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Abstract A method of high performance anion exchange chromatography HPAEC coupled

with pulsed amperometric detection PAD was established for the determination of mannitol

monosaccharides galactose glucose mannose and fructose and lactulose in mouse urine.
The samples were first centrifuged and then filtered through molecular film to eliminate the
proteins. The analysis was performed on a CarboPac™ PAl column using gradient elution with
water and 250 mmol/L sodium hydroxide as the mobile phase. All of the six carbohydrates had
good linear relationships 0.988 <7* <0.999 in the range of 0.1 — 5.0 mg/L. The recoveries
were between 95. 5% and 104. 2% and the limits of detection were between 0. 001 3 and 0. 004 8
mg/L. The method is accurate fast and simple. It can be used to analyse six carbohydrates
simultaneously and track the metabolic relationships among mannitol monosaccharides and
lactulose during the metabolism of the carbohydrates.
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ICS-3000 Car-
boPac™ PAl
NaOH
1
1.1
ICS-3000
SP DP DC EG
AS Chromeleon 6. 8
MILLI-Q Advantage A10
TG16-WS
Lab Dancer
IKA BRANSON 2510

BRAND
wL 100 ~1000 pL

0.5 ~10 pL 10 ~ 100

NaOH Fisher
18.2 M- cm 25 C
1.2
1.2.1
3 12
Al ~ Al12 + 13
Bl ~B13 3
D-A D-B1 D-B2 2 mL
100 mg 50 mg
6 h
5 mL -80 C

1.2.2

10000 r/min 10 min

5% 2~3 3
~5 min 10 000 r/min 10 min
0.45 pum
1 000 Da 40 mg/L
100
1.3
Dionex CarboPac™ PAl 4
mm x 250 mm CarboPac™ PAl 4 mm x
50 mm
Ag/AgCl 1.0
mL/min 30 C 25 uL
1
1
Table 1 Gradient of eluent
Time/min ¢ H,O0 /% ¢ 250 mmol/L NaOH /%
0.00 96. 4 3.6
5.00 96. 4 3.6
20.00 85.0 15.0
20. 05 70.0 30.0
25.00 40.0 60.0
25.05 96. 4 3.6
37.00 96. 4 3.6
2
2.1
Car-
boPac™ PA1 PA10 PA20 3
PA1 PA10 6
PA1
CarboPac™ PALl
2.2 NaOH
PA1
4
1
2.3
PA1
2 3
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3 6
5 3 4 5 Table 3 Linearity and detection limits LODs
! PAL1 standard potential 6 of 6 carbohydrates
X . Linear range/ 5 LOD/
Compound Linear equation 7
mg/L mg/L
. Mannitol y=2.3196x +0.5810 0.1-5.0 0.9877 0.0030
Standard quad. potential
Galactose y =3.2283x+0.1292 0.1-5.0 0.9998 0.0020
Glucose y=4.73792x -0.1843 0.1 -5.0 0.9997 0.0019
Triple potential Mannose y=3.3533x+0.4742  0.1-5.0 0.9993 0.0013
sl EEUTEE R UNENN AP IR SVUTUTEN EFUUINEN EPRTRTS IR SR B Fructose y =1.83893x -0.0262 0.1-5.0 0.9998  0.0048
0 2 4 6 8 10 12 14 16 18 20 22 24 26 Lactulose y=2.6447x-0.0700 0.1-5.0 0.9999 0.0031
f/min y peak area x mass concentration mg/L.
1 PA1l 3 6 RSD 4
Fig. 1 Chromatograms of 6 mixed standard carbo-
0
hydrates in three different waveforms 1.00 mg/L 95.5% ~
Peak identifications 1. mannitol 2. galactose 3. glucose 104. 2% 4
4. mannose 5. fructose 6. lactulose.
2.6
2 A
Table 2 Different waveforms of potential
Standard quad. Triple PA1 standard
potential potential potential B
Time/s Voltage/V Time/s Voltage/V Time/s Voltage/V A
0.00 0.1 0.00 0.05 0.00 0.1
0.20 0.1 0.20 0.05 0.10 0.1
0.40 0.1 0.40 0.05 0.20 0.1 3.726 ~12.477 mg/L B
.41 -2 .41 . .21 -2
0 0 0.75 0 1.078 ~3.562 mg/L
0.42 -2 0. 60 0.75 0.22 -2
0.43 0.6 0.61  -0.15 0.23 0.6 0.046 ~ 1.070
0.44 -0.1 1.00 -0.15 0.24 -0.1 mg/L 2 6
0.50 -0.1 0.27 -0.1
5
2.4 %0
[ 1
50.0 mg 100 mL 500 6o [ 6
mg/L i
0.100 0.500 1.00 2.00 5.00 mg/L g 40 B
1.3 [
Y WS- min x mg/L 20
S/N 3 LOD I
OTJI‘\\I‘\\\ e e L b L b L e L 1
3 0 2 4 6 8 10 12 14 16 18 20 22 24 26
2.5 t/min
1.00 mg/L 5 2
' h Fig. 2 Chromatogram of a real sample
Peak identifications 1. mannitol 2. galactose 3. glucose
5 4. mannose 5. fructose 6. lactulose.
4
Table 4 Relative standard deviations RSDs of peak areas of standards and samples recoveries of spiked standards
RSD of standard/% RSD of sample/% Background/ Added/ Found/ Recovery/%
Compound
n=>5 n =5 mg/L mg/L mg/L n=3
Mannitol 0.83 0.94 1.63 1.00 2.53 96.2
Galactose 0.36 0.42 0.04 1.00 1.00 95.9
Glucose 0.31 0.90 1.08 1.00 1.99 95.7
Mannose 0.87 0.83 0.34 1.00 1.28 95.5
Fructose 0.54 0.26 0.09 1.00 1.14 104.2

—

Lactulose 0.76 0.53 1.28 .00 2.18 95.6
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Table 5 Contents of 6 carbohydrates in real samples

Sample Mannitol/ Galactose/ Glucose/ Mannose/ Fructose/ Lactulose/ Lactulose + Mannitol/ Lactulose/ Group of

code mg/L mg/L mg/L mg/L mg/L mg/L mg/L Mannitol sample *
D-A 0.085 - - - - 0.014 0.099 0. 164 D
Al 2.677 0.007 0.119 0.019 0.009 1.763 4.440 0.659 A
A2 2.720 0.047 1.408 0.560 1.170 1.355 4.074 0.498 A
A3 2.584 0.047 0.757 0.421 0.511 1.142 3.726 0.442 A
A4 3.308 0.031 0.353 0.396 - 1.583 4.891 0.479 A
A5 2.632 0.081 0.740 0.603 0.327 1.427 4.059 0.542 A
A6 3.082 0.053 0.822 0.403 0.222 1.798 4.880 0.584 A
A7 2.722 0.068 1.283 0.420 1.105 1.413 4.135 0.519 A
A8 2.907 0.080 1.472 0.768 0.056 1.839 4.746 0.633 A
A9 4.897 0.276 0.296 1.091 0.127 7.581 12.48 1.548 A
AlO0 3.080 0.059 0.413 0.304 0.074 4.772 7.851 1.550 A
All 2.590 - - - - 3.801 6.391 1.467 A
Al2 2.698 0.016 0.096 0. 166 0.053 3.398 6.096 1.260 A
Bl 0.055 0.006 0.062 - 0.030 1.561 1.616 28.17 B
B2 0.811 0.048 0.048 0.027 - 2.018 2.829 2.488 B
B3 0.081 0.013 0.010 - - 3.480 3.562 42.81 B
B4 0.957 0.028 0.034 0.086 - 1.522 2.479 1.590 B
D-B1 0. 006 - 0.010 0.017 - 1.064 1.070 174.3 D
B5 0.279 - 0.027 0.051 - 2.502 2.782 8.960 B
D-B2 0.016 - 0.015 - 0.072 0.030 0.046 1.841 D
B6 0.659 0.030 0.041 0.072 0.147 1.484 2.143 2.250 B
B7 0.797 0.020 0.116 0.104 - 2.141 2.937 2.687 B
B8 0.058 0.005 0.014 - - 1.020 1.078 17.59 B
B9 0. 106 0.018 0.012 0.041 - 2.297 2.403 21.61 B
B10 1.002 0.029 0.076 0.090 - 1.580 2.582 1.577 B
B11 0.325 0.017 0.012 0.058 - 1. 405 1.730 4.327 B
B12 1.286 - 0.355 0.229 - 1.265 2.551 0.984 B
B13 0.145 0.012 0.011 - - 1.915 2.059 13.22 B
# A high-fat diet group B high-fat and probiotics diet group D normal group. - not detected.
/
5 B /
A
5 4
3
A B HPAEC-PAD NaOH
A B CarboPac™ PALl
A B
/
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