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Nghién ctru dinh lwong verapamil trong huyét twong ché
bang phwong phap sac ky long khoi pho
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Tom tit:

Nghién ciru nhiam xay dung phwong phap dinh lrong verapamil trong huyét twong ché bing sic ky 1ong khéi phd (LC-
MS/MS), dap ng yéu ciu ciia Cuc Quaén ly Thue ph;lm va Duge phfim Hoa Ky (FDA) va Dugc dién Viét Nam, dbng thoi
lrng dung dé danh gla sinh kha dung in vivo cuia vién nen noi verapamil gidi phéng kéo dai. Miu huyet twong dugce xir ly
bang phuong phap két tiia protein két hop chiét pha rin véi acetonitril, magnesi sulfat va natri clorid. Verapamil va chuén
ngi diltiazem dwgc phén tich bang LC-MS/MS véi ion héa bang phun dién tir & ché d¢ dwong (ESI(+)) va ghi pho phan ing
da ion dic trung (MRM). Phwrong phap dwoc thim dinh theo: d§ dic hi¢u, tuyén tinh, d9 ding, d9 lip lai, giéi han dinh
lwgng duéi (LLOQ), hiéu suét chiét, dd 6n dinh va do nhiém chéo. Két qua cho thiy, LLOQ 12 5,0 ng/ml, khozng tuyén tinh
5,0-495,0 ng/ml; binh phwong hé s6 twong quan R*=0,9999, d9 diing 87,1-106,6%, hiéu suit chiét 70,5-79,7%. MAu 6n dinh
qua 3 chu ky dong - ri, trong qu4 trinh xir 1y va bio quan dai han & -40°C; d nhiém chéo trong giéi han cho phép. Phwong
phép dwoc ap dung dinh lrgng verapamil trong huyét twong ché (n=6) sau udng vién ndi 120 mg; C,..=232,9£18,1 ng/ml;
T, =5,3+1,2 gio; AUC ,,=2907,5+290,3 gio.ng/ml; AUC, =3310,6+365,0 gio.ng/ml. Phwong phap dat do nhay, chinh xac
va do tin cay cao, phu hgop nghién ciru sinh kha dung cac dang bao ché verapamil.

Tir khéa: huyét twong ché, sic ky 16ng khdi phd, verapamil.
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Abstract:

This study aims to develop and validate an Liquid chromatography - Tandem mass spectrometry (LC-MS/MS) method for the
quantification of verapamil in canine plasma, compliant with FDA and Vietnamese Pharmacopoeia requirements, and to apply
this method for the in vivo bioavailability evaluation of a gastro-retentive extended-release verapamil tablet. Plasma samples
were processed using protein precipitation combined with solid-phase extraction employing acetonitrile, magnesium sulfate, and
sodium chloride. Verapamil and the internal standard diltiazem were analysed using LC-MS/MS with electrospray ionisation in
positive mode (ESI+) and multiple reaction monitoring (MRM) acquisition. The method was validated for specificity, linearity,
accuracy, precision, lower limit of quantification (LLOQ), extraction recovery, stability, and carry-over. Results show that
the method achieved an LLOQ of 5.0 ng/ml, a linear range of 5.0-495.0 ng/ml; a coefficient of determination of R?>=0.9999,
accuracy between 87.1 and 106.6%, and extraction recovery ranging from 70.5-79.7%. The analyte was stable after three freeze-
thaw cycles, during sample preparation, and under long-term storage at -40°C. Carry-over was within acceptable limits. The
method was successfully applied to quantify verapamil in canine plasma (n=6) following oral administration of a 120 mg floating
tablet; C__=232.9£18.1 ng/ml; T _=5.3£1.2 h; AUC,,=2907.5+290.3 h.ng/ml; AUC  =3310.6+365.0 h.ng/ml. The developed
LC-MS/MS method exhibited high sensitivity, accuracy, and reliability, making it suitable for bioavailability studies of verapamil
formulations.
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1. Dat van de

Verapamil hydroclorid (VER) 1a mot thudc nhom trc ché
kénh canxi sir dung trong diéu tri dau thit nguc, ting huyét
ap va rdi loan nhip tim. Verapamil c¢6 sinh kha dung thap,
dat khoang 20% do bi chuyén hoa manh 1an dau tai gan va
thoi gian ban thai ngén (tir 2 dén 8 gio) [1, 2]. Do do, viéc
nghién ctru bao ché cac dang thudc giai phong kéo dai chira
verapamil gitp giam s 1an dung thude trong ngay cho bénh
nhan 13 can thiét [3]. Bé dam bao do an toan va hiéu qua
kinh té, viéc danh gia sinh kha dung cua cac dang bao ché
dugc thuc hién trén dong vat (thuong Ia trén cho) trude khi
thir trén nguoi. Nong do thude trong mau ¢ mirc ng/ml va cd
1an nhiéu tap chat gay kho khan cho qua trinh phén tich. Vi
vdy, can thiét phai xdy dung mot phuong phap thich hop dé
dinh lugng verapamil trong huyét twong cho.

Dén nay, trong nudc méi chi 6 T.D. Manh va cs (2025)
[4] d4 dinh luong verapamil trong huyét twong cho bang k¥
thudt sic ky 1ong voi dau do huynh quang. Tuy nhién, do
nhay va dac hleu clua phlr(mg phap nay khong t6t nén cac
truong hop ndng d6 thip va 1an tap chuyén hoa co thé cho
két qua khong chinh xac. Ngoai ra, viée xir ly mau huyét
twong theo phuong phap két tua protein bang dung mdi hiru
co ¢6 han ché vé muc d¢ tinh sach. Ky thuat sic ky long
khéi phd dugc biét dén véi do didc hiéu cao. Mot s6 nghién
ctru da duoc tién hanh dé dinh luong verapamil trong huyét
twong nguoi [5, 6] va huyet tuong chudt [7, 8]. Tuy nhién,
chua c¢6 cong bd qudc té nao dinh lugng verapamil trong
huyét twong cho. Vi vdy, nghién ctru ndy nhim xay dung
mot phuong phap méi dé dinh lugng verapamil trong huyét
tuong ché bang sic ky long khdi phd, cho két qua tin cay
va dap tmg cac yéu cau cua FDA vé phuong phép phan tich
thube trong dich sinh hoc.

2. Déi tuong va phuong phap nghién ciiu
2.1. Déi twong

Nguyén liéu: Chat chuan verapamil hydroclorid, SKS:
QT060909 ham lugng 100,52% tinh theo nguyén trang va
chét chuan noi diltiazem hydroclorid SKS: C0221218 ham
luong 99,60% tinh theo nguyén trang dugc cung cip boi
Vién Kiém nghiém thudc Trung wong. Thudc st dung trong
nghién clru 1a vién nén verapamil 120 mg giai phong kéo
dai theo co ché ndi & da day, 1a san pham nghién ctru cta
nhom tac gia [3].

Mau huyét trong tring khong chira verapamil, duoc 1ay
tu cdc chd tham gia thtr nghiém danh gi4 sinh kha dung
truée khi dung thube. Mau huyét twong cho udng thude
chira verapamil, 1a cic mau huyét twong ché duoc 13y sau
khi ding thudc. Cac héa chat, dung moi dat tiéu chuan tinh
khiét dung cho sic ky long gdm methanol, acid formic va
nudc. Magnesi sulfat va natri clorid dat tidu chuan tinh khiét
phan tich.
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Dong vdt: Cho ta, giéng duc khoé manh, can nang 10-12
kg/con, dugc theo dbi trude khi tién hanh thi nghiém 1 tuan.
Bira t6i trudc ngay dung thudc, cho ché an nhe trude 10 gid
dém. Ngay dung thudc, khong cho ché an sang, cho cho
ubng 1 vién thudc con nguyén ven véi 50 ml nudce (trong
tinh trang khong gy mé) va cho ché an vao thoi diém 8 gio
ké tir sau khi udng thudc.

Thiét bi va dung cu: HE théng HPLC Agilent 1290
Infinity II (Dtc) két ndi voi hé phd khéi Agilent 6475 Triple
Quadrupole (LC-MS/MS) (Singapore). Cac thiét bi khac
bao gdm cén phén tich MS 205 DU (Mettler Toledo, Thuy
S¥), may lic vortex (IKA, buc), may ly tdm Universal
320 (Puc). Ong dung mau c6 sin heparin loai 4 ml (BD
Vacutainer® Heparin).

2.2. Phwong phdp nghién ciru
Phwong phap dinh lwong:

- Chuén bi cac dung dich chuan: Chat chuén va chuan ndi
duoc hoa tan bang methanol dé ¢6 dung dich chuén gc ndng
d6 1 mg/ml. Pha lodng cac dung dich nay véi nudc dé duoc
diy cac dung dich chuan va chuan noi lam viéc 1000 ng/ml.

Xt Iy mau huyét twong cho: Hat chinh xac 0,5 ml huyét
trong cho vao éng ly tim 2 ml. Thém 50 ul dung dich
diltiazem 1000 ng/ml va 0,5 ml acetonitril. Tién hanh lic
X0dy trén may vortex trong mot phut. Tiép tuc thém 0,2 g
magnesi sulfat va 0,05 g natri clorid. Lic xoay mot phut rdi
ly tim vi toe do 16000 ref trong 10 phiit ¢ nhiét dé phong
(22-24°C). Hut 16p dich long trén cing dé dinh lwong bang
LC-MS/MS [9].

- Chuan bi mau thdm dinh: Pha lodng dung dich chuén
va chudn noi lam viéc bang dich chiét huyet tuong trang dé
dugc day dung dich chuin trong huyét twong c6 ndng do
VER lan luot la 5, 10, 25, 50, 150, 200, 300, 500 ng/ml.
Mau kiém tra nong do thap (LQC), nong do gitra (MQC) va
ndng do cao (HQC) trong huyét trong c6 ndng d6 VER lan
luot 1a 15; 175 va 375 ng/ml duogc chuin bi doc 1ap. Mau
trang 1a huyét turong chéd duoc 1ay trude khi cho chéd udng
thudc. Cac méu tham dinh duoc xir Iy twong tw nhu mau
huyét twong cho & trén.

- Diéu kién sic ky: Cot sic ky Hypersil Gold RP C18
(150x2,1 mm; 3pum); nhiét do cot 40°C; tbe do dong 0,25
ml/phtt; Detector MS/MS; nhiét d§ autosampler 15°C. Pha
dong gébm hdon hop Methanol:Acid formic 0,1% (48:52,
tt/tt); Thé tich tiém: 0,4 ul. Cac diéu kién nay da dugc toi
uu dua trén nghién ctiu cua N.C.C Borges va cs (2005) [5].

- Diéu kién ghi pho: Vi kiéu khdi pho hai 1an MS/MS,
ché d6 ion hoa ESI(+), ché d6 ghi phd MRM, tién hanh tiém
cac dung dich phan tich sau xtr Iy (nhu mé ta phan xu Iy
mau huyét twong chod) vao trong hé thdng sic ky khdi phd.
Xéc dinh cac ion me, ion con ¢6 cudong dg tin hi¢u cao va on
dinh cho VER va ndi chuan nhd phfin mém Optimizer dugc
tich hop sin cua thiét bi.
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Tham dinh phirong phdp: Tién hanh tham dinh phuong
phap theo huéng dan thdm dinh phuong phap dinh lugng
thudc trong dich sinh hoc ciia FDA va Duoc dién Viét Nam

V10, 11].

Pinh lwong verapamil trong huyét twong: Mau mau
duogc thu thap tai cac thoi diém: 0, 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 12, 16 va 24 gio sau khi dung thude. Tai mdi thoi
d1em lay khoang 3 ml mau tu tinh mach chi sau, cho vao
cac dng dung mau chira sn chit chong dong heparm (BD
Vacutainer® Heparin), lic nhe 8-10 lan. Ly tam ¢ toc do
5000 vong/phtt trong 10 phat ¢ nhiét d§ phong (22-24°C)
dé thu huyét twong. Huyét twong thu dugc dwoc bao
quan & -40°C cho dén khi phan tich bang phuong phép
LC-MS/MS [11].

Phirong phdp xir 1y s6 liéu: Cac tham sb théng ké bao
gdm gia tri trung binh, do 1éch chuan tuyét ddi (SD), do
chinh x4c (CV), phuong trinh hdi quy tuyén tinh va hé s6
tuong quan (R) dugc tinh toan bang phan mém Microsoft
Excel 2016. Cac thong s6 duoc dong hoc dugc xac dinh
bang phan mém Phoenix 8.3.4.

Dao dirc nghién ciru: Cac s6 liéu duoc Vién Pao tao
Duoc, Hoc vién Quan y cho phép st dung va cong bd; nhom
tac gia cam két khong c6 xung dot loi ich trong nghién ctru.
3. Két gua

3.1. Két qud xdy dung phwong phap

Dung dich chuan verapamil (100 ng/ml) dugc tiém truc
tiép vao h¢ thong phan tich dé t6i uu hoa diéu kién phan tich.
Ché d6 ion hoa ESI duong dugc su dung va ion me [M+H]+
dugc phan manh dé chon ion con ¢6 cuong do manh nhét
phuc vu dinh lugng. Cac thong s6 t6i uu thu dugc nho phan
mém Optimizer va dugc trinh bay trong bang 1.

Bang 1. Diéu kién khéi phd sau téi wu.

Théng sb Verapamil Diltiazem
Ton me (m/z) 4553 4152

Ton con (m/z) 165,1 178,0
Dbién 4p phan manh (V) 188 152

Dién 4p gia toc (V) 5 5

Nang luong va cham (V) 30 26

Cuc ion hoa Duong tinh Duong tinh
Téc d6 khi (I/min) 13,0

Ap suét khi phun (psi) 35,0

Téc d6 khi bao (I/min) 11,0

Nhiét d¢ khi (°C) 300

Nhiét d6 khi bao (°C) 300

Dién ap mao quan (V) 5200

Dién ap dau phun (V) 200
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3.2. Két qud thim dinh phwong phap

Dé chon loc - dé ddc hiéu: Phan tich cac mau huyét
twong tring va cac mau LLOQ theo phwong phap di dugc
xay dyng. Sic ky do thé hién trong hinh 1 va két qua danh
gia anh huong ciia nén dén mau duoc trinh bay ¢ bang 2.

Verapamil Verapamil
+ MRM C_ID@30.D (455.3 -> 165.1) + MRM CID@30.0 (455.3 -> 165.1)
£ xo! 3.130 min. £ x10%] 3.137 min.
3 E Verapamil 3 Verapamil
8 8 ;s
0.8 '
0.7 Z
0.6 1.5
0.57 1
0.41 0.57
0.3 0
T T T T T T T T
2.5 3 35 4 2.5 3 35 4
Acquisition Time (min) Acquisition Time (min)
Diltiazem Diltiazem
+ MRM CID@ZG 0(415.2 -> 178. 0) + MRM CID@26.0 (415.2 -> 178.0)
¢ € x10% 34 min
4 iltigzem
S S 1
0.8
0.6
0.4+
0.2
T T T I T T T T
25 3 35 4 25 3 35 4

Acquisition Time (min) Acquisition Time (min)

Huyét twong tréng Giéi han dinh lwgng dwéi
Hinh 1. Sic ky dé mau huyét twong trang va gi¢i han dinh lwong
dw&i thém néi chuan. (+ MRM CID: Ghi phd phan (ng da ion déc
trung & ché do ion dwong véi nang lwgng phan manh ion (Collision-
Induced Dissociation); Counts: D&m tin hiéu; Acquisition Time (min):
Thoi gian thu nhan tin hiéu (phat); LLOQ: Giéi han dinh lwgng dwéi).

Bang 2. Anh hwéng ctia mau trang tai thei gian Iwu ctia VER (n=6).

Tin hi¢u pic cia VER Tin hi¢u pic caa DIL

Thir
tw . , - .
Mau trang  LLOQ Mau trang LLOQ
TB 109+61 206524204 55430 77886199443
Ty 1€ tin hi¢u (%) 0,5310 0,0071

Két qua ¢ hinh 1 va bang 2 cho théy, trén sic ky dd
mau huyét twong tring, tai cic thoi diém 3,13 va 3,12 phut
(trang v&i thoi gian luu ciia VER va DIL trong mau chuén)
su xuét hién cac pic c6 cac manh phé khdi m/z=455,3 —
165,1 (VER) va m/z=415,2 — 178,0 (DIL) 1a khong dang
ké. Dién tich pic cac vét nhidu cia miu tring tai cac thoi
diém tring véi thoi gian luu cua VER va DIL 1a khong dang
ké, 1an luot chiém 0,5310 (khong qua 20%) va 0,0071%
(khong qua 5%). Vi vay, quy trinh phan tich dam bao c¢6 kha
nang phat hién, phan biét dugc VER, DIL va khong bi anh
hudng boi cac tap chit co trong huyét twong.
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Puong chudn va khoang tuyén tinh: Cac dung dich VER
chuin trong huyét tuong tring c6 ndéng do khoang 5-500
ng/ml. Sau khi phan tich, nong 6 VER c6 trong mau dugc
tinh theo k¥ thuat ndi chuan. Két qua xac dinh mdi tuong
quan gifra ty 18 dién tich pic cia VER/DIL vé&i ndng d6 cua
VER trong huyét tuong ché dugc trinh bay trong bang 3 va
hinh 2.

Bang 3. Sw phu thudc giira ty 1é dién tich pic cia VER/DIL va néng
d6 VER chuén trong huyét twong.

Miu S1 S2 3 S4 S5 S6 7 S8

NongdOVER 5 g9 48 495 1485 1980 2970 4950
(ng/ml)

Ty ¢ dién tich

pic VER/DIL 00259 00537 0,1312 02740 08519 1,1250 16604 2,7834
Phuong trinh  y =0,0056x - 0,0005

hoi quy R2=0,9999

Nong do VER

theoduong 47 97 235 490 1522 2010 2966 497,
chuén (ng/ml)

Doding(%) 951 978 951 990 1025 1015 999 1004

2,50 y = 0,0056x - 0,0005
R?=0,9999

Ty 1€ dién tich pic VER/DIL

0,0 100,0 200,0

300,0

400,0 500,0

Néng d9 VER (ng/ml)
Hinh 2. D6 thi biéu dién sw twong quan giiva ty 1¢ dién tich pic va
nong do verapamil trong huyét twong.

Két qua bang 3 va hinh 2 cho théy, trong khoing ndng
do tir 5,0 dén 495,0 ng/ml, c¢6 sy twong quan tuyén tinh giita
noéng do VER va ty 1¢ giita dién tich pic ctia VER/DIL voi
binh phuong hé sé twong quan xap xi bang 1 (R*=0,9999).
Nong d6 VER xéc dinh tir dwong chuan so voi gia tri 1y thuyét
dat 95,1-102,5% va nam trong giGi han cho phép (£15%).
Puodng chuan va khoang tuyén tinh da xay dung phu hop véi
yéu cau vé phén tich thudc trong dich sinh hoc ctia FDA.

Gioi han dinh lvong dudi: Tién hanh phan tich mau
huyét twong tring va miu huyét tuong chira verapamil &
ndéng d6 5,0 ng/ml (mirc thip nhit trong dai tuyén tinh).
Dép ung dinh thu duge tir mau chuén duoc sir dung dé tinh
toan ndng do dua trén duong chuin. Do ding dugc danh gia
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thong qua so sanh giita ndng do tinh toan va gié tri thyc ciia
mau. Két qua vé LLOQ duoc trinh bay tai bang 4.

Bang 4. Két qua xac dinh gia tri gi¢i han dinh lwgng dwéi cla
phwong phap (n=6).

Dién tich Dién tich Ty I¢ di¢n tich Néng d D diing

pic VER pic DIL pic VER/DIL (ng/ml) (%)
TBSD 206524204 778869£9443  0,0265x0,0003 4,840,063 97,50£0,90
CV (%) 096

Theo két qua trinh bay tai bang 4, tai thoi gian luu
khoang 3,14 phut, tin hiéu cia mau chuén 5,0 ng/ml vuot
qué 5 1an so v6i mau tring. DO chinh xac qua 6 1an phén tich
c6 CV<10%, trong khi d6 dung 97,50+0,90%, nam trong
ngudng chp nhan 80-120%. Do d6, nong do 5,0 ng/ml dap
tmg tiéu chi LLOQ theo huéng dan phan tich sinh hoc ctia
FDA. Dong thoi, cac gia tri CV va do dung so véi Iy thuyét
tai LLOQ cho thdy phuong phap dam bao d6 dung va lap lai
tai n@)ng do LLOQ.

D6 ding va do lap lai: Cac mic ndong d6 kiém tra gdm
LQC, MQC va HQC duoc chuan bi va xir Iy theo quy trinh
phan tich da thiét 1ap. Nong d6 verapamil trong cac miu
dugc xac dinh thong qua duong chuén, va do ding duogc
tinh bang ty 1& phan tram giita gia tri do duoc va nong do 1y
thuyét. Két qua danh gia do dung, do lap lai trong ngay va
khac ngay duoc tdng hop tai bang 5.

Bang 5. Két qua tham dinh dé dung va db Iap lai (n=6, TB+SD).

Ngay LQC MQC HQC

I 100,090,94 104,93+0,98 102,92+1,15
I 93,52+4,52 99,53+4,75 102,35+2,56
11 92,64+4,45 94,93+2.85 100,24+4,09
TB+SD (n=18) 95 42+4,88 99,80+5,20 101,84+2,94
CV (%) 5,11 5,68 2,89

Két qua ¢ bang 5 cho thiy, & ca 3 nong do (thap: 14,9 ng/ml;
trung binh: 173,3 ng/ml va cao: 371,3 ng/ml) ctia khoang
tuyén tinh, phuong phap déu cho d6 dung khac ngay va trong
ngay cao (87,10-106,62%) va do 1ap lai vdi gia tri CV khong
qua 10% (2,89-5,68%). Cac két qua trén chimg t6 phuong
phap ¢ d6 lp lai, d6 dung dap ung dugc cac yéu cau dbi voi
phuong phap phan tich cac chit trong dich sinh hoc.

Hiéu sudt chiét cua phieong phdp: Tién hanh xt 1y va
phan tich sdc ky cac mau LQC, MQC, HQC theo quy trinh.
Song song v&i cac mau trong huyét turong, tién hanh phan
tich mau spike 1a cac dung dich ty tao bang cach thém dung
dich chuan 1am viéc vao nén huyét tvong tring da xu 1y co
nong do twong tmg nhu ciac mau QC. Tién hanh phan tich
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cac mau. Két qua xac dinh ty 1¢ thu hoi VER tir huyét tuong
cho duogc trinh bay ¢ bang 6.

Bang 8. D6 6n dinh cua VER trong huyét twong sau 6 gio (n=5).

LQC HQC
Bang 6. Hiéu suat chiet verapamil tir mau huyét twong ché (n=6). Ban di Suu 6 i Ban din Suu 6 gi
1QC MQC HQC TB=SD (ng/ml) 149:0,1 14,702 37,1412 369.2:2.9
b sl .. sl . il D§ én dinh (% 98,66 9922
Yoo e S o ingte O ik Mg S 9
= (W (W " V(%) 085 143 037 088

TBSD 042212462 872362811 73,68:238 7427055679 975522430512 76,19:2,14 147619412683 190507660448 77,54£2,11

CV (%) 012 3N 3N 076 33 181 0,86 317 N

Két qua & bang 6 cho thdy, & mdi ndng d6 QC, hiéu
suat chiét khong khac nhau qua 15%. Gia tri CV giita cac
dap ung ciia VER trong cac mau QC c6 qua chiét tach ¢
mdi néng do khong 16n hon 15%. Gia tri CV giita cac dap
g cua VER trong cac mau QC khong qua chiét tach &
mdi nong d6 khong 16n hon 10%. Do d6, phuong phap xir
ly mau da duoc xay dung 1a pht hop dé chiét tich VER tir
huyét twong cho.

Pé on dinh sau 3 chu ky dong - ra: Phan tich cc 16 mau
LQC va HQC (mdi nhom 5 mau) theo phwong phap di duoc
xdy dung. Xac dinh ndng d6 VER c6 trong cdc miu bang
dudng chudn tién hanh song song trong cung diéu kién. Két
qué so sanh ndng dd VER c¢6 trong cac mau LQC va HQC
ngay sau khi pha (ndng d6 ban d4u) va nong do6 VER c6
trong cac mau LQC va HQC bao quan sau 3 chu ky dong -
ra duoc trinh bay ¢ bang 7.

Bang 7. D6 6n dinh caa VER trong mau huyét twong sau 3 chu ky
dong - ra (n=5).

LQC HQC

Bandiu  Sau 3 chuky dong-ra  Bamdiu  Sau 3 chu kp dong - ri
TB+SD (ng/ml)  149+0,1 14,8401 372,1£1,3  370,842,7
Do éndinh (%) 9933 99,65
CV (%) 0,85 0,79 0,37 0,71

Két qua xac dinh néng do VER trong mau LQC, HQC
sau 3 chu ky dong - rd va cac mau tién hanh phan tich ngay
sau khi rd dong cho thdy: Do 6n dinh ciia mau huyét twong
& LQC va HQC lan lugt 12 99,33 va 99,65% so v6i ban dau.
Céc gia tri CV tai mdi nong d6 déu khong qua 5%. Nhu vay,
VER trong miu huyét twong 6n dinh qua 3 chu ky dong - ra.

Dé on dinh trong qud trinh xit 1y mau: Danh gia do 6n
dinh trong qua trinh xir Iy mau trén cac mau LQC va HQC.
So sanh ndng d6 VER trong cac mau LQC, HQC sau khi
pha duoc xur 1y theo quy trinh da lya chon va cac mau LQC,
HQC c¢6 ciing ndng do twong Gmg nhung xir Iy mau sau khi
dé tan chay & nhiét 6 phong 6 gio. Két qua dwoc trinh bay
o bang 8.
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Két qua nghién ciru cho thy, nong d6 VER trong mau
LQC, HQC dugc xir Iy ngay va xur 1y sau 6 gid dé tan chay
& nhiét d6 phong dam bao d6 6n dinh lan lugt 1a 98,66 va
99,22%. Céc gia tri CV tai mdi nong do déu khong qua 5%.
Nhu véy, VER trong miu huyét twong 6n dinh sau 6 gio ¢
nhiét do phong.

D6 6n dinh dai ngay: Panh gia d6 6n dinh ctia mau huyét
tuong trén cac mau LQC va HQC. Xéc dinh nong d6 VER
c6 trong mau tai cac thoi diém ngay sau khi pha va sau 10,
20 va 30 ngdy bao quan mau & nhiét do -40°C theo phwong
phap di xay dung. Két qua duoc trinh bay ¢ bang 9.

Bang 9. Két qua dé 6n dinh dai ngay cta verapamil trong huyét
twong (n=5).

LQC HQC
Ban gy TBiaSD (ng/ml) 1540,2 37,1213
B on dinh (%) 133 036
TBSD (ng/m) 14940,2 370,486
Sau 10 ngay g dn dinh (%) 9947 9949
CV (%) 1,53 234
TB+SD (ng/ml) 14,8402 3689291
Sau 20 ngay g 6n dinh (%) 98,67 99,15
CV (%) 1,07 247
TB£SD (ng/ml) 149403 366,147,5
Sau 30 ngay DG on dinh (%) 99,6 9839
CV (%) 225 2,04

Két qua bang 9 cho thy, do 6n dinh cia VER trong
cic mau bao quan & nhiét do -40°C sau 10, 20 va 30 ngay
so v6i mau dinh lugng ngay nam trong giGi han cho phép
85-115%. Cac gia tri CV tai mdi nong do déu khong qua
5%. Piéu d6 chimg t6 VER 6n dinh trong huyét twong trong
30 ngay bao quan ¢ nhiét do -40°C.

D¢ nhiém chéo: Chuan bi 6 mau huyét tuong tring va 6
mau huyét trong c6 nong d6 LLOQ va 1 mau ULOQ. Tién
hanh xir Iy mau theo quy trinh va phan tich xen k& nhau 6
lan giita mau tring va LLOQ sau khi phan tich mau ULOQ.
Dién tich pic ghi nhén tai thoi gian luu tuong tng véi chat
phan tich va néi chuén dugc thé hién trong bang 10.



Bang 10. Két qua danh gia do nhiém chéo phan tich.

Thirty  Tring  VER Ty 1 (%) Tring  DIL T§ 18 (%)
1 103 20787 0,4955 40 632703 0,0063
2 102 20785 0,4907 36 637663 0,0056
3 115 20645 0,570 48 636717 0,0075
4 119 20833 0,5712 50 638848 0,0078
5 424 20575 2,0608 116 637313 0,0182
6 137 20286 0,6753 44 644220 0,0068
TB 0,8084 0,0087

Két qua bang 10 cho thdy, tai thoi gian luu cua VER,
tin hiéu ghi ctia miu tring so voi LLOQ 14 0, 8084% (dudi
20%). Tai thoi gian luu cuia DIL, tin hiéu ghi cia mau tréng
so voi LLOQ 1a 0,0087% (du6i 5%). Do do, phuong phap
dam bao d6 nhiém chéo va tin cdy dé phan tich nong do
VER trong huyét tuong cho.

Nhu vy, két qua thim dinh d6 dac hiéu - chon loc, do
dung, d6 lap lai, khoang tuyén tinh, gi¢i han dinh luong
duéi, hiéu suat chiét, do on dinh va d¢ nhiém chéo ctia VER
cho thdy, phuong phap di xay dung dép tmg dugc cac yéu
cau ctia mdt phuong phap phan tich dung trong sinh hoc.
Phuong phap nay c6 thé dp dung dé dinh luong VER trong
huyét twong ché khi nghién ctru sinh kha dung cia cac dang
bao ché chira VER trén ché thuc nghiém.

3.3. Két qua dinh lwong verapamil trong huyét twong ché

Tién hanh phén tich cac mau huyét tuong cho da thu
thap theo phuong phap da xdy dyng va thim dinh. Xéc dmh
ndng d6 VER c6 trong mau dua vao dudng chuan duoc tién
hanh song song trong ngay. Két qua dugc minh hoa trong
hinh 3 (n=6).

~*=Cho! —@—Cho2 -—#—Ch63 —e—Cho4 —&—Cho5

Cho 6

Nong d9 VER (ng/ml)

)
G

Thai gian (gio)

Hinh 3. Néng dé verapamil trong huyét twong ché theo thi gian.

Két qua dinh lugng cho thdy, ndng 6 VER cao nhét dat
dugc 1a 251,4 ng/ml & thoi diém 7 gio sau khi chd 5 udng
vién thudc. Nong do VER thip nhit quan sat thdy 1a 31,6
ng/ml & thoi diém 24 sau khi ché 4 udng vién thir. Cac ndng
d6 nay hoan toan nam trong khoang tuyén tinh da xac dinh
dugc. Mot s6 mau co néng d6 VER dinh lugng dugc thép
hon 5 ng/ml déu 13 mau huyét twong thu dugc truée khi

%HN%?-IE 67(8) 8.2025

Khoa hoc Y - Duoc | Y hoc co s6; Dugc hoc mmmm

cho ché ding thude (miu ¢ thoi diém t=0 gid). Khi phan
tich dugc dong hoc, cac néng do nay déu duoc coi béng
0. Két qua xac dinh cac thong s6 dugc dong chinh bang
phan mém Phoenix 8.3.4 cho thiy C, .. =232,9£18,1 ng/ml;
T, =53+1,2 gio; AUC ,=2907,5+£290,3  gid.ng/ml;

0-24
AUC, =3310,6+365,0 giv.ng/ml.

4. Ban luan

Phuong phap dinh lugng VER trong huyét twong ch6 da
xay dung c6 gii han dinh lwong duéi 1a 5 ng/ml cho thay,
d6 nhay ctia phuong phép tot hon so v6i két qua cong bb ciia
N.V. Bach va cs (2025) [4] dinh luong bang séc ky 16ng véi
dau do huynh quang cho LLOQ 20 ng/ml. Puong chuén cta
phuong phéap c6 R2 1a 0,9999. Diéu nay cé thé do phuong
phap xtr Iy mau hop 1y va dau do MS/MS dic hiéu tét hon.
Dong thoi viée sir dung ndi chuan 6 ciing lam giam déng ké
sai s6 do mat mau khi xir Iy va han ché anh huong ciia nén
mau bao gdm cac san pham phan hay cta verapamil trong
huyét tuong. Cac két qua tham dinh chimg to phuong phap
¢6 do dac hiéu - chon loc, do dung, d6 lap lai, khoang tuyén
tinh, gidi han dinh lugng dudi, hi¢u suét chiét, do 6n dinh va
d6 nhidm chéo dap mg yéu cau déi vdi phuong phap phan
tich trong dich sinh hoc ciia FDA [10]. Khi dinh lugng VER
trong cic mau huyét twong chd nhan thiy nong d6 VER
trong cic mau huyét twong déu nam trong khoang tuyén
tinh, cac két qua nay phu hop véi cong bd trude do [4, 5].
Nhu véy, phuong phap di xdy dung co khoang tuyén tinh
pht hop, d6 diing - d6 chinh x4c cao va c6 thé tmg dung vao
thyc té dé danh gia sinh kha dung trén ch6 ctia VER tir céc
dang bao ché khac nhau. Mic du vdy, trong nghién ctru con
chua danh gia dugc anh huong cua nén mau (Matrix effect).
Do d6, viéc kiém soat dong vat thi nghiém vé tinh trang stc
khoe, can nang, ché d6 an uéng 1a can thiét.

Két qua dinh lugng va xac dinh céc thong s6 duge dong
hoc, thé hién tinh hop 1y ctia cac thoi diém 1y mau. Nghién
ctru ldy 6 thoi diém 0 gio va 13 diém khéc, dap Gmg yéu cau
(it nhat 11 diém sau khi str dung thudc). T .. bang 5,3 gio
thoa man yéu cau co it nhat 3-4 diém lay mau trudc dat C, .
S6 diém sau nong d6 dinh 1a 8 diém (quy dinh 1a khong it
hon 4-6 diém). Tong sb diém ldy mau ciia dudng cong nong
do - thoi gian 1a 14 diém, dap tng diéu kién khong it hon 12
diém. Mic du, thoi diém ldy mau de:ng 0 24 gio, tuong ung
v6i nong do 40 1 ng/ml, gid tri nay bang khoang 1/6 me,
chua dap u’ng vé thoi glan 1dy mau can kéo dai dén khi nong
d6 dugc chat trong miu méau bang khoang 1/10 dén 1/20 gia
tri ndng do dinh hodc sau khi udng thudc 72 gid. Tuy nhién,
ty 1¢ cua AUC,, so v6i AUC _ dat 87,8% (>80%) thé hién
nghién ciru c6 thoi diém 1dy mau phu hop [11].
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Nghién ctu da xay dung dugc phuong phap dinh luong
VER trong huyét twong cho bang LC-MS/MS va tham dinh
dﬁy da cac chi tiéu: do dac hi€u - chon loc, do dung, do
1ap lai, khoang tuyén tinh, giéi han dinh Iugng dudi, hiéu
suét chiét, d6 6n dinh va d6 nhiém chéo dap tng yéu cau
dbi v6i phuong phap phan tich trong dich sinh hoc cua
FDA va Dugc dién Viét Nam. Phuong phap da dugc tng
dung dé dinh luong VER trong huyét twong cho khi danh
gia sinh kha dung cta cac vién nén ndi verapamil 120 mg
giai phong kéo dai trén cho thuc nghiém, cac thong s bao
gdm C, .=2329£18,1 ng/ml; T =53+1,2 gio; AUC ,,
=2907,5+290,3 gio.ng/ml; AUC_=3310,6+365,0 gio.ng/ml.
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