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Tom tit. Phét trién va tham dinh phuong phép quang phd tir ngoai két hop véi céc phuong phap phan
tich da bién bao gom binh phuong t6i thi€u c6 dién, hoi quy thanh phan chinh va binh phuwong t6i
thiéu riéng phan dé€ dinh luong déng thoi Amlodipin (AML) va Atorvastatin (ATO) da duoc thwee hién.
Phuong phap thiét k& thi nghiém phtic hop trung tam duoc st dung dé€ xay dung cac tap nong d6 hiéu
chuén va thdm dinh. Phd hip thu t& ngoai dugc do trong khoang budc song tir 230 — 260 nm. Xay
dung cac phuong phap hdi quy da bién dua trén phS do duoc cta tap hiéu chuan va tdp tham dinh,
két qua thu duoc: R? > 0,9927, RMSECamt < 1 ppm, RMSECarto < 2 ppm, sai s6 twong d6i du doan (REP)
<5%. Do thu h6i ndm trong khoang 99,20% - 108,13% d6i véi AML va 99,10 — 107,19% déi v6i ATO cho
ca 3 phuong phap. D9 lap lai (RSD1~) nho hon gia tri RSDtorwitz. Phan tich ANOVA so sanh sy khac
biét gitta gia tri trung binh ctia cac phuwong phap véi phuong phap HPLC khong c6 su khac biét c6 y
nghia thong ké. Ap dung dinh lwong dong thoi AML, ATO trong vién nén ZOAMCO-A cho két qua
ham lwong AML va ATO so véi ham lugng ghi trén nhan nam trong khoang 90-110% pht hop véi quy
dinh ctia Duoc dién Viét Nam V.

T khoa: Amlodipin (AML), Atorvastatin (ATO), binh phuong t6i thiéu ¢d dién (CLS); H6i quy thanh
phén chinh (PCR), binh phuong t8i thi€u riéng phan (PLS1)
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Abstract. The development and validation of a UV spectroscopy method combined with multivariate
analysis methods including classical least squares, principal component regression, and partial least
squares were performed to simultaneously quantify Amlodipine (AML) and Atorvastatin (ATO). A
central composite design experimental method was used to construct calibration and validation sets.
UV absorption spectra were measured in the wavelength range of 230-260 nm. Multivariate regression
methods were constructed based on the measured spectra of the calibration and validation sets,
resulting in: R? > 0.9927, RMSECawmt < 1 ppm, RMSECaro < 2 ppm, and relative prediction error (REP) <
5%. The recovery ranged from 99.20% - 108.13% for AML and 99.10% - 107.19% for ATO for all three
methods. The repeatability (RSD) was smaller than the Horwitz value. ANOVA analysis compared the
mean values of the methods with the HPLC method, and no significant differences were found. The
simultaneous quantification of AML and ATO in Zoamco-a tablets resulted in AML and ATO content
within the range of 90-110% of the labeled content, which complies with the regulations of the
Vietnamese Pharmacopoeia V.
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Least Square

1 Mo dau

Amlodipine besilate (AML) 1la mot chat d6i
khang calci thudéc nhém dehydropyridin. ThuSe
tec ché dong calci di qua mang vao t€ bao co tim
va co tron ctia thanh mach méu bang cach ngan
chdn nhiting kénh calci chdm ctia mang té bao.
Atorvastatin calcium (ATO) la mdt loai thudc
thuéc nhoém thudc statin c¢d vai tro giup ha
cholesterol mau thong qua co ché tic ché men khtr
HMG CoA trong con duwong chuyén hda
cholesterol tai gan, diéu tri rdi loan lipid mau,
phong cac bién ¢6 tim mach nhuw dot quy, nhoi
mau co tim, bénh tim thiéu mau cuc bd, nhat la
trén cac ddi twong nguy co cao nhuw nguodi mac
bénh ti€u duong tuyp hai, bénh than man tinh
hay c6 hoi chiing chuyén hoéa . Viéc két hop hai
loai thudc nay gitup nang cao hiéu qua trong diéu
tri cac bénh tang huyét ap khong rd nguyén nhan,
lam giam dang ké nguy co bénh mach vanh, dot
quy va t& vong 0 nhing bénh nhan cé yéu t6
nguy co tim mach. Nho ¢é nhiéu tdc dung nhu
trén nén dang thudc phdi hop caa AML va ATO
dwoc sit dung kha rong rai trén thi treong, do do

viéc phat trién cac phuong phép dinh luong dong
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thoi AML va ATO trong ché€ pham dé dam bao

chat luong thudc la diéu rat can thiét [1, 2].

Phén tich da bién (multivariate analysis) 1a
qua trinh nghién ctu va danh gid mdi quan hé
gitra hai hodc nhiéu bién s6 doc 1ap dong thoi anh
hudéng dén bién s6 phu thudc. Trong phéan tich
quang pho, phuwong phap nay dugc st dung dé
tim m&i quan hé gitra tin hiéu quang phd (d6 hap
thu quang) va nong d¢ thong qua cdc phuong
phap hiéu chuin da bién. Hiéu chuin don bién
chi thuc hién khi sit dung mot vai gid tri pho hap
thu & mot vai budc séng duy nhat dan dén sy
lang phi cho toan b dit liéu da thu thap duoc.
Mit khéc, d€ loai bo cac chat gay nhiéu trong mau
phan tich, cac phwong phap thuong duoc st dung
nhu phuong phép sac ky, phuwong phap vat ly
nhu tach, chiét..., dung cac phan tng voi cac
thudc thir dédc hiéu dé€ che hodc loai bd...viéc nay
lam cho qua trinh phan tich thém phtc tap, dé
gy ra cac sai s0 trong qué trinh xt ly mau [3-
6].Trong hiéu chuan da bién, viéc loai bo céac tac
nhan gay nhiéu béng cach st dung cac md hinh
toan hoc cho cac dit liéu ctia cdc mau phan tich.
Bén canh d¢, viéc hiéu chudn da bién da st dung

duoc toan b gia tri phd thu duoc lam cho mo
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hinh hiéu chudn tang d6 dung, d6 tin cay va do
chinh xac [7, 8].

Mot qud trinh hiéu chuin da bién thuong
gom ba giai doan: xdy dung mo hinh hiéu chuan,
thdm dinh mé hinh, 4p dung d€ phén tich céc
mau thuc t&. Phuwong phap binh phuong t6i thiéu
co dién (CLS) thuong duwoc goi la phuong phap
“ma tran K”, tt phuong trinh méi quan hé gitra
d6 hdp thu va nong d6 A = K.C d€ tim hé s6 K
trong qua trinh hiéu chuan, sau d6 dua vao hé s6
K da tim duoc d€ tinh néng do chat phan tich c6
trong mau [9]. Trong khi d6, cdc phuong phap hoi
quy cau t chinh (PCR), binh phuong tdi thiéu
riéng phan (PLS1) la nhitng phuong phap giam
chiéu dw liéu, tir d@t liéu ban dau két hop cac
thuat toan d€ tim ra céc bién tiém &n trong mot
khong gian mdi, sau d6 st dung phuwong phap
binh phuong t6i thiéu dé tim md&i quan hé tuyén
tinh gitta cac bién tiém an véi néng do ban dau
[10 - 12].

Trong bai bao nay chuing toi sit dung cac
phuwong phap CLS, PCR, PLS1 d€ xac dinh déng
thoi AML va ATO duwdi dang bao ché vién nén véi
biét dwgc la Zoamco-A do cong ty Pymepharma
san xuat. Muc tiéu bao gom xay dung quy trinh
phan tich déng thoi AML va ATO bang cac
phuong phap CLS, PCR, PLS1; tham dinh quy
trinh phén tich da xay dung. T4t ca cac qua trinh
tinh toan dwoc thuc hién trén phan mém R phién
ban 4.3.0.

2 Dung cy, hoa chit va phuong
phap nghién ctru

2.1 Thiétbi

May quang ph6 hai chum tia UV - Vis
UH5300 — model: 3J1-0015 (Hitachi — Nhat),
khoang quét bude séng 190 - 1100 nm, két noi véi
mdy tinh dé€ chira dit liéu phd thu dwgc. Cuvet
thach anh hang Chrom Tech: Kich thwéc 10 mm x

10 mm x 3.5 ml.
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Can phan tich 4 chit s6 thap phan Ohaus
My. May cat nudce 2 lan Bibby Scientific A4000D -
Anh, b€ rung siéu am Elma — Ptc. Micropipet
Boeco — Dttc cac loai: 10 — 100 ul; 20 — 200 ul; 1000
~1000 pl.

2.2 Hoba chat

Chat chuan

Chat chuan Amlodipine besilate (100,3%)
va Atorvastatin calcium (94,6%) duoc mua tu
Vién Kiém nghiém thudc Thanh phé H6 Chi
Minh, Viét Nam.

Nuée cdt va Methanol (Fisher) duoc st

dung lam dung moi.

Dung dich chuan
Dung dich chuan

Atorvastatin g&c 1000 pg/mL duoc chuan bi bang

Amlodipin  va

cach can chinh x4c 50 mg chéat chudn cho vao binh
dinh mttc 50 ml, théem MeOH vtra du, bao quan
trong tu lanh. Cac dung dich lam viéc hang ngay
duoc pha truc ti€p tir dung dich chudan theo cc ti
1é dwgc tinh toan. Dung dich chuan trude khi
dem di pha duoc 14y ra va d€ can bang véi nhiét
do phong (25°C).

Chuan bi miu

Can ngau nhién 20 vién va tinh khdi luong
trung binh vién, nghién thanh bot min va trdn
déu. Can chinh xac 0.2814 g twong tng voi 5 mg
AML va 10 mg ATO, hoa tan bé”mg MeOH vtra du
trong binh dinh mttc 50 ml, siéu am va loc (bo
khoang 20 ml dich loc dau). Hat chinh xac 1 ml
dich loc vao binh dinh mitc 10 ml, thém MeOH
dén vach, lac déu thu duoc dung dich thtr c6 nong
dé AML va ATO twong tng 5 ug/mL va 10
ug/mL.

MaAu thuéc
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Thubc zoamco-A cb chita cidc hoat chat va
thanh phan sau: Amlodipin: 5mg, Atorvastatin:
10mg. Puwoc san xuat boi Cong ty ¢4 phan
Pymepharco (Viét Nam), s 16: 201220, ngay san
xuat: 16/12/2020; Han dung: 16/12/2023

2.3 Thiét ké thi nghiém

Trong phan tich da bién, thiét k& thi nghiém
la cong viéc rat quan trong, mot tap thi nghiém
thanh cong dam bao cho md hinh xay dung c6 do
dung, chinh xac va d6 tin cay cao. Mot tap thi
nghiém dé€ xay dung md hinh phén tich da bién
phai dam bao 4 yéu cau sau: (1) Chtra tat ca cac
thanh phan duoc mong doi, (2) bao trum pham vi
nong do quan tam, (3) Cha (bao trum) cac diéu
kién quan tam, (4) Chtta cic mau c6 néng dd ddc

lap, khong twong quan véi nhau [9].

MTO

72 8 10;20, 12 B

Hinh 1. M6 phéng thiét ké tap hiéu chudn AML va
ATO

Trong nghién cttu nay, chtuing t6i Iira chon
mo hinh thiét k& thi nghiém phtc hop c6 tam
(Central Composite Design — CCD), day la mot
thiét ké thi nghiém giai thira day du, bao gom mot
diém tam, 4 diém sao (star point) va 4 diém truc
(axial points) [13], trong do6, tam cta tap thi
nghiém duoc lua chon twong tng voi ti 16 nong
d6 cia AML va ATO trong ché pham, cac diém o

diém truc twong ung voi khoang 80-120% nong
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d6 tam [14]. Thiét k€ thi nghiém dwoc thuc hién

trén pham mém R vdi version 4.3.0

2.4  Phuong phap phén tich da bién

Phwong phap binh phuong t8i thiéu 8 dién
Phwong phap binh phuwong t6i thiéu c6

dién (Classical Least Square — CLS) la phuong

phép duoc thuc hién duwa trén moi quan hé gita

d6 hdp thu phan t t& ngoai — kha kién (A) va

nong d6 cta cac chat phan tich c6 trong mau thé

hién boi phuong trinh:
A=KC 1)

trong d6, A la ma trdn dd hép thu (nxm) ctia m
mau tai n budc song; K 1a ma trdn hé s6 tuong
quan (nxk); C la ma tran néng d6 (kxm) cua m

mau chita k chat phan phan tich .

Dé€ thue hién hiéu chudn, ma tran néong do
hiéu chuan C dwoc chudn bi tir cac dung dich
chuédn va do tai n budc song. Hé s6 K duoc tinh

nhw sau:
K=A.CT(c.chH™? (2)

trong do: CT la ma tran chuyén vi cua C; (C.CM1 la

ma tran nghich dao cta (C.CT).

Mau phan tich dwgc chuan bi tuwong tu nhw
cac mau chuan, sau d6 do do hap thu (Amiu) trong
khoang budc séng da khao sat. Nong do cac chat
phan tich trong mau dugc tinh nhw sau [15] :

Crngu = (KT'K)_lKT'AmSu 3)

Phuwong phap héi quy ciu ti chinh
Phuong phap hoi quy cau t& chinh

(Principal Component Regression — PCR) la mot
phuwong phap két hop gitta phwong phap phan
tich thanh phéan chinh (Principal Component
Analysis — PCA) va hoi quy tuyén tinh da bién.
PCA la phuong phép nén dit liéu ma van git
duoc thong tin tdi da trong ngudn dix liéu gdc ban
dau [4, 16]. Y tuong chinh ctia PCR 1a thay thé dir
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liéu ma tran phd hdp thu A béng cac dix liéu duoc
goi la thanh phan chinh trong tap dr liéu duoc
nén T (ma tran di€ém — score matrix). D€ thuc hién
qua trinh hiéu chuan, PCR chi lya chon mot s6
thanh phéan chinh dau tién cé gia tri RMSEC la
nho nhédt tuong tng véi phan tram giai thich
phuong sai t6i wu. Viéc lua chon qua nhiéu thanh
phéan chinh ciing khéng t6t cho mo6 hinh boi né
gay ra hién tuong trung lap thong tin qua mic va
c6 thé dem cac thong tin nhiéu vao trong qua
trinh hiéu chuan [3, 17].

Thuc hién hoi quy cdu ti chinh bao gom,
thit nhat 1a nén dw liéu trong tap dix liéu pho hap
thu A

A=U.TT 4)

trong d6 U la ma tran trong sd, T la ma tran diém
(thanh phén chinh). Gia st chi chon x thanh phan
chinh d4u tién:

A, =U,TT hay T, = AT.U, ()

O day, Tx duoc xem la ma trén chiéu cua
tap dit liéu A boi trong s6 Ux. Thuc hién hiéu
chuan PCR, s6 dit liéu Tx dugc thay thé dit liéu
quang phd A ban dau va cac budc tinh toan tuong

tw nhu phuong phap binh phuong téi thiéu [18].

C=P. T 6)
nén
P=cT1,(T.T,") " @)

Pho hap thu ctia mau phan tich duoc chiéu
vao trong khong gian méi boi Ux:
Toniu = Al 5, Uy (8)

va nong dd chat phan tich trong mau dwoc tinh:

Crngu = (PT-P)_lp_leiu )

Phuwong phap binh phuong tdi thi€u riéng phan

Dai véi phuong phap PCR, thong tin trong
ma tran phd hap thu duwoc thu nho trong mot s6
luong nho cac thanh phan chinh. Tuy nhién, viéc

lya chon cac thanh phan chinh nay khong c6 su
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lién quan nao véi cac bién nong d9, diéu nay dan
dén khéng chéc chan rang phan dit liéu duoc thu
nho trong cic thanh phéan chinh sé c6 y nghia

(twong quan) véi cac bién nong do.

Tuwong te PCR, phuong phap PLS xac dinh
cac bién tiém an bang cach nén thong tin va loai
bd nhitng yéu t6 khong lién quan. Tuy nhién, PLS
xay dung cac bién tiém &n sao cho nam bét duoc
hau hét phueong sai trong ca bién doc lap va bién
phu thudc va t6i da hdéa mdi twong quan gitra cac
ma tran nay [19]. Tt d6 gitp gidm cac tac dong
tiém an cta cac bién ddc lap c¢6 phuong sai 16n
nhung khong lién quan dén mo hinh hiéu chudn,
diéu nay khong dwoc thuc hién trong phuong
phép PCR. Vi vay, PLS c6 tat ca cac wu thé va loai
bo nhitng nhwoc diém khéng mong mudén cua
PCR [15, 20-22].

Phuong phép PLS bao gdm phuong phap
PLS1 va PLS2, trong d6 PLS1 thuc hién hiéu
chuan theo nong d6 ctia titng thanh phan cé trong
mau véi phd dd hdp thy, trong khi PLS2 duoc
thuc hién boi tat ca cac gia tri nong dd cua céc

thanh phan c6 trong mau.

25 Mot s6 dai lwgng thong ké

Tong binh phuong sai s6 phan du du doan
(Predicted Residual Error Sum of Squares -
PRESS) [9]

PRESS = ¥7,(C; - C,)° (10)
trong d6, C;; Ci 1a nong d6 thuc va nong do du
doan; n 1a s8 mau phan tich

Can bac hai téng trung binh binh phuong
sai s0 (Root Mean Square Error — RMSE)

RMSE = PRESS

(11)

trong d6, ap dung cho tap hiéu chuén ta co gia tri
RMSEC, tap tham dinh 1a RMSEP.

Sai s6 twong d6i du doan (Relative Error of
Prediction — REP%)
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RMSE
c

REP(%) = x 100 12)
C: ndng dd trung binh cua tap hiéu chuin

D6 thu hoi dwgc xac dinh theo cong thirc
[23]:

Rev(%) = i—if x 100 (13)
t

trong d6, Ct, Ci: ndbng d0 tim lai va néng do
thém chuén ban dau

Gia tri RSD tinh theo Horwitz [23]:

RSDHorwitz = 2(1—0.5lgC) (14)

3  Két qua va thao luan

3.1 Thiét ké thi nghiém

Xay dung cac thi nghiém dé thuc hién hiéu
chuédn va tham nhan dva trén phuong phap thiét
ké phtrc hop c6 tam (Central Composit Design —
CCD). Két qua da xay dung duoc khong gian mau
thi nghiém cho hiéu chuén phuong phép da bién
va cidc mau tham dinh trong phong thi nghiém dé
kiém tra do tin cdy cuia cac phwong phap duoc thé
hién qua Hinh 1 va Bang 1.

Béang 1. Nong dd (ug/mL) cia AML va ATO trong cidc mau cua tap hiéu chudn va thim dinh

T1 T2 T3 T4 T5 Té6 T7 T8 T9

Nongdotap — \\p gp 12,0 8,0 12,0 100 72 12,8 10,0 10,0
hiéu chuan

ATO 16,0 16,0 24,0 24,0 200 20,0 20,0 14,4 25,5

V1 V2 V3 V4 V5 V6 V7 V8 V9

Nongdotap — \\ 8,5 11,5 8,5 11,5 100 7,9 121 10,0 10,0
tham dinh

ATO 17,0 17,0 23,0 23,0 200 20,0 20,0 15,8 242

3.2 Luwa chon khoang budc séng dinh lwong

Thue hién hiéu chuin theo moé hinh CLS
voi cac khoang budce song 200 — 230, 230 — 260, 260
— 300 nm. Phd hap thu ctia cac mau hiéu chuan
thé hién ¢ hinh 2.

Két qua danh gia nong d6 tim lai (mg/mL)
dya theo thwong phdp CLS ¢ cac khoang budc
song khac nhau dwgc dwa ra ¢ bang 2. Gia tri hé
sO twong quan gitta nong dd pha va nong do tinh
duoc tir m6 hinh (R?) cang gan 1 cho thdy m6 hinh
du doan két qua cang chinh xac, nguoc lai gia tri
R2 nho thi két qua thu duoc khéng dang tin cay,
thong thuong gia tri R? dwoc chon khi 16n hon
0,99.
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—T1
—T2
—T3
—n
—T5
—T6
17
T8
T

0 Budc song
200 210 220 230 240 250 260 270 280 290 300 (nm)

Hinh 2. Phd hap thu UV-Vis ctia cdc mau trong tap

hiéu chuan

1.5 4

0.5

o T Budcséng (nm)

200 220 240 260 280 300

Hinh 3. Ph6 hap thu cia AML 10 (ug/mL), ATO 20
(ug/mL)
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Bang 2. Két qua danh gia nong d6 tim lai (ug/mL) dya theo phuong phap CLS & cac khoang bude séng khac nhau

Nong d6 pha Nong d6 tim lai (ug/mL)
Miu (pg/mL) 230-260nm 260-300 nm 200-230nm

AML ATO AML ATO AML ATO AML ATO
T1 8 16 7,69 16,07 7,98 15,94 7,82 16,58
2 12 16 11,92 15,98 12,19 15,86 11,89 16,21
3 8 24 7,86 2347 8,27 23,27 7,69 23,75
T4 12 2 12,47 23,98 11,54 24,4 12,47 23,16
T5 10 20 9,97 20,25 10,02 20,23 9,86 20,62
T6 7.2 20 7,05 20,27 6,87 20,34 7,21 20,69
7 12.8 20 12,79 20,36 12,98 20,27 12,43 20,43
T8 10 14.4 9,91 13,75 9,85 13,77 10,32 13,62
9 10 255 10,14 25,67 10,26 25,63 10,24 25,10
Hé 55 chén (b) 10,6823 20,3530 -0,1236 0,6175 -0,2138 0,8737
Heé s8 goc (a) 1,0659 1,0171 1,019 1,0298 1,0206 0,9578
R? 0,9929 0,9927 0,9834 0,9907 0,9804 0,9770

Ghi chtt: (b) la h¢ 6" chin trong phuwong trinh hoi quy y = a.x + b giita ndng dj tim lai va nong dg pha; (a) la hé 6’

Q6c trong phwong trinh hoi quy y = a.x + b giia nong dg tim lai va nong d¢ pha; R? la hé s6" wong quan giiva nong

dg tim lai va nong dg pha

Trong khoang budc song 200 — 230 nm, gia
tri R2 cia cd AML va ATO déu nho hon 0,99, tic
la md hinh hiéu chuén CLS du doan két qua nong
d6 AML va ATO gay sai s6 16n. Nguyén nhan co
thé do anh hudng cua dung mdi boi ¢ khoang
budc séng nay MeOH bét dau cé sy hap thu tia
UV, lam két qua do pho kém chinh xac. Trong khi
do, 6 khoang budc song tir 260 — 300 nm, mdc du
gid tri Riro > 0,99, nhung Ry, < 0,99 ¢6 nghia
la m6 hinh CLS khi dw doan nong d6 cia AML
cling gay ra sai s0 16n. Diéu nay c6 thé giai thich
trong khoang budc song 260 — 300 nm AML gan
nhw khong hdp thu tia UV (hinh 3) nén dén su
chénh léch vé ti 1é hdp thu UV gitta AML va ATO
qua 16n, dan dén viéc thuc hién phép toan boi
phuwong phap CLS gay ra sw due doan kém chinh
xac do6i voi AML. Vi vay, ching t6i da chon
khoang budc song tir 230 — 260 nm (déu co gia tri
R2 ctia ca AML va ATO 16n hon 0,99) d¢€ thuc hién
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xay dung hiéu chudn cho cac phwong phap phan
tich da bién CLS, PCR va PLS1.

3.3  Lua chon s6 thanh phén chinh cho héi quy
thanh phin chinh va binh phuwong tdi
thi€u riéng phan
Viéc lya chon sd thanh phan chinh pht hop

cho mdi phuong phdp PCR va PLS1 1a cong viéc

rat quan trong, s6 thanh phan chinh phtt hop dam
bao cho phwong phap PCR va PLS1 c¢é kha nidng
du doén t6t d6i véi mau can phan tich dua trén
tap nong do hiéu chuan da xay dung. Mot s6 yéu
cau trong viéc lua chon s6 thanh phan chinh bao
gom s6 thanh phan chinh duoc chon sao cho gia
tri RMSEP la nhdé nhat, s6 thanh phan chinh
khong dwgc 16n hon % tong s6 thanh phan chinh
cua mo hinh [4]. Mat khdc, s6 thanh phan chinh
lwa chon qua nhiéu sé gay ra hién tuong giai thich
qua trung lap véi thong tin ban dau, dan dén viéc

loai bé cac thong tin nhiéu han ché.
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Hinh 4. D6 thi méi lién hé gitra s6 thanh phan chinh va gia tri RMSEP cua AML va ATO trong cac phwong phap PCR
va PLS1

Bang 3. Gid tri RMSEP cua cac thanh phan chinh trong phuwong phap PCR,PLS1

S6 thanh phan chinh
Phuwong  Thanh -
phap phan He so 1 2 3 4 5 6 7
chan
AML 2,111 2,064 0,1733 0,1283 0,1416 0,1496 0,1365 0,1371
PCR
ATO 4,203 1,985 0,4896 0,7138 0,7941 0,8289 0,7597 0,7659
AML 2,111 2,03 0,1744 0,1289 0,1422 0,1384 0,1382 0,1382
PLS1
ATO 4,203 2,022 0,489 0,7194 0,7828 0,7658 0,7656 0,7658
Bang 4. Phan trdm phuong sai giai thich caa cc thanh phéan chinh
Phuong Thanh S6 thanh phan chinh
phip  phin 1 2 3 4 5 6 7
AML 19,02 99,66 99,91 99,91 99,91 100 100
PCR
ATO 80,45 99,29 99,33 99.33 99,39 99,98 99,98
AML 21,53 99,65 99,91 100 100 100 100
PLS1
ATO 79,85 99,29 99,34 99,99 100 100 100

Hinh 4 va két qua ¢ bang 3 va bang 4 thé
hién cac gia tri RMSEP va % phuwong sai giai thich
cua s6 thanh phéan chinh dwgc chon. Két qua cho
thdy, ca phuong phap PCR va PLS1 déu c6 két
qua tuwong ti nhau cho ca 2 chat AML va ATO.
Gia tri RMSEP giam dan t&t ncomp = 1 dén ncomp
= 3 (AML) hodc tit ncomp = 1 dén ncomp = 2
(ATO) cho thdy qua trinh nén di liéu thu dwgc
cac bién dau tién chira hau hét thong tin lién quan
dén pho do hdp thu trong tap hiéu chuan. Cac
thanh phan chinh nay giai thich duoc 99,91%
(AML) va 99,29% (ATO) phuong sai cua pho, vi
vay ncomp = 3 (AML) va ncomp = 2 (ATO) la s6
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thanh phan chinh dwoc chon cho cac phuong
phap PCR va PLS1.

Khi ting s6 thanh phan chinh 1én dén 7 dan
dén gia tri RMSEP tiang, mat khac % phuong sai
giai thich cua cac thanh phéan chinh ciing tang lén
100%. Viéc nay dan dén kéo theo thong tin nhiéu
vao trong md hinh dwa doan va lam cho két qua
dy dodn khoéng chinh xac.
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34 Xay dung cic md hinh phan tich da bién
Xay dung tap hiéu chuin

Kha nang du doan ctia cac phwong phap da
bién dwa vao cac chi s6 thong ké nhu hé s6 twong
quan gitta nong d6 dwa doan va nong do thuc
(R?), RMSEC, phén tich phan du. Theo tac gia
Saeys va cOng su [24], md hinh hiéu chuan vdi R2
16n hon 0,91 duoc xem la hiéu chuan tot. Két qua
ttr cdc mo hinh hiéu chudn da bién xay dung déu

o gid tri R216n hon 0,99, diéu nay khéng dinh c6

su twong quan chat ché gitta nong dé du doan va
noéng do thuc trong cac phwong phép phén tich da
bién da thuc hién. Gid tri RMSEC ctia AML va
ATO trong cac mo6 hinh CLS, PCR, PLS1 déu c6
gia tri nho hon 10% ndng do trung vi ctia tap mau
hiéu chuan (1 pg/mL va 2 pg/mL tuong tng voi
AML va ATO). Gia tri RMSEC giai thich mttc do
tot, chac chan ctia md hinh, diéu nay cho thdy cac
mo hinh da xdy dung khi xdc dinh dong thoi
AML va ATO trong mau cho sai s6 nh.

Bang 5. Cac thong s6 thong ké st dung cac phuwong phap CLS, PCR, PLS1 d€ xac dinh dong thoi AML (ug/mL) va
ATO (ug/mL) trong mau hiéu chuan

3 Nong do pha Phuong phap CLS Phuwong phap PCR Phwong phap PLS1
Mau AML ATO AML ATO AML ATO AML ATO
T1 8 16 7,69 16,07 7,94 16,24 7,94 16,24
T2 12 16 11,92 15,98 11,99 16,02 11,99 16,03
T3 8 24 7,86 23,47 8,07 23,46 8,07 23,46
T4 12 24 12,47 23,98 12,05 23,83 12,05 23,83
T5 10 20 9,97 20,25 9,96 20,26 9,96 20,26
T6 7,2 20 7,05 20,27 7,16 20,36 7,16 20,35
17 12,8 20 12,79 20,36 12,73 20,28 12,73 20,28
T8 10 14,4 9,91 13,75 10,1 13,91 10,1 13,91
T9 10 25,5 10,14 25,67 9,99 25,55 9,99 25,55
RMSEC 0,6324 0,9986 0,1712 0,9469 0,1712 0,9435
R? 0,9929 0,9927 0,9991 0,9933 0,9965 0,9929
Shapiro test (p-value) 0,1462 0,0846 0,2903 0,1380 0,2903 0,1160

Mit khac, phan tich phan du la mot phan
quan trong trong viéc danh gid sy phu hop cua
mo hinh hoi quy dé€ du bao cac bién néng do. Su
chénh léch gitta noéng d6 da biét va nong do du
bdo tlt cac phwrong phap da xdy dung phai duoc
phan phdi d&i xting quanh gia tri zero, ngau
nhién va doc lap. Phan tich phan du st dung
Shapiro-Test cho thdy cac phan du déu co gia tri p
> 0,05 nhw vay phan dw c¢6 phan phoi chuan, doc

14p, ngau nhién.
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DPanh gia trén mau phong thi nghiém

REP la sai s6 tuwong d6i du doan duwgc danh
gid 1a rat t6t néu nho hon 2%, t6t néu nam trong
khoang 2 - 5%, chdp nhan dwoc néu ndm trong
khoang 5 - 10% va rat t¢ néu 16n hon 10% [3].
Dénh gia gid tri REP tir bang 6 cho thdy, cac gia tri
déu ndm trong khoang tir 2-5% , nhuw vay cac
phuong phap CLS, PCR, PLS1 khi xac dinh dong
thoi AML va ATO cho két qua tdt, it sai s6.
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Bang 6. Két qua xac dinh néng do AML, ATO trong cac mau tap thdm dinh béng cac phuong phap CLS, PCR, PLS1

Nong do pha Nong d6 (ug/mL) tinh tir cic phwong phap phan tich da bién
Mau g/l

AML ATO Phuong phap CLS Phuwong phap PCR Phuong phap PLS1

AML ATO AML ATO AML ATO

Vi1 8,5 17 8,45 17,77 8,68 17,88 8,69 17,88
V2 11,5 17 11,4 16,95 11,51 16,99 11,51 16,99
V3 8,5 23 8,39 22,53 8,46 22,53 8,46 22,53
V4 11,5 23 11,79 24,18 11,75 24,04 11,76 24,04
V5 10 20 10,3 19,94 10,45 19,94 10,45 19,94
Vé 7,9 20 7,57 19,86 7,69 19,94 7,69 19,94
v7 12,1 20 12,41 20,23 12,51 20,16 12,51 20,17
V8 10 15,8 9,89 15,68 9,72 15,81 9,73 15,79
V9 10 24,2 9,95 25,06 9,9 24,96 9,9 24,96
RMSEP 0,2158 0,5804 0,2581 0,5459 0,2588 0,5468

REP(%) 2,15 2,87 2,56 2,70 2,57 2,70

3.5 Danh gia d6 tin cdy ctia cac phuwong phap dd thu hoi cua phuwong phap. Tién hanh thém

phan tich da bién
Panh gia d6 dung

Dbé danh gia d¢ dung cua cac phuong phap
CLS, PCR, PLS1 xac dinh dong thoi AML, ATO

trong thudc, phuong phép thém chudn duoc thuc
hién trong d6 d6 dang duoc xac dinh thong qua

chuan AML, ATO vao mau trng véi 3 mic nong
dd khac nhau tuong tng véi 80%, 100%, 120%
nong do AML, ATO trong mau thudc can phan
tich, lam 1ap lai 3 Tan [14].

Bang 7. Két qua xac dinh d6 thu héi cila AML, ATO st dung cac phuong phap CLS, PCR, PLS1

Nong do thém Do thu hoi (%)

Miu chudn (pg/mL) Phuong phép CLS Phuong phap PCR Phuong phép PLS1
AML ATO  AML(%) ATO(%) AML(%) ATO(%) AML(%) ATO (%)

X80.1 8 16 99,75 104,13 105,63 105,03 105,63 105,06
X80.2 8 16 101,00 105,50 108,13 106,32 108,13 106,38
X80.3 8 16 102,00 106,38 108,00 107,15 108,00 107,19
X100.1 10 20 100,10 103,10 103,30 103,06 103,30 103,10
X100.2 10 20 99,20 104,60 102,80 104,53 102,80 104,55
X100.3 10 20 101,30 105,60 105,40 105,47 105,40 105,50
X120.1 12 24 99,58 99,71 101,58 99,10 101,58 99,13
X120.2 12 24 101,08 101,83 102,50 101,18 102,50 101,21
X1203 12 24 103,83 103,83 102,25 103,11 102,33 103,13
TB 100,87 103,85 104.40 103,89 104,41 103,91
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Két qua tir bang 7 cho thdy, do thu hoi cua
AML va ATO khi sit dung cac phwong phap CLS,
PCR, PLS1 déu nam trong khoang 80-110% (theo
AOAC [23]), cac phuong phap c6 do dung dat

yéu cau.

Panh gia d6 lap lai

Tién hanh thuc hién 1dp lai 6 [an trén cung
mdt mau: can chinh xdc m g bt thudc twong ting
voi 5 ug/mL AML va 10 pg/mL ATO, hoa tan
bang MeOH vita du trong binh dinh mtc 50 ml,
situ am va loc (b0 khoang 20 ml dich loc dau).
Ht chinh xac 1 ml dich loc vao binh dinh mitc 10

ml, thém MeOH dén vach, lic déu thu duoc dung
dich th c6 nong d0 AML va ATO tuwong tng 10
pug/mL va 20 pg/mL. Do phd hadp thu trong
khoang budc séng 230 — 260nm.

béi voi AML, néng d6 xac dinh 1a 10 ppm,
¢ khoang nong do nay gia tri 1/2RSDHorwitz tinh
duwoc béng 5,66, 16n hon RSDamt tinh dwoc caa ca
ba phuong phap CLS, PCR va PLS1. Béi véi ATO,
nong do xac dinh la 20ppm, RSD ctia ATO ¢ ca 3
phuong phap déu nho hon gid tri 1/2RSDHorwitz
bang 5.1. Nhu vay, cac phuong phap CLS, PCR,
PLS1 c¢6 d0 lap lai dat yéu cau (bang 8).

Béng 8. Két qua cac Ian phan tich 1ap lai xac dinh nong d6 AML, ATO trong mau thuéc ZOAMCO-A

Nong dé tim lai (ug/mL)

Mau m(Sn Phuong phap CLS Phuwong phap PCR Phwong phap PLS1
AML ATO AML ATO AML ATO
Lan 1 0,2790 10,19 21,28 10,66 21,25 10,67 21,26
Lan 2 0,2814 10,38 20,08 10,31 20,08 10,31 20,08
Lan 3 0,2810 9,88 21,03 10,37 21,01 10,38 21,02
Lan 4 0,2815 9,71 20,22 10,27 20,23 10,27 20,24
Lan 5 0,2799 10,04 21,28 10,56 21,26 10,57 21,26
Lan 6 0,2806 9,89 20,99 10,42 20,98 10,42 20,99
TB 10,01 20,81 10,43 20,80 10,44 20,81
RSD 2,40 2,54 1,44 2,48 1,48 2,49

1/2RSDHorwitz 5,66 51 5,66 51 5,66 51

So sanh véi phwong phap HPLC

bé danh gia do tin cay ctia phuong phap
nghién ctru, tién hanh gii mau cho Trung tdm
Kiém nghiém Thudc, My phdm, Dugc pham Thira
Thién Hué - Viét Nam phan tich dinh luong bang
phuong phap tiéu chuan HPLC. Tién hanh so
sanh va danh gid két qua phéan tich cta hai

phuong phap bang phuong phap thong ke.

Phén tich ANOVA mot chiéu két qua trung
binh gitta cac nhom phwong phap phan tich cho

DOI: 10.26459 /hueunijns.v133i1C.7316

thay gia tri Funn 1a 1,840 va 0,1077 tuong tng voi
AML va ATO déu nho hon Fua bing = 4,066181
(bang 9), gia tri p-valueamr = 0,2181, p-valuearo=
0,9532 déu 1on hon 0,05, nhu vay gia tri trung
binh két qua phan tich cua cdc phuong phap CLS,
PCR, PLS1, HPLC khong khac nhau dang ké véi
mtrc tin cdy 95%. Két qua nghién cttu ctia chung
t6i cho thdy khong co sai s6 dang ké trong viéc
xac dinh dong thoi AML va ATO bang cac
phuong phap CLS, PCR, PLS1 va HPLC.
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Bang 9. Phan tich ANOVA so sanh su khac biét gia tri trung binh gitta cac phuwong phap phan tich

Khdi luegng (mg) cac chit quy veé khdi lwgng trung binh 1 vién (m = 0,2814 g)

m can AML (mg) ATO (mg)
(a) (b) (0 (d) (@) (b) (0 (d)
0,2790 5,09 5,33 5,34 52 10,64 10,63 10,63 10,49
0,2814 5,19 5,16 5,16 5,24 10,04 10,04 10,04 10,54
0,2810 4,94 5,19 5,19 5,17 10,51 10,51 10,51 10,46
SS 0,048113 0,023804
Khéc biét
gitra cac df 3 3
nhom
MS 0,016038 0,007935
SS 0,069728 0,589326
Khéc biét
trong ttng  df 8 8
nhom
MS 0,008716 0,073666
SS 0,117842 0,623130
Tong
df 11 11
Fiinh 1,840 0,1077
p-value 0,2181 0,9532
Fira bang 4,066181 4,066181

Trong d6: (a): Phwong phdp CLS; (b): phwong phip PCR; (c): phwong phdp PLS1; (d): phwong phip HPLC; SS: tdng binh
phwong; df: Béc tw do; MS: trung binh binh phuwong.

3.6 Dinh lwgng miu ché pham da thanh phan

Két qua dinh lwgng AML va ATO trong
vién nén ZOAMCO-A thu dwoc ham lwong cac

hoat chdt c6 trong mot vién nén so véi ham luong

ghi trén nhan nam trong khoang 90-110% theo
quy dinh cta Dugc dién Viét Nam V [25].

Bang 10. Két qua phan trdm ham luong ghi trén nhan cia AML va ATO trong vién nén ZOAMCO-A

Phén trim ham luwgng ghi trén nhian

M3 Khilslfl"’“g Phuong phép CLS Phuong phép PCR Phuong phép PLS1
AML(%)  ATO(%)  AML(%)  ATO(%)  AML(%)  ATO(%)
71 0,2819 98,88 103,47 102,42 103,43 102,42 103,47
72 0,2798 99,82 106,50 100,37 106,43 100,37 106,41
73 0,2809 99,94 106,61 100,58 106,53 100,58 106,54
Trung binh 99,88 105,53 101,12 105,46 101,12 105,47
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4  Kétluan

Nghién cttu da thanh cong trong viéc ap
dung cac phuong phdp phén tich da bién bao
gom: CLS, PCR, PLS1 d€ dinh luong dong thoi
AML va ATO trong dugc phdm vién nén phoi
hgp. Nghién ctu da Iwa chon khoang buwdc séng
pho hédp thu UV-Vis tir 230 nm — 260 nm voi bude
nhay 0.2 nm d€ xay dung cac mo hinh hiéu chuan.
Déi véi phuong phap PCR, PLS1: s& thanh phan
chinh dwoc git lai lan lwgt 1a 3 va 2 thanh phan
chinh d€ thuc hién hdi quy. Thiét ké thi nghiém
theo phuong phap CCD d€ xay dung tap nong do
hiéu chuan va thadm dinh. C4c tham s6 thong keé:
RMSEC, RMSEP, REP, R?, phan tich phan duw bang
Shapiro-test da dwoc tinh, két qua cho thdy md
hinh dap tng dwoc cac yéu cau. Tham dinh quy
trinh phan tich duoc danh gia bang cach xac dinh
dé dung, do ldp lai, so sanh véi phuong phap
chudn HPLC. Ap dung cac phuong phap CLS,
PCR va PLS1 dinh luong dong thoi AML, ATO
trong vién nén Zoamco-A cho két qua ham lwgng
AML va ATO so v6i ham lwong ghi trén nhan
nam trong khoang 90-110% pht hop véi quy dinh
ctia Dugc dién Viét Nam V.
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