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Development of On-Line Sample Preparation Coupled with
Liquid Chromatography-Mass Spectrometry for
Analysis of Small Molecules in Biofluids

LIU Min ZHAO Lixia GUO Baoyuan LIN Jin-Ming

State Key Laboratory of Environmental Chemistry and Ecotoxicology Research Center for Eco-Environmental

Sciences the Chinese Academy of Sciences Beijing 100085 China

Abstract On-line liquid chromatography-mass spectrometry LC-MS is a highly sensitive
highly selective and high throughput method for the analysis of small molecules in biofluids.
The developments characterizations and applications of pre-column on-line LC-MS method
and its configuration in the recent five years are reviewed.
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Table 1

Applications of on-line LC-MS using C,;column as pre-column for the analysis of small molecules in biofluids

Mobile phase

Mobile phase

LOD? or LOQ"/

Analytes Matrix . . Recovery/% Ref.
extraction separation ng/mL
68-Hydroxycortisol 2% NH,OH/CH,OH CH,0H/H,0 containing
I urine ; ’ 97 -126 1 and 0.2° 1
cortisol 90:10 v/v 0.1% formic acid FA
CH,O0H/H,0 containing L
CH;O0H/H,O containing
Talinolol plasma 1% HAc and 5 mmol/L 101 - 110 2.5% 2
5 mmol/L NH,Ac-1% HAc
NH,Ac 30:70 v/v
CH,CN/H,0 containing 0.7-1.3%
Phthalate esters urine H,0 84.3-96.2 b 23
0.1% HAc 2.3-5.7
Clozapine and its CH,OH/25 mmol/L NH, Ac
“apin ! serum  CH,OH/H,0 15:85 v/v : ¢ 62-107  0.15-0.3* 24
metabolites pH4.5 70:30 v/v
CH; CN/5 mmol/L NH,Ac
Propranolol plasma 5 mmol/L NH,Ac pH?7.0 - _ 25
pH7.0
CH,CN/H,0 containing CH,CN/H,0 containing
Sifuvirtide plasma ) ) - 91.9 - 106 1.22% 26
0.1% FA 5:95 v/v 0.1% FA
28
Ci 2.2
1997 Quinn Takarewski
s 25
Li C
5~50 wL
100 pL 30 ~50 pm
5
3 ~5 mL/min
2% TFC
10% ! 2 15% 24 C, G Ci
/
*  Bourgogne 250 pL Waters Oasis HLB
0.5 mol/L 1 mol/L -N- 2
500 L 5 -
16 28 39 38
mmol/L 1%
89 15 37 21
- 1% 5 mmol/L
28
30:70 -5 mmol/
L 1% C TFC
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Table 2 Applications of on-line LC-MS using turbulent flow chromatographic column as pre-column
for the analysis of small molecules in biofluids
X Mobile phase Mobile phase Recovery/ LOD? or LOQ"/
Analytes Matrix . l Ref.
extraction separation % ng/mL
16 non-steroidal anti- 10 mmol/L HCOONH,
. plasma H,0 72.6 -96. 1 2.5-20% 8
inflammatory drugs pH 3.5 /CH,CN 50:50 v/v
. 0.150%
Methoxyamine plasma H,0 CH;CN/H,0 95:5 v/v 90.1-94.7 0.500" ?
CH,0H/H,0 containing
Cyclosporin A CH,OH/H,0 0.05-1*%
X L blood 10 mmol/L NH,Ac + 0.1% 93 -97 10
tacrolimus sirolimus 10:90 v/v 0.2 -4.5°
HAc 97:3 v/v
PPAR «/y-agonist plasma 0.3% FA CH,CN/0.1% FA 92.5 -105 4* 14
inavi i CH,CN/0.05% HAc
Nelfmav.lr and its plasma CH,0OH/H,0 5:95 3 ° 97.2 - 113 <1® 15
metabolites 60:40 v/v
Fluﬁltrazeyam 7- wrine 1.5% NI, OH CH,CN/H,0 94.8 - 101 1-32 16
aminoflunitrazepam
0.05% CF,;COONH,/ 0.5
R/S-propranolol plasma 10 mmol/L NH, Ac 84.5 - 106 22
CH,OH 75:25 v/v 20
i CH,0H/H,0 containin, CH,OH/H,0 containin
a,B; Antagonist e i : ¢ ’ : ¢ 87.8 ~105.2 20.1° 28
dialysate 0.05% FA 10:90 v/v 0.05% FA 90:10 v/v
i i CH;CN/0.1% FA
Verapamil Indiplon ) 3 0 CH,CN/0. 1% FA 92.7 -105.3 1.95° 29
and compounds I - VI 10:90 v/v
1 li
Active drug prodrug prasma '1ver 0.1% FA CH,CN/0.1% FA _ _ 30
S9 fraction
Compounds plasma 1% FA CH;CN 30 -75 5 31
CH,CN/H,0
Flumazenil microsome 5 mmol/L FA ’ 96 1 nmol/L 32
5 mmol/L FA
CH,0H/0.05% FA
Dextromethorphan and -~ o ; ° CH, OH/0. 05% FA 82.6 - 103 0.5 37
its two metabolites 5:95 v/v
5 mmol/L NH,Ac 5 mmol/L NH,Ac/
Pioglitazone serum 85.7 - 121 9° 38
pH4.0 CH;CN 50:50 v/v
H,0/CH,CN/FA
Piritramide urine ’ CH;CN/0.1% FA 92.4 -102 0.05* 39
98:2:0.1 v/v
Docetaxel plasma H,0 CH,0H/H,0 95:5 v/v 86.1-94.7 1.00° 40
CH,0H/H,0 containing
CH,OH/H,0 ’ 0.1-1.3*%
Immuno-suppressants blood 10 mmol/L NH,Ac + 0. 1% 88 - 103 b 41
50:50 v/v 1.0 -10
HAc 97:3 v/v
Fenfluramine
temazepam oxazepam plasma 0.1% FA CH,;CN/0. 1% HAc - 1-2.5 nmol/L 42
tamoxifen
’  Oasis® HLB
50%
I min’ " *%*  Gjerde ™ 300 10 pL
4 mL/min  0.05% Ceglareka ' 50 uL 1.5 mL
pH 2.8 4:1 50 g/L
I min 6 min 200 25 pL
Ynddal 7 -0. 05% 5: A TFC-LC-MS
95 5.0 mL/min 80
0.5 min -0. 05% 5 mL/min 0.6
MS 82.6% mL/min
~103% 0.5 ng/mL 800
2 000
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ADS BioTrap MAYI
Capcell MF RAM
Zang *  Phenomenex
800 m’/g
85 nm RP-18e¢ 4.6 mm x50 alkyl-diol silica ADS
mm 4 mL/min 3 Boos * RAM
mL/min Christiaens ' RPC-4 ADS
2.8 min 300 LC-MS/MS
Zeng ¥
BioTrap Hermansson Grahn 1994
1.2 min 10 h 407
30% Q,
TFC BioTrap MS
Cyclone pH 2~10
HTLC 60 pm log P >0 pH 2.5~7.5
Polar Plus Friedrich ’
50 wm LC-MS/MS
log P <0 25 ~1000 pg/mL
99%
3139 1.7% ~13.8%  5.0% ~9.1%
2.3 25 pg/mL
1991 Desilets MAYI Shimadzu RAM
3 Kawano
. MAYI-ODS  LC-MS
90% Capcell Pak
MF Kanda * 1994
c, RAM
C, Cy Gy
LC-MS Hsieh
3 s Capcell Pak MF C;
90%
- RAM
_ ADS MAYI Capcell
N Pak MF Kawano Sakaguchi "
—— MAYI-SCX
7 3
RAM LC-MS
3 RAM RAM

Fig. 3 Configuration of the pre-column packed
with restricted access media
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Table 3 Applications of on-line LC-MS for the analysis of small molecules in biofluids using RAM as pre-column

LC-MS

Mobile phase

Mobile phase LOD? or LOQ"/

Analytes Matrix . . Recovery/% Ref.
extraction separation ng/mL
Five major urinary CH, OH/1% HAc CH, CN/
of di- 2-ethylhexyl urine 91.2 -113 0.25% 3
5:95 v/v CH,OH/1% HAc
phthalate
CH,OH/H,0
Rofecoxib plasma CH,;CN/H,0 5:95 v/v 75.8 -86.3 40° 4
1% HAc 50:50 v/v
Plasma 10 mmol/L NH,HCO;- CH, OH/2-propanol/
Dihydroergocryptine ) ; ’ 99 0.025° 5
urine 2-propanol 90:10 v/v 10 mmol/L FA
Primary and CH,OH/1% HAc 0.25-1%
secondary phthalate urine CH;CN/1% HAc 84.6 - 106 . 6
. 10:90 v/v 0.5-2.0
metabolites
CH,CN/50 mmol/L
Basic polar drugs plasma 0.1% HAc 77.8 - 115 0.7% 2° 7
NH, Ac
CH,CN/H,O0/FA CH,OH/H, O/FA
Cyproterone acetate plasma X i 98 - 101 0.12% 0.30° 11
10:90:0.1 v/v/v pH4.0 90:10:0.1 v/v/v
Phenols urine CH,OH/H,0 20:8 v/v CH,OH/H,0 65 - 100 0.1-2% 12
Parabens urine CH,0OH/H,0 20:80 v/vCH;O0H/H,O 80 - 100 <0.2*% 13
Eight organo- CH,OH/H,0 )
X plasma 1 mmol/L FA 60 -92 0.2-1.8% 17
phosphorus triesters containing 1 mmol/L FA
CH,CN/H,0 containing
Therapeutic agent plasma H,0/CH;0H 95:5 v/v 93 - 110 1° 18
0.1% FA
8-Hydroxyquinoline 0.05% HAc/CH, CN . .
and its glucuronide bile X CH, CN/0. 6% triethylamine 93.1-109 19
0.1% HAc
propranolol
0.01 mol/L NH,Ac
Verapamil and cell cultures 4 CH,CN/0.01 mol/L
. . urine and pH 6 /CH,CN 65 - 100 52 20
its metabolites ’ NH,Ac pH3 50:50 v/v
plasma 95:5 v/v
Metoprolol propranolol CH,CN/10 mmol/L
lidocaine dibucaine plasma CH,CN/H,0 94.0 - 108 2.4-5.5"° 45
. . NH,Ac 5:95 v/v
bupivacaine
H,0/CH,CN/NH, Ac H,0/CH,CN 0.001*
Donepezil plasma X 90.4 -103 49
50:50:0.385 v/v/w containing 0. 1% TFA 0.01°
CH,CN/0.1% FA
Voriconazole serum 0.1% FA ’ 94.2 -119 30* 50° 50
50:50 v/v
CH,OH/H,0 containing N
Bisphenol A 0.1
'SP serum 10 mmol/L NH, Ac CH,;0H/H, 0O 80 - 101 51
4-octylphenol 0.5"°
5:95 v/v
*  C,RAM-ADS LC-MS mono-n-butylphthalate MnBuP
monoethylphthalate MEP
36.5 7.19 11.0 pg/L Liu °
1 ~500 ng/mL 93% ~110% MAYI-ODS
5% A 4- LC-MS
6
0.993 Koch 80% ~ 110% ng/mL
LC-MS/MS ME-
HP 0.5~2.0 pg/L RAM
RAM 80 ~
5- -MEHP 0.59 100 mL **  Christiaens
~124 wg/L 5- -MEHP MEHP " RPC-4 ADS
73.0 41.1 pg/L LC-MS/MS

monobenzylphthalate MBzP

n-

pH 4.0 - -
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10:90: 0. 1 - -
10:90:0. 1
99.4 + 1.4 % 0.12
ng/mL 1 000
30 pL Vintiloiu  * ADS RP-18
CIS
5 min RAM
200 50 L
2.4
c, ¢, ¥
55 56 57
-0 or o2 o Heinig
- 95:5
- 10 mmol/L 1%
80:20
1 min Raices 7
LC-MS/MS
0.5 mL
100 pL 24
h 300 Xu
Phenomenex Luna
Cy 2 2.0 mm x 150 mm
APV 4
mL/min 0.7 min
4 min
10%
450 Lua ©
pH
D- 50 mmol/L
pH 7.0 L- D-
pH5.6 3.5 L-
D- D-
150 ~ 1050 ng/mL 18

ng/mL
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