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DEVELOPMENT OF A METHOD FOR QUANTITATION OF CEFUROXIM AXETIL IN
ZANIMEX TABLETS WITH UNKNOWN MANUFACTURING FORMULA USING RAMAN
SPECTROCOSPY
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Abstract: A fast, simple Raman spectroscopic method was developed for quantitation of cefuroxim
axetil in Zanimex tablets with unknown manufacturing formula. The method employed assay model based on
spectral data of reference mixture having mass ratio of cefuroxim axetil over total amount of cefuroxim axetil and
internal standard from 30% to 70% (w/w) recorded in Raman shif zones from 845 cm! to 880 cm™, from 1460
cem to 1505 en!, and from 1560 cm™! to 1615 cm™ with PLS algorithm. The method was validated according
to current requirements on performance of analytical methods, and was proven to have suitable specificity,
linearity, accuracy, and precision for intended application.
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Tom tit: Mot phwong phdp phan tich nhanh, don gidn, sit dung thiét bi quang phé Raman da dwoc phdt trién
dé dinh lwong cefuroxim axetil trong vién nén Zanimex cé thanh phan cong thirc bao ché chiea biét. Phirong phdp
nay si dung mé hinh dinh heong dwa trén dir liéu phé Raman da tién xit Iy ciia hon hop doi chiéu c6 1y 1¢ khoi
lwong cefuroxim axetil trén tong khoi lwong cefuroxim axetil va chudn néi tir 30% dén 70% (kl/kl) dwoc ghi lai
trong ving vimg dich chuyén tir 845 cm™! dén 880 cm, 1460 cm™ dén 1505 cm™ va 1560 cm™ dén 1615 em™ véi
thudt todn PLS. Phurong phdp di duwoc tham dinh theo cac yéu cau quoc té hién hanh vé hiéu nang ciia phwong
phdp phan tich va xdc nhdn c¢6 do ddc hiéu, d tuyén tinh, d ding, do chinh xdc phit hop cho vmg dung du kién.

Tir khéa: Cefuroxim axetil, quang phé Raman, PLS, vién nén
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1. PAT VAN PE

Cefuroxim axetil (CA) 1a dang ester cta cefuroxim,
mdt khang sinh thugc nhém cephalosporin [1]. Tai Viét
Nam, hién nay c6 167 san phém chtra hoat chit CA da
duoc BO' Y té cip sé dang ky Iuu hanh [2].

Phuong phéap phd bién dé dinh lugng CA trong cac ché
pham hién nay 1a sic ky long hiéu nang cao [3, 4]. D6 tin
cdy va pho bién ctia k¥ thudt nay di dugc khang dinh, tuy
nhién phuong phap van doi hoi qué trinh chuan bi mau
phuc tap, st dung cac dung mdi hitu co kém than thién
v6i méi truong va sie khoé kiém nghiém vién. Quang
phé Raman 14 mét ky thuat phan tich c6 nhiéu dic diém
phu hop véi xu hudng phat trién Gng dung cac phuong
phap “xanh” trong kiém nghiém duoc phdm. Nho kha
nang phan tich nhanh, don gian, c6 thé phan tich tryc tiép
trén mau ma khong can chuyén dang, hoa tan hay chiét
riéng ddi twgng can phan tich 1a mot k§ thuat phan tich con
tiém nang c6 thé khai thac dugc, dé tmg dung phat trién
céc phuong phép trong kiém nghiém thudc. Trén thuc té,
quang phd Raman di duoc Gmg dung dé phat trién cac
phuong phap dinh lvong mot duoc chit trong thanh phim
thudc nhu ibuprofen [5], rosuvastatin [6].

Dong thoi, thuce té kiém nghiém thudc trong giam sat
chit luong hau mai thudng gip truong hop phai phéan
tich cac mau ché pham thudc thuong mai luu hanh trén
thi truong khong rd thanh phan cong thirc bao ché. Nham
danh gia kha nang khai thac wu diém cta k¥ thuat quang
ph6 Raman va hudng t6i giai quyét cac van dé thuc té
ctia kiém nghiém, nghién ctru nay duoc thyc hién dé xay
dung quy trinh dinh lugng CA trong vién nén thuong mai
Zanimex 500 c6 cong thic bao ché khong biét chinh xéac
str dung k¥ thuat quang phd Raman.

2. THUC NGHIEM
2.1. Thiét bi, dung cu, hoa chit, chit chuin
2.1.1. Thiét b, dung cu

Trong nghién ctru nay, phd Raman dugc do trén thiét
bi quang phd Raman truyén qua (transmission Raman
spectrometer) QTRam cua B&W TEK (Hoa Ky) co
ngudn laser budc song 785 nm, cong suit toi da 420 mW,
kich thudc vét laser 4 mm, thiét bi duoc trang bi by gitt
mau do dudi dang vién nén co thé do mau ¢ ché do truyén
qua c6 do day t6i 10 mm va duong kinh vién mau téi 12
mm; cac khi luong can can chinh xac duoc can trén can
phan tich MS105 cua Mettler Toledo (Thuy Sy, do chinh
xac d = 0,01 mg). Pé xac dinh ham lugng cefuroxim
axetil trong bot vién d6i chiéu va dé so sanh két qua dinh

10

lugng trong mau thir v6i phuong phép dinh luong dwa
trén quang pho Raman, CA duoc dinh lugng bing phuong
phép sic ky long hiéu ning cao (high performance liquid
chromatography — HPLC) theo cac diéu kién ciia Dugc
dién Hoa Ky [3] sir dung hé thong sic ky long Agilent
1290 ciia Agilent Technologies (Hoa Ky) va cot sic ky
Hypersil SAS (250 x 4.6 mm, 5 um) gin pha tinh L13
ctia Thermo Fisher Scientific (Hoa Ky). Céc thiét bi duoc
quan 1y va hiéu chuan theo cic quy dinh cua ISO/IEC
17025 va GLP.

Viéc tron dong nhat bot vién ddi chiéu voi chuin ndi
paracetamol (PA) dé tao thanh cac hdn hop déi chiéu dugc
thyc hién str dung ¢di chay ma nio loai ding cho phong
thi nghiém.

2.1.2. Hoa chd’t, chit chuin

Chuan ndi PA c6 ham lugng 99,68% la nguyén liéu
duoc dung dugc xac dinh ham luong bang phwong phap
ctia Duoc dién Viét Nam V [7], chuan CA c6 ham lugng
cefuroxim 80,3% (twong duwong ham luong CA 96,59%)
mua tai Vién Kiém nghiém thubc Trung wong.

Methanol tinh khiét sic ky, acid orthophosphoric,
amoni dihydrophosphat tinh khiét phéan tich dwoc mua tai
Merck Viét Nam.

2.2. Pbi twong va phwong phap nghién ciru
2.2.1. Péi tiwgng nghién ciru

Vién nén Zanimex 500 (sau ddy goi tit trong bai la
“ché phim”) v&i thanh phin cong thirc bao ché khong biét
chinh xéc ciia nha san xuat Imexpharm thudc vé 2 16 (s6
16 C49C015, san xuat: 08/2024, han dung: 08/2027 va 16
C49C021, san xuét: 10/2024, han dung: 10/2027) dugc
mua trén thi truong. L6 C49C015 dugc dung dé chuén bi
b6t vién ddi chiéu, 16 C49C021 duoc ding dé ung dung
kiém chimg phuong phép phan tich sau khi xay dung,
tham dinh.

Bot vién dbi chiéu 1a mot lugng bot ctua ché phém (sé
16 C49C015) duoc nghién min va trn déng nhét tir 20
vién, c¢6 chua 64,18% (kl/kl) CA (ham lugng CA trong bot
vién dbi chiéu duoc xac dinh bang phuong phap HPLC sir
dung cac diéu kién theo Dugc dién Hoa Ky 2024 [3]). Két
qua xac dinh ham lugng CA trong bdt vién ddi chiéu duge
tom tat & 3.1.

Dé xay dung phuong phap dinh lugng CA dua trén
dir liéu phd Raman, chuan bi cac hdn hop dbi chiéu co
ty 1& giita khdi luong CA va tong khdi luong ciia CA
va chuan ndi (ky hiéu 1a T,) chinh xéc khoang 30%,
40%, 50%, 60% va 70% bang cach trdn dong nhat cac
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khéi luong dugc can chinh xac cua bt vién ddi chiéu
va chudn noi theo ty 18 thich hop. Hai hdn hop ddi chiéu
dugc chudn bi doc 14p & mdi muc gia tri T,. Thanh

phan va gia tri Tep cu thé cta cac hon hop dbi chiéu
duoc trinh bay chi tiét trong Bang 1.

Bing 1. Thanh phan va gid tri T, ciia cdc hon hop déi chiéu

Ky hi¢u Khoi lwgng bot vién doi chiéu Khoi lwgng chuin ndi Gia trj thue T,

hon hep (mg) (mg) ()
30.1 188,43 280,23 30,21
30.2 190,07 281,02 30,34
40.1 250,21 240,54 40,11
40.2 251,13 240,71 40,18
50.1 312,26 200,02 50,13
50.2 314,35 200,92 50,18
60.1 379,05 160,47 60,33
60.2 378,36 160,61 60,27
70.1 440,05 120,04 70,24
70.2 442,46 120,44 70,29

Dé tham dinh phuong phap, tron dong nhat cac khdi
lugng dugc can chinh xac ctia bot vién ddi chiéu va chuan
noi theo ty 1& thich hop dé tao thanh cac hdn hop thim
dinh ¢6 gia tri T, chinh xdc ¢ 3 mtrc khoang 35%, 50%
va 65% (kUkl), tuong ing véi 70%, 100% va 130% muirc
gia tri }e‘lm viée du kién gﬁa T, (khoang 50%). Sau hén
hop tham dinh dugc chuan bi doc 1ap tai moi mirc gia tri
cua T.,.

Dé dinh luong CA trong mau thir chua biét ham lugng,
14y ngau nhién t6i thiéu 20 vién, xac dinh khéi lugng trung
binh vién rdi nghién thanh bot min va tron dong nhit. Can
ctr vao ham luong CA cong bd trén nhin va khdi luong
trung binh vién, tron dong nhit cac khéi luong dugc can
chinh x4c ctia bot mau thir va chuén ndi dé co hdn hop thir
c6 gia tri woc tinh cua T, khoang 50% (klI/kl).

Dé chudn bi mdi hdn hop dem do phé Raman, cac
thanh phan duoc can chinh xac sao cho tong khéi lugng
ctia hon hop khong dudi 450 mg. Sau khi can, cac thanh
phéan dugc tron déu, dong nhat bang chay cdi mi ndo, mot
khéi lugng thich hop bot dong nhét duoc dap thanh vién
duong kinh 9,5 mm, day 2 mm dé do phd Raman.

2.2.2. Phwong phdp nghién ciu
2.2.2.1. Quy trinh do va xit Iy phé Raman
Ph6 Raman ctia mbi mau duge do bang thiét bi quang

phd Raman truyén qua trong khoang dich chuyén tir 150
cm! — 2800 cm™! trong thoi gian quét 04 gidy véi do phan

giai 4 cm’!, cuong d ngudn laser dit & mirc 90% cong
suat t6i da.

Phé ctia mdi hén hop ddi chiéu dugc ghi lap lai ngau
nhién 10 lan dé iy dir liéu xay dung mo hinh, trong do
chum laser dugc chiéu vao mdi mit vién ctia hdn hop 5
lan tai 5 vi tri khac nhau lua chon ng?lu nhién. Mot tram
phd Raman thd thu duge tir 10 hdn hop dbi chiéu duoc st
dung dé xay dung mé hinh dinh lugng CA theo quy trinh
62222,

Phé ctia mbi hdn hop tham dinh, hdn hop thir duoc do
lap 5 lan, trong do nguén laser dugc chiéu 3 1an vao mot
mit vién ctia hdn hop, 2 1an vao mat con lai, mdi lan chiéu
nguén laser vao mot mat vién & mat vi tri khac nhau chon
ngau nhién.

Toan bd cac phd dugc tién xir Iy bang cac cong cu: dao
ham béc 1 dit liéu pho (Savitzky — Golay 1st Differential),
standard normal variate (SNV) va ldy gia tri trung binh
trung tam (center) dé loai bo su anh hudng cia sy sai khac
quang trinh trong k¥ thuat do Raman. Dit liéu phé sau tién
xtr 1y twong (mg véi cac dich chuyén Raman thu duoc tai
cac vung tir 845 cm! dén 880 cm! , 1460 cm! dén 1505
emr! va 1560 ecnmr! dén 1615 cm™! duge sir dung dé xay
dung mé hinh dinh luong, thim dinh phuong phap va dinh
lwong CA trong mau thir.

Két qua T.,, trung binh tinh toan dugc tir md hinh tir dit
liéu pho sau khi tién xtt Iy cta 5 phd do dugc voi moi hon
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hop tham dinh duoc ding dé d4nh gia do thu hoi, véi mdi
hén hop thir duoc dung dé tinh toan ham luong CA trong
mau thtr theo cong thirc & 2.2.2.3. Gia tri RSD (%) ctia do
thu hoi theo T, trung binh thu dugc trén 6 hén hop thim
dinh tai moi muc gia tri T, danh dinh duoc dung dé danh
gid do 1ap va dg chinh xac trung gian ctia phuong phap dinh
lugng CA.

2.2.2.2.Xay dung mé hinh dinh lwong tir dir liéu pho
Raman

Mo hinh dinh lugng duoc xdy dung tir dir liéu cac phd
Raman sau khi tién xir 1y tai cac ving dich chuyén tir 845
cm'! dén 880 cm!, 1460 cm™! dén 1505 em! va 1560 cm!
dén 1615 cm! thu dwoc véi 10 hdn hop dbi chiéu co thanh
phan va gia tri T, chinh x4c nhu trong Bang 1. Cac muc
gia tri T, nay tuong mg tr 60% dén 140% so v6i mirc
gia tri 1am vigc cua T, trong hon hop mau thir (khoang
50%). Cac phd doi chicu thu dugc tai moi muc gia tri cua
T, (20 Qhé tir 02 pén hop d6i chiéu) dugc chia ngau nhién
lam 2 phan, 16 pho (80%) dua vao tap huan luyén moé hinh
(calibration set) va 04 pho (20%) dua vao tap danh gid ndi
md hinh (validation set). Nhu vay, tap huén luyén bao gém
dit liéu cua 80 phd Raman ddi chiéu, con tap danh gia noi
md hinh bao gém dit liéu ciia 20 phd Raman ddi chiéu.

Dir lidu phd trong tap hudn luyén mé hinh duoc sir
dung dé thiét 1ap mo hinh dinh luong st dung thuét toan
binh phuong t6i thiéu mot phan (Partial Least Square —
PLS). M6 hinh dinh lugng dugc t6i uu hoa thong qua viée
lya chon s Iwong thanh phan chinh (factor) dép tng cac
tiéu chi sau:

- Tinh tuyén tinh cia mé hinh: hé sé twong quan R
gitra cac gia tri T ., thuc va gid tri T, tinh todn lai tr mo
hinh cua cac hon hop doi chicu khi st dung dir liéu pho
ctia tap hudn luyén (R,) va cua tap danh gia ndi mé hinh
(R,) phai gan 1.

- Kha ning du doan: gia tri RMSE (d6 léch chuan ctia
phén du) giita cac gia tri T, thuc va gié tri T, tinh toan
lai tr m6 hinh cua cac hon hgp d6i chiéu khi st dung dir
liéu phé cuia tap huan luyén (RMSEC) va ciia tap danh gia
n6i mo hinh (RMSEV) phai thip va gan nhau nhét co thé.

Sau khi t6i uu hoa, mé hinh dinh luong duoc thiét lap
v6i s6 factor 14 4 (qué trinh thiét 1ap mé hinh duoc trinh
bay & phan 3.2).
2.2.2.3.Tinh todn ham lrong CA trong mdu thir tir mé
hinh dinh luvong

Khi dit liéu phd cua hdn hop thir duoc dua vio mod
hinh dinh luong, mo hinh s€ tra ra gia tri T, chinh xac
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ciia mAu thir. Tir gid tri T,.,,, khdi lwgng bot mau thir, khoi
lugng chuén ndi, ham lugng chuan néi st dung dé chuan
bi hdn hop thir sé tinh ra dugc ham lwong CA (%, kl/kl)
trong mau thir (C,) theo cong thirc sau:

Tp X Mpy X Ppy

Con= x 100%
(100% — T )m,,,

Trong d6 m,,;, m,, (tinh theo cung don vi khéi lugng)
lan lugt 1a khoi lugng bot vién thir, khoi lugng chuan noi
ding dé chuén bi hdn hop thur; T, la gid tri T, cua hén
hop thu tinh toan tir mo hinh dinh lugng; p,,, 1a ham luong
(%, kl/Kkl) cta chuén noi sir dung.

2.2.2.4. Piéu kién HPLC

Dé xac dinh ham lugng chinh x4c cua CA trong bot
vién ddi chiéu phuc vu tinh toan gia tri T, cho cac hon
hop doi chiéu trong Bang 1 ciing nhu danh gia do tin cay
ctia phuong phép dinh lugng CA dua trén phd Raman, quy
trinh dinh lvong CA bang HPLC st dung diéu kién trong
chuyén luan Vién nén Cefuroxim Axetil (Cefuroxime axetil
tablets), cu thé nhu sau: cot sic ky Hypersil SAS (250 x
4.6 mm, 5 um), pha dong 12 hon hop methanol va dung
dich amoni dihydrophosphat 23 g/L chinh pH vé 2,4 (38
: 62, tt/tt) duy tri & tbe d6 dong 1,2 mL/phut, thé tich tiém
méu 20 pL, phat hién pic bing detector PDA & budc song
278 nm [3].
2.2.2.5. Tham dinh phwong phép

Phuong phap dinh Iugng CA su dung mo hinh dinh
lugng xdy dung tir dit liéu phd Raman dugc tham dinh vé
do dac hiéu, do tuyén tinh, do ding, d6 lap lai va do chinh
xac trung gian theo cac hudng dan, yéu cau vé thim dinh
phuong phap phéan tich va hiéu nang ctia phuong phap phan
tich cia ICH Q2(R2) [8], AOAC International [9].

Ppa

2.2.2.6. Phuong phap xur ly s6 liéu
Tinh toan va d4nh gia két qua bang phan mém BWIQ
version 4.1.4 (gdm cac thuat toan tién xir Iy phd va cac mod
hinh dinh tinh, dinh luong béng cac thuat toan toan hoa
thich hop) va Microsoft Excel version 2019.
3.KET QUA VA BAN LUAN
3.1. Xac dinh ham lwgng CA trong bt vién doi chiéu
Ham Iuong CA trong bot vién dbi chiéu dugce xac dinh
chinh x4c bang phuong phap HPLC sir dung diéu kién sic
ky 2.2.2.4 s0 sanh v6i ham lugng cta chit d6i chiéu CA.
Pé dam bao do tin cay cua ham lugng CA xac dinh duogc,
d6 thich hop hé théng dugc danh gia dam bao dat cac yéu
cAu riéng trong chi tiéu dinh luong ctia chuyén ludn Vién
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nén Cefuroxim Axetil ciia USP va cac quy dinh chung trong dinh lwong bang HPLC (Béang 2). Mot sb sic ky d6 dai dién
cua qua trinh dinh luong dugc cung cap trong Hinh 1.

Bing 2. Tém tdt két qua xdc dinh ham leong CA trong bét vién doi chiéu bang HPLC

Chi tiéu

Yéu cau

Két qua

Do phan gidi gitta cac diastereoisomer A va B cua CA

> 1,5 [3]

2,4

Do phén giai gitra diastereoisomer A va CA delta-3-isomer

> 1,5 [3]

1,8

Do lap tong dién tich pic cua diastereoisomer A va B ciia CA (n = 6)

RSD <£2,0%

RSD =0,2%

Heé s6 dap g gitra 2 chuin

98 —102%

100,7%

Ham lugng CA trong bot vién ddi chiéu (%, n = 6)

TB: 64,18%, RSD = 0,5%
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Hinh 1. Séic ky d6 dai dién xdc dinh ham hrong CA trong bot vién doi chiéu

(A: dung dich danh gia d¢ phan gidi, B: dung dich chudn, C: dung dich thit, (a)(b)-pic ciia cdc diastereoisomer A,B

cua CA, (c)-pic cua CA delta-3-isomer).
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3.2.Tién xir Iy dir liéu phd

Céc phd Raman tho do dugc vai cac hon hop ddi chiéu cé gia tri T, khac nhau (Hinh 2A) chua thé hién quy luat
thay ddi rd rang vé cuong do theo thay ddi cua T Do vay, dé xay dung moé hinh dinh lugng CA khong thé st dung
truc tiép dir liéu cua phd Raman thoé ma can tién hanh tién xur 1y pho dé thu dugc dir liéu pho sau tién xu 1y ¢6 cuong do

thay déi tuyén tinh theo gid trj T,,.

210 Raman Specira

Intersitysactir. Lints

150 2m0 a1 4Bl 6@z 702 812 1085 1143 1264 134 1476 1585 100G 1805 1970 2026 2137 2247 2358 246% 2578 2080 2700
Ratman Shit (cm-1)

20 300 430 402 547 €01 6% 710 765 010 674 020 963 1037 1002 1146 1201 126 1310 1364 1410 1473 1620 1502 1637 1691
Reman Sl (cm-1)

1460 1462 1463 1405 1467 1409 1471 1472 1474 1476 1470 1400 1461 1483 1435 1407 1460 1491 1492 1404 1496 1430 1500 1601 1503 1505
Raman SNt (cm-1)

V)

S 0§ o 3

Inteosty A U
gz

i o
H

Raman Spoctra

1560 1563 1565 1567 1560 1571 1574 1576 157 1500 1562 1565 1587 1500 1591 1503 1506 1508 1600 1602 1604 1607 1609 1611 1613 1615
Raman Shift (cm-1)

Hinh 2. Phé Raman ciia cdc hon hop doi chiéu 6 cac mike gid tri T 4 khac nhau trudce khi bién doi (A) va sau tién xir Iy
phé va bién doi bang PLS (B: dich chuyén tir 150 cm™ dén 2800 e ; C: dich chuyén tir 329 cm™ dén 1691 cm!;
D: dich chuyén tir 845 cm™ dén 880 cm'; E: dich chuyén tir 1460 cm™ dén 1505 cm!; F: dich chuyén tir 1560 e’

dén 1615 cm).

Qua khao sat so bd, qua trinh tién xtr Iy phé Raman
tho sir dung két hop cac cong cu dao ham bac 1 (Savitzky
— Golay Ist Differential), standard normal variate (SNV)
va lay gia tri trung binh trung tim (center) d giup phd
sau tién xir Iy cua cac hdn hop ddi chiéu co gia tri Tea
khéc nhau tach biét khoi nhau va cuong do pho thay doi
ty 1¢ thuan véi gia tri T, (hinh 2B). Qud trinh tién xtr
1y phd ciing chi ra viing dich chuyén Raman tir 329 cm’!
dén 1691 cm! (hinh 2C) 13 ving tin hiéu phd ¢6 cudng
d0 thay ddi rd rét nhat theo gia tri T, Trong vung dich
chuyén nay, tin liéu phd sau tién xir Iy thudc cac khoang
dich chuyén tir 845 cm™! dén 880 cm! (hinh 2D), 1460
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em! dén 1505 cm! (hinh 2E), 1560 cm™! dén 1615 cm’!
(hinh 2F) ¢6 cuong d6 16n, 6n dinh tai mdi muc gia tri
T, va co su thay d6i cuong do rd rét giira cac II}ﬁ’C gia
tri T, khac nhau dugc lya chon cho céac bude ti€p theo
cua viéc xay dung va ap dung phuong phap dinh lugng
CA trong vién nén. Dit liéu phd cua cac hdn hop dbi
chiéu duge dung dé xay dung moé hinh dinh luong, dir
lidu phé tir cac hdn hop thim dinh duoc ding dé tham
dinh phuong phép dinh Iugng CA dya vao mo hinh, con
dir liéu phd cua hdn hop thir duge nap vao mé hinh dé
tinh toan gia tri T, cta hon hop thir, tir 6 suy ra ham
lugng CA trong mau thur.
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3.3. X4y dung mo hinh dinh lwgng CA tir dir liéu
phd Raman da qua tién xir Iy

Dit liéu phd da qua tién xi Iy theo quy trinh & muyc 3.2
ctia 80 phd thudc tap huan luyén duoc sir dung dé toi uu
hoa mé hinh dinh luong CA trong ché phdm st dung thuat
toan binh phuong tdi thiéu mot phan (PLS) véi sé luong

1.0000 -

6 2 2 4 x : : ®
09995 1 @ A
0.9990 -

(=4

0.9985 A ®Rc
0.9980 A
0,9975 T T T T T T T 1

1 2 3 4.5 6 7 8 9 10
So factors

factor st dung khac nhau.

bé ¢o duoc mo hinh tdi wu, sb lugng factor da duoc
khao sat tir 1 dén 10, tai mdi s6 factor dugce sir dung, mo
hinh d’u‘(‘)’c (}ﬁng dé tinh toan lai gia tri "[:C A Cua cac h(*?n
hop doi chiéu dya vao dir liéu ctia cac pho thudc tap huan
luyén va tap danh gia n¢i mo hinh.

1.0 i

05 @ RMSEC
=~ 06 -
§ =]
2] Tees

OAO T T T T T T T T 1

1 2 3 4’ 5 6 7 8 9 10
So factors

Hinh 3. Bién doi cuia gid tri R (A) va RMSE (B) theo s6 factor sit dung trong mé hinh.

Vé do tuyén tinh, cac gia tri R, R, déu dat cao hon
0,999 khi st dung tur 2 factor tro [én. Tuy nhién, trong
khi gia tri R duy tri xu huéng tang lén sat 1 hon khi
nhiéu factor hon dugc st dung, thi gia tri R, ¢6 xu
hudng giam xudng khi sir dung tir 5 factor tré 1én (hinh
3A). Diéu nay cho thay khi ding tir 5 factor tr¢ 1én, mo
hinh thu dugc tré nén ngay cang dic trung cuc b hon
cho khéi dit liéu dugc ding dé xay dung mé hinh (tap
huén luyén), trong khi cho twong quan tuyén tinh gitra
gia tri thuc va gié tri du doan kém hon trén khéi dir liéu
“la” (tap danh gia ndi mo hinh).

Tuong ty nhu vay, sai sb giita gia tri thyc va gia tri
tinh lai cua T, thé hién qua RMSE giam xudng véi ca
tap huan luyén (RMSEC) va tap danh gia ndi mé hinh
(RMSEV) khi s6 factor sit dung ting dan tir 1 dén 4, va
chénh léch gitra RMSEC va RMSEV giam xudng, dong
thoi RMSEV dat gia tri thip nhat v6i 4 factor. Tuy nhién,
khi st dung tir 5 factor trd 1én, RMSEV lai ¢6 xu huéng
tang 1én trong khi RMSEC tiép tuc giam, chénh léch gitra
RMSEC va RMSEV tang 1én (hinh 3B). Nhu vay, kha
ning du doan ciia mo hinh ting 1én trén ca tap huan luyén
va tip danh gia ndi mé hinh khi sb factor ting tir 1 t6i 4
va gidm di trén tap danh gid ndi mo hinh khi stir dung tir 5
factor trd 1én.

Nhiing két qua thu dugc véi R va RMSE déu chi ra
rfing st dung tir 5 factor tro 1én s€ khién mo hinh bj hién

tuong overfitting, tréd nén qua dic trung cuc bd cho dir
liéu trong tap huén luyén, dan t6i 4o dung s€ kém di khi
dung xéac dinh T, ctia cac hén hop thir. Do d6, str dung 4
factor 1a phu hgp nhat, cho kha nang du bao tot nhat trén
tap danh gia ndi mo hinh, khong bi hi¢n tuong overfitting.
Tl qué trinh t6i wru héa, mé hinh dinh lugng CA tir dit
liéu phd Raman ciia cac hdn hop déi chiéu thudc tap huan
luyén str dung 4 factor da dugc lya chon cho phuong phap
dinh Iuong CA trong ché pham.

3.4. ThAm dinh phwong phap dinh lwgng cefuroxim
axetil st dung mé hinh dya trén dir liéu pho Raman

Dé dap ung cac yéu cau ciia mo hinh dinh luong
thuong quy, mo hinh dinh Iwong CA da xay dung sé
duogc tham dinh cac chi tiéu vé do diac hiéu, do tuyén
tinh, d6 dtng, d6 chinh xac (d¢ lap lai va do chinh xac
trung gian).

Vé do dac hiéu, ph?m dir liéu phé Raman duogc st dung
dé xay dyng mo hinh va dinh lugng CA trong méu thir
déu duoc chon & vung c6 cuong do tin hiu dao dong ty
1¢ thuén theo gia tri T, tire la ty 1€ khéi luong gitta CA
va chuén noi, trong hon hop do phé, dam bao do dac hiéu.
Mat khac, mirc d¢ dac hiéu ciia mot phuong phap dinh
luong con thé hién qua do tuyén tinh, d6 dung, d6 chum.
Céc két qua tham dinh nhiing chi tiéu nay ciing déu dat
yéu cau cia ICH, AOAC International (cu thé trong cac
phan dudi) cho thiy phuong phap dam bao do dic hiéu.

IN)
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x1d Predicted vs Measured of Y1

R __R Square RMSE
6.9: 0.99975 0.99951 0.31458
0.99981 0.99962 0.28253

o
©

o
I

Predicted Y1

39

34

29

x1d

267 286 304 323 342 360 379 398 416 435 454 472 4%}

510 528 547 566 584 603 622 640 659 678 696 7.15 7.34

leasured Y1

Hinh 4. Tuwong quan tuyén tinh giita cdc gid tri thiee (Measured Y1) va gid tri dy dodn tir mé hinh (Predicted Y1)
cia TCA trén hon hop doi chiéu.

D6 tuyén tinh cua phuong phap dwoc danh gia thong
qua kha niang mé hinh dinh luong cho két qua xac dinh
lai gid tri T, ctia cac h(:)I’I hop dbi chiéu va hdn hop thim
dinh c6 twong quan tuyén tinh chat ché véi gia tri thuc
Tea biét trude cﬁ~a cac h(:)I} hop péy trong toz}n bcf? dai gia
tri T, ctia cac hon hop doi ghiéu st dung dé huan luye::n
va danh gia ngi m6 hinh. Két qua thuc nghiém cho thay
mo hinh da xay dung cho phuong phap dinh lugng CA cé
do tuyéq tinh t6t trén toan dai gid tri T, tir 30% qén 70%
cac h¢ sd tuong quanR , R, tuong ung voi tap huan luyén
va tap danh gid ndi mo hinh déu cao hon 0,999 (hinh 4).
Khodng gi4 tri T, ndy tuong tmg 60% dén 140% mic
gia tri lam viéc cua T, (50%).

Do chinh xac va do ding cua phuong phap dugc danh
gid trén cac hon hop thdm dinh c6 gia tri T, biét trude
tuong ung 70%, 100% va 130% muc gia tri lam viéc, két
qua tap hop trong bang 4. Vé d6 dang, do thu hdi o ca
3 muc thim dinh déu ndm trong khoang 98 — 102% voi
RSD déu duéi 1,0%. V& d¢ chinh xac, danh gia do lap
lai va do chinh xac trung gian déu cho RSD duéi 1,0%.
Nhu vy, Kkét qua tham dinh do dang, do chinh xac cua
phuong phap déu dat yéu cdu cia AOAC International
[9]. Khoang lam viéc ctia phuwong phap do d6 nim trong
dai gid tri T, tir 70% dén 130%, dap tmg yéu cau cta
ICH Q2(R2) [8].

Bing 4. Két qua tham dinh dé diing, do chinh xdc

Miic gié tri T, thAm dinh Khoing ty 1¢ thu hoi | D9 thu hdi (TB+SD) RSD (%)
(n =6 cho mo6i mirc) (%) (n =6 cho m6i mirc) (n =6 cho m6i mirc)
Do ding
70% murc 1am vige (T, = 35%) 98,9 -101,4 100,5+0,9 0,9
100% mure 1am vige (T, = 50%) 98,9 -101,2 100,3 + 0,9 0,9
130% muc lam viée (T, = 65%) 99,5-101,1 100,4 £ 0,6 0,5
Do 1ap lai (n = 6), d6 chinh xac trung gian (2 KNV, n=12)

100% mure 1am vige (T, = 50%) 0.9

(KNV1,ngay 1,n=106) ’
100% murc 1am vige (T, = 50%) 0.6

(KNV2, ngay 2, n=6) ’
100% muc 1am vige (T, = 50%) 0.7

(2 KNV, 2 ngay, n=12) ’
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3.5. Ap dung trén miu thuc

Phuong phap dinh lugng CA trong ché phim dua trén dir liéu phd Raman di duoc ap dung trén mot 16 khac coa
san pham nay va so sanh vdi két qua phan tich str dung phuong phap HPLC cua Dugc dién Hoa Ky [3] (Bang 5). Ham
lugng trung binh cia CA trong 16 nay khi phan tich bang phuong phdp Raman va phuong phap HPLC khac biét khong

c6 y nghia théng ké (P> 0,05).

Bing 5. Két qua dinh heong CA trong ché phim va so sanh véi két qua HPLC

- Ham luwgng CA (%, kl/kl) (TB £ SD)
010
Raman (n=6) HPLC (n=6)
C49C021 64,8+0,9 64,6 +0,7
. . P=0,51>0,05
Keét qua ANOVA single factor
Fthuc nghiém = 0’47 < Fcritical = 4’96

3.6. Ban luian

Mot trong nhimg khé khin 16n nhat khi xdy dung
phuong phap dinh luong dugc chat trong cac thanh pham
thude bang cac k¥ thuat quang phd nhu quang phd Raman
1d khong ché dugc anh hudng tir nén mau. Khi biét trude
thanh phan chinh x4c cia céng thic bao ché, mé hinh dinh
luong c6 thé duoc xay dung tir dit liéu phé Raman cua cac
mau dbi chiéu duoc chuan bi béng cach phéi tron duoc
chit voi hdn hop ta duge theo dung thanh phan cong thirc
bao ché.

Tuy nhién, véi truong hop khong biét cong thirc bao
ché chinh xac (thanh phan ta duoc, ty 1¢ khdi lugng giita
cac thanh phan, nhit 13 ty 18 khéi luong giita cac ta duoc
c6 vai trd quan trong trong viéc tao ra dap tmg phd tong
hop ciia nén mau) s& khong thé sir dung cach tiép can ké
trén. Trong nghién ctru nay, dé khic phuc kho khin khi
khong biét thanh phan chinh x4c ctia nén mau, cac hdn
hop ddi chiéu ¢6 ty 18 % (kl/kl) chinh xac ciia CA trén
tong khdi lugng CA va chudn noi (Tp) dugc tao ra bang
cach tron bot doi chieu da biét ham lugng CA véi chuan
ndi, sau d6 mo hinh dinh lugng dugc xay dung dua trén
quan h¢ gilra gia tri T, va dir ligu phd nhim han ché anh
hudng ctia cac thanh phan nén mau khong biét chinh xac.

Két qua tham dinh phuong phap va 4p dung dinh
lugng CA trong mau thir da cho thay phuong phap dinh
luong dya trén dit liéu phd Raman dap tmg cac yéu cau vé
hi¢u nang cua phuong phap phan tich ctia ICH Q2(R2) [8]
va AOAC International [9], nhu vay cach tiép can su dung
paracetamol 1am chuén ngi dé xay dung mé hinh dinh
luong CA di cho phép khic phuc anh hudng tir nén mau
khong biét thanh phan dé dam bao do tin cay cua két qua
dinh lugng. Bén canh d6, két qua dinh lugng CA trén cing
16 mau ché pham bang phuong phap Raman tuong dong

v6i phuong phap HPLC cua Dugc dién Hoa Ky (Bang 5)
chimg t6 phuong phép sir dung quang phd Raman c6 thé
1a giai phap k¥ thudt thay thé phit hop cho phuong phép
ctia Dugc dién Hoa Ky, dong thoi khang dinh tinh kha thi
ctia viéc tmg dung quang phé Raman dé dinh lugng cac
duogc chat ¢ hiéu ung Raman, nhu da dugc chiing minh
trén mot s6 duoc chét khac [5, 6].

Dong thoi, két qua thu dugc trong nghién ctru nay
ciing cho thy viéc st dung chudn ndi cho phép khéc phuc
anh hudng tir nén mau khong biét rd dé xay dung phuong
phép dinh luong CA trong ché phim cho két qua tin cay tir
dit liéu phd Raman. Nhu véy cach tiép can duoc st dung
trong nghién ciru niy c6 thé st dung dé xay dung phuong
phép dinh lugng CA, va xa hon 1a ca cic dugc chat khac
¢6 tin hiéu phé Raman, trong ché pham thudc c6 thanh
phén cong thirc bao ché khong biét chinh xéc.

4. KET LUAN

Phuong phap dinh lwong CA trong ché phim vién
nén Zanimex 500 c6 cong thirc bao ché khong biét chinh
xac dugc xay dung st dung mo hinh dugc thiét lap tor di
liéu phd Raman cta hdn hop dbi chiéu chtra chuan noi
paracetamol di tién xtr 1y & cac ving dich chuyén 845
em! - 880 cm!, 1460 cm! dén 1505 cm’!, 1560 cm™! dén
1615 cm! véi thuat toan hdi quy binh phuong t6i thiéu mot
phan (PLS). Nguyén tic tién xir Iy phd va thiét 1ap mo hinh
don gian, sir dung cic thuat toan hoa, tién ich sin c6 tich
hop trén phan mém xir Iy phd thuong mai, thuan loi cho ap
dung thuong quy ma khong can hiéu biét qua sau vé toan
ho4 hay str dung céc phan mém chuyén dung cho toan hod.
Phuong phap dinh lugng da dugc tham dinh theo cac yéu
cau ciia ICH Q2(R2), AOAC International, két qué thdm
dinh cho thiy phurong phap dam bao d¢ tin ciy va hiéu ning
can thiét cho tng dung du kién.
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