3 164 82,0 174 86,9
spk200-4 180 90,0 951 210 105 8,70
spk200-5 216 108 198 99,0
spk200-6 188 93,9 204 102
Bang PL 3.3. D¢ lap lgi va do thu hoi ciia Acetil acid
Nén vién nang cirng Nén vién nang mém
Tén miu C 0 RSDr C 0 RSDr
omi) [N o | gmu) R e
spk-30-1 25,3 84,2 32,7 109
spk-30-2 25,1 83,6 31,5 105
spk-30-3 27,2 90,6 29,3 97,8
spk-30-4 25,6 85,2 >.64 32,1 107 6,54
spk-30-5 28,9 96,4 28,4 94,8
spk-30-6 27,2 90,5 28,1 93,6
spk100-1 86,0 86,0 107 107
spk100-2 87,1 87,1 81,5 81,5
spk100-3 81,6 81,6 85,4 85,4
spk100-4 89,5 89,5 0.87 86,3 86,3 10.4
spk100-5 88,9 88,9 85,4 85,4
spk100-6 99,9 99,9 94,8 94,8
spk200-1 196 98,1 175 87,3
spk200-2 163 81,7 10,2 200 99,9 9.05
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Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDy C o RSDy
(ugimu) |"P] % (uomu) | R %

spk200-3 218 109 160 80,2

spk200-4 202 101 202 101

spk200-5 192 96,0 194 96,9

spk200-6 218 109 200 100

Bang PL 3.4. D¢ lap lai va do thu héi cua Acetildenafil
Nén vién nang cirng Nén vién nang mém
Tén mau C o RSDy C o RSDy
pomb) |F°] e | @gmy |[R°) %

spk-30-1 25,5 84,9 29,7 99,0

spk-30-2 24,2 80,6 27,2 90,7

spk-30-3 27,5 91,7 32,7 109

spk-30-4 29,7 98,9 11,0 29,1 96,9 8,29
spk-30-5 32,7 109 31,8 106

spk-30-6 26,9 89,8 26,5 88,4

spk100-1 103 103 107 107

spk100-2 99,5 99,5 89,0 89,0

spk100-3 100 100 91,2 91,2

spk100-4 103 103 4,19 87,3 87,3 9,76
spk100-5 91,9 91,9 85,4 85,4

spk100-6 102 102 104 104

spk200-1 185 92,7 202 101

spk200-2 197 98,6 218 109

spk200-3 202 101 193 96,4

spk200-4 204 102 [ 214 107 72l
spk200-5 192 96,0 182 91,2

spk200-6 165 82,5 218 109

Bang PL 3.5. D¢ lap lai va do thu hoi cia Acetylvardenafil

Nén vién nan

Nén vién nang mém

cuing
Tén miu C or | RSDr C . RSDy
pomL) | R o pomL) | R %
spk-30-1 30,3 101 31,8 106
spk-30-2 24,9 83,0 27,2 90,5
spk-30-3 25,2 84,1 32,7 109
Spk—30—4 29,6 98,7 8,28 27,7 92,2 8,26
spk-30-5 26,8 89,4 32,4 108
spk-30-6 28,7 95,7 28,95 96,5
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Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDr C o RSDy
womt) [N o | qgmy) [T %
spk100-1 83,9 83,9 94,9 94,9
spk100-2 86,8 86,8 85,9 85,9
spk100-3 89,7 89,7 82,7 82,7
spk100-4 94,5 94,5 3,97 81,4 81,4 740
spk100-5 89,9 89,9 92,8 92,8
spk100-6 89,2 89,2 96,8 96,8
spk200-1 182 91,2 179 89,3
spk200-2 164 81,8 183 91,6
spk200-3 163 81,6 190 94,9
spk200-4 212 106 11,0 200 100 551
spk200-5 204 102 202 101
spk200-6 196 97,9 204 102
Bang PL 3.6. D¢ lap lai va do thu hoi cia Aminotadalafil
Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDy C o RSDr
womt) |1 % | ogmy) | R %
spk-30-1 31,5 105 28,3 94,3
spk-30-2 25,6 85,4 24,1 80,2
spk-30-3 28,1 93,6 25,1 83,7
spk-30-4 29,5 98,3 8,38 26,4 87,9 7,03
spk-30-5 32,4 108 27,5 91,8
spk-30-6 28,5 95,1 28,9 96,3
spk100-1 106 106 88,0 88,0
spk100-2 92,7 92,7 98,7 98,7
spk100-3 108 108 107 107
spk100-4 85,9 85,9 9,07 102 102 8,54
spk100-5 97,3 97,3 92,0 92,0
spk100-6 107 107 110 110
spk200-1 186 92,9 197 98,5
spk200-2 166 83,1 172 86,2
spk200-3 164 82,0 214 107
1
spk200-4 160 80,1 08 180 90,1 8,80
spk200-5 168 83,9 202 101
spk200-6 210 105 174 87,2
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Bang PL 3.7. D¢ lap lgi va do thu hoi cia Avanafil

Nén vién nang clrng

Nén vién nang mém

Tén mau C RSD, C RSD¢
pomL) | R e uomL) | R e
spk-30-1 29,8 99,3 31,2 104
spk-30-2 24,1 80,4 24,3 80,9
spk-30-3 26,6 88,7 31,2 104
spk-30-4 28,5 95,0 117 30,3 101 9,32
spk-30-5 32,4 108 27,8 92,6
spk-30-6 33,0 110 28,0 93,3
spk100-1 98,2 98,2 104 104
spk100-2 96,5 96,5 90,8 90,8
spk100-3 86,8 86,8 80,6 80,6
spk100-4 97,8 97,8 7,26 84,7 84,7 11.9
spk100-5 96,1 96,1 90,3 90,3
spk100-6 109 109 109 109
spk200-1 171 85,6 178 89,0
spk200-2 185 92,5 179 89,5
spk200-3 180 89,9 174,4 87,2
spk200-4 195 97,5 8,03 188.,8 94.4 3,45
spk200-5 212 106 187.,4 93,7
spk200-6 204 102 188,6 94,3

Bang PL 3.8. D¢ lap lai va do thu hoi cuia Benzamidenafil

Nén vién nang cirng

Nén vién nang mém

Tén miu C RSDy C RSD,
ugmi | R?®| o oml | R o
spk-30-1 25,3 84,4 28,5 95,1
spk-30-2 27,5 91,5 26,3 87,7
spk-30-3 25,0 83,2 27,1 90,2
spk-30-4 27,7 92,2 4,74 26,5 88,3 3,86
spk-30-5 28,0 93,2 27,5 91,6
spk-30-6 26,6 88,8 28,9 96,3
spk100-1 100 100 93,2 93,2
spk100-2 92,6 92,6 89,1 89,1
spk100-3 92,9 92,9 86,1 86,1
spk100-4 93,7 93,7 6,85 102 102 8,53
spk100-5 84,5 84,5 108 108
spk100-6 103 103 97,1 97,1
spk200-1 200 100 8,40 202 101 9,47

15




) Nén vién nang cirng Nén vién nang mém
Tén mau C RSDy C RSDy
(om) |1 % om) | "%
spk200-2 170 85,2 175 87,5
spk200-3 173 86,6 176 88,1
spk200-4 193 96,3 168 84,2
spk200-5 160 80,0 193 96,3
spk200-6 187 93,7 214 107

Bang PL 3.9. D¢ lap lgi va do thu hoi cia Benzylsildenafil

) Nén vién nang cirng Nén vién nang mém
Tén mau C RSDy C RSDy
(omi) | 7| o uom) | R %

spk-30-1 33 110 29,5 98,3
spk-30-2 27,3 90,9 28,1 93,8
spk-30-3 26,2 87,2 31,8 106
spk-30-4 26,4 88,1 115 28,6 95,4 594
spk-30-5 26,2 87,3 28,9 96,3
spk-30-6 32,7 109 32,4 108
spk100-1 91,6 91,6 93,2 93,2
spk100-2 98,8 98,8 80,3 80,3
spk100-3 92,2 92,2 84,5 84,5
spk100-4 96,2 96,2 292 94,7 94,7 6,22
spk100-5 92,8 92,8 88,3 88,3
spk100-6 94,8 94,8 91,5 91,5
spk200-1 184 91,8 167 83,7
spk200-2 167 83,3 190 95,0
spk200-3 179 89,3 164 82,2
spk200-4 208 104 8,19 180 89,9 0,63
spk200-5 174 86,8 184 91,9
spk200-6 202 101 162 80,9

Bang PL 3.10. D¢ lap lai va do thu hoi cia Carbodenafil

N Nén vién nang cirng Nén vién nang mém
Tén mau C RSDr C RSDy
(omt) | F] % (uomh) | "] %

spk-30-1 27,0 89,9 24,3 81,1
spk-30-2 28,2 93,9 24,9 83,0
spk-30-3 26,3 87,6 8,70 27,1 90,3 5,43
spk-30-4 30,3 101 26,1 87,1
spk-30-5 33,0 110 26,3 87,6
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Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDr C o RSDr
om) [N e | gm) [ RP%
spk-30-6 21,7 92,2 28,2 94,1
spk100-1 98,0 98,0 88,6 88,6
spk100-2 99,3 99,3 93,4 93,4
spk100-3 98,8 98,8 100 100
spk100-4 107 107 8,02 109 109 733
spk100-5 83,5 83,5 95,2 95,2
spk100-6 102 102 102 102
spk200-1 175 87,3 193 96,5
spk200-2 171 85,6 218 109
spk200-3 197 98,3 185 92,5
spk200-4 217 109 104 181 90,5 il
spk200-5 166 83,1 191 95,3
spk200-6 193 96,5 206 103

Bang PL 3.11. B¢ lap lai va do thu hoi cia Chlorodenafil

Nén vién nang cirng

Nén vién nang mém

Tén mau C RSDy C RSDr
ugmi | R?® o oml | R o
spk-30-1 27,5 91,5 27,9 93,1
spk-30-2 30,6 102 29,5 98,2
spk-30-3 30,0 100 28,7 95,8
spk-30-4 28,1 93,5 4,40 32,7 109 6,06
spk-30-5 27,8 92,8 31,5 105
spk-30-6 29,0 96,7 29,1 97,1
spk100-1 84,5 84,5 95,2 95,2
spk100-2 85,2 85,2 90,4 90,4
spk100-3 97,5 97,5 107 107
spk100-4 81,5 81,5 113 98,2 98,2 173
spk100-5 108 108 110 110
spk100-6 100 99,6 107 107
spk200-1 182 91,2 179 89,4
spk200-2 197 98,6 162 80,8
spk200-3 202 101 196 98,0
spk200-4 212 106 6,25 184 91,8 6,60
spk200-5 183 91,7 174 87,0
spk200-6 185 92,3 188 94,0
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Bdng PL 3.12. D4 Idp lai va do thu héi ciia Chloropretadalafil

Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDy C o RSDy
(om) |71 % om) | "%
spk-30-1 30,6 102 27,8 92,7
spk-30-2 29,8 99,2 30,6 102
spk-30-3 28,1 93,5 29,0 96,7
spk-30-4 32,1 107 106 31,2 104 7,36
spk-30-5 25,4 84,7 26,9 89,7
spk-30-6 24,5 81,5 32,7 109
spk100-1 84,5 84,5 105 105
spk100-2 88,3 88,3 98,2 98,2
spk100-3 103 103 104 104
spk100-4 81,5 81,5 874 91,5 91,5 6.79
spk100-5 94,0 94,0 88,4 88,4
spk100-6 96,0 96,0 99,1 99,1
spk200-1 167 83,7 188 94,2
spk200-2 200 100 171 85,6
spk200-3 191 95,6 206 103
spk200-4 192 95,9 8,48 192 95,8 819
spk200-5 218 109 218 109
spk200-6 200 99,8 199 99,5
Bang PL 3.13. DG Idp lai va do thu héi ciia Cyclopentylnafil
Nén vién nang cirng Nén vién nang mém
Tén méu C 0 RSDr C 0 RSDr
om) | R o (omi | " %
spk-30-1 33,0 110 24,9 82,9
spk-30-2 30,3 101 24,1 80,2
spk-30-3 29,0 96,7 25,9 86,3
2
spk-30-4 29,4 98,1 228 24,8 82,5 8,95
spk-30-5 32,1 107 29,5 98,2
spk-30-6 29,6 98,6 28,7 95,6
spk100-1 107 107 99,6 99,6
spk100-2 92,6 92,6 103 103
spk100-3 102 102 94,5 94,5
spk100-4 87,6 87,6 8,22 90,7 90,7 o175
spk100-5 91,7 91,7 102 102
spk100-6 105 105 106 106
spk200-1 206 103 7,03 183 91,4 12,4
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o

spk200-2 204 102 210 105

spk200-3 197 98,4 162 80,9

spk200-4 208 104 220 110

spk200-5 176 88,0 214 107

spk200-6 181 90,3 174 87,1

Bang PL 3.14. B4 Idp lai va do thu héi ciia Depiperazino-thiosildenafil

Nén vién nang clrng

Nén vién nang mém

Tén mau C RSD, C RSD,
poml | R e wom | R o

spk-30-1 31,5 105 25,5 85,1

spk-30-2 31,8 106 24,0 80,1

spk-30-3 28,53 95,1 28,2 94,1

spk-30-4 29,37 97,9 105 25,4 84,7 5,34
spk-30-5 25,71 85,7 26,3 87,8
spk-30-6 24,45 81,5 26,3 87,7
spk100-1 95,4 95,4 110 110
spk100-2 105 105 109 109

spk100-3 96,3 96,3 108 108

spk100-4 93,7 93,7 >:41 104 104 6,74
spk100-5 95,9 95,9 94,4 94.4
spk100-6 106 106 95,3 95,3

spk200-1 220 110 198 99,0

spk200-2 214 107 190 94.8
spk200-3 188 93,8 206 103

spk200-4 218 109 6,08 214 107 5,51
spk200-5 202 101 208 104

spk200-6 200 99,9 186 92,9

Bang PL 3.15. D¢ lap lai va do thu hoi clia Descarbonsildenafil

Nén vién nang clrng

Nén vién nang meém

Tén mﬁu C 0 RSDr C ) RSDr
wam | R® % wam) | R e
spk-30-1 32,1 107 24,7 82,2
spk-30-2 26,6 88,7 27,1 90,4
10,9 5,98
spk-30-3 30,3 101 ' 28,2 94,1 '
spk-30-4 24,5 81,5 29,0 96,8
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o

spk-30-5 32,7 109 28,7 95,7

spk-30-6 29,8 99,3 26,6 88,5
spk100-1 102 102 99,8 99,8
spk100-2 86,5 86,5 100 100

spk100-3 109 109 107 107

spk100-4 92,5 92,5 8,80 80,6 80,6 9,08
spk100-5 104 104 96,2 96,2

spk100-6 107 107 98,2 98,2

spk200-1 204 102 199 99,7

spk200-2 190 95,1 170 85,2
spk200-3 194 96,9 208 104

spk200-4 175 87,6 6,73 218 109 8,88
spk200-5 193 96,5 183 91,3

spk200-6 214 107 204 102

Bdng PL 3.16. D4 Idp lai va do thu héi ciia Desmethyl fondenafil

Nén vién nang clrng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | R o omi | "% o
spk-30-1 30,3 101 25,1 83,6
spk-30-2 32,4 108 24,7 82,3
spk-30-3 29,8 99,2 25,3 84,2
spk-30-4 30,3 101 7,55 24.0 80,1 713
spk-30-5 25,7 85,8 28,9 96,2
spk-30-6 31,2 104 27,4 91,3
spk100-1 84,5 84,5 100 100
spk100-2 97,8 97,8 95,3 95,3
spk100-3 92,7 92,7 96,0 96,0
spk100-4 87,4 87,4 7,20 109 109 8,03
spk100-5 80,9 80,9 89,6 89,6
spk100-6 94,6 94,6 87,5 87,5
spk200-1 198 99,2 163 81,6
spk200-2 212 106 166 83,1
spk200-3 204 102 181 90,4
spk200-4 174 87,1 8,14 169 84,3 4,89
spk200-5 204 102 179 89,6
spk200-6 176 88,0 161 80,5
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Bdng PL 3.17. D4 Idp lai va dé thu hoi ciia Dimethylacetildenafil

Nén vién nang clrng

Nén vién nang mém

Tén mau C RSD, C RSD¢
ugmi | R?® o oml | o
spk-30-1 32,1 107 24,8 82,8
spk-30-2 25,7 85,5 27,7 92,2
spk-30-3 30,0 100 30,6 102
spk-30-4 27,9 93,1 9,05 24,9 83,1 8,26
spk-30-5 25,6 85,2 28,0 93,4
spk-30-6 27,5 91,8 29,0 96,6
spk100-1 105 105 94,1 94,1
spk100-2 81,8 81,8 86,1 86,1
spk100-3 84,1 84,1 81,5 81,5
spk100-4 103 103 113 104 104 9,48
spk100-5 92,4 92,4 102 102
spk100-6 83,0 83,0 98,2 98,2
spk200-1 210 105 214 107
spk200-2 204 102 206 103
spk200-3 190 95,0 184 92,2
spk200-4 208 104 8,78 183 91,7 7,44
spk200-5 180 90,1 194 97,2
spk200-6 168 83,9 218 109

Bang PL 3.18. D¢ lap lai va do thu hoi cia Dimethylsildenafil

Nén vién nang clrng

Nén vién nang mém

Tén mau C RSD, C RSDy
ugmi | R?® o omi | "% o
spk-30-1 28,7 95,5 26,9 89,6
spk-30-2 32,4 108 29,6 98,8
spk-30-3 29,5 98,2 30,3 101
spk-30-4 32,7 109 5,65 26,9 89,6 4,96
spk-30-5 29,2 97,2 28,4 94,7
spk-30-6 30,3 101 28,0 93,4
spk100-1 94,2 94,2 108 108
spk100-2 91,5 91,5 110 110
spk100-3 81,6 81,6 98,5 98,5
spk100-4 100 100 6,80 107 107 9,55
spk100-5 92,5 92,5 97,2 97,2
spk100-6 87,7 87,7 98,5 98,5
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Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDr C o RSDr
(om) | % om) | R %

spk200-1 202 101 199 100
spk200-2 183 91,7 192 96,0
spk200-3 194 97,2 200 100
spk200-4 210 105 6.08 194 97,1 372
spk200-5 216 108 202 101
spk200-6 192 95,8 182 91,1

Bang PL 3.19. D¢ lap lai va do thu hoi cia Gendenafil

Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDr C o RSDy
womh | " % ) W A

spk-30-1 28,6 95,2 26,7 88,9
spk-30-2 30,3 101 27,2 90,7
spk-30-3 29,0 96,7 25,9 86,3
spk-30-4 29,4 98,1 493 27,8 92,8 475
spk-30-5 32,7 109 29,5 98,2
spk-30-6 29,6 98,6 28,7 95,6
spk100-1 107 107 85,3 85,3
spk100-2 92,6 92,6 106 106
spk100-3 102 102 95,1 95,1
spk100-4 87,6 87,6 8,22 97,9 97,9 103
spk100-5 91,7 91,7 85,5 85,5
spk100-6 105 105 81,1 81,1
spk200-1 206 103 191 95,4
spk200-2 204 102 190 95,1
spk200-3 197 98,4 193 96,3
spk200-4 208 104 7,03 202 101 436
spk200-5 176 88,0 190 95,0
spk200-6 181 90,3 212 106

Nén vién nang clrng

Bang PL 3.20. D¢ lap lai va do thu hoi cia Homosildenafil

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | R?® o oml | "% o

spk-30-1 31,5 105 25,53 85,1

spk-30-2 31,8 106 10,5 24,03 80,1 5,34

spk-30-3 28,5 95,1 28,23 94,1
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o

spk-30-4 29.4 97,9 25 41 84,7

spk-30-5 25,7 85,7 26,34 87,8
spk-30-6 24,5 81,5 26,31 87,7
spk100-1 95,4 95,4 110 110
spk100-2 95,5 95,5 109 109

spk100-3 96,3 96,3 95,8 95,8
spk100-4 103 103 4,68 104 104 7,06
spk100-5 95,9 95,9 94,4 94,4
spk100-6 106 106 95,3 95,3

spk200-1 220 110 198 99,0

spk200-2 214 107 190 94,8

spk200-3 177 88,3 206 103

spk200-4 218 109 118 214 107 5,51
spk200-5 164 81,9 208 104

spk200-6 200 99,9 185,8 92,9

Bdng PL 3.21. DG Idp lai va dé thu héi ciia Hydroxyacetildenafil

Nén vién nang clrng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | R o omi | "% o
spk-30-1 32,1 107 24,7 82,2
spk-30-2 26,6 88,6 27,1 90,4
spk-30-3 30,3 101 27,0 90,1
spk-30-4 27,5 91,5 8,19 29,0 96,8 8,49
spk-30-5 32,7 109 31,5 105
spk-30-6 29,8 99,3 26,6 88,5
spk100-1 102 102 99,8 99,8
spk100-2 96,2 96,2 90,1 90,1
spk100-3 109 109 107 107
spk100-4 82,4 82,4 102 86,6 86,6 9,26
spk100-5 94,7 94,7 106 106
spk100-6 109 109 108 108
spk200-1 204 102 199 99,5
spk200-2 190 95,1 210 105
spk200-3 194 96,9 6,73 168 84,2 8,47
spk200-4 175 87,6 180 89,9
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Nén vién nang cirng

Nén vién nang mém

Tén mau C o RSDy C o RSDy
omh) | "7 o (omh | " %

spk200-5 193 96,5 182 91,2

spk200-6 214 107 204 102

Bdng PL 3.22. B ldp lai va do thu héi cia Hydroxychlorodenafil
Nén vién nang cirng Nén vién nang mém

Tén miu C o RSDy C o RSDr
womh) | R o omh | " %

spk-30-1 30,3 101 25,1 83,6

spk-30-2 32,4 108 30,9 103

spk-30-3 29,8 99,2 25,3 84,2

spk-30-4 30,3 101 795 24,0 80,1 913

spk-30-5 25,7 85,8 28,9 96,2

spk-30-6 31,2 104 27,4 91,3

spk100-1 94,5 94,5 100 100

spk100-2 97,8 97,8 95,3 95,3

spk100-3 92,7 92,7 96 96,0

spk100-4 107 107 891 109 109 8,03

spk100-5 80,9 80,9 89,6 89,6

spk100-6 94,6 94,6 87,5 87,5

spk200-1 198 99,2 163 81,6

spk200-2 212 106 166 83,1

spk200-3 204 102 181 90,4

spk200-4 174 87,1 814 169 84,3 967

spk200-5 204 102 179 89,6

spk200-6 176 88,0 210 105

Bdng PL 3.23. D¢ ldp lai va dd thu héi cia Hydroxyhomosildenafil
Nén vién nang cirng Nén vién nang mém

Tén méu C 0 RSDr C 0 RSDr
(o/mi | R o (o/mh | "7 %

spk-30-1 32,1 107 24,8 82,8

spk-30-2 25,7 85,5 21,7 92,2

spk-30-3 30,0 100 24,8 82,6

spk-30-4 28,1 93,7 8,57 27,9 93,1 975

spk-30-5 28,7 95,7 28,0 93,4

spk-30-6 26,0 86,7 32,1 107

spk100-1 105 105 11,3 94,5 94,5 9,17
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o
spk100-2 81,8 81,8 106 106
spk100-3 84,1 84,1 81,6 81,6
spk100-4 103 103 104 104
spk100-5 92,4 92,4 92,7 92,7
spk100-6 83,0 83,0 98,2 98,2
spk200-1 191 95,7 214 107
spk200-2 204 102 167 83,6
spk200-3 190 95,0 204 102
spk200-4 208 104 7,83 183 91,7 9,37
spk200-5 180 90,1 214 107
spk200-6 168 83,9 198 99,2

Bdng PL 3.24. D Idp lai va b thu héi ciia Hydroxythio-homosildenafil

Nén vién nang clrng

Nén vién nang mém

Tén miu C RSD, C RSD,
pom | R e woml | R o
spk-30-1 31,5 105 26,9 89,6
spk-30-2 30,3 101 29,6 98,8
spk-30-3 29,5 98,2 30,3 101
spk-30-4 32,7 109 7,32 26,9 89,6 4,96
spk-30-5 26,4 87,9 28,4 94,7
spk-30-6 29,0 96,8 28,0 93,4
spk100-1 94,2 94,2 108 108
spk100-2 91,5 91,5 90,9 90,9
spk100-3 94,2 94,2 98,5 98,5
spk100-4 100 100 5,59 107 107 6,45
spk100-5 102 102 97,2 97,2
spk100-6 87,7 87,7 98,5 98,5
spk200-1 202 101 199 99,5
spk200-2 183 91,6 192 96,0
spk200-3 194 97,2 200 100
spk200-4 210 105 6,11 194 97,1 4,12
spk200-5 216 108 183 91,6
spk200-6 192 95,8 181 90,6
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Bdng PL 3.25. B4 Idp lai va do thu hoi ciia Hydroxythlovardenaf [

Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD¢
ugmi | R?®| o oml | o
spk-30-1 32,4 108 24,1 80,3
spk-30-2 29,3 97,5 30,3 101
spk-30-3 25,9 86,3 27,1 90,4
spk-30-4 28,0 93,2 7,87 29,0 96,5 8,66
spk-30-5 31,2 104 26,4 88,1
spk-30-6 29,3 97,7 25,1 83,5
spk100-1 107 107 97,9 97,9
spk100-2 99,1 99,1 109 109
spk100-3 101 101 94,7 94,7
spk100-4 97,2 97,2 8,21 95,9 95,9 8,52
spk100-5 83,9 83,9 101 101
spk100-6 92,1 92,1 83,8 83,8
spk200-1 188 94,2 167 83,3
spk200-2 172 85,9 162 81,1
spk200-3 183 91,5 166 82,9
spk200-4 214 107 106 175 87,3 6,33
spk200-5 164 82,1 193 96,3
spk200-6 210 105 174 87,0

Bang PL 3.26. P4 lap lai va dé thu héi ciia Hydroxyvardenaf l

Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSDy
ugmi | R?®| o oml | R o
spk-30-1 25,9 86,3 28,4 94,6
spk-30-2 28,7 95,6 27,5 91,5
spk-30-3 30,3 101 29.0 96,5
spk-30-4 26,6 88,7 6,28 28,7 95,8 5,81
spk-30-5 26,0 86,6 32,4 108
spk-30-6 27,7 92,2 29,7 98,9
spk100-1 88,5 88,5 103 103
spk100-2 87,1 87,1 109 109
spk100-3 101 101 99,6 99.6
spk100-4 90,9 90,9 5,88 86,2 86,2 9,16
spk100-5 92,5 92,5 92,5 92,5
spk100-6 98,1 98,1 88,7 88,7
spk200-1 172 85,9 7,87 176 88,2 7,63
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o

spk200-2 216 108 206 103

spk200-3 194 96,9 197 98,7

spk200-4 204 102 186 93,0

spk200-5 200 100 171 85,7

spk200-6 185 92,7 204 102

Bang PL 3.27. B¢ lap lai va do thu hoi ciia Imidazosagatriazinone

Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDr C o RSDr
womh | R % wom |1 o
spk-30-1 31,8 106 26,16 87,2
spk-30-2 27,66 92,2 28,89 96,3
spk-30-3 32,7 109 31,8 106
spk-30-4 27,45 91,5 8,10 25,05 83,5 10.1
spk-30-5 26,58 88,6 27,87 92,9
spk-30-6 30,6 102 32,1 107
spk100-1 90,2 90,2 97,3 97,3
spk100-2 96,4 96,4 101 101
spk100-3 92,8 92,8 81,5 81,5
spk100-4 84,8 84,8 >4 96,3 96,3 939
spk100-5 83,4 83,4 105 105
spk100-6 89,1 89,1 86,6 86,6
spk200-1 162 81,0 208 104
spk200-2 212 106 198 99,2
spk200-3 180 90,2 186 93,2
11,7 4,57
spk200-4 173 86,4 ' 200 100 °
spk200-5 174 87,1 184 92,2
spk200-6 214 107 193 96,4
Bdng PL 3.28. D¢ lip lai va dg thu héi ciia MDLenafil carbonate
Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDy C o RSDr
omh) | "] o (omh | " %
spk-30-1 29,1 97,0 27,0 90,1
spk-30-2 32,1 107 27,1 90,2
spk-30-3 27,2 90,5 0.80 21,7 92,4 2,89
spk-30-4 27,6 92,0 27,6 92,0
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSDy C RSDy
(uomt) | N % (ugiml) | "] %
spk-30-5 31,5 105 28,6 95,2
spk-30-6 29,9 100 26,2 87,4
spk100-1 92,9 92,9 92,6 92,6
spk100-2 92,8 92,8 97,4 97,4
spk100-3 87,5 87,5 108 108
spk100-4 86,8 86,8 4,26 94,0 94,0 642
spk100-5 86,7 86,7 90,5 90,5
spk100-6 83,4 83,4 95,6 95,6
spk200-1 182 91,1 165 82,4
spk200-2 187 93,6 179 89,5
spk200-3 200 100 208 104
spk200-4 212 106 584 204 102 878
spk200-5 197 98,7 190 94,9
spk200-6 208 104 202 101
Bang PL‘ 3.29. D¢ lap lai va do thu hoi cia ‘Isosildenaﬁl i
3 Nén vién nang clrng Nén vién nang mém
Tén mau C RSDy C RSDy
(ugimt) | "] % (uoiml) | "] %
spk-30-1 31,5 105 24 .4 81,4
spk-30-2 31,5 105 29,0 96,5
spk-30-3 29,7 98,9 32,1 107
spk-30-4 31,8 106 7,39 26,6 88,6 157
spk-30-5 26,8 89,3 30,9 103
spk-30-6 27,3 90,9 24,5 81,5
spk100-1 96,9 96,9 106 106
spk100-2 81,7 81,7 81,7 81,7
spk100-3 97,0 97,0 101 101
spk100-4 86,2 86,2 7,21 90,6 90,6 949
spk100-5 97,1 97,1 98,7 98,7
spk100-6 94,6 94,6 104 104
spk200-1 210 105 200 100
spk200-2 164 82,1 193 96,4
spk200-3 193 96,3 186 92,8
spk200-4 216 108 9:42 197 98,7 6,01
spk200-5 202 101 208 104
spk200-6 208 104 220 110
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Bang PL 3.30. B¢ lap lai va do thu héi cia Mirodenafil

Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDy C o RSDr
womh) | R % womh |1 e
spk-30-1 31,5 105 27,8 92,6
spk-30-2 28,9 96,4 26,7 89,1
spk-30-3 30,0 100 27,8 92,7
spk-30-4 27,0 89,9 >.68 32,4 108 7,36
spk-30-5 29,0 96,5 27,5 91,6
spk-30-6 31,2 104 27,2 90,7
spk100-1 96,1 96,1 107 107
spk100-2 95,7 95,7 83,7 83,7
spk100-3 104 104 101 101
spk100-4 90,0 90,0 581 96,8 96,8 8,38
spk100-5 105 105 92,7 92,7
spk100-6 96,1 96,1 92,4 92,4
spk200-1 177 88,5 183 91,6
spk200-2 210 105 188 93,9
spk200-3 195 97,6 194 97,1
spk200-4 162 81,2 10.3 161 80,7 6.20
spk200-5 208 104 188 94,0
spk200-6 210 105 186 92,8
Bang PL 3.31. D¢ lap lai va do thu hoi ciia Mutaprodenafil
Nén vién nang cirng Nén vién nang mém
Tén miu C 0 RSDy C 0 RSDr
womh | S % omi | o
spk-30-1 29,4 97,9 25,2 83,9
spk-30-2 30,0 100 29,8 99,3
spk-30-3 27,1 90,2 26,3 87,6
spk-30-4 26,7 89,0 533 26,0 86,5 7,33
spk-30-5 30,3 101 24,9 83,1
spk-30-6 28,1 93,8 28,6 95,3
spk100-1 94,3 94,3 99,5 99,5
spk100-2 85,2 85,2 104 104
spk100-3 81,2 81,2 108 108
spk100-4 98,6 98,6 9,08 85,8 85,8 71
spk100-5 80,6 80,6 102 102
spk100-6 97,1 97,1 99,7 99,7
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o

spk200-1 212 106 212 106

spk200-2 218 109 189 94,3

spk200-3 199 99,4 169 84,3

spk200-4 220 110 7,60 162 80,8 12,6
spk200-5 179 89,7 220 110

spk200-6 197 98,3 177 88,6

Bang PL 3.32. B Idp lai va do thu héi ciia N-Desethylvardenafil

Nén vién nang clrng

Nén vién nang mém

Tén méu C RSD; C RSD,
(omh | "1 o (o/mh | "
spk-30-1 31,5 105 26,1 87,2
spk-30-2 31,2 104 25,5 85,2
spk-30-3 29,6 98,7 25,6 85,6
spk-30-4 30,9 103 675 29,8 99,3 7.7
spk-30-5 26,4 87,9 30,1 100
spk-30-6 28,3 94,3 26,5 88,5
spk100-1 80,9 80,9 99,7 99,7
spk100-2 94,0 94,0 95,2 95,2
spk100-3 92,1 92,1 99,9 99,9
spk100-4 88,8 88,8 8,95 106 106 954
spk100-5 84,2 84,2 80,9 80,9
spk100-6 104 104 88,3 88,3
spk200-1 191 95,7 164 81,8
spk200-2 194 97,2 187 93,3
spk200-3 197 98,3 164 82,1
spk200-4 177 88,7 467 216 108 105
spk200-5 202 101 186 93,2
spk200-6 184 92,0 191 95,4
Bang PL 3.33. D¢ lap lai va do thu hoi ciia N-Desmethylsildenafil
3 Nén vién nang cirng Nén vién nang mém
Tén mau C RSDr C RSDr
om) | S* e | gmy  [R] %
spk-30-1 28,5 94,9 30,6 102
spk-30-2 29,3 97,5 4,67 27,9 93,2 6,66
spk-30-3 30,9 103 29,8 99,4
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o

spk-30-4 30,3 101 26,1 87,0

spk-30-5 27,2 90,8 28,0 93,3
spk-30-6 30,3 101 31,2 104

spk100-1 102 102 81 81,0

spk100-2 90,7 90,7 108 108

spk100-3 103 103 101 101

spk100-4 104 104 7,81 110 110 10,4
spk100-5 95 95,0 97,5 97,5
spk100-6 85,5 85,5 102 102

spk200-1 206 103 189 94,3

spk200-2 197 98,6 195 97,6

spk200-3 180 89,8 186 93,1
spk200-4 188 93,8 5,15 167 83,4 9,93
spk200-5 198 99,0 160 80,1
spk200-6 204 102 210 105

Bang PL 3.34. B Idp lai va do thu héi ciia N-Octylnortadalafil

Nén vién nang clrng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | R o omi | "% o
spk-30-1 29,4 98,1 30,3 101
spk-30-2 30,0 100 28,7 95,8
spk-30-3 31,8 106 26,2 87,4
spk-30-4 24,2 80,7 103 28,1 93,7 5,84
spk-30-5 27,6 92,1 26,8 89,3
spk-30-6 32,4 108 26,3 87,5
spk100-1 97,4 97,4 101 101
spk100-2 103 103 104 104
spk100-3 81,6 81,6 89,6 89,6
spk100-4 108 108 9,62 92,4 92,4 7,40
spk100-5 97,7 97,7 109 109
spk100-6 106 106 103 103
spk200-1 202 101 187 93,3
spk200-2 172 86,0 199 99,5
spk200-3 197 98,7 103 174 87,0 S.41
spk200-4 210 105 189 94,7
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Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDr C o RSDy
womh | " % wom | o
spk200-5 161 80,4 199 99,7
spk200-6 178 88,8 180 89,9
Bang PL 3.35. D¢ lap lai va do thu héi cia Nitrodenafil
Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDy C o RSDr
womh) | ° % womh |1 e
spk-30-1 28,4 94,6 25,9 86,4
spk-30-2 32,4 108 29,2 97,2
spk-30-3 30,6 102 26,4 87,9
spk-30-4 30,0 100 0,89 24,4 81,3 s
spk-30-5 26,7 89,1 29,9 99,7
spk-30-6 28,2 93,9 28,2 94,0
spk100-1 86,5 86,5 102 102
spk100-2 101 101 99,4 99,4
spk100-3 92,2 92,2 99,8 99,8
spk100-4 104 104 919 100 100 925
spk100-5 98,2 98,2 96,2 96,2
spk100-6 81,9 81,9 87,8 87,8
spk200-1 194 96,8 202 101
spk200-2 200 100 162 81,1
spk200-3 202 101 192 96,2
spk200-4 192 96,0 343 194 96,8 7,23
spk200-5 192 95,9 190 95,1
spk200-6 183 91,7 192 96,1
Bang PL 3.36. D¢ ldp lai va dé thu héi ciia Noracetildenafil
Nén vién nang cirng Nén vién nang mém
Tén miu C 0 RSD: C 0 RSDr
womh | % % omh |1 o
spk-30-1 29,5 98,3 28,1 93,6
spk-30-2 29,2 97,3 24,4 81,4
spk-30-3 30,6 102 25,1 83,8
spk-30-4 29,5 98,2 394 29,6 98,5 108
spk-30-5 29,0 96,7 24,6 82,1
spk-30-6 27,1 90,3 31,5 105
spk100-1 87,0 87,0 7,07 96,2 96,2 7,86
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o
spk100-2 101 101 105 105
spk100-3 88,3 88,3 93,5 93,5
spk100-4 84,5 84,5 96,6 96,6
spk100-5 84,5 84,5 88,2 88,2
spk100-6 92,9 92,9 83,7 83,7
spk200-1 214 107 200 100
spk200-2 180 90,0 196 98,2
spk200-3 172 85,9 162 80,8
spk200-4 210 105 8,67 194 97,1 7,99
spk200-5 188 93,9 176 88,2
spk200-6 199 99,6 180 89,8

Bang PL 3.37. D¢ lap lai va do thu hoi ciia Norneosildenafil

Nén vién nang clrng

Nén vién nang mém

Tén miu C RSD, C RSD,
pom | R e woml | R o
spk-30-1 33,0 110 32,1 107
spk-30-2 32,4 108 29,8 99,2
spk-30-3 29,5 98,4 30,6 102
spk-30-4 31,5 105 5,65 25,5 85,0 1,74
spk-30-5 28,5 95,1 29,9 99,5
spk-30-6 32,1 107 28,2 93,9
spk100-1 108 108 108 108
spk100-2 104 104 109 109
spk100-3 108 108 99,5 99,5
spk100-4 99,6 99,6 917 81,4 81,4 11.9
spk100-5 85,4 85,4 90,0 90,0
spk100-6 92,2 92,2 87,5 87,5
spk200-1 212 106 193 96,7
spk200-2 204 102 199 99,7
spk200-3 194 96,9 208 104
spk200-4 198 99,2 9,23 172 86,0 6,49
spk200-5 168 84,1 185 92,6
spk200-6 172 85,9 197 98,4
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Bdng PL 3.38. D¢ Idp lai va dj thu héi cuia Norneovardenafil

Nén vién nang clrng

Nén vién nang mém

Tén miu C o RSDy C o RSD¢
omt) | "] % om) | R %
spk-30-1 30,9 103 26,9 89,6
spk-30-2 26,3 87,8 24,6 82,0
spk-30-3 24,2 80,5 29,5 98,4
spk-30-4 31,5 105 10.3 31,8 106 8,94
spk-30-5 29,4 98,1 26,8 89,2
spk-30-6 26,6 88,8 21,7 92,4
spk100-1 81,2 81,2 103 103
spk100-2 105 105 86,8 86,8
spk100-3 97,1 97,1 95,7 95,7
11

spk100-4 90,2 90,2 % 100 100 6.80
spk100-5 102 102 106 106
spk100-6 92,6 92,6 98,8 98,8
spk200-1 202 101 169 84,3
spk200-2 179 89,4 178 89,2
spk200-3 199 99,4 186 93,2
spk200-4 216 108 6,68 176 88,1 4,94
spk200-5 186 92,8 194 97,2
spk200-6 193 96,7 178 89,2

Bang PL 3.39. D¢ lap lai va do thu hoi cia Nortadalafil

Nén vién nang cirng Nén vién nang mém
Tén mau C o RSD¢ C o RSDy
(omt) | "] % (uoimp) | "] %

spk-30-1 31,8 106 26,8 89,3
spk-30-2 29,3 97,5 25,5 85,1
spk-30-3 29,8 99,3 27,4 91,4
spk-30-4 27,1 90,2 263 24,6 82,0 220
spk-30-5 28,9 96,4 24,2 80,5
spk-30-6 27,9 93,0 26,9 89,8
spk100-1 105 105 101 101
spk100-2 84,9 84,9 108 108
spk100-3 92,1 92,1 98,8 98,8
spk100-4 99,1 99,1 7,54 98,1 98,1 6.18
spk100-5 98,9 98,9 95,2 95,2
spk100-6 102 102 89,7 89,7
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o

spk200-1 193 96,6 206 103

spk200-2 181 90,5 184 92,0

spk200-3 176 88,2 164 81,8

spk200-4 194 97,0 6,81 212 106 9,22
spk200-5 214 107 192 96,2

spk200-6 193 96,6 204 102

Bang PL 3.40. B Idp lai va do thu héi ciia O-desethyl-o-propyl sildenafil

Nén vién nang clrng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o
spk-30-1 28,2 94,1 245 81,6
spk-30-2 31,2 104 26,9 89,7
spk-30-3 24,7 82,3 28,5 95,0
spk-30-4 24,5 81,8 9,83 26,0 86,8 6,59
spk-30-5 29,4 97,9 28,7 95,8
spk-30-6 26,1 87,1 25,1 83,6
spk100-1 96,4 96,4 104 104
spk100-2 90,3 90,3 100 100
spk100-3 80,1 80,1 91,8 91,8
spk100-4 88,3 88,3 8,12 92,8 92,8 6,59
spk100-5 101 101 109 109
spk100-6 96,6 96,6 99,4 99,4
spk200-1 212 106 163 81,3
spk200-2 216 108 171 85,4
spk200-3 202 101 183 91,6
spk200-4 214 107 4,59 171 85,3 5,26
spk200-5 192 96,2 181 90,3
spk200-6 199 99,6 161 80,6

35




Bdng PL 3.41. D Idp lai va dé thu hoéi cua Piperazonifil

Nén vién nang cirng Nén vién nang mém
Tén miu C o RSDy C o RSDy
om) | "1 e | gm)y  [R %
spk-30-1 30,3 101 26,9 89,6
spk-30-2 29,9 99,8 27,0 90,1
spk-30-3 31,2 104 27,2 90,5
spk-30-4 31,8 106 7,38 30,3 101 6.64
spk-30-5 27,3 91,0 31,2 104
spk-30-6 26,4 87,9 21,7 92,2
spk100-1 91,9 91,9 97,0 97,0
spk100-2 89,6 89,6 103 103
spk100-3 98,9 98,9 105 105
spk100-4 92,4 92,4 487 101 101 749
spk100-5 934 934 93,5 93,5
spk100-6 85,3 85,3 85,2 85,2
spk200-1 216 108 184 91,9
spk200-2 194 97,1 199 99,6
spk200-3 200 100 197 98,5
spk200-4 220 110 29 185 92,4 710
spk200-5 193 96,4 172 85,9
spk200-6 202 101 167 83,3
Bdng PL 3.42. D¢ Idp lai va 6 thu héi ciia Piperiacetildenafil
Nén vién nang cirng Nén vién nang mém
Tén méu C 0 RSDr C 0 RSDr
om) | "1 o (omh | %
spk-30-1 31,5 105 29,6 98,8
spk-30-2 33,0 110 24,9 83,1
spk-30-3 27,1 90,3 25,2 84,1
7,42 7
spk-30-4 27,9 92,9 ’ 26,0 86,6 8
spk-30-5 29,7 99,0 26,2 87,4
spk-30-6 30,6 102 29,2 97,3
spk100-1 92,1 92,1 84,9 84,9
spk100-2 84,7 84,7 101 101
spk100-3 82,9 82,9 100 100
spk100-4 87,5 87,5 466 92,3 92,3 7,20
spk100-5 92,0 92,0 104 104
spk100-6 92,1 92,1 96,1 96,1
spk200-1 220 110 7,23 173 86,6 6,51
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o

spk200-2 216 108 191 95,3

spk200-3 199 99,3 166 83,1

spk200-4 210 105 165 82,5

spk200-5 184 91,8 176 87,9

spk200-6 190 94,9 191 95,6

Bdng PL 3.43. B4 Idp lai va do thu héi cia Propoxyphenyl azldenaf /

Nén vién nang cung

Nén vién nang mem

Tén mau C RSD, C RSD,
poml | R e wom | R o

spk-30-1 24,3 80,9 24,8 82,8
spk-30-2 31,8 106 30,9 103

spk-30-3 30,9 103 29,0 96,6

spk-30-4 30,3 101 9,24 28,7 95,5 8,44
spk-30-5 29,9 99,8 28,4 94,5

spk-30-6 28,3 94,3 25,2 84,0
spk100-1 82,1 82,1 106 106

spk100-2 109 109 99,6 99,6

spk100-3 104 104 103 103

spk100-4 89,4 89,4 103 106 106 5,98
spk100-5 95,6 95,6 89,9 89,9
spk100-6 102 102 99,4 99,4
spk200-1 180 89,8 202 101

spk200-2 214 107 189 945
spk200-3 204 102 186 93,0
spk200-4 187 93,3 7,63 218 109 6,69
spk200-5 195 97,3 216 108

spk200-6 176 87,9 210 105

Bang PL 3.44. D¢ lap lai va do thu hoi clia Propoxyphenyl- homohydroxysndenafll

Nén vién nang cirng

Nén vién nang mém

Tén miu C . RSDr C o. | RSD;
wamn | R | o womn | R e
spk-30-1 24,9 83,0 24.8 82,8
spk-30-2 31,2 104.,0 30,9 103
1 4
spk-30-3 30,2 100,7 8,16 29,0 96,6 8,9
spk-30-4 30,3 101,0 29,1 97,0
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
omi | R % pom | T %

spk-30-5 29,1 97,0 29,2 97,2

spk-30-6 27,3 91,0 30,9 103
spk100-1 85,7 85,7 101 101

spk100-2 101 101,0 97,6 97,6
spk100-3 102 102,0 101 101

spk100-4 84,4 84,4 9,01 103 103 3,42
spk100-5 91,3 91,3 98,5 98,5
spk100-6 89 89,0 98,1 98,1
spk200-1 183 91,5 166 82,8
spk200-2 202 101,0 182 91,0
spk200-3 186 93,0 185 92,3
spk200-4 187 93,5 5,42 210 105 4,54
spk200-5 191 95,5 189 94,4
spk200-6 179 89,5 176 87,9

Nén vién nang clrng

Bang PL 3.45. D¢ lap lai va do thu hoi cia Pseudovardenafil

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | R o omi | "% o
spk-30-1 32,7 109 26,5 88,4
spk-30-2 28,5 94,9 25,7 85,6
spk-30-3 25,2 84,0 27,5 91,5
spk-30-4 29,8 99,4 8,96 25,9 86,4 3,47
spk-30-5 31,8 106 28,1 93,7
spk-30-6 29,6 98,7 27,1 90,2
spk100-1 82,0 82,0 98,2 98,2
spk100-2 91,8 91,8 106 106
spk100-3 84,5 84,5 93,2 93,2
spk100-4 91,2 91,2 6,16 87,4 87,4 7,06
spk100-5 96,2 96,2 96,2 96,2
spk100-6 94,0 94,0 104 104
spk200-1 175 87,7 181 90,6
spk200-2 218 109 212 106
spk200-3 200 100 200 100
spk200-4 202 101 7,66 196 98,2 9,06
spk200-5 188 93,8 208 104
spk200-6 186 93,2 165 82,7
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Bdng PL 3.46. D Idp lai va do thu héi ciia Propoxyphenylthio-
hydroxyhomosildenafil

. Nén vién nang cirng Nén vién nang mém
Tén mau C RSDy C RSDr
womh | " % omh | o
spk-30-1 30,9 103 30,3 101
spk-30-2 27,5 91,8 24,0 80,0
spk-30-3 27,8 92,5 32,7 109
spk-30-4 31,8 106 8,95 25,7 85,5 116
spk-30-5 26,4 88,1 30,6 102
spk-30-6 25,4 84,5 27,4 91,3
spk100-1 96,9 96,9 99,6 99,6
spk100-2 94,7 94,7 107 107
spk100-3 83,7 83,7 97,4 97,4
spk100-4 80,5 80,5 737 97,3 97,3 8,24
spk100-5 84,5 84,5 95,1 95,1
spk100-6 88,5 88,5 82,6 82,6
spk200-1 197 98,6 178 89,1
spk200-2 218 109 166 82,8
spk200-3 191 95,6 182 91,0
spk200-4 176 87,8 8,87 185 92,3 o117
spk200-5 172 85,9 176 87,8
spk200-6 184 91,9 197 98,5
Bang FfL 3.47. D¢ lap lgi va do thu hoi cdgl Sildenafil i
. Nén vién nang clrng Nén vién nang mém
Tén mau C RSDy C RSDr
omh) | R o (omh | " %
spk-30-1 30,6 102 26,6 88,6
spk-30-2 26,6 88,8 29,2 97,2
spk-30-3 21,7 92,3 30,9 103
spk-30-4 32,7 109 10.3 28,7 95,8 235
spk-30-5 25,8 86,1 29,9 99,5
spk-30-6 25,4 84,7 30,6 102
spk100-1 94,3 94,3 105 105
spk100-2 81,1 81,1 103 103
spk100-3 92,2 92,2 7,12 98,5 98,5 9,04
spk100-4 96,8 96,8 98,1 98,1
spk100-5 97,1 97,1 90,1 90,1
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o
spk100-6 100 100 81,8 81,8
spk200-1 186 93,1 180 90,0
spk200-2 214 107 204 102
spk200-3 165 82,7 191 95,5
spk200-4 167 83,3 124 197,6 98,8 5,42
spk200-5 206 103 180,8 90,4
spk200-6 220 110 202 101

Bang PL 3.48. D¢ lap lai va do thu hoi ciia Sildenafil N-oxide

Nén vién nang cirng

Nén vién nang mém

Tén miu C RSDy C RSD,
ugmi | RP o poml | o
spk-30-1 28,8 96,0 27,3 90,9
spk-30-2 24,1 80,2 27,6 92,1
spk-30-3 28,0 93,2 24,9 82,9
spk-30-4 29,7 99,0 8,46 26,9 89,5 al
spk-30-5 30,9 103 28,9 96,2
spk-30-6 27,1 90,3 32,9 110
spk100-1 81,9 81,9 85,3 85,3
spk100-2 89,9 89,9 99,0 99,0
spk100-3 85,6 85,6 98,6 98,6
spk100-4 86,0 86,0 6,44 101 101 6,03
spk100-5 88,6 88,6 100 100
spk100-6 98,6 98,6 98,7 98,7
spk200-1 214 107 196 98,1
spk200-2 218 109 220 110
spk200-3 199 99,7 162 81,2
spk200-4 204 102 6,51 210 105 111
spk200-5 186 93 189 94.4
spk200-6 188 94 176 87,9
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Bang PL 3.49. D¢ lap lai va do thu héi cia Tadalafil

Nén vién nang clrng

Nén vién nang mém

Tén mau C RSD, C RSD¢
ugmi | R?®| o oml | o
spk-30-1 25,2 83,9 25,9 86,2
spk-30-2 26,8 89,2 32,4 108
spk-30-3 31,8 106 26,9 89,5
spk-30-4 27,6 91,9 106 30,9 103 10,4
spk-30-5 24,0 80,1 27,5 91,6
spk-30-6 24.8 82,8 33,0 110
spk100-1 96,2 96,2 109 109
spk100-2 88,5 88,5 110 110
spk100-3 99,4 99,4 97,4 97,4
spk100-4 94,4 94,4 8,26 102 102 7,32
spk100-5 108 108 96,1 96,1
spk100-6 86,1 86,1 91,5 91,5
spk200-1 191 95,4 177 88,5
spk200-2 180 90,0 206 103
spk200-3 163 81,6 194 97,0
spk200-4 183 91,3 108 172 86,2 7,89
spk200-5 218 109 204 102
spk200-6 212 106 177 88,4

Bang PL 3.50. D¢ lap lai va do thu

héi ciia Thioaildenafil

Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSDy
uom) | R % pom) R %
spk-30-1 25,1 83,5 30,9 103
spk-30-2 31,5 105 32,1 107
spk-30-3 27,8 92,6 29,97 99,9
spk-30-4 29,7 98,9 9,43 27,54 91,8 5,10
spk-30-5 30,9 103 30,6 102
spk-30-6 32,7 109 29,52 98,4
spk100-1 83,8 83,8 105 105
spk100-2 85,4 85,4 108 108
spk100-3 99,6 99,6 97,8 97,8
spk100-4 98,0 98,0 105 86,6 86,6 3,87
spk100-5 110 110 102 102
spk100-6 90,7 90,7 85,0 85,0
spk200-1 197 98,6 4,40 214 107 7,86
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Nén vién nang cirng

Nén vién nang mém

Tén mau C RSD, C RSD,
ugmi | RP o oml | o

spk200-2 187 93,6 195 97,6

spk200-3 200 100 168 83,8

spk200-4 204 102 187 93,3

spk200-5 198 99,1 189 94,3

spk200-6 214 107 190 95,0

Bang PL 3.51. B¢ lap lai va do thu hoi cia Thiohomosildenafil

Nén vién nang clrng

Nén vién nang mém

Tén mau C o RSDy C o RSD,
(ugmt) | %] 0 (ugm) | R0
spk-30-1 24,1 80,2 32,7 109
spk-30-2 31,2 104 25,2 83,9
spk-30-3 26,5 88,2 28,4 94,7
spk-30-4 271 90,2 10.5 33,0 110 993
spk-30-5 29,3 97,8 28,7 95,5
spk-30-6 24,1 80,4 29,5 98,4
spk100-1 89,1 89,1 105 105
spk100-2 95,8 95,8 92,3 92,3
spk100-3 81,9 81,9 101 101
spk100-4 103 03| 2?2 107 107 718
spk100-5 98,6 98,6 89,7 89,7
spk100-6 83,6 83,6 94,9 94,9
spk200-1 214 107 206 103
spk200-2 180 90,1 183 91,3
spk200-3 216 108 181 90,6
.
spk200-4 177 88,5 9,38 168 84,2 o3
spk200-5 208 104 187 93,4
spk200-6 181 90,7 169 84,7
Bdng PL 3.52. D4 Idp lai va do thu héi ciia Udenafil
Nén vién nang cirng Nén vién nang mém
Tén miu C 0 RSDr C 0 RSDy
(ugmi) | % (ugmi) | "] %
spk-30-1 29,9 99,6 25,7 85,6
spk-30-2 32,4 108 28,0 93,3
spk-30-3 275 91,6 o175 26,7 89,0 8,45
spk-30-4 29,0 96,5 26,9 89,7
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Nén vién nang cirng Nén vién nang mém
Tén miu C .. | RSD C .. | RSD
(omt) | R % (uomt) | S| %
spk-30-5 31,2 104 27,9 93,0
spk-30-6 30,6 102 32,4 108
spk100-1 109 109 95,1 95,1
spk100-2 84,5 84,5 96,7 96,7
spk100-3 104 104 84,0 84,0
11,6 7,46
spk100-4 82,8 82,8 ’ 94,3 94,3 ’
spk100-5 99,7 99,7 83,5 83,5
spk100-6 106 106 100 100
spk200-1 200 99,9 192 96,2
spk200-2 197 98,5 176 88,1
spk200-3 216 108 179 89,7
9,12 5,95
spk200-4 194 96,9 171 85,3
spk200-5 166 82,9 168 83,8
spk200-6 179 89,3 163 81,5
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Phu luc 4. Két qua ciia phwong phap LC-MS/MS xac dinh mét s6 chat cAm
trong TPBVSK h tr¢ giam can
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Hinh PL 4.1. Bé thu hai desmethyl sibutramin tgi dung mdi chiét khac nhau
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Hinh PL 4.2. Bé thu hei didesmethyl sibutramin tgi dung mdi chiét khac nhau
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Hinh PL 4.3. B thu héi fenfluramin tgi dung mdi chiét khac nhau
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Hinh PL 4.4. Bé thu héi loperamid tgzi dung mai chiét khac nhau
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Hinh PL 4.5. P¢ thu hoi phenylpropanolamin tgi dung mdi chiét khac nhau
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Hinh PL 4.6. Sdc d6 mau trang (A), mau chudn (B) va mau thém chudn desmethyl
sibutramin trén nen mau tra giam can (C), vién nang cizng (D) va nén vién nang
mem (E)
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Hinh PL 4.7. Sac do mau trang (A), mau chuan (B) va mau thém chuan didesmethyl
sibutramin trén nén nén mau tra giam can (C), vién nang cizng (D) va nén vién nang
mém (E)
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Hinh PL 4.8. Sac do mau trang (A), mau chuan (B) va mau thém chuan fenfluramin
trén nén mau tra giam can (C), vién nang cung (D) va nén vién nang meéem (E)
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Hinh PL 4.9. Sdc do mau trang (A), mau chudn (B) va mau thém chuan
phenylpropanolamin trén nén mau tra giam can (C), vién nang cung (D) va nén vién
nang mém (E)
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Hinh PL 4.10. Sdc d6 mau trang (A), mau chuan (B) va mau thém chuan loperamid
trén nén mau tra giam can (C), vién nang cuizng (D) va néen vién nang meéem (E)
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A

nalyte Layout: Dides-5B3

uery: None
E B = = & e
Sart: Unsorted

Sample Sample | Analyte Peak | Analyte Peak |  Analyte Calculated| pccura

Namo Type | Aroa (counts) | Height (cps) ncentration | Use Record] Concent o
i [std 2ppb Standard__| 6.46e+004 1.026+004 200 & 1.83 914
2 |stdsppb Standard | 1.66e+008 22404004 5.00 = 543 109
3 |stdi0ppb  |Standard |3.28e+005 4634004 10.0 = 112 112 <
4 |std20pph  |Standard | 5.61e+008 55504004 200 = 195 973
5 |std50ppb  [Standard | 1.47e+006 227e+005 50.0 = 516 103
6 |std 100ppb  |Standard |2 71e+006 38204005 100 = 9.8 %8
7 |std200ppb__ |Standard |5 69e+006 90764005 200. & 202 101

Hv SR [

sid 2ppb - Dides-SB2 (Stendard) 252.100/125.000 De - sample 8 of

/A N/A

Manual Integration

std Sppb - Dides- SE2 (Standerd) 252.100/125.000 Da - sample 7 of sid 10ppt - Dides-S83 (Standard) 252.100/125.000 Da - sample & of std 20ppt - Dides-$83 (Standard) 252.100/125.000 Da - sample 8 of

Ares: 8 45+003 counts Height 1.022+004 cgs RT- 7.0 min hres: 1 £52+005 counts Height 2 242+004 oes RT- 7.02 min ces 3.280+005 counts Height 4 522+004 ces RT- 7.04 min Ares: 5.61+005 counts Height & 5524004 cos RT. 7.02 min
708 o2 704 702
2004
N Lewaw 2 7] | R L
E £ a0 ER TS £ o
v H : G 5 H : G 3 B z : G 3 v z G 3
Time, min Time, min n
[ 2 0vee - Dioees (tancers 262 100125000 s e 10 std 100gpb - Dices-SE3 (Standard) 252.1001125000 D3 - 3. ]| 3 20050 D= 332 (i) 52100122000 D3 samps 12
Area: 1.472+008 counts Height 2.272+008 ggs RT: 7.08 min Area: 2.71e+006 counts Height: 3.82e+005 cps RT: 7.08 Area: 5.692+008 caunts Height 9.072+00% cps RT: 7.08 min
708 708 708
2 :2551 ‘ ‘
E E E
£ 0.0 £ 0.0 £ 0.0
H : c 3 v H : c 3 a z : c 3
Time, min Time, min Time, min
Analyte: Dides B3 -] [aea ][ Regession Flevert| [ccept
B 30200227 duong chuan.rdb (Dides SB3): “Linear” Regression ("No™ weighting]: y = 2 8124004 x+ 1.322+004 (1 = 0.9995)
5560
4000
=z
208
0o
o E) % £y B} E) 7 P % o 20 30 10 ) ) 70 B 150 20

Hinh PL 4.11.

Concentrstion, ng/mlL.

Purong chuan phan tich didesmethylsibutramin

Analyte Layout. DSBT
e Query: Hone
EEEE = E Ide
Satt; Unsaited
Sample Sample | Analyte Peak | Analyte Peak |  Analyte Calculated| pccuracy
Name Type | Area (counts) | Height (cps) el e el Gz (%)
i ['std 2ppb Standard | 7.756+004 947+003 200 = 1.84 920
2 |std 5ppb Standard | 1.426+005 2.026+004 5.00 M |48 9.2
3 |std 0ppb  |Standard |2 57e+005 3.87e+004 0.0 = 102 102 L4
4 |std20ppb  [Standard |4 47e+005 6 11e+004 200 = 19.0 949
5 |stdS0ppb  [Standard | 1.16e+006 1.87e+005 50.0 o 522 104
6 |std 100ppb  |Standard | 2.17e+006 3.64e+005 100 ¥ [990 99.0
7 |std200ppb  |Standard | 4.36e+006 6.72e+005 200. ¥ |20 100

RTRS Y eIV

Bkg. Start: [N/ Bkg. End: [N/A

st 2ppb - DSB1 (Standsrd)
Area: 7.75+004 counts Height 3.472+003 cps RT:7.05 min

££.000/124.800 Da - ssmple € of 18 .

Manual Integration

13 20ppb - DSB1 (Standard) 268 000/124.800 Da - ssmple 9 of 1 1.

std 10ppb - DSB1 (Standard) 266.000/124.800 Da - sample & of 18 1 )
Area: 4472005 counts Height: 6.11e+004 cps RT: 7.02 min

Area: 2.57e+005 counts Height 3.872+00¢ cps RT:7.02 min

sta Sppb - DSBY (Standard) 266.000/124.800 Da - ssmple 7 of 18 fr.
Ares: 1.422+005 counts Height: 2.02e+004 cps RT: 7.02 min

75 ) 702 702 702
{ 2 UE“] 1 [3 ugi
E 8 755 ses sw  E
= o & 0.0 = 00 0.0
0 2 1 [ ' o H 3 5 : 0 2 : [ ' o H 5 :
Time, min Time, min Time, min Time, min
I std 50ppb - DSBA (Standard) 286 000/124.500 Da - sample 10 of 18 I std 100ppb - DSB1 (Standard) 266.000/124.800 Da - sample . I std 200ppb - DSB1 (Standard) 266.000/124.800 Da - sample 12 of 1
Area: 1.18e+006 couns Height: 1.87e+005 cps RT: 7.03 min Area: 2.17e+006 counts Height: 3.64e+005 cps RT: 7.05 m. Area: 436e+006 counts Height: € 72e+005 cps RT: 7.02 min
702 705 02
: 5.0e5
8 1 nssi @ l P i
£ 00 = 0.0 £ 00
3 3 K g 5 H : g 3 K g
Time, min Time, min Time, min
Anate:DSB1 v [aea ][ Aegession Rever | [dcoent
M 30200227-duong chuan.rdb (DSB1). “Linesr” Regression (No” weighting): y = 2.16e+004 x + 3.78+004 (r = 0.9989)
a0ee
30ee
£ 20ee
10e8
00
0 20 B o E] & 7 w0 % 100 0 120 130 15 150 180 70 150 150 200

Hinh PL

Concentration, ng/mL.

4.12. Puong chudn phan tich desmethylsibutramin
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Analyte Layout: Fenflul

Query: None
El Ide

Sort - Unsorted

EEEEE

Sample Sample | Analyte Peak | Analyte Peak |  Analyte Calculated pccyra,
Name Ty | Avea (counts) | Haight (cos) centrati LeelRconl Concent .
T [ std 2ppo Standard_ |4.88e+005 | 7.26e+004__[2.00 B [180 898
2 |std5ppb Standard_|1.11e+006 176e+005  |5.00 B |54 101
3 |std10ppb  |Standard | 2.200+006 | 3.93e+005 10.0 & [107 107. L4
4 |sid20ppb  |Standard | 4.21e=006 | 7.86e+005  |20.0 EEE 106.
5 |std60ppb  |Standard | 9.80e+006 1840006 |50.0 GRS 101
6 |std100ppo  |Standard | 1.85e=007  |3.32e+006 100. EEE 9.9
7 |std200ppb  |Standard | 3.87e+007 | 447e=006 | 200. B |202 101.

4| » N N ] | P 1T [#] Marual Integration
Bkg. Start: [ N/A Bkg. End: [IW/A
[ 2o Fertst (Sanae) 2320101189000 Da-sarple St 5 [ o8 Spe:Ferflet (Sancrc) 232 010155 000 D srpla 7118 [ o3 10500 Pt (Sianac) 232010185000 D sl f 1. [ 519 20pps - Fanfot (Sancac) 232 010159000 - srple S 1
Area; 4.882+005 counts Height: 7.262+00¢ cgs RT: 0.62 min Aree: 11122008 counts Height. 1.76e+005 cps RT: €.59 min Area: 2.206=000 counts Height 3.82¢+005 ges RT: €.01 min Area: 42124000 counts Height: 7.862+005 cos RT: .60 min

.5 ee1 680

@

s ﬂsli

1&51
00
o

818 127 2 2. 568 9.7, 5 52 L z ‘ L z ‘
2 M e H o 2 & ) H o z H
Time, min Time. min Time.
I std 50ppb - FenfluT (Standard) 232 010/159.000 Ds - sample 10 of I std 100ppb - Fenflut (Standard) 232.010/159.000 Da - samp.. I st 200ppb - Fenflul (Standard) 232 010/159.000 Da - sample 12 of
Area: 35024008 counts Height 1.54e+008 cps RT: 881 min Area: 1.85e+007 counts Height: 3.32e+006 cps RT: 6.64 . Ares: 3 572+007 counts Height: 4.47+008 cps RT: 862 min

Int

oot ooe cez
g 1 ng{ £ | 2 ‘
£ 00 £ 00 £ 0.0
B ) 7 3 7 g T 7 g 7 5 3 H z 3
Time. min Time, min Time, min
Anate: Feniial v [aea ~][ Regession Revent | [Accept

B 20200227-duong chusn rdb (Fenflul): "Linear” Regression (No” weighting) y = 19124005 x + 1456005 (r = 0.9987)

2067

2087
£ 20e7
=

1067

10 20 a 40 =0 ) 0 20 50 100 110 120 130 140 180 180 170 130 190 200
Concentration, ngimL

Hinh PL 4.13. Puong chudn phan tich fenfluramin

Analte Lapout. Phenol2

Query: Mone
E Idie

Sart: Unsorted

E = EEE

Sample Sample | Analyte Peak | Analyte Peak Analyte Use Record Calculated| Accuracy
Name Type [ Area (counts) | Height (cps) |Concentrati CrrEnn (%)
1 [std 2ppb Standard | 2.66e+005 3.18e+004 2.00 @ 1.98 951
2 |stdppb Standard | 3.19e+005 3.84e+004 5.00 = 545 100.
3 |std10ppb  [Standard | 4.07e+005 4.80e+004 10.0 @ 11 . <
4 |std20ppb  [Standard |6.42e+005 6.93e+004 200 @ 197 96.4
5 |stdS0ppb  [Standard | 9.80e+005 1.08e+005 50.0 @ |47 955
6 std 100ppb Standard 1.81e+006 2 20e+005 100. [Ed| 101 101
7 std 200ppb Standard 3 58e+006 2 40e+005 200 I} 214 107

Manual Integration

S S o A
Bkg. Stat:  [1/A Bkg. End: [I/A

I std 2ppb - Phenol2 (Standard) 318.800/224.800 Da - sample O of 18 I std Sppb - Phenol2 (Standard) 318.900/224.800 Da - sample 7 of 18 I std 10ppb - Phenol2 (Standerd) 318.800/224.200 De - semple 3 of 1 I std 20ppb - Phenol2 (Standard) 318.800/224.800 De - sample 9 of 1
Asea: 2.85e+005 counts Height 3.18e+004 cps RT: 8.78 min Asea: 3.18e+005 counts Height: 3.84+004 cos RT: 8.73 min Area: 4072005 counts Height: 4 302004 cps RT: £.78 min Area: 54224008 counts Height 8.92e+004 cps RT: 8.72 min

e78 e73 era 87
e ] L £ : z "l L
£ 572 £ £ £
£ o0 £ o £ o0 £ a0
0 2 H e H 0 2 e H 0 2 H P H 0 2 P H
Time, min ime, min Time, min Time, min
I std 50ppb - Phenol2 (Standsrd) 218.00/224 900 Da - sample 10 of I std 100ppb - Phenol2 {Standard) 318.900/224.900 Da - sample 110 I std 200ppb - Phenol?2 (Standard) 318.900/224.900 Da - sam...
Area: 8.802+005 counts Height: 1.086+005 cps RT: 6.76 min Area: 15124006 counts Height: 2202005 cps RT: 6.77 min Area: 3.580+006 counts Height: 2.40e+005 cps RT: 6.78 m..
a76 er7 a7s
13555] L ‘ussl znsj L
< om £ o < o
0 2z H & H 0 z H 8 5 0 2 4 & 5
Time, min Time, min Time, min
Analyte: [ Phenclz s v|[ Regessin Revert | [fecept
M 20200227.ducng chusn rdb (Phenol2) "Linear” Regression 'No" weighi 1582004 x + 2.342+005 {r = 0.9995)
358
o
3068
J 20
108
0o
0 20 0 0 ) & 70 ) 0 100 110 120 130 150 150 180 170 130 150 200

Concentration, ng/mL

Hinh PL 4.14. Buong chudn phan tich phenylpropanolamin
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Anaiyte Layout | operamid

| N Query: None
E = = = E B de
Sort: Unsorted
Sample Sample | Analyte Peak | Analyte Peak |  Analyte Use Record Calculated Accuracy
Name Type | Area(counts)| Height (cps) P [ (%)
(1 |std2ppb Standard | 6.22e+004 129a+004 200 7 173 867
(2 |stdsppb Standard | 1.50e4005 2.92¢+004 5.00 v 496 993
std 10ppb  |Standard | 2.96e+005 5.57e+004 10.0 v 104 104
std20ppb  |Standard | 5.24e+005 9.73e+004 200 v 18.8 94.0
stdS0ppb |Standard | 1.426+006 2.52¢+005 50.0 v 518 104
std 100pph | Standard | 2.706+006 5.56e+005 100. v 993 993
7 [s1d200pph__|Standard | 4.99e+006 9.08e+005 200 184 920
JE UL NS e R [ : ‘ -
Bhg. Start:  [N/A Bkg. End:
[ 22w Lopsama (Stancars 190010120 100 0n - sampie oot ] 5t Spp- Loperama (Suanawes) 199010129100 0n-samie 7ot [} st 105 Loparama_(Stancare) 196.010129.100 0 -sampies ] 5o 0pp- Loparamis_(Stanaar) 1900101129 100 0a - samole 9
Ares: £:226+004 counts Height 1.296+004 cgs RT: 6.5 min Ares: 1.808+005 counts Heignt: 2926+004 cps RT: 6.52 min Aes: 2.966+005 counts Height 5 57e+004 cps RT- .62 min Ares: £.248008 counts Height 9.726+004 tps RT: 6.53 min
ess e es 652
o vnnu«l o 20,.1 o 5”"] < l
£ 000 am. £ 00 £ 00 £ o
o 3 i z : 5 b H 3 s H ] H s 3 a B H s 3
Time. min Time. min Time. min Time. min
I std 50ppb- Loperamid  (Standsrd) 158.010/129.100 Ds - sample 10 std 100ppb-Loperamid  (Standard) 158.010/125 100 Da - sample 1 sud 200ppb- Loperamid . (Standard) 196.010/129.100 Da - s...
Area: 14204008 counts Height 2 52e+005 cps RT: @.54 min Area: 2.70e+008 counts Height: 5 58e+005 cps RT: 6.57 min Area: 4.99¢+006 counts Height: 9.08e+005 cps RT: 6.55 m...
ose . o5t ess
5 5065
£ L e .l [ :
g g g
- 0. - 00 - 00
1 H 7 ] i s H 7 ] [ ] 7 ) g 3
Tirme, min Tims, ima, min
Anate| Loperamid v [aea ~][Regesson | [Reven :
B 20200227-duong chuan.rdb (Lorcaserin1): “Linear” Regression ("No® weighting): y = 2.71e+004 x + 1,52e+004 (r=0.9990)
5200 o
4.0t
< 208
00
o E) ) ) B E) o %0 % 130 o 0 [ 10 o 180 o 10 130 200

Cencantration, ng/ml

Hinh PL 4.15. Pwong chudn phan tich loperamid

Bang PL 4.1. Bé 1dp lai va dg thu héi cia desmethylsibutramin

2 mglg

5 mg/g

C tinh

R%

C tinh

R%

1,97

98,5

4,35

87,0

1,76

87,8

4,06

81,2

1,69

84,6

4,18

83,6

1,66

83,0

4,26

85,2

1,72

86,2

4,18

83,5

O OB~ W | IDN|F

1,86

93,1

4,36

87,2

B

88,9

84,6

SD

0,12

0,11

RSD

6,99

2,73

o1




Bang PL 4.2. B¢ 1ap lai va dé thu hoi cua didesmethylsibutramin

. 2 mg/g 5 mg/g
Mau
C tinh R% C tinh R%
1 1,80 89,8 4,36 87,2
2 1,72 86,1 4,58 91,6
3 1,88 94,0 4,92 98,4
4 1,81 90,5 4,21 84,2
5 1,75 87,6 4,15 83,0
6 1,97 98,3 4,59 91,8
B 91,0 89,4
SD 0,09 0,29
RSD 4,90 6,42

Bang PL 4.3. D6 1ap lai va dé thu héi cua fenfluramin

x 5 mg/g 10 mg/g
Mau h .
C tinh R% C tinh R%
1 4.64 92,7 9,86 98,6
2 5,21 104,2 8,74 87,4
3 4,82 96,5 9,24 92,4
4 5,00 100,0 10,2 102,3
5 5,00 100,0 9,41 94,1
6 5,22 104,3 9,01 90,1
B 99,6 94,1
SD 4,49 5,85
RSD 8,32 7,50
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Bang PL 4.4. D¢ lap lai va do thu héi cua loperamid

. 5 mgl/g 10 mg/g
Mau
C tinh R% C tinh R%
1 5,35 107,0 9,08 90,8
2 5,46 109,1 8,03 80,3
3 5,07 101,4 8,17 81,7
4 5,44 108,7 8,82 88,2
5 5,44 108,7 8,26 82,6
6 5,45 109,0 9,10 91,0
B 107,3 85,8
SD 2,79 5,58
RSD 8,32 7,50

Bdng PL 4.5. B$ Idp lai va do thu héi ciia phenylpropanolamin

. 5 mg/g 10 mg/g

Mau

C tinh R% C tinh R%

1 4,70 94,00 9,75 97,51
2 5,29 105,70 8,60 86,03
3 4,96 99,28 8,92 89,18
4 4,73 94,61 10,18 101,83
5 5,37 107,50 9,12 91,17
6 5,09 101,85 8,87 88,71

B 100,5 92,4

SD 3,45 4,02

RSD 5,56 6,51
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I Vien giam can 65000 - St (Unknovm) 278 84011
Ares:

s

Intensity

4%
"

2.146+005 counis Height 3. Me+005 cps.

Vien giam Can-MT-L5000 - Siut {Unknowim) 278 840/124.8
53064005 counts Height 8 61e+005 cps R

brez.

Vien giam can MBL5000 - Sibut (Uknown) 278 840/124.8
25764006 counts Height 4 48e+005 Cps

hrez

I Vien giam can MS.L5000 - Siut (Unknows) 278 8401124 8
area

4554006 counts Height 7.28e+005 cps RT:6.33

Sort: Unsorted
File |Analyte Peak | Analyte Peak |  Analyte Standard Query Record Calculated a
Sample Name sample ID | Sample Type | o arliCounes) | Height (eps) Concentration Stats Use Record| ottt Concentration Accuracy (%)
16 [Vien giam can M1 Unknown 201912 3.78e+004 5.892+003 NIA A & 0.0346 WA
17_| Vien giam can-M2 Unknown 201912 2.526+004 3.31e+003 NIA N/A = <0 NA
18_| Vien giam can-M3 Unknown 201912 1.07e+003 2.05e+002 NIA NIA A <0 NA
19| Vien giam can-Ni4 Unknown 2019128 58e+003 1.32e+003 NIA A & <0 WA
20| Vien giam can-M5-L5000 Unknown 201912 1.03e+006 1444005 NIA NA A 8.81 NA i
21_| Vien giam can-M6-L5000 Unknown 201912 2. 14e+006 3.342+005 NIA NA A 186 NA
22| Vien giam can M7-L5000 Unknown 201912 5.30e+006 8.61e+005 NIA A & 264 WA 4
23| Vien giam can-M8-L5000 Unknown 201912 2.67e+006 4.48+008 NIA N/A & 225 N/A
24_| Vien giam can-M9-L5000 Unknown 201912 4.55¢+006 7.298+005 NIA NA A 399 NA 4
25| Vien giam can M10-L5000 Unknown 2019128 126+006 117+006 NIA WA & 714 WA -
lILI i\li\lél EIEIM@I fpply | [Accept Manual Integration
Bkg. Start: N/A Bkg. End: |N/A
I Vien giam can-W1 - Sibuf (Unknown) 279.940/124 800 Vien giam can-M2 - Sibu1 (Unknowm) 275.940/124.200 Da Vien giam can-M3 - Sibuf (Unknown) 279.940/124.800 Da Vien giam can-M4 - Sibut (Unknown) 279.940/124.800 Da - Vien giam can-M5-15000 - Sbut (Unknown) 279 940112480
Area: 3.78e+004 counts Height: 5.89e+003 cps RT. € Area: 2.52e+004 counts Height: 3.31e+003 cps RT. 6.46 Area: 1.07e+003 counts Height: 2.05e+002 cps RT 6.68 Area: §.5%e+003 counts Height 1.32e+003 cps RT: 6.41 Area: 1.03e+006 counts Height: 1.44e+005 cps RT: 6.42
543 EXS) Doz £z
2000 508t
2 2 40w L g 1o
= 200 = 2e = =
g g 2 543§ 500 g s
e oem B OOREE amoam 8 g e 2 : san g
1024 . ln 278
0 00 bt Mot 00+
I i & 3 T I & 3 : 4 & & E R R LRI 3
Tims, min Time, min Time, min Tims, min Time, min

15000 - Siut {Unknow) 778840124 8

unts. Height: 1.17+008 cps RT:6.57

03
2,088 8.0e8 40e5 coes 1.0020
2 eoes 2 s0es 2 2 so0es
2085 s s £ 2
= = = 40e = o00es
£ e % 20e s 2
H 5 H 8 <otes
1.0e5 2 Lo 2 . £ 20m £
. N 200e5
00 00 00 00 000
T« o 3 T & 3 T ¢ 3 T < e 3 >+ & =
Time, min Time, min Time, min Tima, min Time, min

Hinh PL 4.16.

Scc ky d6 mau TPBVSK dang vién nang ciing dieong tinh véi
sibutramin
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Phu luc 5. Két qué ciia phwong phap LC-MS/MS xic dinh mot s6 chit cAm
trong TPBVSK h§ tro tiéu dwong

100.00

90.00
80.00
70.00

g 60.00 u Acetonitril

§ 50.00 £ Methanol

B 40.00 = ACN: H20

= 3000 @ MeOH: H20 (7:3)
20.00 # MeOH: H20 (5:5)
10.00

0.00
Metformin  Phenformin  Buformin Glibenclamid Gliclazid

Chét phan tich

Hinh PL 5.1. D¢ thu héi céc chat hd tro tiéu dirong tai dung méi chiét khac nhau
trén mau vién nang mém

120.00 -
100.00
~ 80.00
> = Acetonitril
“3 60.00 1 Methanol
& = ACN: H20
= 40.00
0 MeOH: H20 (7:3)
20.00 = MeOH: H20 (5:5)
0.00

Metformin  Phenformin  Buformin Glibenclamid Gliclazid
Chat phan tich

Hinh PL 5.2. 6 thu héi céc chat hé tro tieu dwong tqi dung moi chiét khac nhau
trén mau dang long
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Metformin - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs

Responses

x105 | y=1741.213191 * x +672.223168

7 R*2=0.99971955

Type:Linear, Origin:Ignore, Weight:None
3,

2.5+
24

1.54

0 20 40 60 80 100 120 140 160 180 200
Concentration (ng/ml)

Hinh PL 5.3. Buwong chuan phan tich metformin

Phenformin - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs

Responses

x10 5 | y = 1769.600020 * x + 948.994208

1 R"2 =0.99852282

Type:Linear, Origin:lgnore, Weight:1/x
3

2.5+
24

1.5+

0 20 40 60 80 100 120 140 160 180 200
Concentration (ng/ml)

Hinh PL 5.4. Puwong chuan phan tich phenformin

Glibenclamide - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs

Responses

x10 47 y =208.465687 * x + 392.613040 N
R"2 =0.99825202
4+ Type:Linear, Origin:Ignore, Weight:1/x
3.5
3

2.5+

0 20 40 60 80 100 120 140 160 180 200
Concentration (ng/ml)

Hinh PL 5.5. Bwong chuan phan tich glibenclamid
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Gliclazide - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs

8 x104 |y =155.275031 * x - 19.732191
2 R”2 = 0.99893843
S 31 Type:Linear, Origin:lgnore, Weight:1/x
2 2.8+
oc 26,
2.4
2.2
2,
1.8
1.6
1.4
1.2
14
0.8+
0.6+
0.4
0.2+
0,
-0.2- : : : : : : : : : : :
0 20 40 60 80 100 120 140 160 180 200
Concentration (ng/ml)
Hinh PL 5.6. Dueng chudn phan tich gliclazid
Bang PL 5.1. Bé Idp lai va do thu héi ciia metformin
10 mg/kg 5 mg/kg 2 mg/kg 1 mg/kg
Mikrc Po R R
Ham thu Ham Ham Ham bo fhu Ham bo fhu
Miu lwgng hoi lwegng | lwong | luwgng (Fl;;)ol/ lwgng (Fl;;)ol/
(R)% () 0
1 8,98 89,77 4,69 93,78 1,92 96,24 0,85 84,97
2 9,02 90,20 4,66 93,12 1,95 97,49 0,82 82,26
3 9,16 91,56 4,62 92,46 1,83 91,31 0,91 90,74
4 8,49 84,89 4,20 83,92 2,09 104,45 0,90 89,52
5 9,06 90,59 4,62 92,46 1,83 91,43 0,91 90,86
6 8,99 89,94 4,66 93,24 2,05 102,37 0,83 83,21
Do thu hdi
89,49 91,50 97,21 86,93
TB (%)
SD (%) 2,34 3,75 5,45 3,90
RSD (%) 2,62 4,10 5,60 4,49
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Bdng PL 5.2. Bé Idp lai va do thu héi ciia phenformin

10 mg/kg 5 mg/kg 2 mg/kg 1 mg/kg
Mirc PH . .
B Ham thu Ham Ham Ham bo fhu Ham bo Ehu
Mau lwgng hoi lwgng | lwong | luwgng (Fl;;);/ lwgng (Il?l;)‘}/
(R)% 0 (]
1 9,38 93,81 5,02 |100,33 | 1,96 97,85 0,97 97,02
2 8,60 85,99 4,68 93,53 1,98 99,15 0,91 91,19
3 8,91 89,08 4,63 92,68 1,76 88,15 1,01 100,97
4 9,88 98,83 4,81 96,12 1,97 98,73 0,96 95,76
5 9,43 94,25 4,89 97,80 1,98 99,15 1,03 102,70
6 9,52 95,19 512 | 102,43 | 1,94 97,08 1,00 99,74
D¢ thu hoi
92,86 97,15 96,69 97,90
TB (%)
SD (%) 4,59 3,81 4,26 4,15
RSD (%) 4,94 3,92 4,40 4,24
Bang PL 5.3. Bé Idp lai va dg thu héi cia glibenclamid
10 mg/kg 5 mg/kg 2 mg/kg 1 mg/kg
Mie b Do th Do th
B Ham thu Ham Ham Ham ¢ f Y1 Ham ¢ :[ "
Mau lwgng hoi lwegng | lwong | luwong (FI;;)OI/ lwgng (Fl;;)ol/
(R)% 0 (o
1 10,0 100,1 5,29 105,8 1,81 90,48 0,98 97,58
2 9,34 93,38 4,62 92,40 2,07 103,5 0,84 84,29
3 10,7 106,8 5,23 104,7 1,96 98,23 0,84 83,76
4 9,46 94,63 5,04 100,7 1,94 97,14 1,03 103,0
5 10,5 104,9 4,58 91,60 2,17 108,6 0,84 84,29
6 8,95 89,49 4,95 98,93 1,98 98,84 0,93 92,70
D6 thu hoi
98,22 99,03 99,47 90,94
TB (%)
SD (%) 6,85 6,01 6,13 8,15
RSD (%) 6,97 6,07 6,16 8,97
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Bdng PL 5.4. Bé Idp lai va do thu héi cia gliclazid

10 mg/kg 5 mg/kg 2 mg/kg 1 mg/kg
Mikc PH A R
) Ham | thu | Ham | Ham | Ham | P2M | pam | DO
Mau lwgng hoi lwgng | lwgng | luwgng (R)% lwgng (R)%
(R)% (] (]
1 8,48 84,80 4,73 94,65 1,75 87,66 0,88 87,95
2 8,89 88,92 4,34 86,81 1,98 98,85 0,88 88,50
3 9,13 91,26 4,46 89,23 1,83 91,63 0,91 90,59
4 9,70 97,00 4,54 90,78 1,92 96,03 0,87 87,19
5 8,20 82,00 4,47 89,30 1,75 87,59 0,86 86,13
6 8,42 84,24 4,81 96,12 1,83 91,63 1,03 102,57
Do thu hoi
88,04 91,15 92,23 90,49
TB (%)
SD (%) 5,53 3,55 4,50 6,11
RSD (%) 6,28 3,89 4,88 6,75
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