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SUMMARY

SIMULTANEOUS DETERMINATION OF IMIPENEM AND MEROPENEM
IN HUMAN PLASMA BY CAPILLARY ELECTROPHORESIS USING
CONTACTLESS CONDUCTIVITY DETECTOR

Imipenem and meropenem are antibiotics belonging to carbapenem group. They have been used to
treat seriously infected diseases for patients under intensive care. In this study, capillary
electrophoresis using capacitively coupled contactless conductivity detector (CE-C*D) was chosen to
simultaneously determine these antibiotics in human plasma samples. The optimized electrolyte
solution consists of 10 mM Tris/acetic acid, pH 8.0. A fused silica capillary (50 um 1D, 375 um OD)
with a length of 60 cm (effective length 50 cm) was used. Detection limits of 0.75 and 1.5 ppm were
achieved for imipenem and meropenem, respectively. The validated method was successfully applied to
analyze imipenem and meropenem in human plasma samples from patients under intensive care.
Keywords: Imipenem, Meropenem, human plasma, capillary electrophoresis (CE), capacitively coupled
contactless conductivity detection (C*D).

1. PAT VAN DPE sat ndng do6 thudc trong méu trén nhiing bénh
Hién nay, nhom khang sinh carbapenem, dac nhan dung khang sinh imipenem va
biét 1a imipenem va meropenem la mét trong meropenem, dac biét la nhém bénh nhéan co
nhiing su lua chon cudi ciing trong diéu tri cac thay ddi nhiéu vé cac théng sé dwoc dong hoc
bénh nhidm khuan ning va da nhidm khuén. dong vai trd quan trong nham téi wu hoa hiéu
Dé tranh hién twong khang khang sinh va téi qua cua thudc.

wu hoa tac dung cua thudc, phac do diéu tri C6 nhiéu phuong phap khac nhau dé xac dinh
bang khéng sinh can duoc st dung hop Iy. riéng ré hoic dong thoi hai chit khang sinh
Imipenem va meropenem Ia hai loai khang sinh imipenem va meropenem gém: phuong phap
phu thudc thoi gian, tic 1a hiéu lyc tac dung phd hap thy phan tir (UV-Vis) [3-4], phuong
cua chdng phu thugc vao khoang thoi gian ma phap dién héa [5] hodc phwong phap sic ki
nong d6 thudc trong mau cao hon ndng do tc I6ng hiéu nang cao [6-7]. Trong nghién ciu
ché téi thiéu (T/MIC) [1-2]. Vi vay, su gidm nay, phuong phap dién di mao quan sir dung
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detector do dan khong tiép xuc két néi kiéu tu
dién (CE-C4D) [8-10] duoc st dung dé xac
dinh dong thoi hai khang sinh imipenem va
meropenm trong mau huyét tuong. Phuong
phap c6 thé cho phép phan tich sang loc nhanh
véi chi phi thap, nham hudéng téi hd trg cong
tac diéu tri va téi wu hoa phac dd sir dung
khéng sinh.

2. PHUONG PHAP NGHIEN CUU

2.1. Phuong phap phan tich

Phuong phap phéan tich sir dung trong nghién
ctu 1a dién di mao quan véi detector do dan
khong tiép xtc (CE-C*D). Hé thiét bi CE-C*D
(Hinh 1) duwoc cung cip boi cong ty
3SAnalysis  (http://www.3sanalysis.vn/). Cac
thong tin vé& dic diém ky thuat caa hé thiét bi
c6 thé tham khao trong cac cong bd trude day
cua nhém nghién ctru [8-10].

Hinh 1. H¢ thiét bi dién di mao quan CE-C*D
st dung trong nghién cztu
2.2. Vit ligu va hoa chat
TAt ca cac hoa chat déu thudc loai tinh khiét
phan tich (PA) duoc cung cip bai Merck (Drc)
hodc TRC (Canada) gdbm: hai chat chuan khang
sinh (imipenem, meropenem) va cac héa chat
khic ding dé chuan bi dung dich dién ly
va/hoic Xt ly mau gom:
tris(hydroxymethyl)aminomethane (Tris),
arginine (Arg), acid acetic (Ace), acid ascobic
(Asc), acetonitrile (ACN), acid trichloroacetic
(TCA), methanol (MeOH), HCI va NaOH.
Huyét twong tring dwoc mua tai Vién huyét
hoc va Truyén méau Trung wong. Cot chiét pha
ran Discovery® DSC-18 cua Supelco. Nudc
deion dugc sir dung dé pha ché cac dung dich
trong nghién cau.
2.3. Thong tin miu va xir ly miu huyét
tuwong

98

Cac mau (15 mau) huyét twong ldy tir nim
bénh nhan khac nhau dang diéu tri bang
imipenem hozc meropenem dugc cung cap boi
Trung tam chéng doc (Bénh vién Bach Mai).
Imipenem va meropenem (V6i lidu luong tir
500 — 1000 mg cho mdi lan truyén, tly thudc
vao tinh trang va dién bién bénh cua bénh
nhan) dugc pha trong nuéc cit tiém, sau do
chuyén vao dung dich NaCl dé truyén cho
bénh nhan. Viéc tiém truyén khang sinh duoc
thuc hién sau mdi 8 gio, mdi lan truyén trong 3
gio. Viéc ldy mau phan tich hai hoat chat nay
nham muc dich theo déi su thay ddi nong do
khang sinh trong huyét tuong tai ba thoi diém:
ngay sau khi truyén (t = 0 h), sau khi truyén 2
gio (t =2 h) va 5 gio (t = 5 h). Mau méau sau
khi ly tam 4000 vong/phut trong 10 phat, phan
huyét twong duoc st dung dé phan tich ham
lwong imipenem va meropenem bang phuong
phap CE-C*D hoic ddi ching bing phwong
phép sic ky long hiéu niang cao sir dung
detector mang diode (HPLC-PDA).

3. KET QUA VA THAO LUAN

3.1. Khao sat, toi wu diéu kién phan tach
dong thoi imipenem va meropenem

Viéc nghién ciu khao sét mot sb diéu kién
phan tich déng thoi imipenem va meropenem
duoc thuc hién trén thiét bi CE-C*D vai cot
mao quan silica c6 téng chiéu dai 60 cm (chiéu
dai hiéu dung 50 cm), duong kinh trong (ID)
50 um. Cac diéu kién phén tich dugc khao sat
bao gdom: thanh phan, pH va ndng do6 cia dung
dich dém dién di, thé tach va bom mau.

Viéc khao sat dong thoi thanh phan va pH cua
dung dich dién ly nhim phan tach dong thoi
hai chat khang sinh imipenem va meropenem
duoc tién hanh trén co s& bon hé dém Arg/Ace,
Arg/Asc, Tris/Ace va Tris/Asc trong khoang
pH tir 7,0 + 9,0 (khoang pH cac chét phan tich
mang dién tich &m, phu hop va thuan lgi cho
qué trinh phén tich). Trong d6, ndng dé cAu tir
bazo (Arg, Tris) dwoc gitr ¢6 dinh 1a 10 mM va
diéu chinh dén pH khao sat bang cac ciu tir
acid (Asc, Ace) tuong tng. Két qua khao sat
cho thay, trong bén hé dém khao sat, hé dém
Tris/Ace (pH = 8,0) cho duong nén dep, tin
hiéu pic 6n dinh va thoi gian di chuyén ciia cac


http://www.3sanalysis.vn/

chat hop Ii, do d6 dwoc lya chon 1a t6i wu nhat.
Hinh 2 thé hién két qua khao sat & cac pH khéc
nhau trong khoang 7,5 + 8,5 ctia dém Tris/Ace.
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Hinh 2. Pién di d6 khao sat anh hwong cua
thanh phan va pH cua hé dém Tris/Ace doi véi
si phan tach hai chat khang sinh
Cuing véi thanh phan va pH, nong do dém ciing
duoc khao sat nham tim ra diéu kién phan tach
tt nhat cho hai chat khang sinh. Viéc khao sat
nong d6 dung dich dém duoc tién hanh & bén
gid tri trong khoang 8 dén 20 mM. Két qua cho
théy, dém Tris/Ace 10 mM cho duong nén én
dinh hon so vdi cac nong do con lai, thoi gian
phan tich phu hop, pic dep va can dbi. Do do,
dém Tris/Ace 10 mM pH = 8,0 duoc lua chon

cho céc khao st tiép theo.

Viéc khao sat thé tach duoc thuc hién & cac gia
tri: 10, 12, 15 va 20 kV. Két qua & Hinh 3 cho
thiy, thé tach cang ting thi thoi gian phan tich
cang ngan, tin hiéu céc pic cang tét nhung tin
hiéu nhidu duong nén lai tang va do phan giai
giam. O thé tach 20 kV cho tin hiéu pic can
dbi, @6 phan giai gitra cac pic tdt, thoi gian
phan tich ngin. Vi vay, thé tach 20 kV duoc
lya chon cho céc nghién ctu tiép theo.
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Hinh 3. Pién di do khao sét anh hweng cua thé
téch doi véi sy phan tach cua imipenem va
meropenem
Qua trinh bom mau trong nghién ctiru nay dugc
thuc hién theo phuong phap thuy dong hoc
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kiéu xiphong. Trong d6, d6 cao va thoi gian
bom mau di duoc khao sat nham lua chon diéu
kién phan tach va tin hiéu tét nhat. Két qua
khao sat do cao (10 cm, 20 cm, 30 cm) va thoi
gian bom mau (10 s, 20 s, 30 s) da lya chon
dugc cac gia tri toi wu nhat twong Gmg 1a 20 cm
va 20 s.

Nhu vay, diéu kién téi vu thu duoc cho qué
trinh phan tach dong thoi imipenem va
meropenem bang phwong phap CE-C*D gém:
mao quan silica duong kinh trong 50 pm, chiéu
dai 60 cm (chiéu dai hiéu dung 50 cm), dung
dich dém Tris(10 mM)/Ace, pH = 8,0, thé tach
+20 kV, bom méu thiry dong hoc kiéu xiphong
& d6 cao 20 cm trong 20 s. Hinh 4 thé hién
dién di dd phan tach dong thoi imipenem va
meropenem & diéu kién téi vu thu duoc.
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Hinh 4. Pién di do phan tach dong thoi
imipenem va meropenem bang phirong phdp
CE-C*D ¢ diéu kién téi uu
3.2. Khao sat diéu kién xir Iy miu huyét
twong nham phan tich dong thoi imipenem

va meropenem bing phuong phap CE-C*D
Qua tham khao tai liéu [10-12], ki thuat chiét
pha rin (SPE) st dung cot C18 duoc hya chon
dé xir ly mau huyét twong nham phan tich hai
khang sinh nhém carbapenem (thuc hién khao
sat v&i chat dai dién & meropenem) bing
phuong phap CE-C*D. Céc yéu té anh hwong
dén hiéu qua xt Iy mau duoc lua chon khao séat
gdém: dung dich két tua protein, thé tich rira tap
va dung méi rira giai.

3.2.1. Khdo sat dung dich két tia protein

Nén mau huyét tuong thuong réat phuc tap voi
nhiéu thanh phan khac nhau nhu protein, lipid,
acid amin, Na*, Ca?*, Mg?*, K*,... Trong do,
thanh phan protein thuong anh huong nhiéu
dén qué trinh phan tich. Mot trong cac bién
phap duoc dung phd bién dé loai bo anh huong
nay la két taa protein bing TCA, ACN,
methanol,... Cac khao sét trén nén mau huyét
twong trang (1,0 mL di dwoc thém chuan
meropenem 100 ppm) voi ba chat két tua
protein nay, cing véi mot mau khong thém



chat két tua protein da duoc thyuc hién. Cac thi
nghiém (TN) cu thé nhur sau:

- TN 1: thém 1 mL ACN,

- TN 2: thém 1 mL MeOH,

- TN 3: thém 1 mL TCA 25%,

- TN 4: khong thém.

Cac két qua thu dugc cho thay, khi thém ACN
(TN 1) va TCA 25% (TN 3) thi khong cho tin
hiéu meropenem trén dién di d6 (qua kiém tra
dung dich ria giai ¢ cac giai doan cho thiy
meropenem khong dugc gitt lai trén cot).
Nguoc lai, trong TN 2 va 4, khi thém MeOH
hoidc khong thém chét két tia déu cho tin hiéu
cia meropenem véi hiéu suat thu hdi tuong
g 12 18,5% va 79,0%. Do do, diéu kién duoc
lya chon la mau huyét twong khong thém chét
taa protein duoc nap truc tiép 1én cot C18.
3.2.2. Khdo sét thé tich ria tap

Nhu di d& cap, mau huyét trong cd thanh phan
phtic tap, bao gom ca céac ion co ban véi ham
lwong I6n hon nhiéu so vai chat phan tich, c6
thé gy anh huong dén két qua trén dién di do.
Do d6, viéc khao sat budc raa tap trong quy
trinh xt ly mau bang cot C18 1a can thiét nham
loai bo cac anh hwong nay. Viéc khao sat duoc
thuc hién trén nén huyét tuong tring (da duoc
thém chuan meropenem 100 ppm) Véi dung
dich rua tap duoc lya chon la nudc deion voi
thé tich 1 mL, 2 mL va 3 mL.

Két qua cho thdy, hiéu suit thu hdi cua
meropenem khi rira tap véi 1 mL, 2 mL va 3 mL
twong tng 1a 79,0%, 67,9% va 53,3%. Piéu nay
cho thay, khi rira tap véi thé tich nuéc cang lén
c6 thé 1am giam cac pic tap chat nhung dong
thoi ciing lam ting nguy co mot phan chét phan
tich bi ria khai cot. Vi vay, budc ria tap duogc
lya chon 13 rira bang 1 mL H,O.

3.2.3. Khdo sat dung méi ria gidi

Trén co s6 tham khao tai liéu [10-12], cac
dung mdi rira giai duoc lua chon khao sat gom:
- Dung moi 1: 1 mL ACN,

- Dung mdi 2: 1 mL MeOH:H,0 (1:1),

- Dung mbi 3: 1 mL MeOH:H,0 (7:3),

- Dung moi 4: 1 mL MeOH,

- Dung médi 5: hai 1an, mdi lan 1 mL MeOH.
Két qua khao séat duoc thé hién & Hinh 5.
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Hinh 5. Két qua khdo sat dung mdi ria gidi
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Két qua trong Hinh 5 cho thay, khi si dung
budc rira giai la hai lan, méi lan 1 mL MeOH
cho két qua hiéu suat tét nhat, dat 97,0%. Do
d6, dung mdi rua giai nay duoc lya chon cho
c4c nghién cuu tiép theo.

Nhu véy, diéu kién xir Iy mau st dung cot C18
dugc lya chon nhu sau: 1,0 mL mau huyét
tuong nap trén cot C18, rira tap bang 1 mL
H,O va rira giai hai 1an véi mdi lan 1a 1 mL
MeOH.

3.3. Panh gia phuong phap phan tich

Trén co s cac diéu kién phan tach va xir ly mau
t6i uru thu duoc, duong chuan bay diém xéac dinh
imipenem va meropenem trén nén mau huyét
tuong tring da duoc thiét 1ap trong khoang nong
do tir 5,0 + 80 ppm. Mai dung dich chuan dugc
bom trén thiét bi CE-C*D ba lan, gia tri dién tich
pic trung binh dugc sir dung dé xay dung duong
chuan biéu dién sy phu thudc cua dién tich pic
vao nong do cac chat twong tmg. Két qua thu
duoc & Bang 1 cho thdy, cac hé sb twong quan
biéu dién sy phu thudc cua dién tich pic vao
nong do cac chat phan tich la kha tét (R >
0,997), ddng thoi cac gi tri P < 0,05 (d6i vai ca
hai chat phan tich) ching té x va y c6 quan hé
tuyén tinh. [11].

Gidi han phat hien (MDL) va gigi han dinh
lugng cta phuong phap (MQL) duge xac dinh
bing cach thém chuian imipenem va
meropenem Vi cac ndng d6 khac nhau vao
mau huyét trong trang, rdi tién hanh xir Iy qua
cot C18 theo quy trinh téi wu va phan tich trén
thiét bj CE- C*D. MDL duoc x4c dinh 1a gi4 tri
tai do cho ty 1& S/N 1a 3. Két qua thu duoc gia
tri MDL cuaa imipenem va meropenem lan luot
la 0,75 va 1,5 ppm. MQL cua imipenem va
meropenem twong ung la 2,5 va 5,0 ppm.

D6 chum ctia phuong phap duoc danh gia qua do
lip lai ¢ mic nong do cua imipenem va
meropenem déu la 20 ppm trén nén mau huyét
twong tring vai 6 1an lp lai. Két qua do léch chuan
trong d6i (RSD) dat duoc twong Gng Voi
imipenem va meropenem 1a 3,43% va 1,66%, déu
nho hon 5%, dap tmg yéu cau theo AOAC [11].
b dtng cua phuong phap dugc danh gid qua
hiéu suat thu hdi ¢ ba muac thém chuan khac
nhau (10,0; 20,0 va 30,0 ppm) trén nén miu
huyét tuong tring. Mau dwoc xu ly trén cot
C18 va phan tich theo quy trinh téi wu bing
phuong phap CE-C*D. Két qua trinh bay trong
Bang 2 cho thiy, hiéu suat thu hdi dat dugc



trong khoang tr 93,0 + 116,0% dbi véi Phuong phap co thé &p dung dé xac dinh ham
imipenem va 90,0 + 114,0% &6 voi luong hai khang sinh nay trong mau huyét
meropenem, dap tmg yéu cau cua AOAC [11]. tuong cta bénh nhan.

Bang 1. Két qua khao sdat dg thu héi nham xdc dinh imipenem va meropenem
trong mau huyét twong bang phirong phdp CE-CAD

Tén chat Phuong trinh dwong chuan R P
Meropenem y = (-4,0125+0,25170)+( 1,8842+0,52355)x 0,9992 < 0,001
Imipenem y=(-0,4821+0,11470)+( 1,0396+0,12355)x 0,9972 < 0,001

Bang 2. Két qua khao sat dg thu héi nham xdc dinh imipenem va meropenem
trong mau huyét tiwong bang phirong phap CE-C*D

Imipenem Meropenem

Nong dd thém chuan (ppm) 10,0 20,0 30,0 10,0 20,0 30,0

Nong d¢ thu hoi (ppm) 11,6 18,6 28,2 9,0 21,0 34,2

Hiéu suat thu hai (%) 116,0 93,0 94,0 90,0 105,0 114,0
3.4. Phan tich maiu thyc té Két qua cho thay, ham luong céc khang sinh
3.4.1. Két qud dinh lweng imipenem va déu giam dan, trong ing Vi su dao thai khang
meropenem trog mau huyét twong bang sinh ké tr khi tiém truyén & tat ca cac bénh
phuong phdp CE-C*D nhan. Sau 5 gid tiém truyén, ham luong khang
Ket qua phan tich ham luong imipenem va sinh con lai trong huyét twong duy tri & mirc
meropenem trong 15 mé}u huyéy tuong lay tir 11,1+ 12,1 ppm & bénh nhan 1, 2, va luong vét
ndm bénh nhén dang dieu tri bang cac khang (< MDL hoic < MQL) dbi véi cac bénh nhan
sinh nay tai Trung tdm Chong doc (Bénh vién khac. Do d6, ham Iwong khang sinh trong

Bach Mai) dugc thé hién trong Bang 3 va dién
di db phan tich cac mau lay tir bénh nhan sé 2
duoc minh hoa trong Hinh 6.

huyét twong & cac muc khac nhau (mac du
cung liéu tiém truyén ban dau), tly thuéc vao
lidu lugng khang sinh diéu tri, hién trang bénh
ly va sy hdp thu khang sinh cua ting bénh
nhan. Pay s& la mot can ctr quan trong dé bac
s diéu chinh lidu lwong sir dung khang sinh
cho tiing bénh nhan, tang cuong hiéu

qua diéu tri va phong tranh khang khéng sinh.

120 140 160 180 200 220 240 260
Thoi gian di chuyén (s)

Hinh 6. Pién di do xdc dinh ham heong
meropenem trong mau huyét twong ciia bénh
nhan s6 2 ldy tai cdc thoi diém khdc nhau sau
khi tiém truyén
Bang 3. Két qua phdn tich ham hrong meropenem va imipenem trong mau huyét firong
cua nam bénh nhan

Bénh | Khangsinh | Liéu | Phwong phap CE-C’D (ppm) Phwong phap HPLC-PDA
nhan truyén (ppm)
(mg) t=0h | t=2h t=5h t=0h t=2h t=5h
1 Meropenem 1000 66,8 39,4 11,1 - - -
2 Meropenem 1000 78,4 37,0 12,1 - - -
3 Meropenem 500 5,4 <MDL | <MDL 51 1,0 0,3
4 Imipenem 500 38,1 9,4 < MQL - - -
5 Imipenem 500 17,4 6,2 <MQL 19,1 6,6 1,4

“-”: Khong thyc hi¢n phan tich
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3.4.2. Két qud phdn tich déi ching Vvéi
phuwong phip HPLC-PDA

Pé kiém chung cac két qua phan tich bang
phuong phap CE-C*D, 06 mau huyét twong ctia
hai bénh nhan s6 3 va 5 duoc tién hanh phan
tich ddi chung bang phuong phap HPLC-PDA
theo quy trinh d& duoc cong b [2] tai B mon
kiém nghiém thubc va doc chit (Truong Dai
hoc Duoc Ha Noi). Két qua duoc thé hién ¢
Bang 2 cho thay, ngoai trir 03 mau khéng phat
hién hoac khong dinh lugng duoc bang phuong
phép CE-C*D (do c6 do nhay thip hon so véi
phwong phap HPLC-PDA), ba mau con lai cho
sai khac gitta hai phuong phap lan luot Ia
+5,9%, -8,9% Va -6,1%, déu nho hon 9%. Tir
d6, chung to két qua phan tich hai khéng sinh
nay bang phuong phap CE- C*D la dang tin cay.
4. KET LUAN

Nghién ctru di thanh cong trong viéc xay dung
quy trinh xac dinh dong thoi hai khang sinh
imipenem va meropenem trong mau huyét
tuong bang phuong phap dién di mao quan sir
dung detector d6 dan khong tiép xuc (CE-C*D)
voi gidi han phat hién cua hai khang sinh lan
luot 1a 0,75 ppm va 1,5 ppm. Quy trinh da
duogc ap dung dé phan tich 15 mau huyét twong
ly tir nim bénh nhan dang diéu tri bang cac
khéang sinh nay. Két qua cho thdy, ham luong
cua hai khang sinh giam dan theo thoi gian ké
tir thoi diém st dung thubc voi cac mic do
khéc nhau (tir 78,4 d6i v6i meropenem va 38,1
d6i vai imipenem xudng nhoé hon gigi han dinh
lugng cua phuong phap), tuy thudc vao tung
bénh nhan. Day s€ 1a mdt trong nhitng can cir
quan trong dé cac bac si diéu chinh liéu luong
stt dung khang sinh cho tung bénh nhan phu
hop, ting cudng hiéu qua diéu tri. Két qua
phan tich ham luong khang sinh trong 06 mau
liy tir hai bénh nhan da duoc ddi chimg bang
phwong phap HPLC-PDA cho két qua sai khac
gitra hai phuong phap nhé hon 9%, chung té
phuong phap CE-C*D la déng tin cay.

Loi cam on: Nghién ctu nay dugc tai trg boi
Quy Phaét trién khoa hoc va cong nghé Quéc
gia (NAFOSTED) trong d& tai ma s6 104.04-
2018.305.
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