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MO PAU
1. Ly do lra chon dé tai

Trong nhitng nam gan day, viéc sir dung cac san pham thuc
pham bao vé stc khoe (TPBVSK) ngay cang gia tang boi su tién dung
va hiéu qua cua cac san pham nay, dac biét cac san pham c6 chire ning
hd trg giam can, ting cudng sinh ly nam, hd tro bénh xwong khap, tiéu
dudng... Tuy nhién, mot sb nha san xuat véi myc dich mudn ting
nhanh hiéu qua caa san pham, da phdi tron thém céc chat cdm, anh
hudng dén stc khoe nguoi sir dung. Nhém chat nay nam trong danh
muc thudc ké don, khi dugc sir dung khong c6 kiém soéat, s& gy ra cac
tac dung phu anh huong nguy hai dén sirc khoe ngudi sir dung. Trong
d6, cac hoat chat e ché PDES5 ¢ thé gay ra cac tac dung khéng mong
muén trén co thé nhu: chéng mat, tac nguc, kho tha, rdi loan tiéu
hoa,... Sibutramin lam tang ap luc mau, nhip tim va thudng tang nguy
co dau tim ciing nhu dot quy. Céc chét didu hoa dudng huyét co twong
tac manh véi nhau khi dung cung, dic biét gy nguy hiém dén tinh
mang cho ngudi sir dung dang c6 bénh Iy nén va dung nhiéu loai thubc
khac nhau.

Mic di da c6 mot s6 nghién ctru duoc tién hanh véi cac nhom
chit khac nhau, nhung hau hét 1a cac quy trinh riéng r& cho tirng nhém
chét hoic cac quy trinh cho mét sé lwong han ché céc chat. Ngoai ra,
su da dang cua ki thuat phan tich con han ché nén kha ning wng dung
rong rai chua cao. Sac ky long khéi pho phan giai cao (LC-HR/MS) va
sic ky long khdi phéd hai lan (LC-MS/MS) 1a lva chon ti wu nham
phan tich sang loc ddng thoi, phat hién va dinh lugng cac chat phan
tich trong TPBVSK. Trén co s¢ d6, dé tai “Nghién ciru xdc dinh mot
$6 chét cam trong thuc phdm béo vé sirc khée hé tro giam cén, chirc

nang sinh Iy va tiéu dwong” da duoc thyc hién nham gop phan vao



viéc phat trién phuong phap phan tich trong kiém soat cac dugc chat
tron 1an trong TPBVSK nham dam bao chat lwong san pham va bao vé
nguoi tiéu dung.
2. Muc tiéu cia luan an

Nghién ctru xdy dung quy trinh phan tich cic chat cam trong
TPBVSK vdi hai muc tiéu:

e Nghién ciru phat trién phuong phap sic 1y long khdi phd
phan giai cao LC-HR/MS va sic ky long khdi phd LC-
MS/MS dé sang loc va dinh lugng mot sb6 chit cAm trong
thuc phém bao vé stc khoe hd trg giam can, chic nang sinh
1y va tiéu duong.

e Ap dung cac phuong phap dé xac dinh mot s chat cim trong
thyc pham bao vé stc khoe hd tro chirc nang sinh 1y, giam
can va tiéu dudng.

3. Noi dung ciia lugn an

- Xay dung quy trinh LC-HR/MS phan tich sang loc cc chit cim
trong TPBVSK h trg chirc ning sinh 1y, giam can va tiéu duong: Khao
sat diéu kién HR/MS, diéu kién sic ky 1ong va phan tich trong mau
TPBVSK h trg chirc ning sinh 1y, giam can va tiéu duong.

- Xay dung quy trinh LC-MS/MS xéc dinh mét s6 chit cAm trong
TPBVSK hd trg chirc ning sinh ly: Khao st diéu kién LC-MS/MS,
x4c nhan gia tri st dung ciia phuong phap va phan tich trong mau
TPBVSK hd trg chirc ning sinh ly.

- Xay dung quy trinh LC-MS/MS xéc dinh mét s6 chit cAm trong
TPBVSK h tr¢ giam can: Khao sat diéu kién LC-MS/MS, x4c nhan
gia trj sir dung ctia phuong phap va phén tich trong mau TPBVSK hd

tro gidm can.



- Xay dyng quy trinh LC-MS/MS xéc dinh mét s6 chit cAm trong
TPBVSK hd tro tiéu duong: Khao sat didu kién LC-MS/MS, x4c nhan
gia tri str dung ctia phwong phéap va phan tich trong mau TPBVSK hd
trg tiéu duong.

4. Nhirng dong gop moi ciia luédn an
% Vé mgt khoa hgc

Nghién ctru st dung cac phuong phap phan tich hién dai, c6
d6 nhay va d6 chinh xac cao nhu: sac ky long khéi phd phan giai
cao (LC-HR/MS) dé sang loc dong thoi va phét hién cac chat mai;
phuong phép sic ky long khbi pho (LC-MS/MS) dé dinh lugng cac
chét tron trai phép trong TPBVSK. Pay 1a hudng nghién ctiu khong
chi c6 tinh mai, y nghia trong khoa hoc, ma con mang tinh toan
dién, gop phan nang cao chat lugng cong tac kiém nghiém an toan
thuc pham, bao vé sticc khoe nguoi tiéu dung. Nghién ctru da phat
hién 1 chat mai va phdi hop véi cac nha khoa hoc Singapore xac
dinh hop chat méi 1a N-hydroxyethyl dithio-desethyl carbodenafil,
g6p phan cap nhat vao thu vién phé cua cac thiét bi khdi phé phan
giai cao (HR/MS).
% Ve mgt thyrc tién o

S6 lugng céac chat cam tron trai phép trong TPBVSK ngay
cang da dang va phuc tap. Qué trinh téng hop céc chét nay dan t6i
xuat hién nhiéu chat voi dan xuat khac nhau & mét hay vai nhém
thé. Cac chat mai sinh ra ndy c6 hoat do, tic dung tuong tu Vi cac
chat gdc nén c6 thé dugc phan Iap va si dung trong san pham gay
kho khin cho cong tac kiém nghiém néu chi sir dung cac phuong
phap truyén thong. Phuong phap sic ky long khbi phd phan giai cao
LC-HR/MS phan tich chinh xac cau trlc cua chat phan tich ciing



nhu tim kiém céc chat mai dya trén ciu tric khung ctia nhém chat
da giai quyét duoc van dé trén. Quy trinh nay c6 thé &p dung tai cac
phong kiém nghiém tuyén trung wong va cac phong kiém nghiém
trong diém cap khu vuc, nhitng noi c6 day du trang thiét bi hién dai

dé tién hanh phan tich dam bao két qua chinh xac cao.

Két qua phan tich cac mau TPBVSK trén thyc té dua ra cac
bang chung va khuyén nghi cho cac nha quan ly trong qué trinh cap
nhat va xay dung van ban quan ly chat cdm trong thuc pham bao vé
suc khoe.

5. B6 cuc ciia luin an

Luan an gom 216 trang vai 26 hinh va sic ky do; 25 bang sé
liéu va 124 tai liéu tham khao. Luan an duoc ciu tao gom: 10 trang
danh muc cac bang biéu, hinh v&, sic 4, do thi va muc luc, 4 trang
m¢ dau, 47 trang tong quan tai liéu, 19 trang thuc nghiém va phuong
phap nghién ctiu, 65 trang két qua nghién ctru va thao luan, 2 trang
két luan. Ngoai ra, luan &n con cé 1 trang danh muc cong trinh cua
tac gia c6 lién quan dén luan &n, 14 trang tai liéu tham khao va 58
trang phu luc.

CHUONG 1. TONG QUAN

Chuong nay dé cap dén céc noi dung nhu sau:

Tong quan vé chat cam trong TPBVSK, chét cam hd trg chirc
nang sinh 1y, chat cAm hd trg giam can, chit cAm hd trg tiéu dudng.

Tong quan vé cac phuong phap xac dinh chét cAm hd trg chic
nang sinh 1y, h trg giam cin va hd tro tiéu duong trong TPBVSK:
phuong phap dién héa, quang phd hap thu phén tir, dién di mao quan,
sdc ky.



Phuong phép sic ky 1ong khdi phd duoc gidi thidu cu thé véi hé
thong séc ky 1ong va khdi phd phan giai cao.
CHUONG 2. THUC NGHIEM
Phuong phap phan tich: Phuong phap sic ky 1ong khbi phd phan
giai cao LC-HR/MS va phuong phap sic ky 1ong ghép ndi khéi phod
hai lan LC-MS/MS.
CHUONG 3. KET QUA VA THAO LUAN
3.1. Xay dung quy trinh LC-HR/MS sang loc mt sé chéat cAm
trong TPBVSK hd tro chirc ning sinh 1y, giam cin va tiéu dwong
3.1.1. Khdo sdt diéu kién HR/MS phén tich chit cdm nhom hé tro
chirc néing sinh Iy, gidm cén va tiéu dwong
3.1.1.1. Tim kiém manh phé cac chat phan tich
Dua vao cau tric cua cac chat phan tich, nghién ctru tién hanh
tiém 10 pL dung dich chuén hdn hop 1 pg/mL vao thiét bi HR/MS do
manh phd thuc nghiém bang ché d6 Fullscan d6i véi manh me va dd-
dependent MS2 d6i v6i manh con st dung ché do ion hoa phun dién
tir duong ESI (+). Két qua thu dugc duoc trinh bay & bang 3.1 vai didu
kién khdi phd bao gom:
- Full MS-dd-MS2:
e D¢ phan giai MS: 70000 (FWHM)
e Khoang khéi: m/z 220 - 1100
e Do phan giai MS?: 17500 (FWHM)
e Ning lugng va cham twong d6i (NCE): 30%.
- AlF:
e D¢ phén giai: 70000 (FWHM)
e Khoang khdi: 50 - 750



e Ning luong va cham tuong d6i (NCE): 40%, 70% va

100%

Bdng 3.1. Ket qua khao sat mot s6 manh pho ion me va ion con
cua cdc chat cam

TT

Tén chét

Maéinh me
(m/2)

Manh con (m/z)

Acetaminotadalafil

433,15065

204,08078; 262,08626; 135,04406;

205,0886; 233,08352; 232,075609;

169,07602; 191,07295; 263,09408;
250,08626

Acetildenafil

467,27652

111,09167; 97,07602; 70,06513,;

84,08078; 72,08078; 127,12297,

112,09950; 297,13460; 56,04948;
166,09749

Avanafil

484,18584

155,02582; 375,12184; 105,03349;
77,03858; 95,04914; 53,03858;
357,11128; 233,10330; 67,05423,;
221,10330

Homosildenafil

489,22785

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

311,15025

Nortadalafil

376,12918

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

Sildenafil

475,21220

58,06513; 100,0995; 99,09167;
56,04948; 283,11895; 70,06513,;
311,15025; 225,07709; 299,11387

Tadalafil

390,14483

204,08078; 135,04406; 262,08626;

169,07602; 205,08861; 232,07569;

233,08352; 240,11314; 268,10805;
250,08626

Sibutramin

280,18237

125,01525; 139,03096; 103,05428;
153,04664; 97,10118; 179,06220;
83,08553; 103,05423




TT

Mainh me

Tén chat (miz)

Manh con (m/z)

60,05562; 71,06043; 85,05091,
Metformin 130,10872 96,05560; 113,08220; 88,08629;
56,03760; 68,02431
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60,05563; 164,11830; 85,05080;
Phenformin 206,14002| 105,06991; 189,11356; 147,09160;
103,05430; 79,05428

55,05484; 100,11210; 169,00517;

11 | Glibenclamid 494,15110| 198,03165; 259,05195; 304,07351,
369,06702; 414,12357

110,09643; 119,06048; 127,12302;

12 | Gliclazid 324,13764| 153,10220; 168,11315; 80,07007;

93,07029; 91.05423; 65,03860

3.1.1.2. Tim kiém manh pho 1y thuyét

Trong s c&c chat cdm dwoc nghién ciru, cac chat cam nhom hd
trg sinh 1y dwoc xem 1a phiic tap nhat do sy da dang cua ching. Ban
dau chi mot sé chit nhu: sildenafil, tadalafil, vardenafil duoc st dung
phd bién. Tuy nhién, sau d6, dé tranh sy kiém tra ctia cac co quan chirc
nang dan dén ngay cang nhiéu cac chat PDE-5i va chit tuong tu ching
dugc tong hop. Céc chit thay thé chi khac cac chit nhém PDE-5i
nguy@n ban & mot hoac vai nhom thé. Cac dan chat nay c6 hoat do, tac
dung tuong tu V4i cac chat goc nén co thé duoc phan 1ap va sir dung
trai phép trong TPBVSK. Do d6, can thiét phai t6i uu cac diéu kién dé
phét hién dugc cac chit twong tu trong ciing nhom cuaa cac chat cam,
khi khéng c6 chat chuan cuaa ching.

Déi voi cac chat cdm nhom hd trg sinh 1y chua ¢ chat chuan
nhung d c6 cac thong tin vé phan manh da dugc cong b, nghién ctu
tién hanh tra citu manh pho ly thuyét theo thu vién Mzcloud, manh pho
thu dugc dugc trinh bay trong bang 3.2.




Bang 3.2. Cac manh phé ly thuyét cia ion me va ion con
cua chat cam nhém ho tre sinh ly con lai

TT

Tén chét

Mainh me
(m/2)

Manh con (m/z)

Dinitrodenafil

403,13606

283,11279; 358,10269; 375,10480;

225,07710; 361,10172; 154,06116;

344,09900; 344,09900; 217,10846;
253,07246

Gisadenafil

520,23366

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

N-Butyltadalafil

432,19178

135,04416; 204,08008; 169,07669;

262,08630; 205,08862; 250,08634;

282,16011; 232,07572; 191,07683,;
264,10196

N-Ethyltadalafil

404,16048

135,04418; 204,08008; 169,07646;

262,08663; 205,08876; 232,07574;

250,08663; 233,08345; 254,12880;
191,07360

Propoxyphenyl-
sildenafil

489,22785

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

Propoxyphenyl-
thiosildenafil

505,20501

58,06513; 299,09610; 99,09167;

100,09950; 313,11180; 56,04948;

70,06513; 315,09170; 329,10671,
271,10124

Thiosildenafil

491,18936

58,06513; 99,09167; 100,09951,;

299,09610; 56,04948; 70,06513;

341,14224, 327,12074; 85,07602;
312,10331

Vardenafil
oxopiperazine

475,17582

169,09712; 344,14793; 110,06459;
299,11309; 123,09178; 316,11606;
68,01309; 82,06513; 55,05423,;
95,06037




Trén co s d6, ngudn dit lidu ddi chiéu (thu vién) da duoc xay
dung dé phén tich cac chat cAm gém mot s6 thong tin trong thu vién &
bang 3.1 - 3.2.

3.1.2. Piéu ki¢n sic ky long phan tich chit cim nhém hé tro' chirc
ning sinh Iy, giam cdn va tiéu dwong

Nghién ctru st dung cot BEH C18 (100 mm x 1,7 pm x 2,1 mm)
va tién cot trong ing ctia hing Waters véi chuong trinh gradient tai
bang 3.3 va hé dung méi pha dong gdm:

- Kénh A: 10 mM ammonium format va 0,1 % acid formic trong nuéc
- Kénh B: 10 mM ammonium format va 0,1 % acid formic trong

acetonitril: methanol (1:1, v/v)
Bang 3.3. Churong trinh gradient téi wu phdn tich cdc chat cam

Thoi . Kénh B | Téc d§ dong
gian | KENMA(R) | gp (mL/pht)
0,0 08 2 0,3

5,0 98 2 0,3
15,0 60 40 0,3
22,0 5 95 0,3
25,0 5 95 0,3
26,0 98 2 0,3
29,0 08 2 0,3

3.1.3. Thim dinh phwong phdp LC-HR/MS sang loc mét so chit cam
trong TPBVSK hé trg chirc ning sinh Iy, gidm cén va tiéu dwong
3.1.3.1. Gidi han phat hién

Két qua xac dinh gi¢i han phét hién (MDL) caa cac nhém chat
cdm hd trg chirc ning sinh 1y, hd tro giam can va hd tro tiéu duong
duoc thé hién trong bang 3.4.



Bang 3.4. Gisi han phét hién cua cac chat cam

TT Chit phin tich MDL
Chatcam | Sildenafil, Tadanafil,
1 | nhom hd tro Vardenafil 1,0 ugkg
sinh ly Cac chat con lai 0,1 mg/kg
2 Chat cam nhom hd trg giam can 0,1 ug/kg
3 Chat cam nhém hd trg tiéu duong 0,1 mg/kg

3.1.3.2. Tinh chon loc (d6 dic hiéu)

Phuong phéap c6 d6 chon loc dat yéu cau.

3.1.4. Sang lpc cdc chit cdm nhém hé tro chire nang sinh Iy, gidm
cdn va tiéu dwong trong mau TPBVSK

Ap dung quy trinh thu dugc, 92 miu TPBVSK hd tro ting cuong
sinh ly, 30 mau hd trg giam can va 30 mau ho tro tiéu duong dugc tién
hanh phan tich sang loc bang ché do FullMS-dd-dependent-MS2. Céc
két qua phan tich dugc thé hién trong bang 3.5.

Két qua cho thay cac chat nhém PDE-5i dd duoc phat hién trong
cac mau TPBVSK ho trg sinh 1y; sibutramin dugc phat hién trong mau
TPBVSK hd trg giam can va metformin dugc phat hién trong mau
TPBVSK hd trg tiéu duong. Bén canh d6, nghién ctru da phat hién 12
hop chit chua biét co trong thu vién phd cua hé théng; 01 hop chét
khong cé trong thu vién va 01 hop chét ¢6 ciu trac tuong ty nhom
PDE-5i. Ddi vi hop chit chua biét c6 manh phan tir m/z 1a 501,2099
(M-+H), nghién ctru tién hanh phan Iap hop chat thu dugc bang sic ky
diéu ché, do phd FTIR, pho NRM va phdi hop véi cac nha khoa hoc
Singapore xac dinh hop chit méi la N-hydroxyethyl dithio-
desethyl carbodenafil.
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Bdng 3.5. Mgt sé chdt cam duwroc phét hién trong mau TPBVSK

sé S0

STT | Loai miu | lrong Chit phan tich mau

mAu phat

hién
1 Nortadalafil 11
2 Tadalafil 10
3 Sildenafil 9
4 Hydroxyhomosildenafil 6
5 Hydroxythiohomosildenafil 6
6 Homosildenafil 6
7 TPBVSK Thiohomaosildenafil 1
8 hd trg 92 Sildenafil N-oxyde 2
9 sinh ly Chloropredadalafil 1
10 nam Propoxyphenyl 1

homohydroxysildenafil
11 Propoxyphenylaildenafil 1
12 Hydroxythiovardenafil 1
13 Methisosildenafil 1
14 N-hydroxyethyl dithio- 9
desethyl carbodenafil
15 | TPBVSK Sibutramin 6
ho trg 30 - ) )
16 gidm can Didesmethylsibutramin 1
TPBVSK
17 | hd tro tiéu 30 Metformin 1
duong

3.2. Xdy dung quy trinh LC-MS/MS xic dinh dong thoi mot so
chit cAm trong TPBVSK hd tro chirc ning sinh ly

3.2.1. Piéu kién LC-MS/MS
Céc diéu kién LC-MS/MS t6i wu dé dinh luong dong thoi 53
PDE-5i 1a diéu kién da duoc t6i vu tai muc 3.1, cu thé nhu sau:
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e Diéukién LC:
+ Tbc d6 dong: 0,3 mL/min
+ Nhiét do cot: Nhiét d6 phong
+ Thé tich tiém méu: 10 pL

+ Pha dong: Theo ché do gradient nhu Bang 3.3

o  Didu kién khéi phé:

Use lockmasses Off
Lockmass injection -
Chrom. Peak width 10s
Time Method duration 29,0
HESI temperature 320-C
Sheath gas 30
Aux gas flow rate 10

e Diéu kién FullMS/ dd MS2
Tong thoi gian quét 0 - 29 phat
Ché do quét manh Positive
Phan manh trong source (CID) oV
Dién tich (default charge) 1
Full MS microscan 1
D) phan giai 70000
AGC target 10°
Khoang quét manh 220 - 1100
Do phén giai dd MS2 17.500
AGC target 10°
Khoéng quét 200 - 2000
NCE (ning lugng ban pha | 40%, 70%, 100%
tuong ddi)

e Diéu kién phan manh (AIF)

12




Thoi gian quét 0 - 29 phut
Ché d6 quét Positive

D0 phan giai 70000
NCE (ning lugng ban | 40%, 70%, 100%
pha tuong dbi)

Khoang quét 50 - 750

Manh phé: Cai dit cac manh phd theo Bang 3.1.

3.2.2. Khdo sdt quy trinh xir Iy mdu
a) Khao sat dung moi chiét

Nghién ciru tién hanh khao sat cac hé dung méi khac nhau gom
acetonitril, methanol, acetonitrile: nuédc (50:50), methanol: nudc
(50:50), methanol: nudc (70:30). Két qua khao sét hiéu suét chiét cua

mot s6 chat duogc thé hién trong hinh 3.2.
120 ¢

100 100 100 100
100 |~ — 9293 .

o]
o

69 - 68

[o2]
o

Hiéu suat

N
o

Ny
o

0
Acetildenafil Noracetildenafil Hydroxyvardenafil Avanafil
BACN CACN:H20 (50:50) ®@MeOH @ MeOH:H20 (50:50) = MeOH:H20 (70:30)

Hinh 3.1. Hiéu sudt thu héj mét sé chat PDE-5i
tai dung méi chiet khac nhau
Tir két qua trong hinh cho thay, hé dung méi acetonitril: nudc
(50:50) cho hiéu suét thu hdi 16n nhat ddi v6i cac PDE-5i. Do d6, hdn
hop dung moi acetonitril: nudc (50:50) dad dugce Iya chon sir dung trong
nghién ctru. i véi TPBVSK dang dau, nghién ciru tién hanh khao sat
dung mai loai béo vadi 3 loai dung moi la n-hexane, diethyl ether, ethyl

acetate va mau khong loai béo. Két qua dugc thé hién tai hinh 3.3.
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S 92 93
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= Hydroxyhomosildenafil = Sildenafil ® Homosildenafil & Aminotadalafil
Hinh 3.2. Biéu do két qua khao sat dung méi logi béo

Tir két qua cho thay, d6 thu hoi cua cac hop chit PDE-5i thay
d6i khong dang ké so v6i mau loai béo, tuy nhién loai béo bang n-
hexan cho thiy sy 6n dinh hon va dung méi ciing khong quéa doc hai.
Do d6, n-hexan da dugc lya chon la dung méi loai béo ddi v6i mau
TPBVSK dang dau dé han ché tap chat khi phan tich trén hé thong MS.
b) Khao sat anh huéng nén mau

Két qua nghién ctru khao sat anh hudng cta nén miu trén nén
dung méi va mau cho gia tri ME cua cac chit cdm 1a 5,06% < 10%,
cho thay anh hudng nén mau khong dang ké. Do vay, phuong phap c6
thé sir dung duong chuan trén nén dung moi dé phan tich mau. Tuy
nhién, trong nghién ctru nay van tién hanh thuc hién xay dung dudng
chuan trén dich chiét mau tring dé dam bao két qua chinh xac nhat.
3.2.3. Xdc nhén gid tri st dung ciia phwong phdp phén tich cdc chit
cdm nhém hé tro sinh Iy bang LC-MS/MS
3.2.2.1. B¢ dac hi¢u

Dua vao bang 3.1- 3.2, cac chit nhom PDE-5i déu c6 mot manh
me va 2 manh con trd 1én nén s6 diém IP > 5 dat yéu cau ddi v6i phan
tich trén khéi phd phan giai cao. Do dic hiéu cua phuong phap phan
tich con duogc xac dinh khi phén tich dung dich chuén, dung dich thém
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chuédn trén nén mau thir va dung dich mau trang. Két qua duoc trinh
bay & hinh 3.4.

Mau trang Mau chuan Mau thém chuan
o AT 1848 - HLTR44
B [
& ®
a 2
z z
B % s

F O O P A T P R M M

Hinh 3.3. Sdc ky do ciia mdu trang, mau chuan va mau thém chuan
cua sildenafil tai néng dé 30 ng/mL

Két qua phan tich cho thdy, mau tring khong xuét hién tin hiéu
chat phan tich, mau chuén va mau thém chuan c6 tin hiéu voi cung thoi
gian luu 18,4 phat dbi voi sildenafil. Vi vay, phuong phap c6 do dic
hiéu cao khi phan tich cac chit cim nhém PDE-5i.
3.2.2.2. Gidi han phat hién, gidi han dinh lugng

Gioi han phat hién va giéi han dinh lugng ctua Sildenafil,
Tadanafil va Vardenafil 1an luot 14 1,0 pg/kg va 3,0 pg/kg. Gi6i han
phat hién va gidi han dinh lugng cta cac chit cAm nhom PDE-5i con
lai 14n luot 12 0,1 mg/kg va 0,3 mg/kg.
3.2.2.3. Khoang tuyén tinh va duong chuén

Puong chuin 5 diém dugc xay dung trong khoang nong do tir
10 dén 200 ng/mL. Két qua cho thiy trong khoang ndng do phén tich,
tin hiéu ctia chat phan tich ty 1¢ tuyén tinh v6i ndng d voi hé s6 twong
quan R? > 0,997 véi d6 chéch <15% véi tat ca cac gid tri.
3.2.2.4. D¢ lap lai va do thu hoi
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Két qua danh gia do l3p cua cac chit phan tich thong qua do léch
chudn twong d6i (RSD) trong khoang 2,81- 12,6 %; do thu hdi trong

khoang 80-110% , dap wng yéu cau theo AOAC.

3.2.4. Phan tich cdc chit nhém hé tro sinh ly trong mdu TPBVSK
Trén co s¢ phuong phap da xay dung, cac két qua phan tich dugc

thé hién trong bang 3.6.
Bang 3.6. Két qud phdn tich dinh lirong cac chat PDE-5i

trong mét s6 mau TPBVSK dwong tinh

Loai miu Chit phat hién Ham lwong (mg/g)

Nortadalafil 50,0

SL.06 Tadalafil 11,6
Sildenafil-N-oxide 0,073
Nortadalafil 4,41

SL.O7 Chloropretadalafil 0,006
Sildenafil 22,2

SL.08 Tadalafil 0,39
Sildenafil-N-oxide 0,06
Propoxyphenylaildenafil 1,02
Thiohomosildenafil 0,78

SL10 MHomosildenafil 0,031
Methisosildenafil 0,03
Hydroxyhomosildenafil 1,05-20,1

SLA3-SL17 Fhy droxythiohomosildenafil 0.78- 225

SL.65 Nortadalafil 170,0
Hydroxythiohomosildenafil 226,8
Hydroxythiovardenafil 216,8
Propoxyphenyl

SL8& homohydroxysildenafil 0,13
Hydroxyhomosildenafil 0,048
Hydroxyvardenafil 0,047

Két qua cho thiy, da s6 ciac miu TPBVSK c6 it nhit 1 hoic 2
hop chat PDE-5i chinh c6 ham lugng cao (>1 mg/g) va cac chat phu
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c6 ham lugng thap. Co 18 day 1a cac san pham phy cua qua trinh san
xuét cac thanh phan chinh. Phan 16n cic miu c6 ham luong thap hon
s0 v6i liéu duoc sir dung 1am thude. Phuong phap sic ky 1ong khéi phd
phan giai cao rat c6 y nghia trong viéc x4c dinh cac hop chat PDE-5i.
3.3. X4y dung quy trinh LC-MS/MS xic dinh dong thoi mot sb
chét trong TPBVSK hd trg giam cin
3.3.1. Khio sat cac diéu kién LC-MS/MS
3.3.1.1. Khao sét diéu kién MS/MS

Nghién ctru tién hanh bom chét chuan vao hé thong khéi pho hai
1an, cac két qua dugc trinh bay nhu trong bang 3.7. Két qua cho thay,
mdi chat thu duoc 1 manh ion me va 2 ion con, phii hop véi quy dinh
ctia chau Au vé s6 diém IP.

Bdng 3.7 .Cdc diéu kién khoi phé phan tich
cdc chat nhom ho tro gidm cdn

. Thoi Miéanh | Ménh Ning
TT Chat phan tich gian luu me con lwgng ban

(phat) | (m/z) | (miz) | pha(E)
1 Sibutramin gg; 279,9 ggi gg
2 | shwamn_ [“63] %0 "5 T8
o | Csmme Sy [ 20 |
4 Fenfluramin 222 232,2 1233 13
5 Loperamid ;12 4771 36138 12
6 | Phenylpropanolamin jgg 151,5 ﬁg 18
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3.3.1.2. Khao sat diéu ki¢n LC

Trong nghién ctru nay, cdt C18 (100 mm x 2,1 mm; 3,5um) va
tién cot tuong tmg duoc sir dung dé tach cac chat nhom hd tro giam
can v6i pha dong toi uu 1a hé pha dong 2 voi chuong trinh gradient.

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

+ Kénh B: Amoni format 2mM + axit formic 0,1%/MeOH
3.3.1.3. Khao sat dung mdi chiét

Hai loai dung méi dwgc khao sat 1a MeOH va hdn hop dung moi
ACN/ acid formic 1%. Vi dung moéi MeOH cé kha nang hoa tan chon
loc chat phan tich khdng tét bang ACN/ acid formic 1% nén do thu hoi
ctia chat phan tich trén cac nén mau khi st dung dung mai chiét MeOH
c¢6 xu huéng sai s6 dwong. Do vy, nghién ciru lua chon hdn hop dung
mdi ACN/ acid formic 1% lam dung méi chiét téi uu.
3.3.1.4. Khao sat quy trinh lam sach mau

4 quy trinh 1am sach mau duoc khao sat dé 1am sach dung dich
sau chiét: Quy trinh 1: Chiét mau, loc mAu, va tién hanh xac 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

Quy trinh 4 dugc chon lam diéu kién tdi wu dé lam sach mau.
Bén canh d6, khdi luong than hoat tinh 25 mg tuong tng lugng mau
10 mL duge lua chon 1am diéu kién tdi wu.

Do vay, quy trinh téi wu phén tich cac chat nhém hd tro giam
can trong mau TPBVSK duoc trinh bay & hinh 3.5.
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Cin lg mau vio
ong 50 mL

Thént 20 miL dung mai
¥, ACN/avit formic 1%
M

Léc xody 1 phit,
rung siéu am 15 phit
chiet

lap Ly tam 6000 vong/phit, 5 phit
ldn 2

Chuyén vio binh dinh mitc 50 mL

Binh mire tdi vach 50 mL

I-II

Léy 10 mL dich chiét trén vio dng by
réivn chiver 23 mg than hoat tinh

Lic x04y,
Iy tim trong khoang 1 phut

Lpc qua méng loc 0, 2um

Phin tich trén thiét bj LC-MS/MS

“Hinh 3.4. Quy trinh t6i wu xdc dinh
cac chat nhém ho tre giam can trong mau TPBVSK

3.3.2. Thdm dinh phwong phdp
3.3.2.1. b6 dic hiéu

Dya vao bang 3.7, cac chat nhém hd trg giam cin déu c6 mot
manh me va 2 manh con tré 18n nén sé diém IP = 5 dat yéu cau dbi voi
phan tich trén khéi phé.

3.3.2.2. Gidi han phat hién va gioi han dinh lugng

Gidi han phat hién cua cac chat 1a 0,1 pg/kg va giéi han dinh
lugng cia phuong phép 1a 0,3 pg/kg.
3.3.2.3. Khoang tuyén tinh va duong chuén

Diy chuin lam viéc dugc xdy dung trong khoang tir 2 - 100
ng/mL véi 6 diém va phan tich trén LC-MS/MS. Két qua cho thdy
trong khoang nong do phan tich, tin higu ctia chat phan tich ty 1& tuyén
tinh v&i nong d véi hé sb tuong quan R? > 0,99 véi do chéch <15%
VGi tat ca cac gia tri.
3.3.2.4. Panh gia do 1ap lai va do thu hdi cua phuwong phap

Két qua danh gia d 1éch chuén twong ddi cua cac chét phan tich
nam trong khoang 2,73- 9,80 %, do thu hdi trong khoang 82,7- 102 %.
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3.3.3. Phan tich cdc chdt nhém hé tro giam cin trong méu TPBVSK
Tién hanh phan tich 30 mau TPBVSK c6 tac dung hd tro giam

can trén thi truong, két qua thu duoc trong bang 3.8.

Bang 3.8. Két qud phan tich ham leong cac chat
nhédm ho tro giam cén trong mét sé mau TPBVSK

Ham lwgng (mg/g)
Ma Didesmethylsibutramin,
au
Sibutramin Desmethylsibutramin | fenfluramin, loperamid,
phenylpropanolamin

GC.05 -

2,20-11,6 - -
GC.10
GC.10 11,9 2,05 -

Két qua phan tich cho thdy, da phat hién 06 mau vién nang

duong tinh véi sibutramin, 01 mau vién nang ctimg duong tinh voi

desmethylsibutramin.
3.4. Xac dinh quy trinh LC-MS/MS xac dinh dong thoi mot sé chat
cAm trong TPBVSK hj tro tiéu duong

3.4.1. Khio sat cac diéu kién LC-MS/MS
3.4.1.1. Khao sat diéu kién MS/MS

Nghién ctru tién hanh bom chét chudn v6i ndng d6 1 pg/mL vao

hé théng khdi phd hai 1an, két qua dugc trinh bay trong bang 3.9.
Bdng 3.9. Cc diéu kién khoi pho phan tich cac chat nhém hé tro'tiéu dirong

Chit phén Ménh . Thé va
T tich me Manh con cham (CE)
. 60,2 52
1. | Metformin 130,1 712 76
. 60,2 32
2. | Phenformin 206,1 1051 16
3. | Buformin 158,1 60,2 12
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Chit phén Mainh . Thé va
T tich me Manh con cham (CE)
42,8 32
. . 369,0 48
4. | Glibenclamid 4942 169,0 12
L 91,1 20
5. | Gliclazid 3241 65.2 20

Qua bang cho thay, diéu kién khéi phd hoan toan phu hop véi
quy dinh ctia chau Au vé s6 diém IP.
3.4.1.2. Khao sat diéu ki¢n LC

Trong nghién ctru nay, cot Eclipse Plus C18 (150 mm x 3,0 mm;
3,5 um) va tién cot trong tmg duoc st dung dé tach cac chit nhom
hd tro tiéu duong véi pha dong tdi wu 1a hé pha dong: Kénh A: Acid
formic 0,1% trong H.O va kénh B: Acetonitril.
3.4.1.3. Khao sat dung mdi chiét

Cac loai dung moi dugc khao sat la MeOH, ACN, ACN: H;O
(1:1), MeOH: H,0 (7:3) va MeOH: H,0 (5:5). Két qua hiéu suét thu
hoi trén dung méi chiét trén nén mau TPBVSK cho thay, methanol cho
hiéu qua chiét tot véi cac chat phan tich (D6 thu hdi >80%). Do vay,
nghién ctu lya chon methanol 1am dung méi chiét tbi wu.
3.4.1.4. Khao sat s6 1an chiét mau

Tién hanh chiét lai 1an ba véi 10 ml methanol phan cin & trén dé
danh gia hiéu qua cua sb lan chiét. Quy trinh phan tich vai hai lan chiét
lap da dam bao chiét kiét chat phan tich ra khoi nén mau.
3.4.1.5. Khao sat quy trinh lam sach mau

Nghién ctru tién hanh khao sat khbi lugng than hoat tuong g
vé6i lugng mau can 1am sach do ham lugng than hoat tinh anh huong
t6i kha niang hip phu cac chit phan tich. Khdi luong than hoat tinh 25
mg tuong tng lugng mau 10 mL duoc lya chon lam diéu kién téi uu.
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Do vay, quy trinh t6i wu phan tich cac chat nhém hd tro tiéu
duong trong mau TPBVSK dugc trinh bay & hinh 3.6.

Cén 1g mau vao
ong 50 mL

Theém 20 mL dung méi
", MeOH

Lic xody 1 pht,
7 rung siéu am 15 phat
Man

chiét sy

lap [ Ly tam 6000 vong/phit, 5 phot ]

lan 2

[Chuyéu vao binh dinh mire 50 m_'L]

v
[ Dinh nxire t61 vach 50 mL ]

Ldy 10 mL dich chiét rrénvéo éng Iy
tém chiva 25 mg than hoat tink

—r
Lie xody,
ly tam trong khoang 1 phut

Loc qua méang loc 0, 2um

[Phi.nlich trén thiét b LC-MSIMS]

Hinh 3.5. Quy trinh téi wu xdc dinh cac chat nhém hé tro tiéu dwrong
trong mau TPBVSK

3.4.2. Xdc nhdn gia tri si dung ciia phwong phap
3.4.2.1. Po dic hidu

Dua vao bang 3.9, cac chat nhém hd tro tiéu duong déu c6 mot
manh me va 2 manh con tré 18n nén sé diém IP = 5 dat yéu cau dbi voi
phan tich trén khéi pho.
3.4.2.2. Gidi han phat hién va gioi han dinh lugng

Gidi han phat hién cta cac chat 1a 0,1 mg/kg va gidi han dinh
lugng cua phuong phap tuong tmg la 0,3 mg/kg.
3.4.2.3. Khoang tuyén tinh va duong chuan

Diy chuin lam viéc duoc xdy dung trong khoang tir 10- 200
ng/mL véi két qua cho thay trong khoang ndng do phan tich, tin hiéu
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ctia chét phan tich ty 1¢ tuyén tinh véi nong do voi hé s6 twong quan
R2> 0,99 v6i d6 chéch <15% véi tat ca cac gia tri.
3.4.2.4. Panh gia do lap lai va do thu hoi cta phuwong phap

Két qua danh gia d 1éch chuan twong ddi ctia cac chat phan tich
nam trong khoang 2,62- 8,97%, d¢ thu hdi trong khoang 82,0- 108,6%,
dap tng yéu cau cia AOAC.

3.4.3. Phéin tich cdc chit nhém hé tro tiéu dwong trong méu
TPBVSK

Phuong phap da dugc ap dung dé phan tich 30 mau TPBVSK
c6 tac dung hd tro tiéu duong trén thi truong. Két qua thu dugc cho
thdy, metformin da dugc phat hién trong 1 mau vién nang cimg voi
ham lugng 2,20 mg/kg va khong phat hién mau nao duong tinh véi
phenformin, buformin, glibenclamid va gliclazid. Cac két qua phan
tich chat cAm trong cac mau thyc phém bao vé sttc khoe hd trg tiéu
dudng cho thay ti 1& phat hién rat thip phu hop véi mot sd nghién ctru
trudc day.

KET LUAN

Vi cac muc ti€u, ndi dung nghién ctru dé ra, sau quaé trinh thyc
hién, ludn an da dat dugc cac két qua nhu sau:

1. Pa xay dung quy trinh LC-HR/MS sang loc cac chat cdm
nhém hd trg sinh 1y, hd tro gidm cin va tiéu dudng trong TPBVSK:
diéu kién HRMS tim kiém cac manh phé 1y thuyét va thuc nghiém,
giéi han phat hién 0,1 pg/kg dén 0,1 mg/kg; tmg dung sang loc cic
chit cam trong 152 mau TPBVSK: 20 miu duong tinh nhom PDE-5i
v6i 14 hop chit, 06 miu duong tinh véi sibutramin va

desmethylsibutramin, 01 mau dwong tinh véi metformin. Phat hién 01
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hop chdt méi nhém PDE-5i la N-hydroxyethyl dithio-desethyl
carbodenafil gop phan bd sung vao thu vién toan cau nhém PDE-5i.

2. Pi xay dung quy trinh LC-MS/MS xac dinh dong thoi mot s6
chat cdm trong TPBVSK hd trg chirc ning sinh 1y: dung méi chiét
acetonitril: nuéc, MDL: 1,0 pg/kg cho Sildenafil, Tadanafil,
Vadernafil va 0,1 mg/kg cho cac chit con lai, d thu hdi trong khoang
80-110% voi RSD < 15%; ung dung phuong phap dinh lugng cac
PDE-5i trong 92 miu TPBVSK phat hién dugc 12 hop chit véi ham
lugng trong khoang 0,006- 226,8 mg/g.

3. Pa xay dung quy trinh LC-MS/MS xac dinh dong thoi mot s6
chat cdm trong TPBVSK hd trg giam can gém: dung méi chiét ACN/
axit formic 1%, MDL: 0,1 pg/kg, d6 thu hdi trong khoang 80-110%
véi RSD < 9,80%; tmg dung phuong phap phan tich 30 mau TPBVSK
hd trg giam can: 06 mau chura sibutramin véi ham lugng 2,20- 11,9
mg/g, 01 mau chtra desmethylsibutramin véi ham lugng 2,0 mg/g.

4. P xay dung quy trinh LC-MS/MS xéc dinh dong thdi mot s6
chit cAm trong TPBVSK hd trg tiéu dudong gom: dung méi chiét
MeOH, MDL: 0,1 mg/kg, d6 thu hdi trong khoang 83-114% v6i RSD
< 10,6%; tmg dung phuong phap phan tich 30 mau TPBVSK hd trg
tiéu duong phat hién 01 mau vién nang cing c6 chira metformin véi
ham luong 2,2 mg/kg.

Céc két qua dat duoc ciia luan 4n 13 cin ctr dé céc co quan quan
ly stra doi, b6 sung cac quy dinh vé chat cdm trong thuc pham bao vé
sttc khoe duoc quy dinh tai Thong tu 10/2021/TT-BYT bao gdm: bd
sung danh muc chit cdm va quy dinh vé muc giéi han phat hién cua

cac chat cam trong thuc pham bao vé strc khoe.
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