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SUMMARY

ANALYSIS OF BETA-BLOCKERS IN URINE SAMPLE
USING LC/MS/MS TECHNIQUE

An analytical method has been developed for analysis of ten beta-blockers in urine
sample. Extraction of ten beta-blockers was carried out based on the dispersive solid
phase extraction sample preparation method. Determination was performed using liquid
chromatography electrospray ionization tandem mass spectrometry (LC/ESI-MS/MS).
Mother ion and two fragment ion transitions of each beta-blocker were identified by
direct injection to MS mode and by multiple reactions monitoring (MRM) mode,
respectively. Spiking experiments was carried out to determine the recovery, precision
and limit of quantitation (LOQ) of the method. The overall recoveries of all beta-
blockers were between 62% and 102% with relative standard deviation lower than 15%.
The limit of quantitation (LOQ) for all studied compounds was acceptable in
comparison with regulations of World Anti Doping Agency.

1. MO PAU

Céc chit chen beta (beta-blockers) thuong duoc sir dung trong phong chdng cac
bénh vé tim mach, cao huyét ap va dot quy [1]. Co ché hoat dong cua chét chen beta 1a
c¢6 anh hudng téi lugng adrenaline duoc san sinh ra trong co thé va qua d6 lam giam stc
hoat dong cia hé tim mach, gop phﬁn lam cho co thé sir dung it mdu va lugng 6 xy tiéu
t6n it hon trong qua trinh hoat dong cta co thé [2]. Do ¢6 tac dung nhu vdy nén mot sb
van dong vién trong khi thi d4u thé thao da su dung chét chen beta nay nham muc dich
6n dinh tam 1y, chong run tay, giam nhip don dap, hoi hop trudce khi thi dau. Cac mon
thé thao thuong lam dung st dung chét chen beta thuong 1a cdc mon doi hoi khong qua
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nhiéu strc manh nhu vo thuat, ban sing [3]. Chinh vi nhimng 1y do nay, T6 chirc chong
doping thé gigi (World Anti Doping Agency - WADA) di liét nhom chat chen beta vio
danh muyc chat cdm & phan P2 13 phan cac chat cAm trong khi thi dau [4].

Nhom chit chen beta bao gdm Atenolol, Acebutolol, Levobunolol, Esmolol,
Celiprolol, Labetolol, Metoprolol, Alprenolol, Propranolol va Betaxolol déu 1a céac
chat kho bay hoi, c6 d6 phan cuc cao. Trong cong tac phén tich cac chét chen beta,
hién nay chu yéu tham khéo theo huéng din cta dugc dién nghiéng vé phan tich chat
lwong thube, trong d6 d6, cac ky thuat st dung chu yéu & duoc dién 1a k¥ thuat phd
phan tir va sic ky ban mong. Vi cac ky thuat nay, dé dat dén do nhay c& phan ty la
mot thach thirc cuc 16n. K thuat sic ky 1ong hiéu ning cao ghép ndi v6i hé thdng dau
do da khéi phd (LC/MS/MS) di duoc st dung trong mot sb cac nghién ctru cho phan
tich chat chen beta trén thé giéi [5, 6]. Do vy, nham muc dich ¢ thé phén tich chinh
x4c va kéo gidi han phat hién xudng c¢& phan ty, trong nghién ctru nay ky thuat
LC/MSMS da duogc str dung.

2. THUC NGHIEM
1. Héa chat

Atenolol, Acebutolol, Levobunolol, Esmolol, Celiprolol, Labetolol, Metoprolol,
Alprenolol, Propranolol va Betaxolol dugc dit mua tir cac nha cung cip nhu Aldrich
(WI, M¥), EP (Phap). DB tinh khiét ciia cac chat chuan nay 12 tir 98 — 99%.

Acetonitrile loai tinh khiét sic ky dwoc mua tir nha cung cap J.T. Baker
(Philipsburg, NJ, My).

Formic acid loai tinh khiét sic ky dwoc mua tr nha cung cdp Merck
(Darmstadt, Dtrc).

Nudc si€u sach dat gia tri 18MQ duoc cép bdi hé théng loc nudce siéu sach Ultra-
pure water-Sinhan science tech, Han quc.

Céc chat hap thy khac nhu Primary secondary amine (PSA) dugc mua tir nha cung
cap Varian (Varian, Harbor City, Uc). MgSO, va NaCl dugc dit mua tir cic nha cung
cap Wako (Osaka, Nhat ban).

Chuan gbc cua ting chét chen beta (1,00 mg/mL) dugc chuan bi trong acetonitrile
va duge luu gift & 4m 20 °C. Dung dich chuan lam viéc ciia hon hop cac chét chen beta
duoc chuén bi trong acetonitrile.

2. Thiét bi

Thiét bji LC/ESI-MS/MS: hé théng sic ky long khdi phd 1200 cua hang Agilent
(Palo alto, CA, M¥) bao gdm hé théng bom, bom miu ty dong va detector 6410 triple
Quad MS/MS (Palo alto, CA, My).

Vi¢c xac dinh dugc thuc hién voi detector Agilent 6410 triple Quad MS/MS hoat
dong & ché do ion hoa duong. Thé ctia mao quan diat & 4.0 kV va ap suét ciia budng
phun 1a 10 psi. Dong khi nito dat & 6L/phut va nhi¢t do buéng va dap dit ¢ 350 °C.

Dung cu chuin bi mau: My lic Glas-Col Multi Pulse Votexer (Glas-Col, Terre
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Haute, My) va may li tdm lanh Hanil Refrigerated Centrifuge (Hanil Science Industrial,
Han quéc) duoc st dung cho cong tac chuin bi mau.
3. Chuin bi miu

Ly mau: Mau nude tiéu duoc lay tir cac tinh nguyén vién khoé manh.

Chiét mau: 10 mL mau dugc chuyén vao 6ng ly tim Teflon dung tich 50 mL,
thém hdn hop ndi chudn va 10 mL dung méi acetonitrile vao dng ly tim va lic manh
trong thoi gian 1 phut bang may lic vortex mixer. Sau d6, éng ly tim chira mau duoc
dat vao trong ti lanh khoang 30 phit rdi ldy ra, thém 4 gam MgSO4 va 1 gam NaCl vao
6ng ly thm va tiép tuc lic manh trong thoi gian 1 phiit bing may lac vortex mixer. Ly
tam hdn hop nay bang hé théng ly tdm lanh ¢ 4 °C, toc d6 ly tdm 1a 3500 vong/phut.
Liy 2 mL dung dich & phia trén trong 6ng ly tim va chuyén vao dng ly tim nho c6 thé
tich 5 mL. Trong 6ng ly tdm nho ndy c¢6 dé sin 50 mg PSA va 300 mg MgSO,. Lic
manh trong thoi gian 1 phit bang may lic vortex mixer, sau d6 ly tim hon hop nay bang
hé thdng ly tdm lanh ¢ 4 °C, téc @6 ly tam 1a 3500 vong/phit. Lay 1.0 mL dung dich &
phia trén chuyén sang lo bom mau ty dong dé dwa vao phan tich trén hé thong sic ky
long khéi pho (LC-MS/MS).

Chuan bi mau cho nghién ctru @6 thu hoéi: Dé thyc hién cong viéc nghién ciru do
thu h6i, 10 mL mau (mu thu dugc tir cc tinh nguyén vién khong chira chat chen beta)
duoc thém chuan bang cach thém hdn hop dung dich chuan cta cac chit chen beta sao
cho néng do cudi cung dat la 50,0; 100,0 va 200,0 ng/mL. Sau do, cac mau thém chuin
nay dugc tién hanh chuan bi va phén tich theo quy trinh dua ra & trén.

1. KET QUA VA THAO LUAN
1. Xac dinh ion chinh va cac ion chuyén héa

Céac chat chen beta duoc xac dinh b'flng k¥ thuat Electro Spray lonization & ché do
jon duong. Ban dau, ting chit duoc xac dinh & ché d6 quét phd dé xac dinh ion chinh
(Mother ion) va sau dé tiép tuc duoc xac dinh & ché d6 MRM dé xac dinh cac ion
chuyén hoa cho tirng chat nghién ctru.

1.1 Acebutolol

Ton chinh cta Acebutolol ¢ sé khéi 1a 337, hai ion chuyén hoa duoc lwa chon cho
Acebutolol 13 cac manh c6 sb khéi 116 va 260. Ton chuyén hoa m/z =116 14 ion hay gip
clia Cac chat chen beta. Phan manh ¢ lién két C- O ctia nhom phenol ete s& cho manh
m/z =116.

COCH,  OH
o o/ AN

. ! miz= 116
card H

@
e N, v — NN
T ()
Pic ion chuyén héa 260 tmg véi (M* + H) — 77 13 ion thudng gip. Viéc mat mot phan
tr HoO va dit mach & lién két C-N va viéc loai bo phan tir CsH;NH; cho ion (M + H) —
H,0-C3H;NH; turong ing v4i manh m/z = 260.
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1.2 Alprenolol

Ton chinh cua Alprenolol ¢6 sb khéi 1a 250, hai ion chuyén hoa dugc lya chon cho
Alprenolol 14 cac manh ¢ s6 khdi 116 va 173. Cac ion chuyén hoa 116 va 173 tng véi
(M* + H) - 77 la céc pic thong thuong va dwoc hinh thanh twong ty nhu hop chét
Acebutolol.
1.3 Atenolol

Ton chinh ciia Atenolol c¢6 s6 khéi 1a 267, hai ion chuyén hoa duoc lya chon cho
Atenolol 14 cac manh c6 s6 khdi 145 va 190. Peak 190 Ia pic tng voi (M* + H) — 77, pic
ion 145 1a pic riéng biét ciia Atenolol khi mat thém nhom amide CO-NHj tir ion chuyén
hoa véi manh ¢c6 m/z = 190.

H H
s Y 8 Y
H N H2N ”"

m/z =190 m/z =145
1.4 Betaxolol
Ton chinh cta Betaxolol c¢6 s6 khéi 1a 308, hai ion chuyén hoa duoc lya chon cho
Betaxolol 1 cac manh c6 s6 khéi 116 va 231. Céc pic ion m/z =116 va 231 1a cac ion
thudng gap trong cac hop chét chen beta, tmg véi nhom CgHiNO va (M* + H) - 77,
turong tu nhu treong hop ctia Acebunolol va Alprenolol.

OH OH
H\\fo o
\rNH / \©\AO/W \(NH \©\AO /W
miz=116 m/z=231

1.5 Celiprolol

Ton chinh cta Celiprolol ¢ sé khéi 1a 380, hai ion chuyén ho4 dugc lya chon cho
Celiprolol 1a cac manh c6 s6 khéi 251 va 307. Pic ion m/z = 307 dugc tao thanh do dit
lién két C - N dé loai phan tir C4HgNH,. Pic m/z = 251 la do ion 307 — 56 dugc tao
thanh do méat thém 4 nhém CH, tir ion m/z =307.

COCH; OH COCH;  OH
H .
o O\/X\L\‘VN\’< o /©/O\)\’\:N\’<
/\NJ\N /T/NJLN
H / H
m/z =307 m/z =251

1.6 Esmolol

Ton chinh cta Esmolol ¢ sé khdi 1a 296, hai ion chuyén ho4 dugc lya chon cho
Esmolol 13 cic manh cé sb khdi 145 va 219. Pic ion m/z = 219 = (M* + H) - 77 la pic
thuong gap ddi véi nhom chen beta. Tiép do, sy gdy lién két ¢ vi tri C - C loai nhom
CH,COOCHj5 dé tao phan manh ion voi m/z 1a 145.
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~  miz=219.
1.7 Labetolol

Ton chinh cta Labetolol ¢6 sé khéi 1a 329, hai ion chuyén hoa dugc lya chon cho
Labetolol 14 cic manh c6 s6 khéi 162 va 311. Mét phan tir nude tir Labetolol s& cho
pic ion v&i m/z = 311 1a peak cua (M* + H) — 18. Viéc giy lién két C - C cho ion c6
manh 162.

0Os_NH; Oy NH2
OH OH
o ;
Ho on "/ on

m/z =311 m/z = 162

1.8 Levobunolol

Ion chinh cta Levobunolol ¢6 sé khéi 1a 292, hai ion chuyén hoa duoc Iya chon
cho Levobunolol 1a cac manh cé s6 khéi 201 va 236. V&i phan tir c6 nhom tert-butyl,
gdy lién két C - N loai bd mot phén tir isobutene s& cho pic ion chuyén héa (M™ + H) —
56. Mt phan tr nuéc (H,O = 18) va nhém tert-butyl amin (CsHgNH, = 63) sé& cho pic
ion v&i m/z = 201 la pic caa (M* + H) — 91.

o N\:“J< 0/\_/4 N J<

; i C;)H} ; i BH}
O miz=236 O miz=201
1.9 Metoprolol
Ton chinh caa Metoprolol ¢6 sé khdi 1a 268, hai ion chuyén hoa dugc Iva chon cho
Metoprolol 14 cac manh c6 sb khéi 116 va 191. Cac pic ion m/z =116 va 133 1a céc ion
thuong gip trong cac hop chat chen beta, tmg voi nhom CeH14NO va (M + H) - 77,
tuong tu nhu truong hop cua Acebunolol va Alprenolol.

OH |, oH
i ans Y
\ x
miz = 116 miz = 191

1.10 Propranolol

Ton chinh cua Propranolol c6 sé khdi 1a 260, hai ion chuyén hoa duoc lwa chon
cho Propranolol 1a cic manh c6 s6 khdi 116 va 183. Cac pic ion m/z =116 va 183 la cac
ion thuong gip trong cac hop chat chen beta, tng v6i nhom CgH1NO va (M* + H) - 77,
tuong tu nhu trudng hop cua Acebunolol va Alprenolol.
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2. Qua trinh tach sic ky

Cac chat chen beta dugc tach qua cot C18 (5 cm x 2,1 mm; 1,8 um) cua hing
Agilent (Palo alto, CA, M¥). Téc d6 pha dong dugc khdng ché & 0,2 mL/phut. Thé tich
bom mAu 1a 5SuL cho ca chat chuin va cdc mau phan tich. Pha dong chay & ché do
gradient vdi hai pha dung méi A va B, trong d6 A 1a nudc c6 pha 1% formic acid va B
1a acetonitrile. Ché do gradient duoc khéng ché va thiét 1ap dua trén hé bom binary cia
hé thong sic ky 1ong nhu sau: Chay isocratic trong 2 phut v&i 100 % dung méi B, sau
d6 chay gradient tir phut 2,1 dén phut thir 5 dé dat 85% dung méi B. Giir nguyén ché do
85% dung mdi B dén 10 phit. Tiép tuc chay gradient tir phut thar 10 dén phut thir 20 dé
dat 35% dung méi B va giit nguyén 35% dung moi B khong dbi tir phut thi 20 dén phut
thr 22. Theo hinh 1, d§ phan giai cua cac chét chen beta noi chung la tdt va toan bo da
duogc tach trong thoi gian khoang 20 phut.

A=MeCI Betazolol
16 B=H20 (1% acid acetic) Metoprelol
15 0-2 min: $0% B,

1ol 215min 90359 B, Alprenciol
13 15-20 min: 35-30% B, Celiprolol

Equilibration time: 5 min
2 F=0.2 mLimin [Esmalol Labetolol

03 Levabunolol

i Propranolo
07

0E

05 Atenolol

. / Acebutolo]

03 t \

05 1 15 2 25 3 35 4 45 5§ &5 6 K5 7 75 8 85 9§ 45 10 105 11 115 12 125 13 135 14 145 15 165 16 165 17 175 18 185 13 1495
Hinh 1. Sac do phdn tach 10 chat chen beta

3. Xac nhan gia tri sir dung cia phwong phap

1.

3.1 Khodng tuyén tinh

Céc chat chen beta c6 khoang tuyén tinh trong nong d6 danh gia 1a 25, 50, 100, 200
va 400 ng/mL v6i hé s6 xac dinh (determination coefficients) cua cac chét déu > 0.99.

3.2 Gidi han dinh lwong (LOQ)

Gidi han dinh lugng cua phuong phap duogc tinh toan duwa trén gia tri 10 1an cua
tin hiéu nhidu cua timg chit chen beta. V&i hau hét cac chat, gia tri gidi han dinh luong
déu nho hon 5 ng/mL.

3.3 Pé thu héi

Do thu hdi dat duoc cia cac chit chen beta nim trong khoang tur 77 dén 112 %.
Do chinh xac ciia phuwong phap, thé hién véi gia tri do léch chuan twong ddi (RSD) nho
hon 15% nhu thé hién trong bang 1 1a dap tmg duogc véi yéu cau phan tich luong vét.
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Bang 1. B¢ thu hoi cua cac mau thém chuan

Tén chat Gia trj thu hoi trung binh + RSD (n=4)
50 ng/mL 100 ng/mL 200 ng/mL
Atenolol 75+8 80+3 89+5
Acebutolol 77+4 88+6 87+10
Levobunolol 72+8 82+13 86+ 8
Esmolol 75+14 81+6 87+6
Celiprolol 72+ 15 90+ 15 94 +12
Labetolol 74+11 83+12 89+10
Metoprolol 62+9 75+12 79+11
Alprenolol 75+11 88+9 0+7
Propranolol 86+ 6 84+10 86+ 7
Betaxolol 78+9 81+6 102 +6
4. KET LUAN

Ton chinh va cic ion chuyén héa di duoc xac dinh cho cong tac phan tich cac chat
chen beta trong mau nuée tiéu. Do lap lai va gi6i han dinh lugng ctia phuong phép la
phut hop cho viéc phan tich cac chit chen beta trong miu nude tiéu déi véi cong tac
kiém tra doping trong thé thao.
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