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Niacin, a water-soluble vitamin belonging to the vitamin B group, has been known to cause various prob-
lems in the human body when de�cient. �e vitamin is derived from the diet and a�erwards, niacin and its 
metabolites are secreted in blood or urine. It can be analyzed using liquid chromatography (LC) coupled to 
mass spectrometry, but niacin and its metabolites are very polar compounds. Recently, supercritical �uid 
chromatography (SFC) is gaining attention for polar compound analysis. To our best knowledge, the report 
on the analysis of endogenous-very hydrophilic metabolites in bio�uids by SFC has not been found. In this 
study, we investigated whether the separation of hydrophilic metabolites in bio�uids is achievable by SFC. 
In addition, we also examined the applicability of SFC coupled to MS in extrapolating unknown metabo-
lites by means of spectra information. As a result, an analysis method to quantify the target compounds 
using SFC/MS/MS was constructed for niacin and its metabolites. Additional putative metabolites from 
niacin were also identi�ed using the MS fragmentation spectra in plasma and urine. Consequently, the 
method using SFC/MS/MS allowed for the analysis of polar compounds with low log P ranging from −3.7 to 
0.29. �is study is the �rst report of the separation of niacin and its seven metabolites in human urine and 
these results showed that SFC-MS/MS can be an alternative technique for hydrophilic metabolite analysis.
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INTRODUCTION

Supercritical �uid chromatography (SFC) was �rst in-
troduced in 1962,1) and has recently been gaining popular-
ity since the launch of new instruments to the marketplace. 
SFC employs supercritical or subcritical �uid, which sets 
the temperature and/or pressure above or near its critical 
points of CO2 in the mobile phase. In other words, the use 
of supercritical or subcritical CO2 in SFC brings low den-
sity and high di�usivity,2) resulting in the improvement of 
resolution and throughput in the separation. In addition, 
SFC o�ers additional bene�ts due to the polar diversity of 
the mobile phase. For example, supercritical CO2 itself is 
non-polar and the polarity is similar to n-hexane.3) SFC 
can be tunable using two di�erent approaches. �e �rst ap-
proach is by controlling the temperature and pressure,4–6) 
and the second one is by mixing other solvents with CO2 
because supercritical/subcritical CO2 is miscible with polar 
solvents, such as methanol and acetonitrile, as well as acid, 
base or water. �is means that the polarity of the mobile 
phase can be changed from non-polar like n-hexane to polar 
like methanol. Once the target compounds are retained on a 
column, the elution is controllable within the elution power 
scope of the mobile phase. �erefore SFC is applicable to not 

only hydrophobic but also hydrophilic compound analysis, 
and the applicability to polar compound analysis is one of 
the reasons why the technique recently is gaining more at-
tention.7,8) Additionally, several reports indicated that SFC 
is applicable for practical use in metabolite analysis.9–13) 
However, there is no reported application of SFC focusing 
on hydrophilic metabolite analysis of bio�uids.

Niacin belongs to the vitamin B group which is me-
tabolized through di�erent pathways, and transformed into 
other forms.14,15) �ese metabolites are involved in critical 
reactions in the body such as cellular oxidation-reduction 
reactions, DNA repair, calcium mobilization, and deacety-
lation,15,16) in which de�ciency in niacin causes health issues 
in our body.17) In addition, it is known that niacin possess 
the ability to elevate high density lipoprotein (HDL) levels 
while reducing levels of total cholesterol, low density lipo-
protein (LDL), triglycerides and lipoprotein (a).18) Moreover, 
the recent result on HPS2-THRIVE reported that the addi-
tion of extended release niacin/laropiprant to simvastatin 
increased the risk of myopathy in patients at high risk of 
vascular events although the cause remains uncertain.19)

For the determination of niacin and its metabolites se-
creted in blood or urine, liquid chromatography (LC) can 
be used to analyze niacin and its metabolites. Due to their 
hydrophilic properties, the use of HILIC, RP ion-pair and 
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normal phase mode are preferred instead of reversed phase 
mode.20,21) However, there are no previous reports of the 
analysis using SFC even though SFC can be an alternative 
tool for hydrophilic metabolite analysis.

�e goal of this study is to investigate the applicability of 
SFC coupled to MS to hydrophilic metabolite analysis. First, 
we developed an analytical method for niacin and its metab-
olites using SFC coupled to electrospray-tandem mass spec-
trometry (ESI-MS/MS). Secondly, the method was applied to 
rabbit plasma and human urine for the quanti�cation of the 
target compounds shown in Fig. 1.

Also we attempted to extrapolate unknown metabolites in 
plasma and urine samples using the fragmentation spectra 
obtained in the analysis. Consequently we used these results 
to determine the practicality of using SFC/MS for hydro-
philic metabolite analysis.

MATERIALS AND METHODS

Chemicals
Methanol (optima LC/MS) was purchased from Fisher 

Scienti�c (Pittsburg, PA). Formic acids (88%, certi�ed ACS), 
ammonium formate (LC/MS), niacin (NA), nicotinamide 
(NAM), nicotinamide N-oxide (NAMO), and nicotinuric 
acid (NUA) were purchased from Sigma-Aldrich (St. Louis, 
MO). Carbon dioxide (medical grade), which was used as 
the mobile phase in SFC, was purchased from Airgas, Inc. 
(Radnor, PA). De-ionized water was prepared by a Milli-Q 
system (Millipore, MA).

SFC/MS/MS analysis
SFC/MS/MS analysis was performed using an ACQUITY 

Ultra Performance Convergence Chromatography (UPC2) 
system (Waters, Milford, MA) with a Xevo TQD tandem 
mass spectrometer (Waters). �e SFC system was equipped 
with a convergence manager which controls backpressure, 
binary solvent manager, temperature-controlled column 
manager and �xed loop sample manager. �e MS was 
equipped with an ESI source. �e �ow was split to MS and 
convergence manager a�er a column so that supercritical 

�uid conditions of CO2 can be maintained. �e �nal SFC 
conditions for the analysis were as follows: mobile phase 
A, CO2; mobile phase B, methanol/water (95/5, v/v) with 
0.1% (w/v) ammonium formate and 0.15% (v/v) formic acid; 
column, ACQUITY UPLC HSS Cyano (Waters, 3.0×50 mm, 
particle size: 1.8 µm); injection volume, 1 µL; �ow rate, 
1.6 mL/min; temperature of column manager, 40°C; tem-
perature of sample manager, 8°C; active back pressure regu-
lator (ABPR), 20.68 MPa. �e MS analysis conditions were as 
follows: capillary voltage, 0.4 kV; desolvation temperature, 
600°C; cone gas �ow rate, 50 L/h; desolvation gas �ow rate, 
1200 L/h. �e dwell time was 0.022 ms for each analysis. 
Multiple reaction monitoring (MRM) was employed in this 
study. �e SFC/ESI-MS/MS system was controlled by Mass-
Lynx version 4.1 (Waters). MassLynx version 4.1 equipped 
with application manager TargetLynx was used for acquisi-
tion, processing, and calibration of the SFC/ESI-MS/MS 
data.

Sample preparation
Standard stock solutions were prepared by dissolving 

each compound in methanol. A series of standard mixtures 
of varying concentrations was prepared by spiking known 
concentrations of the analytes into the blank matrixes. 
100 µL of rabbit plasma and human urine were added into 
300 µL of methanol. A�er vortexing, the mixtures were cen-
trifuged at 13,000×g for 10 min to get the supernatant. �e 
supernatant of urine was diluted 50-fold with methanol.

RESULTS AND DISCUSSION

NA and its metabolites were detected in positive mode 
(Table 1).

�e transition of NA, NAM, and NUA in MRM was 
the same as previous reports using LC-MS.14,17,21) In other 
words, any change of fragmentation pattern was not ob-
served in the method using SFC. Using the method, rabbit 
plasma and human urine were quanti�ed as shown in Tables 
2 and 3, respectively.

Although NUA was not detected in rabbit plasma, all 
other analytes were found in the samples with retention 
time standard deviation of <0.01 min. While the standard 
deviation of concentration varied from 0.15 to 13.08 ng/mL, 
the % RSD was less than 3.8% except for NAMO in human 
urine sample. �e standard curves were observed to be lin-
ear in the range with a correlation coe�cient of >0.998 for 
each analyte as shown in Tables 2 and 3.

In addition to the quanti�ed analytes, other metabolites 
were observed in the bio�uid samples when it was analyzed 
in MS scan mode. Based on the observed m/z, we ran prod-
uct ion scan and obtained the ion spectra. Comparing the 
obtained information with KEGG (http://www.genome.
jp/kegg/), HMDB (http://www.hmdb.ca/) and a previous 
study,17) we identi�ed the following putative metabolites of 
NA; 1-methyl-2-pyridone-5-caroxamide (2PY), 1-methyl-
4-pyridone-5-carvoxamide (4PY), 1-methylnicotinamide 
(MNAM), and trigonelline (Fig. 2). As shown in Fig. 3, three 
(NAM, MNAM, and NAMO) and seven (NAM, MNAM, 
NAMO, 2PY, 4PY, NUA, and trigonelline) metabolites 
of NA were found in the rabbit plasma and human urine 
sample, respectively.

To achieve peak top separation in NA and its 7 me-

Fig. 1. Structure of niacin (NA), niacinamide (NAM), nicotinuric 
acid (NUA) and niacinamide N-oxide (NAMO).
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Table 1. MRM parameters for niacin and its metabolites.

Target analytes Selected ion Precursor ion (m/z) Product ion (m/z) Dwell (s) Cone (V) Collision (V)

NAM [M+H]+ 123 80 0.022 45 24
NA [M+H]+ 124 80 0.022 45 24
NAMO [M+H]+ 139 106 0.022 45 28
NUA [M+H]+ 181 135 0.022 45 30

Fig. 2. Selected ion recording chromatogram of precursor ion and the product ion spectrum of (A) trigonelline, (B) 1-methylnicotinamide,  
(C) 1-methyl-4-pyridone-5-carboxamide (4PY), and (D) 1-methyl-2-pridone-5-carboxamide (2PY).

Table 3. Quanti�cation results of human urine.

Target analytes
RT (n=5) Concentration (n=5) Linearity

Ave.±S.D. (min) Conc.±S.D. (ng/mL) RSD (%) R2 Range (ng/mL)

NAM 1.20±0.00 1.4±0.05 3.8 0.9984 0.4–200
NA 1.50±0.00 24.7±0.38 1.6 0.9992 0.2–100
NAMO 1.55±0.00 0.6±0.15 27.1 0.9981 0.6–300
NUA 1.66±0.00 637.7±13.08 2.1 0.9989 1–1000

Table 2. Quanti�cation results of rabbit plasma.

Target analytes
RT (n=5) Concentration (n=5) Linearity

Ave.±S.D. (min) Conc.±S.D. (ng/mL) RSD (%) R2 Range (ng/mL)

NAM 1.21±0.00 50.9±1.29 2.5 0.9987 1–200
NA 1.48±0.00 19.3±0.21 1.1 0.9994 1–100
NAMO 1.55±0.01 27.6±0.71 2.6 0.9993 1–300
NUA ND ND ND 0.9980 1–100
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tabolites, the modi�er was changed from 2% B to 20% B for 
1.2 min, followed by an incremental increase to 50% B for 
0.1 min. �e modi�er composition was then held at 50% B 
for 0.7 min, and returned to the initial condition of 2% B 
for 0.2 min. Consequently, the method separated niacin and 
seven metabolites with low log P ranging from −3.72 to 0.29.

CONCLUSION

�e established method based on SFC/MS/MS was suc-
cessfully applied to bio�uids such as rabbit plasma and hu-
man urine. �e SFC system was able to quantify metabolites 
of NA that were very hydrophilic with negative log P values. 
�is result indicated that SFC can be useful for the analysis 
of hydrophilic compounds in bio�uids. Aside from quan-
ti�cation, this method also enabled putative metabolite 
identi�cation of 2PY, 4PY, MNAM, and trigonelline. As a 
result, niacin and seven metabolites were separated simulta-
neously. To the best of our knowledge, this is the �rst report 
describing the chromatographic separation of niacin and 
seven metabolites. Consequently, these results demonstrate 
that the SFC/MS/MS system can be a powerful tool for hy-
drophilic compound analysis and applicable to hydrophilic 
metabolite analysis for putative metabolite identi�cation.

Acknowledgements

�is work was partially supported by the Development of 
Systems and Technology for Advanced Measurement and 
Analysis Project (JST).

REFERENCES

 1) E. Klesper, A. H. Corwin, D. A. Turner. High pressure gas 
chromatography above critical temperature. J. Org. Chem. 27: 
700–701, 1962.

 2) A. L. Magalhães, R. V. Vaz, R. M. G. Gonçalves, F. Da Silva, C. M. 
Silva. Accurate hydrodynamic models for the prediction of tracer 
di�usivities in supercritical carbon dioxide. J. Supercrit. Fluids 
83: 15–27, 2013.

 3) Y. Ikushima, N. Saito, M. Arai, K. Arai. Solvent polarity param-
eters of supercritical carbon dioxide as measured by infrared 
spectroscopy. Bull. Chem. Soc. Jpn. 64: 2224–2229, 1991.

 4) E. Kosal, C. H. Lee, G. D. Holder. Solubility of progesterone, 
testosterone, and cholesterol in supercritical �uids. J. Supercrit. 
Fluids 5: 169–179, 1992.

 5) D. Li, M. McHugh. Solubility behavior of ethyl cellulose in super-
critical �uid solvents. J. Supercrit. Fluids 28: 225–231, 2004.

 6) J. Shi, M. Khatri, S. J. Xue, G. S. Mittal, Y. Ma, D. Li. Solubility of 
lycopene in supercritical CO2 �uid as a�ected by temperature and 
pressure. Separ. Purif. Tech. 66: 322–328, 2009.

Fig. 3. MRM chromatograms of NA and its metabolites in (A) rabbit plasma and (B) human urine.

http://dx.doi.org/10.1016/j.supflu.2013.08.001
http://dx.doi.org/10.1016/j.supflu.2013.08.001
http://dx.doi.org/10.1016/j.supflu.2013.08.001
http://dx.doi.org/10.1016/j.supflu.2013.08.001
http://dx.doi.org/10.1246/bcsj.64.2224
http://dx.doi.org/10.1246/bcsj.64.2224
http://dx.doi.org/10.1246/bcsj.64.2224
http://dx.doi.org/10.1016/0896-8446(92)90004-4
http://dx.doi.org/10.1016/0896-8446(92)90004-4
http://dx.doi.org/10.1016/0896-8446(92)90004-4
http://dx.doi.org/10.1016/S0896-8446(03)00048-2
http://dx.doi.org/10.1016/S0896-8446(03)00048-2
http://dx.doi.org/10.1016/j.seppur.2008.12.012
http://dx.doi.org/10.1016/j.seppur.2008.12.012
http://dx.doi.org/10.1016/j.seppur.2008.12.012


NIacIn AnaLYsIs BY SFC/MS Vol. 3 (2014), A0029 

© 2014 �e Mass Spectrometry Society of Japan Page 5 of 5

 7) L. T. Taylor. Packed column supercritical �uid chromatography 
of hydrophilic analytes via water-rich modi�ers. J. Chromatogr. A 
1250: 196–204, 2012.

 8) C. West. How good is SFC for polar analytes?.  Chromatogr. To-
day May/June: 22–27, 2013.

 9) A. Matsubara, T. Uchikata, M. Shinohara, S. Nishiumi, M. Yo-
shida, E. Fukusaki, T. Bamba. Highly sensitive and rapid pro�l-
ing method for carotenoids and their epoxidized products using 
supercritical �uid chromatography coupled with electrospray 
ionization-triple quadrupole mass spectrometry. J. Biosci. Bioeng. 
113: 782–787, 2012.

10) T. Uchikata, A. Matsubara, E. Fukusaki, T. Bamba. High-
throughput phospholipid pro�ling system based on supercritical 
�uid extraction-supercritical �uid chromatography/mass spec-
trometry for dried plasma spot analysis. J. Chromatogr. A 1250: 
69–75, 2012.

11) J. W. Lee, T. Uchikata, A. Matsubara, T. Nakamura, E. Fukusaki, 
T. Bamba. Application of supercritical �uid chromatography/
mass spectrometry to lipid pro�ling of soybean. J. Biosci. Bioeng. 
113: 262–268, 2012.

12) T. Yamada, T. Uchikata, S. Sakamoto, Y. Yokoi, S. Nishiumi, M. 
Yoshida, E. Fukusaki, T. Bamba. Supercritical �uid chromatog-
raphy/orbitrap mass spectrometry based lipidomics platform 
coupled with automated lipid identi�cation so�ware for accurate 
lipid pro�ling. J. Chromatogr. A 1301: 237–242, 2013.

13) K. Taguchi, E. Fukusaki, T. Bamba. Simultaneous and rapid 
analysis of bile acids including conjugates by supercritical 
�uid chromatography coupled to tandem mass spectrometry. J. 
Chromatogr. A 1299: 103–109, 2013.

14) M. Liu, D. Zhang, X. Wang, L. Zhang, J. Han, M. Yang, X. Xiao, 
Y. Zhang, H. Liu. Simultaneous quanti�cation of niacin and 
its three main metabolites in human plasma by LC-MS/MS. J. 
Chromatogr. B Analyt. Technol. Biomed. Life Sci. 904: 107–114, 

2012.
15) H. Shin, B. Kim, J. Lee. Investigation of isotope dilution mass 

spectrometric (ID-MS) method to determine niacin in infant 
formula, breakfast cereals and multivitamins. Food Chem. 138: 
1109–1115, 2013.

16) A. Aguilera-Méndez, C. Fernández-Lainez, I. Ibarra-González, 
C. Fernandez-Mejia. in B Vitamins and Folate: Chemistry, Anal-
ysis, Function and E�ects, 1st Ed. (Ed: P. R. Victor), Royal Society 
of Chemistry, Cambridge, 2012, pp. 108–126.

17) M. Szafarz, M. Lomnicka, M. Sternak, S. Chlopicki, J. Szymura-
Oleksiak. Simultaneous determination of nicotinic acid and its 
four metabolites in rat plasma using high performance liquid 
chromatography with tandem mass spectrometric detection (LC/
MS/MS). J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 878: 
895–902, 2010.

18) P. Pfuhl, U. Kärcher, N. Häring, A. Baumeister, M. A. Tawab, 
M. Schubert-Zsilavecz. Simultaneous determination of niacin, 
niacinamide and nicotinuric acid in human plasma. J. Pharm. 
Biomed. Anal. 36: 1045–1052, 2005.

19) HPS2-THRIVE Collaborative Group. HPS2-THRIVE random-
ized placebo-controlled trial in 25 673 high-risk patients of ER 
niacin/laropiprant: Trial design, pre-speci�ed muscle and liver 
outcomes, and reasons for stopping study treatment. Eur. Heart J. 
34: 1279–1291, 2013.

20) Z. Cheng, J. Wu, Z. Liu, N. Lin. Development of a hydrophilic 
interaction chromatography-UPLC assay to determine trigonel-
line in rat plasma and its application in a pharmacokinetic study. 
Chin. J. Nat. Med. 11: 164–170, 2013.

21) A. C. Li, Y. L. Chen, H. Junga, W. Z. Shou, X. Jiang, W. Naidong. 
Separation of nicotinic acid and six metabolites within 60 sec-
onds using high-�ow gradient chromatography on silica column 
with tandem mass spectrometric detection. Chromatographia 58: 
723–731, 2003.

http://dx.doi.org/10.1016/j.chroma.2012.02.037
http://dx.doi.org/10.1016/j.chroma.2012.02.037
http://dx.doi.org/10.1016/j.chroma.2012.02.037
http://dx.doi.org/10.1016/j.jbiosc.2012.01.017
http://dx.doi.org/10.1016/j.jbiosc.2012.01.017
http://dx.doi.org/10.1016/j.jbiosc.2012.01.017
http://dx.doi.org/10.1016/j.jbiosc.2012.01.017
http://dx.doi.org/10.1016/j.jbiosc.2012.01.017
http://dx.doi.org/10.1016/j.jbiosc.2012.01.017
http://dx.doi.org/10.1016/j.chroma.2012.06.031
http://dx.doi.org/10.1016/j.chroma.2012.06.031
http://dx.doi.org/10.1016/j.chroma.2012.06.031
http://dx.doi.org/10.1016/j.chroma.2012.06.031
http://dx.doi.org/10.1016/j.chroma.2012.06.031
http://dx.doi.org/10.1016/j.jbiosc.2011.10.009
http://dx.doi.org/10.1016/j.jbiosc.2011.10.009
http://dx.doi.org/10.1016/j.jbiosc.2011.10.009
http://dx.doi.org/10.1016/j.jbiosc.2011.10.009
http://dx.doi.org/10.1016/j.chroma.2013.05.057
http://dx.doi.org/10.1016/j.chroma.2013.05.057
http://dx.doi.org/10.1016/j.chroma.2013.05.057
http://dx.doi.org/10.1016/j.chroma.2013.05.057
http://dx.doi.org/10.1016/j.chroma.2013.05.057
http://dx.doi.org/10.1016/j.chroma.2013.05.043
http://dx.doi.org/10.1016/j.chroma.2013.05.043
http://dx.doi.org/10.1016/j.chroma.2013.05.043
http://dx.doi.org/10.1016/j.chroma.2013.05.043
http://dx.doi.org/10.1016/j.jchromb.2012.07.030
http://dx.doi.org/10.1016/j.jchromb.2012.07.030
http://dx.doi.org/10.1016/j.jchromb.2012.07.030
http://dx.doi.org/10.1016/j.jchromb.2012.07.030
http://dx.doi.org/10.1016/j.jchromb.2012.07.030
http://dx.doi.org/10.1016/j.foodchem.2012.11.046
http://dx.doi.org/10.1016/j.foodchem.2012.11.046
http://dx.doi.org/10.1016/j.foodchem.2012.11.046
http://dx.doi.org/10.1016/j.foodchem.2012.11.046
http://dx.doi.org/10.1016/j.jchromb.2010.02.009
http://dx.doi.org/10.1016/j.jchromb.2010.02.009
http://dx.doi.org/10.1016/j.jchromb.2010.02.009
http://dx.doi.org/10.1016/j.jchromb.2010.02.009
http://dx.doi.org/10.1016/j.jchromb.2010.02.009
http://dx.doi.org/10.1016/j.jchromb.2010.02.009
http://dx.doi.org/10.1016/j.jpba.2004.08.033
http://dx.doi.org/10.1016/j.jpba.2004.08.033
http://dx.doi.org/10.1016/j.jpba.2004.08.033
http://dx.doi.org/10.1016/j.jpba.2004.08.033
http://dx.doi.org/10.1093/eurheartj/eht055
http://dx.doi.org/10.1093/eurheartj/eht055
http://dx.doi.org/10.1093/eurheartj/eht055
http://dx.doi.org/10.1093/eurheartj/eht055
http://dx.doi.org/10.1093/eurheartj/eht055
http://dx.doi.org/10.3724/SP.J.1009.2013.00164
http://dx.doi.org/10.3724/SP.J.1009.2013.00164
http://dx.doi.org/10.3724/SP.J.1009.2013.00164
http://dx.doi.org/10.3724/SP.J.1009.2013.00164

