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Liquid Chromatography/Mass Spectrometric Quantitative Analysis of Folic Acid Derivatives

Keiji GamoH and Makiko AKIYAMA

Faculty of Education, Kochi University

Abstract: Liquid chromatography/mass spectrometric (LC/MS) analytical method of folic acid and the
derivatives has been developed. Successful separation and detection of a mixture of puteroylglutamic
(folic acid), puteroyldiglutamic, puteroyltriglutamic, dihydrofolic, tetrahydrofolic, 5-methyltetrahydrofolic
and 5-folmyltetrahydrofolic acids have been performed by on an reversed-phase liquid chromatographic
column and electrospray ionization mass spectrometry (ESI-MS). Acetonitrile in 5% acetic acid was
used as a mobile phase to separate the above folic acid derivatives within 10 min. The ESI interface
was used in both positive and negative ionization mode for LC/MS. ESI produced reasonable signals
from positive ions ([M+H]+) of them. The effects of ionization parameters, source temperature, capil-
lary voltage and cone voltage, on sensitivity and linearity were examined. Linear plots of peak area ver-
sus concentration were obtained over the ranges 0.5-100 M for folic, 1-100 .M for puteroyldiglutamic
and 0.2-100 « M for puteroyltriglutamic acids for MS detection. The detection limits were observed as
570 ¢ g/L (calculated at S/N=4) for folic and puteroyldiglutamic acids and 140 x g/L. (calculated at S/N=3)
for puteroyltriglutamic acid. The reproducibility of retention times and peak areas were 0.65-1.22% and
1.55-2.65%, respectively. The analytical method was applied to the determination of folic acid deriva-
tives in spinatti using both column switching technique and solid-phase extraction method as sample
pretreatments before sample injection to the analytical column.
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Fig.1 Flow chart of pretreatment for extraction of the folic acid derivatives
using the solid-phase extraction cartridge.

O0oo0ooo0o0ooo0oooo0o0oo@ooooooOoooo LeMSOlo«l0000
goboboooobooooooboooooooobooooooooooooobooooooooon
00oo0o0oOoU0ooO0ooOoU0oooooo0oooUoooooooDLLeMSOoOooon
goooooooooobobobobouo :oogoobobobobobobooooooooDoo
gobobooooooooooOooOoOooOoocOoobooOo0oOoOooOoOoOoOoOOoO0ObObOOOobOOoOOooon
00000000000000000000000000000000 Fig2000* 00000
goboboboboooboooooOoOooobo0oOobOoO0obOOoOoooOoObbOoOoOoOoOoOoOoOooon
O0O00ooOo0o0O0ooo0ooooo000oOb0O00oDoooO0O0o0n PeGlupd PteGlus 00 OO
ooboboboooooooooboooboobooooboOoOoOoOoOoOoOoOoObOoOoOobObOOobObOOoOoOooon
oooooooooooooOoOoooooL 2000OooOoOoOoOooOoOoooOooooOoOoOOon
gobobooooobooooooboooooboooobooOooobooOooooOoooOobboOobobooOoOoOooon
gobooboooooboooooboooooboooobooobooOooooOoboOoOobboOooboOoOoOooon
O0o0000ooooooooD Feg30000000000000000O0ODOOODOOO0OO0
ooooo



gooooooooood 17

100

80 ——r—
70 1
60 — —r—
50

Recovery(%)

30

EEJasi
20 ] M Sep-Pack
10 E A - - | oBond Elutc18
LI

5 10 15 20 24 25 30 40 45 50 55

Concentration of Acetonitrile (%)

Fig. 2 Effect of concentration of acetonitrile on the three types of solid-phase
extraction columns.
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Fig. 3 Block diagram of the column switching technique for pretreatment of the folic
acid extraction samples.
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B LC conditions:
Pre-treatment column: Capcell Pak C18 UG120 (2mm X 20mm)
Mobile phase for washing: 80% Acetonitrile in water
Flow rate: 0.18 ml/min
Analytical column: Capcell Pak C18 UG120 (2mm X 250mm)
Mobile phase for analysis: 10% Acetonitrile in 5% acetic acid
Flow rate: 0.18 ml/min

M Time course for column switching:
0-2 min: IN (— — line)
2-9 min: OUT (------ line)
9-14 min: IN (— — line)

Fig.4 Tine course of the column switching technique and liquid chromatographic conditions
for the analysis of folic acid derivatives.
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Fig.5 Effect of pH value in a mobile phase on the ion current of folic acid as the base peak.
MS conditions: ESI-MS interface in the positive mode for pH2.5 and the negative
mode for the pHSs; source temperature, 70°C; capillary voltage. 3.5kV; cone voltage,
30V; Sample concentration, 10mM.
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Fig.6 Comparison of the selected ion monitoring (SIM) with the total ion monitoring (MS) as
the ion currents at the low level of the concentration of folic acid.
MS conditions: ESI-MS interface in the positive mode; source temperature, 70C;
capillary voltage. 3.5kV; cone voltage, 30V; Sample concentration, 10mM.
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Fig.7 Effects of cone voltage on ion currents of the base peaks of the oxidized type folic
acid derivatives.
MS conditions: ESI-MS interface in the positive mode; source temperature, 70C;
capillary voltage. 3.5kV; cone voltage, 30V; Sample concentration, 10mM.
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Fig.8 Chemical structures of folic acid derivatives: both oxidized form and reduced form.
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Fig.9 Mass chromatograms and mass spectra obtained by total ion current profile for a mix-
ture of the reduced types of folic acid derivatives.
MS conditions: ESI-MS interface in the positive mode; source temperature, 70C;
capillary voltage. 3.5kV; cone voltage, 30V; Sample concentration, 10mM.
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Fig.10 Mass chromatograms and mass spectra obtained by total ion current profile for a mix-
ture of the oxidized types of folic acid derivatives.
MS conditions: ESI-MS interface in the positive mode; source temperature, 70°C;
capillary voltage. 3.5kV; cone voltage, 30V; Sample concentration, 10mM.
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Fig.11 Linearity of the peak areas based on the ion currents with positive ion as the base
peak of each oxidized folic acid.
MS conditions on ESI positive mode: source temperature, 70C ; capillary voltage.
3.5kV; cone voltage, 30V; Sample concentration, 0.0005 ~ 0.1mM Folic acid, 0.001 ~
0.1mM PteGlu, and 0.0002 ~ 0.1mM PteGlus.
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Fig.12 Mass chromatograms and mass spectra obtained by total ion current profile for an ex-
traction sample from spinach, which was pretreated by the solid-phase extraction
method, using on-line column switching techniquemixture of the oxidized types of
folic acid derivatives.

MS conditions: ESI-MS interface in the positive mode; source temperature, 70C;
capillary voltage. 3.5kV; cone voltage, 30V.
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