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Abstract: Combination drugs containing antibiotics are frequently used for additional therapeutic
effects. This fact raises the need for effective methods to simultaneously determine antibiotics of
different classes. In this study, four antibiotics (vancomycin, cefoperazone, sulbactam, and
ceftriaxone) were determined simultaneously by capillary electrophoresis with capacitively
coupled contactless conductivity detection (CE-C*D). The analytical conditions including the
effective length of silica capillary, background electrolyte solutions, separation voltages, and
injection modes are investigated. The selected analytical conditions were: silica capillary (internal
diameter 50 pum, total length 60 cm, effective length 30 cm); background electrolyte solution
10 Mm L-arginine/acetic acid (pH 9.2); separation voltage +17 kV; siphoning hydrodynamic
sample injection at 10 cm height for 20 s. The limits of detection (LOD) of vancomycin,
cefoperazone, sulbactam, and ceftriaxone were 2.0 ppm, 1.5 ppm, 1.0 ppm, and 2.0 ppm,
respectively. All the target compounds achieved good linearity (R? > 0.999) until concentrations
as high as 100 ppm. Analytical results of blank-spike samples indicate acceptable recovery
(97.5% - 100.4%) and repeatability (RSD: 0.99% - 3.04%). The validated method was applied to
determine these four antibiotics in several pharmaceutical samples. A good agreement between the
results of our study and the LC-MS/MS method suggested that CE-C*D is a reliable and
cost-effective method in pharmaceutical analysis.
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Xac dinh déng thoi vancomycin, cefoperazon, sulbactam
va ceftriaxon bang phuong phap dién di mao quan st dung

detector d6 dan khong tiép xtic (CE-C*D)
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Tém tit: Hién nay nhiéu loai thudc, bao gom cac khang sinh, thuong duge st dung két hop véi
nhau nham ting cudng hiéu qua diéu tri. Thuc té nay di dua ra yéu cau cap thiét vé cac quy trinh
hiéu qua dé phan tich dong thoi cac khang sinh thudc nhiéu nhém khac nhau. Trong nghién ctru
nay, bén khang sinh gdm vancomycin, cefoperazon, sulbactam va ceftriaxon dugc nghién ctru xac
dinh ddng thoi bang phuong phép dién di mao quan st dung detector d6 dan khéng tiép xic
(CE-C“D). Cac diéu kién phan tich dwoc khao sat bao gdm chiéu dai hiéu dung cua mao quan
silica, dung dich dién li nén, thé tach va ché do bom mau. Cac diéu kién phéan tich lya chon nhu
sau: mao quan silica (duong kinh trong 50 pm, tong chiéu dai 13 60 cm, chidu dai hidu dung 13 30 cm);
dung dich dém dién di 1a L-arginin 10 mM/acid acetic (pH = 9,2); thé tach +17 kV; ché d6 bom
mau thity dong hoc kiéu xiphong & do cao 10 cm trong 20 s. Gi6i han phat hién (LOD) cia
vancomycin, cefoperazon, sulbactam va ceftriaxon lan Iuot 14 2,0 ppm, 1,5 _ppm, 1,0 ppm va 2,0 ppm.
Do tuyén tinh t6t (R2 > 0,999) dat dugc cho tat ca cac chat phan tich dén mirc ndng d6 100 ppm.
Két qua phan tich mau tring thém chuan cho thay d6 thu hoi (97,5% - 100 ,4%) va do lap lai t6t
(RSD =0,99% - 3,04%). . Phuong phap sau khi tham dinh di dugc ap dung dé xac dinh bdn khang
sinh nay trong mot sé6 mau dwoc pham. Két qua dbi chimg véi phuong phap LC-MS/MS cho thy

CE-C“D 1a phuong phap dang tin cdy va kinh té trong phén tich dugc pham..

Tir khéa: Khang sinh, vancomycin, cefoperazon, sulbactam, ceftriaxon, CE-C*D.

1. Mé diu

Trong s6 cac loai duoc pham, khang sinh 1a
nhoém chat quan trong, khong thé thiéu dbi véi
cac bénh lién quan dén nhiém khuan. Khéng
sinh 1a nhitng chit dwoc chiét xuat tir cac vi
sinh vét, nam, tong hop hodc ban téng hop. Pay
la loai chat khang khuan quan trong nhat dé
chong nhiém trung, chung c6 thé tiéu diét hoac
trc ché sy phat trién cta vi khuan [1, 2]. Theo
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thoi gian, cung véi sy khadng khang sinh ngay
cang gia tang, vi€c ra doi cua cac khang sinh
moi hodc phéi hop cdc nhom khang sinh khac
nhau 1a can thiét dé tang pho tac dung 1én vi
khuén c6 hai, ting cuong hiéu qua diéu tri.

Mot trong nhitng su két hop phd bién 1a
phdi hop giita cac nhém khang sinh khac nhau.
Vancomycin 1a khang sinh thugc nhoém
glycopeptid, thuong dugc sir dung trong lam
sang dé diéu tri nhiém tring do vi khuén ty ciu
vang khang methicillin (MRSA) gay nén [3-5].
Tuy nhién, trong nhimg nim gin day, nhiéu
nghién ctru cho thiy vancomycin di giam hoat
tinh d6i v6i cac bénh nhidm tring MRSA [6, 7].
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Do d6, mot giai phap thay thé diéu tri 1a sir
dung liu phap két hop khang sinh giirta
vancomycin va piperacillin, cefoperazon,
ceftriazon theo mat ti 1¢ thich hop [3, §]. Déng
thoi sulbactam ciing thuong dugc sir dung phdi
hop v6i mot s6 khang sinh nhom beta-lactam
[1]. Su két hop co thé dugce thyc hién bang cach
san xuit dugc pham chira dong thoi nhiéu
khang sinh hodc dung phdi hop trong qua trinh
didu tri. Do d6, viéc phét trién cac quy trinh
phan tich dong thoi cac khang sinh thudc cac
nhom khéc nhau 13 can thiét nham ting cuong
hiéu qua phén tich trong danh gia chat luong
thudc hodc trong hd tro diéu tri. Trong nghién
ctru nay, bén khang sinh thudc cac nhom khac
nhau d3 duoc lua chon gém: vancomycin,
cefoperazon, sulbactam va ceftriaxon.

Céc phuong phéap thuong duoc sir dung dé
x4c dinh khang sinh bao gom: phuong phap
quang phd hap thu phan tor (UV-Vis) [9],
phwong phap sic ki 16ng hiéu ning cao [10-12],
phuong phap di€én di mao quan [13]. Trong
nghién ctru ndy, phuong phap dién di mao quan
v6i detector do dan khong tiép xiic (CE- -C'D)
dugc sir dung dé nghién ciru xac dinh dong thoi
bén khang sinh vancomycin, cefoperazon,
sulbactam va ceftriaxon trong mau duoc pham.
Két qua nghién ciru s& dong gop thém mot quy
trinh phan tich dong thoi mot sd khang sinh
thuéc cac nhom khac nhau thuong hay ding

phdi hop.

2. Thuc nghiém
2.1. Héa cht

Cac chit chuin khang sinh bao gbém
vancomycin (>99%, SKS: 0107206), ceftriaxon
(>99%, SKS: 0100097A), cefoperazon (>99%,
SKS: C0119349.01) va sulbactam (>99%, SKS:
0118348.01) dwgc cung cap boi Vién Kiém
nghiém thudc Trung wong. Cac dung dich gbc
riéng 1& (500 mg/L) cta cac khang sinh nay dugc
stt dung dé chuén bi cac dung dich chuan lam
viéc. Nong do cac chét trong cac dung dich chuan
lam viéc nam trong cac khoang tuong tmg nhu
sau: vancomycin va ceftriaxon (6,0 - 100 ppm);
cefoperazon (5,0 - 100 ppm); sulbactam (3,0 - 100 ppm).

Céc hoa chét dung trong nghién ctru nay déu
thuoc loai tinh khiét phan tich (PA), bao gom:
L-arginin (Arg), tris (hydroxymethyl)
aminomethan (Tris), acid 2-(N-
morphonlino)ethane sulfonic (MES), acid acetic
(Ace), acid lactic (Lac), HCOOH, acetonitrile
(ACN) dugc cung cép tir hang Merck, Ptic. Nudc
deion duoc sir dung dé pha ché cac dung dich.

Mao quan silica (BGB Analytik AG, Thuy
S7) c6 duong kinh trong 50 pm, tong chidu dai
60 cm. Trude khi sir dung, mao quan duoc hoat
héa bang dung dich NaOH 1M, nudc deion va
dung dich dém.

2.2. Thiét bi

Hg¢ thiét bj CE-C*D (Hinh 1) sir dung trong
nghién ctu nay duogc cung cap bdi cong ty
3SAnalysis (http://www.3sanalysis.vn/).

A}
)

Hinh 1. Hé thiét bi dién di mao quan CE-C*D
str dung trong nghién ctru.

Céc thong tin vé& dic diém k¥ thuat cua hé
thiét bj c6 thé tham khao trong cac cong bd
trudc day cua nhom nghién cuu [1, 14, 15].

Phan tich ddi ching dwoc thuc hién trén
thiét bi sic ky long SCIEX Exion LC 20AD
ghép ndi detector khéi phd AB SCIEX Triple
Quad 6500+ v&i phan mém Analysis version
1.7. Cot sic ky pha dao Agilent Eclipse Plus
C18 (2,1 x 1,5 mm, ID 3,5 pm) va tién cot
tuong tng. Trén co s& tham khao tai licu [17],
cac diéu kién phén tich voi pha dong kénh A 2
HCOOH 0,1% trong nudc va kénh B 1a ACN.

2.3. Théng tin mdu va xir 1y mau

Cac mau thuoc khang sinh dugc mua ngau
nhién tai cac hiéu thudc trén dia ban thanh pho
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Ha Noi, Viét Nam. Cac mau & dang bdt pha
tifm c6 chita cefoperazon, sulbactam,
vancomycin hodc ceftriaxon véi ham lugng 500
hodc 1000 mg/lo. Mdi mau duge chuén bi béng
cach can chinh xac khoi luong cua 1 Io thude.
Sau d6 léy lugng thude trong lo ra, tron déu.
Tién hanh trang rira sach vo lo va sdy t6i khdi
luong khong do6i, can vo lo dé xac dinh khbi
lugng thube trong 1 lo. Can chinh xac mot
lwong bang khoang 1/40 khdi luong thude ciia
lo, hoa tan bang nuéc deion rdi chuyén vio
binh dinh mtc 25,0 mL va dinh murc té1 vach
bang nude deion. Dung dich duoc loc qua mang
0,45 pm va pha lodng tir 10 - 20 1an (néu can)
truc khi tién hanh phan tich trén thiét bi
CE-C*D.

Mau tring st dung trong nghién ctru 13 mau
thudc vitamin B1 dang vién nén dugc nghién
min thanh dang bdt, khong chua cac chét
phén tich.

3. Két qua va thao luan

3.1. Khdo sat, 16i uu diéu kién phan tach dong
thoi bon khang sinh bang phuwong phap
CE-C'D

Khao sat thanh phan va pH cta dung dich
dém dién di.

Nghién ctru thanh phan va pH cua dung dich
dém dién di rat quan trong vi ching quyét dinh
truc tlep su xuat hién tin hiéu va kha ning tich
céc chat. Khi gia trj pH va thanh phan hé dém
dién di thay doi, do linh dong dién di cta cac chat
phén tich va tdc do di chuyén cua dong dién di
thdm thau (EOF) ciing thay ddi [14]. Vi vy, can
chon thanh phan va pH ctia dung dich dém dién di
phtt hop va giir khong doi trong sudt qué trinh do.
Viéc khao sat pH dugc thuc hién voi dung dich
dém dién di Arg/Ace & cac pH khac nhau trong
khoang 8,8 dén 9,4 (Hinh 2A). Khoang pH nay
dam bao cho cac chat phan tich mang dién tich
4m (6 dang anion) va dong EOF du 16n dé thyc
hién dwoc phép phén tich theo kiéu phan cuc
nguoc [1, 13]. Két qua cho thdy, & cac gia tri
pH nho hon 8,8, tin hiéu cac chat phan tich rat
nho hodc khong xuét hién. O cac gia tri pH 16n
hon 9,4 cho két qua tin hiéu cac chat phan tich

giam va nhiéu duong nén ting 1én. Tir két qua
khao sat nay cho thdy, pH anh hudng nhiéu
nhit dén sy phan tach cia sulbactam va
ceftriaxon. O pH < 9, cic pic cia sulbactam va
ceftriaxon khéng phan tach hoan toan (R < 1,5).
O pH > 9, hai chat nay tach ra khéi nhau hoan
toan (d0 phan giai R > 1,5). Tuy nhién, dién
tich pic cua céc khang sinh thu dugc 6 pH = 9,4
tuong dbi nho hon so véi & pH = 9,2. Pdong
thoi, & pH cang cao thi tin hiéu duong nén cang
kém 6n dinh hon. Do do, pH = 9,2 duogc lua
chon cho cac khao sét tiép theo.
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Hinh 2. Két qua khao sat sy phén tich
ctia bon khang sinh khi thay doi A - pH
ctia dung dich dém dién di Arg/Ace; B - thanh phan
dung dich dém dién di; C - ndng do cuia Arg:
(1) Vancomycin; (2): Cefoperazon;
(3): Sulbactam; (4): Ceftriaxon.
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Sau khi khao sat lua chon dugc gia tri pH
phu hop, thanh phﬁn dung dich dém dién di
cling dugc khao sat v6i bon hé thuong ding
trong phuong phap CE-C*D ¢ gia tri pH cao
gom Arg/Ace, Tris/Ace, Arg/MES, Arg/Lac.
Nong d6 ban dau cua dung dich Arg va Tris la
10 mM, dugc diéu chinh dén pH = 9,2 bing
acid acetic, acid lactic hoac MES. Két qua khao
sat duge thé hién trong Hinh 2B. Khi sir dung
dung dich Arg/MES, tin hi€u cua sulbactam va
ceftriaxon khong xuét hién ma chi cho tin hiéu
cua hai khang sinh vancomycin va cefoperazon.
Ba hé dém con lai déu cho tin hiéu cta ca bdn
chat phan tich, tuy nhién, dung dich Arg/Ace
cho dudng nén 6n dinh, tin hiéu pic cua cac
chat 16n va can ddi, cac dinh tach bi¢t va thoi
gian di chuyén ciia cac chét ngin nhét. Do d,
Arg/Ace dugc chon lam dung dich dém dién di
dé phéan tach dong thoi bon chat khang sinh
lua chon.

Trong phuong phdp dién di mao quan
CE-C’D, ndng do dém phai du 16n dé tao moi
truong dién ly cho cac ion di chuyén va khong
tao ra cac vung dan dién khac nhau trong mao
quan 1am anh huong dén qua trinh dién di.
Néng d6 dung dich dém duoc khao sat voi hé
dém Arg/Ace trong khoang tr 8 mM dén
15 mM. Két qua ¢ Hinh 2 C cho thiy, voi nong
d6 dung dich dém Arg/Ace 8 mM, pic cua hai
chat sulbactam va ceftriaxon khong tach hoan
toan (R < 1,5). O cac néng d6 10 mM, 12 mM
va 15 mM, céc pic tach hoan toan (R > 1,5).
Tuy nhién, véi nong d6 10 mM, tin hiéu pic cac
chat 16n, 6n dinh va thoi gian phan tich ngin
hon. Vi vay, dung dich dém dién di Arg/Ace
10 mM dugc lya chon trong nghién ctru nay.

Khéo sat chiéu dai hiéu dung clia mao quan

Chiéu dai hiéu dung ctia mao quan duoc
tinh tir dAu bom mau dén vi tri phat hién cua
detector. Pay chinh 1a chidu dai cot tach su
dung va c6 y nghia thuc su ddi v6i qua trinh
tach chat. Hinh 3 thé hién két qua khao sat
chiéu dai hiéu dung ctia mao quan véi cac gia
tri: 20 cm, 25 cm va 30 cm.

Két qua ¢ Hinh 3 cho thay, khi ting chiéu
dai hi€u dung cuia mao quan, thoi gian di
chuyén cua cac chét ting dan, 1am ting d6 phan
giai gifta cac pic lién ké. O chiéu dai hiéu dung

30 cm cho két qua dién tich pic du 16n, d6 phan
giai ciia cac chat phu hop, tin hiéu pic 6n dinh
nén sé duoc lua chon cho cac khao sat tiép theo.
O diéu kién nay, cac pic da phan tach t6t, thoi
gian phan tich hop ly, do d6 viéc khao sat tang
thém chiéu dai hiéu dung cia mao quan la
khong can thiét.
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Hinh 3. Dién di d6 khao sat anh hudng cta chiéu dai
hiéu dung mao quan.
(1): Vancomycin; (2): Cefoperazon;
(3): Sulbactam; (4): Ceftriaxon

Khéo sat cac diéu kién khac

Thé tach va cac diéu kién bom miu ciing 1a
céc yéu td quan trong anh huong dén su phan
tach cac chit. Viée khao sat thé tach duoc thuc
hién trong khoang 12 - 20 kV, chiéu cao bom
mau 5 - 15 cm, thoi gian bom mau 10 - 30 s. Tir
do, cac diéu kién duoc lua chon cho cac két qua
cac chét phén tich co6 tin hiéu 16n, phan giai tbt
(R > 1,5) va thoi gian phén tich ngan 1a thé tach
+17kV, bom mau st dung ky thuat thity dong
hoc kiéu xiphong & d6 cao 10 cm trong 20 s.

Nhu vy, diéu kién toi vu thu duoc cho qua
trinh phan tach bén chit khang sinh lya chon
bang phuwong phap CE-C‘D gdom: mao quan
silica duong kinh trong (ID) 50 pm, tdng chiéu
dai 60 cm (chiéu dai hiéu dung 30 cm), dung
dich dém Arg(10mM)/Ace, pH = 9,2, thé tach
+17 kV, bom mau thuy dong hoc xiphong & do
cao 10 cm trong 20 s.

3.2. Panh gia phwong phadp phan tich

Trén co so diéu kién phén tach lua chon,
duong chuan 5 diém xac dinh dong thoi bon
chat khang sinh di dugc thiét 1ap trong céc
khoang ndng d0 twong uUng nhu sau:
vancomycin va ceftriaxon (6,0 - 100 ppm);
cefoperazon (5,0 - 100 ppm); sulbactam (3,0 -
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100 ppm). Mdi diém chuan duoc do lap lai 3
lan, gia tri dién tich pic trung binh dugc s
dung dé xay dung duong chuan sy phu thudc
ctia dién tich pic vao ndng do chat phan tich
tuong tng.

Gioi1 han phat hién (LOD) va giéi han dinh
luong (LOQ) cua céac chét cling dugce xac dinh
bang thuc nghiém (pha loang dan dung dich
hdn hop bdn chit roi phan tich va danh gi ty s6
tin hiéu so v&i nhidu dudng nén (S/N)). Két qua
phuong trinh duong chuén, hé s6 twong quan va
cac gia tri LOD, LOQ dugc trinh bay trong
Béang 1.

Do chum dugc danh gia qua do lap lai 6 ba
mirc ndng d6 (10, 40 va 80 ppm) clia cac chat

phan tich thém chuan trén nén méu tring, cho
két qua do léch chuan twong d6i (RSD) nim
trong khoang 0,99% dén 3,04% (n = 5). Két qua
nay dap Ung cic yéu cdu cia AOAC cho
khoang ndng do tir 1 ppm (11%) dén 100 ppm
(5,3%) [16].

b ding dugc danh gia qua do thu hoi ¢ 3
muc nong do (10, 40 va 80 ppm) cua cac chét
phan tich thém chuén trén nén miu tring. Két
qua do thu hoi ctia bdn chit kha cao, dat tir
97,5% dén 100,4%, dap ung yéu cau cua
AOAC d6i v6i d6 thu hdi & cac mirc ndng do tir
10 ppm (80-100%) dén 100 ppm (90-107%)
[16], cho phuong phap ¢6 dd chinh xac dap ung
yéu ciu.

Bang 1. Puong chuan, gidi han phat hién (LOD), giéi han dinh Iugng (LOQ) clia cic chit phan tich

Tén chat Phuong trinh dudng chuin (y=ax-+b) Hizzntlgrzng (:;)n[])) (I[_):)JmQ)
Vancomycin = (0,339340,0039)x — (0,7696+0,2160) 0,9995 2,0 6,7
Cefoperazon = (0,6399+0,0079)x — (2,5349+0,4391) 0,9994 15 5,0
Sulbactam = (0,6365+0,0063)x + (1,2937+0,3523) 0,9996 1,0 3,3
Ceftriaxon y = (0,2745+0,0026)x + (0,5775+0,1431) 0,9997 2,0 6,7

3.3. Phan tich mét s6 mau dwege pham

Két qua phan tich mot s6 miu duwoc pham
bang phuong phap CE-C*D.

Két qua phan tich ham luong khang sinh
trong nam mau dugc phdm thu thap ngau nhién
tai cac hiéu thuéc & Ha Noi duoc thé hién trong
Béng 2 va cac dién di do trong Hinh 4.

Hinh 4. Dién di d6 phan tich cac mau M1,
M2, M3, M4, M5.

Céc chit khang sinh dugce dinh luong béng
phuong phap thém chuan cho thay, sai khac

gitta két qua ham lugng cac chat phan tich duoc
va nhin cong bd trong khoang tir -1,49% dén
+6,04%. Str dung chuan théng ké t-test so sanh
ting cdp cho gia tri Pyawe = 0,168 > 0,05 v6i murc
do tin cdy 95%, chiing to sy sai khac khong co y
nghia théng ké. Do dd, ham luong cac hoat chat
khang sinh trong tit ca cac mau déu phu hop véi
cong bd ghi trén nhén san pham.

Két qua phéan tich ddi ching véi phuong
phéap LC-MS/MS.

Pé kiém chung cic két qua phan tich bang
phuong phap CE-C*D, ciac miu duoc phidm
dugc phan tich song song bang phuong phap
LC-MS/MS [17]. Két qua phan tich ddi chimg
dugc thé hién trong Bang 2.

Céc két qua ¢ Bang 2 cho thiy, sy sai khac
vé ham lugng bdn khang sinh trong cac mau
dugc pham duoc phan tich bang hai phuong
phap CE-C*D va LC-MS/MS trong khoang -
6,09% + +8,00%, cho thdy két qua phan tich
bang phuong phap CE-C*D 14 dang tin cy.
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Bang 2. Két qua phan tich mau thudc bang phuong phap CE-C*D va LC-MS/MS

Sai khac gilra Sai khac
. X Ay 1A ham lugng gitta hai
o Ham Ham lu'(_)’I(lr%l cilﬁ';)phan tich phan tich va phuong
Ki lileu Chéat phén tich }u('mgN g nhan cong bod phép
mau trén nhén (%) (%)
(mg/lo) Phuong phap Phuong phap
CE-C*D LC-MS/MS
M1 Vancomycin 500 522 513 +4,35 +1,70
M2 Vancomycin 1000 1060 1100 +6,04 -3,64
M3 Cefoperazon 1000 983 910 -1,72 +8,00
Sulbactam 1000 985 1049 -1,49 -6,09
M4 Ceftriaxon 1000 1026 983 +2,61 +4,38
M5 Ceftriaxon 1000 1052 1056 +5,22 -0,36

4. Két luan

Nghién ctru dd phat trién thanh cong
phuong phép phan tich dién di mao quan su
dung detector d¢ dan khong tiép xuc (CE-C*D)
dé xac dinh ddng thoi bon khang sinh thudc cac
nhom  khic nhau (gdm: vancomycin,
cefoperazon, sulbactam va ceftriaxon) trong
méiu dugc phdm véi gidi han phat hién (LOD)
trong khoang 1,0 ppm dén 2,0 ppm. Phuong
phap di duoc ap dung dé phan tich ham luong
bén khang sinh trong nim miu duoc phim
dang bot pha tiém cho két qua sai khac véi nhin
cong bd trong khoang -1,49 + +6,04%. Cac két
qué nay ciing da dugc kiém chimg bang phuong
phdp LC-MS/MS cho thdy phuong phap
CE-C*D dang tin cy. Day la nghién ciru budc
dau, cac nghién ctru tiép theo s& hudng dén cac
dbi trong mau sinh hoc nhu miu huyét tuong,
nham tang cuong hd tro trong diéu tri hiéu qua.

Lo1i cam on

Nghién ctru nay duogc tai trg boi Quy Phat
trién Khoa hoc va Coéng nghé Qubc gia
(NAFOSTED) trong dé tai ma sb 104.04-
2018.305.
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