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Dinh lugng dong thot cefotaxime va ceftriaxone trong thuoc
bot pha tiém bang phuong phap quang pho hong ngoat gan
(NIR) két hgp véi binh phuong toi thiéu tung phan (PLS)
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Tém tat Trong phén tich ham lugng hoat chét trong thubc thi phuong phép quang phd héng
ngoai gan két hop véi todn thong ké da blen ¢6 wu diém 12 don gian, gi thanh thap, phan tich
nhanh va dic biét 1a khong phai phd hiy mau. Trong nghlen clru nay, hai hoat chét cefotaxime
va ceftriaxone (thuéc nhém cephalosporm) trong thubc bot pha tiém dwoc dinh lu(mg nhanh
bang phuong phéap quang phd hdng ngoai gan két hop véi thuat todn binh phuong t6i thiéu timg
phin (NIR-PLS). Céc dleu kién t6i vu cua phuong phap gom phd hép thy hdng ngoai dwoc do
trong viing 3600-2800cm™, ti 1¢ tron mau v6i KBr theo khdi lugng 1a 2/98, lugng ép vién mau
12 15mg. M6 hinh binh phu’ong t6i thiéu tirng phan (PLS) v6i 7 vecto riéng dwoc xay dung voi
ma trin ham luong chuén c6 kich thudc 24x3 (24 miu chuan va 3 thanh phin gdm cefotaxime,
ceftriaxone va téng céc loai t4 dugc) dugc tron véi lugng khac nhau trong mdi miu. Ma tran
méu kiém tra gdm 16 méu ty tao c6 thanh phan biét truéc duoc dung dé danh gid tinh phit hop
ctia md hinh PLS va cho thdy sai sé twong ddi ctia phuong phap tir 0,1-13%. Két qua dinh
lwong mau thyc t& bang phuong phap hdng ngoai gan két hop PLS c6 dbi chimg két qua dinh
tinh va dinh lugng véi phuong phap LC/MS- orbitrap cho thay 2 phuong phap chénh léch nhau
dudi 15%, nén hoan toan c6 thé sur dung phuong phip NIR két hop thuit toan PLS dé dinh
lwong nhanh cdc hoat chét trong mau dugc pham trén thi truong.

Tir khod: Phuong phap hong ngoai gan, hdi qui da bién tuyén tinh, binh phuong tbi thiéu timg
phan, LC/MS- orbitrap.

1. Mé déu loai khang sinh gia khang sinh hoédc khong dat
i i ham luong ban trén thi truong gy nguy hiém

Hi¢n nay, kiém nghi¢m nhanh thanh phan dén s@ khoe bénh nhan khi diéu tri.
cdc hoat chét trong céc loai thudc, ddc biét 1a Ceftriaxone (CTR) va cefotaxime (CTX) la
khang sinh 12 van dé dang dwoc quan tim. Cac nhitng khang sinh thé hé 3 cta khang sinh ho

cephalosporin, thugc nhom beta lactam, dugc
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cic bénh do cdc vi khuan gram 4m khdng lai
céc khang sinh khic gy ra, ddp ung diéu tri
t6t bénh do vi khudn ma xanh gly
nén.Cefotaxime ciing c6 phd khang sinh rong,
chéng lai cic vi khuan gram duong va céc vi
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khuan gram 4m ké ca khi va yéu Kkhi.
Cefotaxime dac biét cé hiéu qua trong diéu
tri cdc bénh viém mang ndo[2]. Céng thuc
cAu tao cua Ceftriaxone va cefotaxime nhu
6 hinh 1.
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Hinh 1. Cdng thtic ciu tao cua Ceftriaxon (a) va cefotaxim (b).

Dang thanh phim hai khdng sinh nay
thuong 1a dang bot pha tiém. Dé phan tich hai
khang sinh ndy , duoc dién Viét Nam quy dinh
phuong phip sic ky léong hidu ning cao
HPLC, detector UV [1]. Phuong phap nay va
phuong phip két hop voi detector MS ciing
dugc dung phd bién trong cdc nghién ciru xdc
dinh hai chat nay trong cic ddi tuong khic
nhau [2-6]. Cac phuong phdp khiac don gian
hon nhung chi xac dinh dugc mdt loai hoat
chat riéng r& nhu UV-VIS trén co s hinh
thanh phtrc ciia cdc khang sinh véi hon hop
Fe’* va ion hexacyanoferate [8] hodc vdi
Crom(VI), duoc oxi hoda bé‘ing kalidicromat
trong mdi trudng axit [9], hay dua trén viéc
thiy phan vong P-lactam cdc cephalosporin
v6i NaOH, sau d6 cho phan tng voi iodat dé
giai phoéng iod trong mdi truong axit[10].
Diém chung cta cdc phuong phap phan tich
trén 14 phai qua qua trinh phan hity mau thanh
dung dich tich céc cc yéu td anh huéng néu
can sau d6 mdi xdc dinh nén mat thoi gian. So
vdi cdc phuong phdp trén, dinh lwong chit hitu
co trong thudc bang phé héng ngoai gan
(NIR) c¢6 wu diém nbi tréi do khong phai xur 1y

mau, phan tich nhanh, gid thanh ré do
khong ton dung mdi va néu két hop véi
thuat todn hoi qui da bién khong phai tich
riéng cdc chat ra khoi nén miu chua t4
duoc va c6 thé phan tich dong thoi céc hoat
chét trong ciing nhém thubc [11]. Gan day,
phuong phip NIR ciing duoc st dung dé
dinh lugng riéng ré€ tung khdng sinh nhém
cephalosporin trong thudc do trong phan tir
chiing ¢6 cdc lién két c¢6 hap thu hdng ngoai
gan [12, 13, 14].

Trong nghién ctu nay, chiing téi xay
dung phwong phdp kiém tra nhanh va dong
thoi chat luong thude bot pha tiém chira cic
hoat chét.

Ceftriaxone (CTR) va cefotaxime
(CTX) thuoc ho cephalosporin bé‘ing
phuong phap quang phd ké hdng ngoai gan
truyén qua két hop voéi hdi qui da bién
tuyén tinh (MRL) ma khong can phan huy
miu. Véi duy nhit mot md hinh duong
chudn da bién duoc xdy dung tir b mau
chuén rin tu tao chtra 2 hoat chat va 3 td

dugc, bang thuat todn PLS s& cho phép dinh
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luong duogc thudc chira 1 trong sb 2 hoat
chéit nay dang luwu théng trén thi truong.

2. Thyc nghiém
2.1. Héa chat, dung cu, thiét bi

Chét chuan
Ci3HsNgNa,O;S; c6 ham lugng nguyén trang
98,6%.Vién kiém nghiém trung wong (chuén
phong thi nghiém) s6 kiém soat: 0104011

- Chét chuan Cefotaxime Cy6H;,N50;S; c6
ham luong nguyén trang 94,33% Vién kiém
nghiém trung wong (chuan phong thi nghié¢m)
sb kiém sodt: 0108041

- C4c ta duoc:

ceftriaxone natri

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

+ Bot Talc (Cong ty ¢ phan héa duoc
Viét Nam), dat tiéu chuin da kiém tra theo
DDVN 4

+ Bot lactose (Cong ty cd phan héa
duoc Viét Nam), dat tiéu chuan da kiém
tra theo DDVN 4

- Héa chét tinh khiét phén tich (P.A.) gdm
KBr (ding cho phép do hdng ngoai) va axit
axetic, NaOH, axetonitrin, triethylamin,
methanol (Merck) (dung cho HPLC)

-Can phéan tich ES 225 SM-DR 36 chinh
xdc + 000001g.

- B0 dung cu ép vién: Agilent
Technologies standard sampling kit (part no:
Pike - 162 - 1000).

- Mdy quang phd hdng ngoai Agilent
Technologies Cary 600 Series FTIR
spectrometer, dai s séng do 7500-2800 cm™.
Detector nhiét DTGS. Thiét bi dwoc dat trong
phong do duy tri d6 am dudi 30%.

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

- Phin mém Matlab 7.6 hoac 2012:

Chuong trinh binh phwong t6i thiéu ting phan
(PLS) d phan tich dong thoi cic cAu tir trong
cling hon hop.
- Heé thdng sic ky long khdi phd (LC/MS-
Orbitrap) cua hang Thermo Fisher
Scientific dé dinh tinh va dbi ching dinh
lvgng véi pha tinh 1a cot: C18, 2.1 mm ID
x 50mm x 1.9 ym.

2.2. Quy trinh dinh lwong nhanh va dong thoi
cefotaxime, ceftriaxone trong thuoc bot pha
tiém bang phwong phdp NIR

1. Chuan bi 24 mau chuén 16 mau kiém tra
chira dong thoi hai hoat chat gdm cefotaxime
natri ceftriaxone natri v6i ba ti dwoc gém
magie stearate, lactose va talc; c6 ham lugng
thay d6i sao cho ham luong % timg chét trong
hén hop thay doi trong khoang rong.

2. Nghién va tron tirng mau trong vong 10
phiit dé thu dwoc hdn hop dong nhat.

3. L4y 2 mg hdn hop chét vira dong nhét trén
tron véi 98 mg KBr rdi tién hanh nghién min
ddng nhét mau trong cdi ma néo trong 10 phiit.

4. Liy khoang 15 mg bot vira nghién duoc
cho vao bg ép vién dé thu duoc vién mau va
do phd hdng ngoai trong viing s séng nghién
ctru tir 3600 -2800 cm™ ' ghi lai phd hip thy
quang cia timg mau xuit sd liéu thu dugc
dudi dang ASCII va chuyén toan bo dir liéu
vao phan mém Matlab 2012 dé tinh toén.

5. Pudng chuin da bién va céc bo dit liéu
du doan dugc xdy dung trén ma tran do hép
thy quang ciia cdc mau chudn va mau kiém tra
da chuén bi ¢ ph?ln trén. Nhap s6 liéu ma tran
ham lugng cac mAu chuin, ma tran ham lugng
cdc mau kiém tra va ma tran tin hiéu do do hép
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thy quang tuong Ung vao phan mém Matlab,
chay chuong trinh tinh todn ma trdn h¢ s6 hoi
qui theo phuong phip PLS trén phan mém
matlab, tir d6 xdc dinh dwgc ham lugng mdi
hoat chét trong timg mau. Do diing cua phép
do duoc xdc dinh qua sai sb tuong dbi cia
phuong phép tir dé lya chon ra phuong phap
t61 wu nhét dé tién hanh dinh lugng cic mau
thuc thuc té.

6. Tién hanh dinh lugng cdc mau thuée
thuc té bé‘ing céch tron mot lwong bot mau véi
ta duoc dé giam n6ng d6 ham luong hoat chét
sao cho ham luwong nim trong khoang ham
luong duge xdy dyng & ma tran chuan, do tin
hiéu do d6 hip thy quang cta cdc mau nay,
lwu phé va chuyén cdc ma tran ham lugng mau
do va ma tran tin hiéu do vao phf?m mém
Matlab dé tinh toan theo md hinh hoéi qui céu
da bién PLS. Tir d6 tinh todn dugc ham luong
céc hoat chat trong cdc mau thubc bot pha
tiém theo cong thic dudi day:

X Xm,

HL(mg /vién) =

nm,

Trong d6: X: Khéi lugng cua hoat chét
tim duoc tir md hinh hoi qui da bién tuyén
tinh (g)

my, 12 khoi lugng trung binh cia mot lo
thude

m,: khi lugng cta mau thir (mg)
2.3. Phan tich doi chimg LC/MS

Dung dich chuan: Can chinh xdc 0,00500
g mdi chit chudn CTR, CTX trén cin phén
tich. Cho vao binh dinh mrc 25,00 ml hoa tan
chit bang metanol va dinh muc biang dém
amoni axetat, pH=5. Pugc dung dich chuan
200 ppm. Rung siéu am va loc qua mang loc
0,45um trudc khi bom vao hé théng LC/MS-
Orbitrap.

Dung dich thir: Can 3 1o thudc bot pha
tifm CTR va 3 lo CTX va tinh khéi luong
trung binh lo. Can chinh xdc lugng bot ché
phdm rdi cho vao binh dinh mirc 25,00 ml.
Hoa tan bang methanol, rung siéu 4m sau d6
dé ngudi va dinh mc dén vach b?ing amoni
axetat loc qua mang loc 0,45um va pha loang
nong d6 miu 20 lan rdi phéan tich trén h¢
thdng LC/MS-Obitrap.

* Diéu kién LC/MS

Pha tinh la cot: C18, 2.1 mm ID x 50mm x
1.9um

Pha dong gém: kénh A 1a dém
CH3COONH4 12,50 mM, kénh B: ACN véi ti
1¢ thé tich 1a 30A/70B. Thé tich miu bom la
10ul, toc d6 pha dong 1a 200 ul/phit.

Gia tri LOD, LOQ cua phuong phap
LC/MS xac dinh CTR va CTX: CTR: LOD:
5,840ppb, LOQ: 17,50ppb; CTX:
9,250ppb,LOQ: 27,80ppb.

3. Két qua va thao luan

3.1. Khdo sdt diéu kién t6i wu xdc dinh do”‘ng thoi
cefotaxime, ceftriaxone trong cung hon hop

3.1.1. Phé hdp thu vimg NIR ciia cdc hoat
chdt va td duoc

Phd hap thy ving NIR khéao st (7500-
2800 cm) ctia 2 hoat chét nghién cuu thu
dugc & hinh 2 cho thdy cdc hoat chat nay déu
hap thy manh tia IR trong ving phd 3600-
2800 cm™. Két qua khdo sit anh huéng cua
mot s6 loai td dugc thuong dugc st dung dé
san xuat cic khdng sinh ciing cho thdy miu
bot talc hdp thy manh trong viing hong ngoai
3750-3650 cm” ', miu bot magie stearat hap
thu manh trong viing phd hdng ngoai tir 2950-
2800 cm ' va lactose déu hap thu birc xa hong
ngoai tir 3600- 2800 cm '. Do d6, khong thé
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xéc dinh riéng ré& cdc hoat chét nay trong vién
thubc khi 6 mat cuia cac loai td duogc trén
bang phuong phap do do hap thu quang don

Absorbanet

= Absorbance
Absorbance

thuan ma phai sir dung thuat todn hoi qui da
bién c6 tinh dén viéc trich thong tin tir tap s6
liéu tho ban dau [15].

Absorbance

‘Wavenumber

Wavenumber

‘Wavenumber

Hinh 2. Phd hip thu viing NIR cua cdc chit CTR, CTX va cdc té dugc (tir trdi qua phai).

3.1.2. Anh hwong cua leong KBr khi ép
vién va do lap lai phép do

Khi trén bot cia mau thudc bot pha tiém
cefotaxime, ceftriaxone v&i KBr theo ty I¢
khdi lwgng khic nhau,két qua cho thay khi ty
1¢ khdi lugng mau/ KBr ting thi do hip thu
quang cia cdc mau vién ciing ting 1én nhung
d6 1ap lai cua phép do cang kém. Con néu
luong mau dua vao quéa nho thi dé gy sai s6
trong qué trinh cn, do d6 ty 1& khéi luong
mau/ KBr 12 2/98 1a phii hop.

Mit khéc, thyc nghiém ciing cho théy, do
l1ap lai (danh gia qua d6 16n cua do hép thu
quang trong mdi 1an ép vién) khi do véi ciing
méiu ban dau rat kém vi dy 1a phép do mau
rin. Do viy, khong thé ding phuong phép
dinh Iugng thong thudng trong phan tich cong
cu dua trén moi quan hé tuyén tinh gitta do
hap thu quang va nong do dé dinh luong chat
phan tich ma phai két hop phwong phip nay
voi cdc cong cu todn thong ké da bién
(chemometrics). Uu diém ctia chemometrics 1a
trich xuat thong tin vé chat theo mdi quan h¢
gitta ham luwong cic chat v6i nhau va mdi
twong quan tin hiéu thu dugc gitta cdc mau

chtr khong phai theo gid tri tuyét dbi cua tin
hi€u do, nén hoan toan c6 thé sir dung d€ dinh
Iwong cac hoat chat can phén tich.

3.2. Xdc dinh dong thoi CTR va CTX sir dung
cung mo hinh PLS

3.2.1. Xdy dung phwong trinh duong
chudn da bién

100
% phuong
sai 90

, , . . , . ,
5 10 15 20 25 30 385 40
s6 cau it chay PLS

Hinh 3. Sy phu thudc ciia % phuong sai vao s6 PC.

Phuong trinh dudng chuin da bién theo
phuong phdp PLS xdc dinh dong thoi CTR,
CTX va tong ham luong td duoc duge xiy
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dung dya trén ma tran ham lugng cua 24 mau
chudn dang bot chira dong thoi CTR c6 khdi
lugng trong cdc mau trong khoang tir 10g dén
68g; CTX c6 khéi luong trong céc miu trong
khoang tir 7g dén 57g va 3 ta duoc l1a lactose
c¢6 khéi luong trong cdc mau trong khoang tir
0 g dén 30g, magie stearat c6 khdi luong trong
cic mau trong khoang tir 5g dén 48g va talc c6
khéi lugng trong cdc mau trong khoang tir 8¢
dén 31 g. Ma tran tin hiéu do cia 24 mau tai
417 b séng 1a do hap thy quang trong ving
phd tir 3600-2800cm™. Dung cau I1énh tim s6
céu tir chinh trong phan mém Matlab thi thay
réng $6 chu ta chinh (PC) 1a 7 chiém dén
98,65% lugng thong tin cia tap sd liéu (hinh
2)va dugc ding dé tinh todn trong PLS véi
khong gian méi cua tap sb liu va ma trén
ndng d6 da xay dung.

3.2.2. Ddnh gid tinh phu hop cua phuong
trinh hoi quy da bién PLS

Mot ma tran gém 16 mau kiém tra v6i ham
luong céc hoat chét va td duoc biét trudc ndm
trong khoang dudng chuin da xay dung duoc
ding dé kiém chig tinh phit hop ctia md hinh
hdi quy. Két qua cho thdy c¢6 sy phit hop réat

t6t gitra ham luong hai hoat chat c6 trong mau
tu tao (synthesis (S) voi nén t4 duoc véi ham
luong hai hoat chét tim lai dugc (found (F)
bang md hinh. Cac gia tri sai s6 mic phai chi
tr 0,5% dén 15,46%. Do d6, hoan toan c6 thé
4p dung phuong phdp nay dé xdc dinh dong
thoi cdc hoat chit trén trong cting mot hdn hop
ma khéng can tach loai.

3.3. Ung dung phan tich mau thuéc bét pha tiém

Trong céc phép phan tich, mdi miu thudc
vién nén cua cdc nha san xuét khdc nhau duoc
thu thap trén thi truong. Can 20 vién thudc,
tinh khéi lwong trung binh vién va nghién
thanh bdt min. Can chinh xac mot lugng bot
mau (m, ) ung véi mot vién va lam nhu qui
trinh & muc 2.2. Cic két qua phan tich mau
thuc té chi chua mot hoat chét trong hai hoat
chat trong thudc bot pha tiém bang chinh ma
tran chira dong thoi 2 hoat chit cho thay phi
hop voi phép phan tich dbi chimg véi sai sb
chi khoang dudi 15%, két qua trong cdc mau
cu thé thu dugc & bang 1.

Béng 1. Két qua phan tich ham luong (g/lo) CTR va CTX trong cdc mau thudc vién

Ham luong hoat chat

LA ) < L n , (g/lo)
ﬁguh“?u Tén thubc ff; san - gpK ];Séian gﬁ‘; su PP di
Hng PPNIR  chimng
LC- MS
ceftriaxone PANPH
CTRI (NjON1g  ARMAR VN-14834-12 303107 09/07/18 1,003 1,012
CTX 2 Cefotaxime lg¢ BHARAT VD-18400-13 500615 01/06/18 1,058 1,060

Céc két qua thu dwoc cho thiy ham luong
céc hoat chét thu dugc theo phuong phap NIR-
PLS so v&i phuong phdp dbi chitng LC-MS ¢6
su khiac nhau nhung sy khac nhau gitra ching
1a khong c6 ¥ nghia thong ké. Po chéch twong

d6i ham luong 2 hoat chat phén tich véi gid tri
xéc dinh theo phuwong phap ddi chimg LC-MS
déu dudi 15%.
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4. Két luan

Trong nghién ciru ndy, cdc thudc vién nén
chira mot hodc hai trong s6 2 hoat chét
ceftriaxone va cefotaxime duoc dinh lugng
nhanh bang ciing m6 hinh PLS c6 chia ca 2
céu tir va td dugc (chira 5 thanh phan). Thuat
todn PLS v6i vu diém 1a tinh todn trén toan tap
s6 liéu nhung két qua thu dugc tir md hinh nay
lai khong phu thudc vao tap ) li€u tho ban
dau (d6 hép thu quang theo s6 séng) ma phu
thudc vao cdc md hinh trung gian lga chon.
Phuong phdp ndy cho phép loai bo sai sb
nhiéu phd va sai s6 ngiu nhién trong qué trinh
do nho lua chon duoc s6 PC phu hop. Ap
dung phwong phap PLS véi 2 cau tir chinh dé
phan tich cic mau kiém chimg déu cho két qua
kha tot, véi sai sO nam trong ngudng cho
phép. Phuong phdp NIR két hop voi PLS to ra
kha wu viét khi 4p dung vao phan tich mot sb
hoat chit nhém cephalosporin va hoat chat
khic di kem. Day 1a mot ki thuat phan tich rat
nhanh, chuin bi mau don gian, lugng mau
phan tich it, khong can ph hily mau phan tich,
chi phi thip do khéng tén dung méi héa chét
(nhu phuong phdp phéan tich truyén thdng
HPLC), han ché duoc cac sai $6 trong qua
trinh chudn bi miu nén cé thé mo rong dé
phan tich nhanh ham luong hoat chat trong cdc
méu thudc ngoai thi truong.

Loi cam on

Nghién cttu nay dugc thyc hién nho ho tro
kinh phi va thiét bi do hdng ngoai gan Agilent
Technologies Cary 600 Series FTIR
spectrometer cua d& tai nghi dinh thu véi
Cong hoa Phap Lotus 2014 - 2016, ma sb
39/2014/HD- NDT.
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Simultaneous Determination of Cefotaxime
and Ceftriaxone in Powder for Injection Using Near
Infrared (NIR) Spectroscopy Combined with Partial

Least Squared Method (PLS)

Doan Thi Huyen', Nguyen Thu Thao”, Bui Xuan Thanh?, Ta Thi Thao®

'Ha Tay Teacher Training College
2Deparl‘mem‘ of Chemistry , VNU University of Science

Abstract: Quantitative analysis of active ingredients in pharmaceutical formulations using near-
infrared spectroscopy (NIR) states a variety of advantages such as a simple easy, low-cost analysis,
less solvent method. The experimental conditions for analyzing cefotaxime and ceftriaxone in
pharmaceutical powder form including a spectrum of 3600-2800 cm-1; mass ratio of sample and
KBr was 2: 98; 14mg of pellet form. A partial least squares (PLS) models of 7 PLS components was
built with a matrix content of standard samples 24x3 (24 samples containing cefotaxime,
ceftriaxone and excipient are selected with different amount. A matrix of 16 synthesized test
samples was used to assess the accuracy of PLS model and give the results of 0.1 to 13%. The
quantitative analysis of real samples by means of near-infrared combination PLS was compared
with LC/MS - Orbitrap had relative bias less than 15%. It is possible to use NIR method combining
algorithm PLS for rapid determination of pharmaceutical samples in the market.

Keywords: Cefotaxime and ceftriaxone, NIR- PLS, rapid determination, LC/MS- orbitrap.



