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SUMMARY

RAPID AND SIMULTANEOUS DETERMINATION OF CEFADROXIL,
CEFALEXIN, CEFACLOR IN TABLETS BY NEAR AND
MIDLE INFRARED SPECTROSCOPY

In this study, the simultaneous quantitative analysis of cefadroxil, cephalexin,
cefaclor in tablets using multivarite linear regression based on near infrared spectral
has been developed. The same model of partial least squares (PLS) with 6 separate
vector matrix is built with standard matrix of samples (22 samples containing 4 analytes
together with total of excipients) were applied for individual and/or simultaneous
determination of cefadroxil, cephalexin, cefaclor in samples. A matrix of test samples
including 9 samples created by known amount of components was used to assess the
accuracy of the PLS model. The results indicated the relative error varied from 1.1 to
15%. The optimum experimental conditions were spectral region: 3600 - 2800 cm™;
volume ratio of sample/ KBr: 98 (w/w); 14mg of pellet form. The analytical results of 3
commercial drug samples containing 1 of 3 actives by means of near-infrared spectral
and chromatographic methods LC-MS mass spectrometry showed the small relative
error (<15%) between two methods. The showed results can be used for rapid and
simultaneous determination of the active ingredients of cefadroxil, cephalexin, cefaclor
in the pharmaceutical tablets.

Tir khod: phwong phdp hong ngoai gan, hoi qui da bién tuyén tinh, binh phuong téi
thiéu tirng phan, LCIMS- orbitrap
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1. MO PAU

Céc hoat chit Cefadroxil, cephalexin 1 khang sinh nhom cephalosporin thé hé 1,
c6 tac dung diét khuén, ngan can sy phat trién va phan chia cua vi khuén béng cach trc
ché tong hop vach té bao vi khuan [1]. Cong thirc ciu tao cia cefadroxil, cefalexin va
cefaclor nhu ¢ hinh 1:

HO.__O NH, NH,
H (0] o Cl
HN 0~ “OH 0”7 “OH
b) c)

a)

Hinh 1: Céng thirc cdu tgo cia Cefadroxil (a), Cefalexil (b) va Cefaclor (c)

Trong dugc dién Viét Nam, cic chat nay dugc phan tich riéng r& bang sic ky long
hiéu ning cao (HPLC) detector tir ngoai (HPLC-UV) véi cot tach 1a cot C18 gdm
acetonitril — dém phosphat pH 5,0 (ty 1& thé tich 4:96) khi phén tich cefadroxil, hdn hop
dém photphat pH 3,0 - acetonitril-methanol-triethylamin (ty 1& thé tich 850:100:50:15)
khi phan tich cefalexin va hon hop dém photphat pH =2,5 véi trimetylamin  va
methanol (ty 1¢ thé tich 78:1: 22) khi phén tich cefaclor [2]. Trong cac ddi twong phirc
tap hon nhu mau sinh hoc, khi c6 mit dé)ng thai cac chét & dang luong vét thi phuong
phap LC/MS thuong duoc ding [3, 4, 5]. Ngoai cac k¥ thuat phd bién 1a HPLC, phuong
phap dién héa ciing co thé dinh lugng duoc riéng 1¢ timg hoat chét trong thude [6,7,8].
So v6i cac phuong phép trén, thi dinh lugng cac hoat chat khang sinh trong thudc bang
phd hong ngoai gan (NIR) c6 vu diém ndi troi 1a khong phai xir 1y mau, phan tich
nhanh, gi4 thanh ré do khong tén dung méi va néu két hop véi thuat toan hdi qui da bién
thi khong phai tach riéng cac chat ra khoi nén mau chira ta dugc va c6 thé phan tich
dong thoi cac hoat chit trong cting nhém thude nén hién 1a k¥ thuat dang dugc sir dung
nhiéu dé phéan tich céc hoat chét trong thude [9,10, 11,12].

Trong nghién ciru ndy, ching toi xdy dung phuong phap kiém tra
nhanh va dong thoi chat luong thubc vién nén chira cac hoat chét
cefadroxil, cephalexin, cefaclor thudc ho cephalosporin bang phuong phap
quang phd hong ngoai gan két hop voi hoi qui da bién tuyén tinh (MRL)
ma khong can phan hiy mau. Vi mot mo hinh duong chuan da bién duoc
xay dung tur bo mau chuén rin tu tao chta 3 hoat chat va 3 ta duoc, béng
thuat toan binh phuong tdi thiéu ting phan (PLS) s& cho phép dinh luong
duoc thude chira 1 trong sd 3 hoat chat nay dang luu thong trén thi trudng
va d6i chimg voi phuong phap phan tich sic ky 1ong khéi phd phan giai
cao (LC/ MS — orbitrap)
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2. THUC NGHIEM
2.1. Hoa chat, dung cu, thiét bi

- Chét chuén cefadroxil, cephalexin, cefaclor do Vién kiém nghiém trung wong.

- Cac ta duoc:

+ Magie stearat (Peter Greven Asia SDN. BHD), dat tiéu chuan di kiém tra theo
USP34.

+ Bot Talc (Cong ty c¢6 phan hoa dugc Viét Nam), dat tiéu chuan di kiém tra theo
DbVN 4

+ B0t lactose (Cong ty co phﬁn hoéa dugce Viét Nam), dat tiéu chuin d3 kiém tra
theo DBDVN 4

- Hoéa chét tinh khiét phan tich (P.A.) gdbm KBr (dung cho phép do hdng ngoai) va
dung cho HPLC nhu axit axetic, NaOH, axetonitrin, triethylamin, methanol (Merck)

- Can phén tich ES 225 SM-DR d6 chinh xac + 000001g.

- B9 dung cu ép vién: Agilent Technologies standard sampling kit (part no: Pike -
162 - 1000).

- May quang phd hong ngoai Agilent Technologies Cary 600 Series FTIR
spectrometer, dai s6 song do 7500-2800 cm™. Detector nhiét DTGS. Thiét bi duoc dat
trong phong do duy tri d6 4m dudi 30%.

- Thu vién pho chuan: ST- Japan spectral libraries (part no: K8159 - 1000)

- Phan mém Matlab 7.6: Chuong trinh binh phuong t6i thiéu timg phan dé phan
tich dong thoi cac cau tir trong cing hdn hop.

- Hé thdng sic ky long khdi pho phan giai cao LC/MS- LTQ-orbitrap cia hang
Thermo Scientific ; Pha tinh 1a c6t: C18, (2.1 mm ID x 50mm x 1.9 pm).
2.2.Quy trinh dinh lwong nhanh va dong thoi Cefadroxil, cephalexin, cefaclor
trong thuéc vién nén bang phwong phap NIR

Budc 1: Chuan bj cdc mau chuan, mau kiém tra chtra ddng thoi cac hoat chat
cefadroxil, cephalexin, cefaclor va cac ta dugc voi ty 1¢ thay d6i trong khoang ndng do
khao st sao cho tin hiéu do hip thu thay doi trong ving tuyén tinh. Tién hanh tron déu
va nghién min déng nhat hdn hop trong cdi mi nio khoang 15 phut.

Budc 2: Léy mot luong hdn hop chét vira tao tron véi KBr theo ty 1€ ti uu,
nghién min dong nhit mau trong cdi ma no trong 15 phit.

Budc 3:Can khoang 15 mg luong bot vira nghién cho vao bo ép thuy luc dé thu
duoc vién mau moéng va trong sudt. Po phd hong ngoai cta vién mau trong ving pho tbi
uu, ghi lai do hép thu quang cuia tirng mau, xuét sd liéu thu duoc dudi dang ASCII va
chuyén toan bo dit liéu vao phan mém matlab dé tinh toan két qua.

Budc 4: Pudng chuan da bién dugc xdy dung dua trén ma tran d6 hap thu quang
ctia cac mau chuan va mau kiém tra di chuan bi ¢ phan trén. Nhap sb liéu ma tran ndng
dd cac mau chuin, ma tran cdc mau kiém tra va cic ma tran tin hiéu do tuong ung vao
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phﬁn mém Matlab, chay chuong trinh tinh todn ma trdn hé s6 hoi qui theo 2 phuong
phap PLS va PCR trén phan mém va sir dung ma tran nay dé tim ndng d6 mdi hoat chat
trong timg mau. So sanh sai s6 twong dbi cua mdi phwong phap, lwa chon ra phuong
phap t6i wu nhat dé tién hanh dinh lwong cac mau thyc té.

Buéc 5: Tién hanh dinh lugng céc mau thuc té: tron mot lugng bdt vién thudc
v6i ta duge dé pha lodng ndng do hoat chat vé ndng do ndm trong ma tran chuin da xay
dung, do phd cua cic mau nay, ghi lai phd va chuyén dit liéu thu dugc vao phin mém
Matlab dé tinh toan két qua. Tir d6 tién hanh tinh toan ham lwong hoat chit trong
cac mau thudc vién theo cong thirc dudi déy:

HL(mg/vién)= (X. my)/m;

Trong d6: X: Khi lugng cua hoat chat tim dugc tir mé hinh hdi qui da bién tuyén
tinh (mg)

my: khéi luong ciia mau thir (mg)

M: khoéi lwong trung binh cia 1 vién cua thude (mg)
2.3.Phan tich @6i chieng bang LC/MS

- Pha dong gém: kénh A la dém CH3COONH, 12,50 mM, kénh B: ACN vdi ti 1é
thé tich hai kénh A va B la 30/70. Thé tich mau bom 1a 10pl, toc d6 pha dong 1a 200
pl/phat.

- Dung dich chudn:

+ Dung dich chuan goc 200ppm: Can chinh x4c 0,0050 g céc chét chuan trén cin
phan tich cta timg hoat chat nghién ctru ( cefadroxil, cephalexin, cefaclor), hoa tan bang
MeOH trong binh dinh mirc 25 ml va dinh mic dén vach bang dung méi pha dong
CH3COONH, 12,50 mM. Dung dich chuan gbc dugc bao quan ¢ nhiét do tir 0-5°C,
tranh anh sang truc tiép.

+ Dung dich chuan hdn hop lam viéc: Lay chinh x4c thé tich hén hop dung dich
chuan gbc va dung méi pha dong CHsCOONH, 12,50 mM cho vao vial loai 1 ml thu
duogc cac dung dich chuan lam viéc 20 ppm, 10 ppm va 5 ppm. Lic déu, loc qua mang
loc 0,20um.

Ttr dung dich chuan 1am viéc 10 ppm pha lodng tiép vé cac nong do 1 ppm, 0,5
ppm, 0,2 ppm va 0,1 ppm bang cach ldy chinh xdc hdn hop dung dich chuan 10 ppm
va dung méi pha dong CH3COONH, 12,50 mM vao vial loai 1 ml. Lac déu, loc qua
mang loc 0,20um. Chuédn 1am viéc duoc bao quan & nhiét do tir 0-5°C, tranh anh séng
tryc tiép.

- Chudn bi mdu phan tich thuc té:

Can 20 vién thudc, nghién min va can luong mau tuong ing véi 1 vién, (khoang
Smg) vao binh dinh mtic 25ml, thém mot lwong methanol, lic siéu 4m hoa tan dé
ngudi, thém dung moi pha dong CH3COONH, 12,50 mM dén vach, lic déu. Hut chinh
xéac 50 pL dich trén vao vial loai 1ml, thém pha dong vira di dén 1ml ddi v6i mau chira
hoat chat cephalexin, cefaclor. Hut chinh x4c 25 pL dich trén vao vial loai 1ml, thém
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pha dong vira dii dén 1ml ddi véi mau chira hoat chét cefadroxil. Lic déu, loc qua mang
loc 0,20um. Tién hanh chay sic ky lan luot véi dung dich chuin va dung dich mau phan
tich. Tinh ham lugng hoat chét cefadroxil, cephalexin va cefaclor trong mét vién thude
dwa vao dién tich pic trén sic ky do ciia dung dich mau thyc té, dung dich chuén.

3. KET QUA VA THAO LUAN

3.1. Khao sat diéu kién t6i wu xac dinh dong thoi cefadroxil, cephalexin va cefaclor
trong cuing hén hop

3.1.1 Phé hap thu viing NIR cia cac hoat chdt va td diroc
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Hinh 2: Phé NIR ciia ba hoat chat cefadroxil, cephalexin,
cefaclor trong viing 7500-2800 cm™
Phé hap thu viing NIR (7500- 2800 cm™) cua 3 hoat chit nghién ciru thu dugc &
hinh 2 cho thay cac hoat chat nay déu hap thu manh tia IR trong ving phé 3600- 2800
cm™. Két qua khao sat anh huong cia mot sé loai ta duge thuong ding dé san xuit cac
khang sinh nhém cefalosporin ciing cho thdy mau bét talc hdp thu manh trong ving
hdng ngoai 3750-3650 cm™*, miu bot magie stearat hip thu manh trong viing phé hdng
ngoai tir 2950-2800 cm™ ! va Lactose déu hap thu birc xa hong ngoai tir 3600- 2800 cm”
! Do d6, khong thé xac dinh riéng ré cac hoat chat nay trong vién thuéc bang ky thuat
duong chuan thong thudng ma phai dung thuat toan hdi qui da bién.
3.1.2. Anh hwong cua lwong KBr khi ép vién va do ap lai phép do
Khi tron bot cua mau thude cefadroxil, cephalexin va cefaclor véi KBr theo ty I¢
khéi lwong khéac nhau, két qua cho thay khi ty 16 khéi luong mau/KBr ting thi d6 hap
thu quang cua cac mau vién ciing ting 1én nhung do 1ap lai ciia phép do cang kém. Con
néu luong mau dua vao quéa nho thi dé gy ra sai s6 trong qua trinh can, ty 18 khéi lugng
mau/KBr 2/98 chiing t6i chon la phu hop.
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3.2. X4c dinh dong thoi cefadroxil, cephalexin va cefaclor sir dung ciing mé hinh PLS
3.2.1.Xay dung phuong trinh dwong chudn da bién

Phuong trinh dudng chuan da bién PLS x4c dinh dong thoi cefadroxil, cephalexin,
cefaclor va téng ham luong ta dugc dya trén ma tran ham luong cua 22 mau chuin
dang bot chira dong thoi cefadroxil c¢6 phan tram khdi lwong trong cac miu trong
khoang tir 13% dén 58%; cephalexin c6 phan tram khdi luong trong cac miu trong
khoang tir 10 dén 29,7%g, cefaclor co6 phan tram khdi lwong trong cac miu trong
khoéang tir 5% dén 15% va tong 3 ta duoc 1a lactose, magie stearat va talc ¢6 phan trim
khdi luong trong cac mau trong khoang tir 46%g dén 52%g. Ma tran tin hiéu do cua 22
mau tai 417 sb song 1a d6 hap thu quang trong ving phd tir 3600-2800 cm™. Dung cau
1énh tim 6 cdu tir chinh trong phan mém Matlab thi thay ring PC=8 chiém 99% luong
thong tin cua tap sb lidu tir s6 PC=8 trd di lugng thong tin thu dugc thay doi khong dang
ké. Do d6 c6 thé két luan chi can 8 cAu tr c6 anh hudng chinh t6i cic thong tin chua
trong tap so liéu, vi vy chiing toi lya chon sd ciu tir chinh 1a 8 dé 1am co sé tinh toan
hé s6 hodi qui theo phuong phap PLS véi khong gian méi cta tap sb liéu va ma trdn ndng
do da xay dung.
3.2.2.Ddnh gid tinh phit hop Ciia phwong trinh héi quy da bién PLS
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Hinh 3: Méi twong quan giira phdn tram khéi luong hoat chdt tim dwoc tir mé hinh
‘ va ham hrong cé trong mau tw tao ’ ’

Mot ma tran gdbm 9 mau ki€ém tra véi ham luong céc hoat chat va ta dugc biét
truéc ndm trong khoang dudng chuan di xay dung duoc dung dé kiém ching tinh phu
hop ctia mé hinh hdi quy. Hinh 3 cho thiy c6 su phu hop rét tét gitra ham lugng hai
hoat chit c6 trong mau tu tao (synthesis (S) v6i ham luong hai hoat chit tim lai dugc
(found (F) bang mé hinh. Céc gi tri sai s6 mac phai chi tir 0,7% dén 15,2%. Do do,
hoan toan c6 thé ap dung phuong phap nay dé xac dinh ddng thoi cic hoat chét trén
trong ciing mot hdn hgp ma khong can tach loai.
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3.3.Ung dung phén tich miu thuéc vién

Trong cac phép phan tich, mdi miu thudc vién nén cua cac nha san xuat khac
nhau dugc thu thap trén thi trudng. Can 20 vién thude, tinh khéi lugng trung binh vién
va nghién thanh bot min. Can chinh xac mét lwong bot mau (m) Gng voi mot vién va
1am nhu qui trinh & muc 2.2. Céc két qua phan tich mau thyc té chi chira mot hoat chat
trong ba hoat chat trong thudc vién bang chinh ma tran chira dong thoi 3 hoat chét cho
thiy phl hop vai phép phan tich d6i ching véi sai sé chi khoang dudi 10%, két qua
trong cac mau cu thé thu duoc & bang 1.

Bang 1: Két qua phan tich ham lwong (mg/vién) CTR va CTX trong cac mau thuoc vién

Ham luong hoat chat (mg/vién)

Ky hiéu , , Lo san
N Tén thuoc Nha san xuat , PP @61 ching
mau xuat PP NIR
LC- MS
Cephalexin CTCP Hoéa Duogc VD-
CPX , 556,78 + 0,20 | 545,88+0,09
MKP pham Mekophar | 22305-15
Cong ty TNHH VD-
CFC Mekocefaclor 274,92 +0,27 | 283,81+0,42

US Pharm USA | 22305_15

] CTCP Héa Dugc VD-
CFD Cefadroxil , 572,90+ 0,11 | 512,67+0,025
pham Mekophar 2563-07

Céc két qua thu dugc cho thidy ham lugng cac hoat chat thu dugc theo phuwong

phap NIR-PLS so vé&i phuong phap ddi chimg LC-MS c6 sy khac nhau khéng c6 y
nghia thong ké. Do chéch twong dbi ham luong 3 hoat chat phén tich vé6i gia tri xac dinh
theo phuong phap ddi chting LC-MS déu dudi 15%.
3. KET LUAN

Trong nghién ciru nay, da tién hanh xay dung mo hinh hoi qui PLS xé4c dinh dong
thoi cac hoat chat nghién ctru trong cung hdn hop khi c6 mat cac ta duoc, cac két qua
sai s0 thu dugc tir cic md hinh trén phan 16n c¢6 sai s6 < 15% (sai s6 nam trong giGi han
cho phép). Mit khac c6 thé ung dung mo hinh hdi qui tuyén tinh PLS két hop véi
phuong phap phd hong ngoai gan dé xac dinh nhanh cic mau thudc thyc té dang luu
hanh trén thi truong hién nay, voi do chénh ciia phuong phap nghién ctru hoat chat
cefadroxil theo phwong phap phd hong ngoai gan so voi phuong phap ddi ching 1a
11,7% ;Do chéch ciia ham lugng Cephalexin khi dinh luong bang phuong phap phd
hdng ngoai gan so voi phuong phap ddi chimg 1a: 2,0%; P chéch cia ham luong
Cefaclor khi dinh luong bang phuong phap phd hong ngoai gan so véi phuong phap
dbi ching 1a: 3,1%. Do chéch khi phan tich cac mau 1a twong d6i nho va dao dong
trong ving sai s6 cho phép cta phép do. Do d6 c6 thé dung mo hinh nay dé dinh luogng
nhanh cac miu thudc thuc té ma khong phai xir Iy mau thanh dung dich.
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