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Phat trién k¥ thuat INCAT- GC-MS phan
tich cac chat chuyén hoa trong nudc tiéu
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TOM TAT

Nghién ciru nam trong dinh huwéng phdt
trién ky thudt vi chiét khéng dung méi sir dung
kim chira chat hdp phu mao qudan INCAT (Inside
Needle Capillary Adsorption Trap) dé chiét cdc
thanh phan dé bay hoi trong mau cho phén tich
sdc ky khi. Bdo cdo ndy trinh bay két qud phdt
trién INCAT véi cdc 16p hap phu khdc nhau dé ap

dung véi sac ky khi phé khoi phan tich cdc san
phdam chuyén héa dé bay hoi trong miede tiéu. Xéc
dinh INCAT véi ba 16p hdp phu Chromosorb W
+ 20% SE-54, Carbopack X + Carboxen 1000 (ty
Ié 1:1:1) phU hop cho phdn tich cdc san phim
chuyén héa dé bay hoi trong méu nwée tiéu bénh
nhan réi loan chuyén héa.

Tir khéa: Vi chiét, INCAT, san pham chuyén héa dé bay hoi, nwée tiéu

1. GIOI THIEU

Chuén bi va/hoic tién xir Iy cac mau sinh 1y
1a giai doan quan trong hang dau trong tién trinh

phan tich c4c mau ndy. Yéu cau chu yéu 1a chiét
c4c thanh phan can phan tich tir nén phirc tap cta
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mau, chuyén cac thanh phan nay sang dang phu
hop voi k¥ thuat phan tich sir dung, ddng thoi loai
bo cac thanh phan gdy nhiéu cua nén miu. Bén
canh chiét tich, cic thanh phan can phan tich
trong mau thuong can 1am gidu dé co thé xac dinh
béng k¥ thuat lya chon. Trong linh vuc chuyén
héa, tat ca cac phan tir nho duge coi 1a dbi tuong
can chiét, chi c6 mudi va cac cao phan tir nhu
protein hay cac peptid Ién duoc coi 12 thanh phan
nén ciia mau. Vi vay, giai doan tién xir ly mau can
that don gian va phd quat. Bit chap cac nd Iy,
mdi budc tién xir Iy mau it nhiéu déu 1am mat
thanh phan can phén tich. Pac biét, hiéu suat
chiét cac thanh phan phan cuc manh tir cac nén
mau nuéc thuong rat thap. Cac phwong phap
chudn bi va tién xir Iy cic mau sinh 1y phd bién
1a: Nhap mau tryc tiép, trich ly long-long (LLE),
trich ly pha ran (SPE), trich ly siéu t6i han, trich
ly v6i hd tro vi song, két tia peptid, cac phuong
phap mang nhu thdm loc hay siéu ly tam. Ky
thuat phan tich cac thanh phan dé bay hoi trong
mau 1a mot thach thirc 16n. Tién xar 1y mau véi
cac phuong phap thong dung nhu SPE thuong
khong chiét dugc hét cac chat can phan tich va
ching con bj mit thém & cac giai doan 1am giau
mau tiép theo [1].

Hién tai cac k¥ thuat phan tich duoc nd luc
phét trién theo hudng giam téi hoan toan khéng
str dung dung moi ciing nhu cac giai doan tién xir
Iy mAu riéng biét nhu tao dan xuét. N3 lyc ndy
khong chi giam ngudn sai sé6 ma con giam thoi
gian va chi phi phan tich [2]. Cac k¥ thuat 1am
giau mau khéng st dung dung méi co6 thé ké 1a:
Headspace (HS), Purge-and-Trap (P&T), bom
truc tiép (DAI), cac ki thuat trich ly pha rin nhu
SPME, INCAT, discs, tubes,....

Cac bay kim (needle trap devices — NTD)
dugc coi 1a thiét bj tién xr Iy mau tiém ning do
két hop dong thoi cac wru thé cta ki thuat SPE va
SPME [3]. Thiét bi nay chi can by bom miu GC
dugc sdy nong [4], mtc d6 déng bd voi GC cao
hon so v&i SPME. Sir dung bay kim v&i mét chét

hip phu nhu Carboxen hay divinylbenzen thé
hién wu thé trong linh vuc quan tric méi truong
(vi du nhu phan tich BTEX va céc alkan) [5-8].
Tuy nhién, biy kim chi chira mot chat hip phu
khong dép vmg dugc nhu cau phan tich cac mau
chira nhiéu thanh phan c6 d6 phan cuc va mic d6
bay hoi trong ving rdng. INCAT 1a mét loai NTD
phét trién boi Kubinec va cong su [6,9,10]. Thiét
bi ndy 6n dinh hon hiu hét cac NTD hay soi
SPME ma Van cung cip cac két qua tuong duong
[10].

Theo y hoc hién dai, phan tich cac mau sinh
Iy nhu mau, nude tiéu, mo, dich, khi tir co thé s&
cung cap dii thong tin can thiét cho chan doan va
theo ddi qua trinh phét trién, diéu tri bénh [11].
Céc cong trinh d4 cong bd tap trung phan tich san
pham chuyén hoa véi hd tro ctia cic chat chuin
hodc co so dit liéu san pham chuyén hoa. Tuy
nhién, co sé dit liéu cac san phdm chuyén héa
méi chi bao gdbm mot phan rt nho trong sb cac
san pham chuyén hoa sinh 1y tir nguoi. Udc tinh
khong téi 1% sb san pham chuyén hoa sinh Iy
dugc phén tich trong thuc té xét nghiém hién nay.
Vi vay nghién ctru phat trién k¥ thuat hiru hiéu dé
phéat hién, dinh danh cac chit chuyén héa chua
xac dinh 1a mét trong cac trong tAim cta ky thuat
phan tich cac hop chét dé bay hoi. Sic ky khi két
néi dau do FID hay MS la thiét bi co ban cho muc
tiéu nay. Pau dd MS/MS con it duoc st dung do
can xac dinh nhiéu théng s6 van hanh va chua
pho bién cac thu vién phd MS/MS.

Béo cdo nay trinh bay két qua phat trién va
thir nghiém thiét bi INCAT phu hop chiét va lam
gidu c4c san pham chuyén héa d& bay hoi trong
nudc tiéu dé phat hién voi GC-MS. Két qua phan
tich dinh lwong va danh gia x4c xuat thong ké s&
dugce trinh bay ¢ bao cao sau.

2. THU'C NGHIEM

Kim bang vat liéu thép khong gi, dai 80 mm,
duong kinh ngoai / duong kinh trong 1,3/1,1 mm
va 1,1/0,9 mm duoc dung dé ché tao INCAT véi
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c4c chat hip phu. Chromosorb W véi 20% SE-54
(80-100 mesh), Carbopack X (40-60 mesh) va
Carboxen 1000 (80-100 mesh) cta Sigma-
Aldrich. Céc n-alkan Cs-Ci6 12 san phdm thwong
mai cta Supelco. Cac mau nudc tiéu bénh nhin
méc r6i loan chuyén hoa va nguoi binh thuong
thu nhan tai Bénh vién Truong Pai hoc Praha,
bao quan trong dng chira sim mau trong tu lanh
trude khi phan tich.

)

I —

Hinh 1. Dung cu thu nhan thanh phan d& bay hoi
trong mau léng vao INCAT

Hinh 1 m6 ta dung cu thu nhan céc thanh
phan d& bay hoi tir mau nude vao INCAT. 10 ml
mau nudc duge cho vao dng nghiém thé tich 60
ml, day kin bang septum. TV 1& Ving nghiem / Vimiu
nhu vy dam bao an toan cho INCAT ngay ca khi
c6 bot hinh thanh trong qué trinh ldy mau.
INCAT duoc ddm xuyén qua septum dé thu nhan
mau khi. Cac INCAT thir nghiém dwoc nhdi mot
hoic nhiéu 16p chit hap phu véi cac ty 18 thé tich
khéac nhau.

Pé danh gia hiéu ning cua cc san pham
INCAT trude khi thir nghiém véi mau nude tiéu
thue, hdon hop hoi Ce-Cis n-alkan dugc bom qua
dng mao quan xuyén t6i day dng nghiém chta 10
ml nuée tinh khiét (khir ion), str dung bom mang
loai N86KT.18 (Neuberger Laboport).

10 ml mau nudc tiéu duge suc khi 500 ml
khi N tinh khiét qua éng mao quan xuyén téi day

ong nghiém twong tu nhu trén. Can ding N tinh
khiét @& dam bao khong 1am miu nhiém tap chét
trong qua trinh.

Khi két ndi INCAT véi hé théng GC, sir
dung liner kim loai ché tao dic biét [6] hd tro giai
hip cac chat phan tich tir INCAT. Cp miu ¢ ché
d6 khong chia dong (splitless), nhiét do budng
cap mau (injector) 280°C, thoi gian giai hdp mau
tor INCAT 3 pht.

Séc ky khi Network GC System 6890N két
néi dau do phd khéi 5973N MSD cua hing
Agilent Technologies van hanh & ché do scan, sit
dung c6t mao quan DB-1 dai 60 m, duong kinh
trong 0,32 mm véi 5 um pha tinh. Khi mang 1a
Heli, cé dinh 4p sudt 121 kPa va nhiét do 280°C
trong budng cdp mau. Nhiét do cot ban dau giir
nguyén 20°C trong 3 phut rdi ting véi toe do
10°C/pht 1én téi 280°C rdi giit ¢b dinh nhiét do
nay thém 13 phdt. Thu nhan va xt 1y dit liéu do
V6i phan mém MSD ChemStation.

3. KET QUA VA THAO LUAN
3.1 Céu triic san pham INCAT

INCAT duoc ché tao tir kim thép khong gi
¢6 chiéu dai 80 mm, duwong kinh ngoai 1,3 mm,
duong kinh trong 1,1 mm. Cau tric san phdm
INCAT thé hién trén Hinh 2: Mot dau kim dugce
mai nhin dé khong cat dit septum gay tic kim
khi str dung, ddu con lai dat van dong. O khoang
cach 30 mm tir dau c6 van déng, khoan mét 15
duong kinh 0,6 mm (danh diu O) dé dua khi
mang Vvao giai hap phu cac chat phan tich tir
INCAT. Hai doan kim thép khong gi duong kinh
ngoai 1,1 mm, duong kinh trong 0,9 mm, nhoi
cac hat thuy tinh kich thuée 0,125-0,200 mm,
mdi doan dai 5 mm (d4nh diu F) dé giir chat hap
phu (danh dau A, B, C) bén trong INCAT. Khi
nhap mau vao INCAT, 16 O dugc bit lai boi cac
dng Teflon (dam bao tinh tro hoa hoc) va silicon
(dam bao kin).
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Hinh 2. So @b san pham INCAT. F- Kim nhé nhéi hat thuy tinh, A,B,C- chit hdp phu (1 chét hoic nhiéu chit ty 1&

khac nhau, trén hinh thé hién 3 chit vai ty 18 thé tich

1:1:1), T- Ong Teflon va Silicon nut 15 khoan, O- L3 khoan

ngang, V-van dong.
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Hinh 3. Dién tich cac pik mau n-alkan Cs-Ci6 thu duoc v6i INCAT chira mét chit hip phy

3.2 Lua chon t6 hop chit hip phu phil hop

Trong qua trinh nghién ctru phat trién
INCAT, nhiéu loai chat hip phu da duoc thir
nghiém nhoi riéng, nhoi két hop chung thanh
nhiéu 16p vao INCAT. Vé6i mau cac khi khong
phén cuc c6 muc do bay hoi trong viung rong nhu
hén hop n-alkan Ce-Cie, CAC chét hap phu gdc
than trong INCAT dé cho két qua rat tét. Tuy
nhién, chung lai hip phu kém dbi véi cac thanh
ph?m phan cyc nhu rugu, aldehyd, ceton, ... trong
nudc tiéu. Cac thanh phan phan cuc ndy hip phu

kha tét 1én Chromosorb W + 20% SE-54,
Carbopack X va Carboxen 1000. Do d6 kha nang
3 chit ndy hap phu cac thanh phan caa hdn hop
n-alkan duoc khao sat.

Hinh 3 thé hién két qua thu duoc v6i INCAT
chi chira 1 trong 3 chit hap phu néu trén. O diéu
Kién thir nghiém d4 tién hanh, INCAT chi chira
Carboxen 1000 hap phu dugc hét cac thanh phan
trong mau n-alkan nhung khéng giai hip duoc
cac n-alkan mach dai. INCAT chi chtra
Chromosorb W + 20% SE-54 giai hap tbt cac n-
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alkan mach dai nhung khong hip phu dugc cac loai trudc. INCAT nhdi 3 16p chit hap phu nay
n-alkan thip hon Cio. INCAT chi chua v6i ty 1é thé tich 1 : 1 : 1 cho két qua tot nhat.
Carbopack cho két qua ¢ mirc trung gian so v6i 2
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Hinh 4. Séc ky d6 cac mau nudc tidu bénh nhén réi loan chuyén héa (A) va miu so sanh (B); 1 — metanol, 2 —
axeton, 3 — metylester axit axetic, 4 — butan-2-on, 5 — pentan-2-on, 6 — pentan-3-on, 7 — hexan-3-on.

1610 4 —A
—B

1.4¢10°
1.2x10°

1.010

signal
—

8x10'

60x10 - 3

| 2
40x10

2010

L S e e e e B T e AL I S e

10 12 14 16 18 20 2 24 p.s 2 20 32 34

t[rmin]

Hinh 5. Séc ky d6 cac mau nudc tidu bénh nhan réi loan chuyén héa (A) va miu so sanh (B); 1 — axeton, 2 — butan-
2-on, 3 — pentan-2-on, 4 - heptan-3-on, 5 — heptan-3-ol, 6 — cyclooctan
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Hinh 6. Séc ky d6 cac mau nudc tidu bénh nhén réi loan chuyén héa (A) va miu so sanh (B); 1 — aceton, 2 — butan-
2-on, 3 — pentan-2-on, 4 — heptan-3-on, 5 — heptan-3-ol, 6 — 4-metylphenol, 7 — axit valproic

C4c hinh 4, 5, 6 so sanh sic ky do cua cac
mau nuéc tiéu bénh nhan méc réi loan chuyén
héa voi cia mau chuan (nudc tiéu nguoi khong
mac rdi loan), thu duogc véi INCAT nhdi 3 16p
chat hap phu Chromosorb W + 20% SE-54,
Carbopack X va Carboxen 1000, thétich 1: 1 : 1.
San pham INCAT nhdi 3 16p chat hap phu néu
trén d4 gilp chi ra trong cac mau nudc tiéu cua
bénh nhan mic rdi loan chuyén héa c6 mirc do
tang dang ké nong do nhiéu ceton khéc nhau toi
hang nghin lan, tham chi vuot qua gisi han ghi
nhan cua dau do MS. Ngoai ra, mu nudc tiéu cua
bénh nhan ghi nhan trén Hinh 4 con c6 methanol
va cua bénh nhan ghi nhan trén Hinh 6 con co ca
axit valproic la hoat chat thuéc thuong ding lam
giam cac con dong Kinh.

4. KET LUAN

P4 nghién ctu phét trién va thir nghiém
thanh cong san pham INCAT phuc vu muc dich
phan tich cac san pham chuyén héa d& bay hoi
trong nudce tiéu. Tuy ki thuat INCAT phan tich

c4c chat d& bay hoi d4 dwoc md ta trong mot sé
cong bd trudce, bai bao nay lan dau tién cong bd
két qua phat trién ky thuat INCAT dé phan tich
c4c san pham chuyén héa dé bay hoi trong nudc
tiéu, cho phép phan biét rd rang mau nudc tiéu
cua nguoi bénh vai cia ngudi khoe manh, xac
dinh truc tiép nhom san pham chuyén héa dé bay
hoi ma khong can tao dan xuat. Tdi uu héa cdu
tric INCAT, thanh phan cac chat hap phuy, qui
trinh 1dy mau vao INCAT va cp mau vao GC-
MS dé cung cip dugc mot k§ thuat hiru hiéu phan
tich cac san pham chuyén héa dé bay hoi trong
nén mau sinh ly phtc tap nhu nudc tiéu.

Lo1i cam on: Nghién cizu ndy thuc hign trong
pham vi dir &n Nghién cizu va phét trién hwong
téi nhu cqu: Cong vién Khoa hoc Pai hoc
Komensky tgi Bratislava ITMS 26240220086
dong tai tro boi Qui Chdu Au Phat trién Ving.
Vién Hé tro Nghién cizu va Phét trién dong tai
trovéi cac ma so du an APVV-0416-10 va APVV-
0061-11.
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Development of INCAT-GC-MS for analysis

of metabolites In urine

e Peter Podolec®

e Alexandra Hengerics Szab6 *
e Viktéria Ferenczy *
e Peter Kotora?

e Jaroslav Blasko 2

e Robert Kubinec ?

e Stanislav Stuchlik
e Martin Juriga *

¢ Radomir Cabala >®

e Vaclav Bierhanzl ®

e Ngo Manh Thang ">

LPriF UK, Safarikovo namestie 6, 81499 Bratislava, Slovakia

2 Chemicky Ustav PriF UK, Mlynska dolina CH-2, 84215 Bratislava, Slovakia

% Katedra Molekularnej Biologie PriF UK, Mlynska dolina CH-2, 84215 Bratislava, Slovakia
4 Ustav Chemickych a Hydraulickych strojov a zariadeni, SjF STU, Nam. Slobody 17,

81231 Bratislava, Slovakia

°> Katedra Analytickej Chémie PriF UK, Albertov 6, 128 43 Praha 2, Czech Republic
6 Ustav Stdnej Mediciny a Toxikologie, Univerzitna Nemocnica, U Nemocnice 2,

128 08 Praha 2, Czech Republic

"Ho Chi Minh city University of Technology, VNU-HCM, Vietnam

ABSTRACT

This paper aims to develop a non-solvent
microextraction technique using INCAT (Inside
Needle Capillary Adsorption Trap) for GC-MS
analysis of volatile metabolites in urine. INCATSs
with different sorbents were tested, resulting in
an INCAT with 3 sorbent layers Chromosorb W+

20% SE-54, Carbopack X and Carboxen 1000
(1 :1:1), which proved to be the most suitable
for differentiating and identifying volatile
metabolites in urine samples of patients from
those of healthy people.

Keywords: Micro-extraction, INCAT, volatile organic traces, volatile organic metabolites in urine
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